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APPENDIX A

Standard method 4500-C1 G. DPD Colorimetric Method
Standard method 5310 ¢ . Persulfate-Ultraviolet Oxidation Method
Standard method 5710 B. Trihalomethane Formation Potential (THMFP)

EPA method 300.1 Determination of inorganic anions in drinking water by ion
chromatography

EPA method 551.1 Determination of chlorination disinfection by product,
Chlorinated. solvents, and_halogenated pesticides/herbicides in
Drinking water by liquid-liquid extraction and gas
chromatography with electron-capture detection
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Standard method 4500-C1 G. DPD Colorimetric Method

1. General Discussion

a. Principle: This is a colorimetric version of the DPD method and is based on
the same principles. Instread of titration with standard ferrous ammonium
sulfate (FAS) solution as in the titrimetric method, a colorimetric procedure is
Uused.

b. Interference: See A.3 and F.Id. Compensate for color and turbidity by using
sample to zero photometer. Minimize chromate interference by using the
thioacetamide blank correction.

¢. Minimum detectable concentration: Approximately 10 pg Cl as ClaL. This
detection limit is achievable under ideal conditions; normal working detection
limits typically are higher.

2. Apparatus

a. Photometric equipment; One of the following is required:

1) Spectrophotometer, for use at a wavelength of 515 nm and providing a
light path of 1 cm or longer.

2) Filter photometer, equipped with a filter having maximum transmission in
the wavelength range 0f 490 to 530 nm and providing a light path of 1cm
or longer.

b. Glassware: Use separate glassware, including separate spectrophotometer
cells, for free and combined (dichloramine) measurements, to avoid iodide
contamination in free chlorine measurement.

3. Reagents
See F.2a b, ¢, d, e h I andj.
4. Procedure

a. Calibration of photometric equipment; Calibrate instrument with chlorine or
potassium permanganate solutions.

1) Chlorine solution - Prepare chlorine standards in the range of 0.05 to 4.0 mg/L
from about 100 mg/L chlorine water standardized as follows: Place 2 mL
acetic acid and 10 to 25 mL chlorine-demand-free water in a flask. Add about
1 g KL Measure into the flask a suitable volume of chloring solution. In
choosing a convenient volume, note that 1 mL 0.025 N Na2S2Cs titrant (see
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B.2d) is equivalent to about 0.9 mg chlorine. Titrate with standardized 0.025 N
NazS2Ustitrant until the yellow iodide color almost disappears. Add 1t 2 mL
starch indicator solution and continue titrating to disappearance of blue color.

Determine the blank by adding identical quantities of acid, K, and
starch indicator to a volume of chlorine-demand-free water corresponding to
the sample used for titration. Perform blank titration A or B, Whichever
applies, according to B.3d.

mg Cl as CB/ImL = (A+B) x N x 3545
mL sample

Where:

N = normality of NazS2Us

A =mL oftitrant for sample,

B = mL titrant for blank (to be added or substracted according to required
blank titration. See B.3d).

Use chlorine-demand-free water and glassware to prepare these
standards. Develop color by first placing 5 mL phosphate buffer solution and 5
mL DPD indicator reagent in flask and adding 100 mL chlorine standard with
through mixing as described in b and ¢ below. Fill photometer or colorimeter
cell from flask and read color at 515 nm. Return cell contents to flask and
titrate with standard FAS titrant as a check on chlorine concentration.

Potassium Permanganate solutions - Prepare a stock solution containing 891
mg KMnCVIOOmL. Dilute 10.00 mL stock solution to 100 mL with distilled
water in a volumetric flask. When 1 mL of this solution is diluted to 100 mL
with distilled water, a chloring equivalent of 1.00 mg/L will be produced in the
DPD reaction. Prepare a series of KMnCs4 standards covering the chlorine
equivalent range of 0.05 to 4 mg/L. Develop color by first placing 5 mL
phosphate buffer and 5 mL DPD indicator reagent in flask and adding 100 mL
standard with thorough mixing as described in b and ¢ below. Fill photometer
or colorimeter cell from flask and read color at 515 nm. Return cell contents to
flask and ftitrate with FAS fitrant as a check on any absorption of
permanganate by distilled water,
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. Volume of sample: Use a sample volume appropriate to the photometer or
colorimeter. The following procedure is based on using 10-mL volumes;
adjust reagent quantities proportionately for other sample volumes. Dilute
sample with chlorine-demand-ffee water when total chlorine exceeds 4 mg/L.

. Free chlorine: Place 0.5 mL each of buffer reagent and DPD indicator reagent
in a test tube or photometer cell. Add 10-mL sample and mix. Read color
immediately (Reading A).

. Monochloramine: Continue by adding one very small crystal of K (about 0.1
mg) and mix. If dichloramine concentration is expected to be high, instead of
small crystal add 0.1 mL (2 drops) freshly prepared KI solution (0.1 ¢/ 100
mL). Read color immediately (Reading B).

. Dichloramine: Continue by adding several crystals of KI (about 0.1 g) and mix
to dissolve. Let stand about 2 min and read color (Reading C).

. Nitrogen trichloride: Place a very small crystal of KI (about 0.1 mg) in a clean
test tube or photometer cell. Add 10 mL sample and mix. To a second tube or
cell add 0.5 mL each of buffer and indicator reagents; mix. Add contents to
first tube or cell and mix. Read color immediately (Reading N).

. Chromate correction using thioacetamide: Add 0.5 mL thioacetamide solution
(F2i) to 100 mL of sample. After mixing, add buffer and DPD reagent. Read
color immediately. Add several crystals of KI (about 0.1 g) and mix to
dissolve. Let stand about 2 min and read color. Subtract the first reading from
Reading A and the second reading from Reading ¢ and use in calculations.

. Simplified procedure for total chlorine: Omit step d above to obtain
monochloramine and dichloramine together as combined chlorine. To obtain
total chlorine in one reading, add the full amount of KI at the start, with the
specified amounts of buffer reagent and DPD indicator. Read color after 2
min.



5. Calculation

Reading NCl3 Absent NCl3Present
A Free Cl Free Cl
B-A NHCL NH2CL
C-B NHC12 NHCI2+ y2 NC13
N - Free Cl + Vi NCl3

2(N-A) - NCl3
C-N - NHCI2

In the event that monachloramine is present with NCls, it will be included in
Reading N, in which case obtain NCI3 from 2 (N-B)
6. Bibliography
SeeF.e.
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5310 ¢. Persulfate-Ultraviolet Oxidation Method

1. General Discussion

Many instruments utilizing persulfate oxidation of organic carbon are available.
They depend either on heat or ultraviolet irradiation activation of the reagents. The
persulfate-ultraviolet oxidation method is a rapid, precise method for the
measurement of trace levels of organic carbon in water and is of particular interest to
the electronic, pharmaceutical, and stream-power-generation industries where even
trace concentrations of organic compounds may degrade ion-exchange capacity, serve
as a nutrient source for biological growth, or be detrimental to the process for which
the water is being utilized.

a. Principle: Organic carbon is oxidized to carbon dioxide, CO2, by persulfate in
the presence of ultraviolet light. The CO2 produced may be measured directly by a
nondispersive infrared analyzer, be reduced to methane and measured by a flame
lonization detector, or be chemically titrated.

Instruments are available that utilize an ultraviolet lamp submerged in a
continuously gas-purged reactor that is filled with a constant-feed persulfate solution.
The samples are introduced serially into the reactor by an autosampler or they are
injected manually. The CO2produced is sparged continuously from the solution and is
carried in the gas stream to an infrared analyzer that is specifically turned to the
absorptive wavelength of CO2 The intrumenfs microprocessor calculates the area of
the peaks produce by analyzer, compares them to the peak area of the calibration
standard stored in its memory, and prints out a calibrated organic carbon value in
milligrams per liter.

b. Interference: See Section 5310B.1. Excessive acidification of sample,
producing a reduction in pH of the persulfate solution to 1 or less, can result in
sluggish and incomplete oxidation of organic carbon.

The intensity of the ultraviolet light reaching the sample matrix may be reduced
by highly turbid samples or with aging of the ultraviolet source, resulting in sluggish
or incomplete oxidation. Large organic particles or very large or complex organic
molecules such as tannins, lignins, and humic acid may be oxidized lowly lowly
because persulfate oxidation is rate-limited. Because the efficiency of conversion of
organic carbon to CO2may be affected by many factors, check efficiency of oxidation
with selected model compounds representative of the sample matrix.
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Persulfate oxidation of organic molecules is slowed in samples containing
significant concentrations of chloride by the preferential oxidation of chloride; at a
concentration of 0.1% chloride, oxidation of organic matter may be inhibited
completely. To remove this interference add mercuric nitrate to the persulfate
solution.

With any organic carbon measurement, contamination during sample handling and
treatment is a likely source of interference. This is especially true of trace analysis.
Take extreme care in sampling, handling, and analysis of samples below 1 mg
TOCIL.

¢. Minimum detectable concentration: Concentration of 0.05 mg organic
carbon/L can be measured if scrupulous attention is given to minimizing sample
contamination and method background. More typical blank concentrations are 0.2 to
0.3 mg/L; a reporting level of 0.5 mg/L or greater is usual. Use the combustion-
infrared method (B) for high concentrations of TOC.

d. Sampling and storage: See Section 5310B. 1d.

2. Apparatus

a. Total organic carbon analyzer

b. Syringes: 0to 50 pL, 0to 250 pL, and 0 to 1 pL capacity, fitted with a blunt-
tipped needle.

3. Reagents
See Section 5310B.3,
4. Procedure

a. Instrument operation: Follow manufacturer’s instructions for assembly,
testing, calibration, and operation.

b. Sample preparation: 1f a sample contains gross particulates or insoluble
matter, homogenize until a representative portion can be withdrawn through
the syringe needle or autosampler tubing.

If dissolved organic carbon is to be determined, filter sample and a reagent
water blank through 0.7 pm glass fiber filter with vacuum. Pretreat filter by
submerging overnight in a 1:1 solution of HNO3and reagent water and collect
in an acid-washed, baked flask. Use a clean filter and flask for each sample.
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To determine NPOC, transfer 15 to pL sample to a flask or test tube and
acidify to a pH of 2. Purge according to manufacturer’s recommendations.

. Sample injection: See Section 531 0B.4c.

. Standard curve preparation: Prepare an organic carbon standard series over the
range of organic carbon concentrations in the samples. Inject standards and
blanks and record analyzer’s response. Determine peak area for each standard
and blank. Determinations hased on peak height may be inadequate because of
differences in the rate of oxidation of standards and samples. Correct peak
area of standards by subtracting reagent water blank and plot organic carbon
concentration in milligrams per liter against corrected peak area. For
instruments providing a digital readout of concentration, this is not necessary.
Inject samples, treatment blanks, if applicable, and instrument blank. Subtract
appropriate hlank’s peak area from each sample’s peak area and determine
organic carbon from the standard curve.
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Characteristic of ~ Spring ~ Spring ~ Tapwater ~ Tap water+  Municipal

analysis water  water + 10mg/L  Wastewater
0.15 mg/L KHP* Effluent
KHP

Concentration

determined,

mg/L.

Replicate 1 0402 0559 247 1170 5.88

Replicate 2 0336 0491 2.49 1153 531

Replicate 3 0340 0505 247 11.70 521

Replicate 4 0341 0523 247 11.64 5.17

Replicate 5 035 0542 2.46 11,55 5.10

Replicate 6 0366 0546 2.4 11.68 5.33

Replicate 7 0361 0548 2.42 11,55 5.3

Mean, mg/L 0.35 0.53 2.46 1153 5.32

Standard

deviation: mg/L

% 0.02 0.03 0.02 0.21 0.23

Actual valug, 6 6 : 2 4

mg/L - 0.50 - 12.46

Recovery, % - 106 - %3

Error, % ; 6 " ! ~

* KHP = potassium acid phthalate.

5. Calculation
See section 53L0B5, but use peak area rather than peak height.

6. Precision and Bias

See Table 5310:1
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5710 B. Trihalomethane Formation Potential (THMFP)

1. General Discussion

a. Principle: Under standard conditions, sample are buffered at pH 7.0£0.2,
chlorinated with an excess of free chlorine, and stored at 25 £2 °c for 7.d to
allow the reaction to approach completion. As a minimum, pH is buffered at a
defined value and a free chlorine residual of 3 to 5 mg Cl2L exists at the end
of the reaction time. THM concentration is determined by using liquid-liquid
extraction (see Section 6232B) or purge and trap (see Section 6230C or D).

b. Interference: If the water was exposed to free chlorine before sample
collection (e.g., 1 a atertreatment . lant), a fraction . f precursor material
may have been converted to THM. Take special precautions to avoid loss of
volatile THMs by minimizing turbulence and filling sample bottle completely.
Interference will be caused by any organic THM-precursor materials present
in the reagents or adsorbed on glassware. Heat nonvolumetric glassware to
400 °c for 1 h, unless routine analysis of blanks demonstrates that this
precaution is unnecessary. Reagent impurity IS unnecessary. Reagent water
containing bromide ion or organic impurities. Use high-grade reagent water as
free of organic contamination and chloring demand as possible. If anion
exchange is used to remove bromide or organic ions, follow such treatment by
activated carbon adsorption (see Section 1080).

Other interferences include volatile organic compounds (VOCs),
including THMs and chlorine-demanding substances. VOCs may co-elute
with THMs during analysis. THMs or other interfering substances that are
present as the result of a chemical spill, etc., will bias the results.

Nitrogenous species and other constituents may interfere in the
determination of free residual chlorine. Add enough free chlorine to oxidize
chlorine-demanding substances and leave a free chlorine residual of at least 3
mg/L, but not more than 5 mg/L, at the end of the incubation period. A free
chlorine residual of at least 3 mg/L decreases the likelihood that a combined
residual will be mistaken for a free residual and assures that THM formation
occurs under conditions that are reasonably independent of variations in
chlorine residual concentrations.
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¢. Minimum detectable quantity: The sensitivity of the method is determined by
the analytical procedure used for THM.
. Apparatus

a.Incubator, to maintain temperature 0f25 + 2 <c.

b. Bottles, glass, with TFE-lined screw caps to contain 245 to 255 mL, 1-L, 4-L.

C. Vials, glass, 25- or 40-mL with TFE £ 0.1 unit.

d. pH meter, accurate to within 0.1 unit.

. Reagents
Prepare aqueous reagents in organic-free water (7L 3e below) unless chlorine-

demand-free water (72 3f below) is specified.

a. Standardized stock hypochlorite solution: Dilute 1 mL, using a L1-mL
volumetric pipet, 5% aqueous soldium hypochlorite (NaOCI, to be referred to
as stock hypochlorite) solution to approximately 25 mL with chlorine-
demand-free water(see 7 3f below), mix well, and titrate to a starch-iodide end
point using 0.100 N sodium thiosulfate titrant (see Section 4500-CLB).
Calculate chlorine concentration of the stock hypochlorite solution as:

Stock hypochlorite, mg Cb/mL = N x 35.45 x mL titrant

mL stock hypochlorite added

Where N is the normality of the titrant (= 0.100). Use at least 10 mL titrant; if
less is required, standardize 2 mL stock hypochlorite solution. Measure
chloring concentration each time a dosing solution (71 3b below) is made;

discard stock hypochlorite solution if its chlorine concentration is less than 20
mg Ch/mL.

b. Chlorine dosing solution, 5 mg Cb/mL: Calculate volume of stock

hypochlorite solution required to produce a chlorine concentration of 5 mg
ChimL:

mL required = 1250
stock hypochlorite cone, mg Ch/mL
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. Phosphate  buffer: Dissolve 68.1 ¢ potassium dihydrogen phosphate
(anhydrous), KH2P04 and 11.7 g sodium hydroxide, NaOH, in 1 L water.
Refrigerate when not in use. I a precipitate develops, filter through a g lass
fiber filter. After buffer is added to a sample, a pH of 7.0 should result. Check
before use with a sample portion that can be discarded.

. Sodium sulfite solution: Dissolve 10 g sodium sulfite, Naz3s, in 100 mL
water. Use for dechlorination: 0.1 mL will destroy about 5 mg residual
chlorine. Make fresh every 2 weeks.

. Organic-free water; Pass distilled or deionized water through granular-
activated-carbon columns. A commercial system may be used. Special
techniques such as preoxidation, activated carbon adsorption (perhaps
accompanied by acidification and subsequent reneutralization), or purging
with an inert gas to remove THMs may be necessary.

. Chlorine-cemand-free water: Follow the procedure outlined in 4500-CI.C.3m,
starting with organic-free water. After residual chlorine has been destroyed
completely, purge by passing a clean, inert gas through the water until all
THMs have been removed.

. DHBA solution: Dissolve 0.078 g anhydrous 3,5-dihydroxy-benzoic acid
(DHBA) in 2 L chlorine-demand-free water. This solution is not stable; make
fresh before each use.

. Nitric or hydrochloric acid, HNO3 or HCL, concentrations of 1.1, 1:0 N, and
0.LN.

. Sodium hydroxide, NaOH, 1L.ON and 0.1 N.

. Borate buffer (optional): Dissolve 30.9 ¢ anhydrous boric acid, H3BOs, and

10.8 g sodium hydroxide, NaOH, in 1 L water. Filter any precipitate that may
form with a glass fiber filter. This solution will keep sample pH at 9.2; check
before using. Note: waters containing significant amounts of calcium may
precipitate calcium phosphate (or carbonate) at high pH values.

. Mixed buffer (optional): Mix equal amounts of phosphate and horate buffer
solutions, then adjust pH as desired before using with samples. Determine the
amount Ofacid Orbase eeded o a separate ample that can be discarded.
This mixed buffer is reasonably effective in the pH range of e to 11,
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4. Procedure

a. Chlorine demand determination: Determing or accurately estimate the 7-d
sample chloring demand. A high chlorine dose is specified below to drive the
reaction close to completion quickly. The following procedure yields only a
rough estimate of chlorine demand; other techniques may be used.
Pipet 5 mL chlorine dosing solution into a 250-mL hottle, fill completely with
chlorine-demand-free water, and cap with a TFE-lined screw cap. Shake well.
Titrate 200 mL with 0.025 N sodium thiosulfate to determine the initial
chlorine concentration (Ci). This should be about 100 mg Cl2L. Pipet 5 mL
phosphate buffer and 5 mL chlorine dosing solution into a second 250 mL
bottle, fill completely with sample, and seal with a TFE-lined screw cap. Store
Inthe dark for at least 4 h at 25 <c. Calculate chlorine demand as follows:

Dei=Cj- Cr

Where:

Dei - chlorine demand, mg ChiL,

Cr=chlorine residual of sample after at least 4 h storage, mg CI2 L and
Cj = initial (dosed) chlorine concentration, mg CI2/L

b. Sample chlorination; If sample contains more than 200 mg/L alkalinity or
acidity, adjust pH to 7.0 £ 0.2 using 0.1 or LON HNOs, HCL, or NaOH and a
pH meter. With a graduated pipet, transfer appropriate volume of the 5 mg
¢*ml chlorine dosing solution, Vd, into sample bottle:

Vp-Pci. s x Vs
D 1000

where:
Vs =volume of sample bottle, mL, and
Vd = volume of dosing solution required, mL.

Add 5 mL phosphate buffer solution if using a 250-mL sample hottle (or 1 mL
buffer/50 mL sample) and fill completely with sample. Immediately seal with



103

a TFE-lined screw cap, shake well, and store in the dark at 25t 2° ¢ for 7 d.
Analyze a reagent blank (7 4d) with each batch of samples. To increase the
likelihood of achieving the desired chlorine residual concentration (3 to 5
mg/L) at the end of the 7-d reaction period, dose interval sample portions to
provide a range of chlorine concentrations, with each chlorine dose differing
in increments of 2 mg ClalL.

. Sample analysis: After the 7-d reaction period, place 0.1 mL sulfite reducing
solution in a 25-mL vial and gently and completely fill vial with sample. If
free chlorine residual has not been determined previously, measure it using a
method accurate to 0.1 mg/L and able to distinguish free and combined
chlorine (see Section 4500-C1). Adjust pH to the value required by the method
chosen for chlorine analysis. [ Note: If other by-products are to be measured, a
different quenching agent may be needed (see 5710D.4). Also, if sample
portions have been dosed with different chlorine concentrations, first
determine the free chlorine residual and select only that portion having the
required chlorine residual concentration of 3to 5 mg/L for further processing.]
|f THMs will not be analyzed immediately, lower the pH to < 2 by adding Lor
2 drops of 1.1 HCI to the reduced sample in the vial. Seal vial with TFE-lined
screw cap. /store samples at 4 ¢ until ready for THM analysis (preferably no
longer than 7 d). Let sample reach room temperature before beginning
analysis.

. Reagent blank: Add L mL chlorine dosing solution to 50 mL phosphate buffer,
mix, and completely fill a 25-mL vial, seal with a TFE-lined screw cap, and
store with samples. (Note: This reagent blank is for quality control of reagent
solutions only and is not a true blank, because the reagent concentrations in
this blank are considerably higher than those in samples THM concentrations
In the reagent blank will be biased high and cannot be subtracted from sample
values. Make no further dilutions before the reaction hecause the reagent water
itself might contribute to THM formation.) After reaction for 7 d, pipet 1 mL
sulfite reducing solution into a 250-mL hottle and add, without stirring, 5.0
mL reacted r eagent mixture. Immediately fill bottle with organic-free water
that has been purged free of THMs and seal with a TFE-lined screw cap. Mix.
Analyze a portion of this reagent blank for THMs using the same method used
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for samples. The sum of all THM compounds in the reagent blank should be
less than 5 pg TTHM as CHCI4L.

The reagent blank is a rough measure of THMs contributed by reagents
added to the samples, but it cannot be used as a correction factor. If the
reagent blank is greater than 5% of the sample value or greater than 5pg
TTHMIL, whichever is larger, additional treatment for reagent water is
necessary. See Section 1080. It also may be necessary to obtain reagents of
higher purity. Analyze a reagent b lank each time samples are analyzed and
each time fresh reagents are prepared.

5. Calculation

Report concentration of each of the four common THM compounds separately
because it is desirable to know their relative concentrations. Larger amounts of
bromine-substituted compounds, relative to chlorine-substituted compounds, indicate
a higher concentration of dissolved bromide in the water (see Figure 5710:1). Also
report free chlorine concentration at end of reaction time along with the incubation
time, temperature, and pH.

THM concentrations may be reported as a single value as micrograms CHCI3
per liter (pg CHCI4L), or micromoles per liter (pM). Do not use the simple sum of
Mass units micrograms per liter except when required for regulatory reporting.
Compute TTHM concentration using one of the following equations:

To report TTHM in units of pg CHCl4lL:
TTHM = A+ 0.728B + 0.574C + 0.472D

Where:
A =pg CHCIAL
B = pg CHBICl4L,
¢ =pg CHBrLI/L, and
D =pg CHBraL
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To report TTHM in units of pM as CHCls;

TTHM = TTHM, pg cHcia/L
119

To report TTHM on a weight basis as pg/L (not used except for regulatory
pUrposes):
TTHM =AtB+C+D
To report a change of TTHM concentration over 7 :

ATHMFP = TTHMy - TTHMo
Finally, if TrHmo = 0, then;
THMFP = TTHM7 = ATHMFP

Do not make blank correction or a correction for sample dilution resulting
from addition of reagents. If conditions differ from pH of 7, 25 OC, 7-d reaction time,
and 3-5 mg/L chlorine residual, report these nonstandard test conditions with the
results. Nonstandard test conditions may mimic water quality conditions in a specific
distribution system or may be relevant to other investigations (see Section 5710C).6

6. Quality Control

a. Use dihydroxy-benzoic acid solution (DHBA) as a quality-control check,
especially for the presence of interfering bromides in reagents or reagents
water,
Dilute 1.0 mL chlorine dosing solution to 1000 mL with chlorine-demand-free
water (diluted chlorine dosing solution). Pipet 5 mL phosphate buffer solution
(pH = 7.0) into each of two 250-mL hottles; add 1.00 mL DHBA solution to
one hottle and fill both hottles completely with diluted chlorine dosing
solution; seal with TFE-lined screw caps. Store in the dark for 7.d at 25 £ 2°C,
and analyze as directly in 7T4c.

b. The THMs concentration of the solution containing the added DHBA minus
the THM concentration of the blank (i.e., the bottle that does not contain
added DHBA, which is a true blank for this application only and differs from
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the reagent blank discussed in 7.4b above) should be about 119 pg/L THM as
CHCls, with essentially no contribution from bromide-containing THMs. If
there is a significant contribution from brominated THMs, 10 % or more of the
total THM, it may he necessary to remove bromide from the reagent water or
to obtain higher-purity reagents containing less bromide. Determine source of
bromide and correct the problem. If the THM concentration of water blank
exceeds 20 pg/L, treat reagent water to reduce contamination.

1. Precision and Bias
The precision of this method is determined by the analytical precision and
bias of the method used for measuring THM as well as the control of variables
such as pH, chlorine residual, temperature, sample homogeneity, etc. Method bias
can be determined only for synthetic solutions (e.g., the DHBA solution), because
THM formation potential is not an intrinsic property of the sample but rather a
quantity defined by this method.

Table 5710:1 presents single-operator precision and bias data for samples
processed under standard conditions. The values were obtained by analyzing
DHBA solutions and blanks. The expected value for the samples listed is 116
pg/L TTHM (as CHCI3), rather than 119, because the DHBA reagent used was
only 97% pure. Percent recovery was calculated by the formula;

% recovery = DHBA sample - average blank x 100
116
Table 5710:11 presents the same data set, except that the pH of samples and blanks
was adjusted to 9.2 with borate buffer. Also included are results for single-
operator precision with filtered river-water samples that had been diluted with 2
parts organic-free water to 1 part filtrate, again using borate-huffered samples at a
pH 0f 9.2



107

Table 5710:1 SINGLE-OPERATOR PRECISION AND BIAS DATA FOR THMFP*

Sample

Blank 1
Blank 2
Blank 3
Blank 4
Blank 5
Blank 6
Average
Standard
deviation

DHBA 1
DHBA?
DHBA 3
DHBA 4
DHBA 5
DHBA 6
DHBA 7
Average
Standard
deviation

Source: MOORE, L., Unpublished data.

CHCl3

0.8
19
0.1
0.7
0.5
0.7

1141
1132
107.8
108.3
109.6
111.8
112.6

CHCIBr

0.1

0.1

0.1
0.1

Agency, Cincinnati, Ohio,
Expected value =116

THM (figL)
CHCIBrz

CHBr3

THMFP

ut
CHCI3
0.8

19

0.2

0.7

0.5

0.7

0.8
10.6

1142
113.2
1078
108.3
109.7
111.9
112.6
111.1

2.5

Recovery

%

97.8
9.9
922
92.7
93.9
9.8
9.4
%1
2.2

.. Environmental Protection
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Tahle 5710:11 SINGLE-OPERATOR PRECISION AND BIAS DATA FOR TTHM (pH =9.2)*

THM Hg/L
Sanple CHC13 CHCIBr  CHCIBrj  CHBj TTHM Recovery
figlascrcs %

Blank 1 3.0 0.3 - - 3.2
Blank 2 17 01 - - 18
Blank 3 13 0.1 - - 14
Blank 4 1.6 0.1 - - 17
Blank 5 2.3 0.2 - - 2.4
Blank 6 2.6 0.1 - - 2.1
Average 2.5 0.2 2.6
Standard 2.3
deviation 1 0.6(£26.1%)

479 98.3
DHBA 1 454 33 33 - 53.9 1112
DHBA2 510 3.9 39 - 414 84.3
DHBA3 392 3.0 3.0 - 51.0 105.0
DHBA4 483 3.6 3.6 - 50.4 103.7
DHBAL 476 37 37 - 458 93.8
DHBA6 434 3.2 3.2 - 48.7 100.0
DHBA 7  46.0 3.6 3.6 - 48.4 99 5
Average 1 0.6( 26.1%)
Standard
deviation

52.3
RWS 1 33.1 17.2 113 05 497
RWS 2 317 16.1 10.6 0.5 59.1
RWS 3 38.7 18.4 117 0.6 553
RWS 4 3.1 18.0 117 08 56.0
RWS 5 36.0 17.9 117 0.6 59.3
RWS 6 38.7 18.7 117 0.6 57.6

RWS 7 3.1 18.1 112 0.6 55.6
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ERRATA COVER SHEET TO U.S.EPAMETHOD 300.1 10

April 27, 1999

The f0||0WI'TII1 were editorial changes.whit%h %ae/gybg?ﬂ]incor ora%e

ﬂ into U.S.EPA Method 300.L. These
minor clarrfications are incorporated into the 1S text as

0llows.

ERRATA 4] - . o

An additional sentenc wdas added to ?ectlon 41, re|tere1t|nﬂ the analyst’s responsibilities when
nhcorf(? atin Ian method change, Including modifying eluent strengtr, or any other method parameter.
The additioral sentence states,

“..The analyst must verify that these changes do not negatively affectperformance by repeating
andpassing all the QC criteria in Section 9."

%ﬂ (t)f\}\lg same theme, section 119, was also further clarified and specific precautions were added as
« The analysts must verify that this dilution does not negatively affectperformance by repeating
andpassing all the QC criteria in Section 9. As a specific precaution, upon dilution ofthe
carbonate eluent, apeakfor bicarbonate may be observed within the retention time windowfor
brornate which will negatively impact the analysis.”

ERRATA #2 -
n

Aﬂacro min Section 9.3.2.2 for Laboratory Fortified Blank (LFB) was incorrectly identified as LRB.
This typographical error was corrected.

ERRATA#3 -

Clarifications and corgegior*s werg made to Secpog 9.4.1.?, 9432 and 9.43.3. Tnese cIarififations
pertain to,data reporta |_|tg or Laboratory Fortified Sample Matrices (LFMV) as well as to analysis
continuation wnen Duplicate Sample QC acceptance criteria are not met.

SeC |?_n 9.3.1.5 clz1r|f|_es an% now sﬁemfles how to report data when the LFM recovery falls outsice the
estanlished controf criteria by stating,
“..the recovery problem encountered with the LFM isjudged to be matrix induced and the results
for that sample and the LFM are reported with a “matrix induced bias ” qualifier.”

Section 9.4.3.2 required the correction of a tynographical reference by removing “%eDiff’ in the duplicate
samp?e acceptancg criteria ang replacing it \%ﬁ] %f’éuodeﬁnecie RPD, fn Icating “re?atlvoe percent d?f?er%nce”.

Section 9.4.3.3, also h?d a “%Diff reference corrected with RPD and included clarification re?ﬁ_rdm _

rc]gr\}\tllpggégon of an analysis set when a duplicate analysis fails to meet the acceptance criteria. This seCtion
“Ifthe RPDfails to meet these criteria, the samples must be reported with a qualifier identifying
the sample analysis result as yielding apoor duplicate analysis RPD. This should not be a
chronicproblem and ifitfrequently recurs, (>20% ofduplicate analysis) it indicates a problem
with the instrument or individual technique.”

ERRATA COVER SHEET



METHOD 300.1

DETERMINATION OF INORGANIC ANIONS IN DRINKING WATER
BY ION CHROMATOGRAPHY

1. SCOPE AND APPLICATION
11 This meth d covers the determination of the Lollo m& Inorganic amons in ea ent

er. su aceezva} roun ter and finished. drin |qg ter. greu

different specifie |on vo mes (See con |t|ons In ab es JAan these
anlo sare h 8 N the. common anons sﬁad inPart Aan t] inor amc
|sme%f|on % roducts |ste | HJar}1 Fese rent in ect|on volumes
ﬁ] red In order t com ensate for the relative cqneen [(at ns of thes amons in

water mam aln chroma rapIc ea
expec e% namainc range of hgg ﬁaﬁ i

S CPet rou outte
é)ltS IMpo %nceasa

e 15 Included (n both

etector, Brom (! a
as Part B due to Its critical role as a

0mmon anion, as \We

sinfection by-proalict precursor.
PART A—Common Anions
it A
Chlorjge ortho-Phosphate-P
Fluorice Sulfate
Nitrate
PART B.—Inorganic Dlsmfectlon By-prodicts
Broma(s Cn orite
Brom Chlorate

12 The ingle Iaborato (?d Dete ftlon Limits MDL dﬁfmed miect 311%f0r
{

ove analvies are listed in Table lBanl The MDL for a specific
matnxm c? %‘er from those |IS[|3 (fependmg Upon the nature oLf e sa pfe and
the spec c IC Instrumentation employed.

121 Inorder o achi ve com arabl§ et %ptlo Jlm(f an ion chromato&rapmc

systemm stu 1lize SUppress etection, eﬁ)r%per
a aseling'wit re th

amtame nd must eca |e mg
5nS n0|se (1Tt per mmut mon ored response over the backgroun

conduct ity

13 This method Is recommended for use onp/ or under the su erv|3|on of analysts
ex erlence in the Use of fon chromatograpty andl in the mte pretation of the
resulting on chromatograms,

14 When this,me Bodl Used to na|)ézbeunfammar ?m Ieesu ggro g foru? gbove

anions, anion centl |cat|ons ou s%eorted g cf
matrix covering the anions of interest, T fortification proceclure is described in

Sect. 94.1.
300.1-2
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15 Users ot He met gdaashouldsatete fa- aIr bec tives rro f anap(srs.
Users of the method must demonstrate the a qg rate ace pta Ie results
with this method, using the proceaures descrr

16 Br mide and nitrite rﬁact With mast oxicants emIpS%ye? drsrnfegtan 5pThe

Utl 0f me surrn these anions In treated wate € consiaerea prior {0
con ctrngt g analysis.

SUMMARY OF METHOD

21 AsmaIIvoI me of sam £Ie 10 uL for PartfeandSOuL for Part B, |§|ntroducg
Into an ion ¢ romato ép The anions, 0 nereit aref dparated and measure
srn asx Ctemc(? P of %uard column, analytical column, suppressor
evr e, ad conauctivity detect

2.2 The ONLY drfference be]tvveen Parts Aand B is the V?Iume of sample anal ed
by eroltc romatograpnic s;(rftem The separator columns and guard colmns as
well as eluent conditions are fdentica

DEFINITIONS

31 AN LYSISB TCH —A group of no mor #han 20 fie Jd sarr}oles QFreId samgle

y5es Include only those"samples derived froma fie rix._ Th

m& theqrrtrlrtral ar%lt duF e?rjefd sam Ies weI{ ?
ratjo
L2 ?ra ) Fortr r(e:gq . Within an ANA 0 every roup of
Jcate or aquplicate oft
When more t Eb/z ?o Inuin
32 IBRATION STANDARD (CAL) —A solution prepared from the rima

SAL O Sz S regted Tom e i
analyte concentration.

CUNVES or Inalividual target anions.

previously estazblrsh hration curves,

m

a?fl %o ortr

g atrrcesJ e dna shac mua Inc ueanlnr lal Calibra onCec

Stan ar an En Check Stan ard La ora orry Reaigent Blank and a
a les, at east one Labrfratory Fortrfred Matrrx ALF an er%erg

FredDH cate, a Lab o[]ato Du e LFM must

a e eT)sam es are ana

Calibration CheckSandard must eanayze aftert ten samgle analysis.

Iutronsandar solution or sto utions and the surrogate ana

The CAL solutions are used to calrbra te the rnstrument response with respect

321 INITIAL CALIBRATION STANDARDS - A serrgs of CAL slg)lu lons
Used to Initia Omleiftalitlrsh Instrument calibration and develop calibration

322 INITIAL CALIBRATI NCHECKSTAND[ARD- Ani WﬂdrvrduatCAL
solution, an Initja Y E;rror to any sample analysis, which verrfies

323 CONTINUING CALIBRATION CHECK STANDARD ~ An rn?rvrdual
CAL solution which is analyzed after every tenth field sample analyses

300.1-3
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34

35

36

3.7

38

which verifies the previously established calibration curves and confir
accurate ana?yte qrﬁ)an trox ?or trt £ Previous ten%nef samples anat mr?

324 END.CA B TIONC f%% ﬁTAN D~ Anrndvrdual CAL

solutjon an sample analyses which
verl#res the rev?ous Ryéstab faﬁi f ay

tron(iun/esa confirms
accurate an tron or all field samples analyzed since the last
continuing call r tronc eck.

FIELD DUPI(.JICATIES —TWo se arate sam scoII ted at the Sﬁme trh me and

g (ﬁ Bnderr entical circumstanc sanr“re exact the same roug out field
proceo|ures Analyses 0 |nd|catet e gsr clsion

assocrate with sample collectio presen/atron storage a5 We

aboratory procealres,

INSTRUMENT PERFORMANCE CHECK SOLUTION (SPC 3Iut|on of
ong or mare meghod analyt es sUrrodates, or ot er test substances us

g\rlrarlatrjfatet e performance of the Instument system with respect to a efrned set of

BORATORY DUELICAT rwo ample aI uots, ta en in theI ratory
romasrn esag ottle, and ana se aratel vvrthr en |c roce res
P/ses fLD1 and LD? inqlicate ecrsronasoc 1 eclf ca |tt
?atow procedures, removrng assoclated varianles attri uted sampIe

collection, preservation, or Storage proceaures.

LAB RATORY FORTIFIED BLANK (LFB) —An aliquot of reagent water or
oth % nk matnce owhrch knov\rn guan gs ofthe m tt]og ag (?ed

are ad
|nt 0rafory. B 15 analyzed exactly like a sample, and | F‘é)rosersto
eterrnrne e{er the met odglo glrs in control, andwh ther the latioratory Is
capable of making accurate and précise measurements.

LABORATOFYF RTIFI DiAMPLE MATRI t g AnaI uot of an

envrroitmen sample to wnich vvnquantr[re e méthod ana s are agoed

|nthe aoraw] e LFM |sanaR/zedex ct |keasa ean 185 pur ?se 1510
etermine whe erthe samp matrix contrjoutes bias oteana |ca results. The
r?noun concentrat |on the analytes int esam?ema [1X 1ust be

Ined ina se arate i |quot and trle measured values in the LFM corrected for
bac ground conce frations.

% TORY REAGENT BLA &Lﬁ |quot otreage
ank magrices that re treated exattly & a sample ncluding exposure to all
assware urpmen 50 vents rea ents %urro a5=s that are"used with other

am €s. T IﬁRl'iB i Used o determine If method analytes ﬁr other Interferences
are Bresent In the Taboratory environment, the reagents, or the apparatu .

nt water or
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39 INEAR CALIBRATION RANGE (LCR) —The concentration range over which
the Instrument response Is linear.

310 MATERIAL SAFETY DATA SHEET SMS g fitte rnﬁorma jon provided
Xvendors concern rl emical’s toxi "Z Ith azafp srca roperties,
e, and reactrvrty rnc ng storage, Spill, and han N precations.

311 METHOD DETECTION LIMIT (SMDL) —The minjmum concentration of

analyte that can be rdentrfred measured and reportea with 99% confidence that the
anal{te concentration Is greater than zero,

312 MINIMUM REPORTING LEVEL l\/IRk}I The mrnrmum onc ntratron that
can ere orte foran anjon In lowin

conc nt tro can be no 7? centra ion teowes alrﬁRration
ar%n maer and can on?y be useJ acceptaqbln e quality controq orit errafc this standard

313 PERFORMANCE EVALUATION SAMPLE (PE} Acertrfred solutron of
mfetho analytes wraose concen tratron 'f unknr% 0 the analyst e %r
rs S0 utron 0ls adcled t? V0 ¥me F reagent water d ang rr/ze wit
roce ures Used for samples, Res Its of analyses are Used to getermine
sta stical Cy the accurac and g{ecrsron tnat can be expected wnen a method is
performect by a competent

314 QUALITY CONTROL SAMPLE %)C?B —As Iutron of me hod analytes of
nown concentratrons that I5 Used {010 n érm e matrix,
?btarned from a source externdl Aot anoy 0 and fferent from

tesourceo calibration standards, [t1s used to check laboratory performance
with externally prepared test meterials.

315 SURROGATE ANALYTE —An analyte added toa sample, which | ds ynlikely to
be our]d n.an le at sl nrfrcan% ?ncen fration, and wnich is adde ;rrec é
& Processin Broce ures

HUOt

asarrLrP é\l |n Nno Unts betore an
conducte measure Wlt the same roce uresu ed to me %Ot er sample
components. The purpose 0 the Surroga eana yte 1S to monitor metno

performance with éac sampe

316 STOCK STANDARD SOLUTION (S39) —Aconcentrated solution containin
one or ore met oda(rn gtes prepared In the laborafory using assayed referenc
materr als or purchase rom a reputable commercial source.

INTERFERENCES

Interferences %an be ?rvrded into three different cate orres direct
cromatogra IC coelution, where an ana erespon eSO sen/ed at ve nearIy
the s%me etention time a?]t etar%et anr% concentration ge Lpen dant coelution
which is observed wnen the response of higher than typical concentrations of the

300.1-5
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42

43

Fak overlap into the refention window oft Pe tar on and |on|c

nerghbonrég et
ﬁacter Ts ﬁement Where retent|0nt Ime max gnr |cant sh

ence 0 g |0Hrcsren h.matrices ﬂ der onte[rt or har ness
ove[ 03 ng exchange sites in the column and significantly shortening target
analyte's retention times,

411 drrec chroma hrc c%elutronm ay he solved chanl ?g columf

sren ent hor anic S vents tiple

oI mns etectron ) ms or Sﬁ% ere ova of

thernte ﬁrence wrt nt) re r}] Sample utronwr aveIrtte HO

effect, Tl aB st verrty that the %ha BS do notne atively arfect
performance by Tepeating an passrnga criteria In ctro 9

412 %amﬁrle Flrqut Qn may resolve some of th drffrcu|t|es Ifthe interference is
esu ert er concentration een ant coelution or fonic character
|s |acement. but it must be clarifie tat sample dr ution erI aIter ﬁour
rpum Reﬁ ? %ern l\/IRLI) apro or QN e%%rvaen fot i (?
E tJ tion, Thereforg, careful cons éje nof ectives st]ou
\ven prior to e orming such a dilttion, aerna eosamp
drI jon, may be dilution ofthe eluent as outlined in 119

413 Pretrea fmen cartndges can be effective as a means to eIrmrnate Certain
matrix |nt erences. Prior o usrng an retreaément the analyst should
0e aware that all Instrument calibratio sandﬁ Ibe pret eated|r]
exac tesame manner as t %pretreate Unknown i dsamﬁles The

%d Or these cartridges have eer] l%eatly recluced with recent advances
N Nigh capacity aniorrexchange co

4131 Extreme caution should be ex rcrsed n us the
pretreatment vaﬂ Ifacts are kno (ti chr
certarn cartn |c can oul the uar |ca

columns ausr loss of column ca | |n |cate

shortene?F retention times ang rrrerP ile resu ts

Frequently compare your calibratio nstandard chromatograms
to ﬂose 0¥(h t%lu n test chromatogram (recelved whg t]
column was purchased?] %rnsure P fr 5 aragon and similar
[esponse ratios between the target analytes IS observed.
Method int erferences (ay Re causer1 contaminants in the rea ent water,
e entsg sware, and other sample rocessrog garathr Ie%d t0 discrete
art Ifacts or elevated baseIrne% In an |0n chyomatogr 3e mé erences can
ead to false gosrtrve results %tar et analytes as well as reduced detection limits
85 a consequence of elevated baseling noISE.

amples that contain particles larger than 0.45 microns and reagent soltions that
contal g artrcres ar t’ thfrn 0.20 9nrcrons require filt %rPratron t0 pgevent damage to
Instrument columns and flow systems,

300.1-6
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44

45

46

anion that is.only weakly retaineg by the column may elute jn the refentio
my window % ry JN (!y otent |aﬂ ¥Berfere tA coﬁicentra l0nS ofﬁ‘uone
aove lSIng |S|nte erence may not e5|A f, NOWEYEr, ItlSt

re?ﬁpgs% rt&oft  USer to generate %recmon accUracy information In each

CIoFe attention sh?ul be given to the gotentlal Ior c?rrg Ter eaks from one
analysis which wil ?roRerii tectlorf] s of Interest In a second.
Su e(ﬂuenf]anal SIS Nﬁrma ution Qf sul at% retention tlmg of 138 min)
In IQ%GSI e end of 3 romaor?rﬁ)hlg run, Out, |n & 0zonated and chlorine
leXI e mafrices P ere | cII as part of the sin Ieoper tor accyracy and

See Table 2B), a small res one8200 nSfJ Ine nse Was 0bse e0|
orave }e eIutm Unknown peak (5 3 minutes. Conse uen
arun e ot 25 min tFSISfGO menﬁ oa ow te ereutlono
otentlw r\terferan ate peaks. If 15 the responsibill USfr ) COﬂfI[)
atno eeutwg Reaks av? ﬁarne OVer| toFsu 5 quen analysis thereoy
compromising the integrity of the analytical results

Any residual chlorine dioxide present in the sample will result in the formation of
;altiona] chiona i c% o

susgelgtne%l jntﬁ %rl?rt ana 5|? It any concentration 0 1

orme
L e

remains, T prior

andat tlmeo sam pq

gcstloﬁ cor¥ducte fo et ened|am|ne preservation

SAFETY

51

5.2

53

Th toxicity or carcin gemmtly acn [ agent used in this method have not been

fuldyestab sheg IF che ca ouId eregqh aEfapotem tial healt f]azda

? e é)osures ou wasreasor]abl¥ levable. ‘Cautions are Include

or known extremely azar 0US materials or proceares.

Each laboratory | res 0n3|ble for malntalnlng curren awaren és file of OSHA

regru tlonsr ar r;\%hes ndlln 0 thec emlca seurle In this metho
erence aerla afe DaaShe g ou |

d e m%ée ava Fgle
sonneilnvo Vea In the criemical ana y5| The preparation of a forma
panlsasoa |sab

Thef llowing chemicals have the potential to be highly toxic or hazardous,
consu? D% pa o

531 St1lfur|c ?md —\\Vhen used o preBared a 25 mN sulfuric acid re I\%en rant
solution Tor hemlcai suppression Using a Dionex Anion Micro Membrane
Suppressor EAMMS

300.1-7
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6.

17
EQUIPMENT AND SUPPLIES

6.1 Ion ohr 8mato raP (! ical system corpplet? With fon chromatogr gph and ll
Iredl accessaries, inclucing syringes, analytical columns, compresSed gasses

an a.c0n uct|V|ty detector,

6.1.1 Anion l%uard%lumri Diopex AG-HC, 2mm SP/ 2248), or
epuwa This C0 umn functions as a protect P separator column.

[Tomitted from the system the retention times will be shorter,

6.12 Anion se;i)aratorcolumn Diongx A 9HCcciIum8 m (P, 522442
a}re(#]uv& emlcroborehr‘ nh Was selecte mg velopment o
this metho asamean ent romateeumn an an
re lécete detection lim

optional col mn r4mm ma
used I comparable resolutlon o? eaﬁs S0 amaoln an(? he r%% |ren¥ents
of Sect. 9.0.canbe met, T ?hmmcoumn sing t connons
urO dageﬁ In Table lAand IB producedt e separation shown In Figures 1

6.121 Ifa4 mclumn |s mL|o oved the ectlonvolumeshouldbe
ra|sd actor of four t Part anions and 2

or a B anions in or ertoataln Co arabedetec |on

mits. A ? |d Increase In |nec |0n VO m compensam

or the four fold ncre emcros ectional surface area of the

4 mm standard bore column over the 2 mm microbore column.

6.1.2.2 Com arable resulscan beﬁ ttained usmgrthe Dlgnex AS9-HC,

gnowscrtsgc%rr?ﬁ] ! r%g ?nmr Orftolu nare di (P sp?ggelgl a|%|r?$evcvt||%n by

nerate sing a Dione Anlon Self Regenerat mg Suppr essor AS
% equivalent suppr ssor V|ce be ||zed oVl ed
com aranle detecti nllmltsar achieved Ian pduate base |nesab
a a| 8s measured ey ombing bas ne noise 0f no morethn
NS Per minuite over the background con UCtIVI

6131 The ASRS wass erform electrolytic stppression at a
current settin %?nAusn;% xy‘ ema é%%rceD | water
made. Insu C|ent baseling st tywasobserved using the
ASRS inrecycle mock.

6.14  Detector —Conductivi Dionex CD20 or equivalent) capable of
prowé?ng daaasrequr%ﬁel ge ! )

6.1.3 Anionsu Eressor device: The data #resented in this method were
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6.2

6.3

64

6.
6.6
6.7
6.8

6.9

The lonex Peaknet Data Chromatography Software was used to generate all the
ahall%tﬁe attaéh(? ?es Systems é}ﬁ%ya stri e11art reco []argc? Inteqrator or

e LS Shoul emonsite sty pocars DAl S 0

Analytical balance, +0.1 mg sensitivity. Used to accurately weigh target anale
salts)ﬁ)rso& andérd1 pre%ara tion. y Y WG [arget aaly

op loading balance, £10 mg sensitivity. Used to accurately weigh reagents to
e?)are elln%nts J v Y WG

Weigh boats, plastic, disposable - for weighing eluent reagents.
Syringes, plastic, disposable, 10 mL - used during sample preparation,

Pipets, Pasteur, plastic or glass, disposable, graduated, 5mL and 10 mL.
Bottlesh h density polyethylene (HDPE), opacue or glass, amber, 30 mL, 125
8"%' E grfr)] Iyn Xnds?r eo} F%gateion sgo?S utions. Opague or

am er due to the photoreactivity ot crlorite anion.

Micro beakers, plastic, disposable - used during sample preparation.

REAGENTS AND STANDARDS

11

12

13

ealﬂent water: Distilled or deionized water, free of the anions of interest. Water
should contain particles no larger than 0.20 microns.

Eluent solution Soglum carbonate éCASRN 497-1 82 90mM Dissolve 191
gsod|umcar onate (NaZ>03 In reagent water and dilute to 2 L

721 This eIuentsoI(LJ lonm dﬁtbegu ed for 10m|nuteSW|th %,lumpmrto
USe to remaove |sso ved ggse rHagl orm{mc#) ub sm
tCﬁm rtom|5|ng system pe rmancean versely effecting the mtegrlty of
e data

Stock dard solutlens 1 g/L 1 mo/mL

[purchasedascertl |ei1 solutions or re
Sjum or od|um salts as listed be

care ul consideration as outline eIowm7

731  Bromide ;Br) 1000 mo/L Dssolve01§8(? sodium bromice (NaBr,
CASRN 7647-15-6) IN'reagent water an Ite to 100 mL |na
volumetric flask.

? Stock standard soltﬁmns may
red from A rea%entg .
or most analytes. Chlorite requires

300.1-9
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132

133

134

135

136

131

138

119

romate (BrOp) 1000 mg/L: Dissolve 0.1180 g of é)flrum bromate

f‘ HC 78 8-0) Inreagent water and dlifute to 100mL Ina
volumetric tlask.
%hlora (C103 myL: Dissolve 0.1275 g fsofrium chlorate .
ﬁr?nleoﬁ CCI a% 77 5-09-9) In'reagent water‘and difute to 100 mL ina

L L

Chlorite %ClO 84’ Assyming an exact 8000/ NaC102|s
amper frica trtrate rom teconi Iﬂrade See Sect.
1.35.1). |sso el %? sodium chiorite NaClO CA?RN 17°8-
1921 reagen water and te to 100 mL ina volumetric flask

1351 ung/ sodium chlorite %NaCIO IS not currentIY
e i
E&% rrI %)ut rth Bor rntensrvegn ti epconsumrn Caﬂae
Implest apProac IS to determine the exact c( o NaC usrﬂg
the Tocome rr8trt ation Proce ure (tStan ard Metho IS 19t
Ed., 4500-C102C). FoI owrn titra nan |n v ua
P gonentsand go chlorite must be 3/ ed o eternme
here 1s an srgnr icant contamrnatron re ter than 1%0
chIonewe trnthe echnrcal rade ch onesandard fr
onen ese contamrnan ace
bras on tron ofthe other an nsr ur Part
go ents are mrxe rnancombrne c ration so utron
‘ ese other anions are present as contamrnans a Separate
chlorite caIr ration needs to e performed.

FIuorrde(] 1000 ma/L: Drssolve02210ﬂsodrum fluoricle (NaF,

CASRN /681-49-4) Tn reagent water and affute to 100mL ina

volumetric flask.

Nrtrate N03N 1 L Dissolve 0.6068 g sodium nitrate (NaNOj,
Eggogrre entwaterandd(r)lueo 100 Ltr e (NG

volumetnc

Nitrite (NO'2N) 1000 mo/L: Dissolve 0.4926 g sodium nitrite (NaNO

CASRN /632- 80 (()))O(r)nr agent water and fut to 100 mL in ( 2

volumetric flask.

300.1-10



8.

120
139 Phos§ha %POLBFQ 200 L: D|ssolve043948pota35|um

0genph CASRN 7778-77-0) In reagent water
3’ r |ute t 108le vqumetrl P Nk J

7310 Sulfate (S04 IL: Dlssolve01 otassium sulfate (K204
\(/:ol uSnFaee’\Fn?c? 0009?3 eagent water an u%) to 100 mLuma

NOTE: Stagnh%/ of standards S ock standards (7. ?? for most amons are
h or at least 6 mn aiarefd c\elﬁg for the

orlte ndar |c |so e for two we ntored

prot ct rom t4c a nitrite an os ate care only

E eorlmon en stored at 4°c. or ng 5 ards

ould b epre ared monthly, exc g%t oset nta]l orite, or

nitrite and'ph sphaewhlc shou eprepared resh daily.

14 Wylene amine (EDA) preservation solution, 100 mg/m Dilute 2.8 mL of
etnylenediamine 9/o ASRN 107-15> 35 0 25 mL with reagent water,
Prépare fresh mo th

15 Surrogatg %OMIOH 0.50.mg/mL d|chlor etate ISDCA preeared%dmolvm
9 ic Ioroace IC acia %otassmm salt f b59-59 2)q
reagent water and dilute to"200 mL in a volumetric fIas

751 chhloro tate |s ote t|aI res nt in treated ankmg Wﬁt&% the

cetate sm roduct, dichloroacetic aci
a%wor ﬂ¥ wo concentratlon ¥ ﬁAraref exceg

st eexam ewou [epre non afive ercent
mcrease In the o se caiires 0nSe Qver t he ified concentration of 1
9 onseguent% % [teria for acc a0le rec ve

for the surrogate is Weighted to 115%1o owfort 15 ffot
background

1,52 Prepare this solution fresh every 3 months or sooner if signs of
degradation are present.

SAMPLE COLLECTION. PRESERVATION AND STORAGE

81 Sample ho |d be collected in plastic or Iassbottles All bottles must be
%rg ?1 cleaned and nnsed \}\J/Ifﬁ rea ter. Volume conecteds %ﬂd be
SUFficIen (Jnsurearepresen tlve ea ow for replicate analysis, |
required, and minimize waste Qisposal.

8.2 Special sampling requirements and precautions for chlorite.

821  Sample bottles used for chlorite analysis must be opaque to protect the
sample fromﬁlgH 4 P

90% to 115%
ntlzgl 08
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83

84

85

8.6

822 \When prﬁ %rm[g the |_FM e aware that chlorite | |sra oxidant and may
reactW| ?tur oganic matter | r}untreate rInKIng w ter

crﬁ e a0 ol e | HETE B o
? (fon o this demand1 d ry dl cedc fonte recoverlespmay%/e

onServe

% re ervatio nd holding times for the anions that can be determined by
this et od are as o OW:

PART A : Common Anions . L

Analvt Preservatiqn Hol mg Time
B?mle None require 28 0

E orlge INone requre 28 0ays
Liorice Nonf require 28 0ays
Nitrate-N Coo| to 4°¢ 48 nours
Nitrite-N Coo| to 4°c 4% ours

ort oPhosphateP (00| to4°c 43 hours
Sulfa Cool to4°c 28 (ays
PAFfTB: Inorganic Disinfection Bv-nroduicts o

Analvie Preservation Holding Time
Bromaé 50 mo/L EDA 28 0
Bromide INone required 28 0ays

Cn orate 50 mo/L EDA 28 gas
Chlorite 50 mo/L EDA, Cool to4c 14 0ays

V\/her] coIIecthg a samﬁle from & treat men Iant ergploxmrﬂ chloripe d|0X|de
sam;l)emus e sparced with an inert gas (hellum g trogen) prior to

addition of the EDA preservative attl eo sample collection,

All four anions, In Part B, can be nalxzed Inasam &Ie matrix which has been
resenveq wit E dd Su de volyme of f greser\fatlor}]solu |o[1
Sect. 7.4) sucht éthe Ina concentratlon 15 50 mgy/L. In the sample ?

Sg rﬁgllélv alent to aading 0.5 mL of the EDAprese tlon solution olLo

DA is primari sed serva \ve for chlorite, Chlorite is susceptible to
Ee radation both t rou horm e}/t V\%reactlonsvw dlssoR/ed Iron sats gnd)

o sﬁéee o 5|'§ua?d?sm?%td°% °R”s%a"é§ Qd??“'dﬁﬁ%se
or ¢ mgwon vveIIasanK er cafa

reservatlve orte
est Lctive me fal C%IOHS and removing thlonte lon oy
also presg e?te

g/goch 0rous a d
ormm ano anoc ro mine, EDA é)r ervation ofc or
ﬁ orate mcreas rese rved s es as result o
d?on EDA so serv st |nt rll% omaec ncen];ratlo
|n mg chis

ypobromous ypo romite a0 ermedits formed
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roduct ofthe eactr n of either azone or hypochlorous acid/hypochlorite
wrtw b mrde ion. g/po ro ou acra %rom?te 15 not removedyP om the
matrix urther reaction may ormbromat ron

8.7 De radatron fortho ateh bee obg n/eg In Sam es held at roo
er ure or over e3A ere ore esto ealnza yzed for
g sphate must no at roorn temperat ure ore than

cumu tive hours,

QUALITY CONTROL

91 Each laboratory usrng this method I ro re%urred t0 operate a formal qu ?Irty control
C Rro%ram P equirements of thi progra consist 0 a[t Initja
emo of tron abora ogr pertormance, and su se ue t analysis In each

ana srs atc Sect 31 fala orato Rea an La ralo Fortified

% Inst rum mance Check Standard. calibra ronh ndards

La or tory Forti red Sam e Matrices LFM ande er Fiel Laborato or

) [pecrfrc require ents for

LFM Icate sam ses Thr sec 10
each &ese(% g ametef aha orat rs required {0 maintain performance
records that define the qua tyoft e datat are 8enerated

92  INITIAL DEMONSTRATION OF PERFORMANCE

921 The initial demonstratio é) gerformanceigs used to c}naract]erhze
rns umentz or ance? etermination of accuracy throu earsa SIS

boratory performance (etermination ot MDLS) prior
0 perfC%mr 0 ana /53 E)yr){tPs method.

22 Gl e SO Mgt et
cglr?)%t?on Saﬂ(?srdf dl ?% et Ie l? Hument %te ormance WI'[H £
repar lOﬂ and ana es 0l d the determined concentratrons dr

Ste flacce ta e source of the problem must
entr orrected efoeer er pro(ieedrn wit ?rnrtral
etermrna lon of MDLS or continuing with on-going analyses

923 ‘hod Detection Limit %MDt(g Ak;DLs must he established for all

ot W J hem t?to ol ue the stated ?ues |oerformanoe ofthe o‘etermrnatB/e

es, Usin reaoentw ter (Blank) fortitied at]aoo entraéron of three
etr est estima rns ument etectron Imit etermine
DL Val ues take Seven re rcate quoso efort Ified rea ntwater
and Process throuch the en }/trca method over at ast
ate daP/s Perform aIIc cu at ons.define rn emet an report
Pt concentration values in't eapproprrate units, Calculate the MDL s

MDL =) x( )
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where, t= dent's t value for a 99% confidence level and a
standard deviation estimate with -1 degrees of freedom
[t = 3.14 for seven replicates).
= standard deviation of the replicate analyses.

9.23.1  MDLs should be determined every 6 months, when a new
operator begins work or whenever there is a significant change
in the background, or instrument response.

9.3 ASSESSING LABORATORY PERFORMANCE

931

9.3.2

Laboratory Reagent Blank (LRBL—The laboratory must analyze at least
one LRB with each analysis batch (defined Sect 3.1). Data produced are
used to assess contamination from the laboratory environment. Values
that exceed the MDL indicate laboratory or reagent contamination should
be sluspected and corrective actions must be taken before continuing the
analysis.

9.3.1.1  Ifconducting analysis for the Part B anions, EDA must be
added to the LRB at 50 mg/L. By including EDA in the LRB,
any bias as a consequence of the EDA which may be observed
in the field samples, particularly in terms of background
contamination, will be identified.

Laboratory Fortified Blank (LFB) —The LFB should be prepared at
concentrations similar to those expected in the field sam Fles and ideally at
the same concentration used to prepare the LFM. Calculate accuracy as
percent recovery (Sect. 9.4.1.3). Ifthe recovery of any analyte falls
outside the required concentration dependant control limits (Sect.
9.3.2.2), that analyte is judged out of control, and the source of the
problem should be identified and resolved before continuing analyses.

9.3.2.1  Ifconducting analysis for the Part B anions, EDA must be
added to the LFB at 50 mg/L. The addition of EDA to all
reagent water prepared calibration and quality control samples
IS required not as a preservative but rather as a means to
normalize any bias attributed by the presence of EDA in the
field samples.

9.3.2.2  Control Limits for the LFB

Concentration range Percent Recovery Limits
MRL to IOXMRL 15-125%
|OXMRL to highest calibration level 85 - 115 %
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9.3.3

9.3.2.2.1 These control limits only apply if the MRL is established within
a factor of 10 times the MDL. Otherwise, the limits are set at
85% to 115%.

9.3.2.3  The laboratory must use the LFB to assess laboratory perfor-
mance against the required control limits listed in 9.3.2.2.
When sufficient internal performance data become available
(usually a minimum of 20-30 analyses), optional control limits
can be developed from the percent mean recovery (x) and the
standard deviation ( gofthe mean recovery. These data can
?e”used to establish the upper and lower control limits as
ollows:

UPPER CONTROL LIMIT = X+ 3
LOWER CONTROL LIMIT =X-3

The optional control limits must be equal to or better than
those listed in 9.3.2.2. After each five to ten new recovery
measurements, new control limits can be calculated using only
the most recent 20-30 data points. Also, the standard
deviation ( ) data should be used to establish an on-going
precision statement for the level of concentrations monitored.
These data must be kept on file and be available for review.

Instrument Performance Check Solution (EPC) —The Initial Calibration
Check Standard is to be evaluated as the instrument performance check
solution in order to confirm proper instrument performance. Proper
chromatographic performance must be demonstrated by calculating the
Peak Gaussian Factor (PGF), which is a means to measure peak
symmetry and monitoring retention time drift in the surrogate peak over
time. Critically evaluate the surrogate peak in the initial calibration check
standard, and calculate the PGF as follows,

183 X (10)

where:  (1/2) is the peak width at half height
(1/105) is the peak width at tenth height

9.3.3.1  The PGF must fall between 0.80 and 1.15 in order to
demonstrate proper instrument performance.

9.3.3.2 The retention time for the surrogate in the IPC must be closely
monitored on each day of analysis and throughout the lifetime of
the analytical column. Small variations in retention time can be
anticipated when a new solution of eluent is prepared but if
shifts of more than 2% are observed in the surrogate retention
time, some type of instrument problem is present. Potential
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problems include improperly prepared eluent, erroneous method
parameters pro%ramme such as flow rate or some other system
problem. The chromatographic profile (elution order) of the
target anions following an ion chromatographic analysis should
closely reglicate the profile displayed in the test chromatogram
that was shipped when the column was purchased. As a column
ages, it is normal to see a gradual shift and shortening of
retention times, but if after several years of use, extensive use
over less than a Kear, or use with harsh samples, this retention
time has noticeanly shifted to any less than 80% of the original
recorded value, the column may require cleaning or
replacement. Particularly if resolution problems are beginning
to become common between previously resolved peaks. A
laboratory must retain a historic record of retention times for
the surrogate and all the target anions to provide evidence of an
analytical columns vitality.

94 ASSESSING ANALYTE RECOVERY AND DATA QUALITY

94.1

Laboratory Fortified Sample Matrix (LFM) —The laboratory must add a
known amount ofanalﬁ e to aminimum of 10% of the field samples
within an analysis batch. The LFM sample must be prepared from a
sample matrix which has been analyzed prior to fortification. The analyte
concentration must be high enough to be detected above the original
sample and should adhere to the requirement 0f 9.4.1.2. Itis
recommended that the solutions used to fortify the LFM be prepared
from the same stocks used to prepare the calibration standards and not
from external source stocks. This will remove the bias contributed by an
externally prepared stock and focus on any potential bias introduced by
the field sample matrix.

9.4.1.1 Ifthe fortified concentration is less than the observed
background concentration of the unfortified matrix, the
recovery should not be calculated. This is due to the difficulty
in calculating accurate recoveries of the fortified concentration
when the native sample concentration is so high.

9.4.1.2 The LFM should be prepared at concentrations no greater than
five times the highest concentration observed in any field
sample. Ifno analyte is observed in any field sample, the LFM
must be fortified no greater than five times the lowest
calibration level which as outlined in 12.2 is the minimum
reported level (MRL). For example, if bromate is not detected
in any field samPIes above the lowest calibrations standard
concentration of 5.00 Ug/L, the highest LFM fortified
concentration allowed is 25.0 Ug/L.
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9.4.2

94.13

9.4.1.4

94.15

Calculate the percent recovery for each analyte, corrected for
concentrations measured in the unfortified sample. Percent
recovery should be calculated using the following equation:

R=-QC-X100

where, percent recovery.

fortified sample concentration

sample background concentration

= concentration equivalent of analyte added to

sample.

(_)(_)m

w
nooq

Until sufficient data becomes available (usually a minimum of 20
to 30 analysis), assess laboratory performance against recovery
limits of 75 to 125%. When sufficient internal performance data
becomes available devel(g) control limits from percent mean
recqverr and the standard deviation of the mean recovery. The
optional control limits must be equal to or better than the
required control limits of 75-125%.

If the recovery of any analyte falls outside the designated LFM
recovery range and the laboratory performance for that analyte
is shown to be in control (Sect. 9.3), the recovery problem
encountered with the LFM is judged to be matrix induced and
the results for that sample and the LFM are reported with a
“matrix induced bias” qualifier.

SURROGATE RECOVERY — Calculate the surrogate recovery from all
analyses using the following formula

where,

9421

9.4.2.2

SRC
SFC

x 100

R = percent recovery. .
SRC = Surrogate Recovered Concentration
SFC = Surrogate Fortified Concentration

Surrogate recoveries must fall between 90-115% for proper
instrument performance and analyst technique to be verified. The
recovery of the surrogate is slightly bias to 115% to allow for the
Eotential contribution of trace levels of dichloroacetate as the

alogenated organic disinfection by-product (DBP) dichloroacetic
acid (DCAA) Background levels of this organic DBP are rarely
observed above 50 Ug/L (0.05 mtg/L) which constitutes only 5%
of the 1.00 mg/L recommended fortified concentration.

If the surrogate recovery falls outside the 90-115% recovery
window, a analysis error is evident and sample reanalysis is
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943

9.4.4

9.4.5

9.4.6

127

required. Poor recoveries could be the result of imprecise sample
injection or analyst fortification errors.

FIELD OR LABORATORY DUPLICATES ~ The laboratory must
analyze either a field or a laboratory duplicate for a minimum of 10% of the
collected field samples or at least one with every analysis batch, whichever
Is greater. The sample matrix selected for this duplicate analysis must
contain measurable concentrations of the target anions in order to establish
the precision of the analysis set and insure the quality of the data. 1fnone
of the samFIes within an analysis batch have measurable concentrations, the
LFM should be employed as a laboratory duplicate.

9.43.1 Calculate the relative percent difference (RPD) of the initial
quantitated concentration (Ic) and duplicate (1uant|tated
concentration (D¢ using the following formula,

fle-Dc)

RPD = — ~— X 100
([1c + DJI2)

9.4.3.2 Duplicate analysis acceptance criteria

Concentration range RPD Limits
MRL to 10xMRL +- 20 %
10xMRL to highest calibration level +- 10 %

9.4.3.3 Ifthe RPD fails to meet these criteria, the samples must be
reported with a 3ualifier identifying the sample analysis result as
yielding a poor duplicate analysis RPD. This should not be a
chronic problem and if it frequently recurs (>20% of duplicate
analysesg) it indicates a problem with the instrument or individual
technique.

Where reference materials are available, they should be analyzed to provide
additional performance data. The analysis of reference samples is a
valuable tool for demonstrating the ability to perform the method
acceptably.

In recognition of the rapid advances occurring in chromatography, the
analyst 1s permitted certain options, such as the use of different columns,
injection volumes, and/or eluents, to improve the separations or lower the
cost of measurements. Each time such modifications to the method are
made, the analyst is required to repeat the procedure in Sect. 9.2 and
adhere to the condition of baseline stability found in Sect. 1.2.1.

It is recommended that the laboratory adopt additional quality assurance
practices for use with this method. The specific practices that are most
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productive depend upon the needs of the laboratory and the nature of the
samples. Whenever possible, the laboratory should perform analysis of
quality control check samples and participate in relevant performance
evaluation sample studies.

10. CALIBRATION AND STANDARDIZATION

10.1

10.2

10.3

Establish ion chromatographic operating parameters equivalent to those indicated
|n|TabIes 1A or 1B if employing a 2 mm column, Table 1C if employing a4 mm
column.

Estimate the Linear Calibration Range (LCR) —The LCR should cover the
expected concentration range of the field samples and should not extend over
more than 2 orders of magnitude in concentration (For example, if quantitating
nitrate in the expected range of 1.0 mg/L to 10 mg/L, 2 orders of magnitude
would permit the minimum and maximum calibration standards of 0.20 mg/L and
20 mg/L, respectively.) The restriction of 2 orders of magnitude is prescribed
since beyond this it is difficult to maintain linearity throughout the entire
calibration range.

10.2.1 If quantification is desired over a Iaré;er range, then two separate
calibration curves should be prepared.

10.2.2 For an individual calibration curve, a minimum of three calibration
standards are required for a curve that extends over a single order of
magnitude and a minimum of five calibration standards are required if the
curve covers two orders of magnitude. (For example, using the nitrate
example cited above in section 10.2, but in this case limit the curve to
extend only from 1.0 mg/L to 10 mg/L or a single order of magnitude. A
third standard is re?uired somewhere in the middle of the range. For the
calibration range of 0.20 mg/L to 20 mg/L, over two orders of
magnitude, five calibrations standards should be employed, one each at
the lower and upper concentration ranges and the other three
proportionally divided throughout the middle of the curve.)

Prepare the calibration standards by carefullr adding measured volumes of one or
more stock standards (7.3) to a volumetric flask and diluting to volume with
reagent water.

10.3.1 For the Part B anions, EDA must be added to the calibration standards at
50 mg/L. The addition of EDA to all reagent water prepared calibration
and quality control samples is required not as a preservative but rather as
a means to normalize any bias attributed by the presence of EDA in the
field samples.

10.3.2 Prepare a 10.0 mL aliquot of surrogate fortified calibration solution
which can be held for direct manual injection or used to fill an
autosampler vial. Add 20 uL of the surrogate solution (7.5) to a 20 mL
disposable plastic micro beaker. Using a 10.0 mL disposable pipet, place

300.1-19



129

exactly 10.0 mL of calibration standard into the micro beaker and mix.
The calibration standard is now ready for analysis. The same surrogate
solution that has been employed for the standards should also be used in
the section 11.3.2 for the field samples.

10.4 Using a2 mm column, inject 10 uL (Part A) or 50 uL (Part B) of each calibration

10.5

standard. Using a4 mm column, inject 50 uL (Part A) or 200 uL (Part B) of each
calibration standard. Tabulate peak area responses against the concentration.

The results are used to prepare calibration curves using a linear least squares fit
for each analyte. Acceptable calibration curves are confirmed after reviewing the
curves for linearity and passing the criteria for the initial calibration check
standard in section 10.5.1. Alternately, if the ratio of response to concentration
(response factor) is constant over the LCR (indicated by < 15% relative standard
deviation gRSD), linearity through the ori?in can be assumed and the average
ratio or calibration factor can be used in place of a calibration curve,

10.4.1 Peak areas are strongly recommended since they have been found to be
more consistent, in terms of quantitation, than peak heights. Peak height
can tend to be supﬁressed as aresult ofhigh levels of common anions in a
given matrix which can compete for exchange sites. Using peak areas, it
IS the analyst responsibility to review all chromatograms to insure
accurate baseline integration of tar?et analyte Eeaks since poorlﬁ drawn
baselines will more significantly influence peak areas than peak heights.

Once the calibration curves have been established they must be verified prior to
conducting any sample analysis using an initial calibration check standard (3.2.2).
This verification must be performed on each analysis day or whenever fresh eluent
has been prepared. A continuing calibration check standard (3.2.3) must be
analyzed after every tenth sample and at the end of the analysis set as an end
calibration check standard (3.2.4). The response for the initial, continuing and end
calibration check must satisfy the criteria listed in 10.5.1. 1f during the analysis set,
the response differs by more than the calibration verification criteria shown in
10.5.1., or the retention times shift more than + 5% from the expected values for
any analyte, the test must be repeated, using fresh calibration standards. 1fthe
results are still outside these criteria, sample analysis must be discontinued, the
cause determined and/or in the case of drift, the instrument recalibrated. All
samples following the last acceptable calibration check standard must be
reanalyzed.

10.5.1 Control limits for calibration verification

Concentration range Percent Recovery Limits
MRL to 10xMRL | T
|OXMRL to highest calibration level .

10.5.1.1 These control limits only apply ifthe MRL is established within
a factor of 10 times the MDL. Otherwise, the limits are set at
85% to 115%.
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10.5.2 CALIBRATION VERIFICATION REQUIREMENT FOR PART B
As a mandatory requirement of calibration verification, the laboratory
MUST verify calibration using the lowest calibration standard as the
initial calibration check standard.

10.5.3  After satisfying the requirement of 10.5.2, the levels selected for the other
calibration check standards should be varied between a middle calibration
level and the highest calibration level.

PROCEDURE

111

11.2

113

114

115

Tables 1A and IB summarize the recommended operating conditions for the ion
chromato%raph. Included in these tables are estimated retention times that can be
achieved by this method. Other columns, chromatographic conditions, or
detectors may be used if the requirements of Sect. 9.2 are met.

(igeck system calibration daily and, if required, recalibrate as described in Sect.

Sample Preparation

11.3.1 For refrigerated or samples arriving to the laboratory cold, ensure the
samples have come to room temperature prior to conducting sample
analysis by allowing the samples to warm on the bench for at least 1 hour.

11.3.2 Prepare a 10.0 mL aliquot of surrogate fortified sample which can be held
for direct manual injection or used to fill an autosampler vial. Add 20 uL
of the surrogate solution (7.5) to a 20 mL disposable plastic micro beaker.
Using a 10.0 mL disposable pipet, place exactly 10.0 mL of sample into
the micro beaker and mix. Sample is now ready for analysis.

11.3.2.1 The less than 1% dilution error introduced by the addition of the
surrogate is considered insignificant.

Using a Luer lock, plastic 10 mL syringe, withdraw the sample from the micro
beaker and attach a 0.45 um particulate filter (demonstrated to be free of ionic
contaminants) directly to the syringe. Filter the sample into an autosampler vial
(Ifvial is not designed to automaticall fiIterR or manually load the injection loop
Injecting a fixed amount of well mixed sample. If using a manually loaded
injection loop, flush the loop thoroughly between sample analysis using sufficient
volumes of each new sample matrix.

Using a2 mm column, inject 10 uL EPart A; or 50 uL (Part B) of each sample.
Usingi a4 mm column, inject 40 uL (Part A) or 200 uL (Part B) of each sample.
Tabulate peak area responses against the concentration. During this procedure,
retention times must be recorded. Use the same size loop for standards and
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11.8

11.9

131

samples. Record the resulting Feak size in area units. An automated constant
volume injection system may also be used.

The width of the retention time window used to make identifications should be
based upon measurements of actual retention time variations of standards over the
course of a day. Three times the standard deviation of a retention time can be
used to calculate a sngested window size for each analyte. However, the
experience of the analyst should weigh heavily in the interpretation of
chromatograms.

[fthe response of a sample analyte exceeds the calibration range, the sample may
be diluted with an appropriate amount of reagent water and reanalyzed. [fthis is
not possible then three new calibration concentrations must be employed to create
a separate high concentration curve, one standard near the estimated
concentration and the other two bracketing around an interval equivalent to +
25% the estimated concentration. The latter procedure involves significantly
more time than a simple sample dilution therefore, it is advisable to collect
sufficient sample to allow for sample dilution or sample reanalysis, if required.

Shifts in retention time are inverselz proportional to concentration. Nitrate,

phosphate and sulfate will exhibit the greatest degree of change, although all
anions can be affected. In some cases this peak migration may produce poor
resolution or make peak identification difficult.

Should more complete resolution be needed between any two coeluting peaks, the
eluent (7.2) can be diluted. This will s[)read out the run, however, and will cause
late eluting anions to be retained even longer. The analysts must verify that this
dilution does not negatively affect performance by repeating and passing all the QC
criteria in Section 9. As a specific precaution, upon dilution of the carbonate
eluent, a peak for bicarbonate may be observed within the retention time window
for bromate which will negatively impact the analysis.

11.9.1  Eluent dilution will reduce the overall response of an anion due to
chromatographic band broadening which will be evident by shortened
and broadened peaks. This will adversely effect the MDLs for each
analyte.

12. DATA ANALYSIS AND CALCULATIONS

12.1

12.2

Preiare a calibration curve for each analyte by plotting instrument response, as
peak area, against standard concentration. Compute sample concentration by
comparing sample response with the standard curve. 1fa sample has been
diluted, multiply the response by the appropriate dilution factor.

Report ONLY those values that fall between the lowest and the highest
calibration standards. Samples with target analyte responses exceeding the
highest standard should be diluted and reanalyzed. Samples with target analytes
identified but quantitated below the concentration established by the lowest
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ER‘A"F?[E‘)“O” standard should be reported as below the minimum reporting limit

12.3 Report results for Part A anions in mg/L and for Part B anions in Ug/L.

124 Report NO02'asN
NO3 asN
HPO4 asp
Br' in mg/L when reported with Part A
Br' in Ug/L when reported with Part B

METHODS PERFORMANCE

13.1 Tables 1A, IB, and 1C give the single laboratory (OW OGWDW TSC-
Cincinnati) retention times, standard conditions and MDL determined for each
anion included in the method. MDLs for the Part A anions were determined in
reagent water on the 2 mm column (Table 1A). MDLSs for the Part B anions were
conducted not only in reagent water but also a simulated high ionic strength water

HIW) on the 2 mm cqumnéTabIe IB) and in reagent water on the 4 ram column
Table 1C). HIW is designed to simulate a high ionic strength field sample. It
was prepared from reagent water which was fortified with the common anions of
chloride at 100 mg/L, carbonate at 100 mg/L, nitrate at 10.0 m?/L as nitrogen,
phosphate at 10.0 mg/L as phosphorous, and sulfate at 100 mg/L.

132 Tables 2A and 2B give the single laboratory (OW OGWDW TSC-Cincinnati)
standard deviation for each anion included in the method in a variety of waters for
the standard conditions identified in Table 1A and IB, respectively.

133 Tables 3A and 3B shown stability data for the Part A and B anions, resFectiver.
Each data point in these tables represent the mean percent recovery following
triplicate analysis. These data were used to formulate the holding times shown in
Sect. 8.3.

14, POLLUTION PREVENTION

141 Pollution prevention encompasses any technique that reduces or eliminates the
quantity or toxicity of waste at the point of generation. Numerous opportunities
for pollution prevention exist in laboratory operation. The EPA has established a
preferred hierarchy of environmental management techniques that places pollution
Frevention as the management option of first choice. Whenever feasible,
aboratory personnel should use pollution prevention techniques to address their
waste generation. When wastes cannot be feasibly reduced at the source, the
Agency recommends recycling as the next best option.

142 Quantity of the chemicals purchased should be based on expected usage during its

shelf life and disposal cost of unused material. Actual rea_?lentpreparation
volumes should reflect anticipated usage and reagent stability.
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143 For information about pollution prevention that may be applicable to laboratories

and research institutions, consult "Less is Better: Laboratory Chemical
Management for Waste Reduction," available from the American Chemical
Society's Department of Government Regulations and Science Policy, 1155 16th
Street N.W., Washington D.c. 20036,

(202) 872-4477.

15, WASTE MANAGEMENT

151 The Environmental Protection Agency requires that laboratory waste

management practices be conducted consistent with all applicable rules and
regulations. Excess reagents, samples and method process wastes should be
characterized and disposed of in an acceptable manner. The Agency ur(fes
laboratories to protect the air, water, and land by minimizing and controlling all
releases from hoods and bench operations, complying with the letter and spirit of
any waste discharge permit and regulations, and by complying with all solid and
hazardous waste regulations, particularly the hazardous waste identification rules
and land disposal restrictions. For further information on waste management
consult the "Waste Management Manual for Laboratory Personnel," available
from the American Chemical Society at the address listed in Sect. 14.3.
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17. TABLES. DIAGRAMS. FLOWCHARTS AND VALIDATION DATA

TABLE 1A. CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION
LIMITS INREAGENT WATER FOR THE COMMON ANIONS (PART

A

ANALYTE
Fluoride

Chloride

Nitrite-N
Surrogate: DCA
Bromide

Nitrate-N
ortho-Phosphate-P
Sulfate

Standard Conditions:

lon Chromatograph:
Columns

Detector:
Suppressor:

Eluent:

Eluent Flow:
Sample Loop:

System Backpressure:
Background Conductivity:

PEAK # (0
1

co N o o1 B ow P

Dionex DX500

RETENTION TIME
(MIN.)

2.53
4.67
6.01
1.03
8.21
9.84
11.98
13.49

Dionex AG9-HC / AS9-HC, 2 mm
Suppressed Conductivity Detector, Dionex CD20
ASRS-1, external source electrolytic mode, 100 mA current
9.0 MM NaX’ 03

0.40 mL/min
10 uL

2800 psi
22 uS

Recommended method total analysis time: 25 minutes

(1) See Figure 1
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MDL DETERMINATION

1Fort Cone,
mg/L

0.020
0.020
0.010

0.040
0.010
0.040
0.040

Number
of
Replicates

!
!
!

P Y T N |

mg/L
0.009
0.004
0.001

0.014
0.008
0.019
0.019
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TABLE 1B.  CHROMATOGRAPHIC CONDITIONS AND METHOD
DETECTION LIMITS IN BOTH REAGENT WATER AND HIGH
|ONIC STRENGTH WATER FOR THE INORGANIC
DISINFECTION BY-PRODUCTS (PART B).

MDL DETERMINATION
Fort Number rSI | HIW<2> |

RETENTION 1 Cone, of MDL

ANALYTE PEAK#0» TIME Ug/L  Replicates ug/lL 1 ug/L
(MIN.) 1

Chlorite 1 3.63 2.00 1 089 1 045
Bromate 2 419 2.00 7 144 1 128
Surrogate: 4 1.28
DCA
Bromide 5 8.48 2.00 7 144 251 1
Chlorate 6 9.28 1 2.00 1 1311 078 1
Standard Conditions:
lon Chromatograph: ~ Dionex DX500
Columns : Dionex AG9-HC / AS9-HC, 2mm
Detector: Suppressed Conductivity Detector, Dionex CD20
Suppressor: ASRS-1, external source electrolytic mode, 100 mA current
Eluent: 9.0 mM Na2C03
Eluent Flow: 0.40 mL/min
Sample Loop: 50 uL

System Backpressure: 2800 psi
Background Conductivity: 22 US

Recommended method total analysis time: 25 minutes

(1) See Figure 2 and 3

(2)  HIW indicates High lonic Strength Water which is a simulated drinking water prepared
from reagent water and fortified with chloride at 100 mg/L, carbonate at 100 mgiL,

nitrate at 10.0 mg/L as nitrogen, phosphate at 10.0 mg/L as phosphorous, and sulfate at
100 mg/L.
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TABLE 1C.  CHROMATOGRAPHIC CONDITIONS AND METHOD
DETECTION LIMITS IN REAGENT WATER FOR THE
INORGANIC DISINFECTION BY-PRODUCTS USING AN
ALTERNATE 4 mm AS9-HC COLUMN (PART B).

MDL DETERMINATION

I'. Fort ~ Number Z
RETENTION Cone, of

ANALYTE PEAK# TIME UglL  Replicates ug/L
(MIN.) 1
Chlorite 1 4.43 2.00 ! 1.44
Bromate 2 5.10 2.00 ! 1.32
Surrogate: 4 8.82
DCA ;
Bromide 5 10.11 2.00 7 0.98
Chlorate 6 10.94 2.00 7 2.55
Standard Conditions:
lon Chromatograph: ~ Dionex DX500
Columns : Dionex AG9-HC / AS9-HC, 4 mm
Detector: Suppressed Conductivity Detector, Dionex CD20
Suppressor: ASRS-I, external source electrolytic mode, 300 mA current
Eluent: 9.0 mM Nax 03
Eluent Flow: 1.25 mL/min
Sample Loop: 200 uL

System Backpressure: 1900 psi
Background Conductivity: 21 uS

Recommended method total analysis time: 25 minutes
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%Wm%ﬁ SINGLE-OPERATOR PRECISION AND RECOVERY FOR THE 138

ANIONS (PART A).
UNFORT  FORT

MATRIX  CONC MEAN MEAN
ANALYTE ~ MATRIX COI\/IC, mg/L AcC mg/lL  %REC SD(n-l) %RSD
mg/L
Fluoride RW <MDL()  2.00 9 1.79 89.7 0.02 1.18
0.139 2.00 9 175 80.4 0.01 0.56
GW 0.280 2.00 9 1.97 84.3 0.02 0.85
COW 0.807 2.00 9 2.59 89.0 0.01 0.46
Chloride RW 0.029 50.0 9 49.4 98.7 0.03 0.10
121 50.0 9 58 7 93@ 0.04 0.10
GW 56.6 50.0 9 100. - 0.22 0.22
coOwW 16.0 50.0 9 64.9 97.8 0.11 0.16
Nitrite-N RW <MDL 1.00 9 0.851 85.1 0.00 0.51
<MDL 1.00 9 0.780  78.0 0.00 0.40
GW 0.013 1.00 9 0879  86.6 0.01 0.77
cbw <MDL 1.00 9 0720 720 0.00 0.55
Bromide RW <MDL 0.500 9 0480 961 0.00 0.92
0.028 0.500 9 0469  88.1 0.00 0.94
GW 0.153 0.500 9 0634  96.3 0.00 0.52
cbw <MDL 0.500 9 0.431 86.2 0.01 1.28
Nitrate-N RW <MDL 10.0 9 9.50 95.0 0.01 0.14
2.12 10.0 9 10.9 87.7 0.03 0.30
GW 0.016 10.0 9 9.64 96.3 0.03 0.27
COwW 1.64 10.0 9 10.9 92.4 0.04 0.41
Phosphate-P RW <MDL 10.0 9 9.62 96.2 0.01 0.14
<MDL 10.0 9 8.70 87.0 0.02 0.18
GW <MDL 10.0 9 6.12 61.2 0.28 4.66
cbw <MDL 10.0 9 9.15 91.5 0.04 0.42
Sulfate RW <MDL 50.0 9 44.8 89.5 0.05 011
47.8 50.0 9 92.1 88. 0.21 0.23
GW 105 50.0 9 154 " a 0.60 0.39
Ccow 57.8 50.0 9 105 — 0.33 0.32
Surrogate: RW - 5.00 9 5.12 102.3 0.50 0.49
- 5.00 9 5.09 102.3 1.12 1.09
GW - 5.00 9 5.16 101.8 0.67 0.66
COW 5.00 9 5.17 103.1 1.36 1.32
RW = Reagent Water GW = Ground Water
= Surface Water CDW = chlorine dioxide treated finished drinking water

1) <MDL indicates less than method detection limit. o . .
2)  Not calculated since amount fortified was less than unfortified native matrix concentration
(See 9.4.1.1.).
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TABLE 2B. SINGLE-ﬁPERATOR PRECISION N

C ECO}/ERY F?R THE
INORGANIC DISINFECTION BY PRODUCTS (P

139

UNFORT  FORT
CONC CONC OF MEAN MEAN
ANALYTE MATRIX  UglL ug/L REPLC ug/L %REC  SD(n-l) %RSD

Chlorite RW <MDL() 100 9 9.2 96.2 0.95 0.99
500 9 523 105 3.13 0.60
HIW <MDL 100 9 102 102 2.19 2.15
500 9 520 104 3.64 0.70
<MDL 100 9 914 91.4 1.22 1.33
500 9 495 99.0 1.54 1.52
GW <MDL 100 9 929 92.9 1.65 177
500 9 490 98.1 3.40 0.69
Clw <MDL 100 9 874 874 0.59 0.68
500 9 485 97. é) 6.36 131
CDW 292 100 9 3% 1.64 041
500 9 8l 104 4.00 0.49
03W <MDL 100 9 844 84.4 0.46 0.54
500 9 481 96.1 3.24 0.67
Bromate RW <MDL 5.00 9 504 101 0.45 8.86
25.0 9 265 106 il 6.47
HIW <MDL 5,00 9 488 97.5 0.95 195
25.0 9 256 102 1.37 5.37
<MDL 5.00 9 446 89.2 0.58 13.0
25.0 9 263 105 1.10 4.18
GW <MDL 5.00 9 510 102 0.50 9.75
25.0 9 222 88.9 1.29 581
Clw <MDL 5.00 9 463 92.6 0.77 16.7
25.0 9 251 100 1.64 6.55
CDW <MDL 5.00 9 414 82.7 0.62 151
25.0 o 101 1.28 5.09
03w 1.45 5.00 3349 80.9 0.61 111
25.0 9 241 90.6 1.13 4.69
= Reagent Water GW = Groundwater
= High lonic strength Water CIW="Chlorinated drinking water
gsee note (2) in Table 1B] CDW = Chlorine dioxide treated drinking water
urface Water 03 = Ozonated drinking water

(1) <MDL indicates less than method detection limit. o _ _
(2)  Not calgulated since amount fortified was less than unfortified native matrix concentration (See
9.4.1.1).
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TABLE 2B. SINGLE-OPERATOR PRECISION AND RECOVERY FOR THE INORGANIC
DISINFECTION BY-PRODUCTS (PART B (contd.). 14U
UNFORT FORT #
CONC.  CONC MEAN MEAN
ANALYTE MATRIX  UglL UglL p& ¢ U_)FL %REC ~ SD(n-l) %RSD
Bromide RW <MD 2 200 9 20.9 104 0.80 3.82
100 9 107 107 0.60 0.56
HIW 3.24 20.0 9 21.8 92.5 0.79 3.63
100 9 105 10@ 1.05 1
31.0 20.0 9 51.3 — 0.97 19
100 9 140. 10 1.88 1.35
GW 151 20.0 9 172 _g 0.78 0.45
100 9 265 — 2.18 0.82
Clw 16.3 20.0 9 39.3 115 0.64 1.62
100 9 125 109 2.00 16
CDW 115 20.0 9 344 115 0.76 2.22
100 9 125 11%3 1.24 0.99
03w 39.8 20.0 9 654  _ 3.67 5.61
100 9 153 113 1.00 0.65
Chlorate RW <MDL 100 9 98.3 98.3 0.80 0.82
500 9 520 104 4.15 0.8
HIW <MDL 100 9 86.1 86.1 147 17
500 9 502 100. 4.52 0.9
3.18 100 9 102 98.3 1.57 1.55
500 9 513 102 1.11 1.39
GW <MDL 100 9 935 93.5 2.00 2.14
500 9 510 102 3.84 0.75
Clw 34.4 100 9 136 102 1.01 0.74
500 9 549 10%3 311 0.57
CDW 121 100 9 223 — 3.20 144
500 9 651 106 3.50 0.54
03w 6.15 100 9 106 100 1.20 1.13
500 9 523 103 2.45 0.47
RW = Reagent Water GW = Groundwater
HIW = High lonic strength Water CIW = Chlorinated drinking water
Esee note (2) in Table IB] CDW = Chlorine dioxide treated drinking water
= Surface Water 03W = Ozonated drinking water

1) <MDL indicates less than method detection limit. o _ .
2)  Not calculated since amount fortified was less than unfortified native matrix concentration (See
9.4.1.1).
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TABLEZB.  SNGLE CPERATOR PRECISION ANDRECOVERY FOR THE INORGANIC
DISINFECTION BY-PRODUCTS (PART B)(contd). 11

FORT
CONC OF MEAN MEAN
ANALYTE MATRIX mg/lL  REPLC mg/L %REC ~ SD(n-l)  Y%rs:
Surrogate: DCA RW 5.00 9 5.11 102 0.93 091
(see NOTE below) 4.98 99.5 0.69 0.69
HIW 5.00 9 5.00 100 0.79 0.79
4,96 99.2 1.76 1.78
5.00 9 4.95 98.9 0.70 0.7
4.99 99.8 1.60 161
GW 5.00 9 512 102 0.50 0.49
5.13 103 0.50 0.49
Clw 5.00 9 5.15 103 173 1.68
5.13 103 1.12 1.09
CDW 5.00 9 5.01 100 1.02 1.02
5.04 101 1.08 1.07
03w 5.00 9 4.99 99.8 0.70 0.7
5.11 101 0.53 0.52
RW = Reagent Water GW = Groundwater
HIW = High lonic strength Water CIW = Chlorinated drinking water
[see note (2) in Table 1B] CDW = Chlorine dioxide treated drinking water
= Surface Water 03 =0zonated drinking water
NOTE: The surrogate DCA was fortified at 5 m%/L but due to concerns about measuring trace
concentrations of bromide with such high concentration of the neighboring surrogate

peak, the recommended fortified concentration for the surrogate has been reduced to
1.00 mg/L.
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TABLE 3A.

ANALYTE  Preservative
Fluoride None
Chloride None
Nitrite-N None
Bromide None
Nitrate-N None
Phosphate-P None
Sulfate None
NOTES:

%

1
2
3

|

Matrix
RW

GW
COW
RW

GW
COW
RW

GW
COwW
RW

GW
CDW
RW

GW
CDW
RW

GW
COW
RW

GW
CDW

Degradation apparent. o .
Analyte recovery will be adversely effected by reactions with free chlorine.
Phosphate recovery on day 0 is believed to have been adversely effected by biological

degradation since the sample sat in the autosampler for 18 hrs prior to analysis

UNFORT FORT
CONC.  CONC
mg/L mg/L
<MDL 2.00
0.140 2.00
0.280 2.00
0.929 2.00
<MDL 50.0
12.0 50.0
56.6 50.0
16.0 50.0
<MDL 1.00
<MDL 1.00
<MDL 1.00
<MDL 1.00
<MDL 0.500
0.028 0.500
0.153 0.500
<MDL 0.500
<MDL 10.0
2.12 10.0
<MDL 10.0
1.64 10.0
<MDL 10.0
<MDL 10.0
<MDL 10.0
<MDL 10.0
<MDL 50.0
47.8 50.0
105 50.0
57.8 50.0

300.1-33

Analyte % Recovery

Day
0

89.8
9.9
84.7
82.9
98.8
93.4
87.6
97.9
85.2
138
88.2
1.9
95.5
87.5
96.9
85.7
94.9
87.6
96.5
92.3
96.3
86.9
62.8
91.6
89.6
89.0
97.5
94.3

Day
14

88.3
80.2
87.8
83.6
99.1
93.5
87.6
98.4
85.5
16.6
854
117
97.0
88.3
96.0
81.1
94.7
87.0
96.5
93.3
95.8
86.4
93.1
91.4
89.3
89.0
97.3
94.9

Day
28

88.4
80.0
87.0
81.6
98.1
92.8
86.5
97.8
83.6
11.9
56.1
713.9
96.2
86.7
96.1
89.2
94.2
88.7
95.5
91.9
95.2
85.1
89.5
90.8
89.1
88.1
96.5
93.8

STABILITY STUDY RESULTS FOR THE COMMON ANIONS (PART A).

N@e
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TABLE 3B STABILITY STUDY RESULTS FOR THE INORGANIC DISINFECTION BY-
PRODUCTS (PART B). 143

8NKBRT E%WC Analyte % Recovery
ANALYTE  Preservative  Matrix Ug/L 7 A R A
04

Chlorite None RW <MDL 50 998 100 104 9%3
HW <MDL 50 993 95 106 893

<MDL 500 R 85 & Bl ()
GW <MDL 500 939 W5 % 917

CIW <MDL 500 %7 NAQ 9 847 (23

COW 286 500 %6 w0 9. 75 (13

| 0BW <MDL 50 o NA & X5 ()
Chlorite EDA RW <MDL 500 o1 100 104 %3
HW <MDL 50 984 987 104 954
<MDL 500 B3 973 9. 97
GW <MDL 500 977 911 97 926

CIW <MDL 500 %9 NA 9% 906 (2
COW 297 50 18 107 102 U5

03W <MDL 500 1 NA % 919 (2
Bromate None RW <MDL 20 B6 Ul 10 %1
HW <MDL 250 o0 80 16 877
<MDL 250 %7 Bl 16 102
GW <MDL 250 194 R4 T 822

CW <MDL ~ 250 102 NA 100 18 (2
CDW <MDL 250 M %8 9B 921

0BW 227 250 813 NA 84 99 ()
Bromate EDA RW <MDL 250 973 B3 9 102
HW <MDL 250 809 81 107 912

<MDL 250 oo 14 103 %9
GW <MDL 250 82 101 8 83
CIW <MDL 250 16 NA 10 102 (2
COW <MDL 250 w973 B 89
BwW 232 250 26 NA B4 889 (2

See hottom of next page for explanation of notes
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EWO%U&%FP/&EFYB%N% RESULTS FOR THE INORGANIC DISINFECTION
Analyte % Recovery

¥

ENFQRT
ANALYTE  Preservative  Matrix Ug/L

Bromice None RW  <MDL
HW  <MDL

306

GW 149

CIW 473

CDW <MDL

_ 03W 304
Bromide EDA RW  <MDL
HW  <MDL

305

GW 149

ClW 119

CDW 6.4

03w 310

Chlorate None RW  <MDL
HW  <MDL

h84

GW  <MDL

Clw 378

COW 15

03w 834

Chlorate EDA RW  <MDL
HIW  <MDL

6.70

GW  <MDL

CW 382

CcOW 123

03W 862

|cates

N
g Degra tion int heu reserved matrix is apparent

FORT
C%NC
uglL

100
100
100
100
100
100
100

§§§§§§§§§§§§§§

X
994

102
102
7.7
89
5.18
%3
984
104
995
100
101
101
973
102
%.5
99.8
995
102
102
100
104
973
99.7
102
101
102

984

™
972
108
91
U
231
NA
986
108
9.2
97
NA
9.5
NA
102
97.8
978
98.7
NA
99.9
NA
9.6
103
9.2
97
NA
9.5
NA

107
1065
107
109
3l.
38
120
107
106
107
114
115
119
122
1065
101
100
101
104
104
108
103

100
9.

101
102
105
108

Analyte recovery vv| e a'ﬁverse?y effected by reactions with free chlorine.

3001-35

101

105
.1
100
114
513
108
100

105

100
.7

974
110

Nae
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;ak  Ret. Time Anion mg/L
60 1 2.53 Fluoride 3.20
2 4.67 Chloride 32.0
3 6.01 Nitrite-N 3.20
4 7.03 Dichloroacetate™ 5.00
5 8.21 Bromide 3.20
6 9.84 Nitrate-N 3.20
7 11.98 O-Phosphate-P 8.00
8 13.49 Sulfate 36.8

* The surrogate, dichloroacetate (DCA) .is shown at the
recommended concentration of 5.00 mg/L for Part A.

8

1 Jehes A2

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Minutes

Figure 1 Chromatogiram showing separation of the Part A common anions on the AS9-HC column.
See Table 1A for analysis conditions.
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Peak Ret. Time Anion yg/L

1 3.63 Chlorite 500
2 4.19 Bromate 500
— 3 4 .83 Chloride Bkgrd
4 4 728 Dichloroacetate* 5.00 mg/L
5 8.48 Bromide 500
6 9.28 Chlorate 500

* The surrogate, dichloroacetate (DCA) ,is shown at
5.00 mg/L, the initial concentration used during
method development. The recommended DCA
concentration has been reduced to 1.00 mg/L for

I\/B Part B.
1
2 S 6
Il]lIIIIIIIIIIIIIIIIIFIIIIII
0.00 2.0 4.00 6.00 8.00 10.00 1200 14.00
Minutes

Figure 2 Chromatogram showing separation of the Part B inorganic DBPs and bromide on the AS9-HC
column. See Table IB for analysis conditions.
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Peak Ret. Time Anion ug/L
- 1 3.63 Chlorite 2.00
0 3 4 2 4.19 Bromate 2.00
5 3 4.83 Chloride Bkgrd
] 4 7.28 Dichloroacetate* 1.00 mg/L
5 8.48 Bromide 2.00
6 9.28 Chlorate 2.00
3
* The surrogate, dichloroacetate (DCA) is shown at
the recommended concentration of 1.00mg/L for
“ Part B.
H 5 6
'\/\/ﬂ i .2 \’
CT T[T 77 7 | CuutatonkdrnUNivERsiY? ¥ | ¢ ¢ 7 | T T T [ ¢
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Minutes

Figure 3. Chromatogram of the inorganic DBPs and bromide (Part B) during the MDL determination in
for analysis conditions.

reagent water. See Table
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DO wWwwoDo

Anion
Chlorite
Bromate
Chloride

DCA*

Bromide

Chlorate
Nitrate-N
Phosphate-P 10.0 mg/L
Sulfate 100 mg/L

MS

PNOoo~A»

mv)
CDG)\JO)U‘I#WM—*&
P

N m——
]

2=

DWW DN

The surrogate, dichloroacetate (DCA) s

5 shown' at 5.00 mg/L, the initial concentration
used duhing method development. The
recommended DCA concentration has been
reduced to 1.DD mg/L for Part B.

I r | r | r | r Il r | r

0.00 20 4.00 6.00 8.00 10.00 12.00 14.00
Minutes

Figure 4. Chromatogram of the inorg[anic DBPs and bromide (Part B) in high ionic strength water (HIW). See
Table IB for analysis conditions.
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METHOD 5511

determination of c rination disinfection byproducts,

hlorina
chlorinated SOLVENTS, AND HALOGENATED PESTICIDES HERBICIDES IN
DRINKING WATER BY LI?UID -LIQUID EXTRACTION AND GAS
CHROMATOGRAPHY WITH ELECTRON-CAPTURE DETECTION

10 SCOPE AND APPLICATION

Ihlsmtgod |sa\lBI|cath Ethe determination of the followin anaytes n
nishe rm rinking ater urln mermedl tes ?
irea menltab r%w SUIFce \Wate se partlcu ar ¢ olceo ana S from this
15t should be a function of the Specific project requirements.
Analyte CAS No.
Disinfection Byproducts (DBPs):
Trihalomethanes hlorof m\ 9 -
romogichloromethane
rmo rp
rom Ioromethae

moacetonjtrl
IC oroacetonltn

Haloacetonitriles Br moc oroacetorltr
rThlor tomtnF

Other DBPs oral Hydrate

a0 :
ﬂP@Cﬁiom yosnne ;

Chlorinated Solvents:

C%rbon Tet rachlog %

2- romo-3-chlorpropane [DBCP]

jFet-ra BBet mti)eente]ane [%?ﬁf %99
ﬂ%insﬁg@etnsns g%
Tl P ene

Pesticides/Herbicides: 1’£ %HC FOprOpene
pk T
Az s

Endrin 12-20-8

551.1-2
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20

30

i3 nﬁidr%g R terggﬂgcef%eg'l‘so feenct'fyn?% et s so

SPECITIC Tor pentane as an optional sofven

SUMMARY OF METHOD

21

22

extract IS then |gjefte INto a ecﬂeu Ped with a
um and linegrized"electron capture detector forse ar t|on an

50mL0sfamgIe allguot |ﬁextracted ith 3 ofNﬂBEorSmLfcl)JSggtan
roce ura stan ar ceﬁ Iration 15 used to quantitate

ana‘

A typical sample can be extracted and.anal ze by this method in 50 minutes

for{ﬁec Fonﬁatlo% proéucts hon é eynts N two(nours forga

total analyte list. Co f|rm ono ounds m&%%ob aine

smg ssimilar column ectone or J e se 0

ImUltaneous ?onfjrmatlon can er orme. Usin 8% pnmarey conflrma tion
orasp

colymns instal qlnasmgle |nJecton port ct|0 arate
confirmation analysis

DEFINITIONS

31

32

33

34

used to measire the relative
urro ges th%are com oneﬂsofthe

dg% dde toasamE;Ie extra
stsanda

Ine al Standard (I %SL ure anaI
stan ard 50 ut| no amount
res onsesci ot er meth a es

sa esamgeor squtlon Interna
a sample component.

must be an analyte that IS not

urro ate AnaI ure.analvte(s). which is extremely unlikely to be
oun In an ﬁnd Wlﬁl |s a(%l %lnec oasaer eyalu uotga
nown amo nt 5 efore xtraction or other processing and’ IS me H
the same proceddres used to measure oi] er an]% épone rR[gose
of a surrogate analyte 1s to monitor met od rmance with each samp

borato rfnllcates LD1 and a Zp &ahqauots ake |n the

orao sm sam Ie ott ana $ep raelé/ e]n fical

roce ur Ana se |n cate recision associated wit

a orator pnﬁ:] res él notW|t F ngco ction, preservation, or st?rage

oce urs IS method cannot Tll Iz Taboratory U |cates since samﬂje
traction must Oi:U]YIn the sample vial and sample transfer is not possible

yte volatill
F|eId DHpI cates SF 1aid FD% ~ Two segarate amples coIIec ed at the same

U 10 analyte vo

nr](?uarnoufafceléJ ano{ la egraggr}lcgﬂycmeatﬁpeses rr]1altrﬁeeas odf Exaf %(5 ES rS?ve a
meas [e ot eprecmﬂ ssociated wit (famg (itIB dpreserval‘on and
storage, as well'as with laboratory procedures. Since fabordtory duplicates

551.1-4
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39

36

31

38

39

310

31

312

?ﬁtgn]%t OIbleS %rrrlalgzled the collection and analysis of field duplicates for this

Laboratthg Reagent Iank An ali uot rea ent water, or 0 er blank
matrix, that IS treate exact asa | osure ba assware
%pmen solvens n ern ndar areued
ther samlp ﬁ etermrner o ana es oro
gbtsgfr%rejncesae presentr oratory envrronmen tereage or the

eId %ent Blan é % r]t Water, or other blank matrix, tt]t
ace ntal er |n aborato ry and treate asasam e in all
es |ncu gs Inment fo sam 0 Site; ex osure to samp

purpose of

ns stora se{vatrn alﬂ ana Proce Ures. TH
15 to_aetermine 1f method analytes o ot Interferences are present In
leld environment.

Laboratory Fo f d Blank (LFB aIr uohof reagent water, c(){gther blank
ortﬁ or0 Wtﬁn Vr\sna g ntrt eexactqg/ Iﬁggta%drﬁnﬁ aensdares %d ; Ien |sheo
er the met crse 0 fnd Whe ner t‘téj ? oratory

eterm V¥ 15.1n CONtrol,
1S ca Ie orm accu ate an g\ %uan Ifation at various
conc nirations |nc |ng t € requt metho etection fimit.

L Fortified Sampl —A
at;;;;g;r R A e

ze exac %asa Its urﬁ IS tP
ermrn esam em tnxc nn utes |eanI ca res
eback round concen raﬁonso “ es In i trix_ must be
determi P rL s( eparate aliquot an easured values In the LFM
correcte or backdround concentrations.

StockSandadS |t |onF] - A concentrated utron contarnrng one or
more meth o esw i repare In the orato tytisrng saye
reference matena or purc ase as certified romarepu able commercial

source.

Primar DrIu |o andard qutron sol tron ofsev atsltes
Hrepardrnt fom toc st étar S0 utro sand ute

eedled to prepare ca r lon S0 utrons and other needed anaIyte so tions.

Calrgra onFandard CAL) - ﬁsolutr repared from the aﬁntrg% dya rda

lon
stan ar 50 Iron r stock &ﬁ_ ard S0 utr an the In ern Qand
surrogate an solutions are use 0] caIr rate the Instru

response wr res(i t 0 analyte concentration.
ualit Contr | Sam qu |on of method ana esw hrs used
8 ana quo ﬁ_&%cs sampema rX, tnhe |so{)arne rom a

551.1-5
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40

313

314

315

316

154

sourgee ernal o th IabRra org and drfferer} t from the sot]rrce of calibration
fes maff< t15 Used to check faboratory performance with externally prepared

La orato Perform nce Che kSoIH - A solution of selected me thod
ana urrograft mter stan or other test subst ances us(edr

eva t mance o e Instru nt system with respect to a gefined
set of method cri erra

ethod ete tror} Ldmt 6gl\/IDI_e) The minimum oo ntration of an ana
tatI can tified, measured and re ort wit CO”ISdEEE
ana econcentratron IS greater than ze ppendrx

Estimated Detection Irrmtt eg‘rned as erttier the MDL or & Ievel of
com ogrﬂ In 8.5a pe leldlin ea n {h frna extractwr a signal to
noise (SIN) rat |oo approxim etP IVe, wh chever IS greater.

PrP edural Standard Calibration - Agahbra lon Olrrethod Where agueou
callpration standargs. are g eI ared and processed ( urI%ed &ﬁ acted,
and/or derivatized) in exactly the same manner asa aris

It onl% U Irr&lpreservatrves roug str ment anayses

grocesa rom a
re Included In the call gmarocedura] standard calibration
compensates for any Inerticiencies In‘the processing procedure.

INTERFERENCES

41

42

RS S sl

e of splv
mter?erenc s%efrgJ e USe. ter rrrcetllree olvent |saso ven con amFrﬂ
no oeaks leldin daa > l] ahe 2N atthe reen on trmeso the
Ba es of Inter t rect checks on t a\N
ont orat lon henever
ould analyze the

ra
an Int er?er nrcréor%r r%t%ﬂ rtrrt]ethe reaqgrrrtl v ar%e i elaar)r]:la 1
em IS the sofvent or

solvn seépara y 10 determine esourceo thep
another reagent.

Géasataréta?r“%eb% tt’ ULy clanedth Ol st 23001 &5
wasr |th hot' water an eter ent and thorou InsIn wrth
ta Drain an oven or muftle furna
0c oro u ono mu I’e vo ume cwar Ut Instea
Hé?: %ra eor et er acetone rou erg ms ng al

mfe tﬁree
glassware
etter acetone ay be substittteq for etm

anaI srsc frr sno und Interferant conta
gresent Afte r Ian sea
? ronment ree’o I

rovr ed
a]tron 1S
store assware m aclean .
Potentra ont mmatron vent any accumu at?
ust or ot % ﬁon am naots storegassware mver on clean aluminum foil
orcapped with aluminum foil.
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50

43 Commerqbaslle Iot%of the extract *on solvents g hl\/rrBE and entaneg Foro?orm

confain able a ountso P natw ven |mpu Itle
trlch e%g/ ene, cag; de % hen present, t ese |m8ur|t|es can
norma jemoved by double dis Iatlon

of nan-polar and po dl .0rga CCO Onents 0 sam us,,cont
H Ite |m orta er anal e ce ra 10NS,

ar cular
I'Ma n_(Sectio 1 IS,S
%ﬂternatlve ’KF/]\S may also be Used Pogr conm ma |0n I SU?PCIEH'[
COﬂCGﬂU&tI presen

45 Special are muidbe taken | ||n the de rmlnatJon of endrin smce It has Reen
orIe to hreakdown to eto derivatives uponrac on wit aeuve
SI e5| the mhectlo ortseeve eactlvestesa sua %mresula

44 P|s I UIFa|I uid extrac |on Iechnlc%fue efficient Pth/eextracsaﬂlde boilj nrgﬂrz%lnoqne

|cro ragments o teln ect or or | 0|| e res|
|te the m;FﬁtloJ eve r%er Pgat eIO ront 0 t%e
ﬁ) ar co é% ono |sm tored using the
oratory Pertormance tandard ctlon

46 Interferm anéi erratlf rﬁ have tieen observed In me hoﬁ bIanhf wi nthe
reteB 10N (J OWS 0 etrwlp alachlor, ¢ anazm and chlor.
are bell de%e to be due to ate contamination.  This coz

epta
min thﬂ can £
aym(i ecAa fention tO reagent re aratlo rms(pg

ﬁlm nyatlo ormso lgnnagqron rg erv (\éurgats % %7
tl|c weneﬁrwboase ;\her R'nc ?pI\P als ﬂJI-I ﬁﬂ“’]t(?
er and techlorination/Qreservativ s&tsg{)e solvenhrmsd th ys ould be
sorefl In sea (;Pass containers. 7 R 8sp aeﬁuﬁe[]

e dbe weighed using glass

ech orination/preservative salts shou
plastic weighing hoats.

SAFETY

R L s e
zar xposureH ese ¢ emlcass ou bem m|ze
abor to IS re [ maintaining awar nesso HA re uatl ns
regarding saf of chemicals U |nt dant
ge] aeryesnc fola ora or safe are availablesr ortem ormatlono

52  The foIIOW|na%have been tentatively classified as known or suspected human
or mammalidh carcinogens:

Chéo form, 1,2-Dibromo-3-Chloropropane, 1,2-Dibromogthane, Heptachlor,
and Hexachlofobenzeng.

and
aSS Neakers, never
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60

156
he tox1c .of the extraction soIven MTBE has t been WeI defmed
d|V|duasrmag/ enehcea VErs cts
vaﬁ herf Rrote |vec ove sou used
used on e |ca oo orgove box
same precautlon app 1S 10 pure st an ard mat er| s

EQUIPM NT D SUPPLIES (Al

Su QESI'G g numbers are mcﬁ?c? Cmfcoartlﬁpustlpat?ce)ﬁ ngsﬁo and 10 ar

6.2

63
64
65
66

6.7

6.8

69

x %ﬂ“’sﬂ@i@va%oa%@effhahiﬁf i Al

?oﬂown eagp USE, Wa hwfy A Se%low hjee ergenta wa d then

rmset 9 h Istilled water Vi se
q ace only the vials in an oven ang ea 400c
minute mov he qven allow the vials to, ¢

room. em
fe or}_]\ 80| In an area
nown 1o, efEeo or%anlcs er rinsing caps with, distiled water, rlnse ina
eaker with HPLC grade or better acetoneand”place in‘a drying oven at 80°c
0r one hour,

éélgtlg - Autosampler, 20 mL vial with screw or crimp cap and a Teflon-faced

Micro Syringes - 10 pL, 25 pL, 50 pL, 100 pL, 250 pL, and 1000 pL.
Pipettes - 30 mL or 50 mL, Type A TD, glass.

Volumetric Flask - 10 mL, 100 mL, 250 mL, and 500 mL glass stoppered.
Disposable Pasteur Pipets, 9 inch — Used for extract transfer.

S 5 g o

Balance - Analytical, capable of accurately weighing to the nearest 00001 g,
Gas Chromatography System
69.1 The GC must be aable off Perature programmin % ouI
ectr e
5% [ dp olumn or splitless. Injector ss m(éf&
seco deaey Is&autneousco |rmat 1S em oe %
must have a second N auto sampler |njectors sirable
6.9.L1 Special Precautign: . During method development, 3 problem
N encountere |tR % eon eatﬁ) osam p tfjh

syringe pluncer a err eae eextract| CthﬂS
eve pgd regus tance wh%n with ra nor msert Info the

nzede on e rﬁﬁ re etector

551.1-8
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157

arre esrs %ue ?saJt deﬁosrts In the
rrn were ?wrn the. evaporation
rae 0 mr rmr e unr%ue s})(rrnge
was proced re wase eye rnject h
rrnewas Rl eswr re entw er then
eswﬁ hrse ctively re veda the
residual sa er rnj tion from tre s rrné;e and

srrerrrr R e o R

P P\Wh IS recautio
to alerf the analyst. VWnen pentane was Use ast eextractron
solvent, this was not a prooiem.

Two GC colum sare rec mmendd Colum A Is recommended as
the a%e srou rne oc urrr anal es are

X rsreom use
conr tor ol on Irmat ronr not sensrtr
eno hr(){ ava co umn or con It1ons Hsa}r
e rovr ade uateer gt reoutronr attaine al the
ass rance criteria estabr in Section 9.0 are met.

6.9.2.1 qumn[A 331 fused srlraca |IIar wrth

?em ically bonde met ysrloxane
%Er U Asaresul e5 eren rng

0 so 21 ent ane Ip
gv em er tUre progr saespecr Ie |n Tale 1
Ean ne etentron times or target
anaﬁ/\es were sli nYdt%
ot

re

ent
I errt usrn ane 0V
emperature pro HOI’ EY te reso |on and
fota ana&/srs time vY]eren t6d n tem er fure.
2?0 C lsg Wit eactrva WOO

H 9 rg #20781 for Csore urvaen rsseeve

g ‘3’323 oun fo egrvB etter anal e responise than the

standar mmseev tector tem erature; 290c

6.92.2 Column B-0. 5m rrhwrth hemrcal onde&s%
Imet

ro I en silox ase (Restek,
1p1y0p ¥mtrc NEss §uva jmgeco

oan WA t rat ramm xac |Cated Tor

column P ec [ and Cegector temPeratures
at 200°c an Ol g) ?IVG €S me temger fure
gﬁg rgrlrsn was utilized to allow Tor simultaneous confirmation

To perform sim Itaneous confirmation from a srnl%le rn&ectron onto both
tehrrer (r)%rgry and confirmation columns, two Injector setups can be

551.1-9
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6931 Usrﬂgc two hole %raphrte feérule %%%Stf#e%%%r%o?re |vaIentg

N e et
Frr rrre srrsie a d ?tetk Mﬁt& irs Iﬁentl
0l e

?(Ilhe mgecﬁon port st or equiva

g/en Installl Ih manner ensure t
OFS not preak at t sfe e Injector due t
olumns twranq, aS Hhe errule But 1S tightene mrnr ize
lrs azard, the Terr enutbcan e reverse twisted four to five
IMes once the ferru e has heen seated.

S e I
%I:ng 0r € L“V HS%IH'[O € INJECLOr dS q orma

s Ins en using,a"Y-press tignt union
requrvqen Shg Lﬁr T

Jornt Oate co mn to
ary an ?econ ary columns. srn t g edure VYJlI

ce etec ESré)n Imits wtien compared to the procedure outline
|n ectron 1 since or}% one column 'ﬁ osr loned In the
Injection port to receive the Injected sample extract

694 The érna(!yst 1S ermrtted 0 modgy% C columns, Cco dr lons, internal
standard or su ro%eco ouni ac time slic me

odr c%t rPnS are adet analyst must repeat the procedures in

the co umn

ection
70 REAGENTS AND STANDARDS
Reagents
711 ity grade. It m ecessary to. double distill the
ven#-lnq il eobserve%arc coe? wrt?r some o?trre more
voarle com r?ou

112 Pentane (Opt |on E tra 0] Solyen Purr Grad r\%/ eh
nechsar é) ?ﬁ e solye |f| urrtrg areoserve hi
coelute With some of the more volatile compounds

113 Acetone, High Purity —Demonstrated to be free of analytes.

114 Methanol, High Purity —Demonstrated to be free of analytes.

115 W mChIorrde aC ACS Rea ent Grade - Before sqgabt%h%f

lace In'm| urnace Iﬂ((’J ase t% Herature f0 4007 an
mutes {ore In a cappe glass bottle, not In a plastic container.

551.1-10
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116

117

fate Na 4 CS Rea ent Grade - Before usin batgt of
ce In muftle furace, Incr ase temBerature to4 an
con a|n minutes. tore In a capped glass bottle not mapasttc

Sample Preservatlon Reagents

R e tegfgta'eaetxat 0

b%!r(t) cet mtrbew 0 e(L d s, and gneous
IX ureo&h jitlum% 0S ate %E Ztg ng %%%
W.gaﬂi y|e ato aI
e
i

7172Ammon%u tilonde NHAL CSRea en}\f}rade Used to

onvert free He to monoc amm hou hthl?]lls

the traditional de R[matton Mec antsm ammownc oride is
categorlze asa echlorinating agent in this metho

Lt gegt (grr]msaJ ltitltge alalgrtzts ?dot Ah(tgrgie 9 ra(e;rgajnetpleuasneaiy%?sa
R
os hae ene us m|xtur
pr| Ior %tl ?Ioo the
dech ori |n |xture are
ed to eV|a 6M( Of { ec orm ting
a%nt aremrijude ree fin an "actl concentr tlono

osg aratje tyres are reﬁare e containing
ammonium chlori the other with sodium su |te

1175 |f backar cnam ede cted the salts listed in
gectallo %ntdl rouau"6$ %aso vent rllnnse cfeanupI !

piogectre X] [e hese contaminant dpoeu
hsome e high molecular wel erblm e
aﬁ]s ICIHGS hese Rnot e muftled since t eCompse
n heated 0 400°c. . This Solvent Hnsngg groce s plied
{0 the homogeneous mixture prepared in Section

551.1-11
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Note: [fa laho at%g IS not con uctln alv esfrtheh
mo cular We| rb| san |sc anu
no ere uve om nn %@} are ob erve

on |me windo i0 or an ar et ana es |n
[ﬁ anoratory reagen%vb ﬁt yier

SOLVENT RINSE CLEANUP PROCEDURE

Bu earrga 0 a%ae”amf ene OEJEIZ(%HG of eEhosp e

e
correct amo nt of am eanda to the other'add the
orrecta ount of sparum su |te ree separate So vents re
rf]use ) nn em| ure h| sort tnns must

%6 or[neq of met a QP (e)noorr coe helrsS aggp?ﬁ(tof
ow

rox cm, an s |r esoIven f'sa
ture or one. mtnute te u er so vent Ixture to
e or one mlnue nd (e%a

€ Ime etn%
care ngt.to pour o terlns UITEr. Wﬁ essary o
pertorm tnis procedure up £0 Tour times Wlt EI ano

Note: By saftl fttn and fa pln the base oftebe ker .
a|n et e tﬂtt{ ace, more of the so vent 1S
oug t10 the sur aceo Uffer,

Next, er rntteld ntlca roFed reup tof Yvo times usmPa
aceton | na |ns swn Ppr(f te
extrac sov nt or ent ne fter the inal s e
[n rona |ate ata rox 600 or
nh utes or untt d t|rth m|x Ure ever
ald eV poratlon 0 excess so ven nced epace
|Srgpa ass ottIe with either a ground g asss Der or ace

Reagent Water —Re%qent Water Is deflned a unfled water which does not

IN.any measuraoie quantlttes or any target analytes or any other

INterrering’species.
721 A |\/|I||I$ ge.SuPer Water system ﬁ)r ItS egmvalent ma v\be used to

generat elon ed eagen ater. Distilled water that has been

harcoal filtered may also be suitab

est reagent water each day it is used by analyzing according t
ection % Y Y anayzing §lo

551.1-12



13 ?ck Standard Solg O{FO ngss?at —These qu tions ma ﬁe obtained as certified

solutions or prepar mat erras using the following procedures:
731 Folr anal swh soIrds in their pure form, re are to% andfard
solution 't“ﬁr % ace ratelrr/ ﬁp agﬁrn%
ure mat |a %ni ic uﬁwovg\(n}’/W r%
cetone olu this stoc

132

133

zrn
re ared at ré ?( Wel 8 rI ted ove ume wrt
ceo rcésourom r\r/r(a)r vac ared rnAeﬁt trve esgmgzrnr%)ato%ke
gtocks)(anda) solutions ana? es WhI%R are:hnr% in
ﬁrrsgl%e moarqneart room emperature can be acctrately prepared |

7311 PIace about98mL of ceton ahlofinquround |ass
sto geredv nme ic flask. A ask 10, stan
unt gere or about 1omItut oaII?w soIvenlt
eva rom the rnner walls of the volumetric
Welgh to the nearest o1 mg.

7312Usea [pLs mrnedratelg add 100 pl_ of standard

aerr 0f eep) neg rust above

a he ce ne. Ca (ﬂt beg ed to he

sure an ar mater ro Wi rrecf l}rnrnto the
ﬁcasone WI ou contactrngt e Inner walo the volumetric

E and

731 h, t { th by.in the
3 3ﬁaes e:ﬁ a untﬁae(s)v “t“t?ra” eerr:oncerr]ttlrmt(o yrrlr r\r/rerfl%
u

IbF Be tvrv%re]ntB 88&t %egn mlalvmvfl Inal concen atron
er volumes, of standard soI tion may be pr f

é)re at { edrscretron

ean Vst en om oun gurrt X %0 Hreater
tewer canb without correction to ¢ IcuIate econce tration
hesoc stan ar
Commercral stock st can be used at an

Independent sourc en%r commercia e}/reds
sta ort shou ema togords
met ano dra IS an ection ano
can cause era atr m ot o gaceto riles tron

some eomm cra Sl pIrers ave. re ore %a ty wit so tions of
simazine an 3azre ared n ort heereas ns
acetone sh uld be use rrmar so ve or stock stangard Iand
nmr dr utronsan ard prepar tro an soHrceF of methano

ntro ction Into t ese aceton so tions S ould e eliminated.

concen déatrolr)( t%pared cert rfreqﬂgar Sémanufact Q!er org

551.1-13
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135

136

162

1331 It 1S extremely difficult to acquire chloral hydrate in its pure
form since %S ?Iassme as aﬁontro led su st nce.

(? nse uen I'epure(fSO ’[IOIYO%a eISC%?]gP e laf?O Lt“r?ten d
(idn g Urcrase 0S maX‘? E Ures Qrovi
tapg n?ﬂ rﬁhh E) Eﬁtlof(fjto Mme hangl § ﬂ)rai

5 UnSiahlh, SiANGATG 10 4 Separate vendar must
sgflu 22 {0 confirm't ﬁe accuracy o the pleary supp(tterrns

Out S|des rcesocksol dttons whi &t%fare |n1d enﬂentl repared or
urchaf rom an ouda source different eso Pr th
riginal stock st awdar so |on must eus S a rﬁ erifying
eaccurac t n |na st standard so |ons or a y(tje
§Ea t| norh S, In, acefone n erforma Inal’dilution
suc ag qaac |Iu |on IS af es me concentration.
Shune

2 Sl g
th bot %Ohitlon sgipn Sog)eeg ?@9 one Ia rtﬁ@ef
argetnalrjt%llytesegﬁ aﬁyze df % for 9% or greatero etota mbero

RPD = 1%5& 8 DUPZ) X 10

1341 Ifh cn ra annotbe et athird out 5|de s%urce should he
an tested | esame m H en two sources of
toc so 4 reet ac urac the stock solutions is
C0 trme is Should e one nor to preparing the primary
dilution standards.

Stoc Iu tion ofSuhro%?te Pre%areast(%k solution ofth srrog te

i naata% ek Lt

concentrat IOHIE Iternate SUY 10 BE

se ecte oV ?]lm far |n
Htpou nteres are
do not coe ute with targe

ﬁ}ﬁ Sol tion oflnternal Standtz)trd r%S?]—l(J)?gl ?{ an ISi |so t|on(§ nzn

LS ue 0 hes)ligt’ﬁCl Rﬂf)é\l/erg"peg ane W en. cornr:t?frte@(ﬁ] ea_"\%?%

es may be
{0 the
oun In any sample,

ard st oct<

e gare an Internal,stan
IS compound

Ul IooH)romo \uorobenze @5 In acetone. Since t
all wa § room tem rgtf e qr ceﬁ utline
ectio rou ouI o%e but a

approximately as specified in

nea rat er than
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Section 7.3.1.2. Wheﬁqdrluted to voI met |s |eId a concentr atro

near. rﬂg fernat rna statn ana es ma e de

Hrovre ﬁrehr X eytob ound in anty sample and do
ot coelute with target analyt

137 Transfer éhe stocksandard solytions rn?rTero%Irn 1§ Screw cag zémber

98 ulergnss ou?é ﬁﬂecﬁedaf?e Bent nyoro rsrr]lrlr of de radatt?g 0
evarﬁoratron especra y Just prio topeparrnr? calrbra on standards

, Teexce ora hydrate, have 8
east 10 rmoné swhe stored In a'freezer (<-

Wn 1o be
%R/(s ate stoc rdf en store]d In a freezer. <1%
or mont Ewevr ﬁt ezers

738 Wh f <10° T ck st h
R e

e

hav F own 0 be sta

can armg tempe atures %oral Yra
star] a n’ aIy e are weeI untrltesta Ity of this
analyte Is determined for a‘specific oraor 'Sgtting.

M S (0. R e o
ce tc loral hydate

preparat onos arate N ate st nd rds m
no . due to the stabli emsen ere wit rsa makrng
[esn ¢ ora rate rrma nnsan rsmoree icient. "Prepare

nmar {t |nrngr UtIn toc sandgrda In
ceton ano orc ora yf{1 he nma utrons rds sh ét
egdepar? éa%) D o't hrs n ar glu ron g% area

r

the secon aet In hano or ch ora

or

e reage { Wale UGOUS

ection
co centratron acket t e W ancentr N ran %\ Hr mar
ru;fon standa { & ns In vraf r Dottles wr ced liner
An Teezer (< with minimal h ace req en or signs of
eterio dr értronror evaporation, €s ecra st betare prep nn atlon
e sa & comments on st ge stability rn 8app|y 0

prrmary dilution Standards,
741 Surro aeana |Iu tion. tandard Dil Llo the S rr ate

ock 50 tron to wrt aceo na m vo tr

1S yre nmdary ons ar tro of

rs fandard to aq ous SE

C0 centratron n water of 1 PO 1S splutl
b

e r
ni S é{ rnothe

ggcet%rns g@rqg)e(ﬁln?r 0 gx i sam fes ectron 0 ‘_ étw

ection 937) an actﬁa? P eig samples (Section 11.1.3) in the extraction

el
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142 InternaI St ndard (IS) Primary Dilution Stan d—Pre are als.
mar utron HJZré“ ry(% E) proprrate
8un terna tandar tron 1500
mL ovo ewrhac erna umetric. flask.

this solution are ed ol xtr ct th

resu an conce tration |s terna standard ds

Lise rno er g)er orm an. Int ern tan ar cao\ ration and 1S added

an ana Ica ersev lume qr the extract following extraction.
rs solutio nrs toa extracts.

743 Reserve aﬁgroxrmatel mL aliquot ofthes e lot of both the.
acetone da Prrmar dilut

- n%?fﬁ.”%nﬁrrﬁ% e i

tane and the methan sed o prepare fhe prima
Fu on standards nzﬂysrso thrsﬁa olat rgp |%’r\r)ent rﬁap ker
on Irm no t ?tana dpgtamrnatron In th nts used to prepare
the primary difution standarcs

La orato Perf rmanceC r)SOIutron élﬁPC SOornsure progern ument

orma Ce, d ab rat rormance Utl%ﬂ é 8rer[:]) his

|on I gregare or Irect In ectron on lS used
EV'cl Uate rameters rnstrument sen tvi romat OgﬁP
€Se aram

e ST b T

IS

evalua 10 [ concenttation rn n cr
are Hrs so‘ econcenB rons eé Qng CZG (fouble drlution
5 eanax}e N &&30 utions must be made. oc%w

%

i

ution.m es { ecnce trarons ns{Sfr%ei) 70rrmadras
roprraevolumeo ac soc 0 '\%]USE rba]
LiE TRLE rrr%e

oly
rrn utr of he
{rlrvrrmary sto tr mrx rn e best
0 acco p oxrmate tn
etric fl rrmar sto F
ovoum wr rsso nrnavra or % W
reezer C wr mrnrma eadspace and check frequently

SI ns 0 errora IOH 0 evaporatron

151 Ifalab raorg herc}tcfergdréc%r(r) lalneajys %for th (ﬁérgnel culmwergh

I nomr € enarin na I component as
ESt
s e e b
i; aneP sens?t VI ec\< ﬁ 0. Fope lp ene fOf
chromatographic perfor ance can 686 ect S tute

compoun st meet Ine sa ecrrterra as ISB d0IE V\[IIE

oncentration jor nervr check near th titute ana Thand
the concentration for chroma ographrc Per ormance near 50 times the

551.1-16
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subsltrtu SEDL Th qumn erformance (irrterreh pr
Bees?n U % een romodic oromet ane and trichloroethylene cannot

752 It gp Btane IS 5 Cected as an alternate extraction solvent the LPC must
also be prepared In pentane.

80  SAMPLE COLLECTION. PRESERVATION. AND STORAGE
81  Sample Vial Preparation

811 To conduct analyses for th totaI nalyte list, two sets of LvraIs
B eydﬁ%%rsamet A TI repare rthe

e

ana srsg ﬁlar g t analytes %xce tcﬁ?ora KP/B ontarns

? onium ¢ ech orr trn aen U t0 concerns over

ow recoverre rfces preserved With

rn Iorr ctrp ase rateg ple set muptbe

colle eserv Wit so msu o sets of vials are

prepare as

8lll Usrnﬂ the homo neo S phos q e hyffer/d chIorrnatrn agent
mrx [es prep(p e ron of eapproprr
mixture are adde totecorrespondrn vials.

812 ({\ Ie assa rs for onlgr (Jne THMs and/or splvents, gither
ecj é

orinatin %nt% ed. wevef dﬁ um sulfite promotes
thp t anag etonitriles, | 8Loro p pnnone
non oro tcrrn and there % onium

phlor éte mus uts Fs dte ec or nrea r}]t elr analysis.
tro some rtr Mmatrices, orrpﬁt Wit Hnnrum
chlorr ve drs recov rre ora which have peen
wer ex ece eom are tot e same sample
atrrx ech orinate wrt tle not er matrr . Teco erres
ave téeep ConsIS ent re esso dec orin trnga i ereason or
ITTe een dete Ue'to |su er aint

these gifreren es ¥
plaraesfam orrn hﬁ mg/L sodium su |te must be
ected for eana ysrso ora ydrate

813  The dechlorinafing agents, if not ithin the. homogeneous
s t?%n%ﬁ i o

Inat
concerni over § ehe sta“ P e salts rssrilved IS intron eh
otentia cheanaI Hrt actions of aqueous solutions of these salts wit
e dry phosphate

814 Ies must contain rth [ 1(1) ammonr mch or| eor sodium
sﬂr{‘ Ite,, 8 aapprp rra ort ean ern rme i p(mount
efiminte free ¢ orrne res| u ntypr ch orrnated drinking
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er samples. I hi Ine doses are used, such as |nam imum
%rmatrgn |%otentrar gst adptfrtrona? gec%Iorrnatrng reagent may be
require
82  Sample Collection

821 Collect all samples i rn tﬁ)lrcat Fill ?am le qottles 10 just overfIO\Nrng
i ta care tl lusn, out teﬁuf er/ FCh orination rea n
air bu les?]hou SS hrouHh Famp a the bottle 1silled, or be
trapped in the sample when the bot |sseaed

822 %n rnp”n from awater tap, ent ow thes stem 10
Jush until t eratue yabout hree
|vg r(nnuteszl emoe g erat%r aﬂ ust ow 50 that no air
bles are Visually eecte In the tlow gsream
823 hen 5 Irn fr m en bod nt/ ¥vater fill a 10 wide-mouth
t t s Inrr%are [ese ta Ve area, and
are Idup ate mL sample vials from the container.

824  The samples must be chilled to 4°c. on the da llection a
maer tal eg Hat entp| rature un%rl ﬁnaq s(rjsytgreft? samlp et rnat will

ere erve(%jatt r]a ont ay of collection mHB
8acka eqF B rI) ent wit % iclent tcetzéen%ti e at 4°
n arnva 8t é anoratory. Synthetic Ice (1.8, Blue ice) is not
recommende

83  Sample Storage/Holding Times

831 t]ore sam Ies at 4°C and extraBts gn afFeezer {< 10°Cg until analysis.
esampesorage area must be free of organic solvent vapors.

832 xtra gll samples within days otcollec nan Igze within 14

xtractron |sa ert er r Dentane
8X3E%Crt vgrﬁ es not analyzed\mt these time perio sFr)nus he
90  QUALITY CONTROL

dan repiaced
" B ernente e
erform ﬁstanaar InItia emo stratio oratorﬁgearnt @larﬁz

ethod. de imit clet rmrna lon, srso oratory r

ontinui rat lon chec an ard, nrtr ample matrices,
leld du cates an nrton rro r Infernal sta

ngg In each sampean ank. |t|ona quality contr ol prac ces may
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94

A js Instrumen System TMIraborato Performanc CheckS ard

ésﬁgard rrrlr%t ea a? Jﬁ ?MSSE samp?ragto Per °5ma%%% r?esrgned t0
In rate srumetse sr Vity, en rrn rea ncoum

cate a

‘[ e (primary col cnro ato ra hic per ﬂ
gam [e oomszren (E’ mance rterra re te In O[SrB C7€ nabrlrty 0
£ 0 strate acl taber strumen ance rn Icates the need
eevla Ll’cl IOﬂﬁl e Instryment s

rvr Te ur rgen ased on
etection rmts rnt IS, oratory
ogr gse liste n 1S oocntra onso
san ar E e adjuste to oma evvrt eIa
end reakdown exceeds r0 em can mos edb
P ormrn routine marr}ten nce on rn ctron port rnc#r rep acrn
Hec lon p rtﬁeeve all assoclate nd sePta coltmn’or
romatoglr @ IC Per ormance criteria canno e met, new colu nsnh need
to be Installed, column tlows correc fed, ormo rfrﬁatronsa aB oven
%méaegature Sro(?ra uring ear Met significant

opmen
T e e e

extract analysis. By Instal rn[gtane umn éee er ormﬁ

Brob ems Were OVeTcome. ecoH mns to bg 1S metho have]
een sed Qr sev raI ears or have nad. extended use with extracts from arsh
sample matrices (I astewater acidified sample extr cta azar was
Sam es It macy0 edr rcrftto meet t ecrrt ra establ|

or tis
standard and column replacement may be the estaternatrve

Laborato Rea Ian fore ro essi gran am Ies the analyst
mus ana zea to e ons ratet

rnter erences are under control. rm asto mﬂsgrs
extr cted or re enI are chan 0eW ar(rﬁzrI [

uces eak within th re en ron trme r}] yr

lon %reventrn ﬁ e quantitation of that a termine the so [ce

@e con} rTr]ra Srtog a?arnt err{rlatet enrnthr!)e e]rco ore (inrocegara %samp es

én;f% %—Iﬂ dechlorinated gﬁd uf ered/N orrna reagent

931 Pre are the two Jig(é roprrate buffere echIorrna
l[ank an

{
|on tO €ac
ec lon 1

Initial Demonstra tion of Capability (IDC)
941 Preparatron of the IDC orato Fortfred
ncentr rk[o each o arg ana
B times ¢ or close tot eexpec iev
samples.

d
rro ate rrmar utron ﬁtanééard
fo ow the pr ce ure outlined In

15

e
oncentra 10nS near anaI eves |n Adre
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rco] mmended. re[pare gddrn pro rra concentration
prrma our {0 Seven
aIrquo S o ere r| a ed rea ent Water.
arae 3pres mat rces nee e nalyzed

cron Ana hearquosaccor ing to the method

egrnnrng |n ction

94.1.1 Chloral. thr te is |ncIuded in the buffer
ec orinated rea ent Water, co arnr rtare
r}atefo SINce No Matrix rnduce reo Mﬁ ms ha een
fom reagent water preserved wit

942 Followin procgdural caIrbf jon standard anaIysrs anFDérbse ent
rn?trtime hcah ration, analyze a set of at Ig sev sam gs and
é ere tive. st na

alculat te ean percent venr
evratrono 1S recove h ercent recovery Is eermrnedas
eratroo the measure ro to the actual fortrfie

co centration. or e 0I n [ecove f
wr In the ran W l%:nd the must no exoeedni% afyo
tosec oua s thaf meet these crifi rra perjormance IS consi greri1

ao sam eana SIS ma those com ou s that

ese crr [, P roce orem ot usrng A resh

samples until safisfactory performance as een emonstra

943 Fhe initial gemonsr jon of ¢ (apabrlrt IS use(d rimaril oprechudea
boratory from ana}/zrn(% e orn uir N wn sa ples wit
oqtarnrr] some exE lence with an un geced

£ IS ex
ratory. personnel gain experience w”}r IS ethog
quathty opgata ill improve eyo ép those specitied In Section 42

944  Method Detection - Prior to the analysis f Id
samﬁ?es emetho%f B]etec 10 mrts must be deterrffS r? nftraf

est] fhe concentrat lono an analyte |c Wou leld g ea
?ﬂu ution tX%A'arP Svrfra ase 1 no]r(s:e an trons at repa“em% thrsafe/vel in
acetone Eor methanolt or re:h oraf(h r?ra e% o0

9441 Pre irea mLaIrquotobef{ererrTi]ammonru chIorrde

88(: Or\I/Patsewrrt Y_va the bu?fere H]eucrh]lo)rrnateeé] rﬁﬁ-’i%e
reagent water.

0442 Fo trhffe echIorrnated gNHzCH [ea ent Water
EEI F% concentrate p epare] esone
?/drate concentrate anol, Separate

Hre ratrono terc Inmn 3as the
e orrnatr orc rate de termination is
not necessa ec ron
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169
9443 rac and analyze t hes sa Iesa outlined i CnSectlon 10,
tIL g Elna on can hen e Der ormedas scussed in
orator Fort |e§ ce this method utlllzes procec(iiu
rat|o sta_n: rs |c are fortle reagent wa\er J ds erence
etween the t cntlnumﬂi allbratjon w_eg ndard. Consequent
terg IS not re unement ortheﬁa SIS Of an owever, t % Iteria
Bsa |I?hed ort ecEEﬂnumg calibratr ncec standard (Section 104) should
e evaluate
Laborator Fortl |ed am Ie Matrix (LF he Iaborato must ad known
nga lons, 0 ana t0 & minimum OflO o |ne rone
e er eset wh| ev]e IS greater or both
3 ec on at% Sk atrices ec nce trations sh uaI
ackgroun

eaer c centrat |ons |n es Dle seec
|c tio rom all r am es urcess ou
o ||e
mat nX|

tlme sa

ema ncesa cu atln ana erecov sany
|a IS eV ua en nan '3/ degl

out |de %cceﬁ] e criteria ou |ne ow a |as IS onclu nd that
ana yte or that matrix IS reported to the

961 First, follow the procedure outlined in Section 111

ata USer as suspect.
962 Next, pr aretheLFM adding 50 L of an ace ed standard
SOﬁUtIanel hermaln? ?Hofﬁa% g %f d%é] orqn ted
eVla(?TWhIC It Was sam his sam V|a
(N eous sample remo if

£ re
i
- gn?leg G
96.3 hen chIothd b d d the LFM
r%et /a'\rlaro %Oage ﬁr@rgerm ne {) rred SSIuHon ll)ﬁ/ ads%”ﬂhl

fere 3%p Inateq sam emanx |nteV|a In
wh|c ssam ed surr imary dilution
an ardv( ection”r4) and fo

12.0.

|gw proceduge O\P [lne%ry §ec tions 110
964 Cﬁlculate the Bercent recoverzuR of the concentrati o for ach analzl&e

after for ecth the total red concentration, rom
IHP ebackproun concentration, B measured In t
rtified sample

R=wo(A-B/c
where: ¢ = the fortifying concentration.
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Th re%%yene(? aII anaI esb m dete merj ust fall hetween 7?‘V

a eas ho ese nalytes mus al
ewee o.aN rs criteria 1s applicable to both external and
rnterna andar ca ted quantitation.

965 Llarecm{)eyfallso tgrde of this acce abI ran e, amaénxr du%

as can. he :assumed tor the respective ana nd he data tor t

gﬂsa?) Ce in that sample matrix must erepot,ted 10 the daauseras
966 If the anortrfred matn aIth ncentratro se Ito rater

ant concen atron |e |cate a nee %

ortified af a } hc?_rmtraron Ie |s v ete

reccivery eha sample s ou not er por ort

analyte to the data user.

BB
1€ Eamrﬁ)u

stlone g ers eset ver rsg
L‘ ate resu % e ec are at \e er nt e asdefrned
Beaer Y% ran on ana Yoorth
analytes being ermme mu be ess t n2/a

RPD = 1&%1 _H:gz X100

where: FD1 and FD2 =the quantifie conc ntration gn an individual analyte
por err]nr ta? and r?upﬁlca 1Q elg sample analysrrls "

respectively

ﬁthrs crrfena IS not met the a aI SIS mus\ he re eated Upon reP ated farIure,
the sam A eregeate the analyte 0 to con Mmust e reported
as susp ct the data user

Assessing Surrogate Recovery

981 The surrogate analyte is fortified intp the agueous portion of all

cahbratro standards ? controPsamilsanrtP rﬁsam # %{
monrt?nn tesurrog ere Ponse he generaes USETU u ity
confrol Information from ext actron recrsro th 9 uanrar

an SIS, DevIations in surro a H \e ma indicate an extraction
e using external standard call a the surroHaeretentron

me unctions as’a reference for rdent Ification of target analyt

982 Usrng]r the 35 rro?ﬁtltreeres osrlrjsreotrom theerccalrbrrea (r)n/rg sta }t%: .
ra(tron tandards F@s glghﬁspanr?[}tel sam Ie %
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recov rygs c%l dk%leldl the urrog te.res nslfrom the

sam [es initial cafibragion
an ar 20r ct| an multlpﬁylng %8
own e
% RECS = Sa“'Stx 100

Recoveries must fall %erﬁhm the raﬂge of 80-120%.  Ifa sam;le dorO\fldes

a [ecove Put3|d of this rangg, t extrac% st be reana L

uon re Ksnt recov rycontlnues (5 outside e Geptanle
res samP s{wo be extracte ana 1 It BIS not

P he Hat% or all t eanal es from t |s samle shou

Eorteg toI ata user as suspect due to surrogate recovery out3|de

acceptanle I|m|

933 Ifcon ecu ve sain les fail the surro eres onse g éerntance criterion,
Imme |ateyana e a continuing cli ra|o

9831 Ifthe contl nr%cahbrfa nd rd V|desare overyW| thin
the acceptanle ran ten PV\f ro ures
ltemize |n ctlo 9 or each sample failing the surrogate
[esponse criterion.

9832 Ifthe chelckstanda prowdes ars aerecove WhICh falls
ou SIgle r alls

A
ust recaﬂ)rate as Specifie lgegnon y
Assessing the Internal Standard (1)
991  When using the internal standayd (?allbra lon procedure, the anﬁ
rr}ui‘ mom?or the Jnternalstanﬁar orﬁe ﬁ)pea iea or pea
of all samples during each analysis da
ﬁsponse ould not'd

Xelght
r]terna standar

ewatl rom mean grng /ar response of
the past five continuing calibration standards by >20%

992 |f >20% deviatipn occurs with an |nd|V|dua(J extract, OPtnml
Instrument perormance and Inject a second aliquot of that extract.

9921 If the reinjected allchot Produces an acceptable internal standard
response, report results for that aliquot.

9922 If a deviatjon 0[ S0 |s nedﬁ) Jne reinjected gxtract
?ggl SIS é%ca |brat|on stan ard must b performed
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993 Ifcon ve sa les far, thi ISr gd(ns ac elp ance criterion,
rmme yana eacarbraron stanca

9931 If the chec sta(n ‘d p{ovrﬁesaresgonse r&actgr Eg:%ﬁrgrtchrne r20%

il s e
AL g % %

[ing €
ex e

thet reex fa ron rgr gos re ort gl s Obtaine fom
rernece ex Act 1Seeion 800) bt notate as %sp Ug 0
fit na tan ar ecovery being outside acceptable imits.

0932 Ifth h ks hich
0 0 SO DR T e S
or't he crrterra or tne target analytes, asI ecified In etcg
gre then esaamn% st must recalilrate, as specifie

ratron cﬁe&a fanGarcnead b ?é%%%rtyz%d O

910 Confrrma nCqumn Analysis —Ifla gosr e r %ul IS pbserved on the
co umn aconfr 8 gay 1S shoul eper ormed using either the
|on cofumn or
01 The lahoratory may.adapt additional quality control practices for use with this
met hog ?hygeg rcpacHa s that ar% sltpro ct?ve depen8 Por}h
needs ofiela orat%g the nature of f he samB es. For examLP ie|
used t amples

reagent blanks assess contamination of s nder site
C0 trons fransportation and storage.

2 Qo Y SR gl o e

100 CALIBRATION AND STANDARDIZATION
101 Preparation of Calibration Standards
1011 Frv calibration standards are reqérrred Ones ould contain the
esa aeo nnear hut re%ter an the meh
ete Ion | eac co he others shou
even drstr out eco n]ragon range(ex]nde n
samples o r] range o etect? eon
nu ero stan ar (1 A minimum of t hre ea ratron
standards are r urre to cal(hraté a range o afacor
oncentfaﬁ(%r r a Tactor of 50 use at Ieast fo rsIa ar and for a
actor (at |east lve standards. For exam
a sample concentrafions are expect ed to range rom
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(]j &)18 é)lleg %O %% Ie_orEOstpaér ards ah%réd be prepared at 0.20 po/L.

" A R I R
§ 'g gde ﬁafrrna rpwrt ammonrum orrg qe are hrs
Bu er%ﬂ rrnate rea t Water ZE hos

eLch torrnatrn At ectron am onrumc orrde tyne)
of reagent water ( ectron

1013 Next a gL of the des ed co cen raron rr ry dilition
! c dmet gnol ase ectrn(% IaImbaquuo

Efg mrcros dece a)nr ateld ?gvggte[rn ahesan rd |nSe %e

U Gl

Eofu][rwaectrorthtgrn sarnemnrrer lt% da

e i

gtrac e rmﬂrr? fya rpreparatronpgg Eon ]ﬁ;1 &

10131 Includin chIoraI draern (Ja analyte
o 63?53%%“ o e“'*“O” ) ot“tJ %ﬁl
gﬁ D f:(?g aaﬂ)ralmr dratersrn de rnte
R/ rrnate rea%ent water zgnrng

ere

recoLv% Otzerebl ﬂ?t v A
preser\%e[J L&L
rnrn Do not a hIorthdraern

nalyze
resgltsa gles %et?&rve e@t’s‘t ?\IML ow reco eries may

Cautjon: DO NQT prepare procedural calibration
stane‘ards rnavolu[Retﬁ ?dé)r ¢ g rans?er ﬁe sample

a%rrrtrrertrr el : rpgraratgc it

uent a drtrona Xtra
experiment re ect %8‘9/1
os |n vo I oI cu arwer tan vrr
suc ans ers sam Hr es
Fr t gext act vraI or ottIe mw rch Were
ortrtied and co Iecte

atrx I UC

een 0Uﬂ om reagent water
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102  External Standard Calibration Procedure

1021 Ex ac% and analyz ea%h calibration standard acco ding to Section 110
nd t J; rg torarear sgonse Versus ﬁ cncentratlo?Or

tne stan £ YE?%"S arg use kﬁel are a calloration curve

each com OUH ottin € 1 Or areg, response Versus
ncentra S CUl’VG %an %g C? { ({ (J

efinedas eltﬁeraﬁrs or Secon
erna |ve |ft e ratiq of respons ocon(ien ration (response actor
constan e wor ma e (<10% rela

atlve standar
VlatIOH \€ar]

l) ro%@% e origIn can tie ass %nd the
%\de\ggge ratio or calibration Tactor can be Used In place o acaI ration

1022 Surrogate analyte recoveries must be verified as detailed in Section 98,

103 Internal Standard (IS Calibration Procedure

1031 % act each callbr t|n rd accordm oSec lon 0 Removea
L port |on or pent ne trac rorp ﬁam]o
exractlo gah ace nls ntoa 2 % osam er vial. To this
extr Cad mterna FS d| ution
nolar eva an analyze. owm tabu ate eak
tora are (yse a‘n concentratlo or achc LP
mtern stan ate reIatlve response Tactor 0r eac
compoun using the fo owmg equation.

P (A) (c | )
( B
R
pg/L

oncen ratlon 0T the analyte t0 e meas

H F value over the or|<|n range Is const nt <10% SD averae
an e se for calculations. Iternatlve resu ts
otaca Ibration curve of response Versu ana eratlos

104 Continuing Calibration Check Standard

1041 Prec dli]% eacq analysis set, aﬁ%{eve 10t sa&n% gmsa d after
ar S

R R

ifrerent concent atlon Lev 0 veriy the. call ra Ion ¢
criteria 1s applicable to both external and internal stancard call brated
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ST SR g o

1042 In order for thec bratron econs ed valrfi agral te re /erres for
ﬁco tinyjn ratron ecs]t a must fall Boigoftpr

or etar et ana e recQVeries of a jeast
anaytes ermrne must ? etween %%Xf and 120
1043 [f this cr teria cannqt be rge t the conp urng caIrbraHon check standard

}E rea alyzed i or&er 0 determine }[ SPONSE. evatronsogerved

mrtra analysis are. rer?e ted. thrls crrterra still cannot he met
ent ns rume t’Is conside %ar bration for those specific
Ee acce tance ran r‘p

ana

%‘* rev ssam es reanalyz

%ce fa era esouI ere rtedassu pect fo
revrous analyzed samples.

ot 0

es out
er for

|nstr merh needs {0
0 ana
110 PROCEDURE
111 Sample Preparation

1111 Remove samples from storage and allow them to equilibrate to room
temperature.

1112 Remrﬁe vial caps. Remove a 10 mlhvolumeo the sa Ie Chetck

f % Irquot 0, Vertty that It Is within a eo
and ofthra eha new samﬁemusﬁ
collected. eIace evra cags an weﬁé theocon alners wit contents

to Ithe neares 01 -and recor thesenv i F s seduent ?am

vo m termrn |0n ction 11 drc ntinua ? e n? ”l?e
cu atro atrve esamnpevra 2

re a I| aer and scorl g he mgnrs uS

ec |on hrs |m|natet egravrmetrrc step atiove and In

1113 In{ect 5 Sp |rther urrogate analyte fort |f|catn%n solution Seftron 14.])
o the amp ea eous C0 centratlr no surrordgte nalyte must
he saén t]n)iat
ectron 13

reparin ratronsaﬁ
na ¢ re y Inverting the sample vial
0 times with mini samzle agitation.
112 Sample Extraction

1121 With MTBE as Extraction Solvent

11211 é(fg%;??} t(li% Ofﬂbﬁﬁgr\,\,ﬂ% %em& ]]1013r)ransqer or
afic alisp

auto ensing pipet,
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176

Add 1093n Ior20 NaZB0atq the sam le vial.

or an Im rta%r tIClse%%nCG N n& ra% u%e Of
i L o

e R

INULES, nve tevra an owthe ater ang MTBE
phases to Separate (approx, wo minutes).

Itaser\Fa amnllees aaree berngept ar dgltfl%rn eér ra]c jon
Kf % esam sou ereca%p |aed and
B n

rzo tal posii
i?{]ev?\a? qu é Iﬁtra uertrca|ongsr on Of te
|ona ave solvent ands tad
|Is In th otom oftevra |tW|II
no drss olve urrn sample extraction,

C?e Pre | usvr%rong of this ho call for the
||o “shaki O,t evra VI orousy
ena Please make a'n
trs roce ur een changed In an effort
to mrnrmze volatl eana eosses

By using a pos ePa eur |et Sec on62 ransfer
a lJr%ortro es ven E mL Ia

4 b
autosampler vial cer arn no \ater
carrieg qver onto ot om oft eau osam ervaI Ii

dua sea ars Int eau the ottom
er can removeq an a us ng a
P ‘p ere arnrn g

trans erre toasecon mpler vigl & a backup

fract orior se%rate_cop nmatfon angtﬁsrs
J)rnroxrma eIP/ the s vent ecan be
enient ansferre from the ori na 3 mL volume.

112131 Iﬁusrn an mterPaIsan ard quantitation,
the extract transter Into the autosampler

vial rr]rerust e, %a ormed "neau rfrantrt five

88 [b g/rrn 0¥a2%8 tquttrated

to accurate ransfer

of am xtracf t
auto am ler v (ﬁ Lo | ternaI

bt i Ll
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1122 With Pentane as Extraction Solvent

11221

11222

11223

@x%%E o o aasaa?aata SSBrCy'O“ D her o
Oatic dispensing pipet

%Ozsgoua£04to he sa pIe vial.
ane amp mlxture
f0n3|seﬁ1tl¥ % evab hand
nvert the vial and Iowt aeran
10 Separate approx omlnu es

Note:. Pre r5| ns of this method. call fo
(?(sl |ono Ib QEaJang g]e vuﬂ VI orous[ th%efore
epentan as asem eano

rocedural. order has eenc anged In an effort o
m|n| 1ze volatile analyte losses.

and rac

orous

rm| tes
pentane ases

Iﬁ]?n serles fs m js ar J)“m ’{\)ared 2&069 reagta{(r)nn o

Mt e

E?s rzlguted aﬂon the Ienﬂﬁ j eo?]/gall Ifﬁm V|aI IS left
{

mavertlca 3|8 hav
%olventa de l\l 4WI| In the
ottomo eV|a and it will not dlssove ur g Sample
extraction.

sy e g,
vial (?

i, B Srs g o

£k
mteatosm er vja ebott aHer an er%
remoyve an scar ed u5|

rema|n| enI ep se ma etrans toasecond
at sam V|a asa acku extract or or Separate
confirmation analysis.

112231 Th? extract trans{er into the autosampler
vial must e erformed in a quantitative

ne i m%¥be%8neumgue
L
ety #ﬁ fr Sl
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1123 Discard the remaining contents of the sample vial. Shake off the [ast
B{N rops wﬁnﬂ nolr gbr?s WrSISt movemeR

1124 Reweigh the e ial with the ori |naI ca de culaete et
we| samp erence tot are ection
ection his net w |n grams sequwalent
vo ume of water (in mL extracte

1125 The sample (e raBt {nag/ e stored In a]freeze[g <10°C) foram |mum

i B R R
t%e vniatlﬁtyo e exiraction solvent, a1nthe seg d“ a %sbeen
Plerceg Fcnmﬁ OP( Or SCrew caB seg rn S que re ace
mmediately or the extract cannot be réanalyzed at a

Sample Analysis

11 Depemppi Gl sl e
con Irmation columns Reten ata ortepnmar{? and confirmation
columns are given In Tab

1132 Ingect 2 JJL|9 the sam eex*rac t and recgrd the resulti mg eak
n[])ns O optimum per ormance an Remsmn an autosam [for
recoFr)n mlerHec lon"and a data System Tor signal processing are Stron

120  DATA ANALYSIS AND CALCULATIONS

21

122

123

}dentl sample com one tsb an ron of retention times oreteQ lon data
romte ratlon an ar. her non ime of an unknow
com ou corres on _li |n ect|on ere tention time of a
standara compou d ten| enti cat|o 15 conside p03| Ve,

ThebW|d h of the retention time window used to make |dent1f|cat| ns s
upon meas%remenﬁs of actual retentlo (Jngevanatlon? stan ar S

QVGf UFSE Three times th ation Ot a retention
€ can USG to. caeul e s WI OW S COm‘EOUHd

este
wever I nence 0 the argﬂ \iv?ilgn eaV|
Inter retat|ono chromat n%ranls n|t|a onstration of capapility
retention fime aft aS aﬂ ean eterrF n]ln a%%p able retention
time wmn %ug oult eve opment thad a retention time
window of 1.0% of the’tota anaI e retention tlme Was used.

Idenlnflgatwn reclunes men t when s dg one&ts are not

resolvi roma(r)ﬁ w en és re nt
?( an one samp com nent a}l)<wn ou e
valley between two or mor maX|m enever oubt eX|ssover
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identification of a ekrnac 0 m, confir aron IS suqaested by the
Use ot( |ssrmrlarpco umn orrl) r&aéol% when sufficient conc ratronsyot
anaIytes are present.

124 Ifthep ﬁk e %onae exceeds the]lrnear ran%]e of the calibrati \on curve, the final
ext ra(i S 8ul |I ted with t ate ex raftror!J vent and
reanalyz eana st]rsn tbper te t0 extrapolate beyond the
conce tratron range eca ration CUrVve.

125 aIcuIﬁte the uncorTrected conce ntrations (G 6 ) of each an ¥te§n the s 1
omt 6 ctors or caljbrat |orlg rves ne ate n Section ﬁg?n
ection 1 ratron standard to calculate

ston 051 o ot e el

126 Calculate the corrected sample concentration as;

Concentration go/L =

hee V uivalent.to the net sample weight in grams determined in
ctrronl 15% ga&ecron Przf d onting

METHOD PERFORMANCE
131 Inasrn t%eélaiboratory an E [ecoverje from reagent wat rwthM)tPE ﬁthe

xtract S rgmeterrnrnwe ttorr ?nc \trrrrgrlort]rs 0 deter ing the
We Ef)tl_g in Tagle 8 t\/létgaﬂ e % rg
Wer ermrne |nt

etetd Fmrtt
provr or Inform trona DUIOSES.

1311 For each an e, calcul te the m an concentratron an ne slan?]ard
dev ation o IS me e(n eseven rea cates. %
tu entstv Ue at /o on e : egreeso ree |st|éll

n
or seven IC es mis stanﬁarg eviation™t
estimate 0 € et Ctl Imit. This estimate 1S t?tg/ ﬂg

1312 Si (Jtdpe the Ista tistical estimate Js based on the recrs dthe analxsrs an
tron eo detection can he detern; |ne
orse an the b%segrne as wel] as re |on
nown ast ed as elther. e] ora eve
Smun rnasampegr |n a l%mt extractw asrgnal
ton 158 (S/N) ratio ot dipprox a Ve, W |c ever 1S Qreater.

vr[rt with the esti
Ng manner. are
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133

134

135
136

180

1313 These MDL determinafions were conducted pn both the primary (DB-)
%’;ﬁ&geﬁ%gﬂ% ﬁb %ﬂ co?umns andp are present%rJ

Analyte reco erres ere also determrn d f i rea ent wat r with entane as the
extractin so wo oncentrario eve estu |e an the results are
re ente |n es ts owe.?t] ortr level were. sed

0 determi eana] ese saon wrt the
strmt et ctro ere t%r{rgte In @ manner analogous to
that described In Sect |on throug

In srn le laboratory, met od cr jon Urac wer ted usin

£ TeCOVErIes trry q % ere /éjegtct orrn %o%ﬁﬂa&tg

rrcesw the extractin oIvent ema Ices studied

vrc acr a ntwatera round water ﬂ

aC 3content. eres ts or these are gr sented In ab through
eematncesw re for Itled using. outside source analyte o ons
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TABLE 1. RETENTION TIME DATA USING MTBE

Analyte

Chloroform
1,1,1-Trichloroethane
Carbon Tetrachloride
Trichloroacetonitrile
Dichloroacetonitrile
Bromodichloromethane
Trichloroethylene

Chloral Hydrate
11-Dichlgro-2-Propanone
1.1.2-Trichloroethane
Chloropicrin
Dibromochloromethane
Bromochloroacetonitrile
1,2-Dibromogthane (EDB)
Tetrachloroethylene
111-Trichloropropanone
Bromoform
Dibromoacetonitrile
1,2,3-Trichloropropane
|,2-Dibromo-3-chloropropane (DBCP)
Hexachlorocyclopentadiene
Trifluralin

Simazine

Atrazine
Hexachlorobenzene
Lindane (gamma-BHC)
Metribuzin

Bromacil

Alachlor

Cyanazine

Heptachlor

Metolachlor
Heptachlor Epoxide
Endrin

Endrin Aldehyde
Endrin Ketone
Methoxychlor

Surrogate:
Decafluorobiphenyl

Internal Standard: Bromofluorobenzene
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“‘Column A -

bColumn B -
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TABLE 1 RETENTION TIME DATA USING MTBE

Column Ax Column Bb
Retention Time Retention Time
Analyte minutes minutes

0.25 mm ID x 30 m fused silica capillary with chemically bonded methyl polysiloxane
Rha_se G&w, DB-1, 1.0 pm film thickness or equivalent).” The linear velocity of the
elium carrier is established at 25 cm/sec.at 35°.

The column oven is temperature programmed as follows:

[y HOLD at 35°c for 22 minutes _

2] INCREASE to 145°c at 10°c/min and hold at 145°c for two minutes

31 INCREASE to 225° at 20°c/min and hold at 225°c for 15 minutes ,

41 INCREASE to 260°c at 10°c/min and hold at 260°c for 30 minutes or until all
expected compounds have eluted.

Injector temperature: 200°c
Detector temperature: 290°

0.25mm ID x 30 m with chemicallg bonded 6% cyanopropylphenyl/94% dimeth?{I
polysiloxane phase (Restek, Rix-1301, 10 Ipm film“thickness or equivalent). The [inear
velocity of the helium carrier gas Is established at 25 cm/sec. at 35°c.

The column oven is temperature programmed. exactly as indicated for Column A,
above. The same temperature program is utilized to"allow for simultaneous
confirmation analysis.

There is no retention time for this analyte since it does not separate into a discreet peak on the Rix-1301,
dAtrazine and simazine coelute on the confirmation column.
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TABLE 2A. METHOD DETECTION LIMIT USING MTBE NH(C1 PRESERVED REAGENT WATER

Analyte

Alachlor

Atrazine

Bromacil -
Bromochloroacetonitrile
Bromodichloromethane
Bromoform _
Carbon Tetrachloride
Chloral Hydrate
ChIoroPmrm
Chloroform
Cyanazine
Dibromoacetonitrile
Dibromochloromethane
1,2-Dibromo-3-Chloropropane
1,2-Dibromoethane
Dichloroacetonitrile
111-Dichloro-2-Propanone

Endrin

Endrin Aldehyde
Endrin Ketone
Heptachlor
Heptachlor Epoxide
Hexachlorobenzene
H_exachloro%yclopentad|ene
Lindane (%- HC)
Methoxychlor

Metolachlor

Metribuzin

Simazine
Tetrachloroethylene
Trichloroacetonitrile
1.11-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
1,2,3-Trichloropropane
1,1,1-Trichloro-2-propanone
Trifluralin

Surrogate ===> Decafluorobyphenyl

aBased upon the analysis of ei
VDL d_em?nate_s the “statistica
of the eigh

standard”deviation estimate with

ON PRIMARY DB-1 COLUMN

Fort,
Cone.

polL

Obser.*
Cone. pglL

108

Avg.

% Rec.

117

118
108

ht replicate MTBE sample extracts, _
y derived MDL and is calculated by multi
replicates by the student's t-value (2.998) appropriate for a 99

-1 degrees of freedom.

MDLb
polL

EDLC
polL

lying the standard deviation
00"confidence level and a

Estimated Detection Limit (EDL) —Defined as either the MDL or a level of compound in a sample

yielding a peak in the final extract with a signal to noise (S/N) ratio of approximately five, whichever is

Oreater,
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TABLE 2B. METHOD DETECTION LIMIT USING MTBE NH4CL PRESERVED REAGENT WATER
ON CONFIRMATION Rtx-1301 COLUMN
Fort.
Cone.  Obser*  Avg. MDLb  EDL'
Analyte Pg  Cone.pyll %Rec. %RSD  Pg/L no/L
Alachlor (?.109 0.107 % 170 0.005 (?.076
Bromacil . 0.094 0.134 143 11.65 0.047 0.071
Bromochloroacetonitrile 0.010 0.008 80 949 0.002 0.015
Bromodichloromethane 0.010 0.012 120 434 0.002 0.006
Bromoform _ 0.010 0.015 150 2951 0.013 0.013
Carbon Tetrachloride 0.010 0.011 110 1870 0.006 0.006
ChIoroPmrln 0.010 NRd NR NR NR 0.062
Chloroform 0.010 0.059 590 282 0.005 0.008
Cyanazine 0.189 0.219 148 1.56 0.063 0.065
Dibromoacetonitrile 0.010 0.010 100 4.87 0.001 0.007
Dibromochloromethane 0.010 0.021 210 29.30 0.018 0.018
1,2-Dibromo-3-Chloropropane 0.010 0.020 200 9.95 0006 0024
1.2-Dibromoethane 0.010 0.039 390 6.4 0.007 0.007
Dichloroacetonitrile 0.010 0.010 100 411 0.001 0.003
11-Dichloro-2-Propanone 0.010 0.009 90 16 0003 0015
Endrin 0.016 0.025 156 4.09 0.003 0.015
Endrin Aldehyde 0.022 0.034 155 2245 0.023 0.030
Endrin Ketone 0.047 0.049 14 549 0.008 0.047
Heptachlor 0.016 0.018 113 3.79 0.002 0.010
Heptachlor Epoxide 0.044 0.079 180 84.71 0.202 0.202
Hexachlorobenzene 0.006 0.006 100 1647 0.003 0011
HexachlorocBycIopentadwne 0.019 NR NR NR 0.327
Lindane (%- HC) 0.009 0.01 122 6.09 0.002 0.009
Methoxychlor 0.168 0.221 118 353 0.023 0.041
Metolachlor 0.219 0.280 128 145 0.012 0.268
Metribuzin 0.062 0.076 123 217 0.005 0.013
Simazine/Atrazine 1.26 1619 129 248 0121 0.629
Tetrachloroethylene 0.010 0.012 120 6.97 0.002 0.003
Trichloroacetonitrile 0.010 0.006 60 16.01 0.003 0.010
1.11-Trichloroethane 0.010 0.020 200 1922 0.012 0.012
1,1,2-Trichloroethane 0.140 0.133 % 340 0.014 0.020
Trichloroethylene 0.010 0.009 90 1377 0.004 0.007
1,2,3-Trichloropropane 0.156 0.160 103 RNl 0.015 0.114
1,1,1-Trichloro-2-Propanone 0.010 0.011 110 111 0.002 0.010
Trifluralin 0.022 0.024 109 3.07 0.002 0.006

Surrogate ===> Decafluorobyphenyl
! i 106 106 178

“Based upon the analysis_of_eiﬂht replicate MTBE sample extracts. o o

bMDL d,esu[mate_s the ‘statistically derived MDL and is calculated b mquEIymg the standard deviation

of the eégh replicates by the student's t-value (2.998) appropriate for a 9% confidence level and a

standard deviation estimate with -1 degrees of freedom. _

‘Estimated Detection Limit (EDL) - Defined as either the MDL or a level of compound in a sample .

y|e|t1|ng a peak In the final extract with a signal to noise (S/N) ratio of approximately 5 whichever is
reater.

gNR Indicates Not Reported since there was no peak detected for the eight replicate MDL determination.

The concentration of atrazine and simazine were added together for this determination since these two

peaks coelute on the confirmation column.
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TABLE 3A. OPR CISICD) ND ACCURACY RESULTS USING MTBE* NHACL PRESERVED

RTIFIED REAGENT WATER ON THE PRIMARY DB-1 COLUMN
Fortified  Mean M Percent
Analyte Cone., pg/L ~ Cone,, pg/ %RSD Recovery
Alachlor 2.18 240 147 110
Atrazine 126 124 1 %
Bromacil . 188 18 313 %
Bromachloroacetonitrile 5.00 5.69 0.71 114
Bromodichloromethane 5.00 494 114 99
Bromoform 5.00 507 0.72 101
Carbon Tetrachloride 5.00 507 172 10
Chloroplcrm 5.00 532 138 106
Chloroform 5.00 510 130 102
Cyanazine 317 3.89 2.85 103
Dibromoacetonitrile 5.00 5.78 143 116
Dibromochloromethane 5.00 4.87 071
1,2-Dibromo-3-chloropropane 500 511 0.59 102
12-Dibromoethane 5.00 4.96 0.73
D|chloroaceton|tr|le 500 5.35 057 107
11-Dichloro-2-propanone 500 508 0.72 102
En drin 031 0.337 140 108
Endrin Aldehyde 0.437 0.503 132 115
Endrin Ketoné 0.310 0.319 15 103
Heptachlor 0.313 0.351 2.4 12
Heptachlor Epoxide 0.875 0.968 0.65 m
Hexachlorobenzene 0.124 0.137 0.89 110
Hexachlorocglclopentamene 0.374 0.368 118 9%
Lindane % 0.188 0.199 14 106
Methoxychlor 1.26 148 2.84 1
Metolachlor 439 489 087 m
Metribuzin 1.24 12 3.9 97
Simazine 125 131 2.02 105
Tetrachloroethylene 500 507 162 101
Trichloroacetonitrile 500 513 134 115
1,1,1-Trichloroethane 5.00 502 1.2 100
1 1, 2-Trichloroethane 2.80 292 091 104
Tnchloroethylene 500 487 148 o7
2,3-Trichloropropane 312 3.08 0.62 9
111I Trichloro-2-Propanone 500 530 081 106
Trifluralin 0439 0503 1.09 115
Surrogate ===> Decafluorobyphenyl
J ypisy 100 104 193 14

‘Based upon the analysis of eight replicate MTBE sample extracts.
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TABLE, 3B PRECISION AND ACCURACY RESULTS USING MTBEaNaXsO
PRESERVED FORTIFIED REAGENT WATER ON THE PRIMARY DB-T COLUMN
Fortifie Mean Meas. Percent
Analyte Cong, pqu Cong, pgﬂ_ %RSD  Recovery
romo |chIorome hane E . igg %
Q) . : 101
l 1 etr dachlorlde ) . . 1
ora .
orofo %I . . %
romochloro ﬁhane . . @
BI rom03h oropropane . . . 18@
il g 8 ®
etra 0 et ane . . L 101
) , . 1
?’ru]:hloroet ene . . 221 %
urrogate ===> 10.0 102 1.88 102

ecafluorobyphenyl
aBased upon the analysis of eight replicate MTBE sample extracts.
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TABLE 3C. PRECISION AND ACCURACY RESULTS USING MTBE* NH(Cl PRESERVED
FORTIFIED REAGENT WATER ON THE CONFIRMATION Rtx-1301 COLUMN

Fortified Cone.,  Mean Meas. Percent
Analyte Py/L Cone, pglk ~ %RSD  Recovery

Alachlor 18 2.26 081 104
Bromacil o 1.88 177 350 9%
Bromochloroacetonitrile 5.00 559 0.86 112
Bromodichloromethane 500 492 102 9%
Bromoform , 500 504 0.73 101
Carbon Tetrachloride 5.00 490 L7 98
Chloro?lcrln 500 5.24 120 105
Chlorotorm 500 505 120 101
Cyanazine 31 3.90 2.30 103
Dibromoacetonitrile 5.00 547 0.58 109
Dibromochloromethane 5.00 5.04 0.90 101
1,2-Dibromo-3-Chloropropane 500 5.12 0.54 102
1,2-Dibromoethane 500 509 182 102
Dichloroacetonitrile 5.00 530 0.55 106
11-Dichloro-2-Propanone 500 494 0.70 9
Endrin 0.310 0.33% 2.08 108
Endrin Aldehyde 0.440 0.490 2.13 m
Endrin Ketone 0.310 0.317 1.63 102
Heptachlor , 0.310 0.349 1.06 113
Heptachlor Epoxide 0.880 0.978 0.80 1
Hexachlorobenzene 0.124 0.135 0.59 109
H_exachlorochcIopentamene 0.374 0.474 .19 17
Lindane (%- HC) 0.188 0.205 0.5 109
Methoxychlor 1.26 142 2.30 113
Metolachlor 4.39 457 343 104
Metribuzin 124 129 115 104
Simazine/Atrazine 25.1b 30.0 11 119
Tetrachloroethylene 500 493 165 99
Trichloroacetonitrile 5.00 548 131 110
1.11-Trichloroethane 5.00 4.87 1.66
111,2-Trichloroethane 2.80 2.76 152 9%
Trichloroethylene 500 481 152 97
1,2,3-Trichloropropane 312 307 0.8 %
111-Trichloro-2-Propanone 500 490 0.89 9%
Trifiuralin 0440 0.486 093 110
Surrogate ===> Decafluorobyphenyl

100 106 1.9 106

“Based upon the analysis of eight replicate MTBE sample extracts.
F|mt%2|ne and atrazirie coelute on the confirmation column and therefore these results were added
ogether.
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BrESeR{eD FORTIFIED REAGENTWAXER ox e CONFRITATIONRo:

1301 COLUMN
Fortifie Mean Meas Percent
Analyte Cong, pqu Cong, pg? L %RSD Recovery
romo |chIoromethane . B
Ygéo or?n trachloride :
%‘Eochlo % hane 1
Ipromo oropropane 101
omogt 1
etrachlo
]h rlc or ane %
fiC Ioroethy ene
urrogate ===> 10.0 103 164 103

ecariuorobyphenyl
aBased upon the analysis of eight replicate MTBE sample extracts.
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TABLE 4A. PRECISION AND ACCURACY RESULTS USING MTBE* NH4! PRESERVED
FORTIFIED REAGENT WATER ON THE PRIMARY DB-1 COLUMN
Fortified Mean Meas. Percent
Analyte Cone, pglk ~ Cone,pg/L ~ %RSD Recovery

Alachlor 0436 0515 1.4 118
Atrazine 2520 2.9% 1% 119
Bromacil o 0.376 0.376 332 100
Bromochloroacetonitrile 0.250 0.281 157 113
Bromodichloromethane 0.250 0.276 142 110
Bromoform _ 0.250 0.260 162 14
Carbon Tetrachloride 0.250 0.299 160 120
Chloro?mrm 0.250 0.285 2.03 114
Chloroform 0.250 0.264 1% 105
Cyanazine . 0.754 0.761 197 101
Dibromoacetonitrile 0.250 0.276 1.89 110
Dibromochloromethane 0.250 0.266 1.2 106
1,2-Dibromo-3-Chloropropane 0.250 0.261 18 104
1.7-Dibromoethane 0.250 0.274 189 110
Dichloroacetonitrile 0.250 0.268 112 107
111-Dichloro-2-Propanone 0.250 0.261 091 105
Endrin 0.062 0.073 2.6 i
Endrin Aldehyde 0.087 0.108 1.29 123
Endrin Ketoné 0.062 0.062 0.76 100
Heptachlor 0.063 0.059 109 9
Heptachlor Epoxide 0.175 0.206 0.90 118
Hexachlorobenzene 0.025 0.030 3.7 120
HexachlorocE?/clopentadlene 0.075 0.074 3.22 99
Lindane % 0.038 0.047 2.74 125
Methoxychlor 0.252 0.298 324 118
Metolachlor 0.878 1.056 1.00 120
Metribuzin (.248 0.264 2.15 107
Simazine 2500 2.960 271 118
Tetrachloroethylene 0.250 0.263 193 105
Trichloroacetonitrile 0.250 0.291 102 116
1,1.1-Trichloroethane 0.250 0.291 365 116
2- Tnchloroethane 0.560 0531 0.85 %
Tnchloroeth ene 0.250 0.252 120 101
12,3 Tnchloroprtgpane 0.624 0.59 0.83 %
11, I-Trichloro-2-Propanone 0250 0.286 312 114
Trifluralin 0.088 0.106 150 12
Surrogate ===> Decafluorobyphenyl 100 109 249 109

"Based upon the analysis of eight replicate MTBE sample extracts.
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TABLE 4B. PRECISION AND ACCURACY RESULTS USING MTBE* Na*Oj PRESERVED
FORTIFIED REAGENT WAITER ON THE PRIMARY DB-1 COLUMN

Fortified ~ Mean Meas. Percent

Analyte Cone, pglL ~ Cone, pglL ~ %RSD Recovery
Bromodichloromethane 0.250 0.270 177 108
Bromoform _ 0.250 0.257 2.04 103
Carbon Tetrachloride 0.250 0.287 518 115
Chloral Hydrate 0.250 0.258 412 103
Chloroform 0.250 0.248 1.68 9
Dibromochloromethane 0.250 0.261 1.36 105
1,2-Dibromo-3-Chloropropane 0.250 0.258 1.26 103
1,2-Dibromoethane 0.250 0.243 0.90 97
Tetrachloroethylene 0.250 0.256 1% 102
1,1,1-Trichloroéthane 0.250 0.276 5.12 110
Trichloroethylene 0.250 0.246 101 %
Surrogate ===> Decafluorobyphenyl 10.0 106 351 106

“Based upon the analysis of eight replicate MTBE sample extracts.
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TABLE 5A. PRECISION AND ACCURACY RESULTS USING MTBE* NH41 PRESERVED
FORTIFIED FULVIC ACID ENRICHED REAGENT WATER” ON THE PRIMARY DB-1 COLUMN

Analyte

Alachlor
Atrazine
Bromacil o
Bromochloroacetonitrile
Bromodichloromethane
Bromoform ,
Carbon Tetrachloride
ChloroP|cr|n
Chloroform
Cyanazine
Dibromoacetonitrile
Dibromochloromethane
|,2-Dibromo-3-chloropropane
1,2-Dibromogthane
Dichloroacetonitrile
-Dichloro-2-propanone

ndrin

Endrin Aldehyde
Endrin Ketoné
Heptachlor
Heptachlor Epoxide
Hexachlorobenzene
H_exachlorogclopentadlene
Lindane (ﬂ- HC)
Methoxychlor
Metolachlor

Metribuzin

Simazine
Tetrachloroethylene
Trichloroacetonitrile
111-Trichloroethane
111,2-Trichloroethane
Trichloroethylene
1,2,3-Trichloropropane
1,1_,i-Tr|<_:h|0r0-2-propanone
Trifluralin

Surrogate ===>
Decafluorobyphenyl

Fortified Cone., Mean Meas.
Py/L Cone., pglL

2.18 2.38
126 116
188 189
100 111
100 0.8/
100 0.97
100 0.88
100 113
100 103
31 402
100 114
100 0.89
100 0.93
100 0.9
100 105
100 103
0.311 0.325
0437 0.505
0.310 0.319
0.313 0.358
0.875 0978
0.124 0.139
0.374 0.363
0.188 0.206
1.26 141
439 484
124 130
125 120
100 0.90
100 111
100 0.9
280 281
100 0.93
312 2.9
100 110
0.439 0.517
100 104

‘Based upon the analysis of eight replicate MTBE sample extracts.

kReagient water fortified at L0'mg/L with fulvic acid extracted from Ohio River water. Sample

simulated high TOC matrix.
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TABLE 6A PRECISION
FORTIFIED G
Analyte
Alachlor
Atrazing
Bromacil

Bromochloroacetonitrile
Bromodichloromethane
Bromoform _
Carbon Tetrachloride
Chloroplcrln
Chloroform
Cyanazine .
Dibromoacetonitrile
Dibromochloromethane
1,2-Dibromo-3-Chloropropane
1,2-Dibromogthane
Dichloroacetonitrile
I%.1aD_|chIoro-2-Propanone

n

ndri
Endrin Aldehyde
Endrin Ketoné
Heptachlor _
Heptachlor Epoxide
Hexachlorobenzene
H_exachIorocE?/cIopentadlene
Lindane (ﬂ- HC)
Methoxychlor

Metolachlor

Metribuzin

Simazine
Tetrachloroethylene
Trichloroacetonitrile
1.1.1-Trichloroethane
111,2-Trichloroethane
Trichlorethylene
1,2,3-Trichloropropane
1.11-Trichloro-2-Propanone
Trifluralin

Surrogate ===> Decafluorobyphenyl

ACCURACY RESULT% USING MTBE* NH41 PRESERVED

Mean Meas.
Cone.,
PgiL

499
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6.07

LIESIASSBBSESBRIACSBEUAS RIS RIS

AND
ROUND WATERbON THE PRIMARY DB-1 COLUMN
Unfort.
matrix
cone,  Fort. Cone,
PglL PglL
NDC 8.12
ND 504
ND 152
ND 5.00
170 5.00
201 500
ND 5.00
ND 500
0571 5.00
ND 1551
ND 500
6.00 500
ND 5.00
ND 5.00
ND 5.00
ND 500
ND 124
ND 175
ND 124
ND 15
ND 350
ND 0.50
ND 1.50
ND 0.75
ND 5.04
ND 176
ND 496
ND 50.0
ND 5.00
ND 500
Il 500
ND 12
ND 500
0.340 125
ND 5.00
ND 176
100

ed_upon the analysis of eight replicate MTBE samplg extracts,

‘Bas
%Iormated ground water from a water source displaying a hardness of 460 mg/L as CaC03

indicates not detected above the EDL.
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Percent

Anal?]/te %RSD Recovery

romoplchloromet ane

[0
‘gﬁ’ﬂ He dachlorlde

orofor% at
%)mochloro?:]ﬁ hane

romo-3-Chloropropane
[omo fl
etra

r|c or ane
rlc Ioroethy ene

1%
1%
urrogate ===>

ecafiuorobyphenyl 100 101 871 101
ed.upon the analysis of gight re Ilcael\/rrBE ample extracts.
tgiggr @%te'a grouna %vater fe o?n ater source dISS po |eng a ﬁardness of 460 mg/L
&\I ates Not Detected above the detection limit
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TABLE 7. LABORATORY PERFORMANCE CHECK SOLUTION

Cone pr%/mL
Parameter Analyte or pentane Acceptance Criteria
t )
. (LT 0000 5% '°§s?5na| 0
Egrorrnr%g%%reaphlc l—elre]éachlorocyclopentad 0.0200 an ngen 080
olumn J0%00 jon >0,
erformance rlc %%%'%h%ﬁ%ﬂ”eetha”e 88@ Resolution X008
Rﬁg@%'rl 88@%8 Resolution >0.50

éna%e Endrin 0.0300 %BDC<20%
reakdown

#GF - peak Gaussian factor. Calculated using the equation;
rop = 183 x WSVZ)

(L10
B Otz S e
(Resolution between the two peaks as defined by the equation:

R =-J-

S o T
©BD = Percent breakdown. Endrin breakdown calculated using the equation.

°IBD - (AREA Endrin Ketone + AREA Endrin Aldehyde) x 100
(AREA Endrin Ketone + AREA Endrin Aldehyde + AREA Endrin)

5 AR A S
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TABLE 8. METHOD DETECTION LIMIT USING PENTANE NH41 PRESERVED REAGENT
WATER ON PRIMARY DB-1 COLUMN

Analyte

Alachlor

Atrazine

Bromacil o
Bromochloroacetonitrile
Bromodichloromethane
Bromoform _
Carbon Tetrachloride
ChIoroPmrm
Chloroform
Cyanazine
Dibromoacetonitrile
Dibromochloromethane
1,2-Dibromo-3-Chloropropane
1,2-Dibromomethane
Dichloroacetonitrile
11-Dichloro-2-Propanone

Endrin

Endrin Aldehyde
Endrin Ketoné
Heptachlor _
Heptachlor Epoxide
Hexachlorobenzene
Hexachloropentadiene
Lindane (%-
Methoxychlor
Metolachlor
Metribuzin

Simazine
Tetrachloroethylene
Trichloroacetonitrile
1,11-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
1,2,3-Trichloropropane
1,1.1-Trichloro-2-Propanone
Trifluralin

Fort.
Cone.
PylL

Surrogate ===> Decafluorobyphenyl

‘tguantitated from confirmation column due to baseline interference on primary column.
Hht rephcat?v{)entane sample extracts.
y derived MD

ased upon the analysis, of ei
DL d,esqnates the Statistica
of the eigh

standard deviation estimate with

100

Observ.b
Cone. Avg.
P %Rec. %RSD
0.095" §7.00
0.663 105.00
0.058 62.00
0.047 118.00
0.04 135.00
0.033 83.00
0.060 150.00
0.045 113.00
0.110 275.00
0.170* 90.00
0.046 115.00
0.050 125.00
0.053 133.00
0.053 133.00
0.037 93.00
0.042 105.00
0.019 119.00
0.023 105.00
0.014 88.00
0.011" 69.00
045 102.00
0.008 129.00
0.022 55.00
0.006 64.00
069 110.00
0.267 122.00
0.076 123.00
0.662 106.00
0.052 130.00
0.048 120.00
0.058 145.00
0.141 101.00
0.064 160.00
0.15 97.00
0.045 113.00
0021 53.00
112 112.00

3.98

L and is calculated b?/ muItiEIying the standard deviation
0

replicates by the stident's t-value (2.998) appropriate
-1 degrees of freedom.

r a 99% confidence level and a

(Estimated Detection Limit (EDL) ~ Defined as either the MDL or a level of compound in a sample
yielding a peak in the final extract with a signal to noise (S/N) ratio of approximately 5, whichever is

greater,

551.1-51
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TABLE 9. PRECISION AND ACCURACY RESULTS* USING PENTANE NH,C| PRESERVED
FORTIFIED REAGENT WATER ON THE PRIMARY DB-1 COLUMN

Fortified Mean Meas.

Cone.,  Cone., pg/L Percent
Analyte PylL %RSD  Recovery

Alachlor 218 1.98b 5.09 9
Atrazine 126 120 3.09 9%
Bromacil o 188 174 2.9 93
Bromochloroacetonitrile 5.00 463 318 93
Bromodichloromethane 5.00 4.46 4.07 89
Bromoform _ 500 481 2.76 96
Carbon Tetrachloride 5.00 461 4.14 92
ChIoronrln 500 451 246 90
Chloroform 500 495 290 9
Cyanazine 377 4,000 2.59 106
Dibromoacetonitrile 5.00 4.8) 2.87 9%
Dibromochloromethane 5.00 4.23 338 85
1,2-Dibromo-3-Chloropropane 500 473 3.00 %
1,2-Dibromoethane 500 4,69 254

Dichloroacetonitrile 5.00 473 3.39 %
11-Dichloro-2-Propanone 5.00 478 3.04 %
Endrin 0311 0312 261 100
Endrin Aldehyde 0437 0.443 2.29 101
Endrin Ketone 0.310 0311 210 100
Heptachlor Epoxide 0.875 0.866 211 9
Heptachlor 0.313 0.30 347 97
Hexachlorobenzene 0.124 0.123 251 9
H_exachloro%){_lclopentadlene 0.374 0.384 330 103
Lindane (%- C) 0.188 0.176 10.23 9%
Methoxychlor 126 128 3.03 102
Metolachlor 4.39 4.42 2.3 101
Metribuzin 124 13 213 108
Simazine 125 125 2.0 100
Tetrachloroethylene 500 446 361 89
Trichloroacetonitrile 500 507 4.02 101
1.1,1-Trichloroethane 5.00 470 3.39 u
111,2-Trichloroethane 2.80 2.62 2.03 93
Trichloroethylene 500 4.4 2.98 97
1,2,3-Trichloropropane 312 313 176 100
1 11-Trichloro-2-Propanone 500 488 280 %
Trifluralin 0439 0.446 214 102
Surrogate===> Decafluorobyphenyl 100 107 188 107

“Based upon the analysis of eight replicate pentane sample extracts. _
tQuantitated from confirmation column due to baseline interference on primary column.
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TABLE 1Qr ANALYTE PEAK IDENT]FICATION RETENTI(PN TIME

CONCENTRATIONS AND CONDITTONS USING MTBE FOR FIGURE TNHACL
PRESERVED FORTIFIED REAGENT WATER ON THE PRIMARY DB-1 COLUMN

ReTt?r%telgn Cone

F;gak# i Analyte m(isﬂ%es Pyl

39 E grln Qldehyde 6753246 3108

in . .
4 H]et oxyc i B

Note: , Bromofluoyobenzene (ret. time 31.00 minutes) as the internal standard was not

e
Included in I%IS cﬁroma togram.

‘Column A- 05 mIE)XSOmfu ed S|I|caca£)|llarywnh clammgll bonded

mecr:n sée%ct yjl}%e nara\?eelog#ywo Ee hghuPn camer 1 esbished a

The column oven is temperature programmed as follows:
rlh?ClR[%/i 5% for22m|nutes
to 145°¢ at 10°c/mi. and hold at 145°c for two

AN ngm e thonn o o e e

or untl expecte compouns ave elute
B]éecortem erature:  200°c
tector temperature; 290°c
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Figure 1 Fortified reagent water extractusing MTBE on primary DB-1 column

b

551.1-55



204

TABLE 11 ANALYTE PEAK IDENTIFICATION, RETENTION TIMES,
CONCENTRATIONS AND CONDITIONS USING MTBE FOR FIGURE 2
NHACL preserved fortified reagent water on the
CONFIRMATION Rix-1301

Retention
Time3 Cone.
Peak # Analyte minutes P%/L
Chloroform 1.73 5.00
2 1,1,1-Trichloroethane 1.99 5.00
3 Carbon Tetrachloride 8.36 5.00
4 Trichloroacetonitrile 10.35 5.00
5 Trichloroethylene 11.96 5.00
6 Bromodichloromethane 15.28 5.00
! 111-Dichloro-2-Propanone 20.50 5.00
8 Chloropicrin 23.69 5.00
9 Tetrachloroethylene 24.77 5.00
10 1,1,2-Trichloroethane 25.01 4.8
1 Dichloroacetonitrile 25.21 5.00
12 Dibromochloromethane 26.32 5.00
13 1,2-Dibromoethane (EDB) 26.46 5.00
14 1,1,1-Trichloropropanone 2847 5.00
15 Bromochloroacetonitrile 29.86 5.00
16 Bromoform 30.36 5.00
17 1,2,3-Trichloropropane 3173 50.0
18 Dibromoacetonitrile 32.17 5.00
19 1,2-Dibromo-3-chloropropane ‘DBCP) 36.11 5.00
20 Surrogate: Decafluorobipheny 36.28 10.0
2 Hexachlorocyclopentadiene 39.53 28.0
22 Trifluralin 4543 1.04
23 Hexachlorobenzene 46.47 1.98
24 Atrazine/Simazine 48.56 400
25 Lindane (gamma-BHC) 49.68 30.1
26 Heptachlor 53.15 5.00
21 Metribuzin 53.92 199
28 Alachlor 54.38 34.9
29 Metolachlor 57.07 70.0
30 Heptachlor Epoxide 59.05 140
31 Bromacil 59.60 30.1
32 Cyanazine 59.89 60.4
33 Endrin 65.24 5.00
34 Endrin Aldehyde 71.56 1.00
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TABLE 11 ANALYTE PEAK IDENTIFICATION, RETENTION TIMES,
CONCENTRATIONS AND CONDITIONS USING MTBE FOR FIGURE 2
NH,C1 PRESERVED FORTIFIED REAGENT WATER ON THE
CONFIRMATION Ritx-1301

Retentign
Time3 Cone.
Peak # Analyte minutes Pq/L
3 Methoxychlor 76.73 2.
3 Endrin Ketone 81.28 4.96

Note: Bromofluorobenzene (ret. time 31.30 min.) as the internal standard was not
included in this chromatogram.

aColumn B - 0.25 mm ID x 30 m with chemicallr honded 6%

cyanopropylphenyl/ 9% dimethyl polysiloxane phase (Restek, Rix-
1301, 1.0 pm film thickness or ¢ uwalentg. The linear velocity of
the helium carrier gas is established at 25 cm/sec. at 35°C.

The column oven is temperature programmed as follows:

[.] HOLD at 35°C for 22 minutes

27 INCREASE to 145°C at 10°c/min. and hold at 145°C for two
minutes

3]  INCREASE to 225° at 20°c/min. and hold at 225°c for 15 minutes

4 INCREASE to 260°c at 10°c/min. and hold at 260°c for 30 minutes
or until all expected compounds have eluted.

Injector temperature: ~ 200°C
Detector temperature:  290°C
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ABLE 12 ANALYTE PEAK ID

E
CONCENTRATIONS AND CONDITIONS USIN
NH4l preserved fortified reagent w
DB-L COLUMN

Peak #  Analyte

Chloroform
1,1,1-Trichloroethane
Carbon Tetrachloride
Trichloroacetonitrile
Dichloroacetonitrile
Bromodichloromethane
Trichloroethylene
1,1-Dichloro-2-Propanone
111 2-Trichloroethane
Chloropicrin
Dibromochloromethane
Bromochloroacetonitrile
1,2-Dibromogthane (EDB)
Tetrachloroethylene
1,1,1-Trichloropropanone
Bromoform
Dibromoacetonitrile
1,2,3-Trichloropropane
Internal Standard: Bromofluorobenzene

|,2-Dibromo-3-Chloropropane (DBCP)
Surrogate: Decafluoraobiphenyl
Hexachlorocyclopentadiene
Trifluralin

Simazine

Atrazine

Hexachlorobenzene

Lindane (gjamma-BHC)
Metribuzin

Bromacil

Alachlor

Cyanazine

Heptachlor

Metolachlor

Heptachlor Epoxide

Endrin

Endrin Aldehyde

551.1-59

II\ITIFICATION RETENTION TIMES

G PENTANE FOR FIGURE 3

ater on the primary

Retention
Time3
minutes

8.41
10.26
11.56
12.03
13.53
13.73
13.89
15.60
18.57
20.49
21.03
21.25
22.03
24.75
21.94
30.97
31.45
32.82
33.60

38.34
39.48
43.92
49.04
50.08
50.37
L1l
51.66
53.95
95.12
55.87
51.04
51.21
59.13
62.50
68.00
69.25

Cone.
Py/L
5.00
5.00
5.00
5.00

o
o

(Sa)
o
o

50.
1.00 pg/mL
in pentane

extract
5.00
10.0
28.0
1.04
200
200
1.98

30.1

199

30.1

349

60.4

5.00
70.0
140

5.00

7.00

207



208

TAB E12 ANALYTE PEAK IDENTI FIC ION ETEN TIO TIMES
CONCENTRATIONS AND CONDITIONS USING PENTANE FOR FIGURE 3
NHLCl preserved fortified re Ig_jent wat on the primary
DB-1 COCUMN

Retentlon
Time3 Cone.
Peak #  Analyte minutes Po/
3 Endrin Ketone 15.74 Z(I].%
76.98 201

38 Methoxychlor

0.25 mm 1D x 30 m fused silica caglllary with chemically bonded
methyl polysiloxane phase (J&w, DB-1, 1.0 pm film thickness or
equivalent). The linear velocity of the hellum carrier is established

at 25 cm/sec. at 35°C.
The column oven is temperature programmed as follows:

“Column A -

HOLD at 15°C for 0 minutes _
INCREASE to 50°C at 2°c/min. and hold at 50°C for 10 minutes

1

2

3]  INCREASE to 225° at 10°¢/min. and hold at 225°c for 15 minutes
4 INCREASE to 260°c at 10°c/min. and hold at 260°c for 30 minutes

or until all expected compounds have eluted.

Injector temperature: ~ 200°C
Detector temperature: ~ 290°C
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Figure 3. Fortified reagent water extract using pentane on primary DB-1 column
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APPENDIX B

Figure B.1 Relationship between conductivity and THMFP in shrimp farm effluents (raw water)
Figure B.2 Relationship between turbidity and THMFP in shrimp farm effluents (raw water)
Figure B.3 Relationship between salinity and THMFP in shrimp farm effluents (raw water)
Figure B.4 Relationship between salinity and chloroform formation potential in shrimp farm

_ effluents (raw water) .
Figure B.5 Relationship between salinity and bromodichloromethane formation potential in

_ shrimp farm effluents (raw water) _ _ o
Figure B.6 Relationship between salinity and chlorodibromomethane formation potential in

_ shrimp farm effluents (raw water) . S
Figure B.7 Relationship between salinity and bromoform formation potential in shrimp farm

. effluents (raw water) . o
Figure B.8 Relationship between bromide concentration and THMFP in shrimp farm effluents

(filtrated water)

Figure B.9 Relationship between bromide concentration and bromodichloromethane formation
_ potential in shrimp farm effluents (filtrated wateg _
Figure B.10 Relationship between bromide concentration and chlorodibromomethane formation
. potential in shrimp farm effluents (filtrated water) o
Figure B.I 1 Relationship between bromide concentration and bromoform formation potential in

shrimp farm effluents (filtrated water)
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Figure B.I Relationship between conductivity and THMFP in shrimp farm effluents (raw
water)
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Figure B.2 Relationship between turbidity and THMFP in shrimp farm effluents (raw
water)
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Figure B.3 Relationship between salinity and THMFP in shrimp farm effluents (raw
water)
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Figure B.4 Relationship between salinity and chloroform formation potential in shrimp
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Figure B.5 Relationship between salinity and hromodichloromethane formation
potential in shrimp farm effluents (raw water)
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Figure B.6 Relationship between salinity and chlorodibromomethane formation
potential
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Figure B.7 Relationship between salinity and bromoform formation potential in shrimp
farm effluents (raw water)

3500

O
<<>><§> O O
X o

0 5 10 15

N > M\ |
wn O W
o O O
L O

=
S
A/\/\

THMFP (ug/L)

500

Bromide concentration (mg/L)

Figure B.8 Relationship between bromide concentration and THMFP in shrimp farm
effluents (filtrated water)
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Figure B.9 Relationship between bromide concentration and bromodichloromethane
formation potential in shrimp farm effluents (filtrated water)
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Figure B.10 Relationship between bromide concentration and chlorodibromomethane
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Figure B.l 1 Relationship between bromide concentration and bromoform formation
potential in shrimp farm effluents (filtrated water)
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