x_

AD=A036 778 ENVIRONMENTAL CONTROL TECHNOLOGY CORP ANN ARBOR MICH F/6 13/2
; AQUATIC FIELD SURVEYS AT IOWA» RADFORDs AND JOLIET ARMY AMMUNIT==ETC(U)
NOV 76 D E JERGER » P B SIMON: R L WEITZEL DAMD17=75=C=5046

LS

&

UNCLASSIFIED




AQUATIC FIELD SURVEYS AT IOWA, RADFORD AND
JOLIET ARMY AMMUNITION PLANTS
FINAL REPORT

VOLUME III - MICROBIOLOGICAL INVESTIGATTONS,
IOWA AND JOLIET ARMY AMMUNITION PLANTS

Q0
A
O
O
™M
—
<
(=)
<<




|4

_AQUATIC FIELD SURVEYS AT

I,OWA, RADFORD, AND JOLIET ARMY AMMUNITION PLANTS o

ANNUAL REPORT

VOLUME IIT. !}CROBIOLOGICAL INVESTIGATIONS,
| i _;_OWA AND ‘._IOLIET ARMY AMMUNITION PLANTS » \

i s ———————— S

-

(/0)

e i)

D. E. /JERGER P. B )smou R. L./yznm.;& i E./§CHENK \

R 7] Iinal vEr©+L
// NOVM ’76 { w r‘ : T, 1 ’

. @i

Supported by

U.S. ARMY MEDICAL RESEARCH AND DEVELOPMEN" _OMMAND
Washington, D.C. 20314

Project Offic Captain John P. Glennon
-

P L S

Contract No.| DAMD _17-75-C-5846 |~

Environmental Control Technology Corporation’/
Ann Arbor, Michigan 48104

Approved for Public Release
distribution unlimited

The findings in this report are not to be construed as an official

Department of the Army position unless so designated by other
authorized documents.

\

- e ™ = |
& 2 I e S|
| | § ER pe
—"-"'_"l’ § § w I‘-’
! § i
Bl B | | 13
!’“ » H \
: el B
oL 5 HE
o ) a
A 7 %
— R — ot oAb A o .
¥R, = o e “._ﬂg;";- > i




# [ SUMMARY
B |

This report describes the methodology and results of microbiological
field and laboratory studies conducted at the Iowa and Joliet Army
Ammunition Plants during 1975. The purpose of this study was to establish

the impact of microorganisms in determining the environmental fate of

TNT wastewater in receiving streams. An attempt was made to define
threshold toxicity levels and relative rates of TNT transformation in
streams receiving iow volume waste discharges (IAAP) versus streams
receiving high volume waste discharges (JAAP). ﬁ}———-\_

The IAAP 1s located ten miles west of Burlington, Iowa. The plant consists
of approximately 20,000 acres of which about 7,000 acres are leased for
agriculture, 7,500 acres are forested, and the remaining acreage being

used for administrative and industrial operationms.

The major receiving stream of interest for these studies was Brush Creek
which flows through the east central portion of the plant and ultimately
into the Skunk River. It drains a watershed of about 6,300 acres of which
5,300 acres are plant property and except during periods of rainfall, its
flow consists mainly of treated industrial waste discharges and effluent

from the main sewage treatment plant which serves the IAAP facilites.

Five stations in upper Brush Creek were chosen for the field survey
conducted at the IAAP in June 1975 as this section of the stream receives
the majority of the munitions process water currently being discharged

at this installation. One station was located upstream of any known
discharge, while the remaining four stations were located below known

effluents from the various process and loading facilities.

Sampling stations at JAAP were located on Grant Creek and the open waste-
water channel known as "INT Ditch'". The concentrations of munition

compounds discharged into the TNT Ditch and lower Grant Creek are higher




than those meaggred at the IAAP, offering the opportunity to study the
assimilative capacity of microorganisms under high doses. Two stations
M were selected in Grant Creek for the May-June 1975 survey. One station )
was located upstream from the tetryl area and served as a control for the
JAAP survey. The second station was located 10 meters downstream from the
confluence of the TNT Ditch and Grant Creek, in a zone where mixing is
reasonably complete. Sampling stations in the TNT Ditch consisted of an )
area 10 meters downstream from the outfall of the Red Water Disposal
Facility and the second station approximately 2 meters upstream from the
confluence of the TNT Ditch and Grant Creek. An open ''red water" pond

¢
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b |

located at the northwest corner of the Red Water Disposal Facility was i
chosen as a sampling station because the pond received especially high
levels of munitions compounds and was subjected to a maximum amount of

sunlight.

v

Water samples from Brush and Spring Creeks at IAAP were collected on a

grab basis onceper day for five days during both the June and October

1975 surveys at this installation. Replicate sediment cores were also

taken at each station during these surveys. Water and sediment samples )
were collected one time from each station at JAAP during the first week

of June 1975. Grab samples were taken of the aqueous phase, while sediments

were collected using coring tubes. Aqueous and sediment samples from IAAP

and JAAP were analyzed for major mineral constituents, nutrients, trace )
metals and specific munitions compounds relating to the production and

» handling of trinitrotoluene.

The microbiological survey at the IAAP and the JAAP consisted of an assess- )
ment of the following parameters; bacterial enumeration, microbial inhibition
study, benthic dissolved oxygen uptake, dehydrogenase activity and ATP
activity. Laboratory investigations included; microbial degradation studies
with indigeneous sediment populations, monitoring TNT degradation and
toxicity in anaerobic systems, and a bacteriological toxicity study of

munitions-related compounds.
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The planktonic and benthic bacterial density at the IAAP and JAAP were
within reported ranges for stream water (105-106 cells/milliliter) and
sediment (107-108 cells/gram dry weight). Concentrations of trinitro-
toluene in the aqueous phase approaching 1.5 ppm at the JAAP did not

affect the oxygen utilization of an unacclimated microbiological seed.

Sediment microbiological activity at stations receiving munition wastes,
as determined by oxygen uptake rates, dehydrogenase and ATP, did not vary
appreciably from the control station. Sediment TNT concentrations
approached 338 mg/kg and 44,200 mg/kg at the JAAP.

The microbiological degradation studies with indigeneous sediment popu-
lations revealed that the transfoymation/degradation of TNT appears to be
a co-metabolic process which requires an added carbon source. Total min-
eralization of TNT was not observed as the transformation studies revealed
persistant end products. The rate of transformation of TNT by microorgan-
isms was shown to be a fairly rapid process and appears to be concentration
dependent. Acclimated and unacclimated populations from the IAAP and the
JAAP transformed approximately 70-90 percent of a 10 ppm and 100 ppm con-
centration of TNT within 3 to 5 days. An increase in cell density was

observed with cultures grown in the presence of 100 ppm TNT versus 10 ppm
TNT.

The anaerobic degradation studies revealed that initially concentrations
of 100 ppm TNT inhibited methane production, but concentrations of TNT
eliciting a toxic response increased to greater than 200 ppm as the
acclimation period increased.

The major transformation products observed in the microbial degradation
studies were tentatively identified as; 4-hydroxylamino 2,6-dinitroto-
luene, 2-hydroxylamino 4,6-dinitrotoluene, &4-amino 2,6-dinitrotoluene,
2-amino 4,6-dinitrotoluene, 2,2',6,6'tetranitro-4,4'azoxytoluene, and
the 2,4-diamino-6 mononitrotoluene. The hydroxylamino-DNT transforma-

tion products were qunatified in the field samples with concentrations

1i1




as high as 154 mg/kg being found at JAAP. These transformation products
are formed in chemical and biochemcial reduction processes, through a

variety of mechansisms.

Researchers involved in studying the photolysis of TNT have identified a
number of transformation products, most of which differ from the products
observed in our microbial degradation studies. Chemical reduction studies
of TNT have produced compounds which are identical to the microbiological
transformation products identified by various authors, indicating a simi-
larity in the chemical and biochemical reduction process. Generally,
chemical reduction of polynitro aromatics under acidic conditions produces
amines, while reduction under neutral conditions produces hydroxylamines,
and reduction under basic conditions produces dimers such as hydrazo, azo,
and azoxy compounds. The effect of pH on TNT reduction underscores the
importance of hydrolysis reactions in the transformation of this muni-
tions compound. The relative importance of each of these three processes
(photolysis, reduction, and hydrolysis) depends, of course, on the condi-

tions present at the time of transformation.

Appreciable evidence exists that all three processes described are opera-
tional, to one extent or another, in the enviromment. In the aqueous
phase of natural systems where natural sunlight is available, photolysis
and soil systems, where TNT has been deposited through sorbtion processes,
photo-energized reactions are severely limited. In these environments,
chemical and biochemical reduction are the major steps in the primary
transformation of nitrobodies like TNT. Through direct and indirect
action, the microbiological community plays an important role in the
environmental fate of TNT. Cell density and microbial activity studies
coupled with laboratory degradation experiments have shown the existence
of an established microbial population with the capabilities to rapidly
transform TNT depending on concentration and nutrient availability. It
appears that aqueous and sediment microbial communities inherently contain
organisms with the ability to transform TNT as an extensive acclimation
period was not requied. Indigenous populations isolated from control
stations and stations with varying concentrations of TNT exhibited similar
transformation rates.
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ABSTRACT

The role of microorganisms in controlling the environmental fate of
alpha TNT was examined at IAAP and JAAP. Intensive surveys at
these locations coupled with laboratory studies attempted to
determine threshold toxicity levels of munitions waste discharges
to indigenous microbiological populations. Photochemical trans-
formation products were quantified in an actempt to further

delineate the environmental fate of TNT.
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SECTION I
CONCLUSIONS

The concentrations of munitions-related compounds in streams at the
IAAP are generally low, and thus provide conditions suitable for the

study of chronic exposure to such materials.

The concentrations of munitions-related compounds in TNT Ditc@ and
lower Grant Creek at JAAP are relatively high, and thus provide con-

ditions suitable for the study of acute exposure to these materials.

The environmental fate of 2,4,6-trinitrotoluene appears to involve
reduction of more than one nitro group. The lack of accumulation
of monohydroxylamine and monoamine transformation products indicates
that these compounds are only intermediates in the transformation of
alpha TNT.

Aqueous munitions compounds occurring at the time of study did not
affect the oxygen utilization of an unacclimated microbiological
seed. Ccncentrations of 2,4,6-trinitrotoluene quantified in aqueous
samples at the time of this study ranged from <0.2 ug/l to 1020
ug/l.

Benthic microbiological activity was not inhibited by TNT concentra-
tions occurring in the sediments at the time of study. Concentrations
of 2,4,6-trinitrotoluene quantified in sediment samples at the time of
this study ranged from <1 mg/kg to 44,200 mg/kg.

The major transformation products quantified in the laboratory studies
were tentatively identified as the 2,amino- 4,6 dinitrotoluene and the
4,amino-2,6 dinitrotoluene. The previously reported "hydroxylamine"

transformation product was not quantitatively observed in these studies.




L F o Trinitrotoluene transformation products isolated and quantified
from sediment samples at IAAP and JAAP were 4-hydroxylamino-2,
6-dinitrotoluene and 2-hydroxylamino-4,6-dintrotoluene.

8. The transformation/degradation of TNT by microbial populations appears

to be a co-metabolic process which requies an added carbon source.

i 9. The rate of transformation of TNT by microorganisms is a fairly
rapid process as *80-90 percent of the TNT was not present in the

s culture extracts following three days incubation.

10. Anaerobic methane production was inhibited by TNT, but the concen-
trations of TNT -eliciting a toxic response increased as the accli-
B mation period increased. Concentrations of 2,4,6-trinitrotoluene
quantified in the laboratory samples from this study ranged from
75 mg/1l to 283 mg/l.

11. Laboratory and field studies suggested the possibilities of a
greater resistance to munition compounds by Pseudomonas-like
species. These organisms were predominate in the culture enrich-

ment studies.
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SECTION II

N RECOMMENDATIONS

X, Further studies are needed to establish the environmental
fate of TNT. This is particularly important since the

transformation to aromatic polyamines is suggested.

2. The fate, toxicity and mutagenicity of diamine transformation
products of alpha TNT should be delineated.

3. The toxic mechanism of TNT to microorganisms should be identified.

4, Further in situ monitoring of microbial activity should be

undertaken.

. The identification and classification of dominant indigenous,
microorganisms in areas receiving munitions waste discharges

should be undertaken.

6. Further studies are suggested involving enrichment for organism(s)
exhibiting the ability to utilize TNT as a carbon and/or energy

source.

7. An attempt should be made to establish the conditions necessary

. for complete oxidation of TNT by microorganisms.

8. Further aerobic and anaerobic studies should be conducted to
correlate microbial activity and TNT transformation rates with high

concentrations (> 100 ppm) of the munition waste.

9. Further studies are necessary to delineate the observed increase in
cell density resulting when indigenous populations were grown in

presence of 100 ppm versus 10 ppm TNT concentrations.
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SECTION III

INTRODUCTION

An initial investigation of the potential for microbial transformation of TNT
by naturally occuring sediment bacterial communities was performed as a part
of the previous study program. 5 Laboratory studies of bacterial metabolism

of TNT had been previously renorted. Raly

Utilizing indigenous sediment populations obtained at the Iowa Army Ammunition
Plant (IAAP), our previous study = determined that the addition of 10 mg/1l
TNT plus nutrients did not affect bacterial growth, however TNT was not readily
utilized as a sole carbon source. Addition of other carbon sources (glucose,
peptone, and fatty acids) allowed for the transformation of TNT by the

aerobic heterotrophic population, with increasing nutrient concentrations
resulting in lower residual concentrations of TNT and subsequent higher
concentrations of the transformation products. The transformation product

quantitatively identified was monohydroxyl-aminc-dinitrotoluene.

Chemical analysis of sediment samples obtained at the IAAP verified the

existence of this transformation product in the receiving waters. This fact,

coupled with the reportedly high toxicity of hydroxylamine compared to the
parent TNT 2 , resulted in a more intensive study of microbiological degrad-
ation being performed as a part of the present field studies. The results

obtained are reported below.

———— .
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SECTION IV

FIELD SURVEY

INTRODUCTION

Surveys to investigate the effect of munitions compounds on the micro-
biological community were conducted at the Iowa Army Ammunition Plant
(IAAP) and the Joliet Army Ammunition Plant (JAAP) during 1975. Two
field surveys were made to the IAAP - one during June and the other
during October. A single visit to the JAAP was conducted during the
first week of June. Aqueous and sediment samples were collected during
all of these surveys in order to investigate the interrelationships
between alpha TNT, its related transformation products, and segments of
the microbial community. Samples gathered for this purpose at the IAAP
were also used as part of a comprehensive aquatic field study being
performed at that plant. In the case of both IAAP and JAAP, sampling
stations for this microbiological study were selected :i: provide varying
environmental exposure to TNT bearing wastes, as well as the necessary

non-exposed study controls.

Station Descriptions - IAAP (Figures 1 and 2)

Five stations in upper Brush Creek were chosen for study at the IAAP
since this stream receives most of the munitions process water currently
being discharged at this installation.

Station Bl is located at the head of Brush Creek, approximately 1000 meters
due west of the Group 1 northern entrance. Flow at this station is
intermittent, depending primarily on surface water runoff. During the

June survey, velocity was 0.13 meters per second with a flow estimated

at approximately 0.015 cubic meters per second. No flow was present

during the October sampling period, though standing pools were observed.
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FIGURE 2.

SCHEMATIC OF IOWA ARMY AMMUNITION PLANT
STUDY AREA 1975 ;

EXPLOSIVE DISPOSAL AREA
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The width of the stream at this point is about 1 meter, with depth varying

between 2 and 20 centimeters.

Station B2 is situated approximately 3200 meters downstream from Bl,

and 1400 meters west-southwest of building 1-10. It receives the effluent
from four industrial outfalls, including the boiler blowdown water from
the Group 1 power plant which is one of the two largeét outfalls on Brush
Creek. Two known sources of munitions wastes discharge upstream of B2.
Width at this station is just under 2 meters, with depth varying between
5 and 20 centimeters. Velocity during the June survey was 0.13 meters
per second, with a flow of 0.030 cubic meters per second. The velocity
measured during October was 0.16 meters per second with an estimated

flow of 0.024 cubic meters per second. The flow in Brush Creek from this
station downstream is not intermittent, due primarily to the industrial
process waters discharged from Groups 1, 2 and 3 as well as the treated

wastewater discharged from the sewage disposal plant.

Stetion B3 i3 located approximately 900 meters south of B2. Process
waters from Groups 4 and 5 flow into Brush Creek just above station B3.
The width at this point is aboout 2.5 meters, with depths varying between
5 and 20 centimeters. The velocity recorded in June was 0.20 meters

per second,yielding a flow of 0.059 cubic meters per second. In October

these numbers were 0.08 and 0.031, respectively.

Station B4 is situated 1600 meters downstream from B3, just south of

the bridge on road D. No known discharges of process water occur between

stations B3 and B4, however an historic source of munitions-related compounds

was discovered during the June survey just 400 meters upstream of B4.
Width at this station is approximately 2 meters, with depths ranging

from 8 to 20 centimeters. Velocity during the summer survey was 0.11
meters per second, with a corresponding flow of 0.031 cubic meters per
second. During the fall the recorded velocity was 0.16 meters per second,

and the flow was estimated at 0.045 cubic meters per second.




Station B5 was the furthest downstream for the microbiological studies.
It is located approximately 2400 meters downstream of station B4, just

below the munitions wastewater outfall of IAAP Group 2. Width at this

station is approximately 2 meters, with depths varying between 2 and 10
centimeters. The velocity recorded in June was 0.2]1 meters per second,
with a flow of 0.027 cubic meters per second. In October the velocity

was somewhat higher, at 0.63 meters per second, with a corresponding

flow of 0.087 cubic meters per second.

Station Descriptions - JAAP (Figure 3)

Sampling stations selected at the JAAP were located on Grant Creek and

the open wastewater channel known as "INT Ditch'". The concentrations

of munitions compounds discharged into the TNT Ditch and lower Grant
Creek are much higher than those measured at the IAAP, so the

opportunity to study much higher environmental stress loadings was present
at the JAAP.

Station Gl is situated on Grant Creek, upstream from the tetryl area,
155 meters due west of the intersection of Base Line and Blodgett

roads. This station served as the control for the remaining stations
at JAAP. (Width of the stream at this station is approximately 4 meters,
while the depth at the point where sediment core samples were taken was
approximately one half meter.) Stream velocities and flows were not

determined at Gl or any other station at the Joliet AAP.

Station G2 is situated on Brant Creek 160 meters due west of the
intersection of West TNT Road and Blodgett Road. The point of sampling
at this station is above 10 meters downstream of the confluence of

TNT Ditch and Grant Creek, in a zone where mixing is reasonably complete.
Width of Grant Creek at this station is 6 to 7 meters. The water and
sediment samples were collected where stream depth was approximately

one half meter.

10
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Station Tl is located 10 meters downstream of the outfall of the Red
Water Disposal Facility on the TNT Ditch. Width of the stream at this
location is about 2 meters. Depth where samples were collected varied
from 10 to 15 centimeters. The water temperature during the two days
of sampling was between 30 and 40°C. This was the only station where
temperatures significantly different than ambient were observed.

The bottom deposits in this section of the TNT Ditch consisted of large
rocks with accumulaied sand and silt between them. Collecting repre-
sentative sediment core samples at this location was seriously hampered

by this course stratum.

Station T2 is situated at the end of the TNT Ditch, about 2 meters
upstream of its confluence with Grant Creek. Stream width at this
location is approximately 3 meters. Average depth at the point where

samples were taken was approximately one half meter.

Station TlA is not located on the TNT Ditch. It is situated in the
center of a "red water" pond located at the northwest corner of the Red
Water Disposal Facility. The point of sampling was 80 meters due west
of storage tank number 860-3. Flow to this pond is intermittent,
though the concentration of munitions compounds in the waste during
periods when flow does occur is apparently quite high. Water depth

in the pond at the time of sampling was about 20 centimeters. The

pond is in an open area and consequently is subject to a maximum

amount of photochemically stimulating sunlight.

12




FIELD METHODOLOGY

Chemistry

Iowa AAP -

Each of the stream and industrial stations were sampled five times during
both the summer and fall survey periods. Sampling was conducted only
during periods of production line operation. A summary of the production
activities of each IAAP group is outlined in Table 1. It is note~
worthy that according to IAAP personnel, plant‘operations were at
approximately 10 percent of rated capacity. Thus, the impact of the
processing installations on stream conditions are approaching the

lowest that could exist without a full scale shutdown of ‘the munitions

processing parts of. the plant.

Water samples were collected daily during the operation of the processing
facilities but without regard {for exact time of day. At each stream

and industrial statioﬁ, approximately four galldns of water was collected
and composited in plastic buckets. The sample ‘was then poured off into
five subsample containers, one for each preservative to be used and a
fifth for analyses to be performed immediately upon returning to the
field laboratory. Temperature was recorded at the sampling site, although
no deviation from ambient (1;e{ approximately 25°¢ during the summer
survey and 15°C during the fall survey) ‘was observed at any station
except industrial station 1. After pouring off the sample into the
appropriate subsample vesselé, all containers were stored in ice chests

until received at the field laboratory.

JAAP contractor personnel kindly provided laboratory facilities -for the
summer and fall survey periods, so the analysis of samples for certain,
parameters was conducted immediately upon receipt of the samples from
the field. These included pH, alkalinity, dissolved-oxygen, BOD and
specific conductance. A one liter polyethylene container which had been

filled to exclude air space was used for these analyses. A second one

13




Table 1. INDUSTRIAL OPERATIONS AT IOWA ARMY
N AMMUNITION PLANT - JUNE 1975
Facility Process Elements Production Status
Group 1 Octol Active
Group 2 Composition B, Octol Active
Group 3 Composition B, Metal
Processing Active
: Group 3A ' Compesition B Active
) Group 4 Assembly Active
Group 5A TNT Active
Group 5B (Not Available) Inactive
Group 6 Detonators Inactive
Group 7 Boosters, Black Powder Inactive
Group 8 Fertilizer Inactive
Group 9 Fuses, Black Powder Active
Group 800 Composition B, Metal
Processing Active
.
14
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liter polyethylene container filled to the brim was transported and stored
at 4°C until analysis of total solids, total suspedded solids, chloride,
sulfate, hardness, sodium and potassium was completed in Ann Arbor. The
subsample for trace metal analysis was stored in polyethylene and
preserved by adding 10 ml reagent nitric acid per liter of sample. A

2.4 liter glass container was used to store the subsample for nutrient

analysis. Reagent sulfuric acid was added at a concentration of 2 ml

per liter of sample to inhibit biological activity and retard the
transformation of ni:rogeﬁftorms. This nutrient subsample was also
transported and stored at 6°C until all required analyses had been
completed. The subsample for munitions compounds analysis was stored

in four liter brown glass bottles with Eeflon lined caps. Upon receipt o
in the field laboratory, the samples were poured off to the 3.8 liter
mark and 50 ml of benzene ("Distilled in Glass", Burdick and Jackson,
Muskegon, MI) was added. The sample was then stirred for ten minutes

at a sufficiently rapid rate to insure uniform dispersion of the benzene
solvent. This procedure serves two purposes. First, biological altera-~
tion of the munitions compounds is inhibited due to the extreme

biocidal character of benzene. Secondly, the munitions compounds and
their benzene soluble transformation products ‘are isolated from the
aqueous phase, which retards chemical alteration of the compounds.

After ten minutes of stirring, the sample was capped and prepared for
shipping back to Ann Arbor, where the extraction procedure would be )
completed. As a further means of stabilizing the munitions compounds,
a;l such partially extracted samples were transported and stored Qt

4°C until the extraction procedure had been completed.

After the five daily Qntet samplings had been gathered, and the
preliminary water quality of the industrial effluents established,

a diurnal sampling program was initidted in order to verify that the
stream water quality did not vary significantly during the period when
normal sampling was not performed. Automatic samplers were placed

at stream stations Bl and B8. Samples were taken once a hour for

48 hours. The samples were stored on ice inside the automatic sampler

15




to minimize changes in water chemistry. They were collected by laboratory
personnel and analyzed for pH and specific conductance every 12 hours.
o Since production at the IAAP was limited to the day and afternoon shifts
during the two survey periods, and since the summer diurndl study
confirmed that the water quality of Brush Creek did not change
significantly during the period of no sampling activity, a diurnal

study was not performed during the fall survey period.

i Sediment samples were collected after all water sampling was complete.
¢ At the outset of the summer survey period a zone was marked off from

wvhich sediment samples were to be gathered. Care was taken to insure

that these zones were not diaturbed'dcring other stream sampling. The -
same zones were used to gather sediments for both the summer and fall
surveys. As a result of this, differences in sediment chemistry at a
given station between summer and fall samplings may be interpreted as

a change in the character of .the .stream bottom deposits.

Two inch diameter pclycarbonate core tubes were used to gather all
sediment samples. Each tube has air-tight .end caps which are removed
before pressing the traqcpaccht sleeve into the sediment. Once the
tube has been pressed to the desired depth, the top is capped and the
tube is withdrawn with core oanpie intact. AThe‘bottom is then capped
and the sample is frozen. Three core samples were gathered from each
stream station durtng each of the two survey periods. The cores were
frozen with dry icc 1nnediately after sampling anc stored in this
condition until analysis could begin.

Joliet AAP -

Water and sediment samples taken at the Joliet AAP were collected and ¥
processed just as described for the IAAP. Field collections were made

during hours of plant operation, and industrial discharges from the
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acid processing area as well as the nitrotoluene processing area were
observed during both days of sampling. As previously mentioned, only '’
one survey was conducted at the JAAP. Samples for all aqueous phase

analyses were collected on 2 June 1975, while sediment cores were taken

on 3 June 1975.

At both JAAP and IAAP, sediment redox conditions were measured in selected
core samples to further define the effect of munitions compounds on this
phase of the environment. This was accomplished by inserting pH and

redox electrodes into freshly taken sediment cores at predetermined
depths. Specially modified core tubes were used for these selective
samples, and all redox measurements were performed prior to freezing the

samples for preservation purposes.

Microbiology

Iowa and Joliet AAP -
Aqueous samples for microbiological analyses were collected in 125 ml
sterile glass bottles and analyzed within six to eight hours. Sediment

microcores were taken with sterile 50 cc plastic disposable syringes
following removal of the luer-lock tip. The top half-centimeter of
the sediment core was removed and suspended in 200 ml sterile,
distilled, buffered water. Samples were maintained at approximately
4°C and analyzed within 30 days.

17
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SECTION V

CHEMISTRY

ANALYTICAL PROCEDURES

Aqueous Phase

In order to evaluate the impact of the AAP on the receiving waters,
an extensive characterization of the water quality of the receiving
stream, as well as a characterization of the fadustrial effluents,
was undertaken. The parameters monitored included the following:

Dissolved Oxygen

Suspended Solids

pH Total Solids
Alkalinity Chloride
Specific Conductance Sulfate
Biological Oxygen Demand Sodium

Chemical Oxygen Demand Potassium

Total Organic Carbon Hardness
Cadmium Nitrate-N
Chromium Nitrite-N

Iron Ammonia-N

Lead Kjeldahl-N
Manganese Total Phosphorus
Mercury . Munitions Compounds

General Water Quality Parameters -

Sampling of the aqueous phase for these parameters has been described
in a previous section of this report. However, some additional
comments are noteworthy here. All sample containers had been acid-
washed and rinsed with copious amounts of distilled water. As noted
earlier, samples for metal analysis were preserved with reagent grade

18
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nitric acid. Samples for nutrient, COD, and TOC analysis were preserved
N with reagent sulfuric acid and refrigerated. All other samples were
preserved by refrigeration at 4°C from the time of sampling to the

completion of analysis in the laboratory.

In general, all methods of chemical analysis employed in the characteri-
zation of aqueous samples were taken from the three most widely accepted
compilations of such procedures6-8. Where methods were unavailable or
insufficient to provide the desired information, particularly with respect
to munitions compounds, alternate analytical procedures were employed
after their accuracy and precision had been statistically verified. A
brief synopsis of the analytical methodology is contained in the following

paragraphs.

Measurements of dissolved oxygen were made, in the in situ stream determina-
tions and in the analysis of biochemical oxygen demand, with a polarographic-
type gas sensing probe which utilizes a semipermeable fluorocarbon membrane.
Hydrogen ion concentration was measured with a glass membrane/calomel
combination electrode and digital pH meter capable of 0.0l unit resolution.
This appartus was also used in the standard acid tritration for alkalinity.
Chloride ion concentration was determined by a method adapted from the

flouride ion selective electrode method listed in the EPA manualﬁ. A

chloride ion selective electrode from Corning Scientific Instruments (model
476126) was used in conjunction with a silver/silver chloride reference
electrode. The reference cell was fitted with a secondary salt-bridge
containing 1.0 M potassium nitrate to prevent chloride bleed into the
sample solution. Calibration of the device was accomplished by standard
addition in order to compensate for matrix and temperature effects.

Sulfate ion concentration was determined by the barium sulfate suspension
technique outlined in the EPA refe:ence6. Suspended solids were measured
using Millipore AP40 glass fiber mats, pressure filtration and drying to
constant weight at 105°C. Total solids were measured by evaporationg a

100 m1 aliquot of sample to dryness at 105%.

b4

Biological oxygen demand in the AAP water samples were measured according

to the serial dilution procedure specified in APHA Standard Methods7.

The samples were set on the same day as collected, and incubated for
@
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five days. Chemical oxygen demand was determined by the dichromate/sul-
furic acid digestion method. The oxidant was 0.025 N dichromate,
providing an effective detection limit of approximately 5 mg/l.
Consumption of the oxidant was measured spectrophotometrically. Total
organic carbon was determined using an Oceanography Internmational

total carbon system. With this system, an aliquot of acidified sample
is sealed in a 10 ml ampule containing persulfate and digested over--
night in a pressure vessel at 175°C. The persulfate oxidizes the
organic carbon to coz. The ampules are broken and the 002 flushed
through an infrared detector interfaced with a digital integrator.

Nitrogen was measured in four forms in the aqueous phase. Nitrate-
nitrogen was reacted with brucine sulfate in acidic media to produce

a colored complex which was measured spectrophotometrically. Nitrite-
nitrogen was similary determined, though in this case the colored

complex results from the diazo coupling of sulfanilic acid and naphthylamine
hydrochloride in the presence of nitrite and excess hydrogen ioms.

Reduced nitrogen forms were determined by the Kjeldahl method. This method
employs a mercury catalyzed sulfuric acid digestion followed by
distillation into boric acid and a potentiometric endpoint titrationm.
Ammonia concentrations were measured with a potentiometric-type gas
sensing probe. Determination of ammonia with this device is now an
accepted EPA procedureb . Evaluation of the ammonia probe by the

U.S. Environmental Protection Agency and by exhaustive tests in our own
laboratory reveals it to be equal in accuracy and precision to the
indophenol blue method commonly employed for low levels of ammonia.

Total phoaphorﬁs levels in the aqueous phase were determined on the

whole-water samples after a persulfate/sulfuric acid digestion. The
digestate was subjected to analysis using either the ascorbic acid or
vanadomolybdophosphoric acid technique outlined in the APHA water
analysis manual, depending on the phosphorus level.

Metal analysis of the aqueous phase was accomplished by atomic absorption
spectrophotometzy. Total concentrations of the metals cadmium, chromium,
iron, lead, manganese, and mercury were determined in the acidified water
samples. Calcium and magnesium where determined on filtered water samples.

High temperature flameless AAS was cmployed for all metals except calcium,
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9
iron, magnesium, and mercury . Mercury was analyzed using the cold

vapor atomic absorption technique developed by Hatch and Ottlo.

Calcium, iron and magnesium were analyzed using conventional air-acetylene
flame AAS = . Calcium and magnesium values so determined were used

to calculate hardness’ . The method of standard addition was utilized
whenever necessary to compensate for matrix effects on instrument
calibration. Sodium and potassium were determined by flame emission

spectrophotometry.

Munitions Compounds -

Analysis of AAP water samples for munitions compounds followed closely
the analytical methodology of the 1974 study 1. The benzene layer in
the water samples brought back from the field was removed and each
sample was re-extracted with two additional 50 ml aliquots of benzene.
The combined extract from each sample was dried with anhydrous sodium
sulfate and concentrated to approximately 5 ml by passing nitrogen over
the liquid surface while heating the extract on a water bath. The 5 ml
concentrate was administered to the top of a 1 cm by 7 cm high column
of fully activated silica gel (Davison grade 923). The colummn was wet
packed in benzene. Ome hundf;d milliliters of 20 percent (v/v)

ethyl ether in benzene was nséd to elute the components of interest.
Studies conducted last year indicated that under these conditionms,
compounds with base character less than or equal to aminodinitrotoluene
would be eluted in this cleanup. This includes such compounds as the
mononitrotoluenes, dinitrotoluenes, trinitrotoluenes, mono-, di - and
trinitrobenzenes, tetranitroazoxytoluenes, hydroxylaminodinitrotoluenes
and the two monoamino reduction products of TNT. It should be noted
here that the diamino transformation products, as well as other polyamines,
would not be recovered in this cleanup procedure.

The elutriate is collected and concentrated using the previously described
procedure to less than 5 ml. At this point the concentrate is transferred
to a 5 ml vial and the extract. is taken to dryness. The s;mple extract

1s stored in this condition at -20°C until analysis by vapor phase

chromatography (VPC). At such time, the extract is taken up in a predetermined
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volume of benzene and an aliquot of this concentrate is administered to the

gas chromatograph.

The VPC system used for this study is somewhat different than that used in
19741. Several researchers have reported that 1, 3, 5 trinitrobenzene is
an important photolysis product of 2, 4, 6- TNTll_lz. As a consequence,

it was deemd important to be able to differentiate 2, 4, 6 - TNT from 1, 3,
5- TNB in the enviromment. In investigating the applicability of the
existing extraction/cleanup method for TNB analysis, it was learned that a
5 percent Dexsil 300 liquid phase could not chromatographically resolve, 2,
4, 6 - TNT from 1, 3, 5, - TNB, despite numerous manipulations of chroma-
tographic conditions. A 10 percent liquid loading of G.C. grade SE-30 was
found to resolve these two compounds and still provide adequate chromato-
graphic chracteristics for the other munitions-related compounds of interest.
The chromatographic system employed for these analyses is detailed in
Figure 4. The resolutuion capability of this VPC system is shown in Figure
5. Chromatograms of representative water and sediment extracts appear in

Figures 6 and 7, respectively.

A recovery study performed on the extraction/cleanup/VPC analysis system
described above confirmed that the method is essentially quantitative

for 2, 6 - dinitrotoluene, 2, 4 - dinitrotoluene, 1, 3, 5 - trinitro-
benzene, 2, 4, 6 - trinitrotoluene and 4 - hydroxylamino - 2, 6 - dinitro-

toluene, with recovery efficiencies ranging from 95 to 100 percent.

At the JAAP, where large volumes of ''red water' are subjected to sunlight.
another photolysis product was considered worthy of study. Sitzimann

and Kaplan have reported that 2, 4, 6 - trinitrobenzaldehyde is produced
in reasonable yields during the photolysis of aqueous solutions of 2, 4,

6 - trinitrotoluenelz. However, this compound is quite reactive and
probably does not exist long in sedimentary enviromments. Consequently,

only water samples from Joliet AAP were analyzed for this compound.

In attempting the analysis of this transformation product, it was found

that it could not be successfully chromatographed in the vapor phase on

22




FIGURE 4. ANALYTICAL SYSTEM FOR 'VAPOR PHASE CHROMATOGRAPHY
USING SE—-30 COLUMN

INSTRUMENT VARIAN 1860
iy £ES INJECTION ON COLUMN

SAMPLE SIZE _ 4 ul

COLUMN
LENGTH . 100cm
0.D. 3Jmm
COATING G.C. SE—-30
LOADING 10% (ve/w)
SUPPORT HP CHROMOSORB W AW-DMCS
(MESH 80/100 -

- CARRIER GAS NITROGEN (LINDE UHP)

FLOW 40 ml per minute

DETECTOR . HYDROGEN FLAME IONIZATION

TEMPERATURE CONDITIONS

INJECTOR COLUMN DETECTOR
lsolho.mul Linear temperature program- lsothc:mol |
245 C Isothermal postprogram 260°C
250°C
15%min
115 °C ' .
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a 10 percent SE-30 column. However, a liquid loadiug of 5 percent

Dexsil on HPCW was found to be satisfactory for the quantitative analysis
of this compound and consequently extracts from aqueous samples taken

at JAAP were each analyzed by vapor phase chromatography on both columms.
A description of conditions used with the Dexsil column appears in

Figure 8 . The resolution capabilities of this system are represented

in Figure 9 .

It should be noted here that although cyclotrimethylene trinitroamine
(RDX) and, to a lesser extent, cyclotetramethylene tetranitramine (HMX)
are processed at the IAAP as co-explosives with alpha TNT in mixtures

such as Composition B and Octol, only 5 mg of each compound was available
from the Army for use in analytical method development and as quantitative
standards for sample analysis. Such quantities were insufficient even

for adequate method development and verification so RDX and HMX were
deleted from the list of organic compounds under study during the

current project.

Sediment Phase

Sampling of the sediment phase at the AAP has been described in an eariler
section of this report. The samples were thoroughly frozem when received
from the field and were stored in this condition until processing commenced.
Freezing sediment material often disrupts the mineral morphology, but it
was felt that the analyses to be performed on these samples would not
be adversely affected and the low temperature preservation would
minimize the decomposition of any munitions-related compounds present.
The following parameters were determined on the sediment samples:

Total Solids Cadmium

Total Volatile Solids Chromium

Chemical Oxygen Demand Iron

Hexane Extractables Lead

Kjeldahl Nitrogen Manganese

Nitrate+Nitrite Nitrogen

Mercury Total Phosphorus

Munitions Compounds

23
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FIGURE 3. ANALYTICAL SYSTEM FOR VAPOR PHASE CHROMATOGRAPHY
L USING DEXSIL 300 COLUMN

INSTRUMENT VARIAN 1860
INJECTION ON COLUMN
]
] SAMPLE SIZE qul
COLUMN
LENGTH . 180 cm
0.0. Jmm '
] COATING . DEXSIL 300
LOADING $% (w/w)
SUPPORT ; HP CHROMOSORB W AW-DMCS
MESH 80/100
CARRIER GAS NITROGEN (LINDE UHP)
FLOW $0 ml per minute

DETECTOR MYDROGEN FLAME I[ONIZATION

TEMPERATURE CONDITIONS

INJECTOR COLUMN DETECTOR
isothermal Linear temperature program- isothermal
250°C 255°C
isothermal postprogram
250°C
15%min
115 °C : .
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General Sediment Parameters -

The sediment samples were thawed for processing and extruded from the
polycarbonate core liners. Physical descriptions were made immediately
and the core samples were sectioned according to depth from the
water/sediment interface. For the present study, the upper 10 cm section
was isolated, weighed and dried to constant weight at 50°C. Where cores
were of sufficient depth, additional 10 cm sections were also isolated and
processed. After dry weights were recorded, all sediment samples were
ground with a mortar and pestle and sieved through a 20 mesh screen
(particles less than 841 micrometers). The weight fraction retained by
the sieve was recorded and this fraction was excluded from the chemical
analyses. Methods of chemical analysis for sediment characterization
were taken primarily from the EPA reference '"Chemistry Laboratory Manual:

Bottom Sediments"13. A brief description of the procedures employed
follows.

The analysis of carbonaceous material in the sediments included the
determination of COD using the potassium dichromate-sulfuric acid

digestion method. Volatile solids were determined by ashing the samples

at 575°C for four hours. Hexane extractable materials were also determined
in the dried sediment. Hexane served as the solvent in a four hour

soxhlet extraction. The solvent was evaporated from the final extract

and the residue was measured gravimetrically.

Reduced nitrogen forms in the sediment phase were determined by the
Kjeldahl digestion/distillation/titration technique. Nitrate was
analyzed as an indicator of oxidized nitrogen forms. In this analysis
the nitrate was leached from the sediment by refluxing in dilute acid
media. Since nitrite is converted to nitrate during the acid reflux,
the results of this test actually indicate nitrate plus nitrite nitrogen.
The leachate was then filtered and reacted with brucine sulfate under
the controlled temperature conditions of the brucine method. The re-
sultant colored complex was related spectrophotometrically to known
standards. The third major biological nutrient, phosphorus, was
measured in the sediments with the vanadomolydophosphoric acid test
after the samples had undergone a persulfate/sulfuric acid digestion




N

~

Sediment samples for metal analysis, with the exception of mercury, were
prepared by dry ashing at 575°C for four hours, acid leaching the
residue with a nitric acid/hydrogen peroxide solution, and removing

the undissolved residue by filtration. The filtrate was analyzed for
cadmium, chromium, iron, lead, and manganese using conventional air-

acetylene flame atomic absorption spectrophotometry 13,35

Mercury
analysis was performed on samples prepared by wet digestion 15. The
finely divided samples were allowed to react overnight with fuming
nitric acid and potassium dichromate. After digestion was complete,
the excess dichromate was reduced with hydroxylamine hydrochloride.
Reduction of the mercury with stannous chloride was followed by
detection of the resulting elemental mercury using the cold vapor

atomic absorption methodlo.

Redox conditions in selected IAAP and JAAP core samples were measured
with a platinum wire electrode and a micro glass membrane/calomel
reference combination pH electrode. Both electrodes were pressed into
the cores at predetermined depths and allow to equilibrate for ten
minutes or until no further drift was observed, whichever came first.

A 0.0033 M solution of potassium ferrocyanide and potassium ferricyanide
was used to calibrate the redox cell. This is essentially the system
used by Zobelll®,

Munitions Compounds -

Sediment samples were air dried at 50°¢ specifically to retard thermal
degradation of munitions-related compounds. Twenty grams of the ground
and sieved sediment samples were extracted with benzene in a Soxhlet
extractor for four hours, after which the extract was concentrated and
cleaned up according to the method outlined in the aqueous phase section.
Analysis of the extract by vapor phase chromatography was also
essentially the same as for the water samples, though the solvent
make-up volumes and the amount introduced into the gas chromatograph
were adjusted to compensate for the greater amount of matrix material
(primarily oils) found in the sadiment extracts. Spiked samples were used

to verify quantitative recovery (95-100%) of the compounds of interest.
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» RESULTS AND DISCUSSION - IAAP

Aqueous Phase

General Water Quality -

Mean values for general water quality parametezs for each survey period

are presented in Tables 2 and 3 . These concentrations represent
' average values of the five samples gathered during a survey period.

¢ Where levels are below the analytical detection limit in all five

.

3 daily samples, the mean value appears as a '"less than" number in the
tables. Where one or more of the daily samples had detectable
concentrations, the "less than'" values were averaged as if the