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EXECUTIVE SUMMARY

ESI.0 Introduction

Roy F. Weston, Inc. (WESTON) was retained by the U.S. Air
- Force Occupational and Environmental Health Laboratory

(OEHL) under Contract No. F33615-80-D-4006 to provide gener-
al engineering, hydrogeological and analytical services.
These services were applied to the Installation Restoration
Program (IRP) Phase II Stage 1 effort at McGuire Air Force
Base (McGAFB) under Task Order 0020 of this contract.

In 1976 the Department of Defense (DoD) devised a comprehen-
sive IRP. The purpose of the IRP is to assess and control
migration of environmental contamination that may have re-
sulted from past operation of hazardous contaminants. In

*response to the Resource Conservation and Recovery Act of
1976 (RCRA) and in anticipation of the Comprehensive

.' Environmental Response Compensation and Liability Act of
1980 (CERCLA or "Superfund"), the DoD issued a Defense

" •* Environmental Quality Program Policy Memorandum (DEQPPM)
dated June, 1980 (DEQPPM 80-6), requiring identification of
past hazardous waste disposal sites on DoD agency installa-
tions. The U.S. Air Force implemented DEQPPM 80-6 by mes-
sage in December, 1980. The program was revised by DEQPPM
81-5 (11 December 1981) which reissued and amplified all pre-
vious directives and memoranda on the IRP. The Air Force
implemented DEQPPM 81-5 by message on 21 January 1982. The
Installation Restoration Program has been developed as a

- four-phase program as follows:

Phase I - Problem Identification/Records Search
Phase II - Problem Confirmation and Quantification
Phase III - Technology Base Development

Phase IV - Corrective Action

- Only the Phase II Problem Confirmation Stage 1 portion of
the IRP effort at McGuire Air Force Base was part of this
Task Order.

ES2.0 Scope of Work

McGuire Air Force Base occupies 3,536 acres of land in south
central New Jersey, near the community of Wrightstown,
Burlington County. Since the start of operations in 1937 as

ES-1



a single dirt-strip runway, activities at McGAFB in support
of operational missions have resulted in the occurrence on
the installation of a number of waste disposal sites of spe-
cial interest.

The field investigation under Task Order 20 included nine
areas listed below:

e Zone 1: Landfill 4 (Site No. 1),
Landfill 5 (Site No. 9), Landfill 6
(Site No. 11) and the wastewater treat-
ment plant sludge disposal area (Site
No. 12).

" Site No. 2, Landfill 2

e Site No. 3, Landfill 3

r * Site No. 4, BOMARC Missile Site, JPX
Discharge Pit

" Site No. 5, Pesticide Wash Area

0 Site No. 6, DPDO Storage Facility

* Site No. 7, Fire Training Area 1

e Site No. 8, Bulk Fuel Storage Area

* Site No. 14, Civil Engineering Compound
Drum Burial Site.

Eight of these sites are located on Figure ES-i, Site 4 is
located approximately 11 miles to the east of the main Base.

-'- The scope of the investigation included: two soil borings
at Site No. 5 and five soil borings at Site No. 6 to recover
21 soil samples for chemical analyses; three stream water
and sediment samples for chemical analysis at Site No. 5; a
geophysical survey of the C. E. Compound (Site No. 14); and
drilling and construction of a total of 17 ground-water
monitoring wells at the landfill sites (Zone 1, Site Nos. 2
and 3) and Site Nos. 4, 7, 8 and 14.

All wells were surveyed for elevation and ground-water sur-
face maps were prepared for three sites. One round of
ground-water samples for chemical analyses was taken from
the wells. All water quality and soil samples were analyzed

ES -2
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in WESTON's laboratory in accordance with USEPA Standard
Methods.

ES3.0 Major Findings

Based on the analyses performed, levels of contamination
were found in soils and ground water that warrant further
investigation and possible future action.

The major potential ground-water contaminants indicated by
the available data are organic halogens. Total Organic
Halogens (TOX) levels ranged from 3.7 to 443.9 mg/l in the
15 wells sampled (wells at the BOMARC Site, Site No. 4, were
not sampled for TOX analyses). Four samples exceeded 100
ug/l and five samples had concentrations ranging from 10 to
100 ug/l. Each landfill area (Zone 1, Landfills No. 2 and
No. 3) had at least one well with TOX concentrations exceed-
ing 100 ug/l. Monitor Well 12 at the Bulk Fuel Storage Area
(Site No. 8) had a TOX concentration of 81.7 ug/l. Wells at
Fire Training Area No. 1 (Site No. 7) had the lowest TOX lev-
els - 6.1 and 6.3 ug/l. USEPA water quality criteria for
Human Health have been published for numerous compounds fall-
ing within the group contributing to TOX levels. Many of
these criteria are in the range of 1 ug/l or less.
Recommended Maximum Contaminant Levels (RMCLs) were pub-
lished recently, which also included several of the com-
pounds indicated by TOX data. Thus, TOX concentrations in
the well samples from McGuire AFB indicate a high probabil-
ity that these health criteria are exceeded in the case of
one or more compounds.

Oil and grease was found in 13 of the 17 wells and at all of
the sites at concentrations above the taste and oder thresh-
old of 0.01 mg/l. In the remaining 4 samples oil and grease
was not found at a detection limit for this program of 0.1! mg/l.

rhe pesticide levels observed in the subsurtace soil samples
at the Pesticide Wash Area (Site No. 5) are not considered

. by WESTON to be a factor of concern. rhe aqueous
solubilities of these compounds are low and the impact on
ground-water quality beneath the site should be minimal.S. -,

Levels of chlordane, DDT and DDE in excess of 1,000 ug/kg in
the stream sediments, however, show that some off-site migra-
tion of contaminated sediments has occurred. The relatively
low concentrations of pesticides in the stream water indi-
cates that the contaminants are migrating principally by sed-
iment transport. The farthest downstream sampling point
contained significant concentrations of pesticide compounds,
so that it was not determined how far downstream the contain-

p.-
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inated sediments have been carried. The stream that passes
the Pesticide Wash Area flows to South Run, which exits the
installation to the east.

The distribution of PCB in the soils analyzed from the DPDO
Storage Facility (Site No. 6) indicate that PCB only occurs
in near-surface samples (1-2 feet) and was not found at
depth. PCB was found in 3 of the borings at very low concen-
trations ranging from 14 to 30 ug/kg: TB-3 in the drum stor-
age area; and TB-5 and TB-7 near the buried tank location in
the storage yard, where transformers were stored in the
past.

Elevated oil and grease concentrations were found in soils
at the DPDO Storage Facility (Site No. 6) at all depths.
The highest concentrations were found at depths of 4-5 feet
in the buried tank area (16,000 - 234,000 mg/kg) and 1-2
feet at the drum storage area (132 - 6,360 mg/kg). While
the PCB in near surface soils appears limited and probably
associated with past storage of transformers, the oil and
grease appears related to surface drum storage and the bur-

* ied storage tank. It does not appear that the waste oil
o . from the buried storage tank contained PCB.

The results of the geophysical survey indicate that there is
a potential for buried wastes to exist beneath the surface
at the Civil Engineering Compound.

"" ES4.0 Conclusions

Based on the results of the Phase Il survey at McGAFB, the
following conclusions have been drawn:

1. Ground water directly beneath McGuire
AFB and the BOMARC Missile Site occurs
under unconfined or water table condi-
tions with the water table occurring be-
tween 1 and 25 feet below ground
surface. Sediments encountered during
the drilling consisted of interbedded
fine to medium sands, silts and clays
of the Kirkwood and Cohansey
Formations.

2. Regional ground water flow in the
Cohansey and Kirkwood Formations is gen-
erally down formational dip to the
southeast. However, most of the flow
in the upper aquifer, where the monitor-

r _ ing wells are screened, is lateral to-

. ES- 5



ward local streams where discharge
occurs.

3. The fate of contaminants infiltrating
from the landfills to the water table
is to move laterally toward the streams
where discharge occurs. Based upon an
estimate of soil permeability, the rate
of lateral ground-water flow
(seepage velocity) was calculated to be
approximately one foot per day. Given
the ages of the landfills and their
proximity to surface streams, combined
with the ground-water seepage velocity,
it is apparent that ground-water
contaminant plumes, as observed in the
well water quality analyses, have
already reached the surface water
discharge areas.

4. The most immediate potential for migra-
tion of contaminants off-Base is from
the landfill-generated contaminants
reaching North and South Runs through
the ground water. These streams both
leave Base property a short distance
from where they pass the landfills,

with Landfill No. 2 situated less than
one-half mile from the North Run exit
point, and Landfills No. 4, 5 and 6
(Zone 1) are less than 500 feet from
the South Run exit point of the Base.

5. Total Organic Halogens (TOX) were found
in concentrations in excess of 200 ug/l
in at least one well at each of the
three landfill sites. rox
concentrations were 18.1 and 81.7 ug/l
in the Bulk Fuel Storage Area (Site No.
8) wells, and were 6.1 and 6.3 ug/l in
Fire Training Area No. 1 (Site No. 7)
wells. These results indicate the
possible presence of elevated levels of
one or more specific volatile organic

. priority pollutants in the ground water
.- . at these sites.

6. Concentrations of oil and grease in ex-
cess of the taste and odor threshold
were found at all but 4 wells and at
all sites where ground water was
monitored.

ES-6



7. Concentrations of five pesticide com-
pounds were found in soils at the

*- Pesticide Wash Area (Site No. 5). The
migration of pesticides vertically
into the subsoil appears slight.
However, levels of DDT, DDE and
chlordane in excess of 1,000 ug/kg
were found in the stream sediments
downstream of the site. This
indicates that off-site migration of
pesticides is occurring by surface
sediment transport. Pesticide
concentrations in surface waters were
in excess of 1 ug/l in only one stream
sample (SW-2). Because of low
solubilities, the compounds are
remaining adsorbed in the sediments.
The stream flowing past the Pesticide
Wash Area is not close to a Base
boundary, although the extent of the
pesticide occurrence in sediments
further down stream is not known.

8. Soil boring samples at three depth in-
tervals from the DPDO Storage Facility
(Site No. 8) were analyzed for oil and
grease and PCB. PCB was found in the
drum storage area and buried tank area
in the 1-2 foot depth samples from
three borings: TB-3, TB-5, and TB-7.
PCB was detected in concentrations of
14-30 ug/kg, well below the USEPA ac-
tion level of 50 mg/kg.

9. The results of the geophysical investi-
gation of the Civil Engineering
Compound, combined with the examination
of historical aerial photos, show that
areas exist at the site that have been
disturbed in the past. Magnetic anom-
alies associated with these areas indi-
cate that buried drums or other
metallic scrap may be present.

10. Based on the limited analyses complet-
ed, the ground water quality at Fire
Training Area No. 1 (Site No. 7)appears

less degraded than the other sites sam-
pled. TOX concentrations were amongthe lowest of wells tested. Since the
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site has not been in use since the
*1950's, the data indicate that any con-
- taminants which may have been at the

site in the past have been flushed out
" of the site to a great extent.

ES5.0 Recommendations

Based upon the Phase II Confirmation Study conducted at
McGuire Air Force Base, the following recommendations are
made by site:

ES5.1 Zone 1 - Recommendations

The following additional work is recommended for the Zone 1
Area (Landfills 4, 5, 6 and the Sludge Disposal Area).

1. An additional round of samples should be tak-
en from existing wells MW-l through MW-5 to
verify the results obtained from the first
sampling round. Samples from all five wells
should also be analyzed for USEPA Priority

* Pollutant volatile organic compounds and
landfill leachate indicator parameters such
as nitrates, iron, ammonia-nitrogen and bo-
ron. In addition, samples from MW-3 should
be analyzed for USEPA Priority Pollutant
acid and base/neutral compounds and pesti-
cide/PCB compounds. Three sur Lace water
samples should be taken along South Run up-
stream of Zone 1, downstream of the small
tributary passing by MW-3 and downstream of
the waste treatment plant. These samples
should be analyzed for the same parameters
as the 5 well samples.

2. A Ground Penetrating Radar survey should be
performed on Landfill No. 4 to determine
boundaries, depth, and possible buried bar-
rel nests. The investigation should be fol-
lowed by 10 soil borings in Landfill 4 to
confirm depth of fill and depth to water.

3. If the results of the above analyses are pos-
itive, at least eight additional groundwater
monitoring wells should be drilled in the
Zone 1 area, including three wells at the
locations of borings in Landfill 4 and two
upgradient wells, one each above Landfills 4
and 5.

ES-8



4. The new and existing wells should he .ampled
for key parameters identified in the previ-
ous sampling of the existing wells. Tn addi-
tion, samples from South Run should be taken
at locations upstream, opposite the land-
fills and where the stream crosses the in-
stallation boundary and analyzed for a
similar suite of key parameters.

ES5.2 Site No. 2, Landfill 2 - Recommendations

The following additional work is recommended Eor Landfill 2:

1. The existing wells at the site should be re-
sampled to verify the results o[ the first
water quality analyses. All samples should
also be analyzed for USEPA Priority
Pollutant volatile organic compounds.

2. Production Well A, located adjacent to the
barrel storage area, should be simpled for
the same suite of parameters as above.

3. In addition to the above parameters, MW-7
should be sampled tor USEPA Priority
Pollutant acid compounds, base/neutral com-
pounds and pesticide/PCB compounds.

4. A Ground Penetrating Radar (-PR) survey
should be conducted on the landfilL to

1assess depths to the base of fill and the lo-
cation of possible barrels. Six soil
borings should be completed subsequently to
calibrate the GPR result3 and confirm the
depth of fill and the location OF the water
table.

5. Three additional monitoring wells should be
A% installed to the east oE the landfill to de-

fine potential groundwater flow in that di-
rection. One well should be adjacent to
Production Well "A" and the DPDO ba-rel stor-
age area.

6. All wells should be sampled [or specific
contaminants based on the results of the
previous sampling round. The list of

%E__9
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analytes should also include landfill
U leachate parameters such as nitrates, iron,

ammonia-nitrogen and boron.

* 7. Water quality samples should also be collect-
ed along North Run upstream from the land-
fill, downstream, and opposite the landfill,
and analyzed for the suite of analytes iden-
tified above.

ES5.3 Site No. 3, Landfill 3 - Recommendations

WESTON makes the following recommendations for further inves-
tigation at Landfill 3:

1. Resample existing wells to verify the first
round of analyses, plus analyze all samples
for USEPA Priority Pollutant volatile organ-
ic compounds. In addition, MW-9 should be
sampled for USEPA Priority Pollutant acid
compounds, base/neutral compounds and pesti-
cide/PCB compounds.

2. Three additional monitoring wells should be
installed between the landfill and the Base
boundary.

- 3. All wells should be sampled for those key
parameters indicated in the previous round
of sampling, plus nitrate, ammonia-nitrogen,
iron, and boron.

4. Three surface water samples should be taken
along North Run; upstream, opposite the land-
fill, and downstream. These samples should
be analyzed for the same parameters as the
wells.

ES5.4 Site No. 4, BOMARC Missile Site - Recommendations

WESTON makes the following recommendations for further inves-
tigation at the BOMARC Missile Site:

1. Resample existing wells to verify the first
round of analyses, plus analyze the samples
for USEPA Priority Pollutant volatile organ-
ic compounds and xylene.

ES-10



ES5.5 Pesticide Wash Area - Recommendations

Contamination of stream bed sediments is the principal prob-
.ilem in the Pesticide Wash Area. WESTON, therefore, recom-

mends that the following sampling be completed to determine
the extent of this contamination:

1. Sediment and grab samples should be taken at
three locations downstream of SS-3 and up-
stream of the culvert entrance, at three iran-
hole locations along the storm drain system,
and at one location upstream of the pesti-
cide wash area. All samples should be an-
alyzed for pesticides.

2. Two-foot core samples should be taken at lo-
cations SS-l, SS-2 and SS-3 to obtain sam-
ples at depth. Each core should be divided
into two depth increments and analyzed for
pesticides to determine the depth of the con-
taminated sediment.

ES5.6 Site No. 6, DPDO Storage Area - Recommendations

WESTON recommends that the following work be completed at
the DPDO site to determine the extent of soil and ground-
water contamination at the DPDO Storage Area.

1. Surface soil samples should be taken at
twelve locations around the drum storage and
buried tank areas. Three composite samples
should be analyzed for PCB with the remain-
ing portion of the samples stored for possi-
ble future analysis.

2. A monitoring well should also be installed
between the buried tank area and North Run.
This well should be sampled for oil and
grease, volatile organic compounds and xy-
lene. The monitoring well recommended in
Section 6.1.2, to be located near production

"' Well "A", will also monitor the barrel stor-
age area.

ES5.7 Site No. 7, Fire Training Area - Recommendations

WESTON does not consider Fire Training Area 1 to be a high
priority site at this time, and recommends only that MW-14
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and MW-15 be resampled to verify the original analytical r-
suits. Samples should also be analyzed for USEPA Priority
Pollutant volatile organic compounds and xylene.

ES5.8 Site No. 8, Bulk Fuel Storage Area
Recommendations

WESTON recommends that the following work be done at the
Bulk Fuel Storage Area:

1. A second round of well samples should be an-
alyzed to confirm initial results. Samples
should also be analyzed for USEPA Priority

.. Pollutant volatile organic compound3 plus
xylene.

2. Approximately twenty soil borings should be
completed around the Bulk Fuel Storage Area.
Temporary PVC well points should be in-
stalled and a groundwater elevation survey
completed. Samples fromn the well pooints can
be visually examined for floating fuel
products.

3. Based on the information gathered from the
temporary 4ell points, up to six permanent
groundwater monitoring wells should be in-
stalled in critical locations around the
bulk fuel storage area including one
upgradient, background location.

4. All wells at the site should be sampled for
oil and grease, lead, USEPA Priority
Pollutant volatile organic coinpounis, and
xylene.

ES5.9 Site No. 14, Civil Engineerinq Compound
Recommendations

Based on the results of the geophysical suriey and the exam-
ination of historical photographs, WESTON recommends that a
:subsurface investigation be conducted at the Civil
Engineering Compound to confirm whether hazardlous materials
are buried at the site. WESTON recommends:

I . Backhoe test pits should be completed at
those locations identified as potential buri-
al sites by the qeophysical surv2y. The
work should be conducted while obs ,?ving

ES-12
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strict safety procedures, including personal5 body and respiratory protection. Air
quality should be monitored with an organic
vapor detector, and soil samples should be
obtained in areas where physical appearance
or detected vapors indicate contamination.

This excavation activity is to be for the
confirmation of whether barrels or contam-
inated soils are present. If barrels are
encountered, they will not be disturbed or
sampled. Only suspected contaminated soils

__ will be sampled. All procedures for this in-
vestigation will be reviewed prior to the
work with appropriate State and Federal reg-

' ulatory agencies.

2. Selected soil samples should be analyzed for
.- USEPA Priority Pollutant organic compounds

and metals.

- 3; If the results of the chemical analyses of
the soils is positive, four groundwater mon-
itoring wells should be placed around the
burial site; one well upgradient and three0 wells downgradient. Groundwater samples
should be obtained from these wells and an-
alyzed for key compounds indicated by the
soils analyses to determine the impact of

- *-the waste on groundwater quality.
Appropriate response for remedial action

wshould also be developed.

ES6.0 SUMMARY OF RECOMMENDATIONS

The recommendations which have been made as a result of this
Stage 1 Study at McGuire Air Force Base are summarized in
Table ES-I.
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1 SECTION 1

INTRODUCTION

1.1 INSTALLATION RESTORATION PROGRAM

In 1976 the Department of Defense (DoD) devised a comprehen-
sive Installation Restoration Program (IRP). The purpose of
the IRP is to assess and control migration of environmental

-'N contamination that may have resulted from past operations
and disposal practices on DoD facilities, and probable migra-
tion of hazardous contaminants. In response to the Resource

° Conservation and Recovery Act of 1976 (RCRA) and in anticipa-
* tion of the Comprehensive Environmental Response Compensa-

tion and Liability Act of 1980 (CERCLA, or "Superfund"), the

DoD issued a Defense Environmental Quality Program Policy
Memorandum (DEQPPM) dated June, 1980 (DEQPPM 80-6), requir-
ing identification of past hazardous waste disposal sites
DoD agency installations. The U.S. Air Force implemented

- DEQPPM 80-6 by message in December, 1980. The program was
revised by DEQPPM 81-5 (11 December 1981) which reissued and

amplified all previous directives and memoranda on the IRP.
The Air Force implemented DEQPPM 81-5 by message on 21
January 1982. The Installation Restoration Program has been
developed as a four-phase program as follows:

Phase I - Problem Identification/Records Search

Phase II - Problem Confirmation and Quantification

Phase III - Technology Base Development

Phase IV - Corrective Action

Only the Phase II Problem Confirmation Stage 1 portion of
the IRP effort at McGuire Air Force Base was included in the

effort described in this Report. Definitions of the terms
and acronyms used in this report are in Appendix A.

1.2 PROGRAM HISTORY AT McGUIRE AIR FORCE BASE

Roy F. Weston, Inc. (WESTON) has been retained by the United
* .- States Air Force Occupational anl Environmental Health Labor-

atory (OEHL) under Contract Number F33615-80-D-4006, to
provide general engineering, hydrogeological and analytical

services. The Phase I, Problem Identification/Records
Search for McGuire Air Force Base (McGAFB) was accomplished
by Engineering Science Inc. (ESI) in August 1982, and their
Final Report was dated November 1982. In response to the
findings contained in the ESI Phase I Final Report, the OEHL

issued Task Order 0014 to WESTON, directing that a
pre-survey site inspection be conducted at McGAFB. The
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purpose of this pre-survey was to obtain sufficient
information to develop a work scope and cost estimate for

*o.. the conduct of a Phase II, Stage 1 study at McGAFB.

The Pre-Survey report for McGAFB was submitted by WESTON in
April 1983. Following modifications in the scope of work,
Task Order 0020, dated 28 July 1983, was issued, which autho-
rized a Phase 11 Stage 1 Study for 9 sites at McGAFB. A

-v- copy of the formal Task Order authorizing this work is
included here as Appendix B.

* On 20 September 1983 WESTON met with representatives of the
Bioenvironmental and Civil Engineering Departments of
McGuire Air Force Base, and the drilling subcontractor,
Empire Soils Investigations, Inc., to review the goals of
the investigation, review drilling procedures and locations,
and to establish the field schedule. Soil borings and mon-
itoring well construction commenced on 3 October 1983 and
were completed by 25 October. Groundwater and surface sed-
iment sampling was completed during the weeks of 28 November
1983.

1.3 BASE PROFILE

McGuire Air Force Base (McGAFB) occupies 3,536 acres of land
located in south central New Jersey, approximately 18 miles
southwest of the City of Trenton. Figure 1-1 presents an in-
dex map showing the location of McGuire Air Force Base. The
northern border of McGAFB is the community of Wrightstown,
Burlington County, while the eastern, southern and western
borders are occupied by the U.S. Army Fort Dix installation.
The base is in a rural area of the New Jersey Pine Barrens,
with most adjacent lands being either vacant or wooded, or
being used for agricultural or military purposes. The area

:8 of McGAFB is under the management of the New Jersey
Pinelands Commission.

McGAFB began in 1937 as a single dirt-strip runway with a
few maintenance and administrative buildings. The airfield,
called Rudd Field at the time, was developed as an adjunct
to the U.S. Army Training Center, Fort Dix, and was operated

* ~by the Army Air Corps. During the period 1940 through 1942,
the U.S. Army Air Corps, under Command Headquarters located
at New Castle Air Base, Delaware, made extensive improve-
ments to the Fort Dix Airfield, including expanded aircraft
pavements and landing strips to meet World War II transition-
al training requirements. The airfield remained under Army
control until 1948.

1-2
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In 1948, the Fort Dix Airfield and all existing facilities
were transferred to the U.S. Air Force, and the installation

was officially designated McGuire Air Force Base. The in-
stallation was assigned to the Strategic Air Command (SAC)

-2 until September 1949, when it was transferred to the Conti-
nental Air Command (CAC). In 1952 a major program of devel-
opment was initiated to provide a port of aerial embarkation
for Atlantic Division, Military Air Transport Services
(MATS).

In July 1954, the Base was officially assigned to the Mili-
. tary Air Transport Service with Air Defense Command (ADC)

and the New Jersey Air National Guard (NJANG) as major ten-
ant organizations. The NJANG consolidated its activities on
the west side ot the Base supported by a Major Construction
Program (MCP). Subsequently, SAC and CAC tenant units were
assigned to McGAFB. In January 1966, the Military Air
Transport Service became the Military Airlift Command (MAC)
with headquarters at Scott AFB, IL. Eastern Transport Air
Force became the 21st Air Force with headquarters at McGAFB,
and the 1611th Air Transport Wing became the 438th Military
Airlift Wing (MAW). The SAC Tanker Squadron left McGAFB in
1965 and its facilities were occupied by the 170th Air
Transport Group NJANG.

The present host organization at McGAFB is the 438th MAW,
whose primary mission is to provide quick reacting, concen-
trated, massive airlift capabilities for emplacement of
Department of Defense forces into combat situations in a
fighting posture, and then to furnish materials support to
those forces. The Wing is also responsible for operating
McGAFB and for providing adequate support to a large number
of tenant units.

Past Air Force activities at McGAFB in support of operation-
al missions have resulted in the occurrence on the Base of
several waste disposal sites of potential concern. Each of
these sites was rated by ESI during Phase I activities in
accordance with the IRP Hazard Assessment Rating Method
(HARM). The results of these ratings are summarized in
Table 1-1 (from the ESI report). Figure 1-2 shows the loca-
tions of all sites at McGAFB receiving HARM score rankings.
Figure 1-3 shows sites receiving HARM score rankings at the
BOMARC Missile Site. Based upon these ratings and all other
pertinent data, ESI recommended that Phase TI activities con-
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TABLE 1-I

PRIORITY RANKING OF POTENTIAL CON'rAMXINavL) SOURCES
McGUIRE AFB (FROM PHASE I REPORT)

Rank Site Name Date of Operation
or Occurence HARM SCORE

- 1 Landfill No. 4 1958-1973 73
2 Landfill No. 2 1950-1956 66

.-. 3 Landfill No. 3 1956-1957 65
4 4 McGuire Missile Site 1958-1972 59

JP-X Discharge Pit
5 Pesticide Wash Area 1974-Present 58

',. 6 DPDO Storage Facility 1960-1979 56
7 Fire Protection Training Late 1940's-1958 54

Area No. 1
8 Bulk Fuel Storage Tank 1963-1.970 53

* - 9 Landfill No. 5 1970-1973 52
10 Fire Protection Training 1958-1968 51

Area No. 2
11 Landfill No. 6 1973-1976 50
11 WWTP Sludge Disposal Areas 1953-present 50
11 McGuire Missile Site - 1958-present 50

Transformer Locations
14 Buried Oil Drums Early 1950's 49
15 Fire Protection Training 1973-1976, 1982 48

Area No. 3
16 NDI Shop - Drain Field 1960's-1972 47
17 McGuire Missile Site 1960 46

Accident Area
- 18 McGuire Missile Site 1958-present 45

Mogas Storage Tanks
19 McGuire Missile Site 1958-present 39

"* BOMARC Launcher
Hydraulic Systems

20 McGuire Missile Site 1958-1972 37
Neutcalized Acid Pit

. 21 PCB Spill Site 1982 6
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3centrate on the sites numbered 1 through 8, and Site 14, in
* Table 1-1.

" From the Phase II Pre-Survey Report nine areas were identi-
fied to require confirmatory investigations. One of these
areas includes four adjacent landfills which are treated in
the Phase II investigation as one site. The following list-
ed sites, illustrated in Figure 1-4, comprise the sites eval-
uated during the Phase II Stage 1 Study:

" Zone 1, Landfill 4 (Site No. 1), Landfill 5 (Site
No. 9), and Landfill 6 (Site No. 11), and (Site No.

12) the Wastewater Treatment Plant Sludge Disposal
Area.

* Site 2, Landfill 2.

" Site 3, Landfill 3.

e Site 4, BOMARC Missile Site, JPX Discharge Pit.

e Site 5, Pesticide Wash Area.

0 Site 6, DPDO Storage Facility.

o Site 7, Fire Training Area No. 1.

o Site 8, Bulk Fuel Storage Area.

o Site 14, Civil Engineering Compound Drum Burial
Site.

The following text provides a brief history and description
of each site.

1.3.1 History and Description of Zone 1

The disposal sites comprising Zone 1 lie to the east of
Primary Runway 24 near the Base wastewater treatment plant,
as shown on Figure 1-4. Figure 1-5 depicts the Zone 1 land-
fills which border the installation boundary to the east
along Browns Mills Road. The zone is dissected and drained

b by South Run Creek, which flows southeasterly off the instal-
lation boundary after receiving the McGAFB wastewater treat-
ment plant discharge immediately north of Browns Mills Road.

1-8
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1.3.1.1 Site No. 1, Landfill No. 4

Landfill No. 4 is a long, irregularly T-shaped 18-acre site
located to the south of South Run, as shown in Figure 1-5.
Disposal operations began in this area about 1958 and contin-
ued to the early 1970's. Fill operations began in the south-

eernmost section of the landfill (now a portion of the EOD
'. . training area), then expanded to the west toward the main

runway. By 1968, the section west of the wastewater treat-
ment plant was actively used for landfilling. The landfill
was operated primarily in a trench and fill manner.
Reportedly, trenches were approximately 15 feet deep and ex-
tended into the water table, which occurs less than 5 feet

*-• from the surface. No burning occurred in this landfill.
Wastes which were cited as being disposed within this area
included general refuse, coal ash and miscellaneous industri-

* al chemicals, some in 55 gallon drums. A few empty 55
gallon drums were observed in a drainage swale which
partially incises a portion of the landfill. The site has
been closed; however, furrows in the land are still evident
indicating the location and orientation of the trenches.

"" The site has been covered with a sandy soil supporting local
grasses. During wet periods leachate has emerged along the
northern side of the landfill bordering the access road.
Iron staining is evident next to and on the road surface.

1.3.1.2 Site No. 9, Landfill No. 5

Landfill No. 5 was operated from about 1970 to 1973, simulta-
neously with the latter phase of Landfill No. 4 activity.

PThe approximately three acre landfill comprised a long
-* narrow parcel located between the access road and the bank

of South Run Creek (Figure 1-5). This landfill was primar-
ily used for the disposal of coal ash, wood and metal
wastes; however, it was indicated by landfill personnel that
waste chemical compounds occasionally may have been disposed
of in this landfill. Waste materials were routinely burned
to reduce volume. The site has been covered with sandy soil
and presently supports grass and shrub vegetation. The land-
fill surface is soft and uneven. The toe of the landfill

*- drops steeply to within a few feet of South Run which lies
about 15 feet below the surface of the landfill.

1.3.1.3 Site No. 11, Landfill No. 6

LandfI'l No. 6 was the most recent landfill operated at
McGuire AFB. Operation of the landfill occurred between
1973 and 1976. The landfill covers approximately 4.5 acres
situated on the north side of South Run along the eastern

i-.
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boundary of the Base (Figure 1-5). Landfill operations in-
volved trench and fill techniques. The depth of the trench-
es was estimated at fifteen feet and was described to have
extended into the water table. The landfill was primarily

• used to dispose of general refuse generated on the Base.
Standard sanitary landfill practices were employed, and no
burning was permitted. During the period when Landfill No. 6
was active, there were several programs established to col-
lect and dispose of hazardous industrial chemicals.
Therefore, there is little likelihood that significant quan-
tities of industrial chemicals were disposed of in this land-
fill. The area was used from 1976 to 1981 as a Civil
Engineering storage area for various types of equipment and
materials. At the time of the Phase I site visit in August
1982, a project was underway to add additional cover to the
landfill. The site is now level with a significant amount
of exposed soil and only sparse vegetation along its
fringes. Extensive erosion gullies are forming along the
southern end of the site.

1.3.1.4 Site No. 12, Sewage Treatment Plant Sludge
" Disposal Area

Sludge from the wastewater treatment plant is anaerobically
digested then dewatered in sludge drying beds. Between 1970Uand 1980, a sludge disposal area located to the northwest of
the sludge drying beds was used to dispose of excess sludge
(Figure 1-5). In 1981, a portion of the sludge disposal

* area was closed and the sludge was hauled to the Fort Dix
landfill. A large mound of sludge still remains in the
area, and is presently covered with dense vegetation.

" -"1.3.2 History and Description of Site No. 2, Landfill 2

-. - As shown on Figure 1-4, Landfill 2 is located at the north-
.[ west boundary of the installation between Wrightstown Road

and North Run. The site, shown in detail on Figure 1-6, co-
vers approximately 11 acres of land that lies on the north
side of the Base. The DPDO area is adjacent to, and may par-
tially cover Landfill 2. The landfill was open from around
1950 to 1956, during which time all wastes generated at the
installation were disposed of at the landfill. Disposal pro-
cedures included trench and fill methods with burning to re-
duce volume. Trenches were reportedly dug to the water
table, were 20 feet wide, 300 feet long and oriented north-
south. Wastes disposed of in Landfill 2 may have included
waste oil and industrial chemicals, according to the Phase I
report.

1-12
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In early 1975, in response to an EPA inspection report, the
area was regraded and surface debris was removed or buried.

.- The landfill presently has a cover of sandy soil overgrown
- with native grasses. The landfill toe abuts the stream and

its narrow floodplain. The landfill rises steeply from the
floodplain to a height of about 25 feet above the surface of
the creek. Tension cracks in the landfill behind the toe
slope give evidence of slope instability.

1.3.3 History and Description of Site No. 3, Landfill 3

Landfill 3 is located as shown on Figure 1-4 along the north-
i ern installation border to the north of the installation's
-.+ main gate and North Run. The site covers about 4 acres adja-

cent to a Base trailer park (Figure 1-7) and is presently bi-
sected by the Defense Access Highway which was installed

, across the landfill. Landfill 3 was operated between 1956
and 1957 and received general Base refuse as well as miscel-
laneous industrial wastes of unknown character or quantity.

*-"" Wastes were reportedly buried in excavations made to the wa-
*[ ter table approximately 10 feet below land surface. Some of

the waste was probably removed during construction of the
highway subbase. The area covers both sides of the roadway
and is covered with sandy soil vegetated with native grass
and small tree cover.

1.3.4 History of Site No. 4, BOMARC Missile Site,
JP-X Discharge Pit

-The McGuire Missile Site (BOMARC) is located on the Fort Dix
Military Reservation approximately 11 miles to the east of
McGAFB on the east side of New Jersey Route 539. The site,
shown on Figure 1-3, was constructed in the mid 1950's and
is on Fort Dix property that has been leased to McGAFB. It
was the operational site of the 46th Air Defense Missile
Squadron (ADMS) and initially housed 56 liquid fueled BOMARC
missiles. In the early 1960's the launch area was expanded

* *and launchers for 28 solid fuel BOMARC missiles were added
to the northern end of the launch area. In the early 1970's
the missiles became obsolete and the site was deactivated in
1972.

Facilities associated with the missile fueling and defueling
activities included fuel storage, spill control and decontam-
ination facilities for the two fuel components used for the
liquid fueled missiles. These fuel components were nitric

1-14



I0e il Rd.

I,

aaC

z
-J

LL

0 U.

00

z
LU

V) LL

%C



7 r

I.

acid and JP-X (60% JP-4 and 40% hydrazine). Nitric acid was
stored in four tanks located in a below-ground sump adjacent
to Building 25. JP-X was stored in six below-ground tanks
adjacent to Building 24. Sumps to collect spilled fuels
were provided at the fuel transfer stations adjacent to each
building. Acid fuel spills were directed to the acid neu-
tralizer, a concrete basin containing lime-rock. The ef-
fluent from the acid was pumped to the neutralized acid pit,
a brick-lined, 3-foot diameter well which extended at least

*. 20 feet below grade. The base of the well was open and al-
lowed for the percolation of liquid wastes entering the pit.
The JP-X fuel spills were directed to a similarly construc-

. . ted pit located near Building 24 and also allowed to perco-
late into the ground.

Fueling and defueling the missiles normally occurred in con-
junction with most missile maintenance activities. Prior to

0 servicing, a missile would be defueled in the launch area us-
ing a fueling vehicle. The fuel was then hauled to the fuel-
ing facilities and unloaded into the storage tanks. The
missile was then hooked to the fueling facilities and the
fuel residues were rinsed out of the missile using hot water
for the acid tanks and a soap solution for the JP-X tanks.
These rinse solutions were flushed to the respective waste
Sumps.

S1.3.5 History and Description of Site No. 5, Pesticide

* .- Wash Area

Since 1974, the Entomology Shop had been located in Building
3450, in the area shown on Figure 1-4, when new procedures
were implemented for rinsing spray equipment and empty pesti-
cide containers. Some rinse waters were saved for reuse as
makeup water and some were allowed to drain into the san-
itary sewer system. Triple rinsing procedures for empty pes-
ticide containers began in the late 1970's. The containers

. were then punctured and disposed of with general refuse. It
has been estimated that approximately 30 to 35 drums and 100
cans per year have been disposed of by the shop. The larger

.. truck-mounted spray equipment has been rinsed on the drive-
way adjacent to Building 3450. The driveway is situated on
a rise which drains toward a small surface drainage ditch
(See Figure 1-8).

In March of 1982, the New Jersey Bureau of Pesticide Control
conducted an inspection to evaluate the pesticide program at
McGAFB. During the site visit, three soil samples were co]-
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lected from areas that received runoff from the equipment
cleaning operation. The samples were collected from a gras-
sy area located at the bottom of the driveway, the bank of
the drainage ditch adjacent to Building 3450 and the sed-
iments within the drainage ditch. The analytical results

" - showed the presence of low to moderate levels (up to 19 ppm)
of pesticides with long residual periods. The data indicat-
ed moderate levels of DDT-related products in the sediment

* samples collected from within the ditch. All of the samples
showed the presence of chlordane. The samples collected
from the bottom of the driveway and the bank of the drainage
ditch also contained low levels of dieldrin. Since 1974,
most pesticides used on the base have been stored in a sep-
arate room within Building 3450.

- 1.3.6 History and Description of Site No. 6, DPDO
Storage Facility

The Defense Property Disposal Office is located north of
Wrightstown Road, adjacent to Landfill 2 as shown in Figure
1-4. The site, shown on large scale on Figure 1-6, consists
of a fenced area of approximately four acres containing stor-
age and administrative buildings and a storage yard. Out-
side the northwest corner of the site is an abandoned earth
ramp truck loading dock. To the west of the DPDO area is
the installation's production well "A." The DPDO has ar-
ranged for the disposal of used petroleum products, out-of-
service transformers, and most hazardous wastes for both
McGAFB and Fort Dix.

Prior to disposal, waste materials have been held at or adja-
cent to the DPDO area. The used petroleum products disposed
of through DPDO have included used oils, fuels, hydraulic
fluid and spent solvents. Until 1979 these products were
collected and held at DPDO prior to contractor disposal.

".* Storage was either in a 10,000-gallon underground holding
tank within the DPDO area or in barrels in a separate stor-

" age area behind the loading dock (Figure 1-6). This area is
northwest of the DPDO yard above closed Landfill No. 2. In
1975 the barrel storage area was relocated inside the DPDO
storage yard (fence area). Use of the holding tank was ter-
minated in 1979, and since that time used oils generated at
McGAFB have been primarily stored in a 25,000-gallon under-
ground tank near Building 1736 (Tank B-7). Several smaller
used oil storage tanks located throughout the base have also
been utilized.

1-18
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Out-of-service transformers were temporarily held prior to
disposal in the DPDO area until 1978. Approximately 30 to
40 transformers were stored at DPDO and reportedly there was
leakage from these transformers. In 1978, out-of-service

-.', transformer storage was relocated to the CE service yard lo-
cated behind Building 3411. Since 1981, the PCB transform-
ers have been stored in the hazardous waste storage area,

* Facility 2310.

1.3.7 History and Description of Site No. 7, Fire
Training Area 1

- The Fire Department has operated three fire training areas
since the activation of McGAFB. From the late 1940's until
1958, the Fire Department conducted fire protection training
exercises at Fire Training Area 1 located within the runway

triangle northwest of the hazardous cargo parking pads
(Figure 1-4).

The site is located within a small topographic depression.

Close examination of the area detected discolored charred
soils with pods of fuel residues scattered on the surface.
Grasses now cover the entire site. During the period the
site was in use, various types of combustible waste chem-
icals generated at the Base were burned during training exer-
cises. The combustible materials included waste oils, waste
Avgas and jet fuel, hydraulic fluid, spent solvents and alco-

- - hols. The combustible waste materials were brought to the
area in 55 gallon drums and stacked temporarily until the
contents of the drums could be burned. The burn area did not
have a liner system nor was there any pre-application of
water to retard the percolation of the waste chemicals into
the soil. The extinguishing agents used during that period
included CO2, protein foam and water.

Aerial photographs available for the site from 1952 and 1962
show a circular area marking the fire training area's burn-
ing pad, as shown in Figure 1-9. The 1962 photograph also
shows one large and several smaller dark-stained areas that
are probably associated with the temporary storage of combus-
tible waste chemicals. The ground surface at the fire train-
ing area slopes gently to the south toward a small stream
which is a tributary to South Run Creek.

1-19
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1.3.8 History and Description of Site No. 8, Bulk Fuel
A Storage Area

The Bulk Fuel Storage Area, the general location of which is
shown on Figure 1-4, consists of eight above-ground storage
tanks located to the north of the runway triangle and south
of South Run Creek. Figure 1-10 is a map of Site No. 8

- showing the site layout. The petroleum, oil and lubricants
(POL) tanks have been in service since 1963. The tanks in
this area are surrounded by asphalt covered earthen dikes.
The tanks were initially used to store Avgas, JP-4 and fuel
oil. Subsequently, the Avgas storage was phased out and
additional storage allocated to JP-4.
Fuel storage tanks are cleaned about every three years. In
past years fuel sludges accumulating on the bottoms of the

storage tanks were buried within the fuel tank dikes. Holes
were dug in the floor of the diked areas and up to 2,000 gal-
lons of fuel sludge were disposed of within these pits. No
preliminary weathering was accomplished prior to disposal.
Since 1970, the sludge has been weathered and temporarily

- . stored in the waste fuels storage tank prior to contract re-
* moval, arranged by DPDO.

1.3.9 History and Description to Site No. 14, Civil
Engineering Compound Drum Waste Burial Site

The Civil Engineering Compound is located to the north of
' the runway triangle adjacent to the Civil Engineering

Building, as shown on Figure 1-4. The area is fenced and
covers approximately 2 acres. As shown in Figure 1-8 the
area now contains several buildings, is asphalt paved and
serves as a storage area for equipment and vehicles.

A drummed-waste burial area is suspected to exist under the

paved lot of the Civil Engineering compound. Around 1950,
approximately fifty 55-gallon drums containing heavy waste
oils were reported by an equipment operator to have been bur-
ied about 6 feet below the surface. It is not known if
these drums were later removed or if they are still present.

Aerial photographs taken in 1951 show that the basic site
boundaries were established but without the present build-
ings. In 1951, the site was clearly being used for materi-

•. als storage and some excavation was going on as evidenced by
--. surface scars and what may be a mound of soil and a pit.

.
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1.4 CONTAMINATION PROFILE

*[ Historically, most of the wastes containing hazardous sub-
-' stances have been generated by industrial aircraft mainten-

ance or overhaul missions. Waste oils and solvents from
cleaning and painting operations are the primary wastes of
concern. Fuel sludges from storage tanks or tank cleaning
operations also were generated in the past and pose a con-
cern. Much of the combustible wastes have either been

.? burned in fire training exercises or disposed of through
DPDO.

Prior to 1973 however, quantities of industrial chemicals
were probably disposed of in installation Landfills 2, 3 and
4. In addition, chemicals were allowed in the past to enter
the soils by storage and burning practices at Fire Training

--g" Area 1, equipment washing at the Pesticide Wash Area, and
leaking storage containers at the DPDO area. Disposal of
sludge from the waste water treatment plant in an unlined

"*- landfill may also contribute to the introduction of contam-
inants to surface and groundwater.

Based on the McGAFB Phase I Records Search the key chemical
parameters of potential concern are: volatile organic com-
pounds (VOA), PCB, pesticides, oils and greases and select
metals. To develop an initial determination of whether or
not past operational and disposal practices have adversely
impacted the environment, soils, and groundwater and surface
water in and around the four sites were sampled and analyzed

-for the parameters listed in Table 1-2. The details of the
field work accomplished are described in Section 3 of this
report.

"- 1.5 PROJECT TEAM

The Phase II Confirmation Study at McGAFB was conducted by
staff personnel of Roy F. Weston, Inc. and was managed
through WESTON's home office in West Chester, Pennsylvania.
The following personnel served lead functions in this pro-
ject:

MR. PETER J. MARKS, PROGRAM MANAGER: Corporate Vice Presi-
dent and Manager of Laboratory Services, Master of Science
(M.S.) in Environmental Science, 18 years of experience in
laboratory analysis and applied environmental sciences.

MR. FREDERICK BOPP, III, PH.D., P.G. PROJECT MANAGER: Doc-
tor of Philosophy (Ph.D.) in Geology and Geochemistry, Regis-

1-23

- . -. .- ,



76 - . - - - a -. - . .. I .

.7 -51 -1 W7

-o41

U)w a-c4  1-4 0 U

04 40 ) i

0U)1- *H->, U 0
VO o c4-) - $ ) X CL P-~ 1

-44
0c o r 1 nEn E r-A

.r - 1-4 oC: ro 0

(1) 4 )A$40
- l a) 0) C U) ty 0)

En U " 4 r-4 .- 1 V
C) 0 ON HU U -ri04r a1

4J E-4-O 0 4En *- -1~ c r-

'-4 -4E . M$ -4-4 mJ 0~ m

(d XctSVCd UV VrdE-4 04 E -1 .- V ru U
0 0>4 (V"- 0 >1 -4 C)O 0 H .14 M-H- 0
E- HUUl E- :4C 0 0U u H-

0
*4 i- 4 1-4 1- 4 $4C (n 4 i

0 lai ) Q) Q) ) C) r-4 C) C)

u VO 4-) - 4-) 4J 4- "- .4 4-) 4

0 Q) Al( Mr 0

0

u u r) En 4-j

-r- ED4 .1i H :J( 1-1 UP0C

0 WC Ul a) a) 0 1-4 4V

.- 4 4-) 04 Q)>
-0 U- a)> C)C -r -i r

r-- E)n >f In C -44 ) 04 M)C

(1 > ( Q -- (4r 4JV

(n~ 4V V U) Q) 4-) U)O- Q

0 0 z 4 J

* 1-

(C) C) CC
r-4 0 1- C )C

C)4 14<
H) $-) FCC

44 4-4- EnCC U 0
Q) r ) 4-)

$-4"-
fa a) c- 4 <

C) 1-4"-

C.- EnV rm '- ()U 0 C) (a
:59 -f 411 1-4

-H - U-H uH
t") 4- " 4- 4 1-4 -H1

C) C) rO r (I Cl 4J 0 Q~ )
41 C 0 r . E9 U) 0 1-4

.14 Nr. a m 0 (a ():

1-24



777 .

tered Professional Geologist (P.G.), over 8 years of ox-
perience in hydrogeology and applied geological sciences.

. MR. RICHARD C. JOHNSON, PROJECT GEOLOGIST: Master of Arts
- (M.A.) in Geological Sciences, seven years experience in geo-

technical engineering and hydrogeology.

WMR. WALTER M. LEIS, P.G., GEOTECHNICAL QUALITY ASSURANCE OF-

- FICER: Corporate Vice President and Manager of the Geo-
sciences Department, M.S. in Geological Sciences, Registered

,. Professional Geologist, over 10 years of experience in hydro-
geology and applied geological services.

MR. JAMES S. SMITH, PH.D., LABORATORY QUALITY ASSURANCE OF-
*-*"FICER: Ph.D. in Chemistry, over 16 years of experience in

laboratory analysis.

- MR. THEODORE F. THEM, PH.D., PROJECT CHEMIST: Ph.D. in An-

alytical Chemistry, over 10 years of experience in labora-
tory analysis.

Professional profiles of these key personnel, as well as oth-
er project personnel are contained in Appendix C.

1.5.1 Subcontracting

The drilling and well installation work of this project was
performed by Empire Soils Investigations, Inc. of Edison,
New Jersey. The well elevation survey was completed by
Richard A. Alaimo Associates, Consulting Engineers of Mt.
Holly, New Jersey, and licensed New Jersey surveyors.

-[" 1.6 FAC[ORS OF CONCERN

Several factors of concern should be highlighted at the out-
set of this Confirmation Study Report which the reader
should consider in the review of the following sections:

, .e McGuire AFB o ,erlies permeable unconsolidated sed-
iments of the Cohansey and Kirkwood Formations which
form a water table aquifer in the area. Although

.  most domestic and industrial water is presently de-
rived from the deeper confined Raritan-Magothy aqui-
fer, the shallow unconfined aquifer is high yielding
and of good qualiLy. This water resource could be
exploited in the future. Of more immediate concern
is the fact that the water table aquifer provides
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. base-flow recharge to local streams in the McGAFB
area. Since several streams flow through McGuire
AFB, contaminants reaching the groundwater table at
the Base could reach surface waters and, thereby,

-' migrate off-site in a relatively short time.

Most of the sites included in this investigation are
v:.- located close to surface streams which eventually

drain off-base. All of the landfills are located ad-
jacent to major streams and near Base boundaries,
thus limiting the available buffer zones and increas-
ing the potential for dispersion off-base.
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SECTION 2

ENVIRONMENrAL SETING

2.1 GEOGRAPHY

' McGuire Air Force Base is located along the southern bound-
ary of the inner coastal plain section of the Atlantic
Coastal Plain Physiographic Province. This physiographic di-
vision, characterized by low dissected hills and broad sandy
plains, occurs in a narrow belt some ten to twenty miles
wide and extends northeasterly along the southern Delaware
Valley to the Raritan Bay. The major topographic features
of the inner coastal plain include nearly level plains, gent-
ly rolling uplands, extensive surficial dissection, mature
streams and swampy areas. The topography at McGAFB ranges
from generally level to gently rolling in appearance. Local
relief is primarily the result of dissection by erosional

- activity or stream channel development. Surface elevations
' at McGAFB range from a low of 80 feet above mean sea level

(MSL) along the South Run stream channel to 144 feet MSL at
the southwest Base boundary. The north portion of the Base
drains to the North and South Runs of Crosswicks Creek. rhe
south and east sections of the Base drain to Bowker's Run,
Jack's Run and Larkin's Run, all of which are tributaries of

*Rancocas Creek. Figure 2-1 depicts the major urainage
patterns at McGAFB. Locally, drainage is predominately to
the southeast or northeast.

2.2 SITE GEOLOGY

Geologic units ranging in age from Cretaceous to Quaternary
have been identified in the New Jersey Coastal Plain. These
units are typically unconsolidated materials consisting of
gravel, sand, silt, clay, glauconite, marl and organic mate-

- rials, reposing on a Pre-Cambian/Lower Paleozoic crystalline
* -basement complex. Coastal Plain sediments form a sottheast-

erly dipping wedge thickening to the southeast, with individ-
. ual geologic units tending to thicken downdip and possessing

an average unit dip ranging from 10 to 45 feet per mile.

The geology of McGAFB is dominated by interbedded continen-
tal and nearshore marine sands and clays of the Cohansey
(Tch), Kirkwood (Tkw) and Vincentown (Tvt) Formations. The
surficial geology of McGAFB is illustrated on Figure 2-2.
The Kirkwood and Vincentown stratigraphic units reach a

*O combined maximum thickness of approximately 50 feet in the

* 2-1
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5 general area of McGAFB. The Cohansey forms a thin veneer
over much of the Base, which is in hydraulic connection with
the underlying Kirkwood Formation. The Cohansey, Kirkwood
and Vincentown Formations are of hydrogeologic interest
because they occur at or near ground surface in the
vicinity of McGAFB. These hydrogeologic units are,
generally, permeable and relatively thin. The Cohansey
consists of coarse to medium sands which overlie the fine to
medium sands and clay interbeds of the Kirkwood Formation.

2.3 HYDROGEOLOGY

Ground water occurs at shallow depths (<10 feet) in the shal-
low units under water table (unconfined) conditions.
Artesian or semi-artesian conditions may occur locally. The
Cohansey and Kirkwood are hydraulically connected locally.
The Vincentown contains water in localized water-bearing
beds that may yield small to moderate quantities of water to
wells screened within them.

Recharge of the Cohansey and Kirkwood Formations occurs pri-
marily by direct precipitation in the outcrop area. Most of
the land area of McGAFB is situated in the Cohansey-Kirkwood
recharge zone. Once water enters the hydraulic regime, it
flows under water table conditions toward zones of decreas-
ing hydraulic head. The shallow water table system possess-
es fairly short flow paths. Under normal climatic
conditions and typical hydraulic gradients, the flow rate in
the shallow water table is estimated to be on the order of
four feet per day. Water detention time for the
Cohansey-Kirkwood is not expected to exceed five years. It
has been estimated that 85 percent of the precipitation
which infiltrates to the surficial aquifer system follows
the shallow flow path and is discharged to a surface water
body as base flow (N.J. Pinelands Commission, 1980).

The Potomac-Raritan-Magothy (Kmr) aquifer system of Lower.
Cretaceous Age underlies the previously described tertiary
deposits at depth. The Kmr is regional in extent and is the
primary source for potable water supplies in the Base area.
This unit occurs at an approximate elevation of -450 feet

L (MSL), and is about 550 feet thick under McGAFB. The Kmr re-
poses on crystalline basement rock; its upper limit is ac-
cepted to be the Late Cretaceous Merchantville Formation and
the Woodbury Clay. It thickens to over 2,000 feet in a down
dip direction. A generalized section of the formations of I
the New Jersey Coastal Plain is illustrated in Figure 2-

3.3
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2.4 ENVIRONMENTAL RESOURCES

McGAFB derives its water from four deep wells, all presum-
ably screened into the deep Kmr aquifer system. The loca-
tions of these wells are shown on Figure 2-4. Two shallow
inactive wells are present at the McGuire BOMARC Missile
Site. These wells are reported to be small diameter (six
inch) and are apparently screened into the Kirkwood
Formation. The adjacent Borough of Wrightstown obtains its
municipal water supplies from deep wells screened into the
Kmr aquifer system. Due to groundwater withdrawals from
this aquifer, not necessarily related to withdrawals at
McGAFB, the piezometric surface is over 150 feet below land
surface.

The presence of extensive confining formations (the
Merchantville and Woodbury Formations) overlying the Kmr sys-
tem, reduce the probability of the Kmr aquifer becoming con-
taminated by Base activities. The aquifers of greatest
concern at McGAFB are the Cohansey Sand (Tch) and underlying
and hydraulically interconnected Kirkwood Formation (Tkw).
While, locally, these shallow aquifers are not currently
widely used for water supply, their combined potential is im-
mense, and waters from these aquifers are under on-going con-
sideration as supplementary supplies for the Philadelphia
and New York metropolitan areas.

The nearby community of Cookstown and other area public wa-
ter supplies typically derive their water from deep wells
penetrating the Kmr. Rural residents generally rely on the
shallow water resources derived from overlying formations.

McGuire AFB is located in the northeast corner of a large
tract of land classified as the New Jersey Pinelands Area,
designated as such by the New Jersey Pinelands Protection
Act. The Pinelands Area was designated as the country's
first Natural Reserve. The Reserve concept has as its prima-
ry goal the management of the lands by innovative means, com-
bining the capabilities and resources oC the local, State
and Federal governments and the private sector. The main :m-
phasis in the New Jersey Pinelands Comprehensie Management
Plan has been the development of progra.ns to 3afeguard the
Pinelands' resources while the land remains in the care of
the local people and governmental agencies (Phase I, IRP).

2-6-
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SECTION 3

FIELD PROGRAM

3.1 PROGRAM DEVELOPMENT

Task Order 0020 (Appendix B) was issued on the ba,+is of the
Phase II Pre-Survey Report. All sites recoimnended for Con-
firmation Stage Work in the Phase I Report (ESI) were, in
fact, addressed in the Phase II program with modifications
incorporated from the Phase II Pre-Survey Report.

The following text discusses the approved field investiga-
* tion for all nine areas considered in this Phase II Problem

Confirmation Stage 1 Study Report.

3.1.1 Zone 1

By design of the Phase II Work Plan developed by WESTON,
Zone I included the following individual sites:

o Site No. 1, Landfill No. 4

o Site No. 9, Landfill No. 5

o Site No. 11, Landfill No. 6

o Site No. 12, Wastewater Treatment Plant
Sludge Disposal Area

The WESTON Phase II Pre-Survey Report recormnended that
groundwater monitoring wells be located around all the sites
in Zone 1 to detect the overall impact, if any, of the dis-
posal areas on groundwater quality. Since TIle sitS includ-
ed in Zone 1 are close to one another ind overlie the
shallow water-;able aquifer which di3charges to North Run,
the monitoring of groundwater flow and containinant migration
was approached on a general area scale. The Final approved

- Scope of Work included the installation o' five groundwater
monitoring wells located downgradient anA between the sites

*.. and South Run. These wells would be Gcreened ii the upper
portions of the shallow unconfined aquifer and intercept any
contaminants migrating towarls the stream. A groundwater
and surface water elevation survey would be complet-d to de-
fine groundwater flow directions and gradients and relation- 
ships between ground and surface waters. A single round of

3-1 ."
,O_0

...- ; .+ ,+ .. ,,.e . , +,+., , , , . .... ,.,.*. * . . .. * .+.. .-. * ., ,.+ +.+ /+ ,%,r'



777 7J

groundwater samples would be taken from the wells for anal-
ysis of the parameters shown in Table 1-2.

3.1.2 Site No. 2, Landfill 2

The WESTON Phase II Pre-Survey Report recommended that
groundwater monitoring wells be located around Landfill #2
to monitor the impact of that disposal site on groundwaterC quality. The approved Scope of Work included the installa-
tion of three groundwater monitoring wells to be located
between Landfill 2 and South Run. These wells were to be
screened in the upper part of the groundwater table to inter-
cept contaminants migrating toward the stream. Because the
landfill toe extends to the floodplain, access difficulties
required that the wells would be set in the landfill itself.
In this case the well screens were to be set deep enough to
enable the wells to be properly grout-sealed into the sed-
iments below the landfill base.

A groundwater and surface water elevation survey was to be
completed to define groundwater flow directions and gradi-
ents. A single round of groundwater samples was to be taken
from the wells for analyses of the parameters listed in
Table 1-2.

3.1.3 Site No. 3, Landfill 3

The WESTON Pre-Survey Report recommended that groundwater
monitoring wells be located around the landfill to monitorthe impact of the disposal site on groundwater quality. The

final approved Scope of Work included the installation of
three groundwater monitoring wells between Landfill 3 and
North Run. Following the same procedures as the other land-
fill sites, the wells were to be screened in the upper part
of the groundwater table to intercept contaminants migrating
toward the stream; groundwater and surface water elevation
surveys were to be performed to define groundwater flow di-
rections and gradients. A single round of groundwater sam-
ples was to be taken from the wells for analyses of the
parameters listed in Table 1-2.

3.1.4 Site No. 4, BOMARC Missile Site JP-X Discharge Pit

The WESTON Pre-Survey Report proposed to install groundwater
*monitoring wells around the JP-X discharge pit to assess the

potential or real impacts of leakage from the pit on ground-
water quality. Task Order 0020 approved the installation of
two groundwater monitoring wells to be screened in the upper

3-2



part of the groundwater table. A groundwater elevation sur-
vey was to be completed to define the vector of flow between
the two wells. A single round of groundwater samples was
taken from the wells for analysis of the parameters listed
in Table 1-2.

3.1.5 Site No. 5, Pesticide Wash Area

WESTON recommended that soil borings be drilled in the drain-
age path for the pesticide wash area for the purpose of sam-
pling soils at discrete depth intervals. These soil sam-
ples would be analyzed for pesticides to determine whether
contamination may have entered the soil and migrated down-
ward toward the water table. The final approved Scope of
Work included the completion of two soil borings to the top
of the water table. Soil samples were to be taken at depths
of two feet, five feet and at the water table. Initially, Y
the two-foot depth samples were to be analyzed. If positive
results were found, the deeper samples were to be analyzed
iteratively.

Stream water and sediment samples were also to be taken at
three locations in the small stream adjacent to the pesti- -.

cide wash area, one sample location opposite the wash area
and two downstream locations.

3.1.6 Site No. 6, DPDO Storage Area

WESTON recommended that soil borings be completed in the
vicinity of the underground holding tank and the barrel stor-
age area. Soil samples would be recovered at discrete depth
intervals and analyzed for PCB and oil and grease. The final
approved Scope of Work included five soil borings to be
drilled to the water table. Samples would be taken at
depths of two feet, five feet and at the water table.
Initially, the two-foot depth samples were to be analyzed
for PCB and oil and grease. If results were positive, the
deeper samples were to be analyzed iteratively.

3.1.7 Site No. 7, Fire Training Area 1

WESTON proposed in th3 Pre-Survey Report to install ground-
water monitoring wells around the Fire Training Area 1 in or-
der to assess the impact on groundwater quality of contami-
nants in the soils in that area. The final approved Scope
of Work included the installation of two groundwater monitor-
ing wells, to be screened in the upper water table, and to

3-3
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be located between the fire training area and the nearby
* -tributary to South Run. A groundwater and surface water sur-

vey would be completed to determine groundwater flow direc-
tions and gradients. One round of groundwater samples were
to be taken at the wells and samples were to be analyzed for
the parameters listed in Table 1-2.

3.1.8 Site No. 8, Bulk Fuel Storage Area

Because fuel oils and associated wastes may be entering the
ground at the bulk fuel storage area, WESTON proposed that
monitoring wells be located around that facility to identify
possible dissolved contaminants, as well as free floating
fuel products in the ground water. As part of Task Order

6.4 20, two groundwater monitoring wells were to be installed be-
" tween the tank farm and South Run. These wells were to be

screened to above the water table in order to intercept any
floating fuel products present. Both wells were to be sam-
pled for the parameters listed in Table 1-2.

3.1.9 Site No. 14, Civil Engineering Compound

Task Order 20 required that a geophysical survey be
conducted at the Civil Engineering Compound to determine
whether indications exist of subsurface disturbances and
waste drum burial sites. To accomplish this, the area was
to be marked off in a grid and a combined ground penetrating
radar (GPR) and magnetometer survey was to be conducted.

3.1.10 Analytical Protocol

The analytical. protocol summarized in Table 1-2 was selected
for the nine sites addressed in this Phase II study. The pa-
rameters chosen are specific and non-specific indicators of
contamination. a°

3.1.11 Formal Scope of Work

Task Order 0020 formalized the proposed work and is included
in this report in Appendix B. Task Order 0020 provided the
basis for the implementation of the field program described
in the following sections.

*o
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3.2 HYDROGEOLOGIC INVESTIGATION !

A field investigation has been conducted to define the
hydrologic and geologic setting at McGuire AFB and to deter-

* mine the possible presence of hazardous environmental contam-
* inants that may have resulted from past product storage and

handling practices or waste disposal operations at the Base.
Information regarding potential or actual impacts of the
nine sites on area groundwater was obtained from a total of
17 on-site monitoring wells, seven additional exploratory
soil borings, and three surface water and stream sediment
sampling locations. During the drilling of monitoring wells

- split-spoon samples were taken at regular intervals to
obtain samples of the unconsolidated sediments in the
unsaturated and saturated zones for visual inspection. The
wells also provided measuring points for determining

groundwater flow gradients and directions in the unconfined,
shallow water table at some of the sites. A stream

- elevation survey provided additional information on the
interrelationship betwe!n ground and surface waters. The
field work is summarized on a site-by-site basis in Table

.. 3-1. ".

3.2.1 Schedule of Activity

The field investigation at McGuire AFB was commenced on
September 20, 1983, and was completed on February 28, 1984.
Table 3-2 is a summary of WESTON's field activities schedule
at McGuire AFB.

3.2.2 Drilling Program

The field program at McGuire AFB included the installation
of 17 groundwater monitoring wells and the completion of sev-
en soil borings to recover subsurface soil samples for chem-
ical analysis. The work was conducted by drilling crews of
Empire Soils Investigations, Inc. of Edison, New Jersey.
Two drilling rigs were on-site to complete the work. Both
were Model CME 55 auger boring rigs. One was mounted on a
truck bed and the other was a trailer mounted rig. The lat-
ter mount was required for Landfills 2 and 3 where soft
ground made access difficult.

ARepresentative soil samples from each sampling interval were
taken with split-spoon samplers and standard penetration

* test (SPT) procedures in accordance with ASTM Test D-1586.
During drilling and sampling, boring logs of results were
prepared, and these logs are in Appendix D. Samples taken
during drilling were preserved in glass jars for later exam-

3-5 *

.. . . . . . . .. . . .*
", ,", , , ," .",", .. ". .".," ; ; , ."7 - " " '< 12".[-;."7"-" -v ""- " " .. ".. . .-. .-. .".". ."."-". .""."".. . ."."-.".'.". ."-V."": . . ."" '"" . .':



• -I
I  

1 J . .!• _ | I . -. . . ' -

TABLE 3-1
SUMMARY OF FIELD ACTIVITY

. Site Activity

Zone 1- Landfills 4, 5, Install 5 groundwater monitoring
6 and Sludge Disposal wells for TOX, TOC, oil and grease,
Disposal Area cyanide, phenol, Cu, Cd, Cr, Pb, As and

Ni. Perform well and ground water
elevation survey.

Landfill 2 Install 3 groundwater monitoring wells.
Sample wells for TOX, TOC, cyanide,

K phenol, oil and grease, Cu, Cd, Pb, As
and Ni. Perform well and groundwater
elevation survey.

.-- Landfill 3 Install 3 groundwater monitoring wells.
Sample wells for TOC, TOX, cyanide,
phenol, oil and grease, Cu, Cd, Cr, Pb,

As and Ni. Perform well and
groundwater elevation survey.

* - BOMARC Missile Site Install 2 groundwater monitoring wells.
.- JP-X Discharge Pit Sample wells for TOC, oil and grease,

hydrazine and nitrates.

Pesticide Wash Area Complete 2 soil borings to water table.
Sample soil at 2 ft., 5 ft. and water

., table. Analyze soil at 2 ft. for
pesticides. Perform analyses of deeper

" . soils if results are positive.

.. Collect three surface water and
sediment samples. Analyze for
pesticides.

DPDO Storage Facility Complete 5 soil borings to water table.
Sample soils at ? ft., 5 ft. and water
table. Analyze 2 ft. samples for PCB
and oil and grease. Analyze deeper
samples if results are positive.

Fire Training Area Install 2 groundwater monitoring wells.
Sample wells for TOX, roC and oil and
grease. Perform well and groundwater
elevation survey.

Civil Engineering Compound Perform a geophysical sirvey of area
using ground penetrating radar and
magnetometer to locat- possible buried
drums.

Bulk Fuel Storage Area Install 2 groundwater monitoring wells.
.- Sample wells for TOX, TOC, oil and

grease, lead, cadmium, chromium and
nickel.

3-6



TABLE 3-2

FIELD ACTIVITY SCHEDULE

Date Activity

20 September 1983 Site visit with drilling
contractor to locate well
and boring sites, and
confirm schedule.

3-25 October 1983 Drilling rigs on site.
Installation of monitoring
wells. Soil borings and
soil sampling at DPDO
storage area, and Pesticide
Wash Area.

28 November - Monitor well sampling.
2 December 1983 Stream water and sediment

sampling at the Pesticide
Wash Area.

8-9 March 1984 Well evaluation and
location survey.

* 3-7
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ination. Where soil samples were taken for chemical ana-
lyses, specific procedures were followed to ensure sample
integrity. These procedures are summarized in Appendix E.
At the completion of soil borings where wells were not in-
stalled, the bore holes were backfilled with a bentonite-
cement grout by pumping the grout through the augers to the
bottom of the boring as the augers were withdrawn, and the
areas regraded to ensure that the disturbed soils did not

' become avenues for surface contamination migrating to the
groundwater.

* 3.2.2. 1 Monitor Well Construction

The 17 groundwater monitoring wells were installed in select-
* ".'ed borings in the following manner. The auger was advanced

to the required depth below the water table. Then appropri-

ate lengths of 4-inch diameter, flush-joint, threaded PVC
screen and riser pipe were assembled and inserted through
the auger. The augers were then withdrawn to several feet
above the screen as a sand pack was poured into the annular
space around the well screen to the base of the auger. Next,
bentonite pellets were placea on top of the sandpack to seal
the screened interval from vertical infiltration through the
annular space. The seal was completed by pouring a
bentonite-cement grout through the augers into the annular
space as the augers were withdrawn. Care was taken to
prevent collapse of the annular space and to produce a
continuous grout seal above the sandpack. Each well was

r -completed with the installation of a 6-inch diameter steel
protective casing that was cemented in place over the top of
the well seal. A typical well construction diagram is
presented in Figure 3-1. Well completion summaries for all

" monitoring wells are presented in Appendix D. Each well was
developed by pumping a minimum of 5 times the volume of
standing water in the well casings. No foreign water was

* introduced into any well during auger drilling or
development, and no solvents or glues were used at the
casing joints.

3.2.2.2 Zone 1

A total of five groundwater monitoring wells, screened in
4f" the upper part of the groundwater table, were installed in

Zone 1. The wells, numbered MW-l through MW-5, were general-
ly located at sites estimated in the field to be

" hydrologically downgradient of the disposal sites, between
those sites and South Run. These locations ar? shown on
Figure 3-2. MW-I, -2 and -3 are located downgradient of

" uandfill 4 and the sludge disposal site. MW-4 is located at

*3-8
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6" Diameter Steel Protective
Casing With Locking Cap

Cement/ Bentonite Grout

4' Dametr -VC -~---3 ft. Bentonite Seal
Riser Pipe

-~ -~-.------.Sand Pack
20 ft.

.010' Slot PVC
* Well Screen

.5,.X

Plug

FIGURE 3-1 SCHEMATIC OF MONITOR WELL CONSTRUCTION
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the toe of Landfill 5. MW-5 is located downgradient of
Landfill 6, on the opposite side of South Run in relation to
the other wells. The monitoring wells ranged in depth from
23 to 28 feet below the land surface. Groundwater was en-

'-" countered at depths of from 1 to 17 feet. The wells were

screened in fine sands and silts to the top of the water ta-
ble. In the borings for wells MW-I through MW- 5, clay-rich
sediments were encountered at the bottom of the borings.
MW-4 was located on the toe of Landfill 5, which extends
within 10 feet of South Run. Special care was taken to
grout the annular space above the well screen to ensure that
vertical infiltration of water and leachate from the land-
fill would not occur around the well casing. A complete dis-
cussion of subsurface conditions is presented in Section
4.1. Table 3-3 summarizes the well construction details
and Figure 3-3 graphically presents the well construction
details.

An H-NU organic vapor detector with an 11.7eV bulb was used
to monitor air quality at each well location during drilling
and well construction. Background air quality was 9 parts
per million (ppm) or less at all locations and no change in
quality was observed at the top of the boreholes. The water
from the wells, however, had a strong septic odor.

3.2.2.3 Site No. 2, Landfill 2

A total of three groundwater monitoring wells numbered MW-6,
MW-7, and MW-8, were placed near the edge of Landfill 2
through the landfill itself. All three wells were
positioned in the line of groundwater flow between the
landfill and the adjacent North Run. As discussed in
Section 1.3.2, Landfill 2 extends to the edge of the narrow
floodplain of North Run. The top of the landfill lies about

-. 25 feet above the stream and the slope was too steep for
drilling equipment to negotiate. The three wells were
therefore placed at the top of the landfill toe where
groundwater was 20 to 25 feet below ground surface. The
locations of the wells are shown in Figure 3-4. The wells
were from 34 to 35 feet deep and were screened for 10 feet
in undisturbed sediments beneath the landfill.

The refuse mass ranged in thickness from nine feet in MW-6
to 17 feet in MW-7 and MW-8. As with MW-4, special care in
grouting the well casings was taken to avoid vertical infil- %
tration of water from the landfill to the well screen. The

3-11
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MW-8
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0 400
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FIGURE 3-4 LOCATION OF WELLS AND TEST BORINGS AT LANDFILL 2
AND THE DPDO STORAGE AREA
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wells were screened in intervals of fine silty sand with oc-
casional fine to medium sand and clayey sand. A detailed
discussion of site geology is presented in Section 4.1.
Well construction details are summarized in Table 3-3 and
Figure 3-3.

An organic vapor detector was used during the drilling and
well installation to monitor air quality at the boreholes.
No change in reading above background was observed at any of
the drilling sites.

3.2.2.4 Site No. 3, Landfill 3

A total of three groundwater monitoring wells were placed at
Landfill 3 between the landfill and North Run in a
downgradient position, as shown on Figure 3-5. Groundwater
was encountered approximately 12 feet below land surface.
Wells MW-10 and MW-11 were 30 and 29 feet deep, respective-

r'A ly, and they were screened in 20 feet of sediments. MW-9
was 29.5 feet deep and was screened in only ten feet of sed-
iments. Since nine feet of waste material was encountered
at MW-9, the shorter screen enabled the setting of a grout
seal in the annular space above the screen and below the
base of the landfill. The wells at Landfill 3 were screened
in sediments consisting of fine to medium sands and silty
sands with occasional clay lenses. Well construction de-
tails are summarized in Table 3-3 and Figure 3-7.

3.2.2. 5 Site No. 4, BOMARC Missile Site

Two groundwater monitoring wells, MW-16 and MW-17, were in-
stalled at the BOMARC Missile Site at a location judged tobe hydrologically downgradient from the JP-X fuel storage

area and JP-X discharge pit, based on surface topography and
. drainage direction at the site. The location of wells is
. shown on Figure 3-6. MW-16 is 36 feet deep and MW-17 is 29

feet deep with the water table at approximately 24 feet be-
low ground surface. The wells are screened in fine sands
with a peat horizon encountered at a depth of 30 feet in
borings for both wells. Subsurface conditions are discussed
in more detail in Section 4.1. A well construction summary
is presented in Table 3-3 and Figure 3-7.

3.2.2.6 Site No. 5, Pesticide Wash Area

* Two soil borings were completed in the pesticide wash area
to recover soil samples at discrete depth intervals for lab-
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oratory analysis. The borings TB-1 and TB-2 were located
*between the equipment washing area and the stream gully, as
S"shown on Figure 3-8. The borings were advanced to the water

table, about 6 feet below ground surface. Continuous split
spoon samples were taken, and samples were collected and
logged at each one-foot interval. Specific sampling proce-
dures are outlined in Appendix E of this report. The sam-

-. ples for pesticides analysis were placed in prepared 1-liter
brown-glass jars.

3.2.2.7 Site No. 6, DPDO Storage Facility

- Five test borings were completed to the groundwater table,
about 17 feet below ground surface, in the DPDO storage
area. The boring locations, numbered TB-3 through TB-7, are
shown on Figure 3-4. TB-3 and TB-4 were located adjacent to
the temporary drum storage pad and borings TB-5, TB-6 and
TB-7 were located near the buried tank site. Split spoon
samples were recovered continuously to the water table (ap-
proximately 17 feet) and samples logged at one-foot inter-
vals (See Appendix D). Samples for PCB analysis and oil and
grease analysis were placed in separate prepared 1-liter
brown-glass jars. A complete discussion of sampling and
preservation procedures is presented in Appendix E of this
report.

3.2.2.8 Site No. 7, Fire Training Area 1

Two groundwater monitoring wells were installed at the Fire
Training Area 1. The wells, numbered MW-14 and MW-15, were
located hydrologically downgradient of the site, between the

-site and a nearby drainageway, as shown on Figure 3-9.
Monitor Well MW-15 was located near the boundary of the
site, as determined from aerial photographs, in an area of

-i . observed soil staining. MW-14 was located approximately 100
yards away from the circular burning site, closer to the
drainageway. Wells MW-14 and MW-15 are both 25 feet deep
and screened from 5 to 15 feet below grade in sands and clay-
ey sands. The water table on the site was encountered at
approximately 2 feet below the ground surface.

3.2.2.9 Site No. 8, Bulk Fuel Storage Area

Two groundwater monitoring wells were installed at the Bulk
Fuel Storage Area. The wells, numbered MW-12 and MW-13 were
located between the tank farm and South Run as shown on
Figure 3-10. Both wells are 27 feet deep with 20 feet of
slotted screen. The screens extend above the water table in
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order to intercept any fuel oil floating on the groundwater
*surface.

The wells in the bulk fuel storage area were screened in ol-
ive grey and brown fine silty sands. The water table was en-
countered at approximately 12 feet below the ground surface.
Well construction details are summarized in Table 3-3 and
Figure 3-7.

3.2.3 Geophysical Survey - Site No. 14, Civil Engineering
Compound

A geophysical field investigation of the Civil Engineering
- Compound substructure was conducted by WESTON between 11

October and 20 October 1983. Geophysical mapping at the
S'-Civil Engineering Compound provided a direct comparison of
-. results obtained from the appiication of two different geo-

physical techniques: (1) Ground Penetrating Radar (GPR) and
(2) Magnetometry. The two types of data can be used in a
complimentary manner to locate disturbed areas and metal
objects which are both indicators of possible waste burial
sites. Since the exact locations of the drums and other fa-
cilities suspected to be buried beneath the compound are not
known, the survey was completed in grid fashion covering the
entire portion of the yard that was accessible. Prior to the
field investigation the CE Compound was subdivided into a
ten foot by ten foot survey grid, as shown in Figure 3-11.
The resulting cartesian grid was oriented with the X axis
traversing NW to SE and the Y axis traversing SW to NE, and
with the origin (0,0) located at the SW corner of Building
S-3462.

3.2.3.1 Objectives of the Geophysical Survey

The purpose of the geophysical surveying program was to iden-
tify, insofar as possible at the level of a confirmation sur-
vey, the location, depth and areal extent of disturbed areas
and metallic objects that may be associated with waste depos-
itories in the immediate subsurface environment. The combi-
nation of Magnetometer and GPR response signatures indicate
the presence of a variety of subsurface anomalies with the
C.E. Compound.

The magnetic data were used to provide a semi-quantitative
measure of the distribution of magnetic anomalies produced
by subsurface metallic sources. The GPR provided qualita-
tive information characteristic of the substructure and its
components. Utilizing both geophysical techniques in an in-
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tegrated approach allowed a rapid convergence of information
U necessary for assessing subsurface conditions within the

C.E. compound. A correlation between data acquired by these
two techniques is reported in the following Sections.

3.2.3.2 Magnetometer Survey

The magnetometer survey of the Civil Engineering Compound
was conducted on 20 October 1983. Utilizing the 10' X 10'
grid established for the GPR Survey, magnetometer readings
were taken at ten foot node spacings. BacKground magnetic
signatures were established at five randomly selected loca-
tions outside the compound where similar paving existed.
Magnetic signatures were measured at each grid node using a
vertical field flux gate magnetometer. Results of these
measurements were compared against ambient background signa-
tures and a magnetic anomaly map was constructed.

3.2.3.3 Ground Penetrating Radar Survey

The Ground Penetrating Radar (GPR) Survey of the Civil
, -* Engineering Compound was conducted by WESTON between 11
' October and 20 October 1983. After establishing the survey

grid the next step was to calibrate the GPR system. To cal-
ibrate the system either the dielectric constant (Er) of
the survey medium, or the depth to a particular object or in-
terface must be known. Calibration of the Radar system was
performed at the C.E. Compound using a two-step operation.
Initial calibration was calculated using a dielectric con-

- stant (E ) of 16, based upon on-site soil and moisture con-
ditions r(moist fine to medium sand and silt). Next, for

-quality assurance purposes, calibration traverses were run
over a three-foot diameter culvert at a known depth of ap-
proximately three and a half feet (Figure 3-11). From this
calibration procedure a vertical depth profile scale of " =

2.4' was constructed.

Subsequent to system calibration survey, traverses were con-

ducted over the compound. Surveying was accomplished by

traversing the compound (with the GPR antennae) along each
parallel grid line in a NW to SE direction (starting at node
0+0 and ending at node 0+26), then perpendicular in a SW to
NE direction (starting at nod, 0+0, ending at node 37+26).
The product ot the GPR Survey was a series of real-time
subsurface profiles. To standardize the data, marks were
fixed on the profile for any given traverse, at ten foot
intervals and ten foot grid intersections. The profiles
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were transported back to the WESTON lab for analysis and

interpretation.

3.2.3.4 Geophysical Survey Analysis

- Before magnetic readings were contoured, certain correction
factors had to be applied. The daily (diurnal) variation of
the earth's magnetic field had to be taken into account in

* reducing data taken with the field magnetometer. A diurnal
variation curve and subsequently a correction factor was es-
tablished for the C.E. area by returning to a pre-determined
base station adjacent to Building S-3428 and taking readings
at fixed intervals throughout the survey period. By plot-
ting the reading at the base station against time it was pos-
sible to construct a variation curve for the day's work.
After the reduced magnetic readings were computer plotted
and contoured on a base map of the C.E. compound, a qualita-
tive examination of the contour map was performed, and struc-
tural trends, discontinuities, and magnetic deviations were
noted.

Data analysis of GPR survey data involved the interpretation

of each profile individually and then comparing the results
collectively. The interpretation process had two
objectives:

0 Applying specific knowledge of known
signature densities and configurations
to the identification of pipes, drums,
trenches, soil structures, discontinui-

uties and surface disturbances.

-* Identifying trends and conditions by
comparing standard profiles one to an-
other. This process identified soil in-
terfaces, buried utilities and ground-
water data.

.- -The GPR profiles produced as a result of this survey exhibit-
ed high resolution, clearly defining changes in soil charac-
teristics and highlighting individual targets beneath the

S""C.E. Compound.

Upon incorporating the results from both surveys it was then
possible to confirm or discount previously suspect
anomalies.

3
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However, it must be kept in mind that, as with most remote
sensing devices, certain ambiguities do arise through a vari-
ety of uncontrollable mechanisms (eg. structural interfer-
ence, magnetic storms), that reflect definite conditions
that cannot safely be interpreted. It should be noted that
two conditions favorable to these geophysical techniques do
exist in the substructure of the C.E. compound.

0 The predominantly homogenous medium to
coarse sand underlying the site.

0 A shallow water table (approximately 8
to 12 feet) below grade.

3.2.4 Field Testing

3.2.4.1 Groundwater Elevation Survey

The tops of PVC casing of all 17 monitoring wells were sur-
veyed for elevation to the nearest 0.1 foot by a New Jersey
State licensed surveyor in accordance with New Jersey

" Department of Environmental Protection Regulations. Stream
elevation references were also established at locations near
the monitoring wells. The purpose of the survey was to es-
tablish references from which to measure groundwater and sur-
face water in order that the gradient and direction of flow
of groundwater to nearby stream discharge points could be

• established. All elevations were referenced to permanent
benchmarks located on the Base property. Table 3-4 presents
a list and description of well and surface water reference
point elevations.

3.2.4.2 Water Level Measurements

k-.- Two complete rounds of water level measurements were made.

One round was made at the time of sampling during the period
November 28-30, 1983, and another round was made
independently of sampling activities on March 8, 1984. All
readings of monitoring wells were referenced to the top of
PVC casing using a Soil Test Model DR 706A Water Level
Probe. The surface water levels were measured with a ruler
against a wooden staff gauge. Table 3-4 lists all readings
and calculated water surface elevations.

3.2.4.3 Field Testing for Water Quality

While taking groundwater samples for laboratory analyses dur-
ing the week of November 28, the WESTON field team also an-
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TABLE 3-4 SUMMARY OF MONITORING WELL
AND SURFACE WATER ELEVATION SURVEY

Depth to Depth to

Water in Water in Elevation
Feet Feet Top of Groundwater Elevations

,-" Location Well 11/28/83 3/8/84 Casing 11/28/83 3/8/84

1 4.95 2.96 100.61 95.66 97.65

I-. 2 6.23 6.46 87.26 81.03 80.80

Zone 1 3 5.85 5.15 93.02 87.17 87.87

4 17.20 17.32 97.53 80.33 80.21

5 5.15 3.58 94.22 89.07 90.64

6 23.41 19.71 127.67 104.26 107.96

Landfill 2 7 21.31 19.02 126.10 104.79 107.08

8 26.66 22.76 122.94 96.28 100.18

9 13.41 13.86 113.43 100.02 99.57

Landfill 3 10 13.75 12.04 111.12 97.37 99.08
11 14.85 12.58 116.19 102.05 104.32

Bulk Fuel 12 15.55 13.33 111.32 95.77 97.99

Storage Area 13 10.67 9.60 109.73 99.06 100.13

.'2: Fire Train- 14 3.01 2.75 116.75 113.74 114.00

ing Area 15 2.30 2.25 117.44 115.14 115.19
°_.'

Bomarc 16 26.8 23.74 152.99 126.19 129.73

'-. Missile Site 17 26.0 23.58 150.73 124.73 127.15

lipi
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TABLE 3-4 (cont.)

Stream Top of Staff Depth to Water
Staff Elevation Water (Ft.) Elevation

Location Guage In Feet 3/8/84 In Feet

SG-2 78.26 1.62 76.64

-- ZnSG-3 87.72 2.08 85.64Zone " "

SG-4 80.07 1.92 78.15

SG-5 90.92 12.03 78.89

SG-6 102.39 2.20 100.19

"> Landfill 2 SG-7 99.73 2.0 97.73

SG-8 100.59 1.85 98.74

L'. SG-9 93.78 1.90 91.78

- Landfill 3 SG-10 91.96 1.95 90.01

. SG-11 91.52 1.75 89.77

SG-12 94.42 1. 80 94.62
-' Fuel Storage

Area SG-13 94.40 1.80 94.60

SG-14 103.43 1.67 101.76
Fire Training SG-15 103.29 1.60 101.69" Area 1
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alyzed grab samples from each well for temperature, specific
conductance and pH. The pH was measured with a Markson
Model-6 portable pH meter. Temperature and specific conduc-
tance was measured with a Markson Model 36 Conductivity
Meter. The results of these tests are presented in Table 3-
5.

3.2.5 Water Quality Sampling

Between 25 November and 2 December 1983 a complete round ofLi groundwater samples was taken from the 17 monitoring wells
installed at McGuire AFB. Samples from each well were pack-
aged and preserved according to analyses required at each
sampling location and outlined in Section 3.1.10.

*rhe purpose of the water quality sampling program was to
identify, insofar as possible at the level of a confirmationp8 survey, the location, concentration and areal extent of any
contamination present in the hydrogeologic environment.
From this information it would be possible to deduce the gen-
eral direction in which these contaminants are migrating and
their probable origin. To achieve these goals efficiently,
specific field procedures were followed for purging the
wells, collecting the samples, and ensuring field quality
control. These procedures have been used to obtain a single
complete set of representative samples for chemical analysis
from the monitoring wells and surface water. The sampling
and quality assurance plans used to accomplish these goals
are contained in Appendix E. Sample chain-of-custody doc-
umentation is contained in Appendix F. Standard laboratory
analysis protocols used in the analysis of these samples are
contained in Appendix G.

3.2.6 Surface Water and Sediment Sampling

The scope of work for the pesticide wash area included the
collection of surface water and bottom sediment samples for
analyses of pesticides from the small stream running next to
the facility. Samples of water and sediment were taken at 3
locations along the stream, as shown on Figure 3-8. All sam-
ples were taken in one-liter brown-glass jars with Teflon

d., lids, prepared in the laboratory. Water samples were taken
directly from the stream. Sediment samples were taken with a
stainless steel scoop that was -insed with dionized water be-

j. tween samples. The sample containers were packed with the
groundwater samples and handled in the same manner as out-
lined in Appendix E.
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TABLE 3-5
SUMMARY OF FIELD TESTED WATER QUALITY PARAMETERS

Temp Specific Ph
Well Location (C° ) Conductance

1 Zone 1 10 741 5.7
2 Zone 1 9 368 6.7
3 Zone 1 8 808 5.7
4 Zone 1 8 810 6.6

-- 5 Zone 1 12 285 4.0
6 Landfill 2 11 525 5.1
7 Landfill 2 10 1550 6.1
8 Landfill 2 10 780 5.7
9 Landfill 3 10 962 5.8
10 Landfill 3 9 290 4.7
11 Landfill 3 12 330 5.1
12 Bulk F,;el Storage 11 1761 5. 3
13 Bulk Fuel Storage 11 195 4.3
14 Fire Training Area #1 6 89 4.6
15 Fire Training Area #1 10 118 4.7
16 BOMARC 10 1660 11.5
17 BOMARC 10 154 5.8
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RESULTS

4.1 SITE INTERPRETIVE GEOLOGY

Based on the geologic records reviewed during the Records
Search and the Phase II investigation at McGuire AFB, all
of the sites located on the main installation which were
addressed in the Phase II investigation are underlain by the
Kirkwood Formation. Minor thin veneers and erosional
outliers of Cohansey Sand occur at the Base, but do not
appear to exert a major influence upon the hydrodynamic
regime of McGAFB. In general, the seventeen borings for

monitor wells installed at the Base encountered grey-green
0 iand grey-brown fine sands, and grey-green glauconitic silts

and clays. The BOMARC Missile Site, located to the east of
the Base is directly underlain by the Cohansey Formation
which overlies the Kirkwood. The two well logs for the
BOMARC site encountered light colored fine to medium sands
with a peat layer at a depth of 30 feet.

Structural fills were encountered in the DPDO Area, and the
Fuel Storage Area. These were generally native sandy soils,
used to grade the sites. The fill in the fuel storage area
lies over a marshy organic horizon, approximately 10 feet be-
low ground surface. The only other surface disturbances are
the landfills themselves. Landfills 1 through 6 and the
sludge disposal area are qenerally poorly graded and covered
with permeable soils. Their bases are directly on permeable
subsoils. The boring logs in Appendix D describe the soils
encountered during the Phase II investigation.

4.2 SITE GROUNDWATER CONDITIONS

As evidenced by the water level readings in the newly in-
stalled monitoring wells at the main Base and the BOMARC

" Missile site, groundwater occurs at shallow water table con-
ditions in the Kirkwood and Cohansey Formations which
underlie the sites. The groundwater table occurs between 1
and 25 feet below land surface throughout the area and is
contiguous with nearby streams. Groundwater elevations in
wells MW-l through MW-15 were higher than the elevations of
nearby streams, indicating that a horizontal hydraulic
gradient of flow exists from the wells to the streams. This
confirms

4-
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that the streams are a discharge line for shallow
groundwater.

The landfills which were penetrated by the drilling were com-
, .posed of permeable waste material. No perched water zones

within refuse were observed within or at the base of the
landfills.

V:. The apparent large variations between groundwater elevations
in the wells and the surface elevations of the streams re-
flect groundwater mounding in the areas around the land-
fills, which is caused by the relatively low vertical
permeabilities of the fine-grained stratified sediments.
For example, in Zone 1, MW-4 near South Run exhibits a stat-
ic water table consistent with the stream (80.3 feet). Well
MW-I exhibits a comparatively high water table (95.7 feet)
remote from the stream and immediately below the Landfill 4.
A generalized water table map illustrating the lowest water
level readings from November 1983 was prepared and shown on
Figure 4-1. This map shows a generally east, southeasterly
gradient to the flow regime over McGAFB. Because the upper-
most unconsolidated sediments are of moderately low perme-
ability, steep hydraulic gradients occur where there is
topographic relief, namely through the stream channels up on
to the airfield proper. Localized flow anomalies in these
areas should be evaluated on a site by site basis as dis-
cussed below.

The following subsections describe findings regardithg ground-
- water flow at those sites where wells were constructed.

These wells were limited to areas inferred to be
R downgradient of the suspect site. Static groundwater levels
L. at each site were survey referenced to nearby surface waters

to develop a flow gradient interpretation on a localized ba-
sis. No upgradient wells were constructed; therefore the in-
terpretation is limited to the portions of each site within
and downgradient of the landfills or other possible contam-
inant sources.

4.2.1 Groundwater Flow - Zone 1

Table 3-4 presents a summary of the grou,.dwater survey con-
ducted at McGuire AFB. Groundwater elevations obtained from
wells MW-i through MW-5, plus stream surface ele';ations,
were used to develop the groundwater surface map illustrated
in Figure 4-2. As the figure shows, the gradient of flow is
toward South Run. The horizontal gradient near the stream
where the landfills are located is steep at approximately

4
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.025, or 2.5 feet of head loss over a horizontal distance of

approximately 100 feet.

Groundwater seepage velocity, Vs, is related to the hydrau-
lic gradient, i, and the hydraulic conductivity, K, of the
sediments by the following relationship:

Vs = n
n

where n is the effective porosity of the sediments.

Porosity varies over a narrow range in sandy sediments and
can be estimated at 0.3 without producing significant error.
Hydraulic conductivity, the amount of water flowing through
a unit area of aquifer under a hdraulic gradient of 1, can
be estimated from sediment type. Based on a hydraulic con-
ductivity for fine sands of 10 feet/day (Todd, 1980), an

estimate of groundwater velocity at Zone 1 may be calculated

to be:

(10 feet/day)(0.025)
s == 0.8 feet/day.3

Since the farthest point of any landfill is about 1300 feet
from the nearest stream the maximum travel time to the
•stream for any contaminants reaching the groundwater is 2250 A

days, or 6.2 years. The most recent landfill, No. 6, was in

operation by 1973, and none of the landfills are isolated
from the water table by more than a few feet of porous soil.
It can be assumed, then, that any leachate being produced in
any of landfills is already reaching a discharge line along
South Run.

The boring logs for MW-I through MW-5 (see Appendix D) also
show finer silt and clay rich sediments at depths of 20 to
25 feet below ground surface. This indicates a partial lo-
cal barrier to vertical groundwater flow and support,; the
assuimption that most of the shallow qrundwat. r fIow i w
horizontal toward South Run.

4.2.2 Groundwater Flow - Site No. 2, Landfill 2

Figure 4-3 pr-sents a groundwater surfack' con Wir in- F or
th e Landfill 2 area, based on the groundwa -er -;tjrf ac ,,eva-
tions for wells MW-6, MW-7 and MW-8 and stream olo,'at.ions a f.
itaff quages 6, 7 and 8. The landfill is adjacent tu) North
Run, and the wells are located parallel to t ho ct r-ain :s.,
that -he hydraulic gradi-iht shown r-preSr'nts' 110 -') 'It-q ,i-
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ent that occurs adjacent to the discharge line and does not
represent the general gradient for the area. This gradient
may be enhanced by groundwater mounding beneath the land-
fill. In any case, groundwater flow is directly toward the
creek whose surface is about 8 feet below the highest ground-
water elevation, which is shown in MW-6.
Well screens for the three wells at Landfill 2 are set and
grout-sealed below the landfill itself, which is nine feet
thick at W-6 and 17 feet thick at MW-7 and MW-8.
Groundwater levels in the wells during the first round of
measurements in November, 1983, were from 4-13 feet below

6 A- the base of the landfill. The levels taken in March, 1984,
were approximately 11 feet below the base of the landfill at
MW-6, 5 feet at MW-7 and at the base of the landfill at
MW-8. The period before the last round of measurements was
relatively, but not abnormally, wet. Thus it can be assumed
that during wetter times of the year, some parts of the
landfill are in direct contact with the water table.

4.2.3 Groundwater Flow - Site No. 3, Landfill 3

Figure 4-4 presents a groundwater surface contour map for
Landfill 3 based on groundwater surface elevations for mon-
itoring wells MW-9, -10, and -11 and stream elevations at
staff gauges 9 and 10. Unlike landfill 2, landfill 3 is set
from 100 to 200 feet back from North Run. The three wells,
located at or near the landfill toe, show a steep gradient
of groundwater flow towards the creek of approximately 0.1
feet/foot. Based on the one boring through the landfill,
MW-9, the water table is approximately 3 feet below the base
of the landfill which lies over moderately permeable sandy
sediments.

Because of the above conditions, and the age of the land-
fill, any contaminant plume generated by the landfill has
probably reached the groundwater discharge line along the
stream.

4.2.4 Groundwater Flow - Site No 4, BOMARC Missile Site

.- The borings for the two wells located at the BOMARC Missile
Site, east of the Base, encountered fine to medium sands
that appear to be part of the Cohansey Formation which out-

... crops in that area. A peat layer was encountered at a depth
of 30 feet in both wells. The wells are less than 100 feet
apart and the extent of the peat layer and its affect on
groundwater flow is not known. There is a fairly steep hy-
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draulic gradient of approximately 0.02 between the two wells
in a direction from the acid neutralization pit. The site
lies on a topographic high and the ground surface slopes to
the southeast where streams and wetlands indicate a ground-
water discharge area.

4.2.5 Site No 7, Groundwater Flow - Fire Training Area 1

Although the Fire Training Area is located on natural ground
that is slightly higher, by a few feet, than the surround-
ing area, the water table was found to be approximately one
foot below grade and higher by ten feet or more than most
other well water elevations measured. The upper ten feet of
soils encountered in the borings for MW-14 and MW-15 were
light colored sands that may be part of the CohanseyVi Formation which outcrops as a thin veneer over parts of the
Base. Underlying the light sands are darker colored, clayey
sands which appear to belong to the Kirkwood Formation. The
permeability of the Kirkwood sands are lower than the
Cohansey because of the clay content.

Although it is not possible to develop a ground water con-
tour map from the two well elevations, the hydraulic gradi-
ent between the wells and the nearby stream (Figure 3-9)
shows a vector of flow which is probably close to the
general direction of groundwater flow in the area -
southeast with a gradient of 0.002. Because of the higher
permeability of the upper ten feet of sediments, most of the
lateral ground water flow is probably in these sediments.

4.2.6 Groundwater Flow - Bulk Fuel Storage Area

The area between the tank farm and South Run where monitor-
ing wells MW-12 and MW-13 are located is underlain by approx-
imately ten feet of sandy fill, a horizon of sandy soil and
peat, and dark clayey sands of the Kirkwood Formation. The
groundwater table occurs below the base of the fill. When
compared with the elevation of the stream, the well water
elevations show the groundwater gradient to be in the direc-
tion of the stream that parallels the site. Because the two
wells are not in line to the stream they do not lie in the
principle direction of flow and so do not define a major
groundwater gradient. However, there is a seven foot drop
in head between MW-13 and the stream, resulting in a gradi-
ent of 0.05. The stream bed itself lies directly on
Kirkwood sediments, below the elevation of the fill.

IlL 4-9
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p4.3 RESULTS OF WATER QUALITY ANALYSES

4.3.1 Groundwater Quality - Zone 1
I-.

The results of the water quality analyses for wells MW-i
through MW-5 located in Zone 1 are presented in Table 4-1.
All of the wells are located downgradient from the landfills
(Figure 4-2) and therefore no well can be considered a back-
ground sampling point. The results of the water sample ana-
lyses are summarized below.

Of the metals, no lead, chromium, or cadmium was detected in
any of the samples. Arsenic was detected in well MW-5 at a
concentration of 11.8 ug/l which is below the Drinking Water
Standard of 50 mg/l. Copper was found in all 5 samples in
concentrations ranging from 50 to 160 ug/l, below the ambi-
ent water criterion of 1,000 ug/l. Nickel was found in all
samples in concentrations of 110 to 170 ug/l which is in ex-
cess of the 13.4 ug/l ambient water quality standard.

Cyanide was found in all 5 wells in concentrations of 20 to
79 ug/l, all below the Federal Ambient Water Quality
Criterion of 200 ug/l. Phenols were found in concentrations
of 10 to 456 ug/l; well MW-3, at 456 ug/l, was in excess of
the taste and odor threshold of 300 ug/l. Oil and grease
was detected in all wells except MW-2 in concentrations rang-
ing from 0.15 to 6.29 mg/l. The taste and odor threshold
for oil and grease is 0.01 mg/l.

-..

TOC (total organic carbon) concentrations ranged from 18.6
mg/l to 133 mg/l. This is a general indicator and not refer-

Penced to a specific standard. Elevated TOC concentrations
were found in wells MW-i and MW-5 (133 and 130 mg/l, respec-
tively) while the TOC range in Wells MW-2, MW-3 and MW-4 was
between 18.6 and 25.1 mg/l. Water in both wells MW-I and
MW-5 was observed to have strong organic odors. These wells
are located immediately downgradient of Landfills 4 and 6,
respectively. TOX (total organic halogens) was found in con-
centrations ranging from 5.1 to 260.2 ug/l in the five well
samples tested. MW-3, downgradient of Landfills 4 and 5,
had TOX concentration of 260.2 ug/l. The other four wells
had concentrations of 17.3 ug/l or less. The significance
of the general indicator parameters TOC and TOX is discussed
in Section 4.6

4.3.2 Groundwater Quality - Site No. 2, Landfill 2

The results of the water quality analyses for wells MW-6,
MW-7 and MW-8 are presented in Table 4-1. All three wells
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penetrated refuse near the toe of Landfill 2 (Figure 4-3)
and are screened in the sediment below the landfill. The re-
suits of the water quality analyses is summarized in the fol-
lowing paragraphs.

Of the metals, no lead, chromium, or cadmium was detected in
any of the samples. Arsenic was detected in one sample,

"a IW-7, at 41.1 ug/l, which is just below the drinking water
standard of 50 ug/l. Copper was found in wells MW-6 and
MW-8 at 60 and 30 ug/L, respectively, which is well below
the ambient water quality criterion of 1,000 ug/l. Nickel
was found in all three wells at concentrations in the range

2. of 130-140 ug/l, which is above the ambient water quality
criterion of 13.4 ug/l.

Cyanide was found in Well MW-6 (13 ug/L) and MW-8 (18 ug/l),
well below the Federal Ambient Water Quality Criterion of

* 200 ughl. Phenols were found in all three wells in concen-
trations ranging from 21 to 398 ug/l. only well MW-8 (398
ug/1) exceeded the taste and odor threshold of 300 ug/l.
only well MW-6 contained oil and grease at concentrations of
1.08 mg/i: the taste and odor threshold for oil and grease
is .01 mg/i.

TO C (total organic carbon) was found in all wells in concen-
- - trations ranging from 4.1 to 28.4 mg/i. Although there is

no background sampling point for this general indicator the
4.1 mg/L concentration in MW-8 was the lowest value for any
of the 17 wells. TOX (total organic halogens) was found in
all three wells in concentrations ranging from 82.9 to 443.9
ug/l. The highest concentration occurred at MW-7 and is al-

4M so the highest concentration found in any of the 15 wellsF.*.-
sampled for TOX. The significance of the general indicator
parameters TOC and TOX will be discussed in Section 4.6.

4.3.3 Groundwater Quality - Site No.3, Landfill 3

- The results of the water quality analyses for wells MW-9,
IMW-10 and MW-il are presented in Table 4-1. All three wells
are downgradient wells located near the landfill toe. MW-9
penetrated waste material and is screened in the sediments
below the waste. The results of the water quality analyses
are summarized in the following paragraphs.

Of the metals, no lead, chromium, cadmium or arsenic was de-
tected in any of the samples. Copper was found in all three
wells in a range of from 50 to 110 ug/l, which is well below
ambient water quality criterion of 1,000 ug/l. Nickel was
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found in all three wells in concentrations of 100-130 ug/l,
which is above the ambient water quality criterion of 13.4
ug/l. Cyanide was found in wells MW-10 and MW-Il at
Landfill 3 in concentrations of 20 and 40 ug/l, respective-
ly, well below the Federal Ambient Water Quality Criterion

. of 200 ug/l. Phenols were found in wells MW-9 (99 ug/l) and
MW-10 (9 ug/l) both below the taste and odor threshold of
300 ug/l.

TOC (total organic carbon) concentrations were highest in
MW-9 at 730 mg/l. This was the highest value obtained for
any of the 17 wells analyzed for TOC. TOC levels for Wells
MW-10 and MW-li were 15.1 and 17.4 mg/l, respectively. TOX
(total organic halogens) was found in Well MW-9 at a concen-
tration of 332.1 ug/l, and in MW-10 and MW-Il at 14.3 and
16.2 ug/l, respectively. The significance of the general in-
dicator parameters TOC and TOX is discussed in Section 4.6.

4.3.4 Groundwater Quality - Site No. 4, BOMARC Missile
Site

Samples from Wells MW-16 and MW-17 at the BOMARC Missile
Site were analyzed for TOC, oil and grease, hydrazine (a mis-
sile fuel component) and nitrates. The results of these ana-
lyses are presented in Table 4-2. The water quality results
for the BOMARC site are summarized as follows.

TOC (total organic carbon) was found in concentrations of
15.8 mg/l and 4.7 mg/l. These values are in the lower range
of results for the 17 well samples analyzed. The signif-
icance of results for the general indicator TOC is discussed
in Section 4.6. Oil and grease was found in levels above
the taste and odor threshold of 0.01 mg/L: 0.66 mg/l in
MW-16 and 0.16 mg/i in MW-17. Nitrate concentrations of
0.88 mg/i and 8.5 mg/i were below the primary drinking water
standard of 10 mg/l. No hydrazine was detected in samples
from either well.

MW-16 also had the only alkaline pH observed in the wells
(11.5) and a relatively high conductivity (1660 mhos/cm) com-
pared to all other wells tested (see Table 3-5). This may
be an indication of influence from the acid neutralization
pit or residual caustics from some other aspect of past
operations at the site..

4-13

!



v .1
4O t3) (N) L I I I I (

V V v

-4
(D C 0 0

Z-s4- -4

41 -4
z C) 0 0)

C12FH CF r.-4 -4 I I I I -4
E-4 v v

i~1I- tY I I I I

U P4 040J

E-40 NOi I L A L
V4 V

Oz w

*~ 0U

N -4
E-40 4 0) LA 'o) 0f

E- v' ,.4 ( ,- -

* U

-4-4

%0I '.0 I L Avkk
00L

0 0 0) r-4 0ODL
44 LA Z- 00I r- W.
N

E-4 ~ ~ ~ -oo - : , 44m -

oE-4) ~ W 54W-

.r ~ 0' fX4M r ' E- -i &-4 k U U Eir
4.J to (a 4 <r

'u 0 .r-i 0 ) m 04) 0-

0 ~ 4.l ) d r41 0I 0 C9 z

d) .D N CJ M z~ Cd w r 0

4-14~



4.3.5 Surface Water Quality - Site No. 5, Pesticide Wash
Area

The results of the chemical analysis of stream samples taken
at the Pesticide Wash area are presented in Table 4-3. Thewater quality standard for maximum protection to human
health for these compounds is zero. Discussion of risk
based criteria is found in Section 4.6. The results of anal-
y: s of sediment samples are also presented in Table 4-3
ana these data are discussed in Section 4.4.1.

As discussed in Section 3.2.6, three surface water samples
were taken from a small stream gully that runs past the pes-
ticide wash area (see Figure 3-8). The samples were an-
alyzed for pesticides with the following results.

Surface water sample SW-I (adjacent to the wash area)
*- contained only DDD at 0.6 ug/l. Four pesticide compounds
* were detected in SW-2: dieldrin (0.17 ug/l), DDE (0.18

ug/l), DDT (1.5 ug/l), and chlordane (1.8 ug/l). SW-2 is
. located about 100 feet downstream of the wash area. SW-3,

located after the confluence of the pesticide area stream
and another similar small stream, contained only DDD at a
concentration of 0.7 ug/l.

4.3.6 Groundwater Quality - Site No. 7, Fire Training
Area

Samples from Wells MW-14 and MW-15 at Fire Training Area 1
were analyzed for TOX, TOC, and oil and grease. MW-15 is
located within the Fire Training Area (Figure 3-9) and MW-14
is located between the Fire Training Area and the nearby

S-stream. The results of the water quality analyses are pre-
sented in Table 4-2. Concentrations of oil and grease were
above the taste and odor threshold of 0.01 mg/l in both
wells: 0.66 mg/l in MW-14 and 0.16 mg/l in MW-15.

Concentrations of TOC (total organic carbon) were 5.5 mg/l
and 7.5 mg/l for MW-14 and MW-15, respectively.
Concentrations of TOX (total organic halogens) were 6.3 ug/l
for MW-14 and 6.1 ug/l for MW-15. Although there were no
background water quality sampling points, these TOC and TOX
results are in the low range of the wells sampled. The sig-
nificance of the general indicator parameters TOC and TOX
are discussed in Section 4.6

4.3.7 Groundwater Quality - Site No. 8, Bulk Fuel Storage
Area

The results of the chemical analyses of water samples from
Wells MW-12 and MW-13 are presented in Table 4-2. The re-
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suits of the water quality analysis for the Bulk Fuel
Storage area are summarized as follows.

No lead, chromium, or cadmium was detected in either Well
++ MW-12 or MW-13. Nickel was found in both wells in concentra-

tions of 130 ug/l (MW-12), and 160 ug/l (MW-13); above the
Federal Ambient Water Quality Criterion of 13.4 ug/l.

TOC (total organic carbon) was found in concentrations of

81.5 mg/l in MW-12 and 10.5 mg/l in MW-13. The results for
MW-12 were in the medium range for TOC of the 17 well sam-

- ples analyzed. TOX (total organic halogens) were found in
• "concentrations of 81.7 ug/l (MW-12) and 18.1 ug/l (MW-13).

The results for MW-12 were higher than 9 of the 15 samples
* .'"analyzed. The significance of the results for the general
* indicator parameters TOC and TOX are discussed in Section

4.6
I..

- Oil and grease was found in concentrations of 6.37 mg/l in
MW-12 and 0.46 mg/l in MW-13. Both results are above the
taste and odor threshold of 0.01 mg/l, and the oil and
grease concentration in MW-12 was the highest for the 17
groundwater samples analyzed.

4.4 RESULT OF SEDIMENT QUALITY ANALYSES

In addition to the water quality testing, two sites were
evaluated for contamination by performing selected analyses
on soils.

4.4.1 Site No. 5, Pesticide Wash Area

• .4.4.1.1 Subsurface Samples

As discussed in Section 3.2.2.7, two soil borings were com-
-i pleted in the Pesticide Wash area (Figure 3-8) to obtain

soil samples at discrete depth intervals above the water ta-
ble (approximately 6 feet). Soil samples from a depth of
two feet in each boring were analyzed for pesticides. As
shown in Table 4-3, both contained measurable concentrations
of four compounds. Since boring TB-I had significantly high-

.' er concentrations, an additional sample, at a depth of 5
feet was consequently analyzed. These results are also

shown on Table 4-3.

Of the pesticides found, DDT had the highest concentrations:
110 ug/kg in TB-l, 1'-2'; 7.6 ug/kg in TB-i, 4'-5'; and 13
ug/kg in TB-2, 1-2'. Chlordane was found only in TB-I at 39
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ug/kg at 1-2 feet, and 19 ug/kg at 4-5 feet. DDD was found9only in TB-2 at a concentration of 13 ug/kg. DDE and
dieldrin were also found in all three samples from the two
test borings at concentrations of from 2.1 to 4.5 ug/kg for

-; dieldrin and 1.3 to 9.0 ug/kg for DDE.

4.4.1.2 Stream Bottom Sediment Samples

Sediment samples from the gully stream bottom were taken at
• -the same time and at the same locations as the surface water

samples (see Section 4.3.5). Sample locations are shown on
- .. Figure 3-8. Pesticide concentrations in the stream sed-

iments were generally several orders of magnitude higher
than those in the subsurface borings. The highest concentra-

o ..- tions were of chlordane from 3,600 to 12,000 ug/kg. DDD
ranged from 430 to 2,800 ug/kg, and DDT ranged from 360 to
1,800 ug/kg. DDE and dieldrin occurred at lower ranges:
from 20 to 150 ug/kg for DDE, and 40 to 200 ug/kg for
dieldrin.

Pesticide concentrations vary only slightly from SS-I adja-
--cent to the wash area, to SS-2, 100 feet downstream of the

wash area. Although there is a greater drop in pesticide
concentration between SS-2 and SS-3, levels in SS-3 are
still relatively high compared to levels found in the subsur-
face samples.

4.4.2 Site No. 6, DPDO Storage Area

Soil samples from the one to two foot depth interval from
the five borings at the DPDO Storage Area were submitted

*for analyses of PCB, and oil and grease. The results of the
* -, analysis of these samples, mostly fine to medium sands, is

presented in Table 4-4. The location of the sampling points
is shown on Figure 3-4. Three samples from the one to two

-- foot interval in borings TB-3, TB-5 and TB-7 had measureable
total PCB (arochlor 1242, 1254, 1221, 1232, 1248, 1206,
1016) in concentrations of 24 ug/kg (TB-3) to 30 ug/kg (TB-

*" 5) and 14 ug/kg (TB-7). Oil and grease concentrations were
* found in all five 1-2 foot samples in concentrations ranging

from 617 mg/kg (TB-7) to 6,360 mg/kg (TB-3). All PCB levels
* detected were well below the USEPA Action Level of 50 mg/kg.

Based on concentrations of oil and grease in the 1-2 foot
depth samples, additional analyses were performed on samples
at the 4-5 foot depth interval and the top of the water ta-
ble (approximately 17 feet). The results of these analyses
are also presented in Table 4-4.
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TABLE 4-4

SUMMARY OF SOILS
ANALYTICAL RESULTS FOR THE DPDO SIORAGE AREA

Location Oil & PCB
Boring Depth Grease (as 1260)
No. (ft.) (mg/kg) (ug/kg)

" DPDO TB-3 1-2 6360.0 24

Loading and Drum TB-3 4.5-6 31.4 <10
Storage Area

k1

" TB-3 15-16 53.5 <10

TB-4 1-2 132.0 <10

" TB-4 4-5 20.8 --

TB-4 14.5-16 17.5 --

DPDO, Buried TB-5 1-2 3430.0 30
Tank Area

r- TB-5 4-5 234,000.0 <10

TB-5 14.5-16 149.0 <10

TB-6 1-2 1,454.0 <10

" TB-6 4-5 25,400.0 <10

TB-6 14.5-16 97.5 <10

TB-7 1-2 617.0 14

to TB-7 4-5 16,600.0 <10

..}: "TB-7 16-18 112.0 10 .'

DETECTION LIMIT 0. 10
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In all samples below two feet analyzed, no PCB was detected.
Oil and grease were found in all of the deeper samples an-
alyzed. Concentrations of oil and grease in the borings ad-

. - jacent to the buried tank (TB-5, TB-6 and TB-7) were highest
at the 4-5 foot depth interval (16,000 to 234,000 mg/kg) and
dropped off to from 97 to 149 mg/kg at 16 feet. The high

-concentrations at the intermediate depth are probably associ-
ated with leakage from the buried tank. Oil and grease con-
centrations at the drum storage area (TB-3 and TB-4) are
much lower at depth (17.5 mg/kg - 53.5 mg/kg) than in the I-

" 2 foot interval reflecting a surface source of
contamination.

4.5 GEOPHYSICAL SURVEY RESULTS

Both the magnetometer and GPR surveys produce results which
require individual interpretations. The interpretations of
the data is enhanced by comparing the results of each meth-
od. The inherent limitations of any single technique of re-
mote sensing can be lessened by cross-referencing two or
more geophysical techniques. The following subsections de-
scribe the results of the geophysical survey.

*4.5.1 Magnetometer0
Figure 4-5 shows the magnetic anomaly contour map developed
from the vertical magnetic intensities obtained on 20

.. October 1983. WESTON used a Radian CPS-I computer graphic
contour plotting system to construct the contour solutions
for the node locations surveyed.

. When the magnetic contour map exhibits an exaggerated areal
magnetic variation, then a more complex and extended source
is suspected. According to Heiland (1939) there should be
no railroad tracks within 125 yd, no automobiles with 30
yds, and no wire fencing (particularly in the north-south di-

It.7 rection) within 35 yds. Power lines, culverts, and build-
ings should be avoided. Therefore similar conditions
existing within the CC compound, (i.e. mobile generators and
construction vehicles, angle iron and building materials,
and a cyclone fence paralleling the Southern boundary) may
be responsible for interferences within the normal field and
subsequently greatly exaggerate areal magnetic variations.

• -- An examination of Figure 4-5 reveals exaggerated contour gra-
* .dients at Building No. 3469, and at the concrete pad in the

southeastern portion of the site. This condition character-
istically exemplifies interferences within the normal magnet-
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I.I

ic field induced by these two sources. However, at distance
from these, and other contributing interference sources, cer-
tain generalized anomalies are apparent. These anomalies

*may represent the shapes of magnetic force fields generated
by buried magnetic bodies. Magnetic highs and lows are ex-

. hibited by mounds and depressions, respectively, in the con-
tour gradient. Typical examples of three mounds are evident
at approximate node locations 7+12, 16+12, and 28+15.
Magnetic depressions are apparent at approximate node loca-
tions 12+12 and 18+5 and are represented by solid lines.

4.5.2 Ground Penetrating Radar

Figure 4-6 represents an interpretive subsurface plot map of
the Civil Engineering Compound. This figure depicts the var-
ious subsurface phenomena encountered by the GPR.

-Individual targets were prioritized as either high or low
depending upon the density and geometric configuration of
the profile signature. These highly suspect targets are
plotted on Figure 4-6.

"-: High priority targets were extremely good signal reflectors
exhibiting a dense, parabolic signature. This type of signa-
ture is characteristic of rounded objects such as pipes,
boulders, or drums. In contrast, the signatures produced by
the low-priority targets were characteristically less dense
and variable in geometric configuration. Occasionally this
signature difference is a result of the orientation of the

..V buried object with respect to the antenna traverse, (ie: A
buried drum in a vertical plane with the ground surface, typ-
ically exhibits a hyperbolic signature.)

Figure 4-6 also shows areas of disturbed sub-soil and
suspected trench locations. The plots of these phenomenon
are a result of the collective interpretations of the GPR
profiles. What appears to be a buried electrical utility or
conduit was encountered between grid nodes 24 + 27, and 23 +
21.

4.5.3 Summary of Geophysical Findings

When the magnetic anomoly map is superimposed upon the GPR
plot map, similar subsurface trends are reflected. Most of
the suspect trench and the disturbed soil areas are charac-

*J terized by magnetically high contours. Individual targets
are represented by varying magnetic contours and can only be
located with some degree of confidence from the GPR plot
map. The contrast between the two types of data may be a re-
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sult of the variable magnetic interferences cited in section
4.5.1. All subsurface features detected, such as trenches,
disturbed soils, utilities, and suspected targets are plot-
ted on figure 4.6. A 1962 aerial photograph shows the CE
compound as a black top surface. However, in a 1950 aerial
photograph the compound is unpaved. Soil excavation was
occuring and certain boundaries existing in that photo do
correlate with the GPR plot map.

. 4.6 SIGNIFICANCE OF FINDINGS

4.6.1 Water Quality - General

The principal objective of the Phase II Confirmation Study
was to determine whether past hazardous waste operations or
disposal practices had resulted in environmental

degradation. The analytical results of the Phase II study
represent a single round of sampling at selected surface wa-
ter quality stations and newly installed monitor wells. The
conclusions drawn from this information should be evaluated
with this understanding.

Groundwater and surface water quality results are in Tables
4-1, 4-2, 4-3, and 4-4. Appendix H includes all analytical
results from monitoring the Phase II sites. Appendix I con-
tains a complete listing of Federal and State drinking water
and human health standards, criteria, and guidelines applica-
ble in the State of New Jersey.

On November 28, 1980, the U.S. Environmental Protection
Agency issued criteria for 64 toxic pollutants or pollutant
categories which could be found in surface waters. The cri-

Uteria established recommended maximum concentrations for
acute and chronic exposure to these pollutants by both
humans and aquatic life. The derivation of these exposure
values was based upon cancer risk, toxic properties, and

S.- organoleptic properties.

The limits set for the cancer risk are not based upon a safe
level for carcinogens in water. The criteria state that for
maximum protection for human health, the concentration
should be zero. However, where this cannot be achieved, a
range of concentrations corresponding to incremental cancer
riski of f~om 1 to 10 million to 1 in 100,000 was presented

(10- to 10- ).

Toxic limits were established at levels for which no adverse
effects would be produced. These are the health related lim-
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its which have been used in this report to evaluate poten-
tial impacts. It should be noted that the cancer risk

golumn is based upon one cancer case in one million, (10-
). The EPA's evaluation criteria under CERCLA (Annex

XIII) for selecting contaminant levels to protect public
health call for the remedial action to "attain levels of con-
tamination which repressnt an incrgmental risk of gontract-
ing cancer between 10- and 10- )'. The 10- value
was used to achieve the maximum protection to the public.

In addition to the cancer risk assessment criteria, the U.S.
EPA Office of Drinking Water provides advice on health ef-
fects upon request, concerning unregulated contaminants
found in drinking water supplies. This information suggests
the level of a contaminant in drinking water at which ad-
verse health effects would not be anticipated with a margin
of safety; it is called a SNARL (Suggested No Adverse
Response Level). Normally values are provided for one-day,
10-day and longer-term exposure periods where available data
exists. A SNARL does not condone the presence of a contam-
inant in drinking water, but rather provides useful informa-
tion to assist in the setting of control priorities in cases
when they have been found.

SNARLs are not legally enforceable standards. They are not
issued as an official regulation, and they may or may not
lead ultimately to the issuance of a national standard or
Maximum Contamination Level (MCL). The latter must take in-
to account occurrence and relative source contribution fac-V.: tors, in addition to health effects. It is quite
conceivable that the concentration set for SNARL purposes
might differ from an eventual MCL. The SNARLS may also
change as additional information becomes available. In
short SNARLs are offered as advice to assist those who are
dealing with specific contamination situations to protect
public health.

The above information concerning SNARLs was taken directly
from guidance documentation authorized by the EPA and made

?-- available to WESTON. The SNARLs levels for various com-
pounds were also used in evaluating the results of ground
and surface water sampling. --

4.6.2 Water Quality at McGuire AFB

The applicable guidelines for water quality analyses conduct- n
ed at McGuire AFB are summarized in Table 4-5, with detailed
reference material included in Appendix I. No standards ex-
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TABLE 4-5

COMPARISON OF McGUIRE WATER QUALITY RESULTrS
WITH APPLICABLE STANDARDS GUIDELINES AND CRITERIA

Detected Water Quality Reference
Parameters Standard*

TOX None General Indicator.

TOC None General Indicator.

Oil Grease 10 ug/l Taste and odor threshold.

Cyanide 100 ug/h Federal Primary Drinking
Water Standards.

Phenol 300 ug/l Taste and odor threshold.

Copper 1,000 ug/l Federal Ambient Water Criterion

Nickel 13.4 ug/l Federal Ambient Water Criterion

Arsenic 50 ug/l Federal Ambient Water Criterion

Lead 50 ug/l Federal Primary Drinking

Water Standards

FINitrates 10 ug/l Federal Primary Drinking

Water Standards

Hydrazine None None

DDT 0 Federal Water Quality
DDE 0 Criterion. Non-threshhold.
DDD 0

Dieldrin 0 Assumption level. other
criteria are ba~ed on a

ChlordAne 0 determined health risk factor.
(Appendix I).

See Appendix I for a discussion of these Criteria.
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ist for the general indicator parameters TOC (total organic
carbon) and TOX (total organic halogens). Because more than
half of the EPA list of volatile organic Priority Pollutants
are halogenated, the TOX parameter provides a method of
screening samples for 1 these contaminants before proceeding
to specific analyses. (Harper, 1984)

- Of the metals included in the analyses of ground-water sam-
ples, only nickel was found in concentrations exceeding
the Federal ambient water criterion (13.4 ug/l). Nickel was
found in all samples in ranges of from 100 to 170 ug/l (the
detection limit was 100 ug/l).

Oil and grease was found in 13 of the 17 wells and at all of
the sites at concentrations above the taste and oder thresh-
old of 0.01 mg/l. The remaining 4 samples had no detectable
oil and grease at 0.01 mg/l, the detection limit for this
program.

The major potential ground-water contaminants indicated by
the available data are organic halogens. TOX levels ranged
from 5.1 to 443.9 ug/l in 14 of the 15 wells sampled (BOMARC
site samples were not analyzed for TOX). Four samples
exceeded 100 ug/l and six samples had concentrations ranging
from 10 to 100 ug/l. Each landfill area (Zone 1, Landfills
2 and 3) had at least one well with TOX concentrations
exceeding 100 ug/l. MW-12 at the bulk fuel storage area had

TOX concentrations at 81.7 ug/l. The fire training area
wells had the lowest TOX levels - 6.1 and 6.3 ug/l.

USEPA water quality criteria for Human Health have been set
for numerous compounds falling within the group contributing

• to TOX levels. Most of these standards are in the range of
1 ug/l or less. Thus TOX concentrations in the well samples
from McGuire AFB indicate a high probability that these
health criteria are exceeded in the case of one or more
compounds.

4.6.3 Soil Contamination at McGuire AFB

With the exception of a USEPA action level of 50 mg/kg for
PCB, there are currently no quality standards, guidelines,
or criteria for soil quality regarding the majority of con-
taminants. For clean-up purposes target concentrations for
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specific contaminants are usually established on a case-by-
case basis by the regulatory agency having jurisdiction.

4.6.3.1 Site No. 5, Pesticide Wash Area

The pesticide levels observed in the subsurface soil samples
at the pesticide wash area are not considered by WESTrON to
be a factor of concern. Aqueous solubilities of these com-
pounds are low and the impact on ground-water quality

*.- beneath the site should be minimal. Levels of -iilordane,
DDT and DDE in excess of 1,000 ug/kg in tne stream
sediments, however, show that some offsite migration of
contaminated sediments has occurred. The relatively low
concentrations of pesticides in the stream water indicates
that the contaminants are migrating principally by sediment
transport. The farthest downstream sampling point contained
significant concentrations of pesticide compounds, so that
it was not determined how far downstream the contaminated
sediments have been carried. The stream that passes the
pesticide wash area flows to South Run, which exits the
installation to the east.

4.6. 3.2 DPDO STORAGE AREA

The distribution of PCB in the soils analyzed from the DPDO
facility indicate that PCB only occurs in near-surface sam-
ples (1-2 feet) and were not found at depth. PCB was found
in 3 borings at very low concentrations of from 14 to 30

4.- ug/kg: TB-3 in the drum storage area, and TB-5 and TB-7
near the buried tank location in the storage yard, where
transformers were stored in the past.

1PCB was not found at depth and appears to be limited to
near-surface soils. Oil and grease concentrations were
found at all depths and highest at depths of 4-5 feet in the
buried tank area (16,000 - 234,000 mg/kg) and 1-2 feet at
the drum storage area (132 - 6360 mg/kg). While the PCB in
near surface soils appears limited and probably associated
with past storage of transformers, the oil and grease
appears related to surface drum storage and the buried
storage tank. It does not appear that the waste oil from
the buried storage tank contained PCB.

4.6.4 CONCLUSIONS

Based on the results of the Phase II Conformation Study at
McGuire Air Force Base, the following key conclusions have
been drawn:
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1. Groundwater directly beneath McGuire
AFB and the BOMARC Missile Site occurs
at water table conditions with the wa-
ter table occurring from 1 to 25 feet
below ground surface. Sediments encoun-
tered during the drilling consisted of
interbedded fine to medium sands, silts
and clays of the Kirkwood and Cohansey
Formations.

2. Regional ground water flow in the
*. Cohansey and Kirkwood Formations is gen-

erally down formational dip to the
southeast. However, most of the flow
in the upper aquifer, where the monitor-
ing wells are screened, is lateral to-
ward local streams where discharge
occurs.

3. The fate of contaminants infiltrating
from the landfills to the water table
is to move laterally toward the streams
where discharge occurs. Given the per-
meability of the sediments, the ages of
the landfills, and the proximity of the

lip landfills to surface streams, this lat-
eral migration occurs fairly rapidly
and ground-water contaminant plumes, as
observed in the well water quality ana-

A lyses, have already reached the surface
water discharge areas.

r 4. The most immediate potential for migra-
tion of contaminants off-Base is from
the landfill generated contaminants
reaching North Run and South Run
through the ground water. These
streams both leave Base property a
short distance from where they pass the
landfills.

5. TOX (rotal Organic Halogens) were found
in concentrations in excess of 100 ug/l
in at least one well at each of the
three landfill sites. TOX concentra-
tions were 18.1 and 81.7 ug/l in the
Bulk Storage Area wells and 6.1 and 6.3
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ug/l in the Fire Training Area wells.
These results indicate the possible
presence of elevated levels of one or
more specific organic priority pollut-
ants in the ground water at these
sites.

6. Concentrations of oil and grease in ex-
cess of the taste and odor threshold
were found at all but 4 wells and at
all sites where ground water was
monitored.

7. Concentrations of five pesticide com-
pounds were found in soils at the
Pesticide Wash Area. The migration of
pesticides vertically into the subsoil
appears slight. However, levels of
DDT, DDE and chlordane in excess of

4 1,000 ug/kg were found in the stream
sediments downstream of the site. This
indicates that off-site migration of
pesticides is occurring by surface sed-
iment transport. Pesticide concentra-
tions in surface waters were in excess
of 1 ug/l in only one stream sample
(SW-2). Because of low solubilities,
the compounds are remaining adsorbed in
the sediments. The stream flowing past
the Pesticide Wash Area is not close to
a Base boundary, although- the extent of .

the pesticide occurence in down stream
sediments is not known.

8. Soil boring samples at three depth in-
tervals from the DPDO Storage Area were
analyzed for oil and grease and PCB.
PCB was found in the drum storage area
and buried tank area in the 1-2 foot
depth samples from three borings:
TB-3, TB-5, and TB-7. PCB was detected
in concentrations of 14-30 ug/kg, well
below the USEPA action level of 50
ug/kg.

9. The results of the geophysical investi-
gation of the Civil Engineering
Compound, combined with the examination
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of historical aerial photos, show that
areas exist at the site that have been
disturbed in the past. Magnetic anoin-
alies associated with these areas indi-
cate that buried drums or other
metallic scrap may be present.

10. Based on the limited analyses complet-
ed, the ground water quality at the
Fire Training Area appears less degrad-
ed than the other sites sampled. TOX
concentrations were among the lowest of '.
wells tested. Since the site has not
been in use since the 1950's, existing
contaminants are likely to have been
dispersed.
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SECTION 5

ALTERNATIVES

5.1 GENERAL

The principal goal of this Phase II Confirmation Stage 1
Study at McGuire AFB was to determine whether or not
environmental degradation was occurring as a result of past
practices of materials handling at the installation. The
results presented in Section 4 confirm that each of the 8
sites where environmental sampling was comoleted has

. affected the quality of groundwater, surface water, or soils
in their immediate area. In addition, the results of the
geophysical investigation at the Civil Engineering Storage
Area indicates that metallic waste, such as drums may be
buried on site. These preliminary findings presented in

Section 4 require additional verification which is discussed
in Sections 5 (Alternatives) and 6 (Recommendations).

The evaluation of remedial action alternatives is not part
of this scope of work. The alternative measures discussed
below focus on the problem definition aspects of
environmental contamination at McGuire AFB. The problem
definition approach itself is based on the need to provide a
basis for possible future remedial action. The alternative
actions to be discussed fall into the following categories:

Actions Site

1. Quantification Stage All Sites
.- .Water Monitoring at

Existing Wells

2. Expanding the Groundwater Zone 1, randfills 2 & 3,
"*. Monitoring Network and Fuel Storaqe Area

Surface Water Sampling
Points

- 3. Additional Soil Sampling Civil Engr. Compound
and Analyses Pesticide Waste Area,

DPDO Area

4. Preliminary Concept Zone 1, Landfills 2 & 3
Engineering Evaluation
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These alternative measures are discussed site by site in the
following sections. Based on these possible alternative
actions, specific recommendations are presented in Section
6.

5.1.1 Zone 1 Alternatives

All of the existing wells in Zone 1 (Landfills 4, 5, 6 and
the Sludge Disposal Site) contain measurable levels of
potential contaminants. Because there are a variety of
potential sources, and the analytical parameters and
sampling locations were limited, alternative actions in Zone
1 need to address the identification of specific
contaminants and the boundaries of groundwater contamination
at the site. Additional wells are required to define the
extent of the groundwater contamination in the upper aquifer
and upgradient (background) monitoring points need to be
established. A verification stage analysis should be
performed on samples from the existing wells to provide key
indicators for sampling the expanded well network. Stream
sampling points should also be established for locations

*. along South Run to establish the impact on surface water
quality.

Landfill 4 is the largest and oldest landfill in Zone 1. it
has the highest probability of containing Priority Pollutant
compounds. In addition, the water table appears high in the
area around Landfill 4. The depth to the water table and
the thickness of waste should be identified by a geophysical

- survey and soil borings in order to enable future remedial
action assessment for the Landfill.

5.1.2 Site No. 2, Landfill 2, and Site No 3, Landfill 3
Alternatives

Landfills 2 and 3 have similar histories and are similarly
located along North Run. The confirmation study included
the installation of 3 monitoring wells at each site and the
sampling of those wells for a similar suite of parameters.
The results of the chemical analyses of groundwater samples
from both sites was similar. TOX, in particular, was
relatively high in several wells from both sites.
Groundwater flow was also similar at the two sites; the
upper water table is toward North Run, which is a line of
groundwater discharge. Additional investigation of the two
sites should therefore involve the same steps.

-. 5-
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Initially, additional investigation at Landfills 2 and 3
:-- should include a resampling of the existing wells to verify

the first round of analytical results. At both Landfills 2
and 3 there is large drop in hydraulic head between the
wells and North Run, which indicates possible groundwater
mounding caused by the landfill. There could thus be a
component of groundwater flow and contaminant migration away

tIK from North Run on the back side of the landfills. In the
case of Landfill 3, this is toward the Base boundary that is
adjacent to the landfill. Monitoring wells should be
located on the opposite sides of the landfills from the
existing wells to assess these possibilities.

In addition, production well "A", located adjacent to
Landfill 2 and the drum storage area, should be sampled.
This is a deep well, but its isolation from surface
contamination should be confirmed.

5.1.3 Site No 4, BOMARC Missile Site Alternatives

A verification round of sampling and analysis should be
accomplished, with volatile organic compounds and xylene
added to the list of analytes. Negative results for these
compound-specific analyses would result in deleting the site

. _ from future concern.

5.1.4 Site No. 5, Pesticide Wash Area Alternatives

The analyses of subsurface and stream sediments and stream
water samples at the Pesticide Wash Area indicates that the
principal contaminant migration path for pesticide compounds
is in sediments washed down to the stream from the site, and
then transported by the stream. Additional sampling and

* analysis of the stream sediments at down-stream locations is
necessary to determine the extent of contaminated sediment
transport. An up-stream sampling point also needs to be
established to determine background sediment quality.
Specific sampling recommendations are made in Section 6.

5.1.5 Site No. 6, DPDO Storage Facility Alternatives
PCB was detected in shallow boring samples only (1-2 feet)

in the drum storage area and within the fence line of the
main storage yard. Although PCB has apparently not migrated
deep into the soil, the areal extent of soil contamination

'.5-
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is not known and would need to be confirmed by a program of
sampling and analysis of surface soils in this area. In
contrast, oil and grease were found throughout the soil
column. The source appears to be surface leakage in the
drum storage area, and subsurface leakage in the buried tank
area. Surface soil sampling should be adequate to identify
the extent of oil and grease contamination in the drum
storage area.

Since the contaminants from the DPDO area may be reaching
the groundwater, a monitoring well would be required

"* between the storage yard and North Run to intercept possible
contaminants in the groundwater. Specific recommendations
for soil sampling and monitoring well installation are

- presented in Section 6.

5.1.6 Site No. 7, Fire Training Area 1 Alternatives

The Fire Training Area 1 has not been in use since the early
1950's. It is located on permeable soils and no obvious
soil contamination is evident at the surface, other than

* slight staining in some places. TOX concentrations in the
wells sampled were among the lowest observed. In addition, .4
the site is in the center of the Base at distance from the
installation boundary. Therefore, additional investigation
should be limited to verifying the water quality results
already reported by conducting an additional round of
sampling. Identification of volatile organic Priority
Pollutants (VOA) should also be considered.

5.1.7 Site No. 8, Bulk Fuel Storage Area Alternatives

At the existing two wells at the Bulk Fuel Storage Area,
another round of groundwater samples should be taken to
verify the existing analytical results. In addition,

t2- analysis of these wells for specific organic Priority
Pollutant compounds is required to determine the
significance of the TOX concentrations observed in the first

* * ! sampling rounds.

It has been WESTON's experience that unknown or undocumented
leakages occur in storage tanks and service lines of bulk
fuel storage areas such as the one at McGuire AFB.
Therefore, the possibility of groundwater contamination from
these sources is frequently not identified in routine
records searches. Since the two monitoring wells already

.4
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installed cover only a small portion of the site, additional

monitoring wells are required to monitor groundwater flow
across the entire site. Specific recommendations for
groundwater sampling and monitor well installation are
presented in Section 6.

5.1.8 Site No. 14, Civil Engineering Compound
Alternatives

The results of the geophysical survey have confirmed
historical information indicating that the area has been
disturbed in the past and that barrels and other wastes may
be buried there. A verification study should be conducted
to determine the nature of the identified anomalies. A
series of test pits would be required at locations
determined by the geophysical survey to locate buried
barrels, if present, monitor excavations for organic vapors,
and sample potential contaminated soils and waste material.

The verification investigation would be followed, if
necessary, with a Quantification Stage investigation to
determine the amount of buried waste present and its impact
on groundwater quality. This level of investigation, if
required, would involve additional soil borings or test pits
and the installation of groundwater monitoring wells , if
the risk of groundwater contamination is determined.
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SECTION 6

RECOMMENDATIONS

6.1 GENERAL

The findings of the Phase II Confirmation Study at the nine
sites at McGuire AFB and the BOMARC Missile Site indicate
the need for follow-up investigation which should include
the following:

1. General verification of the results of the

first round of water quality sampling.

2. An expanded monitoring and sampling program

with an emphasis on determining the nature
and extent of contamination by Priority
Pollutants.

6.1.1 Zone 1

The following additional work is recommended for the Zone 1
Area (Landfills 4, 5, 6 and the Sludge Disposal Area).

" 1. An additional round of samples should be tak-
en from existing wells MW-i through MW-5 to
verify the results obtained from the first
sampling round. Samples from all five wells
should also be analyzed for USEPA Priority
Pollutant volatile organic compounds and
landfill leachate indicator parameters such
as nitrates, iron, ammonia-nitrogen and bo-
ron. In addition, samples from MW-3 should
be analyzed for USEPA Priority Pollutant
acid and base/neutral compounds and pesti-
cide/PCB compounds. Three surface water
samples should be taken along South Run up-
stream of Zone 1, downstream of the small
tributary passing by MW-3 and downstream of
the waste treatment plant. These samples
should be analyzed for the same parameters
as the 5 well samples.

,° L
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2. A Ground Penetrating Radar survey should beI
performed on Landfill No. 4 to determine

IF boundaries, depth, and possible buried bar-
rel nests. The investigation should be fol-

* .lowed by 10 soil1 bor ings in Landfill1 4 to
confirm depth of fill and depth to water.

3. If the results of the above analyses are pos-
itive, at least eight additional groundwater

*monitoring wells should be drilled in the
Zone 1 area, including three wells at the

* .locations of borings in Landfill 4 and two
upgradient wells, one each above Landfills 4
and 5.

4. The new and existing wells should be sampled
for key parameters identified in the previ-
ous sampling of the existing wells. In addi-
tion, samples from South Run should be taken

at locations upstream, opposite the land-
fills and where the stream crosses the in-
stallation boundary and analyzed for a
similar suite of key parameters.

6.1.2 Site No. 2, Landfill 2

The following additional work is recommended for Landfill 2:

1. The existing wells at the site should be re-
. sampled to verify the results of the first

water quality analyses. All samples should
also be analyzed for USEPA Priority
Pollutant volatile organic compounds.

2. Production Well A, located adjacent to the

barrel storage area, should be sampled for
the same suite of parameters as above.

- up3. In addition to the above parameters, MW-7
should be sampled for USEPA Priority
Pollutant acid compounds, base/neutral com-
pounds and pesticide/PCB compounds.

4. A Ground Penetrating Radar (GPR) survey
should be conducted on the landfill to
assess depths to the base of fill and the lo-

- cation of possible barrels. six soil
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borings should be completed subsequently to
calibrate the GPR results and confirm the

11 depth of fill and the location of the water
table.

5. Three additional monitoring wells should be
installed to the east of the landfill to de-
fine potential groundwater flow in that di-
rection. One well should be adjacent to
Production Well "A" and the DPDO barrel stor-
age area.

L 6. All wells should be sampled for specific
contaminants based on the results of the
previous sampling round. The list of
analytes should also include landfill V
leachate parameters such as nitrates, iron,
ammonia-nitrogen and boron.

7. Water quality samples should also be collect-
ed along North Run upstream from the land-
fill, downstream, and opposite the landfill,
and analyzed for the suite of analytes iden-
tified above.

6.1.3 Site No. 3, Landfill 3

WESTON makes the following recommendations for further inves-
tigation at Landfill 3:

1. Resample existing wells to verify the first
round of analyses, plus analyze all samples
for USEPA Priority Pollutant volatile organ-
ic compounds. In addition, MW-9 should be
sampled for USEPA Priority Pollutant acid
compounds, base/neutral compounds and pesti-
cide/PCB compounds.

2. Three additional monitoring wells should be
installed between the landfill and the Base
boundary.

3. All wells should be sampled for those key
parameters indicated in the previous round
of sampling, plus nitrate, iron, ammonia-
nitrogen and boron.

6-3
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4. Three surface water samples should be taken
along North Run; upstream, opposite the land-
fill, and downstream. These samples should
be analyzed for the same parameters as the
wells.

6.1.4 Site No. 4, BOMARC Missile Site

WESTON makes the following recommendations for further inves-
tigation at the BOMARC Missile Site:

1 1. Resample existing wells to verify the first

round of analyses, plus analyze the samples
for USEPA Priority Pollutant volatile organ-
ic compounds and xylene.

6.1.5 Site No. 5, Pesticide Wash Area

Contamination of stream bed sediments is the principal prob-
lem in the Pesticide Wash Area. WESTON, therefore, recom-
mends that the following sampling be completed to determine
the extent of this contamination:

1. Sediment and grab samples should be taken at
three locations downstream of SS-3 and up-
stream of the culvert entrance, at three man-
hole locations along the storm drain system,
and at one location upstream of the pesti-
cide wash area. All samples should be an-
alyzed for pesticides.

2. Two-foot core samples should be taken at lo-
cations SS-I, SS-2 and SS-3 to obtain sam-
ples at depth. Each core should be divided
into two depth increments and analyzed for
pesticides to determine the depth of the con-
taminated sediment.

6.1.6 Site No. 6, DPDO Storage Area

WESTON recommends that the following work be completed at
the DPDO site to determine the extent of soil and ground-

h water contamination at the DPDO Storage Area.

1 1. Surface soil samples should be taken at
. twelve locations around the drum storage and

buried tank areas. Three composite samples
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should be analyzed for PCB with the remain-
ing portion of the samples stored for possi-
ble future analysis.

2. A monitoring well should also be installed
between the buried tank area and North Run.
This well should be sampled for oil and
grease, volatile organic compounds and xy-
lene. The monitoring well recommended in
Section 6.1.2, to be located near production
Well "A", will also monitor the barrel stor-
age area.

6.1.7 Site No. 7, Fire Training Area

V WESTON does not consider Fire Training Area 1 to be a high
priority site at this time, and recommends only that MW-14
and MW-15 be resampled to verify the original analytical re-
sults. Samples should also be analyzed for USEPA Priority
Pollutant volatile organic compounds and xylene.

6.1.8 Site No. 8, Bulk Fuel Storage Area

WESTON recommends that the following work be done at the
Bulk Fuel Storage Area:

1. A second round of well samples should be an-
alyzed to confirm initial results. Samples
should also be analyzed for USEPA Priority
Pollutant volatile organic compounds plus
xylene.

2. Approximately twenty soil borings should be
completed around the Bulk Fuel Storage Area.
Temporary PVC well points should be in-
stalled and a groundwater elevation survey
completed. Samples from the well points can
be visually examined for floating fuel
products.

3. Based on the information gathered from the
temporary well points, up to six permanent
groundwater monitoring wells should be in-
stalled in critical locations around the
bulk fuel storage area including one
upgradient, background location.

6-5
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4. All wells at the site should be sampled for
oil and grease, lead, USEPA Priority
Pollutant volatile organic compounds, and
xylene.

6.1.8 Site No. 14, Civil Engineering Compound

Based on the results of the geophysical survey and the exam-
ination of historical photographs, WESTON recommend3 that a
subsurface investigation be conducted at the Civil Engineer-
ing Compound to confirm whether hazarJous materials are
buried at the site. WESTON recommends:

1. Backhoe test pits should be completed at
those locations identified as potential buri-
al sites by the geophysical survey (Figure
4-6). The work should be conducted while
observing strict safety procedures,
including personal body and respiratory
protection. Air quality shoulV be monitored
with an organic vapor detectir, and soil
samples should be obtained in areas where
physical appearance or detected vapors
indicate contamination.

This excavation activity is to be for the ,
confirmation of whether barrels or contam-
inated soils are present. If barrels are
encountered, they will not be disturbed or
sampled. Only suspected contaminated soils
will be sampled. All procedures for this in-
vestigation will be reviewed prior to the
work with appropriate State and Federal reg-
ulatory agencies.

2. Selected soil samples should be analyzed for
USEPA Priority Pollutant organic compounds
and metals.

3. If the results of the chemical analyse3 of
the soils is positive, four groundwater mon-
itoring wells should be placed around the
burial site; one well upgradient and three
wells downgradient. Groundwater samples
should be obtained from these wells and an-

S.[ alyzed for key compounds indicated by the
soils analyses to determine the impact of
the waste on groundwater quality.
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Appropriate response for remedial action

Ushould also be developed.

6.2 SUMMARY OF RECOMMENDATIONS

The recommendations which have been made as a result of this
Stage 1 Study at McGuire Air Force Base are summarized in
Table 6-1.

. 6
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AFB Air Force Base

ASTM American Society for Testing and Materials

Bldg. Building

CERCLA Comprehensive Environmental Response Compensation
and Liability Act of 1980

cm/s Centimeters per second

DEQE Massachusetts Department of Environmental
Quality Engineering

. . DEQPPM Defense Environmental Quality Program Policy
Memorandum

DoD Department of Defense

°C Degrees Centigrade

F Degrees Fahrenheit

ft/min Feet per minute

gpm Gallons per minute

HARM Hazard Assessment Rating Method

S hr Hour

in Inches

TRP Installation Restoration Proqram
-i

MS Master of Science Degree

-McGAFB Mc Guire Air Force Base

ug/l Micrograms per liter (equivalent to parts per

billion in water)
umho/cm Micromhos per centimeter (units of Specific

Conductance)
, mg/l Milligrams per liter (equivalent to parts per

million in water)

S" mgd Million gallons per day

MSL Mean Sea Level Datum

N North

. No. Number

0 & G Oil and Grease

OEHL Occupational and Environmental Health Laboratory

0L
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p...

% Percent

P.G. Registered Professional Geologist

Ph.D. Doctor of Philosophy Degree

ppb parts per billion (equivalent to ug/l in water)

PPM parts per million (equivalent to mg/l in water)

QA/QC Quality Assurance/Quality Control

RCRA Resource Conservation and Recovery Act of 1976
111C Total Organic Carbon

USAF United States Air Force

USA'PA United States Environmental Protection Agency
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I. ra4criptlon of Wck:

The purpose of this task is to determine if enviroren'.al cont..:iir:tion
has rcesulted from waste disposal practices at McGuire AFB NJ; to provide

C --tLates of the magnitude and extent of contamination, should cont __i[ation

be found; to identify any additional investi~ations and their attrrd-int cc t
necesoary to identify the masniti:de and direction of :ozc: ent of dis,-r,':r, I

corit.:inants.

The presurvey report (mailed under neparate cover) and Ph,-re I !iP recort

(i7iled under separate cover) incorporated background and description of the

.nites for this task. To accomplish the ;Luvvey effort, the contractor, shall

take the following steps:

A. Ceneral

1. Datermire the areal extent of each site and zone by reviewing
av il.cble aerial iThotcs of the btse, both historical and the "ost recent
panc>'rc: atic and iifrared.

2. Locations where surface water samples are collected shall be
marked with a permanent uarker, and the location recorded on a sit2/zone ;-ap.

3. A total of 17 monitoring wells nhall, be installed. The exact
" . location of wells shall be determined in the field.

4. Wells shall be of sufficient depth to collect samples reprCsenta-
4 tive of aquifer quality and to intercept contaminants if they are present.

Wells installed during this effort shall be constructed with 20 feet of well
screen bhlow the water table. All wells shall be developed, water levels
neasured, and locations surveyed and recorded on a site/zone map.

5. All water samples shall be analyzed on site by the contractor for
pH, temperature and specific conductance. Sampling, maximum holding ti.ne and

2 . prcservation of samples shall co:mply "itrictly with the following references:
.ndrd..tho for th-e Exai atg of _ - nane staA.ndr, 15th Ed.

(1980), pp. 35-42; LM/]h, Part 31, PP. 72-82, (1976), Method D-3370; and
.-. t Z19- n he~gjpIa A)2ss9 1. f _ Wrj ) I EPA Manual 600/14-79-020,
pp. xiii to xiX (1979). All wat-r samplCa shall be analyzed using minimum
detection levels, as specified in Attachment 1.

6. Field data collected for e;ch site and zone :hall be plotted and
.rnpfed. The nature of contamination and the magnitude and potential for
contn.-irant flow witbin each site and zone to receiving streams and ground
-.,rters :hall be detc'rnined or est:.ated. Upon cor:pletion of the :-pling and
.r-1.ly.-is, the data h1ll be tabulatcd in the next R&D Status re .c:rt as s .cCi-
" , in ItC.: VI t-!low.

,. r",15 -0 D-4006/0020 3
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a. Install a mayitnum of five vround-v,!t'r ronitori ng ;ells a

this zone.

" I .- 6 b. Collect one &round-*;atc-r sa!:ple from each well.

c. Each Lround-water sample shall be analyzed for total ori-Cie

* - hplo,ens (lOX), total or&-anic carbon (TOC), cyanide, phenol, oil & Ercasc-

Infrared r-ethod (O&G/IR), copV-r, e - iu'a, chrc.ALi, 1ad, arfcnic and
.', ,,ickel.

2. S1Ite 2. .andfll 2

a. Install a rprn of L LnA'in! wells at this site.

b. Collect one f-ond-,er a-mple from each -,ell.

c. Each &round-water rv.mple shall be_ aralyzed for TOX, O)C,

cyanide, phenol, O&G/IR, copper, cadmiAum, chromium, lead, arsenic, and nic. l.

'/;3. .$ite 3- T..ndf~lljB

a. Install a maximum of three nonitoring wells at this site.

b. Collect one &round-w.ater :-1-ple fcm cac'h well.

C -. Each &-ound-water :r.nple rhall be. :ii -lyzed for "OX, '10C,

"-"" cyanide, phenol, O&0/IR, copper, or d:ium, cir-'ii;m, lc:id, .raenic. nd

ni ckel.

II..$i~e14~?~~u~e '11 ~t9 JTP-Y Th ) hrr PitI

a. Install a maximum of three monitoring wells at this site.

" b. Collect one around-water sample from each well.

-.[ .C. Each 6round-water sample shall be analyzed for 'TOC, Ol/IR,

hydrazine, and nitrates.

*5. SIte 5. Pesticide 17ag I-rea

a. Two soil borlngs :h.ll be drilled Jn the draina;-e rath frc=

the pesticide wash area. These bo-irgs nhall b2 , v nc d to the water t'bl ,

with soil as::ples retained for analysis at dlths of 2 ft, 5 ft, and at the
iater table.

b. Soil na-ples shll be n:ly-:d on a '. -ed t1sis for C:lGr-

• hated hydroca.rtn r.:.9tCicl'eS, and cc. ren Prs :o- 1 .hc5;;sate r-ticidc5, a3
npecifled in Att-c:-encrit 1, Uting G:s Cirr tour. -.h (GC) nethois. n a 5

*F33615 -80-D 40,06/0020 4
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e 2 ft I !Id owt!' r., it. r: ' .!y.

e. Thr--e aurfaoe o.l ind thrce :i'fe -4.ter (if j,-, )
pes :,'.-ll e c l leeted in the di a"-e ditch i.,.ir the Eritc :"lofy 1.

Cne .oil ai-ple and one water ;-inle hall be coll,-etcd at each of Ithe
,., following three locations: () adjacent to the Entc!olo y shop, (2) at thc

.,ttom of the shop driveway, and (3) about 30 yards dwnstrCam of the hop
driveway.

d. The soil and water r-amples shall be analyzed for ch]c.Cil-t .

hydrocrbon pesticides and coan-on or,'ano--phosphate pesticides, as s;, etfa . fn

Attach::ent 1, using GC methods.

-* a. Five soil tor nr.s shall be ,i'illed 1n.iide the fenced Defe.
Propserty Disposal Office (D?DO) cop:eound. These trDrin-s shall be advanced o
the water table, with sanples retained for anrlys.s at dephs of 2 ft, 5 ft
-nd at the water table.

b. Soil samples shall be analyzed on a phased basis for PCBs )
and O&A/IR, as specified in Attachment 1. Samples at 5 ft shall be analyzcet
only in borings where PCBs or O&G are encountered in the 2 ft szaples, and
corkti nulg iteratively.

7. Si te 7. Fire Trainine ,Area No. 1

a. Install a maximum of two monitoringi welts at this site.

b. Collect one ground-water !.naple at each well.

. C. Each ground-i;ater sample shall be analyzed for TOX, 1OC, an
O&G/IR.

8. Site 8? " ulk Fuel Storar-e T-rik .Parm

a. Install a maximum of two monitoring wells at this site.

";'" b. Collect one ground-water sample at each well.

C. Each ground-water sample shall be analyzed for TOX, TOC, O&:.'
IR, cadmium, chrcnium, lead, and nickel.

9. ,Lte 14. Buried 011 Drums

Conduct magnetometer and &round penetrating radar surveys to
dcitermire whether or riot the 3ua. ected buried dru-:s are located under the
p ,,vcd lot of the Civil Engineering compound.

C. ;'ell Installation and Cleanup
11:ell and borlr locations rhall hb_ c!.-n.:d up fo]lc;'ing the

r: pIction. Drill cuttlrnEs shall L- rr2-.ved and the i.nral acea clc-:.-d.

i-" 33615-0-D-4006/0020 5
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Into the i- cthly EXD S.:ttus 7-1jorts ;!rjd foz' rwi'-dd to the USAF 01-qL fur r "CW
as soon as they b-,c-o::,e aval.Tb3e as --pecified in Item VI below.

E. Reporting

1. A draft report delineating all findings of this field invest' *n
,hall be prepared and forwarded to the USAF OEHL as specified in Item VI ,,A=w

for Air Force review and con:lent. This report shall include a disc';ssicr )f 'he
regional hydrogeology, well logs of all project wells, data from watar I -'1

urvcys, water quality analysis results, magneto:-eter and &round ,er~'tr- 6
radar survey results and naps, available geohydrologic cross secticnl, .

. water surface and gradient vector maps, any available vertical and .,--
flow vectors and laboratory quality assurance information. The report -i I
follow the USAF OEHL supplied format (nailed under separate covcr).

2. Estimates shall bE- made of the magnitude and direction of t.,-
of contaminants discovered. Potential environmental consequences of dis-
covered contamination shall be identified or estimated. Where survey dat: are
insufficient to properly determine or estimate the magnitude and directici of
rovement of discovered contaminants, fully justified specific recommendat- :s
shall be3 made for additional efforts required to properly evp.luate conta.Nh-

*-. tion riLation and included in a separately bound appendix to the draft f.l
reprt (ce F below).

3. Specific requircents, if any, for future ground-water and su .ce
water monitoring must be identified.

F. Cost Estimates

%,. The contractor shall provide cost estimates for all additional :or:
recommended to permit proper determination of contaminants. The recozzacnd:-

- tions provided shall include all efforts required to determine the agniFtu:e
and direction of movement of discovered contaminants along with an csti:at! of
the tine required to accomplish the proposed effort. This information ah.!
be provided in a separately bound appendix to the draft final report.

II. Site Location and Dates:

!Mcuire AFB
USAF Clinic/SGPB
Dates to be established

III. Base Support: Tone

IV. Govern-.ent Furninhed Property: None

* F33615--Q0-D-4 006/0020
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V. C.''rr .nt Toj it., of, r ,-:, .t :

1. 1Lt Lu 1cie J , n 2. I,.Col -. n No :,on
USAF OEHL/ELQ HQ '. C/::,,E
Brooks AFB TX 78235 Scott As3 IL 62225
(512) 536-3305 (618) 256-2306
AV 2410-3305 AV 638-2306

3. Cpt John Ellis
USAF Clinic/SGPB

MoGuire AiB NJ 08641
(609) 724-4170/2411
AV '14'0-4170/2411

.. ] VT. In -6idltion to zcequence nu:ttrs 1, 5 nd 11 listed in Atch 1 to the
cmra vct, hich are applicable to all orders, the reference, numibers below a:'
.;plicable to this order. Also shown are data applicable to this order.

S,quence Nr Block 10 Plock 11 Block 12 Block 13 Block 14

40 0.E/R 84YEB15 84!M!AR15 84 JuN, 15 0

Contractor shall rupply the USAF OEHL with 20 copi s of the draft report ara
.*-. 50 copies plus the cA-isinql carnera ready copy of the final report.

.

U..

F33615 80-D ,006/00-0 7
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T, L r s of1 P, n r , d,

01OX 5 ji/L
TOC 1 m&g/L
cy.nide 10 jig/L
ph c ol 1 Pg/L
O'G/JR 0.1 rgL (vaters); 100 g/g(soil)
hydrzzine 50 I/L
nitrates 0.1 mg/L

copper 50 VS/L
c a &, i -,m 10 pg/L
cli rc- ixm 50 pg/L
I .ad 20 PE/L
arsenic 10 Vg/L
ni cl-el 100 pg/L

P sti c i d-e s A nae_1 s S_

For veters, analyze sarplcs for chlorinated hydroc.rbon and
orfanojliosphate t)pe insecticides. Analyze for the folloving specific
pesticides and detection levels: aldrin, 0.02 jItg/L; Dar isc:er, 0.02;
dieldrin, 0.02; erdrin, 0.02; heptachlor, 0.02; lcptf.chlor epo)ide, 0.02;
lindane, 0.01; rctoxychlor, 0.20; diazinon, 0.02; i-alathion, 0.10; j, .x,,t .
0.02.

" For soils, use detection levels shown above, but report values as
ricrorars pesticide per gram of soil.

PCBs in soil

Use rinimun detection level of lpg/g Rnd identify type, if possible.

.-.

t. .
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7 Peter J. Marks

' Fields of Competence Key Projects

Project management; environmental analytical USAF/OEHL Brooks AFB. Program Manager for this
. laboratory analysis; hazardous waste, groundwater and three-year BOA contract provides technical support in

soil contamination; source emissions/ambient air environmental engineering surveys, wastewater
sampling; wastewater treatment; biological monitoring characterization programs, geological investigations,

. - methods; and environmental engineering. hydrogeological studies, landfill leachate monitoring
and landfill siting investigations, bioassay studies,

Experience Summary wastewater and hazardous waste treatability studies,
and laboratory testing and/or field investigations of en-

Eighteen years in Environmental Laboratory and En- vironmental instrumentation/equipment. Collection,
vironmental Engineering as Project Scientist, Project analysis, and reporting of contaminants present in
Engineer, Process Development Supervisor, and water and wastewater samples in support of Air Force
Manager of Environmental Laboratory with WESTON. Environmental Health Programs.
Experience in analytical laboratory, wastewater surveys, United States Army Toxic and Hazardous Materials
hazardous waste, groundwater and soil contamination, Agency (USATHAMA), Aberdeen Proving Ground, Mary-
DoD-specific wastes, stream surveys, process develop- land. Program Manager for three-year basic ordering
ment studies, and source emission and ambient airtestng.In-ept exerince n plp nd ape, sel, agreement contract to provide research and develop-
testing. In-depth experience in pulp and paper, steel, ment for technology in support of the DOD Instal:itionorganic chemicals, pharmaceutical, glass, petroleum, Restoration Program. The objective of the Program is to
petrochemical, metal plating, food industries and DoD. identify and develop treatment methodsitechnology for
Applied research on a number of advanced wastewater containment and/or remedial action. Technology
treatment projects funded by Federal EPA. development for remedial action is to include ground-

water, soils, sediments, and sludges.
Credentials Confidential Client, Ohio. Project Manager of an on-going

contract to conduct corporate environmental testing andB.S.. Biology-Franklin and Marshall College (1963) special projects at client's U.S. and overseas plants.
M.S., Environmental Engineering and Science-Drexel WESTON must be able to assign up to four professionals to
University (1965) a project within a two week notice.
American Society for Testing and Materials Confidential Client (Inorganic and Organic Chemicals).

Product Manager of a current contract to conduct- Water Pollution Control Federation wastewater sampling and analysis of plant effluent for
Water Pollution Control Association of Pennsylvania priority pollutants. The project also includes a

wastewater treatability study to evaluate a number of
Employment History process alternatives for removal of priority pollutants

from the present effluent.
1965-Present WESTON Confidential Client, Utah. Technical Project Manager for
1963-1964 Lancaster County General Hospital in-depth wastewater survey, in-plant study, treatability

Research Laboratory for Analytical study, and concept engineering study in support of the
Methods Development client's objectives to meet 1983 effluent limitations.

WESTON had two project engineers, two chemists, five
technicians and an operating laboratory in the field.
Field effort is six months duration.

Professional Profile
2/84
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Frederick Bopp III, Ph.D., P.G.

- Registration Employment History
Registered Professional Geologist in the State of 1979-Present WESTON
Indiana

1977-1979 U.S. Army Corps of Engineers
Fields of Competence Waterways Experiment Station

1976-1977 University of South Florida
Groundwater resources evaluation: hydrogeologic Department of Geologyevaluation of sanitary landfills and other waste disposal
sites, detection and abatement of groundwater pollu- 1970-1976 University of Delaware
tion. digital modeling of groundwater flow and solute Department of Geology
transport. statistical analysis of geological and 1974-1976 Earth Quest Associates
geochemical data' geochemical prospecting; estuarine President and Principal Partner
geology and geochemistry: trace metal and aqueous
geochemistry 1974 (Summer) WESTON

I6-1966-1970 United States Navy
Experience Summary Commissined Officer

Seven years experience in hydrogeology and Key Projects
geochemistry. involving such activities as: assessment
of subsurface water and soil contamination; develop- Project manager on seven task orders for environmental
ment of contamination profiles; evaluation of remedia- assessment services at United States Air Fcce
tion actions for groundwater quality restoration; quan- facilities in nine states.
titative chemical analysis of water and soil; ore assay
and ore body evaluation; drilling supervisor; Task manager for a Superfund site evaluation in Ohio.
hydrogeologic assessment; pollution detection and Site manager for drum recovery operations in Penn-
abatement: estuarine pollution analysis; application of sylvania and New Jersey.
flow and solute transport computer models; computer
programming; project management; teaching en- Project manager for site assessments of oil and fuel
vironmental geology and geochemistry. spills in four states.

Project manager for closure plan development at a
Credentials hazardous waste landfill in New Jersey.

B.A.. Geology-Brown University (1966) Definition and abatement of groundwater contamina-
tion from chemical manufacturing in Delaware.

M.S., Geology-University of Delaware (1973) Flow and solute transport digital model of a heavily-
Ph.D., Geology- University of Delaware (1979) pumped regional aquifer in southern New Jersey.
Sigma Xi, The Scientific Research Society of North Definition and abatement of groundwater contamina-
America tion from chemical manufacturing in the Denver area.

--. Geological Society of America, Hydrology Di,-sion Hydrogeologic impact assessment of on-land dredge
National Water Well Association, Technical Division spoil disposal in coastal North Carolina.

American Association for the Advancement of Science Geochemical prospecting and ore body analysis in
Arizona.

Estuarine Research Federation: Atlantic Estuarine
Research Society

Professional Profile
9/83
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Richard C. Johnson
K

Experience Summary New Jersey, Ohio, and Maine Studies Included drilling
and soil sampling programs; the Interpretation of

Over six years experience In geotechnical and hydrogeologic conditions, and evaluation of the
geological Investigations, Including hydrologic end physical stability of earth Impoundments.
geological Investigation of landfill sites, quantitative Project Geologist for U.S. Air Force Installation Restore
and qualitative groundwater analysis, Industrial waste Pro g se fo US in e Yo Netrsy

disposal assessment; evaluation of soil mass stability tion Program Phase M1 studies tn New York, New Jersey,

" -." and bearing capacity at proposed sites of building and Pennsylvania, and Minnesota Supervised field In-

b tank structures; development of remedial actions. vestigation of waste disposal and spill sites related to

Supervision of engineering of laboratory programs for base activities.

soil and waste material testing- supervision of well in- Principal Hydrogeologist for a groundwater and
stallation, well monitoring, and sampling program. geologic Investigation at the Milan Army Ammunition

Plant, Tennessee for the U.S. Army Toxic and Hazardous
* Credentials Materials Agency.

BA.-LaSalle College (1969) Development and implementation of a program for the
Interception and recovery of hydrocarbons In &round-

M.A., Geology-Temple University (1976) water at a chemical processing plant in the Pittsburgh

Graduate course work in soil mechanics, engineering area.

geology and hydrology- Drexel University (1979-1981) Interpretation of hydrologic and geologic Conditions

National Water Well Association related to migration of chlorinated hydrocarbons in
groundwater in the vicinity of production wells at a

U.S. National Group of Engineering Geology chemical processing plant In Ohio.

American Geophysical Union Hydrogeologic Investigation of the Bruin Lagoon Super-
Em n H r fund project in Butler County, Pennsylvania

Employment History Project Manager and Principal Investigator for a subsur-

1981-Present WESTON face Investigation to determine soil conditions at the
proposed site of 55,000 barrel fuel storage tanks In a

1979-1981 Valley Forge Laboratories, flood plain area in northeast Pennsylvania Supervised
Soils end Materials Testing soil borings and performed analyses to predict settle-
La~boratory ment of flexible pad foundations.

- 1978-1979 Ambric Engineering Supervised exploratory drilling and developed founda-

1976-1977 American Cancer Society tion recommendations for proposed building construc-
Philadelphia Division tion projects in southeastern Pennsylvania

1972-1975 Temple University Conducted geological site Investigations In limestone
Department of Geology sinkhole areas to develop recommendations for

1969 1971 City of Philadelphia remedial action around threatened structures.

Department of Licenses and Developed and directed a testing program to evaluate
Inspections preliminary rock anchor designs In a sewage facility

construction project, Montgomery County, Penn.
Key Projects sylvania.

" Project Geologist for investigations of existing and pro- Supervised laboratory testing program for sulfite

posed hazardous waste disposal sites In Pennsylvania. sludges and coa; burning wastes Evaluated alternative

U.°o'



methods of physical and chemical stabilization of thernwastes, and developed applications for stabilized
material In landfill, and earth stabilization problems.

Publications

-. Johnson, R. and Myer, G., "Sillimanite Nodules In the
Wissahickon Schist, Philadelphia," Journal of the Penn-
sylvania Academy of Sciences, Vol. 49, 1975.



Walter M. Leis, P.G.

Registration Additional special course work in Geology and
Hydrology, Franklin and Marshall College and Penn-

Registered Professional Geologist in the States of sylvania State University

C'-:' Georgia (No. 440) and Indiana. Remote Sensing Data Processing Training, Goddard

Fields of Competence Space Center (1978)
OWRR Research Fellow, 1973

Detection and abatement of groundwater contamina- National Water Well Association, Technical Division.
* tion; design of artificial recharge wells; deep well

disposal; simulation of groundwater systems; hydro- Geological Society of America, Engineering Geological
geologic evaluation of hazardous waste sites and land- Division.
fills; practical applications of geophysical surveys to Society of Economic Paleontologists and Mineralogists
hydrologic systems, site investigations, and borehole
geophysical surveys. Geochemical studies of acid mine Employment History
drainage and hazardous wastes.

Experience Summary 1974-Present WESTON
1973-1974 University of Delaware

Sixteen years experience as field hydrogeologist, field Water Resources Center
..-. supervisor, project director, research director. Six years 1971-1973 University of Delaware

research involving two consecutive projects: 1) applica-
tion of geophysical techniques in evaluating ground- 1967-1971 Pennsylvania Department of
water supplies in fractured rock terrain in Delaware and Environmental Resources

R Pennsylvania; 2) project director for an artificial
..-. recharge and deep well disposal study. Provided con- Key Projects

sultation for waste disposal and aquifer quality pro-
blems for coastal communities. Definition of groundwater contamination from sanitary

landfill leachate and recovery of contaminanis to pro-Developed geochemical sampling techniques for deep tect heavily used aquifer in Delaware.mine sampling. Evaluated synthetic and field hydrologic
data for deep formulational analysis in coal field pro- Field design studies for artificial recharge and waste

- jects. disposal wells.

- Earlier research experience involved developing tech- Design and construction of hydrologic isolation
niques for mapping subsurface regional structures hav- systems for various class hazardous wastes.
ing interstate hydrologic significance, and defining ore Design and supervision of chemical and physical
bodies by geochemical prospecting. rehabilitation of groundwater collection systems in frac-

Credentials tured rock and coastal plain areas.

Principal investigator for six projects involving subsur-
B.S., Biochemistry-Albright College (1966) face migration of PCB's in New York, New Jersey, Penn-M.S., Hydrogeology-University of Delaware (1975)syvnaadOkho.

sylvania, and Oklahoma.
Design and construction supervision of hydrocarbon

Cooperative Program Environmental Engineering- recovery wells in Pennsylvania.
University of Pennsylvania

Professional Profile
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. •James S. Smith, Ph.D.

Fields of Competence American Chemical Society
American Society for Testing Materials

Analytical laboratory management; organic chemistry;
mass spectrometry, GC/MS/DS, high and low resolution, American Society of Mass Spectroscopists
chemical ionization and special techniques; gas
chromatography including capillary column techniques; Employment History
high performance liquid chromatography (HPLC); the

- uses of NMR, IR, UV, visible, inorganic analyses, elec- 1981-Present WESTON
trochemical, thermal techniques and surface meth- 1969-1981 Allied Chemical Corporation
odologies (SEM, ESCA, SIMS) to solve industrial pro- Corporate Research Center
blems; the development of quality control measures in
analytical protocols; the testing of laboratory safety 1966-1968 Eastern Michigan University
methodologies; innovation of new analytical techniques Assistant Professor of Chemistry
and methods to solve industrial, product liability, pro- 1965-1966 University of Illinois
duction and environmental problems.

Experience Summary Key Projects
Eleven years experience in the supervision of an Directed analytical group for five years of intensive
Elenyars eoprined sampling and analysis of a toxic insecticide. Analyses
analyticalinvolved soil, air, water, sludge, blood, bile, feces, urine,
dustrial problems including environmental, product animlfed, and pat sle to deece mond
safety, production, research and development. The main animal feed, and plant samples to detect the compound
emphasis was on the innovative development of ana- at the low parts-per-billion level. The project involved
lytical methods utilizing instrumental technologies. In- rapid development of new and accurate analytical
depth experience in the organic chemicals, inorganic methods.
chemicals polymer, fiber, tire, solvent, fluorine Developed an industrumental analytical laboratory con-
chemicals, coke and coal tar industries. Numerous sisting of trace environmental analyses, gas chro-
scientific presentations. Contributor to three Chemical matography, high performance liquid chromatography,
Manufacturers Association Task Groups: Environmental mass spectrometry, surface analyses, X-ray photoelec-
Monitoring, Groundwater, and Hazardous Waste Re- tron spectroscopy and nuclear magnetic resonance
sponse Center. spectroscopy including the design and manufacture of

instrument modifications, purchasing instruments, and
Taught general chemistry, analytical chemistry, organic hiring of key personnel.
chemistry, and instrumental analysis for four years at
Eastern Michigan University and the University of II- Isolated, identified, and developed a method of analysis
linois. for a colored impurity on a bulk chemical product. Syn-

thesized the colorant for proof of identification and as a
Credentials standard for future analysis. Proved the mechanism of

the development of the color from the packaging
B.A., Chemistry-Williams College (1960) materials. Designed new specifications eliminating the
Ph.D., Organic Chemistry-Iowa State University (1964) problem.

Conducted corporate plant environmental laboratoryPostdoctoral Organic Chemistry-University of Illinois QA/QC audits including the development of a corporate
(1966) QA/QC manual.
Postdoctoral Mass Spectroscopy-Cornell University
(1969)

Professional Profile
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Theodore F. Them, Ph.D.

°pt

Fields of Competence thermal conductivity, and photoionization detectors. Ex-
perience includes methods development, separation op-

Inorganic and organic chemistry; instrumental timization, and data reduction.
analytical techniques: synthesis of organic chemicals: Familiarity with use. maintenance, and operation of gas

. laboratory management; chemical research and educa- chromatograph/mass spectrometer/data system (GC/
tion. MS/DS) in separations and identifications of complex

Experience mixtures and molecules. Experience includes methodsSummary development, separation enhancement, packed and

Nine years experience in inorganic and organic capillary column techniques, and data reduction.

chemistry with strong synthetic organic and instrumen- Familiarity with use and operation of various infrared,
- tal analytical background. Experienced researcher and nuclear magnetic resonance (NMR), atomic absorption

teacher. Background in conceptualizing, founding, ef- (AA), and liquid chromatographic (LC) instrumentation.
fecting, and administering a chemical consulting firm. Familiarity with use, maintenance, and operation of

Tekmar Models LSC-2 and ALS purge/trap and liquid
Credentials sample concentrator devices and associated gas chro-

M.S., Chemistry-University of New Mexico (1975) matographic methods.
Familiarity with use, maintenance, and operation ofPh.D., Chemistry-University of New Mexico (1977) Fisher Model 490 Coal Analyzer for analysis of moisture.

" . American Chemical Society volatiles and ash in coal.

The Society of Sigma Xi Familiarity with use, maintenance, and operation of
Fisher Sulfur Analyzer System for analysis of sulfur in

Southwest Association of Forensic Scientists- coal and hydrocarbon fuels.
Associate Member Familiarity with use, maintenance, and operation of Parr
Society of Applied Spectroscocy. Rio Grande Section Adiabatic Bom Calorimeter and associated Master Con-

troller in calorimetric analysis of coal and coke,
Employment History foodstuffs, and fuels.
1982-Present WESTON Familiarity with use, maintenance, and operation of

Fisher Models Titralyzer II (Fixed End Point) and
" 1981-1982 Bell Petroleum Services, Inc. Tritrimeter II automatic titration systems for analysis of

1982-1982 Bell Petroleum Laboratories water by pH or mikivolt-sensitive methods.

1977-1981 AnaChem. Inc. Publications
Co-Founder. Vice President

1A 1975-1977 Unversity of New Mexico Hazardous Properties and Environmental Effects of
Materials Used in Solar Heating and Cooling (SHAC)

Practical Experience Technologies: Interim Handbook, J Q. Search (ed.).
August 1978. Sandia Laboratories report Sand 78-0842.

Farniarity with use, maintenance, and operation of gas available from National Technical Information Service.
chromatographs with flame ionization. electron capture. Sprngfield, Virginia.

Professional Profile
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"Isomerism In Complexes of Bidentate Ligands with
Enantiotopic Donor Atoms", R.E. Tapscott, J.D. Mather,
and T.F. Them, Coordination Chemistry Reviews, Vol.

9, Nos. 213, September 1979.
"Stereochemical Studies on Diastereomers of Tris
(2,3-butaned iam ine)-Col bait (Ill)", C.J. Hilleary, T.F.
Them, R.E. Tapscott, Inorganic Chemistry, Vol. 19, No.
102.,1980.
"Staying Abreast of PCB Regulations: TESTING", R.M.
Holland and T.F. Them, Professional Trade Publication,

__ June 1980.
'Stereochemistry of Arsenic (111) and Antimony (111) 1,2-
DihydroxyEychohex-3ne-1 ,2-dicarboxylates," D. Mar-
covich, E.N. Duesler, R.E. Tapscott, and T.F. Them, In-

*organic Chemistry, 1982.



Bruce W. Benyish

Fields of Competence of monitoring wells, procurement of representative soil
-. samples for d(cumentation, and collection of ground-

Broad range of experience involving subsurface explora- water samples for analysis of various organic and in-
tion programs, supervising the construction of monitor- organic chemical constituents. Participated in the

' ing and production wells, conducting sustained purp preparation of Installation Restoration Program
tests, hydrogeologic data analysis, and technical report Reports.
preparation. Participated in the development of water well fields for
Credentials municipal water supplies. Performed aerial photograph
Crdnl fracture trace analysis to assist in selecting optimum

B.S., Earth Science- Pennsylvania State University water well sites. Supervised sustained well pumping
(1979) tests and analyzed data to determine safe yields.

Prepared hydrogeologic reports incorporating pumping
National Water Well Association, Technical Division test data and geologic literature Submitted reports to

regulatory agencies to obtain groundwater'withdrawal
Employment History permits.

SWETSupervised the drilling of foundation test borings and
monitoring well installations pertaining to an En-

1983 Suburban Water Testing Labs, Inc. vironmental Impact Assessment (EIA) feasibility study
for a coal-fired power plant. Participated in the prepara-

1980-1982 Gilbert/Commonwealth tion of EIA Report.
1980 General Battery Corporation Participated in water table aquifer decontamination pro-

grams. Scope of involvement included supervising the
6P Key Projects withdrawal of hazardous sludges from pre-existing

S a e l t d s ewells, pumping, sampling, and treating contaminated
Served as a field geologist at hazardous waste sites dur- groundwater, and scheduling shipment of non-treatable
ing the USAF Installation Restoration Programs. groundwater to certified waste disposa! sites.

-.:. Responsibilities included supervision of the installation

.184



John A. Williams, Jr.

Fields of Competence Key Projects

Geologic and geophysical investigations; geological Coordinated and supervised geophysical investiga-
and groundwater sampling techniques and instru- tions to locate buried drums and to delineate the
mentation technology; design, operation, and evalua- boundaries of a buried waste lagoon for a scrap
tion of geophysical survey, equipment, testing and recovery plant in Rhode Island.
analysis of aquifers, and groundwater pollution. Geophysical field investigation to locate buried

trenches and waste lagoons for a government facility
Experience Summary in California.

" Three years experience in geologic and geophysical Geophysical field investigation, well installation and
investigtions including subsurface profiling using sample collection to determine the distribution of
Ground Penetrating Radar (GPR), electrical resistivity leachate, and the extent of contamination in a heavily-
and electromagnetic conductivity for numerous used aquifer in New York.1 private and government facilities; groundwater sam- Geophysical investigation to define the lateral and
pling and aquifer pump tests, six years experience in vertical effect of fill deposition for a facility in
bathymetric, hydrographic and biological studies. Massachusetts.

Credentials Soils investigation to determine the extent of con-
tamination from old waste lagoons and fire training

A. S., Marine Technology - Cape Fear Technical areas for a government facility in Arizona.
Institute (1 975) Hydrogeologic investigation for a scrap recovery

B. S., Earth Science (Geology) - West Chester State facility in western Pennsylvania.
College (1983) Responsible for deploying benthic and water quality

Certified Ground Penetrating Radar Operator sampling gear and an electronic navigation system for

Certified NAUI/PADDI Scuba Diver a dredge spoils disposal study in Lake Erie.

Geological Society of America Geophysical investigation (ground penetrating radar
G i o o eand electrical resistivity) to locate buried drums and

Employment History delineate trench boundaries for a government facility
in Ohio.

1982 - Present WESTON

1980-1982 Environmental Resources
Management, Inc.

1977-1980 WESTON

1976-1977 Highway Service Marineland

1975-1976 Lawler, Matusky, Skelly Engineers

-
d

44
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Lisa A. Hamilton

Fields of Competence Key Projects

Hydrogeologic investigation and evaluation of existing Continuing program of leachate control for a sanitary
and potential sanitary and hazardous waste landfills: landfill in New Castle County, Delaware, including
desion and installation of groundwater monitoring water-level monitoring, collection and analysis of water
systems: interpretation of Federal and state en- samples, rehabilitation of recovery wells, maintenance
vironmental regulations; computer processing and inter- of well field records and long-term data assessment.

peainof ground motion and geophysical data;pretation olgrondemotion and ge nt. Data collection, analysis and evaluation of hydro-
groundwater pollution detection and abatement. geologic data to determine the existence of contamina-

tion at a former coal gasification facility in Cape MayExperience Summary County, New Jersey.

Four years in geological studies, including Data collection, analysis and evaluation of hydro-
hydrogeologic evaluations of groundwater contamina- geologic data to determine the extent of contamination
tion cases; collection, interpretation and evaluation of at a coal pile in Mercer County, New Jersey.
groundwater quality data: hydrogeologic suitability Design, installation and evaluation of a groundwater
evaluation of proposed sanitary landfills. Design and in- monitoring system at a sanitary landfill in Kent County,
stallation of groundwater monitoring networks; Delaware.
technical assistance in emergency response and clean-
up of oil and hazardous materials spills. One year of Evaluation of the impact of landfill leachate on a stream
computer processing and interpretation of ground mo- and receiving pond in Kent County, Delaware.
tion and geophysical data for stability of structures im- Evaluation and interpretation of ground motion and
pacted by earthquakes. geophysical data from simulated earthquakes in Idaho.

SdUtah, and Nevada.
"-ea Coordinator of "Superfund" projects in the State of
B.S., Geology-University of Delaware (1979) Delaware.

National Water Well Association, Technical Division Geologic mapping in the Spring Mountains, Nevada.

Association for Women Geoscientists Publications

Employment History King, K.W., Hays, W.W., Hamilton, L.A., Jungblut, W.L.,
1979. "A Seismic Wave Attenuation Study of the Snake

1982-Present WESTON River Plain, Idaho." Presented at the Annual Fall
1980-1982 Delaware Division of Environmental Meeting of the American Geophysical Union, San Fran-

Control cisco, California, 1979.
bWater Supply Branch

1979-1980 U.S. Geological Survey
• *• Geologic Division

Denver, Colorado

Professional Profile
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Joseph R. Althouse

Fields of Competence Sewer construction inspection; infiltration/inflow
Data collection; groundwater sampling: hazardous analyses and sewer system evaluation studies, In-

-- waste surveys: wastewater sampling; flow measure- cluding surface inspection, physical inspection, and
S" mont in-house treatability systems; analytical methods flow measurements for West Whiteland Township,

In wet laboratory; air pollution testing chain-of-custody Pennsylvania.
protocols; maintenance of laboratory and field equip- Wastewater survey for U.S. Steel, Texas, including col-

"-' mont for projects; infiltration and inflow programs, con- lecting flow data and wastewater samples, and con-[" struction estimating; quantity take-off; pricing; and on- structing and maintaining test equipment.
site sewer construction inspection. Trained and cer-
tified in all safety requirements for sampling at hazard- Wastewater survey for Pennsylvania Power and Light
ous waste sites and Philadelphia Electric Company, Pennsylvania, in-

cluding the collection of flow data and wastewater
Experience Summary samples for National Pollution Discharge Elimination
Eleven years experience in wastewater, groundwater, System.
and hazardous waste field surveys. Coordination of field Senior Field Technician on hazardous waste remedial
equipment for projects ranging from groundwater action project for the City of Philadelphia. Project in-
surveys, stream surveys, hazardous waste, and air pollu- cluded groundwater and soil sampling for priority

. . tion. Inflow/infiltration studies, bioassays, construction pollutants and other hazardous organics and in-
* estimating, and on-site construction inspection. organics.
" American Red Cross Certification in Cardiopulmonary Senior Field Technician on lnstallalion/Restoration Pro-

Resuscitation (CPR) and Multimedia First Aid gram project for the Griffiss Air Fcce Base, Rome. New
York. Field sampling included soil borings (or PCB's.Basic life supperl course in Self-Contained Breathing and groundwater sampling for a variety of organic and

• Apparatus (SCBAi inorganic compounds.

Employment History Senior Field Technician for soil and swab sampling for
Dioxins under an emergency response contract (TAT)

%. 1980-Present WESTON with the U.S. EPA for the Times Beach. Missouri
1979-1980 Charles E. Moore Associates cleanup.

- 1974-1979 Rexnord Instrument Products Responsible for field sampling on long-term ground-
water monitoring program for chlorinated volatile

.1967-1974 WESTON organics for Uniform Tubes, Collegeville, Pennsylvania.
1965-1967 Lukens Steel Company Field technician on hydrographic studies in the

• 1963-1965 Firestone Tire and Rubber Company Delaware River Estuary for Public Service Electric and
Gas, New Jersey. Project included thermal studies,

Key Projects bathymetric profiles, current studies, and tidal marsh
Project Leader responsible for prolect planning and heat flux studies.
preparation, conducting surveys. data management. and Field project for a confidential client at a hazardous
report development ft. a Pennsylvania Power Company, waste site in Pennsylvania Sampling included soil.
New Castle, PA, contract. groundwater. 55-gallon drums, tanks. and lagoons for
Project Leader responsible for planning and execution organic and inorganic analysis
of field efforts and tor data management activities on a
project at Brunner Island Unit 3 for Pennsylvania Power
and Light Company, Hazleton, PA.



APPENDIX D

5Boring Logs and Well Completion Summaries

.

I-'

iA

K, -. -*--



S- 7 --. ,V

SKETCH MAP '

DRILLING LOG

WELL NUMBER: KW "- 2 OWNER: US 41=

LOCATION: I - ADDRESS: MC- (Yi0--e_-AF

,,.'T TOTAL DEPTH 2 . ",

SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILLING DATE *1COMPANY: -METHOD: A,,Rs Pe - DRILLED: Il/'

DRILLER: " S HELPER. A H. , NOTES:

LOGBY: Y: _____
"  

___

~DESCRIPTION / SOIL CLASSIFICATION 1- 1) 0

(COLOR. TEXTURE. STRUCTURES) :

3- A- \ c3 , e eC 0

--

2 SS L,' A-

4 SS 7.-

. o, . j e/t3 VLA I Q e. A LIP e .

Io

Zo -1 J Lial'. A&s1t~oim) HMO) SHEET ...LOF:2...
-"--a *.I = . a , --'e.'S-

Z . a . * b 5  S o.. S a

I l l'i M~i lhI II ~ l-" i'i 'lif~ li ,: 
..

: " " ' "' "" , . . .. - :" : ", a-



SKETCH MAP

RILLING LOG

ELL NUMBER: ~ A .. OWNER: US 4i
CATION: 'Zt~- ADDRESS: MC-L 0ie-.

p TOTAL DEPTH
URFACE ELEVATION:_____ WATER LEVEL: -

R ILLING DRILLING DATE -

RILLER: SHELPER A r4OTS

OG BY: I-.A -14

DESCRIPTION / SOIL CLASSIFICATION 1p'

~ ~ _ 2 - Z3 ~ Od..~x ~0

Z ,;-/ 0 0 

_________________

lo~~

L

71~

A&T~ DIM A I tbm.'.-CLAdjj SHEET.:-! O 0 0



BY______ DATE____ DI_____ SHEET ______O
CHKD BY ___DATE____ DEPT_____ W.O. NO._________
PROJECT

5! SUBJECT

'Proicch k-

PVC ki'rk -o

* &,coupf u4 ot 0 - e k

5 -4-i r13.a*.s

A..2

AP-11 ons-fre~tiv LN 2c7 'lCl 9 c4



SKETCH MAP

DRILLING LOG

WELL NUMBER: II'g. OWNER:V it r
LOCATION:. ~ ADDRESS: 6o.. ( i-Le-. Af

\AIVJIP ~TOTAL DEPTH______

SURFACE ELEVATION: ______WATER LEVEL:
DRILLING DRILLING DATE
COMPANY:-MTO:A of 0 DRLE:I
DRILLER: 1 HELPER: H NTS

LOG BY: LAA1 Ji

I ~ ~ ~ ~ ~ ECITO I SOI CLASSIFICATIONtoJ 11 7  /4 LL~ _

b ~'c'OLORAEXTURcE.STRU____S

-~~~~~~ WD A'.~~__

Q ~ ~ ~ ~ ~ ~ S Q__ _ _ __ _ _ _ __ _ _ _

2/s I-44 ~ ~S~

'4 _ _ _ _ _ _ _ _ _ _ __q_

/0 ~ ~ ~ ~ ~ l fC. f) .E. L'



.. . _ % . ... . %- ,% % . ,- . .-. '',2-."% .-. 1

p. SKETCH MAP

DRILLING LOG

WELL NUMBER: OWNER: US 4
LOCATION: Zoft)-. ,. ADDRESS: H CZ, (Jo-. ,I;

TOTAL DEPTH __.___,

SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILLING DATE
COMPANY: -METHOO: A .oPA-.. DRILLED: 1°/OE

- DRILLER: 1.S. HELPER..J' NOTES:

LOG BY: L.A.H

DESCRIPTION /SOIL CLASSIFICATION ;

(COLOR, TEXTURE, STRUCTURES)
... - -

bi
6 Ss."A . N ___

0- I -

IJ

/" f-t'
* ..~-.



BY______ DATE____ DIV SHEET OF-
CHKlD BY ___DATE____ DEPT_____ W.O. NO. _________

PROJECT
SUBJECT

Oa"ing

2. &(2ouA~tb sukW4t.C

-eiV~i4tnk&o

r~E &5

p-e ,f oL

vie. 0'e ~~.

'- I ~c~b~ r00

0~ ~~Z 00e 0b BWc 136s,

A-1Cocuwtruhiv L4 A 4% F
RFW 338-"l0



SKETCH MAP

DRILLING LOG

WELL NUMBER: "- 4 OWNER: US
LOCATION: "Z0 r i ADDRESS: 1 .1L -t'L. ." 1, 51
"_______ TOTAL DEPTH_ _
SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILLING DATE
COMPANY: METHOD: ... DRILLED: I --_ _ _ _ _ _

DRILLER: A E. HELPER "J NOTES:

LOG BY: _________ DESCRIPTION/SOIL CLASSIFICATION

(COLOR, TEXTURE, STRUCTURES) I..£

SC - ex

2.--"4 . ' v
J t.

__.A I eA& e( w- t p~Ic 7- . 1% '_

SE .. OF

__-"__:±) , 4io . '/,. ' .. ,.' .-: "___-___

-- - ':I_

" - _ _ _ _ _ _ __'_ _ __._ __, _

! ,~



. .j

" ' SKETCH MAP"

DRILLING LOG S C A

WELL NUMBER: - OWNER: "

U LOCATION: "-V7 y .% ADDRESS: 6 C,... (.i;t..

TOTAL DEPTH______

SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILLING DATE
COMPANY: k I- METHOD: A00 Q0A.- DRILLED: ______
DRILLER: 7 - HELPERJ A ' NOTES:

LOG BY: /

DESCRIPTION / SOIL CLASSIFICATION 14 'J'

(COLOR, TEXTURE. STRUCTURES) PA F...t£ w

- C -Oi . L- __

/ -- ., . __,__

-'p-

goI

p~As~ 0ST18"E ) i~t""~'7 SHEET AOF 7

toy#



* BY______ DATE_____ DIV SHEET OF-
CHKD BY ___DATE____ DEPT_____ W.O. NO. _________

PROJECT
SUBJECT

p.--

-e

Cou. I ts ril -c kd

Pvc.. sceen

4/0

Well Ccwv lrucA 6-, b
RF kiI N~um~ber M "V4



, , , -j, . , -. , z L,, - '., , - .:.: - - . - .- ' ., . . ,.,- - ... :.-. . , .. . . - . . .• .

SKETCH MAP

St. DRILLING LOG

WELL NUMBER: :___ _ OWNER: US Ai -
LOCATION: op~5 iv ADDRESS: HC 00 4

LA.'6Q ILL_' _________

___ __ __ ___ __ __ TOTAL DEPTH O_.,h

SURFACE ELEVATION: WATER LEVEL:

DRILLING , DRILLING DATE
COMPANY: F-0Porl- -METHOD: A) vo£ &DRILLED: 10-I" -1
DRILLER: 1"_ HELPER' A NOTES:

LOG BY: "

DESCRIPTION i SOIL CLASSIFICATION H IJ

(COLOR, TEXTURE, STRUCTURES) P P

,-3 -I,E " ILck. FILL 6. -or rA A _J A

/*-IA~w IOA S'J

2.1" * T ' , K - ' A .- , r _ _"

/ 7

I3 /26 10.c -I ~ ~ ~ SL.~__

"S'"- t_ ___ __ Io.o I,, Vt ...,r.. C.. t V./ \., hrU- tr,, so, /., 0',,. '

S. J / 
-

V.

.5.,

, *.--- -.- _5.-.v .. ,_ ., . ..-...-.-. ,.-, .-. ..-. .:'-.-..". .:. .:.:.: .-.-. ':':-------. ,> .. ; .,,' ,:,:.



SKETCH MAP

DRILLING LOG

WELL NUMBER: - OWNER: US 4 1=
LOCATION: " ._ ADDRESS: Mc- (, -  /

:i

L..Ju tL FL L.__- __

___________________TOTAL DEPTH_______

J SURFACE ELEVATION: WATER LEVEL:
DRILLING , DRILLING DT
COMPANY: ._I. p.I .,L METHOD Aoa.e&. DRILLED: NO1)kii' TES:

DRILLER: r s HELPER:. A tT

LOG BY: w"_ ___

DESCRIPTION I SOIL CLASSIFICATION v 0

(COLOR, TEXTURE, STRUCTURES) M

10-. S A VI f-+' ... I -, e , -

4, -e ]

LJJ

toi

IIl. .,,- t'v



.- BY_____ DATE____ DIV SHEET OF-

-~CHKD BY ___DATE____ DEPT_____ W.O. NO.

PROJECT

*SUBJECT

2in

cpf~u~b -Cee4

000 6 c
- . Co

00

RFW 
P-1 Co-tru~ii La MCCOre4FL



SKETCH MAP

"" DRILLING LOG

WELL NUMBER: !. j!- OWNER: VS 14
LOCATION: __________ ADDRESS: H c- A0 0

TOTAL DEPTH

SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILLING DATECOMPANY:_J.LL....METHOD: _V.- DRILLED: a OT3ES

DRILLER: T -  HELPER .OH , NOTES:

LOG BY: s

DESCRIPTION I SOIL CLASSIFICATION 1 .)
(COLOR. TEXTURE. STRUCTURES)

Z//?.. - C,-04..1

__~ ~ 1 1__ t IL~k. A'4 rJ 0 S' Il ___

*ttamoj ro Q_~L Ac-(- ~

wv-, I \ L

//

S.f 1 A;_.Q $-- --)e _ _

I stL~gytitA sa____

N -,1

p-~b 16, p =



F SKETCH MAP

DRILLING LOG

WELL NUMBER: COWNER: MA P

LOCATION: ITZ lz ADDRESS: (C'L1Ie..A j
-Ati. .L.-_L. PILL__-I-

TOTAL DEPTH "

* :': SURFACE ELEVATION: WATER LEVEL:

DRILLING ,,- DRILLING - DATE
COMPANY: tPMET'OD: AocP,.- DRILLED: . L NOTES:
DRILLER: ' HELPER: A H-

LOGBY: Y: t N uj m
• - *=-

DESCRIPTION /SOIL CLASSIFICATION -

(COLOR, TEXTURE. STRUCTURES) ( r

.-Z

__ _ _'l _ _

6 :2Ro 26., -<, ; ' ., ' -.. , I t

•_ (.C2"% .AV%-

-o7

to I I;l "

NQO__

j.. .S. O .,IAfKA) c .v, SHEET "..OF

l .*m*---,-.-.""--- ."/



BY_____ DATE____ DIV SHEET OF-

CHKD BY ___DATE____ DEPT____ W.O. NO._________

* PROJECT
* SUBJECT

P Q~e i '

wifl FIUJI r6g~~ ThzctA

C.2ni0 o

vypUt C,(u-rub44d- La1'-"

.. . .. . .. . . *.% *****- *'.%b.- e..%



SKETCH MAP

DRILLING LOG

WELL NUMBER: V- OWNER: US 4 1K "-" LOCATION: S |r_ -". ADDRESS: _ -____ .__"__-

__ _ __._ _ __ _ _ _ TOTAL DEPTH

SURFACE ELEVATION: WATER LEVEL:

DRILLING DRL.G DATE
COMPANY: SNOHELPEMETHOD: A p- DRILLED: NOE

DRILLER:_________ HELPER_
"  A_ H NOTES:_"___

LOG BY: f1V7 ;

• . DESCRIPTION /SOIL CLASSIFICATION I I '
CIE;(COOR, EXTRESTRUCTURES)

F iL

-. 3

w
-3 s.S .- . N t_ k.Fv--' -.',+ . ..-...= s, . ")

IU" J

A, e 1 7

-HE -- _ OF/

,,.

.............- .- .- . - .
r.. *.' O- N ee 

-  
S 

' '  
L,,.0. dS ET _ .O .

,, *b. o- a . - it



SKETCH MAP

DRILLING LOG

WELL NUMBER: VJ- "7 . OWNER: US J1 h
LOCATION: S T/ -?. ADDRESS: H Cz. ( ie_L..Ai'J FIg..L.. -t7._ _ _ _ _ __ _ _ _ _

-________._____TOTAL DEPTH q ,

SURFACE ELEVATION: WATER LEVEL:

DRILLING -- DRILLING . DATE
COMPANY: _i I zLL' METHOD 4!2 ,, ., DRILLED: 10 L 1_

DRILLER: "T. S. HELPER: ,A. A NOTES:

LOG BY:.- ~

• DESCRIPTION/SOIL CLASSIFICATION 1W
( : .- - , (COLOR, TEXTURE, STRUCTURES) - ) ,

r-r I

/ ___

-S - IVf 01

. .

8 ~ __ S c, LaA e-S01

s..e. si•

u.,-- -,-/

* I

ASTM 15f cv\.4 4SHEETAOF.L.

'A.1 -•



BY_____ DATE____ DIV SHEET ______OF-__
CHKD BY ___DATE____ DEPT____ W.O. NO.
PROJECT

- SUBJECT

0rc,4a6 UW

- ~er Pin

L P

~~o2 6cM e~k
004ov,-, Sa

go 
-44z-0

ga/

Cou-,1 r c6ak

No 1- 614i 1 61d

.2 ~~~ r, 20 *** -, 61,0+A *A -

-~~ q*** *

Lost-p ~ ylL F



SKETCH MAP

DRILLING LOG

iU WELL NUMBER: 1 J OWNER: US 4 "

LOCATION: 2 I --- 2-- ADDRESS: 60 1 A A
L.,/, VJb F I/..L.. - "2_

TOTAL DEPTH 6,

SURFACE ELEVATION: WATER LEVEL:

DRILLING ,,. DRILUNG - DATE
COMPANY: -METHOD: A&e, ., DRILLED: 10"2)"
DRILLER: _____"_HELPER.": _ )_ _ NOTES:

LOG BY:

DESCRIPTION /SOIL CLASSIFICATION;!ii!(COLOR, TEXTURE, STRUCTURES) "-''

V% e- t~ bc-l l L.A &LV

3/,f C) I -.-

V C4 \.I 0>'. V 1k I*- .4 J% Ti/- I -*

CCA't:c At4. I

AST $ DM Hl\. " " - C1 A.0-Q.ISHEET.-". OF2.

x, -/t.7 .



SSKETCH 
MAP

DRILLING LOG

WELL NUMBER: J' OWNER: US / -
iU LOCATION: S IT= 1._ ADDRESS: M c..

TOTAL DEPTH .
SURFACE ELEVATION: WATER LEVEL:

DRILLING p. DRILLING DATE
COMPANY- r o ± . METHOD:A o .o.e-.. DRILLED: 10- -11 - O TES

- DRILLER: r- HELPER:__________NOTES:

LOG BY: _ _ _ __

"-~DESCRIPTION / SOIL CLASSIFICATION HI
'- 7, ~(COLOR, TEXTURE. STRUCTURES) v -Ao

, s tic. e SA- ,'

"-_I % C

6..S. •___

Lii3 6. - S41.F I __-_

u, L -e - %A - At

-.-.- _ _7 s ,N- Sa0' . "

--- -^ TV II V#V CA r. _c___. ie

•I -

&STK5(V SHEET.!:: OF .

Co .- t



BY DATE DIV SHEET OF

CHKD BY _ DATE_ DEPT W.O. NO.

PROJECT

I* SUBJECT

I -f -4

P'4C ~'er ~;er

ne ;,,- k, ot kcimr.r I CN..

180
-.. pOC "4-1

'NI'

.." " 
1 4 F61l~ m ~ "

g .'.o...'. . ...... -............ 5 -.- S 

'' 'q . . . .. .,



SKETCH MAP

* DRILLING LOG

WELL NUMB3ER: -9 OWNER: US/
LOCATION: S -.3 ADDRESS: M C. (0Lidz-

___________________TOTAL DEPTH_______

*SURFACE ELEVATION: WATER LEVEL:

DRILLING ~I. DRILLING ~ DATE
COMPANY: ~ L - ETHOD: A&r o-,&..DRILLED: 9b3 NTS
DRILLER: PI HELPER''~NTS

LOG BY: T 6

DESCRIPTION / SOIL CLASSIFICATION

I~(OLR TEXT~ok~ *~URE, STRUTUES

Nk k 't oI C:

A-e

23

tos~t~ IUD £1e 1 'Ic(. -

AL TI 014 o\) V- fr, 4 SHEET-L OF ?

I( eAW~



VV -Z* -. ' . -.,.,T v 7.

SKETCH MAP

C":: DRILLING LOG

WELL NUMBER: - OWNER: US l Iq
LOCATION: SIT 3 ADDRESS: Mc_. (, .-.. e'AFi3

4" O F i .-L "3 "-__ __ _ _ _ __ _ _ _

_________"________ TOTAL DEPTH 3/.
SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILLING DATE
COMPANY: -METHOD- .Ao .- RILLED: I 3 - 3 _ _--_ _

DRILLER: 2 !-- HELPE R Y -H NOTES:

LOG BY:

DESCRIPTION I SOIL CLASSIFICATION lj,

(COLOR, TEXTURE, STRUCTURES)

JLIOIi o,.,,>" o-~# is. f~l.-. C/- __..;6-- - - /'C- ',... <,L I 7° ,<.,p : , :_;__

Jq -

.~'- ..

v e- s~~

Z_%o-' S), i7 A

L
A.S.T.M.D Ij° H. ) , , ,-d ., ,. , SHEET .. OFL""

let%.~ .S%..N~ I"



BY______DT____ DIV SHEET ______OF-__
CHKD BY ___DATE____ DEPT _____W.O. NO.
PROJECT
SUBJECT

C~in

P~~~~te Qt-e -4T -
su~6-- 0.~e&~.&0

Flus ti7brr--

I."- 20LnC4

./0

Cons-tut.56V

Number-MKIF C



SKETCH MAP

DRILLING LOG

WELL NUMBER: t OWNER: US A F'
LOCATION: srra -3 ADDRESS:, 6 Cm 60-1

_______________TOTAL DEPTH

SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILLING- DATE
COMPANY: PI L;--_-METHOD: A .P . DRILL ED: 0 Q 31 ,33 NOTES:

DRILLER: _ _ _ __ HELPER J  A ' NOTES:

LOG BY: _ T

DESCRIPTION /SOIL CLASSIFICATION H J |
-. ~ c (COLOR, TEXTURE. STRUCTURES) PAO _

.. /-''.

b - - ~~-~eb ~'~c.. ___

-p -4 - SH v k~_! ae

-. 2.. Ss% '-- "-" " ,,

% L--..-@_ _

i li /-

I-- I_ _' L _ , A e; I

_S /~ i~

A..TM 01NV- ft w d n r t~ ~ y ) _ iX SHEET OF



Wvy SKETCH MAP

DRILLING LOG '.

WELL NUMBER: ___
J 

______OWNER:___

LOCATION: rFi, ADDRESS: H -- f -ti i - - - -.

______ _____"______ TOTAL DEPTH 3 o 9
SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILLING P DATE
COMPANY: E THOO:IA _i. d-MT-.-:DRILLED: Io, _ NOTES:
DRILLER: T - HELPER: _ NOTES:

LOG BY:______

.~*)~# ~ DESCRIPTION / SOIL CLASSIFICAT!ON

(COLOR, TEXTURE, STRUCTURES) F"

jK9iiAt ' /u4 ,voS, / ___

~~cA'.-I44 4 UJ __

4"L' -A -t -K,,

7l IUD,6!I. h'~k.

Se --ut t

IC. 4
cqL % .s

-' DIO Lo -; e P- (,..' 40M Ik-.SHEET -2... 7-

..-- b0 tJ

A," 'L A •



t BY______ DATE_____ DIV SHEET -OF-
CHKD BY ___DATE____ DEPT _____W.O. NO.
PROJECT

* SUBJECT

r~x Rpe ,,,fr--

&,QouAJm suCFAc-eee-

Cz

t 0 \KLl No'ser- Mvp~e



y "r _
-

_

D SKETCH MAP

DRILLING LOG

WELL NUMBER: -- W-( I OWNER: US
LOCATION: ''rl -3 ADDRESS: t - .C J 1 P.

.... _ _ _ _ _ TOTAL.DEPTH 31 ., '
*.,'.- SURFACE ELEVATION: _ ____ WATER LEVEL:

DRILLING DRILLING DATE
COMPANY: L METOD: A9J.e &..DRILLED: NOTES:

r.7 DRILLER: 9. HELPER:J - "N

LOG BY: U)Tl

DESCRIPTION / SOIL CLASSIFICATION '.2.: ~(COLOR, TEXTrURE. STRUCTURES) o]

,* 3

-A)D. -

2- -
'o- I:4/6 c 0- "y *t c

'a7

Oie ", 3A f 1 Aoav1t /4NJ

- - ~ 3fAU) EJ&tos± vJ

1-4IQ e 1 I c( I SHEET OF Z.



SKETCH MAP

DRILLING LOG

WELL NUMBER: V.I J--I! OWNER: OS 41=
LOCATION: C SIT F_ 3 ADDRESS:M -

L.Ajj0 le LL -3 ._

TOTAL DEPTH - I
SURFACE ELEVATION: WATER LEVEL:

DRILLING - DRILLING DATE
COMPANY: -METHOD: Aoc9,(?-- DRILLED: 10 I. IOTS -
DRILLER: ' HELPER: J  A d NOTES:

LOG BY:

DESCRIPTION / SOIL CLASSIFICATION

C~e URI(COLOR, TEXTURE, STRUCTURES)

-, -L o e

~ \~ICJs. ..-'C1.-

fOf

2,o~, aoA°

;::.:: -L...

- - -." -- k c ~W__

'--p.

A..TM D50 I Q M'e C L V'<, A K ( CL -0 %I SHEET .. .OF ..

kA.-. -. v '- .:.-:.-: ,-,.. ,. ,.. ,- .,-,. .. . - ..- , .. ,... . . .. ..* . .. . . .. . ., . . .



, - ,,a...

- - BY_ DATE DIV SHEET -OF
CHKD BY __ DATE DEPT W.O. NO.
PROJECT

SUBJECT

¢ern P.. 5rfa~l e

I-g ° ° '*

& --'} /.5

,:.:.k Ak_ m :k

.', 2 - e- 7 g

0

coQ(u ')C, 0-1j e

'- " " ' " " . . . ' ' ' " , . ' r " " _ * _ ° ' ' e 
°  

% ,€ ' o . " " r ' " " ",, -.....--....... . .....-. ,.

Cou-tr uQ~~9'IC. Ale en ;i

W6( ANu__bP__-M



SKETCH MAP

DRILLING LOG

WELL NUMBER: IlL -- 2-- OWNER: U)
LOCATION: s t1 i. ADDRESS: HS-6011I.e&AF

FL~ TO2AG.TOTAL DET

SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILLING DATE
COMPANY: .,pII; METHOD: Ao. DRILLED: NOTES
DRILLER: - 9. E HELPER..J NOTES:

LOG BY: L._A. H

O - , . , DESCRIPTION / SOIL CLASSIFICATION k i

__ ___ _(CLOT E E,, E STRUCTURES)

I 3 s o nt"b c- .- f 1, 4.'. F, -_ -

Ji3 I~: x x e-. / A&kW

-4

S. "/ ,,"u

42 '1 .'-

,'W.e.. j t1,. ,j F SA.-.¢ ,e _

ii,. --I&. =  .-

.,Cv,..o . .,/j ,,4,,,.--__

..- ....A... !, -- o.. '



AD-A148 687 INSTALLATION RESTORATION PROGRAM PHASE 11 STAGE I STUDY 3/4
MCGUIRE AIR FORCE..(U) WESTON (ROY F) INC WEST CHESTER
PA OCT 84 F336i5-80-D-4086

UNCLSSIFIED F/G 13/2 NL

EEohhEEEohhhhI
EhhhhmhhmhhhhImomhohEEEmhshEIEhhhhmmhhhsm

Eson h~EEE



"

13. II.L 24;

I 111U

~MICROCOPY RESOLUTION TEST CHART

NAT IONAL BUREAU O STANDARDS lgb A

. . .
,.-.

- .- '.3"-.- ,',.'. " .
°

, " .- "4 ,,* " w" ,,""." ' . ."", - MICROCOPY,,,-p ., RES LU IO "EST CHARTo . - , - .. / .• . . -,. ,," . '. ,. .



,,

r

1"""APPENDIX D

Boring Logs and Well Completion Summaries

p-:

I

uC..-
.5 .% . s *5 V .. * , %! 'q*!. 4 . **! * A' :

**..



SKETCH MAP

DRILLING LOG

WELL NUM1ER: .- 12-.. OWN4ER: US A I
PIZ LOCATION: S /"11( - ADDRESS: 8S-62,P)oId..AFr

TOTAL DEPTH 43

ORILLING pE, DRILLING - DATE . .
COMPANY: .-,J-PtL METHOD. A ¢ n,/ DRILLENOTES

DRLLER: %HELPR: a 
_ _ _4 NOTES:

LOG BY: LA.1H

DESCRIPTION I SOIL CLASSIFICATION H. Q

(COLOR. TEXTURE. STRUCTURES) a awl

__,_1o ____,

--s °"" ©/,,E C&. Vt- ~C.. ,* -_,.,. !o

fi i

/20. Low

-- -, LV t %.. I 4L_

-- " - %!)ec 1 ~ ~ ~ c'

- .

LAO .. A , I* -f wt * . CA P ft

las

b~ ~ ~ ~ ~ ~~~~~~e de..j-lI IU v', tv.P ,,.1, 4) HE.LQ /

,X. ",".:.",".":.. ;:. % "..,, .,:." , ' ,,' .., " .,;. '' '.; ,9' ''ss. Z/,-& ,''", , v¢ , : . ,,



SKETCH MAP

DRILLING LOG

,NUM.R: " - OWNER:_ ____1_

_________________-C ADDRESS:

A R--EA TOTAL DEPTH "

f.-.- SURFACE ELEVATION: WATER LEVEL: b -0'

DRLLING DRIING DATE

~~~~DESCRIPTION / SIL CLASSIFICATION I1 j

~~~~~(COLOR, TEXTURE. STRUCTURES) -£)ei'

COMAY. E .h.M~hD ~~-.RLD

k -)

0--

,,,%- t. -T o

-7 -- !

.. S

m .

S.-.. 'l. l T I g l 
I' " I r 

l IF l r t l l -* - I - ! , ',l k : i i i i~l i l i ~ li lllll l .- - l i -
:S -________________I_____"______"______________I__I_____________



COME- SKETCHU MAP

DRILLING LOG

NUMBER:-_ s- O - P
LOCATION: T"I..".- ADDRESS: M--.vi-Le-A-,

A 12. .  TOTAL DEPTH 2-0

" SURFACE ELEVATION: WATER LEVEL: 6 -p

-. DRILLING DRILLING DATE
COMPANY:_. .LM. METHOO: Ab4,PG,(- DRILLED: 10jtli NTS
DRILLER: .11 . HELPER:.J .. 44 " • NOTES:

LOG BY: a

" -'" ~DESCRIPTION I SOIL CLASSIFICATION .

(COLOR. TEXTURE. STRUCTURES)

_ _ ,_,,

~0

S-...

y. .. Cai i

,v- - -,N e "tt.. ' , io.4 _

"'" 0 A T"

'4'

6-- 9-c-4., -'QQ -
ALsT.O Dim SHEET OFL.

'. ~ ~ 4q5
.*



MO W SKETCH MAP

DRILLING LOG

NUMBER: - OWNER: U
DARESS: "D ESS

* - _ _____ _____TOTAL DEP 23

SURFACE ELEVATION: WATER LEVEL 17.
DRILLING DRILNS DATE
COMPANY: 1- 11 METHOO .A&...DIL DN I D: NOTES:* DRILLER: 1- _ HELPER."R ________NOTE_

. .LOG BY:

C.- tDESCRIPTION ISOL CLASSIFICATION I

die':, (COLOR. TEXTURE. STRUCTURES)

I S$ 0-I," 1*-, t9 -fd' $ V ~. SiLJo) o,, tGo

sI'

?,

icr

kv -r- a-%-4fvW

-3

f;-I ,A.4 AA • .

A'" *STM 0, ' SHEET4....- OF 1 " :

V. -~~*~ 4 y .\ % . .* V . .,



SKETCH MAP
*Mg W

DRILLING LOG -

* *- iOWNERI.
WELL NUMBER: OWS

LOCATION: I -r iE ADORESS8: 0-e
TOTAL DEPTH________

A..SURFACE ELEVATION- WATER LEVEL'
COMPANY: F-t r- METHOD: &4g$ PtL.DRLLED:Ai4 NOTES:

e r (COLOR. TEXTURE. STRUCTURES)

SS _ 'u1v IL0&.w

92lg V. 4

61-

~IA IVth 7 e& . _

CCD

ASTM DSFSHEET .. OF



J- .

SKETCH MAP

L DRILIING LOG ,

WELL NUNGKft OWNER* Us..t i..............
LOCATION: ADDRESS:_____________

TOTAL DEPTH
SURFACE ELEVATION: WATER LEVEL ,. o"'

DRILLING DATE "
COM:D _ILLED: 10 gin NOTES:
DRILLER: ___ __ __ __ __ __

LOG BY:.....~LJ......

DESCRIPTION /SOIL CLASSIFICATION
(COLOR. TEXTURE, STRUCTURES)

IA % 03.Gr~eu~ vo..y S AINO r~t tcu&m.
X 

--- "-

7.~ 1 1

" -, I& f..
927

8 +;4 -s ,j p ... 7 A Clue_

Iu 3 ,.-

-
e

I 1" i+

11, 47 -1 41p S /L

'..:"kS..-. .tW .'a t M 1011,5T-A ,o,ojmm cde t,--,1,/N1UV SHEET OF



SKETCH MAP

-DRILLING LOG

WELL NUMBER: OWNER: o U F
LOCATION: _________ SS: 61 10E_ -to-___

TOTAL DEPTH 19.o
SURFACE ELEVATION: WATER LEVEL 1"? .

--- DANS DLLINS DATECOM PAN Y: _ _E.... .HO D A & . .. DRILLED: 10- 1 1 3 N-T-.DRILLER:_ HELF_______.___ NOTES: .

LOG By: 1 7

* -" DESCRIPTION /SOL CLASSIFICATION ,

(COLOR TEXTURE. STRUCTURES)

. L .. p t
"

gi ., IA LIV

3 C9 .. -

LfA SS ~ S ~ boAi A-

.''

qA SS 77 9-0.- , -rs . ,4,, ,

l___" *sr -g HE _J_ F :

-~~~~~~~ -TI ,is A~)O '~

10@VAIV, Ave Ke. 0- 1' I

As~ DN6SHEET .. LOF



SKETCH MAP

DRILLING , -" G -;

E WELL NUMBER: OWNERA f
LOCATION * S I -T c ADDRESS: 620 d

-DPDO ';-g t"__ -_

TOTAL DEPTH "'.o
:' SURFACE ELEVATION: WATER LEVEL 9"

DRILLING DRING- DATE
COMPANY: ., f±LI.it.c...METHOD: A#01tDRLLD I dfi

4 DRU.. R-________ _.._. --- NOTES:

-. LOG By* ki

DESCRIPTION /SOIL CLASSIFICATION 11 ,
(COLOR TEXTURE, STRUCTURES)

ro b - 11.'~t~'& -S.~ SAi),, t

- -O t e . -2~, c v etL4l

*ASTM 0l5, SHEET OF .-
e"

s* - '?..% =' '= ~ ~ ~ *



SKETCH MAP

DRILLING LOGi

WELL NUMBER:: Ts-/0 OWNER: Us I ii

LOAIN - I- S.- 6 ADDRESS: 'H c- A,L5de of

,-.5- .M:_TOTAL. DEPTH - 1_

SURFACE ELEVATION: WATER LEVEL- -

DRILLING . DRILIWNG_ DATE
COMPANY: F-ME'hOO:. A .g4.. DRILLED: o-i'&
DRILLER: I. L- HELPER: - 3 H NOTES:

LOG BY:_______ ___

DESCRIPTION / SOIL CLASSIFICATION 14 vi
(COLOR, TEXTURE. STRUCTURES) P L-AgO

" .,5 . T-b ' Vtf- 'u. s, .I7 -, ... , ,.-/

SI .55 9o ~7 AJ -et .'

..-- a- i - IG. ,'uIs , .2. o,'. ; '___

• .-. ( - %/ C,.I. ,. Qr ,p I,L . ... , r U > ~ ~c

I

/ -

- ~ ~ ~ S 1319--r ,

•. f I

I c ,,_ . % ". "

- 4%
,-."' '-o % .,,.4, ,, ,, !, . ,. S 4.

, . . .. .7

':ST " 0,1 9" ~ SHEET OF__

l I n IIII • I- : : :: c 1- " .- , , : I " i " f l , ! _ %



SKETCH MAP

* DRILLING LOG r
WELL NUMBER: OWNER:_) iis -
LOCATION: r t, 6 ADORs.M-~joe.(-

SURFACE ELEVATION: WATER LEVEIL'

DRILLNG DRLUNG DATE
__COMPANY: -METHOD: &ZLDRLE:
'VDRILLER: p HEPF -1 NOTES:

LOG BY: UQ

7~ I'. f-& t~

_fo ss/-- _ _ _ _ _ _ _ _ __4-_

14 7. c__

NJJ

*&STMOIUS ~SHEET ... OF ....



SKETCH MAP

DRILLING LOG

WELL NUMBER: _L _ OWNER: US 1
LOCATION: s' Irc - G ADDRESS: MC5- )i2-L-AE,

TOTAL DEPTH___________

SURFACE ELEVATION: WATER LEVEL: I

DRILLING DRILLING DATE
COMPANY: _ U__._....METHOD: AjeotV- DRILLED: /
DRILLER: V- E HELPER:. J  H "___ NOTES:

LOG BY: U.i)

ON DESCRIPTION / SOIL CLASSIFICATION

(COLOR, TEXTURE, STRUCTURES)

...~ ~ ~I I ss h/ 'P6 cL" v , a,., /, '

- , /- /-"

2A 51;~

3A SS 1-/ 7 ~ 4L(ALQ~~ L AV' Q>0

:.-:. , 17 -7 o - - . . , I.. 'vto -14N, CAo

6-"o-

- - 1~ 1, G. ee i X- S; b"" /, A J .

-~~~ A. j IQVr*

- ~ ~ C~c v-~ ±ECCVe.,I C eAP\0. Q.

AS.T M DIM SHEET 4-.. OF .--
I.- -,



- -*- .-. * * ,'~* -'-

SKETCH MAP

DRILLING LOG

WELL NUMBER: " OWNER: S E
LOCATION: Si r"! 6 ADDRESS:

____ ____ ____ ___TOTALDPTH "

SURFACE ELEVATION: WATER LEVEL:
' DRLLING DRILLING DATE

COMPANY: ..-.E -METHOD: A ,h4,,o.DRILLED: le' r NOTES:
DRILLER: - HELPER. "

LOG BY: 22

DESCRIPTION I SOIL CLASSIFICATION 1v

-- ~~~~ (COLOR, TEXTURE. STRUCTURES) UA)Jg

* - - I I/ "5 ' ""=
(f/ I ;ve, -

, c' 71 Ia. egfI'p

4-...,., ___

--... ) 's -- a o H,.-1 ./ '.-/ Sd ,,. -;tI'. i',, _ _.,._.,

__ 0 4, 1oi6 1: 7 1t Ij. SA )-- , 1 .. _
-

__

II__I~~18-10~t - SC'iur n ~7 1~ 1 ~ o

** .. - I
- ~ ~ ~ ~ ~ % go - zct~~I'~~p~ ~ Sl

p,.,.

ASTM1 O5M SHEET -A. OF -

,.',a. a' , ; .. '. ., ',,. .,' -. '+ a'- e. ,'- • ." . ,', ', ,' ,',......................'.................,.'.....................-.......".. ,'-.*-"
m ' ' I - L - I '1 .d ,,. . . . .. ~ lIidl-a ,w mw.amlml. . . a*.P *.I. v.. *. 5S -



V SKETCH MAP

.i DRILLING LOG

WELL NU M BER: K. V OWNER: US, 1=
LOCATION: ~ ~ ADDRESS: H c- (vw '-r-F

F, ;,. TOTAL DEPTH -,C. '

SURFACE ELEVATION: WATER LEVEL:

DRILLING ,, DRILLING- DATE
COMPANY: ..- ILL' METHOD:. 4A ,v- DRILLED:--I1.(
DRILLER: S HELPER:" A 'I NOTES:

LOG BY: .'
S~.

*5 - DESCRIPTION/ SOIL CLASSIFICATION H '

(COLOR. TEXTURE. STRUCTURES) M

A :_. s.s O -I. " '(-, .7"low CA ,'.e 1'F.- '0
0 -

- __ iwJw° 7 r _

e.. W f c! e 0

.4 1 la - - 7-

* *&TM.•

& A '... 4r .oE J ..



WELL NMBER:SKETCH MAPDRILLING LOG

WELL NUMBER: MV - OWNER: US A I

LOCATION: 2'. _. . ADDRESS: M IJe- APB

F:.-&_ C..__ I TOTAL DEPTH_ _

SURFACE ELEVATION: WATER LEVEL:

DRILLING .DRILLING DATECOMPANY: JMETHOD: A-0.,5-DRILLED:. _01____NOTES:

DRILLER: llr A HELPER:' A. H. NTS

LOG BY: -.

DESCRIPTION / SOIL CLASSIFICATION t V

(COLOR, TEXTURE, STRUCTURES) M 0pp4e'
,.',-

6 ~ 4 23.- Z4- ri1ac SA'UQ some-_

S30

-'.:_:-4*'r _7 7 "-- !1

5- -

-. Dg k t A u I ~..%j) ~ SH E~O iL

I° .-- )a

V v• i L.a ~ % % . >~ .<*~w



T- T *t T .T-

BY DATE DIV SHEET OF-

" CHKD BY_ DATE_ DEPT W.O. NO.

PROJECT

* SUBJECT

.., .o,-; _ .) - gee+

CA011p 6An

"Pvc scree.n

Atsr ,. -~fku

.- *.

2-'-4.

-- ~L -~o - 8,e, l'.+S

dc.. .'sr•A.AS

.N

'... . I *.. .~~**%
*% ' - *



"-. ""_________.,,"________,_____ . ',-., , a a - ',3

SKETCH MAP

DRILLING LOG

m WELL NUM3ER: . OWNER: UVS A P
LOCATION: SNi_ A ADDRESS: b.-0.0_.P-rta

__________TOTAL DEPTH -

- SURFACE ELEVATION: WATER LEVEL

DRILLING DRIL DATECOMPANY ._..o: METHOD - , , RILE: Io0,
DRILLER: HELPER:. M4 O

LOG BY: . 44.

4-

4b DECRPTI OI CLA CA

I , "o/9' - . --. %I

IJ I

SMS E

4,.@

" t,, ,,,,,SHEr_.. OF



BY_____ DATE____ DIV SHEET OF-

* CHKD, BY ___DATE____ DEPT_____ W.O. NO.
p PROJECT

* . SUBJECT

C~aing

&Roukro SAter Pp. l o eep

&rt.

,jiFk~s, 7hrrtaCtUA& O~

00

0-02omenAM 6lo+

P.,.scr-een,

-*~t e a, L dp & r

~~AXII ~ ?tnbr $W/ 2-
.......................................... I NC:



• • ° % . - .., ° ,% "

SKETCH MAP

DRILLING LOG

WELL NUMBER: t Ji. .. OWNER:-LS4
LOCATION: 4I "-7I ADDRESS: bc..C(tJoI-AFSrrs QoQ AL A. C. "

_____________________TOTAL DEPT

' SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILLING DATE
COMPANY: oiL-. METHO: Agj.e&. DRILLED O0 9 NOTES:
DRILLER: ' HELPER: A NT

LOG BY:

.&b. DESCRIPTION ISOL CLASSIFICATION I tJ Q
(COLOR. TEXTURE, STRUCTURES)

2. s3 __ eoILJCli t 4 .

o- Yo %. f_

,.1 -7 - I? q,-

-7

- .o. I

.,...; D,. o €, ,, I,,, oI.,.G. w -. . 1/ . .. e..o

sf/4% -- gog-e -- . _

A •-7 -- I SU AEg, . It,, A .. , I'- SHEr-_L.- o;. _-

((a. meecu comn- CL% 17 .va" -r or- 7



nSKETCH MAP

DRILLING LOG

WELNUMBER:....Jj13 OWNER: USA 1
. .LOCATION: / T g ADDRESS: M C-H 10jo0e-.

* ____________ TOTAL DEPTH "

SURFACE ELEVATION: WATER LEVEL:

DRILUNG - DRILLIN DATE
COMPANY: -. _JL . METHOO: A00.56 DRLLED: -/q'I ,/
DRILR ANOTES:

.ORLLER: -r - u .HELPE "'

LOG BY: T

q ~*4 DESCRIPTION / SOIL CLASSIFICATION

(COLOR. TEXTURE. STRUCTURES)

/

-~~~ -

mr -
= -OMA ~__

1, /

*k~~~~~~ii~~~~. rN "-. IAc~4rj.I.~t ~ -

.'. stv b'.



BY_____ DATE_____ DIV SHEET _______OF-

CHKD BY ___DATE____ DEPT_____ W.O. NO. _________

PROJECT
- SUBJECT

- ~ ~ ~ 1 -/ C ffiu

-4,hfudYt 804L Q0 0~-~L

r*o

00~'A e~vr~C~u-

i(~I0f050 goc 6414-I

PVL.~sc,

.0 26'

.2 7 ov ~.S

Cu~tt6 * 8 tc&;rc ,qFS

W6' - *9 .' .* #\# *



SKETCH MAP

DRILLING LOG

WELL NUM1 ER: oww : OWsE I U
LocAoN: ..el're", ADDRESS: be_. C ee- e.

LOCA~jO 1 &I AAJ6Lf __________

'TOTAL DEPTH . Z.6.
SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILLING DATECOMPANY: k% P Han DLE NOES:

* LLER:__ H"PEN _A4

LOG BY7 ig c., -

• oo

DESCRIPTION I SOIL CLASSIFICATION H 10 Q

(COLOR, TEXTURE, STRUCTURES) I

k-A--

* -. 10

td..E ./ __e. _

• L.
- - - f -

A&T.KODIUM WQ 4 &Or smEE D\ OF.:.

".'t-0 ,,y



-- .. * - . I - ,.

SKETCH MAP

DRILLING LOG

WELL. NUMBER: M 14 OWNER: US
LOCATION: SITE-_7 ADDRESS: MHC. Coi--__

-..- _______________TOTAL DEPTH

.-. SURFACE ELEVATION: WATER LEVEL:
O GDRILLING DRIWN_ DATE

-- COMPANY: P I I-- S-_..-.METHOD: A , P.,e .- DRILLED:

*' - DRILLER: _ _ _ _ HELPER: j NOTES:

LOG BY: Z C'

-I DESCRIPTION / SOIL CLASSIFICATION l-4 )
(COLOR, TEXTURE, STRUCTURES) M ..AJZ

ss ,ni / aA2-" ' -SS7 IV 4

6 °-.. ~__

LI Z

D M'-

a'!

.5..•

I.,..'-

5ii,



BY_____ DATE_____ DIV SHEET OF-
CHKD BY -DATE____ DEPT ___ _W.O. NO.
PROJECT

* SUBJECT

Ro- At-v

&t9 20U&Th Sul(F4C6 r)~*e+-~L.

3( -1 E 8.5

P'JC ~sei- ~ 0e.

Pk~2~ klsde P;Po4

a0

00-e~.

'AllI Caut1rue~< L I~'. 14F8



SKETCH MAP

- - DRILLING LOG

LOCATION: !Q Ire'- ADDRESS:HQ 1

TQ I Atu6L.KL 0-____AEA__

_________________TOTAL DEPTH ______

SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILLNG DATE
COMPANY: k ltETHOD: Aa~eDRLLED:- NTS

DRILLER: 1r s HELPER: __Al. LNTS

LOG BY: R, -

DESCRIPTION / SOIL CLASSIFICATION Nv

(CO~~_~ LR ._XTRWTUCUES 4

Yet I I ,I6* Q; - j.

tA lo 0

q ~~~ 40_e. p

T 7,6 -e. 4.*~

AjT.KOIIS0 k4 No V~ d 11 SHEET ... OFK2

IQ



- . . *. - .~* 7' 77..-

SKETCH MAP

* DRILLING LOG

-WELL NUMBER: KJ IT OWNER: sA IE
LOCATION: 51FE --7 ADDRESS: HCc 67 1 o-AFI

________________TOTAL DEPTH_____

SURFACE ELEVATION: WATER LEVEL:

- DRILLING DRILLING DATE _ _ _ _ _ _

DRILLER: P METHOD: Ao A DRLLED: NOTES:

LOG BY: c_ _ _ __ _ _

DESCRIPTION /SOIL CLASSIFICATION H~
op FAC 0M

(COLOR, TEXTURE. STRUCTURES) g

41v (T

* - - sAN -0

34.



* BY______ DATE____ DIV SHEET OF-
CHKD BY ___DATE____ DEPT____ W.O. NO. -

* PROJECT
*- SUBJECT

ft 4

r -

gto)&L 3u(~4 -,ree-

-Bev)4otAe+ve zpeaj

PRC.,Qset- kp- o 0

w~~~iBl4i 6"d)iThtz~4.~

I ~~PVC.,SreJ

.0*l 20'tuc nLe F

'-~~~ A ~~ M~



SKETCH MAP

DRILLING LOG

WELL NUMBER: J &-- OWNER: US A I-
LOCATION: ' i1lr ADDRESS: M c- C> 0u-?..

TOTAL DEPTH

SURFACE ELEVATION: WATER LEVEL:

DRILLING D. DRILLING DATE
COMPANY: -METHOD: AN4A .- A D DRILLED:
DRILLER: v z m HELPER: J  4 NOTES:

LOG BY:

\Ice DESCRIPTION I SOIL CLASSIFICATION 14 w
(COLOR, TEXTURE, STRUCTURES) pt'

.3 --

z (. as (.w5FS tY'

too,

1'e - c___ 4 e.

16 ~ ~ -( L~ ~u1

.30

- - * * .

- -3

3o~ ~ ~ ~ ~~l 6o e I<, lool! ,,q,,0 , _ .

. . . .. . . . . . . . . . . . . - - B "'-~

A°" S

#4?6 iif.. f 1 01dsET O



(4.~~~ ~ __ __ _ __ _ __ _ __ _

SKETCH MAP

DRILLING LOG

WELL NUMBER: VJi 1L- . OWNER: US F= 1F"

LOCATION: Si1r' - ADDRESS: c- 7 _._

TOTAL DEPTH "

SURFACE ELEVATION: WATER LEVEL:

DRILLING DRLLuG DATE
COMPANY: METHOD: A34A 1 7- DRILLED: NOTES:
DRILLER: , HELPER'J • NOTES:

LOG BY-

DESCRIPTION I SOIL CLASSIFICATION -

(COLOR. TEXTURE. STRUCTURES) M -W£o',

V, .'--|-

Y,-

_ __ - 9SA +0

e.2-

_A T.K Clo w tj VeH E TO



By_____ DATE_____ DIV SHEET OF___
CHKD BY ___DATE____ DEPT____ W.O. NO. ________

PROJECT

- SUBJECT

0~ 4L~~~0 &,ouJ kut~I'Q4e4.,.

cou nP.jgf c O0

pj+ n3~ 6"d

6a-idlcCi

*00

Well umbarAW A



SKETCH MAP

" "DRILLING LOG

p WELL NUMBER: f7,1i...-... OWNER: US A f=
LOCATION: ADDRESS: Fe- _,.

_____-___ TOTAL DEPTH 0''t
- SURFACE ELEVATION: WATER LEVEL:

DRILLING DRILLING DATE
COMPANY: -METHOD -: A ..- DRLLED: 121/ 8 NTES:
DRILLER: T. HELPER:_J  41____NOTES

pLOG BY: F

DESCRIPTION / SOIL CLASSIFICATION v i
,....(COLOR. TEXTURE. STRUCTURES)

I ___ e

& ~ 7-- 30 0~ 1 s~~ It A1 D. m __

-. " tL

.20

. _ _A~JD~ Vo A.A,4 .)"S ES F,, .,.. ,.'. . ./_

-. I&'A.fI-

-.+. . **,.



SKETCH MAP

- DRILLING LOG -

WELL NUMBER: .J5.2 17_ OWNER: U4 Af
LOCATION: SITE-H ADDRESS: e.. )--.

Z1 A A"PC. _ _ __ _ _ _ _ _

___-...____ _____ TOTAL DEPTH t

SURFACE ELEVATION: WATER LEVEL

DRILLING -- DRILLING DATE
COMPANY: FMETHO NOTESDVDRILLER: " - HELPER" A H NOTES:

LOG BY: F ) 6j

DESCRIPTION / SOIL CLASSIFICATION 1 '

(COLOR, TEXTURE. STRUCTURES)

SA- m -r-- g -i e--

- - Pf\ if sltV# - &_

". -7 - P t o.

- &. I IV U- l3AVc~c C-&*r blte -2 A Aw ISHEE O
t&-

&aTt om

IA 4,~.'%

.. ,_s _ p . . * ... * * *,* %.*,." \",,

SS',*



*B -Y______ DATE____ DIV SHEET OF-
CHKD BY -DATE____ DEPT____ W.O. NO. ________

" PROJECT
- SUBJECT

C"s

2.0o

-10A SUKFt6 &&-s-

e 12.q goeA 00L 0

0%
00Coopei 0006~ "aC

0 (No. BIl"f n3~ -6"d)

* Pve. screen

1.z

AP .6 Co-&-c AM



pop?

APPENDIX E

' " Sampling and Quality Assurance Plans

. 1



APPENDIX E

- -I

SAMPLING AND QA/QC PLANS

" E-1.1 MONITORING WELL PURGING

All groundwater sampling was accomplished after the installed
monitoring wells were properly developed and had stabilized for
a period of at least two weeks. Prior to collecting samples,
each well was purged by pumping a minimum of three volumes of
standing water in the well using a Johnson-Keck submersible
pump. This ensured that a representative sample of the
aquifer was collected during the sampling process. The field

• "procedures used for monitoring well purging included the
- following guidelines:

1. Prior to placing any equipment into the well, the
equipment was scrubbed with Alconox (detergent) and
water solution and rinsed with distilled water.

2. Before purging, the depth to water from the reference
--: measuring point on the top of the well casing was

measured and recorded.

W 3. The volume of water to be purged based on the amount
of standing water in the well casing was calculated.

4. The well was purged by pumping, removing at least
three times the calculated volume of standing water
in the well casing.

5. The pump was disconnected and removed from the well.
The equipment was decontaminated by scrubbing with
Alconox and flushing with deionized water.

6. The protective security caps were locked.

E-1.2 MONITOR WELL SAMPLE COLLECTION

Groundwater sampling was directed toward the detection of:

1. Total Organic Carbon (TOC)

2. Total Organic Halogen (TOX)

3. Cyanide

4. Phenols

5. Oil and Grease
6. Safe Drinking Water Act Trace Metals

E-1
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5. Nitrate samples, due to a 24-hour holding time
requirement, were transported in daily batches to
Weston's laboratory in West Chester, Pennsylvania.
The remaining samples were transported to the same
location, but in larger batches.

E-1.3 SOIL SAMPLING

All soil sampling accomplished using a drill rig employed the
Standard Penetration Test (ASTM Method 1586) using a steel

* . split-spoon sampler. Prior to taking each sample, the following
* procedures were followed:

1. The split-spoon sampler was washed thoroughly with an
Alconox and water solution, and rinsed in tap water
from the Base-approved source for drilling.

2. After assembly of the sampler, the sampler was lowered
into the boring and the sample taken by the Standard
Penetration Test Method.

- 3. Upon recovery of the sampler the spoon was split and
the sample examined for soil characteristics.

4. The sample was then cleaned of any smeared sample around
the outside of the sampler, and the cleaned, representative
sample was put in a marked and labelled 1 liter clear

. glass sampling jar with a screw cap.

5. Samples for analysis of Oil and Grease, Pesticides or
PCB were stored for analysis in washed and baked sample
jars of amber glass, equipped with a washed aluminum
foil inner seal.

" All soil sampling not accomplished using a drill rig was done
using a Teflon scoop, or a PVC-lined coring device. Care was
taken to ensure that the sample taken for analysis was as

- undisturbed as possible, in order that any contaminants present
would not be winnowed out of the sample (in a subaqueous site).
As above, only specially prepared sample jars were used for

* *taking and storing samples for pending analyses.
Soil samples at McGuire AFB were taken for analyses of:

1. Oil and Grease

2. Polychlorinated biphenyls (PCB)

3. Safe Drinking Water Act pesticides.

Note 1--The Johnson-Keck Model SP-81 Sampling Pump is a 1.5-inch
diameter, all stainless steel, archimedes-screw impellor
submersible pump capable of a steady discharge of about 1 gpm.

E-3



E -2.1 QUALITY ASSURANCE PLAN

WESTON Analytical Services enforces a rigid QA/QC program
toward maintenance of validity and reliability of all
analytical data. The Laboratory QA/QC Manual (Table of
Contents thereof is Attachment No. 1 to this appendix)
outlines the specifics of the QA/QC plan. This plan is
patterned after the EPA Handbook for Analytical Quality
Control in Water and Wastewater Laboratories
(EPA-600/4-79-019, March 1979), augmented by general
applicable experience and interaction with the QA/QC plan of
the U.S. Army Toxic and Hazardous Materials Agency
(USATHAMA). All methods and procedures followed by WESTOn
are either USEPA or ASTM-approved. Any variations from such
procedures, regardless of cause, are documented by the
responsible analyst(s) and are documentable, and,
literature-traceable. A general review of this QA/QC plan
is in the following paragraphs.

Although specific QA/QC measures for each method are
6 designated in WESTON's Laboratory Quality Assurance

Manual, the general QA/QC program normally includes:

o EPA-acceptable sample preparation and analytical
methods.

o Instrument calibration via use of StandardK Analytical Reference Materials (SARMS).

o Regular equipment maintenance and servicing.

o Use of SARMS and QA/QC samples (spikes, laboratory
blanks, replicates, and splits) to ascertain
overall precision.

o Statistical evaluation of data to delineate
acceptable limits.

o Documentation of system/operator performance.

. o Suitable chain-of-custody procedures.

o Maintenance and archiving of all records, charts,
.-. and logs generated in the above.

o Proper reporting.

* Acceptable analyses at WESTON's Analytical Laboratory
Services include, but are not limited to, the above.

Ir) general, WESTON's QA/QC sequence follows the following
diagram (Figure E-l). Documentation (as available from
instrument recordings and technicians' notebooks) is
sufficient to validate each step in the sequence.

E-4
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E.2.2 CONTAINER PREPARATION

Another consideration in this, or any, analytical project is

that of sample container preparation. Accordingly, all
appropriate sample bottles shall be cleaned in a manner

mandated by the U.S. EPA to insure maximal cleanliness (and

minimal contamination) before the containers go to the

field. Sufficient bottles to accommodate both laboratory

and field blank requirements will be prepared in a single
batch mode for each sampling requirement.

"'" E-2.3 VERIFICATION/VALIDATION

In the laboratory, the analytical scheme begins with initial
verification, which is comprised of:

o Lab Blanks - To insure that no background level
' -y of specific analytes is introduced by laboratory

bprocedures.

o Standard Analytical Reference Materials (SARMS) -

To determine the accuracy and precision of
procedures.

o Spikes - To determine the percent recovery of
analyte(s).

If the laboratory QA/QC program is extended to the field, it

includes a fifth item:U
o Field Blanks - To provide a check on

contamination of containers and/or preservatives
.- -and to establish "practical" detection limits.

WESTON has used all of the above in this project. All data

resulting from these verification media have been archived

for future reference, retrieval, or processing.

•E-
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E. 2.4 DATA HANDLING - LABOKATORY

Use of any analytical data should be preceded by an
* assessment of its quality. The assessment should be based

on accuracy, precision, completeness, representativeness,
and comparability. These criteria are, in turn, assessed as
fol lows:

o Accuracy - Is it acceptable for the planned use?
QA/QC shall measure the accuracy of all data.

o Precision - Is it acceptable for the planned use?
QA/QC shall reflect the reproducibility of the
measurements.

o Completeness - Are the data sufficient for the
planned use? QA/QC shall identify the quantity of
data needed to match the goals.

O Representativeness -Do the data accurately
reflect actual site conditions, sampling
procedures, and analytical method? QA/QC shall
ensure this.

o Comparability - Is the report self-consistent in
format, units, and standardization of methods used
to generate it? QA/QC shall ensure this.

Additionally, statistical methods outlined in the QA/QC
program have been applicable to data evaluation.

The Laboratory Supervisor and the Laboratory QA/QC Officer
have been responsible for the evaluation of the above
criteria and for enforcement of analytical protocols that
will necessarily lead to acceptable data quality. The
signature of the Supervisor and QA/QC Officer accompany each
laboratory analytical report and serve to ensure the overall
validity of the reported data.

. .5-
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E.2.5 SAMPLE PLAN/LOG

Normal protocol demands client-and /or site-specific logging
- of all sample batches delivered to WESTON. Basic

information -- such as client name, address, etc.; client
phone number; reporting/invoicing instructions; site
descriptions; and parameter-specifications and total
requirements -- is initiated here. Additionally, sample
storage/disposal instructions as well as turnaround
requirements and sample collection requirements are
addressed at this point.

,-- The appropriate number of method blanks is also logged at
this point, and in-house chain-of-custody documentation is
initiated here.

E.2.6 SAMPLE RESULTS

WESTON's analytical protocols generally require five-point
calibration curve plus a reagent blank s the basis for

- quantification analytes from a linear calibration curve. (A
three-point plus blank curve vs. the original five point one
4 s acceptable if it falls within the QA/QC requirements of

3 standard deviation of the original curve.) Linear
regression analysis is then performed. Method- and detection
limit-specific data are accessed for quantitation and
report-writing from each such data set. For reporting

" accuracy, the algorithm

- Linear-Regressed Solid Sample Concentration
- -- Raw Concentration Extract Volume or Final

from Calibration Curve If Solid Dilution Factor= Concen-
Solid Sample Fraction tration
Mass If Solid Solids If Solid

is used for all quantitations. (All such algorithm input
data are archived for long-term storage.) Detection limits
for solids are generated on a per-sample basis and
calculated by replacing "LINEAR-REGRESSED RAW CONCENTRATION
FROM CALIBRATION CURVE" with "DETECTION LIMIT OF ANALYTE IN
LIQUID MATRIX" in the above equation.

E- 8
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E.2.7 CHAIN-OF-CUSTODY

Since they document the history of samples, chain-of-custody
procedures are a crucial part of a sampling/analysis
program. Chain-of-custody documentation enables
identification and tracking of a sample from collection to
analysis to reporting.

WESTON's chain-of-custody program necessitates the use of
EPA-approved sample labels, secure custody, and attendant
recordkeeping. Depending on the client's requirements,
WESTON also offers container sealing during unattended
transportation of samples.

In essence, WESTON considers a sample in custody if it: is
in a WESTON employee's physical possession; it is in view of
that WESTON employee; is secured by that WESTON employee to
prevent tampering; or is secured by that WESTON employee in
an area that is restricted to authorized personnel.

Each time a sample is relinquished from one analyst to
- another or from one major location to another, WESTON's

analytical personnel are required to make appropriate
entries. Personnel-specific initials are used as identifiers
of analysts, as are location codes for various locations
(refrigerators, extraction areas, analytical areas, etc.)
within the laboratory. Each transaction for each sample is
accompanied by a specific reason for transfer.
Chain-of-custody documentation is given in Appendix G.

E.2.8 QA/QC OFFICER

* Toward maintenance of a rigid, credible QA/QC regimen,
WESTON Analytical Services maintains a full-time, in-house
QA/QC officer who retains independent authority to declare
out-of-control situations, thereby precluding reporting of
unacceptable data. The QA/QC officer has been available, as
needed, on the project.

E-9S. . . -- ,****.**'..*~
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ORGANIC CARBON, TOTAL

Method 415.1 (Combustion or Oxidation)

STORET NO. Total 006'0
Dissolved 006,1

go 1. Scope and Application
1.1 This method includes the measurement of organic carbon in drinking, surface and salne

waters, domestic and industrial wastes. Exclusions are noted under Definitions aid
Interferences.

1.2 The method is most applicable to measurement of organic carbon above I mg/l.
2. Summary of Method

2.1 Organic carbon in a sample is converted to carbon dioxide (CO2 ) by catalytic combustim
or wet chemical oxidation. The CO2 formed can be measured directly by an infrard
detector or converted to methane (CH4) and measured by a flame ionization detecta.
The amount of CO 2 or CH4 is directly proportional to the concentration of carbonaceots
material in the sample.

3. Definitions
3.1 The carbonaceous analyzer measures all of the carbon in a sample. Because of variots

properties of carbon-containing compounds in liquid samples, preliminary treatment (f
the sample prior to analysis dictates the definition of the carbon as it is measured. Formr
of carbon that are measured by the method are:
A) soluble, nonvolatile organic carbon; for instance, natural sugars.

B) soluble, volatile organic carbon; for instance, mercaptans.
C) insoluble, partially volatile carbon; for instance, oils.
D) insoluble, particulate carbonaceous materials, for instance; cellulose fibers.
E) soluble or insoluble carbonaceous materials adsorbed or entrapped on insolubh

inorganic suspended matter; for instance, oily matter adsorbed on silt particles.
3.2 The final usefulness of the carbon measurement is in assessing the potential oxygen

demanding load of organic material on a receiving stream. This statement applie
whether the carbon measurement is made on a sewage plant effluent, industrial waste, o
on water taken directly from the stream. In this light, carbonate and bicarbonate carbot

, .are not a part of the oxygen demand in the stream and therefore should be discounted ii
the final calculation or removed prior to analysis. The manner of preliminary treatmen
of the sample and instrument settings defines the types of carbon which are measured

Instrument manufacturer's instructions should be followed.

Approved for NPDES

Issued 1971
Editorial revision 1974
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4. Sample Handling and Preservation
4.1 Sampling and storage of samples in glass bottles is preferable. Sampling and storage in

plastic bottles such as conventional polyethylene and cubitainers is permissible if it is
established that the containers do not contribute contaminating organics to the samples.
NOTE 1: A brief study performed in the EPA Laboratory indicated that distilled water
stored in new, one quart cubitainers did not show any increase in organic carbon after
two weeks exposure.

4.2 Because of the possibility of oxidation or bacterial decomposition of some components of
aqueous samples, the lapse of time between collection of samples and start of analysis
should be kept to a minimum. Also, samples should be kept cool (4"C) and protected
from sunlight and atmospheric oxygen.

4.3 In instances where analysis cannot be performed within two hours (2 hours) from time of
sampling, the sample is acidified (pH < 2) with HCI or H2SO4.

5. Interferences
5.1 Carbonate and bicarbonate carbon represent an interference under the terms of this test

and must be removed or accounted for in the final calculation.
*..=.5.2 This procedure is applicable only to homogeneous samples which can be injected into the

apparatus reproducibly by means of a microliter type syringe or pipette. The openings of
the syringe or pipette limit the maximum size of particles which may be included in the
sample.

6. Apparatus
6.1 Apparatus for blending or homogenizing samples: Generally, a Waring-type blender is

satisfactory.
6.2 Apparatus for total and dissolved organic carbon:

6.2.1 A number of companies manufacture systems for measuring carbonaceous
material in liquid samples. Considerations should be made as to the types of
samples to be analyzed, the expected concentration range, and forms of carbon to
be measured.

6.2.2 No specific analyzer is recommended as superior.
7. Reagents

7.1 Distilled water used in preparation of standards and for dilution of samples should be
ultra pure to reduce the carbon concentration of the blank. Carbon dioxide-free, double
distilled water is recommended. Ion exchanged waters are not recommended because of
the possibilities of contamination with organic materials from the resins.

7.2 Potassium hydrogen phthalate, stock solution, 1000 mg carbon/liter: Dissolve 0.2128 g
of potassium hydrogen phthalate (Primary Standard Grade) in distilled water and dilute
to 100.0 ml.
NOTE 2: Sodium oxalate and acetic acid are not recommended as stock solutions.

7.3 Potassium hydrogen phthalate, standard solutions: Prepare standard solutions from the
L stock solution by dilution with distilled water.

7.4 Carbonate-bicarbonate, stock solution, 1000 mg carbon/liter: Weigh 0.3500 g of sodium
bicarbonate and 0.4418 g of sodium carbonate and transfer both to the same 100 ml
volumetric flask. Dissolve with distilled water.

415.1-2

0o.



*-."7.5 Carbonate-bicarbonale, standard solution: Prepare a series of standards similar to st:
7.3.
NOTE 3: This standard is not required by some instruments.

7.6 Blank solution: Use the same distilled water (or similar quality water) used for t.e
preparation of the standard solutions.

8. Procedure
8.1 Follow instrument manufacturer's instructions for calibration, procedure, aid

calculations.
8.2 For calibration of the instrument, it is recommended that a series of standans

encompassing the expected concentration range of the samples be used.
9. Precision and Accuracy

9.1 Twenty-eight analysts in twenty-one laboratories analyzed distilled water solutiots
containing exact increments of oxidizable organic compounds, with the following result:

Increment as Precision as Accuracy as
TOC Standard Deviation Bias, Bias,

mg/liter TOC, mg/liter % mg/liter

4.9 3.93 +15.27 +0.75
107 8.32 + 1.01 +1.08

(FWPCA Method Study 3, Demand Analyses)

Bibliography
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OIL AND GREASE, TOTAL RECOVERABLE

Method 413.2 (Spectrophotometric, Infrared)

STORET NO. 00561

1. Scope and Application
1.1 This method includes the measurement of fluorocarbon-113 extractable matter frcn

surface and saline waters, industrial and domestic wastes. It is applicable to ti:
determination of hydrocarbons, vegetable oils, animal fats, waxes, soaps, greases ail
related matter.

1.2 The method is applicable to measurement of most light petroleum fuels, although loss If
about half of any gasoline present during the extraction manipulations can be expectu.

1.3 The method covers the range from 0.2 to 1000 mg/I of extractable material.
1.4 While this method can be used to obtain an estimate of the oil and grease that would 1:

measured gravimetrically, in many cases the estimate more accurately describes tit
parameter, as it will measure volatiles more effectively and is not susceptible 0"
interferences such as extractable sulfur. It can be used with the Petroleum Hydrocarbci
procedure to obtain an oil and grease value and a petroleum hydrocarbon value on tie
same sample.

2. Summary of Method
2.1 The sample is acidified to a low pH (< 2) and extracted with fluorocarbon-) 13. The ol

and grease is determined by comparison of the infrared absorbance of the sample extra::
with standards.

3. Definitions
3.1 The definition of oil and grease is based on the procedure ,-sed. The source of the al

and/or grease, and the presence of extractable non-oily matter will influence the materil
measured and interpretation of results.

4. Sampling and Storage
4.1 A representative sample of I liter volume should be collected in a glass bottle. If analyss

is to be delayed for more than a few hours, the sample is preserved by the addition of 5 nil
HCI (6.1) at the time of collection and refrigerated at 4"C.

4.2 Because losses of grease will occur on sampling equipment, the collection of a composie
sample is impractical. Individual portions collected at prescribed time intervals must it
analyzed separately to obtain the average concentration over an extended period.

5. Apparatus
S"5.1 Separatory funnel, 2000 ml, with Teflon stopcock.

5.2 Infrared spectrophotometer, scanning. Non-scanning instruments may also be used bit
can be subject to positive interferences in complex chemical wastewaters.

. 5.3 Cells, 10 mm, 50 mm, and 100 mm path length, sodium chloride or infrared grade gla:..-
5.4 Filter paper, Whatman No. 40, II cm.

I..

Issued 1974
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6. Reagents
6.1 lvdrochloric acid, 1:1. Niix equal volunes of conc. HCI and distilled water.

6.2 Fluorocarbon- 113, (1,1,2-t richloro- 1 ,2,2-t rifluoroethane), b. p. 48'C.
6.3 Sodium sulfate, anhydrous crystal.
6.4 Calibration mixtures:

6.4.1 Reference oil: Pipet 15.0 ml n-hexadecane, 15.0 ml isooctane, and 10.0 ml
chlorobenzene into a 50 ml glass stoppered bottle. Maintain the integrity of the
mixture by keeping stoppered except when withdrawing aliquots.

6.4.2 Stock standard: Pipet 1.0 ml reference oil (6.4.1) into a tared 200 ml volumetric
flask and immediately stopper. Weigh and dilute to volume with fluorocarbon-1 13.

6.4.3 Working standards: Pipet appropriate volumes of stock standard (6.4.2) into 100
ml volumetric flasks according to the cell pathlength to be used. Dilute to volume
with fluorocarbon-I13. Calculate concentration of standards from the stock
standard.

7. Procedure
7.1 Mark the sample bottle at the water meniscus for later determination of sample volume. -

If the sample was not acidified at time of collection, add 5 ml hydrochloric acid (6.1) to
to the sample bottle. After mixing the sample, check the pH by touching pH-sensitive paper

to the cap to insure that the pH is 2 or lower. Add more acid if necessary.
7.2 Pour the sample into a separatory funnel.
7.3 Add 30 ml fluorocarbon-I 13 (6.2) to the sample bottle and rotate the bottle to rinse the

sides. Transfer the solvent into the separatory funnel. Extract by shaking vigorously for 2
minutes. Allow the layers to separate.

7.4 Filter the solvent layer into a 100 ml volumetric flask through a funnel containing
solvent-moistened filter paper.
NOTE: An emulsion that fails to dissipate can be broken by pouring about I g sodium
sulfate (6.3) into the filter paper cone and slowly draining the emulsion through the salt.
Additional I g portions can be added to the cone as required.

7.5 Repeat (7.3 and 7.4) twice more with 30 ml portions of fresh solvent, combining all
solvent in the volumetric flask.

7.6 Rinse the tip of the separatory funnel, filter paper, and the funnel with a total of 5-10 ml
fluorocarbon-I 13 and collect the rinsings in the flask. Dilute the extract to 100 ml, and
stopper the flask.

7.7 Select appropriate working standards and cell pathlength according to the following
table of approximate working ranges:

Pathlength Range

10 mm 2-40 mg
50 mm 0.4-8 mg

".- 100 mm 0.1-4 mg

7.8 Scan standards and samples from 3200 cm' to 2700 cm-' with fluorocarbon- 113 in the
reference beam and record the results on absorbance paper. The absorbances of samples

413.2-2
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and standai ds ai c measured by constructing a straight baseline over the range of the s.-n

and measti iug the absorbance of the peak maximum at 2930 cm' and subtractin" 1.tf

baseline aborbance at that point. For an example of a typical oil spectrum and bascine

constructio, see Gruenfeld". Non-scanning instruments should be operated accord n g

to manufacturer's instructions, although calibration must be performed using tie

standards described above (6.4). If the absorbance exceeds 0.8 for a sample, selec a
shorter pathlength or dilute as required.

7.9 Use a calibration plot of absorbance vs. mg oil prepared from the standards to determne
the mg oil in the sample solution.

8. Calculation

8.1 mg/1 total oil and grease =R D
V

where:

R =oil in solution, determined from calibration plot, in milligrams.
D = extract dilution factor, if used.
V = volume of sample, determined by refilling sample bottle to calibration line aid

correcting for acid addition if necessary, in liters.
9. Precision and Accuracy

9.1 The two oil and grease methods in this manual were tested by a single laboratory (EMcL)
on sewage. This method determined the oil and grease level in the sewage to be 1"5
mg/l. When I liter portions of the sewage were dosed with 11.0 mg of a mixture of -2

fuel oil and Wesson oil, the recovery was 99% with a standard deviation of t 1.4 mg 1

Bibliography

1. Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 5 -a,
Method 502B, (1975).
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3. Gruenfeld, M., "Extraction of Dispersed Oils from Water for Quantitative Analysis ;y
Infrared Spectroscopy", Environ. Sci. Technol. 7, 636 (1973).
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PHENOLICS, TOTAL RECOVERABLE

Method 420.1 (Spectrophotometric, Manual 4-AAP with Distillation)

STORET NO. 32731

I. Scope and Application
1.1 This method is applicable to the analysis of drinking, surface and saline waters, domesti.

- and industrial wastes.

1.2 The method is capable of measuring phenolic materials at the 5 ug/! level when th.
colored end product is extracted and concentrated in a solvent phase using phenol as;
standard.

1.3 The method is capable of measuring phenolic materials that contain more than 50 ug/
in the aqueous phase (without solvent extraction) using phenol as a standard.

1.4 It is not possible to use this method to differentiate between different kinds of phenols.
- 2. Summary of Method

2.1 Phenolic materials react with 4-aminoantipyrine in the presence of potassiun0d
ferricyanide at a pH of 10 to form a stable reddish-brown colored antipyrine dye. Th:
amount of color produced is a function of the concentration of phenolic material.

3. Comments
3.1 For most samples a preliminary distillation is required to remove interfering materials.
3.2 Color response of phenolic materials with 4-amino antipyrine is not the same for al

compounds. Because phenolic type wastes usually contain a variety of phenols, it is no
possible to duplicate a mixture of phenols to be used as a standard. For this reason pheno
has been selected as a standard and any color produced by the reaction of other phenoli,
compounds is reported as phenol. This value will represent the minimum concentratioi
of phenolic compounds present in the sample.

4. Sample Handling and Preservation
4.1 Biological degradation is inhibited by the addition of I g/l of copper sulfate to tht

sample and acidification to a pH of less than 4 with phosphoric acid. The sample shouk
be kept at 4"C and analyzed within 24 hours after collection.

5. Interference
5.1 Interferences from sulfur compounds are eliminated by acidifying the sample to a pH o.

less than 4 with H3PO4 and aerating briefly by stirring and adding CuSO4 .
5.2 Oxidizing agents such as chlorine, detected by the liberation of iodine upon acidificatior.

.. =.in the presence of potassium iodide, are removed immediately after sampling by tht
addition of an excess of ferrous ammonium sulfate (!). If chlorine is not removed, tht
phenolic compounds may be partially oxidized and the results may be low.

Approved for NPDES
- Issued 1971

Editorial revision 1978
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6. Apparatus
6.1 Distillation apparatus, all glass consisting of a I liter pyrex distilling apparatus with

Graham condenser.
6.2 pH meter.
6.3 Spectrophotometer, for use at 460 or 510 nm.
6.4 Funnels.

t. 6.5 Filter paper.

6.6 Membrane filters.
6.7 Separatory funnels, 500 or 1,000 ml.
6.8 Nessler tubes, short or long form.

7. Reagents
7.1 Phosphoric acid solution, 1 + 9: Dilute 10 ml of 85% H3PO4 to 100 ml with distilled

water.
7.2 Copper sulfate solution: Dissolve 100 g CuSO4o5H 20 in distilled water and dilute to I

liter.
7.3 Buffer solution: Dissolve 16.9 g NH4CI in 143 ml cone. NHOH and dilute to 250 ml

with distilled water. Two ml should adjust 100 ml of distillate to pH 10.
7.4 Aminoantipyrine solution: Dissolve 2 g of 4AAP in distilled water and dilute to 100 ml.

7.5 Potassium ferricyanide solution: Dissolve 8 g of K3Fe(CN)6 in distilled water and dilute
, .. to 100 MI. 0.

'--. 7.6 Stock phenol solution: Dissolve 4--g phenol in freshly boiled and cooled distilled water

and dilute to I liter. 1 ml = I mg phenol.
7.7 Working solution A: Dilute 10 ml stock phenol solution to I liter with distilled water.

I ml = 10 ug phenol.

7.8 Working solution B: Dilute 100 ml of working solution A to 1000 ml with distilled water.
1 ml = I ug phenol.

7.9 Chloroform

8. Procedure
8.1 Distillation

8.1.1 Measure 500 ml sample into a beaker. Lower the pH to approximately 4 with 1 + 9
H3PO 4 (7.1), add 5 ml CuSO4 solution (7.2) and transfer to the distillation

apparatus. Omit adding H3PO4 and CuSO4 if sample was preserved as described in
4.1.

8.1.2 Distill 450 ml of sample, stop the distillation, and when boiling ceases add 50 ml of
warm distilled water to the flask and resume distillation until 500 ml have been

collected.
S"8.1.3 If the distillate is turbid, filter through a prewashed membrane filter.

8.2 Direct photometric method
8.2.1 Using working solution A (7.7), prepare the following standards in 100 ml

volumetric flasks.

420.1-2
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ml of %%orking solution A Conc ug/,0 O00

S0.5 50.0
1.0 100.0
2.0 200.0
5.0 500.0
8.0 800.0

10.0 1000.0

8.2.2 To 100 ml of distillate or an aliquot diluted to 100 ml and/or standards, add 2 ml of
buffer solution (7.3) and mix. The pH of the sample and standards should it
10 ±0.2.

*. 8.2.3 Add 2.0 ml aminoantipyrine solution (7.4) and mix.
8.2.4 Add 2.0 ml potassium ferricyanide solution (7.5) and mix.
8.2.5 After 15 minutes read absorbance at 510 nm.

8.3 Chloroform extraction method
8.3.1 Using working solution B (7.8), prepare the following standards. Standards may i-

prepared by pipetting the required volumes into the separatory funnels aid
diluting to 500 ml with distilled water.

ml of working solution B Conc. ugl!
0.0 0.0
3.0 6.0
5.0 10.0

10.0 20.0
20.0 40.0
25.0 50.0

8.3.2 Place 500 ml of distillate or an aliquot diluted to 500 ml in a separatory funnel. Tie
sample should not contain more than 25 ug phenol.

8.3.3 To sample and standards add 10 ml of buffer solution (7.3) and mix. The p-i
should be 10 ±0.2.

8.3.4 Add 3.0 ml aminoantipyrine solution (7.4) and mix.
8.3.5 Add 3.0 ml potassium ferricyanide solution (7.5) and mix.

' 8.3.6 After three minutes, extract with 25 ml of chloroform (7.9). Shake the separato-,

funnel at least 10 times, let CHC13 settle, shake again 10 times and let chloroforn
settle again.

' 8.3.7 Filter chloroform extracts through filter paper. Do not add more chloroform.
8.3.8 Read the absorbance of the samples and standards against the blank at 460 Tim.

9. Calculation
b 9.1 Prepare a standard curve by plotting the absorbance value of standards versus tie

corresponding phenol concentrations.
9.2 Obtain concentration value of sample directly from standard curve.

420.1-3
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10. Precision and Accuracy

10.1 Using the extraction procedure for concentration of color, six laboratories analyzed

samples at concentrations of 9.0, 48.3, and 93.5 ug/l. Standard deviations were
j0.99, 13.1 and i4.2ug/l, respectively.

10.2 Using the direct photometric procedure, six laboratories analyzed samples at
concentrations of 4.7, 48.2 and 97.0 mg/l. Standard deviations were ±0.18, ±0.48 and
:L 1.58 mg/l, respectively.

Bibliography
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Appendix TV.-Inuctively Couplel l interference are taken into account wn e &,me thod des cr.be,

PlaOptical Emission Spectrometric who enqusicsth dissolved solids techniqu for thel uiuaneouswwf

.. Method 0CP) for Trace lement (See 4.2) 6MV~dy deedr an ope's" awS-v , piaw '. po-

Analysis of Water and Wastes 1.3 Total elements are determined artim

anduWstiesy souped~lsm after appropriate gestion procedures 2 Summary of Method.
Optical Emission Spectrometric Me~hod are performed. Since digestion 2-1 The method describes t .,,

fo jc lmn Aayi fWtr techniques increase the dissolved solid~s technique for the simultaneou; 3f ,,

an W as tx esE e e tA aysso a e content of the sam ples, appropriate sequential m ultielem ent delte nation

and W stessteps must be taken to correct for of trace elements in solution. -".e basis .

Interim potential interference effects, of the method is the measuremsrt of
U.S. EnvironmnenW Protection Agency. 1.4 Table I lists elements for which atomic emission by an optical

Environmerfal Monitoring and Support this method applies along with spectroscopic technique. Sampes are

Laboratory. Cincinnat . Ohio 45268 recommended wavelengths and typical nebulized and the aerosol that s
October 29n. estimated instrumental detection liit. produced is transported to the ,lasma

Actual working detection limits am torch where excitation occurs.
Foreword sample dependent and as the sample Characteristic atomic-line emis ion

This method has been prepared by the matrix varies, these concentrations may spectra are produced by a radio-

staff of the Environmental Monitoring also vary. In time. other elements may frequency inductively coupled tiasma

and Support Laboratory--CincinnatL be added as more information becomes (ICP). The spectra are disperse, by a

, with the cooperation of the EPA-ICP available, grating spectrometer and the inensities

Users Group. Their cooperation and 1.5 Because of the differences of the lines are monitored by

support is gratefully acknowledged. between various makes and models of photomultiplier tubes. The a

This method represents the current satisfactory instruments, no detailed photocurrents from the photomditiplier

state-of-the-art, but as time progresses, instrumental operating instructions can tubes are processed and controled by a

improvements are anticipated. Users are be provided. Instead. the analyst is computer system. A backgrount ,

encouraged to identify problems and referred to the instructions provided by correction technique is requiret to

tassist in updating the method by the manufacturer of the particular compensate for variable backsund
contacting the Environmental Instrument. contribution to the determinabm of

trace elements. Background mu.t be
Monitoring and Support Laboratory, Tabla 1-_qacungwid Wav /vw@iwV measured adjacent to analyte Ines on
Cincinnati. Ohio 45288. and E tunated instrumental Delectlon Lixia samples during analysis. Additinal

Inductively Coupled Plasma (ICP) interferences named in 4.1 shoud also
. Optical Emission Spectrometric Meethod E [waed be recognized and appropriate

jor Trace Element Analysis of Water , corrections made.
and Wastes 3. Definitions.

___..____ - as 3.1 Dissolved-Those elemcits
1 . Scope and Application. A 19 "5 which will pass through a 0.45 L=
1.1 This method may be used for the sw,_m w ip thss$ 4

determination of dissolved. suspended, seotn 0ao o4 membrane filter.
diai of isv s S 3.2 Suspended-nThose elements

or total elements in surface water, ,,,_ _ ,s which are retained by a 0.45 .-a j .. -~ ._ 3179 10 whc-r.eane ya04 A

drinking water, and domestic and Co 27 7 membrane filter.
:I tndustrial wastewaters. c 3.3 Total-The concen-tao"

1.2 Dissolved elements are con 2- 34, determined on an unfiltered sire
dete ined in fltered and acidified L" ..... .-- 2 following vigorous digestion (Sf,.r.;on

sapeAppropriate steps Must be $0samples. . . 271 8.3). or the sum of the dissolvec- :Jus
taken to ensure that potential 5'a'" - 76 2 suspended concentration (Sec: n 8-1

plus 8.2).
3.4 Total recoverobl---The

concentration determined on a--
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un..tt ed sample foliowing treatment crmpensated by a background corm; .rison with an aternat methu.
i t. hot. dilute mineral acid (Section co-rnetion adjacent to the analyte line frecomrnended [Set 4 : 3)

84) 4d l4.1.2 Physical inerfterences are 4.2.3 Comparison with oIte.- ,,:
-3.5 Inr1..rmentl detection hii- generally considered to be effects method of analysis-When inves .- tlng

The concentration equivalent to a signal. associated with the sample nebulization a new sample matrix. compansor Ws5s
due to the anelyte. which is equal to and transport processes. Such properties may be performed with other anai.anal

S three times the standard deviation of a as change in viscosity and surface techniques such as atomic absorp:.n
. series of ten replicate measurements o tension can cause significant spectrometry. or other approved

a reagent blank signal at the same inaccuracies especially in samples methodology.
wavelength, which may contain high dissolved solids 4.2.4 Wavelength scanning of

3.6 Sensitivity-The slope of the and/or acid concentrations. (See Note anolyte line region-If the appropr- te
analytical curve, i.e. funtional 1.) If these types of interferences are equipment is available. wavelengt.
relationship between emission intensity operative, they must be reduced by scanning can be performed to dete:
and concentration, dilution of the sample and/or utilization potential spectral interferences. I"

3.7 Instrument check standFrd-A of standard addition techniques. 5 a.-. '. . Apparatus.
multielement standard of known Note .- The use of a pezistaltic pump may 5.1 Inductively Coupled Plasm, ICP) F-.
concentrations prepared by the analyst. lessen these interferences. Optical Emission Spectrometer.
Should be included in the analytical 41.3 Chemicalinterferences are 5.1.1 Computer controlled atorn
scheme with a frequency of 20%. (See
6... characterized by molecular compound emission spectrometer with backgo..nd

3.8 Refernce stadard--A solution formation, ionization effects and solute correction.
obtained from an outside source having vaporization effects. Normally these 5.1.2 Radiofrequency generator
known, verified values. Must be used effects are not pronounced with the ICP 5.1.3 Argon gas supply. weldin.
initially to verify the calibration technique. however, if observed they grade or better.
standards and analyzed thereafter as a can be minimized by careful selpction of 5.2 Operating conditions-Beca se
blind sample on a weekly frequency. operating conditions (that is, incident of the differences between various
(See 6.6.2.) power, observation position. and so makes and models of satisfactory

. 3.9 Calibrtion standards-A series forth), by buffering of the sample, by instruments, no detailed operating
of known standard solutions used by the matrix matching. and by standard instructions can be provided. InsteaL,.
analyst for calibration of the instrument addition procedures. These types of the analyst should follow the
(ie.. preparation of the analytical curve). interferences can be highly dependent instructions provided by the
(See 6.4.) on matrix type and the specific analyte manufacturer of the particular

3.10 Linear dynamic roivge-The elemenL instrument. Sensitivity. instrumenta
concentration range over which the 4.2 It is recommended that whenever detection limit precision. linear
analytical curve remains linear. a new or unusual sample matrix is dynamic range, and interference efiicts .

3.11 Reagent blhank-A volume of encoutitered. a series of tests be must be investigated and establishet for
deionized, distilled water containing the performed prior to reporting each individual analyte line on that
same acid matrix as the calibration concentration data for analyle elements, particular instrument. r
standards carried through the entire These tests, as outlined in 4-2.1 through 6. Reagents and standards.
analytical scheme. (See 6.5-2.) 4.2.4. will ensure the analyst that neither 6.1 Acids used in the preparatio ")f

3.12 Calibration blank-A volume of positive nor negative interference effects standards and for sample processin;
deionized, distilled water acidified with are operative on any of the analyte must be ultra-high purity grade or
INO, and HCI. (See 6.5.1.) elements thereby distorting the accuracy equivalenL Redistilled acids are

3.13 Method of standard oddiLion-- of the reported values, acceptable.
The standard addition technique 4.2.1 Serial dilution-If the analyte 6.1.1 Acetic acid. conc. (sp F 1.,l.
involves the use of the unknown and the concentration is sufficiently high 6.1.2 Aqua regia: Mix cautiously:
unknown plus a known amount of (minimally a factor of 10 above the parts conc. HC (sp gp" 1.19) and I par
standard. (See 9.6.1.) instrumental detection limit after conc. HNO, (sp IF 1.41) just before us.

4. Interferences, dilution), an analysis of a dilution 6.1.3 Hydrochloric acid, conc. (sj ""
4.1 Sevezal types of interference should agree within 5 percent of the 1.19).

effects may contribute to Inaccuracies in original determination (or within some 6.1.4 Hydrochloric ocid, (I+ 1): Aid
the determination of trace elements, acceptable control limit (13.3) that has 500 ml con. HCI (sp p 1.19) to 400 m

, -.. They can be summarized as follows: been established for that matrix). If nol deionized, distilled water and dilute t I
4.1.1 Spectmlinterferences can be a chemical or physical interference liter.

" categorized as (1) overlap ofa spectral effect should be suspected. 6.1.5 Nitric acid conc. fsp gr 1.41.
line from another element; (2) 4.2.2 Spike oddition-The recovery 6.1.6 Nitric acid, (1+1): Add 500 nl
unresolved overlap of molecular band of a spike addition added at a minimum conc. HNO (sp Sp 1.41) to 400 ml
spectra: (3) background contribution level of 10X the instrumental detection deionized, distilled water and dilute ti I
from continuous or recombination limit (maximum 1oX) to the original liter.
phenomena; and (4) background determination should be recovered to 6.2 Deionized distilled wotei.
contribution from stray light from the within 90 to 110 percent or within the Prepare by passing distilled water
line emission of high concentration established control limit for that matrix, through a mixed bed of cation and ariun .
elements. The first of these effects can If not. a matrix effect should be exchange resins. Use deionizecL distiltd
be compensated by utilizing a computer suspected. The use of a standard water for the preparation of all reagr,.:s.
correction of the raw date. requiring addition analysis procedure can usually calibration standards and as dilutior
measurement of the interfering element. compensate for this effect. water.

_ The second effect may require selection Caution.-The standard addition technique 6.3 Standardstock solutions may le
of an alternate wavelength. The third does not detect coincident spectral overlap. if purchased or prepared from ultra higi
and fourth effects can usually be suspected. use of an alternate wavelength or purity grade chemicals or metals

P.-
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S (Caution: See Note 2). All salts must be in a minimum amount of (1+1) HINO. 6.3.23 Strontium solution. s::'. I ml
"ried for I h at 105" C unless otherwise Add 20.0 ml cone. Flea, and dilute to = 100 pg Sr. Dissolve 0.2416 iNO.).
specified. 1.000 ml with deionized, distilled water. in deionized, distilled water. A.-. 10.0

drni Note L-Many metal salts are extremely 6.3.10 Copper solution, stock. I ml conc. HNO, and dilute to 1.00 ml

toxic and may be fatal if swallowed. Wash ml 100 pg Cu: Dissolve 0.1252 g CuO in with deionized, distilled water.

hands thoroughly after handlin& a minimum amount of (1 + 1) HNO. Add 6.3.24 Vanodium solution, s - 1 ,I
10.0 ml cone. HNO, and dilute to 1.000 = 100 pg V: Dissolve 0.2297 NI,'O, in

Typical stock solution preparation ml with delonized, distilled water, a minimum amount of cone. H '. Heat
procedunres follow u 6.3.11 Iron solution. stack I mJ=100 to increase rate of dissolution. ,td 10.0

.. 10 jPg Fe: Dissolve 0.1430 g Fe.O, in 10 mI ml cone. HNO, and dilute to 1.(/) ml
m. g = 00 g Alh Dissolve 0.100 g of deionized. distilled water with I ml with deionized, distilled water
aluminum metal in an acid mixture of 4 (1 + 1) HCL Add 10.0 ml cone. HNO, and 6.3.25 Zinc solution, stock. ' A =K:l ml of (1 + 1) MCI and I mil of conc. HNO* dilute to 1.000 ml with deionized. 100jua Zn: Dissolve 0.1245 g Zn' in 2
in a beaker. Warm gently to effect distilled water. . minimum amount of dilute HNC,. Add

,. solution. When solution is complete, 6.3.12 Lead solution, stock, I ml = 100 10.0 ml cone. HNO, and dilute t' 1.000
transfer quantitatively to a liter flask. jg Pb: Dissolve 0.1599 g Pb(NOJa in a ml with deionized. distilled waur.
add an additional 10 nl of (1 +1) HCI minimum amount Of (1+ 1)--NO.. Add 6.4 Mixed calibration stanc.. d

",. and dilute to 1.000 ml with deionized. 10.0 ml cone. HNO, and dilute to 1.000 solutions-Prepared mixed cali:-ation
distilled water. ml with deionized, distilled water. standard solutions by combinin;

6.3.2 Arsenic solution, stock 1 6.3.13 Lithium solution. stock. 1 appropriate volumes of the sto-'
-flJ ed=00pg As: Dissolve 0.13208 of nl=l10pg Li: Dissolve 0.5323 g LIJCO. solutions in volumetric flasks. (:te 6.4.1

As,O, in 100 ml of deionized. distilled slowly in a minimum amount of (1+1) t 6.4.) volumei oflk + eH, nr
water containing 0.4 g NaO. Acidify HNO. Add 10.0 ml conc. HNO, and d 2 ml of (1+1) HC and dilute t 00nm
the solution with 2 ml cone. NHO, and dilute to 1,000 ml with deionized. with deionized. distilled water '.or to
dilute to 1.000 ml with deionized. distilled water. preparing the mixed standards ,sch
distilled water. 6.3.14 Magnesium solution, stock. 1

6.3.3 Barium solution, stock 1 ml=l10 pg Mg: Dissolve 0.1658 g MgO stock solution should be nalyz-dm1 = 00 ug M g : D i s o v e 0 .1 58 g g O se p a ra te ly to d e te rm in e p o ssib v

ml = 100 pg Ba: Dissolve 0.1516 g BaCl, in a minimum amount of (1 + 1) HNOs. spectral inteterence. Care shoud be
in 10 ml deionized, distilled water with I Add 10.0 m cone. HNO, and dilute to tanerern Cae sode
ml (14 1) HCI. Add 10.0 ml (1 + 1) HCI 1.000 ml with deionized. distilled water taken when preparing the mixet
and dilute to 1.000 ml with deionized. 6.3.15 Manganese solution, stock. standards that the elements are

distilled water. ml=100 pg Mn Dissolve 0.5225 g mixed standard solutions to a=e

8.3.4 Beryllium solution stock. I Mn(NO).<6H,O (do not dry) in
.. 2'~I mi =100 pg Be: Dissolve 1.127 g deionzed. distilled water. Add 10.0 ml fluorocarbon bottle for storage. 'resh

Be.O(CH.O,). beryllium acetate basic. cone. 'NO, and dilute to 1.000 nl with mixed standards should be prenired

in a minimum amount of conc. acetic deionized, distilled water. weekly. Some typical combinaturi

acid. Add 10.0 ml cone. HNO, and dilute 6.3.16 Molybdenum solution, stock. I follow:

to ,ml with deionized, distilled ml = 100 pg Mo: Dissolve 0.2043 g 6.4.1 Mixed standard solutin I-
u to1.00 a.. ~ ron. manganese. cadmium. leaL. and

water. (NH,),MoO. In deionized. distilled water Inc.
- 6.3.5 Boron solution, stock I rml=100 and dilute to 1.000 ml. zile.

pg B: Dissolve 0.5716 g anhydrous H.BO, 6.3.17 Nickel solution, stock I nil 6.4.2 Mixed standard solutih fl-
in deionized. distilled water and dilute 200 pg Ni: Dissolve 0.49538g Ni(NOg)t Beryllium, copper, strontium vanadiumr.
to 1,000 ml. Because HBO, loses weight (6HO in deionized. distilled water. Add and cobalL
on drying at 205' C. use a reagent 10 m of cone. HNO, and dilute to 1.000 6.4.3 Mixedstandardsolutun 171-
meeting ACS specifications and keep ml with deionized, distilled water. Molybdenum. silica, lithium, ant
the bottle tightly stoppered to prevent 6.3.18 Potassium solution, stock. I ml barium.
the entrance of atmospheric moisture. 100 pg K: Dissolve 0.1907 g KCI. dried 6.4.4 Mixed standard solutni IV-

6.3.8 Cadmium solution, stock. I at 110" C. in deionized. distilled water Calcium. magnesium, sodium, aid
ml = 100 pg Cd: Dissolve 0.1142 g CdO in dilute to 1,000 ml. potassium.
a minimum amount of (1+ 1) HNO,. 6.3.19 Selenium solution, stock, I ml 8.4.5 Mixed standard solutuln V-
Heat to increase rate of dissolution. Add = 100pg Se: Dissolve 0.1727 g HSeO, in Alurinum. arsenic. boron. chronium,
10.0 ml cone. HNO and dilute to 1.000 deionized. distilled water and dilute to nickel, and selenium.ml with deionized. distilled water. 1.000 ml. 6.4.6 Mixed standard so/ut.'n Vi-

6.3.7 Calcium solution, stock. 1' 6.3.20 Silica solution, stock. I ml = Silver.
m = 100 pg Ca: Suspend 0.2498 g CaCO. 100 jg SiO,: Do not dry. Dissolve 0.4730 6.5 Two types of blanks ar -equired
dried at 180' C for I h before weighing in g NaSiO. <9H,0 in deionized. distilled for the analysis. The calibratioi Iank

4 deionized, distilled water and dissolve water. Add 10.0 ml cone. HNO, and (3.12) is used in establishing th!
cautiously with a minimum amount of dilute to 1.000 m with deionized. analytical curve while the rea.ii blank

(1 + 1) H-NO.. Add 10.0 ml conc. MNO, distilled water. (3.11) is used to correct far po-.;.bie
and dilute to 1.000 ml with deionized. 6.3.21 Silver solution, stock. I ml = i contamination resulting from '-t Ing
distilled water. pg Ag: Dissolve 0.1575 g AgNO. in 100 amounts of the acids used in t- .-

6.3 8 Chromium solutio., stock. 1 ml of deionized, distilled water and 10 processing.
ml = 100 pag Cr. Dissolve 0.1923 g of CrO, ml cone. HNO,. Dilute to 1.000 ml with 6.5.1 The rnh"rnti., b,'n::#

., in detonized. distilled ware:. When deionized, distilled water. prepnrvd hi, dilutinR 2 ml of (I ".
.oiution is complete. acidify with 10 ml 6.3.22 Sodium solution. stork. 1 ml ,nd 2 ni of 1 t,11lCI to n. "--
conc HNO, and dilute to 1.000 mi with 100 pg Na: Dissolve 0.2542 g NaC] in dcionxrd. distilled %%amr Prp-.,- ,

-1 deioni:rd. distilled water, deionized. distilled water Add 100 ml ouff,.,n, q,,antity to he ,,,d 1...

6 .3 9 Cobol! solution. s:cA. I cone. HNO, and dilutr to I (w) ml wite the . tem bptwrer uAun' - ' -
ml = 100 pg Co Dissolve 0 14.7 g Co,O, deionizrd dititlird woter,

"............................................................................-...........".....................
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3 S : T7.f recct.l b, must 7.2 Before coliection of the sample a taker gcntly to dissolhe any sC -t
Sc,niain all the reagents and in the same decision must be made as to th( 1.pe of rnateral ash down the wat s

%r- , mes a.,, used in the processing of the data desired. that is dissolved, and beaker walls with deionized
samples. The reagent blank must be suspended or total, so that the distilled water and fiter the sar..- to
carried through the complete procedure appropriate preservation and remove insoluble material that cc .
and contain the same acid concentration pretreatment steps ma) be clog the nebulizer. Adjust the vc_-e L.
in the final solution as the sample accomplished. Filtration. acid based on the expected concentra!.: ns cf
solution used for analysis. preservation, etc.. are to be performed at elements present. This volume wi. sary

6.6 In addition to the calibration the time the sample is collected or as depending on the elements to be
standards. an instrument check soon as possible thereafter, determined. The sample is now rf cy L
standard (3.7) and a reference standard 7.2.1 For the determination of for analysis. Concentrations so
(z3.) are also required for the analyses. dissolved elements the sample must be determined shall be reported as

66.1 The instrument check standard filtered through a 0.45-sAm membrane "suspended."
is prepared by the analyst by combining filter as soon as practical after 8.3 For the determination of to
compatible elements at a concentration collection. (Glass or plastic filtering elements, choose a measured. vohl.e of
equivalent to the midpoint of their apparatus is recommended to avoid the well mixed acid preserved samole
respective calibration curves. This possible contamination.) Use the first appropriate for the expected leve! if
standard should be included in the 50-100 ml to rinse the filter flask. elements and transfer to a Griffin
analytical scheme with a frequency of Discard this portion and collect the beaker. (See Note 5.) Add 3 ml of onc
10%. required volume of filtrate. Acidify the HNO,. Place the beaker on a hot pi.te

6.6.2 7he reference standard should filtrate with (1 + 1) HNO, to a pH of 2 or and evaporate to near dryness
be prepared according to the less. Normally. 3 ml of (1 + 1) acid per cautiously. making certain that the
instructions provided by the supplier, liter should be sufficient to preserve the sample does not boil. (DO NOT BIz.]
Following initial verification of the sample. Cool the beaker and add another . ul
calibration standards, analyze weekly. 7.2.2 For the determination of portion of conc. HNO,. Cover the b-aker

7. Sample handling and preservation, suspended elements a measured volume with a watch glass and return to th hot
7.1 For the determination of trace of unpreserved sample must be filtered plate. Increase the temperature of tie

elements, contamination and loss are of through a 0.45-jAm membrane filter as hot plate so that a gentle reflux acton
prime concern. Dust in the laboratory soon as p, actical after collection. The occurs. Continue heating. adding
environment. impurities in reagents and filter plus suspended material should be additional acid as necessary, until te
impurities on laboratory apparatus transferred to a suitable container for digestion is complete (generally
which the sample contacts are all storage and/or shipmenL No indicated when the digestate is ligh in
sources of potential contamination, preservative is required. color or does not change in appearnce
Sample containers can introduce either 7.2.3 For the determinais of total or with continued refluxig.) Again.
positive or negative errors in the total recoverable elements, the sample evaporate to near dryness and coo! -he
measurement of trace elements by (a) is acidifiedwith 5 ml conc. -NO, per beaker. Add 2 ml of 1+1 HNO, antz ml
contributing contaminants through liter .pH 2) as soon as possible, of 1 +1 HCI per 100 ml of final solutonleaching or surface desorption and (b) preferably at the time of collection. The and warm the beaker to dissolve an-
by depleting concentrations through sample is not filtered before processing. precipitate or residue resulting fron
adsorption. Thus the collection and 8. Sample Preparation. evaporation. Wash down the beake

*.. treatment of the sample prior to analysis 8.1 For the determinations of walls and watch glass with deioniz!d
requires particular attention. Laboratory dissolved elements, the filtered. distilled water and filter the samph :o
glassware including the sample bottle preserved sample may often be remove insoluble material that couh
(whether linear polyethylene, analyzed as received. The acid matrix clog the nebulizer. Adjust the volunt
polyproplyene or TFE-fluorocarbon) and concentration of the samples and based on the expected concentratims of
should be thoroughly washed with calibration standards must be the same. elements present. The sample is nov
detergent and tap water rinsed with If a precipitate formed upon . ready for analysis. Concentrations ii

.. , (1 + 1) nitric acid. tap water. (1 +1) acidification of the sample or during determined shall be reported as "totil.'
hydrochloric acid. tap and finally transit or storage, it must be redissolved
deionized, distilled water in that order. before the analysis by adding additional Note .- Ila low determinations of borm aSe
(See Notes 3 and 4). acid and/or by heat as described in 8.3.8.2 For the determinaton of 8.4 For the determination of totaNote S.-Chromic acid may be useful to suspended elements, transfer the recoverable elements, choose aremove orgon,c deposits from gloss wore- membrane filter containing the insoluble measured volume of a well mixed. a:d
however, thie analyst should be cautioned
that the gloss ware must be thoroughly rinsed material to a 250.m] Griffin beaker and preserved sample appropriate for th!
wtii water to remove the lost traces of add 3 ml conc. HNO.. Cover the beaker expected level of elements and trani'er
chrvfnium. This is especially- iirportant if with a watch glass and heat gently. The to a Griffin beaker. (See Note 5.) Ad. i
chromium is to be included in the analytical warm acid will soon dissolve the ml of HNO, (1 + 1) and 2 m1 or HCI (- 1 )scheme A commercal product memibrane. Increase the temperature of to the sample and heat on a steam bi:hNOCAIROMIX. ovoilcble from Coda% the hot plate and digest the material. or hot plate until the volume has be:iLabosrt!or)rs 6 aricA St. Ne )or. A' When the acid has nearly evaporated, reduced to 15-20 ml making certain tie
I,.-. may be used in place of chromic acid cool the beaker and watch glass and sample does not boil. After this

CArumic acid should iot be used with plostc add another 3 ml of conc. HNO. Cover treatment the sample is filtered to
Note 4 -if it can be docme.ed through and continue heating until the digestion remove insoluble material that coul:

an active snalytical qualt) con:rol program is complete, generally indicated by a clog the nebulizer. and the volume
sing spiked samples and reagent blanks, light colored digestate. Evaporate to adjusted to 100 ml. The sample is th," that certain steps in the cleanr.s procedure near dryness (DO NOT BAKE). cool. ready for analysis. Concentrations t..

are nut required for routine sarnples. those add 2 ml of (1 + 11 HNO, and 2 ml HCI determined shall be reported as "'to!,. " r
steps troy be eliminated fror i-e procedure (1 + 1) per 100 ml dilution and warm the 9 Procedure.

I
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]J 91 Set up instrument with proper SMV,c 11.1.1 Anahze the ilrstr .7! check
operating parameters established in (SA- S,) V. standard (6 6 1) made up of : :.e

- Section 5.2. Instrument must be allowed elements of interest at a frec .::y of
to stabilize for at least 30 min poor to ^liere S. and S, are the analytical signals 10% This check standard is .,td to
operations. (corrected for the blank) of solutions A determine instrument drift. I i:eement

9.2 Initiate appropriaate operating and B. respectively. V. and c, should be is not within ±t Z% of the expc'ed
configuration of computer. chosen so that S, is roughly twice S, on values or within the establis*c C control

93 Profile and calibrate instrument the average. It is best if V. is made much i1s1o
o. insrumentmanufacturermnt less than V.. and thus c. is muds greater limits, the analysis is out of c:trol.

according to instniment manufacturer's than c,. to avoid excess dilution of the 11.1.2 For the purpose of vs-.fying

t recommended procedures, using the sample matrix. Is a separation or interelement andfor backgro-d
typical rrrixed calibration standard concentration step is used. the addition, correction factors. analyze a ic-ond
solutions described in Section 6.4. Flush are best made first and carried through check standard, prepared in L-"
the system with the calibration blank the entire procedure. For the results from following manner. Select a
(6.5.11 between each standard. (See note this technique to be valid, the following representative sample which cztains
6.) (The use of the average intensity of lmitations must be taken into minimal concentrations of thr ements
multiple exposures for both consideration: o
standardization and sample analysis . The analytical curve must be inmeaar of interesL Spke this sample .. h the ,,j has been found to reduce random error.) 2. The chemical form of the analyte added "analytes of interest at or nea: ad dgeI.

must respond the same as the analyte in the (For effluent samples of expe:'d high
NOTE &.-For boron concentrations greater sample. concentrations, spike at an asT-priate

than 50 Mpg/i extended flush times of I to 2 3. The interference effect must be constant level.) Values should fall wilL the
minutes may be required. over the working range of concern, established control levels of 1. Limes

9.4 Before beginning the sample run. 4. The signal must be corrected for any the sfandard deviation of the :?an0 . 94Bfr egnitesml z-.o additive interference, 'au"fte hc tndr.[t
reanalyze the highest mixed calibration value of the check standard. ..
standard as if it were a sample. 10. Calculation. repeat the standardization.
Concentration values obtained should 10.1 Reagent blanks 16.5.2) should be 11.1.3 A reference standan 6.6.2)
not deviate from the actual values by subtracted from all samples. This is from an outside source, but ha.ag
more than 2 percent for the established particularly important for digested known concentration values, s.'=uld be
control limits). If they do, follow the samples requiring large quarfities of analyzed as a blind sample or.. weekly
recommendations of the instrument acids to complete the digestion, frequency. Values should be %i.in the
manufacturer to correct for this 10.2 If dilutions were performed, the established quality control list. If noL
condition- appropriate factor must be applied to e stantrs.

9.5 Begin the sample run flushing the sample values. prepare new stock standards.

system with the calibration blank 16..1) 10-3 Results should be reported to 12. Precision andAccuracy.

between each sample. (See Note 6.) the nearest pg/l. up to three significant 12.1 In an EPA round phase study.

Analyze an instrument check standard figures, except calcium, magnesium, seven laboratories applied the.[P

U B.6S.1 each 10 samples. sodium and potassium which are technique to acid-distilled wale
9.6 If it has been found that methods reported to the nearest 0.1 mg/L matrices that had been dosed v.th

of standard addition are required, the 11. Quality Control (Instrumental). various metal concentrates. Tai:! II lists
following procedure is recommended. 11.1 Check the instrument the true value, the mean reportF; value

9.6.1 The standard addition standardization by analyzing and the mean % relative standari
'.q technique (13.2) involves preparing new appropriate quality control check deviation,

standards in the sample matrix by standards as follow:
adding known amounts of standard to
one or more aliquots of the processed Tabo tI.-ICP Precason and Acczracy Del.
sample solution, This technique __
compensates for a sample constituent
that enhances or depresses the analyte s4,n NO- I sn, N S ,s
signal thus producing a different slope Mm 16

from that of the calibration standards. It Tri. qpsd Mn T eponed Mean TA e Me.

will not correct for additive intererence E,, " 'g Po J,91 "A F A-/ ,.Vi SaO
.,,,..~ which causes a baseline shift. The
• simplest version of this technique is the .. 70 7 0.2 20 20 98 ISO 17 S2

single.addition method. The proc dure V, -..........- . 50 49 IS so , $7 .o I" I I'!V........ ...... 70 71 IS 70 85) 29 170 160 I

" is as follows. Two identical aliquots of A.. I 200 20 o .s 22 is 2 so -3 17

the samp!e solution, each of volume V., o '. 1.4.. ..-... ... 3 1, 10 Is so so 3-
C-II 11 40 70 67 To

are taken. To the first (labeled A) is Goo s64 :s0 2 , i s ISO 17M to

added a small volume V. of a standared , ... 700 &W6 5s so a2 3 ,60 16 13

analyte solution of concentration c.. To C.. .so a I 2 s i Is 1, oS it

the second (labeled B) is added the .. .................... 245 sa 20 29 1I so 55 14

same . lurne V., of the solient. The .. .. .......... .. 250 28 , 24 30 32 60 ME ,
i.. .230 5 16 19 4 5 W7 94

anal)1;ca! s g .'s of A and B are . .2. . a as 42 10 6 s3
m e a su -e ! a-.d c ":. e c te d fo r n o n a n a ly te .... .. .

s'.Fr.a's T.e '_r. own sample o! .. - a b, , : C
-4 conce.-.t:a';c:. c, ;s calcu!atedi

-- 4

- .
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Method 239.2 (Atomic Absorption, furnace technique)

W STORET NO. Total 01151
Dissolved 01,49

Suspended 01150

Optimum Concentration Range: 5-100 uglI
Detection Limit: I Ug/i

Preparation of Standard Solution
1. Stock solution: Prepare as described under "direct aspiration method".
2. Lanthanum Nitrate Solution: Dissolve 58.64 g of ACS reagent grade La20 3 in 10 nl

conc. HN03 and dilute to 1000 ml with deionized distilled water. I ml = 50 mg La.
3. Working Lead Solution: Prepare dilutions of the stock lead solution to be uset as

calibration standards at the time of analysis. Each calibration standard should conT-in
0.5% (v/v) HNO3. To each 100 ml of diluted standard add 10 ml of the lanthanim
nitrate solution.

Sample Preservation
I . For sample handling and preservation, see part 4.1 of the Atomic Absorption Methis

section of this manual.

... Sample Preparation
1. Prepare as described under "direct aspiration method". Sample solutions for anal'is

S- should contain 0.5% (v/v) HNO 3.
2. To each 100 ml of prepared sample solution add 10 ml of the lanthanum nitrate solutirn.

Instrument Parameters (General)
I. Drying Time and Temp: 30 sec-I 25"C.
2. Ashing Time and Temp: 30 sec-500*C.
3. Atomizing Time and Temp: 10 sec-2700*C.
4. Purge Gas Atmosphere: Argon

+ 5. Wavelength: 283.3 nm
6. Other operating parameters should be set'as specified by the jarticul - irstrurnzit

manufacturer.

Analysis Procedure
1. For the analysis procedure in the calculation see "Furnace Procedure", part 9.3 of :ne

.:. Atomic Absorption Methods section of this manual.

V" Approved for NPDES and SDWA
Issued 1978
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Notes
I. The above concentration \alues and ins rrtrinull Cofio ow art for a Pcrf..n-Elncr 1 GA-

2100, based on the use of a 20 ul injection, continuou, flo0\ purge gas and non-p. rol\ tic
graphite. Smaller size furnace devices or those emplo.ing faster fates of atomization can
be operated using lower atomization temperatures for shorter time periods than the

-.- above recommended settings.

2. The use of background correction is recommended.
3. Greater sensitivity can be achieved using the 217.0 nm line, but the optimum

concentration range is reduced. The use of a lead electrodeless discharge lamp at this
lower wavelength has been found to be advantageous. Also a lower atomization

temperature (2400"C) may be preferred.
4. To suppress sulfate interference (up to 1500 ppm) lanthanum is added as the nitrate to

both samples and calibration standards. (Atomic Absorption Newsletter Vol. 15, No. 3,
p 71, May-June 1976.)

5. Since glassware contamination is a severe problem in lead analysis, all glassware should
be cleaned immediately prior to use, and once cleaned, should not be open to the
atmosphere except when necessary.

b 6. For every sample matrix analyzed, verification is necessary to determine that method of
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual).

7. For quality control requirements and optional recommendations for use in drinking

water analyses, see part 10 of the Atomic Absorption Methods section of this manual.
8. If method of standard addition is required, follow the procedure given earlier in part 8.5

of the Atomic Absorption Methods section of this manual.
9. Data to be entered into STORET must be reported as ug/l.

Precision and Accuracy

A I. In a single laboratory (EMSL), using Cincinnati, Ohio tap water spiked at concentrations
of 25, 50, and 100 ug Pb/l, the standard deviations were :il.3, : 1.6, and ±3.7,
respectively. Recoveries at these levels were 88%, 92%, and 95% respectively.

,-
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United Sitatles Enronmenta 'j 'ur, and
Environmental Protection Support Labc'aTor4
Agency Cincinnati OH 45268

Research and Development

* IM" \Test Method

Organochlorine Pesticides
and PCBs Method 608

I. Scope and Application
- 1.1 This method covers the

determination of certain organochlorine

pesticides and PCBs. The following
parameters can be determined by this
method:

Parameter STORET No. CAS No.

Aldrin 39330 309-00-2
o-BHC 39337 319-84-6
P-BHC 39338 319-85-7
6-BHC 34259 319-86-8
y-BHC 39340 58-89-9
Chlordane 39350 57-74-9
4,4'-DDD 39310 72-54-8
4,4'-DDE 39320 72-55-9
4,4'-DDT 39300 50-29-3
Dieldrin 39380 60-57-1
Endosulfan I 34361 959-98-8
Endosulfan II 34356 33212-65 9
Endosulfan sulfate 34351 1031-07-8
Endrin 39390 72-20-8
Endrin aldehyde 34366 7421-93-4
Heptachlor 39410 76-44-8

- Heptachlor epoxide 39420 1024-57-3
Toxaphene 39400 8001-35-2
PCB-1016 34671 12674-11-2
PCB-1221 39488 11104-28-2
PCB- 1232 39492 11141-16-5
PCB-1242 39496 53469-21-9
PCB-1248 39500 12672-29-6
PCB-1254 39504 11097-69-1
PCB-1260 39508 11096-82-5

1.2 This is a gas chromatographic one additional qualitative technique.
(GC) method applicable to the determi- This method describes analytical
nation of the compounds listed above conditions for a second gas
in municipal and industrial discharges chromatographic column that can be
as provided under 40 CFR 136. 1. used to confirm measurement made
When this method is used to analyze with the primary column. Method 625
unfamiliar samples for any or all of the provides gas ch omatograph mass
compounds above, compound identifi- spectrometer (GC/MS) conditions
cations should be supported by at least appropriate for the quatative and
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-Q,.ir aiive coifirmation of results for 3. Interferences 3 3 Matrix niterfe'enLt-s mav be
all of Vie pi),rarriet , , listed above, 3.1 d interferences may be caused b contama 'a s that are
us,nq tic extract produced by this Ca~sed tv i ontar',: uiniS in solvents, coextracted from the snpe The"rio-,'t od, a l~ Y(o l r,.in si ov n s exiunt of flatdrix Ir;' ft{' , S l vary
r r"d. reaqt,,ts a tG'Sr a'e. ard other sample

con~sidt albly fiorr 'y ~ et ,,urce,

1.3 Thu method a;tcclon limit IMDL, process, :g narmt-ire that lead to deening fon v : a ',u'cen
d-fined in Section 14.111" for each discrete artr'acts arid or elevated depending upon t1e : at-e and
paam eter 's listed in Table 1 . The MDL basei,,es in gas cr;romaTograms. All of diversity of tn ncr i e x or

• for a specific wasvewater may differ these rr,terias must be routinely munici'paity ie:ng s mo.ed Te
from those listed. aepending upon the aemor'strated to be free from inter- ceau oovere in on 11 ca
rature of interferences in the sample ferences under the conditions of the be used to overome many of pese

atr n analysis Dv running aboratory reagent interferences, but unique sDamies may
* -- matrix. e~~ea to~l au :Doce

1 h-t. blanks as Oscribed in Section 8.5. ir aci ror-.ah C o a:dpnoTabe1tc acoivrs toe MDL isted in Table 1.
1.4 The sample extraction and 3. 1. 1 G'essvvare must be scrupulously 4. Safety
concentration steps in this method are ceaned

3
. Clean all aiassware as soon

,. - .. essentially the same as in methods as possble after use by rinsing with the
,'""606, 609, 61 1 and 61 2. Thus, a a osbe ftrue yri in wth he 4,1 The toxicity or carcinoger,-city of

606gl 609. 611and 62 extacted t last solvent used in it. This should be each reagent used in this method has
single sample may be extracted to followed by detergent washing with not been precisely defined, hov ever,
measure the parameters included in the hot water, and rinses with tap water each cremical compound should be
scope of each of these methods. When and distiied water. It should then be treated as a potential health hazard.
cleanup is required, the concentration drained dry and heated in a muffle From this viewpoint, exposure to these
levels must be high enough to permit furnace at 400 IC for 1 5 to 30 chemicals must be reduced to the
,seection of aiquots as necessary to minutes. Some thermally stable lowest possible level by whatever

apply appropriate cleanup procedures. materials, such as PCBs, may not be
The analyst is allowed the latitude to eliminated by this treatment. Solvent means available. The laboratory is

select gas chromatographic conditions ineresponsible for maintaining a current
,rinses with acetone and pesticide awareness file of OSHA regulations

approriat foran the simultaneous fomeasurement of combinations of these quality hexane may be substituted for regarding the safe handling of the
the muffle furnace heating. Thorough chemicals specified in this method. A

parameters. rinsing with such solvents usually reference file of material data handling

1.5 Any modification of this method, elminates PCB interference. Volumetric sheets should also be made available to
"'"' beyond those expressly permitted, ware should not be heated in a muffle all personnel involved in the chemical

* shall be considered as major furnace. After drying and cooling, analysis. Additional references to
modifications subject to application glassware should be sealed and stored laboratory safety are available and
and approval of alternate test in a clean environment to prevent any have been identified,6-8) for the
procedures under 40 CFR 1 36.4 and accumulation of dust or other information of the analyst.
136.5. contaminants. Store inverted or capped

with aluminum foil. 4.2 The following parameters

1.6 This method is restricted to use 3. 1.2 The use of high purity reagents covered by this method have been

by or under the supervision of analysts and solvents helps to minimize tentatively classified as known or

experienced in the use of gas chroma- interference problems. Purification of suspected, human or mammalian

tography and in the interpretation of solvents by distillation in all-glass carcinogens: 4,4'-DDT,4,4'-DDD, the
gas chromatograms. Each analyst must systems may be required. BHCs, and the PCBs. Primary

demonstrate the ability to generate standards of these toxic compounds
acceptable results with this method 3.2 Interferences by phthalate esters should be prepared in a hood.

using the procedure described in can pose a major problem in pesticide
Section 8.2. analysis when using the elution capture 5. Apparatus and Materials

detector. These compounds generally

appear in the chromatogram as large 5.1 Samplii~g equipment, for discrete
2. Summary of Me'thod eluting peaks, especially in the 15 and or composite sampling.

50% fractions from Florisil. Common 5.1. 1 Grab sample bottle-Amber

2.1 A measured volume of sample, flexible plastics contain varying glass, one-liter or one-quart volume,
approximately one-liter, is solvent amounts of phthalates. These phtha- giatd oite roneaquartnvolume.,. " .fitted with screw caps lined with
extracted with methylene chloride lates are easily extracted or leached Teflon. Foil may be substituted for
using a separatory funnel. The from such materials during laboratory Teflon if the sample is not corrosive. If
methylene chloride extract is dried and operations. Cross contamination of amber bottles are not available, potect

exchanged to hexane, during clean glassware routinely occurs when samples from light. The container must
concentration to a final volume of 10 plastics are handled during extraction be wasned, rinsed with acetone or
mL or less. Gas chromatographic steps, especially when solvent wetted methylene chloride, and dried before
conditions are described which permit surfaces are handled. Interferences use to minimize contamination

Sthe separation and measurement of the from phthalates can best be minimized
parameters in the extract by electron by avoiding the use of plastics in the 5.1.2 Automatic sampler optionall -

capture GC 2 ). laboratory. Exhaustive cleanup of Must incorporate gass sample
reagents and glassware may be containers for the coliection o' a mini-

2.2 1he method provides a Florisil required to eliminate background mum of 250 mL. Sample corta,ners
column orocedure and elemental sulfur phthalate contaminationi4

.S. The must be kept refrigerated at 4 0 C and
removal procedure to aid in the interferences from phthalate esters can protected from light during compositing
elimination of interferences that may be avoided by using a microcoulometric If the sampier uses a perstat z r p.
be encountered, or e ectrolytic conductivity detector. a min,mum length of comp'essbie
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rubber I-,,. wod' '(I SP 22501.95% SP-2401 on 6. 10 Copper powder- Activated

.e use, howrt-'r the (oUlpr'.,Sibte Supelcopor, (100120 mesh) or

g.j ,g shouti be thuroughly rr-sed equivalent. Column 1 was used to 6.11 Stock stdndard solutions (1.00

" i lc.-.ed by tepr ated develop the method performance ,g L! - Stock standard solutions can

, I s with d,sniiiC Aater tc mininize statements in Section 1 r Guidelines be weDared fwim pure standard
- , e-'tia for c- .a-,natiun of the for the use of alternate column rnateiats or purchased as certified

_w.ple. An .nteurailng flow meter is packings are provided in Section 12.1. soIjtions.

_ited to coliect fOw pruportlional 5.6.2 Column 2- 1.8 m long x 4 6. 11. 1 Prepare stock standard

pcsiaes mm ID glass, packed with 3% bY-1 on solutions bl accurately weighing about

0.0100 gams of cure material.
*. 5 2 :ess.a.e (A specfcatons are Supelcoport 100120 mesh) or D'ssove tne material in isooctane,

-' .'esred. Catalog .r. mers are equivalent, dilute to vo nume in a 1 0-mL volumetric

p, dec for ilikstra',on onlyi. 5.6.3 Detector-Electron capture. flask Larger vo' 0 mes can be used at

-10 5 2.1 Separatory funne - 2000 mL. This detector has proven effective in tme conver,ence of tme analyst. If
.,tn Teflon stopcock. the analysis of wastewaters for the compound ourity is certified at 96% or

parameters listed in the scope, and greater, the weight can be used
5 2.2 Dryigcoiumn--Chroma" was used to develop the method without correction to calculate the
io,;3phic coimnrn approximately 400 performance statements in Section 14. concentration of the stock standard.

mm long x 19 mm ID. with coarse frit. Guidelines for the use of alternate Commercially prepared stock standards

5.2.3 CnroinatograPhic column- detectors are provided in Section 12. 1. can be used at any concentration if
they are certified by the manufacturer

Pyrex, 400 mm long x 22 mm ID, 6. Reagents or by an independent source.
with coarse fritted plate and Teflon

*_- stopcock (Kontes K-42054 or 6.1 Reagent water-Reagent water is 6.11.2 Transfer the stock standard
equivalent), defined as a water in which an inter- solutions into Teflon-sealed screw-cap

ferent is not observed arthe MDL of bottles. Store at 4 0 C and protect from
5.2.4 Concentrator tube, Kuderna- each parameter of interest. light. Stock standard solutions should
Danish - 1 0-mL. graduated (Kontes K-

570050-1 025 or equivalent). Calibra- 6.2 Sodium hydroxide solution (10 be cnecked frequently for signs of

tion must be checked at the volumes N)- (ACS). Dissolve 40g NaOH in degradation or evaporation, especially
employed in the test. Ground glass reagent water and dilute to 100 mL. just prior to preparing calibration

standards from them. Quality control
stopper is used to prevent evaporation 6.3 Sodium thiosulfate--(ACS). check standards that can be used to

of extracts. Granular. determine the accuracy of calibration

5.2.5 Evaporative flask, Kuderna- 6.4 Sulfuric acid solution 1 + 1 )- standards will be available from the
Danish - 500-mL (Kontes K570001 - ACS Slowly, add 50 mL H2SO 4 Isp. U S Environmental Protection Agency,
0500 or equivalenti. Attach to Environmental Monitoring and Support
concentrator tube with springs. gr. 1 •84) to 50 mL of reagent a Laboratory, Cincinnati, Ohio 45268.

6.5 Acetone, hexane, isooctane
,' -5. 2. 6 Snyder column, Kuderna- (2,2,4-trimethylDentane), methylene 6.11.3 Stock standard solutions

Dan sh three bali macro (Kontes chloride- Pesticide quality or must be replaced after six months, or
K-503000-0121 o' eouivalent). equvlent sooner if comparison with check

5.2.7 Vials Amer glass. 10- to 6.6 Ethyl ether- Pesticide quality or standards idicate a problem.

,5 mL caoacity, with Tefion-lined equiva;,ent, redistilled in glass if 7. Calibration
screw cap necessary. 7.1 Establish gas chromatographic

5.3 Boiing chips approximately 6.6.1 Must be free of peroxides as operating parameters which produce
* 10,40 mesh. Heat to 400 'C for 30 indicated by EM Laboratories Quant retention times equi, aient to those
- minutes or Soxhlet extract with test strips (Available from Scientific indicated in Table 1 The gas

methylene chloride. Products Co., Cat. No. P1126-8, and chromatographic system may be
-5.4 Water bath--Heated, with others suppliers.) calibrated using the external standard

5.4 Wate bathh-eated withio
concentric ring cover, capable of 6.6.2 Procedures recommended for techique (Section 7.2) or the internal

temperature control i T 2 °C). The bath removal of peroxides are provided with standard technique (Section 7.3).

should be used in a hood. the test strips. After cleanup, 20 mL 7.2 External standard calibration
ethyl alcohol preservative must be procedure:

5.5 Balance Analytical, capable of added to each liter of ether.
accurately weging 0 0001 g. 7.2.1 Prepare calibration standards

6.7 Sodium sulfate-(ACS) Granular, at a minimum of three concentration
5.6 Gas cruomatograph - An anhydrous. Purify by heating at 400 0 C levels for each parameter of interest by

* analytical system complete with gas for 4 hours in a shallow tray. adding volumes of one or more stock
chromatograph suitable for on-column
injection and all reouired accessories 6.8 Florisil-PR grade (60/100 standards to a volumetric flask and
including syringes, analytical columns, mesh), purchase activated at 1250OF diluting to volume with isooctane. One

of the external standards should be ata
-". gases, detector, and strip-chart and store in dark in glass containers oncetrat n ar so e t

recorder. A data system is with glass stoppers or foil-lined screw concentration near but above, th
recommended for measuring peak caps. Before use, activate each batch MDL and the other concentrations

areas. at least 16 hours at 130 C in a foil should correspond to the expected
covered glass container. range of concentrations found in real

5.6.1 Column I-1 8mlong x 4 samples or should def,-ie the working

mm ID glass, paz,.ed with 1 5% 6.9 Mercury-- Triple distilled. iange of the oetector.
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I
7.2.2 lUsing ,iiectins of 2 to 5 PIL of C,, Cnr entration of the internal 8. 1.2 In receg' ton of the rapid
t rh Calbraton standard, tabulate standard., (mg/L). advances that are occufring in chroma-

St,rik heght or area ruspor'ses against C, Concentration of the param- tography, the aralyst is pcrmitted
l liii MaSs jlec ed The resltr s can be eler to be measured, ( g'L). certain options to improve the supara-
isli tu p,,'pare a ( al(ratijn curve for tlions or lower the cos, of rrieisreii:ents.

ii, i. iontiourid Alterratively, if the If the RF value over the working Each time suc. rrod,fcatlions are made
S rati(, of response to amount injected range IS a constant I<1 0% RSD), the to the method. tne analyst is required
lcalbrator, factor) is a constant over RF can be assumed to be invariant and to repeat the procedure in Section 8 2.
the working range 1<10% relative the average RF can be used for

star dard deviation. RSD). linearity calculations Alternatively, the results 8.1.3 The iaboratory must spike and
through the origr can tre assumed and can be used to plot a calibration curve analyze a ninimum of 10% of all

the average ratio or calibration factor of response ratios, AS/AS, vs. RF. samples to monitor continuing labora-
can be used in place of a calibration 7.3.3 The working calibration curve tory erformance This procedure is

curve. or RF must be verified on each working

" 7.2 3 Tie working calibration Curve day by the measurement of one or 8.2 To esiab :sh the ability to
or cahl o factor mut wberificuron more calibration standards. If the generate accemqabie accuracy and pre-,-- or calibration factor must be verified on

response for any parameter varies from cision. the ar2i st must perform theea r morking day br the measurement the predicted response by more than following operations.of one or more calibration standards. If 1 % h etm s erpae

the response for any parameter varies 8.2.1 Select a representative spike
from the predicted response by more calibration standard concentration for each compound to betao the tes ust b re Alternatively, a new calibration curve measured. Using stock standards,
than ± 10%, the test must be repeated must be prepared for that compound. peare Uaity ctock sample

- usng a fresh calibration standard. prepare a quality control check sample
. Alternatively. a new calibration curve 7.4 The cieanup procedure in Section concentrate in acetone 1000 times

or calibration factor must be prepared 11 utilizes Florisil chromatography. more concentrated than the selected
for that compound. Fiorisil from different batches or concentrations. Quality control check

sources may vary in absorptive sample concentrates, appropriate for1.3 Internal standard calibration capacity. To standardize the amount of use with this method, will be available
procedure. To use this approach, the Florisil which is used, the use of lauric from the U.S. Environmental Protection
analyst must select one or more acid value' 9 is suggested. The refer- Agency, Environmental Monitoring and
internal standards that are similar in enced procedure determines the Support Laboratory, Cincinnati, Ohio

.-.* ar-aytical behavior to the compounds adsorption from hexane solution of 45268.,.adopto fro hean snoeueso. of nls msute
of interest. Tne analyst must further lauric acid (mg) per gram Florisil. The 8.2.2 Using a pipet, add 1.00 mL of
dernrstrate that the measurement o amount of Florisil to be used for each the check sample concentrate to each
the internal standard is not affected by column is calculated by dividing this of a minimum of four 1000-mL aliquotsmethod or matrix interferences. faclor into I 10 and multiplying by 20 of reagent water. A representative
Because of these limitations, no
internal standard can be suggested that g. wastewater may be used in place of
is applicable to all samples. 7.5 Before using any cleanup addit ats mut be ay o

prcd rth.nls-us rc s additional aliquots must be analyzed to

7.3.procedure, the analyst must process a determine background levels, and the
at a minimum of three concentration series of Calibration standards through spike level must exceed twice the
leveis for each parameter of interest by the procedure to validate elution background level for the test to be
adding volumes of one or more stock patterns and the absence of interfer- valid. Analyze the aliquots according to

p, -. standards to a volumetric flask. To ences from the reagents. the method beginning in Section 10.
each calibration standard, add a known 8. Quality Control 8.2.3 Calculate the average percent
constant amount of one or more
internal standards, and dilute to volume 8.1 Each laboratory that uses this recovery, (R), and the standard devia-

with isooctane. One of the standards method is required to operate a formal tion of the percent recovery (s), for the
should be at a concentration near, but quality control program. The minimum results. Wastewater background cor-
above, the MDL and the other concen- requirements of this program consist of rections must be made before R and s
trations should correspond to the an initial demonstration of laboratory calculations are performed.

" expected range of concentrations capability and the analysis of spiked 8.2.4 Using Table 2, note the
found in real samples or should define samples as a continuing check on average recovery (X) and standard
the working range of the detector, performance. The laboratory is required deviation (pi expected for each method

to maintain performance records to parameter. Compare these to the cal-
. 7.3.2 Using injections of 2 to 5 L of define the quality of data that is culated values for R and s. If s> 2p or

each calibration standard, tabulate generated. Ongoing performance cX - R8 > 2p, review potential problem
peak height or area responses against checks must be compared with
concentration for each compound and established performance criteria to
internal standard, and calculate determine if the results of analyses are 8.2.5 The U.S. Environmental Pro-

. response factors (RF) for each within accuracy and precision limits tection Agency plans to establish.
compound using equation 1. expected of the method. performance criteria for R and s based

upon the results of interlaboratory
Eq. 1. RF = (AC,,)/(A,,C s )  8. 1. 1 Before performing any analyses, testing. Whenthey become available,

where: the analyst must demonstrate the these criteria must be met before any
A, = Response for the parameter to ability to generate acceptable accuracy samples may be analyzed

be measured, and precision with this method. This
A,s = Response for the internal ability is established as described in 8.3 The analyst must calculate

. staniard. Section 8.2. method performance criteria and det-e
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thc terform lt:e of the laboratory for needs of the lat(,aiory arid the nature one-third the volume of the solvent
ea(h spike (.oicentrtion and of the samples Ftod duplicates may be laver, the analyst must employ me-
, a r ter :)eing measured. ar;alvzed to rnonior the precision of chanical techniques to complete the
8.3.1 the sampling t,.chnique. When doubt phase separation The optimum tech-
8.3. 1 Ca culate Ipper and lower exists over the id,-rtjfic.ation of a peak niue depends upon tMe sample, but
contro

1 lim: t s for method performance: on the chrorrat(,gram. confirmatory may include stirring. f!'aiion of the

p U,[jer Cotro Limit (UCL) - R - 3s techniques such as gas chromatography emulsion through glass wool, centrifu-
L(,wer Control Limit ILCL) - R - 3s with a dissimrniar (.olumn, specific gation, or other ph,,s:-a Methods

element detector or mass spectrometer Collect the methyiene chlofde extract
whori R ain s ire cai( iiated as in must be used W-,ereer possible, the in a 250 mL Erienriever flask
St-" tor 8 2 3 The UC. arid LCL can ldboratory should perform analysis of
-e sed tc £,rstruct control chrisl O

' standard ref ererce materials and parti- 10.3 Ado a second 60-mL volume of

tha
t we useful in observing trends in cipate in relevant performance methyiene chloride to the sample bo-t e

perfounaPne The control limits aove evaiuation studies and repeat the extraction procedure a
be re;oced ty method performance second time. combining the extracts in

S. cirtera as r+e, becume available from 9. Sample Collection, the Erlenmeyer flask. Perform a third
the U.S E,, rorimental Protection Preservation, and Handling extaction in the same manner.
Agency. 9.1 Grab samples must be collected 10.4 Assemble a Kuderna-Danish

* 8.3.2 The aooratory must develop in glass containers. Conventional (K-D) concentrator by attaching a

and maintain separate accuracy sampling practices '1 1 1 should be 1O-mL concentrator tube to a 500-mL
statements of laboratory performance followed, except that the bottle must evaporative flask. Other concentration

for wastevsate, samples. An accuracy not be prewashed with sample before devices or techniques may be used in

statement for the method is defined as collection. Composite samples should place of the Kuderna Danish if the

S- R s The accuracy statement should be collected in refrigerateo glass requirements of Section 8.2 are met.

be ceveloped by the analysis of four containers in accordance with the 10.5 Pour the combined extract
, . ahquots of vastewater as described in requirements of the program. Automatic through a drying column containing

Section 8.22. followed by the calcula- sampling equipment must be as free as about 10 cm of anhydrous sodium
tion of R and s. Alternately, the analyst possible of Tygon tubing and other sulfate, and collect the extract in the
may use four vwastewater data points potential sources of contamination. K-D concentrator. Rinse the Erlenmeyer

.ngatherd through the requirement for 9.2 The samples must be iced or flask and column with 20 to 30 mL of
8.4 Tine aqcuracy statements should refrigerated at 4 'C from the time of methylene chloride to complete the
be updated regularlystu. collection until extraction. If the quantitative transfer.

samples will not be extracted within 10.6 Add one or two clean boiling

8.4. The laboratory is required to 72 hours of collection, the sample chips to the evaporative flask and
collect a portion of their samples in should be adjusted to a pH range of attach a three-ball Snyder column.
duplicate to nionitor spike recoveries. 5.0 to 9.0 with sodium hydroxide or Prewet the Snyder column by adding
The freauency of spiked sample analysis sulfuric acid. Record the volume of acid about 1 mL methylene chloride to the

*-. must be at least 10% of all samples or or base used. If aldrin is to be top. Place the K-D apparatus on a hot
one sample oer month, whichever is determlned, add sodium throsulfate water bath (60 to 65 OC) so that the
greater One aliquot of the sample must when residual chlorine is present. U.S. concentrator tube is partially immersed
be spiked and analyzed as described in Environmental Protection Agency in the hot water and the entire lower
Section 8 2. If the recovery for a methods 330.4 and 330 5 may be rounded surface of the flask is bathed
particular parameter does not fall used to measure chlorine residualI 2). with hot vapor. Adjust the vertical
within the control limits for method Field test kits are available for this position of the apparatus and the water
performance, the results reported for purpose. temperature as required to complete
that parameter in all samples processed 9.3 All samples must be extracted the concentration in 15 to 20 minutes.
as part of the same set must be quali- At the proper rate of distillation thefied as described in Section 13.5. The within 7 days and completely analyzed A h rprrt fdsilto h
fleasraory d sc d inoSeton 135.The frithin 40 days of extraction (2

1. balls of the column will actively chatter
laboratory should monitor the frequency w but the chambers will not flood with
of data so qualified to ensure that it 10. Sample Extraction condensed solvent. When the apparent
remains at or below 5%. volume of liquid reaches 1 mL, remove

10.1 Mark the water meniscus on the the K-D apparatus and allow it to drain
8.5 Before processing any samples, side of the sample bottle for later deter- and cool for at least 10 minutes.
the analyst should demonstrate through mination of sample volume. Pour the
the analysis of a one-liter aliquot of entire sample into a two-liter separatory
reagent water, that all glassware and funnel, hot water bath to about 80 0

C.

reagent interferences are under control. Momentarily remove the Snyder

Each time a set of samples is extracted 10.2 Add 60 mL methylene chloride column, add 50 mL of hexane and a
in reagents, a to the sample bottle, seal, and shake- new boiling chip and reattach the

laboratory reagent blank should be 30 seconds to rinse the inner surface. Snyder column, Prewet the column by
processed as a safeguard against Transfer the solvent to the separatory adding about 1 mL of hexane to the
pabrtossed a natnst funnel and extract the sample by top. Concentrate the solvent extract as

%'.- laboratory contamination.
shaking the funnel for two minutes before. The elapsed time of concentra-

8.6 It is recommended that the with periodic venting to release excess tion should be 5 to 10 minutes. When
laboratory adopt additional quality pressure. Allow the organic layer to the apparent volume of liquid reaches 1
assurance practices for use with this separate from the water phase for a mL, remove the K-D apparatus and

, method The specific practices that are minimum of 10 minutes If the emulsion allow it to drain and cool at least 10
must productive depend upon the interface between :avers is more than minutes.
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10 8 P eiov. :" .S'yder column and sulfate latyer is nearly exposed Elute techricue ' ! 5 1 Smaller (1 .0 yL) volumes
r,,, tht fi ,sk o'.: ; ioiAer joint into the column ivth 200 mL of 6% ethyl can be injected if automatic devices are
till i,7 i1 *,rd':, t.r ;- ' ith 1 to 2 mL ether in hexane IV'V) (Fraction 1) using employed Record the volume injected

ar e A " iL ;"ge is recom- a drip rate of about 5 mL min. Remove to tne nearest 0.05 yL, the total
, i-' tc 0-:r, Stopoer the the K D flask arid set aside for later extract volume, and the resulting peak

C .-,!,atr .,,., a' stoire concentration. Elute the column again, size ir area or peak height units
tif if f ' ,- w, rF.ssng will using 200 mL of 15% ethyl ether in
i, - vrzifrr ec -.'. edately. If the hexane (V,'V)(Fraction 2). into a second 12.5 Toe width of the retention time
uxti I! t .. ,er than two K-D flask. Perform the third elution window used to make ioentifications

to using 200 mL of 50% ethyl ether in should be based upon measurements
, - T O l " -• e . : ; , o t t l e s . I t t h e h e x a n e ( V .' V ) i F r a c t io n 3 ) . T h e e l u t i o no a t a r e n i n t m e a r t o s o f-

sa': : x. .ac -. .rs no further patterns for the pesticides an PCB's are standa'ds over the course of a day.

c. ,oc-... ...... cas chromato- shown in Table 2. Tree times the standard deviation of a
W yfn: .c ,r ar s i :I.e sarnpe requires retentio tlime for a compounu can pe

Section 1 2.4 Concentrate the eluates by used to caiculate a suggested window
"-" " standard K-D techniques Section size. however, the experience of the

10 9 [,. er . e origina! sample 10.61, substituting hexane for the a-nalvst should weigh heavily in the
.vc."It, y re4 iig v-e sample bottle to glassware rinses and using the water interpretation of chromatograms.
t- u, and :rans-E:ring the iqluid to a bath at about 85 'C. Adjust final 1

- 1 000 1,Lra.ljateo cylinder. Record volume to 10 mL with hexane. Analyze 12.6 If the response for the peak
exceeds the working range of the

tnm sir'M)IC vc me to the nearest 5 mL. by gas chromatography. system, dilute the extract and

1 . Cleanup and Separation 11.3 Elemental sulfur will usually reanalyze.
elute entirely in Fraction 1 of the Florisil 1

11. 1 C eanuic procedures may not be column cleanup. To remove sulfur 12.7 If the measurement of the peak

necessary for a relatively clean sample interference from this fraction or the response is prevented by the presence

matrix The cleanup procedures recom- original extract, pipet 1.00 mL of the of interferences, further cleanup is

mended in this method have been used concentrated extract into a clean con- required.

for the analysis of various clean waters centrator tube or Teflon-sealed vial.
ano ndustrial effluents. If particular Add one to three drops of mercury and 1 3. Calculations
circumstances demand the use of an seallt 3 1. Agitate the contents of the 13.1 Determine the concentration of
altrrnatve cleanup procedure, the vial for 1 5 to 30 seconds. Prolonged individual compounds in the sample.
analyst must determine tne elution shaking (two hours) may be required. If
profile and demonstrate that the so, this may be accomplished with a 13. 7. 1 If the external standard
recovery of each compound of interest reciprocal shaker. Alternatively, calibration procedure is used, calculate
is no iess than 85%. The Florisil activated copper powder may be used the amount of material injected from
column allows for a select fractionation for sulfur removalil 4i. Analyze by gas the peak response using the calibration
of the compounds and will eliminate chromatography. curve or calibration factor in Section
poiar materials Eemental sulfur 7.2.2. The concentration in the sample
interferes with the electron capture gas 12. Gas Chromatography can be calculated from equation 2:
cromalography of certain pesticides,
but can be removed by the techniques 12.1 Table 1 summarizes the (A)(Vr)

described below recommended operating conditions for Eq. 2. Concentration, ;ig/L = IV,) (Vs)-
1othe gas chromatograph. This table where:
-. 11.2 Flons column cleanup: includes retention times and MDL that A = Amount of material injected, in

I1.2.1 Add a weight of Florisil were obtained under these conditions. nanograms.
(noinll 22 21 g- predetermined by cali- Examples of the parameter separations V, = Volume of extract injected
,.tnominally 21 7 4dand by a achieved by column 1 are shown in (ML).
bration Section 7 4 and 7.5). to a Figures 1 to 10. Other packed Vt = Volume of total extract (yL).

Florsil bytapoing the column. Add columns, chromatographic conditions, Vs = Volume of water extracted

sodium sulfate to the top of the Florisil or detectors may be used if the (mL).
to form a ayer 1 to 2 cm deep. Add 60 requirements of Section 8.2 are met.
. oforeanayer to 2 and rinehe ACapillary (open-tubular) columns may 13. 1.2 If the internal standard cali-
mL of hexane to wet and rinse the also be used if the relative standard bration procedure was used, calculate

d t r tdeviations of responses for replicate the concentration in the sample using
exposure of tne sodium sulfate to air, injections are demonstrated to be less the response factor (RF) determined in

L stop the elution of the hexane by than 6% and the requirements of Section 7.3.2 and equation 3.
closing the stopcock on the cnroma- Section 8.2 are met.
tography column. Discard the eluate. Eq.3

12.2 Calibrate the system daily as (As)(I,)
11.2.2 Adjust the sample extract described in Section 7. Concentration, g.L = RF"

" volume to 10 mL with hexane and (A,s)(RF)(Vo)
transfer it from the K D concentrator 12.3 If the internal standard where:
tube to the F,oris,. column Rinse the approach is being used, the internal A s = Response for the parameter to

tube tw, .e with 1 to 2 mL hexane, standard must be added to the sample be measured.

adding each rinse to the column, extract and mixed thoroughly A, = Response for the internal
immediately, before injection into the standard.

11.2.3 Place a 500-mL K-D flask and instrument. I = Amount of internal standard
S. clear concertrato, tube under the added to each extract fyg).

c'v- "" jraoh irlurnn Drain the 12.4 Inject 2 to 5 yL of the sample Vo = Volume of water extracted, in
to :ne f iSK unti, :'e sidium extract using the solvent-flush liters
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13.2 When i is apparent that two or References 13. Goerlitz, D.F. and Lav, L M
N'.' more PCB (Aroclor) mixtures are Bulletin for Environmental

prPsent, the Webb and McCall 1 See Appendix A Cuntmdrnnation and To.rco/oqy, 6 9
wrroedurel 6( may ne used to identify 2. "Determination of Pesticides and (1971 )
and quantify the Atclors. PCBs in Industrial and Municipal 14 "Manual of Analyt,:a , rrhds fo"

Wastewaters." Report for EPA the Analysis of Pesticices in r-,rnan
13.3 For multicurnponent mixtures Contract 68-03-2606. In preparation. Environmental Samples - U S Environ-
tchiorOane toxaphene and PCBs) 3. ASTM Annual Book of Standards, mental Piotection Agency. Healtn
match retention times of peaks in the Effects Research Laboratory, Research, .. Part 31, D3694, "Standard Practice
stiiridards with iwr-aks in the sample. for Preparation of Sample Containers Triangle Park, N C.. EPA Report

S- Qantmitate every nentifiable peak and for Preservation," American 600 8 80-038, Sectior 11 ,B. p.6.
unless interference with individual Society for Testing and Materials, 15 Burke, J.A., "Gas Cromatography
peaks persist after cleanup. Add peak Philadelphia, PA, p. 679, 1980. for Pesticide Residue Anarysis: Some
height or peak area of each identified 4. Giam, D.S., Chan, H.S. and Nef, Practical Aspects," Journal of the
peak i the chromarogram. Calculate G.S., "Sensitive Method for Association of Official Analytical
as total respoise in tne sample versus Determination of Phthalate Ester Chemists, 48, 1037 11965).
total response in the standard. Plasticizers in Open-Ocean Biota 16. Webb, R.G., and McCall, A.C.,

1 e e i oSamples," Analytical Chemistry, 47, ''Quantitative PCB Stibndards for
13.4 Report results in micrograms 2225, 11975). Electron Capture Gas
per liter without correction for recovery 5. Giam, C S., Chan, H.S., "Control of Chromatography," Journal of
data. When duplicate and spiked Blanks in the Analysis of Phthalates in Chromatographic Science, 11, 366
samples are analyzed, report all data Air and Ocean Biota Samples," U.S. (1973).
obtained with the sample results. National Bureau of Standards, Special 17. "Method Detection Limit and

13.5 For samples processed as part Publication 442, pp. 701 -708, 1976. Analytical Curve Studies, EPA Methods

of a set where the laboratory spiked 6. "Carcinogens -Working With 606, 607, and 608," Special letter
sample recovery falls outside of the Carcinogens," Department of Health, report for EPA Contract 68-03-2606.

control limits in Section 8 3, data for Education, and Welfare, Public Health Environmental Monitoring and Support

the affected parameters must be Service. Center for Disease Control, Laboratory-Cincinnati, Ohio 45268.

labeled as suSpect National Institute for Occupational
Safety and Health, Publication No.

14. Method Performance 77-206, Aug. 1977.
7. "OSHA Safety and Health

14.1 The method detection limit Standards. General Industry," (29 CFR
(MDL) is definen as te minimum 1910). Occupational Safety and
concentration of a substance that can Health Administration, OSHA 2206,
be measured and reported with 99% (Revised, January 1976).
confidence that the value is above 8. "Safety in Academic Chemistry
zeroIt. The MDL concentrations listed Laboratories," American Chemical
in Table 1 were obtained using reagent Society Publication, Committee on
water ' 1 7. Similar results were achieved Chemical Safety, 3rd Edition, 1979.
using representative watewaters. 9. Mills, P.A., "Variation of Florisil

Activity: Simple Method for Measuring
14.2 This method has been tested Absorbent Capacity and Its Use in
for linearity of spike recovery from Standardizing Florisil Columns,"
reagent water and has been demon- Journal of the Association of Official
strated to be applicable over the Analytical Chemists, 5 1, 29 11968).

" concentration range from 4 x MDL up 10. "Handbook for Aralytical Quality
to 1000 x MDL with the following Control in Water and Wastewater
exceptions: Chlordane recovery at 4 x Laboratories," EPA-600/4-79-019,
MDL was low 160%); Toxaphene U.S. Environmental Protection Agency,
recovery was demonstrated linear over Environmental Monitoring and Support
the range of 10 x MDL to 1000 x Laboratory, Cincinnati, Ohio 45268,
MDL(t 7i March 1979.

11. ASTM Annual Book of Standards,
14.3 In a single laboratory (South- Part 31, D3370, "Standard Practice
west Research Institutel, using spiked for Sampling Water," American
wastewater samples, the average Society for Testing and Materials,
recoveries presented in Table 3 were Philadelphia, PA. p 76, 1980.
obtainedi 4. Each spiked sample was 1 2. "Met'iods 330.4 (Titrimetric,
analyzed in triplicate on two separate DPD-FAS) and 330.5 (Spectrophoto-
days. The standard deviation of the metric, DPD) for Chlorine, Total
percent recovery is also included in Residual," Methods for Chemical
Table 3. Analysis of Water and Wastes, EPA

600-4/79-020, U S. Environmental
14.4 TheUS. Environmenta Protec- Protection Agency, Environmental

.' "i tion Agency is in the process of Monitoring and Support Laboratory,.- conducting an interlaboratory method Cincinnati, Ohio 45268, March 1979.
study to fully define the performance
of this method.
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Table 1. Ctitornato graphic Conditions and Method Table 2. Dis rtibu tiun of Ch~o.'ina ted Pes ticides, arid PC~s
:Detection Limits into Florisil Culumn Fri, tiVnS2

*Rettr(tion Time Method Penc ent Recovery
l min.) __ Detection Limit by Fractlion

Parameter Column 7 Column 2 jPg'L Fraction Fraction FrdCt'Ur:

o BHC 7.35 1.82 0.003 Parameter 1 2 3
*y-BHC . 70 2. 13 0.004 A ldrin 700
* (3BHC 1.90 1.97 0.006 o-BHC 700

Heptachlor 2.00 3.35 0.003 (3-BHC 97
6-BHC 2.15 2.20 0.009 d-BHC 98
Aldrin 2.40 4.70 0,004 y-8HC 700
Hepachlor epox ide 3.50 5.00 0.083 Chlordane 700

RW Eridosulfanl 4.50 6.20 0.014 4,4'-DDD 99
4,4'-DDE 5.13 7.15 0.004 4,4-DDE 98
Die/drin 5.45 7.23 0.002 4,4'-DD T 100
Endrin 6.55 8. 10 0.006 Dieldrin 0 700

, 4,4'-DDD 7.83 9.08 0.0711 Endosulfanl 37 64
-. Endosulfan II8.00 8.28 0.004 Endosulfan 0 7 91

4,4'-DDT 9.40 11.75 0.012 Endosulfan sulfate 0 0 106
Enduin aldehyde 11.82 9.30 0.023 Endrin 4 96
Endosulfan sulfate 14.22 10.70 0.066 Endrin aldehyde 0 68 26
Chlordane mr mr 0.014 Heptachlor 100
Toxiaphene mr mr 0.24 Heptachlor epoxide 100

*PCB- 10 16 mr mr nd Toxaphene 96
% PCB- 122 1 mr mr nd PCB- 10 16 97

*PCB- 1232 mr mr nd PCB-712 21 97
PCB- 1242 mr mr 0.065 PC8- 1232 95 4
PCB- 1248 mr mr nd PCB- 1242 97
PCB-1254 mm mr nd PCB- 1248 103
PCB- 1260 mr mr nd PCB- 1254 90

* Column 1 condi tions: Supelcoport (100/ 120 mesh) coated PCB- 1260 95
with 1. 5% SP-2250/ 1.95% SP-240 1 packed in a 1.8 m Eluant composition by fraction:
long x 4 mm ID glass column with 5% Methane/95% Fraction 7 -6 % ethyl ether in hex aneIArgon carrier gas at a flow rate of 60 mL/min. Column Fraction 2 - 15 % eth yl ether in hexane
temperature Isothermal at 200 1C, except for PCB- 10 16 Fraction 3 - 50% ethyl ether in hexane

4 - through PCB- 1248, which should be measured at
* A *160

0 C.
Column 2 conditions: Supelcoport (100/120 mesh) coated

wi th 3 % 0 V-1 Imna 1. 8 m long x 4 mm ID glass column
wi th 5 % Me thane'9 5 % A rgon carrier gas a t a flo w ra te of
60 mLlmin. Column temperature, isothermal at 200 0C,
for the pesticides; 140*C for PCB- 1221 and 1232;
17 0 Cfor PCB- 1016 and 1242 to 7268.

mr - Multiple peak response. See Figures 2 thru 10.
* nd - Not determined.
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Table 1. C iiriatographic Conditions and Method Table 2. Distribution of Chkjrirmate'd Pe tqlde-S di id PCBs
tittction Limits into Florisil Column Fractions'

*Retention Time MethodPecn voer
(in.) Detection Limit by FraC ton

P~dramreter Column 1 Column 2 Mg/L Fraction Fraction Fryction
v BHC- - 1.35 1.82 0.003 Parameter 1 2 _ 3
y-BHC .70 2.13 0.004 Aldrin 100
,0 BHC 7.90 7.97 0.006 o-BHC 100
Heptachlor 2.00 3.35 0.003 (-8HC 97
6-,BJHC 2.15 2.0 .096-H 98

Aldrn 2.0 4.0 0.04 yBHC100
Hepachior epoxide 3.50 5.00 0.083 Chlordane 700
Endosulfanl 4.50 6.20 0.014 4,4 -DDD 99

* 4,4'-DDE 5.13 7.15 0.004 4,4'-DDE 98
Die/drin 5.45 723 0.002 4.4 '-DDT 100
Endrin 6.55 8.10 0.006 Die/drin 0 100
4,4'-DDD 7.83 9.08 0.011 Endosulfanl 37 64
Endosulfan 118.00 8.28 0.004 Endosulfan 0 7 91
4.4 '-DDT 9.40 11.75 0.012 Endosulfan sulfate 0 0 106
Endrin aldehyde 11.82 9.30 0.023 Endrin 4 96

* Endosulfan sulfate 14.22 70. 70 0.066 Endrin aldehyde 0 68 26
Chlordane mr mr 0.0 14 Heptachifor 100
Toxaphene mr mr 0.24 Heptachlor epoxide 100
PCB- 10 16 mr mr nd Toxaphene 96
PCB- 1221 mr mr nd PCB- 10 16 97
PCB- 1232 mr mr nd PCB- 12 21 97
PCB- 1242 mr mr 0.065 PCB-71232 95 4
PCB8 1248 mr mr nd PCB- 1242 97
PCB- 1254 mr mr nd PCB- 1248 103
F ~--1260 mr mr nd PCB- 1254 90

Column 1 conditions: Supelcoport (100/ 120 mesh) coated PCB- 1260 95
with 1. 5% SP-2250/1.95 % SP-240 1 packed in a 1. 8 m Eluant composition by fraction:
long x 4 mm ID glass column with 5% Methane,'95% Fraction 1 - 6 % ethyl ether in hexane
Argon carrier gas at a flow rate of 60 mL/min. Column Fraction 2 -15% ethyl ether in hexane
temperature isothermal at 200 OC, except for PC8- 10 16 Fraction 3 -50% ethyl ether in hexane
through PCB- 1248, which should be measured at
160 OC.

Column 2 conditions: Supelcoport (100/ 120 mesh) coated
wi th 3 % 0OV- I in a 1. 8 m long x 4 mm ID glass column
with 5 % Me thane/9 5 % A rgon carrier gas atr a flo w ra te of
60 mL/min. Column temperature, isothermal at 200 0C,

*for the pesticides; 140'C for PCB-1221 and 1232;
1701C for PCB- 1016 and 1242 to 1268.

mr Multiple peak response. See Figures 2 thru 10.
nd Not determined.

A
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Table 3 Single Operator Accuracy and Precision Column: 1.5% SP-2250-
1.95% SP-2401 on

A verage Standard Spike Number Supelcoport
Percent Deviation Range of Matrix Temperature. 200C.

Parameter Recovery % (Mg/L) Analyses Types Detector: Electron capture

A-Idrin 89 2.5 2.0 15 3
a-BHC 89 2.0 1.0 15 3
fl-BHC 88 .3 2.0 15 3
6-BHC 86 3.4 2.0 15 3
y-BHC 97 3.3 1.0 15 3
Chlorane 93 4.1 20 21 4
4-4'"DDD 92 1.9 6.0 15 3
4,4'-DDE 89 2.2 3.0 15 3

- 4,4'-DDT 92 3.2 8.0 15 3
Dieldrin 95 2.8 3.0 15 2
Endosulfan 96 2.9 3.0 12 2
Endosulfan 1/ 97 2.4 5.0 14 3
Endosulfan sulfate 99 4.1 15 15 3
Endrin 95 2.7 5.0 12 2
Endrin aldehyde 87 2.1 12 11 2
Heprachlor 88 3.3 1.0 12 2
Heptachlor epoxide 93 1.4 2.0 15 3
Toxaphene 95 3.8 200 78 3
PCB- 1016 94 1.8 25 12 2
PCB-1221 96 4.2 55-110 12 2
PC8- 1232 88 2.4 110 12 2
PCB- 1242 92 2.0 28-56 12 2
PCB-1248 90 1.6 40 12 2
PC8- 1254 92 3.3 40 18 3 0 4 8 12 16
PCB- 1260 91 5.5 80 18 3 Retention time minutes

Column: 1.5% SP-2250, Figure 2. Gas chromatogram
1.95% SP-2401 on Supelcoport of chlordene

Temperature: 2001C.
Detector: Electron capture

.Z

7aen.o tie.mnue

- c- c-

?( 1

Figure 1. Gas chromatogram of pesticides
t .1



Column: 1.5% SP-2250- Column: 1.5% SP-2250. 1.95% SP-2401 on
19% SP-2401 on Supelcoport

Supelcoport Temperature: 1600'C.
Temperatu re: 2000 C. Detector: Electron capture

* ~Detector: Electron capture

jArA

4..'

* '2 6 10 14 18 22 2
Retention time, minutes 2 6 10 14 18 22

Figure 3. Gas chromatogram of toxaphene. Retention time. minutes

Figure S. Gas chromatogram of PC8-1221.

IColumn. 1 5% SP-2250- 1.95% SP-2401 on
Supelcoport Column: 1.5% SP-2250+ 1.95% SP-2401 on

Temperature. 1600C. Supelcoport
Detector: Electron capture Temperature. 7600'C.

Detector: Electron capture

2 6 7 74 1 222 6 10 14 18 22 24

Retetiontime mintesRetention time. minutes

Figure 4. Gas chromatogram ofPCB-1016 Figure 6. Gas chromatogram of PCB-1232

608 10 Juily 1982



Column 1 5% SP-2250- 1.95% SP-2401 on Column. 1 5% SP2250- 1 95% SP 2401 on
Supelcoport Supelcoport

Temperature 160'C. Temperature. 200*C.
Detector Electron capture Detector. Electron capture

..

2 6 10 14 is 22
ri Retention time, minutes

Figure 7. Gas chromatogram of PCB-1242. , L

2 6 10 14 18 22

Retention time, minutes

Figure9. Gas chromatogrem ofPCB-1254.

Column: 1.5% SP-2250- 1.95% SP-2401 on
Supelcoport Column: 1.5% SP-2250+ 1.95% SP-2401 on

Temperature: 160*C. Supelcoport
Detector. Electron capture Temperature: 2000C.

Detector.: Electron capture

I' i • I 1 • I

70 14 78 22 26 2 6 70 14 78 22 26 A
.Retention time, minutes Retention time, minutes

Figure S. Gas chrometcgram of PCB-1248. Figure 10. Gas chromatogram of PCB -1260.

* 608.71 July 7982
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SUMMARY OF SOILS
ANALYTICAL RESULTS FOR THE DPDO STORAGE AREA

Location oil & PCB
Boring Depth Grease (as 1260)
No. (ft.) (mg/kg) (ug/kg)

DPDO TB-3 1-2 6360.0 24

Loading and Drum TB-3 4.5-6 31.4 <10
Storage Area

6TB-3 15-16 53. 5 <10

TB-4 1-2 132.0 (10

UTB-4 4-5 20.8 -

N ,,TB-4 14.5-16 17.5 -

DPDO, Buried TB-5 1-2 3430.0 30
Tank Area

toTB-5 4-5 234,000.0 (10

TB-5 14.5-16 149.0 (10

TB-6 1-2 1,454.0 (10

-TB-6 4-5 25,400.0 <10

TB-6 .-6 97. 5 (10

rB-7 1-2 617.0 14

TB-7 4-5 16,600.0 (10

TB-7 16-18 112.0 10

DErEMrON LIMITr 0.1 10

f
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3. FEDERAL PROTECTION OF GROUND-WATER QUALITY

The tederal programs cea;'ng with the protection of ground-water quality are administered largely by the

Envronmen'al Protection Agency (EPA) The federal programs which provide the Iramework for state regulations .

are summarized in this seztion.

* 3.1 GROUND-WATER PROTECTION POLICY

At this writing. February 1983, U.S. EPA's final policy on ground-water protection, scheduled for September 1982

S. release, has not been published. Based on the proposed strategy published by EPA in November 1980 and recent

press releases, it appears that EPA will be implementing a policy that would give the states lead responsibility in

the protection of ground-water quality. EPA's efforts apparently will be focused in three major areas:

1. Development of an internally consistent federal approach to ground-water protection

2 Monitoring. research and development efforts directed toward more comprehensive problem definition and
new detection, controls, and clean-up technology development

3. Guidance, coordination, and assistance to states in the development of state policies

A significant component of EPA's policy is expected to be a ground-waler classification system which could be

used to determine the degree of protection needed for various types of ground water. Ground-water classification
is discussed in Chapter 4.

3.2 CLEAN WATER ACT

This statlte refers to ground-water protection in municipal waste water treatment, planning, and research programs.

Its principal regulatory programs, however, focus on surface water. Section 303 empowers EPA to approve statesi

water quality standards which are based on the statesi classification of rivers and streams. Many states have included

. . ground water in their definition of "waters of the state" for purposes of this act (state summaries). On this basis the

National (state) Pollutant Discharge Elimination System (NPDES/SPDES) permitting process may be invocable for
purposes of ground-water protection. In addition the act empowers EPA to

1. Develop a comprehensive program for ground-water pollution control (Section 102(a)]

2. In cooperation with states, equip and maintain a surveillance system for monitoring ground-water quality
[Section 104(a)(5)]

3 Provide grants to states and area-wide agencies to develop ground-water quality management plans to

identify salt water intrusion and control disposal of pollutants in subsurface excavations, and control

disposition of wastes. (May include authority for comprehensive ground-water management plans,

including conjunctive use with surface water) [Section 102(c), 208(b)]

4, Require development of Best Management Practices (BMP) to control nonpoint source pollution problems
to ground-water quality (Section 208(b))

, 5. Develop criteria for ground-water quality considering kind and extent of effects on health and welfare from

the presence of pollutants [Section 304(a)]

6 Determine information necessary to restore and maintain chemical, physical, and biological integrity of
around water (Section 304(a)]

7 Issue information on the factors necessary to restore and maintain chemical, physical, and biological
integnty of ground water [Sections 304(a)(2),

3.3 SAFE DRINKING WATER ACT

This sta.u'- aulmorizes EPA to set maximum contaminant levels (MCLs) and monitoring requirements for public

vaer systems and provides for the protection of underground sources of drinking water. The MCLs regulate the

qjai'.y o! "finished- wae%, i.e., waler as delivered, not the quality of the source water. As discussed below, the

1.4' Ls ha.e b . e ulihzed by- EPA and the states as the basis for other regulations dealing with ground-water

. -' .,.... - . . . . . -... °~'-. -". -.. •.. . " . a- . -- .% % % % %, " ,%., . % % , % "

c*,i Za- - . . . . -'-a



I . . . .. . . .. . .. . .. . . ..

EPA initiated a detailed study of the health effects of various contaminants in water soon after the Salt -inking
Act (SDWA) was signed into law. So that the regulations could include the findings of this and other StLIreS, the

primary drinking water regulations were to be developed in two stages: an interim version and a final vers-n. The
interim version of the regulation became effective 24 June 1977. SDWA pr ovides for delegation of author' to the
states. State Primary Drinking Water Regulations must be at least as stringent as the federal regulaticrs.

The National Interim Primary Drinking Water Regulations define Maximum Contaminant Level as the m-ximum
permissible level of a contaminant in water which is delivered to the free-flowing outlet of the ultimate Laer of a
public wrater system, except in the case of turbidity (applicable to surface water only) where the m.ximum
permissible level is measured at the point of entry to the distribution system. The MCLs are provided with te state
summaries.

3.3.2 National Secondary Drinking Water Regulations

These regulations control contaminants in drinking water that primarily affect the aesthetic qualities relal''q to the
public acceptance of drinking water. At considerably higher concentrations of these contaminant health
implications may also exist as well as aesthetic degradation. The National Secondary Drinking Water Re rJations
are not federally enforceable but are intended as guidelines for the states.

Secondary Ma'ximum Contaminant Levels (SMCLs) are defined as the maximum permissible ISel of a
contaminant in waler which is delivered to the free-flowing outlet of the ultimate user of a public wale, ystem.
Federal and state SMCLs are provided in the state summaries. The states may establish higher or low' levels
which may be appropriate depending upon local conditions such as unavailability of alternate sources o' rater or
other compelling factors, provided the public health and welfare are not adversely affected.

tI. 3.3.3 Sole Source Aquifer

The Sole Source Aquifer provisions of SDWA allow EPA to designate an aquifer as the sole source o nnking
waler for an area thereby guaranteeing protection from contamination by federally assisted a'ctivitie. Local,
regional, or state agencies can petition EPA for sole source designation. The EPA Administrator may des::nate an
aquifer which is a sole or principal drinking water source if its contamination would create a significant hazard to
public health. If the designation is made, no federal money or financial commitment may be made for an- project
which the Administrator determines may contaminate the designated aquifer through its recharge zon..
At this writing, February 1983, EPA has designated the following ten sole source aquifers:
Biscayne Aquifer - Florida Nassau and Suffolk counties - New York
Buried Valley Aquifer - New Jersey Cape Cod - Massachusetts
Edwards Aquifer - Texas Fresno - California
Camano Island-Whidbey Island Aquifer - Washington Ten Mile Creek - Maryland
Spokane-Rathdrum Aquifer - Washington and Idaho Northern Guam Lens - Guam
The following eighteen are under consideration:

Arizona New York
. Santa Cruz, Upper Santa Cruz, Aura-Altar Basins Kings and Queens counties

California Sardinia
Scoffs Valley Schenectady

Vestal
Delaware

New Castle County Pennsylvania
Seven Valleys

Florida
Volusia - Flondan Aquifer Texas

Camzo-Wilcox Aquifer"'" Idaho
Snake River Plain Texas and New Mexico

,. SaeRDelaware Basin
Louisiana

""Balon Rougie Wisconsin
Batn RugeNiagara Aqu~fr

DeSota Pansh

New Jersey
Coastal Pla,n

Up;per Roc:.a,,-a y

AL %.-"':,r " , ,V: % '.,.& . .. : C..t'g ,;" ' ,',". .: ",.:.:,, ,,::-5%.../ .,'. ./.-...,.. - ,..,.,.,.......... ,... .. ... -. _,
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3.6 RESOURCE CONSERVATION AND RECOVERY ACT
._ ij. fJ.; The Solid Waste Disposal Act and the Resource Recovery Act of 1970, as amended by the Resoi:e

- Conservation and Recovery Act of 1976 (RCRA), require EPA to establish a national program to regulate ie
management of waste materials.

3.6.1 Solid Waste

Subtitle D of RCRA established a broad-based national program to improve solid waste management through', ne
development of state and regional solid waste management plans. The act offered federal financial assistanc :o
states interested in developing and implementing a solid waste management plan. The state plans, under fedial
guidelines, identify respective responsibilities of local, state, and regional authorities, and encourage resouce
recovery and conservations and the application and enforcement of environmentally sound disposal practicfs.

* A major element of the Subtitle D program is the open dump inventory. Section 4005 of RCRA prohibits c::--, 7 -

, dumping Federal cnteria for classifying solid waste management facilities are provided in 40 CFR 257. E:Z,
cannot approve a state solid waste management program with less stringent criteria. Solid waste managemc-n
facilities failing to satisfy the criteria are considered open dumps. In oroer to satisfy these criteria, a facility )
practice (in addition to other environmental considerations) shall not cor,:aminate an underground drinking waw,
' source beyond the solid waste boundary or beyond an alternative boundary established by the state or in coi.tpersuant to the stipulations of 40 CFR 257.3-4. The federal criteria define contamination as an exceedence of ti.

MCLs provided in the National Interim Primary Drinking Water Regulations or an increase in concentration of ar, -IF parameter for which the ambient concentration exceed the MCL.

3.6.2 Hazardous Waste

EPA has issued a series of hazardous waste regulations under Subtitle C of RCRA (40 CFR 260 to 267 and 122 i
124) On 19 May 1980, EPA issued a comprehensive set of standards for generators and transporters :.
hazardous waste and "interim status" standards for facilities in existence on 19 November 1980, that treat, ston.
or dispose of hazardous waste. Such facilities were allowed to operate under interim status until they received a L
RCRA permit. Subsequently, EPA issued standards for granting RCRA permits to treatment and storage facilitie..
Standards for land disposal facilities were issued on 26 July 1982-virtually completing the program t:
controlling hazardous waste under RCRA.

The standards for permitting land disposal facilities were issued after a wide range of regulatory options wer!
consicered. Over a period of several years, EPA proposed two different sets of land disposal standards an,:
solicited comments on various issues. On 13 February 1981, EPA issued temporary standards for new fan: [
disposal facilities. The 26 July regulations replace those temporary standards except for Class I undergroun:
injection wells. These will remain subject to the temporary standards until final standards are issued.

1. A set of design and operating standards tailored to each of four types of facilities [".,

2. Ground-water monitoring and response regulations applicable to all land disposal facilities
The design and operating standards implement a liquids management strategy that has two goals:

1. Minimize leachate generated at the facility
2. Remove leachate generated to minimize its chance of reaching ground water

The major requirements include

1. Liner
p.- * Requirement: design to prevent migration of waste uut of the facility during its active life

& Applicability. landfills, surface impoundments, and waste piles

2 Leacha!e collection and removal
# Requirement: col!ec! and remove leachale from the facility and ensure thal leachate depth over the line, -

C.es not exceef 30 centimeters (1 fool)
0 App'icabity la- afiils and waste pilest:::-

rFL
S. * !* , . * S *
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3. Run-on and runoff control systems .
" Requirement design to control flow during at least 25-year storm 4* Applicability. landfilis, waste piles, land treatment

4. Wind dispersal controls4-- Requirement cover waste or otherwise manage unit to control wind dispersal

. Apphcability: landfills, waste piles, and land treatment units that contain particulate matter

5. Overtopping controls
* Requirement: prevent overtopping or overfilling
* Applicability: surface impoundments

6 Disposal unit closure
* Requirement: final cover (cap) over waste unit designed to minimize infiltration of precipitation

, 1 * Applicabiity. landfills and surface impoundments (if used for disposal)

7. Storage unit closure
e Requirement: remove waste and decontaminate
o Applicability: surface impoundments used for treatment or storage and waste piles

8. Postclosure Care
* Maintain effectiveness of final cover
* Operate leachate collection and removal system
* Maintain ground-waler monitoring system (and leak detection system where double liner is used)
* Continue 30 years after closure

The goal of the ground-water monitoring and response program is to detect and correct any ground-water
.. contamination, There are four main elements:

1. A detection monitoring program which requires the permitlee to install a system to monitor ground water in
the uppermost aquifer to determine if a leachate plume has reached the edge of the waste management
area.

2. A ground-water protection standard is set when a hazardous constituent is detected. The standard
specifies concentration limits, compliance point, and compliance period.

j 3. A compliance monitoring program determines if the facility is complying with its ground-water protection
standard.

4. Corrective action is required when the ground-water protection standard is violated. The permittee must
either remove the contamination or treat it in place to restore ground-water quality

Until hazardous waste management facilities are issued permits, existing facilities will continue to operate under
interim status standards. Facilities operating under interim status will be required to file Part B applications for final

_:: permits.

Under Subtitle C of RCRA, EPA approves state hazardous waste management programs in two phases. Phase ILI - authorization gives states the right to control transportation and generation of hazardous wastes within their
borders and to regulate existing treatment, storage, and disposal facilities. Phase II authorization includes the
permitting of new facilities

..- 3.7 COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION, AND LIABILITY ACT

This statute (CERCLA), commonly referred to as Superfund, authorizes EPA to respond to releases or threatened
releases into the environment, including ground water, of any hazardous substance which may present an
imminent and substantial danger to pablic health. The act provides funds for emergency action and has cost
recovery provisions.

%.-



3 3 4 Unde'ground Injection Control

The Underground In)ection Control (UIC) program regulates the uses of underground injection welis to protect an

underground source of drinking water (USDW). USDW means an aquifer or its portlion which

1. supplies any public water system or contains a sufficient quantity of ground water to supply a public water
system:

2. currently supplies drinking waler for human consumption or contains less than 10,000 mg/liter total
dissolved solids; and

3. is not an exempled aquifer (40 CFR 146.04 provides criteria for exemption).

SDWA requires any state designated by EPA as requiring a UIC program to develop and submit a state UIC
program for EPA approval. EPA has designated each of the fifty states. ..

The federal program classifies injection wells as follows:

Class I-Wells used to inject hazardous waste, or other industrial and municipal disposal wells which inject
fluids beneath the lower-most formation containing a USDW within one-quarter mile of the well bore.

Class II-Wells that inject fluids

1. which are brought to the surface as part of conventional oil or natural gas production and may be mixed
with production waste waters from gas plants, unless those waters are classified as a hazardous vaste at
the time of injection,

S 2. for enhanced recovery of oil or natural gas; and

3. for storage of hydrocarbons which are liquid at standard temperature and pressure.

Class III-Wells that inject for extraction of minerals including

1. mining of sulfur by the Frasch process;

2. in situ production of uranium or other metals. This category includes only in situ production from ore
bodies which have not been conventionally mined. Solution mining of conventional mines such as stopes
leaching is included in Class V; and

3. solution mining of salts or potash.

Class tV-Wells used to dispose of hazardous or radioactive waste into or above a formation which contains a
USDW within one-quarter mile of the well. Also, wells used to inject hazardous waste that cannot be classified
as Class I or Class IV under the above criteria are Class IV wells.

Class V-All other injection wells (40 CFR 146.05(e) and 146.51 provide specific information and exemptions).

Underground injection is controlled through the permitting process. Construction, operation, monitoring and
reporting activities are controlled. Individual state programs are based upon, and must be essentially equivalent
to, the federal criteria and standards (40 CFR 146).

h.". 3.4 TOXIC SUBSTANCE CONTROL ACT

" This statute (TSCA) authorizes EPA to restrict or prohibit the manufacture, distribultion, and use of products which
may result in unreasonable risk to health and the environment. Although ground water is not specifically named in
the Act, EPA has taken the position that the protection of health and the environment includes the protection of

',. ground water.

3.5 FEDERAL INSECTICIDE, FUNGICIDE, RODENTICIDE ACT

- Thrs satue (FIFRA) gives EPA the responsibility to control the sale and use of all pesticides to prevent
un,.&sonab'e adver'se environmental and health effects. The use and disposal of pesticide packages and
c07oa:re"s is a!so regulated. In deciding whether to register, cancel, suspend, or change the classification of a
, - :,:e. EPA considers a broad range of environmental impacts including those affecting ground water.

* -:x .. -..



NEW JERSEY

ClassifIcation-Ground water is included in the definition of -waters: as found in the New Jersey Water Pollutan
Control Laws. A ground-water classification system is in effect, with ground water classified according to teal
dissolved solids content. Class I ground waters have a TDS content of 500 mg/liter or less. Class 2 ground waters
have a TDS content of 10,000 mg/liter or less. Ground water of the Pine Lands is classified separately for specal
protection.

Quality Standards-Ground-water quality standards have been adopted that are the same as the federal primay
drinking water standards. These standards are part of the NJPDES permit program.
Drinking Water Standards-The New Jersey Department of Environmental Protection has adopted the fedelki
primary and secondary drinking water standards.
Appropriation-The reasonable use system governs ground-water allocations in New Jersey. All users of grouTd
water in excess of 100,000 gallons per day need a diversion permit from the Department of Environmenal
Protection.
Controlled Use Areas-The Pinelands area is subject to special requirements for ground-water withdrawals
Well Construction-Well permits and records are required for all wells drilled in New Jersey.
Underground Injection Control-New Jersey has developed a state UIC program that has been submitted tir
EPA approval. The Division of Waste Management in the Department of Environmental Protection will be the leE
agency in the program. Currently, Class V injection wells are permitted by the DEP, and Class IV wells Be
prohibited.
Waste Management Facilities-The solid and hazardous waste management programs are administered by te

0 Department of Environmental Protection.

Solid Waste-The New Jersey Solid Waste Regulations and NJPDES Regulations state that all disposal sites
must install a ground-water monitoring system. Minimum requirements are established for quarterly anr
annual monitoring. All disposal sites must receive a NJPDES permit.

Hazardous Waste-New Jersey has received interim status authority for its RCRA Phase I program and s
seeking Phase II authority. Ground-water monitoring requirements are included in the NJPDES regulatiors
and are equivalent to 40 CFR 265, F.

Sole Source Aquifers-The Buried Valley aquifer in Passaic County has been designated as euch, and t'-
Coastal Plain aquifers and the towns of Ridgewood and Upper Rockaway are under consider" .o by EPA.

Geological Surveys-
New Jersey Geological Survey Water Resources Division
Division of Water Resources U.S. Geological Survey
Department of Em,,ui,,ental Room 430, Federal Building

Protection 402 E. State St.
P.O. Box CN029 Trenton, NJ 08608
Trenton, NJ 08625 609-989-2162
609-292-2576 District Chief:
State Geologist: D.E Vaupel

Mr. Frank Markewicz

References-
New Jersey Water Pollution Control Regulations New Jersey Solid and Hazardous Waste

(N.J.A.C, Title 7, Ch. 14. Part 1) Management Regulations
(N.J.A.C., Title 7, Ch. 26)

Contacts-
Mr. Haig Kasabach Mr John Trela
New Jersey Geological Survey Bureau of Discharge Permits
Dwsion ol Water Resources, NJDEP Division of Water Resources
PO. Box CN029 NJDEP
Trenton, NJ 08625 PO. Box CN029
609-292-1185 Trenton, NJ 08625

609-292-0424

Comments provided by Mr. Haig Kasabach in a letter received March 1983 .
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ENNIHONM[N1AI. PRHOTE-CTION AGENCY NAI IONAL
INTERIM PRINIARY DRINKING WATER REGULATIONS

(40 CFR 141; 40 FR 59565, Dect~nmbcr 24, 1975; Amended by 41 FR 28402, July
9, 1976; 44 FR 08641, Nowcmher 29, 1979; Corrected by 45 FR 15542, MaTrch 11,
1980; 45 FR 57342, August 27. 1980)
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i i,Itins usd piril in connection r.ith tuch ton e-rittrts' iniinN all r.n h-rnu

ill R3:11' ryntr nttnjonrce ;%-tcnn A piiblir U.aLtc- systemn is ether emitting hoeta I aTt)It'r Afnd'(r 1.h.

Copy Qvailoble- to DTIC doeq not
*poxmit fully legible reproduction. le -)

~~ .-~~~~m1~ f-' LIUCJ 0 ,l~fA Lit.Is it? 'A1',Q, C
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ii.t fd in I a ~1cImur IT, 'rrro,', ili l'.,,i :Iiil ic) 1 iLt 1' 4t St c;trr') :t-5b;Iarl t-14iri 'mkim (.i'.~crr cis-

Iktir ci rt ri l;irn:~O Pt, irrri-itlt Col, vb )iI I )-A )1:,, 1, Imiri cr nc' ( iir t ~ t l lr;., . .,;~
ti,.iiti n f o f 0cc iriildt, i Air it it. I-.,, Ih~y I I. ....t cti ii ,l.

Hi.idbccc C9. rict 0'r dculuitur 1-11.(- (Hi) The MCLt for rnitmnte 1 ippi e :e
UCLS of ti,u, iun,, 232. uT iurn~f 235 .4ilrd 1 S~ i, p to buth communfty water s) stemis d *
uraniuim 23b- n lin it pcr!.rnii mity enter inW a f'I- non-comimunity -waler s) StinWs exc t a

(o) *Gicrss be-ta particle aetiiity* iiiiiiiiii coininiet fur 0r Jnflhcftcon- provided by in paragraph (d). The [els
means the total radioactivity- due to betn ,'trilettun oft R new p~ublic water systcm frthoheorncccmcsap
particle erni'sion as inferred from inca'- or tIniae ic e cripacity of an existing fonr teot corgni cherial Bystem

* uemets n adrysamle.public wnrr Systemi. he snall notify the Compliance with 1.10s for inorgarz

141 FR 2b402. July 9. 19761 State. ainc, to the extent practicable. chemicals Is calculated pursuant tc
1141.2 (p)-(t added by 44 FR G864 1. avoid crintIng pall, or nll of the ncw or 3 41.23.
November 29. 19791 expanded f:iciiity at a site which:,l1ta mnedb 5F 32

(p) "Haloven- mruans one of the chem- Ii, sibject to a sirnificant, i-l. Aupust 27. 19801
ica elmets hioin. borne r idin. itr ea iiticks. floods, fires or o0hr (b) The following are the ma irnum

(q)mens di~aster.% silrichr could cause a hreaVkdown contaminant lesels for inoiganic :.tmi-

(q) ofrhaloflhan c co)meouns. of the ptiblic water s3rtAm or a poi tion cels other than fluoride:
oneof he amiyeo ofni compunds, thereof: or *e-Z

namned as derivative ofmtaeT"~ -,i

%%herein three of the four hydrojgen (b) Except for intalke r tructuies. is Cojianiosrt F ie

atoms in methane are each substituted iiithii re floodplain of a 200-yca-r flood Arsenic ------ _------------------o o5

by a halogen atom in the molecular or is lower than iny recorded high tide Barium -------------------------- 1.
strctre "e: ~p~: pi at' cc'rs xit.Cadmium ------------------------ 0 010
strucure.iccors cx-.t.Chronmrum -------------------- 0 05

*. (rn) "Total itrilalomethanes" (TrhINM) The U.S. Envirourirental Protection Lead-------------------- --------- 0o0
*. A~Errey %kilt not seck Lo override land use 2sreTCurr--------------------------a o o:

mreans the cum of the concentration in decisions aflecting public water systems Nrtrate 4as Nt--------------------- 10,
mnilligrams. per liter of the siting which are mndc at the St-ite or lo- Stleohim ----------------------- 0 01

-. trihialomnetharc compounds cal1 government Ievc. f;[]ser --------------------------- C 05

I ariehlorornethane Ichloroiform], (c) When the annual aver-age !~ the
dibromoclhlororrethane, maximum daily atr temperatures t.. the
brornodichloromieihane and § 141.6 Effective date&. location In Icxhih the comrnunitv -. stem
tribromorce ilia. e [brumocform]). rounded I li, 6 revc'ed by- 44 FR4 68641. Novemnber 29. Zrytem Is situated is the foliowkiry. the

* to two Significant fiFgures. 19791 maximum contaminant levels for foz~ride

[s) -Maxirnium Total Trihialomethane (a) Except as provided in paragraph are:

Potential (KfTPf mecans the maximum (b) of this section. the regulations sct -- ___-W concentratien of total trihalomnethanes forth in this part shall take effect on .. '"*i.

piodlucrd in It Eiven vatr containing a Jn 4 9 i,.- I~*~iii~i

*-- disinfectant iresidualatr7 asa (b) The regulation-, for total ______

temperatore of 25* C or above. it iliaiometha nes set forth in § 141 12(c) j i. . 1 -c2.c 1tr 4

(tmTsnetn-reans any oiant. shall take effect 2 years after the date of : - - .i:

* including but riot limited to chlorine. promulgation of thecse regulations for to W(.C 1- 1... ... .i
* chlorinc dma ide. cioramint-s. and comnt ae ytm evn ~. 1.' . :.. ,, A,4

o7onc aidded to %%a~lcr in any part of the or more individu als. and 4 %cars after - ---

treatmnrt or di-stributlion process, that is the date of promulgation for
intendted to kill or inartivale pathogenic communities serving 10,000o to 74.999 (c) Fluoride at optimum lev el in
microorsanisms. individuals, drinking water has been show.%n tia %ave

(c) The regulations set forth in 141.11 beneficial effects in reducing the
5 141.a ciricrage.. (a), (c) and (d); 141.14(a)(1); occurrence of tooth decay.

This part shrilt apply to each public 141.14(b)[1)(c); 141.14(b)(2)(f); 141.14(d); 1141.11 (c) amended by 45 FR )7342.
* . ater system, unless the public water 14

s~ster meiets alt of the following condi- .4 *21 (a). (c) and (i); 141.22 (a) and (e). August 27. 1980)

ti,-ns 141.234(a)(3) an (a)[4); 141.23(f); (d) At the discretion of the Stale.
(a) flon-t!L-s only of dlbutron and 14.4a() 41.24 (1,) and (0): 141.25(e); nitrate levecls not to excecd 20 r.-p rc y

w . .e f;ecilitr- (And do!s riot have an 141.27(a): 141.28 (a) and (b]; 141.31 (a), be a!Jowved In a non-community v..iL.
,.1' cti('r rod trc;.rncrit 1:,cilitics) ; (c). (d) and (c), 141 .32(b)(3): and System if the supplier of water

(Li ObtntriL hll of its r'al,,r from, but 141.32(d) shall lake Effect immediately demonstrates to the satisfaction or be
is rot uos cud or op{( ra t':d b.;. a public wa- upon promulgation. State that:
ttr Icntc~ ic uhmeorto~ (d) The regulations sct forth in 141.41 (1) Such waler wil not be airIc to

IX,,. ,t srlaasrt n es: hall take effect 18 months fr1om the date cide ne och fae r
LIof promnulgiition. Suppliers must (2) There %%ill be continuous pcsmrg of

td i, J l rota carrier r tith coron complete the first round of sampling nd lice fact that nitrate le% els exceed -it
, e 1w( rs in tnt'-: tai~c rC ::imnci ce reotnrihn1nonh olwn h g/I and the potential health effe.to

1411 .,; -,Ta ~ rJ - . 1;-i effective date. ex posure;- and

V. i.c..or cc i~.frorn certain (e) The regFulationa ict forth in 141 42 (3) Local and State public health

- (,I:usc th'ser rig kioru. Oinray be shbll tai.e effe.ct 18 rtonths frorm the date a uthorities %%ill be notificd anu.of
A, :r~! i.':: m n ~v, 'r 1415 aind of Iirornilfatioin. All ruciiiirt ro(nis in nitrate levels list cxceed lon-.Fg/i :Id

1 416 i,-' VIC Art ly Vic crnUty i uth Fri- 141 42 mcit it e (urn pluti d s it lin 12 (4) No adverse leicith efiecls SI. 1
i~r I :(.!(cri m i~.;:c~clt~.Prsi- rrorithis folissing thec effeetis c dale. result.

Ir:s icritlr Ptirt 142, 1,atioci J .1cr7

Jcc-:r fii,. IT i~tr'!.ci~t~ia.S 141 6 (c) (r) added by 45 FRC 57342. 1141 1 I d, addid b5 45a FIR 5_34 ,,,
rz 1: i it-r (Var~a rcral Acru%1 2., ?4(I 27 .1 !SOI

Ic91 1j~!()
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S141.12 .il j co iamitn t lcr-s forr -.1 i Cil t1 l"I 1%1% " 1111101 - .1CM jlI( %Z

ofc.'Inic Uroras 1o 14 1.' wI 'I -I IIIwII It tt 0r I 1t tc r 1,iriposvs. PiAS Pre
T

1':- 1 ic I Id

t~i2, 1 1 1 dt,% fit 1"HU41 f. I* tItdi' Icttt i:.: i 1 1 t.i tcto til' - - o .~

The follo%%ing Eire thle maxsimum do rli 1. thi 1.4imfli (2) Four jcr IUD IT.":r i-

c~ot~ iinantl let.els for organic (1) 1Ili tire sir ltli dln-I1c~icihiio thril one sa:mplc V. t-n tyL :'C --

chemicals. The roaxinium cont;:ninanit (2) I'utiIl 1 arir il tir e of nil cflec- cmiined ypcr month: or
leves fr oganc chmicls n tvc iAIII-cI -iltni-lit hror.1outthe (3) Four per 100 Tn!.,crs in inrr

lcselsfor osanic hemicls int (Ibtiidit 5ysri- it.ii ororottC than five perccnt of th' :02--.ples 'u tie

10a a-g-afis a) nd 15 of hisbvcion (3) lute rferc k;,ith nilciobtological -20 or more are cexaminoc. p~r rio~rLh
apyto plcmuit ae ytm.b) (1) When the fern' ntation tull

B-pl ~iTC~m~t~it waer ystms. dttrzI~IIli0~I1,S. method Find 10 mtijlte, -tandnird por
Cornpliance with the maximum (b) rive' itrbirttty uits bivsd on anl ttons pursuant to 1141 ' (a) bye used
contaminant le% eis in paragraplis (a) rivurak'e for t-o consecuthve days pursu- otombcrisal wepr'ntI
and (b) is calculated pursuant to anlt to j1241.22. anolfo theri shal L-oreing: i

j 141.24. The maximum comtaminant n fte olig

level for total trihalomethanes in §141 .1 I'Miluiniiiii ntirrokL..tujra roi" 1141.1 40011(i)i rc'.i-i'd biz V 1-4 :42

paragrapih (ej of this section applies onf-y J1iIl"' i-.. d,.. Auru'u 27. 1ibul

Jlo community Wdter systems %which The inaximilim contamin-ant Ilvels, for (i) More than 10 pcrcen' i! the

5cr%,e poulaionof 0.110 r mre- coliform b-icteria. applicrible to corn- portions (tubes) in bny or.n -- t

ineivdal fouin ofic add ormr munity unter !;ystems Find non-corn- pursuant to 1 41.21 (b) o-; t xct'pt
indvidalsan whch dd iunity unter sy'stems, are as follows: that, at the State's discret: -.. it sm

9disinfectant (oxidant) to the w ater in (a) N%'hcn the membrane filter tech- required to take 10 or fewr% :.;i, jer
any part of the drinking Water treatment ntqlue pursuant to 1 141.21 (a) is used, morth may be autiorized 1, txcludc one
process. Compliance with the mnaximum the number of coliform bacteria shaU Positive routine sample in one
contaminant level for total not exceed nny of the following:oroepsiietbsp o-.hfo

trio e ns is calult-30rsan 1141.14(a)(1 I resed by 45 FIR~ 57342. the monthly calculation i! A) as
to~ 410.Auru'.t 27. ]h~b0l approcved on 9 cese-by-ca ~I ;s the

Lr, rt. (1) Onle per 100 milliliters as the State determint:s end induces in
anthhneti m"no l ape riting to the public vatBi: s~~nL t.at

P~i tinexamined per compliance period no unreasonable risk to '-;hc,:tlcd
tat ChIi,,;ki,uihd,oraton&: pusatt 4.1b rf) xet under the conditions of thi

Vt~drn (12.3 410. 0 j~xachj,(,.0 or02 pusuan to §141.1(bmodificaexepion1 Thiscaidnteris elerion ton.bL'ul
C~di 7, 2. 4a 5.7..8a a 2Obf. ,t 0t0? that, at the primacy Agency's discretion be based upon a number o.4ctors not

hidro 1.4 enda. endo i tdimth. ii systemns required to take 10 or fewer litd
li,-sampes pr mnth ay b autoried t limtedto the follo%%ing- (1 I e Fs tic n

I r-.,ih:1.i'n. sape per15 mont}orc) ma eatorzdt ov'ided and had maintain rf En actite
.Int,%,t I-IIT? 3.4.5C e.tr 0 2Ot exclude one positive routine sample per

Ntt.ih lt I V. I Ti h )I oro 2. 2- 0.1 month from. the monthly calculation if: dinfcatTidl n hLs , I-tioa

h- i te: i ~Ii il ihiet.i. ve P)b(Q)as approved on a case-by-case basis sys temn. (2) the pinten tial fo:
T,'0 k~j "7 . f.V~ a 0-D the Saedetermines and indicates in cotmnin bniac.),a

csi p,,-~ 5'd PPiiI,-t writin to', 5h ulcwtrssnta santr survey, and (3 lt i:'ctorl of

no unreasonable risk to health existed te water quality ait the pui-r %, Jer

under the conditions of this systlem (e F MCL or mrunutjr..
I or'), t n ot, s rn~odification. Thisdeemn to h ul(B th FLp je i:iac a

a.)lbe bsdupon a number of factors not cnecutiavje dans frcof th:
2 ! irt(.. rclt 'f limited to the following. (A) the system pitwti 4husatr:'.c a

P'(' ..... c idiprovided and had maintained an Eict:j e that the routine ik&.ple if, pi 2. e. urid
disinfectant residual in the distribution each of these chcc k fample.E
system. (B) the potential for an (C h rgia oiiv ctn
cotaicto asta trihacatedne byik au o sample io reported and recoried by the

T o a crh l m t a n s l t esm o f s a n i t a r y s u r v e y , a n d ( C ) t h e h i s t o r y o f u - p i r u s a n t o j 1 .3 5 a d
ml oncentrations of ttroinodictttoro. the water quality at the public V~ater ~ 11.~) h upe hi catt

FrTC tI)a ne. dibromorhlorometliane. Irkn-4 ?B, h upirisi coil
toorehan thrmformiai n system (e g ML. or monitoring teSaei>cnp.n. ..

rhtlutrrieih0;t tuhtorriform) 0tto in voaio) (ii) I'm supplicr iTo;t; ,i-s a C ilC. ;e~i- hs .- o
Oi'uc s in; It- ortI i c -f I Io

:' s9j eaoipIIgo:n ot wihn24 .25aftr- ''ts rui~ ~i'l sr:cti o
notification that the rointini sar-,le r is the il~ othly e aleuarn . i rj: ~ r' fL'

C-its. ani each ol(f I! -.V ,1COem nhycduelo .frr!t o,,n

S141.13 t;9;,u iI~-ii~thit.i.nl- 1. ) I',,.e t mus, be nasrdfoc
ftor illtly.'. -tiriic:r-; - ;'PNseM Tt' rt 520.0o 17 1

r r -~ , I'C) (L C 1
' 11e 1t.1 x rri ";i COc,:Tit:t.t I ret lot r c-C'~ % Cls ti 0' t~ to C I C;,.

turbidity itre ylppilabte to LCh OoTIiU- 141 31(1,)] rd 1 4133. r '- o..e- -t i
nt valt.c cs aoid T)n c-v Trlmounty SII it, it, Iit .1 ' t -1 Y - 'r-:O T( 1. 7,T

*V ;r rrr! to 1 1. tye o : r r rsai : F-. !t.1-C %
1,.r0f! rn ~i or. ,i IT-it 1:. R tL r IT hItj ), 'i r, f, i if I., t* 1

riinp-lI I, li) p
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931B Fed-al.2 Rec.!-E-r V 1. 53. No. 231 NoF ~\ctmber 2S. 11-E / Notices

ENVIRONMAENTAL PROTECTION 21. Chrom.ium. PB8I-117467 shellflsh. wiljt-fe. rleaot . s'hC -rt.?

* AGENCY 2.!. CUpper. P1381-117475. beaches. esd~etics. and recr-eationl % - : na
23.PB8-11483be txpected frorr the presence of pc,. anis

JFRL 1623-31 23 ynde.PS-178.i any body of water. includ:ins gro-... ster.
24. DDT. PB81-117491. (BI on the concentration and e_$Pers if

Water Oluallty Criteria Documents; 25. Dichlorobelzeles. P381-117509. pollutants, or their byroducms Ltiro.2:
Availability 25. Dichlorobelzidifle. P1381-1117517. biological. physical, and chemical pr~rses.

27. Dichloroethylenes. PB81-117525. and (C) on the effects of poUutanu o.-
AGENCY'. Environmrental Protection 2a. 2.4-.d chi oroph encl. PB8I-117533. biological comm~unity diversity. prod -* ity.
Agency. 29. Dirhloropropanes/propenes. PB8I- and stability. including information 07 .ze
ACTION: Notice of Water QaiyCriteria 127541.~ factors affectmnar rates of eutrophicatt~ and
Documents. Qaiy30. Z.4-dimetlhylphenol. PB81-1175,58 rates of organiC and Inorganic sedimeatsn

31. Dintrotoluene, PB81-117586. for varyingS t:--es of receiving waters.
SUMMARY: EPA announces the 37. Diphenylhydrazine. PB81-117731. EPA is today announcing the
availability and provides summaries of 33. Eradosulfan. PBal-117574. availability of criteria documents r: 64
water qua lity criteria documents for 64 34. Endrin. PB82-u7582 of the 65 pollutants designated as ouc
toxic pollutantst or pollutant categories. 35. Ethylbenzene. P138I-127590. under section 307(a)(1) of the Act. 7he%

% These critei are published pursuant to 38. Fluoranthene. P58l-1-760a. document on TCDD (Dioxin) will 6~
section 304(a)(I) of the Clean Waeter Act. 37. Haloethers. PB8I-1176l6. published within the next month ater
AVAILABILITY OF DOCUMENTS: 38. Halomethanes. PB81-117624. review of recent studies. Criteria fc !.he~

-; Summaries of both aquatic-based and 39. Heptachlor. PB81-117832. section 307(a)(1) toxic pollutants !:. g
health-based criteria from theg 40. Hexachlorobutadiene, PB81- published today wall replace the c::era
documents are pubidshed below. Copies 117540. for those same pollutants round In te
of the complete documents for 41. Hexachlorocyclohexane. PB1 EPA publication. Quality Criteria hr

'.. individual pollutants may be obtained 117657. Water. (the "Red Book.") Criteria i,. a0
'ao th Ntonal Technical Information 42. Hexachlorocyclopentadiene. PBa- ohrplltnsadwte ostit

Service (NTIS). 52BS Port Royal Road. 117665. found in the "Red Book" remain vail %
Springfield. VA 22101. 1703-487-4M5). A 43. Isophorone. PB81-117673. The criteria published today have i-en
list of the -NTS publication order 44. Lead. PB81-117681. derived using revised methodologie for

* numbers for all 84 criteria documents is 45. Merictiry. PB81-117699. determining pollutant concentrat,
published below. These documents are 46. Naphthalene. P581-117707. that wilL when not exceeded.
also available for public inspection and 47. Nickel. P1381-117715. reasonably protect human health a:d

.' copying duiring norm al business bouts 48. Nitrobenzene. PB81-117723. aquatic life. Draft criteria documen!
at; Public Information Reference Unit 49. Nitrophenols. PB81-117749. were made available for public
U.S. E-nvironmental Protection Agency. 50. Nitrosamines. PB81-117756. comment (44 FR 15928. March 15. 1S93.
Room 2404 (rear). 4M1 M. St, S.wM 51. Pentachlorophenol. P1381-117784. 44 FR 43660. July 25.12979. 44 FR 56ca S
Washington. D.C. 20460. As provided in 52. Phenol. P1381-117772. October 1. 1979). These final criteriz
40 CYR Part 2. a reasonable fee may be 3. Phthalate esters. PB8I-1277P0. have been derived after consideraim~ C.*

charged for copying services. Copies of 54. Polychlorinated biphenyls (PCBa). all comments received.
.nese documents are aiso available for PB81-117798. These criteria documents are alsc,
review in the EPA Regional Office 55. Polynuclear aromatic issued in satisfaction of the Settlemritt
Ibrai-es. hydrocarbons. PB81-117BC6. Agreement in Vaturral Resources

ArLP156. Selenium. PB81-117814. Defense Council. etat. v. Train. 8 EJI.C.
fvobe57. Silver. P581-117822. 2220 (1976). modified. 12 E.R.C. 18-3

hbeia' equests sent to that ocffice will 58& Tetrachloroethylene. PB81-117930. (D.D.C. 1979). Pursuant to paragrapl%:71
be forwarded to N nS or returned to the 39. Thallium. PB8i-117848. of that agreement. EPA is required tt
sender. 60. Toluene. P981-127855. -- publish criteria documents for the 6:

I.Acnahten.P1811125. LToxaphene. P581-117863. pollutants which Congress. in the 19-
2. Acren e. P81-11729. amendments to the Act. designated a.

2. croeui P~l-1727.82. Trichloroethylene. P5381-1127871. toxic under section 307(a)(1). These
3. Acryloritrile. P881-117288 63. Vinyl chloride. P581-127889. documents contain recommended
4. A.Idrlin/Dieldnin. P981-117-30. 84. Zinc. PB81-11ft97.maiupeisblpoutn
5. Antimony. PBa1-117319. FOR FURTHER INFORMATION CONTACT. caxnuentratisosilen polltnth
71. Asbestos. P881-7327. Dr. Frank Gostoniski. Criteria and p 'teton of aquatic organisms. hur..n

8. Br~z~e.PB8-1193.Standards Division (W.H-385). United health, and some recreational atizvi:ts.
9. Ben'zeone. P81-11733. States Environmental Protection AMtough paragraph 11 mposes cerz
10. Beryllium PB81-117350. . 2 Av oligations on the Agency. it does nr
11. Cadmnium. PB81-117388.at additional authority.
12. Caiton Tetrachloride. IP581- SUPPLEMENTARY INFORMATIONCTeDvlomn fWae ult

227376. reDvlpetoWaeQuiy
13. Chlortlane. P981-117384. Background Criteria
14. Chlorirated beratnes. i'sei- Pusuant to section 304(a)(1) of the Section 304(a)(1) criteria contain tv

1217392. Clean Water Act. 33 U.S.C. 1314(a)(1). essential types of information: (
IS. Chlorin',ted ethanes. P981-117400. IEPA is required to periodically review discussions of available scientific do.
16. Chiorop,11:.l etes PB81-1174M5 and publish criteria for water quality on the effects of pollutants on pubic

17. b~o.;atd npritalee. P81- accurately reflecting the latest sc~entilc health and welfare. aq.ac iea
* knowleidge: recreation. an~d (2) quanbi.ative

IS. ClhJcrm.aled pi--enols. PS,91-117434. (A) on the kind and extent of all concentrations or qualitative
19. Ch~crokcr-. PEtI-11744:. identifiable tffecus on health and welatt assessments of the pollutants ;n .. '

:0. 2-C Jccphero!. TU.I-117459. uriciuding, but cot lirn;ted to. plankton. fish. whnich will generally ensure waitr
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quail?) edequate o spport a specified some poLlutants. bioconce ltraLion under sectcn 303 or t..c

watermuse: Under section 304[a)(1). these properties are used to fort.uate criteria effluent standards u".der s- :. .
c-itena are based solely on data and protectk-e cf aqua"c life uses. For States are encourage d to b; to
scientific judgments on t&.e relatio, .hip almost all of the pollutants, modify or. if necessary. de.'p r.t"'
between po..utant concentrations and bioconcentreaion properties are used to pogras ecessary to s'-'t I-e
envirorirnental and human health - assess the relative extent of human implementation of r0ultc' con;os
effects. Criteria values do not reflect exposure to Lthe pollutant either directly for toxic pollutants. As a pratle.
considerations of eco.-omicr trough ingestion of water or indirectly States may incorporate c.itna for toxic
technological fesi'sity. through consumption of aquatic pollutants, based on this g. an:e. into

-Pblication of water quality criteria of organis-s. Human health criteria for their water quality standars.
this type has been an ongoing process carcinogens are presented as . Section 304(a)(2 criteria :ave been
which EPA. and its predecessor Agency, incremental risks to man associated most closely associated wit, the
the Federal-Water Pollution Control with specific concentrations of the development of Stale wate-.,.alhtv

-' Administration. have been engaged in pollutant in ambient water. The standards, and the "Red Bok" % a!ues

since 1968. At that tme the first Federai Guidelines used to derive criteria have. in the pasL been the asis for
compliation of water quality criter.a, the protective of aquatic life and human EPA's assessments of the aiecuacy of

ED-called "Green Book" (V'ower Qun.'ity hea'th are fully described in appendices State requirements. Howe: .EPA is
Criteria). was published. As now. LVese B and r- respectively, of this Notice. now completing a mjor re-.?%, of its
c::teria contained both narrative The Agency bc!ieves that these water quality standards p .- es and
discussions of the environmental effects Guidelines provide crfieria which more regulations. After coside..;on of

iof poiluants on a rarge of possible uses accurately reflect the effects of these comments received on an :dvance

and concentrat:ons of pollutants " pollutants on human health and on Notice of Proposed Rulern..;ng (43 FR
neoessary 1o support these uses. Since aquatic organisms and their uses. They 29588, July 10. 978) and th. draft
that time. water quality criteria have are based on a more rational and criteria documents, the A;r.y intends
been revised and expanded with consistent approach for using scientific to propose. by the end of t.i year. a
publication of the "Blue Book" (U'oter data. These Guidelines were developed revised water quality stanards
Quahty Criteria 1972) in 2973 and the by EPA scientists in consultation with regulation which will cla ri" t e
' Red Book" [Quality Criteria for w'o:er) scientists from outside the Agency and Agency's position on a nunzer of
in 1976. they have been subjected to intensive significant standards issue-i Since publication of the Red Book public comment. With the publication of tiese criteria.

Neither the Guidelines nor the criteria however. It is appropriate v discussthere have been substantial changes in are considered inflexibl : doctrine. Even EPA's current thinking on i.andards
EPA's approach to assessing scientiic at this time. EPA is taking action to issues relating to their usE Tis
data and deriving section 304ta){1e employ the resources of peer review discussion does not estabh:" new

from a limited data base. For many groups, including the Science Advisory . regulatory requirements arv is inended
pollutants, an aquatic life Fiitenon was Board. to evaluate recently published as guidance on the possb uses of

data. and EPA is conducting its ow'n these criteria and an indicaion of future
* derived by multiplying the lowest evaluation of new data to determine rulemaking the Agency M.- V.1dertake.

concentration known to have acute whether revisions to the criteria No substantive requiremens will be
lethal effect on half of a test group of an documents would be warranted. established without furt 'e :ppcrtunit!y
aquatic species (the LCSO value) by an The criteria published today are for public comment.
application factor in order to protect based solely on the effect of a single Water Quality Standards
against chronic effects. If data showed a pollutant. However. pollutants in
substance to be bioaccumulative or to combination may have different effects . Section 303 of the Clear Water Act
have other significant long-term effects, because of synergistic, additive, or provides that water qualir standards be
a factor was used to reduce the antagonistic properties. It is impossible developed for all surface vaters. A
ineicated concentrations to a level in these documents to quantify the water quality standard cotsists

,'.' presumed to be protective. Criteria for combined effects of these pollutants, basically of two parts: (1) % "designated
the protec-ion of human health were and persons using criteria should be use" lot which the water iody is to be
similariy derived by consider.in the aware that site-specific analysis of protected (such as "agricutu,l."
pollutants' acute, chronic, and actual combinations of pollutant may ~recreation" or "fish and v:dife"i, and
bioaccumulatwve effects on non-human be necessary to give more precise (2) "criteria" which are r.,.e7.cal

almeus and humans. indications of the actual environmental pollutant concentration hints or
-Although a continuation of the impacts of a discharge. narrative statements nece.sc"y to

process of criteria development, the
criteria published today were derived Relationship of the Section 304(a)(1) preserve or achieve the dnr,:sted use.

revsd methodologies Ciera to Regulatory Programs A water quality standard .deve;oped
uing rtthrough State or Federal rie.,aLr.
(Guidelines) for calculating the impact Section 304{a)1) criteria are not rules proceedings and must be ranslated i"to
of pollutants on human health and and they have no regulatory inpecL enforceable effluent limiti.;cns in a
aquatic organisms. These Guidclines Rather. these criteria present scientific point source (NPDES) pe:' or ra'.
cor.sist o! systematic methods for data and guidance on the enviromental form the basis of best: m '-- -. er."t
e assessir.F valid and appropri te daza effect of pollutants which can be useful practices applicable to r-p:.r.t 53urct.
co.ce.,i, a:-te and chrr."ic adverse to derive re laeo.y requ.rcrnents based under sect:on 208 of the
ef!erts of poilu:ants on aqua':c on considerations cf water qual;:y
o"-a.:s.ns r.cn-huiar .-.'., ls. and &,::.;.cts Under tie Caan Water Act. Rte."o.,ship f Sec:i, ", '
humans P) use of tese data in these reg;latory requirements may Criteria to the Critera
prescrbtd wa)s. crtena are lormulated include the promulgation o; wa:er Stlate H'oter Qucity Stc.":c.r
!o prote-t a;uatc "Je and hu..an heaihh cuai)-besed effluent linitations u.der In the A,'PRM. EPA a:.e a
f:rr- r'7 .;:r a: ; -e-,eli.'a,".!s. For sec:ic'. 30: weer cuaint' s-andards ;olicv of "rest.-.u'e o: :::.'y' f::

%- %
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L section 304(a)1) criteria codified in the 3. 4gricultural andIndustrial Uses: the SDWA. Drinking water standc!Zs
**Red Book." Presumptive applicability The section 304(a)(1) criteria were not are established based on consider ions.
meant that a State had to adopt a specifically developed to renect the including technological and econc7c
criterion for a particular water quality impact of pollutants on agricultural and feasibility, not relevant to sectior
parameter at least as stringent as the industrial uses. However. the criteria 304(a)(2) criteria. Section 304(a)(I
recommendation in the Red Book unless developed for human health and aquatic criteria may be analogous to the
the State was able to Justify a less life are sufficiently stringent to protect recommended maximum contamn::nt

'strirgent criterion based on: natural - these other uses. States may establish levels (LMCLs) under section
r.* background conditions, more recent criteria specifically designed to protect 1412(b)(p)(B) of the SDWA in whL-.

scientific evidence, or local. site-specific these uses. based upon a report from the Narwnal
information. EPA is rescinding the 4. Public Water Supply. The drinking Academy of Sciences. the Adminitator
policy of presumptive applicability water exposure component of the should set target levels for conta:inants

-'' bec .use it has proven to be too human health effects criteria can apply in drinking water at which "no krwn or
in" 2-xible in actual practica. directly to this use classification or may anticipated adverse effects occu"mnd

i.though the section 304(a)(1) criteria be appropriately modified depending - which allows an adequate margih of
,. rep:sent a reasonable estimate of upon whether the specific water supply safety". RMCLs do not take treacent.

pollutant concentrations consistent wi system falls within the auspices of the cost. and other feasibility factor nto
the maintenance of designated water Safe Drinking Water Act's (SDWA) consideration. Section 304(a)(l) iteria
uses. States'may appropriately modify regulatory control. and the type and are. in concepL related to the helth-
these values to reflect local conditions, level of treatment imposed upon the based goals specified in the RNICs.
In certain circumstances, the criteria supply before delivery to the consumer. Specic mandates of the SDWAsuch as
may not accurately reflect the toxicity of The SDWA controls the presence of the consideration or multl-medik
a pollutant because of the effect of local toxic pollutants In finished ("end-of- exposure. as well as different mthodsV water quality characteristics or varying tap") drinking water. A brief description for setting maximum contamnart levels
sensitivities of local populations. For, of relevant sections of this Act is under the two Acts. may result n
example, in some cases, ecosystem necessary to explain how the SDWA differences between the two nurbers.
adaptation may enable a viable, will work in conjunction with section MCLs of the SDWA. where thy exist.
balanced aquatic population to exist in 304(a)(1) criteria in protecting human control toxic chemicals in finished

.""" waters with high natural background health from the effects of toxics due to dinking water. However. becaue of
levels of certain pollutants. Similarly. consumption of water. variations in treatment and the act that
certain compounds may be more or less Pursuant to section 1412 of the SDW.A. only a relatively small number d MCLs
toxic in some waters because of EPA has promulgated "National Interim have been developed, ambient rater
differences in alkalinity, temperature. Primary Drinking Water Standards" for criteria may be used by the Staes as a
hardness. and other factors, certain organic and inorganic supplement to SDWA regulaticts. States

Methods for adjusting the section substances. These standards establish will have the option of applyins ICLs.
304(a!(1) criteria to reflect these local .stan contanat els section 304(a)(1) human health :fects

'-. differences are discussed below. maximun contaminant levels" criteria, modified section 304(alJ
("MCLs") which specify the maximum criteria or controls more stnnt than

k". Re!otircship oqSection 304(oaia( permissible level of a contaminant in these three to protect agamsint t enects

Cr;aerio to Desinated Woe. Uses: water which may be delivered to a user of toxic pollutants by ngaestiorrom

The criteria published today can be of a public water system now dehned as drinking water.
used to support the designated uses serving a minimum of 25 people. MCLs For untreated drinking wate-supplies.

"" which are generally found in State are established based on consideration States may control toxics in Or ambient
standards. The following section of a range of factors including not only water through either use of MC.-s (if

e.-". discusses the relationship between the the health effects of the contaminants they exist for the pollutants of.'oncem).
cniteria and individual use but also technological and economic section 304(a)(1) human healieffects
c!assifications. Where a water body is feasibility of the contaminants' removal criteria, or a more strigent conamnnant
designa ted for more than one use. from the supply. EPA is required to level than the former two optima.
creria necessary to protect the most establish revised primary drinking water For treated drinking water sipplies
se.sitie use should be applied, regulations based on the effects of a sering less than 25 people. Sttes may
1. Ree.-eat:on: Recreational uses of contaminant on human health, and choose toxics control through

water inc!ude such actiities as include treatment capability, monitoring application of MCI (if they .s::s !or the
swi..-z:ng. wad:ng. boating and fishing, availability, and costs. Under Section pollutants of concern and are i ta:unab!e
Although ins-fficient data e.ust on the 1401(1](D)(i) of the SDWA. EPA is also by the type of treatment) in tih .r.,1ished
effects of toxic pollutants resulting from allowed to establish the unimum drinking water. States also hr'e the
eposure t1hrough such primary contact quality criteria for water which may be options to control toxics In th- ambient
as swi.-.mg. section 304(a)(1) criteria taken into a public water supply system. water by choosing section 3C-ia)(1.)

__. based on human health effects may be Section 304(a(1) criteria provide criteria. adjusted section 304 ii(l)
,," used to support this designated use estimates of pollutant concentrations criteria resulting from the reniction of

where fishinr.g is included in the State protective of human health, but do not the direct drinking water exi:s''e
def.nit:cn of 'recreaticn." I. this consider treatment technology, costs component in the criteria ca.:2!a::on 'o
.... a..cn c..y the port;on of the criterion and other feasibility factors. The section the extent that the treatmer.' oced
based on f.sh consu-npt:cn should be 304(a),1) criteria also include fPsh reduces the level of po:'utar.. a .n.re
-sed. bioaccurnu!ation and consumption str:ngent conta,:nant levei :Ca. -he

I P.-c.ec:ior cr.d?::pcgction o'F.sh ,actors in addition to direct human former three optior.s.
.. C- O:. r .4cU€ L.'~l"r The section drirk:ng water intake. These numbers For treated dr.nking ware- ,."p;,:es
5. 301a,, ; zr::em:a based or toxlc;t,, to were not developed to serve as 'end cf serving 25 people or Freste .:a=es ,.-us •

. esdect'-. 'o pd.-nkin water standards. and .he' cortrol tox:cs down to leve.: t teast as
- ces r '. : ,s ha e .o re2_,a,2.cry s '- nce i.d,-' s:n.c'nt as MCLs ; .-e:e r

Copy avaiablg to DTTC fis a
permit fully l~gible zopioductioa

WV -* ~ qJ~ * s * .~'~- - . . ~ ~ ~ ~.~V
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the pollutants of concern) in the finished scientiric assessm-ent of its aquatic life criteria may- be specifically ta : -ed to a
drinking water. However. States also and human health effects, and the local water body by use of di, !-om
have the options to control toxics in the technological and economic capacity to toxicity tests perlormed %WaL. tat
ambient wate: by choosing section control the discha-oe of the pollutant. ambient water. A procedure t &- as this
Z04tla)(1) criteria, adjusted section For scome of the pollutants, all States would account for 1ccal envi::.entzl
304(a)(1) criteria resulting from the may be required to assess them for cond~tio-.s in Iornulatng a c;t.eron
reduction of the direct drinking water possible inclusion in their standards. For relevant to the local water tn.%. Third.
exposure component in the criteria others. assessment would be restricted site-specific w-iter quality
calculation to the extent that the to States or limited to specific water characteristics resultir.; in e!!ter
treatment process reduces the level of bodies where the pollutants pose a enhancement o-r itigation c o'iquatic
pollutants. or a more stringent particular site-specific problem life toxicity for the pollutant z.ou'd be
contaminant lee bntefre hre Ciei oiiainPoesfactored Into final rormaiatic.. of theleeopathifreotrens.n MdfcainPrcs criterion. Finally. the criter.a may be
Jr.clusion c! Specific Pollutants in Sta te lexizbili~y is available in the made more stringent to ensur

Stcdors:application of these and any other valid protection of an individual s:-cies rnotSinad:water quality criteria to regulatory otherwise adeouately protectd bY anyTo date- EPA has not required toat a procgrams. Although in scme cases they of the three modification prc-rdares
State address any specific pollutant in may be used by the States as dev eloped. previously meationed.
:s standards. Aft iuugb all States have the crite-ia may be modified to refect EPA does not intend to ha-e S-.P'es

established standards fcr most local L-rvironznental conditions and assess every ;ocal streamn ser-e".t and
conventional pollutants, the treatment of hurnan ex;osurie patternis before lake in Ilse country on an incvdcual
toxic pollutants has been much less incorporation into programs such as bssbfr eemnn fa
extensive. :n the ANRM EPA water quality standards. 1U signific-ant ajistbfe isdeesrm.n ifr n
suggested a policy under which States impacts cf site-specific water qualit1y envisioned that water bodie !iaN-Lngwould be required to address a set of conditions in the toxic-ties of pollutants similar hydrological. chemic-3 physical.
pcollutarts end incorporate specific toxic can be demonstrated or significanltJy and biological prcperties w-: be
pollutant criteria into water quality different exposure patterns of these grouped for the purpose of cz,:eria
standards. If the State failed to pollutants to humans can be shown. adjustment- The purpose of .--s effort Isincorporate these criteria. EPA would section 304(a)(1) criterainay be to assist States in eaptinv :ne sec:!onpromuate 'he star.dards based upon modi5ed to reflect these local30a)cteatolalcr.iosier
these criteria pursuant to section conditions. The term "local" mray refer needed, thereby precluding : e set::re of
2O031c)(4l'kM. to any appropriate geographic areaTa arbitrary and perhaps urme~essprih-In the iorthcong proposed revision where common aquatic envircrimental stringent or urnderprotectivt o-itera- in. a
to the ws'er quality standard conditions or exposure patterns exist. water bodv. In all cases. VA xw:l stilregulations. a significantl chanpe in Thus. "local- a signify a Statewide. berqid.psuntoein 0()
policy will be p'roposed relating to the regional. river reach, or entire river to determine whether the Sate wa!erincorporation of certain pollutants in basin area. On tbe other hard. the quality standards a:-e cors .t tt wiState water quality standards. Viis criteria of some pollutants might be thgolofheA-.icuna
proposal will difler from the proposal applicable nationwide without the need dtermgoa of he Act incuatea8.. m~-ade in the A-NPR,\. The A.NPRMk for adapta:ion to reflect localdteznainowehr te
prop-osed an EPA-published Lst'of conditions. 71he degree of toxilc-.*yetbxhdctr'aaearut
po!ltarts for which States would' have tcward aquatic organ~isms arnd h-=ans suptadsgr.tdse
had to develop water quality standards, characterstic of these pollutants would Criteria fcr the PrOection 1AquEatic
'his list might have contaied some for not chance significantly due to local Wila

alli of the 6.5 toxic pollutants. However. water quality conditioni. heptc-ncfheCiecthe revised water quality standards EPA is examining a series of Itrr~~a fteCt~
regulation will propose a process by environmental factors or water quality The aquatic life criteria isuied today
which EPA will assist States in parameters which iright realistically be are summarized in Ap:penrix A of tl-.s
dentifyinF specific toxic pollutants expected to affect the laboratory- Federal Register notice. C-,teria have

required for assessment for possible derived water quality criterion been formulated by appi'-n2 a set ci
inclusion in State water quality recommendation for a specific pollutant. Guide!ines to a data base or each
star-dards. For these pollutants. States Fitctors su;ch as hardness. PH. pollutant. The crite-ria for ne ;ro'er:-r.nwill he% e the option of adcpting the suspended solids, types of aquatic of aquatic life specify poii;-ar-1
published cr:!er,a or of ad;us::ng those crgarusms present. etc. could impact on .concentrations whicis. if nit excee.zed.

t ~e o stespc~i:anlsis, the chemical's effect in the aquatic shul ptctmsututncessanav
These psi.;tants world generally envu'onnienL Therefore, local all, aquatic life and its us!-,. TheSepresent the gTrates:. threat to information can be assembled and Guidelines specify that c--.er:a shoul'd

sustairung a healthy. balanced analyzed to adjust the craterion be based on an array of c.;ta frm
*-ecosystemn in water bodies or- to humnan recommendation if necessary. organisms. both plant an: auni 'thealth due to exposure directly or The Guidelines for deriving criteria for eccupying various trophi;.eveli. 2ased

irc~e~t~ !orcwatr. PA s crretly the protection of aquatic life suggest on these data, criteria cat be c er'dc
oerveioptr,. a Process to deter-mne Several approaches for rnodtiying the which should be adequr r- to protec: r

* . ,vhCh pol;,tants a, State nr.Ls: assess for. criter.a. First. toxicity data. botb acite types of organisms nece! am*r !o !ruppoi
ossitle Iuclusioz in its water qualy an.d chronic, for local species could be an aquat-c community.

s:erndards Relevant factor-s rr#t substituted for somre or all of the !pecies The Guidelines are ne c~include the toxicity of zie PChiUra.-L the used in deriving criteria for the water derive crite-'ta which '. ~~~ :
*frc;uertic% and concentratior. of its qual:ty. standard. The minimum data stages of all spec:es und!- a:)cis~n~ its Peorraphucal ds=;huacu. reouirc-nents should still be fulfilled in conditions. Generally% scine at*e steze c

V~ e breactr, c.' date ur- ervln trie calc iatinp a revised criterion. Second. one or more tested sprou-s. and

. -V * p%
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robably some untested species. will way to assure the same degree of chronic value can be calculated dir,:ly.
ave sensitivities below the maximum protection with a one-number criterion If not, an acute-chronic ratio is den ed

value or the 24-hour average under some would be to use the 24-hour average as a and then used with the Final Acuti
conditions and would be adversely concentration that is not to be exceeded Value to obtain the Final Chronic ': lue.
affected if the highest allowable at any time in any place. The Final Plant Value is obtainc, jy
pollutant concentrations and the worst Since some substances may be more selecting the lowest plant toxicity :lue
conditions existed for a long time. In toxic in freshwater than in saltwater, or based on measured concentration,
actual practice, such a situation is not vice versa, provision Is made for The Final Residue Value Lu tnter.,ed
likely to occur and thus the aquatic deriving separate water quality criteria to protect wildlife which consume
community as a whole will normally be for freshwater and for saltwater for each aquatic organisms and the market uility
protected if the criteria are not substance. However. for some of aquatic organisms. Protection c -he

. exceeded. In any aquatic community substances sufficient data may not be marketability of aquatic organism is. in
there is a wide range of Individual available to derive one or both of these actuality, protection of a use of th.
species sensitivities to the effects of criteria using the Guidelines. water body ("commercial fishery". Two

,'' toxic pollutants. A criterion adequate to Specifc aquatic life criteria have not kinds of data are necessary to catulate
protect the most susceptible life stage of been developed for all of the 65 toxic the FirWI Residue Value: a
the most sensitive species would in pollutants. In those cases where there bioconcentration factor (BCF) ar a
many cases be more stringent than were insufficient data to allow the maximum permissible tissue

;."';. necessary to protect the overall aquatic derivation of a criterion, narrative concentration, which can be an FA
fue descriptions of apparent threshold levels action level or can be the result c a

The aquatic life criteria specify both for acute and/or chronic effects based chronic wildlife feeding study. Fc lipid
maximum and- 24-hour average values, on the available data are presented. soluble pollutants, the BCF is

-. The combination of the two values is These descriptions are intended to normalized for percent lipids ant -hen
designed to provide adequate protection convey a sense of the degree of toxicity the Final Residue Value is calcui.ted by
of aqua tic life and its uses from acute of the pollutant in the absence of a dividing the maximum permissi'ce
and chronic toxicity and criterion recommendation. tissue concentration by the norn-ized
bioconcentration without being as Sum'nory of the Aquatic Life Guidelines BCF and by an appropriate per"r.nt lipid

S r i e o n cvalue. BCFs are normalized for mrcentSrestrictive as a one-number criterion The Guidelines for Deriving Water lipids since the BCF measured fic anywould have to be to provide the same Quality Criteria for the Protection o individual aquatic species is gert:allyamount df protection. A tine period of Aquatic Life and its Uses were proportional to the percent lipid in that
24 hours was chosen n order to ensure developed to describe an objective. species.
that concentrations not reach harmful internally consistent, and appropriate if sufficient data are availabi, to
levels for unacceptably long periods. way of ensuring that water quality demonstrate that one or more o ..he
Averaging for longer periods. such as a criteria for aquatic life would provide. final values should be related ti a water
week or a month for example, could on the average, a reasonable amount of quality characteristic, such as C :int.v.
permit high concentrations to persist protecton without an unreasonable hardness, or suspended solids r.e final

. long enough to produce significant amount of overprotection or value(s) are expressed as a fur.'ion of
adverse effects. A 24-hour period was underprotection. The resulting cr'terih that characte,-ist-c.
chosen instead of a slightly longer or are not intended to provide 100 percent After the four ,inal values (Fnal
shorter period in recognition of daily protection of all species and all uses of Acute Value. Final Chronic Va.,e. Final
lPucluations in waste discharges and of aquatic life all of the time. but they are Plant Value, and Final Residu, Value)

the influence of daily cycles of sunlight intended to protect most species in a have been obtained, the crite:on is
and darkness and temperature on both balanced, healthy aquatic community. established with the Final Acue Value

-. pollutants and aquatic organisms. The Guidelines are published as becoming the maximum value ind 'he
The maximum value, which is derived' Appendix B of this Notice. Responses to lowest of the other three valuts

from acute toxicity data. prevents public comments on these Guidelines becoming the 24-hour averae :alue. All
'significant risk of adverse impact to are attached as Appendix D. of the data used to calculate :e four

orgarusms exposed to concentrations Minimum data requirements are final values and any addition.i pertinent
above the :4-hour average. Merely identified in four areas: acute toxicity to information are then reviewe: :o
specifying the average value over a animals (eight data points), chronic deterrmie if the criterion is r,-sonab:e.
spec:f:ed "ime period is insuffic:ent toxicity to animals (three data points). If sound scierntfic evidence :,Yicales
beca'se concen-atons of chem:cals toxicity to plants, and residues. that the criterion should be r;.sed cr

IA higher than the average value can kill or Guidance is also given for discarding lowered, appropriate change are made
cause irreparable damage in short poor quality data. as necessary.
periods. Furthermore, for some Data on acute toxicity are needed for The present Guidelines h;"!. been

*r: cenicals 'he effect of interrniltent high a variety of fish and invertebrate revised from the earlier publ: ed
,*. exposures is cumulative. It is the.efore species and are used to derive a Final versions (43 FR 11506. May -t1. 1978. 43

necessary to place an upper limit on Acute Value. By taking into account the FR 29028. July S. 1978. 44 F!. : ;2
pc:Iutani concentrations to which number and relative sensitivities of the March 15. 19791 Details ha-.' Ibeen
aquar.c organisms m:ght be exposed. tested spec:es. the Final Acute Value is added in many places and t:e cs.nce;
Tie two-r.rmber criterion is intended to designed to protect Mcst. but not of a minimum data base ha -et.-.
desc:nbe the highest average ambient necessarily all. of the tested and incc.pcra'ed. In add:':on. ::.-e
'%a'er c. ncentra:too which will produce u,,ested species. a_ s nent fac.ors and 'he -e.:es
a water gu!t' enerally suited to the Data on ch1rcric toxicity to animals sensativity factor have be(- ze:eie3i
rna:n:enance of aquatic I:fe wh:le can be used to derive a Fina! Chronic' These modificatons ,ere -- :esut cf
.es..c:ir.r te extent and ourar:cn o! the Vaue by two .:.ere.t means. If chronic the Alency"s analysis of ;.: .c
r ':c-t, r.'.. 'ha! a-,e'ace !c !e-e's val.es are avai.ab!e for a speci'.ed cc.rner.!s and co .. ens -' -vf"
... -. c caue ha..n. T.e cn'., r.,nber and array of spec:es. a f:r.a! :-.e Sc:ence A .c .sz-r : :- .
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%ersions of the Guidelines. These aquatic exprcsure routes. adjustrents in 07i-s found in % %aters A
:ornments and the R~esultant wale, cnCrn.:ation values mnay be criterion de. eloped -i!.C , ..nodfications are addressed full)- in made The Aiency iends to publish judged so be as Lieful c ef 1',-;s Of
Appendix D to this notice, guidance vihich w;!! permait the States to criteria in prolecting sles-na&ed Aa:e.-

Criteria for the Protection of Humn identify significantly difTererit exposure uses. In addition. where -'. art
patterns for, their populations. It available. toxicitv-bes-,! .:e.ria Ia:.lieit *warranted by the demonstration of also preserited for ;o!Iut.;.ts wiib

Interpretation of the Humnan Healtht significamnty different exposure patterns, derived orgernoleptic c 2LThe choice
Criteria tWs will become an element of a process cf criteria used in wa ter r..J'itY

The humnan health criteria issued to adapt/modify human health-based standards for these Oollu~lts will~; tdayaresumaried n Apenix of criteria to local conditions, somewhat depend upon the des-gzaid use to be
this Federal Register notice. Criteria for analogous to the aquatic life criteria protected. lIt the case of . 7ultip!e use
the protection of hurman health are modification process discussed water bodyr. the crit~erior o-rtectiring Lhe

% presented for 62 or the 65 pollutianti previously. It is anticipated that States most sensitive use will b- applied.
based an their carcinogenic, toxic. or at their discretion will be able to set Finally, for several pelltutr-ts no criteria
orsanoleptic (taste and odor) properties. appropriate human health criteria based are recommended due lo. :ick of

ThemenL~gsan pactca ues f he on this process. information sufficient for ;uanttativeTh crieinlus andepditicl difsferent The pharmacoldnetics section reviews criterion formulatior,crideering onue te droptictl oiffwhich data on absorption, distribution.
theypedn base oeteso hc metabolism, and excretion to assess the Fisk Extrapolation
the oebaed.o h hat biochemical fate of the compounds in Because methods do r.: now e'xisi tothe human and animal system. 7The toxic establish the presence of., tesold forassessment Portions of the criteri fet etinresdtarct, cringncefcs.EAplc s th

documents is to estimate ambient water efcsscinrvesdt naue acngncefcs P-plc sta
conenraton wich i te cseof subacute, and chronic toxicity, there is no scientific basi. estimating

non-carciroSens. prevent adverse health synergistir-and antagonistic effects, and *safe" levels for carcir.o,r'.s. The
effects in humans, and in the case of specific inlormation on mutagenicity. criteria for carc~nocens. t:!!efore. stale

ssetor proven crcinogens. represent teratogenicity. and c-arcinogenicity. that the reccorrr-.ended co::-enraton frorsuspctFromi t~is review, the toxic effect to be maximum proiection of h!zaxi hcai'th is
U ris lvlf nrmntlcne protected against is identified taling zero, In addition. the AECVzy has

rik.into account the qual, quntty, and presented a range of cncn'.atiors
Hdiscussss nts typci:a cxontain weigh! of evidence chaxracteristic of the corresponding to L'~cremc:.;: cancer

disusion o !creertmis:Exosue, data. The criterion fcrmrulation section risks a! 10" to ,0- 1(cre aidLtional case
pharrn azoline tics. toxic effects, and review-s the highlights of the text arnd of cancer in Population; xgn Jorn

chter-on fomulation.sp ecifies a rationale for citerion ten mnifion to icn~oO. e.;ci l
n, epooe ecio 3~r_1ai1e3 development and the mathematical Odier concentraJozi repr-, rungin!ormaticri on exp~osure 701utes: derivation of the criterion numiiber. different risk 'aevels mayv i- :a*cu.:1 te:

in~st~n dredy romwatrindrecly Within the Iliations of -.me and by use of t.~e GC;ideiines. 7-E r.Sk
foun consumpin ofaet othrdearsy resources. current pub!!shed information estimate range is presellte. 1cr
foundes inalabien. waer odera dietay. of significance was incorporated into the information purposes ane fr c'.

souces il~aaton.anddemat cntat. human beaiLh assessments. Review represent an Agency ji.-dpnl cn -anExposure assumptionss are used to articles and reports were used for data 'accep~able** risk level.derive human health criteria. Most evaluation and synthesis. Scientific SurmyofteJlrc &2criteria are based solely on exposure judg~~nt was exercised in reviewing Suidinr fteec -ct
from consumption of water containing a and evaluating the data in each criteria Cieie
specified concentration of a tayic document and in idertifying the adverse The health assessments -nd
pollutant and through cconsumption of effects for which protective criteria were corresponding criteria pul'shed Ictday,
aquatic crganisms which are assumed to pblished. were derived based on Cvdilines-ind

.V have bioconcentra ted pollulants from USpecific healthbased criteria are MlehJodology VsEd in th e I-rO.-tjors ofthe water in which they live. Other developed only if a weight of eidence Health Effect:Assessme.-: 2-..*Pe,; cfmusltirredia routes of exposure such as supports the occurrence o! th~e toxic the Consent Decree ' Wc, c:J::wr;o
air, non-aquatic diet, or dermal are not effec, and if dose/response data exist Documents (the Guidelinc. evs!op~d
!actored into the criterion formulation from which criteria can be estimated. by EPA's Office or Reserci 4"70
for the vast mna-ority of pollutants Ocin to Criteria for suspect or proven Development. The estrria:.c o! h.eal-hlack of data. ThJe critena a-c calculated carcinogens are presented as risks associated wvith humnm ex'osure to
us~r.E 'he com~bined aquatic exposure concentr-ations in water associated with environments, pollutants 71r;-es
pathway and also usinig the aquatic a range of incremental cancer risks lo predicting the effect of lov. !ze Or Lporganism inpestion exposure route man. Criteria for nion-carcinogens to a lifetime ini dura tion. A ::mnhina tion
alone. In cnteria reflecting both the represent levels at which exposure to a of epidemiological L:-d ar"i=a! e: ;e/
water censumption and aquatic single chemical is not anticipated to response data is cons idama-: the

a. orvanism ingestion routes of exposure, produce adverse effects in man. in a few preferred basis for quenILI. ye crittrionthe relative exposure contribution varies cases, organoleptic (taste and odor) data derivation, The comnplete C. dclinrs 2-- ith the propensity of a polant to form the bas s for the criterion. While presentled as Appendix C ...0or rsur.sbioccr.zentrate. with the consumption of this type of criltion, does not represent associated with these C.;i- nes'and
a.ut- organisms becoming more a value which directly afiects buman rerporses to public cnrm 5 are

imrporlant as 6~e bioconcent,'eiion factor health. it is prescnted as an esiniate of pre.;ented as Appendix E(BUI) incresses. As additional the level of a pollutant that will not No-0fect 1ron-cc±:c.icpi v.-infor.-ation or, total exposure is produce unpleasant taste or odor e~:her specilried riskc (carcincien.*assernbkd for pc~uarits for which directly from water consumption c, concentrations -.-ere estm.i-: rtris reflct onr. the two a;ecified indirectly by consizmpuon of aqu;atie extza;c0ation !rcrr. an:-n.6' .w.c;: v or

Copy avY.-.. -

pzMit fuly legile zoproductii0k

LAX. N4 j.4 L.
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human epidemiology. studies using the way to demonstrate the scientific toxicity to freshwater a!ae occu I
following basic exposure assumptiors: a validity of any model, the use of risk concentrations as low as 520 j;g!.
70-kilogram male person (Report of the extrapolation models Is a subject of Sa,'t'cter.quatic Life
Task Croup on Reference ,fan, debate in the scientific community.
International Commission for Radiation However, risk extrapolation is generally The available data for acenapht.ene
Protection. November 23. 1957) as the recognized as the only tool available at indicate that acute and chronic tot.city
exposed Individual- the average daily this time for es4imating the magnitude of to saltwater aquatic life occur at
consumption of freshwater and health hazards associated with non- concentrations as low as 970 and 10
estuarine fish and shellfish products threshold toxicants and has been pg/l. respectively, and would occu at

"" equal to 6.5 grams/lday and the average endorsed by numerous Federal agencies lower concentrations among speces
ingestion of two liters/day of water and scientific organizations, including that are more sensitive than those
(Drin k* Water and Health. National EPA's Carcinogen Assessment Group. tested. Toxicity to algae occurs a-

. Academy of Sciences. National the National Academy of Sciences. and concentrations as low as 500 g/,
0": Research Council. 1977). Criteria based the Interagency Regulatory Liaison Human Health

on these assumptions are estimated to Croup as a useful means of assessing
be protective of an adult male who the risks of exposure to various Sufficient data is not available or
experiences average exposure carcinogenic-pollutants. acenaphthene to derive a level wrich
conditions. would protect against the potentia

Two basic methods were used to Non-Carcinogens toxicity of this compound. Using
formulate health criteria, depending on Health criteria based on toxic effects available organoleptic data. for
whether the prominent adverse effect of pollutants other than carcinogenicity controlling undesirable taste and idor
was cancer or oilier toxic are estimates of concentrations which quality of ambient water, the estinated
manifesta Lions. The following sections are not expected to produce adverse level is 20 pg/l. It should be recoiized
detail these methods. effects in humans. They are based upon that organoleptic data as a basis ur
Carcinogens Acceptable Daily Intake IADr) levels establishing a water quality critera

and are generally'derived using no- have limitations and have no
Extrapolation of cancer responses observed-adverse-effect-level (NOAEL}. demonstrated relationship to pot-.tial

from high to low doses and subsequent data from animal studies although adverse human health effects.
risk estimation from animal data is human data are used wherever Acrolein
performed using a linearized multi-stage available. The ADI is calculated using
model. This procedure is flexible enough safety factors to account for Freshwater Aquatic Life
to fit all monotorically-increasing dose uncertainties inherent in extrapolation The available data for acrolein
response data. since it incorporates from animal to man. In accordance with indicate that acute and chronic :c::city.
several adjustable parameters. The the National Research Council to freshwater aquatic life occurs i
multi-stage mod~i is a linear non-

' threshold model as was the "one-hit recommendations (Drinking I Voter and concentrations as low as 68 and 2 "
model originally used in the proposed Health. National Academy of Sciences, respectively, and would occur at uwer
critelriacunts.Ted ineaproed ult National Research Council. 1977), safety concentrations among species tha Are
criteria docuendits. The linearzed multi- factors of 10. 100. or 1.000 are used more sensitive than those testedstage model and its characteristics are depending on the quality and quantity of

described fully in Appendix C. The daea. n he itan d uatiof 5ol:' 'aterAquctc Life
linear non-threshold concept has been data. In some instances extrapolations
endorsed by the four agencies in the are made from inhalation studies or The available data for acroleir.A ylimits to approximate a human response indicate that acute toxicity to salvater
a Interagency Regulatory Liaison Group from ingestion using the Stokinger- aquatic life occurs at concentratims as
at the low doses to u s Woodward model (ournal of American low as 55 pg/l and would occur a lower
Spical of Water Works Association. 1958). concentrations among species thE are
environmental exposure than other Calculations of criteria from ADIs are more sensitive than those tested. 4o
models that could be used. Because of
the uncertainties associated with dose made using the standard exposure data are available concerning the
response. animal-to-human assumptions (2 liters of water. 5.5 grams chronic toxicity of acrolein to sen,:tive

olation and otber unknown of edible aquatic products, and an saltwater aquatic life..e x tr a p o l t o a vn dg o toe r w ei g ht' o f 7 k )
factors, because of the use of average average body weight of 70 kg). Human Health
exposure assumnptior.s. and because of Dated. October 24. 1980. ,o
the se.ious public health consequences Doullas M. Castle. For the protection of human nea. h,.. from the toxic properties of acrcitn

.. that could result if risk were Administrotor.
underestimated. EPA believes that it is ingested through water and
prudent to use conservative methods to Appendix A-Summary of Water contaminated aquatic organisms ne
estimate rsk in the water quality Quality Criteria ambient water criterion is deter7..d to

i.% criteria program. The linearized Acenaphthene be 320 pg/I." For the protection of human hei "h
rult:stage model is more systematic and Fothprecinfhuaheh

invokes fewer arbiL-ary ass.umptior.s Freshwater Aquatic Life from the toxic properties of acro! -
than the "cne-hit" procedure previousl% The available data for acenaphthene inoested through contaminated e. .&-:"
Lsed. indicate that acute toxicity to freshwater or.,anisms alone, the ambient %; -

I- shc-.!d be noted t!hat ext'apciaicn aquatic h!e occurs at concentrations as criterion is determired to be .. 0 .
.-od!s ;rov:de est;.nates o! risk since a low as 1.700 pg/I and would occur at Acrvlonitrile
a.tre:. cf 3ss ,n pt:cr.s are buiit into any lower concenLrations among species

-model M'ode;s us:-2 wide;y dferent that are more sensttve than those Freshwter.4cuo.ic Lie
a.s';a..s ma., produce es-:.ates tested. No data are available concernirg The availabie data for acrvicn
rz.gncr: o. er se% era! orders of the chronic toxicity of acenaph:hene 'o inccate :hat acu~e tcc:t. - !r , -%-
- .' Ss.. : i: P c. ".-C se's;:!e !reshv. ater a;uetic ar.:.-aS t-.;! Z ;:C Ie occ'.:s a! ccnce..::

'%. %
.. . . e : ., ' ; . , , ', , ,. : , ,, , -. ,. ..... ,. , , . ,. . .,',... -,.. ,. .,, ., .. -,... .,.,,_,.., ,. .- ,, . .... , ',
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To~w as 7.550 pg/I and would occur at assumption for this cherical. However. Antimony
lower concentrations among species zero level may not be attainable at the Fres!,wcer A;'CLJC Life
that are more sensitive than those present time. Therefore. the levels which

tested. No definitive data are available may result in incremental increare of The available data for ar.ti--)n

Co'ncerning the chronic toxicity of cancer risk'over the lifetime are indicate tbEt acute and chrc.: tox.idt"

acrylonitrile to sensitive freshwater estimated at 10-'. 10-t and 10 " . The to freshwater aquatic life o--- at

aquatic life but mortality occurs at corresponding criteria are .71 ng/l. .071 concentrations as low as 9.0o and 1.60

concentrations as low as 7.600 pg/l with ns/L and J00o1 ng/l. respectively. If the 1S/L respectively, and woul, occur at

a fish species exposed for 30 days. above estimates are made for lower concentrations amon pees

SaltwaterAquotic i'fe consumptionlof aquatic organisms only, tested. Tocty to e e ocr.' st

Only one satrwater species has been excluding consumption of water, the concentrations as low as 61i.'g/L
tested with acrylonitrile and no levels are .76 ngll. .076 ngfl, and .007
statement can be. made concerning acute ng/l respectively. Other concentrations SaltwoterAquoic Life

or chronic toxicity. r representing different risk levels may be No saltwater organisms h.ve been

Hua calculated by use of the Guidelines. The adequately tested with anu..ny. and
Human Healh . risk estimate range is presented for no statement can be made c.z=e.ning

For the maximum protection of human information purposes and does not acute or chronic tcxicity.
health from the potential carcinogenic represent an Agency judgment on an Human J-Heal
effects due to exposure of acrylonitrile ".'acceptable" risk leveL F the prutection of h=-,. health
through ingestion of contaminated water AFino the proerti of m any
and contaminated aquatic organisms. i som O toxic propeutgh ow a tr. ony

'- " the ambient water concentration should Freshwater Aquatic Life ' otingested through water the

be zero based on the non-threshold Fo f e t.contaminated rquatic oriar.rnis the

assumption for this chemical. However. For freshwater aquatic Iffe the ambient water c-tenon is &:e."uned to
zero level may not be attainable at the concentration of aldrin should not be 146 pg/L
present time. Therefore, the levels which exceed 3.0 pg/I at any time. No data are For the protection of hu..- heah

may result in incremental increase of available concerning the chronic toxicity from the toxic properties of .!,_-Iony

cancer risk over the lifetime are of aldrin to sensitive fresbwater aquatic ingested through contaminaed aquatic

estimated at 10-t 10-t and 1. The tlfe-. organisms alone, the ambieit water

cosrrepondin a it e a e .0- 8 ad 1- . c • •.criterion is determined to b- 45.00 pg/I.
.Scorrespondn criteria are .58 pg/I. . Sile
/pg/l and .006 g/IL respectively. If the • - Arsenic
above estrnates are made for. For ailtwater aquatic life the - FhwoterAqvoi Life
consumption of aquatic organisms only. - concentration of addrin should not

- excluding consumption of water, the " exceed 1.3 Ig/I at any time. No data are for freshwater aquatic lit the
levels are B.5 pg/l..65 pg/L and .065/pJ- available concerning the chronic toxicity concentration of total recov.,able
L respectively. Other concentrations - . of aldrin to sensitive saltwater aquatic trivalent inorganic arsenic .nould not
representing different risk levels may be. life. .,. exceed 440 pg/I at any tim'L Short-term
calculated by use of the Guidelines. The ' 'effects on embryos and lar:!e of aquatic
risk estimate range is presented for Human Health vertebrate species have bec shown to
information purposes and does not For the maximum pwte-ction of human occur at concentrations a! ow as 40 pg/

m represent an Agency judgment on an hath from the pot.ial c 1.
"acceptable" risk leveL " " effects due to exposure of aIdrin through SaltwoerAqvotic Li.fe

S AldinDieldrin ingestion of contaminated water and- The available data for to-.J

Dieldrin. ontaminated aquatc orlanms the .• recoverable trivlaent inormic areenicFiels "-::-fe ;:: ; " ambient water caent"atia •hou be .. indicate thai acute toicicil'o saltwater

Freshwater'Aquati Life "-. zero based on the on-threshold aquatic life occurs at concerrations as

For dieldrin the criterion to protect assumption for this chendcal. 1-fowever. low as 508 pgfl and woul ,ccur at
fresh water aquatic life-as derived usUig zero level may not be attainable at l.e lower concentrations amo-.g species

" the Guidelines is 0.0019 pfl as a 24- present time. Therefore, the levels which that are more sensitive ,c- those
hour everage and the concentration may result in incremefital increase of tested. No data &re availa:.r ccnzer.u-.
should not exceed 2.5 pg.l at any time. cancer risk over the lifetime are the chronic toxicity of trivi.ent

Saltw rAqoot'icl~ . ." estimated at i0' 10". and 10-. The inorganic arsenic to sensi'e sa, ater
corresponding criteria are .74 tg/i...0"+4 aquatic life.

For eieldrin the critericn to protect ng/i. and .0074 ng/1. respectively. If the. Human Health
saltwater aquatic life as derived using "above estimates are made for
the Guidelines is 0.0019 p/l as a 24- consumption of aguatic.organisms only, Forthe maximum prote-- of humar
hour average and the conceatration exclud'gconsumption of water, ther:cnogec
shculd no, exceed 0.71 pg/l at any.time. l effects due to exposure oA-serLic,-.... ~~~~~~~~~levels a.7 9 ni /2..07 ngl!. and-.0mg truhLeto f ,o~=c e t

'Humar Htolth ng/1L respectively. Other concentrations and onta,'tminated aqua : :,ont i .-;-^

A For te maximum protecion of human resprescnti- different risk levels may the ambient water conce: :ton sI.uld

heaith .om the potential carcinogenic be calculated by use of the Gwdekines. be zero based on tIe non C .ftsoid

effects due to exposm of dieldrm _ The risk estimate ra.ne is prmsented for assumption for this c-hem: -". Ho.evre:.
throug. ingestion of contaminated water information purposw and does not zero level may not be a,L:abie at ihe
and con-amtnasted aquatic oVajs=gi represent an Afency judgrnect on an present tme. Therelore. t.:- levels wlic
the embiert water con=entration should "acceptable".risk level. may result in incrementa. --ease of
be zr"o bPed on the non-threshold cancer risk orve the bfer.- Are

L_
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~ estimated at i0- 10 and I . The low as 5.100 pg/l and would occur at cancer rsk over the lifetime arecorresponding criteria are 2 ng/l, 2.Z lower concentrations among species estimated at 10"'. 10- and i0"-. Tnng/L and .2zng/L respectively. If the that are more sensitive-than those corresponding criteria are 1.2 ng/l -2
above estimates are made for tested. No definitive data are available ng/1, and .1 ni/; respectively. .e t:e
consumption of aquatic organisms only. concernIng.the chronic toxicity ot - above estimates are made for

, excluding consumption of water. the benzene to sensitive saltwater aquatic . consumption of aquatic organisms inly.Y. levels are 175 rig/L 17.5 ng/. and 1.75 life, but adverse effects occur at - excluding consumption of water, tre
n/l. respectively. Other concentrations concentrations as low as 700 pg/i with a levels are 5.3 ng/l. .53 ng/i. and .c n3/representing different risk levels may be fish species exposed for 168 days. 1. respectively. Other concentrati-c.s
calculated by use of the Culdelinei The- Human ft_ representing different risk levels r.y be

S risk esti erane Is presented for - ... ... . calculated by use of the Guideline. The
information purposes and does not "- " For the maximum protection of human' risk estimate range Is presented fa
represent an Agency judgment on an " health from the poxential carcinogenic information purposes and does no
-acceptable risk level . - - effects due to exposure of benzene- represent an Agency, Judgment or in

~II~ Asbestos . " - " through ingestion of contaminated water -acceptable" risk level'
and contaminated aquatic organisms. BerylliumFreshwoterAquotic Life• the ambient water concentration should F

ri i  No freshwater'organ'isms have been -'be zero based on the non-threshold FreshwoterAqudtic Life
teste3 with any asbestiform mineral and assumption for this chemicaL However, The available data for berylliunno statement can be made concerning . zero level may not be attainable at the -indicate that acute and chronic tixicity
acute or chronic toxicity. - . present time. Therefore, the levels which to freshwater aquatic life occurs it

a- . . " may result in incremental increase of .concentrations as low a& 130 ant .3 pg/Sa. ater-Aquatic Life cancer risk over the lifetime are - 1, respectively, and would occur .t lower
No saltwater organisms have been - estimated'at 10- 1. 16-. and 10 - 7. The concentrations among species ti-, are

tested with any asbestiform mineral and - corresponding criteria are 5.8 pg/l. .66 more.sensitive than those testec-
no statement can be made concerning pg/L and .066 pg/L respectively. If the Hardness has a substantial effe.; on
acute or chronic toxicity. above estimates are made for acute toxicity.
Humn Health .- . consumption of aquatic qrganisms only,excluding consumption of water, the Sall voterAquatic Life -

__ For the maximum protection of human levels are 400 pg/l 40.0 pg/A. and 4.0 pg/ The limited saltwater data bi..e
. heal.h from the potential carcinogenic .L respectively. Other concentrations available for beryllium does no pe.-iteffects due to exposure of asbestos representing different risk le;vels may be any statement concerning acurf or

through ingestion of contaminated water calculated by use of the Guidelines. The chronic toxicity.
,-_.-* and contaminated aquatic organisms,. risk estimate range'is-presented for .. "  

- -
the ambient water concentration shoul(F-- information purposes and doesnot H Human Health.
be zero based on the non-threshold-' - represent an Agency Judgment on an " . For the maximum protectior. f humanassumption for this chemical. However, "acceptable' risk level. ... . "- health from the potential carcuoeenic
zero level may not be attainable at theez,. pestro m.Teeoe helvl hc Beozidine .- ., . effects due to exposure of be.-lium

.present time. Therefore, the levels which' " . through ingestion of-contamini'ed water"*.. may result in incremental increase of FreiwholerAqultic Life " .-. 2 and contaminated aquatic orFinisms.s . .r risk or the lifetime are - " available data for benzdine " -- - the ambient water concentratun shouldestimated at 10-6. 1•i. and 10'eThe be zero based on the non-threholdcoThpeln crtra'...6 I-ndicate that acute toticity to freshwaterasupinfrts hm"-owv.coresp.o.din c.,rib .e s .0 ,. aquiaticlife occurs at concentrations as' assumption for this chemica. -ow ever-fi.. boers1.. s. uoers/i, tuna 3.M fibers/ low as 2.50 ;,g/I and would occur at zero level may not be attaina-;e at the1. respectively. Other concentrations ,. lower concentrations amog speciI . present time. Therefori. the Ivels which
representing different risk Levels may be sthat are more sensiive than those may result In incremental inc"-ase ofcalculated by use of the Guidelines. The tested. No data are available concerningthe lifetime uerisk estimate range is presented for d Nr estimated at 10- . 10". , and .- '. Theinformation purposes and does not .. -. the c onic toxicity of benzidine to "ifrerstn Agen judent sensitive freshwater aquatic life. corresponding criteria are 37 ig''1. 3.7
r arepresent an Agency judgment onan . -.. 1 u. .. - - . na/l. and .37 ngJ/L respective'v. If --be
"accptable" risk level . Aquat.. -if above estimates are made fa:
Benzene --. .- No saltwiter organisms have been convmption of aquatic orgL:sm3 Only.

s"" - . '- " .. - @. tested with benzidine and no statement excluding consumption of w er. the
FreshwterAquoticLife .. " " -. ac c levels are 641 ng/L 64.1 ng/', and 6.41- . p , ., . ,. c a n b e m ad e co n cer in gs cu e an d . .; .. e u ti n.-. The available data for benzene - " hronic toxicity " -" .. -- " " . ng/L respectively. Other co:,:ertrations
indicate that acute toxicity to Lreswater" - . . :.- , .. representing different risk l,'els may be

ei aquatic life occurs at concentrations as Zman_'edlth .. . --. " , - -- - calculated by use of the Gu,-iines. The
low as 5.300 jug/I and would occur at For the rnaxlmum-protection of human risk estimate range is pres( :-ed for
loaer concentiations among species health from the potential carcinogenic, information purposes and .:es not
that are more sensitive than those - effects due to exposure of benzidine represent *an Agency judg. 7,t cr an

2 isted. No data are available concerning through ingestion of contaminated water -acceptable- rsk level.
t-:e cChonic toxicity of benzene to . . and contaminated aquatic organisms. Cadmium

0.. sensitive freshwater squatc life. the ambient water concentration should
-' oS3att':er A4oI: Lif e ..... be zero based on the non-threshold Freshwater Aquatic Life

assumption for this chemical. However. For total recoverable ci : t.hireT.-e aa:labie data for bcrn:ene zero level may not be attainable at !he cnitenon ;U A8/1 to -,rot : .. es.wtertnc:c!e tat acte toxicity to saltwater present time. Therefore, the leveis which aquatic life as den e -. .
"" ' at con.'cer3uaons as may .oesult in inc.remental increase of Cuideiines is the nrimr.:: a', c ,- r,

• , = . t - -". " .-. ,.,,,. ,, . ,_ %.,;. ,
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f. by e ',. as a 24-hour the non-thrLsbold as'Mption for this concentrations as low as 21 .. ill and
averege and the concentration (in pg/) chemical. However. zero level may not would occur at lower conc" :ations
should not exceed the numerical value be ,ttainable at the present time. among species that are mcr..ensitive
given by e" a t~r -- , a at any - Therefore, the levels which may result in than those tested. No date -r available
time. For example. a hardnesses of 50. incremental inc.."ease of cancer risk over concerning the chronic tox:::y of the
1 200, and 200 mg/i as CUCO. the criteria the lifetime are estimated at 10 -8. 10-. more toxic of the chlorinate 'enzenes
are 0.012. 0.025. and 0.051 pg/L. and 10- . The corresponding criteria are to sensitive freshwater aquv:c lde but
respectively, and the concentration of 4.oug/L .40 pg/L and .04 pg/l. toxicity occurs at concentra;ons as low
total recoverable cadmium should not respectively. If the above estimates are as 50.;g/l for a fish species .xposed for

N exceed 1.5, 3.0 and 6.3 pg/L respectively, made for consumption of aquatic 7.5 days.
at any time. " organisms only, excluding consumption SoltwaterAquotic Life
ScltwaterAquoL. Life -. . of water, the levels are 69. pg/L .94

pg./L and .69 pSg/i. respectively. Other The available data for chn.inated
For total recoverable c-admium the concentrations representing different benzenes indicate that acut and

criterion to protect saltwater aquatic life risk levels may be calculated by use of chronic toxicity to saltwate aquatic life
as derived using the Guidelines is 4.5 the Guidelines. The risk estimate range occur at concentrations as lIw as 160
)4g/1 as a 24-hour average and the , Is presented for information purposes and 129 pg/i. respectively. .d would
concentration should not exceed 59 pg l and does not represent an Agency occur at lower concentratic-c among
at any time. " " judgment on an "acceptable" risk level species that are more senst-e than

Human Health Chlordane those tested.
Teabetwater quality criterion Fresh woferAquotic Lif Hu a won HealthThe amin Iife For the maximum, protectn of human

identical to the existing drinking water For chlordane the criterion to protect health from the potential cacinogenic
standard which Is 10 pg/I. Analysis of -freshwater aquatic life as derived using effects due to exposure of
the toxic effects data resulted in a the Guidelines is 0.0043 zg!I as a 24- hexachlorobenzene throug1 :gestion of
calculated level which is protective Of hour average and the concentration contaminated water and ccmaminated
human health , .alnst the Ingestion of should not exceed 2-4 pg/ at any time. aquatic organisms. the ambert water

- contaminated water and contaminated SadtwoterAquotic ife " . concentration should be zen based on
aquatic organisms. The calculated value • the non-threshold assumptuc for this

- Is comparable to the present standard. For chlordane the criterion to protect chemical. However, zero le'el may not
For this reason a selective criterion saltwater aquatic life as derived uslng be attainable at the presenime.
based on exposure solely from the Guidelines Is 0.0040 pg/l as a 24- Therefore, the levels whiac." ay result in

consumption of 6.5 grams of aquatic hour average and the concentraion incremental increase of car.er risk over
organisms was not derived. should not exceed 0.09 pg/Il at any time. the lifetime are estimated a 10- 0 .
Carbon Tetrachloride HTmr Hecllh. -b.. and 10"' . The correspondin;

FreshwaterAquatic Life' For the maximum protection of human recommended criteria are e2 ngll.72
health from the potential carcinogenic ng/l, and .072 ng/L respectely. 11 the

- The available date for ca'bc .. " effects durto exposure of chlordane above estimates are made or
tetrachloride indiicate that acute toxicity through ingestion of contanated water consumption of aquatic ortrsms oly.
to freshwater aquatic life occurs at a ind contated aquatic organisms excluding consumption of vater. the
concentrations as low as 35200 pg/ and the ambient water concentration should lees are 7.4 ng/L .74 ngll. md .074 ng/
would occur at lower concentrations .- be zero based on the non-threshold L respectively.

are more For the protection of hunan healthamong species that sremore aensitive assumption for this chemicaL However, from the toxic properties o
than those tested. No data are available zero level may not be attainable at the tet oxc roper ies o.1 h
concerning the chronic toxicity of * rsn ie.Teeoe-helvl hc tetra cblorobenzene ingeste' through,. cabococenigttrchordehechonct~snstletxiit o_ .. .present time. Therefore. the levels wh'ich. water and contaminated artistic
carbon tetrachloride to.sensltv - may result In Incremental increase of wrand contamint waecti
freshwater aquatic life. - cancer risk over.the lifetime are organisms the ambient wer crterion

" " • estaed Is determined to be 36 pg/I
orSoonwoter Aquocc Lae - n . 48 For the protection of hunhn health

The available data for carbon orresponding criteria are 4.6 ngIl .4 from the toxic properties o1.2.4.5-
tetrachorideng/ and .046 ng. respectively. If the- tetrachlorobenzene ingestei through
to ltw.oeateraqu atic feccus a ty above estimates are made for. contaminated aquatic orfaus'ns alone..to stwater aquatic life occurs at g/ and numption of aquatic organisms only, the ambient water citerioa Lswouldnoccurnatsloweraconcentrations - excluding consumption of water, the determined to be 48 pg/I.would occur at lower concentrations - -- levels are 4.5 ng/L .48 ng/], and .048 ng/ detepredtion u a he1t.

among species that are more sensitive L respectively. Other concentrations For the protection of hunan health
eIg . that those tested. No data are available repectivofrom the toxc properties o

concerdnn the chronic toxicity of . representing different risk levels may be pentachlorobenzene ingestvd through
carbon tetrachloride to sensitive- . calculated by use of the Guidelines. The water and contaminated aruatic

- saltwater-aquatic life. :,.-. .... -sk estimate range is presented for organisms, the ambient w,,e: criterion
. - -. *formation purposes and does not Is determined to be 74 pg.'.1:2 Humcn Heol.th represent an Agency judgment on a~n For the protection of hur.- health

For the r..axmum protection of human "acceptable" risk level. from the toxic properties t,
health fmtm the potential carcinogenic. Chlorinated Benzenes . pentacaJoroben-ene inse"!- ,rough
effects due to exposure of carbon contaminated aquatic ori.sms alone.
tetrachloride through ingesbon of - Fresh woterAqualic]Lfe the ambient water cri.e.no: :s
contaminated water and contaminated The available data foFchlorlnated determined to be LS Pg(l.
aquatic organisms the ambient water benzenes indicate that acute toxicity to Using the present guidcines. a
cenzentration should be zero based on freshwater aquatic fle occurs at satisfactory criterion call:t be derived

V.P.
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at this time due to the insuafficency in chemical. However. zero level may ot and 10- . The ccmesponding cr..a are
the available data for trichlorobenzene. be attainable at the present Llme. 1.7 pg/i..17 pg/1. and .017 pg/I.

For comparlson purposes, two Therefore. the levels which may result In respectively. If the above estir u;s are
approac"es were used to derive Incremental increase of cancer risk over made for consumption of aquate
criterion levels for monochlorobenzene. the lifetime are estimated at i0". 10-t organisms only. excluding con.s-ption
Based on available toxicity data, for the and 10 - . The corresponding criteria are of water, the levels are 107 pg/. 0.7
protection of public health. the derived 9.4 pg/l, .94 pg/L and .o94 pg/L jig/L and 1.07 pg/I. respectiveh, Other
level is 488 pg/I. Using available. respectively. If the above estimates are - concentrations representing difi rent

C":N organoleptic data, for controlling made for consumption of aquatic - risk levels may be calculated b-.-ise of
undesirable taste and odor quality of " " organisms only, excluding consumption the Guidelines. The risk estimat range
ambient water, the estimated level is 20 of water, the levels are 2.430 pgfL 243" is presented for Information pur-ses
pg/L It should be recognized thiat . pg/L and 24.3 pg/ respectively. Other and does not represent an Ager.7
organoleptlc data as a basis for concentaions representing different Judgment on an -acceptable" r-s. level
establishing a water quality crlte-la risk levels may be calculated.by use of " For the maximum protection i hurnan
have limitations and have no " the Guidelines. The risk estimate range health from the potential crcLn~eic
demonstrated relationship to potential is presented for information purposes effects due to exposure or bexa-
adverse human health effects. and does not repesent an Agency chloroethane through ingestion tf

S ChlorinatedEthanes .Judgment on an acceptable risk leveL contaminated water and contar =rted
For the protection of human health aquatic organisms, the ambient %ater

Freshwater Aquatic Lfe - " from the toxic properties of 1.1.1 -. concentration should be zero bi.ed on
' The available freshwate data for trichloroithane ingested through water the non-threshold assumption fa this

chlorinated frhaeshwateic and contamiJnated aquatic organism, the chemnical. However, zero level r.zy nottcoiint iethanes Indicate that ambient water criterion is determined to be attainable at the present tim-
toxicity increases enatly with -"o -be 18.4 mg/L " Therefore, the levels which ma' "tsult in
increasing chlorination, and that acute For the protection of human health incremental increase of cancer :k over
toxicity occurs at concentrations as low from the toxic properties of 1,1...-tri- the lifetime are estimated at 10-. 10- .
as 'I.F)oo pg/ 1 for 1.2-dic.horoethane" choroethane ingested through and 10-'. The corresponding c:-it.a are
18.isx0 g/l for two trichloroethanes, contaminated aquatic organisms alone. 19 g/L 1.9 pg/L and .19 g/l
9.32003ig/l for two tetrachloroethanes. the ambient warer criterion is respectively. If the above estimaes are
7.240 pg/I for pentachloroethane. and determined to be 1.03 iL . - as

".,- 980 jg/I for hexachloroethane. Chronic For the maximum protection of human o ms only, excluding conspoption
toxicity occurs at concentrations as low - health from the potential caicnogenic organisr thelvl e 8 n.4 ji on

as ?" "0 jig/I for 1.2-dichloroethane, -.:- effects due to exposure of 2.1.2. . ' g/w.and t7 lg/e. recv.4 J!e
9.4"u pg/I for 1.1.2-trichloroethane. .400 I- trichoroethane through hngestion of -.: ,/l, and .87cn ugl. respectively. her
pug/rfor 1.12.,-Aetrachloroethane 1"00 :' contaminated water and contaminated concenlations representing dilb' rent

;Ag~ forpenachlroehane an 540ig. risk levels may be calculated b% .;se of
g/I for pentachloroethane, and 4.pg/.L aquatic organisms, the ambient water* the Guidelines. The risk estimat! range

for hexachloroethane. Acute and :concentration should be zero based on . on punoses
s-.. chronic toxicity would occur atlower ..,' the non-threshold assumption for is presented for informatiop

concentrations among species that are* _ chemical. However zero level may not and does not represent an Agen:y
more- sensitive than those tested. beattainable at the .... tim., judgmeat on an "acceptable" r'. leveL

Satae at the.pre .t .. " Using the present guidelines." '- Therefore, the levels which may result n satisfactory criteion cannot be lerivedSc/two ter Aquatic g~afe..= Inrmetl Inrae ofcne".-.vr st~coyciero ant el-i
data.-, .r-. ncremental, increaseof cancer risk over at this time due to the Insufficie,_y inp,." The available saltwater data for - • the lifetime are estimated at 10-, 10-. the available data for

chlorinated ethanes indicate that and 10-'.The corresponding criteria are
toxicity increases greatly with L: 4-: . ng. A-g/L and _w •. monochoethane
ncreasing chlorination and that acute*•- respeclively. 1f the above estimates 1r- Using the present guidelinesi
toxicity to fish and invertebrate spedes made far consuption of aquatic . satisfactory criterion cannot be aerived
occurs at concentration, as low as *-" organisms only, excluding consumption - at tvas time due to th Inaufficiexcy in
113.000 pg/l for 1.2-dichloroethane. - of water. the levels are 418 /Lthe available data for 1.1,-31.2W0 g/i for 1.1.1-trichloroethane,; ;pg./L and 4.18/ g/I respectively. Other dioroethane. -31Using re ppectitely.elOther
9.020 pg/I for 1.1.2.tetrachloroethane.-: concentritions representing diffwent singathrs gutelnes. b
3%, pg/I for pentachloroethane. and 940 risk levels may be calculated by use oT at this time due t the insufficieacnno b d
jiug/I for hexachloroethane. Chronic - te Guldelivies. The'risk estimate range the ava.ilable data for 1.1.1.2-
toxicity occurs at concentfations as low -  is presented for information purposes tetrachloiethaoe.
as 2B1 jg/I for pentachloroethane. Acute:* and does not represent an Agency, Using the present guidelines.

.- and chronic toxicity would occur at judgment on an "acceptable" risk leveL satifactory cUg terion cannot be :e. ed
lower concentrations among species-. , For the maximum protection of human- at this time due to the insuftfide.-y in
that are more sensitive than those -" eath from the potential carcinogenic the available data for

.. tested. .: "-;'- ' " o. effects due to exposure oT 1.1.2-tetra-
.Hum on HeaIl' . -" "'--- -:-;" chloroethane through Ingestion of pentachloroethane.- ,- "- -- - contaminated water and contaminated Chlorinated Napbthalenes

For tJe maximum protection of hmai aquatic organisms. the.ambient water FresrwoterAquticLfe
. health from the potential carcinogenic concentration should be zero based on

effects due to exposure ol 1.2-di"  
- the non-threshold assumption for this The available data for chlor-..ed

chiloroethane through ingestion of chemical. However, zero level may not napbthalenes indicate that acu:;
contazeinated water and cont_'amDeted be attainable at the present time. toxicity to freshwater aquatic I. occurs
aquatic orleausms, the ambient water Therefore. the levels which may rejult in at concentrations as low as 1.W. jig/I
concentrationt should be zero based on Incremental Increase of cancer risk over and would occur at lower
the non-th:eshold assvmption for this the lifetime are estimated at 10" . 10" concentrations amcng s.ecie: are

%.

1%
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more sensitive than those tested. No demonst-ated reationship to potential level which , ould profect 6: :-.St the
data arc aailable concerning the adverse human health effects. potent:al toxicity of this cC - nd
clhronic toxicity of chlorinated Sufficient date is not available for 4- Using available organolept; ,ia. Ior
naphalenes to sensitive freshwater monochlorophenol to derive a level controllng vundesirable tast, n. odor
aquatic life. which would protect against the quality of anbient waler. t1 ' .n-ed

L-. potential toxicity of this compound. level is I &11I. It should be rL:inized
SaltwaterAquatic Life Using available organoleptic data, for " that organoleptic data as a bsis for r

*The available data for chlorinated controlling undesirable taste and odor establishing a water qualit3 -itena
napthalenes indicate that acute toxicity quality of ambient water, the estimated have limitations and have n -

to saltwater aquatic hle occurs at --- level is 0.1 ugIL It should be recognized demonstrated relationship t( otentiel
concentrations as low as 7.5 pg/l and that organoleptic data as a basis for adverse hutman health -effect.
would occur at lower concentrations establishing a water quality criteria For comparison purposes 'wo

among species that are more sensitive have limitations and have no approaches were used to derne
tan those tested. No data are available demonstrated relationship to potential criterion levels for 2.4.5-tricr .:-ophenol .

concerning the chronic toxicity of -. adverse human health effects. Based on available toxicity rja. for the
chlorinated naphthalenes to sensitive Sufficient data is not available for 2.3- protection of public health. tt derived
saltwater aquatic life. . . dichlorophenol to derive a level which - level is 2.8 mg/L Using avail tle

th. .. , "would-protect against the potential organoleptic data, for contrclnp,-. Hum.,an Health " " .. _. toxicity of this compound. Using undesir-able taste and odor c -lty of

Using the present guidelines, a . available organoleptic data, for ambient water, the estimatei eve] is 1.0
satisfactory criterion cannot be derived contro.ling undesirable taste and odor jg/I. It should be recogrmzec hat
at this time due to the insufficiency in -quality of ambient water, the estimated organoleptic data as a basis or
the available data for chlorinated level is .04 pg/L It should be recognized - establishing a water qualit) iteria
capthalenes. - .... " . -that organoleptic data as a basis for " have limitations and have nt
Chlorinated Phenols -- -. establishing a water quality criteria demonstrated relationship tf ,)oterntial

-. - "- have limitations and have no adverse human health effect.
- FresA waterAquoLiLfe - . "" demonstrated relationship to potential For the maximum protectic, of human

Theavailable freshwater data for - adverse human health effects, health from the potential car:nogenic
h iae elsindiate ta fo r " Sufficient data is not available for 2.5- effects due to exposure of 2..5-

corinated phenols indicate that .dichlorophenol to derive a level which trichlorophenol through ingetion of
oxity eneraly incr-eases with " -"would protect against the potential contaminated water and conaminated

increasing chlorination, end that acute toxicity of this compound. Using aquatic organisms. the ambi:nt water
toxicity occurs at concentrations as low available organoleptic data, for - " concentration should be zen based on
as 30 yg/I for 4-chloro-3-methylphen to -controLling undesirable taste and odor the non-threshold assumptic: for this

S greater than 500.000 jig/I for other .- " quality of ambient water, the estimated . chemical. However, zero levi may not
compounds. Chronic toxicity occurs at level is .55 g/L It should be recognized be attainable at the present =e.
concentratinns as low as 970 pg/I for that organoleptic data as a basis for Therefore, the levels which :ay result in

- 2.4,6-tric-lorophenol. Acute and chronic, establishing a water quality criteria incremental increase of canz': rsk o% er
toxicity would occur at lower - have limitations and FAve no the lifetime are estimated a: 0'. 10-'
concentrations among species that are demonstrated relationship to potential and 10'. The correspondinF z.-itera are
more sensitive than those tested. adverse human health effects. N 12 jig/l. 1.2 jg/l, and .12 ps'
St'aerAqu6icLife''"-" . Sufficient data is not available for 2,6- respectively. 11 the above es..,ates a-re

The " -.a"a........- dcoropheno to derive a level which made for consumption of solatichThe available saltwater data for organisms only, excluding ccsnpton .
chlorinated phenols indicate that.. toxicity of this compound. Using ."".. of watef, the levels are 36 i- L 3.6/ g/L
toxicity generally increases with, available orga.noleptic data, for. " and .36 pg/L respectively. Oner "
increasing chlorination and that acute conkrolling undesirable taste and odor concentrations representing nfferent

"-. toxicity occurs at concentrations as low quality of ambient water, the estimated risk levels may be calculate by use of
as 440 pg/l for 2.3.5,6-tetrachioropbenol. level is .2 pg/I. It should be recognized the Guidelines. The risk estinate range
and 29.700,pg/I for 4-chlorophenol. . that organoleptic data as a basis for is presented for informatior -t'poses
Acute toxicity would occur at lower establishing a water quality criteria a. . and does not represent an ,-ncy

-. concentrations among species that are have limitations and have no judgment on an "'acceptabh" .nsk level.
more sensitive than those tested. No .. " demonstrated relationship tD potential Using available organolepic data. for
data are available concerning the - . adverse human health effects. controlling undesirable tast 3fnd odor
ch"onic toxicity o" chlorinated pheolJs• Sufficient data is not-available for 3.4- quality of ambient water. th. estimated
to sensitive saltwater aqua tic We. " dichlorophenol to derive a level w'hich level is 2 pg/l. It should be r:,.pnized

h :, ''-'." would protect against the potential . that organoleptic data as a l,.5s for
"-. ..H .iICDi Z.. toxicity of this compound. Using establishing a water qualit) -tenon

Suffbint data is not available for 3- - available organoleptic data, for have limitations and have n.
mono_}Jorophenol to derive a level controlling undesirable taste and odor demonstrated relationship : potentiz"
whic.h tvou!d protect eFainst the quality of ambient water, the estimated adverse human health effe:,

" potential tcxicity of this compound. - level is .3 pg/. It should be recognized Sufficient data is not ave. .- le for 2-
Us:nj a%-ai!ale orFanoleptic data. for that organoleptic data as a basis for methyl-4-chlorophenol to 6! - e b it vL
:tontcl!;-F uridestrab!e taste and odor establishing a water quality criteria - which would protect egai.! i:ry
quaity cI ambient water, the estimated have limitation.s and have no potential tcxicity of this cc. 7D=.".d.

level is C.3 ug/. It should be recognized demonstrated relationship to potential Using available orfeanolept.: -ata fcr
I.-. tha! or~enoleptic data as a basis for adverse human health effects. controllinF undesirable tas', ind ocor

es'a . water qua!ity criteria Sutiaficient data is not available for quality of ambient water. t ' rs1t:r:ed
" e. a., ,avc no 2.3.4.&-trachlorcphe:ol to derive a level is 180oop 1). It should

-A
9. " . -V . ' . * . > * .
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recc$nl:ed that or-ganoleptld data as a If the above estlmates are made for Saltwoter Aquatic Life
basi3 for establishing a water quality consumption of aquatic organisms only, . The data base for saltwat: species isr-terion have lir.-.JItations and have no excluding consumption of water, t limited to one test and no sL.'=-ent can
demons;-ated relabonship to potential levels are 1.4 ng/l, 1.54 ng/l, and .m bmade concerning acute c -7onic
adverse human health effects. rg/L respectively. Other concentrations toxici en -a5 Suiicient data is not available for 3- representing different risk levels may be toxicity.

. methyl-4-chlorophenol to derive a level calculated by use of the Guidelines. The Human Health
which would protect against the risk estimate range Is presented for - For the maximum protecticn of human
potential toxicity of this compound. information purposes and does not :health from the potential car--agenic
Using available organoleptic data, for represent an Agency judgment on an - effects due to exposure of -hr-'-oforr
controlling undesbrable taste and odor -acceptable" risk li'eL . " - through ingestion of contuzted water
quality of ambient water', the estimated . For the maximun protectiotn of human and ontaminated aquawtc or.rsms.
level is 30pg/L.It s~hould be . : -' - bealth G ,m the potential carcinogenic the ambient water concentoain should
recognized that organoleptic data an a *, effects due to exposure of bis (2- ... be zero based on the non-thrj'hold
basis for esblisn a water qulity n chloroethyl.ether through ingestion of assumption for this chemica' 1owever.criterion rave tatons nd have no conai-nited water and contaminated zero level maiy not be attaina 'e at theadve'rse ht'an health e pects. ial aquatic organism& the ambient water -present time. Therefore, the I.' eIs % hich" Suficient 4ata I not available for 3- -"concentration should-be zero based on may result in incremental Inrese of

hy l h tdv the non-threshold assumption for this cancer risk over the lifetime Jemethyl-5.-chlorophenal to derive a level ane
which would protect against the - chemical. However, zero level may not estimated at 10- . lo- and irt. The
potential toxicity of this compound. be attainable at the present time. . correspondin criteria are 1-cl. ;g/L .19
Using available organoleptic data, for Therefore, the levels which may result in pg1/. and .019 .g/l. respectiv-iv. If the
conLrolling undesirable taste and odor -incremental increase of cancer risk over- above estimates are made fo-
quality of ambient water.the estimated the lifetime are estimated at W5-*, 10- 6. consumption of aquatic orga. =s only.
level is 20 -g/L It should be recognized and i0-L' The corresponding criteria are excluding consumption of wat:. the
that orgaoleptic data as a basis for - . g/l. .03 pg/l. and .003 pg[,. - levels are 157 pg/L. 15.7 pg/l :d 1.57
establishing a water quality criterion respectively. If the above estimates are pi/l. respectively. Other concr.-ations
have limitations and have no made for consumption of aquatic representing different risk lev!s may be
demonstrated relationship to potential organisms only, excluding consumption cafculated by use of the GuJdiL-es. The

;-', adverse human health effects._ . . of water, the levels are 13.5 pg/l, 1.38- risk estimate range is present.!, for
Chlormalkyl Ether"' -p - j"g/L and.136 pg/L respectively. Other Information purposes and doe not

* concentrations representing different represent an Agency judgmen -n an
Firshwo.erAquaLir f -i "' -sk levels maybe calculated by use of"' acceptable" risk leieL -

. .T. ava lb d.a - the Guidelnes. The risk estimate range 7T h e a v ailab le c ta por ce etadyo . .. o i-Chplu sp b e n o l
ethers indicate that acute toxicity to - I doesenot re information A purp ses  FreshwoterAquotc Life
freshwater aquatic life occurs at a de '. p e n gency
concentrations as low as 238,000 agfl Judgment on an "acceptable" risk leveL The availabe data for 2-chlonphenol
and would occu at lower -. . : For the protection of human health • irdicatethat acute toxicity toi-'shwater

concentrations among species that are . om the toxic properties of bis (2. aquatic life occurs at concentra . w as
more sensitive than those tested. No choroisopropyl) ether ingested th.roogh low as 4.380 pg/I and would or.r at
definitfve data are available concerning water and contaminated aquatic- . lower concentrations among sp,=ies
the chronic toxicity otchloroalkyl ethers orsanidszs, the ambient water cifterion . that are more sensitive that thee tested.
to szens;tive freshwater aquatic life. Is determined to be 34.7 pg/L ... - No defnitive data are availabit"'--o o hon he alth concerning the chronic toxicity f 2-
Solhw""er-Aquatic,--%'. from the toxi properties of b s 2- -- chlorophenol to sensitive fresbvater

No saltwater organisms have beeu chloroisopropyl) ether Ingested through" aquatic Ie but flavor impairment occurs
tested with any chloroalkyl ether and nA contaminated aquatic organisms alone. in one species of Esh at concen:ations
statement can be made concerning acute - the a.mbleai water criterion is. . . as low as 2.000 pg/L
end ch onic-m-city. - -. .- - _- '.-.determined to be 4.38 nL . -Saltwater Aquatic Life

Huma Heoid -i - Closfor . . - No saltwater organisms have s:een
For the maximum protection of human Freshwater Auoat.c L f p tested with 2-chlorophenol and -o

health from the potential carcinogeric " -.. .. .. . "statemeril can be made concer'.ng acute
S effects due to exposireof bhi-' - .." -" T avalable data for choloroform and chrovc toxicity.

.""" -hlororethyl)-eher th.,ough tnge n '" . 'dicate that acute toxicity o freshwater Het
of contaminated water and -- '--aquatic life occurs st concentrations as
contaminated aquatic organisms, the low as 28.9W pglL and would occur at . Suffident data is not availabi, for 2.
ambient water concentration should be lower concentrations among species chJorophenol to derive a level %'i:ch
zero based on the non-threshold that are more sensitive than the three would protect against the poter.tal
assumption for this chemical. However, tested species. Twenty-seven-dayLCSO toxicity of L'iii compcund. UsL.f
zero level may n~t be at'airiable at the values indicate that chronic toxicity available organoleptic data. fcr
present time. Therefore, L.e levels whjich occurs at concentratiorns as low as 1.240 coniL-ollng undesirable taste at: "dor
may result in incremental increase of pg/l. and could occur at lower -quality of ambient water, the es-nated
cancer risk o'ver the lifetmce an concentrations among species or other level is 0.1 pg/I. It should be re.:.z-jzed
estmated at 10-'. It- a.d 10. The life stages that are more sensitive than that organoleptic data as a basu or
correspcneing critenia .-r .U ngA'. the eariiest life cycle stage of the establishing a water quality cnir-s.ooa Z= I1. anr.I.X .'L respecively. rainbow trout. have Liritanocs and have no
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dcmcs'.tr-trd relationshi. to potential calculated value Is comp.rable to the that are more sensit|,'e t.i: those

adv se human health effects. present standard. For this reason a tested.
Cromium - selective criterion based on exposure Ruman Health
Chefualum solely from consumption of 6.5 grams of

Fresh waterAquatic Life aquatic organisms was not derived. The ambient water quec- crilteon

For total recoverable hexavalent Copper fortcal e eiso nd:tog We
chromium the criterion to protect s is at
freshwater aquatic life as derived usng FreshwoterAquatic.L1fe standard which is 20 pg.Aalysis of

"s" " " the toxic effects data resuted in a
the Guidelines is 0.2g pg/I as a 24-hour For total recoverable copper the calculated level which Is rtcectve of
average and the concentration should criterion to protect freshwater aquaticlif asdrvduigte.udlnsi . human health against .e .;eslion. of
not exceed 21 psg/I at any time .. life as derived using the Guidelines Is 5.6 contaminated water and c::raminated

. For freshwater aquatic life the pg/l as a 24-hour average and the
concentration (in pg/i) of total concentration (in jug/i) should not aquatic organisms. The ca : aned value

recoverable trivalent chromium should exceed the numerical value given by tIs son a selective -terion
.- not exceed the numerical value given by -- e[O.94[lnthardness)-4.23) at any time. basedion exposure solely ir,=

e[1.SIln[hardness)J+3.48)" at any For example. at hardnesses of 50,'100, consumption of 6.5 grams c squatic
tirne. For example. at hardnesses" 0o50,. and 20 mg/l CaCO, thie concentration organisms was not deriver.
100 and 20 mg/i as CaCO the . of total recoverable copper should not
concentration of total recoverable exceed 12. 22. and 43 pg/I at any time. DDT and Metabolites
trivalent chromium should not exceed , lt.aterAquaticLife FreshwaterAquatic Life
2.2 .. 4.70o. and 9.9 o.pg/l, respectively. "-ta e o v c op e t DDT
at any time. The available data indicate For total recoverable copper the DDT
that chronic toxicity to freshwater criterion to protect saltwater aquatic life For DDT and its metabolits the

" aquatic life occurs at concentrations as as derived using the Guidelines is 4.0 criterion to protect freshwaE: aquatic
low a 4.4 g/I and would occur at lower Pg/J as a 24-hour average and the life as derived using the Gut.eines is
concentrations among species that are concentration should not exceed 23 pg/I 0.0010 pg/l as a 24-hour ave.se and the
more sensitive than those tested at any time. - . concentration should not ex. ed 1.1 PS/I

Saklvvwoe A quaticfe . - -a. t any time.

-For total rmcoerable hexavalent . Sufficient data is not available for - TDE

chromium the criterion to protect - copper to'derive a level which would The available data for TD: ndicate
saltw6ater aquatic life as derived using protect against the potential toxicity of that acute toxicity to feshw.4er aquatic
the Guidelines is 18 pg/I as a 24-hour . this compound. Using available - life occurs at concentrations :s low as
average and the concentration should orga.oleptic data. for controlling - 0.6 pg/I and would occur at Iwer

- not exceed 1.260 pg/I at any time., undesirable taste and odor quality of concentrations among specie that are
For total recoverable trivalent ambient water, the estimated level is 2 more sensitive than those lestd. No

chromium, the availabe data indicate -- sng/l. It should be recognized that data are available concernun; -he - -
that acute toxicity to saltwater aquatic organoleptic data as a basis for chronic toxicity of TDE to seritive
life occurs at concentrations as low as establishing a water quality criteria freshwater aquatic life.

* "" 10.300 pg/l, and would occur at lower have limitations and have no
concentrations amoung species that are demonstrated relationship to potential

more sensitive than those tested. No adverse human health effects. The available data for DDE ndicate
data are ,vailable concerning the - C ide'-... that acute toxicity to freshwat-.. aquaticCynie. . ". - life occurs at concentrations a. low as
chronic toxicity of triralent chromium to " .u a.
sensitive saltwater aquatic lifa. FreshwaterAquolic Life " ' 1.050 Pg/I and would occur at uwer

•uman ea h " -.. . : . " For freecjardde (sum of c'anide .... Concentrations among species hat are
Huma Hlth opresent as HCN and CN; expressed as more sensitive than those teste-. No

For the protecion of human health CN) the criterion to protect freshwater date are available concerning te
from the toxic properties of Chromium aquatic life as derived using the chronic toxicity of DDE to senfeire
•i1 ingested through water and : Guidelines is 3.5 pg/ as a 24-hour freshwater aquatic life.

- contaminated aquatic organisms, the average and the concentration should SoltwoterAquotc Life
ambient water criterion is determined to not exceed .2 pg/I at any time. .
be 170 mg/I. .DDT

For the protection of human health SaltwaterAquatic/Lfe' :-.f 'e For DDT and its metabolites "e'
from the toxic properties of Chromium The ivailable data for free cyanide criterion to protect saltwater a.-atic life
Ill ingested through contaminated rum of cyanide present as HCN and .. as derived using "he Guideline: - 0.0010
aquatic organisms alone, the ambient m  CN. expressed as CN) Indicate that - pg/i as a 24-hour average and te
water c:iterion is determined to be 3433- acute toxkcity to saltwater aquatic life concentration should not excee 3
m .g/L - . . '" . - occurs at concentrations as low as 30 "pg/I at any time.

The ainbient water'.uality criterion "g/lI and would occur at lower - -

for total Chromium VI is recommended concentrations among species Lthat are TDE
to be identical to the existing dnnking more sensitive than those tested. If the The available data for TDE ir.: :a t
wale. standard which is 50 Pg/I. acute-chronic ratio for saltwater that acute toxicity to saltwater i :-atic
Analysis of the toxic effects data organisms is similar to that for life occurs at concentrations as ::- as
!esulted in a coiculated level which is freshwater organisms, chronic toxicity. 3.6 pg/I and would occur at lov, t
protective of human health against the would occur at concentrations as low as concentrations among species t.' are
SinFestion of contaminated water and 2.0 pg/l for the tested species and at more sensitive than those tested '.o
contaminated aquatic organisms The lower concentrations among species date are available con.,err-.F t .

.
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I&.- ni toxicity Of TDE to sensitive through water z~nd containated aq aetic Saltwatler Aquatic Life

sah w ater aquatic lila. orga isais. the am bient w ate r criterion h v i ab e d t

ForD-i heid poeton e hum0 pg/I. h dichlorethylenes iridica! -.at ac-ute
The available data fo DDE ionteprteionocatehal~ toxicity to sal'% ater aqu 1.!e occur-

tht c-letclctytosatwtenduic from the toxic properties of. netd at cconcentzations as by.% ZZ4.000 ;Ag.
thatf occ t tccnttio n ataelo asti dichloroberzenes (all isomers) inetd and would occur at Iowa
life~ adol occurs atc etat~ low as throug~rcontaminated aquatic organisms concentrations among sp. :es that are

14 g/Ian wold ccr a loeralone. the ambient water criterion is more sensitive than thost ested. Noconcentrations among species that are determined to be 2-8 mg/I.. data are available concer.g the
more sensitive than those tested. No

dat ar avilaleconernng heDichlorobenuidines chronic toxicity dichloroe-.venes to
chronic toxicity of DDE to sensitive ., . . .sensitive saltwater aqoat: life.~ reshnwoarAquaticLife

'Halt/i - - The data base'available for ~ n~nHot
Ha.enHalhdichlorobenzldines and freshwater -- For the maximum prote- - of hurnat

-For the maximum protection of human irrganiams is Unle to one test on health from the potential c~-inosenic
* health E-om the potential carcinogenic bioccocentratlon of 33-. effects due to expsur of

effects due to exposure 67 DDT through- dichloiobenzidirie and no statement can 11dclrehln hor ne~o
ingei *on of contaminated water and be made concerning acute or chronic contaminated water and cc -a-nra led
cznlt...inated aquatic organsms. the toxicity. aquatic organisms. the amt.it %%a:Cer
arzb~cnt water concentration should be - . -concentration should be zr based on

* zero based on the non-threshold Sai wae4qai ie the non-threshold assumpetn for this
assumption for this chemical. However. -No salt-wa ter organisms have been chemical. However, zero le-d -may not

zero level may not be attainable at the tested with any dich.iorobenzidine and e tial ttepeetie
present time. Therefore, the levels which no statement can be made concernn Therefore, the levels which :ay result in

myrslinIncremental increase of actmrchoiaoxct.icmental increase of car- risk over
cancer risk over teWfm r the lifetime ar siateda. .1-

V estimaited at 10'. 10-t and 10-. The -Human Health and 10-. The cor2-espondini .-iteria are
*corresponding criteria are .24 ngfI.0O24 Fo h aiu rtcino ua 33 Ag/l.'.033 pg/I. and M.0 g/l.
ngfL. and .0024 rig/1. respectively.. If the health from the potential carcinogenic respectively. 11 the above es~zates are
above estimates are made for effects due to exposure of . made for consumption of aq-- tic
consumption of aquatic organisms only. dichlorobenzidine through Ingtstion of.. organisms only, excluding cc-'.-,Inption
excluding consumption of water. the contaminated water and contaminated of water,.the levels are 18.5 ;.11!. 1.85
levels are .24 ig/I. c,24 rig/I. and =4 aqua tic organisms, the ambjent water pg/i. and .185 pg/I. respectiviy. Other

-ngfl. respectively. Other concentrations'" cocentratioa should be zero base On concentations representing c!!erent
representing different risk levels may be." the non-threshold assumption for thi risk levels may be calculatlec Yy use of
calcula ted by use of the Cuidelines. The - chemnical. However, zero level ma not the Guidelines. The risk estinzte rarge
risk estimate range is presented for* be7 tial ttepeettm.* Is presented for Informnation T..-poses

- ' nfomaton urpsesanddoe no -. There!arerthe leve!s which may result in and does not represent an Ai ricy
represent-an Agency Judgment of an jdmn na acpal":klvl

leveL . ~incremental incease of cancer risk over ugetoanacpabe:klee
satisfactory criterion cannot b- derivedDichoroeriznesand 10-. The corresponding criteria are at this time due to thi'insuffic-icy in the

Freshwter Auatic ife ~ - .~'.103.pg/I. M003 pug/I. and .00103 pg/I. aalbedt o .- ihovtyeeFreshwater~quotic Lif- respectively. If the above estimates are avibldea.fr12ihor -yn.
The available data for _ .. -made for consumption of aquatic - 2.4-Dichlorophenol

dichiorobenzenes indicate that acute -7organisms Only. excluding Consumption rsw equhcLf
and chronic toirity to freshwater -. of water, the levels are .2M04 si. .0204eiAuai Lf
aquatic life occurs at concentrations as'- pg/I. and .002o4,vg/L respecively. . The available data for 2.4..
low as IL220 and 783.pgIL respectively. Other concentrations representing dichlorophenol indicate that azite andand would occur at lower .. dfeetrs eesmyb acltd chronic toxicity to freshwater aiua tic
concentrations among species &,at are by use of the Guidelines. The risk - life occurs at concentrations a! ow as
more 9 'ensitive than those tested. estimate range is presented for 2.020 and 365 pAg/I. respectivel% and

* Sall; -olaerAquatic Life W normation purposes and does not would occur at lower concentraions
Theavalabe~at~ fo -represent an Agency jodgment on an amiong species that are more semsltzve

ihlbe aiabee dcate thtafe acetbeorsree that those tested. M~ortality to euirly life
doicloo saltrer andiatc life ocurs achetbleners level. stages of one species of fish oczL-s attoxcir~tosalwatr auatc ifeocl Dihlooetyleesconcentrations as low as 70pgat concentrations as low as M.70,ug/l Freshwate qaifeSl aerA uotic Lifeand would occur at lower :- * - -'--t~r~u~ Life,
concentrations among species that ar.e The available data for . -Only one test has been conduz.:ed
more sensitive than those tested. No dichioroethylenes indicate that acute with saltwater organisms on 2.-
data are availabee concerning the toxicity to freshwater aquatic life occurs dichlorophenol and no statemer. :an be

IL-ronic toxicity of d~chlaroberizeme3 to at concentrations as low as 12.600 pg/i made concerniing acute or chzo--..
sensitive saltwater 4qa'.ic life. -and would occur at lower toxicity.
Hui-a7n Ht~alLh . concentra lions among species tlhat are HmnHat

more sensitive than those tested. No - HmnHotL For the protection of hunnan health dlefinitive data are available concerning For comparison purposes. twofromn the toxic properies of the chronic toxicity of dichiorethylenes approaches were used to denvedichloroberizenes (all iomer) in-gested to sens:Uve freshwater aquatic life, criterion levels for 2.4-dichlotc;~-!ol

-~~ A ".A.% .0
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Baste on e, Ui'.b!e toxlcity data, for the the ambient water criterion is aquatic orhanisms. the F-:r.t water

protecticn of public health. the derived determined to be 14.1 mg/L concentration should be z:- b sed cn
level is 3 N9 melt. U;'n,; available tenntrsod s - . o hs
ortanoleptic data. o 24Daeenon-threshold -ssuD-o for this

leei I U nilale lphenol chemical. However. zero I e! may not

undesirable taste ead odor quahty of Frs'hwaterAquo ic Life be attainable at the pres.: "'ne.
ambient water, the estirnated level is 0.3 TMe available data for 7-4- Therefore, the levels whiz. -- vretult
pI/L It should be recognized thatf z='koe
o-" anle-It datald as aec zd b asi .or iimethylphenol indicate that acute incremental increase of car risk over
esrganoleptlc data as a basis for " toxicity to freshwater aquatic life ocurs the lifetime are estimated . 10-'. 10-.

t i wat concentrations as low as 2120 / fl S 10 - . The correspondi. criteria are
have limitstions and have no and would occur at lower 1.1 pg 0.11 pg/I. and 0. ;.-/L
demonstrated relationship to potential concentrations among species that are respectively. If the above e'" -- ares are
adverse human health effects. " more sensitive than those teste-. No made for consumption of a.;stic

Dichloropropanes/Dichloropropens data are available concerning the - organisms only. excluding :surnption
ef - chronic toxicity of dimethylphenol to : of water, the levels are 91 frrL 9.1 Pg/I.

Fresh woterAquaLife sensitive freshwater aquatic life. and 0.91 pg/L respectively.' ther

The available data for concentrations representin ferent

I il a le dicate that acute ltwerAquic ife risk levels may be calculat- by use of
and chroric toxicity to freshwater No saltwater organisms Lave been the Guidelines. The risk estz-ate renge

aquatic life occurs at concentrations as tested with 2.4-dimethylphenol and no is presented for lnformatio! .-arposes

low as 23.000 and 5.700 pg/L - statement can be made concerning acute and does not represent an tnency

respectively, and would occur at lower - and chronic toxicity. judgment on an "acceptabl risk level.

concentrations among species that are Human Health " " 1.2-Dipbenylhydrazine
more sensitive than those tested. -Ioe available data for ..t.e st . . Sufficignt data are not available for FreshwaterAquatic Life

Theavailabe idcateor that acute 2.4-dimethylpheno* to derive a level
nd chororooPenes iit ttshw e which would protect against the * Te available data for 1.

and chronic toxicity" to resntratier . potential toxicity of this compoun, diphenylhydrazine indicate ,at acute
aquatic life occurs at concentratons as Using available organoleptic data, for toxicity to freshwater squatr life occurs
low as 6.O60 and 244 pg/L respectively, controlling undersirable taste and odor at concentrations as low as .'0 pg/l and

end would occur at lower " quality of ambient water, the estimated would occur at lower concerations
concentrations among species that ae level is 400 pg/L It should be recognized among species that are mort -ensitive
more sensitive than those tested. that organoleptic data as a basis for than those tested. No data ar available

Saltwater Aquatic Life - -- *--'" : establishing a water quality criteria concerning the chionic toxiciy of 1.2-

Thr .. ha-e limitations'and have no diphenylhydrazine to sensIte
The avalable data rdemonstrated relationship to potential freshwater aquatic life.

dichlorcpropanes indicate that acute -adverse human health effects.. "
• . and chronic toxicity.to saltwater aquatic . ...- .. . - -- SaltwaterAquatic Life

life occurs at concentrations as low as 2.4-Dinitrotoluene Nsawtor'mh'be
20.300 and 3.040 pg/I. respectively, and 

N salwatrrrsquotic'Dee

wol ocFreshcurter A qulLwc c e te r- tested with 1.2-diphenyhyd.zne and... would occur at lower concentrations n ttmn a emd ccr~n

among species that are more sensitive The available data for 2.4- - no statement can be made ccicering

than those tested. *. dinitrotoluene iridicate that acute and- acute and chronic toxicity.

The available data for -: chronic toxicity to freshwater aquatic Human Health

dkivoroprvpe es indicate that acue life occurs at concentrations as low as

toxicity to saltwater aquatic life occurs 330 and 230 pg/L respectively, and For the maximum protectior of human

at concentrations as low a as 790 #S/IL would occur-at lower concentrations health from the potential carnogeruc

and would occur at lower • . ... among species that are more sensitive effects due to exposure of 1.2-

concentrations among species that are than those tested. ." . diphenylhydrazine through ir.-stion of
- oncentrtivs an thspetestre - "o~tP/oter o - " contaminated water and conz-'ninated
more sensitive than those tested. No" . SaltterAquoticLfor aquatic organisms, the ambie:n water
data are avaiable concedina the " The avaiflable data for 2+ concentration should be zero insed on
chronic toxicity of dichloropropenes to dinitrotoluines indicate that acute - the non-threshold assumption or th,.s
sensitive saltwater aquatic Jle.* " - toxicity to saltwater aquatic life occurs chemical. However, zero leve'-nay not
Human Health - - -- .. - at concentrations as low as 590 pg/I and be attainable at the present tne.

Usng the present'guidelin'es, i; would occur at lower concentrations Therefore, the levels which mi. result in
- criterion cannot be erived among species that are more sensitive incremental increase of cance- -isk over

attistme dueritein cn bderiven than those tested. No data are available the lifetime are estimated at 2'-1. 10-.
at this time due to the insufficiency eIt concerning the chronic toxicity of 2.4. -and 20.. The corresponding c-;eria are
the available data for dichloropropanes, dinitrotoluenes to sensitive saltwater 422 ng/l. 42 ng/l, and 4 ng/L

For the protection of human health aquatic life but a decrease in algal ell respectively. If the above es.=,,tes are
"' L,'o the toxic properties of numbers occurs at concentrations as made for consumption of equt :c
dichloroprpenes i ested Omgh low as 3, g/L organisms only. excluding ccnr.-nption
waler rnd cortam;neted aquatic low a of water, the levels are 5.6 F '. 0.56
c7-r a.is.s, t6e ambient water criterion Human Health "ghl and 0.05 p[l, respect y.
Is dete.-ined to be 8a pg/L For the maximum protection of humn Other concentrations represe:-in

For the protection of human health health from the potential carcinogenic different risk levels may be c&i:.Jated
from the lox;: properties of effects due to exposure of 2.4- by use of the Guidelines. The rn.,

% d:l.oro, ropenes ingested thror.gh dinitrotoluene through ingestion of estimate range is presented I-:
r .-. :: .Z;c o.mras=i alone.- cortamieated water and contaminated Inlormation purposes end doe? -o,

A,_
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represent an Agency judgment on an aquatic life occurs at concentrations as Haloethers

"acceptable" risk level low as 32_W pg/l and would occur at'
lower concentrations among species

Fresh oaterAquatic Life tested. No definitive data are available indicate that acute and chronic :-;clty

For endosulfan thecriterion to protect concerning the chronic toxicity of to freshwater equaticlie occur

freshwater aquatic life as derived using ethylbenzene to sensitive freshwater concentrations as low as 360 a:-' 122

"..', the Cuidelines Is'0.056 pg/] as a 24-hour aquatic Mlf.: . -,g/L respectively. and would c.r. at" " " .. .-.- .lowr €nce -aons amns spsies
average and the concentration should , .Saftwote.-Aquotic L'fe . . . oaer co enitin an hoenot exceed 0-22/I atTh vthat are more senioteThe lable data for ethylbenzene tested. .

o :a er Aq c u if e .rdicate that acute toxicity to saltwater SotwoterAquotic Lir
6.. For e'mdcLdi'an the criterin io rotect" aquatic life occurs at concentrations as No saltwater organisms hav-"salt-water aquati Is as derived using low as 430y.adolocra oataeorattsa-e" ataerqa~L~eseiedsx lws3tg/llandwud ccur at ""tested with any haloether and 10

the Guidelires Is 0.0087 jg/l as a 24- .- lower concentrations among species tete wa ut
hour average P-nd the concentration that are more sensitive than those .statement can be made concai".zt acute

*.\.. should not exceed 0.034 pg/l at any tested. No data are available concerning or c.ronlc toxicity.
tine. .-. - the chronic toxicity of ethylbenzene to Human Health .

Hunan Health s.. ... : sensitiv e saltwater aquatic life. Using the present guidelines a
For sfctoy citeron annt bderived

For the protection of human health Human Health .. . satisfactory criterion cannot b-
- f t o pa -at this time due to the insuffict.cy'ini ngete thoxc properties o end, ulfan For the protection of human health . the available data for haloethrs.
ingested through water and. from the toxic properties of
contaminated aquatic organisms. the -" ethylbenzene ingested through water Halomethanes
ambient water criterion is determined to and contaminated aquatic organisms. FreshwaterAquatic Life

- be 74 pg/L 'the ambient water criterion Is
For the protection of human health 1 The available data for halc"=thanesfrdm the toxic properties of endoslan to be 1.4 g/L indicate tbat acute toxicity ticeshwater

Ingested through contaminated aquatic " For the protection of human health " , aquatic life occurs at concenrtions as
organisms alone, the ambient water from the toxic properties of "low as 11.00 g/I and wouk&crur at

S criterion is determined to be 19 pg"- ethylbenzene ingested through - lower concentrations amonE ;eciesr .erin.is . ..... t:.o b e ,. g _,. contaminated aquatic organisms alone. that are more sensitive than nse
_ Endrin ---..- . -... - the ambient water criterion is - tested. No data are availabl --oncerning

Freshwoter'Aquvtc Life- - l dete.rmied tobe3.28mlL . I , the chronic toxicity of halom _.anes to
For endrin the criterion to protect Fluoranthene- - - . . sensitive freshwater aquatic e.

freshwa ter aqua tic-life as derived using,1 Fresh wate-Aquatic Life Sol - ' water Aquatic Life
Q- the Culdelines is 0.0023 pg/l as a 24. . The available data for falmethanes
L hour average and the concentration . The available data for fluoranthene icate that acute and chro.c toxicity

should not exceed 0.18 pg/l at any t,4 indicate that acute toxicity to freshwater to saltat aqute dc: toc
•ol t . -i i Lifeaquatic life curs at concentrations as caotwater aquatic lie occ. atSatae uti ie -. l .. a 38p/ n oudocra concentrations as low as 2.%)0 and5atae:q~~cL'e - ' .-. low as 3980 p8/f and would occur at &4 gLrsetvl.at-od

For endrin the criterion to protect lower concentrations among species 6.400 ag/L respectively, an oud
saltwater aquatic life as derived using that are more sensitive than those - ocsur at lower concentratioe among
the Guidelines is 0.0023 jg/I as a 24. tested. No data are available concerning species that are more sensi".e than
hour average and the concentrati•on -'" -- the dhronic toxicity ol fluoranthene to hoebes Acrase in Ac

. should not exceed 0-007 pg/l at any - sensitive freshwater aquatic lif. .. numbers occurs at concent.tops as

ti e -H L m C - - ';-- - T h e - - lo w a s 1 .300 pg / k"-" - " ...... Lif. -Human Health. .- a ealth 7%e available data for fluoranthene For the maximum protecn of human
Te ambient water quality crierion' Indicate that acute and chronic toxicity health from the potential c.-inor-nic

for endrin is recommended to be "- to saltwater aquatic life occur at - elfecte due to'exposure of
identical to the existing drinking water- concentrations as low as 40 and 15 ps/L chloromethane. bromometine.
stafdard which is I -pg/. Analysis of the respectively, and would occur at lower dichloromethane.
toxic elects data resulted in a - '-_ concentrations among species that are bromodichloromethane.
calculated level which is protective ir -. more sensitive than those tested. tribromomethane.
human health against the ingestion of a, dichlorodifluoromethane.
contaminated water and contamnated-- HuD. Re tchloroftuoroethane. o:olL'ato.. .. .'" -':-: • tichlorolluoromethane, o- --orbmation,
aquatic organisms. The calculated value For the protection of human health of these chemicals throuF: rgestion of
is comparable to the present standard. from the toxic properties of fluoranthene contaminated water and :tn'amineted
For this reason a selective terion - -' Ingested through water and -" aquatic organisms, the a.-.nt va terbased on exposure solely I"mrn " contaminated aquatic organisms. the concentration should be -l be.sed cn
consumption of 6.5 gmris of aquatic ambient water criterioa is determined to the non.threshold assum" ;:n fcr th.s
organisms was not derived. - " be 42 pg/L. chemical. However. zer .-el cay not
Etb)'lbeniens . :. . " For the protection'cf human health be attainable at the pres.: "me.

from the toxic properties of fluoranthene Therefore.-the levels wL.. may result
F-%s" water Aquatic L"fe ingested through contaminated aquatic incremental increase of :::.-cer risk. ov
The available data for eth).lbinzene" " organis .s a!one, the ambient water the lifetimes are estimat,: at 10" .10"

indicate that acute oxicit.y to freshwater critenon !9 determined to be 54 p gll. and i0". T..c cc~respcn.- c.-.:ea e;

kV
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.9 pgfL .. 9 pg/L and 0.019 pg/L Saho'ozetrAquatic I7 conceTnirg thve &rvLr:c to;::.' a2
respe-ztively. lf the above estimates are Ibe available data for mixture of isomCrs of FBZ ve e

made for consumption of aquatic bexachlorobutaciene indicate that acute fteshwate. aquatic life-
I organisms only. excluding consumption todcity to saltwater aquatic life occurs SaltwolaerAqu.afic Life

of water, the levels are 157 pg/I. 15.7 at concentrations as low as 32 pgfl and " t icr a o-+"

pg/l. and 1.57 pg/L respectively; Other would occur at lower conca&ntrationT cia date f a scd
concentrations representing diffe."nt . among species that are more sensitive Isomers O BHC indicate t:.: acute

risk le. els may be calculated by use of that those tested. No dala are available toxicity to saltwatera quar- Le o' as
the Cuidelnes. The risk estimate range concerning the chronic toxicity of at concentrations as low a' p/I

% - is presented for information purposes hexachlorobutadiene to sensitive nd would o r at lower
and does not represent an"Agency saltwater tic 11e. . concenlrabons among spe:.1- hat are
judgment on an "acceptable" risk leveL s altwa.quati - .. more 3ensitive t those t:!ed. NO

.Human Health - data are available conwv.- the• s: eptachlor" " :' ." "'. . . . .

oTar the maximumprotection of human chronic toxicity of a mixtur cf isom'ers
Frishwole-rAqu.tic Lie . health from the potenti carciogenic of BHC to sensitive saltwaL: aquatic

For heptachlor the criterion to protect " effects due to exposure of life.
* , , freshwater aqtatic life as derived using .bexachlorobutadiene through ingesioi Huiman Health
.. ~. the Guidelines is 0.0038 g1l as s 24-. of contaminated water and "

hour average and the concentration contaminated aquatic organisms. the For thi maximum protect:: of hurtan

.:%. should not exceed 0.52 pg/l at any time. -ambient water concentration should be health from the potential ci'-..ic€g'niC
S SaltwterAqutic . . zero based on the non-threshold effects due to exposure of c-!a-HCH

Satae . - assumption for this chemical. However, through ingestion of conta-.a ted water

For heptachlor the criterion to protect zero level may not be attainable at the and contaminated aquatic c+-'s.ns.
, .6 saltwater aquatic life as derived snj present time. Therefore, the levels which the ambient water coocent on should

N the Guidelines Is 0 d0036pg/I as 24- may rtsnt i Incremental increase of be zero based on the non-&- shold

r hour average and the concentration cancer risk. over the lifetines..re assumption for this chemic. However,
should not exceed 0.053 "g at any estimated at io- 10. and 10 - '. The - zero level may not be attaLble at the

time.e corresponding criteria are 4.47 pg/L 0.45 present time. Therefore. th e e's which.
.. - - - g/L and 0.045 pg/L respectively. If the may result in incremental in-ease of

". Human Healh ". .- . -.- .. . above estimates ire made for cancer risk.'over the.lifetim!! are

, For the maximum protectino human" " consumption of aquatic organisms only. estimated at l0 " . '10-. and .f- The

health from the potential carcinogenic .'excluding consumption of water, the - corresponding criteria are 6: :gIL 92
effects due to exposure of heptachor -levels are 50 ,g/l. 50 g/L and 5 pg/I ng/L andi .92 ng/L respecivuy. If the

1 throuh ingestion o contaxinated water" respectivly. Other concentrations above estimates are mad

and contaminated aquatic organisms. ,. ..representing different risk levels may be consumption ofaquatic org.-sn's only.

the ambient water concentration should calculated by use of-the Guidelines. The excluding consumption of w.'.r. the

- be zero based on the non.threshold " risk estimate range is presented for levels are 310 ngi/l. 31.0 ng'. and 3.1

* assumption for this chemical. However. information purposes and does not "ng/I respectively. Other con-ztmtions
zero level may not be attainable at the represent an Agency judgment on an representing different risk lr--s may be

present time. Tbaqxfore. the levels which accepiable" risk level calculated by use of the GCu:eines. The

.R may result in ticremental Increase of. :Heclorocyclobexa iskrateomp re is pae-,-d for

.. " "ncancersermation purposes and dt'es not
estmaedrisk, rerthe i0 an Te . "" ,L"nd"ne* ". ... ... represent an Agency judgmc'. on an" 'si ate l 19-1, 10-4, and 10"%The " - . ..m .' , - "z_ t.. - . .. ac etbe ikrl

corresponding criteria are 2.78 ng/l. .28 Fresh. " Fccept riis l oehuman
*. -ng/L and .028 ng/l. respectively.1I the 'For Lndine the -iterion to protect beaFth from the potential carncofenic

above estimates are made for " resbwatiraquatic life as derived using efects due to exposure of bt _-HCH

" consumptio f aquaticorganms*'onlY the Guidelines is 0.080 Spagl e,. 24-hour through ingestion of contamn:tedwatcT
excluding corsu mption of water. the average and the concentration should and conta minated aquatic o-anisms,... ..... ;not exceed 2.0 Fg/l atI any lime.. the ambienat watei conent' :o should

" ng/l. respectively. Other. . e z.er t based on the non-th-:shold
concentrations representing " i .. twoterAguoic - be zeroHol rs lesma. b c assumption for this chemica* However.
risk levels may be calculated by use of - For nilt'wter aquatic life fe ; " zero level may not be attaini:e at the
the Cudelnes. The risk estimate range . - concentration of lirndane should not present time. Therefore, the .'vels which
is eseted for information purposes exceed 0.i pg/r at any time. No data may result fn incremental ir-ase of
and does not represent an Agency ' - are available concerning the chronic " cancer risk. over the lifetime are
Judgment on an "acceptable' risk leveL "oidcity of lindane to sensitive saltwater estimated at 10- .10"'. and '.he

, Hexachlorobutadiene - a aquaticfe ., -lie . - corresponding criteria are 1iL 1.- 3

. FreshwaerAquoticldJe ." - BHC •. - • .- _ ng/L and 1.83 ng/L respectiv: y. 1f the
"'- HC A. above estimates ere made ft

STrhe av -fable dat a lor" reshwotarAquca Life . consumption of aquatic ort'L-. M5 cmly.
hexacLo,-utadJene ndicate ihat acute The available date for a mixture of excluding consn-ption of wi :r. tCe
azd c-ronic,txicity to f reswater isomers of BHC indicate hat acute levels are 547 ng/l, 54.7 ng/L cid S 47
aq'.tLaic life occur at concentrations as toxicity to freshwater aquatic life ocears hg/L respectively. Other cor "b1 cns
low as 90 and 9.3 lg/IL respectively. and at conci.ntra tions as low as 200p)/I and representing ddlferent risk le-!1 may be

", would o.cur at lower concn traioms would occr at lower concentrations cakulated by use of the GC:, i The
a' .7-. s;,er.ch that Lr more sensitive among species that are more sensitive risk estimate ranpe is prest- fo"

*'- thet. L'.ne tested. . .. - than those tested. No data are available inormation purposes and 6. Lo:

¥',,.,',...,......... ...- , ,. . .* . . . ... '.'' : ,, .'_" , ,",. . ' ' . . '" ,'*.. ,.- ..... -_ , . ,.., "
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rep.-esent en Agency judgment on an aquatic life occurs at concentrations as InSested t},-cugb conta::. -ed aquatic
acptable eveL low as 7.0 and 5.2.ug/I respectively, and organisms alone. the amn , water

.. For the r.axi-mum protection of buman would occur at lower concentrations criterion Is dee.'.ined t . 50 =g/IL
health from the potential carcinogenic "among species that are more sensitive
effects due to exposure of tech-FICH than those tested. Lead
through Li iestion of contaminated water Saltwater Aquatic Life ... Freshwater Aquo!ic Life
and contaminated aquatic organisms. • . d
the ambient water concentration should c. Te available data to . : For total recoverable le w the
be zero based on the non-threshold bexacllorocyclopentadlenm Indicate that criterion Ifen agi) to prte: !eshwater
assumption for this chedcal. However. acute toxicity to saltwater aquatic life aquatic life as derived uui ghe
zero level may not be attainable at the . qccuirs at'concentratlons as low as 7.0
present time. Therefore, the levels which 1Lg/l and would occur at lower . by e(2.35"[nhardness)]-9.4 1 as a 24-• houravre nth o-'.-in(n
may result in Incremental increase of concentrations among species that are -hraverage and the coned tation (in

" cancer risk. over the lifetimesare . - more sensitive than those tested. No vg/l) should not exceed th. n- erical
"- estimated at i0-; t0 ". and. r". The -o data are available concerning the " value given by e(1.22P(na..ess)J-O.47)

corresponding criteria are 123 ngl. 12..3 -. chonictoxdcity of at any time. For exam le, a 'ardnessesof arel2ad 23 12.3. .aet-
ng/l. and 1.23 ng/L respectively. If the " exachlorocyclopentadiene to sensitive of 50, ao. and Z O 3.gf. a& .. the

, above estimates are made for . ... . saltwater aquatic life. criteria are 0.75. 3.1L and ZI g/L
"-' consumption of-aquatic organisrhs only. Hu.n .Heal -. . te respectively, as 24hour av7:4.es, and

."cluding consumption of water.thethe concentratons should te excee 74.evexlsdie41 ng/mpt.4nof and 4he For comparison purposes. two M170 and 4o0 pg/L respectiv-.]y. at anylevels ae 414 ng/L, 4.4 ne/L ad 4.14 ti e. -. . .
.g/I respectively. Other concentrations approaches were used to derive time.... . -

representing different risk levels may be. lcriteri levels for . Saltwater Aquatic Life
calculated by use of the Guidelines. The hexachlorocyclopentadiene. Based on"riskleutiate rase of pesene f o available toxicity data. for the .. The available data for to-.risk estimate range is presented for

inrormaticn purposes and does not " tection of public health, the derived recoverable lead indicate Utl ac-..te and
rreaAe ua evel is 206 pg/L Using available - chronic toxicity to saltwate- quatic life'. represent an A gency judgm ent o n an : . oc w a o c n r i n s aa 6
"acceptable" risk level . _.. . organoleptic data, for controlling woccur at concentrations as .w as fB8For the maximum protection ofh "undesirabletaste and odor quality of and 25 pg/L respectively, aid would

ambient water, the estimated level is 1.0 occur at lower concentratios among
effects due to exposure of gamma--CH . It should be recogied that t
through Ingestion of contaminated water- organoleptic data is a basis for - : those tested. . ..-

. .and.conta.inated aquatic ... " establishing a water quality criterion .. ... Hel ...arid contarunated aquatic orga~nisms, . -:-Hu,... , m... ,a~ t 7=,, .. .
-avelimitatonsandhaveno ". .- -.the ambient water concentratioos ,- __.i demonstrated relationship tTe ambient water qulit c.riterion

. should be zero based on the non-. p t pot f . is recommenen•ed - i--., -
threshold assumption for this chemical adverse human health effects. . for lead is recommended to ie identicalthrehol as-tmptio fo ths cemicl;";::" - " ="=" ".. ':" to the existing drinking watL- standard,
However. zero level may not be . Isopo nne .. -he toxic- . - istin dr/ kn wattainableat the present time- -- p which is .. g/.. Analysis a

Fresh woterAquatic Life , ;.- effects data resulted in a cat.JatedTherefore, the levels which may result in -ev t for oo level which is protective to iuan
incremental increase of cancer risk over Ieavadable usophorone health against the ingestion if

. the lifetime are estimated at 10-6. 20-s, . Indicate that acute toxicity to freshwater' contaminated water and cona.inated
and 10" . The corresponding criteria are aquatic life ocurs at concentrations as aquatic organisms. The calciiated value
186 ng/L 18.8 ng/L and 1.88 ng/L .- low a comparable to the presen:adandard.

. 'respectively. If the above estimates are lower concentrations among species For this reason a selective cn: erion
made for consumption ofrequatic - " that are more sensitive than those- based on exposure solely ron
organisms only, excluding consumption tested. No data are available concerning consumption of . grams of iquatic

of water, the levels are 25 g/L -. the chrnic toxicity of sophorone to " of . . , i,.ata

- gA. .2.5 ng/I respectively. Othie . sensitive freshwater aquatic life. orgaisms was not derived.
concentrations representing different i . ... Mercury -.
risk levels may be calculated by use of ". "" - ..... Fresh w-.ei A quic Life.. the G.idelines. The risk estimate range h' e available data for isophoron .'is presented for information purpoedicate that acute toxicity to saltwater For total recoverable merciry- he

and does ndt represent an Agency. aquatic life occurs at concentrations a, criterion to protect freshwatL- aquatic
judgment on an 'acceptable' risk lev'eL -low as 1.,4900 pI and would occur at life an derived using the Guiines is

Using the present guidelines, a .... ..- lower concentrations among species 0.00057 pgll as a 24-hour avenge andatisfactory criterion cannot be derived"• that are more sensitive than those the concentraton should no: ,xceedat this ti-e due to the insufficiency in .,,-.'tested. No data are available concerning 0.0(n7 pg/I at any time.
te tvisabe dtao theisucncy -"..the-chronic toxicity of isophorone to

Using the present gudelines,. - sens.tive saltwater aquatic life. S or ota ic L e

satisfactory criterion cannot be derived Human Healt h ..- c"ite- o to prt o recoverable mercLy theat thstm.u oth nufcec criterion to protect saltwate-, ;,:ualc hLfe

the available data for epeeilonnHCH. For-the protection of human health as derived using the Cuideh:.v is .CZ
chle dfe oH -. toxic properties of isophcrone Ag/I as a 24-hour average a.: 2 e

inaxac1ogrocydopeadiene Ingested through water and : concentration should not ex:-.d 3.7 ,/l.. .L conltinated aquatic organisms. the at any time.._ Freshwter AquabcL.e - ... - -. ambient water criterion is determined to

The available data for - ,. be 5.2 mg/L .. H- - uman Health
. exachloroyciopentadiene indicate that For the protection of human health For the protection of hua: '--eath

acute and chronic toxicity to freshwater Irvn the toxic properties of isophorone Lrom the toxic properlies of

- - - -*. - -- i. -- : % : ;: P *: : 
" "

,4 '
. ' ' ' 2 . e , ' , , ' ,

*
- ' _
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it-tdthrough water and H Jumn~ Healh Sah!t wter Aquatic Life
contarninated aquatic organisms. th For the protection of human health The available da:a for rnityr -.Erols
aben a4 e crtring dtrindt from the toxic properties of nickel indicate tha~t acute toxicity t %M .tas

be 144 ng/L - ingested thr-ough water and aquatic Mie occurs at conce. OS8

IFFor the protection of human health contaminated aquatic organisms, the low as 4.85-0 pg/I1 and wou!c ::i at
.from the toxic properties of mercury ambient water criterion is determined to lower concentrations &MOnj ;,ecies
Ingested tharough contaminatled aquatic -be IM. ps/L -that are more sensitive tharn LDSe
organinms alone, the ambient water - Fo the protect ion of bumnan health testerd. No datas are availel-ablic Inctg
criterion is determined to be 148 ng/1. . from thebyoxic properties of nickel the chronic toxicity of nitrvipOOni5 TO
*Note.-These values Include the - ingested through contaminated aquatic sensitive saltwater aquatic lie.

__ conirumption of freshwater. estuarine. and* organisms alone. the ambient water Human l-Leokh
marine specles. -. * criterion is deterimined to be IOD pgfL ofbm-hat

-' . . Ntrbeieg . .. . For the protectionofhmieat
Naphtalens .- . from the toicic prcperties o! :Ad~utro-o-

Frshair quti LfeFresh water AquajicLife$ -* cresol Ingested through watr and

Th~7'e avai aat ahhln b 'alable data f=ntoenee. ccntamainated aquatic orgam, -s. the
Indcat thatabl acute toj nophthaleate a ambient watWea crj~icn is a i rrnine d to

indicate'that acute and chronic toxicity aqdiatcle otccute t xc r tio swate be1.4jg/l. i
to fresbvwater aquatic life occur at .- autclf cusa rretatosa o h rtcino u-.hat

r .~. concentrations as low as 2,300 and 1520 low 4a5 27.00 p~g/I and would occur at Frtepoeto fhnnhat
pg/I. respectively, and would -occur at lower concentrations among species frmttocpoereso.-iitO-

7lower concentrations among species that ame more sensitive than those cresol ingested through cani.inated

*tha t are more sensitive than those - . ested. No definitive data are-available aquatic organisms alone. ir amient

tested- 7 - concerning the chronic toxicity of water criterion is delermin-l to be 765
- . itrobenzene to sensitive freshwater p/

SohwPalr AqaticLife- I . aquatic 'life.. . - Far the protection of himi- health

The available data for naphthalene -'Slvbe'qai - -- from the toxic properties o
~ th t a ut~ oxic ty o ~ w ate .S )~. r~ q u hc D e -dinitrophenol ingested thrruib w ater

lowas ifeoccrs t cncetraion as . Te availabie data for itrobeftZen and contaminated aquatic L-garsms,
aquti li occursjig/ ad ou ctain a. idicate that acute loxicity to saltwater the ambient water criterioi is -

-lower concentrations amnong s'c *.* aquatic Wie occurs at concentrations as doenie t o r be =0 pgl. cd
.tht ae mre ensti g tapthse. low as B5.680 jug/) arnd would occur at For the protecbo fhnrnh.at

tested. No data are avallabie' concerning lower concentrations amonS species from the to.i rpri~
thechrni toici 3 f nphtelne - thi are more sensitive than thoset dinitropheaol ingested th'-ngh

-sensitive saltwater aquatic life......tested. No data are available concerning contaminatedeaqua tic orygin -s.alcine.
- ."the chronic toxidcity of nitrobeiene to the ambient water caenm is

Hua eot ~ .'sensitive saltwater aquatic life. determined to be I" 1mg'.

Using the present .juielnsa Human Healh --.. Usnteprstgidns.a

-~satisfactory criterion cannot be derivea diorpmpss w satisfactory citin canrot b dcivn
atths im de o heinufcioc i For comp.rs~ upss w at ths time due to the in.:&,iinyi

at histie de o te nsufiieny n-- ipproaclies were used to derive. the available data for izmonLOrcphenol.
* -theavalabe dta or aphhalne -criterion levels for nitrobeozene- Based Using the present guidtines. a

Nickel ... . . : -*".- on available toxicity data. far the . satisfactory criterion caznot be derived

* . retwgterAquo) _ .. protection of public health. the derived at this time due to the inrafici.ency in
* .- -.. ... 7, __level is 39.8 rag/i. Using avilable . the availa~ble data for trv-utroheo

For total recoverable nickel the . organoleptic data,. foir controlling
criterion (in )±g/l) to protect fmreswater- undesirable tatee and odor quality of
aquatic life as derived using the. *. -,-ambient water, the estimated level is 30 Fresh water Aquatic Life
Guidelines is the numerical value gie pg/L It should be recognized that The available data fo- =ftrosa-ines
byefO.76[l(hardrass)+tD6]as-a24- organoleptic data. as a basis for - indicate that acite toxi--y) to fs a

concentration establishing a wtrquality aqatc if t oseiUal
p4g/) should not e-iteed the numerical aelmtton n aen low as 5.L5 jpgfl and -:uld occur at
value given byeO7N(hardnes-s)) .+.-. demonstrated relationship to potential lower concentrations anorSg speciesb )ata yie exmpl e;a adverse hurnan bealth-effects. -,;- htaesr estv a r

_.02) tht ane tmore seoriv example those-.
t . ha-rnesses of 50, 100. and 200 Mg/la -1; Nitirophenoils -. ...--.- tested. No data are av-eable cancer--

*CaCO 1 the criteria are 58, 96, and 160-. the chrook toxicity of .csr-. nes te
ju pg/i res pe ctively. as~4hu vm~'.Fswtrqoi i

an te on~naton ~ -~' ~ -#_ sensitive freshwater ac~otic Lie.
-- exceed 100. 1.6M. and 3,1003 pg Y idcTh t a ailabe da cta or rpenols Saltwater Aquatic Life

respectively, at any time" i.e ondmat"tha at toxiit tio asae The available data I.-r nwtc$&muflt

SoPwaerAqatc Lfe~ * -lcw asZ30 PS/I and would occur a) indicate that acute lowi,.-t% U saltwa
- . lower c~nccntra.tions amoeg species aquatic lWe oc;. rs at -c: n,

For total recove-able cickel the .that are m6,re sen-sitive than those low as 3.300.000 g/I :A' C ; o cL
criter-ion to prrtect salrwaterasqualic ?Ifq tested. No &!&t are available concerning lower concenrations I ncn !;-ciC5

as derived using the Cr~iclines is 7.1 the chronic toxiciy of riitropheanus to that are more sensuv '')::t~c'

cone entra lion shmould not ecrc-ed 140 p~gJ toxicity to one species of algae occurs at the chronxic loxicIty ' ':itrcsarn-ines
Iat any tinL . . . . concentrations as low as no30,8g/1. sensitive saltwete! a: .it): !
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Harcr Health 64 ngfl M. ngfI and .06 nj/I. Penisachloropbenol
For the maximum protection of human respectively. Lf the above estimates are FreshwaterAquatic Life

health from the potential carcinogenic made for consnption of aquatic
effects due to exposure of zi- or'anisms only. excluding ccnsurnption The available data for
nitrosodimethylamJune thmugh Irgestion " of water, the levels are 5.888 ng/. 587 pentachlorophenol indicate L:t acute

of contaminated water and - ng/L and 58.7 ng/l. respectively. Other and chonic toxicity to freshtt
cotaminated aquatic organisms, the - concentrations representing different aquatic life occur at concen.tons as
ambient water concentration should be risk levels may be calculated by use of low as 55 and 3.2 jug/l. respearvely. end
zero based on the non-threshold . the Guidetines. The risk estimate range would occur at lower concenrotinrfs

[. assumption for this chemical. However. is presented for information purposes " among species that are ore :sitive
zero level may not be attainable at the and does not represent an Agency than those tested.
present time. Therefore, the levels which judgment on an -acceptable" risk level SaltwaterAquatic Life
may result in lanemental increase of -" • For the maximum protection of human The available data for
cancer risk. over the lifetimes am " health from the potential carcinogenic pentachiorophenol Indicate tat acute
estimated at 10-v. 1 - . and 10. The . effects due to exposure In n - and chronic toxicity to saltw.?'7 aquatic
cor"responding criteria are 14 ng/l. 1.4 nitrcsodiphenyamine through ingestion life occur at concentrations a 'ow as 53
nfL and .14 ngf.j respectively. if the of contaml ated water and and 34 pg/L respectively. anc . ould
above esmates are made for "l. contaminaed aquatic organisms. the occur at lower concentration: .- ong
cl onsumpthon of at . o. ambient water concentraior. should be species that are more sensitiv. than
ve lu areco60. n gpto o8 0 nter. and zero based on the non-threshold those tested. -. levels are 180.0W0 resl. X600o ngA] and

1.5w n respectively. Other .. ." assumption for this chemical However. Human Health
concentrations representing different . zero level may not be attainable at the
risk levels may be calculated by use of present time. Therefore, the levels which For comparison purposes. tvo
the Guidelines. The Hs estimate range may result in Incremental Increase of approaches were used to der'eis theGuenes. The rnskrtimt purne cancer risk. over the lifetimes are criterion levels for pentachlon.-henol..ispeene orIfrmto prposes .Based on available toxicty daa. for the

and does not represent an Agency estimated at 10-. 07. and 10-. The B on ofapublic a .h derive.- protection of public health. te, derived
judgment on an "acceptable" risk leveL corresponding criteria are 49,000 ng/i level Is 1.01 mg/l. Using availane ._

For the maximum protection of human 4,900 ng/I and 490 rg/L respectively. if organoleptc data. for controllng
health L-o the potential carcinogenic - the abovi estimates are made for "" oialetatdaa for ontr o f

. effects due to exposure of n-" " - consumption of aq•uatic organisms only. ambient water, the estimated ir.el is 30
ntrosodiethylamine through Ingestion ofj excluding consumption of water. the pg/L It should be recognized tat

- contaminated water and contaminated .-Y levels are 181,000 ng/. 18.100 ng/. and organoleptic data as a basis for
aquatic organisms, the ambient water 1.: 2.610 ng/l. respectively. Other c.!f'on-be zeroe stab li shings wate~rqualityc-ro
concentration should-be zero based'on concentrations representing different have limitations and have no
the non-threshold assumption far this ""risk levels may be calculated by use of. demonstrated relationship to p;.ential
chemical. However, zero level may not the Guidelines. The risk estimate range adverse human health effects.
be attainable at the present time- .' - Is presented for information purposes Pe
Therefore, the levels which may result in and does not represent an Agency - Phenol
incremental Increase of cancer risk, over Judgment on an "acceptable" risk level Freshwater Aquatic Life
the lifetimes are estimated at 2li,10- - For the maximum protection of human The available data for pheno .ndicate

PR and 10" . The corresponding criteria are. health from the potential carcinogenic that acute-and chronic toxicity o
a ns/L 0.8 ngJL and 0.08 ng/L - - "- effects due to exposure in n- - freshwater aquatic life occur a!
respectively. If the above estimates are -:"nitrosopyrrolidine through ingestion of , . concentrations as low as 10.20 and
made for consumption of aquati -- -'conta.minated water and contaminated " Z.580 p/L respectively. and wnild
organisms enly. exle1.g coni.umption aquatic organisms, the ambient Water " occur at lower concentrations .nongS.of water the levels ae c4t n/l 1.0 concentration should be zero based on species that are more sensitive !:an" " "ng/L a n d 12 4 ng /I. re sp ectively. O ther " h n h e l o d a s m " n t ., ...

conceaLrations representing different the non-threseold assumption for this those tested.
c. - risk levels may be calculated by use of cemal.However, e e may not SaltwoterAquotic life
* the Guidelines. The risk estimate range -be attainable at the present time.

*" is presented for information purposes '-"Therefore the levels which may result in The available data for peno ndicate
an.d does not represent an Agency , :*. incremental in-rease of cancer risk. oe that acute toxicity to Saltwater o;euatc
,Judg.ent on an "acceptable' risk level "the lifetimes are estimated at 10io 0". life occurs at concentrations a! ew as,.. juFor the mxnmum protection of human : and 1G- . The corresponding criteria are 5.800 ughl and would occur at lrer

U" health fvm the potential carcingenic ": - 160 nj/I 16.0 nj/I and 1.60 ng/L. concentrations among species !'.it aregeru D_'resectiely It he'more sensitive than those testec. Noeffects due to exposure L'u-nitrosodl-n- i spectvely. If the above estimates arere avilae cnen ts.
., but)la mine tLrough ingestion of .... made for consumption of aquatic r data are available concerning t..

contaminaied water and contaminated organisms only. excluding consumption saltwater aquatic life.
* aquatic orinais-.s. the ambient water " of water. the levels are 919.oo ng/l.

concen-totcn should be zero based on 91.900 nj/l. and 9.190 rg!L respectively. Humnan Health
, ,. the non-threshold essuinpLan for this- - Other concentrations representng . For comparison purposes. t,:

c.hemical. However, zero level may nor different risk levels may be calculated approaches were used to derve
be attamable at the present tme. by use of the Guidelines. The risk criterion levels for phenol. Bast-. -n
Therefore. the levels wbch may result in estimate range Is presented for a available toxicity data. for the

i..incremental increase of caner risk_ over inormation purposes and does not protection of puJblic health, the .- ived
tLe lde-.zes are es..-ated at 10 -. 10-t rrpresent an Agency Judgment on an level is 3.5 rr.g/i. Us:ng a.ailab!,
a'.nd 10'. The coreipondgS cnIte.na are ' 'acceptable" risk level. c rganoleptic data. for conL-ld--

t-
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nr.e:fble 'a-s'r zn c,. q.; ri ty of contanrnatrd a2-uftic c-.iii.zss alone, rt-p-esent an AF,nc ji: 7- nt an en
Embiwct evat1.r. tle esti-naze d le-eIl is 0.3 the ambient water cjte.:i-m is "'accepta~e" risk level.
mg/. It shvuld be re.-..ized that determined to be 154 mg/l. Polynulear Aromatic livxarbens
orEano.ptic data as a basis for For the protection of human lealth PAlca)

e-stablislung ab i t1e qat lty C,"eroio from th.. toxic properties of di-7- 4
have hrlitatons and 'Lve no " ethylhexyl-phthalate Lnge.sted through Fresh 1'ter,4 uoic L.fr
demonstiat-4 Yelabasp to p tetial water and contaminated aquatic The limited feshwate .a base
adverse human health effects. " organisms the ambient water criterion available for pol)-mucleai--omaric
phaiaat Estrs Is determined to be 1.5 mg/L hydrocarbons. mosdy fr- short-term
Phala_era "" "~ ' "" For the protection of buman health bioconcentration studies r,:h two

- from the toxic properties of di-2- compounds. does not pe 'a statement
The available data for phthalale - etlylhe.xyl-phthalate Inested through . concerning acute or ch-o: loxicitY.

esters indicate that acute and chronic -contaminated aquatic organisms alone, - SOJtwolerAquaticLi
romp toxicity to freshwater aquatic Life occur the ambient water cxiteron is • A

'', at concentrationi as low as S40 and 3 . determined to be 50 mgfl. The available dais for ,rnclear
'' pg/L respeclively, and would occur at Polychlorinated Biphenyh aromatic hydrocarbons ina-ate that

lower ccncentrations B=Dn peeies -cute toxicity to saltwate:z;uatc life

that are more sensitive than those reshwoter Aqufk Life occurs at concentrations -a :w as ZO
tested . "ug/! and would occur at lni ertested. " ""-,For polychinated bipbens be concentrations arong spe:--s that are
Salt woterAquotic Life , . criterion to protect freshwater aquatic more sensitive than those c sed. No

The available data for phthalate life as derived using the Guidelines is data are available tonce:-.- the
,. esters indicate that acute toxicity to 0.014 pg/l as a 24-hour average-The, chronic toxicity cf polynuziar aromatic

saltwater aquatic life ocCUrs at - avaiable data indicate that acute hydrocarboans to sensitivt .L'water
oncent raticis as low i.2944 ig/l and! toxicity to freshwater aquatic life aquatic llfe

wouL3d oc-ur at lower concentrations probably will only occur at
%: among species that are more sensie .concentra tions above 2.0 pgfl and that Hna Healh

than those tested. No data are a--ailable the 24-hour av,-ege should provide For the maximnm pr-te :-n of humanconcer-,ng th e cte. oc t a f .- adequate protection against acute health from the potential cmrinogenic
pbthaLate erters to s vesiC saltwater toxicit -. effects due to eposreof P.Hs tbrocgb

r% aquatic life but toxkcity to =ne speries of ~ ~.- . ingestion of conlamitated vate- and
- algae oc=atarncent-atiansas lowas " .r ,..... b.e. contaminated aquatic organrns. Lhe
- 3.4 ps/L -. .- .- -phenyls the " ambient water coa-centratim should be

critmion lo lde~Ct%'s w r aquatic ife zero based on the non-Ltrescld
Human .. -... . . as derived using the Guidelines is 0.030 assumption for-this cheicmk. However.

For the protection of human health ." /l as a 24-hoar average. The available zero !evel may not be a taimIe at the
- from the tcxic properties of dirtethyl-- . data indicau that acute toxicity to present time. Therefore. the e-els which

pbLhalate ingested thou-gh water and'" 'sit2terraqwmficlife prolabb- will only may result In incremental hn:-ease of
contaminated aquatic organisms. the .- cu at conceinratiars above 1,0 pg/ cancer risk over the lifetimt ire

- ambient wateT criterion is determined to "ad that the 24-hour average srul - - estimated at 10- itr. and IT. The
be 313 mg/. . " . . provide adequate protection against corresponding criteria are 2t ngf 1. .8

For the protection of human heabl• acute toxicity.- ng/L and .28 ng/l. respecivrev. If the
from the toxic properties of dimethyl- . . - -.-. '-.. above estimates are made fo
pbthalate ingested through - "u.. . .. s - .m • cozsumnpt*on of rquatic orSausrns only.
contaminated aquatic orgarisms alone, For the mrn.rix" 'protection of human excludmig consumption of wne:. the
the ambient watercriterion is health from the potential carinogenic lees are 311 ig/ 31.1 ngfl.tnd 3.11
determined to be .9 gf.. "' " -effects due to exposu-e of PCB. through ng/l. respectively. Other coarn.rai.ions

For the protection ohiuman'iealth - ingestion of contaminated water and . representing different risk le-els may be" from the toxic ?r0apefties of dkelyl-"" -. !Contamin'ated aquatic ortransms, the calculated by use of the Cu ri..ines. The

phthalate ingested through watr- and t;, ambient water concemtration should be risk estimate range is presennd for

-contaminated eq'ueticorganisms, the -zero based on the non-theshold "-. Information purposes and dor not
ambient water criterion is determined to . assumption for this chemical. However, represent an Agency judgmen on an
be 3sO5ng/l. ' " ealth - zero level may not be attainable at the * "acceptable" risk level

" For~ht procon of huan ealh " '-present time. Therefore. the ieves which Selenium
from the toxic properties of dethyl- " may result in incremental increase of

, phthalate ingested through . .- " cacer risk over the lifetime ar Feeshwaler Aquatic Life
contaminated aquatic oganisms"alone: 'estimated at W - 1. 20 - 1. and 2 - . The For tots] recoverable inurEr.-'c
the ac-bient water crteion Is corresponding criteria are -79 rig/l. 0.79 selenite the crterion to proe:
dete~-.ined to4 e 18211. -ng/l. and 079 ng/L espectively. If the freshwater aquatic life as de.-ed using

For the protection of human he&lh' above estimates ere made for the Guidelines is S5 pig/I as a :--hawr
from the toxic properties of dibutyl- consumption of aquatic organismnionly, average and the coacentrati :inould

.phtha!ate ingested through water and exckiding consumption of wate-. the not exceed 2£0 pigfl at any tine.
contarninaled aquatic organsmL.t4he levels are .79 nglL .079 rg/L and .0079 The available data for io T;:nc
arb;ent water critericn is deter=-ined to ng/l. respectively. Other concntLations selenate indicate that acute tz.-: to
be 34 rn!L , representing different risk levels may be reshiwater aquatic ie occurn a:

For te prrt4ecton of human health calculated by use of the Guidelines. The cnincentrations as low as 760 -.: 'i and
from the toxic properties of dibu t. risk estimate ra e is prejnted for would ocar at lowez cance '.or'-s

- phthalate ingested through - .information purposes ad does not among species that ae more s.=s:UV

t~
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.tan tLhose tested. No data are available consum ption of 5.5 grams of aquatic aquatic life occurs at conce:..: %.ons as
cc.. er" t&e c joic toxicity of organisms was not derived, low as 2.130 pg/l and would ,:v r at
Inor-anic seienate to sensitive -- lower concentrations among : eties
freshwater aqua fc life-. . Tetad}ioroethylen . that are more sensitive than t. se

AFreshwater Aquoc Life _ested. No data are availablh :ncern.rg

o l c over~u a bl e o a .. .:-" The available data for -the chronic toxicity of thalliu. toFor total recoverable inorsanic tetr -ho o h le ei d ct h ta ue sensitive saltw ater ajuatic fit -

selenite the criterion to protect saltwater tetrachloroethylene indicate that acute
aquatic life as derived using the and chronic toxicity to freshwater •Human Health
Guidelines is 54 /g/I as a 24-hour aquatic For the protection ofhumar..ealth

average and the concentration should. low as 5.20 and 840 pg/L respectively.. . -te toxic properties of thiium
not exceed 4104 g/. at any time. and would occur at lower ingested through ater and

No data are available concerning the Concentrations among species that ar . contaated u atranis-. thetoxicity of inorganic selenate to-- more.sensitive than those tested. cotaminate cqutionists. t
ty . Sowote~q~oticLif '* ambient water criterion is detc-mned to

saltwater aquatic lfe...77 a t a e'-j: Lf be 13 pglL "- , .-.

HirmanHealth . .. ... The available data for - For the protection of human .,-alth

fhe ambient water qualitycriterion - tetrach oroethylene indicate that acute from the toxic properties of thaum

for selenumff is recommended to be and chronic toxicity tosaltwater aquatic ingested through contaminatec -qua tic
identical to the ex-ln drining water life occur at concentrations low as organisms alone, the ambient lter

standard which is 10 ij'/L Analsis of. 10200 and 450 Pg/L respectively, and criterion is determined to be 41 g/L

the toxic effects data resulted in a would occur at lower concentrations Toluene - " -"

calculated level which Is protective of a mong species that are more sensitive "

human health against the ingestion of .2 than those tested. " FreshwaterAquatic Life

contarinated water and contaminated Human et - -. The available data for toluen -
aquatic organisms' The calculated value Ha•-indicate that acute toxicity to -shwater -

is comparable to the present standard. For the maximum protection of human aquatic life occurs at concentratons as
For this reason a selective criterion health from the potential carcinogenic low as,17.500 pg/I and would o.=cur at
based on exposure solely from . effects due to exposure of lower concentrations among spees"
consumption of S.5 grams of aquatic. - tetrachloroethylene through ingestion of . that are more sensitive than thoe

.- organisms was not derived..- . ,.: contaminated water and contamrdnated tested. No data are avai!lable co::erning
. . .• :. - - -. aquatic organisms, the ambient water the chronic toxicity of toluene ticSilver .- oncentration should be zero based on sensitive freshwater aquatic life

Frrsh;;: ier~lquctiT-ife . ; •the n'on-threshbold assumption for this
freshwater - ": " chemical. However, zero levelmznay not Saltwater AquaticLrfe - -

-For reshateraquatic Wel the be attainable at the present ime. .. The available data for toluene
concent.ao [in pg/I) of total Therefore, the levels which may result in indicate that acute and chronic tlicity
recoverable silver should not exceed me.. incremental increase of cancer risk over to saltwater aquatic life occur at
numerical value given.by "ell.72(tn .:1'_ the lifetime are estimated at 10- 6. 10-6. concentrations as low as .300 ar.i 5,000
. ..(hardness)-.52 at any time. For . and 10 The corresponding criteria are pg/l. respectively, and would oc=r at

xample at hardnesses of S. 0 ,2 - .8 -/l. amd ;08 pg/ , respectively,. lower concentrations among speces
mg/I as CaCO' the concer If the above estimates are made for that are more sensitive than thosr
total recoverable silver should not consumption of aquatic organisms only, tested.
exceed 1.2. 4.1. and 13 pg/i. respectively, excluding consumption of water, the
at any time. The available data indicats . level ... /. ,, - g- and . - Human Health - ""that .. ch o i tox cit to feshat er. . l l ar 88.5 sg/L, &85 jug/i, andI .0

tuat chroic .xici to fresater my. ou a Other coIncentrations For the protection of human heath
aquatic life may oc-ur at -c , " '.representing different risk level., may be from the toxic properties of toluemn

asOIW asl 1112 Pg./L-" "">" "as.12 g - ca:cul-:.',- --" ated by use of the Guidellnes. The Ingested through water and

SaltwaterAquatic .ife - . dsk estimate range Is presented for- contaminated aquatic organisms. he
For saltwater aquatic LIE the. laJnormation purposes and does *aot - ambient water criterion is deter-mied to

/-conentatonof ttal recv ie "--......,.---represent an Agency judgment on an be 14.3 mg/L ., :concentration of total, recerabl Ovrer " .

should not exceed 2-3 pg/i at any time. -.. acceptable risk leveL. . .. . For the protection of human heath
- No data areavailable concerning the •Tha•-u." from the toxic properties of toluen"

chronic toxicity of silver to sensitive' "-.--.. - . ingested through contaminated aotatic
saltwater aquatic lifeL. " i. cte w A c e ... organisms alone, the ambient watc "

" " H"an Heah "" -
" - : ""'"-"" The available data for thalium ..... criterion is determined to be 424 m.'l.

I-dcate that acute and chronic toxicity Toxapbene

The ambient water qulity criterion to freshwater aquatic life'occur at . . , "- . -

fr silver Is recommended to be - '-. concentrations as low as 1.400 and 40 FreshwoerAquoc Life
" identical to the existing drnking water "g/I. respectively, and would occur at For toxaphene the criterion to p.:,ect

standard wh;ch i3 50 pg/I. Analysis Of lower concentrations among species freshwater aquatic life as derived tu:n
the toxic effects data resulted in a • " that are more sensitive than those the Guidelines is 0.013 pg/ as a 24-:our
calculatr level w '"hicb is prolectve of 'tested. Toxicity to one species of fish average and the concentration sho- '

6, 1-.uman Ea,,Jth agaL'st the ingesticn 0 •. ocuc's at concentrations as low as 20 - not exceed 1.8 pg/I at time.
contamx'.ed water and contaminated. : .pg/I after 2 h50 hours of exposure.-- -. Sa]twaterAquotic Lfe
aquatic orgamsms. The calculaled value Sahwot-e Aqi¢te" -:"•
is corrrparabie to the present'standard.. .2tae Aq"tcL e. .. For saltwater aquatic life the

For tLi.s reason a selective ,='tarion The available data for thallium concentration of toxaphene should --:t
, a.le on e;,os.:e soely frcm Indi. - cate thal acute toxicity to saltwater exceed 0.0o0 pg/I at any time No c. a

I'¢: L 7'";".,".'.","k", . ,%",'''"-< ", '", , "--:"-'""''''' ',."''-.-.'" , %, ", " ,. 'G-,
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SUMMARY
! .,

SNARLS .

Assumptions':

1. Looking at sensitive population.

2. Using a child weighing 10 kg. who drinks one liter of water
per day. (. ]

3. Considering only toxic effects. .~J) a49 7

Compound Length of Exposure

I day T days 10 days I month l "fe-tie

trichloroethylene . 2 mg/ . 200 ug/1 75 ug/l

tetrachloroethylene 2.3 mg/l 180 ug/1 40 ug/l

1,1,1-trichloroethane •- .mg/i N

benzene 350 ug/l

polynuclear aromatic 25 ug/-l

hydrocarbons

Cancer Risks

ABsumptionsi

1. There is some risk at any level of exposure, and the risk increases
as lifetime exposure increases.

2. Using 70 kg. adult living 10 years who drinks two liters of water
per day..

Corriound Excess Risk

One in 10- 6 One in 10- 5  Two in 10- 5  Six in 10- "

trichloroethylene 4. 45 ug/l 75 ug/l

tetrachloroethylene 3.5 ug/l 35 ug/l 20 ug/

t_- -
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.- t .i] c-';,g the c!.%ronic the nun-threshold essumpton for this exceed lhe numtri, '. F e:-. J,\
tox;C!' of tc.xaphene to sers tive chemical. Howeve:. .ero level may not e IV 83 

" 
.* a _.n t;r:.t For

salty, Lte: aquatic life. be attainable at the present time. example. at ha-rdnese: . 1(I. BnC

,.. Therefore, the levels which may result in 2Z( mg/I as CaCO, the c ,

- Hu.2,Cf -incremental increase of cancer risk over total recoverable zinc p nol excif

For the naxid mum protection of human the lifetime are estimated at 10 - . 20(- . 180, 320, and 570 pg/I a- r% time.
bralth from the potential carcinogenic and 10 " . The corresponchng criteria are
e .ffects due to exposure of toxaphene - 27 pg/L 2.7 pg/L and .27 pg/L .ahl..terAquotcLife

- through Ingestion of contaminated water respectively. If the above estimates are For total recoverable zn: the crise-it

and contaminated aquatic organisms. made for consumption of aquatic to protect saltwater equal: life as
the ambient water concentration should organisms only. excludinj consumption derived using the Guidei:rs is 58 psg/I
be zero based on the non-thresbbld of water. the levels are 807 pg/L 80.7 as a 24-hour average ane he
assumption for this chemical However, . pg/l. and 8-07 pg/i. respectively. Other concentration should not .x-eed 170 pi
zero level may not be attainable at the concentrations representing different " I at any time.
present time. Therefore, the levels which risk levels may be c.alculited by use of Human Health
may result in incemental Increase of the Guidelines. The risk estimate range

cancer risk over the lifetime are Is presented for information purposes. Sufficient data is not av.:Iable for

estimated at i0-. 10-. and I0"'. The and does not represent afi Agency zinc to derive a level whi. ..- ould
corresponding criteria are 7.1 ng/L .71 Judgment on an "acceptable" risk level protect against the poter.. toxict of
ng/L and .07 ng/L respectively. If the - Myl Chloride this c, zpound. Using ave.ble
above estimates are made for - organoleptic data, for contn'ing
consumpticn of aquatic organisms only. FreshwaterAquotic Life undesirable taste and odo: :-ahity or
excludimg consumption of water. the .No freshwater organisms have been ambient water, the estimat- lerel is 5

levels are 7.3 ng~. .73 ngfl. and .07 ng/L tested with vinyl chloride and no ' mg/l. It should be recognizl ' L'at

respectively. Other concentrations statement can be made con'ceming acute organoleptic data as a bast for

representing different risk levels may be or chronic toxicity. - establishing a water qualit --iteria

calculated by use of the Guidelines. The have limitations and have t
risk estimate range Is presented for - SatwaerAquaticlife demonstrated relationship ti potential

information purposes and does not *-No saltwater organisms have been adverse human health effeo.
represent en Agency judgment on an tested with vinyl chloride and no - Appendix B--Gudelines In Deriving
-acceptable- risk leveL. statement can be made concerning acute Water Quality Criteria for tit Proteclion

. Trilcloroethylene ... .orchronictoxicity. - - of AquaticLifeandltsUses

- FreshwaterAquaticLife H.troduc'on
The available da - ..- - 'For the maximum protection of human This version of thi Guidelnes

data. health from the potential carcinogenic provides claftions, addit:'naI
trichloinethyle'ne indicate that acute* prvde....iatosadimtxicit.ofrehate r in utic life o cu effects due to exposure of vinyl chloride detaUs and technical and ediorial
toxicity to freshwater aquati lf oc..u.s

at concentrations as low as CS00 g/I th~rough ingestion of contaminated water changes In the last version p .Aished in
and would occur at lower "and contaminated aquatic or"a"sms. the Federal Register [44 FIR 15:70 (March
concentrations among species that are -the ambient water concentration should S, )]. This version Incor:rates

be zero based on the non-threshold c
- ." more sensitive than those tested. No changes resulting from comnts on• . ... .th ssumption for this chemical. However

data are available concurning the - 'as o t e , previous versions and from e.:erience -

chronic toxicity of trichioroethylene to zero level may Dot be attainable at the gained during U.S. EPA's use i the
sensitive freshwater aquatic Lie but. prsent ti- Thefore. the levels which previous versions. Future vesuns of the

.. adverse behavioral effects occurs to one mayresult In incremental increase of Guidelines wil Incorporate nrv ideasat concentrations as low as cancer risk over the lifetime are - and data as their usefulness it
speciesL- . estimated at 10", 10.-, and 10-. The demonstrated.

corresponding criteria are 20 pRL o - Criteria may be expressed i several

SaltwalerAquotlc Life ".. pg/L and .2 pg/L respectively. If the forms. The numerical form is c:mmonly

The available daa for above estimates are made for used. but descriptive and proc.:ural
trichloroethylene Indicate that acute- consumption of aquatic organisms only, forms can be used if numericse .-iteria

' toxicity to saltwater aquatic life'occnrs excluding consumption of water, the - are not possible or desirable. T:e
at con crntratiofls as low as 2.000 p I levels are 5.2456ug/L 5.5 pgfL and 5-.5 purpose of these Guidelines is t:
and would occur at lower -g/I respectively. Other concentrations describe an objective. internal):
concentrations among species that are representing different risk levels may be consistent and appropriate wa-::f
more sensitive than those tested. No C oalculated by use of the Guidelines. The deriving numerical water quil:. citena
data are available conceming the- " risk estimate range isPesented for for the protection of the uses o! ,s well
clronlc toxicity of trichloroethylene to .!* information purposes and does not as the presence of. aquatic orga-srns.
sensitive saltwate aquatic life.- represent an Agency judgment on an A numerical criterion misht b-

aqatc ... "acceptable risk level - thought of as an estimate of the :.9hest)i".'i nuoltdh : ':"" " : "-"'
---"- Zinc , . . concentration of a substance L -ater

S:'For the maxm . protection of human - - which does not present a sigr..f;:.:.t ri;.,

hEalth frM the po'ential carcinoc.nic F"shW Aqoa ife to the aquatic organisms in the % .er
efiects due to exp-sa-e of . - For total recoverable zinc the criterion and their uses. Tbus the Gujdei " !- -re
Itichl-ororthyene t.-tv.ih inFesticz of to protect freshwater aquatic life as intended to derive criterie whj"e -'il

,onau.ated water and ccntaml"sted derived using the Guidelines Is 47 pg/I protect aquatic communities by
asuiltic oranissm. the ambient water as a 24-bour average and the protecting most of the species at,: their
concentration shcr!d be zero based on conze'ntration (in pgflJ should not uses most of the time, but not

. 4-
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Draft SNARLS (not)to be released)

Assumptions:s

1. Looking at sensitive population.

2. Using a child weighing 10 kg. who drinks one liter of water
per day.

3. Considering only toxic effects.

ComDoUnd Length of Exposure

I day 7 days 10 days i'month 2fife-time

" methylene chloride 13 mg/i 1.3-1.5 mg/1 150 u;'l £'

carbon tetrachloride . 200 ug/ 20 ug/-

toluene .. . . .. . . /I.

methyl ethyl ketone 1mg/i

- -'".*. -

acrylonitrile 35 ug/l 3 ug/

polychlorinated biphenyls 1 ug/ 0.3 v;/i

dibromochloropropane 0.05 :g/l

* 1,4-dioxane 20 ug/1

xylenes . 12 mg/i . 620 ug/h

chlordane 63 ug/l 63 ug/l a ug/l

1,1 Dichloroethylene 1.0 mg/i 70 ug,,!

Trans-1,2 Dichloroethylene 2.7 mg/l 0.27 mg/i

Cis-1,2 Dichloroethylene 4.0 mg/i 0.43 mg/i

Ethylene Glycol 19 mg/I 5.5 t;/I

I:..:

V.

t~:



1. METHOD 9020

TOTAL ORGANIC HLDS(_X

1.0 Scope and Application

1.1 Method 9020 determines Total Organic Halides (TOX) as Cl- in
drinking and ground waters. The method uses carbon adsorption with a
microcoulometric-titration detector. It requires that all samples be run in
duplicate. Under conditions of duplicate analysis, the reliable limit of
sensitivity is 5 pg/l.

1.2 Method 9020 detects all organic halides containing chlorine, bromine
and iodine that are adsorbed by granular activated carbon under the conditions
of the method. Fluorine-containing species are not determined by this method.

1.3 Method 9020 is applicable to samples whose inorganic-halide concen-
tration does not exceed the organic-halide concentration by more than 20,000
times.

1.4 Method 9020 is restricted to use by, or under the supervision of,
analysts experienced in the operation of a pyrolysis/microcoulometer and in
the interpretation of the results.

1.5 This method is provided as a recommended procedure. It may be used
as a reference for comparing the suitability of other methods thought to be3 appropriate for measurement of TOX (i.e., by comparison of sensitivity,
accuracy, and precision data).

2.0 Summary of Method

2.1 A sample of water that has been protected against the loss of
volatiles by the elimination of headspace in the sampling container, and that
is free of undissolved solids, is passed through a column containing 40 mg of
activated carbon. The column is washed to remove any trapped inorganic
halides, and is then analyzed to convert the adsorbed organohalides to a
titratable species that can be measured by a microcoulometric detector.

3.0 Interferences

3.1 Method interferences may be caused by contaminants, reagents,
glassware, and other sample processing hardware. All these materials must be

! .1
I. •% .* * * . . ~*~ \ 4 k ~ .



2 / MISCELLANEOUS ANALYTICAL METHODS

routinely demonstrated to be free from interferences under the conditions of
trie analysis by running method blanks.

3.1.1 Glassware must be scrupulously cleaned. Clean all glassware
as soon as possible after use by treating with chromate cleaning solution.
This should be followed by detergent washing in hot water. Rinse with
tap water and distilled water, drain dry, and heat in a muffle furnace at
400" C for 15 to 30 min. Volumetric ware should not be heated in a muffle
furnace. Glassware should be sealed and stored in a clean environment after
drying and cooling to prevent any accumulation of dust or other contaminants.

L3.1.2 The use of high purity reagents and gases helps to minimize
interference problems.

3.2 Purity of the activated carbon must be verified before use. Only
carbon samples that register less than 1000 ng/40 mg should be used. The
stock of activated carbon should be stored in its granular form in a glass
container with a Teflon seal. Exposure to the air must be minimized,
especially during and after milling and sieving the activated carbon. No
more than a two-week supply should be prepared in advance. Protect carbon at
all times from all sources of halogenated organic vapors. Store prepared
carbon and packed columns in glass containers with Teflon seals.

~ 4.0 Apparatus and Materials

4.1 Adsorption system

4.1.1 Dohrmann adsorption module (AD-2), or equivalent, pressurized,
sample and nitrate-wash reservoirs.

4.1.2 Adsorption columns: Pyrex, 5-cm-long x 6-mm-O.D. x 2-mm-I.D.

4.2.3 Granular activated carbon (GAC): Filtrasorb-400, Calgon-APC
or equivalent, ground or milled, and screened to a 100/200 mesh range.
Upon combustion of 40 mg of GAC, the apparent-halide background should
be 1000 mg Cl- equivalent or less.

4.1.4 Cerafelt (available from Johns-Manville), or equivalent:
Form this material into plugs using a 2-mm-I.D. stainless-steel borer
with ejection rod (available from Dohrmann) to hold 40 mg of GAC in the
adsorption columns. CAUTION: Do not touch this material with your
fingers.

4.1.5 Column holders (available from Dohrmann). ,.

4.1.6 Volumetric flasks: 100-ml, 50-ml. A general schematic
of the adsorption system is shown in Figure 1.

~ *.*%.. ., . . .*% **,. .. 9 .. .. *
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[-y4 /MISCELLANEOUS ANALYTICAL METHODS

4.2 Dohrmann microcoulometric-titration system (MCTS-20 or DX-20), or

e-.quivalent, containing the following components:

4.2.1 Boat sampler.

4.2.2 Pyrolysis furnace.

4.2.3 Microcoulometer with integrator.

4.2.4 Titration cell: A general description of the analytical
*- system is shown in Figure 2.

4.3 Strip chart recorder.

5.0 Reagents

5.1 Sodium sulfite: 0.1 M, ACS reagent grade (12.6 g/liter).

5.2 Nitric acid: Concentrated.

5.3 Nitrate-wash solution (5000 mg N03 -/1): Prepare a nitrate-wash

solution by transferring approximately 8.2 g of potassium nitrate into a 1-liter
volumetric flask and diluting to volume with reagent water.

5.4 Carbon dioxide: Gas, 99.9% purity.

5.5 Oxygen: 99.9% purity.

5.6 Nitrogen: Prepurified.

5.7 70% acetic acid in water: Dilute 7 volumes of acetic acid with 3
volumes of water.

5.8 Trichlorophenol solution, stock (1 pl = 10 pg Cl-): Prepare a
stock solution by weighing accurately 1.856 g of trichlorophenol into a
100-ml volumetric flask. Dilute to volume with methanol.

5.9 Trichlorophenol solution, calibration (1 lIp = 500 ng CI-):
Dilute 5 ml of the trichlorophenol stock solution to 100 ml with methanol.

5.10 Trichlorophenol standard,i Jnstrument-calibration: First, nitrate-

wash a single column packed with 40 mg of activated carbon as instructed for
sample analysis, and then inject the column with 10 pl of the calibration
solution.

5.11 Trichlorophenol standard, adsorption-efficiency (100 pg Cl-/liter):

Prepare an adsorption-efficiency standard by injecting 10 p1 of stock solution
into 1 liter of reagent water.

liii(
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6 /MISCELLANEOUS ANALYTICAL METHODS

5.12 Reagent water: Reagent water is defined as a water in which
an interferent is not observed at the method detection limit of each parameter
of interest.

5.13 Blank standard: The reagent water used to prepare the calibration
standard should be used as the blank standard.

6.0 Sanple Collection, Preservation, and Handling

6.1 All samples must have been collected using a sampling plan thataddresses the considerations discussed in Section One of this manual.

6.2 All samples should be collected in bottles with teflon septa
(e.g., Pierce #12722 or equivalent) and be protected from light. If this is
not possible, use amber glass, 250-ml, fitted with teflon-lined caps. Foil
may be substituted for teflon if the sample is not corrosive. Samples must
be protected against loss of volatiles by eliminating headspace in the
container. If amber bottles are not available, protect samples from light.
The container must be washed and muffled at 400" C before use, to minimize
contamination.

6.3 All glassware must be dried prior to use according to the method
discussed in 3.1.1.

7.0 Procedure

- 7.1 Sample preparation

7.1.1 Special care should be taken in handling the sample in order
to minimize the loss of volatile organohalides. The adsorption procedure
should be performed simultaneously on duplicates.

7.1.2 Reduce residual chlorine by adding sulfite (I ml of 0.1 M
per liter of sample). Sulfite should be added at the time of sampling
if the analysis is meant to determine the TOX concentration at the time
of sampling. It should be recognized that TOX may increase on storage
of the sample. Samples should be stored at 4" C without headspace.

7.1.3 Adjust the pH of the sample to approximately 2 with concen-
trated HNO3 just prior to adding the sample to the reservoir.

7.2 Calibration

7.2.1 Check the adsorption efficiency of each newly-prepared batch
of carbon by analyzing 100 ml of the adsorption-efficiency standard, in
duplicate, along with duplicates of the blank standard. The net recove-

_ should be within 5% of the standard value.
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7.2.2 Nitrate-wash blanks (method blanks): Establish the
repeatability of the method background each day by first analyzing
several nitrate-wash blanks. Monitor this background by spacing nitrate-
wash blanks between each group of eight pyrolysis determinations. The

"," nitrate-wash blank values are obtained on single columns packed with
40 mg of activated carbon. Wash with the nitrate solution as instructed
for sample analysis, and then pyrolyze the carbon.

7.2.3 Pyrolyze duplicate instrument-calibration standards and the
blank standard each day before beginning sample analysis. The net
response to the calibration-standard should be within 30. of the
calibration-standard value. Repeat analysis of the instrument-calibration
standard after each group of eight pyrolysis determinations, and before
resuming sample analysis after cleaning or reconditioning the titration
cell or pyrolysis system.

7.3 Adsorption procedure

7.3.1 Connect two columns in series, each containing 40 mg of
100/200-mesh activated carbon.

7.3.2 Fill the sample reservoir, and pass a metered amount of
sample through the activated-carbon columns at a rate of approximately
3 ml/min. NOTE: 100 ml of sample is the preferred volume for concentra-
tions of TOX between 5 and 500 Vg/l; 50 ml for 501 to 1000 ±g/l, and 25
ml for 1001 to 2000 Vg/l.

6"." 7.3.3 Wash the columns-in-series with 2 ml of the 5000-mg/l

nitrate solution at a rate of approximately 2 ml/min to displace inorganic
chloride ions.

7.4 Pyrolysis procedure

7.4.1 The contents of each column are pyrolyzed separately. After
rinsing with the nitrate solution, the columns should be protected from
the atmosphere and other sources of contamination until ready for
further analysis.

7.4.2 Pyrolysis of the sample is accomplished in two stages. The
., volatile components are pyrolyzed in a COE-rich atmosphere at a low

temperature to ensure the conversion of brominated trihalomethanes to
a titratable species. The less volatile components are then pyrolyzed
at a high temperature in an 02-rich atmosphere. NOTE: The quartz
sampling boat should have been previously muffled at 800' C for at least
2 to 4 min as in a previous analysis, and should be cleaned of any
residue by vacuuming.

7.4.3 Transfer the contents of each column to the quartz boat for
individual analysis.
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7.4.4 If the Dohrmann MC-1 is used for pyrolysis, manual instructions
are followed for gas flow regulation. If the MCTS-20 is used, the
information on the diagram in Figure 3 is used for gas flow regulation.

7.4.5 Position the sample for 2 min in the 200" C zone of the
pyrolysis tube. For the MCTS-20, the boat is positioned just outside
the furnace entrance.

7.4.6 After 2 min, advance the boat into the 800 C zone (center)
of the pyrolysis furnace. This second and final stage of pyrolysis may

"I require from 6 to 10 min to complete.

7.5 Detection: The effluent gases are directly analyzed in the micro-
coulonetric-titration cell. Carefully follow manual instructions for optimizing
cell performrance.

7.6 Breakthrough. The unpredictable nature of the background biasIi makes it especially difficult to recognize the extent of breakthrough of
organohalides from one column to another. All second-column measurements for
a properly operating system should not exceed 10% of the two-column total
measurement. If the 10% figure is exceeded, one of three events can be
happening. Either (1) the first column was overloaded and a legitimate
measure of breakthrough was obtained, in which case taking a smaller sample
may be necessary; or (2) channeling or some other failure occurred, in which
case the sample may need to be rerun; or (3) a high random bias occurred and
the result should be rejected and the sample rerun. Because it may not be
possible to determine which event occurred, a sample analysis should be
repeated often enough to gain confidence in results. As a general rule, any
analysis that is rejected should be repeated whenever sample is available.
If the second-column measurement is equal to or less than the nitrate-wash

rblank value, the second-column value should be disregarded.

7.7 Calculations: TOX as Cl- is calculated using the following
-* formula:

"" (CiC 3 ) + (C2 -C3)
(C =_3)+(_ C3) -Vg/l Total Organic Halide

V

where:

C1 = pg Cl- on the first column in series

C2 = pg Cl- on the second column in series

C3 = predetermined, daily, average, method-blank value
(nitrate-wash blank for a 40-mg carbon column)

V = the sample volume in liters.
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8.0 Quality Control

8.1 All quality control data should be maintained and available for
easy reference or inspection.

8.2 Before performing any analyses, the analyst must demonstrate the

ability to generate acceptable accuracy and precision with this procedure by
analyzing appropriate quality-control check samples.

8.3 The laboratory must develop and maintain a statement of method
accuracy for their laboratory. The laboratory should update the accuracy
statement regularly as new recovery measurements are made.

8.4 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occurring.

8.5 Run check standard after approximately every 15 samples.

8.6 Run one duplicate sample for every 10 samples. A duplicate sample
is a sample brought through the whole sample preparations process.

8.7 It is recommended that the laboratory adopt additional quality-
assurance practices for use with this method. The specific practices that
would be most productive will depend upon the needs of the laboratory and the

tnature of the samples. Field duplicates may be analyzed to monitor the
precision of the sampling technique. Whenever possible, the laboratory
'hould perform analysis of standard reference materials and participate in

- relevant performance-evaluation studies.
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