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LIST OF ABBREVIATIONS

In order to conserve space and improve readability, the following abbreviations

have been used in this report:

A area

ACS automatic composite sampler

BNA base/neutral acid extraction

L BOD 5  5-day biochemical oxygen demand

cm centimeter

CLS closed-loop stripping
0°C degrees centigrade

D.C. District of Columbia

DEM Dynamic Estuary Model

D.L detection limit

D.T. detention time

' ECD electron capture detector

. EEWTP Estuary Experimental Water Treatment Plant

EPA Environmental Protection Agency

ERL Environmental Research Laboratory

eV electron volt

FID flame ionization detector

ft feet

g grams

G mixing energy

GAC granular activated carbon

GC gas chromatograph

, gpd gallons per day

gpm gallons per minute

HERL Health Effects Research Lab

hp horsepower

HP Hewlett Packard

HPLC high performance liquid chromatography

HSDM Homogenous Surface Diffusion Model

IC Ion Chromatograph
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List of Abbreviations

ICAP inductively coupled argon plasma

ID inside diameter

JAWWA Journal of the American Water Works Association

JMM James M. Montgomery, Consulting Engineers, Inc.

JWPCF Journal of the Water Pollution Control Federation

KV kilovolts

M moles/liter

MBAS Methylene-Blue Active Substances

I= Dmicrometers

ug/L microgram/liter

microliters

janho micromho

MDC minimal detectable concentration

MDL minimum detection limit

MF membrane filter

MFL million fibers per liter

MOD million gallons per day

mg/L milligram/liter

MINC Modular Instrument Computer

mm millimeter

mM millimole/liter

MP Malcolm Pirnie, Inc.

MPN most probable number

• MS mass spectrometer

1 mw molecular weight

MWA Metropolitan Washington Area

N normal concentration

NAS/NAE National Academy of Science/National Academy of Engineers

nm nanometer
NRC National Research Council

NTU nephelometric turbidity unit

ODCS Operator Data Collection System

P/A precision/accuracy

PDF probability density function

PM preventive maintenance
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List of Abbreviations

ppb parts per billion

ppm parts per million

psi pounds per square inch

Q volumetric flow

QA quality assurance

QC quality control

rpm revolutions per minute

RWQTP Routine Water Quality Testing Program

sec seconds

SIMS Sample Information and Management System

SOCs synthetic organic chemicals

SPC standard plate count

TAC technical advisory committee

TDS total dissolved solids

THM trihalomethanes

TTHM total trihalomethanes

TOC total organic carbon

TON total organic nitrogen

TOX total organic halide

TPPAM Testing Program for Process Adjustment and Modification

TSS total suspended solids

UV ultra violet (light)

VAX Virtual Access Extension

VOA volatile organic analyses

wt weight

WQ water quality

yr year
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SECTION 1

SPECIALIZED ANALYSES PROTOCOLS

PARTICLE SIZE DISTRIBUTION ANALYSIS

DEFINITION

The IAC PA-720 Automatic Particle Size Analysis System utilizes light
blockage to determine particle size distribution. The instrument consists of a
sample introduction apparatus, a 2 to 90 )in sensor and a volumetric cylinder.
The sample introduction device is a pressurized chamber which uses air to force
the liquid through the sensor at a predetermined rate. Particles in suspension
flow past a window of known area. A collimated light beam passes through the
sample at right angles to the direction of the flow, then through the window to
the photocell detector. Whenever a particle goes through the light beam, a
portion of the light is blocked, producing a shadow generating a drop in voltage.
The extent of the voltage drop correlates to the particle size. Standardizing of
the sensor is done with spherical latex beads of a known size distribution. Each
voltage drop corresponding to a particle of equivalent circular cross-sectional
area is summed in one of 24 channels, the last one for oversized particles
between 90 to 120 un. The microprocessor computes the size distribution
parameters such as average particle count, corrected particle count, standard
deviation and calculates the cumulative size distribution of the population.

INSTRUMENTATION

The HIAC PA-7Z0 Automatic Particle Size Analysis System includes the PA-7Z0
module, a teleprinter and an automatic bottle sampler.

ANALYSIS

Background and Dilution water

Before sample collection, the background water for dilutions should be analyzed
and PA dilution bottles set-up.

1. Samples collected from sites before the dual media, filter effluent should
be diluted. The dilution factor to be used is 51 or 2 mls of sample per 100
mls of background water.

2. Mili-Q treated water is used for the background water sample. The water
shall be treated to a quality of 10 Mohm-cm or better.

A-I-1
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Specialized Analyses Protocols

Whenever Milli-Q is being used, this procedure is to be followed:

3. Rinse the PA bottles with Milli-Q water making sure the mouth of the
bottle is thoroughly rinsed and is not touched once rinsed.

4. Rinse the volumetric flask with Milli-Q water and be sure not to handle
the mouth of the flask.

5. Fill the flask up to the 100 ml mark and pour into a PA bottle which has
been rinsed for dilution. Place a piece of parafilm over the mouth of each
bottle. Repeat for all the PA dilution bottles.

6. Fill the rinsed PA bottle for background with the Milli-Q and also cover
with parafilm

7. Run three analyses of the background sample and print the data. Push the
ESC button and type STORE to save the data for use as background.

Sample Collection Technique

1. Samples should be collected immediately before they are anlayzed.

2. Rinse wide-mouth bottle with sample water making sure the lip is
thoroughly rinsed. Do not touch the mouth of the bottle once it has been
rinsed.

3. Grab a sample with the side-mouth bottle and rinse out the PA bottle
thoroughly. Rinse the lip last and do not touch the mouth area
afterwards.

4. Grab a sample with the wide mouth bottle and pour into the PA bottle.
Cover the mouth of the bottle with parafilm and be sure you only touch
the sides of the bottle.

5. Repeat steps 2 through 4 until all samples are collected.

Dilution Preparation

1. The diluted samples should be analyzed first.

2. While being analyzed, the diluted samples should be stirred on a setting
of 5. Before analyzing, let the sample stir for approximately one minute.

3. Analyze three times, if possible, then print out the results.

4. Suck air through the sensor between sample analyses to remove residue

from the previous sample.
a. Close analyzing module.
b. Flip AUTOMATIC-MANUAL switch to manual.
c. Turn lever on graduated collecting column down.
d. Allow to run about 30 seconds.

A-1-2



Specialized Analyses Protocols

5 . Repeat steps 2, 4, 5 and 6 until all diluted samples have been analyzed.
When transferring the stirring bead, use the tweezers as much as possible.
Remember to rinse both bead and tweezer with Milli-Q between samples.

6. The undiluted samples are to be analyzed last.

*

a.°
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ASBESTOS PROCEDURE

SUMMARY OF THE METHOD

For the analysis of asbestos in water, the off-site laboratory used he methods
described in "Interim Method for Determining Asbestos in Water," (EPA-600/4-
80-005). A variable, known volume of water sample was filtered through a 0.1
In Nuclepore filter to trap asbestos fibers and the filter was then carbon
coated. A small portion of the carbon coated filter, with deposited fibers, was
placed on an electron microscope grid and the filter material removed by gentle
dissolution in chloroform. The material remaining on the grid was examined
with a transmission electron microscope (TEM) at a magnification of 209000.
The number of asbestos fibers in twenty grid squares were counted. The
asbestos fibers were identified by their morphology and electron diffraction
patterns and the length and width of each fiber was measured. The concentra-
tion in MFL (million fibers per liter) was calculated from the number of fibers
counted, the amount of water filtered, the effective filtration area and the
area counted under the TEM. The mass per liter was calculated from the
assumed density and the volume of the fibers.

The detection limits were variable and depended upon the variables sited in the
preceeding paragraph as well as the amount of total extraneous particulate
matter in the sample and the contamination level in the laboratory
environment. Under favorable circumstances, 0.1 MFL and total mass of 0.1
ng/L could be detected.

SAMPLING METHODS
The sampling container was a clean, 1 liter, screw-capped polyethylene bottle.
Bottles were filled to within two inches of the top to allow for shaking the

sample.

No preservatives were added during sampling. The sample was filtered at the
off-site laboratory within 48 hours of its arrival.

PROCEDURE

Prior to filtration, the sample was sonicated in an ultrasonic water bath and

then shaken. A suitable aliquot ranging from I to 100 ml was filtered by vacuum
pressure through a 47 mm, 0.1 um pore size Nuclepore filter backed by a 0.45 Jm
mixed cellulose acetate and cellulose nitrate membrane filter. If the filter
contained large amounts of organic material, it was ashed in a low temperature
plasma asher to remove the organic material. After ashing, the sample was
refiltered to deposit the ashed material onto a 0.1 un filter.

After filtration, the filter was removed and placed in a covered petri dish for
drying. After the filter had dried, several rectangular strips (15 X 3 mm) were

• ,cut from the membrane and fixed on a glass slide for carbon coating. The glass
slide was placed in a vacuum evaporator and a 30 to 50 nm layer of carbon was
deposited on the filter section. The carbon was evaporated in short bursts to
prevent overheating the surface of the filter. Three portions (approximately
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Zmm 2 ) were cut from the carbon coated filter, placed on separate copper
specimen grids supported on copper screening, and placed in a modified Jaffe
washer. Chloroform was added to the washer, and the grids were left to sit in
the washer for 24 hours. After Z4 hours of chloroform treatment, the
Nuclepore filter material dissolved, leaving the deposited fibers on the speci-
men grid. The grids were removed from the washer and placed on a spot plate
to evaporate any residual chloroform.

COUNTING AND IDENTIFYING ASBESTOS FIBERS

The grids were examined using a Zeiss EM-10 transmission electron microscope.
The microscope was capable of operating between Z0 and 100 kV with a
magnification up to 200,000, and of carrying out selected area electron
diffraction on an area of approximately 0.3 iMx2 .

The grids were examined at low magnification to see that the fibers were
uniformly distributed, and that the proper amount of material was deposited on
the filter. If the distribution was satisfactory, twenty grid squares from two
grids were examined at 20,000 magnification. Identification of asbestos fibers
was confirmed by their characteristic morphology and electron diffraction
pattern. After counting the fibers present in twenty grid squares, the fiber
concentration was calculated using the following formula:

C = x Af)(Ag x V) x 1000(Ag x Vo )

where:

C = Concentration of Fibers (MFL)

= Average Number of Fibers per Grid Opening
Af = Effective Filtration Area of Filter Paper (mm2 )
Ag = Average Area of One Grid Square (rmz)

Vo = Original Volume of Sample Filtered (ml)

.--
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BROMIDE BY ION CHROMATOGRAPHY

INTRODUCTION

In many water systems it may be desirable to determine the concentrations of
%' i all or some of the common anions (F, CL, NO 2 , P0 4 , BR, NO 3 , SO 4 ) in order to

assess the need for specific treatment (e.g., fluoridation nitrate removal, TDS
removal) or to generally characterize the water.

To efficiently apply traditional methods of analysis for quantification of
individual anions (e.g., colorimetric, electrometric, or titrimetric methods) it is
helpful to have prior knowledge of sample constituents. Since Ion Chromato-
graphy (IC) is a powerful qualitative and quantitative technique, it is useful in
screening a wide variety of water types in which the relative concentrations of
anions are unknown. IC eliminates the use of hazardous reagents such as
brucine or cadmium used for nitrate testing and readily distinguishes between
halides (F, Cl, Br) and oxide forms (S0 3 /SO 4 and N0 2 /N0 3 ).

-.. This method is an adaptation of the general IC method proposed for inclusion in
"* Standard Methods for the Examination of Water and Wastewater.

GENERAL DISCUSSION

1. Principle: A water sample containing various anions (F, Cl, NO 3 , SO 4 ,
etc.) is injected into a stream of carbonate/bicarbonate eluent and passed

l ' through a series of ion exchangers. The anions of interest are separated
based on their relative affinities for a low capacity strongly basic anion
exchanger (guard and separator column). The separated anions are
directed onto a strongly acidic cation exchanger (suppressor column)
where the anions of interest are converted to their highly conductive acid
form (e.g., HF, HCI, HNO 3 , H2 S0 4 ) and the carbonate/bicarbonate eluent
is converted to carbonic acid, a low conductive species. The separated
anions in their acid form are measured by conductivity. Anions are
identified based on their retention times compared to known standards.
Quantitation is based on measurement of peak area or peak height.

2. Interference: Any substance present in a water sample with a retention
time which coincides with that of the ions of interest is a potential
interference. Examples are the presence of large amounts of small
organic acids interfering with chloride or fluoride determination or the
presence of large amounts of one ion interfering with the resolution of
another one (for instance NO 3 interfering with Br or SO 4 interfering with
NO 3 ). Other sources of interference are the effect of one constituent on
the response factor of another. Many of these interferences can be
overcome by sample dilution. If there are any questions about the
identification and quantitation of a peak the sample should be quantitated
by the method of known addition. In addition any contaminants present in
the reagent water, glassware, or sample processing apparatus (e.g.,
syringe) can provide spurious peaks. Due to the small volume of sample
required for ion chromatography, contamination must be scrupulously
avoided.

A-1-6
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3. Minimal detectable concentration: The minimal detectable concentration
"* (MDC) for a given aninn is a function of the sample size chosen and the

conductivity scale used. In general MDC's are in the range of 0.05 mg/L
for F, and 0.1 mg/L for Cl, NO 2 , O-PO4 , Br, NO 3 , and SO 4 using a 100 1
sample loop and a 31znho fullscale setting on lie conductivity detector.
Similar values may be achieved by using a higher scale setting and an
electronic integrator.

To optimize the method for Br, a 300 iil sample loop and a 0.3 lznho
fullscale setting on the conductivity detector were used.

APPARATUS

1. Ion chromatograph capable of delivering 2 to 5 ml of eluent per minute at
a pressure of Z00 to 1000 psi. (Note 1) The IC shall be equipped with an
injection valve, a sample loop; (Note 2) guard column, and separator and
suppressor columns. In addition it shall be equipped with a temperature
compensated small volume conductivity cell (6 1 volume or less), and a
strip chart recorder capable of full scale response of 2 sec or less. An
electronic peak integrator is optional.

2. Anion separator columns-low capacity pellicular anion exchange resin that
is styrene divinylbenzene-based and is capable of resolving F, Cl, NO 2 ,
P0 4 , Br, NO 3 , and SO 4 . 4x 250 mm, DIONEX P/N 030827 (normal run) or
DIONEX P/N 030831 (fast run) or equivalent.

-.4I. 3. Anion guard column-same as separator but shorter column to protect the
. separator column from being fouled by particulates or certain organic

constituents. 4 x 50 mm, DIONEX P/N 030825 (normal run) or DIONEX

P/N 030830 (fast run) or equivalent.

4. Anion suppressor column-high capacity cation exchange resin capable of
converting eluent and separated anions to their acid forms. DIONEX P/N
030828 (requires regeneration) or DIONEX P/N 35350 (fiber suppressor-
continuously regenerated) or equivalent.

REAGENTS

1. Reagent water: deionized or distilled water in which an interferent is not
observed at the method detection limit of each parameter of interest.

.." 2. Eluent solution: Standard, 0.003 M NaHCO 3 , 0.0024 M NaZCO3. Dissolve
1.008 g NaHCO 3 and 1.017 6 g NaZCO 3 in reagent water and dilute to 4
liters.

3. Regenerant Solution 1. 1N H 2 S0 4 : Cautiously add 111 mls concentrated
HZS0 4 (36 N) to approximately 600 ml of reagent water. Cool and dilute
to 4 L with reagent water. This solution is required when the suppressor
used is not a continuously regenerated type.

% 
.
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% 4. Regenerant Solution Z. 0.025N HZS0 4 : Dilute 2.8 ml concentrated
HZS0 4 to 4 L with reagent water. Alternatively dilute 100 mls Regener-
ant Solution 1 to 4 L with reagent water. This solution is required for

%' continuous regeneration of fiber suppressor when that system is used.

5. Stock standard solutions-1000 mg/L. Dry all standard material except
NaNO Z to a constant weight at 1050C and cool before weighing.

Parameter Standard Material
". Chloride (Cl) NaCi 1.6485 g/L

Fluoride (F) NaF 2.2100 g/L
Bromide (Br) NaBr 1.2876 g/L
Nitrate (NO 3 ) NaNO 3 1.3707 g/L

* Nitrite (NO 2 ) NaNO2  1.4998 g/L (dessicate to constant wt)
Phosphate (P0 4 ) KHzPO4 1.4330 g/L
Sulfate (SO 4 ) KzS04 1.8141 g/L

To prepare these individual standards dilute each of the weighed standard
materials to 1L using reagent water. Store in plastic bottles.

6. Combined working Standard Solution 1. (high range). 10 mg/L F, 10 mg/L
Cl, 10 mg/L NOZ, 1 mg/L Br, 10 mg/L NO 3 , 10 mg/L P0 4 , 100 mg/L SO 4 .

Prepare by diluting 10.00 ml each of the 1000 mg/L stock standards for
Cl, F, NO?, NO 3 , and P0 4 , 1.00 ml of the 1000 mg/L stock Br standard

and 100 ml of the 1000 mg/L stock SO 4 standard to 1000 ml with reagent
water. Store in a plastic bottle protected from light.

7. Combined working Standard Solution 2. (low range) 1 mg/L F, lmg/L Cl, 1
mg/L NOz, 0.1 mg/L Br, 1 mg/L N03, 1 mg/L P0 4 , 10 mg/L SO 4 .

Prepare by diluting 100 ml of combined working Standard Solution 1 to

1000 ml with reagent water. Store in a plastic bottle protected from
.light.

8. Alternate combined working standard solutions.

'*t Prepare by diluting appropriate quantities of the stock standards with

reagent water. These standards should be representative of the concen-
tration levels anticipated in the samples. They may be either higher or
lower in range than those suggested here.

Note: Concentrated stock solutions are stable for at least one month if
kept refrigerated. Working standard solutions should be prepared fresh
daily if NO2 or PO, are to be determined. If these components are not

.I" . part of the combined standards, working standards are stable for a month.

PROCEDURE

1. System equilibration: The IC is turned on and the eluent flow rate
adjusted to produce the desired peak separation. For older instrumenta-

.o4
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tion (DIONEX models 10-16) the required flow rate is approximately 2.3
mls/min (pressure 400-500 psi). The detector is adjusted to the desired
setting (typically 10 ijnho) and the system allowed to equilibrate (15-20
minutes usually suffices). The system is equilibrated when the baseline
stabilizes. The detector offset is then adjusted to zero out the conductiv-
ity of the eluent. (Note 3)

2. Determination of retention times and calibration: Approximate retention
times can be determined and recorded by injecting standards containing
only the element of interest or by injecting the combined standard and
determining the individual retention times. Actual retention times will
vary as a function of the separator column used, concentration of the
individual ion, temperature, and eluent flow rate. However retention will
always be in the order F, Cl, NO 2 , P0 4 , Br, NO 3 , S04 when the standard
eluent and anion separator column is used.

Initial calibration is performed by injecting a minimum of three (3)
different concentration standards made from various dilutions of the
working standards. A calibration curve is constructed by plotting peak
height or peak area versus concentration on linear graph paper. Any time
the detector setting is changed standards must be injected at that setting
unless it has been previously verified that linearity extends through
several settings (Note 4, 5).

Once linearity has been demonstrated for a given detector setting,
calibration can be performed using only one standard injection for a given
detector setting. The peak height (or area) and retention time for a given
concentration standard is recorded to allow calculation of a calibration
factor (F).

3. Injection of samples: Prior to injection any sample containing particu-
lates >0.2 in must be filtered to avoid deposition of particulates which
eventually restrict eluent flow. A sample or standard is injected into the
ion chromatograph using a prewashed small syringe (1-10 mls) equipped
with a male luer fitting. Enough sample is injected to flush the sample

- loop several times (for a 0.3 ml sample loop at least one (1) ml is
*, injected).

The IC is then switched from the load to inject mode and the peak heights
and retention times recorded on a strip chart recorder. When the last
peak (S04) has appeared and the conductivity signal has returned to
baseline, a new sample can be injected by repeating the process.

If the measured peak height or peak area exceeds the calibrated range of
the system, dilute the sample with an appropriate amount of reagent
water (or eluent) and reanalyze.

4. Regeneration (for systems not equipped with fiber suppressor): When the
suppressor column becomes partially exhausted (indicated by conductivity
increase to stable value of over 300 Minho), regenerate with IN H2S04 in
accordance with manufacturer's instructions.

,%%
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CALCULATIONS

Prepare calibration curves for each anion of interest by plotting peak area or
peak height units of standards against concentration values. Compute sample
concentration by comparing sample peak height or area with the standard
curve. Alternatively, when response is shown to be linear it is possible to
e mpute concentrations using the equation:

C=HxFxD

where C = concentration in mg/L for an individual anion
H = peak height or area
F = response factor, calculated as concentration of

standard/height (or area) of standard
D = dilution factor for samples requiring dilution

PRECISION AND ACCURACY

In a single laboratory 6 natural water samples containing low levels of Br (.0Z7
to 1 mg/L) were analyzed by this method. Average precision (7 replicates each)
was 3.2 percent and the average recovery for spikes was 96 percent. The
calculated detection limit (3 sigma error) was .003 mg/L.

NOTES

1. The Dionex Model was used in this project.
2. Loop size can be varied with varying sensitivity. Precision and accuracy

data shown here are based on a 300Vl loop. Greater sensitivity can be
acheived with larger loops and a wider dynamic range acheived with
smaller loops. The only precaution to observe in this respect is not to
exceed the capacity of the separator column.

3. With the fiber suppressor the regeneration flow rate should be adjusted to
maintain a stable baseline (typically 2.5 to 3 ml/min).

4. With a system requiring suppressor regeneration, NO 2 interaction with the
suppressor can produce slight errors in NO 2 determination. This deter-
mination should only be performed when the suppressor is at the same
stage of exhaustion as when the standard is injected. Otherwise NO Z
signals will gradually increase through the course of a run. In that case
the system should be restandardized frequently throughout a days run.

.1 Such an interaction is not observed with systems using a fiber suppressor.
' 5. With a system requiring suppressor regeneration the water dip may shift

slightly during exhaustion of the suppressor. When a fast run column is
being used this may result in a slight interference with the Cl or F peaks
at low concentrations. If the water dip interferes, the estimated sample
concentration must be bracketed by analyzing standards at a similar
concentration. To compensate for this potential interference it is
possible to eliminate the water dip by either a) diluting the sample with
eluent if sample dilution is required before analysis or b) adding an
equivalent of 1.0 ml of a prepared eluent concentrate (solution that is 100
times more concentrated than the eluent used for analysis) per 100 ml of
sample. When the sample is prepared in this manner it is important to

A-1-1O
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• '.. prepare standard solutions and blanks the same way to compensate for anyj ""ionic impurities present in the eluent. 1

II
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QUANTITATION OF SALMONELLA SP. IN WATER

ENRICHMENT

Dulcitol-selenite broth was prepared and distributed into sterile bottles on the
day of analysis. Each bottle contained 50 ml of medium and either 10 ml raw
water or 1,000 ml of finished water (filtered through a 0.45 Min Gelman GN-6
filter). After filtration the filter was aseptically removed and transferred to a
bottle containing enrichment medium. Ten ml samples were directly inoculated
into the enrichment medium. Five replicates were filtered for each sample.
The bottles were incubated for three days at 35 0 C. At 24-hour intervals, they
were examined for turibdity and an orange-red color due to the reduction of
selenite. The positive broth cultures were streaked onto selective solid media
for confirmation and isolation.

ISOLATION

The solid medium used for isolating Salmonella sp. from the enrichment broth
cultures was xylose lysine desoxycholate (XLD) agar. Salmonella and Arizona
organisms produce black-centered red colonies on this medium, whereas many
coliform bacteria, such as Enterobacter and Proteus produce yellow colonies.
Colonies typical of Salmonella sp. were purified by restreaking onto XLD
plates.

PRIMARY BIOCHEMICAL SCREENING

Three types of primary identification media were utilized for Salmonella
isolates. These were triple sugar iron (TSI) agar, urea agar (Christensen) and
lysine iron agar (LIA).

TSI slants were inoculated by stabbing the butt and streaking the slant. The
tubes were incubated at 35 0 C for 10 to 24 hours. Typical reactions for
Salmonella are:

Slant Alkaline (red)
Butt Acid (yellow), gas, H2S

LIA slants were inoculated by stabbing the butt twice and streaking the slant.
The tubes were incubated for 24 to 48 hours at 35 0 C. Typical reactions for
Salmonella are:

Slant alkaline (blue-purple)
Butt alkaline (blue-purple), HZS + (-)

Urea agar was inoculated by heavily streaking the slant. The tubes were
incubated for 18 to 24 hours at 350C. Cultures of Salmonella are urease
negative (yellow) whereas Proteus are urease positive (red).

A five tube MPN test was used to quantitate Salmonella. A positive tube was
one from which an isolate was identified as Salmonella after primary biochem-
ical screening.

A-I-lZ
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. .:j QUANTITATIVE DETERMINATION OF VIRUSES

VIRUS ADSORPTION

" The virus concentration method was based on an adsorption/elution procedure
described in the 14th edition of Standard Methods. Conditions were adjusted so
that viruses first adsorbed and then were eluted from a filter. This required

"* that the sample be adjusted to pH 3.5 and Al (III) added to obtain a final
concentraion 0.005 M (influents) or 0.0005 M (effluents). These chemical

,.. . additions are presumed to alter the viral charge to a positive one, causing it to
adsorb onto a negatively-charged filter surface (0.45 pn pore size).

ELUTION

The sorbed viruses were eluted twice with one liter of one percent beef
extract/0.4 percent glycine at pH 9.0. The filter was initially eluted in a co-
current manner to elute the bulk of the non-solids-associated viruses. After
collecting this eluate and readjusting the pH to 9.0 with sodium hydroxide, the
filter was re-eluted in a counter-current manner. This recovered the filtered
solids-associated virus. The concentrate was then transported off-site for
reconcentration.

RECONCENTRATION

The eluate was reduced in volume by an organic flocculation technique
developed by Katzenelson et al., (1976). The eluate was adjusted to pH 3.5,
which approaches the isoelectric point of many enteroviruses and proteins,
causing the proteins and viruses to coagulate and flocculate. After allowing the
coagulation and flocculation to occur for thirty minutes, the eluate was
centrifuged to pellet the proteins, solids, and viruses. The pellet was then
resuspended in approximately 30 ml of 0.15 M sodium phosphate buffer, pH 9.0.
The resulting solution was treated with antibiotics, incubated at 35 0 C for one
and one half hour and frozen at -20 0 C. The incubation was necessary to allow
the bacteria to grow and become susceptible to antibiotics. Bacteria and fungi
growing in the presence of antibiotics lose their cell wall integrity, thereby
allowing subsequent freezing at -20 0 C to kill the microorganisms. This reduced

% d the microbial interference during the virus assay procedure.

To prevent non-specific toxicity, each concentrate was thawed and treated with
an equal volume of chloroform. The mixture was shaken for fifteen minutes
and then centrifuged for fifteen minutes at 2000 rpm to separate the layers.
The supernatant was aspirated and aerated for 30 minutes with filtered NZ gas
to remove any residual chloroform. The concentrate was frozen at -70 0 C until
assayed.

A-1-13
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VIRUS ASSAY

The more sensitive procedure for virus isolation is viral infection of a cell
monolayer maintained under liquid medium. In this method a gradual and
progressive destruction of cells occurs due to the virus infection and is observed
and scored microscopically by the virologist. This is generally referred to as
the cytopathic effect method (CPE) which was used in this study.

Though this procedure has the advantage of simplicity, it seldom demonstrates
the presence of more than one type of virus in a given inoculum. These
phenomena can be explained by viral interactions within the liquid medium.
Infection and destruction of the cell population can significantly reduce
available cells for infection by another virus or the replication process of one
virus may be inhibited by another. If the inoculum contains few infective
viruses, interference problems are of little consequence, which is the usual case
when examining environmental samples.

An additional limitation is that the method normally is restricted to qualitative
determinations. A semi-quantitative method, a most probable number (MPN)
type sample titration, has been used to estimate virus concentrations (Chang, et
al., 1958). Despite these drawbacks, this method is reported to be more
sensitive than the plaque assay isolation procedure because many viruses which
produce CPE in liquid culture do not consistently plaque out.

The concentrates used for virus isolations were inoculated into liquid culture
flasks. Approximately one-half of the concentrate (2 to 5 ml) was assayed on
BGM and MA 104 cells. Many enteric viruses are capable of infecting at least
one of these cell lines. RD cells were used only during the first few months of
monitoring.

The bottles were incubated for ninety minutes at 35 0 C to allow for the viruses
to adsorb to the cells. An evenly dispersed inoculum was assured by rocking the
bottles every twenty minutes. The inoculum was poured off and the cell sheet
was rinsed with phosphate buffered saline. Maintenance medium was then
added to each flask. The bottles were periodically scored for CPE from two to
fourteen days postinoculation.

At the end of the incubation period, all bottles were blind passed. In this assay
system a blind passage was required as a quality assurance step to screen out
the possibilities of missing slow growing viruses and scoring non-viral CPE. A
blind pass consisted of transferring 0.5 ml of the liquid from each initial
isolation culture to a new tube containing cells of the same type to confirm the
initial isolation. The samples were filtered through a 0.22 1n filter to eliminate
bacterial and fungal contamination. If the CPE was caused by toxicity the blind
passage diluted the sample so that it no longer elicited a toxic response. If
there was a slow virus or very low number of viruses, the incubation period on
new cells permitted their detection and isolation. These tubes were incubated
at 35 0 C on a roller apparatus and scored from two to fourteen days postinocula-
tion for CPE.
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A second blind passage was made after the incubation period. A positive
- isolation was one which produced typical viral CPE in the second passage.

The sample results were calculated according to the formula below using the
CPE negative tubes from the second passage:

D = -1/V In (S/N)

where

D = Most Probable Number Cytopathic Effect Units (MPNCU)/ml con-
centrate

V = ml of sample concentrate inoculated per tube
S = the number of negative tubes
N = the number of tubes inoculated

The values obtained for D and the volume concentrated were used to back
calculate the MPNCU/gallon.

VIRUS IDENTIFICATION: NEUTRALIZATION BY CYTOPATHIC EFFECTS

Positive tubes were frozen at -700C until the isolates were identified. The Lim
Benyesh-Melnick cross-secting antisera were used to identify the virus isolates.
Both the plaque and liquid culture methods were used for the neutralization
tests. See the following document for a complete description of the analytical
procedure involved.

'-1
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April 1972~~~~RESEARCH RESOURCES BRANCH .:..

NATIONAL INSTITUTE OF ALLERGY AND INFECTIOUS DISEASES
DEPARTMENT OF HEALTH. EDUCATION. AND WELFARE

PUBLIC HEALTH SERVICE
NATIONAL INSTITUTES OF HEALTH

Dll HIESDA, MARIYL.AND a0014

PROCEDURE FOR USING THE DRIED LIM BENYESH-MELNICK

POOLS FOR TYPING ENTEROVIRUSES

The Lim Benyesh-Melnick pools (A-H) consist of 42 equine antisera

(1-3) combined into 8 pools, each pool containing 10-11 antisera (4-6).

The pools have been designed in such a manner that a given antiserum

appears either in one pool, or in two pools or in three pools. Thus, an

unknown enterovirus may be identified by its neutralization by the pool

or pools containing its homotypic antiserum.

The eight pools prepared in 1971 under NIH sponsorship correctly

identify 37 enteroviruses; polioviruses 1-3; coxsackievirus A types 7, 9

and 16; coxsackievirus B types 1, 2 and 4-6; and echoviruses 1-7, 9, 13-21,

24-27 and 29-33.

5$* The identification table is attached.

Due to the inadvertent use in 1971 of certain antisera that had been

improperly labeled, identifications of coxsackievirus B-3 and echoviruses

11 and 12 require Special Tests. These are described under Interpretation

(paragraph 3a) and may be run simultaneously with the A-H pool tests, or

preferably later if so indicated from results of the A-H pool tests. Echo-

viruses 22 and 23 need be identified only as E22/E23 complex, for they form

a closely related subgroup. See Interpretation, paragraph 3b.sugou..neprttin

-. 1. Rehydration of serum pools. If dried serum pools (A-H) are supplied,

each vial should be rehydrated with 5 ml of sterile distilled water to make

the undiluted stock. For use in the test, each pool is further diluted 1:10,
.5."

employing helnick's medium B containing antibiotics as the diluent. After

dilution, 0.1 ml of the pool contains 50 antibody units uf each antiserum

A-1-16
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* .,-,. 2. The procedure for performing the test is as follows:

Step 1. The 1:10 diluted pools (A-H) are distributed into test

tubes, 0.3 ml per tube, and the sera inactivated by heatirg at 56'C

for 30 minutes.

Step 2. To each tube is added 0.3 ml of a dilution of the unknown

virus containing from 103.0 + 0.5 TCD5 0 's per 0.1 ml. (Meinick's medium

B is the preferred diluent). The serum-virus mixtures are then incubated

at 37*C for 2 hours. A sample of the virus dilution used is similarly

incubated and subsequently titrated to determine the virus dose employed

in the test.

Step 3. Following incubation, two tissue culture tubes are inoculated

with each serum-virus mixture, 0.2 ml per tube. The challenge virus

dilution is inoculated into each of 4 tissue culture tubes, 0.1 ml per

tube, and subsequently titrated using 4 tubes per dilution.

The inoculated tubes are incubated at 37*C for a period of 7 days.

Step 4. Microscopic readings for cytopathic effect (CPE) are made

on the tissue culture tubes beginning on the second day of incubation.

- As soon as the virus control tubes show CPE to a degree of 3 to 4+ (i.e.,

CPE involving 75% or more of the cultures), daily readings on the entire

test should be made.

Interpretation. The results of neutralization are checked against

the scheme for identity (see identification table). Often, a tentative

identification can be made on the 4th or 5th day, particularly in

instances where the dose of virus is high or the virus grows rapidly.

Slower-growing viruses may require the full 7 days of incubation. Com-

"' ' plete neutralization on the 7th day with a dose of virus between 10

and 103.5 constitutes a firm identity (see Protocol 1).

A-l-17



Specialized Analyses Protocols

There are some instances, however, in which there is complete

neutralization on the 4th or 5th days and evidence of a slow breakthrough

on the 6th or 7th days, probably due to small aggregates of the virus in

the virus culture (7) (see Protocol 2). This may occur especially with

field isolates of echoviruses 9, 17 and 27 tested by the pools made in

1971. In this situation, identification is considered adequate, although

in rare instances the investigator may deem it advisable to confirm the

identification by the use of type-specific antiserum.

Examples of both types of results are shown in the attached protocols.

a. Special Tests (2 ml vials of dried sera are provided for

identification of coxsackievirus B-3 and echoviruses 11 and 12). The 50

unit materials should be stored frozen between uses as well as any unused

portion of the rehydrated serum.

(i) Coxsackievirus B-3. CB-3 virus is not neutralized by

any of the A-H pools since specific antiserum does not appear

in the pools. If the field isolate is not neutralized by any

of the A-H pools, 103.0 TCDsO of the virus should be tested

against 50 units of CB-3 antiserum. The 2 ml vial should be

reconstituted in 2 ml of distilled water. An appropriate

quantity of the rehydrated serum should then be diluted 1:80

in Melnick's medium B to obtain 50 antibody units per 0.1 ml.

(ii) Echovirus 11. Echovirus 11 antiserum appears only in

pool E but unless large doses of Ell virus are employed, the

virus may be neutralized by the heterotypic antibody of pools

A and G, which is mainly associated with the E5 serum present

in these two pools, as well as in pool E. Therefore, if

neutralization by pools AEG occurs, special tests are required

A-1-18
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to determine whether the isolate is either Ell virus or E5

virus. 10 3.0 TCD50 of the virus should be tested against 50

units of Ell serum. The 2 ml vial should be reconstituted in

2 ml of distilled water. An appropriate quantity of the

rehydrated serum should then be diluted 1:40 in Melnick's

medium B to obtain 50 antibody units per 0.1 ml. If neutral-

ization occurs, the virus is Ell; if not, the virus is ES.

(iii) Echovirus 12. The specific E12 antiserum appears in

pools C and H; however, there is also a strong heterotypic

neutralization of E12 virus by pools A, E, and G and a weak

neutralization by pool F. Therefore, test results on a

isolate neutralized by C and H and any one or more of pools

A, E, F and G indicate the need for application of a special

test to identify the virus unequivocally as echovirus 12.

103.0 TCDO5 0 should be tested against 50 units of E12 serum.

The 2 ml vial should be reconstituted in 2 ml of distilled

water. An appropriate quantity of the rehydrated serum

should then be diluted 1:520 in Melnick's medium B to obtain

50 antibody units per 0.1 ml. Neutralization identifies the

virus as E12.

b. The Echovirus 22/23 Complex. Echovirus 22 antiserum appears

in pools E and H; echovirus 23 serum in pools G and H. Unless large

doses of virus are employed, the two viruses are not clearly

distinguished, but may be neutralized by E, G and H pools. Titration

: ~.. of the isolate against both E22 and E23 antisera is required for

positive identification of the subtype. Also heterotypic neutralization

_.2 A-l1-19
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of small doses of E22 virus may occur with pool B. However, this need -. *"

not confuse identification since none of the other enteroviruses can be

identified by this combination (BEl). The homologous antibody titer

assigned to the E22 equine serum is 1:13,200 per 0.1 ml; that of the

E23 serum is 1:16,000

The homologous antibody titer of C33 serum is 1:4000 per 0.1 ml;

that of Eli serum is 1:2000; and that of E12 serum is 1:26,000.

II
A--t
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' IDENTIFICATION TABLE

aPool Neutralization a Virus Identity Pool Neutralization Virus Identit,

A E15 D E25

AB CA7 D E E 13

AC CB1 DF E14

AD E33 DG E16

AE C134 DH P3

.'AF E7 DEH E32

AG E4 E Ell~

AN El EF E18

ACF E29 EG E17

- AEG E5 b EH E22 e,

BE21 F E27

BC E2 F G E20

SD C92 FHM8

BE P2 G E31
BF E19 GH E23-

BG (c) CA9 - H CA16

*1*4BH E3

- ~ BDF E26

BFH E9

C E24
CD E6

CE CB5

CF P1
d

CH E12-

CEG E 3

A- 1-21
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Footnotes for Identification Table:

a CB3 antiserum, because of labelling error, does not appear in any of the pools.

No neutralization of an enterovirus isolate by pools A-H strongly suggests that the

isolate may be CB3 virus. For identification of CB3, see Special Tests above.

b Pools AEG contain E5 antiserum, which may give a heterotypic neutralization

of Ell virus. To distinguish between E5 and Ell viruses, see Special Tests above.

SStrong neutralization by B and G pools and weak neutralization (or no neutral-

ization) by pool C identifies the virus as CA9. The C pool inadvertently, because of

a labelling error, contains 10 antibody units against CA9 virus.

- Heterotypic neutralization of E12 by pools A, E, F and G may occur. For

positive identification of E12, see Special Tests above.

. Neutralization by pools E, G and H indicates the isolate may be either E22

or E23 virus. See Special Tests conceming the E22/23 complex.

C.1
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.y PROTOCOL 1

~ IDENTIFICATION OF A FIELD STRAIN OF COXSACKIEVIRUS B5

The 10 dilution of virus was used in the test.

The virus was completely neutralized by pools C and E, the two pools con-

taining C135 antiserum.

Pools Observation for CPE *on day_____

_ _ _ _ 2 3 4 5 6 7

A 4,4

B 414

C * 0,0 0,0 0,0 0,0 0,0 0,0
D 4,

E 0,0 0,0 0,0 0,0 0,0 0,0

tF 4.4 1

G 4,r
H 4,4

Virus controls

10-1 4,44

10- 2,2,2,1 4,4,4,4

10 ~ 2,0,010 4,4,3,3 4,4,4,4

10 ~ 0,0,0,0 2,2,0,0 4,4,0,0 4,4,0,0 4,4,0,0 4,4,0,0

100,0,0,0 0,0,0,0 0,0,0,0 0,0,0,0 0,0,0,0 0,0,0,0

SFigures represent degree of CFE in each inoculated tube.

0 no CPE; 1 =1+ or 25", CPE; 2 =2+ or 50"/, CPE; etc.

A-1-23
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PROTOCOL 2

IDENTIFICATION OF A FIELD STRAIN OF ECHOVIRUS 14

The 10"'2.6 virus dilution was used in the test.

The virus was completely neutralized on day 5 by pools D and F which contained E14

antiserum, but breakthrough was noticed on days 6 and 7.

Pools Observation for CPE * on day

2 3 4 5 6 7
A 0,0 2,2 4,4

B 1,1 3,3 4,4

C 1,1 3,3 4,4

* D 0,0 0,0 0,0 0,0 0,0 1,1

E 1,1 3,3 4,4

F,0 0, 0 0,0 0,0 1,0 2,0

G 11 3,3 4,4
H"- 0,0 ;2,3 4,4

Controls

10-2.6 2,2,2,2 3,3,3,3 4,4,4,4

10-3.6 0,0,0,2 1,2,1,3 4,4,4,4

10-4.6 0,0,0,1 0,0,0,3 0,0,0,4 1,0,0,4 2,1,0,4 4,2,0,4

10 5 6  0,0,0,0 0,3,0,0 0,0,0,0 0,0,0,0 0,0,0,0 0,0,0,0

-'S-

Figures represent degree of CPE in each inoculated tube.
4.

0 = no CPE; 1 =1+ or 251/. CPE-: = 2+ or 50'/ CPE; etc.

.1 A-1-24
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t:.

MELNICK'S MEDIUM B

"Component Gram/Liter

NaCl 6.80
KCI 0.40

N aH2 PO4  H2 0 0.14

CaCl 2 (anhyd.) 0.20

MgSO 4  • 7H2 0 0.20
Glucose 1.00

Lactalbumin hydrolysate 5.00
Phenol red 0.01

NaHC0 3  2.20

Ref.: Melnick, J. L., Ann. N.Y. Acad. Sci., 61:755 (1955).

IA-1-4
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PARASITE ASSAY
1.

PARASITE SAMPLE COLLECTION

The off-site laboratory utilized a modified version of EPA's 1978 method for
detecting Giardia and other parasites in water. The EPA collection device
consisted of the following:

* inlet hose
0 plastic cartridge filter housing
0 orlon fiber filter wound on a polypropylene support (nominal porosity

of 5 n)
* effluent hose
0 water meter

SAMPLE PRESERVATION

Generally, 100 to 500 gallons were concentrated depending upon the purity of
the water. Flow rates of 11.4 L/min at line pressures of 15 to 70 psi were
maintained during sample collection. After sampling, each filter was placed in
polypropylene zip-lock bag and stored at 40C. A ten percent Formalin fixative
solution was added to the bag containing the filter. Preserved filters in the
bags were shipped to the off-site laboratory for analysis.

SAMPLE PROCESSING

The filter was aseptically removed from the zip-lock bag and placed into a tray.
A razor blade was used to cut an end strand from the filter such that the entire
filter could be unwound from the core. The resulting filter mat was kneaded in
250 ml distilled water until the fibers appeared clean. The fibers were
squeezed to remove as much water as possible, and the water was then
centrifuged for three minutes at 450 g. The resulting sample pellet was washed
three times by resuspending the pellet in 30 ml distilled water. The material
was resuspended a final time and centrifuged for five minutes at 450 g. The
supernatant was aspirated until approximately 50 ml remained. This material
was transferred to a 50 ml conical tube and centrifuged for three to five
minutes at 350 g. As much supernatant as possible was removed without
disturbing the pellet.

PARASITE CONCENTRATION

To concentrate the sample material, the zinc sulfate (ZnSO4 ) flotation techni-
que was utilized to separate the parasitic components from excess debris
through differences in specific gravity. The ZnSO4 solution had a specific
gravity of 1.18-1.20. Protozoan cysts and certain helminth eggs float to the top
and are recovered in the surface film while the debris settles to the bottom of
the tube. The pellet was vortexed with 5 to 10 ml ZnSO4 and then transferred
to a 15 ml conical tube. The tube was slowly filled to the brim with ZnSO 4
without allowing any runover. It was centrifuged for five minutes at 300 g
without braking. The tube was carefully removed from the centrifuge without
any agitation or vibration.

~A-l-Z?
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PARASITE STAINING

A drop of either Lugol's or D'Antonio's Iodine stain was placed on a clean,
grease-free microscope slide. A wire loop (diameter of 5 to 7 mm) was used to
remove one drop from the center of the tube's surface film and placed on the
prepared slide. A clean No. 1 coverslip (22 x 22 mm) was placed upon the
stained material.

PARASITE IDENTIFICATION

The stained slide was examined microscopically under Z0x and oil immersion.
The criteria listed in Table A.1-1, especially parasite size and characteristic
morphology, were used for identifications. EPA has established strict guide-
lines in order to report positive identifications. In most cases the size and
observation of one or more characteristic morphological features, (i.e., nuclei,
organelles, terminal knobs) were required for positive indentification.

Larval-form worms were observed in project samples. The method does not
allow for identifying the worms as to whether they are of human or animal
origin. Therefore, they were reported as larval-form worms.

A-1-A8
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"" ::.*' TABLE A.1-1

PARASITE IDENTIFICATION CRITERIA

Number of
Species Size Shape Nuclei Other

Giardia: 8-19 ian Ovoid 4 Longitudinal
cyst Usual range: 11-14 um fibers in

Width: 7-10 uzn cyst

Entamoeba 10-20 txn Spherical Mature cyst: 4 Chromatoidal
histolytica: Usual range: 12-15 in Immature: 1-2 bodies and

karyosome
present

Acantha- 10 uin Spherical 4 Culture for
moeba: positive

confirmation

Naegleria 10 n Spherical 1
gruberi: cyst

Ascaris: One-cell stage - NA Thick cortical
eggs 45-75 u n by shell

35-50 uxn

Infertile
85-95 xn by
43-47 uMI

Hookworm: 56-75 uxn by - NA Thin-shelled,
eggs 36-40 M.z embryonated

at times

Trichuris 50-54 un by - NA Thin-shelled,
trichiura: 20-23 un mucoid plugs
eggs at each end,

unembryonated
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AMES SALMONELLA/MAMMALIAN-MICROSOME TEST
METHOD FOR DETECTING MUTAGENS

IN WATER AND WASTEWATER CONCENTRATES

PRINCIPLES OF THE AMES TEST

The Ames test is a rapid and simple bacterial bioassay for detecting chemical
mutagens. Specially constructed mutants of Salmonella typhimurium are
exposed to chemicals in an agar medium containing a minimum amount of
histidine. All the strains have a histidine requirement that allows for the
detection of revertant bacteria, which regain the ability to manufacture their
own histidine from a reverse mutation in the DNA of the histidine-requiring
mutant.

The trace amount of histidine in the top agar allows all the bacteria on the
plate to undergo several divisions; this growth is necessary in many cases for
mutagenesis to occur. The slight background lawn that grows up also allows any
inhibition of growth by the test compound to be seen. Further increases in the
amount of histidine on the plate enhances mutagenesis, but also causes heavy
growth of the background lawn that obscures the revertants. The appearance of
colonies indicates true histidine revertants. Colonies formed on plates without
the incorporation of the test compound or mixture are called spontaneous
revertants.

Some chemical mutagens and carcinogens require metabolic activation in vivo.
Mammalian metabolism is incorporated into the in vitro Ames test by adding
mammalian liver homogenates directly to the petri plates. The liver homo-
genate contains microsomal enzymes which may activate or deactivate chemi-
cals, producing greater or fewer revertants compared to the plates without the
enzymes. In some cases, the addition of liver homogenate has no noticeable
effect either way.

The Ames test is a useful tool to obtain information about the potential
mutagenic/carcinogenic activity of uncharacterized compounds in complex
mixtures, such as organic concentrates from water and wastewater.

The following method is essentially the same as the protocol by Ames, et al
published in Mutation Researcht 31:347-364 (1975).

SALMONELLA STRAINS

Two tester strains of S. typhimurium (TA98, TA100) were obtained from
Dr. Bruce Ames at the University of California, Berkeley. The two strains were
incubated for 24 hours at 37 0 C in Oxoid Nutrient Broth #2. Each culture was
streaked on several Oxoid agar plates. Isolated colonies from these plates were
used to inoculate broth cultures from which frozen permanent cultures were
made by freezing 0.8 ml of the culture and 0.07 ml of dimethyl sulfoxide
(DMSO) at -70 0 C. Several permanents were separately stored to generate a
new series of frozen permanents. The use of the frozen culture in this way
avoids exposing the bacteria to repetitive freezing and thawing thus avoiding
the loss of the R-factor plasmid which could result in a drop in the rate of

'
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spontaneous reversion and inability to obtain the expected number of revertants
with standard mutagens.

Master plates were prepared in accordance with the Supplement to the Methods
Paper, Ames, et al (1975). Master plates were a convenient means of storing
the two cultures in a conventioanl refrigerator at 40C. The plates were the
source of innoculum for the overnight cultures used in the mutagenesis assays.

Cultures of TA98 and TA100 were grown up from the frozen permanents in
Oxiod Nutrient Broth #Z; incubation was at 37 0 C for a period of 24 hours.
Some of each culture was transferred to the Master Plates using a sterile wire
loop in 5 or 6 parallel streaks across the plate. Subsequently, the plates were
incubated overnight at 37 0 C and stored at 40C.

New Master Plates were made from frozen permanents. Sub-culturing new
Master Plates from old Master Plates might result in loss of the rfa mutation or
the R-factor. A frozen permanent was discarded after being used to generate a
set of master plates.

QUALITY CONTROL CHECK FOR THE MUTATION INTEGRITY OF TESTER
STRAINS

Salmonella strains were tested for their specific types of mutations. These
checks were run when the strains were first received from Dr. Ames and
repeated with each mutagenicity test series.

Histidine Requirement

0.1 ml of 0.5 mM biotin was spread on two minimal agar plates. 0.1 ml of 0.1
mM histidine was spread on one of the plates. Each plate was streaked from an
overnight broth culture of the tester strains. Both the TA98 and TA100 strains
should grow only on the plate with histidine and biotin added.

Deep Rough (rf a) Character/R-F actor

0.05 ml of the tester strain and 0.25 ml of 0.5 mM histidine/biotin were added
to 2.5 ml of molten top agar at 45 0 C. The contents were mixed and poured
slowly on Oxoid agar plates. After the top agar had solidified, a filter disc
containing 100 ug/L of 1 mg/10 ml aqueous crystal violet was asceptically
placed on the top agar. A filter paper disc containing 10 ug of ampicillin was
asceptically placed on the top agar of a similarly prepared plate. Both plates
(two for each tester strain) were inverted and incubated at 37 0 C for 48 hours.

Both the TA98 and TA100 strains should show a zone of growth inhibition
around the crystal violet disc, indicating the presence of the rfa mutation.
Both of these strains (containing the R factor) are not inhibited by ampicillin.
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Spontaneous Reversion

Minimal glucose agar plates and top agar were prepared as described by Ames,
et al., (1975). 0.05 ml of the tester strain and 0.150 ml of dimethyl sulfoxide
were added and mixed into 2.5 ml of top agar, poured on to minimal agar plates,
incubated in an inverted position for 48 hours at 37 0 C and then counted.
Between two and four spontaneous revertant control plates were prepared
during each assay. Similarly, plates were prepared using 0.05 ml of the tester
strain, 0.150 ml of dimethyl sulfoxide and 0.500 ml of S-9 mix

Genotype of Revertant Colonies

The genotypes of revertant colonies were checked by transferring revertant
colonies on to minimal glucose agar plates containing 0.1 ml of 0.5 mM biotin
but no histidine. True revertants to histidine prototrophy will grow on the
minimal agar plates.

PREPARATION OF MEDIA, S-9 REACTION MIXTURE AND TESTER STRAINS

Base Medium

SOX VB Salts. The ingredients were added in the order indicated and each salt
was allowed to dissolve before adding the next one. When the salts were
completely dissolved, the solution was autoclaved at 121 0 C for fifteen minutes.

SOX Vogel-Bonner Salts

1. Warm Distilled water (450 C) 670 ml
2. MgSO4 .7H2  10 g
3. Citric acid, monohydrate 100 g
4. K2 HPO4  500 g
5. NaHNH 4PO4  175 g

40 Percent Glucose. 200 g of glucose was dissolved in 345 ml of distilled water
and 100 ml and 75 ml aliquots were dipensed in prescriptions bottles, and
autoclaved at 121oC for fifteen minutes.

Minimal Glucose Plates. 20 ml of SOX VB salts and 50 ml of 40 percent glucose
were added to 1 L of molten agar (15 g Difco Agar, Purified/L distilled water,
autoclaved at IZl°C for 15 min). The agar was mixed, cooled to 45 0 C, and then
poured into petri dishes (25 ml/dish). The plates can be stored at room
temperature for several weeks but were routinely used in the assay within 24
hours.

A'I..
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S. .~.., Agar Overlay

Top agar (0.6 percent Agar-Purified, Difco and 0.5 percent NaCl) was prepared
on the day of the assay. After autoclaving at 121 0 C for 15 minutes, the agar
was placed in a water bath at 45 0 C and allowed to cool. 1 ml of 0.4 mM biotin
and 0.5 mM histidine was added per 10 ml of top agar and mixed thoroughly by
gentle swirling. The top agar (2.4 ml) was dispensed into sterile 13 x 100 mm
culture tubes in a heating block at 450C.

Histidine-Biotin Mix

L-Histidine HCI (Monohydrate) (mw 191.7) 0.09585 g (0.5 mM)
D-Biotin (mw 224.3) 0.1222 g (0.5 mM)
HZ0 1,000 ml

The mixture was prepared in a volumetric flask and stirred for an hour. It was

then sterilized by filtration through a 0.45 tm pore size filter and stored at 40C.

S-9 Rat Liver Reaction Mixture

The rat liver S-9 homogenate (Arochlor 1254 induced) was purchased from
Litton Bionetics. The S-9 mix was prepared as follows:

Reagent Concentration Volume

MgCI 2  0.4 M 0.9 ml

KCI 1.65 M 0.9 ml
D-Glucose-6-Phosphate 1.0 M 0.225 ml
B-Nicotinamide Adenine 0.1 M 1.8 ml
Dinucleotide Phosphate (NADP)
Buffer Mix 0.2 M ZZ.5 ml
Rat Liver Homogenate --- 5.0 ml
Sterile Distilled Water --- 18.7 ml

50.0 ml

1. MgCI 2 (0.4 M): 8.132 g of MgCI was dissolved in 100 ml of distilled
water, autoclaved for 15 minutes at 121 0 C and stored at 40C.

2. KCI (1.65 M): 12.30 g of KCI was dissolved in 100 ml of distilled water,
autoclaved for 15 minutes at 121 0 C and stored at 40C.

3. D-Glucose-6-Phosphate (G-6-P) (1.0 M): 2.821 g of G-6-P (Monosodium
salt, Sigma Chemical Company, No. G-7879) was dissolved in 10.0 ml of
distilled water. It was sterilized by filtering through a Gelman Acrodisc
R filter, 0.2 urn pore size and then dispensed into sterile 2 ml vials and
stored at -20 0 C.

4. NADP (0.1 M): 0.765 g of NADP (Monosodium salt, Sigma Chemical
Company, No. N-0505) dissolved in 10.0 ml of distilled water. It was
sterilized by filtering through a Gelman Acrodisc R filter, 0.2 Mrn pore

size, and then dispensed into sterile 6 ml vials, and stored at -200C.
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5. Buffer Mix
a. NaZHPO4 "7HZO, dibasic (0.2 M): 5.36 g and Na2HPO4 was

dissolved in 100 ml distilled water
b. NaHzPO4 -H 2 0, monobasic (0.2 M): 2.76 NaHZPO4 -H2 O was

dissolved in 100 ml distilled water.

The buffer was prepared by mixing the two salts as follows:
82 ml Na 2 HP04"7H 2 O (0.2 M)
18 ml NaH2 PO4 .H2 O (0.2 M)

100 ml

Test Strain Suspension

The test culture was prepared by aseptically innoculating 25 ml of Oxoid
Nutrient Broth; the inoculum source was a Master Plate as described above.
The culture was incubated for eighteen hours at 37 0 C with slight agitation.
Approximate bacterial density for both the TA98 and TA100 strains was lxl0 9

organisms per ml.

PLATE INCORPORATION ASSAY

Assay

The following were added (in order) to 2.5 ml of molten top agar at 450 C (tubes
in heating block): test sample (dissolved in DMSO) sulfoxide) not exceeding
0.250 ml, 0.05 ml of the bacterial suspension, and 0.50 ml S-9 mix (when
included). The contents were immediately mixed by rotating the tube between
palms for several seconds and overlayed on a minimal glucose agar plate.
Plates were inverted and incubated 48 hours at 370C in a dark incubator,
Duplicate plates were made for each concentration.

Spontaneous reversion was determined by adding 0.05 ml of the bacterial
suspension and 0.150 ml of DMSO to the top agar. To determine the effects of
enzyme activation, 0.500 ml of S-9 mix, in addition to 0.05 ml of the bacterial
suspension and 0.150 ml of DMSO, was incorporated into the top agar.
Spontaneous reversion rates, with and without S-9 activation, were based on
counts obtained from duplicate, triplicate or quadruplicate plates.

Sterility controls were conducted by adding DMSO, S-9 mix and biotin-histidine
to separate plates. In addition, top agar alone was poured on duplicate minimal
agar plates to check for sterility of the top agar.

Scoring Revertants

After 48 hours incubation, the revertant colonies were counted either manually
(Quebec Colony Counter) or with an automatic counter (Artek Counter, Model
880). All the plates inoculated with the TA98 strain were counted manually
while all the plates inoculated with the TAlOO strain were counted
automatically. Approximately ten percent of the plates counted on the
automatic counter were cross-checked manually to verify accuracy.
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The presence of a light background lawn of growth (due to the trace amount of
V~ .- histidine added to the top agar) was confirmed by viewing plates under a

microscope or against room light.

Safety Procedures

1. Aseptic technique was used when handling the bacterial strains. Pipetting
was done by bulb or automatic pipette, no mouth pipetting.

2. All work done with the known mutagens was done under the hood. Lab
coats and disposable gloves were worn.

3. Test plates were collected in autoclavable bags and autoclaved before
disposal.

4. Liquid mutagenic material was collected in a glass bottle marked "Toxic
Waste" and disposed of with toxic chemicals.

5. The work area was washed with a disinfectant before and after use.
Hands were washed after doing lab work.

.4
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TESTING FOR IN VITRO TRANSFORMATION IN THE C3H/10T1/Z
, MOUSE EMBRYO FIBROBLAST SYSTEM

BACKGROUND

Many short-term assays utilizing different test organisms and test endpoints
have been developed for toxicological testing. However, no single assay is
capable of detecting all carcinogens and many investigators favor using a
battery of short-term tests to gather toxicological data. The use of mammalian
cells, though more costly and time-consuming than bacterial systems, has the
advantage of being more closely related to human cells with respect to its DNA
and metabolic activities.

Over the past ten years, a number of mammalian cell culture systems have been
developed in which non-malignant cells have been transformed (changed)
following exposure in vitro to chemical carcinogens. Although originally
developed to study the events leading to carcinogenesis, these tests show great
promise as rapid tests for screening potential carcinogens. Reproducible
quantitative systems utilizing cell strains and cell lines have correctly identi-
fied many carcinogens. When the transformed cells are injected into suitable
hosts a high correlation with tumorigenicity is observed.

The mammalian cell transformation assay used in this project was developed by
Dr. Charles Heidelberger and his co-workers. The system utilizes a fibroblastic
cell line, C3H/10TI/2, derived from C3H mice. The cell line has an extremely
low rate of spontaneous transformation as well as a very flat morphology,
making it relatively easy to score morphologically transformed foci. In this
system, morphologic cell transformation is characterized by the cells' loss of
density-dependent inhibition, resulting in the formation of colonies in which the
cells have piled up.

The C3H/10T1/Z cell line has been transformed with polycyclic aromatic
hydrocarbons with a quantitative dose response. In addition, the cell line was
found to be transformable with chemically reactive carcinogens such as MNNG

S." and N-Ac-AAF, several cancer therapeutic agents, tobacco smoke condensates
.'... and hair dyes.

The assay involves exposing actively growing cell monolayers to the test
material for 48 hours. The cells are then rinsed and maintained at 37 0 C in five
percent CO Z for six weeks at which time the cells are stained with giemsa and
examined under a dissecting microscope for morphologically transformed foci.
Three classes of foci can be identified. Type I is a focus composed of tightly
packed cells. Type I foci show massive piling up into opaque multilayers in
which criss-crossing is not pronounced. Type m foci are multi-layered criss-
crossed arrays of densely stained cells. The transformation frequency is
calculated as the percentage of cells that give rise to transformed foci,
corrected for the fraction of cells surviving.

1..
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MAINTENANCE AND HANDLING OF C3H MOUSE EMBRYO CELL LINE

General Lab Procedures

All manipulations were carried out aseptically in a laminar flow hood. No
antibiotics were used in any of the cultures, so a clean environment must be
maintained. Access to the "clean room" was limited to individuals who must
work in there. A tacky mat was positioned just inside the door to trap dust
carried in on shoes or cart wheels. Incoming air was HEPA-filtered and the air
was routinely monitored for airborne microbes. A known volume of air was
drawn through an open filter holder containing either a 0.8 or 0.45 zn
membrane filter. The filter was then removed and incubated on Sabouraud
dextrose or trypticase soy agar plates and checked for growth of mold or
bacteria.

The CO? content of the incubator was monitored regularly with a fyrite tester.
The chambers of the incubator were kept clean and disinfected after each
assay. The surfaces were cleaned with mild detergent, thoroughly rinsed with
deionized water and then wiped with seventy percent ethyl alcohol. Any spills
were wiped up immediately to prevent the growth of microorganisms in the
incubator, and opening of incubator doors was kept to a minimum to prevent
fungal spores from being drawn into the chamber.

General Cell Maintenance Procedures

K1 Stock cultures were grown in plastic tissue culture flasks (Corning, Z5 or
775 cm2 ). Complete medium consisted of Eagles Basal Medium (BME) (see Table

A.1-2) with L-Glutamine, without NaHCO 3 (GIBCO) plus ten percent heat-
inactivated fetal calf serum. Cells were incubated in a humidified, five percent
CO 2 environment at 37 0 C. Stock cultures were refed on day nine and passaged
on day ten.

Cell Transfer Technique

'C Ten day old monolayers were rinsed with Ca++/Mg++-free phosphate buffered
saline (see Table A.1-3) and dispersed with 0.1 percent trypsin. When cells
reached the single-cell stage, fresh medium containing serum was added to stop
the action of trypsin. The cells were centrifuged and resuspended in fresh
medium. An aliquot was counted with a hemacytometer and the appropriate
number of cells seeded in flasks or petri dishes.

For stock cells, T-flasks were seeded with 5 x 104 cells. For transformation
assays each 60 mm petri dish was seeded with 2000 cells. Five 60 mm dishes
per dose were seeded with Z00 cells to determine plating efficiency.

t;
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TABLE A. 1-2

EAGLES BASAL MEDIUM

Component mg/L
CaCI2  ZOO. 00
KC1 400.00
MgSO 4  97.67
MgSO4 -7H2O 6800.00
NaH2 PO4 "H2O 140.00
Glucose 1000.00
Phenol Red 10.*00
L-arginine. HCI 21.00
L-cystine.2HCl 15.65
L-Glutamine 292.00
L-Histidine 8.00
L-Isoleucine 26.00
L-Leucine 26.00
L-Lystne*HCl 36.47
L-Methionine 7.50
L-Phenylalanine 16.50
L-Threonine 24.00

.4 L-Tryptophan 4.00
L-Tyrosine 26.00
Biotin 1.00
D-Ca pantothenate 1.00
Choline chloride 1.00
Folic acid 1.00
i-inositol 2.00
Nicotinamide 1.00
Pyridoxal HCl 1.00
Riboflavin 0.10
Thiamine HCL 1.00

TABLE A.1-3

PHOSPHATE BUFFERED SALINE

Component g/L
KCI 0.20
KH 2 PO4  0.20
NaCI 8.00
Na 2HPO4  1.15

A13
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0US \LITY ASSURANCE

'' V Media Sterility

Dry powdered BME was reconstituted in 950 ml of glass-distilled water and
filtered by pressurization through a 0.22 pm cartridge filter into sterile bottles.
From each batch of prepared media, one out of every ten bottles was tested for
sterility. Each test bottle was incubated at 37 0 C under five percent CO Z for
ten days and then examined for growth.

Cell Line

No antibiotics were used in any of the cultures since they can mask chronic

infections or cause the emergence of bacterial L-forms.

Each batch of fetal calf serum was tested for its ability to support growth of
the cells, and maintain a monolayer for six weeks.

Positive and Negative Controls

Whenever a transformation assay was performed, 3-methylcholanthrene (MCA),
a known carcinogen, and DMSO, a negative solvent blank were included in the
assay.

PROCEDURES FOR THE ASSAY

Transformation Assay

Each sample was tested for transformation at three dose levels. For each dose
level twenty dishes, with 2000 cells per dish, were treated. Each experiment
also included positive and negative controls in the same number of dishes.
Twenty-four hour cultures were exposed to the test material for 48 hours at
which time the medium was removed, the cells were rinsed and fresh medium
added. Medium was changed twice weekly until the cells reached confluence
and weekly after that. Six weeks after treatment the cells were stained and
examined for transformed foci.

Plating Efficiency

S, Plating efficiency was determined by exposing 200 cells (five dishes per
.4 concentration) to the test material. Conditions were the same as in the

transformation assay. At the end of ten days, the cells were stained and the
colonies counted to determine the survival fraction. The tranformation
frequency was defined as the percentage of cells giving rise to Type II and Type

I foci, corrected for plating efficiency, i.e., number of foci per surviving cell.
A-
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ANALYSIS OF ORGANIC CARBON
BY PHOTOCHEMICAL OXIDATION/

INFRARED ABSORPTION

DEFINITION

The analysis of organic carbon consists of 1) elimination of inorganic carbon

interferences by acidification and purging, 2) oxidation of organic carbon to
carbon dioxide in the presence of persulfate and ultraviolet light, and
3) measurement by infrared absorption of the carbon dioxide produced. Organic
carbon can be measured over a concentration range of 0.05 to 2000 mg/L.

APPARATUS

Dohrmann-Xertex DC-80 automated laboratory total organic carbon analyzer
consists of an auto sampling module, a reaction module, a detector/electronics
module, and a printer module.

REAGENTS

A. Organic-Free Water is generated by passing deionized distilled water
through a stainless steel ultraviolet reaction chamber at 2 liters per half
hour. This water is collected in a 2 liter amber bottle and tightly sealed.

B. Potassium Hydrogen Phthalate - ACS grade

C. Phosphoric Acid - ACS grade

D. Potassium Persulfate - ACS grade

PREPARATION OF STANDARDS AND REAGENTS

A. Stock Standard Solutions

1. 2000 mg/L potassium hydrogen phthalate (KHP). Weigh accurately
2.1250 grams of potassium hydrogen phthalate into a small beaker.
Quantitatively transfer to the 500 ml flask. Bring up to volume with
reagent water. Add twenty drops of acid. Add teflon coated
magnetic bar, and stir for approximately one hour.

2. 200 mg/L potassium hydrogen phthalate. After rinsing the
designated 50 ml pipet with 2000 mg/L standard, transfer 50 ml of
2000 mg/L KHP to the 500 ml flask, bring up to volume with reagent

water. Add twenty-five drops of phosphoric acid, stopper, and
invert the flask several times.
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*" B. Working Standard Solutions

1. A 10 mg/L KHP standard is prepared by dilution of 25 mls. of ZOO mg/L
stock standard in 475 mls of reagent water, and adding Z5 drops of
phosphoric acid.

2. 5, 3, 2 and 1 mg/L standards are prepared by pipeting 100, 60, 40 and 20
ml of 10 mg/L respectively into the appropriate Z00 ml flasks bringing
each up to volume with reagent HZO and adding 10 drops of phosphoric
acid. NOTE: A 0.5 mg/L standard is also prepared by dilution of 10 mls
of 10 mg/L standard in 190 mls of reagent H2 0 when a sample's organic
carbon content is below 1 mg/L. If the organic carbon content of a
sample exceeds 10 mg/L, a 25 mg/L standard is prepared by dilution of
25 mls of 200 mg/L standard with 10 drops of acid in 175 mls of water.

3. Ultraviolet reactor reagent is prepared by dissolving approximately 40
grams of potassium persuflate in one liter of water and adding 0.5 mls
of phosphoric acid.

ANALYSIS

A. Sample Preparation

1. After inverting the sample bottle several times, a small quantity of
sample is removed from each sample bottle.

2. The bottle is resealed and vigorously agitated.

3. The sample is then quickly decanted into clean, labeled pyrex test
tubes.

4. Raw water samples are analyzed in triplicate.

5. Finiphed water samples are analyzed in duplicate.

6. If a sample contains considerable particulate matter, test tubes
containing reagent water are placed after each replicate on the auto
sampling tray.

B. Calibration and Analysis

1. Each day, after the instrument has stabilized, four replicates of the 10
mg/L standard are analyzed.

2. Ix the value on the printer for the first two replicates are outside of
10.0 + 0.5 the instrument is recalibrated using the third and fourth
replicates for the calibration.

3. Duplicates of the 5, 3, 2 and 1 mg/L standards and the water blank are
analyzed.
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4. From an examination of the printer values for these standards, the
analyst determines if the instrument is functioning properly. If it is not
the analyst "trouble shoots" the instrument before proceeding.

5. If the instrument is functioning properly, a set of samples is placed on
the autosampler starting with finished drinking waters and proceeding
to samples of higher organic carbon content.

6. After each set of samples a complete set of standards and the water
blank are analyzed in duplicate.

7. After placement of the test tubes on the autosampler tray, the purging,
introduction of sample and the integration of peak area is performed by
the instkment.

CALCULATION

A. The replicates for each standard sample, and the water blank are averaged.

B. The mean of the water blank is subtracted from the mean of each standard.

C. A correction factor (defined as the actual value of the standard divided by
the mean of the instrument's values for that standard minus the mean of the
water blank) is determined for each standard.

D. By interpolation from this correction factor curve the analyst determines
the appropriate correction factor for each sample.

E. The mean of each sample is multiplied by a correction factor and a corrected
organic carbon value in mg/L is reported.

QUALITY ASSURANCE

Quality assurance is maintained by the following analytical routine:

A. Before a newly prepared stock standard is introduced into the analysis it is
analyzed with the stock standard being used at that time. If the mean values
for the two standards are not within three percent of one another the new
standard is discarded and another is prepared.

B. New working standards are prepared for each analysis.

C. If there are working standards (10, 5, 3, 2 and 1 mg/L) remaining from the
previous analysis, these are analyzed and compared to the standards prepared
on that day.

D. All samples are run in duplicate or triplicate.

E. For each sample, if the values for the duplicates are not within 10 percent of
one another additional replicates are analyzed.
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F. 5 percent of all samples are spiked and recoveries are determined.

G. After manual review of the data, the analyst submits a report to the lab
clerk. The lab clerk proof reads the report for accuracy after it is generated.

H. The analyst proof reads the report and signs it when satisfied that the results
reported are valid.

I. The final report is submitted to the senior organic chemist for final review.
As a final check, the values reported are compared to the typical concentra-
tion range expected for a particular water supply.

J. The worksheets, chromatograms, quantitation reports, etc. are filed accord-
ing to client by the lab clerk. The final report is duplicated and placed in the
organics file report binder, also according to client.

K. The final report is sent out.

L. The remaining portion of the water sample is stored for one month at 40C to
allow reanalysis should there be any question of the results.

A-1-43



*t., ,,, I . W..= W *. *, , *. , oJ ." * , . . : _..,*J j j j .,, , . . i , .. r ,....
-

. . " -o > . - : . . ...

Specialized Analyses Protocols

ANALYSIS OF ORGANIC HALOGEN
IN POTABLE AND NON-POTABLE WATER

BY CARBON ADSORPTION

K"9 • DEFINITION

The analysis of organic halogen consists of fh.ir parts: isolation and concentration
of the organics from water by carbon adsorption, elimination of inorganic
interferences, pyrolysis of the carbon to convert to inorganic halide, and
determination of the halide by microcoulometric titration. The technique shows
excellent recoveries for most halogenated organic compounds with the exception
of some chlorinated alcohols and acids. Organic halogen is determined over a
concentration range of approximately 5 to 500 vg/L. Actual detection limits are
dependent on the daily performance of the halogen analysis system.

APPARATUS

Dohrmann-Envirotech DX-20 Total Organic Halogen Analyzer. The DX-20
consists of two modules, an adsorption module and an analyzer module. The
adsorption module includes gas flow controls, sample reservoirs, carbon columns,
automatic sample flow shut-off for simultaneous processing of four water
samples, and a nitrate wash channel. The analyzer module includes a temperature
controlled purgeable organic halogen sparger, automatic boat inlet, high tempera-
ture pyrolysis furnace, and microcoloumeter.

REAGENTS

A. Activated Carbon 100-200 mesh

B. Cerafelt

C. Organic free water

D. Methyl alcohol, sodium sulfite, acetic acid, nitric acid, sulfuric acid, sodium
chloride -ACS reagent grade

E. Standards -2,4,6-trichlorophenol and Z,4-dichlorophenol.

PREPARATION OF STANDARDS AND REAGENTS

A. Stock Standard Solutions

1. Z,4,6-trichlorophenol (10 M organicly bound chloride per ji). Weigh
accurately 1.854 grams 2,4,6-trichlorophenol into a 100 ml volumetric
flask. Add methanol to volume.

2. 2,4-dichlorophenol (10 ig organicly bound chloride per i). Weigh
accurately 2.2958 grams of 2,4-dichlorophenol into a 100 ml
volumetric flask. Add methanol to volume.
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B. Working Standard Solutions - Z,4,6-trichlorophenol (1 Qg Cl/i ill). Dilute
10 mls stock solution to 100 mls with methanol.

C. Reagent Water - Organic-free water is generated by passing laboratory D.I.
water through a Barnstead Organicpure instrument.

D. Inorganic Chloride Microcoulometric-Calibration Standard - (1000 ppm
chloride) Accurately weigh 0.1648 grams reagent grade sodium chloride into
a clean ground glass stoppered 100 ml volumetric flask. Fill to volume with
reagent water.

E. Nitrate-Wash Solution (5000 mg nitrate/L) - Transfer approximately 8.2grams of potassium nitrate into a one liter ground glass stoppered flask.

Add one liter of reagent water. Stir until dissolved.

F. Sodium Sulfite Reducing Agent (0.1 molar) - Measure approximately 1Z.6
grams of reagent grade sodium sulfite into a ground glass stoppered flask.
Add one liter reagent water. Stir until dissolved.

G. Microcoulometric Cell Electrolite (70 percent acetic acid in water) - Place
700 ml of Acetic Acid (glacial) and 300 ml reagent water in a clean flask.
Invert flask several times.

H. Sulfuric Acid (50 percent solution) - Place 50 mls of sulfuric acid and 50 mls
of reagent water in a 500 ml erlenmeyer ground glass stoppered flask.

U SAMPLE CONCENTRATION AND ANALYSIS

A. Sample Concentration by Carbon Adsorption:

1. 40 mg of 1CO-200 mesh granular activated carbon is deposited in each
glass adsorrtion column. Both ends of the columns are plugged with
cerafelt.

Z. Two adsorption columns are placed in series in the adsorption column
housings.

3. The housings are attached to the sample reservoir outlet.

4. After inverting the sample several times, an aliquot is immediately
poured into the sample reservoir. Avoid aeration by gently pouring the
sample into the reservoir. The reservoir is sealed and placed under 20
psi of pressure.

5. Depending on the nature of the sample, a volume of 25, 50, or 100 ml
is filtered through the adsorption columns into a class A volumetric
flask. When the appropriate volume of sample has been filtered, the
pressure in the reservoir is automatically released, and filtering
ceases.
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6. The column housings are removed from the reservoir outlet and the
sample remaining in the reservoir is allowed to empty into a waste
receptacle.

7. The process is repeated in the same sample reservoir to produce a
duplicate adsorbed sample.

8. Using the best available, acidified laboratory water, the reservoir is
filled and drained three times in order to thoroughly rinse the
reservoir.

B. Elimination of Inorganic Interferences:

The housings containing the two adsorption columns are placed on the nitrate-
wash reservoir outlet. Under 6 psi pressure, two ml of nitrate solution are
filtered through the adsorption columns to remove inorganic halides.

C. Analysis of Organic Halides:

Sample Introduction:

1. The carbon and cerafelt are quantitatively ejected from the adsorption
columns into the quartz boat located in the analyzer inlet tube of the
AD-Z analyzer module.

Z. The inlet tube is sealed and the carbon dioxide flow through the inlet
tube, pyrolysis tube and microcoulometric titration cell is re-
established.

3. After the machine has stabilized (approximately one minute) the

automated analysis is begun by activation of the start switch.

Pyrolysis:

1. The quartz boat advances to the 250 0 C vaporization section of the
pyrolysis tube where vaporizable components of the sample are swept
through the pyrolysis section in the carbon dioxide stream.

2. After two minutes, the boat automatically advances to the 8000 C
section of the pyrolysis tube and the gas stream switches from carbon
dioxide to oxygen.

3. After six minutes in the pyrolysis section, the boat is automatically
retracted to the stand-by position in the inlet tube.

4. Two minutes after retraction of the boat, the analysis is completed
and the machine returns to the ready condition.
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Titration:

1. Throughout the ten minute analysis, organic halogens in the gas stream
and in the quartz boat are combusted and the hydrogen halide products
pass in the gas stream to the titration cell.

2. Through a constriction in the bottom of the titration cell, the gas is
bubbled through the acetic acid solution of the cell.

3. Halides are trapped in the solution where they interact with silver
ions, also present in solution to produce a silver halide precipitate.

4. The change in the concentration of silver ions is detected by sensor
electrodes, producing a change in the voltage signal.

5. This change in voltage relative to a memorized baseline voltage is
integrated and calculated. The net value, expressed as g of chloride,
is displayed on the digital meter.

6. The value is manually recorded in the laboratory notebook with the
sample identification number, the reservoir on which it was filtered,
the volume filtered, and the order in which all samples were analyzed
throughout the day.

7. If the net values for the duplicates are not within 10 percent of each
other, a third replicate is analyzed.

CALCULATION

A. Means and standard deviations for samples, standards, and blanks are
determined.

B. The sample identification, means, standard deviations, volumes filtered, and
theoretical standard values are entered into a computer program that
corrects for standard calibration, volume, and background.

C. The total organic halogen expressed as Vg of organically bound chloride per
liter are calculated.

D. The sample identification number, TOX value, and standard deviation are
stored on the H.P. computer and a hard copy of this information is produced.

QUALITY ASSURANCE

Quality assurance is maintained by the following analytical routine:

A. The analyzer module is run with the boat empty at the beginning of each day
to remove all contamination accumulated since the previous analysis.

B. The response of the titration cell is checked each day by injecting 10 Vg of
inorganic chloride directly into the titration cell solution. Injections are
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pa repeated and adjustment of the instrument made until two subsequent " .
"

replicates within + 0.ZO vag of 10 W of chloride are obtained.

C. Triplicate 10 ig organic chloride instrument calibration standards (standards
injected directly onto the carbon contained in the adsorption columns) are
analyzed at the beginning of each day, and subsequently after each 10
sample analyses.

D. Triplicate carbon blanks (carbon packed addsorption columns washed with
nitrate-wash solution only) are analyzed at the beginning of each day, and
subsequently one blank is analyzed after each 10 sample analyses.

E. All samples are analyzed in duplicate. If the net values of the duplicates
are not within ten percent of one another, a third replicate is analyzed.

F. The titration cell is revitalized by rinsing with fresh cell solution after
approximately every twenty analyses.

G. The volume of sample filtered is adjusted for each site analyzed to produce
adsorbed organic halogen content in the range of optimum function of the
instrument.

H. Every twentieth sample, the top and bottom adsorption columns from one
sample adsorption are analyzed separately to determine if any organic
halogen breakthrough is occurring.

L Every twentieth sample is spiked and recoveries are determined.

J. The purity and adsorption capacity of each new batch of carbon purchased is
assessed by analysis of seven replicates each of the reagent water, carbon
blanks, instrument calibration standards, and adsorption efficiency standards
(standards injected into reagent water then filtered).

K. After manual review of the data, the analyst submits a report to be typed to
the lab clerk. The lab clerk proof reads the report for accuracy after it is
typed.

L. The analyst proof reads the report and signs it when satisfied that the
results reported are valid.

M. The final report is submitted to the senior organic chemist for final review.
As a final check, the values reported are compared to the typical concentra-
tion range expected for a particular water supply.

N. The worksheets, strip chart data, quantitation reports, etc., are filedaccording to client by the lab clerk. The final report is duplicated and

placed in the organics files, also according to client.

0. The final report is sent out.
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P. The remaining portion of the water sample is stored for one month at 40C to

allow reanalysis should there be any question of the results.

L l'. q
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ANALYSIS OF TRIHALOMETHANES
IN POTABLE AND NON-POTABLE WATER

BY LIQUID-LIQUID EXTRACTION
1~

DEFINITION

The analysis of trihalomethanes consists of two parts: concentration by liquid-
liquid extraction (LLE) and analysis by gas chromatography (GC). Four trihalo-
methanes - chloroform, dichlorobromomethane, dibromochloromethane, and
bromoform - are determined over a concentration range of approximately 0.1 to
2000 vg/L. Actual detection limits are dependent on the daily performance of the
chromatographic system.

APPARATUS

The Varian 4600 gas chromatograph is a modular, dual column, dual detection
instrument capable of isothermal or temperature programmed operation with
packed or capillary columns and a variety of detectors.

REAGENTS

A. Organic-free water is generated by passing deionized distilled water through
a Barnstead Organicpure unit. This water is collected in a narrow-mouthed
1 liter bottle and boiled for 15 minutes. While hot, contaminant-free
nitrogen is bubbled through the water at 50 ml/minute continuously.

B. Methyl alcohol - ACS reagent grade

C. Sodium thiosulfate - ACS reagent grade

D. Standards:

I. Bromoform - ACS grade
2. Bromodichloromethane 97 percent - ACS grade
3. Chlorodibromomethane - ACS grade
4. Chloroform - ACS grade
5. Dibromopropane (I.S.) - ACS grade

E. Extractant - pesticide grade pentane

STANDARD PREPARATION

A. Fill a 50 ml glass stoppered volumetric flask with approximately 49 ml of
methyl alcohol. Let stand for a few minutes. Stopper the flask and weigh

4'g to + 0.1 mg.

B. Add 3 to 4 drops of standard to the flask immediately with syringe or
pasteur pipet and reweigh.
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-. ,NOTE: The standard drops should fall directly into the alcohol without
contacting the flask neck.

C. Dilute to volume with methanol, stopper tightly and mix by inverting the

flask 2 to 3 times.

D. Calculate the concentration in ag per 11 from the net gain in weight.

E. Transfer 1 ml with a pipet into a Z ml vial. Tightly cap, label, and store the
solution at -20°C.

INTERNAL STANDARD

A. Prepare a standard of dibromopropane in methanol as detailed above.

B. From the calculated concentration determine the volume necessary to
prepare a 1,720 vg/L solution. (This concentration is equivalent to 75 g/L of
water at the concentration ratio used in this procedure.)

C. Using a syringe, inject this volume of concentrated dibromopropane in one
liter of pesticide grade pentane. Fill to volume, stopper the flask and invert
2 to 3 times to mix the solution.

D. Transfer and store at -20 0 C in 500 ml amber bottles with teflon seals.

EXTRACTION AND ANALYSIS

A. Aquec is standard solution for calibration

NOTE: Prior to preparation of standards check water blank on GC for
impurities.

1. Prepare four (4) clean 500 ml glass stoppered volumetric flasks and
two (2) 1 liter volumetric flasks, the automatic pipettor for phosphate
buffer, and the automatic pipetor for the pentane and dibromopropane
(internal standard) solution.

2. Fill the first 500 ml glass stoppered volumetric flask with approxi-
mately 500 ml organic-free water and label 300 ppb.

3. Inject 50 jI (the exact amount will depend on the number of Vg4) stock
standard solution directly into the organic-free water.

4. Stopper the flask immediately and slowly invert 2 to 3 times to mix
the solution. This solution will give a concentration of 300 parts per
billion.

5. Immediately transfer the standard to 125 ml amber bottles and seal
without headspace.

A15
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6. Inject 25 i stock standard solution directly into the second 500 ml
volumetric flask to obtain a 150 ppb standard.

7. Inject 17 11 stock standard solution directly into the next 500 ml
volumetric flask to obtain a 100 ppb standard.

8. Inject 10 0 stock standard solution directly into the last 500 ml
volumetric flask to obtain a 60 ppb standard.

9. Inject 10 )1 of stock standard solution into the first 1 liter volumetric
flask to obtain a 30 ppb standard.

10. Remove 50 mls of organic-free water from the remaining 1 liter flask
and prepare the 5 ppb standard by pipetting 50 mls of 100 ppb standard
into this liter flask.

B. Blank

1. The blank is the organic-free water used to prepare the standard.

2. Another blank consists of the extraction of organic-free water
containing the buffer solution at the correct concentrations.

3. All blanks should be poured into labeled bottles to overflow and sealed

with TFE teflon septa and screw caps. The blanks should then be
che-ked for air bubbles as with the standards and samples.

C. Extraction Procedure

NOTE: Prior to extracting any sample, test the pentane on the GC for
impurities.

1. Each 125 ml bottle containing standards and samples is opened, and 10
mls of water is removed using a pipettor with a disposable tip. 0.5 mls
of phosphate buffer and 5 mls of pentane containing intz & al standard
are added.

2. Bottles are then capped and left inverted on a level surface until it is
ready to be placed on the shaker.

3. Shake the sample on a gyrorotatory platform shaker for 25 minutes at
400 rpm, then place sample on level surface and keep it standing in
inverted position until extract collection.

4. Collect the extract with a disposable pasteur pipet and transfer into
two 2 ml vials. Immediately seal the vials with a TFE septum and
screw caps on tightly. Label each vial.

5. Put one labelled vial into the carousel of the autosampler of the 4600
gas chromatograph for analysis. Store the second vial at -200C for
repeat analysis if required.
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CHROMATOGRAPHIC ANALYSIS

A. The THM's are analyzed with the following instrument conditions:

Detector: Ni 6 3 electron capture
Carrier Gas: Ultrapure N2 @ 80 PSI
Injector Pressure: 15 PSI
Split flow: 30 mi/min
Make-up flow: 30 ml/min
Column flow: 1 ml/min
Injector temp.: ZZ0C
Detector temp.: 3000C
Column temp.: 450 Isothermal
Autosampler injection volume: Z i

B. The column utilized is a fused silica open tubular column 0.25 mm x 30 M
coated with SE-54. The trihalomethanes give the following retention times
under these conditions:

CHC13  4.2
DCBM 5.4
DBCM 7.8
DPB (I.S.) 10.7
CHBr 3  12.6

CALCULATION

With the information developed from the 1, 10, 50, and 100 PPB standards
develop a calibration curve for each of the trihalomethanes. The calibration

curve plots THM concentration versus integrated ion area counts. Ion
counts are normalized with the internal standard according to the following
calculation:

Normalized THM Ion Counts = (100,000) x (THM Ion Counts)
Internal Standard Ion Counts

QUALITY ASSURANCE

Analytical quality is assured by the following daily routine:

A. Analyze extractant for impurities.

B. Analyze blank water for impurities.

C. Field blanks are recommended and analyzed as samples.

D. Prepare and analyze standards at 5, 25, and 50 ppb in triplicate. Standards
at 100, 150 and 300 are also routinely prepared and are analyzed when
necessary.
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E. Develop calibration curves for each THM based on the average of the
triplicate standards.

F. Test precision by analyzing each twentieth sample of the day in duplicate.
If standard deviation is >10 percent, troubleshoot problems before
continuing.

G. Spike each twentieth sample with the four THM's at between 10-50 ppb,
check for accuracy. If accuracy is not <10 percent troubleshoot problems
before continuing.

H. Standards are included (approximately one every five samples) throughout
the autosampling series.

I. Prepare a written report of sample THM concentrations and have it typed by
the lab clerk. The lab clerk proofs the report for accuracy in typing and
addition of Total THM's. The analyst signs the report on the bottom when
satisfied that the results reported are valid.

3. All worksheets, chromatograms, and calibration curves are clipped to the
final THM report and submitted to the chief organic chemist for final
review. This review includes a spotcheck of the chromatograms to ensure
proper resolution and quantification. As a final check the values reported
are compared to the typical concentration range expected for the water
supply and the CHCl3 :DCBM:DBCM:CHBr 3 ratio is reviewed.

K. The worksheets, chromatograms, integrator values, and calibration curves
are filed according to lab number by the lab clerk. The final report is
duplicated and placed in the organic department's final report binder,
according to lab number.

L. The final report is sent to the client.

M. The duplicate THM extract is stored at -Z0oC for 90 days to allow reanalysis
should there by any question of the results.
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SANALYSIS OF PURGEABLE ORGANIC COMPOUNDS
IN POTABLE AND NON-POTABLE WATER

BY GAS CHROMATOGRAPHY MASS SPECTROMETRY

DEFINITION

The analysis of purgeable organics consists of two parts: stripping and concentra-
tion of the organics by the purge and trap technique and subsequent analysis by
GC/MS. Thirty volatile organics are determined over a concentration range of
approximately 0.1 to 100 g/L. Actual detection limits are dependent on the daily
performance of the GC/MS system.

APPARATUS

Finnigan Series 4000 Gas Chromatograph Mass Spectrometer interfaced to
Tekmar LSC-Z Sample Concentrator. The Finnigan 4021 GC/MS is a high
performance low resolution quadruple mass spectrometer equipped with dynode
conversion prior to the electron multiplier for high sensitivity. The Tekmar LSC-
2 concentrator is an automated purge and trap device which is interfaced to the
gas chromatograph of the GC/MS via a heated stainless steel transfer line.

V REAGENTS:

_ A. Organic-free water is generated by passing deionized distilled water through
Ja stainless steel ultraviolet reaction vessel at the rate of 2 liters per half

hour. The water is collected in a Z L amber bottle and tightly sealed.

B. Methanol, sodium thiosulfate and other reagents-AC S reagent grade.

C. Standards: 95+ percent purity

STANDARD PREPARATION

A. Stock standard solutions

1. Fill a 50 ml, glass stoppered volumetric flask with approximately 49 ml
of methanol. Let stand for a few minutes until weight is constant.
Stopper the flask and weigh to +0.1 mg.

2. Add 3-4 drops as required of the standard to the flask with a syringe or

Pasteur pipette and reweigh. NOTE: The drops of the standard organic
material should fall directly into the alcohol without contacting the
flask neck.

3. Dilute to volume with methanol, stopper tightly and mix by inverting
the flask 1-Z times.

4. Transfer aliquots of the solution into 2 ml ampules and seal. Transfer
other aliquots to amber vials with teflon seals for immediate use.
Calculate the concentration in .g/pl from the net gain in weight.
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B. Internal Standards

1. The internal standards 1,3-Dichloropropane and I-Bromo-4-fluoroben-
zene are prepared in methanol by the same procedure.

SAMPLE CONCENTRATION AND ANALYSIS
A. Spike the sample contained in the 60 ml amber bottle with the appropriate

quantity of the internal standards in methanol to produce a concentration of
5 41/L. Allow the internal standards to equilibrate within the sample for 1/2
hour prior to analysis.

B. Rinse the Z5 ml gas-tight syringe and the 25 ml sparger on the Tekmar
concentrator with laboratory blank water.

C. Pour the sample into the gas-tight syringe very gently and replace the
plunger to bring the volume to exactly 25 ml.

D. Load the sample into the Tekmar sparger via the luer lock valve without
aerating the sample.

E. Purge the sample for 8 minutes with a helium flow of 15 ml/min into the
Tenax/silica gel trap which is maintained at 25oC.,

F. Set the mass spectrometer to run in the electron impact direct mode with
an emission current of 0.5 milliamps, an electron energy of 70 electron

volts, the electron multiplier at 1200 to 1800 volts (depending on the age of
the electron multiplier), the dynodes at 3000 volts, and the ion source at
3000C. Set the data system to scan from m/e 34-300 in 0.75 seconds with a
0.05 second hold at the bottom.

G. Apply liquid nitrogen in a styrofoam cup to the front of the capillary column
in preparation of the upcoming desorption step.

H. Desorb the compounds from the Tenax/silica gel trap at 2000 C for 2.5
minutes with a 15 ml/min helium flow rate. The liquid nitrogen is removed
following completion of the desorption step and the oven door closed.

I. A split ratio of 10:1 is used during the desorption step.

J. The gas chromatograph is programmed from the beginning of the desorption
step. First the GC is held isothermal at 350C for 4.5 minutes. Then the
oven is programmed to 650 at 4 0 C/minute followed by 8OC/minute to 180 0 C
where the temperature is held for the duration of the run.

K. Between runs the Tenax trap is baked out at Z25 0 C for 8 minutes.

L. Injector interface and transfer line temperatures are maintained at 250 0 C
throughout the concentration and analysis procedure.
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CALCULATION

At the completion of the GC/MS run, the data are submitted to the Finnigan
automated quantitation software analysis program. Identifications and quantifi-
cation assigned by the automatic software is always checked manually by the
mass spectroscopist for accuracy.

QUALITY ASSURANCE

Quality assurance is maintained by the following analytical routine:

A. The GC/MS is tuned to meet 4-Bromofluorobenzene specifications as
detailed in the Quality Control Manual.

B. A laboratory water blank is analyzed to check for artifacts from the GC/MS
system and/or for the presence of impurities in the water blank making it
unsuitable for standard preparation.

C. Field blanks are analyzed on a routine basis as a part of the quality
assurance program.

D. A standard containing all thirty purgeable organic compounds is analyzed
and proper instrument sensitivity and stability are determined by compar-
ison of performance with earlier calibration curves stored in the quantita-
tion software. Significant deviation from previous quantitation curves
requires running a complete new set of calibration standards.

E. The precision of the technique is determined by running 10 percent of the
samples in duplicate.

F. The accuracy of the technique is determined by spiking 10 percent of the
samples and determining recoveries.

G. After manual review of the data generated by the Finnigan software, the
mass spectroscopist submits a report to be typed by the lab clerk. The lab
clerk proofs the report for accuracy after it is typed.

H. The mass spectroscopist proofreads the report and signs it on the bottom
when satisfied that the results reported are valid.

I. All worksheets, chromatograms, quantitation reports, and calibration curves
are organized and the final report submitted to the chief organic chemist
for final review. As a final check, the values reported are compared to the
typical concentration range expected for the particular water supply.

J. The worksheets, chromatograms, quantitation reports, etc. are filed accord-
ing to lab number by the lab clerk. The final report is duplicated and placed
in the organics file report binder, also according to lab number.

K. The final report is sent out.
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L. The remaining portion of the water sample is stored for one month at 40 C to

allow reanalysis should there be any question of the results.
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- ° ANALYSIS OF BASE/NEUTRALS AND ACIDS
IN POTABLE AND NON-POTABLE WATER BY GC/MS

DEFINITION

The analysis of base/neutrals and acids covers the determination of a number or
organic compounds that are solvent-extractable and amenable to gas chroma-
tography/mass spectrometry. Approximately 48 base/neutrals and 12 acid-
extractables are determined over a concentration range of approximately 1-100
g/L. Actual detection limits are dependent on the daily performance of the

GC/MS system.

APPARATUS

Finnigan Series 4021 gas chromatograph/mass spectrometer. The project's
Finnigan 4021 gas chromatograph/mass spectrometer is a low resolution,
quadrapole mass spectrometer.

REAGENTS

A. Organic-free water is generated by passing deionized distilled water through
a stainless steel ultra-violet reaction chamber at 2 liters per half hour. This
water is collected in a 2 liter amber bottle and tightly sealed.

B. Methanol, sodium hydroxide, sulfuric acid, sodium sulfate and other0reagents--ACS reagent grade.

C. Standards - ACS grade, 95+ percent purity where possible.

STANDARD PREPARATION

Stock standard solutions are prepared at a concentration of 1 g/Ui. These
standards are prepared by dissolving the appropriate quantity of assayed reference
material into a pesticide-quality solvent (appropriate) and diluting to volume in a
50 ml ground-glass stoppered volumetric flask. This primary stock solution is
transferred to 2 ml amber ampules and/or amber glass teflon-sealed vials and
stored at -20 0 C until used.

INTERNAL STANDARD

Internal standards are prepared using the same method as that for standards
detailed above.

EXTRACTION

A. Base/neutrals

I. Pour sample into 1 liter graduated cylinder and transfer contents to a
2 liter separatory funnel.
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2. Adjust the pH of the sample with 6 normal sodium hydroxide to pH 11
or greater. Use multi-range pH paper for the measurements, using a
Pasteur pipette to transfer a drop of the sample to the paper.

3. Add 60 ml, pesticide-grade methylene chloride to the graduated
cylinder to rinse the walls. Transfer the solvent into the separatory
funnel and extract the sample by shaking the funnel for 2 minutes with
periodic venting to release excess vapor pressure.

4. Allow the organic layer to separate from the water phase for a
minimum of 10 minutes. If the emulsion interface between layers is
more than one third the size of the solvent layer, the analyst must
employ mechanical techniques to complete the phase separation. The
optimum technique depends upon the sample but may include stirring,
filtration of emulsion through glass wool or centrifugation.

5. Add a second 60 ml volume of methylene chloride to the sample bottle
and complete the extraction procedure a second time combining the
extracts in an erlenmeyer flask.

6. Perform a third extraction in the same manner.

7. Pour the combined extract through a drying column containing 3-4
inches of anhydrous sodium sulfate and collect the eluant in a 500 ml
Kuderna Danish (KD) flask equipped with a 10 ml concentrator tube.

8. Rinse the erlenmeyer flask with Z0-40 ml of methylene chloride. Pour
this through the drying column, adding to the total extract.

9. Add 1-2 clean Hengar boiling chips to the flask and attach a three-ball
macro-Snyder column.

10. Prewet the Snyder column by adding about 1 ml methylene chloride
through the top.

11. Place the KD apparatus on a warm water bath 60-65oC so that the
concentrator tube is partially emersed in the water and the entire lower

*rounded surface of the flask is bathed with water vapor. Adjust the
apparatus to a vertical position and the water temperature as required
to complete the concentration in 20 minutes. NOTE: At the proper
rate of distillation the balls of the column actively chatter but the
chambers do not flood.

12. When the volume has reached an apparent volume of 1 ml, remove the
KD apparatus and allow the solvent to drain for at least 10 minutes
while cooling.

13. Remove the Snyder column and rinse the flask and its lower joint into
the concentrator tube with 1-2 ml of methylene chloride. A Pasteur
pipette may be used for this operation.
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":-' 14. Add a clean boiling chip and attach a two-ball micro-Snyder column to
the concentrator tube.

15. Prewet the column by adding about 0.5 ml methylene chloride to the
top.

16. Place the KD apparatus in a Kontes heating block and set the
temperature so that the concentration is completed in 10 minutes.

17. When the liquid reaches an apparent volume of about 0.5 ml, remove
the KD from the Kontes heater and allow the solvent to drain and cool
for at least 10 minutes. Remove the micro-Snyder column and rinse its
lower joint into the concentrator tube with approximately 0.2 ml of
methylene chloride.

18. Adjust the final volume to 1.0 ml, seal and label as the base/neutral
fraction.

B. Acid fraction

1. Adjust the pH of the water previously extracted for base/neutrals with
6-normal sulfuric acid to pH 2 or below.

2. Serially extract with 60, 60 and 60 ml portions of pesticide grade
methylene chloride.

3. Collect and combine the extracts in a Z50 ml erlenmeyer flask and dry
by passing through a column of anhydrous sodium sulfate.

4. Rinse the erlenmeyer flask with 20-40 ml of methylene chloride and
pour through the drying column.

5. Concentrate the extract to a final volume of 1 ml, following the same
procedure as outlined above for concentration of the base/neutral
extract.

ANALYSIS

The base/neutral and acid fractions are analyzed with the following gas chromato-
graph and mass spectrometer conditions:

GC/MS SYSTEM

A. Gas chromatograph conditions

1. Column: 0.25 mm x 15 M fused silica open
tubular (FSOT) column coated with
DB-5 (J&W Scientific)

2. Column head pressure: 10 psi
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3. Injector temperature: 250 0 C

4. Carrier gas: helium

5. Column temperature program: 1 minute at 650C then 65-95oC at
2O/minute followed by 95 0 C to 300 0 C
at 80 /minute. The temperature is
held at 3000 C for the remainder of
the run.

B. Mass spectrometer conditions

1. Separator oven: 2500C

2. Transfer line: 2500C

3. Mode: electron impact direct

4. Emission current: 0.5 milliamps

5. Electron energy: 70 eV

6. Electron multiplier: 1200-1800 Volts

7. Dynodes: 3000 Volts

8. Ion source temperature: 3000 C

9. Data system scan: M/E 34-345 in 0.95 seconds with a
0.05 second hold at the bottom

C. A 10 i syringe is thoroughly cleaned with methylene chloride.

D. Z 1 of the acid and/or base/neutral fraction is loaded into the syringe.

E. The sample is injected directly into the capillary column and the GC
program and MS acquisition started.

CALCULATION

A. At the end of the GC/MS run the data are submitted to analysis by the
Finnigan reverse search software.

B. Identifications and quantification values generated by the automated soft-
ware are manually checked by the mass spectroscopist for validity.

QUALITY ASSURANCE

Quality assurance is maintained by the following analytical routine:
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I A. The GC/MS is tuned to meet DFTPP specifications as detailed in the Quality
Control Manual.

B. A laboratory water blank is analyzed to check for artifacts from the GC/MS
system for the presence of impurities in the water blank making it
unsuitable for standard preparation.

C. Field blanks are analyzed on a routine basis as a part of the quality
assurance program.

D. Standards containing all the extractable organic compounds are analyzed
and proper instrument sensitivity and stability are determined by compar-
ison of performance with earlier calibration curves stored in the quantita-
tion software. Significant deviation from previous quantitation curves
requires running a complete new set of calibration standards.

E. The precision and accuracy of the technique is determined by running 10
percent of the samples either in duplicate, or with a standard spike addition.

F. After manual review of the data generated by the Finnigan software, the
mass spectroscopist submits a report to be typed by the lab clerk. The lab
clerk proofs the report for accuracy after it is typed.

G. The mass spectroscopist proofreads the report and signs it on the bottom

when satisfied that the results reported are valid.

Q H. The final report is submitted to the chief organic chemist for final review.
As a final check, the values reported are compared to the typical concentra-
tion range expected for the particular water supply.

I. The worksheets, chromatograms, quantitation reports, etc. are filed accord-
ing to client by the lab clerk. The final report is duplicated and placed in
the organics file report binder.

J. The final report is sent out.

K. The remaining portion of the water sample is stored for one month at 40C to
allow re-analysis should there be any question of the results.
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ANALYSIS OF HERBICIDES
IN POTARLE AND NON-POTABLE WATER BY GC

DEFINITION

This analysis for herbicides includes 2,4-D, silvex, Z,4,5-T, and their corre-
sponding acids, salts, and esters. These compounds are isolated from water by
liquid-liquid extraction, derivitized and quantitated by gas chromatography in the
concentration range from 0.1-10 Jg/L. Actual detection limits are dependent on
instrumental stability and interferences present in the sample matrix.

APPARATUS

Varian 4600 GC equipped with capillary column and electron capture detector,
controlled by a 401 data system.

REAGENTS

A. Organic-free water is generated by passing deionized distilled water through
a stainless steel ultra-violet reaction chamber at Z liters per half hour. This
water is collected in a 2 liter amber bottle and tightly sealed.

B. Methylene chloride, toluene, acetone, and ethyl ether - pesticide grade.

C. Potassium hydroxide, sulfuric acid, sodium sulfate, and other reagents -ACS
grade.

D. Florisil - P.R. grade.

E. Standards - EPA reference standards.

STANDARD PREPARATION

Stock standard solutions are prepared at a concentration of 1 Vg/ 0. These
standards are prepared by dissolving the appropriate quantity of assayed reference
material into a pesticide-quality solvent (appropriate) and diluting to volume in a
ground-glass stoppered volumetric flask. This primary stock solution is trans-
ferred to 2 ml amber ampules and/or amber glass teflon-sealed vials and stored at
-18oC until used.

S'

INTERNAL STANDARD

Internal standards are not used for herbicide analysis.

EXTRACTION AND ESTERIFICATION

A. Pour 1 L of sample into a graduated cylinder and transfer the contents into
a 2 L separatory funnel.
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B. Adjust the pH to 2 with concentrated sulfuric acid. Use multi-range pH
* ," paper for measurements, using a Pasteur pipette to transfer a drop of

sample to the paper.

C. Add 60 ml, pesticide-grade methylene chloride to the graduated cylinder and
rinse the walls. Transfer the solvent into the separatory funnel and extract
the sample by shaking the funnel for two minutes with periodic venting to
release excess vapor pressure.

D. Allow the organic layer to separate from the water phase for a minimum of
10 minutes. If the emulsion interface between layers is more than one third
the size of the solvent layer, the analyst must employ mechanical techni-
ques to complete the phase separation. The optimum technique depends
upon the sample but may include stirring, filtration of emulsion through
glass wool or centrifugation.

E. Add a second 60 ml volume of methylene chloride to the separatory funnel

and complete the extraction procedure a second time combining theextracts in an erlenmeyer flask.

F. Perform a third extraction in the same manner.

G. Pour the combined extract through a drying funnel containing 3-4 inches of
acidified anhydrous sodium sulfate and collected in a 500 ml Kuderna Danish
(KD) flask equipped with a 10 ml concentrator tube.

H. Rinse the Erlenmeyer flask with 20-40 ml of methylene chloride. Pour this

through the drying column, adding to the total extract.

I. Add 15 ml IN potassium hydroxide solution to the KD for hydrolysis.

J. Add 1-2 clean Hengar boiling chips to the flask and attach a three-ball
macro-Snyder column.

K. Prewet the Snyder column by adding about I ml methylene chloride through
the top.

L. Place the KD apparatus on a warm water bath 80 0 C so that the concentra-
tor tube is partially emersed in the water and the entire lower rounded
surface of the flask is bathed with water vapor. Adjust the apparatus to a
vertical position and heat for one hour.

M. Remove the KD apparatus and allow the solvent to drain for at least 10
minutes while cooling.

N. Remove the Snyder column and add 2 ml of 25 percent sulfuric acid.

0. Transfer the contents of the KD flask to a 1Z5 ml separatory funnel and
extract three times with 20 ml volume of methylene chloride.
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* P. Collect the combined methylene chloride extract in an Erlenmeyer flask.
Pour the extracts through a funnel containing 5 grams acidified anhydrous
sodium sulfate.

Q. Transfer the dried methylene chloride extract to a KD apparatus and
evaporate to approximatey 5 ml.

R. Remove the KD from the water bath and allow to cool for 10 minutes.
Remove the receiver from the KD apparatus and attach a micro-Snyder
condenser.

S. Add 1 ml of toluene and evaporate the extract to approximately 0.9 ml using
a stream nitrogen and a hot water bath.

T. Remove from heat and cool for 10 minutes. Add 0.5 ml fourteen percent
boron trifluoride in methanol solution.

U. Heat the micro KD apparatus in a Kontes heater block for 30-40 minutes at
55 0 C.

V. Remove from heat and cool for 10 minutes. Add 4.5 ml five percent sodium
sulfate solution, cap the receiver, and shake for 30 seconds and allow to
stand for 10 minutes.

W. Remove the toluene layer (top layer) and pass through a micro-column
composed of a lower layer of 1.5 cm florisil and Z.0 cm acidifed sodium
sulfate in a Pasteur pipette plugged with glass wool.

X. Add 1 ml of toluene to the receiver containing the sodium sulfate solution.
Repeat shaking, separation, and micro-column steps until a total of 5 ml of
solvent have been collected.

ANALYSIS

The general methodology outlined is taken from the 15th edition of Standard
Methods. All samples are analyzed by capillary column.

GC SYSTEM

Chromatograph conditions

A. Column:

0.25 mm x 30 meter open tubular fused silica capillary column coated
with DB-5 (J & W Scientific).

B. Column Temperatures:

Capillary column temperature program: 1600, 2 minutes hold, 60 per
minute to 280 0 C.

,'.
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C. Electron Capture Detector Temperature: 3000C

D. Injector Temperature: ZZOOC

"H E. Gases:

Carrier Gas Hydrogen (1 ml/min at 0.7 kg/cmz)
ECD Make up Nitrogen (30 ml/min)

F. Sample Injection: Samples are injected using a Model 8000 Varian
autosampler. The injections are Z u. The syringes are cleaned
thoroughly with pesticide grade hexane prior to each injection.

CALCULATION

Calculations are made using a Varian Vista 401 data station which compares
retention times and peak areas to those of an analytical standard run in the same
manner as the sample extracts.

QUALITY ASSURANCE

A. With each set of samples, a laboratory water sample is spiked with a
standard mixture, carried through the extraction procedure, and analyzed by
GC. Recoveries of herbicides are compared to previously developed
precision/accuracy and recovery data. Significant deviation from previous
quantitation data requires running a complete new set of standards.

B. A laboratory water blank is extracted and analyzed with each set of samples
processed to ensure the absence of interfering artifacts.

C. Field blanks are analyzed on a routine basis as a part of the quality
assurance program.

D. The precision and accuracy of the technique is determined by running 10
percent of the samples either in duplicate, or with a standard spike addition.

E. After manual review of the data generated by the GC software, the analyst
submits a report to be typed by the lab clerk. The lab clerk proofs the
report for accuracy after it is typed.

F. The analyst proofreads the report and signs it on the bottom when satisfied
that the results reported are valid.

G. The final report is submitted to the chief organic chemist for final review.
As a final check, the values reported are compared to the typical concentra-
tion range expected for the particular water supply.

H. The worksheets, chromatograms, quantitation reports, etc. are filed accord-
ing to client by the lab clerk. The final report is duplicated and placed in
the organics file report binder, also according to client.

A. .1-6
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I. The final report is sent out. i"
• p

J. The remaining portion of the water sample is stored for one month at 4oc to
allow reanalysis should there be any question of the results.

'4
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ANALYSIS OF PESTICIDES AND PCB's

IN POTABLE AND NON-POTABLE WATER BY GC

DEFINITION

The analysis of pesticides and PCB's covers approximately 23 compounds that are
solvent-extractable and determined over a concentration range of 0.01 to 10 jgJL.

Actual detection limits are dependent on instrument stability and interferences in
the sample.

APPARATUS

Varian 4600 GC with capillary column electron capture and nitrogen phosphorus
detectors, controlled by a Varian 401 Data System.

REAGENTS

A. Organic-free water is generated by passing deionized distilled water through
a stainless steel ultraviolet reaction chamber at 2 liters per half hour. This
water is collected in a 2 liter amber bottle and tightly sealed.

B. Methylene chloride, hexane, methanol, acetone, and ethyl ether - pesticide
grade.

C. Sodium hydroxide, sulfuric acid, sodium sulfate, and other reagents -ACS

grade.

D. Florisil - P.R. grade.

E. Standards - EPA reference standards.

STANDARD PREPARATION

Stock standard solutions are prepared at a concentration of 1 ji. These
standards are prepared by dissolving the appropriate quantity of assayed reference
material into a pesticide-quality solvent (appropriate) and diluting to volume in a
ground-glass stoppered volumetric flask. This primary stock solution is
transferred to 2 ml amber ampules and/or amber glass teflon-sealed vials and
stored at -18 0 C until used.

INTERNAL STANDARD

Internal standards are not used for pesticide analysis because of potential
interference from the multicomponent compounds (toxaphene, chlordane, PCB's).

EXTRACTION %I

A. Pour I liter of sample into a graduated cylinder and transfer the contents
into a 2 liter separatory funnel.
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B. Add 60 ml, pesticide-grade methylene chloride to the graduated cylinder and
rinse the walls. Transfer the solvent into the separatory funnel and extract
the sample by shaking the funnel for 2 minutes with periodic venting to
release excess vapor pressure.

C. Allow the organic layer to separate from the water phase for a minimum of
10 minutes. If the emulsion interface between layers is more than one third
the size of the solvent lairer, the analyst must employ mechanical techni-
ques to complete the phase separation. The optimum technique depends
upon the sample but may include stirring, sonification, or filtration of
emulsion through glass wool or centrifugation.

D. Add a second 60 ml volume of methylene chloride to the separatory funnel
and complete the extraction procedure a second time combining the
extracts in an erlenmeyer flask.

E. Perform a third extraction in the same manner.

F. Pour the combined extract through a drying column containing 3-4 inches of
anhydrous sodium sulfate and collected in a 500 ml Kuderna Danish (KD)
flask equipped with a 10 ml concentrator tube.

G. Rinse the erlenmeyer flask with 20-40 ml of methylene chloride. Pour this
through the drying column, adding to the total extract.

H. Add 1-2 clean Hengar boiling chips to the flask and attach a three-ball
macro-Snyder column.

I. Prewet the Snyder column by adding about 1 ml methylene chloride through
the top.

J. Place the KD apparatus on a warm water bath at 60-65oC so that the
concentrator tube is partially emersed in the water and the entire lower
rounded surface of the flask is bathed with water vapor. Adjust the
apparatus to a vertical position and the water temperature as required to
complete the concentration in 20 minutes. NOTM At the proper rate of
distillation the balls of the column actively chatter but the chambers do not
flood.

K. When the volume has reached an apparent volume of 1 ml, remove the KD
apparatus and allow the solvent to drain for at least 10 minutes while
cooling.

L. Remove the Snyder column and add 50 ml hexane to the flask.

M. Add a clean boiling chip and reattach the Snyder column.

N. Prewet the column by adding about 0.5 ml hexane to the top.

0. Place the KD apparatus in a warm water bath and set the temperature to
90 0 C so that the concentration is completed in 10 minutes.

-1
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. P. When the liquid reaches an apparent volume of about 2 ml, remove the KD

from the water bath and allow the solvent to drain and cool for at least 10
minutes. Remove the Snyder column and rinse its lower joint into the
concentrator tube with approximately Z ml of hexane.

Q. Adjust the final volume to 5ml by blowing under nitrogen. The extract is
then transferred to a 5 ml glass vial with TFE septum.

ANALYSIS

Pesticide analysis is performed using EPA Method 608 as the basic guideline. All
samples are analyzed using capillary columns. If interferences are present that
impact identification and quantification then samples are cleaned up using Florisil
(see EPA Method 608). Confirmation is performed using a second capillary
column.

GC SYSTEM

A. Gas chromatograph conditions

1. Columns:

-p ia) 0.25 mm x 30 meter open tubular fused silica capillary column
4. coated with SE-54 (J & W Scientific).

b) 0.25 m x 30 meter open tubular fused silica capillary column
coated with DB-1701 (J & W Scientific) for confirmation.

2. Column Temperature:

Temperature program 55 0 C for 1 minute then programmed to 155 0 C at
25OC/min. The column is then programmed to 2500 C at 60 C/min and
held there for 1 to 5 minutes.

3. Detector Temperature: 3000 C

4. Injector Temperatures: 2200C

5. Gases:

a) Carrier Gas: Hydrogen (I ml/min at 0.7 kg/cm2 )

b) ECD make up: Nitrogen (30 ml/min)

6. Sample Injection: Samples are injected onto the column using a Model
8000 Varian autosampler. The injection volume is 2 I splitless. The
syringes are cleaned thoroughly with pesticide grade hexane prior to
each injection.
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CALCULATION

Calculations are made using a Varian Vista 401 data station which compares
retention times and peak areas to those of an analytical standard run in the same
manner as the sample extracts.

QUALITY ASSURANCE

A. With each set of samples, a laboratory water sample is spiked with a
standard mixture, carried through the extraction procedure, and analyzed by
GC. Recoveries of pesticides/PCB's are compared to previously developed
precision/accuracy and recovery data. If significant deviation from previous
quantitation data occurs, the average of the previous recoveries is used.

B. A laboratory water blank is extracted and analyzed with each set of samples
processed to ensure the absence of interfering artifacts.

C. The precision and accuracy of the technique is determined by running 10
percent of the samples either in duplicate, or with a standard spike addition.

D. After manual review of the data generated by the GC software, the analyst
submits a report to be typed by the lab clerk. The lab clerk proofs the
report for accuracy after it is typed.

E. The analyst proofreads the report and signs it on the bottom when satisfied
that the results reported are valid.

F. The final report is submitted to the senior organic chemist for final review.

As a final check, the values reported are compared to the typical concentra-
tion range expected for the particular water supply.

G. The worksheets, chromatograms, quantitation reports, etc. are filed accord-
ing to client by the analyst. The final report is duplicated and placed in the
organics files, also according to client.

H. The final report is sent out.

L The remaining portion of the water sample is stored for one month at 40 C to
allow reanalysis should there be any question of the results.
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ANALYSIS OF SEMI-VOLATILE COMPOUNDS
IN POTABLE AND NON-POTABLE WATER
BY CLOSED-LOOP STRIPPING AND GAS

CHROMATOGRAPHY MASS SPECTROMETRY

DEFINITION

The analysis of semi-volatile organics consists of two parts: stripping and
concentration of the organics by the closed-loop stripping technique and sub-
sequent analysis by GC/MS. Over 50 semi-volatile organics are determined over a
concentration range of approximately 0.1 to 1000 ng/L. Actual detection limits
are dependent on the daily performance of the closed-loop stripping apparatus and
the GC/MS system.

APPARATUS

A closed-loop st.ipping apparatus fashioned after that of Grob (J. Chromoto-
graphy 84:255 (1973)) was built in the lab workshop. The extracts from this device
are injected into a Finnigan 4021 GC/MS.

* REAGENTS

A. Organic-free water is generated by passing deionized distilled water through
a stainless steel ultraviolet reaction vessel at the rate of 2 liters per half
hour. The water is collected in a 2 liter amber bottle and tightly sealed.

B. Solvents: Acetone - JT Baker Resi-Analyzed; Methylene Chloride - JT

Baker Resi-Analyzed; Carbon Disulfide - Aldrich Gold Label 99+ percent.

C. Sodium sulfate, sodium thiosulfate and other reagents - ACS reagent grade.

D. Standards: 95+ percent purity

STANDARD PREPARATION

A. Stock standard solutions

1. Fill a 50 ml, glass stoppered volumetric flask with approximately 49 ml
of methylene chloride. Let stand for a few minutes until weight is
constant. Stopper the flask and weigh to +0.1 mg.

2. Add 3-4 drops as required of the standard to the flask with a syringe or
Pasteur pipette and reweigh. Note: The drops of the standard organic
material should fall directly into the solvent without contacting the
flask neck.

3. Dilute to volume with methylene chloride, stopper tightly and mix by
inverting the flask one to two times.

0
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4. Transfer aliquots of the solution into 2 ml ampules and seal. Transfer
other aliquots to amber vials with teflon seals for immediate use.
Calculate the concentration in mg/ml from the net gain in weight.

B. Internal Standards

1. The internal standards, 1-bromohexane and 1-chlorodecane, are
prepared in methylene chloride by the same procedure.

SAMPLE CONCENTRATION

A. 500 ml of the sample is poured into a clean 500 ml volumetric flask. The
sample is spiked with internal standard to produce a concentration of
100 ng/L.

B. The sample is poured into the CLS vessel and 20 gm sodium sulfate is added.

C. A freshly cleaned carbon trap is inserted into its holder.

D. The system is closed and the sample purged for one hour at 60 0 C with
stirring.

E. The carbon trap is removed and extracted twice with 1011 carbon disulfide.
Sixteen 1 are recovered and stoe to two times.

F. The CLS vessel is thoroughly rinsed with clean water (and methanol if
required) before the next run.

ANALYSIS

The CLS extracts are analyzed with the following gas chromatograph and mass
spectrometer conditions:

GC/MS SYSTEM

A. Gas chromotograph conditions

1. Column: 0.25 mm x 15 M fused silica open
tubular (FSOT) column coated with
DB-5 (J & W Scientific)

2. Column head pressure: 8 psi

3. Injector temperature: 250 0 C

4. Carrier gas: helium

5. Column temperature program: Column oven door open for one
minute then hold temperature at
50 0 C for one minute and program
from 50°C to 95 0 C to 280 0 C at
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60 /minute. The temperature is held
at 2800C for the remainder of the
run

B. Mass spectrometer conditions

1. Separator oven: 2900c

2. Transfer line: 2900c

3. Mode: electron impact direct

4. Emission current: 0.5 milliamps

5. Electron energy: 70 eV

6. Electron multiplier: 1200-1800 volts

7. Dynodes: 3000 volts

8. Ion source temperature: 2500C

9. Data system scan: M/E 34-450 in 0.95 seconds with a
0.05 second hold at the bottom

C. 2 1l of extract are injected into the column and 3700 scans acquired.

QUALITY ASSURANCE

Quality assurance is maintained by the following analytical routine:

A. The GC/MS is tuned to meet 4-Bromofluorobenzene specifications as
detailed in the Quality Control Manual.

B. A laboratory water blank is analyzed to check for artifacts from the GC/MS
system and/or for the presence of impurities in the water blank making it
unsuitable for standard preparation.

C. Field banks are analyzed on a routine basis as a part of the quality assurance
program.

D. A standard containing all 50 semi-volatile organic compounds is analyzed
and proper instrument sensitivity and stability are determined by
comparison of performance with earlier calibration curves stored in the
quantitation software. Significant deviation from previous quantitation
curves requires running a complete new set of calibration standards.

E. The precision and accuracy of the technique is determined by running
10 percent of the samples in duplicate or spiked with standards.
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TF. After manual review of the data generated by the Finnigan software, the

mass spectroscopist submits a report to be typed by the lab clerk. The lab

clerk proofs the report for accuracy after it is typed.

G. The mass spectroscopist proofreads the report and signs it on the bottom
when satisfied that the results reported are valid.

H. The final report is submitted to the chief organic chemist for final review.

As a final check, the values reported are compared to the typical concentra-
tion range expected for the particular water supply.

I. The worksheets, chromatograms, quantitation reports, etc. are filed accord-
ing to client by the lab clerk. The final report is duplicated and placed in
the organics file report binder, also according to client.

J. The final report is sent out.

K. The remaining portion of the water sample is stored for one month at 40 C to
allow reanalysis should there be any question of the results.

A-IWI.
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.~ ,-,, ANALYSIS OF VOLATILE POLAR ORGANICS IN POTABLE AND
", NON-POTABLE WATER BY STEAM DISTILLATION AND GC/MS

DEFINITION

The analysis of Volatile Polar Organics covers the determination of a number of
organic compounds that can be steam distilled and are amenable to gas
chromatography/mass spectrometry. Numerous compounds are determined over a
concentration range of approximately 0.1 to 100 ig/L. Precision and accuracy
data has been developed for eight specific compounds. Detection limits are
dependent on the daily performance of the GC/MS system.

APPARATUS

Finnigan Series 4000 Gas Chromatograph Mass Spectrometer interfaced to
Tekmar LSC-Z Sample Concentrator. The Finnigan 40Z1 GC/MS is a high
performance low resolution quadrupole mass spectrometer equipped with dynode
conversion prior to the electron multiplier for high sensitivity. The Tekmar
LSC-Z concentrator is an automated purge and trap device which is interfaced to
the gas chromatograph of the GC/MS via a heated stainless steel transfer line.
The distillation equipment consist of a two liter round bottom flask, 300 mm
Vigreaux distallation column, West condenser, vacuum adapter and 15 ml pear
shaped receiver.

REAGENTS

0 A. Organic-free water is generated by -sing deionized distilled water through
a stainless steel ultra-violet reaction chamber at 2 liters per half hour. This

water is collected in a Z liter amber bottle and tightly sealed.

B. Sodium Sulfate - ACS reagent grade.

C. Standards - ACS grade, 95+ percent purity where possible.

STANDARD PREPARATION

Stock standard solutions are prepared at a concentration of 1 g/Wjl. These
standards are prepared by dissolving the appropriate quantity of assayed reference
material into purified deionized water and diluting to volume in a 50 ml ground-
glass stoppered volumetric flask. This primary stock solution is transferred to
2 ml amber ampules and/or amber glass teflono-sealed vials and stored at -20 0 C
until use.

DISTILLATION

A. Pour sample into a one liter graduated cylinder and transfer the contents to
a two liter round bottom flask.

B. Add 40 grams sodium sulfate to the sample flask.
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C. Slowly begin distilling the sample. Distillation should take approximately
one hour.

D. Collect distillate in the 10 ml receiving flask which has been cooled in an
ice bath to reduce the loss of the volatile compounds.

E. Stop distillation when 4 mls have been collected. Allow apparatus to cool
for 5 minutes. Final volume should be between 5 - 10 mls.

F. Transfer distillate to 10 ml amber glass vial with TFE seal. Store at 4oC

until analysis.

ANALYSIS

A. One gram of sodium sulfate is added to the sample in the 10 ml amber glass
vial.

B. Rinse the 5 ml gas-tight syringe and the 5 ml sparger on the Tekmar
'A concentrator with laboratory blank water.

C. After the sodium sulfate has dissolved, pour the sample into the gas-tight
syringe very gently and replace the plunger to bring the volume to exactly 5
ml.

D. Inject ;nto Tekmar LSC-2 and analyze as a VOA sample.
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N

r . ANALYSIS OF ORGANIC ANIONS IN POTABLE AND
NON-POTABLE WATER BY ION EXCHANGE AND GC/MS

DEFINITION

The analysis of organic anions in water covers the determination of five
compounds which can be adsorbed to an ion exchange resin and detectable by gas
chromatography/mass spectrometry (GC/MS). The compounds are detectable over
a concentration range of approximately 50 - 100 jiJL. The actual detection limits
are dependent on the daily performance of the GC/MS system.

APPARATUS

The project's Finnigan 4021 gas chromatograph mass spectrometer is a high
performance, low resolution, quadrapole mass spectrometer equipped with dynode
conversion for high sensitivity.

REAGENTS

A. AGI-X8 (50-100 mesh) ion exchange resin (Biorad Laboratories, Richmond,
CA) in chloride form.

B. Distilled-deionized water

C. Geseous HCl in lecture bottle - Electronics grade

D. Methanol, diethyl ether, ethanol (J.T. Baker Pesticide grade)

E. Sodium Hydroxide, Potassium Hydroxide, phenolphthalein (A.C.S. reagent
grade)

F. Diazold (N-methyl-N-nitroso-p-toluenesulfonamide) (Aldrich Chemical
*: Company)

, G. Standards - ACS Grade, 95 percent + purity
is

STANDARD PREPARATION

Stock standard solutions are prepared at a concentration of 1 Vg/ml. These
standards are prepared by dissolving the appropriate quantity of assayed reference

material into a pesticide-quality solvent (appropriate), and diluting to volume in a
50 ml ground-glass stoppered volumetric flask. This primary stock solution is
transferred to Z ml amber ampules and/or amber glass teflon-sealed vials and
stored at -20 0 C until used.

SAMPLE PREPARATION

A. Preparation of the HCl:Methanol solution: The HCl:methanol solution is
prepared in large batches and stored in the refrigerator up to 2 weeks before
use. Gaseous HCI is bubbled through the methanol for approximately 15
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minutes. The HCI concentration of the methanol solution is determined byadding I ml of the methanol solution to 20 ml of water, and titrating to the

phenolphthalein endpoint with IN KOH. A normality from 0.9 to 1.1 is
acceptable for the analytical operation.

B. Preparation of ethereal alcoholic solutions of diazomethane: Ethanol (25

ml) is added to a solution of potassium hydroxide (5 g) in water (8 ml) in a

100-ml distilling flask fitted with dropping funnel and an efficient condenser
set downward for distillation. The condenser is connected to a cooled (OC)
receiving flak. The flask containing the alkali solution is heated in water
bath to 650C, and a solution of Diazald (21.5 g) in about 200 ml of ether is
added through the dropping funnel in about 25 min. When the dropping
funnel is empty, another 40 ml of ether is added slowly and the distillation is
continued until the distilling ether is colorless. The ethereal distillate
contains about 3 g of diazomethane.

C. Preparation of resin material: Biorad AGI-X8 resin is extracted with
methanol in a Soxhlet apparatus overnight. The resin is placed in a column
and rinsed with 10 bed volumes of water, 20 bed volume of IN NaOH, and 2
bed volumes of IN formic acid. The resin is then rinsed with water until the
eluent water is at pH 5 to 6. Resin which is not used immediately may be
stored wet sealed in glass jars.

D. Sample Concentration:

1. Glass chromatograph columns, 10.5 mm i.d. x 25 cm, equipped with
250 ml reservoir and teflon stopcock were used.

2. Prepare ion-exchange column by placing a small glass wool plug in the
bottom of the chromatography column. Pipette 10 ml (measure
volume after resin has settled) of cleaned Biorad AG1-X8 resin into
the columns, allow the resin to settle, and rinse the column with
approximately 10 ml of water.

3. Prior to analysis, samples should stand undisturbed for 4 hours or
overnight to allow particulates to settle.

4. One liter of water sample is allowed to drain through the resin bed.
Using the stopcock at the base of the column, adjust flow to 2.5
ml/min.

5. Rinse the resin with Z5 ml water. Allow the water to drain out of the
resin bed, aspirate off remaining water from the bottom of the resin
column.

6. Elute acids from the column using 100 ml of IN HCI:methanol. Collect

the eluate in a ZOO ml round bottom flask. Elute at approximately 5
ml/min.

7. Remove all of the eluent using rotary evaporation at 30 0 C. Resuspend
the sample residue in 3 ml of methanol and transfer to a 15 ml test
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.. -% tube. Rinse the flask with two 2 ml portions of methanol and transfer
, to the test tube.

8. Evaporate the solvent to dryness using nitrogen blowdown at 400C.

S.: 9. Resuspend the sample in 0.2 ml of IN HChmethanol solution. Sample
may be stored at this point.

E. Derivatization:

1. Add the diazomethane solution to the sample using a 1 ml disposable
pipette. Continue adding solution until a yellow color persists. Excess

:.*, diazomethane is evaporated off using nitrogen blowdown. If excess
diazomethane has been prepared it should be quenched with a formic
acid solution before discarding.

2. Concentrate the derivatized sample to 1 ml in the test tube using
nitrogen blowdown at 400 C in a well-ventilated hood.

GC/MS SYSTEM

A. Gas chromatograph conditions
1. Column: 0.25 mm x 15 M fused silica open

tubular (FSOT) column coated with
DB-5 (J&W Scientific).

2. Column head pressure: 10 psi

3. On-column injector temperature: ?50 0 C

4. Carrier gas: helium

5. Column temperature program: I minute at 80 0 C then program to
275 0 C at 10°C/min. The tempera-

%ture is held at 275 0 C to the end of
the run.

B. Mass spectrometer conditions

1. Separator oven: 2500C
2. Transfer line: Z50 0 C

3. Mode: electron impact direct

4. Emission current: 0.5 milliamps

5. Electron energy: 70 eV

6. Electron multiplier: 1200 - 1800 volts
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7. Dynodes: 3000 Volts

8. Ion source temperature: 3000C

9. Data system scan: M/E 34-450 in 0.95 seconds with a
0.05 second hold at the bottom.

C. A 10 11 sample syringe is thoroughly cleaned with methylene chloride.

D. Two 11 of the anionic methylated extract are loaded into the syringe.

E. The sample is injected into the GC/MS and 2000 scans are acquired.

CALCULATION

A. At the end of the GC/MS run the data are submitted to analysis by the
Finnigan reverse search software.

B. Identifications and quantification values generated by the automated soft-
ware are manually checked by the mass spectroscopist for validity.

QUALITY ASSURANCE

Quality assurance is maintained by the following analytical routine:

A. The GC/MS is tuned to meet DFTPP specifications as detailed in the Quality
Control Manual.

B. A laboratory water blank is analyzed to check for artifacts from the GC/MS
system for the presence of impurities in the water blank making it
unsuitable for standard preparation.

C. Field blanks are analyzed on a routine basis as a part of the quality
assurance program.

D. Standards containing all the extractable organic compounds are analyzed
and proper instrument sensitivity and stability are determined by compari-
son of performance with earlier calibration curves. Significant deviation
from previous quantitation curves requires running a complete new set of
calibration standards.

E. The precision and accuracy of the technique is determined by running 10
apercent of the samples either in duplicate, or with a standard spike addition.

F. After manual review of the data generated by the Finnigan software, the
mass spectroscopist submits a report to be typed by the lab clerk. The lab
clerk proofs the report for accuracy after it is typed.

G. The mass spectroscopist proofreads the report and signs it on the bottom
when satisfied that the results reported are valid.
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H. The final report is submitted to the senior organic chemist for final review.
As a final check, the values reported are compared to the typical concentra-
tion range expected for the particular water supply.

I. The worksheets, chromatograms, quantitation reports, etc., are filed
according to client by the analyst. The final report is duplicated and placed
in the organics filcs, also according to client.

J. The final report is sent out.

K. The remaining portion of the water sample is stored for one month at 40 C to
allow re-analysis should there be any question of the results.

A%
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ANALYSIS OF ORGANIC CATIONS IN POTABLE AND
NON-POTABLE WATER BY ION EXCHANGE AND HPLC

DEFINITION

The analysis of organic cations in water covers the determination of eight

compounds which can be isolated from water on an ion exchange resin and
detected by High Performance Liquid Chromatography (HPLC). The compounds
are detectable over a concentration range of approximately 1 to 1000 ju/L. The
actual detection limits are dependent on the daily performance of the HPLC
system.

APPARATUS

A Varian Model 54 High Performance Liquid Chromatograph is utilized for this
analysis. The HPLC is equipped with two optical (UV/VIS) and one fluorescence
spectrophotometric detectors. A reversed-phase MicroPak MCH-5 chromato-
graphic column is employed to separate the components in the sample.

REAGENTS

A. Sepralyte C-18 (401zn) bonded phase silica-based resin (Analytichem Interna-
tional, Harbor, CA).

B. Distilled/deionized water.

C. Methanol (J.T. Baker Pesticide grade).

D. Solvents for HPLC analysis: acetonitrile, methanol, and water (J.T. Baker
HPLC grade).

E. Potassium phosphate monobasic, phosphoric acid, sodium 1-heptanesulfonate

(ACS reagent grade).

F. Standard chemicals, 95+ percent purity.

STANDARD PREPARATION

A stock standard solutions (2 vg/ml) of each of the following organic cations is
prepared in methanol (pesticide grade) solvent:

Benzidine Quinoline
Pyridine 5-C hloroindole
Indole 3,3'-Dichlorobenzidine
3-Chloropyridine 4-Chloroquinoline

A-
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These standards are prepared by dissolving the appropriate quantity of assayed
._ reference material into methanol and diluting to volume in a 50 ml ground-glass

stoppered volumetric flask. This primary stock solution is transferred to Z ml
amber ampules and/or amber glass teflon-sealed vials and stored at -Z0°C until
used.

SAMPLE PREPARATION

A. Glass chromatograph column, 10.5 mm i.d. x 25 cm, equipped with Z50 ml
reservoir and teflon stopcock were used.

B. Prepare chromatograph column by placing a small glass wool plug in the
bottom of the column. Fill the column with pesticide grade methanol, then
add 0.75 g of Sepralyte C-18 resin into the column. Allow the resin to
settle.

C. Rinse the resin with 50 ml distilled/deionized water, followed with 50 ml of
pesticide grade methanol, and finally with 50 ml of distilled/deionized
water.

D. Prior to analysis, samples should stand undisturbed for 4 hours or overnight
to allow particulates to settle.

E. One liter of water sample is allowed to drain through the resin bed. Using
the stopcock at the base of the column, adjust flow to 2.5 ml/min.

F. Rinse the resin with 25 ml water. Allow the water to drain out of the resin
bed.

G. Elute organic cations from the column using 100 ml of pesticide grade
methanol. Collect the eluate in a 200 ml round bottom flask. Elute at
approximately 5 ml/min.

H. Concentrate the eluant solvent to I ml using rotary evaporation at 40 0 C.

Sample may be stored at this point.

HPLC SYSTEM

A. Mobile phase:

1. Mode isocratic

2. Flow rate = 0.6 ml/min.
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3. Mobile phase composition:

35 percent-ion-pairing buffer solution (pH=3) : 0.005 M sodium I-

heptanesulfonate/0.05 M potassium phosphate monobasic/phosphoric
acid.

55 percent - Methanol

10 percent - Acetonitrile

% B. Column: Varian MicroPak MCH-5 5 nm, 0.26 x 15 cm, HC-ODS Column (at
350C).

C. UV detectcr: max = 254 nm

D. Fluorescence detector: ex - 220 nm, em = 530 nm

E. Sample volume: 10 11 of the cationic concentrated eluant is injected for
HPLC analysis.

CALCULATION

A. At the end of the HPLC run, the data are submitted to analysis by the
Varian 401 data processor.

B. Identifications and quantification values generated by the automated soft-
ware are manually checked by the HPLC spectroscopist for validity.

QUALITY ASSURANCE

Quality assurance is maintained by the following analytical routine:

A. A laboratory water blank is analyzed to check for artifacts from the HPLC
system and/or for the presence of impurities in the water blank making it
unsuitable for standard preparation.

B. The precision of the technique is determined by running 10 percent of the
samples in duplicate.

S. The accuracy of the technique is determined by spiking 10 percent of the
samples and determining recoveries.

* D. The HPLC analyst proofreads the report and signs it on the bottom when
satisfied that the results reported are valid.

E. All worksheets, chromatograms, quantitation reports, and calibration curves
are organized and the final report and submitted to the senior organic

' .9 chemist for final review. As a final check, the values reported are
compared to the typical concentration range expected for the particular
water supply.
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F. The worksheets, chromatograms, quantitation reports, etc., are fixed
-' " ' according to client by the analyst. The final report is duplicated and placed

in the organics files.

G. The final report is sent out.

H. The remaining portion of the water sample is stored for one month at 40 C to
allow reanalysis should there be any question of the results.
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ANALYSIS OF POLYNUCLEAR AROMATIC HYDROCARBONS IN -.

WATER BY HIGH PRESSURE LIQUID CHROMATOGRAPHY

DEFINITION

The analysis of polynuclear aromatic compounds (PNA) in water is conducted in
three stages: (1) extraction of the organic compounds from aqueous solution with
methylene chloride; (2) liquid chromatographic sample cleanup using silica gel for
fractionation of the PNA derivatives from aliphatic and phenolic species; and
(3) analysis of the sample extract by high performance liquid chromatography
(HPLC).

APPARATUS

The instrument utilized for the analysis of PNA species is the Varian Model 54
High Performance Liquid Chromatograph. The HPLC is equipped with two
absorbance ultraviolet (UV) and visible (VIS) detectors and one fluorescence
spectrophotometric detector. A reversed-phase C18 chromatographic column is
employed to separate the various polynuclear aromatic hydrocarbons for analysis.

REAGENTS

A. Solvents for liquid-liquid extraction (LLE) and LC clean-up preparation of
standards: acetonitrile, methylene chloride, pentane (pesticide grade).

B. Solvents for HPLC Analysis: acetonitrile, and water (J.T. Baker HPLC

.* grade).

C. Standard chemicals: 95+ percent purity

D. Sodium hydroxide, sulfuric acid (ACS reagent grade).

.4 STANDARD PREPARATION

A. A stock solution (20 ppm) of each of the following PAH's is prepared in
acetonitrile:

Naphthalene Benzo (g,h,i)perylene
Fluorene Caffeine
Z-Chloronaphthalene Phenanthrene
Coronene Chrysene

. , Anthracene Benzo(b)fluoranthene
Pyrene Benz o (k) fluoranthene
Benzo(a)pyrene Indo(l,2,3-c,d)pyrene
Benzo(a)anthracene Dibenz(a,h) anthracene
Fluoranthene 1,2,3,4-Dibenzanthracene

A sample of each reagent is weighed to +0.1 mg and placed in an amber
glass 100 ml volumetric flask. Sufficient acetonitrile is added in order to

____ ensure complete dissolution of each compound. The solution is then diluted

Mz
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to volume with acetonitrile. The flask is stoppered for storage at 40C in thedark. Under these conditions, the solution should remain stable for 90 days.

B. A dilute standard is prepared for calibration of the HPLC using the
concentrated stock solution. The final concentration is 10 ng/10 ml in
acetonitrile.

EXTRACTION

A. Pour 1 L of sample into a graduated cylinder and transfer the contents into
a 2 L separatory funnel.

B. Adjust the pH to 7 using concentrated sulfuric acid or sodium hydroxid.
necessary. Use multi-range pH paper for measurements, using a Pas r
pipette to transfer a drop of sample to the paper.

C. Add 60 ml, pesticide-grade methylene chloride to the graudated cylinde "
rinse the walls. Transfer the solvent into the separatory funnel and exti r
the sample by shaking the funnel for two minutes with periodic venting Lo
release excess vapor pressure.

D. Allow the organic layer to separate from the water phase for a minimum of
10 minutes. If the emulsion interface between layers is more than one-third
the size of the solvent layer, the analyst must employ mechanical techni-
ques to complete the phase separation. The optimum technique depends
upon the sample but may include stirring, filtration of emulsion through
glass wool or centrifugation.

E. Add a second 60 ml volume of methylene chloride to the separatory funnel
and complete the extraction procedure a second time combining the
extracts in an erlenmeyer flask.

F. Perform a third extraction in the same manner.

G. The extracts are combined in a 250 ml round bottom flask. 1 gram of
anhydrous magnesium sulfate is added.

H. After 15 minutes the sample is filtered through a Whatman qualitative ash-
free filter into a 500 ml Kuderna Danish (KD) flask equipped with a 10 ml
concentrator tube.

L The residual MgSO 4 is washed with an additional 30 ml of methylene
chloride. This is also drained into the KD.

J. Add 1-2 clean Hengar boiling chips to the flask and attach a three-ball
macro-Snyder column.

K. Prewet the Snyder column by adding about 1 ml methylene chloride through
the top.
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L. Place the KD apparatus on a warm water bath 60-65oC so that the
concentrator tube is partially emersed in the water and the entire lower
rounded surface of the flask is bathed with water vapor. Adjust the
apparatus to a vertical position and the water temperature as required to
complete the concentration in 20 minutes. NOTE: At the proper rate of
distillation the balls of the column actively chatter but the chambers do not
flood.

M. When the volume has reached an apparent volume of 1 ml, remove the KD
apparatus and allow the solvent to drain for at least 10 minutes while
cooling.

N. Remove the Snyder column and rinse the flask and its lower joint into the
concentrator tube with 1-2 ml of methylene chloride. A Pasteur pipette
may be used for this operation.

0. Add a clean boiling chip and attach a two-ball micro-Snyder column to the
concentrator tube.

P. Prewet the column by adding about 0.5 ml methylene chloride to the top.

Q. Place the KD apparatus in a Kontes heating block and set the temperature
so that the concentration is completed in 10 minutes.

R. When the liquid reaches an apparent volume of about 0.5 ml, remove the KD
from the Kontes heater and allow the solvent to drain and cool for at least
10 minutes. Remove the micro-Snyder column and rinse its lower joint into
the concentrator tube with approximately 0.2 ml of methylene chloride.

. S. This is the concentrated PNA extract used below.

COLUMN CHROMATOGRAPHY CLEANUP

* . A. A silica gel L.C. column is prepared by slurry packing 10 grams of silica gel
(100-200 mesh) with methylene chloride into a 25 ml buret with teflon
stopcock. A plug of glass wool is placed at the bottom of the column in

order to prevent escape of the adsorbent during solvent elution.

B. The LC column is washed with 50 ml of pentane prior to use.

C. The concentrated sample extract is placed at the head of the column.
Solvent is drained from the column so that the top of the extract just enters
the column.

D. The compounds of interest are eluted from the column with 25 ml of
pentane followed by 40 ml of 40 percent (v/v) methylene chloride in
pentane.

E. The 40 percent (v/v) methylene chloride in pentane elutant is concentrated
to dryness under a stream of nitrogen at 400 C.
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x-. F. The residual is redissolved in 1 ml of acetonitrite and transferred to a seale,

amber colored sample vial. The sample is stored at 40 C until analysis.

ANALYSIS

Chromatograph conditions.

A. Column: Perkin-Elmer I0 i 0.26 x 25 cm HC-ODS

B. Solvent program: 40 percent acetonitrite in water for 5 minutes
programmed from 40-100 percent acetonitrite in Z5 minutes

C. Solvent flow rate: 1.0 ml/min

D. Column temperature: 250C

E. Detector wavelengths:

UV #1: Z54 nm
UV #2: 300 nm
Fluorescence: Excitation: 220 nm

Emission: 530 nm

F. Peaks are identified based on their retention time and on the comparison of
the adsorbance at 254 nm and the fluorescence/absorbance at 254 nm ratios.

CALCULATION

A. The recovery for each PNA in the water sample is determined by spiking
previously extracted water samples with the standard stock solution of
PNA's at a concentration of 5 ig/L each. The average recovery for each
PNA is used as a correction factor.

B. The quantitation of the PNA's is calculated by comparing the peak area of

the water sample to the standard and using the correction factor.

C. Analytical standards are injected each day to update the response factor.

QUALITY ASSURANCE

Quality assurance is maintained by the following analytical routine:

A. A laboratory water blank is analyzed to check for artifacts from the HPLC
system and/or for the presence of impurities in the water blank making it
unsuitable for standard preparation.

B. The precision of the technique is determined by running 10 percent of the
samples in duplicate.

C. The accuracy of the technique is determined by spiking 10 percent of the
samples and determining recoveries.
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D. The HPLC analyst proofreads the report and signs it on the bottom when
satisfied that the results reported are val .

E. The final report is submitted to the senior organic chemist for final review.
As a final check, the values reported are compared to the typical concentra-
tion range expected for the particular water supply.

F. The worksheets, chromatograms, quantitation reports, etc. are fixed accord-
ing to client by the lab clerk. The final report is duplicated and placed in
the organics files, also according to client.

G. The final report is sent out.

H. The remaining portion of the water sample is stored for one month at 40 C to
allow reanalysis should there be any question of the results.

I.

'p
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ANALYSIS OF DIHALOACETONITRILES
IN POTABLE AND NON-POTABLE WATER

BY LIQUID-LIQUID EXTRACTION AND GAS CHROMATOGRAPHY

DEFINITION

The analysis of dihaloacetonit riles (DHAN's) consists of two parts: concentration
by liquid-liquid extraction and analysis by gas chromatography (GC). The three
dihalocetonitriles included in this are: dichloroacetonitrile (DCAN), chlorobromo-
acetonitrile (CBAN), and dibromoacetonitrile (DBAN).

APPARATUS

The Varian 6000 gas chromatograph is a modular, dual column, dual detection
instrument capable of isothermal or temperature programmed operation with
packed or capillary columns and a variety of detectors.

REAGENTS

A. Organic-free water is generated by passing deionized distilled water through
a Barnstead Organicpure unit. This water is collected in a 20 liter bottle
and heated to 60 0 C overnight. Contaminant free nitrogen is bubbled through
the water at 50 ml/minute.

B. Methanol - ACS reagent grade

C. Pentane-Pesticide Grade

D. Standards:

1 . Dichloroacetonitrile
2. Chlorobromoacetonitrile
3. Dibromoacetonitrile
4. 1,2-Dibromopropane (I.S.) - ACS grade

STANDARD PREPARATION

A. Stock standard solutions

1. Fill two 50 ml glass stoppered volumetric flasks with approximately
49 ml of methyl alcohol. Let stand for a few minutes.

2. Add 7.3 11 of dichloroaceonitrile (10 mg) to one flask. Add 5.3 0 of
chlorobromoacetonitrile (10 mag), and 4.4 jI of dibromoacetonitrile
(10 mag) to the second flask.

3. Dilute to volume with methanol, stopper tightly, and invert the flasks
three times. This produces stock standards at a concentration of 0.2

A-g93l.
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NOTE: Stock standard is prepared on each day an analysis for dihalo-
acetonitriles is to be performed.

B. Internal standard preparation

I. Fill a 50 ml glass stoppered, volumetric flask with approximately
45 ml of methanol. Let stand for a few minutes. Stopper the flask
and weigh to +0.1 mg.

2. Add about 150 mg of standard to the flask immediately with syringe or
~ -' pasteur pipet and reweigh.

NOTE: The standard drops should fall directly into the alcohol without
contacting the flask neck.

3. Dilute to volume with methanol, stopper tightly and mix by inverting
the flask several times.

4. Transfer approximately 1.5 ml into 2 ml vials. Seal with a TFE septum
and screw cap, label and store the solution at 40C. Calculate the
concentration in jig per 1 from the net gain in weight.

5. Determine the volume of concentrated standard in (4) needed to
prepare a 1.724 mg/L solution.

6. Rinse a one liter flask three times with small volumes of pentane. Fill
to volume with pentane, add the volume of concentrated internal
standard determined in (5), stopper tightly and mix by inverting the

.flask two times.

EXTRACTION

A. Aqueous standard solutions for calibration

1. Three one liter and three 500 ml glass stoppered, volumetric flasks are
filled to volume with laboratory organic free water and stoppered
tightly.

2. Concentrations of 1, 2, and 5 lig/L of dichloroacetonitrile and concen-
trations of 10, 20, and 50 ig/L of chlorobromoacetonitrile and dibro-
moacetonitrile are prepared by injecting 5, 10, and 25 ji respectively

.." of the dichloroacetonitrile stock standard and injecting 50, 100, and
250 ! respectively of the chlorobromoacetonitrile and dibromoaceto-
nitrile stock standard into three one liter flasks.

3. Concentrations of 10, 20, and 50 1g/L of dichloroacetonitrile are
prepared by injection of 25, 50, and 125 U1 respectively of the
dichloroacetonitrile stock standard into three 500 ml volumetric
flasks.
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... ,4. The injection of stock standard solution is made by inserting the

syringe needle well down into the bottom of the body of the flask,
while holding the flask at a forty-five degree angle.

5. After addition of the standards, each flask is stoppered and slowly
inverted three times to insure thorough mixing.

6. A 125 ml, amber, narrow-mouth bottle is filled with aqueous standards
in excess of overflowing and sealed with TFE septa and screw caps.
Invert the sealed bottles, tap and examine for the presence of bubbles.
If bubbles are present, open bottles, add a few drops of standard and
reseal.

B. Blank

1. The blank is the organic-free water used to prepare the standards.

2. Fill two labelled 125 ml, amber, narrow-mouth bottles with organic-
free water in excess of overflowing and seal with TFE teflon septa and
screw cap. Check for the bubbles as with standard and sample
preparation.

C. Extraction Procedure

NOTE: Prior to extracting any sample, test the extractant on the GC for
impurities.

1. Place each 125 ml amber bottle on a level surface. Remove the screw
cap and TFE septum.

2. Using a 5 ml pipet with polypropylene disposable tips, remove 15 mls
of sample from each bottle.

3. Add 30 grams of sodium sulfate to each bottle.

4. Immediately add 5 ml of pentane-internal standard solution, recap, and
invert bottle.

5. Let the bottles stand inverted on a level surface until they are ready
to be placed on the shaker.

6. Shake the bottles on a gyrorotatory platform shaker for 20 minutes at
400 rpm, then place them on a level surface in the inverted position
until extract collection.

7. Collect the extract with a disposable pasteur pipet and transfer into
two 2 ml vials. Immediately seal the vials with a TFE septa, and
screw caps. Label each vial.

A-
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8. Put one labeled vial in the carousel of the auto sampler of the Varian
6000 gas chromatograph for analysis. Store the second vial at 40 C for
repeat analysis if required.

CHROMATOGRAPHIC ANALYSIS

The DHAN's are analyzed with the following instrument conditions:

Detector: Ni 6 3 electron capture
Carrier gas: Ultrapure N Z @ 80 PSI
Injector Pressure: 12 PSI
Split flow: 30 mls/min
Makeup flow: 30 mls/min
Column flow: 1 ml/min
Injector temp.: 2200C
Detector temp.: 3500C
Column temp.: 40 degrees for three minutes, then tem-

perature programmed at the rate of 10
degrees per minute for two minutes,
then 60 degrees is maintained for five
minutes.

Autosampler injection volume: 2 0A
Column type: Fused silica open tubular column 0.25

mm x 30 M coated with SE-54

CALCULATION

With the information developed from the standards and blanks develop a
calibration curve for each of the dihaloacetonitriles The calibration curve
plots DHAN concentration versus integrated area counts. Area counts are
normalized with the internal standard according to the following
calculation:

Normalized DHAN Area Counts = (100,000) X (DHAN Area Counts)
Internal Standard Area Counts

QUALITY ASSURANCE

Analytical quality is assured by the following daily routine:

A. Analyze extractant for impurities

N. B. Analyze blank water for impurities

C. Prepare and analyze standards in triplicate.

D. Develop calibration curves for each of the DHAN's based on the average of

the triplicate standards.

E. Test precision by analyzing each twentieth sample in duplicate. If standard
deviation is >10 percent, troubleshoot problems before continuing.
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.-. ' F. Spike each twentieth sample with the DHAN's at between 1-20 ppb, check
:- *< for accuracy. If accuracy is not <10 percent troubleshoot problems before

continuing.

G. Load autosampler with samples and standards (approximately one standard
every five samples).

H. Prepare a written report of sample DHAN concentrations and have it typed
by the lab clerk. The lab clerk proofs the report for accuracy in typing.
The analyst signs the report on the bottom when satisfied that the results
reported are valid.

I. The final DHAN report is submitted to the chief organic chemist for final
review. This review includes a spotcheck of the chromatograms to ensure
proper resolution and quantification.

J. The worksheets, chromatograms, integrator values, and calibration curves
are filed according to client by the lab clerk. The final report is duplicated
and placed in the organic department's final report binder.

K. The final report is sent to the client.

L. The duplicate DHAN extract is stored at 40C for 30 days to allow reanalysis
should there be any question of the results.

A19
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SECTION Z

PRECISION AND ACCURACY RESULTS

INOR GANICS

NON-METALS (PHYSICAL/AESTHETIC, ANIONS, NUTRIENTS AND MAJOR
CATIONS)

Two to five natural samples were analyzed in septuplet (7X) to determine
precision at different levels.

Accuracy was determined as percent recovery on spikes added to the samples at
different levels.

Detection limits are defined as three times the standard deviation of the lowest
concentration sample.

Key: i = Average of replicates
SD = Standard deviation
CV = Coefficient of variation
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Precision and Accuracy Results

DISSOLVED OXYGEN (mg/L)

Sample

Replicate A B C D

1 2.5 5.7 7.7 11.8

2 2.4 5.7 7.8 11.9

3 2.4 5.8 7.8 12.0

4 2.5 5.8 7.8 11.8

5 2.4 5.8 7.8 12.0

6 2.4 5.7 7.7 11.9

7 2.4 5.8 7.8 12.0

2 2.4 5.8 7.8 11.9

SD 0.05 0.05 0.05 0.09

CV 2.1 0.9 0.6 0.8

DL =0.15 mg/L

A*6
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Precision and Accuracy Results

TURBIDITY (NTU)

Sample

Replicate A B C

1 5.5 35 3.0

2 5.4 33 2.9

3 5.1 34 2.8

4 5.2 31 2.9

5 5.7 32 2.8
6 5.4 36 .. 8

7 5.4 35 3.0

2 5.4 34 2.9

SD 0. 2 1.8 0.09

CV 3.7 5.3 3.1

DL -, 0.27

'a...
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Precision and Accuracy Results

TOTAL SUSPENDED SOLIDS (mg/L)

Sample

Replicate A B

1 17 74

2 18 76

3 19 82
4 19 76

5 16 74

6 19 82

7 17 82

2 18 78

SD 1.2 3.8

Cv 6.8 4.9

DL = 3.6

Ain.
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Precision and Accuracy Results

-.

COLOR (in color units)

Sample

Replicate A B C D

1 35 40 5 5

2 35 45 7 3

3 25 40 5 3

4 30 35 7 3

5 25 45 7 2

6 30 35 5 3

7 30 45 5 2

it 30 40.7 5.9 3.0

SD 4.1 4.5 1.1 1.0

CV 13.7 11.1 18.1 33.3

DL 3.0 color units
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Precision and Accuracy Results

MBAS (mg/L LAS)

-. Sample

Replicate 067 038A + .10 038A 106A 106A + .15

1 .15 .21 .11 .075 .23

2 .15 .21 .09 .075 .23

3 .17 .21 .11 .075 .23

4 .13 .20 .12 .09 .21

5 .12 .18 .09 06 .25

6 .13 .20 .09 .09 .23
7 .14 .18 .10 .065 .21

i .141 .199 .101 .076 .227

SD .017 .013 .012 .011 .014

CV 11.8 6.8 8.2 15 6.0

% Recovery
038A + 0.10 = 99

106A + 0.15 = 100

DL = .033 mg/L

A.-- .i
.4!
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Precision and Accuracy Results

CHLORINE RESIDUAL (mg/L)

Sample

Replicate A B C D

1 0.25 0.50 1.1 5.2

2 0.25 0.50 1.0 5.1

3 0.27 0.50 1.1 5.2

4 0.24 0.60 1.1 5.1

5 0.25 0.50 1.0 5.1

6 0.27 0.60 1.0 5.2

7 0.26 0.50 1.0 5.2

2 0.26 0.53 1.0 5.2

SD 0.01 0.05 0.05 0.05

CV 3.9 9.4 4.8 1.0

Known Conc. 0.25 0.50 1.0 5.0

' % Recovery

A = 104%
B = 106%

C = 104%

D = 103%
DL = 0.03

-A..-2
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Precision and Accuracy Results

TOTAL DISSOLVED SOLIDS (mg/L)

Sample

Replicate A B C D

1 372 275 85 60

2 372 Z78 78 54

3 384 275 89 55

4 364 249 89 52

5 374 252 82 57

6 364 234 82 61

7 351 240 84 61

2 369 258 84 57

SD 10.3 18.z 4.4 3.6

CV 2.8 7.1 5.2 6.3

DL-- 10.8 mg/L

Sample

Replicate E F G H

1 49 100 245 496

2 48 98 256 492

3 48 97 246 490

1 48 98 249 493

Known Conc. 50 100 z50 500

% Recovery 96.0 98.0 99.6 98.6

A-Z-8
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Precision and Accuracy Results

ELECTRICAL CONDUCTIVITY (umhos/cm)

Sample
* Replicate A B C D E F

- 1 3.65 196 430 575 530 780

2 3.30 195 435 580 530 780

- :" 3 3.80 198 436 601 525 780

4 3.72 197 435 599 530 778

5 3.49 197 431 604 535 760

6 3.20 195 438 603 530 770

7 3.55 198 432 660 530 760

. 3.53 197 434 594 530 773

SD O.ZZ 1.Z7 2.91 12.74 2.89 9.29

CV 6.2 0.7 0.7 2.2 0.5 1.2

Known Conc. 528.3 770.6

% Recovery

E = 100%

F = 100%

DL = 0.66

-S.°
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Precision and Accuracy Results
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FLAME Ca (mg/L)

Replicate (1) (2) (3) (4) (5) Sample

No Spike

Expected 5.3 4.3 8.3 13.3 23.3

_ 1 4.9 4.2 8.0 13.1 24.4 3.3

-a 2 4.9 4.1 8.4 13.7 24.2 3.3

3 4.9 4.1 7.8 12.8 24.6 3.2

" 4 4.9 4.1 8.0 12.9 23.5 3.4

5 4.9 4.0 8.0 13.1 24.1 3.3

6 4.9 4.2 8.0 13.1 24.0 3.4

7 5.0 4.1 7.9 13.1 24.3 3.3

P 4.9 4.1 8.0 13.1 24.2 3.3

'p.. SD .038 .069 .186 .285 .351

,. CV 0.77 1.68 2.33 2.18 1.45

Percent
Recovery 92 95 96 98 104

DL =0.2

A'%1
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Precision and Accuracy Results

FLAME Mg (mg/L)

Replicate (1) (2) (3) (4) (5) Sample

No Spike

Expected 1.9 Z.9 3.4 5.9 10.9

1 1.8 2.7 3.3 5.7 10.6 0.8

2 1.8 2.7 3.2 5.7 10.7 0.9

3 1.7 2.7 3.2 5.7 10.6 0.9

4 1.8 2.6 3.2 5.6 10.6 0.9
5 1.8 0.7 3.2 5.7 10.6 0.8
6 1.8 2.7 3.2 5.6 10.8 0.9

7 1.8 2.7 3.2 5.8 10.7 0.9

i 1.8 2.7 3.2 5.7 10.7 0.9

SD .038 .038 .038 0.069 0.079

CV 2.12 1.41 1.18 1.21 0.74 5.60

Percent
Recovery 95 93 94 97 98

DL =0.1

%I

.44

A-2-11
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Precision and Accuracy Results

FLAME K (mg/L)

Spike

Replicate (1) (2) (3) (4) (5) Sample

No Spike

Expected 2.1 4.1 5.1 10.1 20.1

1 1.8 3.9 4.9 10.0 20.4 0.0

2 1.8 3.9 4.9 10.1 20.4 0.1

3 1.9 3.9 4.9 10.1 20.6 0.1

4 1.9 3.9 4.9 10.0 20.3 0.0 to

5 2.0 3.9 4.9 9.9 20.4 0.0

6 2.0 3.9 4.9 10.0 20.3 0.0

7 1.9 3.9 4.9 10.0 20.5 0.0

1 1.9 3.9 4.9 10.0 20.4 0.1

SD .082 0.000 0.000 .069 .107

CV 4.30 0.00 0.00 0.69 0.52

Percent
Recovery 90 95 96 99 101

DL = 0.3

,~./

i A-2-12



Precision and Accuracy Results

FLAME Na (mg/L)

Pfplicte (1) (2) (3) (4) (5) Samiple

No Spike

Expected 3.6 6.6 8.6 15.6 30.6

1 I . . . 66 3. .
1 3.4 6.8 8.3 16.6 31.3 0.6

3 3.4 6.7 8.3 16.5 3Z1 0.6

3 3.4 6.7 8.3 16.3 32.6 0.6

4 3.4 6.7 8.3 16.5 32.6 0.6

5 3.5 6.7 8.3 16.6 31.0 0.6

7 3.4 6.6 8.4 15.5 31.5 0.6

i3.4 6.7 8.3 16.4 32.0 0.6

SD 0.038 .058 .069 .399 0.367 0.00

CV 1.11 0.86 0.83 2.44 1.15 0.00

Percent
Recovery 94 102 97 105 105

DL 0.1

A-2-13



Precision and Accuracy Results

ALKALINITY (mg/L CaC0 3 )

Sample

Replicate 156A 257 315 156A + 30 315 +90

1 18.3 65 160 47.8 246

2 18.3 68.3 160 46.6 247.5

3 16.6 65 160 45.5 246

4 16.6 66.6 160 45.5 249

5 18.3 68.3 161.6 45.5 247.5

6 18.3 66.6 161.6 45.4 244.5

7 16.8 66.5 161.6 43.4 246

17.6 66.6 160.6 45.6 246.6

SD .87 1.3 .85 1.3 1.46

CV 4.9 2.0 0.5 2.9 0.6

% Recovery

156A + 30 = 96%

315 + 90 = 99%

DL = 2.7 mg/L

A-2-14
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Precision and Accuracy Results

BRZOMIDE (mg/L Br

Sample

1 +1.0

Replicate 006-1 006-2 446 446-1 006-2 446-1

1 .050 .066 .091 .029 .162 1.02

2 .048 .065 .093 .026 .153 .995

3 .053 .065 .097 .026 .153 1.00

4 .048 .065 .093 .027 .159 .987

5 .048 .063 .096 .0Z6 .166 .983

6 .049 .064 .093 .027 .145 .982

7 .05Z .065 .099 .028 .158 .971

i .050 .065 .095 .027 .157 .991

SD .002 .001 .0028 .001 .007 .016

CV 4.1 1.4 3.0 4.3 4.4 1.6

% Pecovery

446-1 + 1 ppm = 97%
006-2 + 0.1 ppm = 95%

DL = .003 mg/L

.%
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Precision and Accuracy Results

CHLORIDE (mg/L Cl)

(0-50 ppm)

Sample

Replicate 315 156 154 242 156 + 10 315 + 20

1 26.0 4.0 1.30 30.0 14.5 44.75

2 26.1 3.8 1.30 29.0 14.5 44.5

3 26.0 3.8 1.28 32.0 14.8 45.0

4 26.5 3.8 1.26 29.0 14.0 46.09

5 26.5 4.0 1.21 30.5 14.0 45.01

6 26.5 3.9 1.24 30.3 14.0 44.5

7 26.0 3.8 1.30 29.5 14.5

26.23 3.8 1.27 30.04 14.3 44.97

SD .26 .095 .035 1.04 0.32 .59

. CV 0.98 2.4 2.7 3.4 2.27 1.31
SI

°

'.- % Recovery

156 + 10 = 104%

315 + 20 =97%

DL = 0.11 mg/L

,- .

~A-2-16

.. ..

i . , . . ,'.- . i ,"""" " '" " '"



Precision and Accuracy Results

CN (ug/L CN)

Sample

+10 ug/L +60 ug/L

Replicate 373A 373B 373B 373A 373C

1 19.9 41.7 99.3 13.8 79.2

2 23.8 41.6 97.9 13.6 79.9

3 22.6 40.6 100.0 15.9 79.1

%44 24.8 42.9 103.7 17.2 82.8

5 26.5 45.3 101.0 16.9 83.6

6 26.6 45.2 101.7 18.3 81.7

7 27.1 44.3 102.3 15.7 84.9

iE 24.5 43.1 100.8 15.9 81.6

SD 2.58 1.88 1.95 1.72 2.29

.4CV 10.5 4.0 2.3 10.8 3.7

%/ Recovery

373A + 10 ppb = 94%

373B + 60 ppb = 98%

DL = 5 ug/L

-9

A-2-17
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Precision and Accuracy Results

~i. K"

FLUORIDE

(mg/L F)

Sample

Replicate 369 + .8 342 342 + .2 341 369 Tap.

• .4

1 1.60 .58 .80 .40 .80 .55

2 1.62 .62 .75 .38 .85 .52

3 1.70 .58 .76 .45 .80 .55

4 1.66 .62 .76 .38 .80 .56

5 1.7 .62 .80 .44 .82 .58

6 1.65 .50 .80 .44 .80 .51

7 1.70 .60 .78 .36 .85 .55

i 1.66 .58 .77 .40 .817 .545

SD .0409 .043 .022 .036 .023 .023

CV 2.46 7.3 2.8 8.8 2.8 4.3

% Recovery

369 + .8 = 97%

342 + .2 = 99%

DL .07 ppm

A o-

4 .. .'.-'

A-Z- 18
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Precision and Accuracy Results

'S.

IODIDE (ug/L)

.
Sample

,'L',A + B +

* Replicate 75509 A .5 ppb B 5ppb

1 4 10 12 1z 17

z 4 10 11 1z 18

3 4 10 12 12 zo

4 4 10 12 12 19

5 5 10 14 -- 19

4.2 10 1Z.2 1z 18.6

SD .45 0 1.1 0 1.1

CV 10 0 8.9 0 6. 1

* % Recovery

B + 5 ug/L = 109%

A + 2.5 ug/L = 98%
DL = 1.5 ug/L

SI.-'

,* I
," # . --- S * .



Precision and Accuracy Results

4..-

N03 (mg/L N)

Sample

Replicate 209 156 208 249 249 + .5 243 243 + .3

1 .440 .743 1.52 .948 1.41 .083 .434

2 .441 .747 1.50 .942 1.42 .083 .415

3 .430 .737 1.54 .947 1.41 .093 .413

4 .440 .741 1.46 .945 1.43 .083 .414

5 .453 .734 1.45 .938 1.41 .093 .375

6 .458 .740 1.48 .944 1.45 .093 .375
7 .448 .755 1.47 .946 1.45 .093 .375

j .444 .742 1.48 .944 1.42 .088 .400

SD .0093 .0069 .032 0.34 .018 .0053 .024

CV 2.1 0.93 2.2 0.36 1.27 6.0 6.1

9; % Recovery

249 + .5 =101

243 + .3 -97

DL = .015 mg/L N

-.-4

44*

A-2-20
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Precision and Accuracy Results

AMMONIA (mg/L NH 3 )

Sample

Replicate 102+.l 103 103+.5 102 101

1 .252 1.002 1.48 .141 .116

2 .215 1.007 1.47 .150 .116

3 .253 1.014 1.50 .153 .115

4 .262 1.007 1.49 .158 .125

5 .246 1.008 1.500 .141 .125

6 .252 1.009 1.516 .158 .120

7 .232 1.004 1.47 .125

2 .244 1.007 1.49 .150 .120

SD .0159 .0038 1.57 .0077 .0046

CV 6.5 0.37 1.05 5.14 3.8

% Recovery

103 + .5=99%

102 + .1 =98%

DL = 0.014 mg/L

A-2-21.9 . *
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Precision and Accuracy Results

TOTAL KJELDAHL NITROGEN (mg/L - N)

Sample

Replicate 193 193+1 194 4 4+.2

1 .543 1.69 1.72 .267 .5Z0

2 .591 1.72 1.73 .458 .516

3 .617 1.81 1.75 .321 .542

*4 .634 1.89 1.85 .449 .660

5 .697 1.77 1.83 .414 .559

6 .701 2.57 1.80 .424 .645

7 .594 1.68 1.84 .360 .611

.t.~

it .625 1.76 1.78 .384 .579

SD .0577 .080 .054 .071 .059

CV 9.2 4.5 3.0 18.5 10.2

% Recovery

193 + 1= 108%

4 + .2 = 99%

DL = .21 mg/L

.Z

~A-Z-22
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Precision and Accuracy Results

PHOSPHATE (mg/L P)

Sample

Replicate 395 396 396A 396A + .1 395A 395 + .3

1 .451 .573 .124 .0509 .7407

2 .482 .555 .0635 .141 .0549 .7479

3 .434 .543 .0604 .138 .0587 .750

4 .478 .527 .0611 .145 .0407 .722

5 .495 .553 .0617 .154 .0546 .7885

6 .483 .589 .0550 .161 .0553 .7240

7 .491 .609 .0664 .148 .0557 .7456

N .473 .564 .0614 .144 .0529 .745

SD .022 .028 .0036 .0119 .0058 .021

CV 4.7 4.9 5.8 8.2 11.0 2.9

% Recovery

395 + 0.3 ppm = 96%
396A + .1 ppm = 89%

DL = 0.011 mg/L

.1 's

~A-2-23
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Precision and Accuracy Results

SILICA (mg/L Si02 )

Sample

*75723 75728

Replicate 757Z3 +3.6 ppm 75728 .+.6 ppra 75447

*1 6.3 9.3 4.0 4.6 8.1
2 . . . . .

2 6.2 9.3 3.9 4.4 8.1

4 5.9 9.4 3.8 4.6 7.~9

5 5.9 9.4 3.9 4.3 8.0

2 6.1 9.3 3.9 4.5 8.0

-~SD 0.2 0.05 0.07 0.14 0.09

CV 3.3 .5 1.8 3.1 1.1

% Recovery

75723 + 3.6 = 96%

75728 + .6 =100%

DL = .ZragIL

A-2-24



Precision and Accuracy Results

',2 '. 'SULFATE (mg/L S04)

-Sample

Replicate 322 312+10 227 322+20 311 312 200 313

1 23.0 22.6 28.5 39.6 15.1 12.9 38.2 40.6

is 2 23.8 22.6 29.6 39.8 15.2 13.3 37.8 39.3

3 24.3 22.6 29.8 39.8 15.3 13.0 37.7 39.3
4 25.0 24.4 29.2 39.5 15.1 13.0 38.1 39.5

5 24.2 22.1 28.6 41.9 15.6 13.3 38.1 38.3

6 24.8 23.7 30.1 41.0 14.9 12.7 37.4 38.0

7 24.8 31.4 39.8 14.5 12.8 37.7 37.0

2 24.3 23.0 29.6 40.2 15.1 13.0 37.9 38.9

SD .7 .8 .9 .9 .3 .2 .2 1.1

CV 2.9 3.7 3.3 2.2 2.2 1.6 .74 2.8
-S.,

O% Recovery

322 + 20 mg/L = 91%

312 + 10 mg/L =100%

DL = .6 mg/L

-Z

A-2-25



Precision and Accuracy Results

ASBESTOS REPLICATES FROM SINGLE SAMPLE SITE

Replicate MFL* Mass (ug/L)

1 111.04 0.54

2 123.93 0.58

3 102.12 0.36

4 101.13 0.51

5 113.02 0.33

6 85.66 0.50

7 68.08 0.16

Mean 100.71 0.42

SD 18.67 0.15
* %SD 18.53 35.04

* Concentrations in millions of fibers/liter

.:.

. . . I . . . . . .
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Precision and Accuracy Results

ASBESTOS REPLICATE SAMPLE GRIDS
PREPARED FROM SINGLE FILTER

Replicate MFL* Mass (ug/L)

1 47 1.98

2 36 2.30

3 36 1.67

4 43 1.90

5 42 2.15

6 34 1.77

7 39 2.70

4 Mean 39.57 2.06

SD 4.64 0.35

%SD 11.74 17.00
N

* Concentrations in millions of fibers/liter

.9.°

.'
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Precision and Accuracy Results

METALS

A natural sample low in metals was spiked at five different concentrations and
the precision determined by septuplet analyses at each concentration level. All
values are in mg/L.

Accuracy is based on comparison of theoretical results with the average value
for each spiked concentration.

Detection limits are calculated as three times S.D. for the lowest concentration
sample. The practical detection limit is five to seven times lower for total
metals since the digestion method results in a concentration factor based on
digesting a volume of 100 cc to 15 cc final volume.

.- -

-% , .. o

A-2-Z8
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Precision and Accuracy R esults

, ...'v.
. %

.4

FURNACE Ag

Replicate 20 ppb 10 ppb 5 Ippb 0

1 18.7 9.5 4.8 2.0 0.9 0.1

2 20.3 9.3 4.8 2.1 1.0 0.2

3 20.3 9.3 4.9 1.9 1.4 0.0

4 20.9 9.3 4.7 2.6 1.0 0.2

5 20.4 9.3 4.8 1.9 1.0 0.0

6 19.1 9.0 4.9 2.1 0.7 0.4

7 17.4 9.0 4.8 2.1 0.8 0.0

0 19.6 9.Z 4.8 2.1 0.97 .13

SD 1.24 .18 .07 .24 .22 .15

CV 6.3 2.0 1.4 11.3 22.8 116

(2-0) 19.5 9.1 4.7 2.0 .84 0

Percent Recovery 98 91 94 100 84
04

DL =0.7 ppb

!

A-2-29Air,



Precision and Accuracy Results

K°

FLAME Ag (mg/L)

-S:ike

Replicate (1) (2) (3) (4) (5)

Expected .010 .100 .500 2.000 .020

1 .013 .097 .489 1.994 .019

2 .011 .100 .489 1.989 .020

3 .011 .099 .489 1.990 .022

4 .008 .102 .504 1.975 .023

5 .012 .098 .503 1.995 .019

6 .011 .101 .498 1.990 .020

7 .012 .101 .498 1.998 .020

N .0111 .0997 .4957 1.9901 .0204

SD .0016 .0015 .0018 .0067 .0074

Percent
Recovery 111 100 99 100 102

DL = .005

A-2-30
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Precision and Accuracy Results

ICP Al (mg/L)

Replicate (1) (2) (3) (4) (5)

Expected .100 .500 1.000 2.000 .200

1 .096 .512 1.046 2.003 .196

2 .092 .503 1.003 1.986 .190

3 .098 .486 .963 1.972 .184

4 .091 .487 .989 1.982 .189

5 .108 .482 .994 1.993 .201

6 .089 .469 .982 1.989 .194

7 .090 .491 1.008 2.005 .191

.0949 .490 .998 1.990 .192

SD .0066 .0140 .0258 .0116 .0055

CV 7.0 Z.9 2.6 .6 2.8

Percent
Recovery 95 98 100 100 96

DL = .020

A-2-31
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Precision and Accuracy Results

FURNACE As (mg/L)

20 ul. +20 ul Ni(N0 3 ) 2

SpikeIe,_
Replicate (1) (2) (3) (4) (5)

Expected .005 .020 .050 .100 .010

1 .0053 .0190 .0492 .1014 .0108

2 .0054 .0202 .0503 .1003 .0104

3 .0052 .0Z03 .0511 .0992 .0102

4 .0045 .0205 .0493 .1014 .0098

5 .0055 .0205 .0493 .1003 .0105

6 .0048 .0201 .0490 .1012 .0101

7 .0053 .0197 .0481 .1009 .0102

1 .0051 .0200 .0495 .1007 .0103

SD .00036 .00054 .00096 .00080 .00032

CV 7.0 2.7 1.9 0.79 3.1

Percent
Recovery 102 100 99 101 103

DL = .0011

A-2-32
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Precision and Accuracy Results

ICP B (mg/L)

Spike

Replicate (1) (2) (3) (4) (5)

Expected .020 .040 .080 .200 1.00

1 .014 .044 .089 .235 1.002

z .036 .052 .092 .214 1.049

3 .022 .048 .081 .220 1.063

4 .016 .036 .072 .223 1.032

5 .029 .038 .083 .223 1.008

6 .018 .032 .090 .207 1.016

7 .034 .046 .080 .196 1.021

.0241 .0421 .0839 .2169 1.027

SD .0088 .0071 .0070 .0126 .0222

CV 36.8 16.8 8.4 5.8 2.2

Percent
Recovery 121 105 105 108 103

DL = .021

4.

A-2-33
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Precision and Accuracy Results

ICP Ba (rg/L)

Spike
Replicate (1) (2) (3) (4) (5)

Expected .010 .020 .040 .500 2.000

1 .008 .017 .045 .508 2.033

2 .015 .019 .042 .522 2.017

3 .016 .025 .046 .533 2.053

4 .013 .026 .048 .509 2.041

5 .009 .022 .041 .498 2.009

6 .006 .024 .036 .509 2.042

7 .008 .020 .039 .511 2.013

f .0107 .0218 .0424 .5129 2.030

SD .0039 .0033 .0042 .0113 .0168

CV 36.4 15.3 9.9 2.2 .8

Percent
Recovery 107 109 106 103 102

DL = .012

A

A-2-34
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Precision and Accuracy Results

ICP Be (mg/L)

Replicate (1) (Z) (3) (4)

Expected .050 .200 0.100 .020

1 .053 .233 .124 .022

2 .053 .222 .1ZO .020

3 .053 .228 .119 .021

4 .054 .234 .I1 .019

5 .053 .228 .117 .022

6 .052 .231 .122 .022

7 .052 .241 .121 .021

2 .053 .231 .120 .OZ

SD .0009 .0057 .0022 .0012

CV 1.7 2.5 1.9 5.6

Percent
Recovery 106 116 120 105

DL = .004

A-2-35
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Precision and Accuracy Results

FURNACE Cd (mg/L)

Spike

Replicate (1) (Z) (3) (4) (5)

Expected .100 .050 .020 .010 .005

1 .106 .052 .021 .013 .006

2 .090 .052 .020 .012 .006

3 .095 .051 .020 .013 .006

4 .098 .054 .021 .013 .006

5 .108 .054 .022 .012 .005

6 .097 .048 .018 .012 .006

7 .102 .053 .020 .012 .006

.099 .052 .020 .012 .006

SD .0063 .0021 .0013 .0005 .0004

CV 6.4 4.0 6.z 4.3 6.5

Percent
Recovery 99 104 100 120 120

DL = .0011

A-2-36
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Precision and Accuracy Results

ICP Co (mRg/L)

Replicate (1) (2) (3) (4) (5)

Expected .025 .2 .5 2.000 .050

1 .040 .204 .682 2.042 .060

2 .028 .187 .643 1.976 .069

3 .037 .192 .644 1.974 .065

4 .024 .180 .628 1.869 .064

0 5 .036 .215 .643 1.910 .071

6 .016 .Z01 .615 1.910 .053

7 .026 .178 .622 1.915 .044

f .029 .194 .640 1.942 .0609

SD .0085 .0136 .0220 .0584 .0095

CV 29.0 7.0 3.4 3.0 15.6

Percent
Recovery 116 97 128 97 122

UDL = .026

A-2-37
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Precision and Accuracy Results

FURNACE Co (ppb)

Spike

Replicate 20ppb 10 ppb 5 ppb 2 b pp b 0

1 21.5 11.5 5.9 2.4 2.1 0.4

2 21.1 11.1 5.6 2.5 1.8 0.4

3 21.5 11.0 5.9 2.8 1.8 0.3

4 21.3 11.2 5.8 2.6 1.9 0.5

5 20.7 11.3 6.0 2.6 1.6 0.6

6 21.6 10.9 5.9 2.7 1.6 0.3

7 21.0 11.1 5.8 2.8 1.7 0.6

1 21.2 11.2 5.8 2.6 1.8 .44
SD 0.33 .20 .127 .150 .177 .127

CV 1.5 1.8 2.2 5.7 9.9 28.7

(it- O) 20.8 10.8 5.4 2.2 1.4 0

Percent
Recovery 104 108 108 110 140

DL = 0.5 ppb

A-2-38
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Precision and Accuracy Results

FURNACE Cr (mg/L)

Replicate (1) (2) (3) (4) (5)

Expected .005 .010 .020 .050 .100

1 .005 .010 .021 .048 .100

2 .004 .010 .022 .047 .103

3 .005 .010 .021 .048 .100

4 .005 .010 .00 .050 .103

5 .005 .011 .021 .048 .102

6 .005 .010 .021 .047 .103

7 .005 .010 .019 .049 .101

if .005 .010 .021 .048 .102

SD .00038 .00038 .00095 .0011 .0014

CV 7.8 3.7 4.6 Z.2 1.4

Percent
Recovery 100 101 105 96 102

DL = .0011

A-2-39



Precision and Accuracy Results

ICP Cr (mg/L)

. Spike

Replicate (1) (2) (3) (4) (5)

imj Expected .025 .200 .500 2.000 .050

1 .033 .239 .523 2.334 .037

2 .009 .203 .536 2.190 .025

3 .025 .189 .571 2.311 .027

4 .017 .194 .548 2.362 .037

5 .023 .201 .556 Z.264 .042

6 .019 .236 .571 2.125 .054

7 .017 .219 .543 2.150 .046

f .0204 .2116 .5497 2.2480 .0383

SD .0075 .0200 .0178 .0937 .0102

Percent
Recovery 82 106 110 112 77

DL = .023

A--.4

,/A--4
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Precision and Accuracy Results

FLAME Cu (rng/L)

Replicai (1) (Z) (3) (4) (5)

Expected .010 .020 .100 .500 2.000

1 .021 .029 .089 .469 1.874

2 .018 .026 .100 .468 1.871

3 .021 .032 .095 .462 1.898

4 .019 .038 .106 .458 1.874

5 .024 .029 .101 .459 1.897

6 .017 .028 .096 .474 1.861

7 .020 .030 .099 .461 1.878

2 .0200 .0303 .0980 .4644 1.879

SD .0023 .00386 .0054 .0060 .0137

CV 11.55 12.75 5.46 1.29 .73

Percent
Recovery 200 152 98 93 94

DL .007

A-2-41
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Precision and Accuracy Results

ICP Cu (rag/L)

Replicate (1) (2) (3) (4) (5)

Expected .050 .100 .200 .500 2.000

1 .050 .103 .204 .489 1.975

2 .053 .103 .197 .487 1.982

3 .051 .105 .198 .496 1.972

4 .052 .103 .208 .508 1.984

5 .048 .104 .206 .491 1.996

6 .053 .102 .205 .493 1.984

7 .052 .105 .209 .489 1.979

1 .0513 .104 .204 .493 1.982

SD .0018 .0011 .0047 .0071 .0077

CV 3.5 1.1 2.3 1.4 0.4

Percent
Recovery 103 104 102 99 99

DL = .0054

A--42



Precision and Accuracy Results

ICP Fe (ing/L)

Replicate (1) (2) (3) (4) (5)

Expected .025 .200 .500 4.000 .050

1 .018 .216 .515 4.001 .058

2 .025 .204 .531 4.014 .042

3 .0Z7 .Z12 .499 4.011 .053

4 .033 .201 .524 3.993 .043

5 .020 .196 .509 3.989 .050

6 .029 .205 .514 3.998 .049

7 .027 .Z12 .528 4.003 .052

E .0256 .2066 .5171 4.001 .0496

SD .005Z .0071 .0113 .0090 .0056

CV 20.2 3.4 2.2 0.2 11.3

Percent
Recovery 102 103 103 100 99

DL = .016 .j

.]S

A- 2-43
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Precision and Accuracy Results

Hg (ug/L Hg by Coleman Analyzer)

Replicate Sample 1 1+0.5 ug/L 1+1.0 ug/L 1+2.0 ug/L Sample 2

1 1.12 1.70 2.45 3.50 .40

2 1.40 1.78 2.42 3.20 .18

3 1.25 1.69 2.20 3.25 .28

4 1.27 1.69 2.24 3.30 .29

6 1.22 1.76 2.23 3.15 .24

7 1.18 1.69 2.15 3.20 .24

8 1.19 1.89 2.30 3.30 .33

Ave 1.23 1.73 2.28 3.27 .28

SD .09 .05 .11 .11 .07

CV 7.2 2.7 4.9 3.5 25.0

DL = 0.27 ug/L

% Recovery

Sample 1 + 1 =102%

Sample 1 + .5 = 100%

A-2-44

A-2-.44



Precision and Accuracy Results

<V-.

FLAME Li (mg/L)

Blank

Replicate (1) (2) (3) (4) (5) (6) Sample

Expected .015 .025 .055 .105 .505 1.005 .005

1 .014 .024 .055 .110 .509 1.020 .005

2 .014 .025 .055 .110 .509 1.023 .004

3 .016 .027 .054 .107 .513 1.014 .006

4 .014 .024 .058 .108 .516 1.014 .004

5 .014 .027 .057 .111 .511 1.022 .003

6 .015 .026 .057 .111 .509 1.017 .008

7 .014 .028 .058 .111 .512 1.014 .005

1 .014 .026 .056 .110 .511 1.018 .005

SD .0008 .0016 .0016 .0016 .0026 .0039 .0016

CV 5. 6.1 2.9 1.5 0.5 0.4 32.7

Percent
Recovery 93 104 102 105 101 101

-1
DL = .002

A-2-45
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Precision and Accuracy Results

ICP Li (rag/L)

Blank

Replicate (1) (2) (3) (4) (5) Sample

Expected .015 .025 .055 .105 .505

1 .009 .022 .055 .106 .506 .000

2 .011 .023 .053 .105 .514 .001

3 .011 .022 .054 .107 .506 .000

4 .010 .021 .054 .105 .513 .000

5 .008 .021 .054 .101 .504 .001

6 .011 .022 .054 .104 .490 .001

7 .013 .021 .053 .104 .491 .000

.010 .022 .054 .105 .503 .000

SD .0016 .0007 .0007 .0019 .0096 .0007

CV 15.7 3.1 1.4 1.8 1.9 483.1

Percent
Recovery 67 88 98 100 100

DL = .005

A-2-46
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Precision and Accuracy Results

ICP Mn (mg/L)

Spike
Replicate (1) (2) (3) (4) (5)

Expected .010 0.100 0.500 2.000 0.020

1 .012 .112 .489 2.074 .018
2 .009 .108 .496 2.062 .OZ2

3 .009 .105 .492 2.068 .021

4 .008 .109 .513 2.076 .017

5 .010 .098 .496 2.081 .021
6 .013 .097 .508 2.071 .020

7 .008 .104 .521 2.080 .020

.0099 .1047 .5021 2.073 .0199

SD .0020 .0056 .0120 .0067 .0018

CV 19.8 5.3 2.4 3.3 8.9

Percent
Recovery 99 105 100 104 100

DL .006

'A 

-

.4.

-f.'.
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Precision arnd Accuracy R esults

TCP Mo (mg/L)

Replicate (1) (2) (3) (4) (5)

Expected .040 .100 .500 1.000 4.000

1 .048 .112 .486 1.028 4.092

2 .042 .108 .522 1.074 4.067

3 .046 .114 .512 1.039 4.014
4 .038 .110 .508 1.002 4.038
5 .041 .102 .510 1.036 4.072

6 .045 .108 .502 1.028 4.014

7 .043 .096 .5Z4 1.022 4.016

2 .043 .107 .509 1.033 4.045

SD .0034 .0062 .0128 .0218 .0322

CV 7.7 5.8 2.5 2.1 0.8

Percent
Recovery 108 107 102 103 101

DL =.010

A-2-48



Precision and Accuracy Results

ICP Ni (mg/L)

Spike

Replicate (1) (2) (3) (4) (5)

Expected .05 .10 .20 .50 1.00

1 .056 .10Z .218 .542 1.089

2 .053 .116 .216 .506 1.067

3 .050 .108 .Z0Z .519 1.052

*4 .053 .109 .197 .524 1.062

5 .055 .100 .196 .536 1.029

6 .054 .096 .224 .521 1.043

7 .058 .108 .218 .518 1.038

1 .054 .1056 Z210 .524 1.054

SD .0025 .0067 .0115 .0120 .0203

CV 4.7 6.3 5.5 Z.3 1.9

Percent
Recovery 108 106 105 105 105

DL .008

A-2-49
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Precision and Accuracy Results

..

FURNACE Pb (mg/L)

Spike
Replicate (1) (Z) (3) (4) (5)

Expected .010 .020 .050 .100 .200

1 .010 .020 .054 .095 .194

2 .010 .020 .050 .099 .191

3 .009 .019 .051 .110 .187

4 .009 .021 .052 .099 .208

5 .009 .021 .051 .096 .195

6 .009 .021 .048 .098 .200
7 .009 .021 .051 .104 .206

I .0093 .020 .051 .100 .197

SD .00049 .00079 .0018 .0052 .0077

CV 5.3 3.9 3.6 5.2 3.9

Percent
Recovery 93 100 102 100 99

DL = .0015

A-2-50
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Precision and Accuracy Results

Ole.

FURNACE Sb (mg/L)

Replicate (1) (2) (3) (4) (5)

Expected .010 .020 .040 .100 .Z50

1 .013 .021 .039 .105 .Z5Z

2 .014 .021 .040 .103 .244

3 .013 .021 .038 .103 .247

4 .014 .020 .040 .101 .Z51

.013 .021 .040 .104 .250

6 .013 .021 .039 .107 .Z52

7 .013 .021 .040 .103 .251

f .013 .021 .039 .104 .250

SD .00049 .00038 .00079 .00190 .0030

CV 11.0 1.8 2.0 1.8 IZ

Percent
Recovery 130 105 98 104 100

DL = .0015

A-2-51
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Precision and Accuracy Results

FURNACE Se (mg/L)

(20 ul + 20 ul Ni(N0 3 )2 )

Spike
Replicate (1) (2) (3) (4) (5)

Expected .005 .020 .050 .100 .010

1 .0052 .0217 .0525 .1019 .0104

2 .0049 .0210 .0514 .1009 .0107

3 .0053 .0210 .0530 .1035 .0103

4 .0046 .0214 .0515 .1034 .0105

5 .0048 .0214 .0514 .1006 .0104

6 .0052 .0210 .0518 .0991 .0105

7 .0052 .0205 .0518 .0979 .0102

I .0050 .0211 .0519 .1010 .0104

SD .00026 .00039 .00061 .0021 .00016

CV 5.2 1.8 1.2 2.1 1.5

Percent
Recovery 100 106 104 101 104

DL = .0008

A-

A-2-52

5, L .- - " ° " - o . . * o -6 o %- ° , o. - " ' ' ° -- ' o - , , - . - - o - - - ° . -' * -



Precision and Accuracy Results

ICP Sn (mg/L)

Replicate (1) (2) (3) (4) (5)

Expected .100 .200 0.500 Z.500 10.000

i,

1 .092 .218 .489 2.527 10.389
2 .112 .223 .523 2.462 10.162

3 .104 .214 .525 2.617 10.083

4 .108 .200 .524 2.549 10.042

5 .112 .214 .509 2.610 10.069

6 .109 .223 .518 2.503 10.003

7 .111 .Z03 .520 2.496 10.096

1 .1069 .214 .515 2.538 10.121
SD .0071 .0091 .0128 .058 .1280

CV 6.7 4.2 2.5 2.3 1.3

Percent
Recovery 107 107 103 102 101

DL .021

A-2-53
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Precision and Accuracy Results

FURNACE TI (mg/L)

Spike

Replicate (1) (2) (3) (4) (5)

Expected .01 .025 .05 .1 .2

1 .012 .024 .054 .099 .214

2 .014 .026 .053 .099 .216

3 .010 .028 .056 .097 .202

4 .010 .027 .052 .102 .214

5 .011 .023 .052 .110 .198 SL

6 .009 .025 .054 .104 .208

7 .009 .024 .054 .106 .204

f .011 .025 .054 .102 .208
SD .0018 .0018 .0014 .0046 .0069
CV 16.8 7.1 2.6 4.5 3.33

Percent

Recovery 110 100 108 102 104

DL = .0054

A-2-5

A-2-54
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Precision and Accuracy Results

ICP V (rng/L)

Replicate (1) (2) (3) (4) (5)

Expected .OZO .050 .100 .200 1.000

1 .016 .049 .102 .204 1.022

2 .026 .056 .110 .214 0.982

3 .014 .043 .091 .219 1.040

4 .020 .048 .095 .214 1.012

5 .024 .042 .092 .208 0.992

6 .016 .046 .094 .211 1.006
7 .014 .049 .099 .196 0.972

1 .0186 .0476 .0976 .2094 1.004

SD .0049 .0046 .0067 .0076 .0236

CV 26.2 9.8 6.9 3.6 2.4
Percent

Recovery 93 95 98 105 100

DL = .015

*1

A-2-55.



Precision and Accuracy Results

.4

'.q

FLAME Zn (rag/L)

~aihi

Replicate (1) (2) (3) (4) (5)

Expected .010 .020 .100 .50 2.000

1 .032 .042 .102 .477 1.913

2 .034 .038 .110 .491 1.935

3 .030 .041 .101 .474 1.916

4 .034 .038 .111 .486 1.937

5 .030 .042 .101 .476 1.920

6 .036 .039 .111 .492 1.932
7 .032 .041 .105 .485 1.926

2 .0327 .0401 .1059 .483 1.926

SD .0024 .0018 .0047 .0073 .0095

CV 7.22 4.42 4.44 1.52 0.49

Percent

Recovery 127 200 106 97 96

DL = .007

A-2-56
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Precision and Accuracy Results

JCP Zn (mg/L)Mi'h

Replicate (1) (2) (3) (4) (5)

Expected .020 .050 .100 .500 2.000

1 .014 .048 .089 .475 1.897

2 .018 .053 .084 .494 2.000

3 .018 .059 .089 .490 1.860

4 .023 .o46 .090 .502 1.864

5 .022 o046 .097 .494 1.890
O6 .026 .049 .096 .501 1.862

7 .020 .051 .103 .499 1.874

.0203 .0502 .093 .494 1.892

SD .0039 .0046 .0064 .0093 .0495

CV 19.53 9.16 6.91 1.9 z.6

Percent
Recovery 102 100 93 99 95

DL =.012

A-2-57
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Precision and Accuracy Results

TRACE ORGANICS -

Accuracy was determined as percent error on a spike added to a sample and

analyzed in septuplet. Several different sample sources were utilized including
tap water, EEWTP blended influent and EEWTP finished water.

Method detection limits were defined as three times the standard deviation
(precision).

Method Key:

BN = Base-neutral extractables
CLS = Closed-loop stripping
ACDS = Acid extractables
MAC = Methylated acid extractables
VOA = Volatile organics analysis
PEST/PCB = Pesticides and polychlorinated biphenyls

HERB = Herbicides
LLE = Liquid-liquid extraction (pentane)

4 A-2-58
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Precision and Accuracy Results

BENZO(K)FLUORANTHENE

Replicates BN (20 ppb)

1 20

2 18

3 20

4 20

5 27

6 24

7 19

Mean 21

Standard Deviation 3.2

Percent Standard 15
Deviation

Actual Value 20

Percent Error +5

3 Times S.D. 9.6

A-2-59



Precision and Accuracy Results

BENZO(G,H, I )PERYLENE

Replicates BN (20 ppb)

1 11

2 15

3 21

4 16

5 12

6 8

7 21

Mean 15

Standard Deviation 5.0
Percent Standard 33

Deviation

Actual Value 20

Percent Error -25

3 Times S.D. 15

A-6

A-Z-60



Precision and Accuracy Results

DIBENZO(A,H,)ANTHRACENE

Replicates BN (20 ppb)

1 21

2 15

3 21

4 18

5 22

6 15

7 20

Mean 19

Standard Deviation 2.9

Percent Standard 15
Deviation

Actual Value 20

Percent Error -5

3 Times S.D. 8.7

A-2-61
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Precision and Accuracy Results

BE NZO (A )PYRE NE

Replicates BN (20 ppb)

1 21

2 26

3 19

4 29

5 22

6 18

7 18

Mean 22

Standard Deviation 4.2

Percent Standard 19
Deviation

Actual Value 20

Percent Error +10

3 Times S.D. 13

A-2-62
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Precision and Accuracy Results

1,1 ' -OXYB IS (2-CHLOROETHANE)

Replicates BN (20 ppb CLS (0.1 ppb)

1 19 0.112

2 18 0.097

3 19 0.085

4 19 0.077

5 22 0.085

6 18 0.078

7 19 ND

Mean 19 0.076

Standard Deviation 1.4 0.036

Percent Standard 7.0 47
Deviation

Actual Value 20 0.100

Percent Error -5 -24

3 Times S.D. 4.2 0.11

A-2-63
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Precision and Accuracy Results

BENZO( B )FLUORANTHENE

Replicates BN (20 ppb)

1 20

2 18

3 27

4 26

5 26

6 18

7 18

Mean 22

Standard Deviation 4.3

Percent Standard 19
Deviation
Actual Value 20

Percent Error +10

3 Times S.D. 13

A--6

J " i
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Precision and Accuracy Results

PYRENE

Replicates BN (20 ppb)

1 20

2 18

3 21

4 19

:. 6 18

" 7 20

Mean 20

Standard Deviation 1.8

Percent Standard 89

Deviation

Actual Value 20

Percent Error 0

3 Times S.D. 5.4

A-2-65
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Precision and Accuracy Results

CHRYSENE

Replicates BN (20 ppb)

1 20

2 17

3 20

4 19

5 23

6 17

7 19

Mean 19

Standard Deviation 2.1

Percent Standard 11
Deviation

Actual Value 20

Percent Error -5

3 Times S.D. 6.3

A-2-66
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Precision and Accuracy Results

BENZO(A)ANTHRACENE

Replicates BN (20 ppb)

19

2 16

3 21

4 18

5 23

6 18

7 18

Mean 19

Standard Deviation 2.3

Percent Standard 12
Deviation

Actual Value 20

Percent Error -5

3 Times S.D. 6.9

A-2-67
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Precision and Accuracy Results

N-NITROSODI PHENYLAMI NE

Replicates BN (20 ppb)

1 15

2 11

3 11

4 12

5 11 ,:

6 12

7 14

Mean 12

Standard Deviation 1.6

Percent Standard 13

Deviation

Actual Value 20

Percent Error -40

3 Times S.D. 4.8

A-6

A-2-68



Precision and Accuracy Results

ACE NAP HTHENE

Replicates BN (20 ppb)

1 21

2 20

3 22

4 20

5 22

6 20

7 21

Mean 21

Standard Deviation 0.90

Percent Standard 4.3

Deviation

Actual Value 20

Percent Error +5

3 Times S.D. 2.7

A-2-69



Precision and Accuracy Results

DIMETHYLPHTHALATE

Replicates BN (20 ppb)

1 17

2 14

3 9

4 14

5 19

6 16

7 9

Mean 14

Standard Deviation 3.8

Percent Standard 27

Deviation

Actual Value 20

Percent Error -30

3 Times S.D. 11

A-Z-70



Precision and Accuracy Results

ACENAPHTHYLENE

Replicates BN (20 ppb)

1 19

2 18

3 18

4 18

5 20

6 18

7 19

Mean 19

Standard Deviation 0.79

Percent Standard 4.2
Deviation

Actual Value 20

Percent Error -5

3 Times S.D. 2.4

A1

.I

A-Z-7 I
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Precision and Accuracy Results

ISOPHORONE

Replicates BN (20 ppb')

1 20

2 18

3 19

*4 19

5 21

6 18

2...7 19

Mean 19

Standard Deviation 1.1

Percent Standard 5.6
Deviation

Actual Value 20

Percent Error -

3 Times S.D.3.

A-Z-72
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Precision and Accuracy Results

NITROBENZENE

Replicates BN (20 ppb)

1 17

2 17

3 17

4 17

5 19

6 17

7 17

Mean 17

Standard Deviation 0.76

Percent Standard 4.4
Deviation

Actual Value 20

Percent Error -15

3 Times S.D. 2.3

A-2-73
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Precision and Accuracy Results

1,1'-(METHYLENEBIS(OXY))-BIS-2-CHLOROETHANE

Replicates BN (20 ppb)

1 24

2 24

3 26

4 24

5 26 fk I

6 24

7 25

Mean 25

Standard Deviation 0.95

Percent Standard 3.9
Deviation

Actual Value 20

Percent Error +25

3 Times S.D. 2.9

A-2-74



Precision and Accuracy Results

2,2' -OXYBIS(2-CHLOROPROPANE)

Replicates BN (20 ppb)-

1 19

2 19

3 19

4 19

5 22

6 19

7 19

Mean 19

Standard Deviation 1.1

Percent Standard 5.8
Deviation

Actual Value 20

Percent Error -5

3 Times S.D. 3.3

A-Z-75
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p Precision and Accuracy Results

3,3' -DICHLOROBENZIDINE

Replicates BN (20 ppb)

1 16

2 10

3 8

4 9

5 11

6 10

7 10

Mean 11

Standard Deviation 2.6

Percent Standard 24
Deviation

Actual Value 20

Percent Error-4

3 Times S.D. 7.8

A-Z-?6
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Precision and Accuracy Results

.4 N-NITROSODIPROPYLAMINE

Replicates BN (20 ppb)

194

2 17

3 18

4 18

5 19

6 17

7 17

Mean 18

Standard Deviation 0.90

Percent Standard 5.0
Deviation

Actual Value 20

Percent Error -10

3 Times S.D. 2.7

A-2-77
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Precision and Accuracy Results

1, 1-DICHLOROETHENE

Replicates VOA (1 ppb)

1 0.9

2 0.9

3 1.3

4 1.1

5 0.9

6 0.9

7 1.0

Mean 1.00

Standard Deviation 0.15

Percent Standard 15
Deviation

Actual Value 1.00

Percent Error

3 Times S.D. 0.45

A-Z-78



Precision and Accuracy Results

TR ICHLOROFL UOROMETHANE

Replicates VOA (1 ppb)

0.8

2 0.8

3 0.9

4 0.8

5 0.6

6 1.0

7 1.0

Mean 0.84

Standard Deviation 0.14

Percent Standard 16.6
Deviation

Actual Value 1.0

Percent Error -16

3 Times S.D. 0.42

A-Z-79
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Precision and Accuracy Results

DICHLOROMETHANE

Replicates VOA (1 ppb)

1 1.8

2 1.4

3 2.4

4 1.9

5 1.4

6 0.9

7 3.1

Mean 1.84

Standard Deviation 0.73

Percent Standard 39
Deviation

Actual Value 1.43

Percent Error +29

3 Times S.D. 2.2

A-2-80



Precision and Accuracy Results

CHLOROETHANE

Replicates VOA (1 ppb)

1 0.8

2 0.9

3 0.8

4 0.9

5 0.8

6 0.8

7 1.0

Mean 0.86

Standard Deviation 0.079

Percent Standard 9.2
Deviation

Actual Value 1.0

Percent Error -14

3 Times S.D. 0.24

A-Z-8 I
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Precision and Accuracy R esults

BROMOMETHANE

Replicates VOA (1 ppb)

1 1.0

2 1.1

3 1.0

4 0.8

5 1.0

6 1.0

7 0.8

Mean 0.96

Standard Deviation 0.11

Percent Standard 12
Deviation

Actual Value 1.0

Percent Error -4

3 Times S.D. 0.33

A-2-82



Precision and Accuracy Pesults

CHLOROMETHANE

Replicates VOA (1 ppb)

1 1.0.1.

2 0.8

3 0.7

4 0.7

5 1.0

6 0.9

7 0.7

Mean 0.83

Standard Deviation 0.14

Percent Standard 17
Deviation

Actual Value 1

Percent Error -17

3 Times S.D. 0.42

A-2-83

* "4 . ,* ,. *.*. . . . . .............. ,.... . .- ,, ,.L. . .



Precision and Accuracy Results

VINYL CHLORIDE

Replicates VOA (1 ,ppb)

1 0.9

2 1.0

3 1.0

4 0.8

5 1.0 2

6 0.8

7 0.9

Mean 0.91

Standard Deviation 0.090

Percent Standard 9.8
Deviation

Actual Value 1.0

Percent Error -9

3 Times S.D. 0.27

A.4,

"m A-2-84
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Precision and Accuracy Results

BUTYLBENZYLPHTHALATE

Replicates BN (20 ppb)

15

2 13

3 11

4 13

5 16

6 11

7 10

Mean 13

Standard Deviation 2.2

Percent Standard 17
Deviation

Actual Value 20

Percent Error -35

3 Times S.D. 6.6

A-2-5-
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Precision and Accuracy Results

N-N ITROSODIMETHYLAMI NE

Replicates BN (20 ppb)

1 14

2 26

3 14

4 15

5 20

6 14

* 7 14

Mean 17

Standard Deviation 4.6

Percent Standard 28
Deviation

Actual Value 20
Percent Error -15

3 Times S.D. 14

A-2-86

'q%, -', ' -. .. . .' ,- . . . 5. ' ' . . ,, . , - .. , -. -" . .. -, -, - . - * -, - . 5.



Precision and Accuracy Results

IJ

CHLOROFORM

Replicates VOA (1 ppb)_ LLE ECD (1.5 ppb)

11.0 1.4

2 1.0 1.4

3 1.1 1.4

4 1.1 1.4

-. 5 1.1 1.4

6 1.9 1.4

7 1.0 1.4

Mean 1.04 1.4

Standard Deviation 0.054 0

Percent Standard 5 0

Deviation

Actual Value 1.0 12.2

*Percent Error +4 +14

3 Times S.D. 0.16 0.11

A-Z-97



Precision and Accuracy Results

BROMOCHLOROMETHANE

Replicates VOA (1 ppb)

2 1,1

3 1.1

4 1.1

5 0.7

6 0.7

7 0.7

Mean 0.93

Standard Deviation 0.21

Percent Standard 2.3

Deviation

Actual Value 1.00

Percent Error -7

3 Times S.D. 0.63

-- A-Z--8
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Precision and Accuracy Results

1,1 ,1-TR ICHLOROETHANE

Replicates VOA (1 ppb)

1 1.0

2 0.9

3 1.0

4 1.0

O 5 1.0

6 1.1

7 1.1

Mean 1.0

Standard Deviation 0.071

Percent Standard 6.8

Deviation

Actual Value 1.0

Percent Error 0

3 Times S.D. 0.21

A-2-89

S ,, .. ~~C ~..'



Precision and Accuracy Results

1 1.

2 1.

6 0.

1 1.0

Mea 1.06

Standard Deviation 0.18

Percent Standard 17
Deviation

*Actual Value 1.0

Percent Error +6

3 Times S.D. 0.54

A--9

'.217.



Precision and Accuracy Results

4i

44

1, 2-DIBROMO-3-CHLOROPROPANE

Replicates VOA (1 ppb)

.1!i

1 1.2

2 1.2

3 1.2

4 1.1

5 1.2

6 1.2

7 1.0

Mean 1.16

Standard Deviation 0.079

Percent Standard 6.8

Deviation

Actual Value 1.0

Percent Error +16

3 Times S.D. 0.24

A.9

A-2-91

F. .. -. . g. . . .. ... . . ..- -. . . -. -- -. - . - -- - -- -. . -.- -4 - "
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Precision and Accuracy Results

U.--.-

BENZENE

Replicates VOA (1 ppb)

.1 1.0

4 2 1.0

3 1.0

4 1.0

5 1.0"3b

6 1.0

7 1.1

Mean 1.01

Standard Deviation 0.038

Percent Standard 37
Deviation

Actual Value 1.0

Percent Error +1

3 Times S.D. 6.ll

A-2-92

-..
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Precision and Accuracy Results

-'2% :;' :

Q4%I
-4,q
".44*

CIS-1 ,3-DICHLOROPROPENE

Replicates VOA (1 ppb)

V1.
. -1 1.0

2 1.1

3 1.1

4 1.1

5 1.1

. .. 6 1.1

i .7 1.1

Mean 1.09

Standard Deviation 0.038

Percent Standard 3.5
Deviation

Actual Value 1.0

Percent Error +9

3 Times S.D. 0.11

A-2-9

-.. /.

*4%
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Precision and Accuracy Results

1,2-DICHLOROETHANE

Replicates VOA (1 ppb)

1 1.0

2 1.1

3 1.1

4 1.0

5 0.7

6 1.1

7 1.0

Mean 1.00

Standard Deviation 0.14

Percent Standard 14

Deviation

Actual Value 1.0

Percent Error 0

3 Times S.D. 0.42

A-2-94

-*- * * - , - - . -, - ,



Precision and Accuracy Results

S.

TETRAHYDROFURAN

Replicates VOA (1 ppb)

1 1.0

2 1.2

3 1.0

4 1.0

5 .1.1

6 1.1

7 1.1

Mean 1.07

Standard Deviation 0.076

Percent Standard 7.1

Deviation

Actual Value 1.00

Percent Error +7

3 Times S.D. 0.23

A-2-95



Precision and Accuracy Results

..

2-BUTANONE

Replicates VOA (1 ppb)

1 1.2

- 2 0.9

3 0.6

4 1.8

5 0.8

6 0.9

7 1.0

Mean 1.03

Standard Deviation 0.39

Percent Standard 38
Deviation

Actual Value 1.00

Percent Error +3

3 Times S.D. 1.2

A-2-96
I9". ,..', % v '',w;w,".", - ",., ,,',.'.,',". ' ,. '.,.,=,'_-. -.-.-.- -. --.-. -.. . .•. . .. . .• -. --. •.- "



Precision and Accuracy Results

1N, 1 -DICHLOROETHANE

Replicates VOA (1 ppb)

1 1.2

2 1.3

3 1.3

4 1.2

5 0.9

6 0.9

7 0.9

Mean 1.10

Standard Deviation 0.19

Percent Standard 17.4

Deviation., 1.0

Actual Value

Percent Error +10

3 Times S.D. 0.57

A-2-97

.
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Precision and Accuracy Results

9% .SI

TRANS-1,2-DICHLOROETHENE

Replicates VOA (1_ ppb)

1 1.3

2 1.3

.. 3 1.4

4 1.7

5 1.3

6 1.2
J.,

. 7 1.3
.',

Mean 1.36

Standard Deviation 0.16
.4

Percent Standard 12
Deviation

Actual Value 1.0

Percent Error +36

3 Times S.D. 0.48

A-2-98

*?4*
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Precision and Accuracy Results

TRANSI,3-DICHLOROPROPENE

Replicates VOA (I ppb)

1 1.1

2 1.1

3 1.1

4 1.1
5 1.0
6 1.0

7 1.1

Mean 1.07

Standard Deviation 0.049

Percent Standard 4.6

Deviation

Actual Value 1.00

Percent Error +7

3 Times S.D. 0.15

A-2-99
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Precision and Accuracy Results

HEXACHLOROBENZENE

.41

,

Replicates CLS (0.100 ppb) BN (20 ppb)

1 0.092 18

2 0.073 18

3 0.094 19

4 0.054 18

5 0.071 20 '- "

6 0.082 18

7 0.103 19

Mean 0.081 19

Standard Deviation 0.017 0.29

Percent Standard 21 4.2

Deviation

Actual Value 0.100 20

Percent Error -19 -5

3 Times S.D. 0.051 2.4

A-Z-100
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Precision and Accuracy Results

1-CHLORO-4-PHENOXYBENZENE

Replicates CLS (0.100 ppb) BN (20 ppb)

1 0.114 24

2 0.100 22

3 0.089 25

4 0.081 23

5 0.091 22

6 0.088 19

7 0.093 18

Mean 0.094 22

Standard Deviation 0.011 2.5

Percent Standard 11 12
Deviation

Actual Value 0.100 20

Percent Error -6 +10

3 Times S.D. 0.033 7.5

A-Z-101



Precision and Accuracy Results

..

3-

1,2-DIPHENYLHYDRAZINE

Replicates CLS (0.100 ppb) BN (20 ppb)

01 .60 33

2 0.051 37

3 0.100 34

4 0.050 35

5 0.087 35

6 0.044 38

7 0.128 31

' Mean 0.074 35

Standard Deviation 0.032 2.4

Percent Standard 42 6.8
Deviation

Actual Value 0.100 40

Percent Error -26 -13

3 Times S.D. 0.096 2.2

r.,o.o.

,'. A-Z-10Z
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Precision and Accuracy Results

FLUORENE

Replicates C.LS (0.100 ppb) BN (20 ppb)

1 0.082 22

2 0.068 21

3 0.093 23

4 0.047 21

5 0.085 21

6 0.085 20

7 0.131 22

Mean 0.084 21

Standard Deviation 0.026 0.98

Percent Standard 30 4.6
Deviation

Actual Value 0.100 20

Percent Error -16 +5

3 Times S.D. 0.074 2.9

%
i-.

A-2-103
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P'recision and Accuracy Results

FLUORANTHENE

Replicates BN (10 ppb)

1 8.6

2 11.6

3 7.3

4 8.3

5 7.8

6 8.7

7 10.2

Mean 8.9

Standard Deviation 1.5

Percent Standard 17
Deviation

Actual Value 10

Percent Error 11

3 Times S.D. 4.5

4

A-2-104

o. ,","".,.



-~ Precision and Accuracy Results

2-CHL0RONAPHTHALENE

Replicates CLS (0.100 ppb) BN (20 ppb)

1 0.111 22

2 0.092 22

3 0.091 18

4 0.066 14

5 0.081 18

6 0.111 17

7 0.094 15

Mean 0.092 18

Standard Deviation 0.016 31

Percent Standard 17 17

Deviation

Actual Value 0.100 20

Percent Error -8 -10

3 Times S.D. 0.048 9.3

A-2-105
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Precision and Accuracy Results

HEXACHLOROCYCLOPENTADIENE

Replicates CLS (0.100 ppb) BN (20 ppb)

10.052 25

2 0.195 22

3 0.339 29

4 0.039 16

5 0.039 27 -

6 0.039 24

7 0.130 17

Mean 0.119 23

Standard Deviation 0.114 4.9

Percent Standard 96 21
Deviation

Actual Value 0102

Percent Error +19 +15

3 Times S.D. 0.342 15

A-2-1 06



Precision and Accuracy Pesults

HEXACHLOROBUTADIENE

Replicates CLS (0.100 ppb) BN (20 ppb)

10.101 15

2 0.109 23

3 0.102 29

4 0.059 21

5 0.077 23

6 0.096 23

7 0.089 21

Mean 0.090 22

Standard Deviation 0.017 4.1

Percent Standard 19 19

Deviation

Actual Value 0.100 20

*Percent Error -10 +10

3 Times S.D. 0.051 12

A-2-1 07



Precision and Accuracy Results

CARBON TETRACHLORIDE

Replicates VOA (1 ppb) LLE (1 ppb)

|' 1.1 0 1. 5

-!i2 0.94 1.5

3 1.12 1.5

4 1.01 1.4

5 1.35 1.4

6 1.24 1.5

7 1.07 1.5

Mean 1.12 1.47

Standard Deviation 0.14 0.05

Percent Standard 12 3
Deviation

Actual Value 1.13 1.57

Percent Error -1 -13

3 Times S.D. 0.42 0.15

'-"-" . . . . .. .. .. ..--I. . - .
• . 'pi , .j'.,..o,,-''' , '. ' ., ,-, '. '. ' ,. .'. ,,," " '." ,' " -". " ." . . " •-.""""" "''



Precision and Accuracy Results

"$ HEXACHLOROETHANE

Replicates CLS (0.100 ppb) BN (20 ppb)

1 0.116 15

2 0.111 14

3 0.098 17

4 0.071 12

5 0.080 18

6 0.090 15

7 0.078 11

Mean 0.092 15

Standard Deviation 0.017 2.5

Percent Standard 19 17
Deviation

Actual Value 0.100 20

Percent Error -8 -25

3 Times S.D. 0.051 7.5

.- -

V... . .:.
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Precision and Accuracy Results

TRICHLOROETHENE

Replicates CLS (0.100 ppb) VOA (1.0 ppb) LLE (2.01 ppb)

1 0.106 1.0 2.5

2 0.109 1.2 2.5

3 0.016 1.1 2.6

4 0.056 1.1 2.3

5 0.143 0.7 2.3

6 0.107 1.2 2.5

7 0.082 1.2 2.5

Mean 0.088 1.07 2.46

Standard Deviation 0.042 0.18 0.11

Percent Standard 47 17 4
Deviation

Actual Value 0.100 1.0 2.36

Percent Error -12 +7 +4

3 Times S.D. 0.126 0.54 0.33

A-2-ll0
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Precision and Accuracy Results

TETRACHLOROETHENE

Replicates CLS (0.100 ppb) VOA (0.2 ppb) LLE (1.49 ppb)

1 0.141 1.11 2.3

2 0.104 1.00 2.4

3 0.105 1.14 2.4

4 0.095 1.10 2.1

5 0.150 1.41 2.2

6 0.102 1.23 2.4

7 0.088 1.13 2.3

Mean 0.112 1.16 2.30

Standard Deviation 0.024 0.13 0.12

Percent Standard 21 11 5

Deviation

Actual Value 0.100 1.45 1.71

Percent Error +12 -20 +35

3 Times S.D. 0.072 0.39 0.36

A-2-I111
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Precision and Accuracy Results

BROMOBENZENE

Replicates CLS (0.100 ppb) BN (10 ppb)

1 0.110 5.8

2 0.101 8.3

3 0.101 7.3

4 0.093 6.2

5 0.094 5.7

6 0.095 9.6

7 0.085 9.7

Mean 0.097 7.5

Standard Deviation 0.0079 1.3

Percent Standard 8.1 17
Deviation

Actual Value 0.100 10

Percent Error -3 -25

3 Times S.D. 0.024 3.9

.,

4 •
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Precision and Accuracy Results

1 -CHL0R0NAP HTHALENE

Replicates CLS (0.100 ppb) BN_(10 ppb)

1 0.098 7.9

2 0.083 8.1

3 0.085 8.0

4 0.060 8.5

5 0.075 7.5

6 1 0.091 9.2

7 0.109 8.6

Mean 0.086 8.3

Standard Deviation 0.016 0.6

Percent Standard 18 7
Deviation

Actual Value 0.100 10

*Percent Error -14 -17

3 Times S.D. 0.048 1.8

A-2-1 13
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Precision and Accuracy Results

".1

*"1

1-BROMO-4-PHENOXYBENZENE
4;I

Replicates CLS (0.200 ppb) BN (11 ppb)

1 0.115 7.7

2 0.100 7.6

3 0.084 9.6

4 0.088 12

5 0.094 8.3

6 0.088 7.9

7 0.092 9.0

Mean 0.094 8.9

Standard Deviation 0.010 1.6
Percent Standard 11 18

Deviation

Actual Value 0.100 11

Percent Error -6 -19

3 Times S.D. 0.030 4.8

i A-2-114



Precision and Accuracy Results

4-CHLORO-3-METHYLPHENOL

Replicates MAC (20 ppb) ACIDS (10.5 ppb)

1 16 6.5

2 17 9.0

3 20 8.0

4 19 4.5

5 13 5.7

6 18 9.2

7 -- 6.9

Mean 17.2 7.1

Standard Deviation 2.5 1.7

Percent Standard 14 24

Deviation

Actual Value 20 10.5

Percent Error -14 -32

3 Times S.D. 7.5 5.1

A-2-115
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Precision and Accuracy Results

2,3,5-TR ICHLOROPHENOL

Replicates MAC (20 ppb) ACIDS (10 ppb)

1 15 4.2

2 16 9.5

3 19 9.4

4 19 5.6

5 13 5.7

6 17 10.0

7 -- 10.0

Mean 16.5 7.8

Standard Deviation 2.4 2.5

Percent Standard 14 32
Deviation

Actual Value 20 9

Percent Error -17 -13

3 Times S.D. 7.2 7.5

A-Z-116
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Precision and Accuracy Results

. ;

2,4,5-TR ICHLOROPHENOL

Replicates MAC (20 ppb) ACIDS (9.5 ppb)

U. 1 17 9.0

* 2 21 10.1

3 17 7.8

4 18 6.6

5 13 6.0

6 20 10.7

7 -- 6.2

Mean 17.6 8.1

Standard Deviation 2.8 1.9

Percent Standard 16 24
Deviation

" Actual Value 20 9.5

Percent Error -12 -15

3 Times S.D. 8.4 5.7

.- 2 11

.:...,-,
4

A-2-1 17
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Precision and Accuracy Results

2,4,6-TRICHLOROPHENOL

Replicates MAC (20 ppb) ACIDS (10.5 ppb)

1 15 14

2 16 11

3 19 7.0

4 17 7.6

5 13 9.5

6 18 8.8

7 -- 8.3

Mean 16.3 9.5

Standard Deviation 2.2 2.4

Percent Standard 13 26
Deviation

Actual Value 20 10.5

Percent Error -18 -10

3 Times S.D. 6.6 7.2

,'V

" , A-2-118
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Precision and Accuracy Results

2,3,6-TR ICHLOROPHENOL

Replicates MAC (20 ppb) ACIDS (9ppb)

1 14 6.9

2 15 11

3 20 11.3

4 17 5.3

5 12 7.7

6 17 10.7

7 -- 7.5

Mean 15.8 8.6

Standard Deviation 2.8 2.3

Percent Standard 18 26

Deviation

Actual Value 20 9

Percent Error -21 -4

3 Times S.D. 8.4 6.9

A-2- 119
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Precision and Accuracy Results

. .

2-CHLOROPHENOL

Replicates MAC (20 ppb) ACIDS (8.8 ppb)

1 19 9.2

2 19 9.6

3 24 7.6

4 19 5.4

5 16 6.8

6 22 .8.4

7 -- 8.5

Mean 19.8 7.9

Standard Deviation 2.8 1.5

Percent Standard 14 18
Deviation

Actual Value 20 8.8

Percent Error -1 -10

3 Times S.D. 8.4 4.5

'- -
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Precision and Accuracy Results

2,4-DICHLOROPHENOL

Replicates MAC (20 ppb) ACIDS (10.5 ppb)

1 14 10

2 16 13

3 18 11

4 17 6.9

5 12 9.5

6 18 12

9.0

Mean 15.8 10

Standard Deviation 2.4 2

Percent Standard 15 20
Deviation

Actual Value 20 10.5

Percent Error -21 -5

3 Times S.D. 7.2 6

-A2,
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Precision and Accuracy Results

PHENOL

Replicates MAC (20 ppb) ACIDS (9.5 ppb)

1 15 9.8

2 17 11

3 21 11

4 17 7.1

5 13 6.8

6 17 8.6

7 -9.1

Mean 16.7 9.1

Standard Deviation 2.7 1.7

Percent Standard 16 19
Deviation

Actual Value 20 9.5

Percent Error -16 -4

3 Times S.D. 8.1 5.1

i A-2-l22
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Precision and Accuracy Results

PENTACHLOROPHENOL

Replicates MAC (20 ppb) ACIDS (42 ppb)

1 10 47

2 11 34

3 12 34

4 11 26

5 8 34

6 11 24

7 -- 16

Mean 10.5 31

Standard Deviation 1.4 9.8

Percent Standard 13 32
Deviation

Actual Value 20 42

Percent Error -47 -26

3 Times S.D. 4.2 29

A-2-123



.Precision and Accuracy Results

P HE NANTHRE NE

Replicates CLS (0.100 ppb) BN (20 ppb)

1 0.033 18

2 0.042 17

3 0.091 20

4 0.060 17

5 0.113 21-

6 0.029 16

7 ND 18

Mean 0.053 18

Standard Deviation 0.039 1.8

Percent Standard 74 9.8

Deviation

Actual Value 0.100 20

Percent Error -.47 -10

3 Times S.D.0.154

A-2-1 24
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Precision and Accuracy Results

ANTHRACENE

Replicates CLS (0.100 ppb) BN (20 ppb)

1 0.025 20

2 0.039 23

3 0.080 22

4 0.073 24

5 0.067 20

6 0.075 23

7 ND 19

Mean 0.051 22

Standard Deviation 0.030 1.9

Percent Standard 59 8.8
Deviation

0.100 20
Actual Value

Percent Error -49 +10

3 Times S.D. 0.090 5.7

Ni

A-Z-l Z5 "



Precision and Accuracy Results

1,2-DICHLOROBENZENE

Replicates _CL$_(0.100 ppb_ VOA (1.0 ppb) BN (20 ppb)

1 0.106 1.1 18

2 0.101 1.2 19

3 0.098 1.0 21

4 0.088 1.1 19

5 0.092 1.1 20

6 0.094 1.1 18

7 0.091 1.0 18

Mean 0.095 1.09 19

Standard Deviation 0.0063 0.069 1.2

Percent Standard 6.6 6.4 6.1
Deviation

Actual Value 0.100 1.0 20

Percent Error -5 +9 -5

3 Times S.D. 0.019 0.21 3.6

A-Z-1Z6
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Precision and Accuracy Results

..

1,2-DIBROMOETHANE

Replicates CLS (0.100 ppb) VOA (1.0 ppb)

1 0.084 1.1

2 0.065 1.1

3 0.067 1.1

4 0.092 1.1

5 0.105 1.1

6 0.081 1.1

7 0.054 1.1

Mean 0.078 1.1

Standard Deviation 0.018 0

Percent Standard 22 0

Deviation

Actual Value 0.100 1.0

Percent Error -22 +10

3 Times S.D. 0.054 <0.11

A-Z-127
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Precision and Accuracy Results

1 *,2-TRICHLOR0ETHANE

Replicates CLS (0.100 ppb) VOA (1.0 ppb)

1 0.081 1.0

2 0.061 1.1

3 0.034 1.1

4 0.089 1.1

5 0.104 1.1 -

6 0.082 1.1

7 0.053 1.1

Mean 0.072 1.09

Standard Deviation 0.024 0.038

Percent Standard 33 3.5

Deviation

Actual Value 0.100 1.0

Percent Error -28 +9

3 Times S.D. 0.072 0.11

.. °. -...

~A-Z-1 28
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Precision and Accuracy Results

'...

1,3-XYLENE/1,4-XYLENE

Replicates CLS (0.100 ppb) VOA (2.0 ppb)

"- 1 0.129 2.0

2 0.099 1.9

3 0.104 1.9

4 0.095 2.3

5 0.119 2.1

6 0.093 2.0

0.094 2.0

Mean 0.105 2.03

Standard Deviation 0.014 0.14

Percent Standard 13 6.8
Deviation

Actual Value 0.100 2.00

Percent Error +5 +1

3 Times S.D. 0.042 0.42

A-2-129
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Precision and Accuracy Results

F."o

io

BROMOFORM

Replicates GLS (0.100 ppb) VOA (1.0 ppb) LLE ECD (I ppb

1 0.097 1.0 2.1

2 0.073 1.4 2.0

3 0.071 1.1 2.1

4 0.086 1.2 2.1

5 0.086 1.4 2.0

6 0.079 1.4 2.2

7 0.058 1.5 2.1

Mean 0.079 1.29 2.07

Standard Deviation 0.013 0.19 0.08

Percent Standard 16 15 4

Deviation

Actual Value 0.100 1.57 1.60

Percent Error -21 -18 +29

3 Times S.D. 0.039 0.57 0.24

A-Z-130
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Precision and Accuracy Results

4,t

.,!

.4!

.4!

*- BROMOD ICHLOROMETHANE

Replicates CLS (0.100 ppb) VOA (1.0 ppb) LLE (1.47 ppb)
I,,.

1 0.065 1.0 2.3

2 0.055 1.1 2.3

3 0.021 1.1 2.3

4 0.067 1.1 2.2

5 0.100 1.0 2.1

6 0.067 1.1 2.3

7 0.048 1.1 2.4

Mean 0.060 1.07 2.27

Standard Deviation 0.024 0.049 0.10

Percent Standard 40 4.6 4
Deviation

Actual Value 0.100 1.1 1.82

Percent Error -40 +7 +25

3 Times S.D. 0.027 0.15 0.30

A-Z-131



Precision and Accuracy Results

TOLUENE

Replicates CLS (0.100 ppb) VOA (1 ppb)

1 0.155 1.0

2 0.103 1.1

3 0.089 1.0

4 0.096 1.0

5 0.164 1.0

6 -0.102 1.0

7 0.101 1.0

Mean 0.116 1.01

Standard Deviation 0.030 0.038

Percent Standard 26 3.7
Deviation

Actual Value 0.100 1.0

Percent Error +16 +1

3 Times S.D. 0.090 0.11

A-

"'p

A-Z-132
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Precision and Accuracy Results

DIBROMOCHLOROMETHANE

Replicates CLS (0.100 ppb) VOA (1.0 ppb) LLE (1.78 ppb)

1 0.083 1.0 2.1

2 0.068 1.1 2.0

3 0.068 1.1 2.1

4 0.094 1.1 2.0

5 0.101 1.4 1.9

6 0.080 1.1 2.1

7 0.056 1.1 2.1

Mean 0.079 1.13 2.04

Standard Deviation 0.016 0.13 0.08

Percent Standard 20 11 4

Deviation

Actual Value 0.100 1.0 1.91

Percent Error -21 +13 7

3 Times S.D. 0.048 0.39 0.24

I

t A-2-133
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Precision and Accuracy Results

CHLOROBENZENE

Replicates CLS (0.100 ppb) VOA (1.0 ppb)

1 0. 108 1.0

2 0. 104 1.0

3 0.098 1.0O

4 0.097 1.1

5 0.097 1.1 .

6 0. 094 1. 1

7 0.087 1.1

Mean 0. 098 1.06

Standard Deviat ion 0. 0068 0. 054

Percent Standard 6.9 5.1
Deviation

Actual Value 0.100 1.0

Percent Error -2 +6

3 Times S.D. 0.020 0.16

A-2-134



4. 4 m . ,.. . . . . . " •- . .- ,. , . - *, - - . , -. -, , - - , . .-

Precision and Accuracy Results

ETHYLBENZENE

Replicates CLS (0.100 ppb) VOA (1.0 ppbj__

1 0.126 1.0

2 0.101 1.0

3 0.102 1.0

4 0.096 1.1

5 0.114 1.0

6 0.093 1.0

7 0.092 1.0

Mean 0.103 1.01

Standard Deviation 0.012 0.038

Percent Standard 12 3.7

Deviation

Actual Value 0.100 1.0

Percent Error +3 +1

3 Times S.D. 0.036 0.11

A-2-135
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Precision and Accuracy Results .

1,2-DICHLOROPROPANE

Replicates CLS (0.100 ppb) VOA (1.0 ppb)

1 0.066 1.1

2 0.061 1.1

3 0.0098 1.1

4 0.055 1.0

5 0.097 1.0

6 0.087 1.0

7 0.055 1.1

Mean 0.062 1.06

Standard Deviation 0.028 0.054

Percent Standard 45 1.1

Deviation

Actual Value 0.100 1.0

Percent Error -38 +6

3 Times :. 0.084 0.16

A-Z-136
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Precision and Accuracy Results

'-p-.

1,2-XYLENE

Replicates CLS (0.100 ppb) VOA (1.0 ppb)

1 0.114 1.0

2 0.099 1.0

3 0.104 1.0

4 0.095 1.1

5 0.112 1.0

6 0.094 1.0

7 0.093 1.0

Mean 0.102 1.01

Standard Deviation 0.0087 0.038

Percent Standard 8.5 3.7

Deviation

Actual Value 0.100 1.0

+2 +1
Percent Error

3 Times S.D. 0.026 0.11

A

A-Z-2137



Precision and Accuracy Results

.4

"S

60 %.

1,1,2 ,2-TETRACHLOROETHANE

Replicates CLS (0.100 ppb) VOA (1.0 ppb)

1 0.087 1.0

2 0.077 0.9

3 0.057 1.1

4 0.068 1.1

5 0.061 1.0

6 0.052 1.0

7 0.042 1.0

Mean 0.063 1.01

Standard Deviation 0.015 0.069

Percent Standard 24 6.8
Deviation

Actual Value 0.100 1.0

Percent Error -37 +1

3 Times S.D. 0.045 0.21

A-2-138



Precision and Accuracy Results

PROPYLBENZENE

Replicates CLS (0.100 ppb) VOA (1.0 ppb)

1 0.097 1.1

2 0.104 0.9

3 0.106 0.9

4 0.094 1.1

5 0.103 1.0

6 0.097 1.0

7 0.095 1.0

Mean 0.099 1.0

Standard Deviation 0.0048 0.082

Percent Standard 4.8 8.2
Deviation

Actual Value 0.100 1.0

Percent Error -1 0

3 Times S.D. 0.014 0.24

A-2-139
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Precision and Accuracy Results

1-CHLORO-4-METHYLBENZENE

Replicates CLS (0.100 ppb) VOA (1.0 ppb)

1 0.101 1.1

2 0.102 1.0

3 0.100 1.0

4 0.092 1.1

5 0.093 1.1

6 0.092 1.0

7 0.089 1.0

Mean 0.096 1.04
Standard Deviation 0.0053 0.054

Percent Standard 55 5.1
Deviation

Actual Value 0.100 1.0

Percent Error -4 +4

3 Times S.D. 0.016 0.16

A-2-140



Precision and Accuracy Results

'I

1,3-DICHLOROBENZENE

Replicates CLS (0.100 ppb) VOA (1.0 ppb) BN (20 ppb)

1 0.110 1.1 18

2 0.100 1.0 17

3 0.103 1.0 19

4 0.091 1.1 17

5 0.093 1.1 19

6 0.092 1.1 16

7 0.090 1.0 16

Mean 0.097 1.06 17

Standard Devialc;a 0.0075 0.054 1.3

Percent Standard 7.8 5.1 7.3

Deviation

Actual Value 0.100 1.0 20

Percent Error -3 +6 -15

3 Times S.D. 0.023 0.16 3.9

A-Z-141
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Precision and Accuracy Results

.

NAPHTHALENE

Replicates CLS (0.100 ppb) VOA (1.0 ppb) BN (20 ppb)

1 0.102 1.3 19

2 0.091 1.1 19

3 0.095 1.1 21

4 0.064 1.1 19

5 0.079 1.4 19

6 0.095 1.5 19

0.104 1.1 19

Mean 0.090 1.23 19

Standard Deviation 0.014 0.17 0.76

Percent Standard 16 14 3.9
Deviation

Actual Value 0.100 1.0 20

Percent Error -10 +23 -5

3 Times S.D. 0.042 0.51 2.3

A-2-14Z
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Precision and Accuracy Results

EA

1,4-DICHLOROBENZENE

Replicates CLS (0.100 ppb) VOA (1.0 ppb) BN (20 ppb)

1 0.108 1.1 19

2 0.101 1.0 17

3 0.097 1.0 20

4 0.087 1.0 17

5 0.090 1.1 18

6 0.092 1.1 15

0.091 1.0 15

Mean 0.095 1.04 17

Standard Deviation 0.0073 0.054 1.9

Percent Standard 7.7 5.1 11
Deviation

Actual Value 0.100 1.0 20

Percent Error -5 +4 -15

3 Times S.D. 0.022 0.16 5.7

A-Z-143



Precision and Accuracy Results

-..

ALDRIN

Replicates PEST/PCB (1 ppb)

1 1.0

2 1.0

3 0.97

4 1.0

5 1.0

6 1.0

7 0.88

Mean 0.98

Standard Deviation 0.045

Percent Standard 5
Deviation

Actual Value 1.0

Percent Error 2

3 Times S.D. 0.14

A-2-144



Precision and Accuracy Results

2,4,5 -T

Replicates HERBICIDE (1 ppb)

1 0.66

2 0.75

3 0.71

4 0.76

5 0.76

6 0.53

7 0.53

Mean 0.67

Standard Deviation 0.10

Percent Standard 15
Deviation

Actual Value 1.0

Percent Error 3

3 Times S.D. 0.30

A-2- 145



7-41
Precision and Accuracy Pesults

2,4,5-TP

Replicates HERBICIDES (1 ppb)

1 I 0.86

2 0.95

3 0.92

4 0.92

5 0.90
6 0.57

7 0.57

Mean 0.81

Standard Deviation 0.17

Percent Standard 21
Deviation

Actual Value 1.0

Percent Error 19

3 Times S.D. 0.54

A-2-146
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Precision and Accuracy Pesults

-. ,q

P P,P'DDD

Replicates PEST/PCB (1 ppb)

1 0.81

2 0.82

3 0.81

4 0.89

5 0.90

6 0.85

7 0.87

Mean 0.85

Standard Deviation -0.0399

Percent Standard
Deviation

Actual Value 1.0

f Percent Error 15

3 Times S.D. 0.12

A-2.-147
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Precision and Accuracy Results

KEPONE

Replicates PEST/PCB (1 ppb)

1 0.57

2 059

3 0.51

4 0.62
5 0.71

6 0.75
. 7 0.70

Mean 0.64
Standard Deviation 0.0868

Percent Standard 14
Deviation

Actual Value 1.0

Percent Error 36

3 Times S.D. 0.26

A-Z-14R
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'Precision and Accuracy Results

ALPHA-BHC

Replicates PEST/PCB (I ppb)

11.2

2 1.2

3 1.2

4 1.2

5 1.2

6 1.2

7 1.0

Mean 1.16

Standard Deviation 0.079

Percent Standard 7

Deviation

Actual Value 1.0

Percent Error 16

3 Times S.D. 0.24

A-2-149

!...............................................



Precision and Accuracy Results

BETA-BHC

Replicates PEST/PCB (1 ppb)

1 1.1

2 1.1

3 1.1

4 1.1
44

5 1.2

6 1.0

7 1.0

Mean 1.09

Standard Deviation 0.069

Percent Standard 6
Deviation

Actual Value 1.0
Percent Error 9

3 Times S.D. 0.21

A-2-1 50



Precision and Accuracy Results

HEPTACHLOR

Replicates PEST/PCB (1 ppb)_

1 1.1

2 1.0

3 1.0

4 1.10 5 1.1

61.1

7 0.94

Mean 1.0-5

Standard Deviation 0.067

Percent Standard 6
Deviation

Actual Value 1.0

Percent Error 5

3 Times S.D. 0.20

A-2-15I
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Precision and Accuracy Results

HEPTACHLOR EPOXIDE

Replicates PEST/PCB (1 ppb)

1 0.94

2 0.95

3 0.90

4 0.96

5 0.96

6 0.92

7 0.85

Mean 0.93

Standard Deviation 0.040

Percent Standard 4

Deviation

Actual Value 1.0

Percent Error 7

3 Times S.D. 0.12

A-Z-15Z



Preciion and Accuracy Results

P,P'DDE

Replicates PEST/PCB (1 ppb)

1 0.95

2 0.95

3 0.92

4 0.97

o 5 0.98

6 0.91

7 0.89

Mean 0.94

Standard Deviation 0.033

Percent Standard 4
Deviation

Actual Value 1.0

Percent Error 6

3 Times S.D. 0.099

A-2-153



Precision and Accuracy Results

METHOXYCHLOR

Replicates PEST/PCB (1 ppb)

1 0.85

2 0.84

3 0.83

4 0.92

5 0.86

6 0.83

7 0.87

Mean 0.86

Standard Deviation 0.031

Percent Standard 4
Deviation

Actual Value 1.0

Percent Error 14

3 Times S.D. 0.093

A-2-154
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Precision and Accuracy Results

ENDRIN

Replicates PEST/PCB (1 ppb)

1 0.91

2 0.91

3 088

4 0.93

5 0.94

6 0.88

7 0.89

Mean 0.91

Standard Deviation 0.0237

Percent Standard
Deviation

Actual Value 1.0

Percent Error

3 Times S.D. 0.071

A-Z-1 55
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Precision and Accuracy Results

DI ELDR IN

Replicates PEST/PCB (I ppb)

1 0.98

2 0.97

3 0.93

4 0.99

5 1.0

6 0.93

7 0.87

Mean 0.95

Standard Deviation 0.01459

Percent Standard 5
Deviation

Actual Value 1.0

Percent Error5

3 Times S.D. 0.114

A-2-156



Precision and Accuracy Results

2,4-D

Replicates HERBICIDES (1 ppb)

1 0.63

2 0.47

3 0.37

4 0.72

5 0.35

6 0.19

7 0.18

Mean 0.42

Standard Deviation 0.21

Percent Standard 50

Deviation

Actual Value 1.0

Percent Error 58

3 Times S.D. 0.63

A-2-157
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Precision and Accuracy Results

P,P 'DDT

Replicates PEST/PCB (1 ppb)

1 0.83

2 0.84

3 0.84

4 0.91

5 0.87

6 0.82

7 0.86

Mean 0.85

Standard Deviation 0.0304

Percent Standard 4
Deviation

Actual Value 1.0

Percent Error 15

3 Times S.D. 0.091

A-2-1 58



Precision and Accuracy Results

'1'

DI CHLORO I ODOMETHANE

Replicates LLE (1.75 ppb)

1 1.8

2 2.2

3 2.1

4 1.9

5 2.1

6 2.0

7 1.7

Mean 1.97

Standard Deviation 0.18

Percent Standard 9
Deviation

Actual Value 1.75

Percent Error 13

3 Times S.D. 0.54

A-2-159
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Precision and Accuracy Results

.4..

INDENO(1,2,3-c,d)PYRENE

Replicates BN (28 ppb)

1 28

2 46

3 41

4 24

5 24

6 41

47 4044O

Mean 35

Standard Deviation 9.2

Percent Standard 26
Deviation

Actual Value 28

Percent Error 25

3 Times S.D. 28

* Concentration in micrograms/liter

A-2-160
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Precision and Accuracy Results

;'.'.'-'D IETHYLP HTHALATE

* Replicates BN (11 ppb)

4 12.7

6 9.0

7 7.4.

Mean 8.7

"' " Standard Deviation3.

%-Percent Standard 34

Deviation

Actual Value 11

:..

3 Times S.D. 9.0

,

A-216

2 10.6i .•



. .Precision and Accuracy Results

DI -N-BUTYLPHTHALATE

Replicates BN (12 ppb)

1 10.5

2 11.6

3 12.5

4 11.5

5 12.3

6 5.6

7 5.4

Mean 9.9

Standard Deviation 3

Percent Standard 31
Deviation

Actual Value 12

Percent Error 18

3 Times S.D. 9.0

A-2-162
4!



Precision and Accuracy Results

.4 . '.,

'.

I ATRAZINE

Replicates PEST/PCB (20 ppb)

1 18

2 14

3 15

4 20

5 14

6 
12

7 13

Mean 15

Standard Deviation 2.9

Percent Standard 19
Deviation

Actual Value 20

Percent Error 25

3 Times S.D. 8.7

A-2-163
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Precision and Accuracy Results

*', ....

BIS(2-ETHYLHEXYL )PHTHALATE

Replicates BN (20 ppb)

1 20

2 19

3 13

4 15

5 16

6 13

7 14

Mean 16

Standard Deviation 2.8

Percent Standard 18
Deviation

Actual Value 20

Percent Error 20

3 Times S.D. 8.4

A-2-164
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Precision and Accuracy Results

1-METHYL-2,6-DINITRQBENZENE

Replicates BN (22 ppb)

*'11 14

2 13

3 22

4 17

5 15

6 18

7 13

Mean 16

Standard Deviation 3.3

Percent Standard 20
Deviation

Actual Value 22

Percent Error 27

3 Times S.D.9.

A-2--165
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Precision and Accuracy Results

DIOCTYLPHTHALATE

Replicates BN (10.5 ppb)

1 11

2 13

3 11

4 10.4

5 17

6 9.6

7 14

Mean 12

Standard Deviation 2.6

Percent Standard 21

Deviation

Actual Value 10.5

Percent Error 14

3 Times S.D. 7.8

A-2-166



Precision and Accuracy Results

fl~

3-CHLOROPHENOL

Replicates ACID (10.5 ppb)

1 9.2

2 11.1

3 9.8

4 7.5

S5 7.6

6 9.5

7 8.1

Mean 9.0

Standard Deviation 1.3

Percent Standard 15

Deviation

Actual Value 10.5

Percent Error 14

3 Times S.D. 3.9

A-2-167
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Precision and Accuracy Results

AROCLOR 1242

Replicates PEST/PCB (1.22 ppb)

1 1.47

2 1.55

3 1.25

4 1.40

5 1.32

6 1.55

7 1.20

Mean 1.39

Standard Deviation 0.14

Percent Standard 10.1
Deviation

Actual Value 1.22

Percent Error +14

3 Times S.D. 0.42

-,-6
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Precision and Accuracy Results

I

2-NITROPHENOL

Replicates MAC (20 ppb)

1 13

2 16

3 20

4 17

5 11

6 16

7

Mean 15.5

Standard Deviation 3.2

Percent Standard 20

Deviation

Actual Value 20

Percent Error -22

3 Times S.D. 9.6

A-Z-169
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Precision and Accuracy Results

4-CHLOROPHENOL

Replicates MAC (20 ppb)

1 17

2 19

3 23

4 20

5 15

6 21

7

Mean 19.2

Standard Deviation 2.9

Percent Standard 15
Deviation

Actual Value 20

Percent Error -4

3 Times S.D. 8.7

A-2-170



Precision and Accuracy Results

4-N ITROPHENOL

Replicates MAC (20 ppb)

1 12

2 13

3 17

4 13

='" 5 9

6 13

7

Mean 12.8

Standard Deviation 2.6

Percent Standard 20
Deviation

Actual Value 20

Percent Error -36

3 Times S.D. 7.8

A-2-171
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Precision and Accuracy Results

ETHENYLBENZENE

Replicates CLS (0.100 ppb)

1 0.111

2 0.104

3 0.104

4 0.094

5 0.100

6 0.096

7 0.096

Mean 0.101

Standard Deviation 0.006

Percent Standard 6.0
Deviation

Actual Value 0.100

Percent Error +1

3 Times S.D. 0.018
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Precision and Accuracy Results

METHYL ISOBORNEOL

Replicates CLS (0.100 ppb)

1 0.115

2 0.103

3 0.080

4 0.084

p5 0.077

6 0.088

7 0.088

Mean 0.0911

Standard Deviation 0.014

Percent Standard 15
Deviation

Actual Value 0.100

Percent Error -19

3 Times S.D.004
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Precision and Accuracy Results

GEOSMIN

Replicates CLS (0.100 ppb)

1 0.116

2 0.105

3 0.098

4 0.085

5 0.074

6 0.085

7 0.089

Mean 0.094

Standard Deviation 0.015

Percent Standard 16
Deviation

Actual Value 0.100

Percent Error -6

3 Times S.D. 0.045
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Precision and Accuracy Results

GAMMA-BHC(LINDANE)

Replicates PEST/PCB (0.172 ppb)

1 0.179

2 0.183

3 0.184

4 0.175

5 0. 178

6 0.189

7 0.170

Mean 0.180

Standard Deviation 0.0063

Percent Standard 3.5

Deviation

Actual Value 0.172

Percent Error 4.6

3 Times S.D. 0.019

-w-1
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Precision and Accuracy Results

DELTA-BHC

Replicates PEST/PCB (0.160 ppb)_

1 0.165

2 0.173

3 0.173

4 0.166

5 0.168

*6 0.186

7 0.161

Mean 0.170

Standard Deviation 0.0082

Percent Standard 4.8
Deviation

Actual Value 0.160

Percent Error 6.2

3 Times S.D. 0.025
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Precision and Accuracy Results

ENDOSULFAN I

Replicates PEST/PCB (0.165 ppb)

1 0.185

2 0.177

3 0.175

4 0.183

5 0.171

6 0.201

7 0.174

Mean 0.181

Standard Deviation 0.010

Percent Standard 5.6

Deviation

Actual Value 0.165

Percet Error 9.7

3 Times S.D. 0.03
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Precision and Accuracy Results

ENDOSULFAN II

Replicates PEST/PCB (0.168 ppb)

1 0.188

2 0.178

3 0.176

4 0.186

5 0.176

6 0.207

7 0.176

Mean 0.184

Standard Deviation 0.011

Percent Standard 6.2
Deviation

Actual Value 0.168

Percent Error 9.5

3 Times S.D. 0.033
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Precision and Accuracy Results

ENDOSULFAN SULFATE

Replicates PEST/PCB ,(0.168 ppb)

1 0.177

2 0.187

3 0.185

4 0.177

5 0.185

6 0.200

7 0.182

Mean 0.185

Standard Deviation 0.0078

Percent Standard 4.2
Deviation

Actual Value 0.168

Percent Error 10

3 Times S.D. 0.023
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Precision and Accuracy Results

1,3,5 TRICHLOROBENZENE

Replicates CLS (0.100 ppb) VOA (1 ppb)

1 0.101 1.3

2 0.100 1.0

3 0.097 0.9

4 0.082 1.1

5 0.087 1.2

6 0.092 1.3

7 0.091 1.0

Mean 0.093 1.11

Standard Deviation 0.007 0.16

Percent Standard 7.5 14
Deviation

Actual Value 0.100 1.0

Percent Error -7 +11

3 Times S.D. 0.021 0.48
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Precision and Accuracy Results

1,2,4-TR ICHLOROBENZENE

Replicates CLS (0.100 ppb) VOA (1.0 ppb) BN (20 ppb)

1 0.104 1.4 18

2 0.096 1.1 18

3 0.096 1.0 22

4 0.081 1.2 15

5 0.084 1.3 21

6 0.090 1.4 18

7 0.091 1.0 16

Mean 0.092 1.20 18

Standard Deviation 0.0078 0.17 2.5

Percent Standard 8.5 14 14
Deviation

Actual Value 0.100 1.0 20

Percent Error -8 +20 -10

3 Times S.D. 0.023 0.51 7.5
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Precision and Accuracy Results

1,2,3-TRICHLOROBENZENE

Replicates CLS (0.100 ppb) VOA (1 ppb)

1 0.104 1.1

2 0.097 1.1

3 0.091 1.1

4 0.079 1.1

5 0.082 1.1

6 0.091 0.9

7 0.093 1.1

Mean 0.091 1.07

Standard Deviation 0.0085 0.076

Percent Standard 9.3 7.1

Deviation

Actual Value 0.100 1.0

Percent Error -9 +7

3 Times S.D. 0.026 0.23
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SECTION 3

QUALITY CONTROL/QUALITY ASSURANCE

MONTGOMERY LABORATORIES - QUALITY ASSURANCE MANUAL

I. INTRODUCTION

The laboratory staff must have confidence in the analytical values reported
to clients. This document outlines the quality assurance program that gives
credibility to the values reported by this laboratory.

There are three important components in providing high quality analytical
services:

* Accuracy

* Precision

* Timeliness

Analyses for inorganic, organic, and microbial consitituents of water and
wastewater make up the bulk of the laboratory work load. The lab also
examines other matrices and samples for specification compliance.

I. QUALITY ASSURANCE ORGANIZATION

A. Quality Assurance Manager

This person is responsible for the following:

I. Ensure that all personnel working in the laboratory follow

established standard operational and safety procedures.

Z. Check procedures and ensure good housekeeping practices.

3. Acquaint new personnel with the rules and regulations of the
laboratory.

4. Prepare, schedule, assign, and check quality assurance samples.
Randomly introduce blind control samples without notice to the
analysts.

5. Insure that samples are properly taken, shipped, preserved,
stored and analyzed.

6. Insure that sample log-in and traceability are done correctly.
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Quality Control/Quality Assurance

7. Preside over the Council for Quality.

8. Maintain the quality assurance policy.

9. Report directly to the Laboratory Director.

B. Council for Quality

The Council is responsible for the following:

1. Assist the Quality Assurance Manager in quality policy formula-
tion and implementation.

2. Represent the analytical groups to the council.

3. Provide a forum on quality control.

4. Establish quality standards the group must abide by.

C. Laboratory Analytical Groups

The analytical groups are responsible for the following:

1. Document the quality programs.

2. Assign responsibility within each group to manage QC tasks.

3. Select members for the Quality CounciL

4. Comply with the Quality Assurance Manual.

II. EQUIPMENT

A. Inventory

An equipment inventory is kept and maintained by the QA Manager.
New equipment over $300.00 should be entered in the inventory when
it arrives. All flyersp warranties, and maintenance instructions or
agreements are to be in our files.

B. Repair and Service

Service agreements have been established for the following:

1. Atomic Absorption Spectrophotometer and ICP: Perkin Elmer

2. Electron Microscope: Zeiss

3. Computer: Hewlett Packard

4. GC/MS" Finnigan
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Quality Control/Quality Assurance

5. Balances: Weigh Tech

6. GC and HPLC: Varian

IV. SAMPLE CONTROL AND REPORTING

A. Sample Collection, Preservation and Transportation

One of the key elements in Montgomery Laboratories' quality assur-
ance program is proper preservation, shipment, and storage of
samples. The laboratory staff provide guidance for selection of
sampling sites and collection methods to ensure that the collected
sample is representative of the water of interest. Where possible, the
laboratory staff collect the samples themselves. If this is not feasible,
the laboratory staff brief the clients by telephone and/or in writing on
the proper methods of sample collection, preservation, storage, and
shipment. Montgomery Laboratories follows the methods proposed in
the Federal Register, Volume 44, No. 244, December 18, 1979 for
sample collection, preservation, storage and shipment (Attachment 1).

B. Sample Receipt

The flow diagram (Figure 1) on the next page demonstrates the role ofmanagement in both the sample and QA programs. Upon arrival in

Pasadena the sample control clerk inspects each shipment for broken
or leaking containers and notifies the section head to decide if
resampling or other appropriate action is requirt -1. Samples are then
logged into the laboratory computer. The inf-rmation logged in
includes client name, job or purchase order number, person requesting
the analysis, when samples were collected, who collected the sdmples,
and parameters to be tested. After being I.-gged in, the samples are
stored using the guidelines in the Federal Register, Volume 44, No.
244, December 18, 1979.

C. Data Validation

Following completion of the analyses, results are validated by examin-
ing quality control parameters and any additional checks where
available. For example, with respect to general minerals, after the
mg/l values are entered for general minerals, a computer program
calculates meq/L for the cations and anions, as well as the percent
difference. This must balance within 2 percent for potable water. If
not, the analyst alerts the section head, the sample is reevaluated and
the QA charts are examined. When the laboratory report passes the
various data validation steps the analytical report is printed. The
reports are checked and signed by the analyst, reviewed and signed by
the Section Head, and then forwarded to the the clerk for final
distribution to the client. The reports are also forwarded to the lab
director for general quality control purposes.

A-3-3



, SAMPLE RECEIVED
% 

..

AT LOG IN DESK

[ DOES SAMPLE MEET Q A OFFICER CONTACTS
INTERGRITY CRITERIA ? PROJECT PERSONNEL

LOG-IN, ASSIGN LOG
WORKSHEET, PRESERVE
IF NECESSARY, CONTACT

GROUP LEADERS

ORA !IC IOGNCM IOILG

ANALYST ASSIGNED;' TO TASK

ANALYSIS COMPLETED NO? -:WORKSHEET RECHECKED

.. . DATA VERIFIED ?

., J' .
Y E S

BY ANALYST -.-0

NO REPORT 9 WORKSHEET

RECHECKED BY
GROUP LEADER-OK?

YES

I REPORT TO LAB
DIRECTOR AND

KEY QA STEPS SHOWN BY ESD HEAD

REPORT TO

PROJECT PERSONNEL

SAMPLE PROCESSING
AT OFF-SITE LABORATORY

FIGURE 1

"..1

~ .j~*. *.. .................... '. *~55 S



Quality Control/Quality Assurance

D. Sample Handling (SIMS)

All samples received at the oft-site laboratory are logged into the
Sample Information Management System (SIMS) (Figure 2). This
computer program keeps track of samples from the time they arrive in
the laboratory until they are transmitted to the client. SIMS provides
three functions:

1. Facilitates ready access to information on sample status (eg.,
which tests are completed.)

2. Allows analysts to schedule analyses efficiently by sorting all
samples requiring a particular test.

3. Facilitates data manipulation in quality assurance procedures
and data management.

Upon arrival, each sample is assigned a laboratory I.D. number and a
test number for each analysis requested or a profile which corresponds
to a routine group of tests such as a general mineral analysis. In
addition, a verification test is assigned for each sample which requires
an employee number to be entered after a review of the data
submitted for each sample. This ensures the validity of the data
before a report is transmitted to the client.

.Individual analysts determine what samples require a particular test by
logging into SIMS and requesting those sample I.D. numbers which areincomplete and require particular tests that is still incomplete.

-V Senior staff members use SIMS to keep track of analyses, periodically
checking sample status to determine whether data is being entered in
a timely fashion. In addition, SIMS and associated programs allow the
senior staff to rapidly examine data for consistency among samples
and institute appropriate QA measures.

• .' When analysts have completed a test or series of tests on a group of
samples, data are entered into the computer. Once all of the data have
been entered, they are examined by a senior staff member for
consistency and verified. When all tests scheduled for a particular
sample are completed and entered, SIMS removes the sample name
from the active sample index, and adds the name to the sample
archMve index.

Additional aspects of the SIMS system which promote smooth sample
flow are: (a) the production of a sample backlog list once a week that
lists all samples which approach a storage expiration date; and (b) a
test backlog list for specific analyses also on a weekly basis, to keep
the analvqts aware of the samples which have not been completed.
Thus SIMS acts as an overall coordinating system for analysis and
quality assurance. It even offers the opportunity to provide comments
on a particular sample (for instance a preservative problem or a QA

Scomment).

A-3-4

'IV



r-1 -ID- r-1 M 1

0)

Cc w

-7'

LL -. > a v
w T- C 4 xv

a~ 17L X C* b

Z = ~ I: ai z
1.- 0J a -1..

ice r.. cr.s w- w

- a o

L 
C C L Li p

20
£Lh Ch:a

~ z v

0 ~

CL \~ 4/ -

V

I 0L



Quality Control/Quality Assurance

-.% V. CHAIN OF CUSTODY

A. Introduction

A written record of sample possession is required for all samples
whose analytical results may be used in a court of law. The essence of
chain of custody procedures is to provide evidence that a sample has
not been adulterated. The primary objective is to create an accurate
written record tracing the possession of the sample from collection
through its introduction as possible court evidence.

Custody consists of a sample being in actual physical possession or
locked up to prevent unauthorized access.

B. Rules for Sample Collection

1. Obtain samples using appropriate sampling techniques.

2. Transfer custody of the samples as little as possible.

3. Attach a chain of custody record bottle tag to the sample
container at the time of sample collection. The tag contains
information on sample number, date, time, source, analyses
required, name of person doing sampling, and witnesses. The tag
is signed and dated (including time) by the sample collector. The
sample container is sealed so that the bottle cannot be opened
without breaking the seal.

4. Field measurements are recorded with ink in a bound field
notebook or log. A separate set of field notebooks are main-
tained and stored in a safe place where they can be accounted
for at all times. Entries are signed by the person taking the
sample and errors crossed out with one line and initialed.

5. The person taking the sample is responsible for the care and
custody of the sample and must assure that each container is in
his physical possession or view at all times or is stored such that
it cannot be tampered with.

C. Transfer of Custody

When transferring custody the transferree must sign and record the
date and time on the chain of custody record tag. The field custodian
is responsible for properly packaging and dispatching samples to the
appropriate laboratory for analysis.

All samples are accompanied by a sample transmittal form which
includes information identifying the contents. If samples are delivered
to the lab when appropriate personnel cannot receive them they must
be locked in a designated area so that no one can tamper with them.
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D. Laboratory Custody Procedures

The principal of "Chain of Custody" is that samples are handled by a
minimum number of persons.

Two full time employees are designated as sample custodian and
alternate for sample handling. In addition the lab has a clean dry
isolated area that can be securely locked from outside as a "Sample
Storage Security Area". The sample custodian must maintain a bound
log book to record appropriate information about such samples.

Immediately upon receipt the custodian affixes a number to the
attached tag, records the required information in the log book and
preserves the sample if that has not already been done. The sample is
then stored in a locked sample area.

Lab personnel are responsible for the care and custody of the sample
once it is handed over to them. Once the sample testing is completed
the unused portion of the sample along, with any identifying tags and
seals are returned to the custodian.

VI. GENERAL PROCEDURES

Prior to the collection of a sample, the collector is briefed by a Section
Head or QA officer as to proper sampling, transportation, and preservation
procedures.

A. Sampling

1. Recommended sample containers, minimum sample volumes,
preservatives, and maximum holding times are listed on the
laboratory sheet entitled "Collection, Preservation, and Storage
of Water Samples" (Attachment 1). Sampling procedures follow
the guidelines established by the appropriate discharge permit,
Standard Methods, EPA, and the senior staff recommendations.

2. Sample identification. The following information is required on
each sample submitted. This information is to be written on the
container with a permanent felt tip marker.

a. Client and/or job number
b. Sampling date
c. Sample I.D.
d. Analyses required

In cases where chain of custody is required, the appropriate forms and
labels are obtained from the QA officer.

B. Accepting Samples

The Log-in Clerk inspects a sample upon arrival. If the integrity of
the sample has been affected, the person requesting the analysis is
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contacted. If the sample is satisfactory, then it is logged into SIMS
with the following information:

1. Laboratory Number
2. Client
3. Address
4. Job Number or P.O. number
5. Person requesting analysis
6. Test(s) requested
7. Date received
8. Date collected
9. Person collecting the sample (if known)

C. Labeling of Reagents

Whenever a new bottle of a reagent arrives, the date received is to be
stamped on the label.

Whenever a new bottle of a reagent is prepared, a container label with
the following information is attached:

1. Reagent and concentration
2. Analysis for which the reagent is intended
3. Date prepared
4. Initials of person preparing solution

0 Data for reagents which require standardization are recorded in the
Standardization Log. It is vitally important to record this information
in the log along with the initials of the analyst performing the
standardization. The section head and QA officer review this log
quarterly.

VII. QUALITY CONTROL - INORGANIC CHEMISTRY

A. Concepts

The QA/OC program for laboratory work is based on the EPA
guidelines for quality assurance. The core of the program is a properly
trained and experienced staff integrated with a system developed to
discover analytical discrepancies. There are four central aspects to
our QA/QC program.

1. Field blanks are prepared wherever possible or if mandated by
regulations or client.

2. Checks on instrument performance are done on a routine basis.
3. Replicates, spikes and external standard reference materials are

used in ten percent of the sample load to assure acceptable data.
4. A verification test on all sample sets ensures that final data are

screened for consistency and accuracy by a responsible analyst.

A-3-7
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Quality Control/Quality Assurance

B. Routine QA/QC Program

All instruments have a routine maintenance program which is followed
on a regular basis to insure optimum performance. This maintenance
involves checking electronic response, detection limits, and behavior

on standard solutions. It may also entail cleaning glassware in the
instrument on a regularly scheduled basis. For example, the ICP
glassware (nebulizer and torch) is cleaned after every 8-10 hours of
use and performance for manganese is checked to determine that the
appropriate sensitivity and precision are being acheived. Only when
these checks are completed is a series of samples analyzed.

All of the instrumental analyses are subject to the checks summarized
below:

1. Verify proper functioning of instrument mechanics.
2. ICP - check performance on Mn
3. CFA - check reagents, standards
4. UV/VIS - check performance on standards
5. IC - check resolution of standard solution, check peak height on

standard solution.
6. AAS - check performance of standard solutions

Results of these checks (and deviations) are entered into the instru-
ment logbooks.

During an analytical run duplicates are analyzed with a frequency of
no less than every tenth sample. The comparison between duplicates

-. is used as a further guide to QC data. Based on an initial series of
duplicates quality control limits are established using Shewart control
charts (Attachment 2). When duplicate results fall outside the control
limits all data between duplicates are examined to locate the problem.

Once the problem is located, the samples are reanalyzed. In addition,
the control charts allow determination of long-term trends which may
suggest a more subtle analytical bias.

In addition to duplicates, blanks and standards are analyzed at least
every tenth sample to check for drift or contamination which may
degrade the quality of the results.

Several additional QC measures are applied to insure optimum results.
Whenever a sample is analyzed for enough parameters to perform a

-. i cation-anion balance (Ca, Mg, Na, K, Cl, SO4 , NO 3 , F, Alkalinity), the
balance is checked to insure that it falls within a range of 2-5 percent,
depending on the sample source. (For treated waters we strive for +Z
percent, for raw and waste waters +5 percent although 2 percent is
usually achieved).

The table below summarizes various tests for which alternative
procedures are available and used routinely as analytical performance
checks.
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Quality Control/Quality Assurance

SParameter Cross Checking Method
Anions (Cl, F, S04, NO3) CFA and IC
Alkalinity CFA and Manual Titration
Ca, Mg AAS and Manual Titration
Other Metals AAS and ICP

All of these approaches make up our QA/QC program. Only when data
have passed all these checks does a senior staff member verify data
for a sample and permit it to be transmitted to the VAX and the
client.

C. Glassware

The metals, glassware, and bottles are washed in the following
manner:

1. Normal detergent wash in a dishwasher which includes rinses
with tap and deionized waters.

2. Rinse with DI water
3. Soak in 4N HNO 3 overnight.
4. Rinse five times with deionized water.
This acid washed glassware is stored in the drawers marked "Acid

Washed Glassware". Following step (3) metals glassware is handled
only with polyethylene gloves.

The normal glassware washing procedure includes only (1). If there are
organic residues left on the glass, the sulfuric acid - No chromix acid
treatment is to be used. For low level phosphate determinations,
glassware should be soaked in 6N HCI and rinsed with freshly deionized
water.

Calibrated glassware, such as volumetric flasks and pipettes should be
completely dry and cooled to room temperature before being placed in
their respective places. They are not to be oven dried.

Odor analysis flasks are acid-washed, rinsed and baked at 4000 C prior
to use.

D. Instruments

On an as-needed basis, instruments must be serviced and checked out
according to the instruction manuals. If an instrument is not perform-ing according to specification, the appropriate instrumentation spe-
cialist is to be called.

All instruments have an instrumentation log with maintenance infor-
mation filled out on a routine basis. All analysts working with a given
instrument must familiarize themselves with the routine maintenance
and performance checks for that instrument. Failure to adhere to
performance checks can seriously affect the accuracy of results.

j-
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E. Reagents

The routine standardization of reagents for titrations serves as the
primary method for maintaining accurate analytical results in titri-
metric analyses. These results and the initials of the analyst doing the
tests are recorded in the Standardization Log. If there is a noticeable
discrepancy, the senior staff should be consulted. If problems exist
as evidenced by the data, they must be resolved before any furtheranalyses are performed.

A standard should be analyzed along with every set of samples to
verify accuracy of end-point determinations.

Reagents and stock standards for colorimetric or instrumental
analyses reactions are labeled with the date and analysts' initials.
Data and calculations are recorded in the laboratory notebook for that
analysis.

Stock standards and reagents have holding times as noted below.

1. Metal Stocks:

a) >10 mg/L - 6 months
b) 1-10 mg/L - 60 days
c) < 1 mg/L - fresh

Z. Anions, Nutrients, Cyanide, Phenol, and COD Stocks: _

a) 60 days until longer holding times are demonstrated.
b) Working standards are made up fresh if specified by

the method.

When a new stock standard is prepared, it must be cross-checked
against the old one. Stock standards must contain specified preserva-
tives and conform to specified methods of storage.

F. Verification of Standard Curve for Spectrophotometer Analyses

1. Before use, subsequent standard curves are verified by use of at
least one reagent blank and one standard at midrange of the
working curve. The values obtained must be within +10 percent
of the original curve.

Z. If twenty or more samples are to be analyzed, the working
standard curve is verified by running an additional standard at
midrange every ten samples. These checks must also be within
+10 percent of the original curve.

3. Absorbance values for the standard curve are recorded in instru-
ment logbooks.

p....
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Quality Control/Quality Assurance

G. Verification of Precision and Accuracy

One duplicate sample and spike is run every ten samples, or with each
set of samples if there are less than ten samples analyzed. Checks
should be within +2 standard deviations and are plotted on the control
charts (see belowY.

H. Quality Control Charts

Our QC charts are based on procedures outlined in the attached
excerpt from the EPA Manual (600/4-79-020). The QC charts are kept
up to date by the analyst performing each test. All data must be
available for inspection by senior staff and the QA officer.

When insufficient analyses are performed (eg., monthly) to establish
parameters for the QC charts, data is confirmed by duplicates and
spikes is possible. A guide to expected precision for a number of
analyses is found in the ASTM Manual on Water Analysis.

I. Quality Control - Heavy Metals

1. Initially a calibration curve composed of at least a reagent blank
and 2 standards is prepared. When it is certain that results are
within the linear range, one standard is used for flame A.A.
Subsequent calibration curves are verified by use of at least a
reagent blank and one standard at or near the maximum contam-
inant level (MCL).

2. If twenty or more samples are analyzed per run, the working
standard curve is verified by running an additional standard
within the range of sample values after every tenth sample.

3. Reagent blanks are run for each metal analyzed at a frequency
of 10 percent with the sample values being corrected
accordingly.

4. At least one duplicate sample is run after every sample, or with
each set to verify precision of the method. Checks should be
within the control limit established by the QC charts.

5. Spiked aliquots are analyzed with a frequency of -10 percent of
the sample load. If the recovery is not within +10 percent of the
expected value, the sample is analyzed by the method of
standard additions. Whenever a new complex matrix is analyzed
either samples and standards are matrix matched or the sample
analyzed by standard additions.

6. A known reference sample is analyzed with every run to verify
the accuracy of results.
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7. When using the method of standard additions, a linear curve over
the entire range of addition is necessary for the results to be
considered valid.

8. When using the furnace, negative peaks caused by interferences
are not used in calculations. The sample should be diluted 1/10
and if necessary 1/10 again until the negative deflection is
eliminated.

9. Unknown performance samples are analyzed once per quarter.
Results must be within the control limit. If problems arise, they
are corrected, and a follow-up performance sample is analyzed.

10. A standard at the MCL is analyzed along with the samples
whenever drinking water is analyzed.

11. Bottle blanks are analyzed monthly to monitor glassware clean-
liness. These blanks consist of DI water stored in a randomly
chosen metals bottles.

Quality Control - Odor Analysis

1. All glassware for odor analysis is acid washed, baked at 4000C,
and rinsed with odor-free water two times before daily use.

2. Glassware used for a sample is not to be used more than once
without acid-washing and baking if a TON of 40 or greater is
measured.

3. Odor-free water is prepared fresh each day an odor analysis is
runL

4. Between samples, glassware is rinsed with odor-free water
prepared by activated carbon filtration of deionized water.

S. An odor-free water blank is carried through with each set of
samples analyzed.

6. At the beginning of a series of odor analyses, four randomly
chosen flasks are carried through the procedure as blanks. If any
of these have a noticeable odor, the entire lot is checked and the
rejected flasks rewashed.

7. At least one sample per day is analyzed in duplicate on two
different runs.

A-3-1 2
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K. Anion-Cation Balance

The percent error for ion balance is described in the following
equationC

%error = cations - Eanions x 1000%
4 cations + Eanions

where:

anions = anions in milliequivalents (A)
cations = cations in milliequlvalents (C)

When the percent error exceeds Z percent on finished waters (5
percent on raw waters), the analysis is rechecked.

For low level samples the acceptable percent error is defined as:

10.65x2 + 1.55(%C+ .A)

Z(ZC+ LA) (1)

Equation (1) is derived from Standard Methods.

If the percent error is exceeded, the constituents to be rechecked are
determined in the following fashion:

01. Divide the Specific Conductance by 100.
Z. Determine the difference between this value and the Z anions

and Lcations. The larger difference determines the group of
ions to be checked.

3. The ion having the largest meq/l should be checked first. If
there is still too large an error, the ion having the next largest
miiequivalency is checked, etc. until a satisfactory balance is
achieved.

L. Comparative Cross-Checking of Methods

Whenever alternative analytical techniques are available, results from
random samples are cross-checked.

If results on reference samples differ by more than 10 percent, the
analyses are checked (e.g., standards and reagents should be rechecked
and analyses should be cross-checked by alternate methods).

These data are used to provide comparability data for non-standard methods
in addition to checking accuracy.

A-3-13
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VIII. QUALITY CONTROL - ASBESTOS

A. Personnel

All are experienced or trained by an analyst with 2 years minimum

experience in asbestos determination.

B. Records

All quality control data is available for inspection upon request.
Worksheets are maintained for rechecking calculations. All permanent
records are kept in bound volumes.

C. Sampling Procedures

The sampling technique follows the methods outlined by the EPA on
page 3 of the Interim Method for Determining Asbestos in Water
EPA-600/4-80-005, January 1980. All samples are to be stored at 40 C
until filtration and completion of analysis.

D. Measurements/Analyses

The standard accepted procedure is outlined in the Interim Method
previously mentioned. All modifications of procedures including
reasons for modifications are recorded.

E. Reports

All calkulations and reports are entered into the lab computer to
eliminate inconsistency in the final report. The analyst and the
immediate supervisor must check and then sign the final report before
sending it to the client.

F. Instruments

The manufacturers' manuals for proper operation of all equipment used
in asbestos analyses are properly filed and accessible. Records of
periodic inspection, calibration and service of equipment is maintained
in appropriate log books. Phone numbers for instrument service are
posted by each piece of equipment.

G. Quality Control

1. All materials used in the analysis are dated upon receipt and
replaced as needed or when shelf life has expired.

2. A negative control blank using fiber-free water is processed each
day that samples are filtered as stated on page 23 of the Interim
Method. Two hundred ml of asbestos-free water must have no
more than 2 fibers in 20 grid squares of a 200 mesh grid.

A-3-14

hip



Quality Control/Quality Assurance

3. Standard asbestos fibers are checked twice a month (or as required)
for identification, EDX performance, standard morphology photo-
graphs and diffraction patterns.

4. A duplicate sample is run at least once per ten samples processed.

5. Once a year a sample is split with the EPA or another approved
asbestos laboratory.

6. The lab participates in approved round-robin asbestos test evalu-
ations (when available).

7. The lab analyzes a reference sample or an unknown performance
sample once per year.

8. Analytical results are cross-checked before the final report is

sent to the client.

9. All samples are filtered within 48 hours of their arrival.

10. The absolute (HEPA) filtration system is monitored daily.

11. Asbestos glassware is prepared as stated in the EPA Interim
Method on page 12.

12. When several grids of the same sample are counted, the deviation
Q should not exceed +15 percent as stated on page 7 of the EPA

Interim Method.

IX. QUALITY CONTROL - RADIOCHEMISTRY

I 1. All QC data are available for inspection to determine validity of
laboratory results.

2. The laboratory participates twice each year in an appropriate
EPA-administered performance study on unknowns. Results must
be within the control limits established by EPA for each analysis.
If results are outside these limits, efficiencies are immediately
rechecked.

3. Counting-instrument operating manuals and calibration protocols
are available to analysts and technicians.

4. Calibration data and maintenance records on all radiation instru-
ments and analytical balances are maintained in a permanent
record.

%I
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'I

5. Minimum Daily QC

a. To verify precision of methods, a minimum of 10 percent
of the samples are duplicates. Checks must be within +2
standard deviations of the mean range.

b. A background sample is run each day radiation samples are
analyzed.

c. Quality control performance charts or performance records
are maintained.

d. Reported results include the 2 sigma error for counting.

6. Plateau curves and efficiency checks are run quarterly and the
data recorded in the radiation notebook.

X. QUALITY CONTROL - MICROBIOLOGY - PASADENA

A. Sampling

The individual collecting samples should be aware of the sampling
precautions outlined in Standard Methods and summarized below.
These precautions maintain the integrity of the samples.

1. Prevent contamination of the sample bottle by collector.

2. Prevent contamination from other sources not representataive of
sample, e.g., rust from sampling tap and sediment from stream
bed.

3. Do not rinse the sample bottle with the sample.

4. Leave 1/2" headspace in the container and cap tightly.

5. Identify and describe the samples as completely and accurately
as possible. This information will aid the analyst in determining
the dilutions to inoculate. The following information is to be
provided:

a. Client
b. Sample date
c. I.D. number
d. Analyses requested
e. Water type and/or source

B. Sample Storage and Shipment

If the samples cannot be analyzed within 4 hours, they are stored on
ice in a cooler. First, the sample bottles are checked to insure tight
caps and no leakage. The bottles are then wrapped in a strong plastic
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bag and sealed. This keeps the melting ice from contaminating the
'- samples. Ice cubes or their equivalent are placed around the samples.

Care must be taken that the samples do not freeze. Package the
cooler securely for shipment.

The samples must reach Pasadena within 30 hours in order that they
fall within the maximum holding time.

C. Steam and Dry Heat Sterilization

I. Steam Sterilization:

a. On the front of the autoclave are a set of instructions for
the operation of the Market Forge autoclave. The lab
assistant should note that the timed cycle does not start
until the pressure reading is 15 psi and temperature is
1210 C. The material, time, pressure, and temperature are
recorded in the temperature Log book.

b. Sterilization indicators, heat sensitive tape, steam clocks,
or discs, are available and are used during each cycle. If
problems exist as indicated by a failure of one of the
various sterilization indicators, consult with a senior staff
member.

A D. Precautionary Procedures and Practices

1. Media preparation: Only demineralized water is used for the
preparation of media.

2. Media storage: Once opened, the powdered media is stored top
down to prevent hydration of the medium.

Prepared liquid medium is stored at 40 C. The basket should be
labeled with the type of medium, date and the person who made

4. it up.

Prepared agar plates are stored in plastic bags, agar up, in the
refrigerator. The bag is labeled to identify the type of medium,
date made, and person who prepared it.

3. Incubator operation: On a daily basis when bacteriological
samples are incubated in a water bath or incubator, the temper-
ature is recorded each morning in the appropriate log. The
temperature can also be checked with the NBS calibrated
thermometer at 20 0 C and 350 C. A thermometer calibrated at
44.50 C is used when fecal coliforms are incubated.

'N -1, %
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E. Quality Controls o'

1. Positive and ne-'ative controls for MPN are used each time the
analysis is pertormed. Positive controls utilize a known
coliform such as E. coli or E. aerogenes. Negative controls are
sterile phosphate buffer.

2. The completed test is conducted on 10 percent of the positive
drinking water samples. If no positives are found, at least one
positive source water is completed quarterly. Both gram(+) and
gram(-) controls are used for the gram stain.

3. The lab analyzes a bacteriological reference sample from the
.* California State Department of Health annually. An MPN test,

through the confirmatory step and standard plate count, is
conducted on this reference sample.

4. Media supplies are dated upon receipt and when initially opened.
A written record is maintained on media. When receiving new
media the date, the type of media, source of media, and initials
of the person logging in the media is recorded in the Media Log

*. book.

5. Media prepared in the lab is logged into the Prepared Media Log
by the laboratory assistant. These records include media lotnumber, date, sterilization time and temperature, final pH, and

the assistant's initial.

6. Operating temperatures of incubators, waterbaths, hot air ovens,
and refrigerators are checked daily, logged in the maintenance
book and adjusted if necessary.

7. Autoclave temperatures and pressures are logged in the main-
tenance book for each cycle of use. Sterilization indicators are
used each time the autoclave is operated.

8. Quality of laboratory pure water is analyzed monthly and an-
nually as described below:

a. Monthly-conductivity, pH, TOC, chlorine residual, and
plate count

b. Annually-bacteriological suitability test, trace metals (Pb,
Cd, Cr, Cu, Ni, and Zn).
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Criteria
SPH 5.5 to 7.5
EC < 5 tnhos/cm

Trace Metals < 5 ppb each
Bacteriological 0.8 to 2.0

Suitability Ratio

c. Data is recorded into the Quality Assurance Log.

9. The laboratory distilled water is tested annually for bacterio-
logical quality as described in Standard Methods.

The washing and sterilization procedures for laboratory glass-
ware are checked annually by testing glassware for inhibitory
residues.

F. Ames Salmonella/Mammalian-Microsome Mutagenicity Test

I. Quality Control Check for Mutation Integrity of Tester Strains

a. The presence of the RFA character and R factor, along
with histidine requirement and spontaneous reversion are
tested during each mutagenicity test series and when a new
frozen permanent is used according to the methods of
Ames.

Acceptable spontaneous reversion counts are in the fol-
lowing ranges: 10-34 (TA 1434), 3-15 (TA 1537), 30-50
(TA 98) and 120-ZO0 (TA 100).

b. Reagents and media are stored at 40 C for no more than
two weeks.

2. Positive and Negative Controls

a. Three compounds are used as positive mutagen controls for
,.S the four bacterial strains. A dose-response curve is made

for each strain exposed to a mutagen during each test
series.

Positive Controls

Standard Mutagen Strain

2-Aminofluorene TA98 (+S-9)
Sodium Azide TA1535
Methyl methansulfanate TA1537, TA100

b. Negative controls are run on reagents and media used in
the test: These include sterility tests for dimethyl sulf-
oxide, S-9, the test compound and agar media. In addition,
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d •q~ ~ ' . ~ . .- ** - * -~~
- . .t



Quality Control/Quality Assurance

the absence of mutagenic activity is confirmed for
dimethyl sulf oxide.

G. Endotoxin Assay

1. Sample Collection and Preparation

a. Samples are handled aseptically with pyrogen-free glass-
ware. All glassware is depyrogenated in a dry hot air oven
at 4000 C for 1.5 hours.

b. Fresh distilled dilution water is depyrogenated in an auto-
clave for 1 hour at 121.50 C.

c. Pyrogen-free NaOH or HC1 are used to adjust samples to a
pH range of 6-8.

2. Reagent Storage and Stability

a. Limulus lysate, positive control and negative control are
stored according to the manufacturer's recommendations.
Expiration dates are marked on the vials containing the
reagents. Unused vials remaining after expiration are
discarded.

b. The lot number of each group of lysate and controls is
recorded for each test series.

3. Initial Quality Control Procedure

" The following is a description of the procedure used by the

analyst:

a. Before any tests are performed, the variability of the test
is assessed. A minimum of 4 and a maximum of 28 tests
are performed by the analyst using a single lot of lysate
and a single lot of endotoxin. For each group of 4 replicate
tests a single series of dilutions of the endotoxin is
prepared. A twofold dilution series is used with a range
suitable for yielding an end-point with the lysate being
tested. After incubation, the reaction in each tube is
recorded as either positive or negative. The end-points are
expressed as ng/ml and then converted to logZ and the

.4 standard deviation (S.D.) calculated.

b. If the S.D. is less than or equal to the value for the 99
percent limit on the S.D. for 4 samples (see followingtable), the test is in control. If the S.D. is greater than the

tabulated value, the test may be expanded in increments of4 tests up to the maximum of 28 tests and a new S.D.

calculated using data from all tests. If after doing 28 tests
4 the S.D. still exceeds the 99 percent upper limit value
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.ev' .e.:Jcorresponding to 28 tests, the tests are invalid due to
excessive variability. If after any set of 4 replicates, the

S.D. is equal to or less than the tabulated value for that
number of tests, it can be concluded that the variability is
under control and no additional tests are necessary. At
that point the geometric mean (GM) and its 95 percent
limits of end-points from all tests performed are
calculated. If the indicated value for the lysate used falls
within these limits, the tests have confirmed the label
claim. If it is not, the source of error is determined before
doing additional testing.

99% Upper Limit on S.D. of Log2 (Lysate Sensitivity)

Sample 99% Upper Limit for
Size S.D. (LogZ L.S.)

4 *1.77
J 8 1.48

12 1.36
16 1.30
20 1.26Z4 I. Z3
24 1.23
28 1.20

*Limits can be converted to logl0 by multiplying each
value by 0.30103.

H. Mammalian Cell Transformation Assay

1. Cell Culture Quality Control

a. Only published cell culture methods are used.

b. Whenever conditions change, or a new batch of medium or
serum is used, the growth rate and plating efficiency of the
cultures are monitored.

c. Cells are grown in a humidified 5 percent CO 2 incubator
where temperature and CO 2 can be closely monitored.

d. No antibiotics are used in any of the cultures since they "1
can mask chronic infections or cause the emergence of
bacterial L-forms.

I. Parasites

Quality control in parasitology is not as well defined as other areas of

microbiology. Sample collection and processing quality controls are
similar to other microbiology assays with respect to maintaining the

...V. integrity and stability of biological materials. 'Ihis is accomplished by
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refrigerating the orlon filters after the completion of sampling until
they are processed for parasite identification.

Filters are stored in polypropylene zip-lock bags. Upon receipt, a 10
percent formalin fixative solution is added to the bag containing the
filter.

J. Enteric Viruses

1. Sample Integrity

During all phases of enteric virus monitoring, the samples must
be protected from external and cross-contamination. Contami-
nation from the equipment, the laboratory environment, and
personnel handling the samples is prevented by adhering to the
following practices:

a. Equipment used to filter and elute enteric viruses at the
sampling site are disinfected with a strong hypochlorous
acid solution (100 ppm Cl) after each sample run. The
chlorine contact time is 10 minutes. Equipment is rinsed
with a sodium thiosulfate solution after being rinsed
thoroughly with tap water.

b. When several sites a day are sampled with the same
equipment, the cleanest site, such as chlorinated effluent
from a water treatment plant, is sampled first with pro-
gressively dirtier samples following in order.

c. Manipulation of the sample is temporally spaced so that
only one step proceeds in the laboratory at a given time.
The order is generally from the dirtiest procedures to the
cleanest ones.

d. Manipulation of the samples is spacially separated in the
laboratory such that reconcentration of the filter eluent
takes place in a different room from inoculation of the cell
monolayers. Preparation of the media and cell monolayers
is conducted under a laminar flow containment hood to
prevent bacterial and fungal contamination. Antibiotics
are incorporated into the monolayers to minimize this type
of contamination.

e. Contamination of laboratory surfaces is prevented by the
use of ultraviolet disinfecting lamps in the ceiling which
are turned on in the evening after all personnel have left
the area.

f. Each cell line is worked with separately to prevent cross-
contamination of cells.
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- XI. QUALITY CONTROL - ORGANIC CHEMISTRY

A. Sampling

1. Sampling instructions for each of the organic analyses accom-
pany all sampling containers. The instructions meet or exceed
the requirements of Standard Methods and the EPA and
completely describe sampling, preservation and shipment pre-
cautions.

Z. Field travel blanks are taken according to regulations or as
requested by the client. It is recommended that one travel blank
for each type of analysis be included with each set of samples
taken.

B. Standard Preparation

All standards are prepared gravimetrically on at least a quarterly
basis, or more often as required. They are prepared gravimetrically.
If the chemical being weighed out is a possible or known animal
carcinogen then it is weighed out in the carcinogen hood. Calculations
and details are recorded in the Organics Standards Lab notebook and in
the appropriate Quality Control notebook. Stock standard solutions
are stored in organic free 3 ml amber vials with teflon seals. Each
vial is labeled with the date, standard I.D., and the preparer's name.
Stock solutions are stored at -Z0oC until use. Old standards are
disposed of as hazardous waste after the new standard has been cross
checked and properly verified.

C. Quality Control - GC/MS

1. GC/MS Tuning and Specifications

a. The mass spectrometer must maintain proper mass frag-
mentation characteristics. This is done by running either
BFB or DFTPP and ensuring that the spectrum meets the
specified criteria. Copies of the spectral list are entered
in the GC/MS Quality Control book once per week at a
minimum. Samples are not run unless BFB or DFTPP
spectra can be produced which meet the specified criteria.

DFTPP Key Ions and Ion Abundance Criteria*

Mass Ion Abundance Criteria

* 51 30 to 60 percent of mass 198
68 Less than 2 percent of mass 69
70 Less than 2 percent of mass 69
127 40 to 60 percent of mass 198
197 Less than 1 percent of mass 198
198 Base peak, 100 percent relative abundance
199 5 to 9 percent of mass 198
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275 10 to 30 percent of mass 198
365 Greater than 1 percent of mass 198
441 Present but less than mass 443
44Z Greater than 40 percent of mass 198
443 17 to 23 percent of mass 442

BFB Key Ions and Ion Abundance Criteria*

Mass Ion Abundance Criteria

50 20 to 40 percent of mass 95
75 50 to 70 percent of mass 95
95 Base peak, 100 percent relative abundance
96 5 to 9 percent of mass 95
173 Less than 1 percent of mass 95
174 70 to 90 percent mass 95
175 5 to 9 percent of mass 95
176 70 to 90 percent mass 95
177 5 to 9 percent mass 95

(1) The following settings are maintained:

o Mode Direct
o Emission Current: 0.5 ma
o Electron Energy: 70 eV
o Electron Multiplier: 1000-ZOOOV as necessary
o Dynodes: 3000V
o Ion Source: 3000 C

(2) The GC/MS is calibrated daily with FC43 gas to
obtain a millimass defect <20 millimass units. The
calibration is verified with the FIT program to an
RMS error of <2 percent.

(3) The instrument zero is checked using the zero control
and adjusting as necessary to provide a minimum
background of electrical noise.

2. GC/MS Analytical Quality Control (Base-Neutral and Acid Ex-
tractables, Closed-Loop Stripping, MIB/Geosmin, Volatiles).

a. For all analyses a laboratory water blank is analyzed to
check for artifacts from the GC/MS system and for the
presence of impurities in the water blank making it un-
suitable for standard preparation and sample dilution.

b. Field blanks are analyzed on a routine basis as a part of the
quality assurance program. With each set of travel blanks
sent out, a stationary travel blank is kept in the laboratory
for analysis to demonstrate that the water sent out was
free of contamination.
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*.*. c. Once a week a three point standard curve is run for each
type of analysis being performed. These curves are used
for comparison with the daily calibrations. A plot of each
standard curve is kept in the GC/MS Quality Control
notebook.

d. Standards are analyzed for each GC/MS analysis daily.
Proper instrument sensitivity and stability are determined
by comparison of performance with earlier weekly cali-
bration curves. Significant deviation from previous quan-
titation curves requires running a complete new set of
calibration standards.

e. The precision and accuracy of the technique is determined
by running 10 percent of the samples either in duplicate, or
with a standard spike addition. The results of the
duplicates and the spikes are kept in the GC/MS Quality
Control notebook.

f. Blind check samples are purchased from outside labor-
atories and analyzed on at least a quarterly basis. EPA
check samples are analyzed when available and the results
compared to the published results. All results from these
check samples are kept in the GC/MS Quality Control
notebook.

00 g. When each new GC/MS stock standard is prepared, the
previous standard and the new one are analyzed in tripli-
cate. If the difference between them is greater than 10
percent, another standard is prepared. The results of these
analyses are kept in the GC/MS Quality Control notebook.

h. Instrument maintenance is noted in the GC/MS Quality
Control notebook. This includes source cleaning, column
changes, and similar routine maintenance.

i. A plot of the average internal area count for each analysis
for each day is kept in the GC/MS Quality Control note-
book.

D. Quality Control - Gas Chromatograph

1. For all analyses a laboratory water blank is analyzed to check
for artifacts from the GC system and for the presence of
impurities in the water blank making it unsuitable for standard
preparation or sample dilutions.

2. Field blanks are recommended and are provided and analyzed
when requested. With each set of travel blanks sent out, a
stationary travel blank is kept in the laboratory for analysis to
insure that the water was free of contamination.

.- 3
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3. Once a week a standard curve is run. For trihalomethane
analysis this is a seven point curve, for Pesticides/PCB/Herbi-
cides analysis this is a three point curve. These curves are used
for comparison with the daily calibrations. A record of each
standard curve is kept in the GC Quality Control notebook.

4. Standards are analyzed daily for each routine analysis.Standards are extracted along with the samples to ensure

adequate recovery. Proper instrument sensitivity and stability
are determined by comparison of performance with earlier
weekly calibration curves. Significant deviation from previous
quantitation curves not directly attributable to instrument ad-
justment requires running a complete new set.

5. The precision and accuracy of the technique is determined by
extracting 10 percent of the samples either in duplicate, or with
a standard spike addition when enough sample is provided. Theresults of the duplicates and the spikes are kept in the GC

Quality Control notebook.

6. Blind check samples are purchased from outside laboratories and
analyzed at least on a quarterly basis. EPA WS series check
samples are run and the results compared to the published
results. All results from these check samples are kept in the GC
Quality Control notebook.

7. When each new THM or Pesticide/PCB/Herbicide stock standard
is prepared, the old standard and the new one are analyzed in
triplicate. If the difference between the means of these
triplicates is greater than 10 percent another standard is
prepared. The results of these analyses are kept in the QC
Quality Control notebook.

8. Any maintenance to the instrument is noted in the GC Quality
Control notebook.

9. A record of the average internal area count for each analysis set
utilizing an internal standard is kept in the GC Quality Control
notebook.

E. Quality Control - Total Organic Halogen (TOX)
.4

1. The analyzer module is run with the boat empty at the beginning
of each day to remove all contamination accumulated since
previous analyses.

2. The response of the titration cell is checked each day by
injecting 10W of inorganic chloride directly into the titration
cell solution. Injections are repeated and adjustment of the
instrument made until two subsequent replicates within 2
percent are obtained.
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3. Duplicate 10 tg organic chloride instrument calibration standards
(standards injected directly onto the carbon contained in the
adsorption columns) are analyzed at the beginning of each day.
One additional replicate of 10 vg organic chloride is analyzed for
every 10 samples analyzed. These results are kept in the TOX
Quality Control notebook.

4. Triplicate carbon blanks (carbon packed adsorption columns
washed with nitrate-wash solution only) are analyzed at the
beginning of each work shift, and subsequently one blank is
analyzed after each 10 sample analyses. These results are kept
in the TOX Quality Control notebook.

5. All samples are analyzed in duplicate. If the net values of the
duplicates are not within 10 percent of one another, a third
replicate is analyzed. The absolute difference between one in
every ten duplicates is plotted on the Shewhart plot which is
appropriate for that analysis and sample value. These plots are
kept in the TOX Quality Control notebook.

6. The titration cell is revitalized by rinsing with fresh cell
electrolyte after approximately every twenty analyses. After
revitalization of the titration cell, its stability and response are
checked by an injection of the inorganic chloride standard.

7. The volume of sample filtered is adjusted for the sample
analyzed to produce adsorbed organic halogen content within the
range of optimum function of the instrument (5-40 g).

8. Once during each work shift, the top and bottom adsorption
columns from one sample adsorption are analyzed separately to
determine if any organic halogen breakthrough is occurring.
These results are kept in the TOX Quality Control notebook.
Top and bottom adsorption columns are run separately on all
samples with high levels of TOX or high concentrations of
inorganic halide.

9. Every twentieth sample is spiked and recoveries are determined.
These results are kept in the TOX Quality Control notebook.

10. The purity and adsorption capacity of each new batch of carbon
purchased is assessed by analysis of seven replicates each of
reagent water, carbon blanks, instrument calibration standards,
and adsorption efficiency standards (standards injected into
reagent water then filtered). The results of these analyses are
to be kept in the TOX Quality Control notebook.

11. Quarterly, a seven point standard curve is run by spiking reagent
water with seven different concentrations of organic halogen.
This curve is kept in the TOX Quality Control notebook.
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1Z. Each week a three point standard curve is run by spiking reagent
water with three different concentrations of organic halogen.
This curve is kept in the TOX Quality Control notebook.

13. Each day one standard is run in duplicate. The average of this
standard must be within 10 percent of the value for that standard
on the weekly standard curve or a new standard curve must be
run.

14. Any maintenance to the instrument is noted in the TOX Quality
Control notebook.

15. When each new TOX stock standard is prepared, the old standard
and the new one are analyzed in triplicate. If the difference
between them is greater than 10 percent another standard is
prepared. The results of these analyses are kept in the TOX
Quality Control notebook.

F. Quality Control - Total Organic Carbon (TOC)

1. Prior to analysis of samples an instrument calibration standard is
analyzed in order to update the instrument calibration factor and
to determine instrument performance. The uncalibrated instru-
ment response factors are recorded in the TOC Quality Control
notebook.

Z. Between each ten samples at least three standards and the
laboratory water blank are analyzed in duplicate.

3. All samples are analyzed in duplicate. If the net values of the
duplicates are not within 10 percent of one another, a third
replicate is analyzed. The absolute difference between one in
every ten duplicates is plotted on the Shewhart plot which is
appropriate for that analysis and sample value. These results are
kept in the TOC Quality Control notebook.

4. The volume of sample is adjusted for the sample analyzed to
produce an organic carbon content in the range of optimum
function of the instrument.

5. Every twentieth sample is spiked and recoveries are determined.
These results are kept in the TOC Quality Control notebook.

6. Every week a seven point standard curve is rum by spiking
reagent water with seven different concentrations of organic
carbon. This curve is kept in the TOC Quality Control notebook.

7. Each week a three point standard curve is run by spiking reagent
water with three different concentrations of potassium hydrogen
phthalate. This curve is kept in the TOC quality control
notebook.
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- 8.. Each day one standard is run in duplicate. The average of this
standard must be within 10 percent of the value for that standard

on the weekly standard curve or a new standard curve must be
run. These results are kept in the TOC Quality Control
notebook.

9.. Any maintenance to the instrument is noted in the TOC Quality
Control notebook.

10. When each new TOC stock standard is prepared, the old standard
and the new one are analyzed in triplicate. If the difference
between them is greater than 10 percent another standard is
prepared. The results of these analyses are kept in the _'OC
Quality Control notebook.

G. Organic Analyses Quality Control Reports

1. After manual review of the data, the analyst submits a report to
the lab clerk.

2. After reviewing each report the lab clerk submits the report for
typing.

3. The lab clerk proofreads the typed report, then returns the
original report and the typed copy to the analyst.

4. The analyst proofreads the report and signs it when satisfied that
the results reported are valid.

5. The chromatograms and worksheets, if needed, are clipped to the
final report and submitted to the Organics Quality Control
Manager for final review. As a final check, the values reported
are compared to the typical concentration range expected for a
particular water supply.

6. If the report is approved by the QC Manager the report is signed
by him (or her). If not approved the report is sent back to the
analyst for review or reanalysis of the sample.

7. If approved by the QC Manager, a copy is made of the report and
the original sent to the client.

8. If possible, the remaining portion of the water sample is stored
for one month at 40 C should a repeat of the analysis be
necessary.
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XII. QUALITY CONTROL - MICROBIOLOGY - EEWTP

A. Sampling

Prior to collecting samples the collector should read Standard Methods. The
precautions, summarized below, are mentioned in the text; their purpose is
to maintain the integrity of the samples.

1. Prevent contamination of the sample bottle by collector.

2. Prevent contamination from other sources not representative of
sample, e.g., rust from sampling tap and sediment from stream bed.

3. Do not rinse the sample bottle with the sample. The bottle contains
sodium thiosulfate preservative.

4. Leave some air in the container and cap tightly.

5. Identify and describe the samples as completely and accurately as

possible. This information will aid the analyst in determining the
dilutions to inoculate. The following information is to be provided:
a. Sampler
b. Date and time taken
c. Sample number (sampler's own ID notation)
d. Remarks (description of sample)

6. Samples transported to the laboratory from off-site locations should
be packed in ice to maintain a temperature of 4 to 60 C.

B. Acceptance of Samples

Upon arrival at the laboratory, the samples are to be inspected for sample
integrity. The samples are logged into the "Sample Log" notebook. A
"Bacteriological Work Sheet" is to be filled out for each sample. The time
when the samples are inoculated is to be recorded on these worksheets,
e.g., 10:15 a.m. This time will indicate when the 24 and 48 hour readings
are to be made. All samples are analyzed within four hours of collection.
An aliquot of each sample is analyzed to assure the absence of a chlorine
residual. Any sample with a residual is discarded.

C. References

1. The basic methods reference is Standard Methods for the Examination
of Water and Wastewater t 13th Edition. Use of the procedures in this
edition of Standard Methods is mandated under the National Interim
Primary Drinking Water Regulations.

2. EPA's Microbiological Methods for Monitoring the Environment -Water

and Wastes write-up is useful.

D. MPN Analyses
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" ~.'. 1. Five tubes per dilution are to be used for all work. No Exceptions.
For drinking water samples for which the analyst has no prior history,
three dilutions (10 ml, 1.0 ml, and 0.1 ml) should be inoculated.

2. Three tubes per dilution may be used for pilot plant work. This option
is to be determined on a case-by-case basis by a senior staff member
and the project engineer.

3. The completed MPN test is performed on all positive confirmed BGB
tubes from sites representing finished waters.

E. Standard Plate Count

1. Duplicate plates per dilution are to be routinely used. A senior staff
member is to be consulted for the dilutions to be examined.

- 2. Plates having 30 to 300 colonies are to be included in determining the
number of bacteria per milliliter. The plates are to be counted on the
Quebec Colony Counter.

3. If plates show no colonies, report the count as less than one (1) times
the corresponding lowest dilution. If the plate shows numbers of
colonies exceeding 300, do not report as "too numerous to count"
(TNTC) but utilize the procedure in the 13th edition of Standard
Methods to estimate the count.

4. Standard plate counts are to be recorded with not more than two

significant figures, thus avoiding false precision and accuracy.

F. Steam Sterilization

1. On the front of the autoclave are a set of instructions for the
operation of the Market Forge autoclave. The lab assistant should
note that the timed cycle does not start until the pressure reading is
15 psi and temperature is 121 0 C. The material, time, pressure, and
temperature are to be recorded in the Sterilization Log book.

2. Sterilization indicators are available and one must be used during each
cycle, these include: KilitR Ampules, heat sensitive tape, steam
clocks, or discs. If problems exist, indicated by a failure of one of the
various sterilization indicators, consult with a senior staff member.

3. All plastic and glassware to be autoclaved are to have indicating
autoclave tape placed on it.

4. Borosilicate test tubes filled with media are autoclaved in autoclave-
able plastic test tube racks.

5. Media does not stay in the autoclave longer than 45 minutes.

6. Sterilization times are determined from the time the temperature

reaches 1Z1 0 C until the cycle is complete:
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a. Media - according to manufacturer's instructions
b. Sample bottles - 30 minutes, 15 psi
c. Filter units - 30 minutes, 15 psi
d. Dilution water less than 500 ml - 30 minutes, 15 psi
e. Dilution water 500 to 1000 ml - 45 minutes, 15 psi

G. Dry Heat Sterilization

1. Wooden transfer sticks and most glassware are sterilized by dry heat
for two hours at 170 to 1800C.

Z. Sterilization records are kept in a log similar to the one used for
autoclaving.

H. Media Preparation and Laboratory Pure Water

1. Only Milli-Q or demineralized water can be used for the preparation of
media at the EEWTP.

2. Dehydrated media and pH buffers must be dated upon receipt and
when initially opened.

3. Rehydrated media is stored at room temperature in the dark or at 40 C
with the provision that refrigerated media will be incubated overnight
at 35 0 C prior to inoculation. All media should be labeled with the
type of medium, date and the person who made it up.

4. Media pH is recorded in the media pH log. This log also documents
meter calibration, date of preparation and type of media prepared.

5. The water suitability test as described in Standard Methods, 14th
Edition, is conducted once per year on laboratory pure water (Milli-Q).

6. Laboratory pure water is analyzed monthly (minimum) for conduc-
tance, pH, chlorine residual and standard plate count.

7. Laboratory pure water is analyzed annually (minimum) for trace
metals (Pd, Cd, Cr, Cu, Ni and Zn).

8. Inhibitory residue test is conducted annually according to Standard
Methods, 14th Edition.
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I. Sample Bottle Preparation

1. The normal washing procedure is to be used.
a. Alconox or Micro
b. Rinse with tap water four times
c. Rinse with deionized water four times

2. After the bottles have dried, 0.1 ml of a 10 percent sodium thiosulfate
solution is added to each bottle. Autoclave tape is to be used on the
cap. The bottles are then loosely capped and steam sterilized. After
the bottles have cooled to room temperature, the caps are tightened
and placed in the drawer labeled "Sample Bottles." If there are any
questions about sterility of bottles, they should be reautoclaved.

3. Sample bottle sterility checks are performed with each newly
sterilized batch.

J. Incubator and Water Bath Operations

1. On a daily basis when bacteriological samples are incubated in an
incubator or water bath, the temperature is to be recorded each
morning in the appropriate log. Adjustments are made when
necessary.

2. Two thermometers are placed in the incubator on different shelves to
monitor temperature uniformity. Each thermometer is immersed in
water.

3. Thermometers are calibrated with an NBS-calibrated thermometer on
a semi-annual basis.

4. Tubes and plates are placed in the incubator so that there is adequate
air circulation.

K. Quality Assurance

1. Positive and negative controls for MPN must be used each time the
analysis is performed. Positive controls utilize a known coliform such
as E. coli or E. aerogenes. Negative controls should be a sterile
phosphate buffer.

2. Written records of quality control on media, materials, and equipment
must be maintained and available for inspection. This information is
to be logged into the appropriate log sheets.

3. Media supplies must be dated upon receipt and when initially opened.
A written record must be maintained on media. When receiving new
media, the date, the type of media, source of media, and initials of the
person logging in the media are to be recorded in the Media Log book.
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4. Operating temperatures of incubators, waterbaths, hot air ovens, andrefrigerators must be checked daily, logged in the appropriate book

and adjusted if needed.

5. Autoclave temperatures and pressures must be logged in the autoclave
log for each cycle of use. Sterilization indicators must be used each
time the autoclave is operated.

6. Before use in an analysis each pH meter must be standardized. This is
recorded in the media pH log.

7. Balances are calibrated and certified with NBS Class S weights on a
semi-annual basis.
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SAMPLING CONTAINERS AND PRESERVATIVES

All samples (except MetaWst are required to be refrigerated at 40C unless otherwise indicated. Sodium thiosuLfate should only
be used in the presence of residual chlorine. N,, attermpt shiu; be mad, t,, use the same sample for chemical, bacteriological

'-I' and microscopic examination because the methods of collection and handling are quite different.

ROUTINE PRESERVATIVE MAX. 11M HOLDING

DETERMINATION CONTAINER SAMPLE SIZE OR NEUTRALIZER PERIOD
(per EPA' (per EPA

Acidity Plastic or pyrex bottle, 125 ml None 14 days
Tightly sealed, no bubbles

Acids Amber glass, teflon lined cap, Z liter 0.008% sodium thiosulfate 14 days
muffled

Actinomycetes Plastic (sterile) 1Z5 ml 0.008% sodium thiosulfate 24 hours

Alkalinity Plastic, Tightly sealed, no bubbles 125 ml None 14 days

Algae Plastic isterile) 125 ml .008;G sodium thiosulfate Z4 hours

Algae Count Plastic (sterile! 1 liter .008% sodium thiosulfate Z4 hours

Aluminum Plastic, HNO 3 rinse 60 ml HNO 3 to pH<2 6 months

Anions Plastic 500 ml None 14 days

Antimony Plastic, HNO 3 rinse 60 ml HNO 3 to pH<Z b months

Arsenic Plastic, HNO 3 rinse 60 ml HNO 3 to pH <2 6 months

Asbestos Plastic (sonicated) 1 liter None Z days

Barium Plastic, HNO 3 rinse 60 ml HNO 3 to pH<Z 6 months

Base-Neutrals Amber glass, teflon lined cap, Z liter .008% sodium thiosulfate 14 days

O (BN) muffled

Base-Neutral- Amber glass, teflon lined cap, 2 liter .008% sodium thiosulfate 14 days
Acids (BNA) muffled

Beryllium Plastic, HNO 3 rinse 60 ml HNO 3 to pH <Z 6 months

Biological Oxygen Plastic 500 ml Freeze 2 days
Demand (BOD)

Boron Plastic, HN0 3 rinse 60 ml HNO 3 to pH <2 6 months

Bromide Plastic 60 ml None Z6 days

Cadmium Plastic, HNO 3 rinse 60 ml HNO 3 to pH <Z 6 months

Calcium Plastic, HNO 3 rinse 60 ml HNO 3 to pH <2 6 months

Carbon Dioxide Plastic, tightly sealed, 500 ml None Titrate at site or mea-
(Free) completely filled, allow to sure pH at site and do

overflow. alkalinity at lab.

Cations Plastic, HNO 3 rinse 500 ml HNO 3 to pH <2 6 months

Chemical Oxygen Plastic 125 ml H ZSO 4 to pH<Z 2 days
Demand (COD,

Chloride Plastic 60 ml None 2, days

-. 5
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% SAMPLING CONTAINERS AND PRESERVATIVES
(CONTINUED)

All samples (except Metals) are required to be refrigerated at 40C unless otherwise indicated. Sodium thiosulfate should only
be ued im the presence of residual chlorine.

ROUTINE PRESERVATIVE MAXIMUM HOLDING
DETERMINATION CONTAINER SAMPLE SIZE OR NEUTRALIZER PERIOD

(per EPA) (per EPA)

Chlorine-Residual Amber glass, teflon septa, 250 ml Determine on site, Z hrs.
muffled Keep in the dark

Chlorine-Demand Plastic I liter Freeze 3 days

Chromium- Plastic, HNO 3 rinse 60 ml None Z days
Hexavalent

Chromium-Total Plastic, HNO 3 rinse 60 ml HNO 3 to pH<Z 6 months

Closed Loop Amber glass, teflon lined cap, I liter 50 ppm mercuric chloride (HgCI Z ) ZI days
Stripping (CLS) muffled

Cobalt Plastic, HNO 3 rinse 60 ml HNO 3 to pH <Z 6 months

Coliform (MPN) Plastic (sterile) 125 ml 0.008% sodium thiosulfate 30 hours

Color Amber glass 125 ml None Z days

Copper Plastic, HNO 3 rinse 60 ml HNO 3 to pH <Z 6 months

Cyanide Plastic 60 ml NaOH to pH>12 14 days
0.008% sodium thiosulfate

Detergents See Surfactants

Fecal Coliform Plastic (sterile) 125 ml 0.008% sodium thiosulfate 30 hours ... j
(MPN)

Fecal Plastic (sterile) IZ5 ml 0.008% sodium thiosulfate 30 hours
Streptococcus(MPN)

Fluoride Plastic 60 ml None Z8 days

General Mineral Plastic 2-500 ml I bottle with HNO 3 to pH<Z 14 days
Analysis I bottle with no preservative

Geosmin/MIB. See MIB/Geosmin

Grease See Oil and Grease

Hardness Plastic, HN3 3 rinse 125 ml HNO 3 to pH<2 6 months

Herbicide Amber glass, teflon lined cap, 2 liter 0.008% sodium thiosulfate 14 days
muffled

Iodide Plastic 60 ml None 28 days

Iron (Total) Plastic, HNO 3 rinse 60 ml HNO 3 to pH <2 6 months

Lead Plastic, HNO 3 rinse 60 ml HNO 3 to pH <Z 6 months

Lithium Plastic, HNO 3 rinse 60 ml HNO 3 to ph<2 6 months
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SAMPLING CONTAINERS AND PRESERVATIVES
tC©NTIN¢U ED

* -. '-. All samples (except Metals) are required to be refrigerated at 40C unless otherwise indicated. Sodium thiosulfate should only
* %.'," be used in the presence of residual chlorine.

'-4.

ROUTINE PRESERVATIVE ..AXI IUM HOLDING ,
" DETERMINATION CONTAINER SAMPLE SIZE OR NEUTRALIZER PERIOD

(per EPA) (per EPA.

Magnesium Plastic, HNO 3 rinse 60 ml HNO 3 to pH <Z 6 months

Manganese Plastic, HNO 3 rinse 60 mnl HNO 3 to pH <Z 6 months

MBAS (Methylene See Surfactants
Blue Active

Substances)

Mercury Plastic, HNO 3 rinse Z50 mi HNO 3 to pH <Z ..i, days

Metals Total Plastic, HNO 3 rinse 500 ml HNO 3 to pH<Z months
(in general minerall

MIB/Geosmin Amber glass. eflon septa, Z50 ml 50 ppm mercuric chloride Z1 days
muffled (HgCl z )

Molybdenum Plastic, HN0 3 rinse 60 ml HNO 3 to pH<Z 6 months

* Nickel Plastic, HNO 3 rinse 60 ml HNO 3 to pH <Z 6 months

Nitrogen-Ammonia Plastic 15 ml HZS0 4 to pH<2 Z8 days

Nitrogen-Nitrate Plastic I5 ml None Z days
(14 days for drinking H 2Oi

Nitrogen-Nitrite Plastic 125 ml None Z days

Nitrogen-Organic Plastic 15 ml HZS0 4 to pH<2 28 days

Nitrogen-Kjeldahl Plastic 1Z5 ml HZS0 4 to pH<2 Z8 days
Total

Nutrients Plastic 125 ml HZS0 4 to pH<2 28 days

Organic Carbon See Total Organic Carbon

Odor Odor-free glass, 500 ml None Z4 hours
no air, completely filled

Oil and Grease Widemouth glass 1 liter HZS0 4 to pH <2 28 days
Sludge sample; I ml
Conc H 2 S0 4 /80 gm
of sludge

Oxygen, Dissolved Glass. fill to neck 250 ml Determine on site 1 hour

Pesticide Amber glass, teflon lined cap, Z liter 0.008% sodium thiosulfate 14 days
muffled

Pesticide/PCB Amber glass, teflon lined cap, Z liter 0.008% sodium thiosulfate 14 days
muffled

pH Plastic 250 ml None - hours

Phenol Glass Z50 ml HZSO 4 to pH< 2<6 days
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SAMPLING CONTAINERS AND PRESERVATIVES
(CONTINUED)

All samples (except Metals) are required to be refrigerated at 4 0 C unless otherwise indicated. Sodium thiouulfate should only -

be used in the presence of residual chlorine. -

ROUTINE PRESERVATIVE MAXIMUM HOLDING
5-'* 4DETi l.ATIh CONTAINER SAMPLE SIZE OR NEUTRAUZER PERIOD

(per EPA) (per EPA)

Phosphate, ortho) Plastic, HCI rinse 125 ml HZS0 4 to pH<Z 2 days

Phosphate Plastic, HCI rinse 15 ml HZS0 4 to pH<Z 28 days
r Tot a I

Fotassr.ua Plastic, HNO 3 rinse 60 ml HN0 3 to pH <2 6 months

F-uiychiorobiphenvl Amber glass, teflon lined cap, Z liter 0.008% sodium thiosulfate 14 days
(PC B., muffled

Polynuclear- Amber glass, teflon lined cap, Z liter 0.008% sodium thiosulfate 14 days
aromatic Hydro- muffled
carbons (PNA)

Purgeables See VOA
.4.

+

Radiation Plastic (2 bottles) 1 liter I bottle with HNO 3 to pH<Z 6 months
125 ml I bottle with no preservative

Radium Plastic I liter HNO 3 to pH <Z 6 months

Residue See Solids

Selenium Plastic, HNO 3 rinse 60 ml HNO 3 to pH<Z 6 months

Settleable Plastic 1 liter None 7 days -.

Solids

Silica Plastic 60 ml None Z8 days

Silver Plastic, HNO 3 rinse 60 ml HNO 3 to pH <2 30 days

Sodium Plastic, HNO 3 rinse 60 ml HNO 3 to pH<Z 6 months

Solids Plastic 500 ml None 7 days

Specific Con- Plastic z50 ml None Z8 days
ductance

Strontium 90 Plastic 1 liter HNO 3 to pH <2 6 months

Sulfate Plastic 60 ml None 28 days

Sulfite Plastic, tightly sealed, 60 ml None 48 hours
no bubbles, fill to neck

Sulfide :Total' Plastic (no bubbles) 60 ml Field analyses or 4 drops Z8 days

fill to neck of ZN acetate/60ml

Surfactants Plastic z50 ml None 48 hours

Taste Glass 500 ml None 48 hours

Tetrachloroethene Amher glass, teflon septa. 125 ml 0.008% sodium thiosulfate 14 days

(PC E muff led
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SAMPLING CONTAINERS AND PRESERVATIVES
'(COCTI : u v

" 4 :" All samples (except Metals: are required to be refrigerated at 40C unless otherwise indicated. Sodium thiosulfate should only

be used in the presence of residual chlorine.

F -TINE PRESEVATIVE MAXI'."M I:-, LDI';

DETERMINATION C0:;.. NER SAMFLE SIZE OF NEUTPAIZER
% Iper EPA: 'per EFTA

.1 Thallium Plastic. HNO 3 rinse 60 ml HNO 3 to pH <2 6 months

Thiosulfate Plastic. (n, bubbles' 60 ml None 4R hours

Tin Plastic, HNO 3 rinse b0 ml HNO 3 t( pH< 2 0 months

Titanium Plastic, HNO 3 rinse 60 ml HNO 3 to p- 2 6 mont,%s

Total Dissolved Plastic 500 ml None 14 days

Solids (T S)

Total Organic Amber glass, teflon septa, IZ5 ml HZS0 4 to pH <2 2(, days

Carbon (TOC) muffled

Total Organic Amber glass, teflon septa, 250 ml HlSO 4 to pH <2 and 14 days

Halogens (TOX) muffled 2 drops of 0.1%" sodium sulfite

Total Plate Plastic (sterile) 125-500 ml 0.008%. sodium thiosulfate 30 hrs

Count (TPC)

Total Potential Amber glass, teflon septa, 125 ml None 14 days

Trihaloviethane muffled

I (TPTHM)

Total Potential Amber glass, teflon lined cap, Z liter None 14 days

Trihalomethane muffled
Curve (TPTHM)

Total Suspended Plastic 500 ml None 7 days

Solids (TSS,

Trace Metals Plastic, HNO 3 rinse 500 ml HNO 3 to pH <2 o months

Trichloroethene Amber glass, teflon septa, 125 ml 0.008% sodium thiosulfate 14 days

(TC E) muffled

Trihalomethane Amber glass, teflon septa, 125 ml 0.0080- sodium thiosulfate 14 days

(THM) muffled

• 4 Turbidity Plastic 1Z5 ml Store in dark 46 hours

Vanadium Plastic, HNO 3 rinse 60 ml HNO 3 to pH<2 6 months

Volatile Acids Plastic 12S ml None 7 days

Volatile Organic Amber glass, teflon septa, z50 ml 0.008% sodium thiosulfate 14 days

Acids (VOA) muffled

Volatile Suspended Plastic 500 ml None -days

Solids (VSSj. Zinc Plastic, HNO 3 rinse 60 ml HN0 3 to pH, 2n rrenth
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Shewhart Quality Control Charts

Dr. Walter A. Shewhart of Bell Telephone Laboratories developed the basic theory of
control charts in the 1920's. His book on statistical quality control (1) grew out of this
original work. Since then, industrial acceptance of these control chart concepts and other
statistical techniques have refined and quantitated the quest for quality in manufactunn;C,
Althouoh originally developed for control of production processes when large numbers of
articles were being manufactured and inspected on an essentially continuous basis, these
same concepts have been readily adapted to laboratory operations where the annIvst
produces comparativel fewer results on an intermittent basis.

As in !he CuSum appr,ach, precision control charts are prepared from data resulting from
duplicate sample analyses and accuracy control charts from duplicate spiLed stanca~rJs o:
samples. Once the control charts are constructed, however, data are plotted as individuL
values rather than cumulative sums.

Certain constants (factors) are also involved in the preparation of Shewhart Charts.
Depending. upon hov the data are grouped. what the size of each :rouping is, and whai
control limit formulation is bein- calculated, Table 6-3 will serve as a basic referencr
point:

'':
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Table 6-3

FACTORS FOR COMPUTING CONTROL CHART LINES (5, 6)

-. 4

Observations- in Factor Factor
Subgroup (11) A2 1)4

2 1.88 3.27
3 1.02 2.58
4 0.73 2.28
5 0.58 2.12
6 0.48 2.00
7 0.42 1.92
8 0.37 1.86

Inherent in the Shewhart approach is recognition of the basic assumption that variations
exist in every method. That is, no procedure is so perfect, so unaffected by its environment,
that it will always give exactly the same assay value or product. Where such situations seem
to exist, either the device used to measure the process is not sensitive enough or the person
making the measurements is not performing properly. For our purposes, the recorded
difference between paired samples should never be less than one-half the minimum
detectable limit of the parameter under consideration. In the following outlines for
preparing precision and accuracy control charts, nitrate data were used to develop the
examples. Therefore the minimum values shown are 0.05 (one-half the observed minimum
detectable limit of 0.1 mg' as N).

Precision Control Charts

These charts are developed by collecting data for many samples, a minimum of 15 to 20.
*run in duplicate under assumed controlled conditions. Once these data hav-e been generated,

preferably over an extended period of laboratory time, the following steps should be
followed to construct the control chart:

a. List the range (R) for each set of samples. That is, the absolute value of the
difference between each set of duplicate samples.
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"'-: -" Note. The followin ranges wen observed in the nitrate data:

0.1 0.1 0.05
0.05 0.05 0.05

0.05 0.05 0.05
-. 0.05 0.05 0.05

0.05 0.30 0.05

0.05 O.1O 0.05
' 0.05 0.05 0.05

0.05 0.05 0.05

0.05 0.05 0.05

0.05 0.05 0.05

0.05 0.05 0.05

0.05 0.05

b. Calculate the average range (R) by summing the list of R values and dividing by the
number of sets of duplicates:

T)

.. 2.15 = 0.06
35

c. Calculate the Upper Control Limit (UCL) on the range according to the formula

., UCLR = D4 ,

where D4 is a constant dependent on the number of units in the subgroup In thi_
case, since two observations are in the subgroup, d. = 3.27 (see Table 6-3).

UCLR = 3.27 , 0.20

d. Calculate the Upper Warning Limit (UA'L) on the range according to the formula

UWLR = 2/3 (D4 R-R)+R,

which for duplicate samples reduces to

UWLR = 2.51 R

UWLR = 0.15

,This UL corresponds to the 95% confidence level.
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Nowe. Now Ph r, UWL, and UCLR in the following manner:

0.3

UCLR - 0.20-c ~0.2, ,,

R UWLR - .15

0.1
ft 0.06

12 345

(e.g., Order of Results
(e.g., duplicate sample sets)

f. The above precision control chart for nitrates is now complete, and can be used to
plot R values on subsequent duplicate samples to determine if the system is in
control, out of control (plotted t value beyond the UCL), and/o: to detect any
trends developing within the system.

i. - -J

1. In this example, a trend has developed between duplicate sample sets 4 thru 7.
Although the system is not out of control, all variables in the procedure should
be checked in an attempt to stop this obvious trend before the UCL is reached.

0.3

0 UCLR 0.20

It UWLR 0.15
.1 X X X 0 0R. = 0.06

,A

0 L X X X

1 2 3 4 5 6 7 8 9 10

Order of Results

2. in this example, the system has clearly gone out of control between duplicate
A samples 3 and 4. At this point, the system can be stopped and all variables ir

the system checked, or another set of duplicate samples can be run to verify
the obsened difference. Once the system has been corrected, all samples
between set 3 and 4 should be rerun to insure the validity of the data.
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L"'

: 0.3, '-' . ' .x

0.2 UCLR =0.20

R UWLR 0.1S

0.1X 90.06x x oo
.40.1 0 X "X

1 2 3 4 5 6 7 8
Order of Results

* " Accuracy Control Chart

As in the above system, these charts are developed by collecting data for many samples, a
-. 3 minimum of 15 to 20, but on spiked samples (preferably) or standards under assumed

controlled conditions. Again, these data should be generated over an extended period of
laboratory time, and be representative of normal operating conditions (7). The following
steps should be followed to construct accuracy control charts:

a. List the range (R) and the average (X)" of each subp'oup of data.
Note: In the following example of nitrate data, subgroups of monthly data
involving four observations were used:

,, d Found - Actual

_ Month Actual Found R X
Sept. 1.1 1.1

1.1 1.1 0 0
1.1 1.1

1.2 1.2
Nov. 1.1 1.1

I.I 1.1 0.1 -.02os

1.2 1.2

1.2 1.1

Dec. 1.0 1.1
1.0 1.0 0.1 +0.025
1.0 1.0
1.0 1.0

Jan. 1.0 0.9

;1.0 1.0 0.2 0

1.0 1.1

1.0 1.0
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b. Calculate the average range (R) by summing the list of R values and dividing by the

number of subgroups:

'=... ZR

" .D = -0.10

c. Calculate the Upper Control Limit (UCL) on the range according to the formula:

UCLR - D4 ,

where D4 is a constant dependent on the number of units in the subgroup. In this
case, since four observations are in the subgroup, D,, = 2.28 (see Table 6-3).

UCLR - 2.28 K = 0.23

d. Calculate the Upper Warning Limit (UWL) on the range according to the formula:

UWLR - 2/3 (D4 r-R)+A

UWLR - 2/3 [2.28 (0.1)-0.l ]+0.1 = 0.19

e. Now graph R, 1%,,R , and UCLR in the following manner: A

0.3 UCLR a 0.23

0.2 UWLR= 0.19-. 3 R

0.1 R=0. 1

1 2 3 4 5 -

Order of Results

f. Turning now to the R values, calculate the UCLX by the formula:

UCLR a A2A

where A2 is a constant dependent on the number of units in the subgroup. In this
case, since four observations are in the subgroup. A2 a 0.73 (see Table 6-3).

. UCLi - 0.73R - 0.07
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- Calculate the UWLR by the formula:

UWLi =2/3 A2(W)

lJWLy = 213 10.73 (0.1)) =0.05

Note: Lower Waning Limit (LWL-) and Lower Control Limit (LCLR) are simply
the negative values of UWLR and U -LR, respectively.

h. Now graph the standard Nominal Value (set equal to zero), UWLR, and UCL!.
LWLR, and LCLy in the following manner:

.07 UCLR= 0.07

.05 UWLR = 0.05

.03

.01 Std Nominal Value

.01 1 2 3 4 5 - order of subgroups

-.03
-.05 LWL = 0.05
-.07 LCLR = 0.07

i. In order to detail any trends forming within each subgroup, individual differences
may be plotted by preparing the following graph:

4.2
4.1

0 N Nominal

-.1
-.2 subgroup

Individual value

j. Thus, as in the precision control charts, once all of the above aftuta,-v controlcharts have been constructed, all future data can be plotted on ea:h set of

duplicate spiked samples or standards, to determine if the system is in control. oul
of control, and,'or to detect any trends developing within the system.
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SECTION 4

COMPARATIVE ODOR TESTING

Results of the comparison odor testing performed by the off-site laboratory
(JMM, Pasadena) and WAD (U.S. Army Corps of Engineers, Washington
Aqueduct Division) on RWQTP duplicates taken from carbon column effluent
and finished water sites are summarized below. The results seem to indicate
that the olfactory sensitivity of the off-site laboratory panel is greater than
WAD panel and this sensitivity applies to a variety of odor types.

The differences in odor numbers reported by the two labs may also be due to
the distance at whit-h the odor flask is held from the nose while sniffing.
Members of the off-site laboratory panel placed their noses directly into the

flask rather than holding the flask at mouth level. The odor procedure in
Standard Methods does not address the issue of what distance the flask should
be held from the nose and so there is no uniform protocol for individual labs to
follow. If the WAD panel conducted their odor testing by holding the flask
slightly below the nose then it could explain the reason why their reported odor
numbers on the WAD duplicate samples are lower than those of the off-site lab.

Carbon Column Effluent EEWTP Finished Water
(Site 390) (Site 471)

Sampling JMM WAD JMM WAD
Date (TON) (TON) (TON) (TON)

2/27/83 4 <1 40 2
3/1/83 17 <1 40 2
3/6/83 8 <1 67 2
3/8/83 <1 1 40 4

Note: TON values can be converted to % samples in dilution by taking the
reciprocal of the TON value and multiplying by 100.

The odor descriptions given by the off-site laboratory panel for the samples are
as follows:

Date Site 390 Site 471

2/27 Earthy Sweet, Rancid
3/1 River, Garbage Rotten Eggs
3/6 Sweet Chlorine
3/8 Musty Chlorine
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-< SECTION 1

DATA ANALYSIS TECHNIQUES

SELECTION OF A DISTRIBUTION MODEL

ALTERNATIVE MODELS

When the concentration of a water quality parameter at a given sampling
location is treated as a random variable it can take on any value over some
range subject to the influence of stochastic events. The concentration can be
characterized by a probability distribution function, f(x). Such a distribution
function (also known as a "probability density function" or p.d.f.) describes the
probability that the variable will fall between two values separated by an
infinitesimal difference in the continuum of possible concentrations. Another
way to present the distribution is the cumulative probability distribution
function or c.d.f. If F(x) is the c.d.f. of a concentration, then the probability
that the value of the concentration lies between zero and x is F(x). F(x) is the
integral of the probability density function, f(x), from zero to the value. Note
that in the case of concentrations of water quality parameters, the probability
of a negative value for concentration is zero since this is not possible, thus,
zero is taken as the lower limit of integration.

There is a physical basis for a number of well-known distribution models in the
statistical literature. Some of these are described below:

I. The normal, or Gaussian model. This is a familiar classical distribution
for which the p.d.f. is the "bell-shaped curve." The shape of the
distribution is a symmetric curve which drops off to zero in both
directions from its maximum at the center, or mean. The normal
distribution has very widespread application to physical phenomena
because of the Central Limit Theorem, which is a mathematical observa-
tion that physical distributions of random variables become normal in
appearance.

The Central Limit Theorem states that the distribution of the sum of
independent random variables will approach a normal distribution, given
certain conditions. Therefore, the normal distribution can serve as an
appropriate description of variables which result from the aggregation of
small, independent stochastic events, the effects of which are additive.
An example would be the contribution of many microscopic deviations
contributing to the mass of a manufactured product in an additive way.

The normal distribution is described by two parameters, the population
mean (j and variance (a 2). Alternatively, the mean and the standard
deviation, which is the square root of the population variance, can be used
to describe the distribution.
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The general form of the p.d.f. for the normal distribution is:

f(x) = 1 exp (- 1 (x-U)2)

2 -,,202 (1)

When a random sample is drawn from a normally distributed population, it
is possible to demonstrate that the "best"1 estimators for the population
mean and variance are the estimates

n

n
82 -x_)2 (3)

i-I

where xj, xZ,...,x n are the values of the samples. Note that x is simply
the sample mean, and sZ is the square of the unbiased form of the sample
standard deviation. These estimators for the distribution parameters are
applicable when (1) data are all greater than the detection limit, and (Z)
the sample is truly a random sample in which each observation is
independent of another. The cases in which these two qualifications fail
are described elsewhere.

2. The log-normal model. This is a distribution in which the logarithm of the
random variable is normally distributed. The physical basis for this model
is analogous to that of the normal model. When the contributions of a set
of random variables to an aggregate variable are multiplicative, the
contributions of the logarithms of the effects are additive. When the
assumptions of the Central Limit Theorem are satisfied, the logarithm of
the random variable is normally distributed and the variable itself is log-
normally distributed. An example of a phenomenon for which effects are
multiplicative is the reproduction of bacteria, where the event of doubling
has a multiplicative effect on future populations. This is one reason why
the concentration of coliform bacteria in samples tends to be log-
normally distributed rather than normally distributed. This is the classic
example of the log-normal distribution in water quality (see, for example,
Standard Methods).

1. "Best" estimators display a uniform minimum variance from the true
value and are unbiased. The concept of a uniformly minimum variance
unbiased estimate is further described later in this section.

B-1-2

,. .. . .. .. . *. . . . . . . .~ *.*. . . . ... . - . .....*. * * * * .. , . . - . .,.,., ,,-. .,. . . . -. . -.



-3 %A. --. -.- .P':*-

Data Analysis Techniques

The log-normal distribution is also a two-parameter model, described by
the population geometric mean (ig.) and population spread factor (Sg). If
the concentration being described is Y, and the random variable X = Log
Y is normally distributed, then the geometric mean of Y is equal to the
antilogarithm of the arithmetic mean of X, and the spread factor of Y is
equal to the antilogarithm of the standard deviation of X.

The "spread factor" is a measure of the dispersion of a log-normally
distributed random variable. It is analogous to the standard deviation in
normally distributed data, but applies as a multiplicative factor. For
example, 68.3 percent of the distribution of Y would fall between jg/Sg
and .*Sg, while 95.4 percent of the data would fall between ig/Sg and
j*Sg . These correspond to the ranges around the mean of one and two
standard deviations for X, the logarithm of Y.

The "best" estimators for the population geometric mean and spread
factor of a log-normally distributed variable are:

n

1/n E log0 i

0 ( 11n = 10 i=1 lg M (4)

i--1
n

S = 10 il

M and S are the sample geometric mean and spread factor, respectively.

3. The Gumbel distribution. This represents a case in which the upper tail of
the distribution decays in an exponential manner for large values. It has a
physical basis in representing a random variable which results from the
largest of many random variables which have exponentially decreasing
upper tails. It is commonly used in hydrology to describe maximum flood
flows. The Gumbel distribution has two parameters.

4. The gamma distribution. This two-parameter distribution arises from the
sum of independent random variables which are exponentially distributed.
It is used in engineering applications because of its convenient shape and
skewness.

5. The Wakeby distribution. This and some other distributions are based on
three parameters; the principal advantage is that the increased number of
parameters allows a better fit to the data than a two-parameter family.
The Wakeby distribution has been proposed for describing runoff.

Of these models for probability distributions, the normal and log-normal models "4
have the widest applicability to physical systems, have an underlying physical

4
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basis, are most commonly used for describing water quality data, and have -

convenient forms for the parameters which have some physical meaning. These
two distributions were selected for further evaluation of applicability in
describing water quality data from the EEWTP.

EVALUATION OF MODELS

There are several approaches to evaluating the "goodness-of-fit" of probability
distribution models to data in the statistical literature. These include (1) the
Kolmogorov-Smirnov test, (2) Pearson's Chi-square test, and (3) the Shapiro-
Wilk test, as well as others. None of these tests provide a particularly strong
basis for selecting one distribution over another, although once a distribution

N' has been selected they can be effective for demonstrating that a given set of
-.I' data is inconsistent with a particular distribution.

Kolmogorov-Smirnov Test

The Kolmogorov-Smirnov statistic, Dn, is a measure of the maximum
deviation between the value of the "empirical distribution function" of a sample
set and the cumulative distribution function of the model being tested. In this
case the empirical distribution function, Fn(x), is equal to the number of
samples with value less than x, divided by the total number of samples. In a
sense, Dn is a measure of the maximum difference along the percentile axis
between the actual data on a probability plot and the model being tested. This
is not precisely the case because plotting positions used in graphical presenta-
tion of the data differ from the values of the steps in the empirical distribution
function.

The Kolmogorov-Smirnov statistic has a known probability distribution itself,
which can be used in hypothesis testing. A model which is hypothesized to
represent the underlying population from which a sample is drawn can be
rejected when the measured value of Dn is larger than a critical value. Critical
values for the K-S statistic are tabulated in the literature.

In strict mathematical terms, the K-S statistic cannot be used for testing a
hypothetical model against data when the parameters of the model are actually
estimated from those data. The K-S test applies to normal distributions, for

.example, only when the population mean and variance are assumed known. In
the case when mean and variance (or, geometric mean and spread factor) for
log-normal distributions are obtained from the sample values, a modified
statistic, Dn*, based on those values can be employed, but its distribution is
different from that of the actual K-S statistic and a different set of critical

%N. values must be used. In the case of evaluation of EEWTP data, no prior
'U assumptions about mean and variance are made, so it is appropriate to use a

modified statistic, Dn*. Critical values for the distribution of Dn* are not
% .~available in closed form, but have been estimated from Monte Carlo simulations

for the asymptotic case of large sample sizes as described by Stephens, (1974).
These critical values have been used here for examining the fit of actual data
to normal and log-normal distributions with parameters based upon the data.
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"' :Pearson's Chi-Square Test

Pearson's chi-square statistic is a measure of the deviation of observed
discretized data from those expected under a given hypothesis. It applies to
cases where the number of data falling into a category can be compared to the
expected number given by the hypothesis. It can be expressed as the sum of
(observed - expected) /expected over all categories. In the present case, one
can divide the distribution of observed measurements of a concentration into a
fixed number of concentration ranges. Then "observed" would be the number of
points falling within a single concentration range, "expected" would be the
number expected in that range given the hypothesized distribution model, and
the term would be summed over all concentration ranges to obtain the statistic
CS.

In general, it can be shown that performance of the chi-square test is improved
when the ranges of concentration are selected to yield equal counts of
"expected" values in each range. This was done for the chi-square tests
performed during this study, in which the normal and/or log-normal models
were used to partition the range of concentrations into groups of ten percen-
tiles per range. Exceptions were made when (1) the number of observations
expected in each cell fell below five, and (2) when some ranges associated with
the normal distribution fell into the domain of negative concentrations, which is
unrealistic. In the former case, the number of ranges was decreased to five; in
the latter, the ranges with negative concentration were grouped together so
that the lowest range represented positive concentrations.

It can be demonstrated that in the limit of large sample size, CS has a chi-
square distribution with k-r-l degrees of freedom, where k is the number of
concentration ranges and r is the number of parameters in the model (Hald,
1952). In the case of the normal or log-normal distributions, r = 2. From the
distribution, one can test the hypothesis that the observed data fit the model,
at a given significance level, by comparing CS to the appropriate critical value
of the chi-square distribution.

Shapiro-Wilk Test

The Shapiro-Wilk statistic is a measure of the deviation of sample data from a
normal distribution. In a sense, it measures the linearity of the probability plot
of sample data on normal probability paper, but has a rigorous basis in the sense
of having a statistic with a known distribution which can be used in hypothesis
testing of the normality of the underlying population. Previously, some studies
of distributions of water quality data have invoked a linear least-squares
procedure to test the linearity of probability plots (using Thomas plotting
positions), using the rZ statistic to evaluate goodness-of-fit of data to an
empirically fitted line. The linear least-squares procedure, while attractive
because of the availability of computer software, has no rigorous statistical
basis because of the absence of a known distribution for the statistic, as the
plot,-ing positions are arbitrary, and because of the arbitrary selection of the
higher-order least squares model (Shapiro and Wilk, 1965).
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Unfortunately, the Shapiro-Wilk statistic invokes a set of normalized coeffi-
cients based on the covariance matrix of normal order statistics of size n.
These have been tabulated in the statistical literature only for values of n less
than fifty, and are not available for larger sample sizes.

Tests of various goodness-of-fit statistics suggest that the Shapiro-Wilk statis-
tic provides a generally superior test against non-normality, while the Kolmo--' gorov-Smirnov and Pearson's chi-square statistic can be effective when modi-

fied to take account of the practice of estimating model parameters from
experimental data (Shapiro, Wilk, and Chen, 1968; Stephens, 1974). Since the
coefficients used in the Shapiro-Wilk statistic are unavailable for sample sizes
greater than fifty, this test has not been generally applied to EEWTP data
except in special cases where the sample size is small. Instead, the Kolmo-
gorov-Smirnov and Pearson's chi-square tests for goodness-of-fit have been
applied to selected parameters and data sets to evaluate the applicability of the
normal and log-normal distributions to EEWTP results.

TESTS OF PROBABILITY MODELS ON DATA

Examples of goodness-of-fit tests on the normal and log-normal probability
models are shown in Table B.1-1, for data from measurements of the EEWTP
finished water during Phase IA. The examples shown describe distribution tests
on chloride, total chlorine, chloroform by purge-and-trap, gross beta, TOC by
composite sampling, total coliforms, TOX, manganese, nitrate + nitrite, and
arsenic. In these examples, the chi-square test has been based on conversion of
the data into histograms with ten segments of equal probability, except where
there are fewer than fifty measurements, in which case five segments are used,
or where the detection limit provides a cutoff to the size of a segment.

These results show no systematic pattern to indicate preference of the normal
distribution over the log-normal or vice-versa. Both models are rejected at the
five percent level for TOC, total chlorine, total coliforms, TOX, manganese,
nitrate plus nitrite, and arsenic. A principal reason for this is that the
measured data are generally near the detection limit and are therefore reported
in the database with only one or two significant digits. The data have been
rounded off to eliminate insignificant digits. This act can greatly increase the
value of the K-S statistic because the distribution appears "lumpy" with many
samples reported at individual concentrations.

The normal distribution tends to be the better model for chloride, chloroform,
and nitrate plus nitrite; the log-normal distribution is a better model for gross
beta, total coliforms, TOX, manganese, and arsenic. Probability plots of the
actual data, showing the 95 percent confidence band of the modified Kolmo-
gorov-Smirnov test, are shown in Figures B.1-1 to B.1-9. The band corresponds
to an offset on either side of the modeled distribution equal to the critical
value of the modified K-S test at the 0.05 significance level. If any data fall
outside the band, the model is rejected at that significance level.

0As a consequence of tests of the distributions, it was concluded that the log-
normal distribution could be used for the purpose of hypothesis testing. The
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Data Analysis Techniques

basis for this was threefold. (1) The error associated with the use of geometric
mean and spread factor for t-tests, where the normal model fits the data better -

than the log-normal model, is smaller than the error associated with the reverse
case (use of arithmetic mean and standard deviation in t-testing on log-
normally distributed data), because of the significance of concentrations
skewed to higher values in the highly skewed log-normal distribution. (2) The
basis of calculation used for arithmetic means included an arbitrary assumption
when concentrations were below the detection limit which renders these
estimates less useful for hypothesis testing than estimates of geometric means
based on the maximum likelihood principle. (3) In cases where neither normal
nor log-normal distribution can be shown to pass a goodness-of-fit test, the use

of the log-normal distribution yield results which are less sensitive to "outliers;"
the geometric mean is less affected by occasional high values than the
arithmetic mean, and therefore has more robust characteristics when consider-
ing the possibility of sample contamination or lab error.

STATISTICAL TECHNIQUES FOR EVALUATING DATA AND
ESTIMATING SAMPLING REQUIREMENTS

When the normal distribution is used as the statistical model for a water quality
parameter, the arithmetic mean and standard deviation (or variance) of the
distribution are estimated from sample data. Similarly, when the log-normal
distribution is used as a model, the underlying population is characterized by its
geometric mean and spread factor, using sample data. The techniques for
estimating model parameters from samples are universally known and used in
the field of statistics in the usual case when data are measured during random
sampling. In the special case where some data can not be reported because
they fall below a known detection limit, other approaches are available. These
approaches, which are based on the principle of maximum-likelihood estimation,
are described in this section. Another complication is the case when sampling
is not truly random, but is performed in a systematic manner over time, which
results in measurements which are not necessarily independent of each other.
This case, of auto-correlation in time-series sampling, is also discussed.

In the discussion which follows, reference is made to the concept of "uniformly
minimum variance unbiased" estimates of model parameters. This refers to two
desired properties of the "best" estimator. First, the ideal estimate of a
parameter should have a minimum difference from the true value of the
parameter. This difference can be measured by the mean squared error, which
is the expected value of the square of the difference between true population
parameter and its estimate. A uniformly minimum variance estimate is one
which has a lower mean squared error than all other estimates.

The second desirable property of an estimate is that the expected value of the
estimate be equal to the true population parameter. In such a case, the "bias"
of the estimate is zero and the estimate is said to be unbiased. It does not
consistently overestimate or underestimate the value of the parameter. The
concept of a uniformly minimum variance unbiased (U.M.V.U.) estimate is
central to the basis of parameter estimation.

B-1-9



Data Analysis Techniques

Another concept which figures significantly in the discussion of results is the
S-.-4- "maximum likelihood estimate." This is an estimate of a parameter which is

"most likely" to have produced the data which have been sampled. An infinite
- , number of values for a parameter can have given rise to a particular set of

observations; each value of the parameter has some likelihood of doing this.
The maximum likelihood estimate (M.L.E.) is that number, calculated from the
sample data, which has the highest likelihood of any of the possible values of
the parameter which could have led to the sample results.

PARAMETER ESTIMATION: DATA ALL QUANTIFIED

When concentration values in a data set are all reported, i.e., when there are no
"Not Detected" values, the estimation of the parameters of the underlying
population is straightforward. For the hypothesis that the population is
normally distributed, the uniformly minimum variance unbiased (U.M.V.U.)
estimator of the population mean, 1 is simply the sample mean,

n
' " x = .n' -1 . (6)

Similarly, the U.M.V.U. estimator of the population variance is the expression

n
~2 = - 2

Z_ x. (x._x)2
n-1 s= 1

Note that the denominator of this expression is n-1 rather than n; this is the
unbiased estimator of variance. The maximum likelihood estimate of variance
has a similar form but uses a denominator of n, and is a biased estimate.

For estimation with a hypothesized log-normal model, the U.M.V.U. estimator
of the population geometric mean is the sample geometric mean,

nn

1/n

-i noIog 0M (9)M = 1/n (8)
=1 1 0

~The estimator of the population spread factor is the sample spread f actor,

0( 2) 31 (9)

S = 10 1-' =(~loiLg0 )

These estimates are strictly analogous to those of the normal distribution,
transformed logarithmically.
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CHARACTERIZATION OF PROCESS EFFLUENTS AND FINISHED WATER

The EEWTP process waters are characterized statistically in terms of probabil-
ity model parameters; for the finished water, this information is used in
evaluating water quality against specific objectives. Definition of the objec-
tives was based on a review of the water quality impacts of given parameters
such as long and short term health effects criteria. For example, to evaluate
potability with respect to a given parameter, the measure of central tendency
in the EEWTP effluent is compared against water quality goals or against
frequency distributions for alternate drinking water sources such as the three
local water treatment plants. Alternatively, the behavior of a given parameter
at the high end of the probability distribution can be characterized to assess
potential health risks associated with toxic effects of infrequent elevated
concentrations. The purpose of this exercise is to define descriptive statistical
parameters which could be used in evaluating these objectives. Needless to say,
the development of quantitative descriptions of the potability of drinking water
supplies is currently open to much debate.

Procedures were developed for characterization of the geometric mean (com-
plete and incomplete sample sets), hypothesis testing, comparison of finished
waters and characterization of frequency criteria. These are described below.
Also, at the beginning of the second year of sampling, procedures were
developed to estimate the sampling frequency for each parameter believed
necessary to adequately characterize its value.

In many cases, the calculations are based on inversion of a t-test used in
calculating confidence intervals or testing a hypothesis at a given significance
level The t-distribution in these cases is robust to non-normality, in that the
procedures are usually applicable to data which are not necessarily distributed
normally (or log-normally in the t-test on logarithmically transformed data), so
that the results of these calculations do not depend on the exact shape of the
underlying population distributions, as described by Box, Hunter, and Hunter
(1978).

Characterization of the Geometric Mean - Data Sets with Values All Positive

When there are no values in a data set which fall below the detection limit, it is
straightforward to calculate the population geometric mean and to establish
confidence intervals around the estimate. A log-normal population distribution
is assumed.

Let x =Og1 0 Y (10)

where y = concentration
n = number of samples

n

xz x (I11
n i=1
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2 n

(= 1 -2)n- x-)(1Z)
n- i=

where x = estimate of the population average of the logarithm
of concentration

s = estimate of the population standard deviation

Confidence Bounds. The estimate x is distributed tnl, so we can establish a
95% confidence interval about

- t (0.975) s + t
S) (in-i /) (13)

or simply

_+ n 1 (0.975)s
(n)% (14)

(n)

where tnI(0.975) = 97.5 percentile value of the t-distribution with n-I
degrees of freedom and
x = logl0 (geometric mean) or

H=lox (15)

S- 1os  (16)

where M = population geometric mean
S = population spread factor

Therefore, the 95 percent two-sided confidence interval about the true popula-
tion geometric mean is

- 1 (0.975) tn- 1 (0.975)

(n) % (n)1 (17)
(M) (a) ) < Pg 5_ ( ) ( )

where t,. 1 (0.975) is the 97.5 percentile of the t-distribution with n-1 degrees of
freedom.

Sample Size. One can choose a sample size n* required to restrict this
confidence interval within arbitrary limits. For example, one could aim to
estimate M within a factor of two, i.e., between 0.707M and 1.414M. That is,
the value of

B-i-I2
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t (0.975).

S (n) (18)

Is set equal to (2) 1/2 = 1.414 so that the ratio of the upper bound to the lower
bound is two. If the geometric mean for a given water quality variable is
significantly below the goal, and no single sample exceeds the goal, then the
minimum sample size n* could be chosen to attain this arbitrary accuracy about
M. Since preliminary estimates were obtained for S for each parameter at the
beginning of the second year of sampling when decisions were made about
sample frequency, an estimate of n* was made by setting

t n,_l (0.975)

S(n*) (19)S = (2)

and solving for n* for each parameter. This procedure is applicable to
parameters where all values are above the detection limit. Note that this
sample size has not been corrected for serial correlation, discussed below.

Characterization of the Geometric Mean - Values Below Detection Limit

For parameters with data sets which have concentrations below the limit of
detection, it is not possible to evaluate the sample geometric mean as described
above. One way to deal with this is to estimate the sample geometric mean and
spread factor by fitting a linear regression to the log-normal probability plot.
An example is shown in Figure B.l-5(b) where data for total coliforms are
plotted on log-normal probability paper using Thomas plotting positions. The
plotting positions are based on setting the probability coordinate of each point
to i/(n+l), where I is the rank of the point in ascending order, and n is the total
number of points. This convention is useful because it does not assign plotting
positions of 0 or 1009 to points, and is symmetrical. However, it is also
arbitrary.

A linear least-squares regression of the data against plotting positions gives a
"best-fit" line. This line has an intercept at the fifty percentile axis of
0.035/100 ml, corresponding to an estimate of geometric mean, and a slope
which corresponds to a spread factor of 3.94. The main drawback of this
approach is that the estimates have no rigorous statistical basis, and the use of
Thomas plotting positions Is arbitrary. This approach was therefore used only
to estimate a required sample size.

As in the previous procedure, one can calculate a sample size to estimate Me
with 95 percent confidence intervals within a range of two. For example:

t63 (0.975)

((20)
(3.94) (64) = 1.414

so that n* = 64 samples.
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i' - A second alternative approach for dealing with values below the limit of
detection is to calculate the geometric mean and spread factor (M., Sp) for the

subset of samples which have quantifiable values. This approach excludes
information from the estimate of geometric mean and spread factor, and also
tends to greatly overestimate the geometric mean. This approach was also used
only to calculate required sample size.

A required subset size (of positive values) was estimated by then calculating the
number of samples with quantifiable values required to estimate Mp with 95
percent confidence intervals within a range of two. From this subset size a
total required sample size was calculated by multiplying by the ratio of total
samples to positive samples in the existing data base. This frequency criterion
gave an estimated total sample size required to characterize the quantifiable
values.

An example of this calculation at the beginning of the second year of sampling
was total coliforms, where the geometric mean and spread factor of the
quantifiable values were Mp = 0.0636/100 ml and Sp = 2.702. Out of a total of
223 samples taken, 165 samples had quantifiable values. Using the previously
described procedure, the subsample of quantifiable values, Np, required to
characterize Mp and Sp were calculated by noting that

t34 (0.975)

(35)i (21)
(2.702) = 1.414

where t 3 4(0.975) is the 97.5 percentile value of the t-distribution with 34
degrees of freedom, so that np = 35 = number of quantifiable samples required
to characterize M. Then an estimate of the total number of samples required
was

(35) (223) = 46 (22)
165

A third approach to dealing with data sets with values below the detection limit
is to estimate geometric mean and spread factor based on the principle of
maximum likelihood estimation. This is a commonly used statistical approach
where the estimates of the parameters of a probability model are set equal to
the values which have the highest likelihood of giving rise to the observed data.
In the case of "censored data" where the concentrations below the detection
limit are known to lie in a range between zero and the detection limit, but for
which the actual concentrations are unknown, it is possible to develop a
rigorous basis to make this estimate.

The case of data below detection limit is a special case of the general problem
of parameter estimation with censored, or incomplete, data. The principles of
the censored data problem with the normal probability model are described by
Hald (1949), Grundy (1952), Cohen (1957), Blight (1970) and Dempster et al.
(1977). For the normal probability model, the likelihood function which

0
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describes the probability of obtaining a given outcome by drawing a censored
sample from a population with mean )i and variance 2 is a straightforward
analytic function. A maximum of this likelihood function can be achieved b
setting the derivatives of the likelihood function with respect to and to
equal to zero. These normal equations may be solved by numerical or graphical
methods or by tabulated solutions. In the case of the analysis of EEWTP data,
an iterative method was used to solve the normal equations in order to estimate
the values of population geometric mean and spread factor with the highest
likelihood of producing observed concentrations.

Consider the case of a data set with N observations, of which n observations
(xl, x2,..., xn) are greater than or equal to the detection limit D, and m
observations are below the detection limit. If the population mean and standard
deviation are ji and a , respectively, then the probability of obtaining an
individual positive observation with concentration x is

f (x)dx= 1 exp (x-) 2 ) dx
2a 2  (Z3)

The probability of obtaining a value below the detection limit is

Plx<D) = 42/,r exp 2 dx (24)
2ar

and the likelihood function of obtaining the observed sample is

=(i (xi ) 4 ( (D (25)

By setting the derivatives 3 L/ 3pJ and aL/ 9 p 2 equal to zero, the likelihood
function may be maximized. As a result of this, the two normal equations can
be obtained:

D/

1 x exp x-i)2  dx

N I-i D 1\a (C.2)d (26)f' exp Ix-2a)2 dx

D

+ a 1 2+ m xexp 2a2 dx (27)

1ijq DS e xp 2 1--2 (X-U) 2  dx
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The approach taken for EEWTP data has been to use a recursive set of
equations to iteratively estimate the Xalues of mean and standard deviation,
having made initial estimates u1 and al: D i

= xj +P - i _ 9 (28)

N+l N D --Ii

= °i f(t)dt

n 0

2 ! Z x 2 - n 2j 2 + M 2
i+1 Ni +N a . a _m (29)

N

This maximum likelihood procedure has been used only for estimating geometric
mean and spread factor by performing the recursive solution on logarithmically
transformed concentration data. The results have been quite successful in
terms of convergence of the recursive algorithm and in the approach of the
resulting estimates to known mean and standard deviation in censored synthetic
data. Similarly, the apparent fit to observed distributions of real data seems
adequate on the basis of probability plots, as in Figures B.1-1 to B.1-9.

Hypothesis Testing - Comparison With a Goal

For a normal distribution of logarithmically transformed data, the appropriate
statistic for testing the hypothesis that the population geometric mean falls
below a goal or standard is a t-test of n-i degrees of freedom. Using the
logarithmic transformation as Ili-ore, the null hypothesis is that

<X goal (30)

or, (g- 10 )'(10Xgoal ygoal (31)

and the appropriate statistic used to disprove this is

n1 (X -X)
goal (32)
s

where

-(x- (33)
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The null hypothesis is rejected at the five percent significance level if

T > tn- (0.95) (34)

An example of a hypothesis test against a goal is the comparison between the
level of arsenic in EEWTP finished water during Phase IA and the EPA
maximum contaminant level of 0.05 mg/L. The geometric mean (as estimated
by the maximum likelihood procedure using the detection limit of 0.0002 mg/L)
is 0.000207 mg/L and the spread factor is 4.65. 279 samples were collected and
analyzed. The logarithms of the arithmetic mean and standard deviation of
arsenic concentration are -3.684 and 0.667. So the t statistic for the
comparison to this goal is:

T - (279)1 (Log10 (0.05) - Log10(0.00207)) - 34.6 (35)
Log (4.65)

This value is much larger than the critical value of the tZ78 statistic at the five
percent significance level, 1.98. Therefore the null hypothesis that the
geometric mean arsenic concentration is equal to the goal is rejected. This test
demonstrates that the geometric mean is significantly below the EPA standard
at the five percent significance level.

Given estimates of x and s one can calculate a value of n adequate to show that
the population mean is significantly below the goal:

Is st n*_(0.95)(n*)% >
-Xgoa -(36)

An example of this calculation Is the arsenic case, for which n* is set such that

Log 10 (4.65) t (0.95)(n*)%>__ Log10 (0.05) - Log 1 0 (0.00207) n,_l (0.95) (37)

The smallest value of n* satisfying this condition is 3. This indicates that, if
the spread factor Is adequately characterized, only a few samples are needed to
demonstrate that the geometric mean for arsenic is significantly below the
goal. However, it is clear that without the previous data, it would be
impossible to characterize the spread factor to a degree sufficient to prove the
hypothesis. with only four samples.

Hypothesis Testing - Comparison of Finished Waters

For some parameters it is possible to show that the EEWTP finished water has
concentrations significantly below values in the treated waters of the local
water treatment plants. The procedure for this is the t-test for" the difference

B-l-17
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in means of two normal populations, valid when the variances of the two
--!:0, populations are assumed equal. Consider measurements X1, ..., Xn from one

site, and Yl, **, Ym from another site, with sample means X and Y. If the
variances of the two populations are assumed equal, then the appropriate test
of equivalence between populations is a t-test with null hypothesis that the
population means are equal. The test statistic:

T- S2m (38)

where n n
1 (Xi r2 + ( - -

S2  n+m-2 Ij1 (39)

is t-distributed with n-Z degrees of freedom. The two-sided test at the 0.05
significance level rejects the null hypothesis if

tn+_2 (0.975) (40)

If it is not possible to assume that X and Y have equal variance, then Welch
(1938) has shown that an appropriate t-test on the hypothesis of equal means
can be performed using

O Tff Y-

1 X- 
2 (41)

i =1 j-1

where T is approximately t-distributed with k degrees of freedom, where

[c2 
1_c

2

k n- + M-1 (4Z)
n1 (x - 2

n (n-1) i1

C. n 2 1 2 (43)
S(X: X) + J. Yn (n-1) i i Jlm- 1

2. These tests are useful for parameters in which the mean value in the EEWTP
finished water is not far below the goal, but the mean values for the alternate
water sources are higher. They are also useful where no goal for a parameter
has been set, but health risk is an issue. One can also calculate a sample size
for the EEWTP finished water and the other sources required to prove a
significant difference, by an inversion of the t-test similar to that taken for the
EEWTP comparison to a goal.
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Characterization of Frequency Criteria

It is often relevant to characterize the frequency with which a goal or standard
is exceeded. This is especially applicable to parameters for which acute
toxicity or aesthetic quality are associated with the goal. Using the method of

frequency substitution by which unknown population frequencies are replaced by
observable sample frequencies, the maximum likelihood estimate for the
probability P(Y>Ygoal) is given by the fraction of samples observed to exceed
the goal in the existing database. This approach to the problem discards the
difficulties and added information associated with finding an adequate log-
normal distribution and instead uses a binomial trial model in which the
concentration either exceeds the goal or it doesn't, with fixed probabilities for
either outcome. However, because it discards useful information it tends to
give estimates with lower confidence than those based on the log-normal model.

Random variable X is observed in n samples. The probability that the
concentration Xi exceeds the goal (Xgaal) is equal to 9. The probability that Xi
<_ Xgoal is I - 0. The estimate for 9 is Z, where

-. ' n

Z . Z (44)

where Zi = 0 if Yi<.Ygoal and
Zi =1 if Yi > Y goal

The variance of Z is equal to 9(1 - 0). The estimate for the variance is then
2( - 2. It is possible to calculate exact confidence limits about 9 using tables.
For example, since 3 out of 279 samples for mercury in Phase IA finished water
exceeded a water quality goal of 0.002 mg/L, the estimate for the probability
that the goal is exceeded is 3/279 = 1.08%, with a ninety-five percent
confidence interval calculated to be 0.223 to 3.08 percent. Another way to look
at this is to observe that the 97.5 percent one-sided upper confidence limit is
the region 9<3.08%.

By assuming that 2 measured in preliminary data will be valid for future
samples, the number of samples required to narrow the upper confidence limit
to an arbitrary bound can be calculated. In this example, one might in theory
calculate an estimate for the sample size N required to place a 95 percent
upper confidence limit of, say 0<5 percent or 0<10 percent.

When no samples are observed to exceed the goal, the method of frequency
substitution gives estimates of 9 equal to zero. In this case the 95 percent
upper confidence limit is given by 9 = 1 - (.05)1/n. We can set the upper
confidence limit to an arbitrary level, say ten percent, and calculate a sample
size: n = 29 for 10 percent, n = 59 for 5 percent. For cadmium in finished
water during the EEWTP Phase IA, no samples out of 279 exceeded the federal

MCL, so the 95 percent upper confidence limit is a 1.07 percent frequency of
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exceeding the MCL. This is one way to set a minimum sample size for those
parameters which seem to fall clearly below the goal.

Serial Correlation Correction

The use of hypothesis tests and confidence bounds, as described above, apply to
sample data which represent independent, random observations of a random
variable. When sampling takes place on a routine schedule, the samples are not
necessarily random and independent because the level measured on one day may
be partially dependent on previous days' levels. If p (k) is the lag-k auto-
correlation coefficient for the population, defined by

n
(xi  (i+ k- x)

p(k) = If (45)
n (x.- )

i=1

then it can be shown that the variance of the sample mean is equal to

n-i

a 11+ 2 n-k (k
St 0(k) (46)

whereas the variance of the sample mean for independent samples is a 2 /n.
That is, the variance in this estimate of the mean is larger when the samples
are not random and independent; the confidence in this estimate of the mean is
poorer than if the samples were independent. A correction factor, C, equal to
the term in brackets in equation 46, may be multiplied by sample size n, in
order to achieve variance in the mean equivalent to n independent samples.
One may define effective sample size:

n n
eff n-I C (47)

1 + 2 ZEn-___k p (k)

k=1 n
In other words, the sample sizes calculated by previous procedures can be
multiplied by C to obtain a otected sample size. An estimate for C can be
calculated using sample serial correlation coefficients and the existing data set.
For example, the serial correlation coefficients for the existing time series of
mercury at the time when the year two sample program was being developed
were:

lag I day = .186
lag 2 days = .217
lag 3 days = .100
lag 4 days = .117
lag 5 days = .079

and higher lags had insignificant correlation. These values yielded a correction
factor C = 2.36; therefore the effective sample size is approximately n/2.36.
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SECTION 2

PROJECT DATA MANAGEMENT

Over 500,000 data records were generated over the course of the three year
EEWTP project. This data originated from plant operations monitoring, water
quality analysis, and engineering testing.

The purpose of the project data management system was to provide an
efficient, rapid capability for storage, retrieval, and analysis of these data.
The data management system involved the use of on-site and off-site computer
hardware with software specifically developed for the input and presentation of
such vast quantities of data.

HARDWARE

OFF-SITE

The project utilized two off-site computers. The main computer is a Digital
Equipment Corporation (DEC) VAX 11/780 operating under the Virtual Memory
System (VMS) operating system. In its configuration at the time of project
termination, it had 4 Mega bytes (Mb) central memory, a 67 Mb RM03 disc drive
and three 256 Mb RM05 disc drives. Peripherals included a tape drive, card
reader, line printer, drum plotter, and 56 communications ports supporting

directly connected and remote terminals. A Hewlett-Packard 3354 B Labora-
tory Automation System was used to integrate instrument data and manage the
sample inventory. The Hewlett-Packard 3354 B Laboratory Automation System
was used for data collection, storage, analysis and report generation, as well as
for management of laboratory time and resources. It is a disk-based system
that is capable of controlling and gathering data from up to sixteen laboratory
instruments simultaneously while operating a multi-terminal BASIC interpreter
that provides general purpose computing and high resolution graphics
capabilities.

The system is connected via HP1865ZA analog-to-digital modules to all
laboratory instruments that produce an analog signal and is used to collect,
store, and quantitate the data and to generate reports. Hardcopy reports are
produced on the HPZ631G graphics printer and on an HPZ635A printing
terminal. Raw data is stored on disk, and a link to the VAX 11/780 provides
access to magnetic tape.

ON-SITE

One computer was used for on-site data entry, a Digital Equipment Corporation
MINC computer. Both the MINC and the VAX computers are built around
Digital's PDP-11 series of computers. The MINC is configured with an RXOZ

B-2-1
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Project Data Management

floppy disk drive, providing 1 Mb of storage. The addition of a DLVll-E
asynchronous line interface provided a means of connecting directly with the
VAX 11/780.

Three video display terminals were utilized on-site, including one with enhanced
graphics capability. Additional hardware devices included one printer terminal
used primarly as a printer, a digital plotter, and a video hardcopy unit. The
terminal devices were multiplexed with a statistical multiplexer which was
connected to a leased digital telephone line.

SOFTWARE

DATABASE CONCEPT AND DESIGN

Management of the data from this project was a complex task due to the large
number and diverse sources of data collected. The development of computer
software was divided into three distinct phases: systems analysis, system
design, and system construction.

Systems Analysis

The systems analysis phase consisted of an overall evauation of the data
management program, with a detailed analysis of user requirements. Several
demands were placed on the data management system which were difficult to
satisfy with traditional civil engineering (or even traditional computer science)
database technology. Some of the basic aspects of the data which determined
the final system design are listed below:

1. The data would cover a wide range of physical, chemical, microbiological,
engineering and operational parameters.

Z. Sampling would be done at numerous locations on-site as well as at three
local water treatment plants.

3. Data had to be input and accessed from the EEWTP on-site and Pasadena
off-site laboratories, which are separated by more than 3,000 miles.

4. Three different computers would be used, two of them manufactured by
Digital Equipment Corporation and one by Hewlett-Packard.

5. The system had to be flexible, that is, it had to accommodate changes in
the nature and frequency of sample collection, some of which could not be
foreseen at the start of the project.

6. The background and specific needs of potential users of the system were
quite diverse. Engineers and scientists as well as management personnel
would all potentially desire access to the project data for their own
specific interests and applications.

B-2-2
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These demands were studied in detail during the systems analysis phase and a
general concept for management of the project data was developed.

System Desirn

The Pasadena VAX 11/780 was used for storage and access to the project
database. Some data was collected by the other computers, but the VAX was
ultimately the central processor. This allowed central access to the database
for laboratory and engineering personnel from both laboratory locations, using
direct access lines.

The fundamental concept for all database architecture and structure was an
indexed sequential file system which provided quick and convenient data
storage and access. A specification for this structure was prepared at the
beginning of the design phase and served as the overriding criteria for all
project software development.

With the indexed sequential access method of file organization, each data point
or result corresponds to a record or line of data. Therefore for each data point
or result, there is a corresponding record in the file (Figure B.2-1). Each record
consists of three major components, the sample identification code, the
parameter code and the value or result. The sample identification code serves
as a tag or label which identifies the sampling location and sampling time of
that piece of data. Similarly, the parameter code is a number that identifies
which analysis was conducted. By using software available on the VAX, the
user had the capability to sort through the database very quickly and retrieve
only those records of interest by narrowing the search to selected parameters,
sampling locations or times.

The primary benefit to this approach for organizing the database is related to
the efficiency of searches for individual records or groups of related records.
The designer of the database has an option of selecting one or more fields (for
example, parameter code and/or location) within each record as a key or index.
A table of contents of these indices is maintained for all stored project records.

Whenever the VAX is instructed to retrieve records from the indexed database,
it goes first to the table of contents, looks for the correct index, and then goes
directly to the correct location in the file. This type of activity is analogous to
searching through the index or table of contents in a large book and going
directly to the listed page for desired information rather than having to read
the book each time. Needless to say, this approach is much more efficient than
an exhaustive search through the entire database and significantly reduces the
time and cost of data retrieval.

To support this approach, a standard sample identification code (SID) was
developed. It consists of six basic components.

IM

~B-2-3

.. .. ..*9~ *- ~. .;~ - 1 .-- mm i |



• • • ,i . °°, o.°. 7. . ... o -. - °. .-

Project Data Management

FIGURE B.2-1

DATA MANAGEMENT SYSTEM

INDEXED SEQUENTIAL ACCESS METHOD CONCEPT

Sample Identification Parameter
Code Code Value

P LLLS TT YMMDD AAAAA E CC elNme

R 0762 07 10316 00000 0570 2.3

R 0762 07 10317 00000 0570 2.2

R 0762 07 10316 00000 2040A 1.5

R 076Z 07 10317 00000 2040B 17

Costimd Continued Continued
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Program (P)

A one character field which represents the particular program under which a

sample or piece of data was collected.

Typical codes:

R = Routine Water Quality Testing Program
D = Operator Data Collection System
T = Testing Program for Process Adjustment and Modification
S = Startup (Data taken prior to 16 March 1981)
Q = Quality Control/Quality Assurance

The program codes are used primarily to conveniently group the data, ar-i
identify the general sampling program which produced the data.

Location (LLL)

A three character field which identifies the exact location where a sample was
collected. Every sample tap at the EEWTP and local WTP where data or
samples were collected was assigned a location code. A listing of location
codes is provided in Table B.2-1 at the end of this section.

Sampler Type(S)

A single character field identifies the type of sample taken. Examples of
sampler types include grab, automatic composite sample, meter or gauge
readings. Table B.Z-Z at the end of this section contains a list of the sampler
types used on the project.

Time (TT)

This is a two character field which identifies the time of sample collection on a
24 hour clock. For composite samples, this is the time the sample was
retrieved.

Date (YMMDD)

This is a five character field which identifies the data of sample collection
where:

Y = Year A one digit number. (1981=1, 1982=2, 1983=3)
9 MM = Month A two digit number.

DD = Day A two digit number.

For composite samples, this is the day the sample was received.

B-2-4
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*Accession (AAAAA)

This is a five character field which is typically reserved for the TPPAM. Five
zeros are assigned if there is no accession code.

In addition to the sample identification codes, all parameters measured on this
project were listed and numbered. In that some parameters were analyzed by
more than one method, these parameters contain a single character "flavor" or
"method" field, which follows the four character numeric parameter code. See
Table B.Z-3 for a listing of the parameter codes and methods.

Referring back to Figure B.2-1 as an example, the first record would be
identified as Routine Water Quality Testing Program (Program = R), sampled at
the Blend Tank Grab Tap (Location = 076Z), collected at 7 A.M. (Time = 07) on
16 March 1981 (Date = 10316) and analyzed for turbidity (Parameter Code =
0570). The analytical result is 2.3

DATA ENTRY

Data was entered on the three computers previously mentioned by laboratory
analysts and plant operators. At least thirty data entry programs were written
and maintained for routine data entry purposes. A system of procedures was
developed to check data from each of the data entry programs before it was
added to the project's main database.

Each of the three computers had its own basic type of data entry programs.
The programs maintained on the MINC computer were written in FORTRAN IV
and utilize the FMS-11 (Forms Management System) software supplied by
Digital Equipment Corporation. The software design for each program is
similar and based on an initial systems analysis of on-site laboratory and
operations procedures as well as hardcopy data forms or logs. The programs
differ from one another only slightly, to match the unique manner in which data
is collected for a particular analysis or plant operation.

The off-site laboratory utilized its Hewlett-Packard (HP) computer with an
interactive program, Sample Information Management System (SIMS). The
program has the following features:

* Sample log-in
* Sample chain of custody
* Analysts and sample receiving alerts
* Results acquisition
* Report generation
" Data validation/quality assurance
" Laboratory accounting

SIMS created a separate data file for each sample entered. On a periodic basis,
sample files with analyses complete and results entered were transmitted to the
VAX 11/780.
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Once a file had been transferrred to the VAX, it required further processing
before the data could be stored in the project database. This processing was
accomplished with a program Compract, written in VAX- 1I FORTRAN-IV Plus
(Supplied by Digital Equipment Corporation). This program had three functions
of Interest to this project:

1. Resolved errors which arose from incompatibilities between the HP3354
and DEC VAX 11/780 hardware and software.

2. Translated codes used by the HP for sample identification into analogous
codes on the VAX.

3. Extracted the sample identification code (SID) from each sample e and
combined It with the translated VAX parameter code and the ai .11lcal
result and formated the new record according to project ds base
specifications.

In cases where data was entered in the VAX, the data was stored diredy in

databases.

DATA QUALITY CONTROL

All data entry routines followed a basic pattern of entry and checking; entry by
analyst or operator, followed by printout, review and correction of typographi-
cal errors before data was made available for transfer to the main project
database. In most cases the data printouts were also reviewed by the analyst's
supervisor before it could be transferred.

The term "transfer" refers to the process of moving (storing) data from their
original datafiles to the project's primary database. Figure B.Z-2 provides a
graphical overview of the "flow of datal through the transfer process. At the
top of the figure are boxes representing datafiles from each of the three
different computers. All files go through a cursory check by the database
manager where inconsistances, usually in the SID, are detected and corrected if
possible. Some records needed to be sent to the laboratory for corrections. A
system of flags, not shown in the figure, was Implemented to track the path of
a record as It was processed through the system.

Those records passing the cursory check were stored in an intermediate
database and a hardcopy report was produced containing all the records in the
database. The staff review consisted of examining the printout for errors
detected by the computer, and checking analytical results for values outside the
normal range. Such cases were then brought to the attention of laboratory
analysts for checking and verification, and, In some cases, previously unde-
tected errors (typographical and otherwise) were corrected.

After the printout was reviewed and confirmed, the newly transferred records
were appended to the project's primary database.
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The principal software utilized for project data analysis activities was Data-
trieve-32, supplied by Digital Equipment Corporation. Datatrieve-3Z is a query

language and report writing system that runs on the VAX and permits direct,
oeasyaccess to databases. Datatrieve-32 lets the computer user look at data,

mI t or sort it interactively at the terminal. It allows privileged users to
add new records (analytical results or operations data) to the data base, delete
old ones or modify existing records to maintain an accurate, current file. In
addition to its capabilities for data base maintenance, Datatrieve-32 provided
an extensive report generation facility for simple as well as complex data
reporting. Datatrieve-32 was also linked with other languages such as
FORTRAN so that advanced users were able to take advantage of the best
features of each type of software in a combined programming environment.

Software for preparation of statistical summary reports was written in VAX-Il
FORTRAN IV Plus and callable Datatrieve-3Z. Its modular design allowed it to
take advantage of the best features of both programming languages. The tables
presented in Appendix F through H were generated using this software.

RS/I1 was an additional data management system which was extensively used for
analysis. RS/l was specifically designed to meet the information handling
requirements of applied scientific computer users, and was supplied to JMM by
Bolt, Beranek, and Newman. It is based on a highly user oriented, English-like
command language which permits the inexperienced computer user to make two
dimensional data tables, simple x-y and bar graphs, perform more sophisticated
statistical analyses and create models of simple and coiplex systems. It also
provided the advanced user with an integrated programming language, RPL
(Reseach Programming Language) for development of specialized or unique
procedures.

Most of the graphical requirements were met by a graphics program developed
by JMM called Easyplot. The program is designed around a commercially
available package of FORTRAN callable graphics subroutines. The plots
available include time series plots, cumulative probability plots with linear or
logarithmic dependent axes, as well as all combinations of linear and
logarithmic x-y data plots. Linear regression lines are available for all plot
types, and Kolmogorov-Smirnov goodness of fit statistics were available on
cumulative probability plots. Additional plotting capabilities were provided
through the two data management software packaes, Datatrieve and RS/l, as
previously discussed.

In addition to the software previously described, there were a number of

specialized applications programs which were utilized for this project. These

programs were either developed by JMM or acquired through outside sources and
modified by JMM for specific applications. The following is a brief description
of four such programs.

1. The Environmental Protection Agency program for estimation of costs for
%4 construction, operation and maintenance of water treatment facilities was

obtained from the Municipal Environmental Research Lab in Cincinnati,
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Ohio. This program was utilized as an aid in the estimation of costs for the
200 MGD Potomac Estuary Water Treatment Plant. (See Chapter 11)

Z. CHEMTRT is a chemical equilibrium model which calculates the changes in
water quality brought about by advanced water or wastewater treatment
processes. It has the capability of computing chemical equilibria involving
acid/base, coordination, solubility, redox, and adsorption phenomenon. The
output is provided in tabular format and reports printed are specified in the
input data. The program requires detailed information on the influent
water quality to the treatment facility together with changes to this water
quality brought about by treatment steps. The program calculates the
chemical equilibrium between the species in the influent, determining
which species precipitate, are adsorbed, or participate in redox reactions.
CHEMTRT is an adaption of the REDEQLZ program developed by Morgan
and Morel at California Institute of Technology. CHEMTRT was used for

estimation of chemical dosage requirements for corrosion control in the
full scale 200 MGD plant.

3. TOWER is a program for design of air strippers to remove volatile organic
compounds from water. The program estimates alternative packed tower
design criteria for selected influent and effluent water quality character-
istics and provides cost estimates for the selected design. The program
was used in the air stripping evaluation described in Chapter 10 and
Appendix L

4. The Homogenous Surface Diffusion Model (HSDM) was used to predict
effluent concentration profiles for activated carbon adsorbers. A descrip-
tion of the HSDM and its assumptions are given in Appendix I, Section 3.
The model was used to predict effluent breakthrough curves for various
empty bed contact times and treatment objectives. From these predic-
tions, usage rates were determined and used to estimate regeneration costs
for alternative designs for the full-scale plant.

3-.
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• TABLE B.2-1

LOCATION CODES

Location Location
Code Description

001 Travel Blank EEWTP-PAS
002 Travel Blank PAS-EEWTP-PAS
003 CORPS sample
004 ERA sample
005 EPA sample
006 Off-Site Stationary Blank
015 Blue Plains Nitrified Effluent Intake
016 Blue Plains Nitrified Effluent Intake
017 Blue Plains Nitrified Effluent Intake
025 Potomac River Estuary Intake
026 Potomac River Estuary Intake
027 Potomac River Estuary Intake
036 Combined Feed
040 Microscreen 1 (Potomac River Estuary) Influent
041 Microscreen 1 (Potomac River Estuary) Influent
044 Microscreen 1 (Potomac River Estuary) Effluent
046 Microscreen 1 (Potomac River Estuary) Effluent
050 Microscreen 2 (Blue Plains Nitrified Effluent) Influent
051 Microscreen 2 (Blue Plains Nitrified Effluent) Influent
054 Microscreen 2 (Blue Plains Nitrified Effluent) Effluent
056 Microscreen 2 (Blue Plains Nitrified Effluent) Effluent
066 Microscreens 1 & 2 Backwash
070 EEWTP Blend Tank Influent
071 EEWTP Blend Tank (Mixing Area)
074 EEWTP Blend Tank Effluent
075 EEWTP Blend Tank Overflow Weir
076 EEWTP Blend Tank (Effluent)
111 Aeration Basin
116 Aeration Basin Effluent
121 Recycle from Backwash Holding Tank
122 Rapid Mix 1 Chemical Feed System
123 Rapid Mix 2 Chemical Feed System
126 Rapid Mix 2 Effluent
141 flocculation Tank 1
142 Flocculation Tank 2
143 Flocculation Tank 3
144 Flocculation Tank 4
146 Flocculation Tank 1 Effluent
151 Sedimentation Tank
156 Sedimontation Tank Effluent
157 Sedimentation Sludge Pump
162 Recarbonation Tank Chemical Feed System
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TABLE B.2-1 (Continued)

LOCATION CODES

Location Location
Code Description

164 Recarbonation Tank Effluent
165 Recarbonation Tank Effluent
166 Recarbonation Tank Effluent
172 Intermediate Chlorine Addition
174 Intermediate Ozone Addition
210 Dual Media Filter Conmon Influent
220 Dual Media Filter 1 Influent
221 Dual Media Filter 1 Surface
224 Dual Media Filter 1
226 Dual Media Filter 1 Effluent
227 Dual Media Filter 1 Backwash Valve
228 Dual Media Filter 1 Drain Valve
230 Dual Media Filter 2 Influent
231 Dual Media Filter 2 Surface
234 Dual Media Filter 2

- 236 Dual Media Filter 2 Effluent
237 Dual Media Filter 2 Backwash Valve
238 Dual Media Filter 2 Drain Value
240 Dual Media Filter Common Effluent
241 Dual Media Filter Effluent
247 Filtered Water Clear Well Blowdown
310 Carbon Column Common Influent
315 Carbon Column Common Downflow Influent
334 Downflow GAC Column 1 Effluent
336 Downflow GAC Column 1 Effluent
337 Downflow GAC Column 1 Backwash Valve
354 Downflow GAC Column 2 Effluent
356 Downflow GAC Column 2 Effluent
357 Downflow GAC Column 2 Backwash Valve
374 Downflow GAC Column 3 Effluent
376 Downflow GAC Column 3 Effluent
377 Downflow GAC Column 3 Backwash Valve
390 Final Carbon Column Effluent (Effluent Line)
391 Final Carbon Column Effluent (GAC Clearwell)
395 GAC Clearwell Effluent
411 Ozone Injection, Pass 1
412 Ozone Injection, Pass 2
413 Ozone Injection, Pass 3
414 Ozone Injection, Pass 4
415 Ozone Injection, Passes 1-4
421 Ozone Injection, Pass 5
422 Ozone Injection, Pass 6
423 Ozone Injection, Pass 7

B-Z-1O
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TABLE B.2-1 (Continued)

LOCATION CODES

Location Location
Code Description

424 Ozone Injection, Pass 8
425 Ozone Injection, Passes 5-8
426 Ozone Contact Tank Effluent
429 Ammonia Addition
430 UV Contact Tank
432 Final Chlorine Addition
450 Chlorine Contact Tank
452 Post Ozone Final Chlorine Addition
471 EEWTP Finished Water
475 EEWTP Finished Water Clearwell Pump
476 EEWTP Finished Water Clearwell Effluent
479 EEWTP Finished Water
510 TDS Removal Common Influent
515 Dissolved Solids Removal Feed
520 Reverse Osmosis conditioned Influent
521 Reverse Osmosis Stage 1, Cartridge 1 product
522 Reverse Osmosis Stage 1, Cartridge 2 product
523 Reverse Osmosis Stage 1, Cartridge 3 product
524 Reverse Osmosis Stage 1, Cartridge 4 product
525 Reverse Osomsis Stage 2, Cartridge 1 product
526 Reverse Osmosis Stage 2, Cartridge 2 product
527 Reverse Osmosis Stage 3, Cartridge 1 product

528 Reverse Osmosis finished water
531 Reverse Osmosis Stage 1, Cartridge 1 reject
532 Reverse Osmosis Stage 1, Cartridge 2 reject
533 Reverse Osmosis Stage 1, Cartridge 3 reject
534 Reverse Osmosis Stage 1, Cartridge 4 reject
535 Reverse Osmosis Stage 2, Cartridge 1 reject
536 Reverse Osmosis Stage 2, Cartridge 2 reject
537 Reverse Osmosis Stage 3, Cartridge 1 reject
540 Electrodalysis
560 Ion Exchange
620 TOS UV Contact Tank
640 TDS Ozone Contact Tank
660 TDS Chlorine Contact Tank
710 Sludge Holding Tank
711 Sludge Holding Tank
716 Sludge Holding Tank Pump
721 Backwash Holding Tank
726 Backwash Holding Tank Pump
731 Sludge Thickener Tank
736 Sludge Thickener Tank Pump
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TABLE B.2-1 (Continued) -

LOCATION CODES

Location Location
Code Description

916 Water Treatment Plant 1 Finished Water
917 Water Treatment Plant 1 Finished Water
926 Water Treatment Plant 2 Finished Water
927 Water Treatment Plant 2 Finished Water
936 Water Treatment Plant 3 Finished Water
937 Water Treatment Plant 3 Finished Water
940 Onsite Laboratory Milli-Q Water
941 Onsite Laboratory Deionized Water
950 Pilot Plant Floc Influent
956 Pilot Plant Floc Effluent
960 Pilot Plant Sed Basin Influent
966 Pilot Plant Sed Basin Effluent
971 Pilot Plant Column No. 1 Influent
972 Pilot Plant Column No. 2 Influent
973 Pilot Plant Column No. 3 Influent
974 Pilot Plant Column No. 4 Influent
975 Pilot Plant Column No. 5 Influent
976 Pilot Plant Column No. 6 Influent
977 Pilot Plant Column No. 7 Influent
978 Pilot Plant Filter Clear Well No. 1
981 Pilot Plant Column No. 1 Effluent
982 Pilot Plant Column No. 2 Effluent
983 Pilot Plant Column No. 3 Effluent
984 Pilot Plant Column No. 4 Effluent
985 Pilot Plant Column No. 5 Effluent
986 Pilot Plant Column No. 6 Effluent
987 Pilot Plant Column No. 7 Effluent
990 Pilot Air Stripper Influent
996 Pilot Air Stripper Effluent
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TABLE B.2-2

SAMPLER CODES

Sampler Sampler
Code Description

0 General
2 Grab
4 Continuous TOC
5 Probe
6 Flow Meter
7 Organics Concentrator
8 Virus Concentrator
9 Parasite Concentrator
A ACS Manning (No Preservative)
B ACS Manning (Cyanide)
C ACS EPA (TOC/TOX/THM)
0 ACS EPA (SOC)
E ACS Solenoid
F ACS EPA (Taste/Odor)
G Manual CompositeH ACS Solenoid (Herbicides)

J ACS Solenoid (Base/Neutrals)
K ACS Solenoid (Acids)
L ACS Solenoid (CLS)
M ACS Solenoid (VOA)
N ACS Solenoid (Asbestos/Tritium)
P ACS Solenoid (Pesticides)
R ACS Solenoid (Radiation)
T Mechanical 1

IV I ~
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TABLE B.2-3

PARAMETER CODES

Parameter Parameter
Code Flavor Description Units

6 Volume gallons
11 Headloss Inches of water
17 Sequence
18 Per Cent %
21 Rotation speed rpm
35 Depth feet
62 Effective Size mm
63 Uniformity Coefficient

160 A Salmonella by 10 ml volume MPN/1OO ml

160 B Salmonella by 100 ml volume MPN/10 ml
160 C Salmonella by 1000 ml volume MPN/100 ml
163 Endotoxln ng/ml
170 Standard Plate Count colontes/ml
170 A Standard Plate Count by 1 ml volume colonies/ml
170 B Standard Plate Count by 0.1 ml volume colonies/ml
170 C Standard Plate Count by 0.01 ml volume colonles/ml
194 A Total Coliform (confirmed) by 1000,100,10 ml vol. MPN/100 ml
194 8 Total Coliform (confirmed) by 100,10,1 ml volume MPN/100 ml
194 C Total Coliform (confirmed) by 10,1,0.1 ml volume MPN/10 ml
194 D Total Coliform (confirmed) by 1,0.1,0.01 ml volume MPN/100 ml
194 E Total Coliform (confirmed) by 0.1,0.01,0.001 ml MPN/10 ml

volume
194 F Total Coliform (confirmed) by 0.01,0.001,0.0001 ml MPN/100 ml

volume
194 G Total Coliform (confirmed) by 0.001,0.0001, MPN/100 ml

0.00001 ml volume

196 A Total Coliform (completed) by 1000,100,10 ml vol. MPN/100 ml
197 A Fecal Coliform (confirmed) by 1000,100,10 ml vol. MPN/100 ml
197 B Fecal Coliform (confirmed) by 100,10,1 ml volume MPN/10 ml
197 0 Fecal Coliform (confirmed) by 1,0.1,0.01 ml volume MPN/10 ml
197 E Fecal Coliform (confirmed) by 0.1,0.01,0.001 ml MPN/100 ml

volume
197 F Fecal Coliform (confirmed) by 0.01,0.001,0.0001 ml MPN/100 ml

volume
197 G Fecal Coliform (confirmed) by 0.001,0.0001, MPN/100 ml

0.0000.1 ml volume

370 MBAS mg/L
373 UV Absorbance at 254 nm Absorbance Units
390 Total Organic Halogen ug/L-Cl
392 Total Organic Carbon
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TABLE B.2-3 (Continued)

PARAMETER CODES

Parameter Parameter
Code Flavor Description Units

392 A Total Organic Carbon by DC80 mg/L-C
393 Total Organic Nitrogen mg/L-N
412 Apparent Color color units
420 Odor TON
430 Taste Taste Units
440 Temperature deg. C

a 510 Alkalinity mg/L-CaC03
520 Electroconductivity umho/cm
530 Hardness
530 A Hardness by addition (Ca + Mg) mg/L-CaC03
540 pH pH
545 Water Suitability Test
550 Total Dissolved Solids (TDS) by drying mg/L
550 A Total Dissolved Solids (TDS) by addition mg/L
560 Total Suspended Solids (TSS) mg/L
570 Turbidity NTU
572 Nitrogen, Total KJeldahl mg/L-N
602 Calcium mg/L
604 Potassium mg/L
606 Magnesium mg/L
608 Sodium mg/L
610 Nitrogen, Ammonia mg/L-N
620 A Silver by flame AAS mg/L
620 B Silver by furnace AAS mg/L
622 Aluminum mg/L
624 Arsenic mg/L
626 Boron mg/L
628 Barium mg/L
630 Beryllium mg/L
632 A Cadmium by ICAP mg/L
632 B Cadmium by furnace AAS mg/L
634 A Cobalt by ICAP mg/L
634 B Cobalt by furnace AAS mg/L
636 A Chromium by ICAP mg/L
636 B Chromium by furnace AAS mg/L
638 A Copper by ICAP mg/L
638 B Copper by flame AAS mg/L
640 Iron mg/L
642 Mercury mg/L
644 A Lithium by ICAP mg/L
644 B Lithium by flame AAS mg/L
648 Manganese mg/L
650 Molybdenum mg/L
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TABLE B.2-3 (Continued)

PARAMETER CODES

Parameter Parameter
Code Flavor Description Units

652 Nickel mg/L

654 Lead mg/L
656 Antimony mg/L
658 Selenium mg/L
660 Silica mg/L
661 Tin mg/L
662 Titanium mg/L
664 Thallium mg/L
666 Vanadium mg/L
668 A Zinc by ICAP mg/L
668 B Zinc by flame AAS mg/L
710 Chloride mg/L
720 Fluoride mg/L
730 Nitrogen, Nitrite + Nitrate mg/L-N
740 Sulfate mg/L
750 Bromide mg/L
760 Cyanide, Total mg/L
770 Iodide mg/L
780 Ortho Phosphate mg/L-P
786 Nitrate mg/L-N
812 Total Chlorine mg/L-Cl
814 Free Chlorine mg/L-Cl
820 Chlorine Demand
821 Chlorine Dose (Chlorine Demand Test) mg/L-Cl
822 Contact Time (Chlorine Demand Test) minutes
823 Free Chlorine (Chlorine Demand Test) mg/L-Cl
824 Total Chlorine (Chlorine Demand Test) mg/L-Cl

825 pH (Chlorine Demand Test) pH
826 Temperature (Chlorine Demand Test) deg. C
827 Free Chlorine Criteria (Chlorine Demand Test) mg/L-Cl
917 Chrysotile Fiber Concentration mfl
918 Amphibole Fiber Concentration mfl
960 Dissolved Oxygen mg/L
972 Gross Alpha pCi/l
973 Gross Alpha 2s Error pCi/l
974 Gross Beta pCi/l
975 Gross Beta 2s Error pCi/l
976 Tritium (Radiological) pCi/l
977 Tritium 2s error pCi/i
979 Strontium-g0 pCi/l980 Strontium-4 2s error pCi/l

1231 Particles channel 1, 2.00-2.36 microns :.
1232 Particles channel 2, 2.36-2.78 microns
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TABLE B.2-3 (Continued)

PARAMETER CODES

Parameter Parameter
Code Flavor Description Units

1233 Particles channel 3, 2.78-3.28 microns
1234 Particles channel 4, 3.28-3.88 microns

.1,." 1235 Particles channel 5, 3.88-4.58 microns
1236 Particles channel 6, 4.58-5.40 microns
1237 Particles channel 7, 5.40-6.38 microns
1238 Particles channel 8, 6.38-7.52 microns
1239 Particles channel 9, 7.52-8.88 microns
1240 Particles channel 10, 8.88-10.46 microns
1241 Particles channel 11, 10.46-12.36 microns
1242 Particles channel 12, 12.36-14.58 microns
1243 Particles channel 13, 14.58-17.20 microns
1244 Particles channel 14, 17.20-20.30 microns
1245 Particles channel 15, 20.30-23.94 microns
1246 Particles channel 16, 23.94-28.26 microns
1247 Particles channel 17, 28.26-33.34 microns
1248 Particles channel 18, 33.34-39.34 microns
1249 Particles channel 19, 39.34-46.42 microns
1250 Particles channel 20, 46.42-54.78 microns
1251 Particles channel 21, 54.78-64.64 microns1252 Particles channel 22, 64.64-76.28 microns
1253 Particles channel 23, 76.24-70.20 microns
1253 Particles channel 23, 76.28-90.00 micronsS1254 Particles channel 24, 90.00 microns

1260 24-Channel particles Y-intercept (alpha)
1261 24-Channel particles slope (beta)
1262 24-Channel particle counter mean
1264 24-Channel particle sample dilution (1:x)
1265 24-Channel particle sample volume
2011 A Bromomethane by purge & trap GCMS ug/L
2012 A Chloromethane by purge & trap GCMS ug/L
2013 A Bromochloromethane by purge & trap GCMS ug/L
2015 A Dichloromethane (Methylene chloride) by

purge & trap GCMS ug/L
2020 B Trichlorofluoromethane by purge & trap GCMS ug/L
2025 A Dichlorodifluoromethane by purge & trap GCMS ug/L
2030 A Carbon tetrachloride by LLE ECD ug/L
2030 B Carbon tetrachloride by purge & trap GCMS ug/L
2040 A Chloroform by LLE ECD ug/L
2040 B Chloroform by purge & trap GCMS ug/L
2041 A Total Potential Chloroform by LLE ECD ug/L
2045 A Bromodichloromethane by LLE ECD ug/L
2045 B Bromodichloromethane by purge & trap GCMS ug/L
2045 D Bromodichloromethane by CLS GCMS ug/L

, . 2046 A Total Potential Dichlorobromomethane by LLE ECD ug/L
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TABLE B.2-3 (Continued)
PARAMETER CODES

kIParameter Parameter
Code Flavor Description Units

2050 A Dibromochioromethane by LLE ECD ug/L
2050 B Dibromochioromethane by purge & trap GCMS ug/L
2050 D Dlbromochioromethane by CLS GCMS, ug/L
2051 A Total Potential Dibromochioromethane by LLE ECD ug/L
2055 A Bromoform by ILE ECO ug/L
2055 B Bromoform by purge & trap GCMS ug/L
2055 D Bromoform by CLS GCMS ug/L
2056 A Total Potential Bromoform by LIE ECO ug/L
2060 A Iodoform by purge & trap GCMS, ug/L
2065 A Dichloroiodomethane by LLE ECD ug/L
2065 B Dichiorolodomethane by purge & trap GCMS ug/L

.42070 A Total THMs by LLE ECO ug/L
2071 A 7-Day Total Potential THM by LIE ECO ug/L
2083 A Chioroethane by purge & trap GCMS ug/L
2085 A 1,1-Dichloroethane by purge & trap GCMS ug/L
2090 A 1,2-Dichioroethane by purge & trap GCMS ug/L
2095 A Hexachioroethane by purge & trap GCMS ug/L
2095 D Hexachloroethane by Base neut. LLE GCMS ug/L
2095 E Hexachloroethane by BNA LIE GCMS ug/L

N2095 F Hexachloroethane by CIS GCMS ugfL
2100 A 1,1,1-Trichioroethane by LLE ECO ug/L
2100 B 1,1,1-Trichloroethane by purge & trap GCMS ug/L
2105 B 1,1,2-Trichloroethane by purge & trap GCMS ug/L
2105 D 1,1,2-Trichloroethane by CLS GCMS ug/L
2110 A 1,1,2,2-Tetrachloroethane by LIE ECD ug/L
2110 B 1,1,2,2-Tetrachloroethane by purge & trap GCMS ugfL
2110 D 1,1,2,2-Tetrachloroethane by CLS GCMS ug/L
2120 A Trichioroethene by LIE ECD ug/L
2120 B Trichloroethene by purge & trap GCMS ug/L
2120 D Trichioroethene by CIS GCMS ug/L
2125 A Tetrachloroethene by LLE ECD ug/L
2125 B Tetrachioroethene by purge & trap GCMS ug/L

.,2125 D Tetrachioroethene by CLS GCMS ug/L
2130 A Chioroethene (Vinyl chloride) by purge & trap GCMS ug/L
2135 A 1,1-Dichloroethene by purge & trap GCMS ug/L
2139 A cls-1,2-Dichloroethene by purge & trap GCMS ug/L
210 A tas12Dchooteeb uge&ta CS u/

*2140 A tras-1,2-Dichlororthene by Purge & trap GCMS ug/L
2143 A cls-1,2-Dichloropropene by purge & trap GCMS ug/L

2150 A Hexachiorobutadiene by purge & trap GCMS ug/L
2150 D Hexachiorobutadiene by Base neut. ILE GCMS ug/L
2150 E Hexachiorobutadiene by BNA LIE GCMS ug/L
2150 F Hexachiorobutadlene by CLS GCMS ug/L
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TABLE B.2-3 (Continued)
PARAMETER CODES

Parameter Parameter
Code Flavor Description Units

2155 A 2-Chioroethylvinylether by purge & trap GCMS ug/L
*2155 B 2-Chioroethylvinylether by Base neut. LLE GCMS ug/L

2155 C 2-Chloroethylvinylether by BNA LLE GCMS ugiL
2165 A trans-1,3-Dichloropropene by purge & trap GCMS ug/L
2175 A 1,2-Dichioropropane by purge & trap GCMS ug/L
2175 C 1,2-Dichioropropane by CLS GCMS ug/L
2176 B 1,2-Dlbromo-3-chloropropane by purge & trap GCMS ug/L
2180 C 1,11-Oxybis(2-chloroethane) by Base neut. LLE GCMS ug/L
2180 0 1,11-Oxybls(2-chloroethane) by BNA ILE GCMS ug/L
2180 E 1,11-Oxybls(2-chloroethane) by CIS GCMS ug/L
2185 C 2,21-Oxybls(2-chloropropane) by

Base neut. LIE GCMS ug/L
2185 D 2,2'-Oxybis(2-chloropropane) by BNA LLE GCMS ug/L
2195 A Alpha-BHC by LLE ECO ug/L
2200 A Beta-BHC by LLE ECD ug/L
2205 A Gamma-BHC by LLE ECO ug/L
2210 A Delta-BHC by LLE ECD ug/L02215 A Kepone by LIE ECD ug/L
2220 A Toxaphene by LLE ECD ug/L
2230 0 Hexachiorocyclopentadiene by Base neut. LLE GCMS ug/L
2230 E Kexachiorocyclopentadlene by BNA ILE GCMS ug/L
2230 F Hexachiorocyclopentadiene by CLS GCMS ug/L
2235 A Aidrin by ILE ECO ug/L
2240 A Oldrin by LIE ECO ug/L
2245 A Chlordane by LIE ECO ugfL
2250 A Heptachlor by LIE ECO ug/L

A2255 A Heptachlor epoxide by ILE ECD ug/I
2260 A Endrin by LIE ECO ug/L
2265 A Methoxychior by LIE ECO ug/L
2215 C Fluoranthene by Base neout. LIE GCMS ug/L
2275 0 Fluoranthene by BHA LIE GUMS ug/L
2280 8 Benzo(b)fluoranthene by Base neut. LIE GCMS ug/L
2280 C Benzo(b)fluoranthene by BNA ILE GCMS ug/L
2285 B Benzo(k)fluoranthene by Base neut. LIE GCMS tig/L
2285 C Benzo(k)fluoranthene by BNA LIE GCMS ug/L
2290 B Benzo( g,h, ) perylene by Base neut. LLE GCMS ug/L
2290 C Benzo( g,h,i )perylene by BHA LLE GCMS ug/L
2295 B Indeno (1,2,3-cd)pyrene by Base neut. LLE GCMS ug/L
2295 C Indeno(1,2,3-cd)pyrene by BNA LLE GCMS ug/L
2300 B Benzo(a)pyrene by Base neut. LLE GCMS ug/L
2300 C Benzo(a)pyrene by BNA LIE GCMS ug/L
2303 C Pyrene by Base neut. LIE GCMS ug/L
2303 D Pyrene by BNA LLE GCMS -ig IL
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TABLE B.2-3 (Continued)

PARAMETER CODES

Parameter Parameter
Code Flavor Description Units230 A BneebIure&ta CSu/
2310 A Toluene by purge & trap GCMS ug/L

2315 C Toluene by CLS GCMS ug/L
2316 A 4-Chloro-1-methylbenzene by purge &trap GCMS ug/L

*2316 C 4-Chloro-1-methylbenzene by CIS GCMS ug/L
2325 A 1,2-Xylene by purge & trap GCMS, ug/L
2325 C 1,2-Xylene by CIS GCMS ug/L
2330 A 1,3-Xylene/1,4-Xylene by purge & trap GCMS ug/L
2330 C 1,3-Xylene/1,4-Xylene by CLS GCMS ug/L
2335 A Ethylbenzene by purge & trap GCMS ug/L
2335 C Ethylbenzene by CLS GCMS ug/L
2340 A Propylbenzene by purge & trap GCMS ug/L
2340 C Propylbenzene by CLS GCMS ug/L
2345 A Ethenylbenzene by purge & trap GCMS ug/L
2345 C Ethenylbenzene by CLS GCMS ug/L
2355 8 2-Chloronaphthalene by purge & trap GCMS ug/L
2355 C 2-Chloronaphthalene by Base neut. LLE GCMS ug/L
2355 E 2-Chloronaphthalene by BNA LLE GO'?S ug/L
2355 F 2-Chloronaphthalet by CLS GCMS ug/L
2360 A 1-Chloronaphthalene by purge & trap GCMS ug/L
2360 C 1-Chloronaphthalene by Base neut. LLE GCMS ug IL
230 D 1Clrnptaeeb N L CSu/
2360 E 1-Chloronaphthalene by BALL GCMS ugIL

2363 C Bromobenzene by Base neut. LLE GCMS, ug/L
2363 0 Bromobenzene by purge & trap GCMS ug/L
2363 E Bromobenzene by BRA LLE GCMS ugfL
2363 F Bromobenzene by CLS GCMS ug IL
2365 A Chlorobenzene by purge & trap GCMS ugIL
2365 C Chlorobenzene by CLS GCMS ug/L
2370 A 1,2-Dlchlorobenzene by purge & trap GCMS ug/LI2370 0 1,2-Dlchlorobenzene by Base neut. LIE GC?4S ug/L
2370 E 1,2-Dichlorobenzene by BNA LLE GCM4S ug/L
2370 F 1,2-Dichlorobenzene by CLS GCMS ug/L
2375 C 1,3-Dlchlorobenzene by purge & trap GCMS ug/L
2375 D 1,3-Dichlorobenzene by Base neut. LLE GCMS ug/L
2375 E 1,3-Dichlorobenzene by BNA LLE GCMS ug/L
2375 F 1,3-Dichlorobenzene by CLS GCMS ug/L
2380 C 1,4-Dichlorobenzene by purge & trap GCMS ug/L
2380 0 1,4-Dichlorobenzene by Base neut. LLE GCMS ugIL

V2380 E 1,4-Dichlorobenzene by BNA LLE GCMS ugIL
2380 F 1,4-Dlchlorobenzene by CLS GCMS ug/L
2383 A 1,3,5-Trlchlorobenzene by purge & trap GCMS ug/L
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TABLE B.2-3 (Continued)
PARAMETER CODES

IYParameter Parameter
Code Flavor Description Units

2383 C 1,3,5-Trichlorbenzene by CLS GCMS ug/L
2384 A 1,2,3-Trichlorobenzene by purge & trap GCMS ug/L
2384 C 1,2,3-Trichlorobenzene by CLS GCMS ug/L
2385 B 1,2,4-Trichlorobenzene by purge & trap GCMS ug/L
2385 D 1,2,4-Trichlorobenzene by Base neut. LLE GCMS ug/L
2385 E 1,2,4-Trichlorobenzene by BNA LIE GCMS ug/L
2385 F 1,2,4-Trichlorobenzene by CLS GCMS ug/L
2386 B 1-Chloro-3-nitrobenzene by Base neut. ILE GCMS ug/L

4'2386 C 1-Chloro-3-nitrobenzene by BNA LIE GCMS ug/L
2387 B Hexachlorobenzene by Base neut. ILE GCMS ug/L
2387 D Hexachlorobenzene by BNA LLE GCMS ug/L
2387 E Hexachlorobenzene by CIS GCMS ug/L
2388 B 1-Chloro-2-nitrobenzene by Base neut. LLE GCMS ug/L
2388 C 1-Chloro-2-nitrobenzene by BNA LLE GCMS ug/L
2389 B 1-Chloro-4-nitrobenzene by Base neut. LLE GCMS ug/L
2389 C 1-Chloro-4-nitrobenzene by BNA LLE GCMS ug/L
2400 A Acetone by purge & trap GCMS ug/L02410 A 2-Butanone by purge & trap GCMS ug/L
2420 A Tetrahydrofuran by purge & trap GCMS ug/L
2450 C Methylisoborneol by CLS GCMS ug/L
2470 C Geosmin by CIS GCMS ug/L
2490 A Napthalene by purge & trap GCMS ug/L
2490 D Napthalene by Base neut. LLE GCMS ug/L
2490 E Napthalene by BNA ILE GCMS, ug/L
2490 F Napthalene by CLS GCMS u g L

I2510 D Acenaphthylene by Base neut. LLE GCMS ug/L
2510 E Acenaphthylene by BNA LIE GCMS ug/L
2520 D Acenaphthene by Base neut. LLE GCMS ug/L
2520 E Acenaphthene by BNA LLE GCMS ug/L
2520 F Acenaphthene by CLS GCMS ug/L

2535 B N-Nltrosodlmethylamine by Base neut. LLE GCMS ug/L
2535 C N-Nitrosodimethylamine by BNA LLE GCMS ug/LI
2540 C Phenol by Acid LIE methyl GCMS ug/L
2540 0 Phenol by BNA LLE GCMS ug/
2545 B 2-Chlorophenol by Acid LLE methyl GCMS ug/L
2545 C 2-Chiorophenol by BNA LIE GCMS ug/L
2546 P 3-Chlorophenol by Acid LLE methyl GCMS ug/L
2546 C 3-Chlorophenol by BNA LIE GCMS ug/LI2547 B 4-Chlorophenol by Acid LIE methyl GCMS ug/L
2547 C 4-Chlorophenol by BNA LLE GCMS ug/L
2550 C N-Nitrosodipropylamine by Base neut. LIE GCMS ug/L
2550 0 N-Nitrosodipropylamine by BNA LLE GCMS ug/L

* ~.2555 C Nitrobenzene by Base neut. LLE GCMS ug/L
2555 D Nitrobenzene by BNA LLE GCMS ug/L
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TABLE B.2-3 (Continued)

PARAMETER CODES

Parameter Parameter
Code Flavor Description Units

2560 C Isophorone by Base ncut. LLE GCMS ugfL
2560 D Isophorone by BNA LLE GCMS ug/L
2565 B 4-Nitrophenol by Acid LLE methyl GCMS ug/L
2565 C 4-Nitrophenol by BNA LIE GCMS ug/L
2570 B 2-Nitrophenol by Acid LLE methyl GCMS ug/L
2570 C 2-Nitrophenol by BNA LIE GCMS ug/L
2575 B 2,4-Dimethyiphenol by Acid LIE methyl GCMS ug/L
2575 C 2,4-Dimethyiphenol by BNA LLE GCMS ug/L
2580 C 1,1'-(Methylenebis(oxy))-bis-2-chloroethane by

Base neut. LIE GCMS ug/L
2580 D 1,11-(Methylenebis(oxy))-bis-2-chloroethane by

BNA LLE GCMS ug/L
2585 B 2,4-Dichlorophenol by Acid LIE methyl GCMS ug/L
2585 C 2,4-Dichiorophenol by BNA LLE GCMS ug/L
2590 B 2-Chloro-3-methylphenol by Acid LIE Methyl GCMS ug/L
2590 C 2-Chloro-3-methylphenol by BNA LIE GCMS ug/L
2594 B 4-Chloro-3-methylphenol by Acid LIE methyl GCMS ug/L
2594 C 4-Chloro-3-methylphenol by BNA LIE GCMS ug/L
2595 B 2,4,6-Trichiorophenol by Acid LLE methyl GCMS ug/L
2595 C 2,4,6-Trichlorophenol by BNA LIE GCMS ug/L

- ~ 2596 B 2,4,5-Trichlorophenol by Acid LIE methyl GCMS ug/L
2596 C 2,4,5-Trichiorophenol by BNA LIE GCMS ug/L

*.2597 B 2,3,5-Trichlorophenol by Acid LIE methyl GCMS ug/L
2597 C 2,3,5-Trichlorophenol by BNA LIE GCMS ug/L
2598 B 2,3,6-Trichlorophenol by Acid LIE methyl GCMS ug/L
2598 C 2,3,6-Trichiorophenol by BNA LIE GCMS ug/L
260 B Dmtypthlt yBs eu.LEGMu/

2600 B Dimethylphthalate by BNa nEut LIEGCM ug/L
2600 C Dlethylphthalate by Ba LItLE GCMS ug/L
2601 B Diethylphthalate by BNane LLE GCMS ug/L
2601 D 2Dthylphalat by BAci LE CmetyS GM ug/L
2605 B 2,4-Dinitrophenol by BAi LLE Gmty GM ug/L
2605 C 2,-Dhl--initrophenol by NAd LLE meCMlSC ug/L
2612 B 2-Methyl-4,6-dlnitrophenol by BAi LE Gmty GM ug/L
2612 C 2-Methyl-4,6-dinitrophenoln by Bas netILE GCMS ug/L
2615 B 1-Methyl-2,6-Dinitrobenzene by BNa Leut LIEGCM ug/L
2615 C 1-Methyl-2,6-Dinitrobenzene by Bas Let.I E GCMS ug/L
2620 B 1-Methyl-2,4-dlnltrobenzene by BNa netLE GCMS ug/I
2620 C Fl-Meh yl- Basednut.ezn byE BNLE CM ug/L
2625 C Fluorene by BNa neut LIEGCM ug/L
2625 D Fluorene by BNCL GCMS ug/L
2625 E Florne peoxbnzn by CLSe netCMS G ug/L
2630 C 1-Chloro-4-phenoxybenzene by BNa netLE GCMS ug/I
2630 E 1-Chloro-4-phenoxybenzene by BNCL GCMS ug/L
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TABLE B.2-3 (Continued)

PARAMETER CODES

Parameter Parameter
Code Flavor Description Units

2631 C 1-Bromo-4-phenoxybenzene by Base neut. LLE GCMS ug/L
2631 D 1-Bromo-4-phenoxybenzene by BNA LLE GCMS ug/L
2631 E 1-Bromo-4-phenoxybenzene by CLS GCMS ug/L
2645 C 1,2-Diphenylhydrazine/Azobenzene by

Base neut. LLE GCMS ug/L
2645 D 1,2-Diphenylhydrazine/Azobenzene by BNA LLE GCMS ugiL
2645 E 1,2-Diphenylhydrazine/Azobenzene by CLS GCMS ug/L
2650 B Pentachiorophenol by Acid LLE methyl GCMS ug/L
2650 C Pentachiorophenol by BNA LLE GCMS ug/L
2655 C Phenanthrene by Base neut. LLE GCMS ug/L
2655 D Phenanthrene by BNA LLE GCMS ug/L
2655 E Phenanthrene by CLS GCMS ug IL
2660 C Anthracene by Base neut. LLE GCMS ug/L
2660 D Anthracene by BNA LLE GCMS ug/L
2660 E Anthracene by CLS GCMS ug/L
2665 B Di-n-Butylphthalate by Base neut. LLE GCMS ugIL
2665 C Di-n-Butylphthalate by BNA LLE GCMS ug/L
2670 B Benzidine by Base neut. LLE GCMS ugIL
2670 C Benzidine by BNA LLE GCMS ugIL
2675 B Benzylbutylphthalate by Base neut. LLE GCMS ugIL
2675 C Benzylbutylphthalate by BNA LLE GCMS ugIL
2680 B Bis(2-ethylhexyl)phthalate by Base neut. LLE GCMS ugIL
2680 D Bis(2-ethylhexyl)phthalate by BNA LLE GCMS ugIL
2681 B Diisobutylphthalate by Base neut. LLE GCMS ug/L
2681 C Diisobutylphthalate by BNA LLE GCMS ug/L
2682 B Dicyclohexylphthalate by Base neut. LLE GCMS ugIL
2682 C Dicyclohexylphthalate by BNA LLE GCMS ug/L
2683 B Diphenylphthalate by Base neut. LLE GCMS ug/L
2683 C Diphenylphthalate by BNA LLE GCMS ug/L
2685 B Chrysene by Base neut. LLE GCMS ug/L
2685 C Chrysene by BNA LLE GCMS ug IL
2690 B Benzo(a)anthracene by Base neut. LLE GOMS ug/L
2690 C Benzo(a)anthracene by BNA LLE GCMS ugIL
2695 B 3,3'-Dichlorobenzidine by Base neut. LLE GCMS ugIL
2695 C 3,3'-Dichlorobenzidine by BNA LLE GCMS ug/L
2700 B Dioctylphthalate by Base neut. LLE GCMS ugIL
2700 C Dioctylphthalate by BNA LLE GCMS ug/L

J2710 A Arochior 1016 by LLE ECD ug IL
2715 A Arochior 1221 by LLE ECD ugIL
2720 A Arochior 1232 by LLE ECD ug IL
2725 A Arochior 1242 by LLE ECO ug/L
2730 A Arochior 1248 by LLE ECD u g L

.. 2735 A Arochlor 1254 by LLE ECO ug/L
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TABLE B.2-3 (Continued)

PARAMETER CODES

Parameter Parameter
Code Flavor Description Units

2740 A Arochlor 1260 by LLE ECD ug/L
2750 C 2,4-D by LLE Methyl ECD ug/L
2755 C 2,4,5-T by LLE Methyl ECD ug/L
2760 C 2,4,5-TP by LLE Methyl ECO ug/L
2765 A 4,4'-DDE by LLE ECD ug/L
2770 A 4,4'-DDD by LLE ECD ,;q/L
2775 A 4,4'-DDT by LLE ECD ug/L
2780 A Endosulfan I by LLE ECD ug/L
2785 A Endosulfan II by LLE ECD ug/L
2790 A Endosulfan sulfate by LLE ECD ug/L
2795 B Dibenzo(a,h)anthracene by Base neut. LLE GCMS ug/L
2795 C Dibenzo(a,h)anthracene by BNA LLE GCMS ug/L
2800 A 1,2-Dibromoethane by purge & trap GCMS ug/L
2800 B 1,2-Dibromoethane by CLS GCMS ug/l
2800 C 1,2-Dibromoethane by CLS GCMS ug/L
2805 B Atrazine by Base neut. LLE GCMS ug/L
2805 C Atrazine by BNA LLE GCMS ug/L
2810 B Dioxin by Base neut. LLE GCMS ug/L
2810 C Dioxin by BNA LLE GCMS ug/L
2815 B Tricresolphosphate by Base neut. LLE GCMS ug/L
2815 C Tricresolphosphate by BNA LLE GCMS ug/L
3084 C N-Nitrosodiphenylamine by Base neut. LLE GCMS ug/L
3084 D N-Nitrosodiphenylamine by BNA LLE GCMS ug/L
3107 A Oichloroacetonitrile by pentane ECD ug/L
3108 A Bromochloroacetonitrile by pentane ECD ug/L
3109 A Dibromoacetonitrile by pentane ECD ug/L
8000 Chemicals (doses) 8000-8999
8200 Alum mg/L
8268 Hercofloc 1018 mg/L
8278 Betz 1160P mg/L
8280 Calgon 233 mg/L
8500 Chlorine mg/L
8550 Potassium permanganate mg/L
8700 Lime mg/L
8750 Caustic (Sodium Hydroxide) mg/L
8755 Ammonia mg/L
8800 Carbon Dioxide mg/L
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1 . Introduction and Recommendations

This report addresses the problem of parameter

estimation for probability density functions when the sampled

data has been sensored. In the present context, sensored

data represent water quality observations whose values lie

below the level of detection of an analytical procedure.

The next section proposes an interative algorithm

by which the parameters can be estimated, Section 3 presents
*.'..%

results when the algorithm was used to estimate the parameters

from a Normal probability density function. The results

indicate that the algorithm gives results whose errors are

*c equivalent to those expected if the parameters were being

estimated from the complete data set.

In summary, I recommend that this algorithm be

used by J.14. Montgomery Engineering in estimating the dis-

tribution parameters when sensored data is encountered.

Furthermore, I recommend that J.M. Montgomery Engineering

engineers carry out further statistical experiments to

evaluate the algorithms over a wider range of situations

than those covered in Section 3.

2. Iterative EM Algorithm

The EM algorithm is based upon the paper Dempster

et. al., "Maximum Likelihood from Incomplete Date Via the

_ _ B- 3-2
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EM algorithm", J. Royal Statistical Society, B, 39, No. 1,

pp. 1-22, 1977. The algorithm is iterative in nature and

consists of two steps. Step 1 is to calculate the expected

value of sufficient statistics for the sensored portion of

the data set while step 2 is a maximization of the parameter

estimates (as in maximum likelihood). Thus, EM comes from

expectation-maximization.

One starts out with some initial expected value of

the sensored data and uses this to maximize the likelihood

of the parameter estimate over the sensored and unsensored

data. The next step uses these parameter values to update

the expected value of the sensored data. The algoritL-n

iterates until convergence (usually 5 to 25 iterations de-

pending upon the fraction of sensored data and the sar.ple

size).

2.1 Algorithm for an iid Normal process

Assume a samDle size n where n1 data were unsen-

sored (x > D, D the detection level) and n2 data are san-

sored (x < D). You want to calculate the rean and standard

deviation for the underlying model.

Step 1: Calcilate the partial sample statistics for the
-' unsansored data (x > D)

mean x. x. > D
1

2 2variance E S1 -(li (xi  MI)

second noment E EIx Ix > DI S1 + M1

B-3-3
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Step 2: Expectation Step -

Step 2a: (for iteration 1) Initialize the first two moments

of the sensored data. This can be done either

by just setting them to reasonable values or by

getting a fairly good estimate as set out in

section 2.2.

The initial estimate F(x = D) = n2 /n,(F(x = D) being

the cumulative distribution function evaluated at

x = D: - f(x)dx.

Go to Step 3.

Step 2b: (for iteration 2 onwards) Calculate the statistics

E[xjx < D] and Ex 2ix < D] using the mean, m, and

2
variance, S , from Step 3 of the previous iteration.

The equations for these are given in the Appendix.

Step 3: Maximizing Step

The population statistics (in our example the mean

and variance) are estimated using

mean Z M = M2 • F(x = D) + M {i - F(x = D)}

variance S S2 = EN 2 x < D] F = D) + EJ 2x x > D]

{l - F(x = D)} - M2

Steps 2b and 3 are repeated until the estimates converge.

Limited experience indicates that if F(x = D) = .05 that

five iterations should be sufficient. For the test results

of section 3, F(x = D) = .15 and 20 iterations were more

than sufficient.
B-3-4
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2.2 Initializing M2 andS 2

2One could initialize M2 and EIx ix < D] by assuming

that the pdf below the level of detection follows the exponen-

tial distribution

i.e. f(xlx < D) = aea(x- D) for x < D

Then the 1st moment is D - 1 (1)a

2nd moment is D2  2D + '2 (2)aa
and the variance is 1/a2

To evaluate the 1st and 2nd moments, we must estimate a

(see Figure 1). One simple way is to set all x < D at some

) arbitrary value between D and 0 and calculate the whole

sample mean and variance. Use this to estimate:

a= 1 1 ,[(1 2 (3)

Use (1) and (2) with (3) for the initial estimates of

EIxlx < D] and E[x2lx < D] for the EM algorithm

3. Test Results

The EM algorithm was tested by generating a random

sample of 500 distributed N(0,1) using an IMSL library

subroutine (GGNML).

In analyzing the algorithm's performance, one

. must consider the uncertainty in the sample statistics

0-3-5



that can arise within the sample. Tables 1 through 4 report

upon these sample statistics for 20 repititions of the

random sample of 500.

The EM algorithm, to work well, should estimate

well the following three statistics: Elxlx < D], E[x [x < D]

and F(x = D) where x is the random variable and D the deten-

tion limit.

For a N(0,1) distribution, the exact values when

D =-1.00 of these three statistics are:

EIxjx < D] =-1.525

Ex 2Ix < D] 2.525

FIx = D] = .1587

The other statistic of importance, in so much that its un-
V..

certainty affects the results, is the expected value of the

concentrations that are greater than the level of detec-

tion (Efxlx > D]). Its value for a N(0,1) process is .2876.

Table 1 gives the results for Ejxjx < D) and

Ejxjx > D]. Columns 1 and 2 present the estimates when cal-

culated from the sample mean and standard deviation based

upon the full 500 samples. In columns 3 and 4, the sarxe

statistics are estimated using partial samples: that part

less than D for column 3 and that part of the sample

*4.4 greater than D for column 4. Finally the result from the
V..

E4 algorithm is given in column 5. Summary statistics

B-3-6
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Table 1

E[xlx < D] E[xlx> D] E[xlx < D] E[xlx> D] E[xjx < D]

Calculated us- calculated us- estimated from estimated from calculated using
ing the sample ing the sampli the partial the partial the EM algorithm
mean and std. mean and std. sample sample
dev. dev.

1. 2. 3. 4. 5.

-1. 518 0.276 -1.522 0.274 -1.515
-1.55 1 0. 328 -1. 574 0.324 -1.559
-1.545 0.303 -1.514 0.296 -1.553

- 1.53 3 0.303 -1.504 0.303 -1.559
-1. 511 0.302 -1.469 0.328 -1.506
-1.510 0.263 -1.511 3. 259 -1. 506
-1. 473 0.233 -1 .500 0.234 -1.470
-1.4j3 3.227 -1. 420 0.241 -1.476
-1.5J5 0.270 -1.522 3. 252 -1. 517
-1. 4E3 0. 253 -1.496 0.275 -1.511
-1.5.32 3.307 - 1. 530 3.268 - 1. 554
-1. 4:8 0.3j0j -1 .517 0.299 -1. 514
-1. 1,39 0.311 -1.43 0.278 -1.5o1
-1.5)3 0.325 -1.512 . 318 -1. 541
-1.4 I7 0.305 -1.494 0.313 -1.512
-1.490 0.293 -1. 49 0.288 -1.537
-1.487 0.325 -1 .520 3.311 -1.535
-1. U74 0.268 -1.455 0.258 -1.500
-1.509 0.242 -1.454 0.225 -1.528
-1.537 0.202 -1.513 3.2)7 - 1. 485

VARI ABLE MEAN STD. DEV.
1 -1.5049 0.0227
2 0.2841 0.0351
3 -1.4963 0.0371
4 0.2776 0. 0345
5 -1.5220 0.0278

q
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over the 20 repititions are also given and show that a-n

average, the EM algorithm's estimate is closest to the

true value.

Table 2 presents the results for the second moment

statistics. Column 1 is the calculated value using the

mean and standard deviation based upon the whole sample.

Column 2, Efx21x < D] is estimated from the partial sa-ple

where x < D and column 3 gives the EM algorithm result.

The EM algorithm, on average, out performs the partial

sample result.

Table 3 presents the results for the value of

the cumulative at the detection level. Again, the va>ue

estimated by the EM algorithm out performs the estimazes

based on either the whole sample statistics or the partial

sample.

Finally Table 4 presents the results for the dis-

tribution mean and standard deviation. Columns 1 and 2

give the complete sample estimates while columns 3 and 4

are the estimates using the EM algorithm. As shown in the

summary for the 20 repititions, the EM algorithm, on

average, estimated the true mean and standard deviation

(0,1) better than the whole sample estimates.

The test results support the usefulness of the EM

algorithm when sensored data are present. In fact, its

performance is rather impressive.
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Table 2

calculated using calculated using calculated using
the sample mean the partial sample the EM algorithm
and std. dev.

E[x 2 Ix < D] Ejx2 x < D Ex 2 Ix < D]

1. 2. 3.

2.478 2.506 2.471
2.687 2.680 2.C76
2.589 2.550 2. 566
2.607 2.428 2.593
2.572 2. 346 2.662
2 2.428 2.494 2.412
2.326 2.431 2 .30
2.267 2. 168 2.337
2.453 2.545 2.386
2.491 2.376 2.471
2 .584 2. 568 2.454
2.557 2.471 2 .563
2.588 2265 2.492
2 .648 2.442 2.647

-2.577 2.4 14 2.611
2 .54d 2. 234 2.531
2.637 2.454 2.5 19
2.431 2. 331 2.407
2.349 2.297 2. 276
2.184 2.520 2.212

VA.1IAbLt. F, EAN STD. DEV.
1 2.5010 0.1333
2 2.4242 0.1271
3 2.4848 0.1354

..%

.B- 3 o.

**;K.** .-..... ~~~* -39 .......................................................



Table 3

calculated using calculated using calculated using
the sample mean the partial the EM algorithm
and std. dev. sample

FIx-D] FIx'D] FIx-D]

1. 2. 3.

0.1572 O.1563 0. 1568
0. 1635 0.1600 0.1685
0. 1660 0. 1660 0. 1716
0.1581 0.1580 0.1732
0. 1482 0. 1640 0.1406
0. 1560 0.1540 0. 1546

0.1409 0.1360 0.1401
0. 1491 0. 1620 0.1420
0. 1518 0.1420 0. 1619
0. 1374 0.1320 0.1540
U. 1425 0. 1220 0.1782
0.1418 0.1400 0. 1503
0. 1349 0.1220 0.1797
0. 1397 0. 1360 0. 1b05
0.1404 0.1440 0. 1463
0. 1378 0. 1360 0.1649
0.1310 0. 1220 0. 1587
0. 1354 0.1320 0.1514
U. 1598 0. 1560 0. 1748
0.1854 0.1900 0. 1547

VkFIABLB MEANI STD. DiV.
1 0.1488 0.3135
2 0.1465 0.0173
3 0.1591 0.0123

B31

.u'
l

,.°,4

B- 3-1i0
",-. -",, - - . -- -.-- - - - -'- -C' - - -- -"- . • , . - ° -* " - -:



,.-

Table 4

Calculated mean Calculated std. Calculated mean Calculated std.
using the comp- dev. using the using the EM dev. using the
lete sample complete sample algorithm EM algorithm

1. 2. 3. 4.

-0.0062 0.9879 -0.0067 0.9857
0.0204 1.0412 0.00b9 1 .0486

-0.0041 1.0267 -0.3239 1.0329
U.0173 1.0151 -0.01 9E 1.0412
0. 0332 0. 9594 0. 0700 0.9929

-0.0135 0.9753 -0.0139 3.9698
-0.0023 0. 9269 -0.0050 0.9213
-0.0277 0.9345 -3.0J24 0. 9311
0.0005 0.9727 -0.0339 0.9790
0. 0408 0.9529 -0.0004 0.9804
0: 0.4 8 0.9811 -3.0554 1.3233
0 .0L LU 0. 9745 0.0266 0.9917
0.0676 0.9677 -0. 0527 1.0338
0.0693 0. '885 0.0197 1.0275
0. C 524 0. 9757 0.0457 0.9936
0.0521 0.9b52 -0.3 127 1. 0133
0. 0871 0.9700 0.018 5 1.0185
0.0322 0.9372 -0. 0077 0.9628

-0. 0374 0.971 -0.0819 0.98 16
-0. 1235 0. 9827 -O.0546 0.9301

VAEIABLE MLA14 SrD. D.V.
1 0.0178 0.0471
2 0.97U6 0.0285
3 -0.0091 0.0262
4 0. 9929 0.0376
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Appendix A.

Derivation of the 1st and 2nd Moments.

of x Conditional Upon x < D

1st Moment

Given a probability density function, f(x) and

a level of detection D, the expected value of xix < D is

Elxjx < D] = x f(x)dx (Al)
F D IC

where FD is the cummulative distribution function evaluated

..1 ~.at x = D. That is

FD = J f(x)dx (A2)
-00 "W,

Assuming f(x) is a Normal probability density function,

(Al) can be written as

_ -___ep-(XU2]ds,

E[xlx < D] =D exp[-..
FD J /-7 'A rJJ/)(A3)

where u is the mean and S is the standard deviation.

Equation (A3) can be integrated using the following

change in variables; let T - x then dT = dx//I*S and

and x = /V7 ST + u. Substituting this into (1) results in
D-u

S/2
Ejxjx < D 1 u exp(- T2) dT

* D
(A4)

B-3-12



L . : . . * -.-.. '.----
- 

. . .. - ... . o.... . . . . . -*

which can now be divided into two integrals. The first

part is

D-u

w.As T exp(- T2 ) dT - exp D-u 2

F rT OF /217 V7 S
D jV7D

(A5)

The second part is

D-u

u exp(- T2 )dT - [erf D-U + 1]F /Tr 2F D VY S

(A6)

The evaluation of the second part utilizes the error f -nc-

tion which is defined as

2 Jexp(- T2 ) dT = erf(T)

and

terf(-o = -1q(--)

FD can be evaluated in a similar manner as:

_ 1 i F(D-u)
FD 1 erfc [-u) (A7)

where erfc(.) is the complimentary error function. Cc.-Jbining

(A5), (A6) and (A7) results in

iB
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u [rfD- +1] -Lexp -u 2
E Ix Ix < D ] S "S.)./.

~~ .~ rf c (Du]
(AB)

2nd Moment

The 2nd moment is defined as

E-x Dx D] x2 f(x)dx (A9)

which for the Normal distribution, and using the change in

variables presented above, results in (A9) being written as
" 'D-U

Ex 2 x < D] /2 S . (2S T + 2/7 SuT + u 2)

(Ao)

Equation (AlO) can be represented by the sum of three

integrals of which the first is

D-u

2 S T2 exp(- T2)dT (All)

the second one is

D-u

S u 2 S T e x p ( - T ) d T = / u e x p ( D u 2FD F /2 S)

(A12)

P31
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. utilizing equation (A5) and the third one is

D-u

2 (/2- S 2
FU _. exp(- T2)dT -  [erf (1-U) +

(A3)

utilizing equation (A6)

Equation (All) must be integrated by parts. Ignoring the

constant 2S 2/FD /-n for the moment, let

du =-2T exp(- T2)dT u =-ex(T2).

*T dT
2 2

Then equation (All) can be rewritten as uv - udv, which is

D-u D-u

ST 2 /2S 1 V7 S 2T exp(- T) + exp(- T )dT

(Al 4)

The integral is 2- erf(T). Evaluating at the integral

limits and including the constant 2S IFD rw gives the result

D2 (D-u exp [(Du)2] + 4 2 [erf (D-u + 1]

(A15)

Combining (A12), (A13) and (A15), and using (A7) for FD

gives our desired result

B14-
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2 ~2 r I-\ F/S s2  2
Ierf + - 11-I

Elx2 I < D] TiS) JL l A2 /SJLVs.-

(A.. 6)

The variance of xjx < D, v(xlx < D) can be easily calculated

from

vjxjx < D] = EIx 21x D] - E 2lxx < DI (A17)

Equations (AB), (A16) and (A17) were used in the EM algorithm.

4
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APPENDIX C

DYNAMIC ESTUARY MODEL DESCRIPTION

INTRODUCTION

This appendix provides a more detailed discussion of the U.S. Environmental
Protection Agency's (EPA) Dynamic Estuary Model (DEM) than that presented
in Chapter 6, Section 1. The DEM was used in this study to predict levels of
conservative water quality parameters in the Potomac River estuary under
future low-flow conditions. The initial and boundary conditions used in this
study, and described in the following sections, focus on the modeling of total
dissolved solids (TDS). The application of DEM results for TDS in predicting
levels of other water quality parameters is discussed in Chapter 6, Section 1.

Following a general description of the types of models available for investiga-
tions of hydraulics behavior and water quality of estuaries, this appendix
describes the development of the EPA DEM, and the application of the DEM to

*-. estuary studies in the mid-Atlantic states.

TYPES OF MODELS

The two general types of models used for investigations of the hydraulics and
water quality of estuaries are physical models and numerical models. Physical
models are constructed based upon scaled relationships of forces governing
behavior of the estuary between the model system and the prototype, or full-
scale, system. These relationships are expressed in terms of dimensionless
groups (e.g., Froude Number, Reynolds Number). In addition, the ratio of
horizontal to vertical distances in the model system is often exagerated in
order to maintain turbulent flow. Once constructed, physical estuary models
undergo a painstaking process of calibration, where brass strips in the bottom of
channels are individually adjusted (i.e., bent and/or twisted) so that model
observations match those of the prototype.

The second type of model is a numerical model. These types of models were
developed following the development of digital computers. This led to the cost-
effective use of numerical methods for solving equations which describe the
system. These equations describe the natural processes and governing forces
controlling fluid flow, mass transport, and chemical and biological transforma-
tions of water quality parameters. Similar to physical models, numerical
models are calibrated after construction by adjusting parameters in the
governing equations. Numerical models can be used not only to predict
hydrodynamic behavior and levels of conservative water quality parameters, but
to predict levels of non-conservative parameters as well.

C-0%~C-O-l



Dynamic Estuary Model Description

DEVELOPMENT OF THE DYNAMIC ESTUARY MODEL

The Dynamic Estuary Model is a numerical estuary model developed by Water
Resources Engineers (Walnut Creek, California) for the U.S. Public Health
Service, Division of Water Supply and Pollution Control in the mid-1960's. The
DEM was then used by the U.S. Environmental Protection Agency (EPA)
following that agency's formation in 1969. The DEM was first used for water
quality studies in the San Francisco Bay and the Sacramento-San Juaquin Delta
areas. The DEM was the first estuarine model to incorporate a "real time"
solution of the hydrodynamic behavior of estuaries with tidal influences. The
DEM consists of two components which can be run independently. The
hydrodynamic component is used to predict the movement of fluid in the
estuary. The water quality component is used to predict mass transport and
biological and/or chemical transformations of water quality parameters. The
water quality component requires, as part of its input, the fluid flows in the
estuary as predicted by the hydrodynamic component. However, this data may
be input from magnetic tape generated from a previous run of the hydrologic
component (EPA, 1979).

APPLICATIONS OF THE DYNAMIC ESTUARY MODEL

IN THE MID-ATLANTIC AREA

-.. POTOMAC RIVER ESTUARY

v. The DEM was extensively tested and modified by the EPA during several
studies of water quality in the Potomac River Estuary. The goals of these
studies were to refine the handling of nutrient cycles and to incorporate algal
effects into the dissolved oxygen budget.

A recent summary of the performance of the DEM by Ambrose and Roesch
(1982) indicated that the DEM performed very well in predicting hydrodynamics
and mass transport in the Potomac estuary. Their stdy evaluated the
predictive ability of the model based on accuracy and systematic errors (i.e,
comparison of average, relative error, slope and intercept of linear regression
parameters between model predictions and observed values) as well as precision
(i.e., comparison of standard error of estimate, coefficient of variation,
correlation coefficient between model predictions and observed values). Their
study looked at model predictions and observed Potomac estuary data in the
following three areas:

0 Hydrodynamics (e.g., tidal parameters)
0 Mass Transport and Circulation (e.g., dye tests and salinity levels)
0 Non-conservative water quality parameters (e.g. dissolved oxygen,

ammonia nitrogen, nitrate nitrogen, total phosphate, and
chlorophyll)

For the hydrodynamic parameters, the correlation coefficient between DEM
predictions and observed estuary data, ranged between 0.98 and 1.00. This
indicated good precision. For mass transport parameters, the correlation
coefficient between DEM predictions and observed estuary data ranged between

C-0-2
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Dynamic Estuary Model Description

* 0 0.84 and 1.00. Their conclusion was that the DEM was basically reliable when
S"-operated within the range of conditions for which it was calibrated and tested,

and that the DEM captured overall trends nicely.

OTHER ESTUARIES

The DEM has been applied in water quality studies for both the Chesapeake Bay
and the Delaware River Estuary (Ambrose and Roesch, 1982). The DEM was
used in a water quality study of the upper Chesapeake Bay to determine
allowable nutrient loadings from the Susquehanna River Basin in the Baltimore
Metropolitan Area. The DEM was also used in water quality studies for the
Delaware River Estuary similar to those described above for the Potomac River
Estuary.

REPRESENTATION OF POTOMAC RIVER ESTUARY GEOMETRY

CHARACTERISTICS OF "LINK-NODE" NETWORK

The DEM is a one-dimensional numerical model. That is, concentration

variations are allowed only along the channel, or in the x-direction. The
concentrations of water quality parameters are assumed to be homogeneous
across the channel, or the y-direction, and throughout the water column, or the
z-direction. In order to handle the geometry of estuaries using this one-
dimensional representation, the "link-node" system was developed. This allows
the DEM to represent wide or narrow channels as well as embayments in a
particular estuary. Figures C.0-1 through C.0-6 illustrate the link-node net-
work developed to describe the geometry of the Potomac River Estuary.

PARAMETERS DESCRIBING "LINK" CHARACTERISTICS

In the DEM, the "links" are treated as open channels for the transport of water
.V and chemical mass between adjacent nodes. The following parameters are used

in the model to describe the characteristics of links (EPA, 1979):

* Length - the maximum length of a given link is governed by stability
criteria which depend on the celerity (or speed) of a wave and the
time step used.

* Width
* Cross Sectional Area - this parameter will vary with tidal stage.
0 Manning Roughness - this parameter is used to "fine tune" the model

for predicting the hydrodynamic behavior of the estuary.
* Water Velocity - this parameter will vary with tidal stage.
* Hydraulic Radius - this parameter will vary with tidal stage.

PARAMETERS DESCRIBING "NODE" CHARACTERISTICS

In the DEM, the nodes are equivalent to fluid reservoirs. Nodes may be joined

by one or more links. The following parameters are used to describe the
characteristics of nodes (EPA, 1979):

0.,- %

1%C-0-3
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Dynamic Estuary Model Description

& Surface Area
* Volume
0 Head (or water elevation above a specified datum)
0 Accretion/Depletion of Water and/or Mass

HYDROLOGIC COMPONENT

GOVERNING EQUATIONS AND ASSUMPTIONS

The hydraulic component of DEM incorporates two governing differential
equations describing the propagation of a long wave through a shallow water

system (i.e., ebb and flow of the tide in estuaries). The equation of motion is
used to describe the conservation of momentum, and the equation of continuity
is used to describe the conservation of mass. This approach used in the DEM
for solving for fluid motion in an estuary is based upon the following
assumptions (EPA, 1979):

0 The flow is one dimensional.
0 Acceleration perpendicular to the x-axis is negligible.
* Coriolis and wind forces are negligible.
* Channels are rectangular with a uniform cross-sectional area and

negligible slope.
* The tidal conditions (i.e. period and amplitude) at the seaward

boundary are known.
* Wave length is greater than or equal to two times the channel depth.

NUMERICAL SOLUTION TECHNIQUE

The solution of the two governing differential equations described above is
based on a finite difference approximation. The hydraulic component of the
DEM uses a modified Runge-Kutta technique for numerical integration (EPA,
1979; Kreysig, 1979).

INITIAL AND BOUNDARY CONDITIONS

The DEM was obtained from the EPA and was modified to handle an estuary
water treatment plant as described below. The model was calibrated for the
Potomac River estuary by the EPA.

The rationale for selection of the initial and boundary conditions used in this
study was described in Chapter 6, Section 1. Table C.0-1 lists the fresh water
inflows (i.e., boundary conditions) from the Potomac River into the head of the
estuary during the period modeled in this study. The fresh water inflow from
the Anacostia River was held constant at Z0 cfs (13 MGD) throughout the period
modeled in this study.

Although two alternative locations for the proposed full-scale estuary water
treatment plant were investigated using the DEM, the withdrawal of estuary
water in both cases was 200 MGD. As described in Chapter 6, Section 1, the
water withdrawn from the Potomac River and Potomac River Estuary for

C-0-4
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Dynamic Estuary Model Description

TABLE C.0-2

DISTRIBUTION OF TOTAL WASTEWATER FLOW AMONG MWA p
WASTEWATER TREATMENT PLANTS

Fraction of Total MWA
Wastewater Treatment Plant I  Wastewater Flow

Arlington 0.058

Blue Plains 0.759

Alexandria 0.054

Westgate 2  0.032

Piscataway 0.038

* Little Hunting Creek 0.010

Dogue Creek2  0.007

Lower Potomac 0.042

Total 1.000

From: GKY (1979).

1. Listed in downstream order, with most upstream plant listed first.
2. These plants are no longer discharging to the estuary; conditions assumed

for the modeling efforts were as shown in this table, however.

C-0-7
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Dynamic Estuary Model Description

drinking water in the Metropolitan Washington Area was withheld for four days
prior to discharge into the estuary through the eight MWA wastewater
treatment plants. Table C.0-2 lists the capacities of these eight wastewater
treatment plants as a fraction of total MWA treatment capacity based on
current conditions (MPI, 1979). These fractional capacities were used in this
study to determine the magnitudes of wastewater flows illustrated schemat-
ically in Figure 6.1-2. It should be noted that two of the smaller wastewater
treatment plants assumed for the modeling no longer discharge to the estuary.
The effect on modeling results should be negligible, however, due to the small
fraction of flow involved.

WATER QUALITY COMPONENT

GOVERNING EQUATIONS AND ASSUMPTIONS

The water quality component of the DEM incorporates differential equations
describing the following natural processes which affect concentrations of water
quality parameters in estuarine systems (EPA, 1979):

0 Advection
* Turbulent Diffusion
0 Zero Order Decay
* First Order Decay
* Second Order Decay
* Biological/Chemical Transformations
* Import/Export of Mass into/out of the System

In addition to the above natural processes, the numerical solution of the
4 advection equation introduces, an additional source of dispersion. This is one

drawback of link-node models (Fischer, et al, 1979). The DEM incorporates
procedures to minimize this potential source of error, however.

NUMERICAL SOLUTION TECHNIQUE

The DEM incorporates an explicit finite difference approximation of the
differential equations describing the processes listed above. These equations
are numerically integrated using a modified Runge-Kutta technique (EPA, 1979;
Kreyszig, 1979).

INITIAL AND BOUNDARY CONDITIONS

In this study, only the mass transfer of total dissolved solids (TDS) was studied.
Because TDS could be treated as a conservative parameter (i.e., it undergoes no
decay) the only natural processes considered in this study were advection,
turbulent diffusion, and import/export of mass into or out of the system. As
discussed above, the mass transport parameters of the DEM were calibrated by
the EPA.

C-0-8
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Dynamic Estuary Model Description

O.?

To determine the initial conditions for TDS concentrations throughout theW. : "--estuary, the DEM was run for a thirty day period to establish steady state

concentrations before drought water quality modeling began.

The following conditions were used to describe the boundary conditions for TDS
concentrations used in this study. TDS levels in the fresh water inflow to the
estuary from the Potomac River and Anacostia Rivers were assumed as listed in
Table 6.1-3. The TDS levels in the seaward boundary were 30,000 mg/L. Water
withdrawn from the Potomac estuary was withheld for four days prior to
discharge into the estuary througn the eight MWA wastewater treatment plants,
as described above. The concentration of TDS was increased throughout the
municipal use cycle (i.e., water treatment, municipal and industrial use,
wastewater collection, and wastewater treatment) by an amount called the "use
movement." The use movement for TDS, and other water quality parameters, is
listed in Table 6.1-3.
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Dynamic Estuary Model Description
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APPENDIX D

PLANT DESIGN CITERIA

WATER TREATMENT FACILITIES

DESCRIPTION

4 Plant Capacity
Design Flow Rate

Normal Operating Capacity 1900 m 3 /d (0.5 MGD)
Maximum Capacity 3800 m 3 /d (1.0 MGD)

Intake Facilities
Estuary Supply

Intake Screen
Overall Dimensions 0.6 m by 0.9 m (2 ft by 3 ft)
Bar Screen Opening 0.61 m by 0.10 m (24 in by 4 in)
Fine Screen Opening 25 mm by 25 mm (1 in by 1 in)

Intake Pipeline
Diameter 0.25 m (10 in)

Intake Pumps
Type Non-clog centrifugal

NNumber Two
Flow 22 1/s (350 gpm)
TDH 20.4 m (67 ft)
Motor Power 11 kw (15 hp)

Discharge Pipeline
Diameter 0.2 m (8 in)

Blue Plains Supply
Intake Pumps
Tvpe Non-clog centrifugal
Number Four
Flow 22 1/s (350 gpm)
TDH 26 m (85 ft)
Motor Power 11 kw (15 hp)

Discharge Pipeline
Diameter 0.2 m (8 in)

Microscreens
Number Two
Screen

Type Preassembled panels
Material Polyester cloth
Size 3.5 x 10-2 mm (1.4 x 10-4 in)
Head Loss (maximum) 0.15 m (6 in)

D-0-1
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Plant Design Criteria

DESCRIPTION

Drum (each)
Diameter 1.6 m (5.21 ft)
Length 1.3 m (4.38 ft)
Drum Area 6.7 m 2 (71.7 ft 2 )
Hydraulic Loading Rate 2.5 l/mZ-s (3.7 gpm/ftZ)a
Submergence

Height (minimum) 74 percent
Area 66 percent

Speed
Minimum 0.025 m/s (5 fpm)
Maximum 0.76Z m/s (150 fpm)

Motor Power 1.1 kw (1.5 hp)
Backwash

Rate 1.7 I/s (28 grm)

Presure (at nozzle) 207 kPa (30 psi)
Number of Nozzles Eighteen
Pump Motor Power 2.2 kw (3 hp)
Pump Type Centrifugal

Disinfection Ultraviolet light

Blend Tank
First Compartment

Dimensions 2.1 m by 2.7 m (7 ft by 9 ft)
Side Water Depth 1.5 m (4.8 ft)
Volume 8.6 m 3 (302 ft 3 )

Mean Detention Time 6.5 min
Blend Mixer

Type Pitched blade, vertical turbine
Impeller Diameter 1.0 m (40 in)
Impeller Speed

Low Speed 28 rpm
* High Speed 56 rpm

Motor Power
Low Speed 0.56 kw (0.75 hp)
High Speed 2.2 kw (3 hp)

Mixing Energy, Gb
Low Speed 100 sec- I

High Speed 400 sec- 1

Second Compartment
Dimensions 1.5 m by 2.1 m (5 ft by 7 ft)
Side Water Depth 1.5 m (4.8 ft)
Volume 4.8 m 3 (168 ft 3 )

Detention Time 3.6 miran
Horizontal Velocity 0.014 m/s (Z.8 fpm)

Total
Volume 13.3 m3 (470 ft 3 )

Detention Time 10.1 min

a All hydraulic loading rates and detention times given are calculated for the
normal plant capacity of 1900 m 3 /d (0.5 MGD).

b All mixing energies are approximate.

D-0-Z



Plant Design Criteria

• ~ -DESCRIPTION

Aeration Tank
Dimensions 4.3 m by 4.6 m (14.25 ft by 15 ft)
Side Water Depth 1.5 m (4.80 ft)
Volume 28.9 m 3 (1020 ft 3 )

Mean Detention Time 22.2 min
Surface Aerator

Type Pitched blade, vertical turbine
Impeller Diameter 0.84 m (33 in)
Impeller Speed 68 rpm
Motor Power 1.5 kw (2 hp)
Mixing Energy, G 180 sec-1

Rapid Mix Tanks
Number Two
Dimensions (each) 0.6 m by 0.6 m (2 ft by 2 ft)

Side Water Depth 0.93 m (3.05 ft)
Volume

Each 1.39 m3 (49 ft 3 )
Total Z.78 m3 (98 ft 3 )

Mean Detention time
Each 1.07 min
Total 2.14 min

Rapid Mixers
Number

Each Tank One
Total Two

Type Vertical propeller
Impeller Diameter 0.25 m (10 in)
Impeller Speed 430 rpm
Mixing Energy, G 400 sec - I

Flocculators
Number of Stages Two
Dimensions (each) 2.0 m by 5.5 m (6.67 ft by 18 ft)
Side Water Depth 2.4 m (7.8 ft)
Volume

Each 26.6 m3 (940 ft 3 )

Total 51.0 m3 (1800 ft 3 )

Detention Time
Each 20.2 min
Total 40.4 min

Flocculation Mixers
Number

Each Tank Two
Total Four

D-0-3



Plant Design Criteria

DESCRIPTION

Type Pitched blade, vertical turbine

Impeller Diameter 0.66 m (26 in)
Impeller Speed

Control Variable
RangeLow Speed 33 rpm

High Speed 100 rpm
Motor Power 1.5 kw (2 hp)

Mixing Energy, G
Range

Low Speed 10 sec- 1

High Speed 200 sec - 1

Sedimentation Basin
Dimensions 5.5 m by 18 m (18 ft by 59.5 ft)
Average Side Water Depth 3.5 m (11.6 ft)
Volume 351 m 3 (12,400 ft 2 )

3.5 x 105 1 (92,800 gal)
Detention Time 4.5 hr
Horizontal Velocity 1.1 x 10- 3 m/s (0.22 fpm)
Overflow Rate 19 m3 /mZ-d (470 gpd/ft2 )
Weir Length 24 m (80 ft)
Weir Overflow Rate 78 m 3 /m-d (6,250 gpd/ft)
Sludge Collector

Type Longitudinal conveyor
Sludge Pumps

Number Two
Type Progressive cavity

Pump Speed 310 rpm
Flow 3.2 1/s (50 gpm)
Discharge Pressure 690 kPa (100 psig)
Motor Power 7.5 kw (10 bp)

Recarbonation Tank
First Compartment

Dimensions 1.4 m by 1.8 m (4.5 ft by 6 ft)
Side Water Depth 3.7 m (12.2 ft)
Volume 9.3 m 3 (330 ft 3 )
Detention Time 7.2 min

Second Compartment
Dimensions 1.8 m by 3.2 m (6 ft by 10.5 ft)
Side Water Depth 3.7 m (12.2 ft)
Volume 22 m 3 (770 ft3 )
Detention Time 16.6 min

Total
Volume 31 m 3 ill00 ft 3 )
Detention Time 23.8 min

D-0-4



Plant Design Criteria

-4 "DESCRIPTION

Predisinfection Tank
% Configuration Vertical Serpentine

Dimensions 1.4 in by Z.7 m (4.5 ft by 9 ft)
Depth 3.7 m (12 ft)
Volume 14 m 3 (490 ft 3 )

Detention Time 10.6 min

Gravity Filters
Number Two
Dimensions (each) 1.8 m by 3.0 m (6 ft by 10 ft)
Filter Media Area

Each 5.6 m 2 (60 ft 2 )
Total l.2 m 2 (120 ft z )

Both Filters On-Line
Filtration Rate 2.0 1/mnZ-s (2.9 gpm/ftz)
Flow Rate (each) 1.1 x 10-2 m 3 /s (174 gpm)

One Filter On-Line
Filtration Rate 0.24 m 3/m Z-d (5.8 gpm/ft 2 )
Flow Rate 22 I/s (347 gpm)

Media
Anthracite

Depth 0.51 m (Z0 in)
Effective Size 1.0 to 1.4 mm

(3.9 x 10-2 to 5.5 x 10-2 in)

Specific Gravity 1.5 to 1.6
Uniformity Coefficient 1.4

Sand
Depth 0.25 m (10 in)
Effective Size 0.4 to 0.6 mm

(1.6 x 10-2 to 2.4 x 10-Z in)
Specific Gravity 2.6 to 2.7
Uniformity Coefficient 1.35

Gravel
Depth 0.31 m (12 in)

Backwash
Underdrain system

Type Precast concrete
Backwash Rate (Maximum) 14 I/m 2 -s (20 gpm/ft 2 )
Backwash Pumps

Type Vertical turbine
Number Two

Flow 76 I/s (1200 gpm)
TDH 8.5 m (28 ft)
Motor Power 11 kw (15 hp)

Surface Wash
Agitator System

Type Rotary straight-line
Number (each filter) Two

D-0-5



Plant Design Criteria

DESCRIPTION :'"

Surface Wash Pumps
Type Vertical turbine
Number Two
Flow 3.8 I/s (60 gpm)
TDH 48 m (159 ft)
Motor Power 3.7 kw (5 hp)

Filtered Water Clearwell
Dimensions 6 m by 10 m (20 ft by 32.5 ft)
Side Water Depth 3.7 m (12 ft)
Volume 221 m 3 (7800 ft 3 )

Carbon Column Feed Pumps
Type Vertical turbine
Number Two
Flow ZZ I/s (350 gpm)
TDH 66 m (218 ft)
Motor Power 30 kw (40 hp)

Downflow GAC Columns
Number Three
Diameter 2 m (7 ft)
Total Height 5.1 m (16.75 ft)
Carbon Column Bed

Depth 2.7 m (9 ft)
Area 3.6 m z (38.5 ftZ)
Volume 10 m3 (350 ft 3 )

*Series Operation
Hydraulic Loading 6.1 I/m-s (9.0 gpm/ftz)

Empty Bed Contact Time 7.5 win/column
Backwash

Underdrain System
type Precast lazed tiles
Backwash Rate (maximum) 14.1 l/m-s (20.8 gpm/ft2 )

* .Surface Wash
, Agitator System

Type Rotary straight-line
Number (each column) One
Surface Wash Rate 0.75 1/mZ-s (1.1 gpm/ft2 )

Carbon Backwash Pump
Type Vertical turbine
Flow 50 I/s (800 gpm)
TDH 24 m (80 ft)
Motor Power 19 kw (Z5 hp)

Carbon Column Clearwell
Dimensions 4 by 7.6 m (13.2 by 25 ft)
Side Water Depth 3.5 m (11.5 ft)
Volume 107 m3 (3790 ft 3 )

D-o-6
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~Plant Design Criteria

-4A DESCRIPTION

Disinfection Feed Pumps
Type Vertical turbine
Number Two
Flow ZZ 1/s (348 gpm)
TDH 8.2 m (27 ft)
Motor Power 3.7 kw (5 hp)

Chlorine Contact Tank
Type Two stage
Configuration Horizontal serpentine
Dimensions

Overall 3.7 by 6.1 m (12 by 20 ft)
Each Stage 1.7 by 6.1 m (5.6 by 20 ft)

Side Water Depth 3.5 m (11.5 ft)
Volume

Each Stage 36 m3 (1280 ft 3 )
Total 72.5 m3 (2560 ft 3 )

Contact Time
Each Stage Z7.7 min
Total 55.3 min

Ozone Contact Tank
Type Two stage
Configuration Vertical serpentine
No. Passes Per Stage Four
DiLiensions

Overall 2.4 by 3.7 m (8 by 12 ft)
Each Stage 1.2 by 3.7 m (4 by 12 ft)

Side Water Depth 3.7 m (12 ft)
Volume

Each Stage 16.4 m3 (580 ft 3 )
Total 33 m3 (1160 ft 3 )

Contact Time
Each Stage 12.4 min
Total 24.8 min

Finished Water Clearwell
Dimensions 2.4 by 6.1 m (12 by 20 ft)
Side Water Depth 3.5 m (11.5 ft)
Volume 78 m3 (Z760 ft 3 )

44k
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Plant Design Criteria

CHEMICAL HANDLING SYSTEM FACILITIES

DESCRIPTION

Commercial Alum System (Liquid)
Commercial Alum Tank

Diameter 2.3 m (7.6 ft)
Height 5.5 m (18 ft)
Capacity 22.4 m3 (790 ft 3 )

Commercial Alum Pumps
Type Positive displacement, diaphragm
Number Two
Pump Speed, max 116 strokes/m
Feed Rate, max 0.027 I/s (25.6 gph)
Discharge Pressure, max 690 kPa (100 psig)
Feed Range Adjustment Ratio 25:1
Motor Power 0.19 kw (0.25 hp)

Commercial Lime System
Commercial Lime Storage Bin

Diameter 2.7 m (9 ft)
Total Volume 41 m3 (1440 ft 3 )

Rotary Airlock Feeder
Diameter 0.15 m (6 in)
Speed 2.5 rpm C51
Volume 6.5 x 10 - 3 m 3/rev (0.23 ft 3 /rev)
Capacity at 75% Eff. Rating 2.04 x 10-4 m3 /s (26 ft 3 /hr)
Motor Power

Commercial Lime Blower
Specified Capacity 0.18 k&/s (1440 lb/hr)
Capacity 0.15 m-/s (325 cfm)
Discharge Pressure 17.3 kPa (2.5 psig)
Blower Speed 4500 rpm
Motor Power 5.6 kw (7.5 hp)

4 Lime Day Hopper
Diameter 1.2 m (4 ft)
Total Volume 2.3 m3 (82.3 ft 3 )

Rotary Inlet Weighbelt Feeder
Rotary Inlet

Diameter 0.15 m (6 in)
Speed Variable
Capacity 7.8 kg/min (1000 lb/hr)
Speed Range Adjustment Ratio 10:1
Motor Power 0.19 kw (0.25 hp)

Gravimetric Feeder
Width 0.31 m (12 in)
Belt Speed (constant) 9.1 x 10- 3 m/s (1.8 fpm)
Capacity 7.8 kg/min (1000 lb/hr)
Motor Power 0.37 kw (0.5 hp)

D-0-8
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Plant Design Criteria

DESCRIPTION

Lime Slaker
Type Paste
Capacity 7.8 kg/min (1000 lb/hr)

Water/Quicklime (CaO), by weight 2/1
Slurry Concentration (CaO), by weight 33%
Motor Power 0.37 kw (0.5 hp)

Lime Slurry Tank
Diameter 1.2 m (4 ft)

Volume 2.5 m 3 (88 ft 3 )

Mixer
Type Vertical pitched blade
Motor Power 1.5 kw (2 hp)

Lime Slurry Pumps
Type Positive displacement, diaphragm
Number Two
Number of Heads Two
Pump Speed, max 88 strokes/min
Feed Rate, max 1.06 I/s (1010 gph)
Discharge Pressure, max 483 kPa (70 psig)
Feed Range Adjustment Ratio 25:1
Motor Power 1.5 kw (2.0 hp)

Polymer Feed System
Polymer Feed Equipment

Mix Tank
Diameter 0.76 m (2.5 ft)
Capacity 0.35 m 3 (12.4 ft 3 )

Mixer
Type Propeller

Day Tank
Diameter 0.76 m (2.5 ft)
Capacity 24.5 1 (93 gal)

Polymer Pump
Type Positive displacement, diaphragm
Number Four
Pump Speed, max 116 strokes/min
Feed Rate, max 0.027 I/s (25.6 gph)
Discharge Pressure, max 1587 kPa (230 psig)
Feed Range Adjustment Ratio 25:1
Motor Power 0.19 kw (0.25 hp)

Commercial Carbon Dioxide System
Liquid Carbon Dioxide Tank

Diameter 2.0 m (6.5 ft)
Volume 30 m 3 (1048 ft 3 )

Pressure Range 1725 to 2760 kPa (250 to 400 psig)
Capacity 14515 kg (32 ton)

D-0-9
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Plant Design Criteria

DESCRIPTION

Chlorination System

Chlorinators
Number Two
Capacity, max 36 kg/day (80 lb/day)

Chlorine Storage
Type Cylinder
Capacity 68 kg (150 ib)

Ozone Generator (prior to modification)
Type Horizontal Tube, Corona Discharge
Number One
Capacity, max 37.6 kg/day (83 lb/day) of ozone
Air Flow Rate, max

Pre Disinfection 0.016 standard m3 /s (33.5 scfm)
Post Disinfection 0.047 standard m 3 /s (100 scfm)

SOLIDS HANDLING AND CHEMICAL RECOVERY FACILITIES

Backwash Handling System
Backwash Holding Tank

Dimensions 7.6 by 7.6 m (25 by 25 ft)
Side Water Depth 3.7 m (12 ft)
Volume 205 m3 (7225 ft 3 )
Rake Mechanism

Diameter 7.6 m (25 ft)
Speed 0.01 rpm
Motor Power 0.25 kw (0.33 hp)

Discharge Pump
Type Submersible non-clog centrifugal
Number One
Flow 8.2 1/s (130 gpm)
Discharge Pressure 9 m (30 ft)
Motor Power 1.1 kw (1.5 hp)

Sludge Storage/Carbonation
Diameter 3.0 m (10 ft)
Side Water Depth 4.0 m (13 ft)
Volume 29 m3 (1021 ft 3 )

Mixer
Type Flat blade turbine
Number One
Impeller Diameter 1.14 m (3.75 ft) "
Impeller Speed 84 rpm
Motor Power 7.5 kw (10 hp)
Mixing Energy, G 400 sec - 1

Thickened Sludge Pumps
Type Progressive cavity
Number Two
Pump Speed 0.87 to 6.1 rps (52 to 364 rpm)
Flow 0.38 to 3.8 I/s (6 to 60 gpm)
Discharge Pressure 690 kPa (100 psig)
Motor Power 7.5 kw (10 hp)

D-0-10



APPENDIX E

PLANT OPERATIONS DATA
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SECTION 1

AVERAGE CHEMICAL USE AND DAILY AVERAGE FLOW
DATA FOR OPERATIONAL PHASES IA, IB AND H
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TABLE E.1-2

CHEMICAL USE DATA - PHASE II

Average Minimum Maximum
Parameter mg/L mg/L mg/L

Lime (as CaO) 77.7 34.2 155.0
FeCL3  2.2 1.5 4.3
Ozone 1.3 0.24 2.7
NH 3 (as N) 1.6 0.30 3.4
CO Z  230.4 76.2 450.0
Final Chlorine 4.9 - -

1. See Table 8.1-1 for special operating periods.
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TABLE E.1-4

DAILY AVERAGE FLOW DATA - PHASE II
(gpd)

PARAMETER AveEj~e Minimum Maximum

Blended Influent 503,997 0 550,400
Est/Forebay, % 50 0 100
Filter Backwash 13,609 8,942 20,114
Carbon Column Backwash 11,880 6,829 17,160
Finished Water 230,466 0 272,160
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SECTION 2

SUMMARY REPORT OF REACTIVAIION OF EEWTP

SPENT GRANULAR ACTIVATED CARBON BY

ICI AMERICAS INC.,

SEPTEMBEH, 1981 AND APRIL, 1982
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Wilmington, Delaware 19897
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REGENERATION OF HYDRODARCO 816 FROM
BLUE PLAINS PILOT PLANT, D.C.

(JAMES MONTGOMERY, CONSULTING ENGINEERS, INC.

Submitted: A. P. Ferrara

September 1981
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REGENERATION OF HYDRODARCO 816 FROM
BLUE PLAINS PILOT PLANT, D.C.

A. Objective:

To provide custom reactivation at DXL of spent
Hydrodarco 816 taken from 2k columns at EEWTP at Blue Plains,

- D.C. for James Montgomery Engineers.

B. Summary:

A shipment of 31,820 pounds, as is of spent Hydrodarco 816
was received at DXL on June 19, 1981 from Blue Plains, D.C.
The carbon was regenerated at the DXL Pilot Plant June 22 to
June 25 in the Single Tube Experimental Unit. The regenerated
carbon (14,080 pounds d.b.) was returned to Blue Plains by
J. Miller Express. A regeneration yield of 93.2% (correcting
for 5% VCM difference in spent and regenerated carbon) was
achieved.

Standard analytical testing of spent, regenerated and
virgin material was made at DXL and provided in this report.

A The regeneration was witnessed by Mr. Tom Sadick of
James Montgomery Engineers.

C. Results and Discussion:

Table 1 provides material balance data collected on the
regeneration run. Volumetric yield was calculated at 91.1% and
93.2% corrected for 5% VCM in spent material fed to the furnace.

Laboratory analysis of the virgin material supplied from
Blue Plains, spent, and regenerated product are presented in
Table 2. Table 3 gives typical properties of virgin
Hydrodarco 816 and average of Hydrodarco 816 shipped from
Marshall Plant to Blue Plains. Property determinatios on
composite shipment to Blue Plains run about February 1980 included
moisture, pH, VFD, Iodine Number and Abrasion Number.
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The virgin carbon sample from Blue Plains pilot plant
sampled from an adsorber as a Control may have been partially
spent in the column before sampling. This likely occurred
within the long period between the time installed (February 1980)
and when the carbon was sampled (about May 1981). According to
Tom Sadick, some of the original column linings had deteriorated
and had to be replaced. There is a possibility that some
adsorption of some organics leached out may have been adsorbed
by the GAC while standing for 15 months before start-up. This
is shown in Table 2 by the high V.C.M. (11.17) and V.F. Density
(0.45--,gms/ml) and relatively low Molasses RE (90) and phenol number
(13.4). In addition small pieces of gravel and sand-like particles
were observed in the carbon which likely contributed to the
originally high VF density determined in the Blue Plains virgin
sample.

Table 3 provides properties for typical production of
Hydrodarco 816 along with various property measurements representing
an average of three shipments to Blue Plains.

Figure 1 and 2 of the Appendix show surface area and pore
size distribution comparisons for spent, regenerated, and virgin
(Blue Plains) samples. For additional information a typical pore -"

size distribution curve for Granular Darco has been provided and
represented as a dotted line in Figure 2.

As seen in Figure 2 the pore volume of the virgin carbon from
Blue Plains was substantially less than its regenerated counterpart
at pore sizes >5000A and more comparable to the spent material.
This may in part reflect the adsorption of leached organics from
the lining as described earlier. The pore size curve for the
regenerated product shows good restoration of pore volume and
is comparable to typical virgin carbon (dotted line). All
three products appear more comparable in surface area distribution
(Figure 1).
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Average operating conditions in the STEU furnace are
presented in Table 4. As seen in this table a gradual decrease
in lower hearths temperature and increase in feed r.p.m. was
made in an effort to lower the Iodine Number. However, V.F.
Density, the primary regeneration control parameter in furnace
product, did not fall off as normally expected to levels typical
of virgin carbon ( 0.40-0.42). These contrasting data are
likely attributed to not having a good reference sample of virgin
carbon as a Control and resulted in a slight over-reactivation of
the product.

This was reflected in the somewhat higher Iodine Number
of the composite regenerated product (695) vs. material shipped
to Blue Plains (617 avg.) as seen in Tables 2 and 3.

The Molasses RE (104), Tannin Value (225), VCM (5.1),
Phenol Value (2.9), and Total Pore Volume (0.9) of the regenerated
product overall were comparable to that expected for typical
virgin carbon ( Tables 2 and 3).
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TABLE 1

REGENERATION YIELD DATA

Spent Hydrodarco 816 received as is at 47.0. Moisture 31,820 lbs.
Spent Hydrodarco 816 received d.b. 16,865 lbs.
Loss (truck wash out + transfer from storage pad to

* feed levels), d.b. 724 lbs.
Feed to furnace 29,347 lbs., as is, at 45.0%

moisture, d.b. 16,141 lbs.
Less charge head seal leakage, d.b. 180 lbs.
Net feed to furnace, d.b. 15,961 lbs
Net feed to furnace, volume 564 ft.
Packed out Regenerated Hydrodarco 816, d.b. 14,080 lbs.
Samples and packaging spillage 52 lbs.
Net regenerated Hydrodarco 816, d.b. 14,132 lbs
Net regenerated Hydrodarco 816, volume 514 ft.
Yield, 7. by volume 91.1
Yield, 7. by weight corrected for 570 VCM loss,

14,132 1 (15,961 x 0.95) x 100 =93.2
Average feed rate to furnace, as is 506 Ibs.
Average discharge rate from furnace, d.b. 244 lbs./?nf.
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TABLE 2

PROPERTY DATA ON HYDRODARCO 816
(virgin from Blue Plains, spent, regenerated)

Carbon Virgin Spent Regen.*
(from

Blue Plains)

Moisture, as received from
Blue Plains, 7% >60.0 45.0 -

Moisture, % 1.4 6.8 0.4
V.F.A. Density, d.b., gm/ml 0.452 0.453 0.442
Iodine Number 530 486 695
Molasses RE 90 94 104
VCM, d.b., % 11.1 10.0 5.1
Ash, d.b., 7. 13.6 12.1 13.5
Abrasion Number (7 Retention - Min.,

stirring Abrasion Test) 80.2 77.0 82.0
Total Pore Volume, ml/gm 0.81 0.78 0.90
Phenol Value (modified), gms/l. 3.4 5.3 2.9
Tannin Value, ppm 202 250 225
Avg. Particle Diameter, m.m. 1.50 1.50 1.40
Effective Size, m.m. 0.95 0.88 0.80
Uniformity Coeff. 1.7 1.8 1.9

*Based on regenerated carbon composite
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TABLE 3

PROPERTY DATA OF TYPICAL VIRGIN HYDRODARCO 816
AND AVERAGE OF 3 SHIPMENTS TO BLUE PLAINS

Hydrodarco 816, Avg.
Typical Virgin of Three Shipments
Hydrodarco 816 to Blue Plains

Moisture (7.) 5-6 5.9
pH (water extract) 4.5-7.5 5.3
V.F. Density gms/ml, d.b. 0.400 0.395

Abrasion No. (7. Retention
Min., stirring abrasion
tests) 80 81

Iodine Number 600 617
Molasses RE 100 -
VCM, d.b., 7. 5-7 -

Ash, ., d.b. 12-14 -

Tannin Value, ppm 250 -

Phenol Value (modified),
g/l 3.0

Total Pore Volume, ml/gm 0.9-1.0
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1. .

.... VIRGIN HD-816

,. ..

TABLE A-.

PORE VOLUME BY MERUF Y i '-RUS6 AN[; r . ...EN "rin!t. c ,*.Rc.rt0e,4 -. - - .- .-- - - - - - - - - -- ,. -U-.,, -.N[ - ,-. -.- , - . .-.. - . ....

S.... ..... ........... LAB 1O.. 22..jUN 31.-A.............. .

I -....-.---....... ............ _N2.... .... . . . . .
. NGSTF,.C S .T NTRU"2;I ONl. r,.E:SORF'T .ON . .

'CR(EMCUT AL PORE VOLUME
. .~DeB, ML./Go

. 50.000 39?800 __.... 21. ......... . _
.39 , 800 25,100 . . o.0108

15,000 -. 10,000 0.0101
10,000 - 6,300 0.0602
6,.300._.... . . __ .57

" . F. 3,980 . 2..51 0...; 7 _
_2p 2,50 -1,)5.90"022 0-.... . ..... 1., 5.80..-.. _9.90 0.0ooze

1,000 - 630. " 0.0065
630 - 398 -.0.0091

____ 398.-- 251 0.0106 0.0069

•. .. .251- 158 10. 0129 0.0140 ..
•._.158 -_100 o.0420 0.0139

S ... . .. ~... ... 100 -. 63 .. 0360 0,0394
63 - 39.8 -0.0854 0.0617

39.8- 35 0.0107 --
' . E..... 4te .-.. 6 I -_ _Q ,. ..II Ii

a _.., __ _: _ - .. 25,. -__ 1 ., - - N A A_ %.0,..6 .6 . . ... ______ _ --

1_q

o . .., . - - . 15: o8 A 0-*-* .

----------------------------------- ------------------

.. . -* -.. . . - .. - - . - . . ... . ... . . . . . ..... . . . .... ... ... - - - -... . . . . . a . . . ... . . . . . . -
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-" - VIRGIN HD-816

. TABLE. P -1

I. CUMULATIVE PORE VOLUME IN ALL PORES
HAVING RAraI'LESS THAN THE INDICATED SIZE

...... .. .... .. ... -- - -PORE. RA DIUS- . .--- LAB .. tUti-ER -- .- .

SANGSTF:OM1S 22 JUN 81-4

50,000 0.8130
39,800 0.7917. _....................2"-0............2,O ..... ~..0,7809...... ...

. . ..... .. s~ 15- Bo. 0,7771 "
10,000 0,7670

..... . 6,.300 0,7068
• .3,9830 * 0.6811

2,510 0.61 -4
1,00.

630 0.5715
S-.......398 . 0.5c,24 -~-.

251 0.5518
158 0.5389

, .63 _.04575. .
39.8 . .3 58 .......-

' ........... .. ..- " . ... . . . 25.1 " 0.3o. ..
15.8 0.1473

10 0.0526

... . . . .. . ...... ... ...... . . . -. .. - - - - - -. L

S"D . , ATA LESS THAN_ 100 ANGSTROMS- FROM

.- . . .*... .. .. .. . . . . .
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VIRGIN HD-816

S. .. _

TABLE C-IIL• PORE VOLUME DISTRIBUTIONT DATA *

"LAI NO, .2 JUN 81-4

...-.. PORE VOLUME, ML./Go..... - CALC. SURFACE AREA, f1l
PORE RADII IN ANGSTROMS DRY BASIS ....... .DRY BASIS

INCREMENTAL CUMULATIVE INCREMENTAL INCREMENTAL CUMULI
--------------------------- --------------------------------------- ---------------- -
39P800 - 25,100 25P'100 ......... 0,0108 -0.007 ... O

25,.100..- 1 00 . 15,00............ 0.000 -- 0.0041 .. 0

10,000 - 6,300 6,"0 00602 "148 0.1
6,300 - 3,980 . 3,980 0.0257 . 0.100 0.2
... 3,9...._., 5 0 _' ..... 2,510..... . . 0677 . ... ..... .. ~ 4.1_7• ,

2,510 - 1,580 11,580 ..... 0*0272 .. .. .. .0.266 • . .0.
..-. .,000 - -. 1000 .0.082 . ... 127 . ... .
._90-__63o . 630 0*. 0.o006.s .9.160

630 - 398 398 0.0091" 0.354
398 - 251 ,251 0.0106 0.'653 2.2
251 - 158 108 _ ... .0129. , .262 - . .

63-100 00420. 6,51 10.0
; .. . .5 _ _. 0 .. . . . 1 0 . .. ... . . 0 0 2 ... . . .... .6 ,.5 12 . . . .. .. 0 ,

100 -63 63 -0.0394 9.2 #9.-
'63 -39.8. 39.8 -..- o-00617 ............ 28

398 - 25.1 25.1 0,069 53.31 96,E25.1 - 15.8. 15.8" 0.1616 157.20 254 C
.10.0-. .. 10.0 0.0947 . 1.44j1 .. .400..-

- RESIDUAL. SURFACE AREA.........................2.7T

--------------- ------------------ ---------------------------

DATA LESS THAN 100 ANGSTROMS FROM NITROGEN D'ESORPTION-

.... ... ... .. .. ................. . --.....--..... .-.... ....-.. ... .

• .. . - . ..

-. . . . ,.,,,~~~ - -- - "- .. -- •.

S- -.. ..... .. . -. - ...... . .. - -........-.. ... . -. -- . ... -.--- -.. ....... . -.__-_._ .... --...... - ,'"

, o. ,o . . - •

. ... . . . .. .... " • " . , . - ..



REGENERATED HD-816

TABLE A-2

PORE VOLUME BY MERCURY INTRUSION AND NITROGEN 11ESORPTION
* 5'- - - - -- - - - - - - - - - - - - - - - - - -........ . .. - - - -

--.... ........ .. - .... LA NO.25 .JU 81--I .... ...
.. .. ... . . . . RA II -RANGE .. .. .... Hz...............N2 . ..

ANGSTROMS INTRUSION DESORPTIO;

INCREMENTAL FORE VOLUME

DO.* ML,/G.
----------------

- 50,000 - 39,00 0.0264
39,800-- 25,100 0.0016

-- pl% -. 15* 10 -. 1 ,A -" 0...3

152 100 - 10,000 () ..).2.
10000 - 6P300 0.0062.j~ ~ .. .. ,300 .-.. %Q0. ... . 0 3 _ . ... . ...

* -. . 3,980 - 2,510. 0.0 90 --
2,510 - 1,580 • 0,0367

-- * -...- -8 -,0 . . . 010001
1,000 630 0.01&E

630 398 0.0491
398- . 251 ........ 0.0Q79

.. 251 - 158 ..... 0.0222 .O,15v
58 - 100.. .0.0156

. . .. .00 - 63 . .. . 0.0577.......... 0.0299.........
63 - 39.8 0.0.722 0.0717

39.8 - 35 0.0304 - -

39..--.. - .. .1111
..251 15,8....... .01767

........ 158- 10,0. -. . 0.-"921
.. ............ ........ ...................--.-----..---.-.--. .

- - - - -------- ----------------- --------------

t S

.. .... . . . ..... . .. ... ..
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REGENERATED HD-816

TABLE D-2
.. .... o .. . ...

CUMULATIVE PORE VOLUME IN ALL PORES
HAVING RADII LESS THAN THE IRDICATED SIZE •

. . .. ... . .. .... ... . . .. -- - --- -- -- ---' == = = .= - .= =. . . ... . ... -.. . . . .

............... PORE RADIUS .LAD NUMBER.
ANGSTROMS .. 25 JUN 61-1 . .....

.50,000 0,8980
39,800 0.8716

• . ....... ' .... " .. ... 2 . 10 ..... ....0 870 .. ....... ...... . ." ...-. . . ... .=

10,000 0. G537
: ': ". _6;300 ~~.0 84-77 .... . .. . .

3,980 0.7669
2510 0 *727

......... ~1 1 5S0 . 0 ,6912 . ... .. .. . ... .... . . .
• .. 1 0.00 ' " 0 o."671 ... . . . . ... . . . . .

630 0.6485- ... ... .398_ " _0•5'4... ...

2,5 0 5B815
.~0 5593,

100 0.52544' . . : .t . .. - .-. • . ... .... _ _ --• 0 .. ..-4 . - . ...... .-

4. ..... 63 0 #. s .4955 . ... .
39#8 0.4238 ..-..

15.8 .0.1360

.10 0.0439
- •

---------------------------------- -------- ------------j. ...... _... ... ITGN ESRIO.................-
. .-... A.. .. ..L.E$..T...A. ... ....F[........

..... ...... . .. . NITROGEN.. DESORF'TION . ...... ..... ..-... ..

&.;.

. ... ..... ... - .. . .. ............ .- ... -,-"... . .. ........ ..... *. . .
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;," ..'.REGENERATED HD-816

.4

TAB'LE Z

PORE VOLUME DISTRIBUTION [ATA
LAB NO. 25 JUN 61-1

. .. ":.. ... ,. .....-- - - - - - - ----- - - - - --...

... POFRE VOLUME* ;L./G....-.ALC.. SUriACE AREA,

. PORE-RADII IN ANGSTROMS DRY BASIS FRY. 3ASIs
.-...... -- --- - ---- - - - - - -- ---- ---------- ------------

INCREMENTAL CUMULATIVE INCREMENTAL INCREMENTAL . CUMILA
----------------------------------- ------------------------

____._0_o 02L4.-----
.__ 0,.00 --- 9..80 ........ 9, 00 ...... 0.0 64... .. ... .. ... o,. 12 _ . . .

37-800 " 25P100 25,100 ... 0.,.0013 , .... 0 1 ..

25,100 -.15,8C0 15,600 0.0033. 0.003 0
f..._15.800 _.10,00.... 10,000-..-------. 0.01201............. 0,020 . ... 0,

10,000 - 6P300 &,300 0.0)62 0015 O0

6,300 - 3,900 3P980 0.0803 7 0,314 Ov ..t0 & ........ . .. ... Q. .Q 0_

2,510 - 1,580 "1:580 0.0.67 0359 . I
6 1,580 -. 1,000 1.,000 .... 002.1 0.374..........

I,000 - 630 630 .. o. Q.OL . _. 0,45& 14
630 - 398 398 0.0491 1,911
398 - 251 251 0.0179 1.103 4,

251 - 158 150 o," l '" . .
15,- 10 100 0, 339 .256
00- .3 3 0. 02) . 7.30 19

63 - 3 ,8 . 39 8 .0,?71 . . - 27.74 .47,
:9.6 - 25.1 25,1 0.1111 68.11 l5

25.1 - 15.8 15,8 0o1767 171,90 287
.15.8 -. 10,0 .101.0..- 0,0921 .............. 1202 .

" IRESII'IJAL SURFACE AREA 265

---------------------------
* DATA LESS THAN 100 ANGSTROMS FROM NITROGEN DESORF-TION

... .. .. ... . . .. . .. . .. .. . . ...... .....-- .. -- -- -..- . . . .- . ....... -

* I

••I ~ -. * . . ... ... . .. . . .. .... ... . .. *.... .. . . . *__ .. .. . . . _ .. . . .-. .. . . . . .
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SPENT HD-816

TAELE A-5

PORE VOLUME BY MERCURY INTRUSION AND NITPOGEN DESDRPTION

-,.... . .. . . . ..-LAD NO.. 25 JUN E.- ....

". RADII RANGE .. . N2 .
ANGSTROIMS INTRUSION. DESORPTION

INCREMENTAL PORE VOLUME
.. ., . DB. ML./G.

,,,. .50, 00........ 3. ....0237
39,000 - 25,100 ....

- .25,1.00 - 15,800 0,0135 -

,-15,00 - 10",000 . 0.01.10
10,000 - 6,300 0.0079

.-, - 6 300 .-.. 3 ,98 ... ... ...... .00 ..40. ..........
"-"..... 3,980" - 2.,510... ___.QOJ0206 -'.

S... ... 2,510 -. 1F580 *............ 00678 ._...I-
1;580 .-... 1000 0.0143
1,000"- 630. 0.0194
630 -398 00218." .~~~~~~~........... ".............. ......- 398.-. ....251..... ....... ,.0068 .... 0003__......

251 -- 158 0.294 ... .04.0156 .....

158 - .100_. 0.0214 _ _,.Q164
-.. .. • .- -190.-. -63 .... 0.0245. .. .. -0-0 33 _

63 - 39.8 0.0738 0.0561
39.8 - 35 0.0153 - -

.. 1 125.8 .. - - ... .. 57
- .-- 15,8 .10.0 0,0.547 . ...

-. 39.8 ----- ---- -. -5. -_ - - - . Q fl 4 - -----
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.. SPENT HD-816

) TAPLE :-3

CUMULATIVE PORE VCLUME IN ALL r.'ORES
HAYING RADII LESS THAN THE INDICATED SIZE *.

PORE RADIUS LAB NUMA1%ER
ANGST OMS_25 JUN 81-2

50,000 0. 7C,40
391800 007603

.v .157800 . 0,7393
. . . .. .. .. . ..... .. .. 10 ,O000 . . ... 0 .728 .3 . _ ".. .... " _

... .... .......... . . 6Y300 ... .. . 0,7204 .
3,980 0.7164
2,510' 0.6958

. . .. .. .. .... .. . . .. .. .. .... 1 1t 5 8 0 -. .. , .. . .. ,6 2 B00 .. .. . . . . . .. .
" . -_ • ................ ....-. ...... ,000O ._0.. 6137 ... _.. .. . . . . ... . . . . . .

.. ..................... 630 ....... 0.5943 .398 .- 0. 5725

. 251 0.5657
158 0.5363.
100 _..5149 --.........

-'i .. . ..... .... . ... 63 ......... 0.4014 ......... ..... ... .. ... . .
K>:.. .. 39*0 0o.4253

-0. 300'." ... '.... . . . .

-15.8 0.1148
10 0.0601 -

.--- •..... . .. ... .... . . .. . .. 4 •3

S...... ... . ~DATA LESS IHAN 100 ANGSTROMS FROM
S[ . . NITROGEN.DESORFTIOtN. ....... ...

-a- * I -.... 2......

-- .. .. ..... ....-... . .. •.... . - -.- ----. i -..-- . -
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TABLE C-3

PORE VOLUME VISTRI[UTION DATA ,.
-. " LAB NO. 25 JUN 81-2 •

PORE VOLUME, Mi. CALC. ZURFACE AREA, i!
PORE RADII IN ANGSTROMS DRY BASIS DRY BASIS-- -- -- --v -- - - - - - - - - ---- --- --- --- ---

INCREMENTAL CUMULATIVE INCREMENTAL - 5 INCREMENTAL CUMULi
.1---------------------------------------------------------------------------------
50,000.-..399800.-.3- O0.. __...0a0237 -. 0.011........." 39.,000 - 25,100 25 , 100 00075 0.005

25,100 - 15,800 15,600 0.0135 • 0.013 04(

-~' 1,Er00 - 10,QOO 10,000......0.0110............ 0.017 ..... .

10,000 - 6300 6,300 0,0079 0.019

- 6,300 - 3,980 3P980 0.0040 0.016 O.C
S3,980 - 2P510 2,510 0,0206 . 027 _

2,510 - 1,580 1,580 . . 0.0678. 0;663
1 5 8 0 - . O 0 - 1 , 0 0 0 _ - 0. ...
1 ,0 0 0 - 6 3 0 6 3 0 .. ... . . , 1 9 4 . .... .

630 - 398 398 0,0248 0.848 2.
39- 251 -... 251 0.0068 0,419 24

____251 -_158 ........ 156. 0.0294. 2 85 .5.-
158- 100 100 0*0214 .............. 3318 .....

100 -"63 63 0.0335 _18. 8.1. -

63 3.8 ~ .3, .5.61~ ~ 21.71.......38.5
39.8 - 25.1 25.1 0.1248 76.52 ,115,'
25.1 - 15.0 15.8 . 0.1857 180.69 296.1
15.- 10,.0 . 10,0 - 0*0547 ...------ 84.,35 380.'

RESI.UAL SURFACE AREA -. -.. 96
-.. ----------------------------... - - --.--

*-DATA LESS THAN 100 ANGSTROMS FROtl NITROGEN DESORPT.ION

.14

e . .- •C
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SECOND REGENERATION OF HYDRODARCO 816
FROM BLUE PLAINS PILOT PLANT, D.C.

A. Objective:

To provide the second custom reactivation at DXL of
spent Hydrodarco 816 from carbon columns at the EEWTP at Blue
Plains, D.C. for James Montgomery Engineers.

B. Summary:

A shipment of 42,880 pounds, as is, of spent
Hydrodarco 816 was received at DXL on December 21, 1981 from
the Blue Plains EEWTP. Carbon was regenerated at the DXL Pilot
Plant from January 4 to January 7 in the Single Tube Experimental
Unit. The regenerated carbon (20,040 pounds d.b.) was returned
to Blue Plains by J. Miller Express.

Standard analytical testing of spent, regenerated and0 virgin material was made at DXL and provided in this report.

Overall regeneration results appeared favorable with
high furnace yield (98.5% correcting for VCM difference in spent
and regenerated carbon),and good restoration of carbon properties.

C. Results and Discussion:

Material balance data are provided in Table 1.
Volumetric yield was calculated at 96.5% and 98.5% corrected for
VCM differences of spent and regenerated products.

Analyses of virgin material from Blue Plains, spent,
and regenerated products are given in Table 2. Table 3 gives
typical properties of virgin Hydrodarco 816 and average of
Hydrodarco 816 shipped from Marshall Plant to Blue Plains.

E-2-26
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The gravel and sand-like particles which were observed
in virgin carbon for the first regeneration were not observed
in the latest virgin carbon sample from Blue Plains. However,
this material still had a relatively high V.C.M. (9.3%) and V.F.
density (0.430 gms per ml) compared to typical virgin Hydrodarco
816 (5-77 V.C.M. and 0.400 V.F.D. - Table 3). Interestingly,
the Molasses RE (118) and Tannin Value (191) of the virgin sample
from Blue Plains was unusually better than would have been expected
for typical virgin product. This may have been related to sampling
methods. Thc total pore volunc (0.92 ml/3m) was similar to virgin material.

As with the first regeneration, V.F. density, a
primary regeneration control did not fall off to levels typical
of virgin carbon (0.40-0.42).

Regenerated product yield (98%) was excellent and
over-reactivation did not appear to occur during this second run.

soe As seen in Table 2 the regenerated product overall
showed favorable restoration of product properties. Iodine Number
(619), Phenol Value (3.2), V.C.M. (4.3), and Tannin (200) appeared
representative of typical virgin carbon.

Overall shows in Figure 1 the pore volume distribution
of the regenerated product is comparable to typical virgin carbon
with slightly less volume in pores >30000Ar which could account
for the marginally lower Molasses RE (92) relative to virgin carbon.
The dotted lines represent the pore volume distribution from the
first regenerated carbon and a typical virgin Hydrodarco 816. The
somewhat larger pore volume of the latest virgin sample from Blue
Plains in the range >1000 compared to typical virgin material
possibly could be explained by the higher Molasses RE (118) of this
material.

The spent carbon feed to the furnace appeared to be
somewhat more spent than the first regenerated feed. This was
observed by the lower Iodine Number (401) and Molasses RE (81)
relative to the previous spent feed (486 and 94 respectively).
Pore volume distributions are still being run on this material
and data will be provided upon receipt from DXL.
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TABLE 1

REGENERATION YIELD DATA

Spent Hydrodarco 816 received as is at 45.4% moist. 42,880 lbs.
Spent Hydrodarco 816 received d.b. 22,555 lbs.
Loss (truck wash out and transfer from storage pad to

feed levels) d.b. 619 lbs.
Feed to furnace (as is) 40,176 lbs.
Net feed to furnace d.b. 21,936 ibs.
Net feed to furnace, volume 736 f L
Packed out Regenerated Hydrodarco 816, d.b. 20,040 lbs.
Samples and packaging spillage 48 lbs.
Net regenerated Hydrodarco 816, d.b. 20,088 lbi.
Net regenerated Hydrodarco 816, volume 710 ft$
Yield, % by volume 96.5%
Yield, % by weight corrected for 6.7% VCM diff. 98.5%

0
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TABLE 2

PROPERTY DATA ON HYDRODARCO 816
(virgin from Blue Plains, spent, regenerated)

Virgin
Carbon (from B.P.) Spent Regen.*

Moisture (oven), 7. 14.0 45.4 1.0
V.F.A. Density, d.b., gm/ml 0.430 0.478 0.453
Iodine Number 538 401 619
Molasses RE 118 81 92
VCM, d.b., 7. 9.3 11.0 4.3
Ash, d.b., 7 14.4 12.8 13.2
Abrasion Number (7 Retention - Min.,

stirring Abrasion Test) 79.1 78.5 80.2
Total Pore Volume, ml/gm 0.92 0.75 0.83
Phenol Value (modified), gms/l 3.5 - 3.2
Tannin Value, ppm 191 - 200
Avg. Particle Diameter, m.m. 1.50 1.45 1.38

E-2-29
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TABLE 3

PROPERTY DATA OF TYPICAL VIRGIN HYDRODARCO 816
AND AVERAGE OF 3 SHIPMENTS TO BLUE PLAINS

Hydrodarco 816, Avg.
Typical Virgin of Three Shipments
Hydrodarco 816 to Blue Plains

Moisture (7.) 5-6 5.9

2. pH (water extract) 4.5-7.5 5.3V.F. Density gms/ml, d.b. 0.400 0.395

Abrasion No. (7. Retention -

Min., stirring abrasion
tests) 80 81

Iodine Number 600 617
Molasses RE 100 -
VCM, d.b., 7. 5-7 -
Ash, 7., d.b. 12-14 -
Tannin Value, ppm 250 -
Phenol Value (modified),

g/1 3.0 -
Total Pore Volume, ml/gm 0.9-1.0 -

'2
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TABLE A-1

PORE'VOLUME BY MERCURY INTRUSION AND NITROGEN DESORFTION

LAB NO. 8 JAN 82-3 --
RADII RANGE H9 N2

ANGSTROMS INTRUSION DESORPTION

INCREMENTAL PORE VOLUME
thE'. ML./Go

50r000 - 39P80"0 -............. 01,
39,800 - 25,100 0.0230
25P100 15,800 0.0010.... 15,800o- lbovb .... .... 0b40

10,000 - 6,300 0.0067
6,300 3980 0.0079 . . ..

3,980 " 2,510 0.0052
29510 - 1,580 0.0100
1,580 - 1,000 0.0821
1,000 - 630 0.0105

630 - 398 0.0118
........- 398 -. 251 ... .0.0064 0.0075

251 - 158 0.0243 0.0101
158 - 100 0.0150 0.0104

.100 - 63 0.0722 0.0321
63 - 39.8 0*0566 0.0720

39.8 - 35 0.0151
39.6 - 25.1 "0.1187..
25.1 - 15.8 - - 0.1753
15.8 - 10.0 - - 0.0626

----------------------------------------------------------------------
E23

9......o......-.-..

.?4

. . . . . . . . . -.-- . . . - - - . . .... .~.... . ....... .... .
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TAILE EP--1

CUMULATIVE PORE VOLUME IN ALL PORES
j -_ HAVING RADII LESS THAN THE INDICATED SIZE *

PORE RADIUS LAD NUMBER
ANGSTROMS 8 JAN 82-3

50,000 0.8250
39,800 0,7949

............ 25 .100 .. 0.7719 . .
15,800 0.7709
10,000 0.7669

6,300 0.7602
3,980 0.7523
2,510 0.7471 .5

1,580 0.7371 i.. ... .. ..1 o o o - .6 5 5 0 . . . ..... .. . ... .. ... .. .....
630 09-6445
398 0.6327.
251 0.6263
158 0.6020

63 0.5549

39.8 0.4829
25.1I 0.3642... ................... ................2 .0 .64

15.8 001889
10 0.1263

--- -----------------------------

DATA LESS THAN 100 ANGSTROMS FROM
NITROGEN IESORFT I ON

E -

4L *

.5

.1.
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TALLE C-. 1

PORE VOLUME DISTRIBUTION DATA *:: ." LAB NO, 8 JAN 0'.;-3 -

FORE VOLUME, ML../G. CALC. SURF:ACE AREA, MW-n/C
PORE RADII IN ANGSTROMS DRY JASIS DRY B'ASIS

INCREMENTAL CUMULATIVE INCREMENTAL INCREMENTAL CUMULATI%

50 000- 39,800 39,800 0.0301 0.013 0.013
39P800 - 25,100 25,100 0.0230 0.014 0.028
'5,100 - 15,800 15,800 0.0010 0.001 0.029
15 800- 10,000 -... ? 0,000 0 0.0040 0.006 0.035
10,000 - 6,300 6,300 0.0067 0.016 0.051
6Y300 - 3,980 3,980 0.0079 0.031 0.082
3P980 - 2,510 2,510 0.. 0.0052. 0.032 0.114
2,510 - 1,580 1,580 0.0100 0.098 0.21 "

1,580 - 1,000 1,000 0.0821 1.273 1.485
:* 1,000 - 630 630 - 0.0105 0.258 1.742

630 - 398 398 0.0118 0.459 2.201
398 - 251 251 0.0064 0.394 2.596
2Fjl.--. 158. . 158 .. 0.0243 2.377 4.972-
158 - 100 100 0.0150 2.326 7.2981
100 - 63 63 0.0321 7.84 15.13
63 - 39.8 39 .8 0 0720 27.86 43.00

39.8 - 25.1 25.1 0.1187 72.80 115.79
25.1 - 15.8 15.8 . 0.1753 170.54 286.33
15.8 - 10.0 10.0 0.0626 96.60 382.P,

RESIDUAL SURFACE AREA 256

----------------------------------------------
DATA LESS THAN 100 ANGSTROMS FROM NITROGEN DESORFTION

,-2 -3 ..

o ,1.. .. .. . . .. .. . . . .. .. : . . . . . . . .
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iAPLE A-2

FORL VOLUME I( MHFCUf0 INTFUSION ANDI NIIROGEN DESORPTION

-':-"--'. iLAD NO* 21 JAN 02-1
RADII RANGE H O1 N

ANGSTROMS INTRUSION 'ESORPTION

INCREMENTAL PORE VOLUME
D.. ML./G.

5.0.OO. -39-8- . 0.0277
39,800 - 25,100 0.0007
25,100 15,800 0.0025
15,800 - 10,000 0.0015
10,000 - 6P300 0.0023
6,300 - 3,980 0.0208
3,980 - 2,510 0.0113

2,510 - 1,580 0.0524
1,580 " 1,000 0.0140
1,000 - 630 0.1129

630 - 398 0.0075
398 - 251 0.0088 0.0086

251 - 158 0.0296 0.0142
158 - 100 0.0701 0,0168
100 - 63 . 0234 0.0386

63 - 39.8 0.0882 0.0773
39.8 - 35 0.0189 - -

39.8 - 25.1 " . . - 0.1317

25.1 - 15- - 0.1775
15.8 - 10.0 - " 0.0422

'II

.E-2-36.
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TABLE E-2

.. ...... CUMULATIVE PORE VOLUME IN ALL PORES

HAVING RADII LESS THAN THE INDICATED SIZE .----------------------------------------------- =inu====== ...

PORE RADIUS LAD NUMBER
ANGSTROMS 21 JAN 82-1

50,00 0.9220
39,800 0.8943
25,100 0.8936
15PBO0 0*891
10p000 0.8896
6?300 0.8873
3,980 0.8665
2P510 0.8552
10580 0.8028 . .
1,000 0.7888
630 0.6759
398 0.6684
251 0.6596
158 0.6300
100 . . 0.5519
63 0.5133

39.08 0.4360
25.1 . 0. 3043
15.8 0.1268

10 0.0846

---------------------------------------------------------
* DATA LESS THAN 100 ANGSTROMS FROM

NITROGEN* DESORPT ION

. . .. . . . . .- ........... ... . . L- -- -
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TA-ILLE CJ

PORE VOLUME DISTRIBUTION DATA *

LAB NO. 21 JAN 82-1

PORE VOLUME, Ml../G. CALC. SURFACE ARFA, M*Ml/
• - PORE RADII IN ANGSTROMS DRY BASIS DRY BASIS

INCREMENTAL CUMULATIVE INCREMENTAL INCREMENTAL CUMULATI
---------------------------------------------------------------------------------------

.- 000. 39,8O0 39,800 0.0277 0.012 0.012
39,800 - 25,100 25,100 0.0007 0.000 0.013

S 5,1oo 15,oo e15oo 0.0025 0.002 o.'5

15,800 -0,000 10,000 0.0015 0.002 0.018
S 10,000 6,300 6,300 0.0023 0006 0.023
, 6P300 - 3,980 3,980 0.0208 0.081 0.104

3P980 - 2,510 2,510 0.0113 0.070 0.174
2,510 - 1,580 1,580 0.0524 0.512 0.686
1,580 - 1,000 1,000 0.0140 0.217 0.903
1,000 - 630 630 . 0.1129 2.771 3.674
630 "- 398 398 0.0075 ................ 0.292 3.966
398 - 251 251 000088 0.542 4.508
251 - 158 158 0.0296 2.895 7.403
158 - 100 100 0.0781 12.109 19.511
100 - 63 63 0.0386 9.43 28.94
63 - 39.8 39.8 0.0773 29.91 58.86

39.8 - 25.1 25.1 0.1317 80.72 139.5E
25.1 - 15.8 15.8 0.1775 172.66 312.24
5.8 - 10.0 10.0 0.0422 65.12 377.3-

RESIDUAL SURFACE AREA 213

---------------------------------------------------------------------------------------
DATA LESS THAN 100 ANGSTROMS FROM NITROGEN DESORPTION

................-.- . - - - -. . .-. .............-... .....
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TABLE B-1

CUMULATIVE PORE VOLUME IN ALL PORES HAVING
RADII LESS THAN THE INDICATED SITE*

Incremental
Pore Radius Pore Volume
Angstroms D.B. ml/g

50,000 0.7580
37,800 0.7332
25,100 0.7195
15,800 0.7160
10,000 0.6986
6,300 0.6864
3,980 0.6708
2,510 0.6555
1,580 0.6303
1,000 0.6199
630 0.5909
390 0.5568
251 0.5163
150 0.4985
100 0.4847
63 0.4548
39.0 0.3974
Z5.1 0.3139
15.8 0.1741
10 0.0437

* Data less than 100 angstroms nitrogen desorption.
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SECTION 3

INORGANIC ANALYSES FOR

SETTLED SLUDGE SAMPLES
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TABLE E-3-1

SETTLED SLUDGE
MAJOR CATIONS. ANIONS, AND NUTRIENTS

Phase jA j I8 Phas 1
Seotld I udo Sette Slude

Calcium
(MDL. 0.2 mo/I)

No. of Samples 301 52
No. Above ML. 301 52

Arithmetic Mean 89.06 15734.90
Standard Deviation 72.32 16687.48

Geometric "van 71.13 8319.76
Spread Factor 1.89 4.00

Median Value 65.0 9200.0
90% Less Than 1.76.0 "G0OO.0

Hardness' by addition (Ca+lMv, &a C&C03)

(MDL- 1.0 ei C&C03)
No. of Samples 301 52
No. Above MIDL 301 52

Arithmetic Mean 325.8 53103.0
Standard Deviation 248.5 59932.2

Oeometric Mean 270.0 25953.8
Spread Factor 1.77 4.25

Median Value 244 26673
90 Less Than 577 129569

------ -- ------------------- -------- ---------

Magnesium
(MDL. 0.1 moil)

No. of Samples 301 53
No. Above MDL 301 53

Arithmetic Mean 25.12 2183.65 -

Standard Deviation 20.86 2480.85

Geometric mean 21.07 1083.88
Spread Factor 1.71 3.49

Median Value 19.8 950.0
90% Less Than 36.0 6300.0

Potassium
(1MDL- 0.3 m/1)

No. of Samples 300 53
No. Above MDL 300 53

Arithmetic Mean 12.94 48.08
Standard Deviation 14.62 67.92

Geometric Mean 10.27 17.29
Spread Factor 1.85 4.30

Median Value 9.8 9.0
90. Less Than 16.3 190.0

Sodium
(MDL- 0.1 mo/l)

No. of Samples 301 53
No. Above MDL 301 53

Arithmetic Mean 31.47 274.89
Standard Deviation 21.19 467.40

Geometric Mean 27.98 72.76
Spread Factor 1.57 4.78

Median Value 28.0 42.0
907 Less Than 41.5 1100.0

-------------------------------------------------------------------------------------------------------------------------

*I
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TABLE E-3-2
SETTLED SLUDOE

TRACE METALSI' ... __ _

Phase IA & IB Phase hIA

Settled Sludge Settled Sludge

Alum inum(MDL- 0.003 m"/i)
No. of Samples. 283 53
No. Above MDL 292 44

Arithmetic Mean 1219.0920 62.4154
Standard Deviation 1290.9122 171.7769

Geometric Mean 741. 5954 2.5454
Spread Factor "3:42 86.33

Median Value 683.000 25.000
90% Less Than 2800.000 78.000

Antimony

(MDL- 0.0003 mw/l)
No. of Samples 269
No. Above MDL 124

Arithmetic Mean 0.03578Standard Deviation 0.09025

Geometric Mean 0.00034
Spread Factor 135.88

Median Value ND
90X Less Than 0.0oew

Arsenic
(MOL, 0.0002 mu/l)

No. of Samples 300 53
No. Above MDL 243 43

Arithmetic ean 0.29902 0.02766
Standard Deviation 0.27390 0.04908

Geometric Mean 0.05250 0.00592
Spread Factor 36.00 11.18

Median Value 0.2600 0.0100
902 Less Than 0.6600 0.0650

Barium

(MDL- 0.002 eil)
No. of Samples 297 52
No. Above MDL 293 51

Arithmetic Moan 1.2758 2.3746
Standard Deviation 1.1405 1.867

Geometric Mean 0.8893 1.7334
Spread Factor 3.02 3.16

Median Value 1.030 1.800
90% Less Than 2.300 4.200

Beryl I ium
(MDL- 0.0000 m/i)

No. of Samples 267
No. Above MDL 0

Arithmetic Mean ND

Median Value ND
90X Less Than ND

----------- - - - - - - - - - -- -- - - - - -- - - - --- - - - - - --- - - - - - - - - - - - - - - -
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TABLE E-3-2
SETTLED SLUDGE
TRACE METALS "

(Continued)

Phase IA I ID Phase IA

Settled Sludge Settled Sludge

Boron
(IDL- 0.0040 ms/1)

No. of Samples 299 53
No. Above MDL 70 50

Arithmetic Mean 0.07046 0.42106
Standard Deviation 0.21699 0.52673
Geometric Mean 0.00009 0.37304
S"Pead Factor. 276.30 4.16

Median Value ND 0.5000
90" Less Than 0.2200 1.1200

Cadmiums ICAP
(MD.- 0.000 me/l)

No. of Sam.les 247
No. Above MOL 233

Arithmetic Mean 0.16004
Standard Deviation 0.12007

Geometric Mean 0.10645
Spread Factor 3.77

Median Value 0.1360
901 Less Than 0.2900

.4
Cadmiums furnace AAS

(MDL- 0.0002 m/1)
No. of Samples 53 53

No. Above MI'L 23 6

Arithmetic Mean 0.00060 0.00116

Standard Deviation 0.01408 0.00397

Geometric Mean 0.00016 Not
SPread Factor 67.50 Calculated

Median Value ND ND
901 Less Than 0.0250 0.0003

Chromium' ICAP

(MOL- 0.003 me/1)
No. of Samles 247
No. Above MDL 236

Arithmetic Mean 0.5091
Standard Deviation 0.4604

Geometric Mean 0.3235
Spr ad Factor 3.30

Median Value 0.360
90% Less Than 0.820

Chromiuml furnace AM
(MDL- 0.0002 ms/1)

No. of Samples 51 52
No. Above MDL 50 42

Arithmetic en 0.44204 0.27832
Standard Deviation 0.62772 0.35991

Geometric Mean 0.21360 0.02716
Spread Factor 4.65 39.80

Median Value 0.2600 0.1500

%90 Less Then 0.9500 0.6900
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TABLE E-3-2
SETTLED SLUDGE
TRACE METALS
(Continued)

"Phase IA & IS Phase hIA

Settled Sludge Settled Sludge

Cobalte ICAP
(MDL- 0.003 m/1)

No. of Samples 240
No. Above MDL 116

Arithmetic Mean 0.0602
Standard Deviation 0.0769

Geometric Moan 0.0037
Spread Factor 34.16

Median Value No
901 Less Than 0.160

Cobalt$ furnace meS
(MDL- 0.0001 so/1)

No. of Samples 21
No. Above MOL 21

Arithmetic Mean 0.35015
Standard Deviation 0.79625

Geometric Mean 0.15141
Spread Factor 3.48

Median Value 0.2000
902 Less Than 0.3100

Copperi ICAP
(MDL- 0.0006 me/I)

No. of Samples 246
No. Above MOL 239

Arithmetic Mean 0.46903
Standard Deviation 0.30158

Geometric Mean 0.33960
Spread Factor 3.93

Median Value 0.4130
90% Less Than 0.9000

Copper8 flame A
(MD)L- 0.0012 mv/1)

No. of Samples 53 53
No. Above MDL 53 48

Arithmetic Mean 0.o56153 0.40074
Standard Deviation 0.29262 0.43848

Geometric Mean 0.46561 0.16743
Spread Factor 1.79 7.55

Median Value 0.5200 0.3200
90% Less Than 1.0000 0.7400

Iron
(MDL- O.O3 me/1)

No. of Samples 292 46
No. Above MDL 292 41

Arithmetic Mean 123.3864 58.4476
Standard Deviation 92.967 112.8975

Seometric Mean 89.8721 6.1236
Spread Factor 2.54 46.21

Median Value 105.000 28.000
901 Less Than 230.000 144.000

---------------------------------------------------------------------------------------------------------------------
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TABLE E-3-2
SETTLED SLUDGE
TRACE METALS
(Continued)

Phase IA & IB Phase IIA
Settled Sludge Settled Sludge

Lead

(MDL
I 
0.0003 5m/1)

No. of Samples 295 53
No. Above MDL 280 37

Arithmetic Mean o.15730 0.29498Sj Standard Deviation 0.19233 0.55936

Geometric Mean 0.07473 0.01179
Spread Factor 5.78 75.01

Median Value 0.1050 0.0720
902 Less Than 0.3500 0.7000

Lithium: ICAP

(MDL- 0.0010 mu/I)
* No. of Samples 245
'No. Above MDL 219

Arithmetic Mean 0.07696
Standard Deviation 0.06758

.4 Geometric Mean 0.04113
Spread Factor 5.06

Median Value 0.0630
902 Less Than 0.1500

Lithium flame MS
(MDL- 0.0004 mg/i)

No. Of Samples 53 53
No. Above MDL 50 41

Arithmetic Mean 0.14092 0.04728
Standard Deviation 0.27533 0.09022

Geometric iMean 0.05873 0.00987
Spread Factor 5.12 14.08

Median Value 0.0650 0.0300
902 Less Than 0.3300 0.0950

Manganese
(MDL- 0.0010 m/I)

No. of SamPles 286 53
No. Above MDL 286 52

Arithmetic Mean 152.59343 15.59661
Standard Deviation 212.05031 12.36074

Geometric Mean 51.99530 7.96604
Spread Factor 5.26 6.27

Median Value 64.3000 14.5000
902 Less Than 419.0000 34.0000

Mercury
(MDL- 0.00027 me/l)

No. of Samples 299 53
No. Above MDL 283 42

Arithmetic Mean 0.00213 0.00128
Standard Deviation 0.00150 0.00105

Geometric Mean 0.00169 0.00086
Spread Factor 2.11 2.77

Median Value 0.0018 0.0011
902 Less Than 0.0039 0.0026

4,
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TAILE E-3-2r .t SETTLED SLUDOE

-el tRACE METALS
(Cant Inued)

Phase IA & I Phase IIA

Settled Sludee Settled Sludge

MolYbdenum
(MDL- 0.002 mg,l)

No. of Samplzs 266
No. Above MOL 7

Arithmetic Mean 0.0067
Standard Deviation 0.0495

Median Value ND

90% Less Than ND

Nickel

(MDL. 0.0010 mg/i)
No. of Samples 294 53
No. Above MDL 291 46

Arithmetic Mean 0.33798 0.30478

Standard Deviation 0.64929 0.25552

G*ometric Mean 0.20046 0.11883
Spread Factor 2.83 10.06

Median Value 0.2200 0.2500
90% Less Than 0.5730 0.6500

Selenium

(MDL- 0.0002 mg/1)
No. of Samples 301 53
No. Above MDL 75 11

Arithmetic Mean 0.00915 0.00997

Standard Deviation 0.05157 0.04854

Geometric Mean 0.00000 0.00000
Spread Factor 527.87 656.95

Median Value ND ND
902 Less Than 0.0223 0.0150

Silvers flame AAS
(MDL- 0.0008 mg/i)

No. of Samples 248
No. Above MDL 27

Arithmetic Mean 0.00368

Standard Deviation 0.01215

Median Value NO
90% Less Than 0.0200

Silvers furnace AAS
(MDL- 0.0002 mg/1)

No. o, Samples 53 53
No. IA-. MDt 36 33

Arstrmetic Meat, 0.01426 0.00700
Star,,ard Deviation 0.02142 0.01144

er, 0.00181 0.00088
?mr , -. , ' 71 1S. 68

. 0.0050 0.0050
"fl% - ' :0450 0.0150
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TABLE E-3-2
SETTLED SLUDOE~TRACE METALS
(Continued)

Phase IA & 13 Ph&se IhA
Settled Sludse Settled Slude"

Thai I lum
(MOL- 0.0009 me/l)

No. of Samples 269
No. Above MOL 2

Arithmetic Mean 0.00308
* Standard Deviation 0.04146

median Value ND
90% Less Than ND

Tin
(MDL I 

0.0040 sel)
No. of SamPles 264
No. Above MDL 110

Arithmetic Mean 0.16904
Standard Deviation 0.33476

Geometric Mean 0.00249
Spread Factor 86.97

Median Value NO
902 Less Than 0.5300

Titanium
(MDL- 0.0020 e/l)

No. of Samples 297 53
No. Above MDL 280 16

Arithmetic M en 0.01282 0.29372
Standard Deviation 0.75513 0.8209

Geometric Mean 0.42957 0.00009
Spread Factor 5.36 9"4.72

Median Value 0.6400 No
902 Less Than 1.6700 0.8000

Vanadium
(MDL- 0.0020 sell)

No. of Samples 298 53
No. Above MOL 273 36

Arithmetic Mean 0.26674 0. 16287
Standard Deviation 0.21205 0.21992

Geometric Men 0.14790 0. 02420
Spread Factor 5.10 21.86

Median Value 0.2300 0.1000
902 Less Than 0.5100 0.3600

Zinc# ICAP

(MI L,, 0.0020 e/! )

No. of Samples 248
No. Above MDL 247

Arithmetic Mean 2.24500
Standard Deviation 1.53561

Geometric Mean 1.86051
Spread Factor 2.02

Median Value 1.9000
902 Less Than 3.9400
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TABLE E-3-2
SETTLED SLUDGE

TRACE METALS
(Continued)

Phase IA & IS Phase IIA
Settled Sludse Settled Sludse

Zinct flame AAS
(MDL- 0.0012 m/1)

No. of Samples 53 53
No. Above MDL 53 41

Arithmetic Mean 3.31774 1.41263
Standard Deviation 1.72636 1.55931

Geometric Mean 2.81827 0.16041
Spread Factor 1.92 46.69

Median Value 3.1000 1.1000
90% Less Than 5.5500 3.2000

4'

4,
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SECTION 4

PERFORMANCE RESULTS FOR THE REMOVAL
OF VOLATILE ORGANIC CHEMICALS BY SURFACE AERATION

Table E.4-1 presents results from a special testing program conducted to assess

the removal of several volatile organic chemicals from the EEWTP blended
influent by mechanical surface aeration. The test was conducted on 24 and
25 June 1982 and consisted of analyses (by LLE) of influent and effluent
aeration tank samples taken hourly over a twenty-four hour period. A detailed
description of the 2 hp mixer and aeration tank are provided in Chapter 7,
Section 1.

The results indicate that of the six compounds detected in the blended influent
only two, chloroform and tetrachloroethene, were removed to a significant
level by mechanical aeration process.

%
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Performance Results for the Removal
of Volatile Organic Chemicals by Surface Aeration
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