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ME.lXOD  7060A

ARSENIC (ATOMIC ABSORPTION. FURNACE TECHNIc)UE~

1.0 SCOPE AND APPLXATION

1.1 Method 706OA  is an atomic absorption procedure approved for determining the
concentration of arsenic in wastes, mobility procedure extmcts, soils, and ground water. All
samples must be subjected to an appropriate dissolution step prior to analysis.

2.0 SUMMARY OF METHOD

2.1 Prior to analysis by Method 706OA,  samples must be prepared in order to convert
organic forms of arsenic to illorganic forms, to tninimk organic interferences, and to
convert the sample to a suitable solution for analysis. The sample preparation procedure
varies depending on the sample matrix. Aqueous samples are subjected to the acid digestion
procedure described in this method. Sludge samples are prepared using the procedure
described in Methti 305OA.

2.2 Following the appropriate dissolution of the sample, a representative aliquot of the
digestate is spiked with a nickel titrate solution and is placed manually or by meaos of an
automatic sampler into a graphite tube furnace. The sample aliquot is then slowly evaporated
to dryness, charred (ashed),  and atomized. The absorption of hollow cathode or EDL
radiation during atomization will be proportional to the arsenic concentration. Other
modifiers may be used in place of nickel nitrate if the analyst documents the chemical and
contention used.

2.3 The typical detection limit for water samples using this method is 1 ug/L. This
detection limit may not be achievable when analyzing waste samples.

3.1 Elemental arsenic and many of its compounds are volatile; therefore, samples may
be subject to losses of arsenic during sample preparation. Spike samples and relevant
standard reference materials should be processed to determine if the chosen dissolution
method is appropriate.

3.2 Likewise, caution must be employed during the selection of temperature and times
for the dry and char (ash) cycles. A nickel nitrate solution must be added to all digestates
prior to analysis to minimize volatik&ion losses during drying and ashing.



,

3.3 In addition to the normal interferences experienced during graphite furnace analysis,
arsenic analysis can suffer from severe nonspecific absorption and light scattering caused by
matrix components during atomization. Arsenic analysis is particularly susceptible to these
problems because of its low analytical wavelength (193.7 MI). Simultaueous background
correction must be employed to avoid erroneously high results. Aluminum is a severe
positive intexferent in the analysis of arsenic, especially using D2 arc background conection.
Zeeman background correction is very useful in this situation.

3,4 If the analyte is not completely voMli.zed  aud removed from the furnace during
atomi&on, memory effects will occur. If this situation is detected by means of blank
bums, the tube should be cleaned by operating the furnace at full power at regular intervals
in the analytical scheme.

4.0 APPARATUS AND MATERIALS

4.1 Griffin tier or equivalent: 250 mL.

4.2 Class A Volumetric flasks: lo-m.L.

4.3 Atomic absorption sp&rophotometerz  Single or dual channel, single- or
double-beam instrument having a grating monochromator, photo-multiplier detector,
adjustable slits, a wavelength range of 190 to 800 nm, and provisions for sirm.tltaneous
background correction and interfacing with a stripchart recorder.

4.4 Arsenic hollow cathode lamp, or electrodeless  discharge lamp (EDL): EDLS provide
better sensitivity for arsenic analysis.

4.5 Graphite furnace: Any graphite furnace device with the appropriate temperature and
timing controls.

4.6 Data systems recorder: A recorder is strongly recommended for furnace work so
that there will be a permanent record and so that any problems with the analysis such as
drift, incomplete atomization, losses during charring, changes in sensitivity, etc., can easily
be recognkd.

4.7 Pipts: Microliter with disposable tips.
XtXLpM.

Sizes can range from 5 to 1,000 S, as

5.0 REAGENTS

5.1 Rqent  water Water should be monitored for impurities. AU references to water
will  refer to reagent water.
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5.2 Concentrated nitric acid: Acid should be analyzed to determine levels of impurities.
If a method blank using the acid is <MDL, the acid can be used.

5.3 Hydrogen peroxide (30%): Oxidant should be analyzed to determine levels of
- impurities. If a method blank using the H202 is < MDL, the acid can be used.

5.4 Arsenic standard stock solution (1,000 mg/L):  Either procure a certified aqueous
standard from a supplier and verify  by comparison with a second standard, or dissolve 1.320
9 of arsenic trioxide (As203, analytical reagent grade) or equivalent in 100 mL of reagent
water containiug 4 g NaOH. Acidify the solution with 20 m.L concentrated HN03 and dilute
to 1 liter (1 mL = 1 mg As).

5.5 Nickel r&ate solution (5%): Dissolve 24.780 9 of ACS reagent grade
Ni(NO3)26H20  or equivalent in reagent water and dilute to 100 mL.

5.6 Nickel nitrate solution (1%): Dilute 20 mL of the 5 % nickel nitrate to 100 mL with
reagent water.

5.7 Anenic working standards: Prepare dilutions of the stock solution to be used as
calibmtion standards at the time of the analysis. Withdraw appropriate aliquots of the stock
solution, add wncentrated HNO3,  30 % H.202,  and 5 % nickel nitrate solution. Amounts
added should be representative of the concentrations found in the -Mmples. Dilute to 100 m.L
with reagent water.

6.0 SAMIPIJZ  COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that addresses the
considerations discussed in Chapter Nme of this manual.

6.2 All sample containers must be prewashed with detergents, acids, and reagent water.
Plastic and glass containers are both suitable.

6.3 Special containers (e.g., containers used for volatile organic analysis) may have to
be used if very volatile arsenic compounds are to be analyzed.

6.4 Aqueous samples must be acid&d to a pH of <2 with nitxic  acid and refrigerated
prior to analysis.

6.5 Although waste samples do not need to be refrigerated  sample handling and storage
must comply with the minimum requirements established in Chapter One.
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a 7.0 PROCEDURE

7.1 Sample preparation: Aqueous samples should be prepared in the manner described in
Paragraphs .7.1.1-7-l .3. Sludge-type samples should be prepared according to Method
3050A. The applicability of a sample-preparation technique to a new matrix type must be
demonstrated by analyzing spiked  samples and/or relevant standard reference materials.

7.1.1 Transfer a known volume of well-mixed sample to a 250-mL Griffin beaker
or equivalent; add 2 mL of 30% H202  and sufficient concentrated HN03 to result in an acid
concentration of 1% (v/v). Heat, until digestion is complete, at m 95 “C or until the volume
is slightly less than 40 mL.

7.1.2 Cool and bring back to 50 mL with went water.

7.1.3  Pipet 5 mL of this digested solution into a lO-mL volumetric flask, add 1 mL
of the 1 A nickel nitrate solution, and dilute to 10 mL with reagent water. T‘he sample is
now ready for injection into  the furnace.

7.2 The 193.7-nm wavelength line and a background correction system arz required.
Follow the manufacturer’s suggestions for all other spectrophotometer parameters.

0.

7.3 Furnace parameters suggested by the manufacturer should be employed as
g@deliues.  Because temperature-sensing mechauisms and temperature controllers can vary

. . . between iustruments or with time, the valid@ of the furnace parameters must be periodically
confmned by systematidy  aberi.ug  the furnace parameters while analyzing a standard. ti

this manner, losses of analyte due to overly high temperature settings or losses iu sensitivity
due to less than optimum settings can be minimized. Similar verifiation  of furnace
parameters may be required for complex sample matrices.

7.4 Inject a maured microliter aliquot of sample into the furnace and atomize. If the
concentration found is greater than the highest standard, the sample should be diluted in the
same acid matrix and reanalyzed. The use of multiple injections can improve accuracy and
help detect furnace pipettiug errors.

8.0 QU- CONTROL

8.1 Refer to section 8.0 of Method 7OOOA.

9.0 MEIHOD  PERFORMANCE

9.1 Precision and accuracy data are available in Method 206.2 of Methods for Chemical
Analysis of Water and Wastes.
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9.2 The optimal concentmtion range for aqueous samples using this method is 5- 100
ug/L. Concentmtion ranges for non-aqueous samples will vary with matrix type.

9.3 The data shown in Table 1 were obtained from ~0rd.s of state and contractor
laboratories. The data are intended to show the precision of the combined sample
preparation and analysis method.

10.0 REFERENCES

1. Methods for Chemid  Analysis of Water and Wastes, EPA-HKV482-055,  December
1982, Method 206.2.

2. Gaskill, A., Compilation and Evaluation of RCRA Method performance Data, Work
Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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TABLE 1. METHOD PERFORMANCE DATA

Sample Preparation
Matrix Method

Laboratory
Replicates

Contaminated soil 3050 2.0, 1.8 ug/g

Oily soil 3050 3.3, 3.8 wg

NBS SRM 1646 Estuarine sediment 3050 8.1, a.33 ug/ga

Emission control dust 3050 430, 350 ug/g

a6ias of -30 and -28% from expected, respectively.
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7.1.1 Trmnofmr

buhr.add kl10.
aad ooac.  HUGI,

aad brmg to
wolur  with

rragmnt rat-t

7.1.3  Pipd t.z.smt UP
l oluli*n into inml-at
11-k. odd - oprratia9  -

aiohl aitrrh. puutmr
dilutm

7.4 Inject
diqumt  of
l uplm +ato

f uraacc  ,

7.4 Rmrord  Aa
coacmntrrtioa  l

l

7060A - 6
E - 8 - 8

Revision 1
November 1990



e Final Rpt, Kuwait Oil Fire HIM No. 39-26L192-91, 5 May - 3 Dee  91

ANNEX E-9

f .

E-9- 1



METHOD 7131A

CADMIUM (ATOMIC ABSORFT’ION.  FURNACE TECHNIOUE-I

1.0 SCOPE AND APPLICATION

1.1 See Section 1.0 of Method 700OA.

2.0 SUMMARY OF MEIBOD

2.1 See Section 2.0 of Method 7000A.

3.0 mcEs

3.1 See Section 3.0 of Method 7000A if interferences are suspected.

3.2 In addition to the normal interferences experienced during graphite furnace
analysis- cadmium analysis catl suffer from severe nonspecific absorption and light
sattering  caused by matrix components during atomization. Simultaneous background
correciion is required to avoid erroneously high results.

3.3 Kxcess  chloride may cause premature volatil&ion  of cadmium. Ammonium
phosphate used as a matrix modifier minimizes this loss. Other modifiers may be used as
long as it is documented with the type of suppressant and concentration.

3.4 Many plastic pipet tips (yellow) contain cadmium. Use “txdmiumfree”  tips.

4.0 APPARATUS AND MATERZALS

4.1 For basic apparatus, see Section 4.0 of Method 7000A.

4.2 Instrument parameters (general):

4.2.1 Drying time and temp: 30 set at 125°C.

4.2.2 Ashing time and temp: 30 set at 500°C.

4.2.3 Atomizing time and temp: 10 set at 1900°C.

4.2.4 Purge gas: Argon.

4.2.5 Wavelength: 228.8 run.
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4.26 Rackground correction: Required.

4.2.7 Other operating parameters should be set as specified by the particular
instrument manufacturer.

NOTE: The above concentration values and instrument conditions are for a Perkin-Elmer
HGA-2100, based on the use of a 20-uL injection, continuous-flow purge gas, and
nonpyrolytic graphite. Smaller sizes of furnace devices or those employing faster rates of
atomization can be operated using lower atomization temperatures for shorter time periods
than the above-recommended settings.

5.0 REAGENTS

5.1 See Section 5.0 of Method 7000A.

5.2 Pqaration  of standards:

5 -2.1 Stock solution: Dissolve 1.000 9 of cadmium metal (analytical reagent grade)
in 20 mL of 1:l FIN03 and dilute to 1 liter with reagent water. Alternatively, procure a
certifxd  standard from a supplier and verify by comparison with a second sta.ndard.

5.2.2 Prepare dilutions of the stock cadmium solution to be used as calibration
standards at the time of analysis. To each 100 mL of standard and sample alike add 2.0 mL
of the ammonium phosphate solution. The calibration standards should be prepared to
contain 0.5% (v/v) HN03.

5.2.3 Ammonium phosphate solution (40%): Dissolve 40 9 of ammonium
phosphate, (NH4)2HPO4  (analytical reagent grade), in reagent water and dilute to 100 mL.

6.0 SAMPLE COLUTTION, PRESERVATION, AND HANDLING

6.1 Se Chapter Three; Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample are given in
Chapter Three, Section 3.2.

7.2 See Method 7OOOA,  Paragraph 7.3, Furnace  Procedure. The calculation is given in
Method 7OOOA,  Pamgraph 7.4.

8.0 QUALITY CONTROL

8.1 See Section 8.0 of Method 7000A.
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9.0 MIXEIOD  PERFORMANCE

9.1 Precision and accuracy data are available in Method 213.2 of Methods for Chemical
Analysis of Water and Wastes.

.
9.2 The performance characteristics for an aqueous sample free of interferences are:

Optimum conmtxation age: OS-10 ug/L.
Detection limit: 0.1 ug/L.

9.3 The data shown in Table 1 were obtained from records of state and contractor
laboratories. The data are intended to show the precision of the combined sample
prepaxation and analysis method.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,  December
1982, Method 213.2.

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data, Work
Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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TABLE 1. METHOD PERFORMANCE DATA

Sample Preparation
Matrix Method

Laboratory
Replicates

Lagoon soil

NBS SRM 1646 Estuarine sediment 3050

0.10, 0.095 ug/g

0 . 3 5  Ug/g'

Solvent extract of oily waste 3030 1.39, 1.09 ug/L

"Bias of -3% from expected value.

,
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MERCURY rN SEDIMENT

Method 245.5 (Manual Cold Vapor Technique)

1. Scope and Application
1.1 This pro&u&) measures total mercury (organic + inorganic) in soils, sediments,

bottom deposits and sludge type ma&als.
1.2 The range of the method is 0.2 to 5 tcglg. The range may be extended above or

below the normal range by inming or decreasing sample size or through
instrument and recorder control.

2. Summary of Method
2.1 A weighed potion of the sample is digested in aqua regia for 2 minutes at 95 “C,

followed by oxidation with potassium pennanganate. Mercury in the digested
sample is then measured by the conventional cold vapor technique.

2.2 An alternate digestion0 involving the use of an autoclave is described in (8.2).
3. Sample Handling and preservation

3.1 Because of the extreme sensitivity of the analytical procedure and the omnipresence
of mercury, care must be taken to avoid extranmus contamination. Sampling
devices and sample containers should be ascertained to be free of mercury; the
sample should not k exposed to any condition in the laboratory that may result in
contact or air-borne mercury conhmination.

3.2 While the sample may be analyzed without drying, it has been found to be more
convenient to analyze a dry maple. Moisture may be driven off in a drying oven
at a temperature  of 60 “C. No mercury losses have ken observed by using this
drying step. The dry sample should k pulverized and thoroughly mixed before the
aliquot is weighed.

4. Interferences
4.1 The same types of interferences that may occur in water samples are also possible

with sediments, i.e., sulfides, high copper, high chlorides, etc.
4.2 Volatile materials which absorb at 253.7 run will cause a positive interference. In

order to remove any interfering volatile materials, the dead air space in the BOD .
bottle should be purged before the addition of stannous  sulfate.

5. Apparatus
5.1 Atomic Absorption Spectrophotometer (See Note 1): Any atomic absorption unit

having an open sample pzeseatation area in which to mount the absorption cell is
suitable. Instrument settings mended by the particular manufacturer should
be followed.
NOTE 1: Instruments designed s@fically  for the measurement of mercury using
the cold vapor technique are commercially available and may be substituted for the
atomic absorption spec@ophotometer.

5.2 Mercury Hollow Cathode Lamp: Westinghouse WL-22847, argon fiued,  or
equivalent.
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e 5.3

5.4

m

5.5

5.6
5.7

5.8

Recorder: Any multi-range variable speed recorder that is compatible with the W
detection system is suitable.
Absorption Cell: Standard spectrophotometer cells 10 cm long, having quartz end
windows may be used. Suitable cells may be constructed from plexiglass tubing,
1” O.D. X 4-112”. The ends are ground perpendicular to the longitudinal axis
and quartz windows (I” diameter X l/16” thickness) are cemented in place. Gas
inlet and outlet ports (also of plexiglass but l/4” 0-D.) are attached approximately
l/2” hrn each end. The cell is s&apped to a bumer for support and aligned in the
light beam to give the maximumtlansmittance.
NOTE 2: Two 2” X 2” cards  with one inch diameter holes may be placed over
each end of the cell to assist in positioning the cell for maximum transmittance.
Air Pump: Any peristaltic pump capable of delivering 1 liter of air per minute
may be used. A Masterflex pump with electronic speed control has been found to
be satisfactory. (Regulated compressed air can be used in an open one-pass
system.)
Flowmeter Capable of measuring an air flow of 1 liter per minute.
Aeration Tubing: Tygon tubing is used for passage of the mercury vapor from the
sample bottle to the absorption cell and return. Straight glass  tubing terminating in
a coarse porous frit is used for sparging air into the sample.
Drying Tube: 6” X 314” diameter tube comain.ing  20 g of magnesium perchlorate
(See Note 3). The appamtus is assembled as shown in the accompanying diagram.
NOTE 3: III place of the magnesium perchlorate drying tube, a small reading
lamp with 6OW bulb may be used to prevent condensation of moisture inside the.
cdl. The lamp is positioned to shine on the absorption cell maintaining the air
temperature in the cell about 10°C above ambient.

6. Ragents
6.1 If Aqua Regia:  FVepare immediately before use by carefully adding three volumes

of cont. HCI to one volume of cont. HNQ.
6.2 Sulfuric Acid, 0.5 N: Dilute 14.0 ml of cont. sulfuric acid to 1 liter.
6.3 Stannous  Sulfate: Add 25 g stannous  sulfate to 250 ml of 0.5 N sulfuric acid

(6.2). This mixture is a suspension and should be stitred continuously during use.
6.4 Sodium Chloride-Hydroxylami Sulfate Solution: Dissolve 12 g of sodium

chloride and 12 g of hydroxylamine sulfate in distilled water and dilute to 100 ml.
NOTE 4: A 10% solution of stannous  chloride may be substituted for (6.3) and
hydroxylamine hydrochloride may be used in place of hydroxylamine sulfate in
(6.4).

6.5 Potassium Permanganate: 5% solution, w/v. Dissolve 5 g of potassium
pmanganate  in 100 ml of distilled water.
Stock Mercury Solution: Dissolve 0.1354 g of mercuric chloride in 75 ml of
distilled water. Add 10 ml of cont. nitric acid and adjust the volume to 100.0 ml.
1.0 ml = 1.0 mg Hg.
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6.7 Working Mercury Solution: Make successive dilutions of the stock mercury
solution (6.6) to obtain a working standard containing 0.1 &ml. This working
standard and the dilution of the stock mercury solutions should be prepared fresh
daily. Acidity of the working standard should be maintained at 0.15 % nitric acid.
This acid should be added to the flask as needed before the addition of the aliquot.

7. CaJibration
7.1 Transfer 0, 0.5, 1 .O, 2.0, 5.0 and 10 ml aliquots of the working mercury solution

(6.7) containing 0 to 1.0 pg of mercury to a series of 300 ml BOD bottles. Add
enough distilM water to each bottle to make a total volume of 10 ml. Add 5 ml
of aqua regia (6.1) and heat 2 minutes in a water bath at 95 “C. Allow the sample
to cool and add 50 ml distilled water and 15 ml of KIMnOd  solution (6.5) to each
bottle and return to the water bath for 30 minutes. Cool and add 6 ml of sodium
chloride-hydroxylamine sulfate solution (6.4) to reduce the excess pexmanganate.
Add 50 ml of distilled water. Treating each bottle individually, add 5 ml of
stannous sulfite solution (6.3) and immediately attach the bottle to the aeration
apparatus. At this point, the sample is allowed to staad quietly without manual
agitation. The circulating pump, which has ,previously  been adjusted to rate of 1
liter per minute, is allowed to run continuously. The absorbance, as exhibited
either on the spec&ophotometer or the recorder, will increase and rezh maximum
within 30 seconds, As soon as the recorder pen levels off, approximately 1
minute, open the bypass value and continue the aeration until the absorbance
returns to its minimum value (See Note 5). Close the bypass value, remove the
fitted tubing from the BOD bottle and continue the aeration. proceed with the
standards and construct a.- curve by plotting @ height versus micrograms .
of mercury.
NOTB S: Because of the toxic nature of mercury vapor precaution must be taken
to avoid its inhalation. Therefore, a bypass has been included ii~ the system to
either vent the mercury vapor into an exhaust hood or pass the vapor through some
absorbing media, such as:
a) equal volumes of 0.1 N KMno, and 10% H2S04
b) 0.25% iodine in a 3% KI solution.
A specially treated charcoal that will absorb mercury vapor is also available from
Barnebey and Cheney, E. 8th Ave., and North Cassidy St., Columbus, Ohio
43219, Cat. #580-13 or #g&22.

8. Procedure
8.1 Weigh trip- 0.2 g portions of dry sample and place in bottom of a BOD bottle.

Add5mlofdistilledwaterand5mlofaquaregia(6.1).  Heat2minutesina
water bath at 95 “C. Cool, add 50 ml distilled water and 15 ml potassium
permanganate  solution (6.5) to each sample bottle. Mix thoroughly and place in
the water bath for 30 minutes at 95 “C. Cool and add 6 ml of sodium
chloride-hydroxylamine sulfate (6.4) to reduce the excess permanganate. Add 55
ml of distilled water. T&g each bottle individually, add 5 ml of stannous
sulfkte (6.3) and immediately attach the bottle to the aeration apparatus. Continue
as described under (7.1).
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8.2 An alternate digestion procedure employing an autoclave may also be used. In this
method 5 ml of cont. H,SO,  and 2 ml of cont. HYNQ are added to the 0.2 g of
sample. 5 ml of saturated KklnO, solution is added and the bottle covered with a
piece of aluminum foil, The samples are autoclaved at 121 “C and 15 lbs. for 15
minutes. Cool, make up to a volume of 100 ml with distilled water and add 6 ml
of sodium chloride-hydroxylarnine sulfate solution (6.4) to reduce the excess
permanganak Purge the d& air space and continue as described under (7.1).

9. Calculation
9.1

9.2

9.3

10.
10.1

Masure the peak height of the unkuown from the chart and read the mercury
value tim the standard curve.
Calculate the mercury concentration in the sample by the formula:

UP HE in the ahauot
erg Wg =

wt of the aliquot in gms

Report mercury concentrations as follows: Below 0.1 ug/gm, < 0.1; between 0.1
and I uglgm, to the nearest 0.01 ug; between 1 and 10 ug/gm, to nearest 0.1 ug;
above 10 ug/gm, to nearest ug.
F&&ion and Accuracy
The following standard deviations on replicate sediment samples were recorded at
the indid levels; 0.29 ug/g f0.02  and 0.82 ug/g f0.03; movery  of mercury
at these levels, added as methyl mercuric chloride, was 97% and 94%,
respectively.

Bibliography

1 Bishop, J-N.,  “Mercury in Sediments”, Ontario Water Resources Comm., Toronto,
ontario,.  Canada, 19711

2. Salma, M., private communication, EPA WNev Basin Office, Almeda, California.
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HSHB-LR  Radiological and Inorganic Chemistry Division
Metals Analysis Branch

SOP No. MDF 14.1
Disk Name /TAB/HIVOL.MDP
EffectiveDaterev  1 Oct91

MEXU ON HIGH VOLUME  AIR FKIERS

Ambient air-suspended particulate matter is collected on a glass fiber filter for
twenty four hours using a high volume airsampler. Metals in the particulate matter is
solubiXzed  by extraction with hot nitric acid and analyzed using AA or ICP. An example,
the range is from 0.0.3 to 7.5 ug Pb/cubic meter assuming an upper linear range of analysis
of 15 ppm and an air volume of 2400 cubic meters.

PROCEDURE:

Cut a 1” x 10 strip from the folded edpe of the fiIter  using a straight edge and a
stainless steel surgical blade. (Other non-contaminating cutting procedures may be used.)
Metals in ambient particulate matter collected on glass fiber filters has been shown to be
uniformly distributed across the filter, suggesting that the position of the strip is unimportant.
Other ‘studies, however, have shown that if the sampling site is near a roadway, the lead is
not uniformly distributed across the filter and therefore, in this case, additional strips at
different positions within the filter  should be anaIyz&.

Fold the selected 2” strip in half twice and place it in a 60 ml teflon container with
a screw lid. Add 30 ml of 3 ti HNO,:  cover the sample. (The acid should
COMPLEIZY  cover the sample. Screw the lid on the container and place it on a hot plate
with the temperature set low enough to heat the sample for 45 minutes WITHOUT BOILING
OF evaporating the sample to dryness.

CAUTION: Nitric acid fumes are toxic.

Remove the teflon container from the hot plate and cool to room temperature.

Quantitatively transfer the sample in the following mannet: Decant as much liquid
as possible from the container into a 125 ml erlenmeyer flask, leaving the filter in the teflon
container. Rinse the teflon lid into the container using 3 sma.lI (2-3 ml) portions of deionized
water. Add enough deionized water to cover the filter in the teflon container.

3 3 M HNO,: Add 192 ml of concentrated nitric acid to about 600 ml of &ionized water in
a liter volumetric flask. Shake we& cool and dilute to volume.
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SOP No. MDF 14.1
Disk Name /TAB/HIVOL.MDP
Effective Date rev 1 Ott 91

Cover the container tightly, shah:e it and allow to stand for a minimum of 15 minutes.
THIS IS A CRITICAL STEP which cannot lx omitted since it ensures maximum diffusion
of the EINO,  dig&ate into the rinse water. At the end of this time, decant as above and
repeat the process. Filter the combined rinsing through a 0.45~ membrane into a filtering
flask. Rinse the erlenmeyer with three small portions of deionized water onto the membrane
ffiter,  transfer the fiber glass (Hi-Vol) filter and vacuum to dryness, and rinse the teflon lid,
container and, finally, the filter support and funnel into the filter flask:.

KEEP THE VOLUME OF Filtrate BELOW 100 ML (ABOUT 80-85 ML)! Transfer
the filtrate quantitatively to a 100 ml volumetric flask, rinsing filtering flask, and bring to
volume. Shake well and pour into a clean polyethylene bottle. The sample is ready for
analysis.

CALCULATIONS:
Take the concentration of the solution and multiply by .4 will give the amount in

mg/f%er. (One quarter of the filter was brought up to 100 mL vol).

REFERENCE:

40 CFR Part 50, wndix  G, as reported in -Om REPORTER, Bureau of
National Affairs,  19n, pages 1278 through 1281.

PREPARATION: This SOP was prepared by Toni Bishop.

DISTRIBUTION: This SOF will be filed with MAR’s  branch chief and distributed to all
trained personnel for this operation.

REVIEW and APPROVAL: This SOP will be reviewed yearly for modifications and any
changes will be approved by MAR s branch chief.

DAVID A. ROSAK
Chief, Metals Analysis Branch
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METHOD  200.7

DETERMINATION OF METALS AND TRACE ELEMENTS
BY INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SPECTROMETRY

1. SCOPE AND APPLICATION

1.1. This method provides procedures for determination of dissolved elements in ground
waters, surface waters, and drinking water supplies. It may also be used for
determination of total recoverable element concentrations in these waters and
wastewaters and, with the exception of silica,  in sediments, sludges and solid waste
samples.

1.2 Dissolved elements are determined after suitable Ghration and acid preservation.
Acid digestion procedures are required prior to the determination of total
recoverable elements. To reduce potential interferences, dissolved solids should be
< 0.2% (w/v), (Sect. 4.1.2).

1.3 Estuarine water may be analyzed by this method, however, m&x matched
standards  or the method of standard addition (Sect. 9.8) must be used following
sample preparation (Sect. 11.2.2). prepared samples may require dilution prior to
analysis  to avoid physical interferences (Sect. 4.1.2) and problematic operation of
the sample introduction system.

1.4 This method is applicable to the following analytes:

Analyte
Chemical Abstract Service
Reeistw  Numbers (CASRN)

Aluminum
Antimony
Arsenic
Barium
Bexyllium
Boron
Cadmium
Calcium
Chromium
cobalt
Copper
Iron

Lithium
Magnesium

7429-90-5
7440-36-O
7440-38-2
7440-39-3
744Wl-7
7440-42-g
744043-g
744@70-2
7440-47-3
7440-48-4
7440-50-8
7439-89-6
7439-92-l
7439-93-l
7439-954
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Manganese

Mercury
Molybdenum
Nickel
Phosphorus
Potassium
Selenium
Silica
Silver
SOdiUUl
Strontium
Thallium
Tm
Varradium
ZillC

7439-965
7439-97-6
7439-98-7
7440-02-o
7723-14-O
7440-09-7
778249-2
7631 -S&9
7440-22-4
7440-23-5
7440-24-6
7440-28-o
7440-31-5
7440-62-2
7440-666

Listed in Table 1 are the recommended WaveXengths  for these analytes along with
adjacent locations for background correction. Also listed in Table 1 are typical
instrument detection limits (TDLs Sect. 3.3) determined using reagent acid ASTM
type I water and conventional pneumatic nemon sample introduction into the
plakra. ‘HI- IDLS are intended as a guide and may vary for each laboratory
depending on instrumentation and selected operating conditions. Wavelengths and
background corrector,  locations other than those recommended may be substituted
if they provi& the needed sensitivity. and are properly corrected for inter-element
fqeclrd interferences.

1.5 Specific instrumental opemting conditions are given in Table 4. However, because
of the differences between various makes and models of spectrometers, the analyst
should follow the instrument manufacturer’s instructions and if possible,
approximate the recommended conditions given (Table 4).

1.6 When using this method for determination of boron and silica in aqueous samples,
only plastic, Teflon or quark labware should be used from time of sample
collection to completion of analysis. For accurate determinations of boron in solid
sample extracts at wncentrations  below 100 mgkg, only quartz beakers should be
used in the digestion with immediate transfer of au extract aliquot to a plastic
centrjfuge tuk following dilution of the digestate to volume. For these
determinations, borosilkte  glass must not be used in order to avoid sample
contamination of these analytes from the glass.

1.7 This method is applic&le to analysis of drinking water for the determination of
primary and secondary wntaminant metals. However, it can only be used for
compliance monitoring of a drinking water wntaminant when listed in the Federal
Register as an approved method and laboratoq performance data meet the required
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method detection limit (MDL)  or practical quantification limit (PQL)  established by
the Offke of Ground Water and Drinking Water. All drinking water samples must
be pretreated with acid prior to analysis. When pneumatic nebulization  is used for
these determinations, certain analytes  require 4X preconcentration prior to analysis
instead of the 2X preconcentmtion procedure giver in Sect. 11.2.1  of this method.
Analytes requiring 4X preconcentmtion are noted in the Federal Register at the
time the method  is promulgated.

1.8 This  method is suitable for determination of silver in aqueous samples containing
concentrations up to 0.1 mg/L. For the analysis of wastewater samples wntaining
higher concentrations of silver, succeeding  smaller volume, well mixed aliquots
should be prepared until the analysis solution contains < 0.1 mg/L silver.

1.9 The sample preparation procedures given. in Sects. 11.2 and 11.3 will solubilize
and hold in solution only minimal concentrations of barium, as barium sulfate. In
addition, the stability of solubilized  barium is gr&y tiected when free sulfate is
available in solution. The wncentration of barium that will remain in solution
decreases as the free sulfate concentration increases. For example, when a 100
m.L aliquot of drinking water wntaining 60 mg/L sulfate was fort&d with 5 mg of
BaSO, salt (equivalent to 59 mg/L Ba in the 2X analysis solution) only 33 mg/L J3a
was init@lly  solubilized using the procedure given Sect. 11.2.1. Upon standing
one week, the barium concentration decreased to 12 mg/L. When 100 mL of
deionized distilled water was fort&d, the entire 5 mg of &SO was solubilized
and remained in solution over the same time period.] For more accurate
determinations of barium in samples having va@.ng and unknown wncentmtions  of
sulfate, samples should be analyzed as soon as possible after sample preparation is
completed.

1.10 With the exception of esmarine waters, once the samples have been collected,
approximately 20 samples including the mandatory quality control samples can be
analyzed using this method during a 1.5 work day period.

l

2. SUMMARY OF METHOD

2.1 This method describes a technique for simulutneous  or sequential multielement
determination of metals and trace elements in solution. The basis of the method is
the measurement of atomic emission by an optical spectrometric technique.
Samples are nebulized and the aerosol that is produced is trztn~rted to the plasma
torch where desolvation and excitation wcur. Characteristic atomic-line emission
spectra are pro&t& by a radio-frequency inductively coupled plasma (ICP). The
spectra are dispersed by a grating spectrometer, and line intensities are monitored
by a photosensitive &vice (e.g., photomultiplier tube or diode array).
Photocurrents from the photosensitive device are pmsed and controlled by a
computer system. A background correction technique is required to compensate
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,

for variable background contribution to the determination of the analytes.
Background must be measured adjacent to analyte lines on samples during analysis.
The position selected for the background intensity measurement, on either or both
sides of the analytical line, will be determined by the complexity of the spectrum
adjacent to the analyte line. The position used must either be free of spectral
interference or adequately corrected to reflect the same change in background
inten@ as occurs at the analyte wavelength measured. Background correction is
not required in cases of line broade&rg where a background correction
measurement would actually degrade the analytical result. The possibility of
additional interferences named in Sect. 4.1 (and tests for their presence as
described in Sect. 4.2) should also be recognized and appropriate corrections made.

3. DEFINITIONS

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

DISSOLVED - The wncenttation of analyte that will pass through a O-45-pm
membrane filter assembly, prior to sample acidificatioa.

TOTAL RECOVEUBLE  - The concentration of an analyte determined in an
un.Mtered  sample following tseatment by refluxing with hot, dilute mineral acid.

INSIRUMENTAL  DEIECI’ION  LIMIT QDL) - The concentration equivalent to
the analyte signal which is equal to three times the standard deviation of a series of
10 replicate measurements of a reagent  blank signal at the same wavelength.

MEIXOD DETECTION LIMIT (MljL) - The minimum concentration of an
malyte that can be identified, measured and reported with 99% cotidence that the
malyte  concenuation  is mter than zero (Sect. 10.2.2).

LINEAIR DYNAMIC RANGE (LDR)  - The concentration range over which the
analytical curve remains linear (Sect. 10.2.3).

=OD OF STANDARD ADDITION - Th; standard addition technique
involves the use of the unknown and the unknown plus a known amount of
standard (Sect. 9.8.1).

LABORATORY REAGENT BUNK (LRB) @paration  blank) - An aliquot of
reagent water that is trated exactly as a sample including exposure to all
glassware, equipment, went& and acids that are used with other samples. The
LRB is used to determine if method analytes or other interferences are present in
the laboratory environment, the reagents or appamtus (Sects. 7.5.2 and 10.3.1).

CAIJBIWI’ION  BUNK  - A volume of ASTM type I water acidified with the
same acid matrix as in the calibration standards. The calibration blank is a zero
standard and is used to calibrate the ICP instrument (Sect. 7.5.1).
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3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

STOCK STANDARD SOLUTION - A concentrated solution containing one
analyte prepared in the laboratory  using assayed reference materials or purchased
from a reputable commercial source (Sect. 7.3). Stock standard solutions are used
to prepare calibration solutions and other needed  analyte solutions.

CALIBFWIION  STANDARD (CAL) - A solution prepared from the dilution of
stock standard solutions. The CAL solutions are used to calibrate the instrument
response with respect to analyte wncemration (Sect. 7.4).

MOWTORY  PERFORMANCE CHECK SOLUTION (LPC)  - A solution of
method analytes, used to evaluate the performance of the instrument system with
respect to a defined set of method criteria (Sects. 7.8 and 9.6).

PLASMA SOLUTION - A solution that is used to determine the optimum height
above the work wil for viewing the plasma (Sects. 7.6 and 9.3 -3).

TUNING SOLUTION - A solution which is used to determine acceptable
instrument performance prior to calibration and sample analyses (Sects. 7.7 and
9.4).

SPECTRAL BCE CHECK SOLUTION (SIC) - A solution of selected
method analytes of higher level wncentmtions  which is used to evaluate the
procedural routine for correcting known interelement slxtml mtetierences  with
respect to a defined set of method criteria (Sects. 7.9 and 9.7).

LABORATORY FORTIFIED BUNK (LFB)  - An aliquot of reagent water to
which known quantities of the method analytes are added in the laboratory. The
LFB is analyzed exactly like a sample, and its purpose is to determine whether
method performance is within acceptable control limits (Sects. 7.11 and 10.3.2).

LABORATORY FORTIFIED SAMPLE MATRIX (WMJ - An aliquot of an
environmental sample to which known quantities of the method analytes are added
in the laboratory. The LFM is analyzed exactly like a sample, and its purpose is
to determine whether the sample matrix wnttibutes bias to the analytical results.
The background wncenuations of the anaIytes  in the sample matrix must be
determined in a sepamte aliquot and the measured values in the LFM corrected for
the wncentrations  found (Sect. 10.4).

FIELD DUPIJCATES (FDl AND FD2) - Two separate samples collected at the
same time and place under identical circumstances and treated exactly the same
throughout field and laboratory procedures. Analyses of FDl and FD2 give a
mare of the precision associated with sample collection, preservation, and
storage, as well as with laboratory procedure.
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3.18 QUALITY  CONTROL SAMPLE (QCS) - A solution of method analytes of known
concentrations which is used to fortify an aliquot of LRB matrix. The QCS is
obtained from a source external to the laboratory, and is used to check laboratory
performance (Sects. 7.12 and 10.2.4).

4. -

4.1 Several types of interference effects may wntribute  to inaccuracies in the
determination of an aualyte by ICP-AES. They Carl be summarized as follows:

4.1.1 Spectral interferences - Canbecategorizedas(l)ove~ofaspectrallinefrom
another element; (2) unresolved overlap of molecular band spectra; (3) background
contribution from wntinuous or recombination phenomena; and (4) background
contribution from stray light from the line  emission of high wncenuation
elements.1 The fust of these effects can be cornperU& by utilizing a computer
correction of raw data, requiring monitoring and measurement of the interfering
element. ‘3 The second effect may require selection of an altemative wavelength.
The third and fourth effects can usually be compensa&d by a background
co-on adjacent to the analyte Line.

Given in Table 3 is’s listing of the interelement spectml interferences that can
occur between method anal- when using the recommended wavelengths and
locations for background co~~&ons  listed in Table 1. Table 3 is not a complete
listing of all possible interelement interferences; however, those not included are
interferences from elements either not readily sohtbilized by the sample preparation
P=edu= desc&edinthismethodorfromelementsrareinnature.  The
corzection  factors listed in Table 3 indicate the magnitude of the interference. The
factors were experimentally determined at EMSL-Cinci.nnati  using an instrument
with a s&fred wavelength dispersion of OS3 nm/mm and a spectral bandpass
resolution of 0.036 nm in the first order. The factors have been rounded to the
tenth-thomd  place or reported to one signifiicaat  number. The listing is .
presented as a guide for users of this method for determining interelement
interference effects. The reader is cautioned that other analytical systems may
exhibit somewhat different levels of interference than those shown in Table 3 and
that the interference  effects must be evaluated for each individual instrumental
system.

The wrrection factors given in Table 3 were demmhed  by analyzing single
element solutions of each interfering element. The concentraticm  of each single
element solution was within the IDR of that element. For most elements a 100
mg/L solution was used with the numerWl value of most wrrection  factors being
co&rued by analyzing lesser dilutions of the single element solution. Because
Ca, Fe, Mg and Na can normally be resent at concentrations in excess of 100
mg/L, the interferences attributed to these elements were determined at
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concentrations near their linm limits. The criteria for listing a spectral
interference was an
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apparent analyte concentration from the interfering single element solution that was
outside the 95 % confidence interval estimates for the determined MDL limits4  of
the analyte using the 2x preconcentration procedure described in Sect. 11.2-l (See
Table 2). The correction factor was calculated by dividing the blank subtracted
apparent analyte concentration by the determined concentration of the interfering
element.

Positive values in Table 3 are interferences that occur on the wavelength p&s,
while negative values indicate an interference at the location used for background
correction. In practice, during analysis, the wrnxfion  factor is used to calculate
the apparent concentration from interfering element and is then subtracted from the
instrumental analyte concentration to determine the net, or sample analyte
concentration (while positive values are subtracted, negative values are actually
added). Without these corrections when interference effects are present, either
false positive or false negative determinations wilI result. Also, the reliability of
an applied correction depends on the variance surrounding the measurement of the
interfering element. As the wncenhation  of the intetiering element incm, the
variance increases; this is reflected in the calculated apparent analyte concentration.
&treme  caution should be exercised when reporting analyte concentrations where
the apparent analyte concentration from an interfering element acwunts for 90% of
the measured anaIyte concentration. Once a routine procedure for correcting.
interelement slxctmI interferences has been established, it should be periodically
tested to evaluate its operational effectiveness and wntinuecl reliability (Sect. 7.9).

4.1.2 Physical interfexunces  - Are generally considered to be effects associated with the
sample nebulizttion  and transport pzrocesses. Such properties as change in
viscosity and surface tension can cause significant inaccuracies especially in
samples which may contain high dissolved solids and/or high acid concentrations.
The use of a peristaltic pump may lessen these interferences. If these types of
interferences are operative, they must be reduced by sample dilution and/or
utilization of standard addition techniques (Sect. 9.8). Another problem which can
occur from high dissolved solids is salt buildup at the tip of the nebulizer. This
affects aerosol flow rate causing instrumental drift. Wetting the argon prior to
nebulization, use of a tip washer, or sample dilution have been used to control this
problem. AIso,  it has been reported that better control of the argon flow rate
improves iIMtrument  performance. This is accomplished with the use of maSs flow
controllers.

4.1.3 Chemical Interferences - Are characterized by molecular wmpound formation,
ionization effects and solute vaporization effects. Normally these effects are not
pronounced with the ICP technique, however, if obsemed they can be minimized
by careful selection of operating wnditions (i.e., incident power, observation
position, etc.), by buffering the sample, matrix matching, or standard addition
procedures. These types of interferences can be highly dependent on matrix type
and the specific analyte element.
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4.1.4 Memory interferences - Result when analytes  in a previous sample contribute to the .
signals measured in a current sample. Memory effects can result from sample 1
deposition on the uptake tubing to the nebulizer or from build-up of sample
material in the plasma torch and spray chamber. The site where these effects
occur is dependent on the element and can be * - * I by flushing the system
with a rinse blank between samples (Sect. 7.5.3). The possibility of memory
interferences should be recognized within an ana.lyticaI  run and suitable rinse times
should be used to reduce them. The rinse times necessary for a particular element
should be estimated prior to analysis. This may be achieved by aspirating a 0
standard containing elements corresponding to either their LDRs or concentrations
ten times those usually  encountered. The aspiration time should be the same as a
normal sample analysis period, followed by analysis of the rinse blank at
designated intervals. The length of time required to reduce analyte signals to
within a factor of two of the method detection limit should be noted. Until the
required rinse time is established, this method recommends a rinse period of 60 set
between samples and standards. If a memory interference is suspected, the sample
should be reanalyzed after a long rinse period.

4.2 The occurrence of interferences described in Sects. 4.1.1, 4.1.2 and 4.1.3 are
primarily attributed to the sample matrix. If an interference caused by a particular
sample matrix is Iztown,  in many cases  it m be circumvented. However, when
the nature of the sample is &own, tests as outlined in Sects. 4.2.1 through 4.2.
4 can be used to ensure the analyst that neither positive nor negative interference
effects ate operative on any of the analyte elements thereby distorting the accumcy
of the reported values.

4.2-l Serial dilution - If the analyte concentration is suffkiently  high (minimally a
factor,of 10 the MDL after dilution), an analysis of a dilution should agree within
10% of the original determination or within an established acceptable control
limit.’ If not, a chemical or physical interference effect should be suspected.

4.2.2 Analyte addition - A post digestion analyte addition added at a minimum level of
20X the MDL (maximum 100X) to the original determination should be recovered
to within 90% to 110% or within an established control limit. If not, a matrix
effect should be suspected. The use of a standard addition analysis procedure can
usually compensate for this effect. CAUTION The standard addition technique
does not detect coin&dent spectral  overlap. If m, use of computerized
compensation, an alternative wavelength, or comparison with an alternative method
is recommended (Sect. 4.2.3).

4.2.3 Comparison with alternative n&hod of analysis - When investigating a sample
matrix, comparison tests may -be performed with other analytical techniques, such
as atomic absorption spectrometry, ICP-mass spectrometry, or other approved
methodology.
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4.2.4 Wavelength scanning of analyte line region - If the appropriate equipment is
available, wavelength scanning can be performed to detect potential spectral
interferences.

5. sm

5.1 The toxicity or carcinogenicity of each reagent used in this method has not been
fully established Each chemical.  should be regarded as a potential health hazard,
and exposure to these compounds should he as low as reasonably achievable. Each
laboratory is responsible for mztintainiug  a current file of OSHA regulations
regarding the safe hancUing  of chemicals specified in this method k9. A reference
fde of material data handling sheets should also be made available to all personnel
involved in the chemical analysis. Specifically, concenhated  nitric and
hydrochloric acids are moderately toxic and extremely irritating to skin and mucus
membrzmes. Use these reagents in a hood whenever possible and if eye or skin
contact occurs, flush with large volumes of water. Always wear safety glasses or a
shield for eye protection when working with these vts.

5.2 Analytical plasma sources emit radiofrequency radiation and intense W radiation.
Suitable precautions should be taken to protect personnel from such hazards.

6. APPARATUS AND EOUIPMENT

5.3 All personnel handling envir0nmenta.l  samples known to contain or to have been in
contact with human waste should be imm& against known disease causative
agents*

5.4 Precautions should also be taken to minimize potential hazards. Basic good
housekeeping and safety practices such as the use of rubber or plastic gloves and
safety glasses during cleaning of labware are highly recommended.

6.1 ANALYTICAL  INSTRUMENTATION

6.1.1 The ICP instrument may be a simultaneous or sequential spectrometer system that
uses ionized argon gas as the plasma. However, the system and processing of
backgrouud  corrected signals must be computer controlled. The instrument must
be Capable of meeting and complying with the requirements and description of the
technique given in Sect. 2.1 of the method. In particular, it is the responsibility
of the analyst to investigate the spectml interference (Sect. 4.1.1) operative about
e+cb  analytical wavelength used and to verify and periodi&y  confirm that the
instrument configuration and operating conditions used satisfy the analytical
requitements.

6.1.2  Argon gas supply - Liquid, high purity grade (99.99%).
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6.1.3 A vatiable speed peristaltic pump is required to deliver both standard and sample
solutions to the nebulizer.

6.1.4 Mass flow controllen to regulate the argon flow rates, especially the aerosol
lnmport  gas, are highly recommended. Their-use will provide more exacting
control of reproducible plasma conditions.

6.1.5 For routine analyses of sohrtions  containing dissolved solids > 1 A, a high solids
nebuhzer and a torch injector tube having an i-d.  > 1.0 mm ate recommended.
(Consult the instrument manufacturer for guidance.)

6.1.6 For sustained analyses of solutions containing alkali concentmtions  > 0.5 % , an
alumina torch injector tube is recommended to prevent devittifxation  of the
normally-used quartz injector tube.

NOTE: Regular periodic cleaning of the quartz torch assembly and injector tube by
soaking in aqua regia (Sect. 7.1.9)  reduces background signal noise, calibration
drift and potential memory effects.

6.2 SAMPLE PROCESSING EQUIPMENT.

6.2.1 Air Displacement Pipetter: Digital pipet capable of delivering volumes ranging
from 0.1 to 2500 uL with art assortment of high quality disposable pipet tips.

6.2.2 Hot Plate: Ceramic top, graduated dial 90 “C to 450 “C (Coming PC100 or
equivalent).

6.2.3 Single pan balance: &lance capable of weighing to the nearest 0.01 g.

6.1.4 Mass flow controllers to regulate the argon flow rates, especially the aerosol
transport gas, m highly recommended. Their use will provide man= exacting
control of reproducible plasma conditions.

6.1.5 For routine analyses of solutions containing dissolved solids > 1% ; a high solids
nebulizer and a torch injector tube having an i-d.  > 1.0 mm are recommended.
(Consult the instrument manuf&cturer  for guidance.)

6.1.6 For sustained analyses of solutions containing alkali concentrations > 0.5 R , an
alumina torch injector tube is recommended to prevent *cation of the
normally-used quartz injeztor tube.

E-12-13



equivalent).

6.2.3 Single pan balance: &lance capable of weighing to the nearest 0.01

6.2.4 Analytical balance: Balance capable of weighing to the nearest 0.0001 g-

6.2.5 Centrifuge: Steel cabinet with guard bowl, electric timer and brake.
Centrifuge, Universal Model UY or equivalent.)

NOTE: Regular periodic cleaning of the quartz torch assembly and injector tube
by soaking in aqua regia (Sect. 7.1.9) reduces background signal noise, calibration
drift and potential memory effects.

6.2 SAMPLE PROCESSING EQUIPMENT

6.2.1 Air Displacement P@$&~I Digital pipet capable of delivering volumes ranging
from 0.1 to 2500 S with ar.t assortment of high quality disposable pipet tips.

6.2.2 Hot Plate: Ceramic top, graduated dial 90 ‘C to 450 “C (Corning PC100 or

(IIltCTMtiOMl

6.2.6 Drying oven: Gravity convection oven, with thermostatic control capable of
maintaining 180 “C’+ 5 “C.

6.3 LABWARE  - For the determination of trace levels of elements, contamination and
loss are of prime consideration. Potential contamination so-s include l
improperly cleaned laboratory apparatus and general contamination within the
laboratory environment from dust, etc. A clean laboratory work area, designated
for trace element sample handling must be used. Sample containers can introduce
positive and negative errors in the detemrination of trace elements by (1)
contributing contaminants through surface desorption or leaching, (2) depleting
element concentrations through adsorption processes. All reuseable labware (glass,
quartz, polyethylene, Teflon, etc.), including the sample container, should be
cleaned prior to use. Iabware should be soaked overnight and thoroughly washed
with laboratory-grade detergent and water, rinsed with water, and soaked for 4
hours in a mixture of dilute nitric and hydrochloric acid (1+2+9),  followed by
rinsing with water, ASTM type I water, and oven drying.

NOTE Chromic acid must not be used for cleaning glassware.

6.3.1 Glassware - Volumetric flasks, graduated cylinders, funnels and centrifuge tubes
(glass and/or metal-free plastic).

6.3.2 Assorted calibrated pipettes.
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6.3.3 Conical Phillips beakers, 250-mL with 50-mm watch glasses. Griffin beakers,
250-n& with 75-mm  watch glasses. Teflon and/or quartz beakers, 250-mL with
Teflon covers (optional).

63.4 Wash bottle - One piece stem, Teflon FEP bottle with Tefzel ETFE screw closure,
125-n& capacity.

7. REAGENTS AND CONSUMABLE MATERIALS

7.1 Reagents may contain elemental impurities which might affect analytical data.
only high-purity reagent should be used whenever possible. All acids used for-this
method must be of ultra highpurity grade. Suitable acids are available from a
numk of manufacturers or may be prepared by sub-boiling distillation.

7.1.1 Nitric acid, concentrated (sp.gr.  1.41) (CASRN 7697-37-2).

7.1.2 Nitric acid (l+l) - Add 500 mL cont. nitric acid to 400 mL of ASTM type I
water and dilute to 1 L.

7.1.3 Nitric acid (1+9) t Add 100 mL cont. nitric acid to 400 mL of ASTM type I
water and dilute to 1 L.

7.1.4 Hydrochloric acid, concenttatecl  (spgr. 1.19) (CAIRN 7647-01-o).

7.1.5 Hydrochloric acid (1 + 1) - Add 500 mL cont.’ hydrochloric acid to 400 mL of
AsTMtypeIwateranddilutet.olL.

7.1.6 Hydr&loric  acid (1+4) - Add 200 mL cont. hydrochloric acid to 400 mL ASTM
type I water and dilute to 1 L.

7.1.7 Ammonium hydroxide, concentrated (sp.  g-r. 0.902) (CASRN 133621-6).

7.1.8 Tartark  acid, ACS reagent grade (CAIRN 87-69-4).

7.1.9 Aqua regia - Add 100 mL cont. nitric acid to 300 mL cont. hydrochloric acid and

7.2

7.3

loo n&-ASTM  type I water.
-

WATER - For all sample preparation and dilutions, ASTM type I water (ASTM
01193) 1 o is required. Suitable water maybe prepared by passing d&i&d water
through a mixed bed of anion and cation exchange rosins.

STANDARD STOCK SOLUTIONS - May be purchased from a reputable
commercial source or prepared from ultra high-purity grade chemicals  or metals
(99.99 - 99.999% pure). All Satts should be dried for one hour at 105 “C, unless

E-12-15



othenvise  specified. (CAUTION: Many metal salts are extremely toxic if inhaled
or swallowed. Wash hands thoroughly after handling). Stock solutions should be
stored in Teflon bottles.

The following procedures may be used for preparing standard stock solutions:

NOTE:  Some metals, particularly those which form surface oxides require cleaning
prior to being weighed. This may be achieved by pickling the surface of the metal
in acid. An amount in excess of the &sired weight should be pickled repeatedly,
rinsed with water, dried and weighed until the de&d weight is achieved.

7.3-l Aluminum solution, stock 1 mL = lOOO-ug Al: Pickle aluminum metal in warm
(1 + 1) hydrochloric acid to an exact weight of 0.100 g. Dissolve in 10 mL cont.
hydrochloric acid and 2 mL cont. nit& acid, heating to effect solution. Continue
heating until volume is reduced to 4 II&. Cool and add 4 mL ASTM type I water.
Heat until volume is reduced to 2 mL. rnol and dilute to 100 ml, with ASTM type
I water.

7.3.2 Antimony solution, stock 1 m.L = 500 ug Sb: Dissolve 0.100 g Sb powder in 2
m.L  (1 +l) nitric acid and 1.0 mL cont. hydrochloric acid. Add 10 mL ASTM
type I water and 0.15 g tart.& acid. Warm slightly to effect complete solution.
Cool and diIute  to 200 mL with ASTM type I water.

7.3.3 Arsenic solution, stock 1 mL = 1000 ug As: Dissolve 0.1320 g && in a mixture
of 50 mL ASTM type I water and 1 mL cont. ammonium hydroxide. HEU gently
to dissolve. Cool and acidify the solution with 2 m.L  cont. nitric acid. Dilum to
100 mL with ASTM type I water.

7.3.4 Barium solution, stock 1 mL = 500 bg Ba: Dissolve 0.1437 g BaCO, in a solution
mixture of 10 mL ASTM type I water and 5 mL cont. nitric acid. Heat and stir
to effect solution and degassing. Dilute to 200 -mL with ASTM type I water.

7.3.5 Beryllium solution, stock 1 m.L = 500 ug Be: Dissolve 1.965 g BeS04.4H,0  (DO
NOT DRY) in 50 mL ASTM Type I water. Add 2 m.L cont. nitric acid. Dilute
to2OOmLwithAsTMtypeIwater.

7.3.6 Boron solution, stock 1 mL = 1000 ug B: DO, Dissolve 0.5716 g
anhydrous HaO, in 20 mL ASTM type I water. Dilute to 100 m.L  with ASTM
type I water, mix and i.mmediateIy  transfa to a Teflon bottle for storage. Use a
reagent meeting ACS specifi~ons,  keep the bottle tightly stoppered and store in a
desiccator to prevent the entrance of atmospheric moisture.

7.3.7 Cadmium solution, stock 1 mL = 1000 ug Cd: Pickle tiurn metal in (1+9)
nitric acid to an exact weight of 0.100 g. Dissolve in 5 mL (1 + 1) nitic acid,
hating  to effect solution, Cool and dilute to 100 mL with ASTM type I water.

K-12-16



7.3.8 Calcium solution, stock 1 mL = 1000 ug Ca: Suspend 0.2498 g CaC03 dried at
180°C for 1 hour before weighing, in 20 mL of ASTM type I water. Dissolve
cautiously (reaction is vigorous) by adding-dropwise, 10 mL (1 + 1) hydrochloric
acid. Dilute to 100 mL with ASTM type I water.

7.3.9 Chromium solution, stock 1 mL = 500 ug Cr: Dissolve 0.1923g CL-O,  in a
solution mixture of 10 mL ASTM type I water and 2 mL cont. nitric acid. Dilute
to2OOmLwithAsTMtypeIwater.

7.3.10 Cobalt solution, stock 1 mL = loo0 ug Co: Pickle cobalt metal in (1+9) nitric
acid to an exact weight of 0.100 g.

Dissolve in 5 mL (1 + 1) nitric acid, heating to effect solution. Cool and dilute to
100 mL with ASTM tYPe I water.

7.3.11 Copper solution, stock 1 mL = 1000 ug Cu: Pickle copper metal in (1+9) nitric
acid to an exact weight of 0.100 g. Dissolve in 5 mL (l+ 1) nitric acid, heating to
effect solution. Cool and dilute to 100 mL with ASTM type I water.

7.3.12 Iron solution, stock, 1 mL = 1000 ug Fe: Pickle iron metal in (1 tl) hydrochloric
acid to an exact weight of 0.100 g. Dissolve in 10 mL (1 + 1) hydrochloric acid,
heating to effect solution. Cool and dilute to 100 mL with ASTM type I water.

7.3.13 Lead solution, stock 1 mL = 1000 ug Pb: Dissolve 0.1599 g PbN03 in 5 mL
(l+l)  nitric acid. Dilute to 100 mL with ASTM type I water. .

7.3.14 Lithium solution, stock 1 ml, = 500 ug Li: Dissolve 0.5324 g L&CO3 in 20 mL
ASTM type I -water. Add 2 mL cont. nitric acid and dilute to 200 mL with
ASTM type I water.

7.3.15 Magnesium solution, stock 1 mL = 1000 ug Mg: Dissolve 0.100 g cleanly
polished magnesium ribbon in 5 mL (l+ 1) hydrochloric acid. (Add acid slowly,
reaction is vigorous) Add 2 mL (1 + 1) nitric’ acid and dilute to 100 mL with
ASTM type I water.

7.3.16 Manganese solution, stock 1 mL = 1000 ug Mn: Pickle manganese flake in (lt9)
nitric acid to au exact weight of 0.100 g. Dissolve in 5 mL (1 + 1) nitric acid,
heating to effect solution. Cool and dilute to 100 mL with ASTM type I water

7.3.17 Mercury solution, stock 1 mL = 500 ug Hg: Do NOT DRY, highly toxic,
poison. Dissolve 0.1354 g HgCl,  in 20 mL ASTM type I water. Add 10 mL
cont. nitric acid and dilute to 200 mL with ASTM type I water.
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7.3.18 Molybdenum solution, stock 1 mL = 1000 ug MO: Dissolve 0.1500 g MOO, in a
solution mixture of 10 mL ASTM type I water and 1 mL cont. ammonium
hydroxide, heating to effect solution. Cool and dilute to 100 mL with ASTM type
I water.

7.3.19 Nickel solution, stock 1 mL = 1000 ug Ni: Dissolve 0.100 g nickel powder in 5
mL cont. nitric acid, heatiDg  to effect solution. Cool and dilute to 100 mL with
ASTMtypeIwater.

7.3.20 Phosphorus solution, stock 1 niL = 1000 ug P: Dissolve 0.3745 g NH&PO4 in
2OmLASTMtypeIwater.  Diluteto1OOniLwithASTMQpeIwater.

7.3.21 Potassium solution, stock, 1 mL = 1000 ug K: Dissolve 0.1907 g KCl, previously
driedat11O”Cfor3hrsin2OmLASTMtypeIwater.  Add2mL(l+l)
hydrochloric acid and dilute to 100 mL, with ASTM type I water.

7.3.22 Selenium solution, stock 1 mL = 500 ug Se: Dissolve 0.1405 g SeO, in 20 mL
AsT,MtypeIwa&r.  Diluteto2OOmLwithASTMtypeIwater.

7.3.23 Silica solution, stock, 1 mL = 1000 pg Si02: Do not drv. Dissolve 0.29& 9
NH4SiP6 in 20 mL solution mixture of ASTM type I water and 1 mL cont.
hydrochloric acid, heating at 85°C for 5 min to effect solution. Cool, dilute to
100 II& with ASTM type I water, mix and immediately transfer to Teflon bottle
for storage.

7.3.24 Silver solution, stock 1 mL = 250 pg Ag: Dissolve 0.125 g silver metal in 10 mL
(1+ 1) nitric acid, heating to effect solution. Cool and dilute to 500 mL with
ASTM type I water. Store in amber container.

7.3.25 Sodium solution, stock 1 mL = 1000 pg Na: Dissolve 0.2542 g NaCl in 20 mL
ASTM type I water. Add 2 mL (1 + 1) nitric acid and dilute to 100 mL with
hSTM type I water.

7.3.26 Strontium solution, stock 1 mL = 500 pg Sr: Suspend 0.1685 g SrC03 in 20 mL
ASTM type I water. Dissolve continuously by adding dropwise 10 mL (1 + 1)
hydrochloric acid. Dilute to 200 mL with ASTM type I water.

7.3.27 Thallium solution, stock 1 mL = 500 pg Tl: Dissolve 0.1303 9 TIN03 in a
solution mixture of 10 mL ASTM type I water and 2 niL cont. nitric acid.
Dilute to 200 mL with ASTM type I water.

7.3.28 Tin solution, stock 1 mL = 1000 pg Sn: Dissolve 0.100 g Sn shot in 20 m.L
(l+l) hydrochloric acid, heating to effect solution. Cool and dilute to 100 mL
with (1 + 1) hydrochloric acid.
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7.3.29 Vanadium solution, stock 1 m.L = 1000 pg V: Pickle vanadium metal in (1+9)
nittic acid to an exact weight of 0.100 9. Dissolve in 5 mL (1 + 1) nitric acid,
heating to effect solution. Cool and dilute to 100 mL with ASTM type I water.

7.3.30 Yttrium solution, stock 1 mL = 1000 pg Y: Dissolve 0.1270 9 Y20 in 5 mL
(l+l) nitric acid, heating to effect solution. Cool and dilute to 1000 mL with
ASTM type I water.

7.3.31 Zinc  solution, stock 1 mL = 500 c(g Zn: pickle zinc metal in (1+9) nittic acid to

7.4

7.4.1

ar, exact weight of 0.100 9. Dissolve in 10 mL (l+l) nitric acid, heating to
effect solution. Cool and dilute to 200 mL with ASTM type I water.

MIXED CAUBhVI’ION  STANDARD (CAL) SOLUTIONS-F’repare  mixed CAL
solutions (Sects. 7.4.1 through 7.4.5) by combining appropriate volumes of the
stock standard solutions in 500-mL volumetric flasks. First, add 20 mL of (1 + 1)
nittic acid and 20 mL of (1 + 1) hydrochloric acid, then add the appropriate stock
standard aliquots and dilute to 500 mL with ASTM type I water. prior to
preparing the mixed CAL solutions, each stock solution should be analyzed
sqmately to determine the presence of impurities. Transfer the freshly prepared
mixed CAL solutions to an acid clean, not previously used FEP fluorocarbon or
polyethylene bottles  for storage. Fresh mixed CAL solutions should be prepared
as needed with the realization that concentration can change on aging. The CAL
solutions must be initially verified using a quality control sample and monitored
weekly for stability (Sect. 7.12). Although not specifi~y  ~uired, the listed
CAL solution combinations should be followed when using the specific
wavelengths and recommended background correction locations listed in Table 1.
If different combinations are used, the mixture should be veri&d for
compatibility, stability and absence of spectral  interference between analytes. This
same requirement would apply if different wavelengths and/or background
correction locations are utilized.

CAL Solution I (Volume = 500.0 mL)

Stock Aliqyot

As 7.3.24 1.0 0.5
As 7.3.3 5.0 10.0
B 7.3.6 1.0 2.0
Ba 7.3.4 1.0 1.0
ca 7.3.X. 5.0 10.0
Cd 7.3.7 1.0 2.0
cu 7.3.11 1.0 2.0

Vol. niL Cone,  udn-iL
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7.3.16 l*O 2.0
Sb 7.3.2 5.0 5.0
Se 7.3.22 5.0 5.0

NOTE: If the addition of silver to the recommended acid combination results in an initial
precipitation, add 15 mL of ASTM type I water and warm the flask until the solution clears.
For the acid concentration used in the CAL solutions, the silver concentration should be
limited to 0.5 mg/L. Higher concentrations of silver require additional hYdrochloric acid.

7.4.2 CAL Solution II (Vohime z 500.0 mL)

Stock Aliquot
Analvte Solution Vol. mL

K 7.3.21 10.0
Li 7.3.14 5.0
M O 7.3.18 5.0
Na 7.325 5.0
Sr 7.3.26 1.0

7.4.3 CAL Solution III (volume = 500.0 mL)

Stock Aliqnot
Alal* Solution l32LA!L

c o 7.3.10 1.0
V 7.3.29 1.0

-P 7.3.20 5.0

7.4.4 CAL Solution IV (Volume = 500.0 m.L)

AmJ!fB

Al
Cr
Hg
SiO
Sn
Zn

Stock Al&lot
Solution Vol. mL

7.3.1 5.0
7.3.9 5.0
7.3.17 2.0
7.3.23 5.0
7.3.28 2.0
7.3.31 5.0

Analyte
Cont. uPlmL

20.0
5.0
10.0
10.0
1.0

A=we
Cont. wlmL

2.0
2.0
10.0

Analyte
Cont. wlmL

10.0
5.0
2.0
10.0
4.0
5.0
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7.4.5 CAL Solution V (Volume = 500.0 mL)

Anahte
Stock Aliquot
Solution Vol. mL

Analyte
Cont. uglmL

Be 7.3.5 1.0 1.0
Fe 7.3.-12 5.0 10.0
MS 7.3.15 5.0 10.0
Ni 7.3.19 1.0 2.0
Pb 7.3.13 5.0 10.0
Tl 7.3.27 5.0 5.0

7.5 BUNKS - Three types of blanks are requi& for this method. A calibration
blank is used to establish the analytical calibIx.ion  cume, a laboratory reagent
blqnk  is used to assess possible contamination from the sample preparation
prmedure  and a rinse blank is used to flush the instrument uptake system and
nebulizer between standards and samples to reduce memory interferences.

7.5-l Calibration blank - ware by diluting a mixture of 20 mL of (1 + 1) nit& acid
and 20 mL of (1 + 1) hydrochlotic acid to 500 mL with ASTM type I water. Store
in a Teflon bottle.

7.5.2 LaI~ratory went blank (LRB) - Contains all the reagents in the same volumes
used in processing the samples. The IXl3 must he carried through the entire
preparation procedure and analysis scheme. The fmal solution should contain the
same acid concentrations as sample solutions for analysis.

7.5.3 Rinse  blank - Prepare this acid wash solution in the same manner as the calibration
blank and store in a convenient manner.

7.6 PLASMA SOLUTION  - This solution is used for determining the optimum
viewing height of the plasma above the work coil prior to using the method (Sect.
9.3.3). The solution is prepti by adding a 5 mL aliquot from each of the stock
standard solutions of arsenic (Sect. 7.3.3) and lead  Sect. 7.3.13), and a 10 mL
aiiquot from each of the stock standard solutions of selenium (Sect. 7.3.22) and
thallium (Sect. 7.3.27), to a mixture of 20 mL (l+l) nitric acid and 20 mL
(l+l)  hydrochloric acid and diluting to 500 mL with ASTM type I water. Store
in a Teflon bottle.

7.7 TUNING SOLUTION - This solution is used for adjusting the aerosol argon gas
flow prior to calibration and analysis (Sect. 9.4). The solution is prepared by
adding a 5 mL aliquot from each of the stock standard solutions of copper (Sect.
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7.3.11) and lead (Sect. 7.3.13) to a mixture of 20 mL (1+ 1) nitric acid and 20
mL (1 + 1) hydrochloric acid and diluting to 500 mL with ASTM type I water.
Store in a Teflon bottle.

7.8 LABORATORY PERFORMANCE CHECK (LPC) SOLUTION -,This  solution is
pzb; teling  the following listed aliquot volumes of the individual stock

mixtnreof2OniL(1+1)nitricacidand2OrnL(1+1)
hydrochloric acid and diluting to 500 mL with AS’Ihrl  type I water. Immediately
transfer the freshly prepared LPC to an acid cleaned, not previously used, Teflon
tattle.

-As
Al
Gs
B
Ba
Be

.ca.
Cd
co
Cr
cu
Fe
Hg
K
Li
MI!

MO
Na
Ni
P
Pb
Sb
Se
Si02
Sn
Sr

Tl
V
Zn

Stock
Solution

Aliquot
Vol. nlL

7.3.24 1.0
7.3.1 1.0
7.3.3 1.0
7.3.6 1.0
7.3.4 2.0
7.3.5 2.0
7.3.8 1.0
7.3.7 1.0
7.3.10 1.0
7 3 9 2.0
73 11 1.0
7 3.12 1.0
7 3.17 2.0
7.3.21 5.0
7.3.14 2.0
7.3.15 1.0
7.3.16 1.0
7.3.18 1.0
7.3.25 1.0
7.3.19 1.0
7.3:20 5.0
7.3.13 1.0
7 3.2 2.0
7 3.22 2.0
7.3.23 5.0
7.3.28 1.0
7 3.26 2.0
7 3.27 2.0
7.3.29 1.0
7.3.31 2.0
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Analyte
M

0.5
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
10.0
2.0
2.0
2.0
2.0
2.0
2.0
10.0
2.0
2.0
2.0
10.0
2.0
2.0
2.0
2.0
2.0



7.9 SPECTRAL -CE CHECK  (SIC) SOLUTIONS - Once the
interelement  spectral interference correction factors have been determined (Sect.
4.1.1) and the procedural routine for their use has been established, the operative
p-s should be periodically  tested and updated as needed. It is usually not
practia to test and update  the entire comve process on a daily or weekly
basis. The frequency of co-g and/or updating the entire corrective process
is the qxmsibility  of the analyst and should be dictated by instrument stability,
type  of samples anal* and the exlxx&d  intexference  encountered. The
following pnxedure is recommended for testing the interelement spectral
correction process.  A general description of the procedure is given in Sect. 7
9.1. In Sect. 7.9.2 through 7.9.4 instructions are given for the preparation of
SIC solutions that are specific to the wavelengths and background correction
locations given in Table 1. The SIC solutions are designed to monitor and detect a
10% change in a partial list of the interference  correction factors given in Table 3 _
The factors selected for monitoring were determined by dividing each of the listed
co&on factors  by 10 and multiplying the quotient by the concentration of the
interfering element in the respective  SIC solution given below. If the resulting
product was a number equal to or greater than two times the analyte MDL, the
con-e&ion  factor was included for monitoring.

7.9.1 Pnzpaxe an acid matrix solution of the interfering element at a high level of
concentration (e.g., 50 mg/L). Complete 10 analyses of the solution and
detenthe the standard deviation of the mean concenttation. From the data
dcuhte a concentration equal to 4.52 times the stz&ud deviation. (This
w conceotraton  e&mates the 95% confxience  interval of the intelferent
mean concentration). Multiply the dculated  concentration by the correction
factor to be tested. Disregarding the numericxtl  sign of the product, add a
concentration value equivalent to 2.2X the MJJL of the analyte that is being
corrected. The sum of the two concentrations, when bisected by the calibration
blank, describes an acceptable apparent analyte concentration range. If the
apparent analyte concentration from the analysis of the intetierent solution is
within the acceptable mnge, the co&on process is considered to be in control.
If the apparent analyzed concentration is outside the range, as either a positive or
negative concentration, a change in the correction process is indicated and an
update of the process may be required.

NOTE: The interfering solution should be analyzed more than once  to con&-m a
change occurred  with adeqate rinse time be~een  solutions and b&fore  the
subsequent analysis of the calibration  blank

7.9.2 SIC solution I (50 mg/L MO) - Add a 5 II& aliquot  of the stock standard @ution
of molybdenum (Sect. 7.3.18) to a mixture of 4 m.L (l+l)-nitric a&d and 4-d
(1 f 1) hydrochloric acid and dilute to 100 niL with ASTM type I water. Stoic in
a Teflon bottle. This solution is used to evaluate the molybdenum interelement
spectd comction  factors on the analytes:  Al, Sb, Se, Sa, and V. (See Table 3).
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7.9.3 SIC solution II (10 mg/L Co; 20 tug/L Cr, Mn and V; and 40 mg/L Cu) - Add a
1 mL aliquot from the stock standard solution of cobalt (Sect. 7.3. lo), a 2 mL
aliquot from each of the stock standard solutions of manganese (Sect. 7.3.16) and
vanadium (Sect. 7.3.29) and a 4 niL aliquot from the stock standard solutions of
chromium (Sect. 7.3.9).and  copper (7.3.11) to a nlixmreof4tnL(1+1)nitic
acidand4mL(l+l)hydrochloricacidanddiluteto100mLwitbASTMTypeI
water. Store in a Teflon bottle. This solution is used to evaluate the following list
of interelement  spectral  correction  factoff (See Table 3).

Pb co
Sb Cr
MO Mn
As V
Be V
Zn cu

7.9.4 SIC Solution III (20 mg/L Ni, 30 mg/L Al and 150 rngk Fe) Add a 2 mL aliquot
from the stock  standard  solution of nickel (Sect 7.3.19),  a 3 mL aiiquot from the
stock standard solution of aluutinum  (Sect. 7.3.1) and a 15 mL aliquot from the
stock t3mndard  solution of iron (Sect. 7.3.12) to a mixture of 4 IIIL (l+l) nitric
acidand 4 mL (l+l)  hydrochloric acid and dilute to IO0 UIL with ASTM Type 1
water-  Store in a Teflon bottle.  This solution is used to evaluate the following l&-
of interelement spec&al coxrection  factors (See Table 3).

Sb
zn
As
Ai!
Cr

Ni
Ni
Al
Fe
Fe
Fe

7.10 LABORATORY FOR-EKING STOCK SOLUTION - This solution is used in
prepming the lalmatory  fortified blank and the lat~~~ry  fort&d sample maztix.
Pnqme the solution in a 200-mL volumetric flask by adding the following listed
aliquot volumes of the individual stock  solutions to a mixiure of 4 mL (l+l) nitfic
acidand2OmL(1+1)hydrochloricacid.  DilutetothemarkwithASTMtypeI
water. Transfet  the freshly  prepared solution g a .TefIon  bottle for stoiage.
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Analvte

4
Al
As
B
Ba
Be
Cd
co
Cr
cu
Fe
Hg
Li

MO
Ni
P
Pb
Sb
Se
SiG
Sn
Sr
Tl
V
Zn

Stock
Solution

Aliquot
Vol. mL

7.3.24 2.0
7.3.1 5.0
7.3.3 LO
7.3.6 5.0
7.3.4 10.0
7.3.5 2.0
7.3.7 2.0
7.3.10 2.0
7.3.9 10.0
7.3.11 5.0
7.3.12 5.0
7.3.17 2.0
7.3.14 10.0
7.3.16 5.0
7.3.18 2.0
7.3.19 5.0
7.3.20 10.0
7.3.13 5.0
7.3.2 10.0
7.3.22 10.0
7.3.23 5.0
7.3.28 2.0
7.3.26 10.0
7.3.27 10.0
7.3.29 2.0
7.3.31 10.0

myte
Cont. ug/mL

2.5
25
25
25

. 25
5
10
10
25
25
25
5
25
25
10
25 *
50
25
25
25
25
10
25
25
10
25

NOTE: The malytes  Ca, K, Mg, and Na are not includexl  in the fortifying stock
solution because their concentrations vary widely in environmental samples. The
analytes  B and Si02 should be disregard& if samples are processed and diluted in
borosilicate  labwaxe  bemuse of the known comami.nation  that occurs from
lmrosil.iate glass.

7.11 LABORATORY  FORTIFIED BUNK (LFB) - To a 100 mL aliquot  of ASTM
type water add 2 mL gf (l+l) nitric acid, 1.0 mL (l+l) hydrochloric acid and 2
mL of the Oratory  fortifying stock solution (Sect. 7.10). The LFB must be
carried through the entire sample prqarafioa procedure  and analysis scheme. The
Cnal solution should be diluted to 50 mL as ace the samples. Listed below is the
expected concentration of each analyte  based on the original 100 mL of -water.
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halvte Cone . uelmL

Ag
Al
As
B
Ba
Be
Cd
co
Cr
cu
Fe
Hg
Li

MO
Ni
P
Pb
Sb
Se
Si02
Sfl
Sr
Tl
V
zn

0.05
0.5
0.5
0.5
0
0.1

. 0.2
0.2
0.5
0.5
0.5
0.1
0.5
0.5
0.2
0.5
1.0 -
0 5
0.5
0.5
0.5
0.2
0.5
0.5
0.2
0 . 5

7.12 QU- CONTROL SAMPLE - The quality control sample (Sect. 3.18)
should be prepared in the same acid matrix as the calibration  standards at a
concentration near 1 mg/L, except silver, which must be limited to a concentration
of 0.5 mg/L. Follow the instructions provided by the supplier and store the
sample in a Teflon bottle. The Quality  Assurance Research Division of
EMSL-Cincinnati will either supply a quality control sample or provide
information where one of equal guality  can  be procured.

8. SAMPLE COLLECTION, PRESKRVATION  AND STORAGE

8.1 Prior to collection of an aqueous sample, considemtion should be given to the type
of data required,  (i.e., dissolved or total recoverable), so that appropriate
preservation and pmtrmtment steps an be taken. F-bahi, acid preservation,
etc., should be performed at the time of saa~ple  collection or as soon the-r as
practically  possible.
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a.2 For determination of dissolved elements, the sample must be futered through a
0.45-pm membrane futer. (Glass or plastic filtering apparatus is recommended to
avoid possible contamination. Only plastic apparatus should be used when

1 determination of boron or silica  is critical (Sect. 1.6). Use a portion of the ftitered
sample to rinse  the filter flask, discard  this portion and collect the required volume
of Ehate. Acidify the filtrate with (l+ 1) nitric acid immediately foUowiug
&ationtoapH c 2.

8.3 For the detenninafion  of total recoverable elements in aqueous dimples,  acidify
with (l+l) nitric acid at the time of collection to a pH < 2 (normally, 3 mL of
(1 + 1) acid per liter of sample is sufficient for most ambient and drinkng water
samples). The sample should not be filtered prior to analysis (Sect. 1.6).

NOTE Samples that mot be acid preserved at the time of collection because of
sampling limitations or transport restrictions should be acid&d wit nitric acid to a
pH < 2 -upon receipt in the laboratory. Following acidification, the sample should
be held for 16 hours before withdrawing an aliquot for sample processing.

8.4 Solid samples us ally requixe  no presedon prior to analysis other than storage at
4oc.

9. CAUB&CION AND STANDARDIZA-ITON

9.1

9.2

9.3

9.3.1

Recommended wavelengths aud background correction  locations are listed in Table
1. Other wavelengths and background correztion  locations may be substituted  if
they an provide the needed  sensitivity attd are corrected for spectral  interference.
In Table 4 specific  instrument operating  conditions are recommended. However,
because  of the difference among various makes and models of spectrometers, the
analyst should follow the instrument manufacturer’s instructions, and if possible,
approximate the recommended operating conditions.

Allow the instntment to become thermally stable before beginning. This usually
requires at least 30 min of operation prior to plasma optimization, plasma tuning
and/or calibration.

PusMAoPrIMrz4 nON-Priortotbeuseofthism~~~timeplasma
opeding conditions using the following procedure. The purpose of plasm4
optimizationistop~&a~~signaltobackgroundratiofortheleast
sensitive element in the analyticA  array. The use of a mass flow controller to
regulate  the nebulizer.gas  flow rate greatly facilitates  the procedure.

Select an a#propriate  incident of power with minimum reflected power (see Table.
4 for recommendations) and asphare the 1000 &IIL solution of yttrium (Sect.
7.3.30). Following the instrument manufacturer’s instructions adjust the aerosol
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carrier gas flow rate through the nebulizer SJ a deftitive blue emission region of
the plasma extends approximately from 5 to 20 mm above the top of the work
coil.(“)  Record the nebulizer  gas flow mte or pressure setting for future reference.

* 9.3.2 Mter establishing the nebuker gas flow rate,  determine the soiution  uptake rate of
the uebdizer  in mUmin by aspirating a known volume acid blank for a period of
atkst3mi.n. Dividethespentvoiurnebythreeaudrecordtheuptakrate.  Set
~peristalticpumptoQelivertbeupcake~inasteadyevenflow.

9.3.3 After horizontally aligning the plasma and/or optiay profiling the spectrometer,
use the selected instrument conditions from Sects. 9.3.1 and 9.3.2, and aspirate
the plasma solution (Sect. 7.7),  contain.ing  10 &nL each  of As, Pb, Se and Tl.
Collect intensity data at the wavelength p&r for each anaiyte  at 1 mm intervals
from 14 to 18 mm above the top of the work coil. (This region of the plasma is
commonly referred to as the analytid  ~0r.E.)~~ Repeat the process using the
calibration blank. Determine the net signal to blank intensity ratio for each artalyte
for each viewing height setting. Choose the height for viewing the plasma that
provides the largest intens@ ratio for the least sensitive element of the four
amlytes. If more than one position provides the same ratio, select the position
that pnwides the best  conlprolx& of intensity  ratios of all four ax.taIytes.

9.3.4 The instrument operating condition finally selected as being optimum should
prwiclethelowest~~le~~andMDLssim;tnrtothoselistedinTable2.

.

9.3.5 If either the instrument operating corkions,  (such as incident power and/or 1
~~gasflowrate)arecfranged,oranew~rchinjectortubehavinga
different orifice  i.d. is installed, the plasma and plasma viewing height should be
reoptjmized.

9.3.6 Before daily calibration and after the instrument warm-up period (Sect. 9.2),  the
nebulizer &as flow must be reset to the determined opWized flow. If a mass flow
controller is being used, it should be either reset to the recorded optimized flow
rate or the optional plasma tuning prrzedure given in Sect. 9.4 should be followed
to recon@ure  the plasma. In order to provide and maintain valid interelement
spciral correction factors the nebuker gas flow rate must be well controlled.
The change  in signal intens@ with a change in nebuker  gas flow rare  for both

I “hard” (Pb 220.353 MI) and “soft” (Cu 324.754 uu) liaes is ilbbted  in Figure
1.

9.4 PLASMATUNING(~o~)-~p~canbeusedonarlnilybasisto
coll~the~neEessaryforfine~ttaeplasmatoasetCu/Pbcw~~on
tatio that reflects the oplimbd  Conditions detemh4 in Sect. 9.3. The~aaalytical
zone of the plasma m be altemd by varying the aerosol carrier gas flow entering
the plasma. This  procedure requires the use of a mass flow controller for
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adjusting the nebulizer  gas flow mte to reset the Cu/Pb concentration ratio. (This
procedure can be used even when the front surface entrance optics degrade in a
non-uniform manner over the visible and ultraviolet wavelength regions.)

9.4.1 Set the instrument to the optimked operating conditions (Sect. 9.3). After
instrument warm-up, horizontal alignment  of the plasma and/or optical profiling of
the spectrometer, aspirate  the Qming s&ttion (Sea. 7.7) and collect 10 replicate
m-ems of the Cu (324.75 run) and Pb (220.35  nm) intensity signals at
every  25 mUmin intmal  over the flow rate xange of 500 to 800 mUmin+ Repeat
the opemtion  using the &b&on blank solution. Subtract the respective  mean
blank value and calculate the net mean intensity value for both metals at each flow
rate. Plot the net mean intensity values versus flow rate as illustrated in Figure 1.
From the plot determine the maximum signal intensity flow rate-for-each metal.

9.4.2 To determiw the Cu/F%  contention ratio, set the instrument to the optimized
operating conditions. After warm-up and opt&A  profiling, calibrate  the instrument
for both Cu (324.75 nm) and Pb (220.35 nm) at their reqxctive  maximum
intensity flow rates (See Figure 1, Cu 750 mUnin, Pb 535 mUmin) with the
dibration  blank set at the optimum flow (e.g., 620 mUmin).

9.4.3 Rsettherebulbrgssflowtotheratees&blishedin~.  9.3.1 (e.g.,-620,
rnLhh) and collect data from 10 replicate  analyses of the tuning solution (Sect.
7.6). Ratio the dettemhd  copper  concentmtion  to the &termi.ned  lead
concentration on each analysis and compute  the standard  deviation and mean value
of the 10 ratios. (Note: Disregard the fact that the d&ennined concentrations do
not equal the prepared wncenttations of the tuning solution.) The mean  value is
used for resettkg the ratio on a daily basis.

9.4.4 For tuning the plasma on a daily basis calibrate the instrument as described in
Sect. 9.4.2. Reset the nebulizer  gas flow rate to the optimum flow (e.g. 620
mLhin)  and analyze the tuning solution. Calculate the Cu/Pb concentration ratio
from the analysis. If the calculated ratio is not within two standard deviations of
the mean value established in Sect. 9.4.3, adjust the nebuker gas flow and
reanalyze  the tuning solution until the ratio is within mnge. Lowering the gas
flow Iate will inclase the lad concentration, clecm the copper concentration,
snd, therefore, lower the mtio. The  op@te is true when the gas flow is
inaased.  Day-&day  variations in the nebuhzer gas flow should be < + 10
nilhin. Larger changes should alert the analyst to possible instrumental
problems.

9.45 OnCe an acceptable ratio is achieved,  the instrument is r&y for analytical
calibration.
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9.46

9.5

9.5.1

9.5.2

9.5.3

*

9.5.4

9.6

9.7 l

9.8

9.8.1

If either the selected instrument operating conditions are changed or instrument
components replaced that require the plasma to be moptimized (Sect. 9.3.5),  the
Cu/Pb concentration ratio must be reestablished.

CALIBRATION - CaJibmte  the instrument according to the instrument
manufacturer’s instructions using the prepared calibration  blank (Sect.  7.5.1)  and
CAL solutions (Sect. 7.4). The following OperatioDal  steps should be used for
both CAL solutions and samples.

Using a peristaltic pump introduce the standard or sample  to nebuker  at a uniform
rate (e.g., 1.2 mUmin).

To allow equilibrium to be Ileacbed  in the plasma, aspirate the standard or sample
solution for 30 set after thing the plasma before &inning  integration of the
background corrected signal.

When possible use the average value of four 5 set background corrected
integration perk& as the atomic emission signal to be con&ted  to analYte
COIlCUltiOIL

Between each stand& or mpk, fksh the n&t&e; and sohttion uptake system
with the rinse blank acid solution (Sect. 7.5.3) for 60 set or for the required
paiodoftime~ensurethatanalytememory~ects~notoccurring.

Analyze the LPC solution (Se& 7.8) and calibration blank (Sect. 7.5.1)
immediately following calibration, after every tenth sample and at the end of the
sample  run. The analyzed  value of each aualyte in the LPC solution should be
within 95 % to 105 % of its expected value. If an analyte  value is outside the
interval, ranalyze the LFC. If the analyte  is again outside the t 5% limit, the
instrument should be recalibti and aJl samples following the last acceptable
LPC solution should be reanalyzed.

PeriodicZt.Uy  verify the validity of the interelement spectml  interference corzxtion
process. The frequency of this testing is the responsibili~  of the analyst,
however, wnfUmation  prior to analysis of solid sample  exttacts is particularly
useful. see sect. 7.9 for guidance and criteria.

If methods  of standard addition are required, the following procedure is
reccmmaded.

The  stand& addition technique’3  involves preparing new standarck  in the sample
matrix by adding  hewn amounts of standard to one or more aliquots  of the
processed sample solution. This technique  compensams  for a sample constituent
that enhances or depresses the anaiyte  signal thus pr&uci.ng a different slope from
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that of the calibration standards. It will not correct  for additive interference that
causes a baseline shift. The simplest version of this technique is the
single-addition method. The procedure is as follows. Two identical aliquots
(Volume Vx) of the sample solution, are taken. To the first [labeled A) is added a
small volume Vs of a standard analyte  solution of concentration cS. To the second
(labeled B) is add& the same volume Vs of the solvent. The analytical signals of
A and B are maured and corrected for non-analyte  signals. The unknown
sample concentration CX is calculated:

SB VS C5
cx =

(SA - SB) Vx where SA and Sa are the analytical signals (corrected for the blar,k)
of solutions A and B, respectively. Vs and CS should be chosen so that S is roughly twice B
on the average. It is best if Vs is made much less than Vx, and thus c5 is much greater than
cx, to avoid excess dilution  of the sample mattix. If a Separation  or concentration step is
used, the additions are best made first  and tied through the entire procedure. For results
from this technique to be valid, the followinq  limitations must be taken  into consideration:

1. The analytical  curve must be linear.

2. The chemical  form of the analyte  added must respond the same as the amilyte
in the sample.

3. The interference effxt must be constant over the working iange of concern.

4. The signal must be corrected for any additive interference.

10. OUAIXIY  CONTROL

10.1 Each laboratory  using this method is required to operate a formal quality control
(QC) program. The minimum requirements of this progm.m  consist of an initial
demonstration of laboratory capability and analysis of laboratory reagent blanks
and fort&d blanks and samples as a continuing check on performance. The
laboratory is required to maintain performance records that define  the quality of
data generated.

10.2 INEAL DEMO~STRAITON  OF PBRFOBMANCE.

10.2.1 The initial  demonst%tion  of performance isusedtocharac&zi.nstrument
perfotmance (MAIL and linear  calibration ranges) and laboratory performance
(analysis of quality control sample) for ‘analyses conduct&i  by this method.
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10.2.2  MDIs should be established for all analytes,  using reagent water (blank) fortified
at a concentration of two to three times the estimated detection limit4. To
determine MDL values, take seven replicate aliquots  of the fortified reagent water
and process through the entire analyticat  method. Perform all calculations defined
in the method and report the coacentration values in the appropriate units.
calcuw  the MDL as follows:

MDL = (t) x (S)

where:

t = Student’s t value for a 99% conklence level and a standard  deviation estimate with
n-l degrees of freedom [t = 3.14 for seven replicates].

S = ctandard deviation of the replicate  analyses.

MDLS should be determined every 6 months or whenever there is a significant
change in the background or instrument response.

10.2.3 Linear  calibration mw - ‘IIe w limit of the linear calibration range should
beestablishedforeachanalyteby~  * * gthesignal~nsesfkoma
minimum of three difkent  concenwn  standa&, one of which is’close  to the
upper limit of the linear range. The lineat -ration range which may be used
for the analysis of samples should be judged by the analyst from the resulting data.
Limar alibrafion ranges should be detertmind  whenever there is a signifi~t
change iminstnuuent  mpmse and evky 6 months for those amlytes  that
pexiodidly approach their linear limit.

10.2.4 Quality Control Sample (QCS) - When beginning the use of this method and on a
quarterly basis, verify acceptable laboratory performance with the preparation and
analyses of a quality control sample (Sect. 7.12). The QCS is carried through the
entire analytia.l  operation of the method. If the detetied  concentrations are not
within + 5% of the stated values of 1 mg/L, laboratory performance is
unacceptable. The source of the problem should be identified and corrected before
continuing analyses.

10.3 ASSESSING LABORATORY PERFORMANCE - REAGENT AND FORTIFIED
BUNKS .

1O.3.1~~reagentbiank~)-~laboratorymwt~~atleastoneLRB  r
(Sect. 7.5.2)  with each set of sample. LRB data  are used to assess
contamipation fkom the laboratcry  environment. Ifan analyte value  in the reagent
blank exceeds its de&mined  MDL, then laboratory  or reagent contamioation
should be suspected. Any determined source of co-on should be corrected
and the samples reanalyzed.
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l 10.3.2 I&oratory fortified blank  (LFB)  - The laboratory must analyze at least one LFB
(Sect. 7.11 ) wi th each batch of samples. Calculate accuracy as percent recovery
(Sect. 10.4.2).  If the recovery of any analyte falls outside the control limits
(Sect. 10.3.3),  that analyte is judged out of control, and the source of the problem
should be identified and resolved before continuing analyses.

10.3.3  Until sufEcient  UB data  become  available (usually a minimum of 20 to 30
analyses), the laboratory  should assess timtory  porfonnance
limits of 85-l 15 56.

against recovery
When suflicient  internal performance data becomes available,

develop control limits from the percent mean recovery (x) and the standard
deviation (S) of the mean recovery. These data are used to establish upper and
lower control limits as follows:

UPPER CONTROL LIMIT = x + 3s
LOWER CONTROL LlMIT = x - 3s

After each 5 to 10 new recovery measurements, new control limits  should be
calculated  using only the most recent 20 to 30 data points.

10.4 ASSESSING ANALYTE RECOWY - LABORATORY FORTIFIED SAMPLE
laKrRlx

10.4-l The laboratory -must add a known amount of each analyte to a minimum of 10 % of
the routine samples or one sample per sample set, whichever is greater. Ideally
for water samples, the analyte concentration should be the same as that used in
the LFB (Sect. 10.3.2). This is also recommended for solid samples, however,
the concentration added should be expressed as mg/kg and calculated by
multiplying the values given in Sect. 7 ,ll by the factor 100. Over time, samples
from all routine sample sources should be for&&d.

10.42 Calculate the percent recovery for each analyte, corrected for background
concentrations measured in the unfortified  sample, and compare these values to the
control limits established in Sect. 10.3.3 for the analyses of LFBs.  Recovery
calculations are not required if the concentmtion  added is less than 10% of the
sample background concentration. Percent recovery may be calculated in units
appropriate to the mafIix,  using the following eqlarion:

6
R = Cs C x 100
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where:

R = percent recovery.
cs = fortified sample concentration.
C = sample background concentration.
S = concentmfion  equivalent of analyte added to sample.

10.4.3 If recovery of any analyte  falls outside the desigaated range and l&oratory
performance for that analyte  is shown to be in control (Sect. 10.3),  the recovery
problem encountered with the fort&d sample is judged to be matrix related, not
system related. The data user should he informed that the result for that analyte  in
the unfortified sample is suspect due to mzhix effects and analysis by method of
standard addition (Sect. 9.8) should be considered.

11. PROCEDURE

11.1 AQUEOUS SAME’LE PREPARATION - DISSOLVED ELEMENTS

11.1.1 Forthedetermipationofdissolvedelementsin~dandsurfacewaters,  takea
lOOmL(+ lmL)aliquotofthefilteredacidp~~sample,add2mLof
(l+l) nitric acid and 1 mL (l.+ 1) hydrochloric acid. The sample is now ready
for analysis. Allowance for sample  dilution should be made in the calculations.

NOTE: If a precipitate is formed during acidification,  tram& or storage,  the
samplealiquotmustbetrWedusingthepro&ureinSect.  11.2.1priorto
analysis.

11.2 AQUEOUS SAMPLE PREPARATION - TOTAL RECOVERABLE’EKWENTS

11.2.1  For determination of total recoverable elements in water or waste water, other than
marine and estuarine  water, take a 100 mL (+ 1 mL) aliquot  from a well mixed,
acid preserved sample  and ttansfer  it to a 250-n& Griffll  beaker. For drinking
water compliance monitoring certain analytes  require 4X preconcentration prior to
analysis (Sect. l-7)]. Add 2 mL of (l+l) nittic acid and 1.0 mL of (l+l)
hydrochloric acid. Heat  the sample on a hot plate at 85°C until the volume has
been reduced to approximately 20 mL, ensuring that the sample does  not boil. (A
sparebeaketcontaining20mtofw~canbewedasa~~.)

NOTE:  For proper heating adju@ the.wre conttol of the hot plate such that
an uncovered beaker containing 50 mL of water located  in the center of the hot
plate in be maintained at a temperature no higher than  85OC. Evaporation time
for 100 mL of sample at 85OC is approximately 2 h with the rate of evaporation
rapidly incffasing  as the sample volume approaches 20 mL.
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Cover the beaker with a watch glass and reflux for 30 min. Slight boiling may
occur but vigorous boiling should be avoided. Allow to cool  and quantitatively
transfer to either a SO-mL volumetric or a SO-mL class A stoppered graduated
cylinder. Dilute to volume with ASTM  type I water and mix. Centige the
sample or allow to stand ovemight to separate  insoluble material. The sample is
now nzxly  for analysis. muse  the effects of various matrices on the stability of
diluted samples CaMot  be cbatacterized,  samples should be analyzed as soon as
possible after prepamtion.

11.2.2  For determination of total recoverable elements in marine and estuarine water, take
a 100 mL aliquot from a well mixed, aci- preserved sample and transfer to a
250-mL Griffin lxcker. Add 2 mL of (1 -t 1) nitric acid,and heat on a hot plate at
85°C until the volume has been reduced to approximately 25 mL,  ensuring that the
sample does not boil. (See NOTE in Sect. 11.2.1). Cover the beaker with a
watch glass and refly for 30 min. Slight boiling may occur but vigorous boiling
should be avoided. Allow to cool and dilute  to 100 mL with ASTM type  I water
Centrifuge the sample or allow to stand overnight to separate insoluble material.
The vie is now ready for analysis by the method of standard addition (Sect.
9.8). 8eause the effects of various matrices on the stability of diluted samples
cannot  be cbaraaerized,  samples should be analyzed as sM3n  as possible after
prepamtion. *

11.3 SOL&D SAMPLE PREPARATION - TOTAL RECOVERABLE ELEMENTS

11.3.1 For determination of total recoverable elements in solid samples (sludge, soils, and .
sediments), mix the sample thoroughly to achieve homogeneity and weigh
accurately a 1.0 + 0.01 g portion of the sample. Transfer to a 250~mL Phillips
beaker. Add 4 mL (l+l) nitric acid and 10 mL (1 t4) hydrochloric acid. Cover
with a watch glass. Heat the sample on a hot plate and gently reflux  for 30 min.
Very  slight boiling may occur, however, vigorous boiling must be avoided to
prevent the loss of the HCl-H20 azeotrope.

NOTE: For proper heating adjust the temperature control of the hot plate such that
an uncovered Griffen  Mer containing 50 mL of water located in the center of
the hot plate can lx maintained at a temprature  of approximately but no higher
than 85 “C.

Allow the sample  to cool and quantitatively transfer to 1OOmL  vohunetric flask.
Dilute to volume with ASTM type I water and mix. Centrifuge the sample or
allow to stand overnight to separate  insoluble ma&al. The sample is now ready
for analysis. &xtse the effeaS of various matrices on the stability of diluted
-1~ mot be characterized,  samples should be analyzed as soon as possible
after preparation.
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NOTE: Determine the percent solids in the sample for calculating and reporting
data on a dry weight basis. To determine the dry weight, transfer a separate,
uniform 1 9 aliquot  to an evaporating dish and dry to a constant weight at 103-105
C.

.
11.4 SAMPLE ANALYSIS

11.4.1 Analyze the samples by the procedural routine described iu Sects. 9.5, 9.6 and
9.7. If method of stand& additions are required follow the instructions given in
Sect. 9.8. Samples having concentratious  higher than the tilished Iin-
dynamic  range (LDR)  should be diluted iuto range and reanalyzed. The sample
may fmt be analyzed for trace aualytes providing the elements in high
concenttation do not ca~lse  a severe mat&t effect and any iuterulement  spectral
interference or shift in background inteusity  wn be properly corrected.

11.4.2 For drinkiug water compliance monitoring, if the concentmtion of a primary
wntamimnt is detertnkd  to be 90% of its MCL or above and the combined Mg
and Ca conceutmtion  equals 500 mg/L, the sample should be analyzed  by the
standard Addison  technique (Sect. 9.8).

12. CALCIJLATION~

12.1

12.2

12.3

12.4

12.5

Sample data should be reported in units of mg/L for aqueous samples and mg/kg
rz f&!lid  samples. Do not report element wncentmrions  below the

*

For aqueous  samples prepared by total recoverable procedure (Sect. 11.2-l),
multiply solution wncknttations  by the dilution factor 0.5. Round the data to the
thousandth place and rq~~rt  the data in mg/L up to three significant figures.

For estuaxine  and marine water samples prepared by total recoverable procedure
(Sect. 11.2.2), read the concentxation  directly from the instrument and calculate
the sample concentration by the procedure described -in  Sect. 9.8. Round the data
to the thousadth place and report the data in mg/L up to three signifxant figures.

For solid  samples  prepared by total  recoverable pnxeduru (Sect. 11.3) round the
solution ccmcenttations  (rcg/mL  iu the analysis solution) to the thousan&h place
and multiply by the dilutiou factor 100. Report the data to a 0.1 mgkg up to
Wee siguifknt  figures E&kg into account the pwnt solids as noted in Sect.
11.3 when the data are reported on a dry weight basis.

If additional dilutions were performed or if a driuking water sample  was
preconcentrated 4x for analysis, the appropriate factor must be applied to sample
values.
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12.4 The QC data obtained during sample analyses provide an indication of the quality
of the sample data and should be provided with the sample results.

13. PRECISION AND ACCURACY
.

13.1 Listed  in Table 2 are MDLS determined using the procedure described in Sect.
10.2.2. The  MD& were determined in the reagent blank matrix (best case
situation) following sample preparation given in Sect. 11.2-l. Teflon beakers
were used to avoid boron and silica  contamination from glassware with the fmal
dilution to 50 mL completed in polypropylene centrifuged tubes.

13.2 Data obtained from single laboratory method testing are summarized in Table 5 for
five types of water samples consisting of drinking water, surface water, ground
water, and two wastewater effluents. Samples were prepared using the procedure
described in Sec. 11.2.1.

For each matrix, five replicate  aliquots  were prepared, analyzed and the average of
teh five determinations used to define  the sample background concentration levels.
For each method analyte, the sample background concentration, mean percent
rec~vexy,  st@ard deviation of the percent recovery, and relative precent
Merence between the duplicate  fortified samples are listed in Table 5. The
variance of the fiv& replicate  sample background deteWtions.is  included in the
ahdated standard deviation of the percent recovery when the analyte
wncent@ion ix-the  sample was greater &an the MDL. The tap and well waters
were prxessed in Teflon and quartz beakers  and d&ted in polypropylene
centrifuged tubes. The nonuse  of borosilicate  glassware is reflected in the
precision and recovery data for boron and silica in those two sample types.

13.3 Data obatined  from single laboratory method testing are sumamrized  in Table 6 for
three solid sampooles  consisting of EPA 884 Hazardous Soil, SRM 1645 River
Sediment, and EPA 286 Electroplating Sludge. Samples were prepared using the
procedure described in Sect. 11.3. For each method analyte, the sample
background concentration, mean percent  recovery of the fortified additions, the
standard deviation of the percent r&covery,  and relative percent difference between
duplicate  additions were determined as described in Sect, 13.2.

13.4 Data obtained from single  laboratory  methti testiag when using the procedure
given in Sect. 11.2.1  but utilizing the 4X p~ncentmiton  step prior to analysis
as required for the deteImination  of certain drinking water contaminants are
summarized in Table 7. Seven replime aliquots of Cincinnati, Ohio, tapwater
were prepared and analyzed to determine, background concentrations. In addition,
two more sets ,of seven replim each were fortified at different levels of
concenttaiton  with an attempt to brexket or match either current or proposed
Maximum Contaminant Level concentrations. For each method analyte, the
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sample background concentration, concentration added, mean percent recovery of
the fortified addition, and relative standard deviation of teh mean recovery are
listed in Table 7. All aliquots  were processed in Teflon beakers and diluted to
volume in polypropylene centrifuged tubes. The sample analyte  less than values
indime 4X MD& The 4X DL values for the analytes:  Al, B, Ba, Mn, Sr,
and Zn are 0.01, 0.002, 0.0003, 0.0002, O.OOCQ,  and 0.001 mg/L, respectively.
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TABLE 1. RECOMENDED  WAVELENGTHS WITH LOCATIONS FOR BACKGROUND CORRECTION AND
ESTIMATED INSTRUHENT DmECTION LIHITS (IDL)

Analyte Wavelength, nm'
Location for

Bkgd. Correction
Estimated IDLs

mg/Lt2'

Ag
Al
AS
B
Ba

Be

z:
co
Cr

CU
Fe
Hg
K
Li

Mg
Mn
MO
Na
Ni

P
P b
Sb
:t

cl,

Sn

:i
V
Zn

328.068 +0.070 nin 0.005
308.215 +0.070 nm 0.05
193.696 +0.070 nm 0.03
249.678x2 +0.035 nm 0.006
493.409 -0.064 nm 0.001

313.042 -0.064 nm 0.0007

315.887 226.502 +0.070 +0.070 nm nm 0.02 0.002
228.616 -0.064 nm 0.007
205.5s2x2 -0.032 nm 0.007

4 324.754 -0.064 nm 0.003
259.940 +0.070 nm 0.007
194.227x2 -0.032 nm 0.02
766.491 -0.064 nm 0.7
670.784 +0.070 nm 0.005

279.079 -0.064 nm 0.03
257.610 +0.070 nm 0.0008
203.844 -0.064 nm c-02
588.995 +0.070 nm.
231.604x2 +0.035 nm K9

214 -914x2 +0.035 nm 0.09
220.353 -0.064 nm 0.03
206.833 +0.070 nm c-03

.251.611 196.090 +0.070 -0.064 nm nm 0.08 0.02

189.980x2 -0.032 nm 0.02

421.552 190.864 +O.OfO -0.064 nm nm 0.0006 0.03
292.402 +0.070 nti 0.009
213.856x2 +0.035 nm I, 0.002

(1) Wavelength x 2 indicates wavelength is read in second order.

(2) The IDLs were estimated from three times the standard deviation of 10 replicate
measurements of the calibration blank. The calculated IDL wa: rounded upward and
reported to a single digit. .
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Analue

2
AS
B
Ba

mucous  , mw L‘ . bollas,  mqfnq-

0.002 0.02 0.3 3
0.008 2
0.003
0.001 0.2

Be 0.0003 0.1
E: 0.01 0.001 0.2 2

co 0.002 0.4
cr 0.004 0.8

cu 0.003 0.5
Fe o-03- 6

Hg 0.007K 0.3 6:
Li 0.001 2

4 0.02 3
Mn 0.001 0.2
Yo 0.004 ,1

-?Na 0.03 20
Ni 0.005 1

P 0.06 12
Pb 0.01 2

Sb 0.008Se 0.02 :
GO, 0.02

5-i . 0.007 2
St- 0.0003 0.1
Tl 0.02 3

Fn 0.003 0.002 k.3

(1) MDL Concentrations are computed for original matrix with allowance for 2x sample
preconcentration  during preparation. Samples were processed  in Teflon and
diluted in SO-mL plastic centrifuge tubes. I

-
(2) ,Based on aqueous solution determination.

Boron not reported because of glassware contamination.
Silica not determined in solid samples.

l Elevated value due to fume hood contamination.
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TABtE  3 . LISTING Oi POTENT IA1 INTERELEMENT SPECTRAL INTERFERENCE

Interfering C o rrection
Analvte &velensth,nm E l e m e n t Fartor- - flnalvte

I n t e r f e r i n g
E l e m e n t

Correctlon
factorWavelenqfi, nm

228.616 .Ag 328.068

Al 308.215

Fe -0.0002
Mn 0.0001
V -0.0001

co %a 0.0009
C r 0.0002
MO 0.0001
N1 0.0003

0.0014
- 0 . 0 0 0 4
-0,0009

0 . 0 0 0 9
0.0006

0.0005

- -

0 . 0 0 0 4
0 . 0 0 3 0

- -

- -

- 0 . 0 0 3 0
-0.00?9

- 0 . 0 0 0 4

- 0 . 0 0 0 2
-0.0001
-0.0041

.
.

;I-  l

V

-0.0020
0.0107
0.0082

C r Be
CU
Fe
MO
Nt

2 0 5 . 5 5 2 x 2

I
I .

As 193.696 A l
Be
CO

1:
Ni
V

0.0067
-0.0007
0.0004
0.0003

-0.0012
o.oooi
0.0120

CU 324.754 MO

Fe 259.940 None

N o n e -- &l 194,227x2

None --

MO
V

V 0 . 0 0 4 1

0.0016
- 0 . 0 0 0 2

0 . 0 0 3 3

K 766.491

L i 670.784

Mg 279.079

N o n e

co

2

None

Mn
MO

co -0.0012
fe - 0 . 0 0 0 0 4
N i 0 . 0 0 0 4
Sfl - 0 . 0 0 0 3

Mn 257.610 Fe

MO 203.844 A l
Fe
Mn

3
M

L
3
hJ

%a

2496678x2

493.409

%e 313.042

f. a 315.887

Cd 2 2 6 . 5 0 2

.



C o r r e c t i o n INTERFERING
Jactor Pnalyte Wave?enqth,nm Element 4

-- Si - 251.611 None

CORRECTION
FACTOR

--

Fe

1:
Sb
Sl

0.0004
0.0004

-0.0114
-0.0009
0.0002

None --

F:
Mn
MO

L

0.0054
0.0008
0.0021
0.0057
0.00008
0.0038

Cr 0.0006
Fe 0.0005
MO 0.0026

cu 0.0011
Fe IO001
Ni 0.0034

TABLE 3. (Continued)

Analvte
Interfering

Wavelensth,nm Element

588.995 NoneNa

Ni 189.980x2231.604~2 co 0.0011 Sn
MO -0.0016
Tl 0.0005

214.914x2 Al -0.0019
Gil -0.0014
CU 0.0121
MO 0.0060

P

Sr 421.552

Tl 190.864220.353 Al
co
Cr
cu

Ii
V

0.0013
-0.0332
-0.0021
0.0005

-0.0002
-0.0012
-0,0016

Pi)

f;;
F
N

I
bP
W

292'.402

213.856~2

206,833 co -0.0030 ', V
% Cr 0.0114

Fe 0.00008
MO 0.0082
Ni -0.0092 In
Sn 0.0024

Sil

196.090 AS -o.r)025
CO -,0.0047

Ie 0.0004
MO -0.0152
V -0.0022



--..

TABLE 4. INDUCTIVELY COUPLE.0 PLASHA INSTRUHEHT  OPERATING CONOITIONS

Incident rf power 1100 watts

Reflected rf power C k watts

Viewing height above
work coil 15 llun

Injector tube orifice i.d. 1lTUll

Argon supply l i q u i d  a r g o n

Argon pressure 40 psi

Coolant argon flow rate 19 L/min

Aerosol carrier argon
flow rate 620 mL/min

.

Auxiliary (plasma)
argon flow rate

Sample uptake rate
controlled to

300 mL/min

1.2 mL/min
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PB-CU ICP-AES EMISSION PROFILE

32

30

28

26

24

22

4 20-

la

16

14

12

Net Emission Intensity Counts /Thousands

I
t

475 525 575 625 675 725 775 a25

Nebulizer  Argon Flow Rate - mL/min
I

,

- Copper -t- Lead

FIGURE 1
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TABLE 5. PRECISION AND RECOVERY DATA IN AQUEOUS HATRICES

TAP WATER

1

SAMPLE
CONC

ANALYTE nq/L

LOW AVERAGE HIGH AVERAGE
SPIKE RECOVERY SPIKE RECOVERY
W/L WI S(R) RPD W/L RW SW) RPD

Ag
Al
AS
B
Ba

Be

z,”
co
Cr

CU
Fe

Hg
K
Li

Mg
Mn
MO
Na
Ni

P

1:
Se
SiO2

Sn
Sr
Tl
V
Zn

<0.002
0.185

to.008
0.023
0.042

<0.0003
35.2
<O.OOl
<0.002
<0.004

(0.003
-0.008
X0.007
1.98
0.006

8.08
<O.OOl
<0.004
10.3
<o-o05

0.045
to.01
<0.008
X0.02
6.5

<0.007
0.181

co.02
(0.003
0.005

0..05
0.05
0.05
0.1
0.05

0.01

E l
0:02
0.01

0.02
0.1
0.05
5.0
0.02

El
0:02
5.0
0.02

0.1
0.05
0.05
0.1
5.0

0.05

8.;
0:os
0.05

100
101
105
100
110

103
106
103
109
103

104
100

ii
lo&

102

ii
87

104

103
102
101
101
101

El
1.4
0.2
1.6

0.0

i-t
0:o
0.0

i-i
0:7
1.4
6.9

2.2
0.0
:-;

1:8

13.1

:::

:::

32::

2
3:7

2.1

:-:
0:o
2.2

0.0

t:;

i::

4.9

::;

32::

i-i
10:5
2.0
4.7

9.4
2.1
2.0
3.5
3.4

:*:
10:9
2.0
9.0

0.2
0.2
0.2
0.4
0.2

28-A
0:1
0.2
0.1

0.2
0.4

2:-i
0:2

20.0
0.1
0.2

20.0
0.2

0.4
0.2
0.2

2::;t

x-z
0:4
0.2
0.2

96
105
101
98
98

99
103
98

1:;

101
105
100
107
110

100

1::
106
104

104
100
102
99
96

101
105
101
99
98

i::
o”*:
0:4

0.0

i*:
0:5
0.0

;:3'
0.4
0.7
1.9

0.7
0.0
0.5
1.0
1.1

3.2

2:
0.8
1.1

1.8

i::
0.2
0.9

0.0
3.1
2.0
0.5
0.8

0.0
0.9
0.0

Ii::

3.5
0.5
1.0
1.7
4.4

1.1
0.0
1.4

::;

1.3
0.5
2.0
2.3
2.3

5.0
1.0
0.3
0.5
2.5

S(R) Standard deviation of percent recovery.
2PD Relative percent difference between duplicate spike determinations.
<
l

Sample concentration below established method detection limit.
Spike concentration <iI'%  of sample background concentration.
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TABLE 5. PRECISION AND RECOVERY DATA IN AQUEOUS RATRICES (Cont’d.)

POND WATER

SAMPLE LOW AVERAGE HIGH AVERAGE
CONC SPIKE RECOVERY SPIKE RECOVERY

ANALYTE WL WL R(X) S(R) RPO W/L RI%) S(R)- RPD

Ag
Al
As
B
Ba

Be
Ca
Cd
co
Cr

CU
Fe
Hg
K

-* Li .

4
Mn
MO
Na
Ni

.P
Pb
Sb
Se
SiO2

Sn

;;
V
Zn

to.002
0.819

to.008
0.034
0.029

<o * 0003
53.9
to.001
co.002
co * 004

0.003’
0.875

co. 007
2.48

<O.OOl

JO.8
0.632

<0.004
17.8
<o.oos

0.196
<O.Ol
to.008
co.02

7.83

to. 007
0.129

<0.02.
0.003
0.006

0.05
0.2
0.05

:::5

0.01
5

0.01
0.02
0.01

0.02

:::5

0.0 :

0.0:
0.02

5
0.02

i:k
0.05
0.1

5

0.05

i* :
0:os
0.05

92

1::
111

96

0.0
10.0

i::
0.9

95 0.4

10; 0.;
100 2.7
105 3.5

98

z:
106
110

2,l
8.9
3.5
0.3
0.0

102

10;
103

96

0.5

3.;
1.3
5.6

zi
102
104
151

1::
103
94
97

14.7
2.6
2.8
2.1
1.6

0.0
0.4
1.1
0.4
1.6

0.0
5.0
0.0

E

i::

Y-5”
9:5

4.4

1:::
0 ..l
0.0

i-g
9:s
0.4
9.1

0.3
7,8
7.8
5.8
1.3

0,o

;*i
0:o
1.8

0.2
0.8
0.2

E

2:.i
0:1

x::

0.2
0.8
0.2.

20.0
0.2

20.0
0.1

2:.i
0:2

0.4
0.2
0.2

2:::

0.2

i::

::I*

94
100

1::
97

95
100

97

1::

100

;;
103
106

96

1903’

lie”

108
100
104
103
117

99

;;
98
94

0.0
2.9
1.4
2.0
0.3

0.0
2.0
0.0
0.7
1.1

i:;

i:;
0.2

0.7
2.3
0.4
0.3
0.7

3.9
0.7
0.4
1.6
0.4

1.1
0.1
1.3
0.1
0.4

0.0
1.5
0.0
2.1
2.9

:-‘6
0:o
0.4
0.5

l-.3
0.3
1.0
0.0
1.5

1.3
2.0
1.0
4.4
0.6

S(R) Standard deviation of percent recovery.
RPD Relative percent difference between duplicate spike determinatibns.

< Sample concentration below established method detection limit.
* Spike concentration (10% of sample background concentration.
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TABLE 5. PRECISION AND RECOVERY DATA IN AQUEOUS MATRICES  (Cont’d,

VELL WATER

>

SAMPLE LOW AVERAGE
CONC SPIKE RECOVERY

ANALYTE k/L W/L WI S(R) RPO

HIGH AVERAGE
SPIKE RECOVERY
W/L R(X) S(R) RPO

4 co.002
Al 0.036
As to. 008
B 0.063
Ba 0.102

(0 * 0003
93.8
0.002

co.002
to. 004

CU 0.005
Fe 0.042
H9 co l 007
K 6.21
Li 0.001

"g
Mn
MO
Na
Ni

24.5
2.76

<o I004
35.0
<o.oos

Lb
Sb
Se
SiO2

0.197
co.01
co.008
to.02
13.1

Sn
Sr
Tl
V
Zn

co.007
0.274

<O.O?
<o .003

0.538

0 . 0 5
0 . 0 5
.0*05
0 . 1
0 . 0 5

0.01

21
0:02
0.01

0.02
0.1
0.05
5.0
0.02

g-:1
0:02
5.0
0.02

x::5
0.05
0.1
5.0

0.05
0.1
0.1
0.05
0.@5

9 7
107
107

12

100

s;
94

100

0.0

0.;

2

100
99

it
100

1.1

.;j
3:4
7.6

95 5.6

10; 1.;
101 11.4
112 1.8

t:
98

102
93

12.7
4.9
2.8
0.4
4.8

98

;1:
98
*

5:;

X:i!J
l

1:::
i:;
0.0
0.0
El

2:::

0.4

;:t
3.6
9.5

0.3
0.4
4.7
0.8
4.4

1.9
16.1
8.2

::i

8.2
2.7
1.1
0.0
0.7

i-g
0:2

X2

0.1
20.0
0.1
0.2
0.1

0.2
0.4

2:::
0.2

20.0

:*:
20:o

0.2

0.4
0.2
0.2

2:;:

X::

;*z
ok

1::
104

98
99

100
100

96
94

100

96
97

1::
104

93

10;
100

96

0.2
1.1
0.4
0.8
0.9

0.0

i*;
0:4
0.4

0.5
1.4
1.2

i::

1.6
*

3"*:
0:2

3.4
0.2
1.4

i:;

0.2

:*:
0:4
2.5

i::
1.0
2.1
1.0

0.0
0.1
0.0
1.1
1.0

1.5

i:;
2.3
1.9

1.2
0.7
0.5
1.5
0 . 5

0.9
0.5
4.0
3.4
0.0

0.5
2.2
3.2
1.0
1.1

S(R) Standard deviation of percent recovery.
RPD Relative percent difference between duplicate spike determications.
.< Sample concentration below established method detection 1im:t.
e Spike concentration ~10% of sample background concentration.
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TABLE 5. PRECXSION AND RECOVERY DATA IN AQUEOUS NATRICES  (Cont'd.)

SEWAGE TREATMENT PRIMARY EFFLUENT

SAMPLE
CONC

ANALYTE 4/L

LOU AVERAGE HIGH AVERAGE
SPIKE RECOVERY SPIKE RECOVERY
WL RV) S(R) RPD w/L R(g) S(R) RPD

Ag 0.009
Al 1.19
As t0.008
B 0.226
Ba 0.189

Be

:Fi
co
Cr

<o. 0003
87.9

0.009
0.016
0.128

c u
Fe
Hg
K

c .Li

0.174
1.28

to.007
10.6
0.011

Mg
Mn-
MO
Na
Ni

22.7
0.199
0.125

236
0.087

P
Pb
Sb
Se
SiOp

4.71
0 . 0 1 5

<O -008
to.02
16.7

Sn

:;
V
Zn

0.016
0.515

<o -02
0.003
0.160

0.05
0.05
0.05
0.1
0.05

0.01

Zl
0:02
0.01

0.02
0.1
0.05
5.0
0.02

5.0
0.01
0.02
5.0
0.02

0.1
0.05
0.05
0.1
5.0

0.05
0.1

00-k
0:os

92
l

2;;
90

94
l

t;

l

98

10;

104
103

100

11;

12;

9 ;

1:;
124

1.5

2 . ;
i6.3
6.8

0.4
l

32:;

l

33.1
l

:*zi

8:5

4.4

21. ;
t

10.7

3 . ;

30:;
4.0

2:

i-i
3:3

3.6
0.9

:-:
1:7

1.1
0.6
2.3
0 . 0
1.5

0.2
0.2
0.2
0.4
0.2

2:::
0.1
0.2
0.1

0.2
0.4
0.2

20.0
0.2

20.0
0.1

2:::
0.2

0.4
0.2
0.2
0.4

20.0

0.2
0.4
0.4
0.2
0;2I

95 0.1
113 12.4

17: 1:::
99 1.6

0.0

t:
2019
0.5

100 0.4 1.0
101 3.7 0.0

97 0.4 1.0
93 0.4 0.5
97 2.4 2.7

98
111

98
101
105

3.0

i*i
0:6
0.8

1.4
0.6
1.5
0.0
0.5.

92
104
102

*
9b

1.1

E

0.;

0.2
0.3
0.9
0.4
1.1

9;
103
101
108

l

1 2

Li
2.6
1.1

;*i
2:9
7.2
0.8

;z

;:
101

1.3
1.6
0.0
0.2
1.0

S(R)
RPD

Standard deviation of percent recovery.
Relative percent difference between duplicate spike determinations.

< Sample concentration below established aethod detection limit.
* Spike concentration (10% of sample background concentration.
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TABLE 5. PRECISION AND RECOV.ERY  DATA IN AQUEOUS MATRICES (Cont'd.)

INDUSTRIAL EFFLUENT

SAMPLE LOW AVERAGE HIGH AVERAGE
CONC SPIKE RECOVERY SPIKE RECOVERY

ANALYTE w/L W/L R(x) W RPD W/L W) S(R) RPD

4
Al
As
B
Ba

to.003
0.054

to.02
0.17
0.083

F:
Cd
co
Cr

CO. 0006
500

0.008
<o-o04
0.165

CU 0.095
Fe 0.315
Hg co.01,
K 2.87
Li 0.069

Mg
Mn
MO
Na
Ni

6.84
0.141
1.27

1500
0.014

P

2
Se
SiO2

Sn

:F
V
Zn

0.326
0.251
2.81
0.021
6.83

(0.01
6.54

to.03
<o.oos
0.024

0.05
0.05
0.05

GS

0.01
5.0
0.01
0.02
0.01

0.02
0.1
0.05
5.0
0.02

El
0:02
5.0
0.02

0.1
0.05
0.05
0.1
5.0

0.05
0.1
0.1
0.05
0.05

aa

ii
162
86

0.0
11.7
2.8

17.6
8.2

94 0.4

8 ; 4 . ;
93 1.8

l *

ii!

87
101
103

23.3
16.4
0.7

2::;

a7
l

*

*

98

3.1
*
t
l

4.4

105
80

10;
99

16.0
19.9

*

::x

a7

8;
90
a9

0.7

1.;

2

:*A
6:l
5.4
4.5

0.9

i-i
214
5.6

0.0
1.2
0.0

32:;

4.7
1.4
0.4
3.2
1.7

f-30
5:8
4.4
4.4

:-:
0:2

0”::

2%

:*:
0:1

0.2
0.4

2zl
0:2

20-c;
0.1

2zl
012

0.4

E
0:4

20.0

x-:
0:4

X:2

84 0.9
90 3.9
88 0.5
92 4.7
85 2,3

82
l

8832

106

1.4
l

1.4
0.4
6.6

95
99
86

100
104

2.7
6.5

i-i-
215

87
a9

100

8 ;

97
aa

10;
100

86
*

84
84
91

0.9
6.6

15.0
l

0.5

3.9
5.0

l

::;

0.4

1.;

:::

E
1:7

;::

:-:
4:4

:::

2.8
8.0
1.2
0.4
2.2

1.2
4.8

?o’
1:1

id
2:o
4.6
3.0

i*:
3:6
3.6
8.9

S(R) Standard deviatior of percent recovery.
RPD Relative percent difference between duplicate spike determinations.
< Sample concentration belbw established method detection limit.
* Spike concentration (10% of sample background concentrat;on.
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TABLE 6. PRECISION AND RECOVERY DATA IN SOLID MATRICES

EPA HAZARDOUS SOIL #884

SAMPLE LOW+ AVERAGE
CONC SPIKE RECOVERY

ANALYTE mg/kg w/h W S(R) RPD

HIGH+ AVERAGE
SPIKE RECOVERY
w/kg R(X) S(R) RPD

Ag
A l
AS
B
Ba

Be

::
co
Cr

CU
Fe
Hg
K
Li

A'--
Mg
Mn
MO
Na
Ni

P
Pb
Sb
Se
Sri

5&
5.7

20.4
111

0.66
85200

5.:
79.7

113,
16500
cl.4
621
6.7

24400
343
5.3
195

15.6

595
145
6.1

16::

102

16':
131

20

;i
100
20

20

20
20
20

20

5;:
10

500

::
500
20

500
20

::
20

100

::
20

98
*

;:
98

97

ii
87

110

1;:
113

l

8;
102
100

106
88
83
79
91

P4

1;:
103

0.7

5.;
::;

10.6
2.7

71.4 25:;

0.7 2.0

a.; 1-D

2::: 1;:;

16.2 4.4

2.; 7.;

::: 00 4:4

* 8.4
l

:-:
1:8

1z 2'4
0:o

13.4 8.0
51.8 17.9
1::; 52.4 7.5

34.6 5.8

::: 10.8 14.6

3::: ::3"

100
100
100
400
100

96 0 . 2 '

9; 1.;
100 2.1
97 10.0

100 99 0.1 0.2

100 94 0.2 0.4
100 93 0.8 2*1
100 104 1.3 1.1

100 104 4.0 4.2

2odi
40

98
107
106

0.0

00::

0.0
1.8
0.6

2000
100
100

2000
100

9;

1::
94

11.;
1.4
1.5
1.s

10-i
1.6
4.1
3.7
3.6

2000
100
100
100
80

103
108
81

1;;

2.7
17.4

::;
2.8

400
100
100
100

z':
99

104

2.5
1.5

Y:i

4.6
4.6
1.7
6.4

S(R) .Standard  deviatlon‘of percent recovery.
. ,

RPD Re'ative  percent difference between duplicate spike determinations.
< Sample concentration below established method detection limit.
l Spike concentration ~10% of sample background concentration.

Not spiked.
+ Equi val ent

7 9
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TABLE 6. PRECISION AND RECOVERY DATA IN SOLID MATRICES (Cont.)

EPA ELECTROPLATING SLUDGE #286

SAMPLE Low+ AVERAGE
CONC

ANALYTE mg/kg
II

SPIKE REC6VERY
mgh R(X) S(R) RPD

HIGH+ AVERAGE
SPIKE RECOVERY
q/kg W) S

Ag
Al
AS

ia

6
4980

32
210

39.8

Be

2
co
Cr

0.32
48500

108

7:i:

cu
Fe
4
K
Li

806
31100

2%
9.1

Mg 1950
Mn 262
MO 13.2
Na 73400
Ni 456

P

R
Se
Sn

9610
1420

<2

2::;

:r

Yn

145
16

21.7
12500

20
20
20

100
20

20

20
20
20

20
e

5K!
10

500
20

5::
20

500
20
20
20
20

100
20
20
20

96
l

94

113
0

0.2

1.;
2.0
6.8

0.4
4.4
0.8
1.6
0.3

96 0.2 0.5

98
93
l

::i
l

i-T
0:7

*

90

75
101

* 1.5

i - 5

218

4.0
4.0
0.5

110

9 ;
t
*

2.0

z.;
l

l

0.8
1.8
2.9
1.7
0.4

4
*

iit:
87

*

0.;

9.0

4.0

2.9
2.1

E
2:7

90 8.1
89 4.6
95 1.2
t *

RI RPD

100
100
100
400
100

100

100
100
100

100

20::
40

2000
100
100

2000
100

2oocJ
100
100
100
100

400
100
100
100

93.2 0.1

9; .o.;
98 1.9

0 1.6

.00.68 0.7

9; 0.;
93 0.6
t l

94 8.3

9; -

1:: :*; 1:6

108 2.3

- ;:
’ 2
0:3

8; 2.;

114 7.4

7; 2.;
103 1.6
92 0.7

93 2.4
92 0.8
96 0.4

l *

0.4
5.6
1.6

:::

2.0

0.5
1.5
1.3

0.7

3.2

i:;
I.4
0.9

3 ‘4

1:::

0’::

4.6

i:;
0:8

.

I

- ;g -Standard deviation of percent recovery.
Relative percent difference between duplicate spike deteminations.

< Sample concentration below established method detection limit.
l Spike concentration ~10% of sample background concentration.

Not spiked.
+ Equivalent
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TABLE 6. PRECISION AND RECOVERY DATA IN SOLID HATRICES (Cont.)

NBS 1645 RIVER SEDIMENT

SAMPLE Low+ AVERAGE HIGH+ AVERAGE
CONC SPIKE RECOVERY SPIKE RECOVERY

ANALYTE W kg mg/kg WI S(R) RPD w/kg R(s) S(R) RPD

Ag
Al
AS
B
Ba

Be
Ca
Cd’
CO
C r

CU
Fe
4
K
Li

.

4
Mn
MO
Na
Ni

P
Pb
Sb
Se
Sn

Sr
Tl

5kFl
62.8
31.9
54.8

0.72
28000

El
28560

109
84800

3.1
452
3.7

6360
728

17.9
1020
3 6 . 2

553
707

22.8

!I2
782

20::
1640

20 92

ii
x

100 1;:
20 95

20 101

:: 100 98
20 l

20 115

5:: 9s

10 1::

500 l

:: 9;

500 92

20 94

500 102
20 *

20
:i

1::
l

100 91

2020 ii
20 l

0.4 1.0
14.; 8.4

i:i 1:.: 2:8

0.4 1.0

::; 00 4'8
l 0:4

8.5 0.0

4.3 7 . ;

4.12.0 i:;

l 1.8

12.; 1z
2.6 0:O
5.9 4.0

1.4 0.9
l 0.8

1: : : 27.1 0.0

* 1.0

12.3 3.0
0.0 0.0
5.4 5.8

* 1.8

100
100
100
400
1OQ

100

100
100
100

100

40
2000

40

2000
100
100

2QGO
100

2000
100
100
100
100

400
100
100
100

96 0.3

9;

l

95 t-i

98 1:2

103 1.4

10; a.;
98 0.9
t l

102 1.8

96 0.;
106 1.4
108 1.3

93 2.7
97 12.4
;; 0.6

100 :::

100 0.8
103 5.9

ii 06 3'1
101 7:9

96 3.3
95 1.3
98 0.7
t *

0.9
2.4
5.0
1.5
1.3

3.9

1.8
1.8
0.7

1.0

1.0

::;

1.0
2.2
0.0
1.7
1.5

I.6
0.4
0.9 ’
7.6
2.7

2.6
4.0
0.0
1.1

S(R) Standard deviation of percent recovery.
RPD Relative percent difference between duplicate spike determinations,
< Sample concentration below established method detection limit.
t Spike concentration ~10% of sample background concentration.

Not spiked.
+ Equivalent
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TABLE 7. DRINKING UATER 4X PRECONCENTRATION  PRECISION AND RECOVERY DATA (1)

SAMPLE
C O N C

ANALYTE' mg/L

LOW AVERAGE HIGH AVERAGE
SPIKE RECOVERY SPIKE RECOVERY
Q/L R(X) RSD(%) W/L WI RSD(%)

Ag to.001 0.025
Al 0.102 0.05
AS <0.004 0.02
8 0.022 0.02
Ba 0.037 0.5

Be
Ca
Cd
Cr
cu

<0.0002
32.6
~0.0006
to.002
tO.OO1

Fe
Hg
K
4
.Mfl

to.02
<0.003

2 . 0 9
7 . 4 9
0.002

MO
Na
Ni
Pb
Sb

co.003
8.21
<0.002
<0.005
to.004

SB

:r
V
Zn

to.01
0.160

<O .008
to.002
0.003

0.001

0.005
0.05
0.5

:::I

0.005

0.01

0.01
0.01
0.01

0.05
0.1
0.02
0.01
0.02

95

lo’:
100
101

100

100

ix

114
84

100

103

112
105
106

107
94

12
101

0.5

E
1:2
0.7

0.12
0.2
0.08
0.08
2.0

95
104

z:
98

4.6
5.2
3.6 *
5.1
4.0

0 . 0
1.9
2.4

A:!

0.004 100 5.0

0.02

El

95

2

3.8
3.9
3.3

;-:
212 _
2.0
1.4

0.4
0.04

102
94 :::

0.02 IlO 4.8

5.3
1.9
1.9

11.4
7.5

0.04 102 4.6

0.04 103 5.6
0.04 108 4.4
0.04 99 9.1

8.8 0.2 96 5-6
0.3 0.4 102 4.7

-8.6 0.08 100 4.4
3.1 0.04 100 5.7
1.8 0.08 95 5.0
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Method 206.2 (Atomic Absorption, furnace  technique)

STOREI’  NO. Total 01002
Dissolved 01000

suspended 01001

Optimum Concentration Range: 5-100 ug/l
Detection Limit: 1 ug/l

Preparation of Standard Solution
1. Stock solution: Dissolve 1.320 g of arsenic trioxide, &O, (analytical reagent grade)

in 100 ml of deionized distilled water containing 4 g NaOH. Acidify the solution with
20 ml cont. HNQ and dilute to 1 liter. 1 ml = 1 mg As (1000 mg/l).

2. Nickel Nitrate Solution, 5%: Dissolve 24.780 g of ACS reagent grade
Ni(NO3)2-6H20  in deionized distiIled  water and make up to 100 ml.

3. Nickel Nitrate Solution, 1% : Dilute 20 ml of the 5 96 nickel nitrate to 100 ml with
deionized distilled water.

4. Working Arsenic Solution: Prepare dilutions  of the stock solution to be used as
calibration standards at the time of analysis. Withdraw appropFiate  aliquots  of the
stock solution, add 1 ml of cont. HNO3,  2 ml of 30% H202 and 2 ml of the 5%
nickel r&ate solution. Dilute to 100 ml with deionized distilIed  water.

Sample Fmsemation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods

section of this manual.

Sample Prepal7;ltion
1. Transfer 100 mI of well-mixed sample to a 250 ml Grii5.n  beaker, add 2 ml of 30 %

H202 and sufficient cont. HN03 to result in an acid concentration of 1% (v/v).
Heat for 1 hour at 95 “C or until the volume is slightly less than 50 ml.

2. Cool and bring back to 50 ml with deionized distilled water.

3. P+t5mlofthisdigestedsclutionintoa1CLm.lvolumetxicflask,add1mlofthel%
nickel nitrate solution and dilute to 10 ml with deionized distilIed  water. The sample
is now ready for injection into the furnace.

Approved for NPDES and SDWA
Issued 1978
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NOTE: If solubihzation  or digestion is not required, adjust the HN03 concentration
of the sample to 1% (v/v) and add 2 ml of 30 % HO2 and 2 ml of 5 % nickel nitrate  to
each 100 ml of sample. The volume of the calibration standard should be adjusted
with deionized distilled water to match the volume change of the sample.

Instrument Pameters (Geneml)
1. Drying Time  and Temp: 30 s-125 “C.
2. Asling Time  and Ternp:  30 set-1100 ‘C.
3. Atomizing TTune  and Temp: 10 set-2700 “C.
4. Purge Gas Atmosphere: Argon
5. Wavelength: 193.7 run
6. Other operating parameters should be set as specified by the particular instrument

manufacturer.

Analysis Prwedure
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of

the Atomic Absorption Methods section of this manual.

Notes
1. The above concentration values and instrument conditions are for a Perkin-Elmer

HGA-2100, based  on the use of a 20 ul injection, purge gas interrupt and
non-pyrolytic graphite. SmaUer  size furnace  devices or those employing faster rates
of atomization can be oprated using lower ato~on temperatures for shorter time
periods than the above recommended settings.

2. The use of background correction is recommended.
3. For every sample matrix analyzed, verificxuion  is necessary to determine that method .

of standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual).

4. If method of standard addition is required, follow the procedure given earlier in part
8,5 of the Atomic Absorption Methods section of this manual.

5. For quality control requirements and optional recommendations for use in drinking
water analyses, see part 10 of the Atomic Absorption Methods  section of this manual.

6. Data to be entered into STORET must be reported as ug/l.

Precision and Accuracy
1. In a single laboratory (EMSL),  using a mixed industrialdomestic  waste effluent

containing 15 ug/l and spiked with concentrarions  of 2, 10 aad 25 ug/l, recoveries of
85 96, 90% and 88 96 were obtained, wvely. The relative standard deviation at
these con&trarion levels were 28.846, f8.296, i5.446,  and &8.7%, respectively.

2. In a single laboratory (EMSL),  using Cincinnati, Ohio tap water spiked at
concentrations of 20, 50 and 100 ug As/l, the standard deviations were f0.7, f 1.1,
and f1.6, respectively. Recoveries at these levels were 105%, 106%, and lOl%,
respectively.

E-13-3
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CADMIUM

Method 213.2 (Atomic Absorption, furnace technique)

Optimum Concentration Range: O-5-10  ug/l
Detection Limit: 0.1 ug/l

STORET NO. 01027
Dissolved 0 1025

Suspended 01026

.

Preparation of Standard Solution
1_ Stock solution: Prepare as described under “direct  aspiration method. ”
2. Ammonium Phosphate solution (40%):  Dissolve 40 gxuns of ammonium phosphate,

(NH&HP04  (analytical  reagent grade)  in &ionized distilled water and dilute to 100
ml.

.3. Prepare dilutions of the stock cadmium solution to be used as calibration standards at
the time of anaiysis. To each 100 ml of standard and sample  alike add 2.0 ml of the
ammonium phosphate solution. The calibration standards should lx prepared to
contain 0.5% (v/v) HNQ.

Sample Prwemation
1. For sample handling and preswation, see part 4.1 of the Atomic Absorption Methods

section of this manual.

Sample Preparation
1. Prepare as descrilxd under “direct  aspiration method.” Sample solutions for analysis

should contain 0.5% (v/v) HNQ.

Instrument Parameters (General)
1. Drying Time and Temp: 30 ~-125 “C.
2. Ashing Time and Temp: 30 sec:500  ‘C.

3. Atomizing Tune and Temp: 10 set-1900 “C.
4. Purge Gas Atmosphere: Argon
5. Wavelength: 228.8 nm
6. Other operating meters should be set as specified  by the particular instrument

manufacturer. .

Analysis Procedure
1. For the analysis procedure and the calculation, see “Furnace  Procedure” part 9.3 of

the Atomic Absorption-Methods section of this manual.

Approved for NPDES and SDWA
Issued 1978
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Notes
1. The above concentration values and instrument conditions are for a Perk&Elmer

HGA2100,  based on the use of a 20 ul injection, continuous flow purge gas and
non-pyrolytic graphite. Smaller size furnace devices or those employing faster rates
of atomization can be operated  using lower atomization temperatures for shorter time
periods than  the above recommended settings.

2. The use of background conection  is recommend&.
3.. Contamination from the work area is critical  in cadmium analysis. Use of pipet tips

which are free of cadmium is of particular importance. JSee part 5.2.9 o{ the Atomic
Absorption Methods section of this manual.)

4. For every sample ma&ix  analyzed, verification is necessary to determine that method
of standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual).

5. If method of standard addition is required, follow the procedure given earlier in part
8.5 of the Atomic Absorption Methods section of this manual.

6. For quality control requirements and optional recommendations for use in drinking
water analyses, see part 10 of the Atomic Absorption Methods section of this manual.

7. Data to be entered into STORET  must be reported as ug/l.

Pm&ion  and Accuracy
1. In a single laboratory (EMSL),  using Cincinnati, Ohio tap water spiked at

concentrations of 2.5, 5.0 and 10.0 ug Cd/l, the standard deviations were fO.lO,
f0.16, and kO.33,  mspectively.  Recoveries at these levels were 96%,  99%,  and
98 %, nqmtively.
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MERCURY

Method 245.1 (Manual Cold Vapor Technique)

STORET  NO. Total 71900
Dissolved 71890

Suspended 71895
8

1. scope ad Applimion
1.1 This method is applicable to drinking, surface, and saline waters, domestic and

indushial wastes.
1.2 In addition to inorganic forms of mercury, organic mercurials  may also be present.

These organemercury  compounds will not respond to the cold vapor atomic
absorption technique unless they are Grst broken down and converted to mercuric
ions. Potassium permanganate oxidizes many of these compounds, but recent studies
have shown that a numkr of organic mercurial&  iucluding  phenyl mercuric acetate
and.met.hyl  mercuric chloride, are only partially oxidized by this reagent. Potassium
persulfate has ken found to give approximately 100% recovery when used as the
oxidant with W compounds. Therefore, a persulfate oxidation step following the
addition of the pennanganate has been included to insue that organo-mercury
compounds, if present, will be oxidized to the mercuric ion before  measurement. A
heat step is required for methyl mercuric chloride when present in or spiked to a
natural system. For distilled water the heat  step is not necessary.

1.3 The range of the method may be varied through instrument and/or recorder
ejrpansion. Using a 100 ml sample, a deWtion limit of 0.2 ug Hg/l can be achieved;
concentrations below this level should be reported as < 0.2 (see Appendix 11 e 2).

2. Summary of Method
2.1 The flameless AA procedure is a physical method based on the absorption of

radiation at 253.7 nm by mercury vapor. The mercury is reduced to the elemental
state and aerated from solution in a closed  system. The mercury vapor passes
through a cell positioned in the light path of an atomic absorption spectrophotometer.
Absorbance (‘p&r height) is measured as a function of mercury concentration and
recorded in the usual manner.

3. Sample Handling and Preservation
3.1 Until more conclusive data axe obtained, samples should be preserved by acidification

with nitric acid to a pH of 2 or lower immediately at the time of collection. If only
dissolved mercury is to be determined, the sampie  should be filtered through an all
glass apparatus  before the acid is added. For total mercury the Ekmtion is omitted.
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4. Interference
4.1 Possible interference from sulfide is eliminated by the addition of potassium

permanganate. Concentrations as high as 20 mg/l of sulfide as sodium sulfide do not
interfere with the recovery of aa inorganic mercury from distilled water.

4,2 Copper  has also been reported to interfere; however, copper  concentrations as high
as 10 mg/l had no effect on recovery of mercury from spiked samples.

4.3 Sea waters, brines and industrial  emuents  high in chlorides require additional
peegm (as much as 25 ml). During the oxidation step, chlorides are
converted to free chlorine which will also absorb radiation of 253 mn. Care must be
taken to assure that free chlorine is absent before the mercury is reduced and swept
into the cell. This may be accomplished by using an excess of hydroxylamine sulfate
reagent (25 ml). In addition, the dead  air space in the BOD bottle must be purged
before the addition of stannous  sulfate. Both inorganic and organic mercury spikes
have b quantitatively recovered from  sea water using this technique.

4.4 Interference from  cermin  volatile.organic materi& which will absorb at this
wavelength is also possible. A preliminary  run without reagents should determine if
this type of interference  is present (see Appendix 11.1).

5. Apparaars
5.1 Atomic Absorption Spectrophotometer:  (See Note 1) Any atomic absorption unit

having an open sample presentation area in which to mount the absorption cell is
suitable. Instrument settings recommended by the panicular manufacturer should be
followed.
Note 1: Instruments designed specifically  for the moment of mercury using the
cold vapor technique are commercially available and may be substituted for the
atomic absorption -tometer.

5.2 Mercury Hollow Cathode Lamp:  Westinghouse WL-22847, argon filed, or
equivalent.

5.3 Recorder: Any multi-range variable speed  recorder that is compatible with the W
detection system is suitable.

5.4 Absorption Cell: Standard spectrophotometer cells 10 cm long, having quartz end
windows may be used. Suitable cells may be constructed from plexiglass tubing, 1”
0-D. X 4-112”.  The ends are ground perpendicular to the longitudinal axis and
qUare windows (1” diameter X l/16” thickness) are cemented in place. The cell is
strapped  to a burner for support and aligned in the light beam by use of two 2” by 2”
ads. One inch diameter holes are cut in the middle of each card;  the cards  are then
placed over each end of the cell. The cell isthen positioned and adjusted vertically
and horizontally to give the maximum tmnsrnittane.

5.5 Ah Pump: Any  peristaltic  pump capable of delivering 1 liter of air per minute may
be used. A Maskrflex pump with electronic speed  control has ken found to be
SZltiSfXtO~.
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5.6 Flowmeter: Capable of measuring an airflow of 1 liter per minute.
5.7 Aeration Tubing: A straight glass frit having a coarse porosity. Tygon tubing is

used for passage of the mercury vapor from the sample bottle to the absorption cell
and return.

5.8 Drying Tube: 6” X 3/4” diameter tube containing 20 g of magnesium  perchlorate
(seeNote2).  TheappammsisassembledasshowninE;igurel.
NOTK 2: In place of the magnesium perchlorate drying tube, a small reading lamp
with 60W bulb may be used to prevent co&nsafion of moisture inside the cell. The
lamp is positioned to shine on the absorption cell main&&g the air temperature in
the cell about 10 “C above ambient.

6. Reagents
6.1 Sulfuric Acid, Cont.: Reagent grade.

6.1.1 Sulfuric acid, 0.5 N: Dilute 14.0 ml of cont. sulfuric acid to 1 .O liter.
6.2 Nitric Acid, Cone:  Reagent grade of low mercury content (See Note 3).

NOTE3: Ifahigh,reagentblankisobGned,itmaybenecesaarytodistillthe
nitric acid.

6.3 Staxmous Sulfate: Add 25 g starmous sulfate to 250 ml of 0.5 N sulfuric acid. This
mixture is a suspension and should be stirred continuously during use. (Stannous
chloride may be usecl  ia place of stannous  sulfate.)

6.4 Sodium Chloride-Hydroxylamine Sulfate Solution: Dissolve 12 g of sodium chloride
and 12 g of hydroxylamine  sulfate in distilled water and dilute to 100 ml.
(Hydroxylamine hydrochloride may be used in place of hydroxylamine sulfate.)

6.5 Potassium Pennanganate: 5 A solution, w/v. Dissolve 5, g of potassium
permanganate in 100 ml of dis@ed water.

6.6 Potassium P&u&m: 5 96 solution, w/v. Dissolve 5 g of potassium persulfate in
100 ml of distilled water.

6.7 Stock Mercury Solution: Dissolve 0.1354 g. of mercuric chloride in 75 ml of
distilled  water. Add 10 ml of cont. nitric acid and adjust the volume to 100.0 ml.
1 ml = 1 mg Hg.

6.8 Working Mercury Solution: Make successive dilutions of the stock mercury solution
to obtain a working standard containing 0.1 ug per ml. This working &m&rd and
the dilutions of the stock mercury solution should be prepared fresh daily.
the working standard  should be maintained at 0.15 % nitric acid.

Acidity of
This acid should be

added to the flask as needed before the addition of the aliquot.
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6. Reagents
6.1

6.2

6.3

6.4

6.5

6.6

6.7

Sulfuric Acid, Cont.: Reagent grade.
6.1.1 Sulfuric acid, 0.5 N: Dilute 14.0 ml of cont. sulfuric acid to 1 .O liter.
Nitric Acid, Cone: Rcagcnt  grade of low mercury content (See Note 3).
NOTE 3: If a high rcagcnt blank is obtain&, it may be ntct~~ary to distill the nitric acid.
Stannous  Sulfate: Add 25 g stannous  sulfate to 250 ml of 0.5 N sulfuric acid- This
mixture is a suspension and should be stirred continuously  during USC. (Stannous
chloride may be used in place of stannous  sulfate)
Sodium  Chloride-Hydroxylamiae  Sulfate Solution: Dissolve 12 g of sodium chloride and
12 g of hydroxylamine  sulfate in distilled water and dilute to 100 ml. (Hydroxylamine
hydrochloride may be used in place of hydroxyiamine  sulfate.)
Potassium Permanganate:  5% solution. w/v. Dissolve 5 g of potassium permanganaLe  in
100 ml of distilled water.
Potassium Persulfate: 5% solution, w/v. Dissolve 5 g of potassium persulfate  in 100 ml
of distilled water.
Stock Mercury Solution: Dkolve 0.1354 g of mercuric chloride in 75 ml of distilled
water. Add 10 ml of eonc. nitric acid and adjust the volume to 100.0 ml. 1 ml = 1 mg

Hg-

A I R  P U M P
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DESICCANT

1, I
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*-BUBBLER CELL 4’ CONTAINING,
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A MERCURY
ABSORBING

IN BOD BOTTLE MEDIA

FIGURE 1. APPARATUS FORt FLAMELESS
MERCURY DETERilNATlOH
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7. Calibration
7.1 Transfer 0, OS, 1.0, 2.0, 5.0 and 10.0 ml aliquots  of the working mercury solution

containing 0 to 1 .O ug of mercury to a series of 300 ml BOD bottles. Add enough
distilled water to each bottle to make a total volume of 100 ml. Mix thoroughly and
add 5 ml of cont. sulfuric acid (6.1) and 2.5 ml of cont. nitric acid (6.2) to each
bottle. Add 15 ml of KMnO, (6.5) solution to each bottle  and allow to stand at least
15 minutes. Add 8 ml of potassium persulfa& (6.6) to each bottle and heat  for 2
hours in a water bath maintained at 95 “C. Cool  and add 6 ml of s&urn chloride-
hydroxylamine  sulfate solution (6.4) to reduce the excess pennanganate. When the
solution has been decolorized  wait 30 seconds, add 5 ml of the stannous  sulfate
solution (6.3) and immediately attach the bottle to the aeration apparatus forming a
closed system. At this point the sample is allowed to stand quietly without manual
agitation. The circulating pump, which has previously ken adjusted to a rate of 1
liter per minute, is allowed to run continuously (See Note 4). The absorbance will
increase  and reach maximum within 30 seconds. As swn as the recorder pen levels
off, approximately 1 minute, open the bypass valve and continue the aetation until
the absorbance returns to its minimum value (see Note 5). Close the bypass valve,
remove the stopper and frit from the BOD bottle and continue the aeration. Proceed
with the standards and construct a standard curve by plotting peak height versus
micrograms of mercury.
NOTE 4: An open system where the mercury vapor is passed through the absorption
cell only once may be used instead of the closed system.
NOTE 5: W of the toxic nature of mercuty vapor Ttion must be taken to
avoid its Won. Therefore, a bypass has been inch&d in the system to either
vent the mercury vapor into an exhaust hood or pass the vapor through some
absorbing media, such as:
a) equal volumes of 0.1 M KMno, and 10% H$O,
b) 0.25% iodine in a 3% KI solution
A specially treated charcoal that will adsorb mercury vapor is also  available from
Bamebey and Cheney, E. 8th Ave. and N. Cassidy St., Columbus, Ohio 43219,
Cat. #SO-13 or #580-22.

8. Procedure
8.1 Transfer 100 ml, or an aliquot  diluted to 100 ml, containing not more than 1.0 ug of

mercury, to a 300 ml BOD bottle. Add 5 ml of sulfuric acid (6.1) and 2.5 ml of
cont. &tic acid (6.2) mixing after =h addition. Add 15 ml of potassium

pmanga,aate solution (6.5) to each sample bottle. For sewage mples additional
pennanganate may be required. Shake and add additional portions of potassium
permanganate solution, if necessary, until the purple color persists for at least 15
minutes. Add 15 ml of $otassium  persuliare  (6.6) to each bottle and heat for 2 hours
in a water bath at 95 “C. Cool and add 6 ml of sodium chloride-hydroxylami
sulfate (6.4) to reduce the excess  permanganate. After a delay of at least 30 seconds
add 5 ml of stannous sulfate (6.3) and immediately attach the bottle to the aeration
apparatus.  Continue as described under Calibration.
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9. Calculation
.9.1 Determine the peak height of the u&own from the char& and read the mercury value

from the standard curve.
9.2 Calculate the mercury concentration in the sample by the formula:

ug Hg/l = ( aliquot ) ( volume of aliquot in ml )

9.3 Rep-t mercury concentmfions  as follows: Below 0.2 ug/l, eO.2;  between  1 and 10
ug.4,  one decimal; above 10 ug/l, whole numbers.

10, Precision and Accuracy
10.1

10.2

In a single M&tory  (EMSL),  using an Ohio River composite sample with a
background mercury concentration of 0.35 ug/l, spiked with concentrations of 1.0,
3.0 and 4.0 ug/l, the standard deviations were f0.14, iO.10 and kO.08,
respectively. Standard deviation at the 0.35 level was 20.16. Percent recoveries
at the three levels were 89, 87, and 8796, respectively.
In a joint EPNASTM interlaboratory  study of the cold vapor technique for total
merdury  in water, increments of organic and inorganic mercury were added to
natural waters.  Reconvenes were determined by difference.  A statistical
summary of this  study follows:
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ml of sodium chloride-hydroxylamine sulfate (6.4) to reduce the excess  permanganate.
After a delay of at least 30 sce4nds  add S ml of stannous sulfate (6.3) and immediately
attach the bottle to the aeration apparatus. Continue ti dtscribtd  under Calibration.

9. calculation
9.1 Deter&it the pa& height of tbc unlmown~from the chart and read the mercury value

fromthtstandardcurvc
9.2 Calculate the mercury concentration in the sample by the formuh

.

ugHg/l  = )

9.3 Report mercury concentrations as follows: Below 0.2 ug/l, ~0.2; between 1 and 10
ug/l. one de&ml; above 10 r%/l. whole numbers.

10. Precision and Accuracy

10.1 In a single laboratory (EMSL), using an Ohio River composite sample with a
background mercury concentration  of 0.35 ug/l, spika!  with concentrations of 1.0, 3.0
and 4.0 ug/l, the standard deviations were iO.14, iO.10  and iO.08,  rtipectivciy.
Standard dcviarion at tbt  0.35 level was i0.16. Perecnt  rccovtics  at the three levels
were 89,87,  and 87%. rcspeetiwly.

10.2  In a joint EPA/ASTM interlaboratory study of the cold vapor technique for total
mercury in water, increments of organic and inorganic mercury were added to natural
warn..  Recoveries were determined by difference A statistical summary of this study
follows: _

Number True Values Marl value
of Labs @liter Miter

76 0.21 0.349 0.276 66
80 0.27 0.414 0.179 53
82 0.51 0.674 0.54 1 32
77 0.60 0.709 0.390 18
82 3.4 3.41 1.49 0.34
79 4.1 3.81 1.12 -7.1
79 8.8 8.77 3.69 44
78 9.6 9.10 3.57 -5.2

Standard
Deviation
&liter

Accuracy as
70 Bias

.

11. Appendix
11.1 While the possibility of absorption from certain organic substaneis  actually being present

in the sample dots exist, EMSL has not encountered+tch  samples. This is martionad
. only to caution the analyst of the possibility. A simple correction that may be used is as

follows: If an interference has been found to be present (4.4). the sample should be
analyzed both by ‘using the regular procedure and again under oxidizing conditions amy,

245.1-S
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11. Appendix
1 l_ 1 While the possibility of absorption from certain organic substances actually being

present in the sample does exist, EMSL has not encountered such samples. This
is mentioned only to caution the analyst of the possibility. A simple correction
that may be used  is as follows: If an interference has been  found to be present
(4.4),  the sample should be analyzed b&t by using the regular procedure and
again under oxidizing conditions only, that is without the reducing reagents. The
true mercury value can then be obtain& by subtracting  the two values.

11.2 If additional sensitivity is rquti, a 200 ml sample with recorder expansion may
be used provided the instrument dm not produce undue noise. Using a Coleman
MAS-50 with a drying tube of magnesium perchlorate and a variable recorder, 2
mv was set to read full scale. With ‘these conditions, and distilled water solutions
of mercuric chloride at concentrations of 0.15, 0.10, 0.05 and 0.025 ug/l the
standard deviations were f0.027, f0.006, kO.01 and kO.004. Percent
recoveries at these levels were 107, 83, 84 and 96%) respectively.

11.3 Directions for the disposal of mercurycontaining  wastes are given in ASTM
Standards, Part 31, “Water,” p 349, Method D3223 (1976).

Bibliography

1. Kopp, J.F., ILongbottom,  M-C.  and bbring,  L-B., “Cold Vapor Method for
Deteminhg  Mercury,” AWWA, ~0164, p 20, January  1972.
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(1975).
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Method 239.2 (Atomic Absorption, furnace technique)

STORET NO. Total 01051
Dissolved 01049

suspended 01050

Optimum Concentration Range: S-100 ug/l
Detection Limit: 1 ug/ 1

Preparation of Standard Solution
1. Stock solution: Prepare as described under “direct aspiration method.”
2. Ianthanum Nitrate Solution: Dissolve 58.64 g of ACS reagent grade I+O, in 100 ml

cont. HNa and dilute to 1000 ml with deionized distilled water. 1 ml = 50 mg La.
3. Working L& Solution: Prepare dilutions of the stock lead solution to be used as

calibration standards at the time of analysis. Each calibration standard should contain
0.5% (v/v) HNQ. To each 100 ml of diluted  standard add 10 ml of the lanthanum
Ilkate sollltiorl.

Sample Pmemation
1. For mple  handling and preservation, see part 4.1 of the Atomic Absorption Methods

section of this  manual.

Saniple Preparation
1. Prepare as described  under “direct aspiration method.” Sample solutions for analysis

should contain 0.5% (v/v) HNQ.
2. To each 100 ml of prepared sample solution add 10 ml of the lanthanum nitrate

solution.

Imtmment  PammeteFs  (Gene41
1. Drying Time and Temp: 30 set-l& “C. l

2. Ashing Tile  and Temp: 30 xc-500  “C.
3. Atomizing Time and Temp: 10 set-2700 “C.
4. Purge Gas Atmosphere: Argon
5. Wavelength: 283.3 mn
6. 0th operating parameters should be set as specified by the particular instrument

maflufachuer.

Analysis prmfxiure
1. For the analysis procedure in the calculation see “Furnace Procedure,” part 9.3 of the

Atomic Absorption Methods section of this manual.
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Not=
1.

2.
3.

4.

5.

6.

7.

8.

9.

The above concentration values and instrument conditions are for a Perkin-Elmer
HGA-2100, based on the use of a 20 ul injection, continuous flow purge gas and
non-pyrolytic graphite. Smaller size furnace devices or those employing faster rates
of atomization can be operated using lower atomization temperatures for shorter time
periods  than the above recommended settings.
The use of background correction is recommended.
Greatet sensitivity can be achieved using the 217.0 mu line,  but the optimum
concentration range is reduced. The use of a lead electrodeless discharge lamp at this
lower wavelength has been found to be advantageous. Also a lower atomization
temperature (2400  “C) may be prefen-&
To suppress sulfate interference (up to 1500 ppm) lanthanum is added as the nitrate
to both samples and calibration standards. (Atomic Absorption Newsletter Vol. 15,
No. 3, p 71, May-June 1976.)
Since glassware conlamktion  is a severe problem in lead analysis, all glassware
should be cleaned  immediately prior to use, and once cleaned, should not be open to
the atmosphere except when necessary.
For every sample matrix analyzed, verification is necessary to determine that method
of standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods
section of this manual).
For quality control requirements and optional recommendations for use in drinking
water analyses, see part 10 of the Atomic Absorption Methc& section of this manual.
If method of standard addition is required, follow the procedure given earlier in part
8.5 of the Atomic Absorption Methods section of this manual.
Data tobe entered into STORET  must be reported as ug/l.

Recision  and Accuracy
1 - In a single laboratory (EMSL), using- Cincinnati, Ohio tap water spiked at

concentrations of 25, 50, and 100 ug W/l, the standard deviations were f 1.3, + 1.6,
and f3.7, respectively. Recoveries at these levels were 88%, 92%)  and 95%
respectively.
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Procedure - RJ Lee  Group Hexavalent Chromium Kit

F * * g these instructious and the contents of the kit prior to use to become familiar
with the proc~ will help eliminate sampling delays in the field

Step I Collection of Sand Samples
1. Usetheplasticspoonandthewoodensticktow~ectsandforStepsIIandV.

2. Scmp up sand and level the surface with the edge of the stick (set Figure 1).

Step II Extracting the Sand
1. Close the stopcock (see Figure 2) at thti  bottom of Syringe 1 and place it in the gray

wooden rack with Tube A under it.

2. Pour approximately 20 ml of &ionized water from Tube B into this syringe. Use the
markings on the tube to estimate this volume.

3. Place the funnel into Syringe 1 as shown in figure 2. Pour one spoonfui  of sand from
Step I through the funnel into the solution. Allow it to stand for approximately 30
minll~.

4. After the 30 minute wait, remove the funnel, opw the stopcock, and allow the solution to
drainintoTubeAuntiltheflowstcqs.

5. -Pour apprwximately  15 ml more of the solution from Tube B iuto Syringe I, again using
the markings on the tube to estimate the volume, and allow it to drain until the flow
stops. (It should take between 1 and 10 minutes for the solution to drain through the
system.)

6. Repeat  step 5 once more with the remaining solution flow from Tube B.

7. After no more solution flows from Syringe 1, attach the Exna Plunger found in the kit
and squeeze out additional water. The expected total volume for this step is between 40
and 50 ml.

Note: If the solution does  not drain from the sand, it may be drawn out using the syringe.
To do this, attached Syringe 2 to the bottom of Syringe 1 via the female/female luer
wnnection.  Add any additional solution obtained in this mannertoTutxA.
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19-93  TU!i  12:45 RJ LEE GROUP, INC. FAX No. 412?3317gg P. 02

Procedure  - Rj LeeCruup  Hexrvalent  Chromium Kit xYx%w

Examining the instrudions  and the contents  of
the kit prior to use to become familiar with the

E”lgure 1 cokxion of !%nd

pry% will  heip eiirninate sampling  delays in the
f*U

step 1 couection  of Suad Samples

I .  uscrhcplatticspwuauddlewmdeaslicka,
coJlaxsndforstepslIandv*

2. s-p up SrUd and level rhe sulfacc  with the
edge  of the tick (stc Figure 1). J

Step Jl Extracting  the Sand

1. Close the stopwk (see Figure 2) urhe bottom of Syringe  1 and place it in rhc &ray wowlen  rack
WibTPbeAlldUi&

F’@tre 2 Extraction  of Sand
3. IJlacettlafunncl~Syringel-asshowninRgrPc2.

PourowpoanfulofsUldbulstepIttrzoFlghehc
bulcIintQtbc5aIueiQn.  f3llowi!tosmdfm
appcotiy  30 minus

4. After  the 30 minute wa.i& nxfmve~thc  furmeL  open the
stopcock, and allow  the solution to drain iato Tube A
undtheflow~

6. RepeaxslepSoncemorewirhthe,~gsalrnim
from Tube 8.

I
7. After no more solutiort  flows from Syringe 1, attach

the  Extm Plunger found in tie ti and squexe oux  additional wan The  cxpccud  total volume
forthissqJisbccwccrl4oaadxlmL

&&I If the solution does not drain from the sand,  it may be drawn out using the syringe. To
do thu, attached Syringe 2 to the bottom of Syringe 1 via the fexnaWemale  luer connection.
Add any additiwal solution obtained in this rrunner to Tube k
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Step III Filtering the Soil Extract
1. Place Syringe 2 in the rack and remove the plunger. Connect the ftlter (disk shaped unit)

to the bottom as shown in Figure 3 by twisting approximately l/3 turns (Do Not Over
lighten).

2. Pour the solution from Tube A into Syringe 2.

3. Replace the plunger and filter the solution into T’u& B by applying pressure.

Step IV Trapping the Chromium-VI
1. Remove and discard the filter unit from Syringe 2. Remove  the plunger and place the

syringe in the rack.

2. Uncap the top and bottom of the SPE Cartridge and place the caps in one of the zipper
lock bags for later reuse.

3. Attach the &dge to the syringe and pour the filtered solution from Tube B into the
syringe (see Figure 4).

4. Hold the cartridge over Tube B and push the solution and a small amount of air through
the SPE Cartridge. You will need to press hard to accomplish this. This could take
Several minutes to accomplish.

6. Remove the cartridge, then the plunger from the syringe, ‘then replace the cartridge.

7. Pour the wash solution from Tube.C into the syringe and push in through the cartridge.

8. Remove the cartridge from the syringe, draw up 50 ml of air, then replace the cartridge
and push the air through it.

9. Cap the top and bottom of the mrtridge,  rentm it to the bag in which it was received, and
place this into the large zipper lock bag.
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OCT-!9-93 TUE 12:45 RJ LEE GROUP, !NC. FAX NC. 4127331799 P. 03

step Ill Fib&g the Soil tinti

*

1. Place Syringe 2 in the rack and fanove the
plunge..  Connect  tit Ekr (disk &a@ unit) m the
bosom as shown ln F”lgurt 3 by twisting
approximately  l/3 nnns  (Do Not Ovtr Tighten).

2. Pour the soluzion  from Tuba A into SJringc 2.

3 .  R@acct&piua~aDdfiIl~tbesoI~inm
Tube B by ltpplying pmsmc

. .

Step Xv Trapping the Chromium-VI

1. Runovc  and dkti rht BIU onit  tirn Syringe 2.
Rancrvt  cht  plunger  and pIact &t syringe  in the
mcIG

Z Unap the top and bottom of the SPE Cartridge
andploeckapsinontofQtrippalockbags
forhwrcuz

*

5. ReadthevoiameinTubeBandxecordthisonthe
MxlonrhesmaIlZppcrLockbag.

7 .  FkmrthcwashsoiudonfromTubtCirrtothc
syringe and push it through the ec

9. Cap the cop and bottom  of the can&&t,
n~itrochtbaginwhichtiwasrcctiwd,
.and place this into the large tipper  lock bag.

Filtering Soil Edract

Figure 4 Trapping Chromium-VI



Step V Collection of Sand Sample
r. Collect at least four or five spoonfuls of sand in the small Zipper Lock bag provided (see

Figure 5a).

2. Roll the small Ziplxr  Lock bag, processing out as much air as possible, and zip the bag
closed (see Figure 5b).

3. Place the small Zipper Lock bag containing the sand into  the large Zipper Lock bag with
the SPE cartridge  (see Figure 6).

4. Roll the large Zipper Lock bag to press out as much air as possible and zip it closed.

Note: Kits are identified with Bar Codes.
Do Not Mix ComDonents  from Different  Kits!

When the process is completed, only keep the small Zipper Lock Bag (containing  the sand
sample) and the baeeede.  These should be enclosed in the lazge
Zipper tik Bag (see Figure 6).

Other supplies  IYom  the kit may be discarded.
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Step V CoUection  of Sand Sample

FAX NO. 4127331799 P. 04

Collection  of Sand I

1. Cuilcct ar icasr four or five spmnfuls  of sand in the
small  Zipper ti bag provided (ste Fxigure  5s).

2. Roll the small Zipper  I&k bag, pressing out a5
muchairaspassiblc,andzipthcbagelosed(see
Figure  5b).

3. Place  the small Zipper Lwk bag mg the
sandimozhelafgeZppe~kbagwi&theSPE
Cvtridge  (see figure 6).

4. Roll ti large  Zppcr hk bag IO press  out as
much air as possible  and zip it closed.

when the process is completed, only keep the
(containing the sand  sample)

. .a n d  t h e  w e d - Thes
shouId be enclrsed in the LargQZier  1 XI&&~
(se Figure 6).

Other supplies from the kit ma; he discarded

E-17-7

a.

-a Lock Bag
fix Sand Sample

figure 6 Samples For Ship-

--.



Kit Comwnents

1. spoon
2. Stick
3. Small Labeled Zipper Lock Bag
4. syringe I (c01unll.l)
5. Extra Plunger
6. Furuael
7. TubeA
8. TubeB
9. Tube c
10. Syringe 2
11. Bagged Filter
i2. Bagged, Capped  SPE Cartridge

.
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REPORT OF ANALYSIS

U.S. ARMY ENVIRONMENTAL HYGIENE AGENCY
Aberdeen Proving Ground, MD 21010

Organic Environmental Chemistq Division
Special Analysis Branch

Installation: Kuwait HRA
Project Number:
Project Officer:

39-22-L192-94
Jack Heller

Analysis Requested:
Matrix:

TO1 Method
Air (custom Tenax tubes)

LCSD #: R3724 - R3800
Number of Samples: 77
Dates Sampled: 01 - 09 NOV 93
Date Received: I2 Nov 93
Dates Analyzed: 12 - 21 Nov 93

==s==

1~

AQAD  #

==z=--em---,-----m--z====

R3724
R3725
R3726
R3727
R3728
R3729.
R3730
R3731
R3732
R3733
R3734
R3735
R3737
R3738
R3739
R3740
R 3 7 4 1
R3742
R3743
R3744
R374.5
R3736
R3746
R3747
R3748

TCTASFO602
TCTASFO606
TCTFB0603
T3ASF0809
T3ASF0803
T3ASF0808
T3ASF0802
TCTASFOSOf
TCTMSFO901
TCTASFO509
TCTASFO505
TCTASFO503
TCTASF0508
T3MSF0902
T3MSB0400
T3ASF0807
T3ASFO604
T3ASB040S
T3ASF0801
T3ASF0806
T3FB0800

FIELD #
:=p-v---=---ea---=

TCTASFOS06
TCTASF0507
TCTASF0600
TCTASF0605

DATA FILE
IHI==zz==l===------======z

aJA17A
dA18A
dA19A
>JA20A
dA21A
>JA22A
>JA23A
>JA24A
>JA25A
aJA26A
aSA29A
>J&OA
zdA32A
dA33A
xJA34A
dA35A
>JA36A
>JA37A
aJA38A
xJA3 3,:
sJA4iA
dA43k
dA44A
dA45A
dA46A

#
===--------------=====
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REPORT OF ANALYSIS . ‘.’
.-...-A

‘m .‘ii  --.. -- - -

U.S. ARMY ENVIRONMENTAL HYGIENE AGENCY
Aberdeen Proving Ground, MD 21010

Organic Environmental Chemistry Division
Special Analysis Branch

Installatfon: Kuwait HRA
Project Number: 39-22-L192-94
Project Officer: Jack Heller
Analysis Requested: TO1 Method
Matrix: Air (custom Tenax tubes)

LCSD #: R3724 - R3800
Number of Samples: 77
Dates Sampled: 01 - 09 Nov 93
Date Received: 12 Nov 93
Dates Analyzed: 12 - 21 Nov 93

AQAD # FIELD # DATA FILE #
==0====================~====== --em--------=====r===========P=======--f-====----===----

R3774 TCTASB1206 >JC78A
R3775 TCTASF0906 >JC79A
R 3 7 7 6 TCTMSF1703 >JCBOA
R3777 TCTMSB1201 >JCBlA
R3778 TCTASF1106 >JC82A
R3779 TCTMSF1701 >JC83A
R3780 TCTASF0909 .JC84A
R3781 TCTASB1209 sJA8SA
R3782 - TCTRSFO908 >JA86A
R3783 TCTASFOSOS xlB89A
R3784 T3ASF1507 dB90A
R3785 T3ASB1600 >JB91A
R3786 T3ASF1509 dB92A
R3787 T3MSF1702 xJE93A
R3788 T3ASF1303 >-94A
R3789 T3ASB160S >JA95A
R3790 T3ASF1302 >JA96A
R3791 T3FB1501 >KAO IA
R3792 T3ASF1301 >KAOZA
R3793 T3ASB1602 >KA03A
R3794 T3ASFlS05 >KA04A---^-*ZJ / YZ ,3ASF1504 >KAOSA
R3796 T3ASB1409 >KA06A
FL3797 TCTFB1209 >K.A07A
R3798 TCTTB0906 >KA08A
R3799 T - 0 6 3 5 >KAllA
?3dkS f3TB09C5 >KA12A



REPORT OF ANALYSIS

U.S. ARMY ENVIRONMENTAI,  HYGIENE AGENCY
Aberdeen Proving Ground, MD 21010

Organic Environmental Chemistry Division
Special Analysis Branch

Installation: Kuwait BRA
Project Number: 39"22-L192-94
Project Officer: Jack Heller
Analysis Requested: TO1 Method
Matrix: Air (custom Tenax tubes)

-*

LCSD #: R3724 - R3800
Number of Samples: ,77
Dates Sampled: 01 - 09 Nov 93
Date Received: 12 Nov 93
Dates Analyzed: 12 - 21 Nov 93

AQAD # FIELD # DATA FILE #
-----=======------====----------------------------------------=X---~----f---l-------------------------------

R3774
R3775
R3775
R 3 7 7 7
R3778
R3779
R3780
R3781
-R3782
R3783
R3784
R3785
R3786
R3787
R3783
R3789
R3790
R3791
R3792
R3793
7.3734
FL3795
R3796
R373f
R3798
R3799
R38c;C

TCTASB1206
TCTASF0906
TCTMSF1703
TCTMSB1201
TCTASF1106
T-SF1701
TCTXF0909
TCTASB1209
TCTASF0908
TCTASFOSOS
T3ASFlS07
T3ASB1600
T3ASF1509
T3MSF1702
T3ASF1303
T3ASB1605
T3ASF1302
T3FBlSOl
T3ASF1301
T3ASB1602
73AsFlSO5
T3ASFlS 04
T3ASB1409
TCTFB1209
TCTTB0906
TCTTB0635
T3TB0905

>JC78A
>JC79A
>JC80A
BJC81A
aJC82A
>JC83A
sJC84A
>JA8SA
>JA86A
dB89A
XJBSOA
>JBSlA
>JB92A
>JB93A
>JB94A
>SA9SA
>JA96A
>KAOlA
>KA02A
>KA03A
>KAO4A
>KAOSA
>KA06A
>KA07A
zKAO8A
>KAllA
>?alZpI
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23 NovemberI . *
~+&.&+#@~~.

RESULTS OF TO1 ANALYSIS
39-22-L192-94

Results Summary:

One hundred and sixteen TO1 tubes were received by the
USAEHA/OECD/SAB laboratory on 12 November 1993. These tubes
were sorted by collection date and tube type (primary or
backup) .
cubes,

Seventy-seven of these tubes (all of the primary
all of the blanks, and 15 of the backup tubes) were

subsequently analyzed on 12 -
Method TOl:

21 November I993 using EPA
a thermal desorption / gas chromatography /I

mass spectrometric method (TD/GC/MS) _ All samples were
anaiyzed within the recommended i4-day holding trme.

This package contains the analytical results for these 77
samples-.

All individual sample reports (Form I's) contain a total
volatile organic compound summation (which was determined by
summing all the peaks in the chromatogram, subtractinu opt
the ISTD and SURR areas, and then quantitating the area left
relative to toluene-d8) and individual TO1 analyte
quantitative results. A summary sheet containing the total
volatile organic results for all samples is also included.

Sample results were reported-in:

Total nanograms (NG) per tube for all samples and
micrograms per meter cubed (uG/M3)  for all samples with air
volume data.

Tentatively Identified Compounds:

Two ncn-target compounds were derected at very .?:;ti 1?~/?1s i:
the Camp Thunder Rock samples.
detected

Methyl methacrylaet  was
in all CT primary samples at concentratlans  well

above the target analyte range (approximately 1,Z,SC
relative to the ISTD). High concentrations of

- 5000 T.5
.*

trichloroethylene were also detected in CT primarT/ samolss
that were collected from 11/06/93 until the 2nd ?> I?.?-
survey. The Khobar Towers sampi?s did not show =!:z same
concentrations of these non-target CornPounds,  ,:.+,-:. =?z;/

:?:p5
-1e..-m

were present at lower levels in sztte sHmples :'iZ::-zz: .
field and travel blanks showed nc detections 2: ::lssg t-.+/g

X1

compounds.

l
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Compound
==~=============================

Benzene
n-Heptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

The limit of quantication for all the TO1 compounds listed
above was 10 nq per TO1 tube.

A five point calibration curve was run @or to sample
analysis using the following standard concentration levels:
10 ng, 25 nq, 100 nq, 250 ng, and 500 ng. A SO nq check
standard was run daily to assure that analyte responses had
not changed. A laboratory blank (a TO1 tube that was filled
with glass wool - not Tenax) was analyzed daily after the
check standard to assure that the TD/GC/MS  system was free of
analyte contamination.

-Toluene-d8 (SO ng1 was spiked on all tubes immediately
. to analysis to correct for any changes in instrument

response. Benzene-d6 and Ethylbenzene-dl0  were spiked
primary TO1 tubes prior to sampling to demonstrate the
retentive properties of the sorbenc.

prior

on all

Internal standard and surrogate recoveries are included in
this data package (Forms 2 & 8). All internal standard and
surrogate recoveries were within normal QC limits for this
data package, except one internal standard recova:+-/ (Z3770)
and two surrogate recoveries (R3?35 and R3758 - 3Z%-eS,.
Surrogate recoveries are given separately for t% ‘cacI%d;3
cubes. These tubes were not spiked with the su,-r=zaLe
mixcure prior to sampling, so any recovery of either 3f :he
two surrogate compounds indicates analyte breakchrbugh co the
backup tube.

All matrix spikes iacluded in this yz.:kzIqe wer+ .i;-:. -,2 =
co sampling with a,rl independent -.-oLz=11e standar5

iIsriol-
-- -.-----a- _ _ _ &_ _ _

Percentage matrix spiks recoveries 'r5la.=L:re tc :=.rz-:zl
samples) are included In this pack~(~e.

E-18-6



&a - Site: 3 -Khobar Towers, CT-Camp Thunder Rock

##
-2

e of sample
- Actual sample. FB - Field blank

MS - Matrix spike
TB - Travel blank

# - F or B: Front (primary) or backup tube

tlSi4:S - Tenax tube number,
(12 tubes per batch).

denotes conditioning batch number

Analysis Data Sheet Qualifier Sheet Codes
===----=========--------------------==3=3========----

E - indicates reported value exceeds the upper limit of the
quantitation cuTve.

J- indicates reported value is an estimate;
the lower limit of the quantitation curve. it is less than

U - indicates compound was analyzed for, but not detected.



I

i
II

=======-------------‘-===============================================-  -=----e-
LCSD 1 FIELD ; VOLUME ; DATEtTIME) !UNITS OF CONCENTRATION
NUMBER ) NUMBER 1 COLL'D f COLLECTED I-----------------------

l II (L) 1 1 NG/SAMPLE; uG/M3
_________-f_____------------------------------------------------ ----*__

- II
I- 1

R3724
R3725
R2726
X3727
R3728
R3729
23730
23731
23732
x3733
23734
R373S
R3737
R3738
FL3739
R3'40
R3"41
R3742
R3743
R3744
R3745
R3736
?.3745
?3747
13748
13749
i37SO
13751

I

I

TCTASFOSO6
TCTUFOf07
TCTASF0600
TCTASF0605
TCTASFO602
TCTASF0606
TCTFB0603
T3ASF0805,
T3ASF0803
T3ASF0808
T3ASF0802
TCTASFOSOl
TCTMSF0901
TCTASFOS09
TCTASFOSOS
TCTASFOf03
T~ASFOSOB
T3MSF0902
T3MSB0400
T3ASF0807
T3ASF0804
T3AsBO405
T3ASF0801
T3ASF0806
r3FBO800
I'3ASF070S

I'
I'
I'
II
II
LII 1
II
I.
/I
IT3ASF080S
IT3ASB0306
I T3F30707
ITCTASF06S8
ITCTASF0657
;TCTASB02C7
jTCTASF0604
;TCTMSFO9@4
!TCTASFI)SZI
ITCTASa12S2

19.lL
19.1L
2O.OL
17.6L
17.2L
18.2L
NOVOL
13.3L
13.7L
14.3L
14.4L
17.11;
17.4L
18.9L
15.2L
17.3L
18.8L
13.8L
13.8L
14.3L
14.6L
14.6L
14.7L
14.7L
NOVOL
13.7L
12.4L
12.4L
NOVOL
14.lL
16.3L
16.3L
14.4L
16.6L
15.7L
16.7L
14.8L
15.3L
15.3L
15.3L
5.39L
1-2 --. *-

11/01/93(1535)
11/01/93(15~5)
n/02/93 (0027)
u/02/93 (OOSO)
11/02/93(1227)
11/02/93(1256)
11/02/93 (1500)
11/01/93(1700)
11/01/93(1700)
11/02/93(0500)
u/02/93 (OSOO)
11/03/93(01451
11/03/93(014S)
11/04/93(02001
11/04/93(0200)
11/04/93(1400)
11/04/93(1400)
11/03/93(0500)
11/03/93-~0500)
11/03/93(05001
11/03/93Qls00)
u/03/93 (0500)
n/03/93 (1700)
11/03/93(1700)
u/03/93 (1700)
11/04/93(0500)
11/04/93(0500)
u/04/93 (OS00 1
11/04/93 (1100)
11/05/93 (1430)
11/06/93(0039)
11/06/93(0039)
11/06/93(0039)
11/06/93(13051
11/06/93(1305)
11/06/93(1305)
11/05/93 (0500,
11/05/93(0500)
ll/os/93(osoo,
ii/OS/93(0500)
11/05/93(i7OC)
ll/OS/93 (1700!

2649
2369
2208
2999,
3966,
1750.
171.
718.
800.

1343.
1647.
2606.
4146.
1325.
1688.
1906.
1148.
3026.
109.
441.
743.
79.

s99.
612.
202.
628.
498.
147.
88.

1732.
1441.
152.

1746.
14186.
2054.
210.
421.

3396.
569.
13s.
415.
503.

138.7
124.0
110.4
170.4
230.6

9 6 . 2
N / A
54.0
58.4
93 * 9

114.4
152.4
238.3
70.1

111.1
110.2
61.1

219.3
7.9

30.8
so * 9
5.4

40.7
41.6
N / A
45.8
40.2
11.8
N/A
'72.4
-;a.4

9.3
.- 121.2

854.6
123."
i3.0
‘Q 5-w -

222.1
37.1

9 . 8
6 3 . 3
G7. :

1

I
I
I
I
I
I
I
I
I

I
I

I
I
I
I
I

I

E-18-8
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39-22-L192-94

I

I

R3766
R3767
R3768
R3769
R3770
R3771
R3772
R3773
R3774.
R3775
R3776
R3777
R3778
R3779
R3780
R3781
R3782
R3783
'704
785

,d786
R3787
R3788
R37aY
R3790
R3791
R3792
R3793'
R3794
R3795
R3796
R3797
R3798
R3799
R3800
SYSTEMBL
LAB BUN
LABBLANK
LtABBLAN
LLABBLANK
'LAB BLAN
LABBLAN
LAB ELAN
LABBLAXK

I

I

LCSD ; FIELD ; VOLUME / DATEfTIMEl IUNITS OF CONCEmTfON
NUMBER ; NUMBER 1 COLL'D 1 COLLECTEC I_________f__---_________

II I CL) 1 1 NG/SAMPLEI uG/M3
______--__-----_____----------------------------------------------------

TSASB0307
T3ASFlS08
T3ASF1500
T3ASFlSO6
T3ASE1608
T3ASF1.502
T3ASF1503
TCTASF0907
TCTASB1206
TCTMF0906
TCTMSF1703
TCTMSB1201
TCTASF1106
TCTMSF1701
TCTASF0909
TCTXBl209
TCTASF0908
TCTASF0905
T3ASF1507
T3AsBJ600
T3ASF1509
?3MSF1702
r3ASF1303
r3ASB1605
r3ASF1302
r3FBlSOl
r3ASF1301
r3AsB1602
r3AsF1505
r3ASF1504
r3AsB1409
I'CTFB1209
TcTTBO906
rmO635
r3TBo905
50 NG ISTD
30 NG ISTD
50 NG ISTD
50 NG ISTD
50 NG ISTD
50 NG ISTD
50 NG ISTD
SO NG ISTD
SO NG ISTD

14.1L
14.9L
14.3L
14.3L
14.31;
15.2L
9.18L
16.7L
18.6L
18.6L
16.3L
16.3L
16.41;
17.8L
16.6L
16.6L
lS.4L
16.lL
.13.3L
13.3L
14.3L
14.4L
14.6L
14.6L
14.8L
NOVOL
10.2L
10.2L
5.47L
14.3L
14.3L
NOVOL
NOVOL
NOVOL
NOVOL

11/05/93(1700)
11/06/93(0500)
11/06/93(OSQO)
11/07/93(0500)
11/07/93(0500)
11/07/93(1700)
11/07/93(1700)
11/07/93(0005)
11/07/93(
11/07/93(
11/07/93(
11/07/93(
11/07/93(
u/07/9.3 (

0005)
0005)
1204)
1204)
12041
2326)

11/07/93(2326)
11/07/93(2326)
11/08/93 (1105)
11/08/93(1105)
11/08/93(0500)
11/08/93(0500)
11/08/93(0500)
11/09/93.(0655)
11/09/93(0655).
11/09/93(06551
11/09/93(0655)
11/09/93(0655)
11/09/93(1845)
n/o9/93(ra45)
11/09/93(i845)
u/07/93 (0500,
11/07/93(05001
11/08/93(????)
TRVBLIUSTSHIP
TRVBLIUNDSHIP
TRVBLKlSTSHIP

60.
802.
786.
644.
40.

864.
772,

4604.
98.

3095 -
5981_
135.

1174.
7114.
2997 -
404.

2721.
3568.
669.
21.

792.
6026.
823-f
62-j

893.;
193.;

1635.1
98.;

898.!
945.;
94.;
12.;
22.:
12-1
41.'
24.1
11.'
47.;
91.,
87.:

131. '
8.j

13 1--.
iI.

4.3
53.8
54.9
45.0
2.8

56. a
a4.1

275.7
5.3

166.4
366.9

a.3
71.6

399.6
180.6
24.3

176.7
221.6
50.3
1.6

S5.4
418.4
56.4
4.2

60.3
N/A
160.3

9.6
164. I
66.i
6.6

N/A
PJ/A
N/A
N/A
N/A
N/l
h' i' -3.
Nu'/'A
N/A
N/A
x;/.=-
y I .zm
. . I-., ' .-L
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*
Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : NOVOL

Date Received: n/12/93

Installation: KUWAIT HRA

Field ID: SO NG ISTD

Lab File ID: >JA16A

Date Analyzed: 11/12/93

Date Collected: N/A

1 . TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
=----------------------------l-l-----------v--e-=--

I
--====I==-------==----=

I I
1 TOTAL VOLATILE ORGANICS . ;
I

I
24. NG 1 N/A uG/M3

I I---a----==3==8533== ---A-----=======13=3==1=9==========------------------=============

2: IN6IVIDUAL TO1 COMPOUND DETERMINATION:
=z=L==z--3*311133f=tV1131ff9=====-=====--======----fP====3rS=========

ANALYTE

I

/ Benzene
f n-Heptane
I, Tpluene
I Ethylbenzene
j mersa/para Xylene
I ortho Xylese
i n-propyl Benzene
I

I CONCENTRElTION UNITS: I

I kG/SAMPLE I I

i i
uG/M3 ; Q

/P

10.
10.
10.
10.
10,
10 *
10.

N/A /u

-------------------I----------------------=======------z======--------=========1=========

COMMGNTS :

____________________3___________________----*-----*------------- ---

-*------- ___________f______-*________f________l _-__-f-_----_-------

----- *--------------,---,---- _------*--*_--------*- __*__----ff-----

0
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Lab Name: USAEHA-OECD-SAa

Matrix: Air - Custom Tenax Tube

Air Volbme (L): NOVOL

Date Received: 11/12/93

Date Collected: N/A

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
----___________--,-,,,,,,,,,----=================================================

I I

TOT= VOLATILE ORGANICS ; 11.NG ;~ N/A uG/M3
, I

I I I I
=================================================================

0 2, INDIVIDUAL TO1 COMPOUND DETERMINATION:
=============t=I======================*-*========================

I I CONCENTRATION UNITS:
I
I ANALYTE NG/SAMPLE
I
I

1 Benzene
: n-Heptane
Ii Toluene
i Ethylbenzene
/ meta/para  Xylene
/ ortho Xylene
j n-propyl Benzene
I

10.
10.
10.
10.
10.
10.
10 -

uG/M3

N/A
N/A
N/A
N/A
N/A
N;/A
N/A ._

Q

U
U
U
U
U
U
U

__-____________------___________---___----4_- __-_------_-----------

__-_k_________-------f---___--_-_---------------*--------- ***------

E-18-1.1
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Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : NOVOL n

Date Received: n/12/93

Date Collected: N/A

Field ID: 50 NG ISTD

Lab File ID: >JA4 1A

Date Analyzed: r1/14/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
=======-------=------=------------------------1==4=1===~=====-----------------------4--------

I I I
I
1 TOTAL VOLtATILE ORGANICS

i

I
47. NG ;

I
N/A uG/M3 I

I r
I
I=====----===========59==5=========================== J======zP=I=='='=s

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:

ANALYTE
;CONCENTRATI

NG/SAMPLE
N UNITS:

uG/M3 Q

U
u
u
U
u
U
if

Benzene
n-Hegtane
Toluene
Ethylbenzene
meta/para Xylone
ortho Xylene
n -propyl aenztze

10.
10 -
10.
10.
10.
10.
10.

N/A
N/A
N/A
N/A
N/A
N/A
N/A .-

I

I’
I’
I’

-------3------v-----------------=====‘=J======~==-m-e------P====P==--f---------------e-----------

Z3MKDTS:

0
E-18-12
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4
Lab Name: USXHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : NOVOL

Date Received: u/12/93

Date Collected: N/A

I
I LAB BLJ.N
I

Installation: KUWAIT HRA.

Field ID: 50 NG ISTD

Lab File ID: dA53A

Date Analyzed: 11/16/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
======rr=========~===============================================

I I I I

l 9

i I
TOTAL VOfJlTILE ORGANICS ; 91. NG N/A uG/M3 I

I I
--------1=p=------===============================================

6. INDIVIDU+ TO1 COMPOUND DETERMINATION:-
=========r=====lf=========f=f=====================~====

CONCENTRATION tJNfT.5: II
.NG/SAMPLE I uG/M3 I Q

I

I
I ANALYTE
I
I

1 Benzene
1' n-Heptane
/ Toluene
1 Ethvlbenzene
j ietkpira X y l e n e
j ortho Xylene
j n-propyl Benzene

10 - N/A /U
10 - . N/A IU
10 - N/A I -7lb
10 - N/A P-J
10 - N/A VJ
10 * N/A IU
10. I N/A .- ;u

I II
==================================l==ff==========================

COMMENTS:

E-18-13
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I
I

LABBLANK (
I

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : NOVOL

Date Received: n/12/93

Date Collected: N/A

Installation: KUWAIT HRA

Field ID: .50 NG ISTD

Lab File ID: dA64A*

Date Analyzed: 11/17/93

1. TOTAI; VOWTILZ ORGANiC COMPOUND SUMMATION:
-I--------------==========================t======================

I

I
I

TOTAL VOLATILE ORGANICS ;
I

87. NG ; N/A uG/M3
I I I
====1==31====1= --------=================-========3======~==============~

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
==3==1113331tP111*31======~=====3==3=1-=113=111===~==============

CONCENTRATION UNITS:
ANALYTE

i
NG/SAMPLE

I
II

h
Benzene
n-Heptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

I

1I
I

-. -I
-t

I
I
I

10.
10 -
1c.
10.
10.
10.
10.

uG/M3 j Q
I -
t

N/A VJ
N/A IU
N/A ++

Id
N/A IU
N/A IU
N/A IU
N/A ~ ;U

I
I

I

.)

I
--------====t----------------------------------------==================================

COMMENTS:



Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (Ll: NOVOL

Date Received: n/12/93

Date Collected: N/A

Installation: KUWAIT HRA

Field ID: SO NG ISTD

Lab File- ID: >JA76A

Date Analyzed: 11/1&l/93

1. ToTAL VOLATILE ORGANIC COMPOUND SUMMATION:
======================= ----a-----3===3================================

I I I

; TOTAL VOLATILE ORGANICS 131. NG ; N/A uG/M3 I
I I

I
------=======================1---------==0======== ====-=============

2. INDIVIDUAt T01' COMPOUND DETERMINATION:
====t==========----============~=-=============----------- -------rl*--------

ANALYTE

aenzene
n-HepLane
Toluene .
Ethylbenzene
meca/para Xylene
orcko Xylene
n-propyl Benzene

CONCENTRATION UNITS: I

NG/SAMPLE

10 *
10 -
10 f
10.
10.
10 -
10.

I

I.
uG/M3

N/A u
N/A u
N/A u
N/A U
N/A U
N/A U
N/A .- u

I
I

,I

Q

---------========t===============================================---------

E-18- 13
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--- .- .C-.s- -----.~-.--,->e*,---*-*-.--

39-22-L192-94.'A. &-4v- -. I -cwd -: _

Field ID: SO NG ISTD

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : NOVOL

Date Received: a/12/93

Date Collected: N/A

-Lab File ID: dA88A

Date Analyzed: 11/19/93

1
e- TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
---------------=-----=----=----======--------------1--1-------- -----------90=~3====t====t==

TOTAL VOLATILE ORGANICS
II

8.NG ; N/A uG/M3
I

2. INDIVIDUti TO1 COMPOUND DETERMINATION:
=0===13====131110===================-=--=== ======================

ANALYTE

Benzene
n-xeptane
Toluene
Ethyibenzehe
meca/para Xylene

-oreho Xylene
n-propyl Ben=

CONCENTRATION UNITS: I

uG/M3NG/SAMPLE

10.
10.
10 *
10.
10.
10.
10.

N/A U
N/A u

Q

N/A I-
IJ

N/A IU
N/A
N/A

;U
'i;

N/A __ jU

COMMENTS:



‘. -*Am--

33-22-Li92-94

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (Ll: NOVOL

Date Received: n/12/93

Dare Collected: N/A

Installation

Field ID: 50

Lab File ID:

KUWAIT IiRA

NG ISTD

>KAlOA

Date Analyzed: 11/21/93

1-. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
=============t===================================================

I 1
TOTAL VOLATILE ORGANICS ; 43. NG ) N/A uG/M3

I I
I

=====================================I===========================

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:

h

ANALYTE

Benzene
n-Hepcane
Toluene
E thyibexeae
meta/?ara Xyiene
or=ho X:/lene
n-propyi 3entene

CONCENTflATION UNITS:
NG/SAMPLE

10 -
10 *
10 -
10 -
10 -
10 -
10 -

uG/M3

N/A
N/A
N/A
N/A
N/A
N/A
N/A ._

-----========x-- *---
--=----============================================

E-18-17
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Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L): NOVOL

Date Received: 11/12/93

Date Collected: N/A

I

I
LJABBWW j

I

Installation: KUWAIT HRA

Field ID: SO NG ISTD

Lab File ID: =-IA9 8A

Date Analyzed: 11/20/93

1. TOTAL VOLATILE ORGANiC COMPOUND SUMMATION:
------=====----------'-"-----====t====-----------------------------------------___

I I I
I

I TOTAL VOLATILE ORGANICS 1 12. NG 1 N/A uG/M3
I I

I I
A---

===========p===----==============p==========================

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
=P====f===113===I =================lf=== ===aaar3==3===------------3z==x==

ANALYTE

I CONCENTRATI 0
i NG/S+PLE I
I I

.I

Benzene i
n-Heptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl aenzene

10 *
10.
10.
10.
10.
10.
10 -

N UNITS:
uG/M3

N/A
N/A
N/A
N/A
N/A
N/A
N/A _

Q

U
U
u
U
U
U
U



c

Field ID: TCTASF0506

Lab File ID: >JA17A

Lab Name: USAEHA-OECD-SAB

M a t r i x :  A i r  - Custom Tenax Tube

Air Volume (Ll : 19.1

Date Received: 11/12/93

Date Collected: 15/01/93(1535)

I. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
=================================================================

I I I I
I I
\ TOTAL VOLFlTILE ORGANICS 1 2649. NG

I
138.7 uG/M3 II

I
i

I I
I I

------ ------==~t=---,,,=============------==~=~==~=~=============~===========

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
=============3================1====3===3=========================

I
,

ANALYTE

Benzene
n-Heptane -
Toluene -
Ethylbenzene
meKa/para Xylene
oxho Xylene
n-propyl Benzene

CONCENTRATION UNITS: i ;
NG/SAMPLE

37.
25.

125.
22.
72.
25.
5.

COMMENTS:

---f----____--------____________________--------**------------  --. --

--------------------------,,,,,,-,,,,,,,---------------~-~---  -- -‘--

f--_-----_-**-_-----__________________f_----*-------------------  ----
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I
R3725 I

I

Lab Name: USAEHA-OECD-SAB

M a t r i x :  A i r - Custom Tenax Tube

Air Volume (L): 19.1

Date Received: u/12/93

Date Collected: 11/01/93(1535)

Installation: KUWAIT m

Field ID: TCTASFOS07

Lab File ID: .JA18A

Date Analyzed: 11/12/93

1. TOTAL VOL+ATILE ORGANIC COMPOUND SUMM&TIONr
===----1*1=1====1=======----------------------===Ps========T=e=o=====~==~========

I I

I
! I

TOTAL VOLATILE ORGANICS ; 2369. NG ; 124.0 uG/M3 I

I 1
I

I I
Plt=J=fs=‘=Otll ===o----====2=5=========---------------------------we- --------------------------

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:

ANALYTE

Benzene
n-Eieptane
Toiuene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

CONCENTRATION UNITS:
NG/SAMPLE

33.
20.

109 -
19.
64.
24.
4.

I

.I
I
I
I

I
I
I
I
I
I
I
I
I
I

G/M3

1.7
1.0
= 7
-:97 .
3.4
? 3
-:22 .*

Q

J

*-_-------------------------------- _-____----_--f-*--_-f________r__
. -

_______-__------------------~---*----~------- ___---_-_f--_*_-f_-_--

E-18-20
l



,*,--..‘.I_..... r,-.m ..-- --Cwr”- - .w.

39-22-L192-94
. . -y-a.w&r*. -

.
, F O R M 1

R3726

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 20.0

Date Received: n/12/93

Date Collected: 11/02/93(0027)

Installation: KUWAIT HRA

Field ID: TCTASF0600

Lab File ID: >JAlSA

Date Analyzed: 11/12/93

1 . TOTAL VOLATILE ORGANIC COMPOUMl .SmTION:
---------------===------=========================================

I I 1
1 TOTAL VOLATILE ORGANICS I 2208. NG ) 110,4 G/M3
i I i
=====f=T==Pf=*l*=I=========1-----======3=========================-----

e 2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
===============t=================================================

ANALYTE

Benzene
n-Heptane
Tcluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

CONCENTRATION UNITS:
NG/SAMPLE

27. 1.4
22. 1.1
77 _ 3.9
LZ - .62
45. 2.0
15. .77
3. .15 _

I
I

I
‘I-

uG/M3 ; Q

i t1
J

COMMENTS:



39-22-L192-94

Lab Name: USAEHA-OECD-SAB

M a t r i x : Air - Custom Tenax Tube
*

Air Volume (L) : 1 7 . 6

Date Received: 11/12/93

I
I

I
R3727 I

I

I

I

Installation: KUWAIT HRA

Field ID: TCTASF0605

Lab File ID: hTA20A

Date Analyzed: 11/12/93

Date Collected: 11/02-/93(OOSO)

1-- TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
===-------=f====t====t=J======f=O======~========== ===r===========t=====

I
I I
: TOTAL VOUTILE ORGANICS / 2999. NG i
I

170.4 uG/M3
I I

I
--e-e-e-v-m=======Lr=I====I=J======4=t==5==z=r=I=3E=s== z=PTo==========

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
==f====t=5===========1=3==0=1=1 P=t=l=lt=ll=lfDlr~lf= ==z==r==z====

ANALYTE

Benzene
n-Heptane
To1uer.e
Ethylbenzene
meta/para Xylene
ortho XTylene-
n-propyl Senzene

CONCENTRATION UNITS: I

NG/SAMPLE I

I.

f

28. I
2 8 . I
9 0 . I
12 * I
3 9 . I
1 6 . i

3 . I
I

G/M3

1.6
1.6
S-1
-71

2 . 2
.91
.18 ,-

I
I

1

I
I
I
,
I
I

I
I
I
I
I

I
I ’

1.

Q

J

===-----‘============~===------------
------------ =-------===t====------------

--------*-f-

COMMEKS:

------c*---------*---* --------e-*--m-----_ _-----------_--.----*-----

--*-*-___-f*--*-_*--*-- --_-----_-----_-*_----*-----------*~--*-----

--_-_-___-_--_---_-___f_ -------*---_---______ *_-*---*_----  -----*---

0
E-18-22

bage 21 cf 120 pages
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Lab Name:. USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 1 7 . 2

Date Received: u/12/93

Date Collected: 11/02/93(1227)

Installatiqn: ECCWAIT HRA

Field ID: TCTASF0652

Lab Eile ID: dA21A

Date Analyzed: 11/12/93

1 . TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
=--------===---------=----------============------------------------------------------

I i
I

; TOTAL VOLATILE ORGANICS ) 2 3 0 . 6  uG/M3
I

3966. NG 1
I

f

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
=f3=31*13L133=11==3====-======--fIltzmLIlt3==113f=I--1x33===========

ANALYTE

Benzene
n-Heptane
Toluene
Ethvlbenzene
me&/pax Xylene
ortho Xylene
n-propyl aenzene

CONCENTRATION UNITS: I

NG/SAMPLE uG/M3

29. 1 . 7
1 2 . 73
60. 3:s

7 . .42
2 2 . 1 . 3
9. .50

10 - -58 .*

Q

J

J
U

==========f---a---
-----=~========================---’----I==============

------e----*4_ --*----_--------*-_---------------*----- -f------ -----

-----*---*__----__ -----* --____*-----f-----_-__________________ff---

f--f---------_ ---------f----___---_____f______________-----------*-

E-18-23

Page 22 of:120 pages



I
1 R3729
II*

Lab Name: USAEHA-OECD-SAB Installation: KUWAIT HRA

Matrix: Air - Custom Tenax Tube Field ID: TCTASF0606
I

Air Volume (L) : 18.2 Lab File ID: KrA22A

Date Received: u/12/93 Date Analyzed: 11/13/93

Date Collected: 11/02/93(12561

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
--e-e-w-m-=P=========I====I===============E====P======================

i I

f
TOTAL VOLATILE ORGANICS 1 1750. NG i

I I i
96.2 uG/M3

===!c===l=3411fP94Jil--  -------===-----=~=------T13-----L------------------------------I-----------------

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
==t====ls=t= f131033311=13==1======tP==33=====P=======~====== ======z======t=

ANALYTE

Benzene
n-Heptane
Toluene -
Ethylbenrene
meta/para XyiZK

-ortho Xylene
n-propyl Ben=a

CONCENTRATION UNITS:

E-18-24'
Dage 23'of-120 pages

NG/SAMPLE

20.
14.
52 -
8.

27.
10.
2.

uG/M3

1.1
.77

2.9
.44

1.S
57
:11 __

Q

ti

3

============t==t======Q=03=I--------__,,------------------1-===------------------==t====C=

COMMENTS:

_l___-f______l-___--____________________----**-~---------------

----



I R3730 I
I I
I I

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (Lt): NOVOL

Date Received: 11/12/93

Date Collected: 11/02/93(1500)

Installation: KUWAIT ERA

Field ID: TCTFB0603

Lab File ID: >JA23A

Date Analyzed: i1/13/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
--4----e---------------------=-----------------------------==----==----------

I I
TOTAL VOLATILE ORGANICS f 171. NG ; N/A uG/M3

I I

--------===------9=============1===========----------------=========~=======

2. INDIVIDUAL TO1 COMkOUND DETERMINATION:
-----==31=*===313------ -I======fl=lf==lt=- -----111=11===3----5==================

ANALYTE

Benzene
. n-Heptane
Ysluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene-

CONCENTRATION UNITS:
NG/SAMPLE

10.
10 *
2.

10-
10 -
10 _
10 *

I

I.
II

I

uG/M3

N/A
N/A
N/A
N/A
N/A
N/A
N/A ._

I

.I

I
I
I

I
I

Q

U
u
J
U
U
U
U

==-----===-----========-------------------------------+----========================

C3YiENTS  :

___*_______________-__________________ __-----*----_*---------------

------f----f-*__-f_ __-*--_fffff----___-___________t-------------- -*-----f-----

-__-----------_--.___ ___-____-----_--___--------  .- ___-___-__------



--.-... a..-- .
39-22-i192-9-4

FORM 1

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L): 13.3

Date Received: 11/12/93

I I
I

I R3731
I

II
I

Installation: KUWAIT HRA

Field ID: T3ASF0809

-Lab File ID: >JA24A

Date Analyzed: 11/13/g3

Date Collected: 11/01/93(1700)

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
====='2===O====f=B==O====r== ========01===*=1==----------------sx=====z===

I I I
/ TOTAL VOLATILE ORGANICS ; 718. NG 1 54.0 uG/M3
I

i I
=====rt-=lfllP=B====I==t===*=== 133ft=3-=0f1=133333=================~=

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
t=P13131sPP3P3=i==I ==1=31==31=llfltt=33==========================

I I CONCENTRATION UNITS: I

ANALYTE

j Benzene
: n-Heptane
j Toluene
j Ethylbenzeke
i meta/para Xylene
i ortho Xylene
1 n-propyl Benzene
I

NG/SAMPLE

35.
23.

102.
22.
60.
24.
5.

uG/M3

2.6
1.7
7.7
1.7
4.5
1.8
.39 .*

t
.f

I

j’
I

Q

J

=========a=====================----------===1===11==1====S======t===3f

COMMENTS:

e
E-18-26

Page 25 of ,120 pagese



Lab Name: USAEHA-OECD-SAE

M a t r i x :  A i r  - Custom Tenax Tube

Air vblume (Ll : 13.7

Date Received: n/12/93

Date Collected: 11/01/93(1700)

FORM 1
VOLATILE ORGANICS ANALYSIS DATA SHEET

I I
I I

R3732
1

tI

Installation: KUWAIT EIW

Field ID: T3ASF0803

Lab File ID: >JA2SA

Date Analyzed: 11/13/93

1 . TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
=====o===========================================================

I i
I TOTAL VOLATILE ~RGANICS I
i

1

I
800.. NG I 58.4 uG/M3

I
====================P==l===T==f= 1=11131=zf=I,----,,e-d---------"'-v-B==

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:

I
I
I_

hNALYTE

Toluene
Ethylbenzene
meta/para &yiZiZ
ortho Xylene -
n-prmyl Benzene

Benzene
n-Heptane

333==3311-1=1==1===1==========

CONCENTRATION UNITS:
NG/SAMPLE II uG/M3

I
I
I

40. II 2.9
2s. I 1.8

11s - I 8.4

Q

25. 1. 8 /
65 - 4.8 124. 1.8 I

6. .46 ~ jJ

COMMENTS:

E-18-27

Page 26 of.:f20'-pages. .I



I
I R3733
I

Lab Name: USAEHA-OECD-SAB Installation: KUWAIT HRA

Matrix: Air - Custom Tenax Tube Field ID: T3ASF0808
8

Air Volume (L) : 14.3 Lab File ID: dA2 68

Date Received: n/12/93 Date Analyzed: 11/13/93

Date Collected: 11/02/93(0500)

1. TOTAL VOLATILE ORGANIC COMPOtTND SUMMATION:
==t====--,,----====3===================*==========IP=====2===========

I
I

i f

I
TOTAL VOLATILE ORGANICS ; 1343. NG 1 93.9 uG/M3

I I
=fd====fPI11====== ============t======--- -------I====---,=======f---,--x=-----a

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
9=111=fP=~===P13===.==I=tr3 =============1====3 ======I=============

ANALYTE
f CONCENTRATION UNITS:
I NG/SAMPLE I

.I.
uG/M3

I

Q I
-I

Benzene
n-Heptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

83,. 5.8
54 _ 3.8

25s. 18.
52. 3.6

132. 9.3
5s. 3.9
11. .80 .-

COMMENTS:

E-18-28



Field ID: T3ASF0802

L& File ID: dA29A

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 14.4

Date Received: 11/12/93

Date Ccllected: 11/02/93(0500)

Date Analyzed: 11/13/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
=================================================================

I I

TOTAL VOLATILE ORGANICS 1 1647. NG 1 114.4 uG/M3
I I
I I

--------P================~===========================================

2. INDIVIDUAL TO 1 COMPOUND DETERMINATION:

ANALYTE
I CONCENTRATION UNITS: I
I
I NG/SAMPLE I

j.

G/M3 1 Q

Benzene
n-Heptane
Toluene
Ethylbent-ene
meta/para Xylene
ortho Xyltne
n-propyl Benzene

87.
5s -

252.
50 -

135.
5s -
12.

1-
I

6.0 I
3.8 I

18.
3.4
9.4
3.8

.80 ._ ,

.
COMMENTS:

,,, .
__----------t---*---*--*--------------+-----+---------__--‘-+------

I
E-18-29



Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube
.

Air Volume IL): 17.1

Date Received: 11/12/93

Date Collected: 11/03/93(0145)

Installation: KUWAIT HRA

Field ID: TCTASFOSOl

Lab File ID: dA3OA

Date Analyzed: 11/13/93

I* TOTAL VOUTILE ORGANIC COMPOUND SUMMATION:
--------------==~===============P.=========================

I
I I

I TOTAL VOLATILE ORGANICS
I /

2606. NG ; 152.4 uG/M3
I
----====313==311====p==**==11=133======----===============

2. INDIVIDUAL TOi COMPOUMP  DETERMINATION:
=fP=P3111134=-==P=Brillf =lt13131333313f33133333111=1==========L==

I

I ANALYTE

Benzene
n-Heptane
Toluene
.Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

CONDTION UNITS:
NG/SAMPLE

26.
30.
62.
8.

23.
10.
10.

S/M3

1-S
1.8
3.6
1:3 44 ( J

I

-58 IJ
-58 .- ;U

I

I

------ h--h--  --Ad
============------===I----------=----========

------
------==================

.

COMMENTS:
This sample had a 0% recovery of BZE-d6, most probably due :z 5
----*---******----------*-*-*********-**----------**----****-------
spiking error.
-------**e___-_--- ----,,,,,,,,,,,,,,,,,,,,,,,,,*-~,',.,,,,,**'*,,'~-.*---



Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L): 17.4

Date Received: n/12/93

Date Collected: 11/03/93(0145)

I R3737

Installation: KUWAIT HRA

Field ID: T'ZTMSF0901

Lab File ID: >JA32A

Date Analyzed: 11/13/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:

I I
I

TOTAL VOLATILE ORGANICS : 4146. NG 1 238.3 uG/M3
I

I
----=====I=f------~=*-----=====~===================~=============

2. INDIVIDUAL TOI COMPOUND DETERMINATION:
=ffr331131====1=13==================*==-====================-----

ANALYTE

Benzene
n-Heptane
Toluene
Ethylbenzene
meca/para Xylene -.

i ortho Xylene
/ n-propyl Benzene

CONCENTRATION UNITS:
NG/SAMPLE uG/M3

123.
28.

151.
103 -
222.
116 f
109.

7.1
1.6
8.7
5.9

13.
5.7
5.3 d

COMMENTS :

--------------_______ff_________________-- -------f---_------_------

,*,,,-,,,,___,_____,,,,,,,,,,,,,,,,__,_,*------~-- ________e---  -s-e

---------------_-_-_-----------------------*---------___-_-__-- - -

E-18-31
Page 3OZf42O'pageZ,- . . .

,.".*.;,"-. : . I -F.cm
. . . .r . . :. .-.'--. ._ -. -. - . . ..I., .* . . * _ _ +%--*I---..<.-. ._ -*.. ".-.- ,-< ,/. . . . _ ;, . . . ;,. ., _. _



Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L1 : 18.9

Date Received: 11/12/93

Sate Collected: 11/04/93(0200)

t
I R3738
1

Installation: KUWAIT HRA

Field ID: TCTASFOS09

Lab File ID: >JA33A

Date Analyzed: 11/13/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
===LP==c=+=I===------T----T------===----~========-------------------------------*

I I I

I
I

TOTAL VOLATILE ORGANICS 1
I

1325. NG i 70.1 uG/M3
I

I I i
------=====3==011=======3===============3==1=== =========9========3==

2. INDIVIDW TO1 COMPOUND DETERMINATION:
===23-----===-==1=======~======we--- =I==fZl=llfX==IIPJ13--15===3=======

I

AmLYrE

Benzene
n-Heotane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene

CONCENTRATION UNITS:
NG/SAMPLE ; uG/M3

I
I

15. I -77
15. I 77
22. 1:r
3. -17
9. I -48
4. I

10. I
-21

I .53 .*
.I

J
J
J
u

I

n-propyl Benzene- I

i

=======~========P=================== =====I=====~===========---------a--

Q

COMMENTS:

*----**------*--_-__-----**
---*-f--- --------*-,*-,,,~*,--,,,-,,,,_,

_--_---__*--f*---*__*
-f-----l----* --*-*-----*---------- M--d---d----

E-18-32
.---, ,--- --._. ..-_

-'-Fage~3l;ofll20;pages- a

. --i s- .-.. _-..._. -._-



Matrix: Air - Custom Tenax Tube Field ID: TCTASFOSOS

Lab Name: USAEh-OECD-SAB

Air Volume (L) : 15.2

Date Received: n/12/93

Date 'Collected: 11/04/93(0200)

Lab File ID: >JA34A

Date Analyzed: U/13/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION: -

I
I

TOTAL VOLATILE ORGANICS 1688. NG ; 111.1 uG/M3 !I I
=~=---1====3==------=======----==================================----

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
==1=11=3==13=======3=============================================

I CONCENTRATION UNITS:
ANhLYTE NG/SAMPLE

Benzene
n-Heptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

11.
11.
23.
3.
7.
3.

10.

f
I_

uG/M3

-75
70

1:s
.17
48
:23
-66 ._

Q

J
J
J
u

I
I
I

,I
I

i
I
I
I
I

I
I
I

COMMENTS :



.-I-<

39-22-L192-94 t
;e.-

I
1

R3740 I

Lab NHme: USAEHA-OECD-SAB *

Matrix: A i r - Custom Tenax Tube

Air Volume (L,) : 17.3

Date Received: n/12/93

Date Collected: 11/04/93(1400)

Installation: KUWAIT HRA

Field ID: TCTTASFOSO3

Lab File ID: >JA35A

Date Analyzed: 11/13/g3

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
-------+--==================I==31=f============I=============================

I

I
I f

I
TOTAL VOLATILE ORGANICS f 1906. NG ;

I
I

I
I

110.2 uG/M3 I
I

========31--m-1------ --zts== =111====31===1 ----==fffL3==33----=9=============

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
====----IPfP*=====31===========------ ------3133113ttft*ll-----a=======4==========

ANALYTE

Benzene
n-Heptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

CONCENTRATION UNITS:
NG/SAMPLE I uG/M3

I
I

13.
i

75
10. I :5s
27. I

I i.3'

Q

U

COMMENTS:

E-18-34
-_,.

Page  -33Gf~120  -pages



Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (I;,) : 18.8

Date Received: 11/u/93

Date Ccllectcd: 11/04/93(1400)

Lab File ID: >JA36A

Date Analyzed: 11/13/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
---------=------------------=----------=-------------------------------------------f------

I I I

I TOTAL VOLATILE ORGANICS ; 1148. NG ;
i

61.1 uG/M3
I I I

I I
====1===‘11=11==3o===P== -----1---==========----------------------

----------------------

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:

I

ANALYTE
I CONCENTRATION UNITS:
I NG/SAMPx uG/M3
I

Benzene
n-Wsptane
rcI-,-.-loluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-prcpyl Benzene

I

14.
13.
23.
3.
8.
4.

10.

.75

.57
: 7-.-

'7.A

-44
77- -
-53 .-

IJ
fJ .
IJ
IU

----------------------------------------------------------------------------==================~========

COMMENTS :

E-18-35



Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 13.8

Date Received: 11/12/93

Date Collected: 11/03/93(0500)

I I
I R3742
1

I
I

Installation; KUWAIT HRA

Field ID: T3MSF0902

Lab File ID: rJA37A

Date Analyzed: 11/13/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:-
1=====3==~===3=====================~==--===-==c===========z======

I
I

I

f 1

I
TOTAL VOLATILE ORGANICS ( 3026. NG (

I
219.3 uG/M3

I I
I
I

===zc=i===oa=r= ====f===V===P=-----====w---e 1311==9=I'==I=lt=======f==E=

ANALYTE

Benzene
?-Iieatane
Toluene
SthyLbenzene
meta/para Xylene---.
ortho Xylene
n-propyl Benzene

CONCENTRATION UNITS: I
NG/SAMFLE

121.
11.

153.
113.
228.
125.
111.

uG/M3 j Q
I-

8.8
.83

11. .i
8.2 . ;

17. I
9.1 I
8.0 .- ;

t

.I
I

i

E-18-36

Page,35.gf.120 pages

=P=~q==t==P==l=====p==============f======fflDI=I=~==L,-,,----=4====3=

COMMENTS:



Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L): 13.8

Date Received: u/12/93

Date Collected: 11/03/93(0500)

Installation: KUWAIT HRA

Field ID: T3MSB0400

Lab File ID: hJA3BA

Date Analyzed: 11/14/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
--------------~---------------------------------------------------------------1------_--------------------------------

I I I I
I I

1 TOTAL VOLATILZ ORGANICS !
I

109. NG !
I

7.9 uG/M3 I
I I I

I
I
I

--------1=9=3=131131=131========13===============================-======

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
=1=933tlIttI*~l~~~I~~=========~===-==~~~==========~~=============

ANALYTE

Benzene
n-Heptane
Toluer,e
Ethylbenzene
meta/para Xylene

-ortho Xylene
n-propyl Benzene-

CONCENTRATIC
NG/SAMPLE

7.
10 *
2.

10 *
10.
10 _-
10.

Q UNITS:
uG/M3

.s4

.72
* 15
.72
.72
.72
-72 .-

I
I

.I

I

=============I ============I===3======13==========================-===

COMMENTS :

__________--------__*--------------*-------------*----------
_---A--



Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (I;): 14.3

Date Received: u/12/93

Date Collected: 11/03/93(05001

I

i
R3744

I

Installation: KUWAIT HRA

Field ID: T3ASFO807

Lab File ID: >JmSA

Date Analyzed: 11/14/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMAT'ION:
==============----========3=====111=============-==*==================- - - -

I I 1
TOTAL VOLATILE ORGANICS 441. NG i 30.8 uG/M3

II 1 I
======a =zarP1131==1=====P=tfff1=133131=======5=====~===

2. INDIVIDUAL TOl-COMPOUND DETERMINATION:
=333313t131333311133==-==================~--==-=================

ANALIYTE

Benzene
n-Heptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

CONCENTRATION UNITS:
NG/SAMPLE

20.
12.
53.
10.
26.
11.
3.

uG/M3 Q

1.4
.86

3.7
69

1:8
-78
-18 .-

==3===----==II=Plft=======**================= *================zc==

COMMENTS: -

<

E-18-38
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Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 14.6

Date Received: U/12/93

Date Collected: 11/03/93(0500)

1
I R3745
I

Installation: KUWAIT HIW

Field ID: T3ASFO804

Lab File ID: >JA42A

Date Analyzed: 11/14/93

1 . TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
=======================I============================================

I I I

I TOTAL VOLATILE ORGANICS 1 805. NG 1 55.1 uG/M3
i 1 I

=======x===IIIaIxxs=xP*JL3aa= fllfPlt=======13====================

2. INDXVIDUAL, TO1 COMPOUND DETERMINATION: .

II I CONCENTRATION UNITS:
I I
I ANALYTE
I I
I
I
f Benzene
I* n-Heptane
I, Toiuene
I Ethylbenzene
i meta/para Xylene
) ortho Xylene
j n-propyl Benzene-

NG/SAMPLE

21.
11.
58.
10.
26.
11.
2,

I

.j.
uG/M3

1.
-7

4.
.i

.2-
8

:2 --

I
I

,I,

I
I
I
I
I
I

I
I
I

------------------------+-----------====~~=================~=======================

COMMEXS:

E-18-39



Lab Name: USAEEA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume IL): 14.6

Date Received: u/12/93

Date Collected: 11/03/93(0500)

I
I R3736
I

Installation: KUWAIT HRA

Field ID: T3ASB0405

Lab File ID: >JA43A

Date Analyzed: 11/14/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
‘==1========3*3=31===~ =OITD====O==PJ31=I==f=--===*==p------- ------ .

-------w-----

II 1
TOTAL VOLATILE ORGANICS ;

1
79. NG )

I
,
I'

5.4 uG/M3
I 1

I
1

2. INDfVIDU%L TO1 COMPOUNDDETERJlINATION:

ANALYTE

1
10 * I
10. I

.7
-7

10 f* I .7
10. I .7
10. I .7
10. I .7
10. i .7 -

I

.ene
I

1
i?

I
I

=r=1I==-----p===t----------
I

----------I========---  -v--v---=-----*===‘I=J=====I-------~=

Benzene
n-Heptane
Toluene
Ethylbenzene
meta/para xyi
ortho Xylene
n-propyl Benz

U
U
U
U
U
U
U

COMMENZ:

CONCENTRATION UNITS:
NG/SAMPLE i uG/M3 Q

--_-----*-------------*--*
-_-_-_______-___--_l----*----~---

----a--w

---*---_ ------_-__---*_---I*_____f___ __--__-----*---_f________
-----

*----e-_ ------e--e--f*--*- -*-f---m-*_--- --_-------f--_--.--f___f___

E-18-40
I



z-99-22-L192-94

*

-.. 1.

FOR"I I
A I&.-. - -ir7- VOLATILE ORGANICS ANALYSIS DATA SHEET -- - .
c e- 5-= * f7;rp.f.. ,.- a-, _' -: -. ::1- I*.--- AQm # 't-;,:;*vi:i

Lab Name: USAEKA-OECD-SA.B

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 14.7

Date Received: u/12/93

Date Colltcted: 11/03/93:1700)

R3745
I

hstallacion: KUWAIT H,U

Field ID: T3ASFOSOl

Lab File ID: >JA44A

Date Anaiyzed: 11/14/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:

I I I I

f TOTAL VOLATILE ORGANLCS I
I

i
599. NG ! 40.7 uG/M3 I

I
i

---------a--+-------+-==============I====t=====t============================

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
=========z=====*--==============1----13==---- 01=5=====~'=============0

I

I

I

I

I

I-

I

I

i

I

I

I

I

I

I

I

I

I

I

I

I

ANALYTE
CONCENTRATION UNITS:

NG/SAMPLE I uG/M3 Q.

Benzene
n-Heptane
Tcluene
Ethylbenzene
meta/paza X:/ylene
ortho Xv'pm=e ---*-
n-propyl Bexene

41.
20*
99.
28.
78.
29.
6.

2.8
1. 9
5.7
f- 9'
5.3
2.0

I -41 ._ ;%i

_-___-__--f__-_-__-_____________________-------------------------_I-_f-__---_---__________l___________f__-------------------------

COMMELNTS :



I R3747
f

Lab Name: USAEHA-OECD-SAB Installation: KUWAIT HRA

Matrix: Air - Custom Tenax Tube Field ID: T3ASF0806

Air Volume (L) : 14.7 Lab File ID: dA4 SA

Date Received: n/12/93 Date Analyzed: 11/14/93

Date Collected: 11/03/93(1700)

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
--em----=====I===========-----------~3L=f-----71----------------------f==========='

I I
I TOTAL VOUTILE ORGANICS )

I I
612. NG 1 41.6 uG/M3 I

I
I I I

I
I========I===============------------l=l=l===tJ=------=====--------------------------

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
==l=ltt=31P======IIP=========----==l=f~==fP=I11=========== ==rzc=====

ANALYTE

/ Benzene
) n-Heptane
I Tolueze
' Ethylbenzene
meta/para Xylene
ortho Xylene

I n-propyl Benzene-
I

CONCENTRATION UNITS:
NG/SAMPLE I d/M3

i
42. 2.9
27.

i
I 1.9

97. I 6.6
28. 1.9
77. I 5.2
29. I 2.0
6. I1 .42 .-

I II
’ Q )

I
I

I I
==o======r==========-----=-e--- ====&z==== I=E==P=======--==P==========I=

COMMENTS:

E-18-42



_. _- .
39-22-L192-94 ._....--.i..--

.-A _ .~-:.G*:.*-~& ‘.‘*:*
FORM 1

VOLATILE bit&iUCS-%NALYSIS DATA SKEET
AQAD #

Lab Name: USAEHA-OECD-+B

Matrix: Air - Custom Tenax Tube

Air Volume (L) : NOVOL

Date Received: 11/12/93

Date Collected: 11/03/93(1700)

I I

Installation: KUWAIT Tl'iw

Field ID: T3FB0800

Lab File ID: bJA46A

Date Ana lyzed:  11/14/93

1A- TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
-----------=------------====---====------------======================

I I
I

TOTAL VOLATILE ORGANICS 1 202. NG 1 N/A uG/M3 :
II I

======~=I===========_-,,,,____-,,,,--------------r= ===========t============r===

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
=======3 P========I=====================~-========================

I CONCENTRATION UNITS:
ANALYTE I NG/SAMPLE

Benzene
n-Heptane
Toluerie
ZLhylbenrene
meta/paxa Xylene
ortho Xylene
n-propyl Benzene

I

4.
10 -
4.

10.
2.

10.
10.

G

J
f,'

====t============================================================

COMMENTS :

*-***-_-***--**-_ f**---*-f-***--**_f~--*-~****-----------*~------.-

------*--**-*******-____f__ ***-**-*__*_______-_------------------  -.

_---*--f-*-t**--**-*___f__________ -**-*______--f*_-f__-------------

E-18-43



Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 13.7

Date Received: u/12/93

Date Collected: 11/04/93(0500)

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:

I i I I
; TOTAL VOLATILE ORGmICS : 628. NG ; 45.8 uG/M3
I I

I
================e=r======P=I=fDI========--------JI=========Iz=

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:

ANALYTE

Benzene
n-Heptane
Talue-le
irhylbenzene
meta/para Xylene
ortho XyLene
n-propyl Benzene

i
I.
I

CONCENTRATION UYfITS:
NG/SAMPLE uG/M3

~ -~-

30.
31.
70.
22.
53.
21.
5.

2.2
2.2
5.1
1.6
3.8
1.5
-33 #

Q

J

f-------------------______________1_____-------------------------
-----------------------------------------------------------------

C3MrENTS  :

E-18-44



'B-22-Li92-94

FORM 1
VOLATILE ORGANICS ANALYSIS DATA SHEET '- -- -'.'- ': .-.

AQAD #

Lab Name: USAEHA-OECD-SA.B

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 12.4

Date Received: 11/12/93

i?ato Co11eczed: 11/04/93(0500)

R3750
I

Installation: KUWAIT XIRA

Field ID: T3ASF0805

l Lab File ID: dA48A

Date Analyzed: 1i/14/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMhTION:

I I I
I
f TOTAL VOLATILE ORGANICS f

I
498. NG 1 40.2 uG/M3

I
I II I

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
=t==================================== 131===1====================

ANALYTE

aenzene
:-Heptane
Tc lne,-,e
Zthyl>enzeno
zeta/;ara Xylene .
crthc Xvleno
n-pro?yl Senzene

CON-T1
NG/-SAMPLE

0:

23.
20.
54.
7-

,;:
15.
10 _

N UNITS:
uG/M3

I

I

I
I
I
I

I

1.8 I
I

1.5 I
I

4.3 I

1. 4 j
.3.4 I

1. 3 II
-81 .r j'j

I

Q

E-18-45



_-_--- --. - I

I R3751
1. I

Lab Name: USAEHA-OECD-SAB Installation: KUWAIT ERA

Matrix: Air - Custom Tenax Tube
0

Air Volume (L) : 12.4

Date Received: u/12/93 Date Analyzed: 11/14/93

Field ID: T3ASB0306

Lab File ID: >JA49A

Date Collected: 11/04/93(0500)

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
============f== ==========r==========================t============

I i f

I TOTAL VOLATILE ORGANICS i 147. NG ) 11.8 uG/M3
I

I I

I I

====32=====33 ------~*======r==-----------
---------=================

2. INDIVIDUAL TO1 CdMPOkl DETERMINATION:
=f3=31=====PD=tPPI=l=31==1 ==PIP3=1113=L=*============================

ANALYTE
I CONCENTRATION UNITS:
I NG/SAMPLE I uG/M3

II II I

I

./

I Benzene
r n-Heptane
I Toluene
I Ethylbenzene
/ meta/para XyiE
; ortho Xylene
j n-propyl Benzene

ie

5. -37
3. .27
7. - -3 Z'

10. 31
3. II :27

10. I10. I
I

===-m---==**-  -==---------e-m---------me
-----------------================================

COMMENTS:

*************************--*** *_********-___-----*____ff___f_______

E-18-46
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Field ID: T3FB0707

Lab File ID: >JASOh

Date Analyzed: 11/14/93

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : NOVOL l

Date Received: 11/12/93

Date Collected: 11/04/93(1iOO)

1-. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
=======--------------=-------====================================

I I

TOTAL VOLATILE ORGANICS f 88. NG f N/A uG/M3
I II I

----we____  -w-T---------=T-----“-=====ppI=----------------------------- --------f---------------

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
==I=rf=311fP1313===P=============================================

i.

I
I

ANALYTE

Benzene
n-r'eptana  -
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene -
n-propyl Benzene

I
I

,j.

CONCENTRATION UNITS:
NG/SAMPLE uG/M3

N/h
N/A
N/A
N/A
N/h

Q

COMMENTS:



-w - *- - -- __-.  _-- . ____.

j-22-LI92-94 .
c

I R3753 I1

Lab Name: uSAE~-oEcD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L): 14.1
.

Date Received: n/12/93

sate Collected: 11/05/93(1430)

Installation: KUWAIT HRA

Field ID: TCTxF0608

Lab File ID: >JASlA

Date Analyzed: 11/14/93

I. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
===t============L==‘==ir=====I=t============~====================~======

I I I

ANALYTE

Benzene 11.
n-He,tane 10.
Toluene 20.
ZEhylbenzene 2.
meta/para Xylene 4.
crtho Xylene 2.
n-propyl Benzene 10.

CONCENTRATION UNITS:

E-18-48

?age 47 of-_12Q.pages2 *.-.- .'-

-._ '. w-r-- " - - _-. -.. ---... --.--

NG/SAMPLE uG/M3

.75
-71

1.4
1s
:29
17
:71 ._

Q

U

J
J
J
U

===t==P==f============P=‘P-----t===-----====~================~========----a---- d---

X~?MENTS  :



I R3754
I

Lab Name: USAEHA-OECD-SAE

Matrix: Air - Custom Tenzx Tube

Air Volume (L): 16.3

Date Received: 11/12/93

Date Collected: 11/06/93(0039)

Instailation: KUWAIT HRA

Field ID: TCTASF0607

Lab File ID: >JAf4A

Date Analyzed: 11/16/93

1. TOTAL VOUTILE ORGANIC COMPOUND SUMMATION:
====------=========----====1========I====aa===aaaa==aaa==========

I
I I

I TOTAL VOL,AT&E ORGANICS ; 1441. NG ; 88.4 uG/M3
II : i
aaaa=aaaa9aaaIaaaaaaaaaaaa~a--=aa=aaaaaa I=f=--------------a=aaaa==aa====a

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:

ANALYTE

3enzene
n-Heptane
Tcluene
Zthyibenzene
;neta/para Xylene
0x50 Xylene
n-propyl Benzene -.

CONCENTRATION UNITS:
NG/SAMPLE

18.
12.
24.
4..
8.
s.

10.

i
I_‘I

uG/M3

1.1
71

1:s
.2s
.Sl
.29
-61 .-

E-18-49
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Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : l.6.3

Date Received: n/12/93

Date Collected: 11/06/93(0039)

Installation: KUWAIT KRA

Field ID: TCTASB0207

Lab File ID: >JA55A

Date Analyzed: 11/16/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
I----f-----===ll======~=================~=-----==============~~====~~=

t I
1

I TOT& VOtATILE ORGANICS ; 152. NG ] 9.3 uG/M3
i II

====lli==llt3==1P==t==f==3===39==1=========~===============

2. INDIVIDUAL ~01 COMPOUND ~~ETERMINATIoN:
fllIIftP13131311-=I============1333=11==3=f=1==311===T9====t==I=-ANALYTE
Benzene
n-HeFtane
Taluene
Ethylbenzene
meta/para Xylene
ortho Xylene -
n-propyl Benzene-

CONCENTRATION UNITS: I

NG/SAMPLE

10 1
. 10.

10.
10 -
10.
10.
10.

uG/M3

51
21
.61
6i
21
-61
-61 .-

I
I

II
I

I
I’
I

Q

U
U
U
u
u
u
u

====PP====I==========--l--l--l-‘---------------------==9======1=============

COMMENTS :



Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 14.4

Date Received: u/12/93

Date Collected: 11/06/93(0039)

I

I R37S6

Installation: KUWAIT SRA

Field ID: TCTASF0604

Lab File ID: >JAS6A

Date Analyzed: 11/16/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
-------------------============f=====================================

I I
I I

TOTAL VOLATILZ ORGANICS ; 1746. NG 1 121.2 uG/M3
I I

-A----------~~=3~~==~===r=========================~=====~==============

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
==~=~~~~==~~=~1~3==--==========I=B==Pltl==========================

I

I CON-TION UNITS:
ANALYTE NG/SAMPLE

Benzene
n-Heptane
Toluece
EthylSenzehe
meca/para Xylene
ortho Xylene
n-propyl Benzene

32.
22.
45.
9.

18.
i0.
1s -

I

.f

I

I

uG/M3

2.2
1.5
3.2

62
1:2

_ 52
-69 .+



Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L): 16.6

Date Received: u/12/93

Date Collected: 11/06/93(1305)

Installation: ECUWAIT HRA

Field ID: TCTMSF0904

Lab File ID: zJA57A
l

Date Analyzed: 11/16/93

1 . TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
========s!=======L===E==IZ=='=P=========--------------------------------------=----=====

I
I I

I
I

1 TOTAL VOLATILE ORGANICS 1 14186. NG 1 854.6 uG/M3 1
I t

I I

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:

ANhLYTE

Benzene
n-HepLane
Toluene
Eth>'benrene
meca/para Xylene
orthc Xylene
n-propyi Benzene

CONCENTUTI
NG/SAMPLE

119.

1 0 .
134.
109.
219.
119.
1 1 3 .

R3757 II

N UNITS:
uG/M3

7.1
-50

8.1
6.5

13.
7.2
6.0 ._

I

u

I

-Be--
---v-====t==r==~======P----=-----=============------============

---- ----- me----

COMMENTS :

E-18-52
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39:22-L192-94

Lab Nam: USAEHA-OECD-SAB

Matrix: Air - Custom  Tenax Tube

Air Volume (L) : 16.7

Date Received: u/12/93

Date Collected: 11/06/93(1305)

I
I

113758 ;

/

Installation:  KUWAIT HXA

Field ID: TCTASF0601

Lab File ID: >JA58A

Date Analyzed: 11/16/93

1. TOTAL VOLATILE ORGPNIC COMPOUND SUMMATION:
==============----=====-------=================~=================

I
I

: TOTAL VOLATILE ORGANICS
i

2054. NG 123.0 uG/M3

i.

I

ANALYTE

aenzene
n-Xe?tane
Tolcene
Ethvlbenzene
meta/para  Xylene
ort?,o Xyleze
n-propyl Benzene

CONCENTRATION UNITS:
NG/SAMPLE I

j_

24.
10 -
75 -
4.
9.
5.

uG/M3

1.4
.60

4.5
.23
.54
.2710. II -60 ._I

.I
Q

U

Ii
T

ZC)MME>'S:
-,*--iAs sample had a low recovery of BZE-d6 (66%). _
----------4-*---_ -------__-----------____________f_______----------

<

_ :,r  . -.::  .,.-<
__*e* ---___ ‘,-,-1--, j;! ,I-‘<-’ --*____-_-___*____--___f________________---

E-18-53
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,

iab Name: USAEHA-OECD-SAB

Matrix; A i r  - Custom Tenax Tube

Air Volume (Ll : 16.7

Date Received: u/12/93

Date Collected: 11/06/93(1305

Installation: KUWAIT HRA

Field ID: TCTASB1202

Lab File ID: >JA.S9A

Date Analyzed: 11/16/93

1. TOTAL VOLATILE ORGANIC COMPOUlJD SUMMATION:
====3====x===P===== =======I==============‘===============~==========

I I I I
I I

TOTAL  VOLATILE ORGANICS / 218. NG ; 13.0 uG/M3
I I

--a--‘===Pf==311f113=Pt==============-----====================----w-==mm----

2. INDIVIDUAL TO1 C6MPODND DETERMINATION:
------13=3113=f133LtP=I==I==tlf3=1===131111ftIP9===llfP====='===l===============

ANALYTE
I CONCENTRATION UNITS:
I 'NG/SAMPLE

1
uG/M3

I
I I

I.I
Benzene
n-Heptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene-

10. -60
10. .60
IO - - 60
10. II .50
10 * 60
10 - :so
LO * .60 M

Q

U
U
u
U
U
U
U

I I I I

====o========o===‘========----==============~==========~=========

COMMENTS:

----------_-I-----_-____f -_--_--_-*f---_-------*-------*-----~-----

-----*_-----------*-______f_f___________*--*-----------------------

E-18-54

.
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a

Lab Name: USAEHA-OECD-S&E

Matrix: Air - Custom Tenax Tube

Air Volume (I;): 14-8

Date Received: 11/12/93

Date Collected: 11/05/93(0500)

I

I R3750 ,I II

Installation: KUWAIT :A

Field ID: T3ASF0703

Lab File ID: >JA60A

Date Analyzed: 11/16/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
======Dt=========================================================

1 I

TOTAL VOUTILE ORGANICS ; 421. NG ; 28.5 uG/M3
I I

f------- ~---~----------------------~----~~-~--------I==================~=------------------------------------

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
----==--w- =3ffffl==lllf==============================================

I ANALYTE

Benzene
n-Heptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

CONCENTRATION UNITS:
NG/SAMPLE uG/M3

27.
16.
55.
15.

35:
1s _
3.

I

1.9
1 .I
3.7
.39

2.4
1.0

-22 .-
==================================f=================================

.
COMMENTS



Lab Name: USAEHA-OECD-SAB

Matrix: tir - Custom Tenax Tube

Air Volume (L) : 15.3

Date Received: u/12/93

Date Collected: ll/OS/93(0500)

Installation: KUWAIT 'ZRA

Field ID: T3MSF0903

Lab File ID: >JAGlA

Date Analyzed: 11/16/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMiMATION:
d-----------h

I
I

1
TOTAL VOLATILE ORGANICS ( 3396. NG ! 222.0 uG/M3

I I

2. INDIVIDUAL TO1 COMPODND DETERMINATION:
=t31===3===IDt11333==3--11=1131P33t1113*-33=-=====-===============

ANALYTE
1

CONCENTRATION  UNITS: I
I

I
NG/SAMPLE i uG/M3 1 Q

i
I

I
I -

,I

) Benzene
: ;1-Xeptane
j Tsiuene
/ Zthylbenzene
[ meta/para Xylene
) ortho Xylene
; n-propyl Benzene I
I I

134.
16.

160.
122.
250.
134.
117.

I

a.7 I1.0 I

10.
8.0

16. I
a.0 I
7.7 ~ 1

I

.

------* -***,,----,,,,,,*,,,,,,,,-.,,,,,,---,---------a-c-*---- -w----

_*f--------**---_--_- ----““‘-““““““t”“’*-_*  id*------------*

.-r+

., _ .--.__  ,--  --..  _
._ ____  --___  -A-- -+ __-______ -..e-  -.-  - - . .



I

Lab Name: USAEHA-OECD-SAB Installation: KUWAIT HRA

Matrix: Air - Custom Tenax Tube Field ID: T3ASF0704

Air Volume (L) : 15.3 . Lab File ID: >JA62A

Date Received: n/12/93

Date Collected: 11/05/93(0500)

Date Analyzed: 11/16/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
====o===-,-----,,,,---------------------=---~=======~= =====I===================

I i
1 TOTAL VOLATILE ORGANICS :
II I

I

569. NG 1
I

I

37.2 G/M3

=======IJ1=IIPz===II=S=l-----==---f=
---mm -----=-----------------------

-----------------------

2 : INDIVIDUAL TO1 COMPOUND DETERMINATION:
----------===0=IV111IS=ll===========--f3Pt133P=I===ll=====3======f==========

I CON-TION UNITS: I I
ANALYTE ; NG/SAMPLE II uG/M3

I i .Q /
I
I

I
I

I I
!

f
I

1 Benzene
/. n.-Heptane
j Toluene
I Ethylbenzene
/ meca/para
I

Xylene
ortho Xylene

1 n-propyl BenzeneI
I

II I I I

I
31.

I 2.0 I I

I
16. I1.0 I I

i
57.

3.7 93
iI

14. I II37. I214 I I
1s. I1.0 I4. -2s 1.- jJ /

I I 1
I

====t=--------------------------p================= ====================I========

. _
. . .-.. .__. _ 2 :

--+--*--a_ -*--e-4-- _________---*__-________________f_______--------

E-18-57



Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 15.3 '

Date Received: u/12/93

Date Collected: 11/05/93(0500)

I
,

R3753 I

I I

Installation: KUWAIT EIRA

Field ID: T3ASB0304

Lab File ID: >JA65A

Date Analyzed: 11/17/93

1. TOTa VOLATILE ORGANIC COMPOUND SUMMATION:

I I
I

TOTAL VOLATILE ORGANICS ( 135. NG I 8.8 uG/M3
I I

---------- A-----,,,,,,,-,,r=rrr============~=------~=~===~=~===============~=====

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
==3=3===31011===========1====1=====3113==========================

ANALYTE
I CONCENTRATION UNITS: I

i
NG/SAMPLE LiG/M3 I Q

II
/ aenzene 10. _ 65
t n-Be?tane 13. 5s
Toluene 8. I.55
Ethylbenzene 10. .65
meta/para Xylene 10 - -65
oxho Xylene 10. 65
n-propyl Benzene 10. 25 .-

I
=====================================t======~==============

.]

--dd--
------

COMMENTS :

_f--l------------f-------*-*----------------**----*-----
-----------



I
I R3764 j
I

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 6.9

Date Received: n/12/93

Date Collected: 11/05/93(1700)

Ins'cailationr FJWAT 3,u

Field ID: T3WF0702

Lab File ID: >JA66A

Date Analyzed: 11/17/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
=====================================================================

1
TOTAL VOLATILE ORGANICS I

f
60.3 uG/M3

2. INDIVIDUAL TOl~COMPOUllD  DETEtiINATION:
=11=313131=-===1Pft====13jPtllf===========-=-===========

1 CONCENTRATION UNITS: II
ANALYTE i NG/SAMPLE 1

I uG/M3 1 Q
I I

I I
j-

I

! Benzene 26. 3.7 I
1. n-Heptane 13. 1.9 i
j Toluene 61. 8.8
i Zthylbenzene 16. 2.3 II
j meta/para Xylene 41. 6.0 I
j ortho Xylene 19. 2.7 II
1 n-propyl Benzene 4. -56 ._ /J
I II
==0========1===1==1==================================================

COMMENTS:

E-18-59

Page 56 cf 12.; pagfa



Date Analyzed: 11/17/93

* Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 14.1

Date Received: u/12/93

Date Collected: 11/05/93(1700)

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:

I I
I

TOTAL VOLATILE ORGANICS ! 608. NG ; 43.1 uG/M3
I I

I

2. ItiIVIDUAL TO1 COMPOUND DETERMZNATION:

ANALYTE

aenzene
n-xegrane
Toluene
Ethylbenze2e
meta/para Xylene
ortho Xylene
n-propyl Benzene

CONCENTRATION UNITS:
NG/SAMPLE uG/M3

40. 2.8
21. 1.5
84. 6.0
26. 1.8
64. 4.5
28. 2.0
6. .43 .-

Q

J

-----*-******__~****_f__________________**-********-----*-- -****---

----- _--*----_________*****-~*-**-~~********-*---************-****-

E-18-60

?age.S3_gf- i2J pages



-f R3766

Lab Name: USAEHA-OECD-SAB

I 1

Installation: KUWAIT EZRA

Matrix: Air - Custom Tenax Tube Field ID: T3ASB0307

Air Volume (L) : 14.1 Lab File ID: >JA68A
.

Date Received: 11/12/93 Date Analyzed: n/17/93

Date Collected: 11/05/93(1700)

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
_-__ ___- _______-------------______f_____________------____  ______-_--__---------------------------------------I I I

TOTAL VOLATILE ORGANICS I 60. NG I
I f

4.3 uG/M3
I

========31=3=1=33==1 ~=3========3=3==33=1s=t -e--e-------=3==============

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:

ANALYTE

I
I
L
Benzene
n-iieptane
Tclx,-,e
tthvlbenzene
metH/para Xylene
crthc Xvlene
3-proFyi Benzene

CONCENTRATION UNITS:
NG/SAMPLE I uG/M3

I

10 - 71
10. 171
10 * -71
10 - I 7i
10 f :71
10. .71
10. -71 .-

I

Q

U
U
u
U
U
U
U

============f,,,,,=_,________me---. ---------------==========---==------------------- ----------------

**_**--*_*****- ************--***-*******--- **********------***-*---
-

****---**_-****- *~*--***-***--*****-***- --***-**f**~**f****-**-----



Lab Name: USAEHA-OECD-SAB

F O R M  1'

l

Matrix: Air - Custom Tenax Tube

Air Volume (L,) : 14 19

Date Received: n/12/93

Date Collected:~1/06/93(0500)

I R3767
I

Installation: KUWAIT HRA

Field ID: T3ASFl.508

Lab File fD: >JA69A

Date Analyzed: ii/17/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
---------========I=========================~=====================

/
I

TOTAL VOLATILE ORGANICS 802. NG I

i
,S3.8 uG/M3

I

.2 . INDIVIDUAL TO1 COMPOUND DETERMItiATION:

ANALYTE

Benzene
n-Xeotane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

CONCENTMTfON UNITS:
NG/SAMPLE

SO.
31.

107.
30.
7s *
33 *
8.

uG/M3 / Q
I
I
I

3.4 ]
2.1 I

7.2 I

2.0 :

5.1. j

2.2 i

.Sl ” iJ



,

FORM 1
VOLATILE ORGANICS ANALYSIS DATA SHEET . 'A:

AQAD 3

I
I I
I 43758 !

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Ten= Tube

Air Volume (L) : 14.3

Date Received: u/12/93

Date Collected: 11/06/93(0500)

Installation: KUWAIT SEA

Field ID: T3ASF1.500

Lab File ID: >JA70A

Date Analyzed: 11/17/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:

I I
I

TOTAL VOLATILE ORGANICS ;
I

786.NG -1 54.9 uG/M3
I

------------========I------=-----me -==========t===============================

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
==3=13=1=*=1331==P========~===========  m-e=---f-------L----------------------------------

uG/M3
CONCENTRATION UNITS:

NG/SAMPLE

/ Benzene
1 n-Heptane
/ Toluke
! Ethylbenzene
me.ta/para Xylene
ortho Xylene*

j n-propyl Benzene
I

49.
30.

ICC _
29.
7s.
32.
a.

3.5
2.1
7.3
2.0
5.3
2.2
-53 .+

Q

==================x -m-e--------=====--------------------------======================

COMMENTS:

----**-----*--f**----*- ________*_______------*---------------------

E-18-63
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,

FORM I
VOLATILE ORGANTCS ANALYSIS DATA SHEET

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L): 14.3

Date Received: 11/12/93

Date Collected: 11/07/93(0500)

I

I
I 23769
I

Installation: KUWAIT HRA

Field ID: T3ASFl506

Lab File ID: >JA7lA

Date Analyzed: 11/17/93

I. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
l-----l----__--l---_______________I___---*_---_____,,,___,,,__,,___,,__,,---------------===========================

I II 1
TOTAL VOLATILE ORGANICS I 64-4. NG ) 45.0 G/M3

I f
==P==~=============l=~========I======~=============================

2. INDIVIDUAL TO1 CDMPOUND DETERMINATION:

I

ANALYTE

i.
3enzene
n-iiegtane
Toluene
Etn++,-lhmzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

CONCENTRATI
NG/SAMPLE

44.
20.

107.
30.
72.
32.

a .

IN UNITS:
uG/M3

3 . 1
1.4
7.5 l

2 . 1
5.0
2 .3

.53 . .

--mf----d--------------- =======r=====~=======================================

COMMENTS:



,'3*9-22-L192-94

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 14.3

Date Received: n/12/93

gate Collected: 11/07/93(0500)

R3770

Installation: KUWAIT Pm

Field ID: T3ASB1608

Lab File ID: dA72A

Date Analyzed: 11/17/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
=====================P=======t===================================-----=

I II
) TOTAL VOLATILE ORGANICS i 40. NG I

I
2.0 uG/M3.

I II I I
=====I==='f==113=f31========-~===================------azp===========

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:

ANALYE

Benzene
n-Heptane
Toluene
Ethylbenzene
meKa/para X y l e n e  _
ortho Xylene
n-propyl 3enzene

CONCENTUTI
NG/SAMPLE

10 *
10 f
10.
10 -
10.
10 -
10 *

N UNITS:
uG/M3

.70
70
170
-70
.70
.70
-70 .-

=9===0=======3=======3,---e-e- =======================================

.
CJMKENTS:
This samplt had a iow internal standard recovery.

-------------------*---------__-------------*-- --,- A.,,*,--*-,--,‘~~---

E-18-55

?age 64 0E 120 pages

.* r
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DATA SZET .

Lab Name: USAEHA-OECD-SAB Installation:

Matrix: Air - Custom Tenax Tube Field ID: T3ASF1502

Lab File ID: >JA73A

Date Analyzed: 11/17/93

Air Volume (L1 : 15.2

Date Received: n/12/93

Date Collected: 11/07/93(1700

R3771

KUWAIT HRA

1. TOTAL VOLATILE ORGANIC COMPOUND.SUMMATION:
=======================T==f=------===========----------------------------------------------

I I I I

I TOTAL VOLATILE ORGANICS ; 864. NG / 56.8 uG,'M3 I
I

I I I
I

I======~=====‘=====~======~=============------------------------------------=----==

2. INDIVIDUAL Tdl COMPOUND DEtiRMINA'l;ION:
1----_-----------I==i==O==1IP=l==l==9======C==l=l==t==ll====~====-----------------

i ANALYTE
I
I
I

CONCZNTRATI
NG/SAMPLE

N UNITS:
,uG/M3

0:
I

i.
I
I
I
IIII
I
I
I

Benzene
n-Heptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

52.
33.

i54.
46.

115 -
50.
11.

3.4
2.2

10.
3.0
7.6
3.3
.71 .-

COMMENTS:

*---**********_***--____f_______________---* -_* ---_____-  c __**---*-_

E-18-66

Page 65 .of.l20$ages
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,H-zz-L192-94

FORM 1

,.:ky: : VOLATILE ORGANICS AWLYSIS DATA SiEEST--‘.su .*-* Aa

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 9-2

Date Received: u/12/93

Date Collected: 11/07/93(1700)

Installation:

3772 I

KUWAIT  HeXA

1. TOTAL VOLATILE ORGANIC COMPOUND SUMP!ATION:
__________________--________________f_____-------------------------__________--_---I---_f_________________f-------------------

i
I

TOTAL VOLATILE ORGANICS 1 772. NG _j 84.1 uG/M3
II I

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
=======11===========================--------------------------------3============

I CONCEmTION UNITS: I
ANALYTE I NG/SAMPLE uG/M3 : Q

Benzene
n-Heatane
Tolu&e
EthyLbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

Field ID: T3ASFiS03

Lab File ID: xSA74A

Date Analyzed: 11/17/93

II
5.6 I
3.3 I

3-LJ. I
4.1

1:-*
4.7 I
1. 0 .* ,z

COMMENTS:

-4-----d----- __---------_-----_f------------*-
___--____------------

---f-*-------- -----*--_-_-__---------
_______-__---_____----~-------

__-f-_-------f------___f
__--------________------ --*,----------------

Z-18-67

Page.66 -of.125 ;ages



Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 16.7

Date Received: 11/12/93

Date Collected: 11/07/93(0005)

I R3773 I
1 III

Installation: KUWAIT KRA .

Field ID: TCTZUF0907

Lab File ID: >JA77A

Date Analyzed : U/18/93

1e- TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
=========p=====------------================--------------------==-------=========

I I
TOTAL VOLATILE ORGANICS ; 4604. NG 1 275.7 uG/M3

f i
===133===01=3=lf=r==============----*=39131PP33ffl===3=Il=============

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
==3====a===-P==t=311===*-=*--33333t31tr31P313=31===EIf3=========~=====

I

I
j_

ANALYTE
CON-T1

NG/SAMPLE
N UNITS:

uG/M3

Benzene 16.
n-Heptane 10.
Toluene 35.
Ethyibeazene s.
metsa/para Xylene 14.
ortho Xvlene 7.
n-propyi Benzene 10.

* 9s
.60

2.1
-.32
-82
42
:60 .-

U

J '

J
U

--se
a--- ==========-----==============--------de---

--------p----===------===

COMMENTS:

E-18-68

sage-67 of.120 pages



I

Lab Nam'e: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L): 18.6

Date Received: u/12/93

Date Collected: 11/07/93(0005)

I x3775 !
I I

Installation: KUWAIT EZA

Field ID: TCTASF0906

Lab File ID: >JC70A

Date Analyzed: 11/18/93

_-. TOTAL VOLFlTiLE ORGANIC COMPOUND SUMMATION:
===---------"---------------=----~=--------------------------------=============

I
I I

j TOTAL VOLATILE ORGANICS ;
I 3095. NG 1 166.4 uG/M3
I I I

----==========,,,,======================= ================2===========

2. fhDI:vIDUAL TO1 COMPOUIJD  DETERMINATION: -'
====~=====t~=-----=---------

---------==p======,,,,=----- -=3====================

ANALYTE

I

i
/

.I-

21.
16.
42 -
7.

16.
8.

10.

I oxho-Xvlene
.a5

i n-propyi Zenzene
.43 1J I

I _-
I

.54 ,_ IU I
I I
I I I

I I--f---------_ -------=====-----===‘----------==------------------------------------l-f------f--------------

CONCENTRATION UNITS:
NG/SAMPLE I

I‘I.
uG/M3

1.1
88

2:2
-40

Q

J

-,-. ; i , i 7 ., .P .-( c. !, .,I,.---c--2 ____ **- 2 I G t,----,,-~!-~,-,r--,---_*  ______ . 1 ;. 717 , < :, .I,; _ . . . --* (- r-, *----ip--------------------
%J

----e_--f**_-----*
--e-e_ __*---*----*--*_----__________f_f_______---

E-18-69

Page 63 of 120 pagas
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'Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 18.6

Date Received: u/12/93

Date Collected: 11/07/93(0005)

Installation: KUWAIT HRA

Field ID: TCTASB1206

Lab File ID: dC79A

Date Analyzed: 11/18/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
-------------=---------==------===f==----==------===~============------------- em--

l I !
I TOTAL VOLATILE ORGANICS ; 98. NG f 5.3 uG/M3
I I I

-a---=?====t======Pf==Il===f==='f==l----- f====rl==E-----r==P===~======de---

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:

ANALYTE
I CONCENTRATION UNITS:

NG/SAMPLE I
I uG/M3

I Q
,j

1 I
I

I
I Benzene
1 n-Heptane
[ foluene
1 Ethylbenzene
i meta/para Xylene
1 ortho Xylene
II n-propyl Benzene
I

10.
i0.
10.
10.
10.
10.
10 -

.S
5

:s
S

:S
-5
.5 . .

I
I
I
I
I
I
I
I
I
I
I
I
1

U
U
U
U
U
U
U

de--=======--------=======l===-L--t===----========~===========~==========----

COMMENTS :

-*-*****---**************--************* ********-*************-**--

f-*---****--********_______3____________*********-*****-***.****--*-

******-**--*********--******---******* _*****-*-_l-***--****----*---
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Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 16.3

Date Received: 11/12/93

Oate Collected: 11/07/93(1204)

Installation: KUWAIT I3,pA

Field ID: TCTMSF1703

Lab File ID: =JC80A
.

Date Analyzed: ll/l8/93

1*. TOTAL VOUTILE ORGANIC COMPOUND SUMMATION:
====================----=========================================

I I
I

I

; TQTAL VOLATILE ORGANICS 1 5981. NG ; 366 _ 9 uG/M3
I. I I
----- -----------------------------------------------------------------___--------------------------------------------------

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
===============----=z------------------- -----------====1= 1================~=========I CONCENTFLATLON UNITS

.

ANALYTE I NG/SAMPLE
I

Benzene I
n-Heptane
Toluene
Ethyibenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

204.
10 -

200.
200.
394_ .
213.
189.

I

j_

I

uG/M3

12.
.5

Q

U

COMMENTS:

---*------f--------f___________f_ _______***--__-f*_________________

--_*-------f-----f---------*------- _______--f-____----f-----------*

-___---____-----f-------- ____---f__________-------------  -----------

E-18-71



F O R M  1_

S-DATA SHEET

I R3777
I

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 16.3

Date Received: 11/12/93

Date Collected: 11/07/93(1204)

Installation: KUWAIT HRA

Field ID: TCR+lSB1201

. Lab File ID: >JCBlA

Date Analyzed: 11/18/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
'==~============3=0===========------==================t========'=========

I I
TOTAL VOLATILE ORGANICS 1 135. NG ; 8.3 uG/M3

I
I

I

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
1331=P--131=3Pf=3=131=Pt03================*====-============~=====

I
ANALYTE

I CONCENTRATION UNITS:
I NG/SAMPLE i uG/M3
I
I i

aenzene
n-,Heptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

10.
10 * I 61
10 f :60
10. 61
10. :61
10. -61
10. .61 <_

I

Q

I

J
U
u'
U
u .
U
U

COMMENTS:

v-----*e----__ -_*-------___----*________f________l____---*---*-----

1 8-72
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VOLATILE ORGAXICS ANALYSIS DATA SHEET

Lab Name: US&&HA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 16.4

Date Received: 11/12/93

Date Collected: 11/07/93(1204)

I
I

R3778 I
I

Installation: KUWAIT HRA

Field ID: TCTASFl106

Lab File ID: >JC82A

Date Analyzed: 11/18/93

1. TOTAL VOUTILE ORGANIC COMPOUND SUMMATION:
==f====x ============----========------==5====================

1 I I
I i i- I
1 TOTAL VOLATILE ORGANICS 1 1174. NG ; 71.6 uG/M3 I
I I I I
I I i I
====3==10=1 =z=--+---z===------ ===========t=============================

2. INDIVIDUAL TO i COMPOUND DETERMINATION:

I CONCENTRATION UNITS:
ANALYTE NG/SAMPLE

Benzene
. n-'4edtane
:zluene
t:hylbenzene
rzta/para  Xylene
crzho Xylene
z-oropyl Benzene-

9.
10.
10 -
2.
5.
3.

10 *

uG/M3
-55
-61

. . a'3
.13
.29
.i6
-61 ,_

E-18-73
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-22-L192-94

FOR"'I 1
VOLATILE ORGANTCS ANALYSIS DATA SKEET

----r

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 17.8

Date Received: 11/12/93

Date Collected: 11/07/93(2326)

AQAD S

I
II R3779
II

Installation: KUWAIT HRA

Field ID: TCTMSF1701

Lab File ID: >JC83A

Date Analyzed: 11/18/93

1. TQTAI; VOLATILE ORGANIC COMPOUND SUMMATION:
==f===--------==~==========================~=====================

I I IIII TOTAL VOLATILE ORGANICS 1

i
7114.. NG ; 399.6 uG/M3

I I
===1====1=*===== ====-----  ============================o==========----

2. ItiIVIkL~TOl COMPOUND DETERMINATION:
I---===========I===----=~========= =====l=PP==r======-,,,,-----,-------------x====

I
r CONCENTRATION UNITS: I

1
I ANALIYTE
II
I
I

I Benzene
: n-Hegtane
j ToLuene
j Ethylbenzene
, mera/para Xylene
/ ortho Xylene
j n-propyl Benzene
I

uG/M3 i Q
I
II -

I NG/SAMPLE
.

201.
10.
210. l

i98.
397. I LL f I
221. I

I
i2. I

207. (
I 12. .- ,
I I

I I I
==========t===================I===1===================t=======

COMMENTS:

E-18-74
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FORM 1
VOLATILE ORGANICS ANALYSIS DATA SiTEET

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 16.6

Date Received: 11/12/93

Date Collected: 1:/07/93(2326)

Instailacion: KUWAIT ERA

Field ID: TCTASF0909

Lab File ID: >JC84A

Date Analyzed: 1:/18/93

7
&. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
===2==---------=====----=========================================

I I II
I TOTAL VOLATILE ORGANICS 1 2997. NG 1 180.6  uG/M3 I

I
I I t

I
I

==========p=============-----r=====I===================================

2: INDIVIDUAL TO1 COMPOUND DETERMINATION:.
-A------====t13,,,,,,=====~e=3===~=====o================================------

ANALYTE

Benzene
n-Heptane -
Toluene -
Ethylbenzene
metakpara Xylene
ortbo Xylene
n-propyl Benzene

CONCENTRATION UNITS: I

NG/SAMPLE

18.
10 *
23.

5.
10.

5.
13 _

uG/M3 I

.I
Q

COMMENTS:

E-18-75
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. -. FORM 1
VOLATILE ORGANICS ANALYSIS DATA SKEET

q.*::,: ; . :-+-+*-4,?  a+‘*~* . .

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 1 6 . 6

Date Received: 11/12/93

Date Collected: 11/07/93(2326)

AQAD #

I

I R3781
I

Installation: KUWAIT HRA

Field ID: TCTASB1209

Lab File ID: >JA85A

Date Analyzed: 11/19/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
==============o=~=======--==============~=='======================

I I I

TOTAL VOLATILE ORGANICS I 404. NG i 24.3 uG/M3
i

I
T========='X==V~=============------=11====1==1===1============~=====

-2". INDIVIDUAL TO1 COMPOUND DETERMINATION:
===============------==0=L=I---A--- -=14113=1=====*1===1===========

ANALIYTE

I
1 Benzene
1.n-Yeptane
1 Toluene
1 Ethylbenzene
I meta/para Xylene
i or:ho Xylene
I n-propyl Benzene
I

I CONCENTRATI
I NG/SAMPLE

6.
f 10.
I 45.
I I 10.
II 10.
I 10.

10.

N UNITS:
uG/M3

-35
60

2:7
.60
.60
.60
-60 .m

Q

J
U

U
U
U
U

=====E================* ==============I========= -mm---
--m--- 3==sf==xt===

ZZ'lMZlNTS:

-_-_--**__-_____---_-----*------------*--*------ __*___*---d-*-----s

__-___-------_-----_----f----------------*--~---------*--- -------4-

E-18-76



tom4 1
VOLATILE ORGANICS ANALYSIS DATA SHEET .~ ._

L--i.- : AQAD ::

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 15.4

Date Received: u/12/93

cate Collected: 11/08/93(1105)

Installation: KUWAIT H,a

Field ID: TCTASF0908

Lab File ID: >JA86A

Date Analyzed: 11/19/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
=================================================================

I I
TOTAL VOLATILE ORGANICS ; 2721. NG f 176.7 G/M3

I I
-f-----------ll---------------------lff----------------------- ==================================

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
=====================------=-----I ========p============================

I
I ANALYTE

I

i 3enzene
I n-kiegtane -
Is lseno

: Zzhylbenzene
rr,oca/para  Xylene

' ortho Xvlene
n-?ropyl 3enzene

I CONCENTRATION UNITS: I

NG/SAMPLE

II.
1 0
21.
3.
7.
3.

10.

I

/.
I

uG/M3

-74
-55

1. 4
.20
-43
.21
.6i .-

Q

-----__---_______-________ -f------__-_f-----f-___f________________-



FORM 1
-VOLATILE ORGANICS ANALYSIS DATA SHEET:E;%a*:..yg;1si**j ” 7:” _ _ _ _

AQAD  #

I I

Lab Name: USAEHA-OECD-SAB

M a t r i x :  Air - Custom Tenax Tube

Air Volume (L,) : 16.1

Date Received: u/12/93

Date Collected: 11/08/93(1105)

I I
I 43703 I

II

Installation: KUWAIT HRA *

Field ID: TCTASF0905

Lab File ID: Bna9A

Date Analyzed: 11/19/93

I. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
--d--d----_______ ?======================================================

I I

TOTAL VOLATILE ORGANICS ; 3568. NG ; 221.6 uG/M3
!

I
=I==f--I=33=PI------ ----=E~===========-================================

2. IilDIVIDUAL  TO1 COMPOUND DE'FERMINATION:
========31tP==I=======f==============~-==========---------- ----------------=-

iw?alYrE

I CONCENTRATIl
I NG/SAMPLE

i

Benzene
n-Heptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

11.
10.
I 3.
3.
5.
3.

10 -

N UNITS: I

uG/M3 f Q

.7i

.;2
1.;

- _.. --
-33*-. L-
c;-._- .-

U

J
J
J
U

------------t-------I===T=============t=f====P===================================

COMMENTS:

--------***-***----*__1_________________~------------  ++e+*--*---

E-18-78
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=3.9-22~iI92-94
--r.c--  - - _- . I -- -. -f

FORM 1
VOLATILE ORGmICS ANALYSIS DATA Sii'ET,- .I-+--a- 2.: T r7.y f

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 13.3

Date Received: n/12/93

Date Collected: 11/08/93(0500)

AQAD +I

Installation: KUWAIT i-I:RA

Field ID: T3ASF1507

Lab File ID: xJB90A

Date Analyzed: 11/19/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
=================================================================

I
I

TOTAL VOUTILE ORGANICS ; 669. NG 50.3 uG/M3 1I
I I

-----aa----------===----------------- -----========2===============================

2. INDIVIDUAL TOI COMPOUND DETERMINATION: _
==zt===== =13============================ ==========================

ANALYTE

I

j Benzene
I. n-Heptane
' Toluene
Ethylbenzene
meta/para Xyle-e
ortho Xylene
n-propyl Benzene

1 CONCENTRATION UNITS:
NG/SAMPLE II uG/M3

II
41. f I 4.1
2s. I 1. 3
38. 9 .I
27. 2.3
70. 5.3
29. 2.2
5. .41 v

.-
I I I

============------=---=I----==------================================

Q

COMMENTS:

E-18-79



R3785

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 13.3

Date Received: n/12/93

gate Collected: n/08/93(0500)

Installation: KUWAIT HZA

Field ID: TUSB1600

Lab File ID: >J-B91A

Date Analyzed: 11/19/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
==========I====================------=------------==-----===========

I I I
I
; TOTAL VOLATILE ORGANICS f 21. NG ; 1.6 uG/M3
I I i
===P=======f========p==-=P=3=13=I=331PIf===============~=========

2. INDIVIDUAL TO1 COMPOUND DkRMINATION:
==========I=----=================----- -====3131==3=========I====='==========

ANALYTE

aenzene
\ n-Heptane
i ioluene
j Erhylbenzene
j meca/para Xylene
j ortho Xylene
I n-propyl Benzene
I

I CONCEN~X?LT~ON UNITS:
NG/SAMPLE uG/M3I

-1

10.
10 -
10 -
10.
10 -
10.
10.

I
I.

4

Q

u
U

.75

.75
-75 : T:

75
:7s

i;r
IU

-7s IU
-75 .* \U

I
----------------_I--__f_l_____
,,,,,--_,,,,-_,,,,,-----------=====~===============~===~======~==

Z3MiGNTS :

-------_---em- *--*-**-----_**-__-----------------------------------

_-------*---__*-*-__----*------------------------*-----------------

-- ~-**,,-----,*,--------,,,,,,,,,,,--,,,,---**-*-*---*-----*-------

E-18-80
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,. r x-c----- - ‘7;.  . . ..&~ *- -m

49-22-L192-94
.r.--l--  ~. ~~ - --e-w  - .-

FORM 1
troLATILE ORGANICS ANALYSIS DATA SHEET -.-

AQAD %

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 14.3 .

Date Received: 11/12/93

Zate Collected: 11/08/93(0500)

I I

R3785 i
,

installation: KUWAIT hL

Field ID: T3ASFl509

Lab File ID: =JB92A

Date Analyzed: 11/20/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
--f---l-----f----------?==============L==========================____ _

TOTAL VOLATILE ORGANICS
I

792. NG 1 55-4 uG/M3

a---
----======================= ==========x== I========================

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
=================p============== flflf=====l======================

I I CONCENTRATION UNITS:
I
I A.NALYTE

aenzene

Etfiylbexene
meIa/para Xylene
cxho X*rlene
n-propyi Benzene-

NG/SAMPLE uG/M3

40.
26.

134.
29.
73.
31.
6.

2.8
1.8
9.4
2.0

5.1
2.1
-41 ._

I
I

.I-

/
II

I

Q /
- I

II1
,

I

-f------------------=======------===-----==================================

CC)M!GNTS:

E-18-81
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Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (Ll : 14.4.

Date Received: n/12/93

Date Collected: 11/09/93(0655)

I

Installation: KUWAIT HRA

Field ID: T3MSF1702

Lab File ID: dB93A

Date Analyzed: 11/20/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMXATION:
==----?=-----=-------------------==========---_--------4------ =======I==============

I I I

I TOTAL VOLATILE ORGANICS ; 6026. NG ; 418.4 uG/M3
I I

I
==~=====llt*l==3========3=3=~=======================

2. INDIVIDUAL TOf COMPOUND DETERMINATION:
-a----m---=3==f3333-1-P13=3113===============-=*-*===============~====

I

ANALYTE
CONCENTRATION UNITS: I

NG/SAMPLE I uG/M3 ; Q
I I

Benzene
n-HeFtane
Tol+ene
Ethylbenzene
metsa/para Xylene
ortho Xylene
n-propyl Benzene

248. 17. I
41. 3. I

317. 22. I I229. 15. I
I I

472. 33.
250. I 17.
203. I 14.

I

COMiiENTS:

E-18-82



FORM 1
VOLATILE ORGANICS ANALYSIS DATA SHEET

AQAD nY

I

I
I R3788

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (Ll : 14.6

Date Received: u/12/93*.

Date Collected: 11/09/93(0655)

I

Installation:  KUWAIT HRA

Field ID: T3ASF1303

f,ab File ID: >JB94A

Date Ana lyzed:  11/20/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
---1=I--t=3===113--- -- =================================f=================

I II
TOTAL VOLATILE ORGANICS ; 823. NG 1 56.4 uG/k!3

I II
==z=======================-----==================================_----

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
--------=======33==331----===============~=======================~===----

I CONCENTMTION UNITS: . 1 I
ANALYTE 1 NG/SAMPLE II uG/M3 1 Q 1

I I II I I
I I

Benzene
n-Heptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene

I

n-propyl Benzene

I
56. I 3.8

- 3 9 . I 2.7
133. , 9.1

~ 32. 2.2
85. 5.9
30'. 2.59. HW.1>

COMMENTS :

----__f*-*-------_---------------*-----  -------f---*_-- ._-- _____

--f-__f-____*_f-----_f__________________------------------.  --------



FORM 1
VOLATILZ ORGANICS ANALYSIS DATA SHEET

Lab Name: USAEHA-OECD-SAB Installation: KUWAIT HRA

Matrix: tir - Custom Tenax Tube

Air Volume (L): 14.6

Date Received: 11/12/93
.-

Date Collected: 11/09/93(06SSl

Field ID: T3ASB160S

Lab File ID: >JA9SA

Date Analyzed: 11/20/93

III
I

R3789

1. TOTAL VOLATILE ORGANIC COMPOUND SU?yfbfATION:
=Px=o===========-,====----==----==============1=e======================

I I I /
i TOTAL VOLATILE ORGANICS / 62. NG 1 4.2 uG/M3 I

I
I ! I I
=r==t=x==O=sf==E---

---------=------====~=t=======-=======-----d--w-

2. INDIVIDUAL TO1 COMPOUND DETE&lINATION:

ANALYTE

Senzene
n-iieptane
Toluene
Ethyibenzzne
meta/para Xylene
ortho Xviene
n-propyi Benzene

CONCENTRATI
NG/SAMPLE

2.
10.
10.
10.
10.
10 *
10.

IN UNITS: I
tiG/M3 1 Q

I

.ll IJ
-68 ; u
.68 VJ
-68 IU
168 68 IU

jU
-68 IU

COMMENT':



FORM I.
VOLATILE ORGANICS ANALYSIS DATA SHEET

AQAD #

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tub&

Air Volume (L) : 14.8

Date Received: 11/12/93

Date Collected: 11/09/93(0655)

I
II R3790 j
I I

Installation: KUWAIT HRA

Field ID: T3ASF1302

Lab File ID: >J'A96A

Date Analyzed: 11/20/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
========zc=zl=x xz===========================3==========================

TOTAL VOLATILE ORGANICS i 893. NG iI 60.3 uG/M3
I I

====================================~============================
. .

2. INDIVIDUAL TO1 COMPOUND D6TERMINATION:
--a-------=Zf========----------------=================================

ANALYTE

Senzene
n-iieptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
r,-7ropyl 3enzene

CONCENTRATION UNITS:
NG/SAMPLE I uG/M3

I
I

59. 4.0
3.8 . 2.6.

134. 9.1
33. 2.2
81. 5.5
36. 2.5
8. -55

I

Q /

-I

J

C3MMENTS:

---_*-___-------*-______________________----------------------*----

E-18-85
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FO,W 1
VOLATILE ORGANICS ANALYSIS DATA SHEET

R3791

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume IL): NOVOL

Date Received: 11/12/93
_.

Date Collected: 11/09/93(0655)

Installation: KUWAIT HRA

Field ID: T3FB1501

Lab File ID: >KAOlA

Date Analyzed: 11/20/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
========================1=====3==-------------------I--L------l--====----===-----

I I
TOTAL VOLATILE ORGANICS ) 193. NG N/A uG/M3

I I
='===3==1========41 =====3====='=======~===========3=2===============

‘2:. INDIVIDUAL TO1 COMPOUND DETERMINATION:
-----Ad--========------====fS=~================================~=---------

ANALYTE

Benzene
‘n-Heptane
Toluene
Ethylbenzene
meta/para Xylene
orcho Xylene
n-propyl 3enzene-

4. N/A
10. N/A
9. N/A

10. N/A
3. N/A

10 - N/A
13. II N/A

I
I I

----*----------------*-----****-----*----------------============-------------____-__-------------****----------------

* CONCENTRATION UNITS:
NG/SAMPLE II uG/M3

i

Q

J
T.J
J--
Y-
3
u

COMMENTS:

----f----__.____*_________ __._._,__. ______d_______.__ - ___*_

a-



0

0

FORM 1
VOLATILE ORGANICS ANALYSIS DATA SHEET

AQAD ::

I

R3792 i
I

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 10.2

Date Received: 11/12/93_.

Date Collected: 11/09/93(1845)

Installation: KUWAIT H,PF

Field ID: T3ASF1301

Lab File ID: >KA02A

Date Analyzed: 11/20/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
--+----------------------========----=============r============-------------------------

I I

TOTAL VOLATILE ORGANICS ; 1635. NG 1 160.3 uG/M3
II I

_dd_h__ __________________-------=------------------ =======================================

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
-------------------===============~==============================-------------------

ANALYTE

aenzene
n-Heptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Senzene

I

CONCENTRATION UNITS:
NG/SAMPLE II uG/M3

I

123.308. 3c.
88. I 0I

236. 2;:
98. I 10 *
21. I I 2.

I
_------s-s

=======================================================----------

ZZMMENTS:



FORM I
VOLATILE ORGANICS ANALYSIS DATA SHEET

Lab Name: USAENA-OECD-SAB

Matrix: Air - Custom Tenax Tube

iir Volume (L): 10.2

Date Received: 11/12/93

Date Collected: 11/09/93(1845)

R3793

Installation: KUWAIT ,yRA

Field ID: T3ASB1602

Lab File ID: >KA03A

Date Analyzed: i1/20/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
---------------------------------------------------------=----------------___--------------------------

I II f
I TOTAL VOLATILE ORGANICS I
I
I 1

98. NG ) 9.6 uG/M3
I

2. INDIVIDUAL TO1 COMPOdD DETERMINATION:
=======================-----==-----=========~=========~======~===----- -a---

1 CONCENTRATION UNITS: I
I
I ANALYTE

i
NG/SAMPLE

i
uG/M3 ; Q

I

3enzene
n-'reptane
Toluene
Ethylbenzene
meca/para Xylene
ortho Xylene
z-2ropyl aenzene

10.
10 -
4.

10.
10.
10 -
10.

.98 u

.90 U
-43 J
-38 u
.98 U
.98 U
_ 98 U

===============--------f---===----===----===------========----==========

--.-.w”NTS :
--. . . _-

E-18-88
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FORM 1
VOLATILE ORGANICS ANALYSIS DATA SHEET

AQAD ::

Lab Name: USAEHA-OECD-SAB

R3794 ;
I

Installation: KUWAIT HRA

Matrix: Air - Custom Tenax Tube Field ID: T3ASF1505

Air Volume (L) : Lab File ID: >KA04A

Date Received: n/12/93_.

Date Collected: 11/09/93(1845)

Date Analyzed: 11/20/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
============------====-----------================================

I I

TOTAL VOLATILE ORGANICS i 898. NG i 164.1 uG/EJI3
I I

=================r===========----=============~==================

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
========93313===I=PP==10= ll====fL===========================

ANALYTE

/ Benzene
j n-Heptane
; Tzl7Jene
Ethylbenzene
meta/para Xylene
crtho Xylene
n-propyl Benzene

CONCENTRATI
NG/SAMPLE

68.
35.

175.
50,

134.
57.
12.

N UNITS:
uG/M3

12.
6.

32 em
9.

24.
10 -
2.

Q

Z3MMENTS
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FORM 1
VOLATILS ORGANICS ANALYSIS DATA SHEET

AQAD #

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L) : 14.3

Date Received: 11/12/93

Date Collected: 11/07/93(0500)

I

I R3795
I
I

Installation: KUWAIT HRA

Field ID: T3ASF1504

Lab File ID: >KAOfA

Date Analyzed: 11/20/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
----------==-------~=====-----====I=~========================

I I
TOTAL VOLATILE ORGANICS 1 945. NG 1 66.1 uG/M3I I

I

=============e===================-----T====~====C================

-2. INDIVIDUAL TO1 COMPOUND DETERMINATION:.
=======z=-T===========================~----=-------------------me I--_ -------------I--

j Benzene
1 n-Heptane
/ Toluent
I Sthylbenzene
meta/para Xylene
ort’lo Xylse
n-propyl Benzene

CONCENTRATION UNITS:
NG/SAMPLE

46.23.125.33.81.34 -8.

-I
I

‘I-
I
I

uG/M3 Q
- -3.21.58.72.35.72.4.53 J

---------===s============================~=======================---------

COMMENTS:

------I**--__-_-_---___f________________--- _______f--*-___*----*---

E-18-96



VOLATILE ORGANICS ANALYSIS DATA SHEET -----
AQAD #-

RX796
I I

Lab Name: USAEHA-OECD-SAB Installation: KUWAIT HRA

Matrix: Air - Custom Tenax Tube. Field ID: T3ASB1409

Air Volume (L) : 14.3 Lab File ID: >KAO6A

Date Received: 11/12/93

Date Collected: 11/07/93(0500)

Date Analyzed: 11/20/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
---___~~~~_----------~~~~~~~~~~~--------------------------------=================================

I I I
I I

1 TOTAL VOLATILE ORGANICS ! 94. NG 6.6 uG/M3
I I I
I
================================================~================

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:

CONCENTRATION UNITS:
uG/M3ANALYTE NG/SAMPLE

-70
-70
.46
.70
.70
-70
-70

u
u
J
u
3
U
U

Benzene
n-Heptane
Tcluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Senzene

=======-----=====--------======----+-------=========================

C6MMEhr;S:

, .---
E-18-91

., .-.
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FORM 1
VOLATILE ORGANICS ANALYSIS DATA SHEET

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L): NOVOL

Date Received: n/12/93
_.

Date Collected: 11/08/93(????)

ANALYTE

Benzene
n-Heptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propyl Benzene

.

I
I R3797
I

Installation: KUWhIT :A

Field ID: TCTFB1209
.

Lab File ID: >KA07A

Date Analyzed: 11/20/93

CON-T1
NG/SAMPLE

-. ~

10 *
10.
6.

i0.
10 *
10.
10 *

IN UNITS: I
I

uG/M3 I -Q
I
I -
I

N/A / 'L;
N/A ; 'i
N/A

, -d
N/A : ii
N/A
N/A

[U
c'

N/A iU
I

E-18-92
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FORM 1
VOLATILE ORGANICS ANALYSIS DATA SHEET

AQAD #

7.3798 I
I

Lab Name: USAEHA-OECD-SAB

Mitrik: Air - Custom Tenax Tube

Air Volume (L) : NOVOL

Date Received: n/12/93

Date Collected: TRVBLKlSTSHIPM

Installation: KUWAIT HRA

Field ID: TCTTB0906

Lab File ID: >KA08A

Date Analyzed: 11/20/93

1. TOTAL VOLATILE ORGANIC COMPOUND SUMMATION:
====================================I============================

I I
TOTAL VOUTILE ORGANICS 1 22. NG 1 N/A uG/M3

I I
I

=================================================================

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
==============TL==TC========~======.=======================~======

CONCENTRATION UNITS: I II I
ANALYTE

Benzene .
n-Heptane
Toluene
Ethylbenzene
meta/para Xylene
ortho Xylene
n-propy.1 Benzene

NG/SAMPLE I

10 -
10 f
5.

10 *
10 *
10 *
10.

I
.I_

I

I

uG/M3 1 Q i
I

N/A
N/A
N/A
N/A
N/A
N/A
N/A

C=lMMENTS

__-_f-___---------f*_________f__________-------------------.-------

-------_--*----f-*----****--------------*--------------*--.  --..-----

-t------__-*-f---_-----------------------------------------  .-------
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39-22-L192-94

FORM 1
VOLATILE ORGANICS ANALYSIS DATA SHEET

AQAD #

I

I

I R3799
I

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube
.

Air Volume (L): NOVOL

Date Received: 11/12/93
_,

Date Collected: TRVBLK2NDSHIP

Installation: KUWAIT HRA

Field ID: TCTTB0635

Lab File ID: >KAllA

Date Analyzed: 11/21/93

1- - TOTAL VOLATILE ORGANIC COMPOUND SUM+TION: -------------~====-----------==================-------- -----------=----========---------
I I I I
I I
I TOTAL VOLATILE ORGANICS j 12.NG I, N/A uG/M3 I
I I I

I I II
--======2===============----===========9======================-- *---x==

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:

ANALYTE
I CONCENTRATION UNITS.: I I

I NG/SAMPLE ;
I I

G/M3 / Q j
I

I I I I
I I ,-I

/U
I
I

I I
/ Benzene I
j n-Heptane
' Toluene
I Ethylbenzene
1 meta/para Xylene
! 3rzho Xylene
j n-propyl Benzene
II

10. N/A

10. N / A

10. N / A

10. N / A

i 0. N / A

10. N / A

i0. N / A

===c========= ==I========================-‘-----------““--== ,--a--
,-----

10 I
I

IU
I

/ -3 /
I

IU
I

IU
I
I

IU
I
I

I
I

_____*______________ _-*_*______________ __________________f_________

--______________ __--*___--________*_--** ****+ __--_*_r_______-r--*t_
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39-22-L192-94

FORM 1
VOLATILE ORGANICS mALYSIS DATA SHEET

Lab Name: USAEHA-OECD-SAB

Matrix: Air - Custom Tenax Tube

Air Volume (L): NOVOL

Date Received: 11/12/93_.

Date Collected: TRVBLKlSTSHIP

AQAD S

I II
R3800 I

I

Installation: KUWAIT HRA

Field ID: T3TB0905

Lab File ID: >KA12A

Date Analyzed: 11/21/93

1. TOTAL VOLATILE ORGANIC COMPOUND S'UMMATION:
~--------- e-e------------======2==========t-----I===============================

l I II
I TOTAL VOLATILE ORGANICS / 41. NG 1 N/A uG/M3
I I II
========= =~================4====~== 3=======3=====================

2. INDIVIDUAL TO1 COMPOUND DETERMINATION:
=======3=1--------================I===============I==================

ANALYTE

3enzene
n-:-Ieptane
-r: y1,,qe---
Erhylbentene
ntca/para Xylene
crtho Xylene
z--propyl Benzene

I
I

I

I.

I
I
I
I

I

CONCENTRATION UNITS:
NG/SAMPLE 1 uG/M3

4. 1 N/A
10 - I N/A
LG. N/A
10. I N/A
10 - N/A
10 * N/A
10 - N/A

Q

J II
u II
U
u
U
U
U

. . - E-18:95
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FORM 5
VOLATILE ORGANIC GC/MS TUNING AN-D MASS
CALIBRFlTION  - BROMOFLUOROBENZENE (BFB)

Lab Name: USAEHA-OECD-CAB

Lab File ID: >BFK12

Instrument ID: CHEMSTATION

BFB Injection Date: 11/12/93

BFB Injection Time: 17:12

Matrix: AIR Column:(pack/cap)

T
I

m/e
=====

50
75
95
96

173
174
175
176
177

ION ABUNDANCE CRITERIA
---_-------------__==============------------I---============-------------------

15.0 - 40,Ok OF MASS 95
30.0 - 60.0% OF MASS 95
Base peak, 100% relative abundance
5.0 - 9.0% of mass 95
Less than 2.0% of mass 174
Greater than 50.0% of mass 95
5.0 - 9.0% of mass 174
Greater than 9S.O%, but less than 101.0% of mass 174
s-0 - 9.0% of mass 176

<l-Value is % mass 174 a-Value is % m
f
I.
a

THIS TUNE APPLIES TO THE FOLLOWING SAMPLES, MS, MSD, BLANKS, AND STANDARDS:

T
I
j!

;
j

AQm
SAMPLE NO.

,============
01; 50 NG CHECK
02; SYSTEMBLANK
03 ; R3724
04; R3725
05
06
07
08
09
Ic)
li
12
13
14_-I:

R2726
R3727
R3728
R3729
R3730
R3731
R3732
R3733

Cap

% RELATIVE '
ABUNDANCE /

I==============,
22.6 I

48.6 I,
100 * I. i
5.7
O-0( O.O!i

74.8
6.0( 8.131

73.1( 97.7)i
S.O( 6.9b2

ss 176

l-
I

/:
I

FIELD
SAMPLE ID

B---e-,,,-9========
50 NG ISTD/SU
50 NG ISTD
TCTASFOS06
TcASF0507
TCTASF0600
TCTASF0605
TCTASF0602
TCTASFO606
TCTFB0603
T3AsP0809

I

7IFILE ID
========I=====

>JAlSA
>Jh16A
TJh17B
>;AiSA
>JAl3h
>JA20A
>JAZlh
Gh22h
>JA23A
-- T I.sv --LL 7-Y

DATE
ANALYZED
=====z====
u/12/93
11/12/93
u/12/93
11/12/93
ll/i2/93
11/12/93
11/12/$3
n/13/93
11/13/93
11./13/93
lij':.2,rz3
+* -- --A- -2 5 2

I
I TIME i
' ANALYZED 1
I I,==========,

17:57 j
18:53 j
20:13 ~
2~. n?. u
22:Ol
22:5s .;
23:49 ,
0:43 ;
1:37 j
2::: I
3:25
- -- .,*:,z

-
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Final Rpt,  Kuwait Oil Fire H&A No. 39-26-L192-91,  5 May - 3 Dee 9 1

ANNEX E-19

E-19-1



ANALYSIS REPORT
W.S ARMY  ENVIRONlfEBJTXt,  HYGIENE AGENCY

Aberdeen Proving Ground, MD 21010
Organic Environmental Chemistry Division

Special Analysis Branch

Installation: KUWAIT/ SAUDIA ARABIA

Proiect Number: 39-22-L192

Project Officer: J. Heller

Number of Samples: 23

Matr ix :  XAD-2

Analyzed for: PARS

Method: TO13

LCSD No. FIELD NO.

R3701
R3702
R3703
R3704
R3705
R3706
R3707
R3708
R3709
R3710
R3711
R3712
RI713
R3714
R3715
R3716
R3717
R3718
R3719
R3720
R3721
R3722
R3723

PS/CT/AS/S/XAD-07C
PS/CT/AS/S/XAD-08C
PS/cr/AS/S/xAD-06C
PS/CT/AS/S/XAD-05C
PS/CT/AS/S/XhD-04C
PS/CT/AS/SB/S/XAD-03C
PS/CT/TB/XAD-02TB
PS/CT/FB/XAD-02B
PS/3/AS/XAD/O7
PS/3/AS/XAD/06
PS/3/AS/X?iD/09
PS/3/AS/XAD/lO
PS/3/AS/XAD/08
PS/3/AS/XAD/ll
PS/3/AS/XAD/05
PS/CT/AS/S/6B/XAD-OlC
PS/CT/AS/S/SB/XAD-02C
PS/CT/FB/S/XAD-03FB
PS/CT/BL/N/X&D-03B
PS/3/AS/XAD/Ol
PS/3/AS/XAD/02
PS/3/FB/XAD/03
PS/3/TB/XAD/04

FILE NO.
.

>SSBO7
XSB08
>SSClO
>SSCll
>sscos
>ssc12
>ssc13
>ssc14
>SSClS
.SSC16
>ssc17
>SSC18
>ssc19
>ssco2
>SSCOl
>ssco9
>SSCOS
>ssco7
>SSCO6
>ssco4
>ssco3

, >sscoz
>SSCOl

Reviewed by:

Reviewed by:
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