Department of Energy
Carlsbad Area Office
P. 0. Box 3090
Carlsbad, New Mexico 88221

December 14, 2000
Mr. Steve Zappe, WIPP Project Leader
Hazardous Waste Permits Program
Hazardous and Radioactive Materials Bureau
New Mexico Environment Department
2044-A Gallisteo
Santa Fe, NM 87505

VIA: Hand Delivery
RE: Contract Laboratory Standard Operating Procedures
Dear Mr. Zappe:
The purpose of this letter is to provide you with the current standard operating
procedures used by the WIPP contract laboratory for ground water analysis. These
procedures are being provided to you for information in accordance with the WIPP
Hazardous Waste Facility Permit, Attachment L-4C(3). To facilitate your use of this
information, this is a complete set of procedures.
I certify under penalty of law that this document and all enclosures were prepared
under my direction or supervision according to a system designed to assure that
qualified personnel properly gather and evaluate the information submitted. Based
on my inquiry of the person or persons who manage the system, or those persons
directly responsible for gathering the information, the information submitted is, to the
best of my knowledge and belief, true, accurate, and complete. I am aware that
there are significant penalties for submitting false information, including the
possibility of fines and imprisonment for knowing violations.
If you have any questions regarding this data transmittal, please feel free to contact
Jody Plum at (505) 234-7462.
Sincerely,

J. L. Epstein, General Manager
Westinghouse, WID
Enclosure
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C. Walker, Techlaw
cc: w/o enclosure
J. Bearzi, NMED
J. Kieling, NMED
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APPLICABLE CONTRACT LABORATORY STANDARD OPERATING PROCEDURES
PROCEDURE

METHOD

1.Total Dissolved Solids
2. Chloride
3. Semi-Volatile Organics
4. Semi-Volatile Organics
5. Phenolics
6. Alkalinity
7. Electrical Conductivity
8. Metals Digest/ Hot Plate
9. Mercury
10. TOC
11. Total Suspended Solids
12. Phosphate
13.pH
·14. Iodide
15. Density
·16. Determination of Inorganic Anions
17. Volatile Organics
18. Fluoride
19. ICP Atomic Emission Spectroscopy
20. Total Organic Halide
21. Determination of Alcohols

Method 2540 C (EPA 160.1)
Method 4500-C 1 B
Method 3510 C
Method 8270 C
Method 5530 D
Method 2320 B
Method 2510 B
Method 3010 A
Method 7470 A
Method 415. 1
Method 2540 D (EPA 160.2)
Method 4500-P E
Method 4500-H
Method 345.1

NA
Method 300.0
Method 8260 B
Method 4500-F C
Method 6010 B
Method 9020A & 9021
Method 8015

.

.

Copy·
SOP 2540 C; 610.1
6-19-00
Revision #3
Page 1 of 6

STAND ARD OPERATING PROCEDURE:

Total Dissolved Solids - TDS
Test Method: Standard Methods 2540 C
EPA 160.1

TraceAnalysis, Inc.
6701 Aberdeen Ave., Suite 9
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Analyte/Process: TDS

Matrix: Water
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1.

2.

TEST METHOD
1.1

Standard Methods for Examination Water and Wastewater, 18th Edition,
1992, Method 2540 C.

1.2

EPA Methods for Chemical Analysis of Water and Wastes, March 1983,
Method 160.1.

MATRIX
2. 1

3.

DETECTION LIMIT
3.1

4.

A well mixed sample is filtered through a standard glass fiber filter and the
filtrate is evaporated to dryness in a weighted dish and dried to a constant
weight at 180° C. The increase in dish weight represents the total dissolved
solids.

DEFINITIONS
6.1

7.

This method is applicable to drinking, surface, and saline waters, domestic
and industrial wastes.

SUMMARY
5.1

6.

This procedure is sensitive to about 10 mg/L.

SCOPE AND APPLICATION
4.1

5.

This method is used for waters.

Filterable residue is defined as those solids capable of passing through a glass
fiber filter and dried to constant weight at 180° C.

INTERFERENCES
7 .1

Highly mineralized waters with a considerable calcium, magnesium, chloride,
and/or sulfate content may be hygroscopic and require prolonged drying,
proper desiccation, and rapid weighing. Reduced sample volume may be
required.

7 .2

Samples high in bicarbonate require careful and possibly prolonged drying at
180°C to insure complete conversion of bicarbonate to carbonate. Because
excessive residue in the dish may form a water-trapping crust, limit sample to
about 200 mg of residue.
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8.

9.

SAFETY
8.1

Use care when putting the evaporating dishes into the oven.

8.2

Standard laboratory protective clothing and eye covering is required.

EQUIPMENT AND SUPPLIES
9.1

Evaporating dishes.

9.2

Drying oven for operation at 180°C ± 2°C.

9.3

Desiccator, provided with a desiccant containing a color indicator for moisture.

9.4

Analytical Balance capable of weighing to 0.1 mg.

9.5

Glass-fiber filters, 4.25 cm (Whatman).

9.6

Filtration apparatus consisting of a membrane filter funnel to hold the filter and
a vacuum filtration set-up including vacuum pump or water aspirator and
suction flask.

9.7

Various sizes of graduated cylinders.

10. REAGENTS AND STANDARDS
10.1

Standard NaCl solution, 1000 mg/L: 1.0 g of dried NaCl dissolved into 1 L of
distilled water. Note: Two standards are needed from two different brands of
NaCl. One standard is used for the CCV ( 10. 1 A), and one standard is used for
the ICV (second source) (10.1 B).

11. SAMPLE PRESERVATION AND HOLDING TIME
11. 1

Samples shall be collected in plastic or glass bottles.

11.2

Sample shall be stored at 4°C to minimize the microbiological decomposition.

11.3

The holding time is 7 days.

12. QUALITY CONTROL
12.1

N/A
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13. CALIBRATION AND STANDARDIZATION
13.1

A method blank is ran using 100 ml of distilled water.

13.2

An ICV and CCV are ran using 100 ml of the standard (10.1 ).

13.3

A sample duplicate is required.

14. PROCEDURE
14.1

14.2

Preparation of evaporation dishes:
14. 1 .1

Uniquely identify each dish.

14.1.2

Place the dishes in a 180° Coven for at least 1 hour.

14. 1 . 3

Put the dishes in the dessicator until cool.

14.1.4

Weigh the dishes and put them back in the oven for at least 1 hour.

14.1.5

Put the dishes in the dessicator until cool.

14.1.6

Weigh the dishes. If there is a difference of > 0.005 from the
previous weight, put the dish back in the oven for at least 1 hour and
continue with 14.1.5. Note: you must have two consecutive
weights with a difference of < 0.005 before you can use the dish for
the test.

Sample preparation:
14.2.1

Prewet the glass fiber filter by rinsing the filter three times using 20
ml of distilled water. Discard the washings.

14.2.2

Filter an appropriate amount of sample, blank, ICV, CCV, and sample
duplicate, up to 100 ml (see dilution table in 23.1 ).

14.2.3

Apply suction until the sample passes through the filter paper.

14. 2.4

Rinse the filter with 10 ml of distilled water three times.

14.2.5

Apply suction until all the water has gone through.

14.2.6

Pour the filtered sample into a weighed dish.

14. 2. 7

Place the dishes in a 180° C oven for at least 1 hour.

14.2.8

Put the dishes in the dessicator until cool.
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14. 2. 9

Weigh the dishes and put them back in the oven for at least 1 hour.

14. 2. 10 Put the dishes in the dessicator until cool.
14. 2.11

Weigh the dishes. If there is a difference of > 0.005 from the
previous weight, put the dish back in the oven for at least 1 hour and
continue with 14. 2. 10. Note: you must have two consecutive
weights with a difference of <0.005 before you can use the dish for
the test.

15. CALCULATION

15.1

TDS mg/L

=

(C - Bl x 1,000,000

A
where:

A
B
C

= volume of sample (ml)

= weight of dish only (g)
= weight of dish + solids

(g)

16. METHOD PERFORMANCE

16.1

N/A

17. POLLUTION PREVENTION

17.1

N/A

18. DATA ASSESSMENT

18.1

A method blank must be analyzed for every 20 samples.

18.2

An ICV second source is analyzed at the beginning. Recovery must be 90 to
110%.

18.3

A CCV must be analyzed for every 10 samples.
110%.

18.4

A sample duplicate must be analyzed for every 10 samples. Recovery for the
% RPO must be set up by calculated control limits at + 3 times the standard
deviation of at least 20 sample duplicates. Use a default limit of .s.20% until
limits are determined.

Recovery must be 90 to
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14. 2. 9

Weigh the dishes and put them back in the oven for at least 1 hour.

14. 2. 10 Put the dishes in the dessicator until cool.
If there is a difference of > 0.005 from the
previous weight, put the dish back in the oven for at least 1 hour and
continue with 14.2.10. Note: you must have two consecutive
weights with a difference of < 0.005 before you can use the dish for
the test.

14.2.11 Weigh the dishes.

15. CALCULATION

15.1

TDS mg/L

=

(C - Bl x 1,000.000
A

where:

A
B
C

=

volume of sample (ml)

= weight of dish only (g)

= weight of dish

+ solids (g)

16. METHOD PERFORMANCE

16.1

N/A

17. POLLUTION PREVENTION

17.1

N/A

18. DATA ASSESSMENT

18.1
18.2

A method blank must be analyzed for every 20 samples.
An ICV second source is analyzed at the beginning. Recovery must be 90 to

110%.
18.3

A CCV must be analyzed for every 10 samples.

Recovery must be 90 to

110%.
18.4

A sample duplicate must be analyzed for every 10 samples. Recovery for the
% RPO must be set up by calculated control limits at +3 times the standard
deviation of at least 20 sample duplicates. Use a default limit of ~20% until
limits are determined.
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19. CORRECTIVE ACTIONS
Accept. Criteria

Corrective Action

ICV

.±. 10%

Repeat analysis. Comment on the
report .

CCV

.±. 10%

Repeat analysis. Comment on the
report .

Duplicate RPD

..s.20

*

Repeat analysis. Comment on the
report.

* until control limits are determined
20. CONTINGENCIES FOR HANDLING OUT-OF-CONTROL DATA
20.1

All flags must be written on a non-conformance/corrective action report (CAR).

21. WASTE MANAGEMENT
21.1

N/A

22. REFERENCES
22.1

Standard Methods for Examination Water and Wastewater, 18th Edition, 1992,
Method 2540 C.

22.2

EPA Methods for Chemical Analysis of Water and Wastes, March 1983,
Method 160. 1.

22.3

Current Quality Manual with Quality Management Plan of TraceAnalysis, Inc.

23. TABLES, DIAGRAMS, FLOW CHARTS AND VALIDATION DATA
23.1

Conductivity Ranges
< 1,000
1,000 - 3,000
3,000 - 10,000
10,000 - 15,000
15,000 - 20,000
>20,000

Dilution
Run straight
X2
X5
X10
X20
X50, X100

24. PREVENTATIVE MAINTENANCE
24. 1

Make sure the oven maintains a temperature of 180° C.
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1.

TEST METHOD
1.1

2.

MATRIX
2.1

3.

N/A

INTERFERENCES
7 .1

8.

In a neutral or slightly alkaline solution, potassium chromate can indicate the
end point of the silver nitrate titration of chloride. Silver chloride is precipitated
quantitatively before red silver chromate is formed.

DEFINITIONS
6.1

7.

This method is applicable to drinking, surface, and saline waters.

SUMMARY
5.1

6.

This procedure is sensitive to about 2.5 mg/L

SCOPE AND APPLICATION
4.1

5.

This method is used for waters.

DETECTION LIMIT
3.1

4.

Standard Methods for the Examination of Water and Wastewater, 18th Edition,
1992, Method 4500-CI· B.

Substances in amounts normally found in potable waters will not interfere.
Bromide, iodide, and cyanide register as equivalent chloride concentrations.
Sulfide, thiosulfate, and sulfite ions interfere but can be removed by treatment
with hydrogen peroxide. Orthophosphate in excess of 25 mg/L interferes by
precipitating as silver phosphate. Iron in excess of 10 mg/L interferes by
masking the end point.

SAFETY
8.1

Standard laboratory protective clothing and eye covering is required.
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9.

10.

11.

EQUIPMENT AND SUPPLIES
9.1

pH meter

9.2

Glass jars

9.3

Buret

9.4

Magnetic Stirrer

REAGENTS AND STANDARDS
10.1

Potassium chromate indicator solution: Dissolve 50 g K2Cr0 4 in a little distilled
water. Add AgN0 3 titrant until a definite red precipitate is formed. Let stand
12 hrs., filter, and dilute to 1 L with distilled water.

10.2

Standard silver nitrate titrant, 0.0141 N: Dissolve 2.395 g AgN0 3 in distilled
water and dilute to 1.0 L. Standardize against NaCl (ICV and CCV). 1.00
ml = 500 µg er. Store in a brown bottle.

10.3

Standard chloride solution (0.0141 N): Dissolve 824.0 mg NaCl (dried at
140°C) in distilled water. Dilute to 1.0 L. 1.0 ml = 500 µg Cl". Note: Two
chloride solutions are needed from two different brands of NaCl.
One
standard is used for the CCV and spikes (10.3A), and one standard is used
as the ICV (second source) (10.38).

10.4

Aluminum hydroxide suspension:
Dissolve 125.0 g aluminum potassium
sulfate or aluminum ammonium sulfate in 1.0 L distilled water. Warm the
solution and add 55 ml of cone ammonium hydroxide slowly with stirring. Let
stand about 1 hour, transfer to a large bottle, and wash precipitate with water
until free from chloride.

10.5

Sodium hydroxide, NaOH, 1 N.

10.6

Sulfuric Acid, H2 S0 4 , 1 N.

SAMPLE PRESERVATION AND HOLDING TIME
11.1

No preservative is required. Cool at 4°C until analysis.

11.2

Samples must be analyzed within 28 days of collection.

11.3

Both plastic and glass containers are acceptable.
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12.

QUALITY CONTROL

12.1
13.

14.

N/A

CALIBRATION AND STANDARDIZATION

13.1

An ICV and CCV are prepared using 40 ml of distilled water and 1O ml of
standard (10.3). Continue with the procedure in 14.3.

13.2

A matrix spike and duplicate spike is prepared using 40 ml of sample and 1O
ml of standard (10.3A). Continue with the procedure in 14.3.

13.3

If a blank spike and duplicate blank spike is required, they are made like the
CCV.

PROCEDURE

/

14.1

Measure 50 ml of sample, blank, ICV, CCV, and spikes, or a suitable portion
diluted to 50 ml. Note: If the sample is highly colored, add 3 ml of the
aluminum hydroxide s~lution (10.4), mix, let settle, and filter.

14.2

Check the pH of the samples.
NaOH (10.5) or H2 S0 4 (10.6).

14.3

Add 1.0 ml K2 Cr0 4 indicator solution (10.1 ).

14.4

Titrate with standard AgN0 3 titrant ( 10. 2) to a pinkish yellow end point.
consistent in end-point recognition.

14.5

Standardize the AgN0 3 titrant with the ICV and CCV.
calculation in 15.1 ).

Adjust the pH to 7 to 10, if necessary, using

Be

(See the normality

Note: High concentrations will require dilution prior to titration. If silver nitrate
is added to sample and no red color is seen, sample will need to be diluted. If
end point is reached after a drop of silver nitrate, increase the sample volume.
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15.

CALCULATION

15.1

Normality of AgNO3 calculation:

15.2

Normality

=

5000
(A - 8) x 35450

where: A
B

=

average ml titration for ICV and CCV

= ml titration for blank

Sample calculation:
mg Cl"/L

where: A
B
N
16.

= ml titration for sample
= ml titration for blank
= normality of AgN0 3

N/A

POLLUTION PREVENTION

17.1
18.

(A - 8) x N x 35450
ml of sample

METHOD PERFORMANCE

16.1
17.

=

N/A

DATA ASSESSMENT

18.1

A method blank must be analyzed with each analytical batch.

18.2

An ICV second source is analyzed at the beginning. Recovery must be 85 to
115%

18.3

A CCV must be analyzed for every 10 samples.
115%.

18.4

A matrix spike and duplicate matrix spike must be analyzed for every 10
samples. Recovery for the spike must be set up by calculated control limits at

Recovery must be 85 to

3 times the standard deviation of at least 20 matrix spikes. Use a default
limit of 80 to 120% until limits are determined. RPD for the duplicate spike
must be.::. 20%.
±

18.5

If a blank spike and duplicate spike is used, recovery must be 85 to 115% and
RPD ..::.20%
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19.

CORRECTIVE ACTIONS
Accept. Criteria
ICV/CCV out

.±.15%

Matrix spikes out

.±. 20%

Blank spikes out

.±.15%

Reanalyze; If still out,
remark on report .

RPO out

..=s.20

Reanalyze; If still
out, remark on
report.

*
20.

23.

Reanalyze; If still out,
remark on report and
use blank spikes .

All flags must be written in a bound
conformance/corrective action report {CAR).

record

and

on

a

non-

WASTE MANAGEMENT
N/A

REFERENCES
22.1

Standard Methods for the Examination of Water and Wastewater, 18th Edition,
1992, Method 4500-CI· B.

22.2

Current Quality Manual with Quality Management Plan of TraceAnalysis, Inc.

TABLES, DIAGRAMS, FLOW CHARTS AND VALIDATION DATA
23.1

24.

*

CONTINGENCIES FOR HANDLING OUT-OF-CONTROL DATA

21.1

22.

Reanalyze; Remake
and reanalyze .

until control limits are determined

20.1

21.

Corrective Action

N/A

PREVENTATIVE MAINTENANCE
24.1

Make sure that all glassware is properly cleaned.

COPY

SOP-3510C
REVISION #4
6/17/00
Page 1 of9
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(Method 3510 C)
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Analyte: Semi-volatile Organics
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1.

2.

SUMMARY
1.1

This method describes a procedure for isolating organic compounds from aqueous
samples, followed by concentration of the samples. It is applicable to isolating waterinsoluble and slightly water-soluble organics in preparation for chromatography.

1.2

A measured volume of sample is serially extracted with methylene chloride (at specified
pH) using a separatory funnel. The extract is concentrated and may be exchanged into a
different solvent if necessary.

HEALTH AND SAFETY WARNING
2.1

3.

All procedures should be perfonned under a ventilation hood. In addition, the analyst
must wear all appropriate PPE.
INTERFERENCES

3.1
4.

5.

Emulsions may fonn during the course of the methylene chloride extraction

SAMPLE PRESERVATION AND HOLDING TIME
4.1

No chemical preservation is required. Cool at 4° C.

4.2

Holding time is 7 days to sample extraction.

EQUIPMENT
5.1

2 liter Teflon separatory funnels

5.2

Chromatography columns for filtering samples (Pyrex-/ Coming# 2145-233-CO or
equivalent)

5.3

Kudema-Danish (K-D) apparatus: IO ml concentrator tube,three-ball Snyder columns
( 19/22 and 24/40)

5.4

Boiling chips (PTFE)

5.5

Thennostated water bath with concentric ring cover

5.6

Wide-range pH paper

5.7

Turbovap (Zymarck, Corp.) and 200 ml concentration tubes

5.8

Shaking machine
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6.

5.9

Nitrogen

5.10

Glass wool

5.11

2 ml vials with crimp tops

REAGENTS
6.1

Methylene Chloride (HPLC grade)

6.2

Hexane (optima grade)

6.3

Sodium Sulfate, anhydrous

6.4

Florisil, 100-200 mesh

6.5

Cyclohexane

6.6

Pentane

6.7

Methanol

6.8

l: l Sulfuric Acid

6.9

10 NNaOH

6.10

Method 8270 Surrogate Standard (4.0 mg/ml in CH 2Cl 2)
Accustandard M-8270-SS or EM Science EPM802 l 0

6.11

Internal Standard Mix (4.0 mg/ml in CH 2Clz)- Accustandard 2-0141-PAK

6.12

TCLP Herbicide Mix (2.0 mg/ml in CH 2Cl 2)- Restek #32014

6.13

TCLP BNA (2.0 mg/ml in CH 2Cl 2)-Accustandard TCLP BNA-PAK

6.14

Method 8270 Mix 1 (2.0 mg/ml in CH 2Cl 2) Accustandard M-8270-01 or EM Science EPM80170

6.15

Method 8270 Mix 2 (2.0 mg/ml in CH 2C)z) Accustandard M-8270-02 or EM Science EPM80172

6.16

Method 8270 Mix 3 (2.0 mg/ml in CH 2Clz) Accustandard M-8270-03 or EM Science EPM80174
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7.

6.17

Method 8270 Mix 4A (2.0 mg/ml in CH 2Cl 2) Accustandard M-8270-04A or EM Science EPM80176

6.18

Method 8270 Mix 4B (2.0 mg/ml in CH 2Cl 2) Accustandard M-8270-048 or EM Science EPM80178

6.19

Method 8270 Mix 5 (2.0 mg/ml in CH 2 Cl 2) Accustandard M-8270-05 or EM Science EPM80182

6.20

Method 8270 Mix 6 (2.0 mg/ml in CH 2Cl 2) Accustandard M-8270-06 or EM Science EPM80184

6.21

Pyridine (2.0 mg/ml in CH 2Clz) Accustandard App 9- l 86-20X or EM Science EPA003 71

6.22

Pesticides Surrogate Spiking Solution- ULTRA Scientific ISM--320

6.23

Aroclor 1260 ( l 00ug/ml in MeOH)- ULTRA Scientific PP-360

6.24

Toluene

6.25

Sylon CT (5% DMDCS in toluene)

6.26

PAH Spike

6.27

8270 Acids Spike

6.28

8270 BIN Spike

6.29

8270 Custom Spike

STANDARD PREPARATION
7. l

1: l Sulfuric Acid: Slowly add 500 ml concentrated sulfuric acid to 500 ml deionized
water (exothermic reaction!)

7.2

10 N NaOH: Carefully dilute 400 g NaOH to I L with deionized water (exothermic
reaction!)

7.3

8270 Working Surrogate: Dilute 500 ul of Method 8270 Surrogate Standard to 25 ml in
methanol

7.4

8270 Spike Solution: Dilute 50 ul each of8270 Mix l, 2, 3, 4A, 48, 5, 6, and Pyridine to
1 ml in methanol-when full reporting list is required.

7.5
TCLP Spike Solution: Dilute 50 ul each ofTCLP BNA and TCLP Herbicide Mix to l ml
in methanol
7.6

PAH Spike Solution: Dilute 50 ul of PAH Spike to 1 ml in methanol

SOP-3510C
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8.

7.7

PCB Working Surrogate: Dilute 62.5 ul of Pesticides Surrogate Standard to 25 ml in
MeOH

7.8

8270 Spike when reporting list isn't required: 40 ml Acids/80 ul BIN

7.9

8270/PAH together-40 ul Cust/Acids/PAH

7 .10

WIPP list

INSTRUMENT PREPARATION
None required

9.

SAMPLE PREPARATION
None required

10.

PROCEDURE
10.1

8270 Extraction
10.1.1 Quantitatively transfer 1000 ml of the sample to a 2 liter separatory funnel.
Prepare a method blank and two LCS spikes by measuring I 000 ml of deionized
water into separatory funnels. In addition prepare two matrix spikes (if adequate
quantity of sample is available) by transferring two I 000 ml portions of sample
to separatory funnels. Add 1ml of the 8270 working surrogate to each sample,
blank, and spike. To the two LCS and the two matrix spikes transfer I ml of the
8270 spike solution.
I 0.1.2

Check to see that each separatory funnel is securely attached to the shaking
apparatus. Adjust the pH of the sample with I: 1 H2SO4 to <2. Check with pH
paper. Add 60 ml of methylene chloride to each separatory funnel. Release
latch and tilt shaking apparatus back until it locks in place. Set timer for 1 minute
and press the middle button on the keypad to initiate shaking. Pause
momentarily to vent excess pressure. After the 1 minute shaking period is
completed lower the shaking apparatus by releasing the locking lever and slowly
lowering the apparatus until the latch can be engaged to hold the apparatus in
place. Allow layers to separate, drain organic layer into a labeled, coated (see
section 10.5 of this SOP) turbovap concentration tube. Repeat the process 2
more times with 60 ml of methylene chloride. Adjust the pH to < 2 using I ON
NaOH. Serially extract 3 more times with methylene chloride. Collect the
extracts in the turbovap concentration tube. There is a total of 6 extractions for
an 8270 sample.

I 0.1.3

Set the following parameters on the turbovap: water bath temperature at 40C,
endpoint select to sensor. After the water wanns up, place the concentration
tubes in the turbovap. To monitor the pressure of the nitrogen choose the
parameter "pressure" on the "select displayed conditions" menu. The pressure
on the gas tank regulator should be set on 50 psi. To begin concentrating, tum
the pressure regulator on the turbovap until the pressure display on the turbovap
reads IO psi and then raise the pressure to 13 after the volume of methylene
chloride has decreased. Otherwise it may splash out of the tube. The sensor
will stop the concentration when the volume reaches 0.5 ml. The turbovap will
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beep to alert you as each individual sample reaches the endpoint. Remove the
tubes. Bring the volume to 1 ml with methylene chloride ml with methylene
chloride
10.1.4

Add 10 ul of 8270 internal standard to each concentration tube. Rinse the
conical portion of the tube with this 1 ml. Transfer the sample to a labeled
chromatography vial.
If the sample requires dilution, do not add internal standard to the sample.
Bring up to volume in the turbovap tube and rinse the conical portion of the tube
with this volume. Transfer to a sample vial. Dilute the sample in 1 ml
volumetric flask with methylene chloride. Add IO ul of internal standard and
transfer to a labeled chromatography vial. Cap all chromatography vials with
crimp tops.

10.2

10.3

TCLP Extraction
I 0.2.1

Quantitatively transfer 200 ml of the TCLP extract to a 2L Teflon separatory
funnel and bring the volume up to 1000 ml with deionized water. Prepare a
method blank by taking 200 ml of the TCLP buffer which was extracted using
method 1311 along plus 800 ml of deionized water and adding to a separatory
funnel. Two duplicate LCS and marrix spikes are required for each extraction
batch. To prepare LCS dilute 200 ml ofTCLP buffer with 800 ml of deionized
water. For the matrix spikes dilute 200 ml ofTCLP extract with 800 ml of
deionized water. Add I ml of 8270 working surrogate to each sample. Add I ml
ofTCLP spike solution to each spike.

10.2.2

Check to be sure that all separatory funnels are securely attached to the shaking
apparatus. Adjust the pH to less than 2 with 1: 1 sulfuric acid. Add 60 ml of
methylene chloride to each funnel. Release latch and tilt shaking apparatus back
until it locks in place. Set timer for I minute and press the middle button on the
keypad to initiate shaking. Pause momentarily to vent excess pressure. After the
1 minute shaking period is completed lower the shaking apparatus by releasing
the locking lever and slowly loweri"lg the apparatus until the latch can be
engaged to hold the apparatus in place. Allow layers to separate, drain organic
layer into a labeled, coated (see section 10.5 of this SOP) turbovap
concentration tube. Perform two more extractions with 60 ml of methylene
chloride. Adjust the pH to greater than 11 with ION NaOH and again serially
extract 3 times with 60 ml of methylene chloride. There is a total of 6 extractions
for a TCLP sample.

10.2.3

Concentrate according to sections 10.1.3 and 10.1.4 of this SOP.

PAH Extraction
10.3.1

For 8270 PAH samples, extract 1000 ml of the sample. Prepare a method blank,
LCS and duplicate LCS using 1000 ml of deionized water. Prepare a matrix and
duplicate matrix spike using 1000 r:1! each of sample (if adequate volume of
sample is present). To each sample blank and spike in the separatory funnels add
1ml of 8270 working surrogate. To the spikes add 1 ml of PAH spike solution ..
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10.4

10.3.2

Check to be sure that all separatory funnels are securely attached to the shaking
apparatus. Add 60 ml of methylene chloride to each funnel. Release latch and
tilt shaking apparatus back until it locks in place. Set timer for I minute and
press the middle button on the keypad to initiate shaking. Pause momentarily to
vent excess pressure. After the I minute shaking period is completed lower
the shaking apparatus by releasing the locking lever and slowly lowering the
apparatus until the latch can be engaged to hold the apparatus in place. Allow
layers to separate, drain organic layer into a labeled , coated (see section I 0.5 of
this SOP) turbovap concentration tube. Perform two more extractions with 60
ml of methylene chloride each. There is a total of 3 extractions for P AH
samples.

10.3.3

Concentrate according to sections 10.1.3 and IO. I .4 of this SOP.

8082 PCB's
10.4.1

For 8082 PCB samples, extract 1000 ml ofthe sample. Prepare a method blank,
LCS and duplicate LCS using I 000 ml of deionized water. Prepare a matrix and
duplicate matrix spike using 1000 ml each of sample (if adequate volume of
sample is present). The pH of each PCB sample must be checked using pH paper
prior to extraction. Record the initial pH in the organic prep log. The pH must be
between 5 and 9. If the pH is not within this range, adjust it accordingly with
NaOH or sulfuric acid. To each sample blank and spike in the separatory funnels
add 5 ul surrogate. To the spikes add 20 ul of Aroclor 1260.

I 0.4.2

Check to be sure that all separatory funnels are securely attached to the shaking
apparatus. Add 60 ml of methylene chloride to each funnel. Release latch and
tilt shaking apparatus back until it locks in place. Set timer for I minute and
press the middle button on the keypad to initiate shaking. Pause momentarily to
vent excess pressure. After thel minute shaking period is completed lower
the shaking apparatus by releasing the locking lever and slowly lowering the
apparatus until the latch can be engaged to hold the apparatus in place. Allow
layers to separate, drain organic layer into a labeled amber glass jar. Perform
two more extractions with 60 ml of methylene chloride: each. There is a total of
3 extractions for PCB samples

I 0.4.3

Following the extraction, filter the methylene chloride through Floris ii. To
prepare the filter, place glass wool in a glass chromatography column. Place 3-4
inches of Florisil (Method 3620 8) on top of the glass wool followed by about 2
inches of sodium sulfate. Suspend the column to a ring stand and attach a
concentration tube directly underneath the column to collect the extract. Pour the
extract through the column. Rinse the container the extract was stored in once
with 30 ml of methylene chloride and pour this through the column. Then pour
30 additional ml of methylene chloride through the column to rinse the column.

\
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I 0.4.4

Turbovapstep-transfer to KO with IO mL concentration tube-hexane exchange
step.

I 0.4.5

Set the heat regulator for the water bath on 40. Allow the water to warm up
sufficiently before using (approximately 2.5 hours). The temperature of the
water will be close to 45C when this setting is used. Attach a 3 ball Snyder
column (19/22) to the KO apparatus and add a boiling chip. Place the K-O
apparatus on a hot water bath so that the concentrator tube is partially immersed
in the hot water and the entire lower rounded surface is in hot water. At the
proper rate of distillation the balls of the column will chatter, but the chambers
will not flood with condensed solvent. When the apparent volume reaches
approximately 7 ml, remove the apparatus from heat and cool. Add a small
Snyder column. Transfer the extract to a 5 ml volumetric and bring to volume
with hexane. Transfer extract to a labeled vial.

I 0.5

8310 PAH H20 Extraction-same as 8082 but with apprp. Spikes/surrogates

IO. 6

Coating Concentration Tubes-no Florisil filtration step
Concentration tubes should be coated on an as needed basis. To coat the tube
Rinse with approximately 4 ml of Sylon and discard the rinse. Rinse the tube
with approximately 2 ml of toluene and discard the rinse. Rinse the tube with
approximately 2 ml of methanol and discard the rinse. Repeat steps once more in
order to rinse tubes with CH2Cl2 prior to use to remove any toluene from tube.
The tube is ready for use when the final methanol rinse evaporates from the tube.

11.

Log Books
11.1

All procedures performed must be entered into the appropriate log book. All log books
relevant to method 3510 C are listed below.
a.
b.

c.

d.

12.

Standards, 8270- Should contain all standards used during the course of extraction as
well as pertinent information regarding the lot number, expiration date, etc.
Organic Prep- Should contain all samples extracted as well as refer to the standard
ID's of all standards used as well as the page number where they are recorded in the
standards log
Turbovap Maintenance- Any modification made to the Turbovap (including
replacing the nitrogen tank and adding water to the bath) must be recorded along with
the date the modification was made
PCB Standards- Should contain all standards used during the course of extraction as
well as pertinent information regarding the lot number, expiration date, etc.

Calculations
None needed.

13.

Quality Control
12. l

A method blank, laboratory control spike and duplicate LCS, and a matrix
spike and duplicate should be extracted for every 20 samples.
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14.

Corrective Action
13. I

15.

If the chemist decides the extraction is unacceptable (low surrogate
or spike recovery, etc.) and the sample is still within holding time the sample
shall be reextracted.

Method Reference
14.1

Test Methods for Evaluating Solid Wastes, EPA SW 846 Volume IB: Laboratory
Manual Physical/Chemical Methods, Method 351 0A, Revision I, November 1990.

14.2

Zymark Corporation, Turbovap Concentrator Operator's Manual

14.3

"Quality Assurance Manual", TraceAnalysis, Inc., March, I 997
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1.

TEST METHOD

1.1

2.

MATRIX

2. 1

3.

5.

4.1

This method is applicable to the determination of phenolics in drinking, surface and
saline waters, domestic and industrial waste.

4.2

This procedure is used for concentrations above 0.07 mg/L.

SUMMARY

Steam-distillable phenolic compounds react with 4-aminoantipyrine at pH 7.9 ± 0.1
in the presence of potassium ferricyanide to form a colored antipyrine dye. This
dye is kept aqueous solution and the absorbance is measured at 500 nm.

DEFINITION

6.1

7.

The spectrophotometric procedure is sensitive to approximately 0.07 mg/L.

SCOPE AND APPLICATION

5.1

6.

This method is used for waters.

DETECTION LIMIT

3.1

4.

Standard Methods for Examination of Water and Wastewater, 18th Edition, 1992,
Method 5530 D.

Phenols is defined as hydroxy derivatives of benzene and its condensed nuclei.
They may occur in domestic and industrial wastewaters, natural waters, and
portable water supplies.

INTERFERENCES

7.1

Interferences are eliminated or reduced to a minimum by using the distillate from

the preliminary distillation procedure.

f
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8.

SAFETY

8.1

9.

10.

Standard Laboratory protective clothing and eye covering is required.

EQUIPMENT AND SUPPLIES

9.1

Distillation apparatus: all glass consisting of a 1 L pyrex distilling flask with a
Graham condenser.

9.2

Spectrophotometer: for use at 500 nm.

9.3

pH meter

9.4

250 ml graduated cylinder

9.5

class A pipettes

REAGENTS AND STANDARDS

10.1

Phosphate buffer solution: dissolve 104.5 g K2HPO4 and 72.3 g K2HPO4 in
distilled water and dilute to 1 L. The pH should be 6.8.

10.2

4-Aminoantipyrine solution: dissolve 2 g of 4AAP in distilled water and dilute to
100 ml. Make fresh each time.

10.3

Potassium ferricyanide solution: dissolve 8 g of ~Fe(CN)6 in distilled water and
dilute to 100 ml. Make fresh each time.

10.4

Ammonium hydroxide 0.5N: dilute 35 ml fresh, concentrated NH4OH to 1 L with
distilled water.

10.5

Stock Phenol Solution (1000 ppm) is premade and commercially available.
Stock Phenol solution: dissolve 1.0 g phenol in freshly boiled and cooled distilled
water and dilute to 1 L. 1 ml= 1000 ppm phenol (CAUTION: Toxic, handle with
extreme care).

10.6

Standard phenol solution: dilute 10 ml stock phenol solution to 1 L with distilled
water. 1 ml = 10 ppm phenol.

,

.
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11.

SAMPLE PRESERVATION AND HOLDING TIME

11.1

Samples shall be collected in glass bottles and preserved with H2SO4.

11.2

Samples should be stored at 4°C.

11.3

The holding time is 28 days.

12.

QUALITY CONTROL

13.

CALIBRATION AND STANDARDIZATION
13.1

Standard curve:
Blank= 100 ml DI H2O.
0.40 = 4 ml of 10 ppm standard + 96 ml DI H2O.
0.80 = 8 ml of 1O ppm standard + 92 ml DI H2O.
1.20 = 12 ml of 10 ppm standard+ 88 ml DI H2O.
ICV/CCV is separate preparations of the point at 0.80

14.

PROCEDURE

14.1

Distillation:
14.1.1 Measure 250 ml of sample into the distilling flask.
beads.

Add a few boiling

14.1.2 Distill a method blank, samples, and matrix spikes.
Matrix and blank spikes are 20 ml 10 ppm phenol standard with 230 ml
sample (matrix spike) or 230 ml water (blank spike)
14.1.3 Distill until about 200 ml of distillate is collected.

..
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14.2.

Direct photometric method:
14.2.1 To 100 ml of distillate or an aliquot diluted to 100 ml and standards, add
2.5 ml of 0.5N NH4OH solution and immediately adjust to pH 7.9 .:t 0.1 with
phosphate buffer.
14.2.2 Add 1.0 ml 4-aminoantipyrine solution and mix.
14.2.3 Add 1.0 ml potassium ferricyanide solution and mix.
14.2.4 After 15 minutes, read the absorbance at ~00 nm.

15.

CALCULATION

15.1

Determine the concentration of each sample from the calibration curve. Apply all
dilution factors.
,

16.

METHOD PERFORMANCE

17.

POLLUTION PREVENTION

18.

DATA ASSESSMENT

18.1

A method blank must be analyzed with each analytical batch.

18.2

An ICV/CCV must be analyzed for every 10 samples with an acceptance criteria
+
of-15%

18.3

A sample spike and duplicate spike must be analyzed for every 10 samples.
Recovery for the spike must be 80 to 120%. RPO for the duplicate spike must be
20.

!:
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19.

CORRECTIVE ACTION

Accept. Criteria

Corrective Action

ICV/CCVout

:t15%

Spikes out

:t 20%*

Reanalyze; Remake
and reanalyze;
Restandardize then
reanalyze.
Reanalyze; If still out,
remark on report .

RPO out

.=:20

Reanalyze; If still out,
remark on report.

*Until control limits are determined.

20.

CONTINGENCIES FOR HANDLING OUT OF CONTROL DATA

21.

WASTE MANAGEMENT

22.

REFERENCES
th

22.1

Standard Methods for Examination of Water and Wastewater, 18 Edition, 1992,
Method 5530 D.

22.2

Current Quality Assurance Manual, TraceAnaylsis, Inc.

23.

TABLES, DIAGRAMS, FLOW CHARS, AND VALIDATION DATA

24.

PREVENTIVE MAINTENANCE

24.1

Make sure that all glassware is properly cleaned.

..
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1.

TEST METHOD
1.1

2.

MATRIX

2.1

3.

5.

This method is used for waters.

DETECTION LIMIT

3.1

4.

Standard Method for the Determination of Water and Wastewater, 18th Edition,
1992, Method 2320 B.

The titrant procedure is sensitive to approximately 1 mg/L.

SCOPE AND APPLICATION

4.1

This method is applicable to the determination of alkalinity in drinking, surface
and saline waters, domestic and industrial wastes.

4.2

The titrant procedure is used for concentrations above 1 mg/L.

SUMMARY

5.1

Alkalinity of a water is its acid-neutralizing capacity. It is the sum of all titratable
bases. Hydroxyl ions present in a sample, as a result of dissociation or
hydrolysis of solutes, react with additions of standard acid. Alkalinity, thus,
depends on the end-point pH used.
For samples of low alkalinity (less than 20 mg CaCOJ/L), use an extrapolation
technique based on the near proportionality of concentration of hydrogen ions to
excess of titrant beyond the equivalence point. The amount of standard acid
required to reduce pH exactly 0.30 pH unit is measured carefully. Because this
change in pH corresponds to an exact doubling of the hydrogen ion
concentration, a simple extrapolation can be made to the equivalent point.

5.2

When alkalinity is due entirely to carbonate or bicarbonate content, the pH at
the equivalence point of titration is determined by the concentration of carbon
dioxide (CO2) at that stage. CO2 concentration depends, in turn, on the total
carbonate species originally present and any losses that may have occurred
during titration. The following pH values are suggested as the equivalence
points for the corresponding alkalinity concentrations as milligrams CaCQ3 per

f
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liter. "Phenolphthalein alkalinity" is the term traditionally used for the quantity
measured by titration to pH 8.3 irrespective of the colored indicator, if any, used
in the determination.
End Point pH
Total
Alkalinity

Phenolphthalein
Alkalinity

4.9
4.6
4.3

8.3
8.3
8.3

Silicates, phosphates known
or suspected

4.5

8.3

Routine or automated
analyses

4.5

8.3

Industrial waste or complex
system

4.5

8.3

Alkalinity,
mg CaCO:i/L:

30
150
500

6.

DEFINITION

6.1

7.

INTERFERENCES

7.1

8.

Soaps, oily matter, suspended solids, or precipitates may coat the glass
electrode and cause a sluggish response. Allow additional time between titrant
additions to let electrode come to equilibrium or clean the electrodes
occasionally. Do not filter, dilute, concentrate, or alter sample.

SAFETY

8.1

9.

Acidity of a water is its quantitative capacity to react with a strong base to a
designated pH.

Standard laboratory protective clothing and eye covering is required.

EQUIPMENT AND SUPPLIES

9.1

pH meter: Use any commercial pH meter that uses a glass electrode and can
be read to 0.05 pH unit. Standardize and calibrate according to the
manufacturer's instructions.
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10.

11.

9.2

60 ml glass containers

9.3

Magnetic stirrer

9.4

10.0 ml microburet

9.5

Graduated cylinder

REAGENTS AND STANDARDS
10.1

Sodium carbonate solution, approximately 0.005 N or equivalent to 250 ppm
.Alkalinity, as mg CaCQ3: Dry 3 to 5 g primary standard Na2CO3 at 250°C for
4hours and cool in a desiccator. Weigh 0.265 g, transfer to a 1 l volumetric
flask, fill flask to the mark with distilled water, and dissolve and mix reagent. Do
not keep longer than 1 week. Note: Two solutions need to be made, using two
different sources of CaCO3.

10.2

Sulfuric acid standard (0.1 N):
Fisher.

10.3

Standard acid, 0.02 N: Use commercially available sulfuric acid from Fisher.
This is used for alkalinities less than 20 mg/L.

Use commercially available sulfuric acid from

SAMPLE PRESERVATION AND HOLDING TIME

11.1

No preservative is required. Cool at 4°C until analysis.

11.2

Samples must be analyzed within 14 days.

12.

QUALITY CONTROL

13.

STANDARD PREPARATION

13.1

A CCV is analyzed using sodium carbonate solution (10.1 ). An ICV is analyzed
using the second source of sodium carbonate solution (10.1 ).

f
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14.

15.

PROCEDURE
14.1

Put 50 ml of sample into a glass container.

14.2

Measure and record pH of the sample.

14.3

If pH is > 8.3, titrate slowly with 0.1 N standard acid (9.2) using a buret to 8.3.
Record the volume of acid required to titrate to pH 8.3.

14.4

Continue to titrate slowly to an endpoint of pH 4.5. Record the volume of titrant.

14.5

For alkalinities less than 20 mg/l, titrate 100 to 200 ml of sample using the
same procedure as above (11.1 -11.4) except with 0.02 N standard acid (9.3).

DATA ANALYSIS AND CALCULATION
15.1

Potentiometric titration -to end-point pH:
Alkalinity, mg CaCOJ/L =Ax N x 50,000
ml sample
where: A = ml standard acid used
N = normality of standard acid

15.2

Calculation of alkalinity relationships: The results obtained from the
phenolphthalein and total alkalinity determinations offer a means for
stoichiometric classification of the three principal forms of alkalinity present in
many waters. The classification ascribes the entire alkalinity to bicarbonate,
carbonate, and hydroxide, and assumes the absence of other (weak) inorganic
or organic acids, such as silicic, phosphoric, and boric acids.
It further
presupposes the incompatibility of hydroxide and bicarbonate alkalinities.
Because the calculations are made on a stoichiometric basis, ion concentrations
in the strictest sense are not represented in the results, which may differ
significantly from actual concentrations especially at pH >10. According to this
scheme:
1)

Carbonate (CO/") alkalinity is present when phenolphthalein alkalinity is
not zero but is less than total alkalinity.

2)

Hydroxide (OH") alkalinity is present if phenolphthalein alkalinity is more
than half the total alkalinity.
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3)

Bicarbonate (HCO3) alkalinity is present if phenolphthalein alkalinity is
less than half the total alkalinity. These relationships may be calculated
by the following scheme, where P is phenolphthalein alkalinity and T is
total alkalinity:

Select the smaller value of P or (T - P). Then, carbonate alkalinity equals twice
the smaller value. When the smaller value is P, the balance (T - 2P) is
bicarbonate. When the smaller value is (T - P), the balance (2P - T) is
hydroxide. All results are expressed as CaCO3. The mathematical conversion
of the results is shown in Table I. (A modification of Table I that is more
accurate when P - ½T has been proposed.)
Alkalinity relationships also may be computed nomographically (See Standard
Methods: Carbon Dioxide 4500-CO2). Accurately measure pH, calculate oH·
concentration as milligrams CaCO3 per liter, and calculate concentrations of
co/· and HCO3· as milligrams CaCO3 per liter from the OH- concentration, and
the phenolphthalein and total alkalinities by the following equations:

co/·

= 2P - 2[OH·1

HCO3- = T - 2P + [OH-]
Similarly, if difficulty is experienced with the phenolphthalein end point, or if a
check on the phenolphthalein titration is desired, ca½culate phenolphthalein
alkalinity as CaCOJ from the results of the nomographic determinations of
carbonate and hydroxide ion concentrations:

p = ½[CO3 2·1 + [OH-]
Table I: Alkalinity Relationships

Result of
Titration

Hydroxide
Alkalinity as
CaCO3

Carbonate
Alkalinity as
CaCOJ

Bicarbonate
Concentration
as CaCO3

P=0

0

0

T

p < ½T

0

2P

T-2P

P=½T

0

2P

0

P> ½T

2P-T

2{T - P)

0

P=T

T

0

0

Key:

P=phenolphthalein alkalinity; T=total alkalinity
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NOTE: There is an alkalinity program in the computer that will calculate the different
relationships (found in Excel).

16.

METHOD PERFORMANCE

17.

POLLUTION PREVENTION

18.

DATA ASSESSMENT

19.

18.1

A method blank must be analyzed before any samples and after every 20
samples.

18.2

An ICV second source is analyzed at the beginning. Recovery must be 90 to
110%.

18.3

A CCV must be analyzed for every 10 samples. Recovery must be 90 to 110%.

18.4

Sample duplicates must be analyzed for every 10 samples. RPO has a default
limit of.::: 20% until limits are determined.

CORRECTIVE ACTION

QC

Accept. Criteria

Corrective Action

!CV/CCV out

2: 10%

Reanalyze; Remake
and reanalyze.

Duplicate RPO out

.::: 20% *

Reanalyze.

* until control limits are determined.

20.

CONTINGENCIES FOR HANDLING OUT OF CONTROL DATA

21.

WASTE MANAGEMENT

"
...
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22.

REFERENCES
th

22.1

Standard Method for the Determination of Water and Wastewater, 18
1992, Method 2320 B.

22.2

Current Quality Assurance Manual, TraceAnalysis, Inc.

22.

TABLES, DIAGRAMS, FLOW CHARTS, AND VALIDATION

23.

PREVENTIVE MAINTENANCE

23.1

Make sure that all glassware is properly cleaned.
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1.

2.

TEST METHOD
1.1

Standard Methods for the Examination of Water and Wastewater, 18th Edition,
1992, Method 2510 B.
.

1.2

EPA Methods for Chemical Analysis of Water and Wastes, March 1983,
Method 1 20. 1.

1.3

EPA Methods for Evaluating Solid Waste, November 1986, Method 9050 A.

MATRIX
2.1

3.

DETECTION LIMIT
3.1

4

There is no detection limit.

SCOPE AND APPLICATION

4.1

5.

This method is used for waters.

This method is applicable to the determination of the conductivity in drinking,
-surface and saline waters, domestic and industrial wastes.

SUMMARY
5.1

Conductivity is a numerical expression of the ability of an aqueous solution to
carry an electric current. This ability depends on the presence of ions, their
total concentration, mobility, valence and relative concentrations, and on the
temperature of measurement. Solutions of inorganic acids, bases and salts are
relatively good conductors. Conversely, molecules of organic compounds that
do not dissociate in aqueous solution conduct a current very poorly, if at all.

5.2.1

The physical measurement made in a laboratory determination of conductivity
is usually resistance, measured in Ohms or megohms. The reciprocal of
resistance is conductivity and is customarily expressed in micromhos per
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Centimeter (umhos/cm) or microsiemens per centimeter (uS/cm) in water.

6.

DEFINITION
6. 1

Conductivity is a numerical expression of the ability of an aqueous solution to
carry an electric current

7.

INTERFERENCE

8.

SAFETY
8.1

9.

10.

EQUIPMENT AND SUPPLIES
9.1

Conductivity meter. --

9.2

Various beakers of appropriate sizes and shapes.

9.3

Stir plate and stir bars.

REAGENTS AND STANDARDS
10.1

11.

Standard laboratory protective clothing and eye covering is required.

Standard Conductivity Solution. Prepare 0.01 M KCI by dissolving 0.7456
grams of KCI in DI water. Bring to 1 L final volume in a volumetric flask.
This solution will have a
Transfer to a I L plastic bottle for storage.
conductance of 1413 uS/cm. Two separate standards are prepped from two
different sources. One standard is used for the CCV (10.1 A) and one standard
is used for the ICV (second source) (10.1 B).

SAMPLE PRESERVATION AND HOLDING TIME
11.1

The sample shall be collected in a plastic or glass bottle. A 100 ml volume is
sufficient.

.
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11.2

No preservatives are required. The sample should be refrigerated. The holding
time is 28 days.

12.

QUALITY CONTROL

13.

CALIBRATION AND STANDARDIZATION

13.1

Determination of cell constant (performed once a week): Rinse conductivity
cell with at least three portions of 0.01 N KCI solution. Adjust temperature of a
forth portion to 25.0 .±. 0.1 °C. Measure resistance of this portion and note
temperature. Compute cell constant, C:
C

=

(0.001413)(RKcrl 1

Where:

13.2

14.

=
T=

RKCI

+ 0.0191 (T - 25)

measured resistance, ohms
observed temperature, °C

Standardizing: Before making sample measurements, the operator must
calibrate the instrument/probe using the standard conductivity solution ( 10. 1).
13.2.1

CCV: Shake the standard (10.1 Al and pour into a glass jar,
approximately 30 mis. Place the probe into the jar and record the
conductivity and the temperature. If the reading is not within 10%
of the nominal value ( 1413 uS/cm), discontinue the run and perform
troubleshooting per the owner's manual

13.2.2

ICV: The same procedure as above (13.2.1) is done for the second
source. (10.18)

PROCEDURE

14.1

Measuring Conductivity (Corrected to 25°C). Samples should be warmed to
room temperature prior to analysis if possible.
To measure corrected
conductivity, perform the following:
14.1.1

Shake the sample thoroughly and pour it into a beaker.
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14.1.2

Immerse the probe in the sample, being certain that vent holes are covered
and that all air has been expelled from the probe. Record the reading and
temperature.

14.1.3

Rinse the probe with DI water and read the other samples as in

14.1.2.

15

CALCULATIONS

15.1

Refer to the table of temperature factors to determine the correction factor for
the conductivity at the temperature measured.

15.2

Multiply the f 1 for each reading at each temperature.
conductance in umhos/cm

16.

METHOD PERFORMANCE

17.

POLLUTION PREVENTION

18.

DATA ASSESSMENT

This gives the specific

f

18.1

A method blank must be analyzed with each analytical batch.

18.2

An ICV second source is analyzed at the beginning.
110%.

18.3

A CCV must be analyzed for every 10 samples.
110%.

18.4

A sample duplicate must be ran for every 10 samples. Recovery for the
duplicate RPD must be set up by calculated control limits at + 3 times the
standard deviation of at least 20 sample duplicates. Use a default limit of -~
20%.

Recovery must be 90 -

Recovery must be 90 -

. -·

'
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19.

CORRECTIVE ACTION
QC

Acceptable Criteria

ICV/CCV out

.±

Duplicate RPD out

Corrective Action

10%

Reanalyze. Remake and
reanalyze.

~20*

Reanalyze. If still out,
remark on report

20.

CONTINGENCIES FOR HANDLING OUT OF CONTROL DATA

21.

WASTE MANAGEMENT

22.

REFERENCES

22.1

Standard Methods for the Examination of Water and Wastewater, 18th Edition,
1992, Method 2510 B.

21.2

EPA Methods for Chemical Analysis of Water and Wastes, March 1983,
Method 120.1.

22.3

EPA Methods for Evaluating Solid Waste, November 1986, Method 9050 A.

22.4

Current Quality Assurance Manual, TraceAnalysis, Inc.

23.

TABLES, DIAGRAMS, FLOW CHARTS, AND VALIDATION DATA

24.

PREVENTIVE MAINTENANCE
24.1

Make sure that all glassware is properly cleaned.

•

.
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1. METHOD REFERENCE
1.1 Test Methods for Evaluating Solid Waste, USEPA, SW-846, Method 301 OA, Revision
1, July, 1992.
1.2Quality Assurance Manual, TraceAnalysis, Inc., Current edition.
2. SUMMARY
2.1 This digestion procedure is used for the preparation of aqueous samples and mobilityprocedure extracts, and wastes that contain suspended solids for analysis by AA
for the metals listed below. This procedure is used in the determination of total
metals.
Aluminum
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Nickel
Potassium
Sodium
Thallium
Zinc

2.2A mixture of HNOJ and the material to be analyzed is refluxed in a covered beaker.
This step is repeated with additional portion of HNOJ until the digestate is light in
color or the color has stabilized. After the digestate has been reduced to a low volume, it is
refluxed with HCI and brought up to volume. If the sample should go dry, low recoveries
will ·result. Should this occur, discard the sample and reprepare.
3. INTERFERENCE
3.1 Some elements ionize in a nitrous-oxide/acetylene flame. Use of ionization

suppressor

3.2Nonspecific absorption and light scattering can be significant at the analytical
wavelength. Thus background correction is required for following elements: Cd, Ni.
3.3Elements forming stable oxyions(P, B. Si, Cr, S, V, Al, etc.) will complex and
3.4Excesses of other transition metals may slightly depress the response of cobalt.

interfere. ,
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Matrix matching or the method of additions is recommended.

4. SAMPLE PRESERVATION AND HOLD TIME
4.1 Each sample should be preserved by acidification with nitric acid to a pH of 2 or
lower immediately at the time of collection and refrigerated prior to analysis.

5. EQUIPMENT

5.1 Hot plate adjustable to a temperature of 80-85C.
5.2Graduated cylinders, glass beakers, funnels, filter papers, and other Class A
laboratior glassware.

6. Reagents
6.1 Stock Standard Solution: Commercially available as 1000 mg/L stock solutions.
6.2Working Intermediate Solution: Make successive dilutions of the stock solutions to
obtain a working intermediate standard for calibrations.
6.3Nitric Acid, Cone. - Reageant grade.
6.41: 1 Hydrochloric Acid - Reageant grade.
6.5Modifier:
6.5.1

Lanthanum Nitrate, 40ppm - 120g diluted to 1 L.
Calcium, Magnesium, Potassium, and Sodium.

Used during analysis of

6.5.2 Potassium chloride, 50,000ppm - 95g diluted to 1 L. Used during analysis
of Barium and Aluminum.

7. STANDARD PREPARATION
7.1 QC Intermediate Standards (Second source from calibration stds.):
7 .1 .1

To prepare intermediate QC spiking solution mix 5mls of each stock solution

of
Be, Co, Cu, Fe, Li, Mn, Ni, Sr, Tl, Zn, 25mls of each s1tock solution of Al, Ca,

final

7 .1.2 Mix 5mls of each stock solution of Cd, Cr and Pb, and 25ml of Barium to a
volume of 1 L.

SOP-3010A
Rev.: #1
27JUN00
Page 4 of 7
7 .2Curve Working Standard:
7 .2.1

Prepare appropriate curve standards by making dilutions of stock.

8. INSTRUMENT PREPARATION
8.1 Instrument is assembled in accordance with manufacturer's recommended setup

9.1 Aqueous samples
9.1.1

Shake the sample until well mixed. Transfer a 50ml (Note: TCLP extracts
are digested at a 5 fold dilution) aliquot into a into an appropriate beaker.
Rinse out the graduated cylinder three times with deionized water between
pouring samples.
NOTE: If there is less than 50 ml of the sample
available, use 25 ml of sample and be sure to use a proportionally smaller
volume of acids below.

9.1.2 Spike the chosen samples and the QC sample by adding the appropriate
amounts of metals intermediate standard. Add all of the metals involved
in the entire run to the digest QC sample. Do not spike any of these
samples for mercury.
9.1.3 Under a fume hood add 5 ml of cone. HNO3 to each beaker including the
blanks and QC samples.
9 . 1 .4 Place the beakers on a hotplate and evaporate cautiously to a low volume
(5-10ml), making certain that the samples do not boil, and so that no
portion of the bottom of the beaker is allowed to go dry. Remove from
the hot plate and allow to cool.
9 . 1.5 Add a small quantity (5 ml) of 1: 1 HCI and warm the beaker for an
additional 1 5 minutes to dissolve any precipitate or residue resulting from
the evaporation.
9.1.6 Wash down the beaker walls and watch glass with deionized water. Place
folded filter into each funnel and set the funnels in the cylinders.
9 . 1. 7 Pour the sample into the funnel. Remove the funnel, bring the digestate to
final volume of 50 mis and pour the digestate from the cylinder into a
labeled 4oz digestion bottle. Label the bottle as follows:
On the bottle: Sample Number and "T" for total, "TC" for TCLP, DUP, BLK,
QC, or SPK if applicable, date of digest, final volume.

10.0

PROCEDURE
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10.1

Add modifier to representative aliqout of sample and standards.

10.2

Aspirate standards to construct curve at a specific wavelength of each element.

10.3

Proceed with samples.

10.4

Dilute overrange samples and reanalyze.

11.CALCULATION
11.1

Instrument calibration using the prepared standards, in 7 . 1, a method blank and
curve check sample shall be analyzed prior to sample analysis.

11 .2 The correlation coefficient must be ..2:_ 0.995, using linear regression, to be
acceptable.
11 .3

Samples that suffer from matrix interferences could be analyzed by the method of
standard additions.

11.4
from

Calculate metal concentrations (1) by the method of standard additions, or (2)
a calibration curve. All dilution or concentration factors must be taken into
appropriately qualified (e.g. 5mg/g dry weight).

12. QUALITY ASSURANCE
12.1 A calibration curve must be prepared each day of analysis with a minimum of
calibration blank and three standards. After the calibration, the curve must be
varified by the use of calibration of blank and a QC standard (second source)
within
10% of it's true value for the curve to be considered valid.
12.2

If more than 10 samples are analyzed per day, the curve must be varified after
each 10 samples by the measurement of a mid-range standard within 10% of the
true value.

12.3

Matrix spike and matrix spike duplicate shall be analyzed at a frequency of 5%
based on the number of samples and matrices.

12.4

A method blank shall be included in each analytical batch at a 5% frequency.

12.5

A digested LCS/LCSdup is prepared and analyzed with each batch at a 5%
frequency.
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13. PREVENTATIVE MAINTENANCE

TASK

FREQUENCY

Check gasses

Daily

Change tubing

Every 2 weeks or as needed
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14. CORRECTIVE ACTION
TASK

CRITERIA

Calibration Blank

< 1/2 low std.

Calibration Curve

Corr. Coeff. $ 0.995

Method Blank

< 1/2 low std.

Reanalyze, re-prepare.

Initial Calibration
Verification

11

10 % True Value

Reanalyze, recalibrate,
re-prepare.

QC (second source)

11

10 % True Value

Reanalyze, recalibrate,

Continuing Cal.

11

10 % True Value
Calib. Source

MS/MSD

PR_±_ 15%, < 20% RPO

LCS/LCSD

PR " 15%, < 20% RPO If

ACTION
Reanalyze, reprepare.
Recalibrate, reprepare.

Reanalyze prior samples

If LCS/LCSD are ok, comment on
matrix effect. Reprep and rerun.
one LCS and MS/MSD are ok,
comment coversheet about LCSD.
Reprep entire batch.

15. NOTES
15.1

Record all calculations and run activities on the print out from the instrument.
Archive by run date/ QC ID.

"
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1.

Scope and Application
1. 1

2.

3.

Method 74 70 is a cold-vapor atomic absorption procedure approved for
determining the concentration of mercury in mobility-procedure extracts,
aqueous wastes, and ground waters. (Method 7470 can also be used for
analyzing certain solid and sludge-type wastes; however, Method 7471 is
usually the method of choice for these waste types.) All samples must be
subjected to an appropriate dissolution step prior to analysis.

Summary of Method

2.1

Prior to analysis, the liquid samples must be prepared according to the
procedure discussed in Method 7470.

2.2

Method 7470, a cold-vapor atomic absorption technique, is based on the
absorption ofradiation at 253.7-nm by mercury vapor. The mercury is
reduced to the elemental state and aerated from solution in a closed
system. The mercury vapor passes through a cell positioned in the light
path of an atomic absorption spectrophotometer. Absorption (peak
height) is measured as a function of mercury concentration.

2.3

The typical detection limit for this method is 0.0002 mg/L.

Health and Safety Warnings

3.1

Standard laboratory protective clothing and eye covering is required.

3.2

Mercury compounds are highly toxic if swallowed, inhaled, or absorbed
through the skin. Analyses should be conducted in a laboratory exhaust
hood. The analyst should use chemical resistant gloves when handling
concentration mercury standards.

3.3

The acidification of samples containing reactive materials may result in
the release of toxic gases, such as cyanides or sulfides. Acidification of
samples should be done under a fume hood.
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4.

5.

Interference
4.1

Potassium permanganate is added to eliminate possible interference from
sulfides. Concentrations as high as 20 mg/Kg of sulfide, such as sodium
sulfide, do not interfere with the recovery of added inorganic mercury in
reagent water.

4.2

Copper has also been known to interfere; however, copper concentrations
as high as 10 mg/Kg had no effect on recovery of me:rcury from spiked
samples.

4.3

Brines and industrial effluents high in chlorides require additional
permanganate (as much as 25 ml) because, during the oxidation step,
chlorides are converted to free chlorine, which also absorbs radiation at
253 nm. Care must be taken to ensure that free chlorine is absent before
the mercury is reduced. Using an excess of hydroxylamine sulfate reagent
(25 ml) will accomplish this.

4.4

Certain volatile organic materials that absorb at this wavelength may also
cause interference. A preliminary run without reagents should determine
if this type of interference is present.

Personnel Qualifications
5.1

6.

The technician should be trained at least one week in the method before
initiating the procedure alone.

Apparatus and Materials
6.1

CET AC M-6000A Automated Mercury Analyzer. This instrument is
specifically designed for the measurement of mercury using the
cold-vapor technique. Instrument settings recommended by the
manufacturer should be followed unless otherwise noted.

6.2

Hot plate or equivalent - Adjustable and capable of maintaining a
temperature of 90-95 C.
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7.

6.3

Graduated cylinder, transfer pipettes or their equivalents.

6.4

BOD bottles or their equivalent for hot bath digestion.

6.5

Reagent water: All water in this method will be interference free.

6.6

Sulfuric acid: Concentrated (H2SO4) reagent grade.

6.7

Nitric acid: Concentrated (HNO3) trace metal grade.

6.8

Potassium' Permanganate, mercury-free, 5% solution (w/v): Dissolve 50 g
of KMNO4 in 1 liter reagent water in a 1 liter volumetric flask.

6.9

Potassium persulfate: 5% solution (w/v), dissolve 50 g K2S208 in 1 liter
of reagent water.

6.10

Sodium Chloride-Hydroxlamine Sulfate solution: Dissolve 120 g sodium
chloride (NaCl) and 120 g hydroxylamine sulfate ((NH20H)2*H2S04) in
reagent water and dilute to 1 liter.

6.11

Stannous Chloride: Dissolve in 1 liter volumetric flask 100 g stannous
chloride (SnC 12), 70 ml concentrated HCl and fill to volume.

6.12

Mercury stock solution: A purchased, pre-made solution should be
available.

6.13

Mercury working standard: Make successive dilutions of the stock
solution to obtain a working standard containing 1.0 ug/ml (ppm). This
standard should be prepared fresh daily and acidity should be maintained
at 0.15% HNO3. This acid should be added to the flask as needed before
adding the aliquot.

Method Calibration
7 .1

Calibration Standards Preparation: Using the mercury working standard,
make dilutions to obtain 0.0, 0.1, 0.5, 1.0, and 2.0 ppb for the calibration
curve. Add 5 ml of concentrated sulfuric acid, 2.5 ml of concentrated nitric
acid, 15 ml of potassium permanganate solution, 8 ml of potassium
persulfate. Digest curve at 95 C for 2 hours. Allow curve to cool to
approximately room temperature and then add 6 ml of sodium chloridehydroxylamine sulfate solution to obtain standards for calibration.
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8.

9.

10.

Sample Collection, Preservation and Handling

8.1

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

8.2

Aqueous samples must be acidified to a pH <2 with H);'03. The
suggested maximum hold times for mercury is 28 days.

8.3

Non aqueous samples shall be refrigerated, when possible, and analyzed
as soon as possible.

Sample Preparation

9.1

Waters and Effluents: Transfer 100 ml of sample to a BOD or equivalent
digestion vessel.

9.2

TCLP: Transfer 10 ml ofTCLP extract to a BOD or equivalent digestion
vessel and dilute to 100 ml (90 ml reagent water).

9.3

Add 5 ml concentrated sulfuric and 2.5 ml concentrated nitric acid and
mix thoroughly. Add 15 ml potassium permanganate and 8 ml potassium
persulfate solution to each bottle. Place in a hot water bath (95 C) for two
hours. Remove and cool to room temperature. Add 6 ml of sodium
chloride-hydroxylamine sulfate solution to excess permanganate. Sample
are ready for analysis.

Automated Mercury Analyzer Operations

10.1

Turning it on: On the front of the instrument open the glass door to allow
access to the drying tube assembly. Remove the tube and refill daily with
fresh magnesium perchlorate. Replace and close door. At the rear right

SOP-7470A
REV.#: 6
15 NOV 2000
Page 6 of 8

side of the analyzer is a large square button that controls the lamp. The
button should be in the out position to activate the lamp. Inspect the
tubing on the peristaltic pump and replace if excessively worn or
damaged. Tum on the peristaltic pump such that it rotates in a clockwise
direction. Open the valve for the gas; the cylinder is located in the
vicinity of the analyzer (nitrogen gas only).
10.2

CETAC M6000-A Software: Double click on the "CETAC mercury
analyzer" icon in program manager for windows. Click on "File" at the
top of the screen and click again on "open worksheet". You should then
be given a couple choices, click on "new from template", and on "normal
range when given the choice of sensitivity settings. Next, you will be
asked to name a file (the date works great, i.e. 06-21-•97). Then, start the
internal pump by clicking on "Instrument" at the' top of the screen and
again on "M6000 Controls". A new screen should appear that looks
similar to a control board. In the upper left quadrant click on the button
"pump on", this should start the auto sampling pump. Close out that
screen, and you should return to the previous screen.

10.3

Calibration: Begin calibration by starting in the Analysis mode. To do this
click on the "Analysis" page near the top left section of the screen. A new
screen should appear and a button "Read" should be in the left center of
the screen. Click on this and a box should appear. Click on "Standard"
under the sample type heading in the box, specify matrix type and enter
"standard 5" under the "standards" heading in the lower right comer of the
box. Click "OK" and make sure the cap is removed from the standard 5
(10.0 ppb ). The Analysis screen should be divided into three parts,
"Sample labels", "Signal profile", and "Calibration data". Maximize the
signal profile section by clicking on the button with the D on it. This is
your absorbency graph. After the analyzer has had a chance to "sip" and
"rinse" a curve will appear. Now click on the "Develop" page located at
the top left of the screen and then on "Measurement'' at the bottom left.
Set read delay such that it represents the highest plateau of your curve.
Click on "Baseline Drift Correction" and set "Start"- and "End Read" to
represent the flat to portion to the left of your curve (normally 4 sec.
apart). Also set "Sample Matrix". Define your highest standard by
clicking on the "Standards" page near the lower left side. All standards
are normally defined except no. 5. Set concentration as "10.0" in standard
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tube number "6". Set your QC concentration (5.0) and click on the box
for "In-line QC Tube Numbers". Now click on the "QC" page near the
bottom of the screen. "Enable QC" by clicking on the box, set "¾RSD
Threshold" and "QC Standard" to~- 20%. Return to the analysis screen
and minimize the signal profile curve. Initialize calibration by clicking on
the word "Instrument" at the top of the screen, click again on
"Calibration". Make sure the instrument is zeroed and all calibration
tubes are in place with the caps off. Your calibration curve will appear at
he lower right quadrant of the screen when completed (minimum
acceptable valve 0.996).
Analysis: At this point the digested sample has been allowed to stand
quietly. Proceed to pour a small volume of each sample into test tubes
and place them in the ilumbered rack on the Auto Sampler. Define
appropriate tube numbers with the matching samples in the "Labels" page,
located near the top of the screen. Using your mouse, click in the sample
type box and define those boxes accordingly. Insert sample ID numbers
and final volume values. Tube and rack numbers should be set as follows
to achieve concentration values in parts per million .... QC (1), Blanks (1),
Spikes (1 ), Waters (1 ), and TCLPs (10). After all labels have been
entered, return to the analysis screen and press "Start''' on the left side of
the screen.
11.

Calculations

11. l

12.

Adjustments to print out: Your printout will need to be adjusted to ppm
by dividing the concentration numbers by 1000.

Data Management and Records Management

12.1

All laboratory records must be maintained in the bound record book
designed for the method.

SOP-7470A
REV.#: 6
15 NOV 2000
Page 8 of 8

13.

14.

Quality Assurance

13 .1

One matrix spike/matrix spike duplicate (MS/MSD) must be run for each
batch of samples with a RPD of .s 20 and a recovery of the MS between 80120%.

13 .2

One method blank per batch of samples processed at the same time must
be run. The value must be <MDL. One calibration blank must be run
with each calibration.

13.3

Analyze a mid-level calibration standard after every 10 samples. The
RPD should be between 80-120%.

13.4

Verify each calibration with an independent check standard. The
%Recovery should be between 85-115%.

Corrective Action

14.1
15.

16.

If any of the quality assurance values are out of specified range, reanalyze.

References

15.1

EPA Method 7470A, Revision i, September 1994.

15 .2

Quality Assurance Manual, Trace Analysis, Inc., October, 1997.

Notes
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1.

2.

METHOD REFERENCE

1.1

Test methods for evaluating solid waste, USEPA, SW-846, December 1996,
Method 8270C, Revision 3.

1.2

Quality Assurance Manual, TraceAnalysis, Inc.

SUMMARY

2.1

Prior to using this method, the samples should be prepared for chromatography
using the appropriate sample preparation and cleanup methods. This method
describes chromatographic conditions that will allow for the separation of the
compounds in the extract and for their qualitative and quantitative analysis by
mass spectrometry.

2.2

Method 8270C can be used to quantitate most neutral, acidic, and basic organic
compounds that are soluble in methylene chloride and capable of being eluted
without derivatization as sharp peaks from a gas chromatographic fused-silica
capillary column coated with a slightly polar silicone. Such compounds include
polynuclear aromatic hydrocarbons, chlorinated hydrocarbons and pesticides,
phthalate esters, organophosphate esters, nitrosamines, haloethers, aldehydes,
ethers, ketones, anilines, pyridines, quinolines, aromatic nitro compounds, and
phenols, including nitrophenols. See Table 1 for a list of compounds and their
characteristic ions that have been evaluated on the specified GC/MS system.

2.3

The following compounds may require special treatment when being determined
by this method. Benzidine can be subjected to oxidative losses during solvent
concentration. Also, chromatography is poor. Neutral extraction should be
performed if these compounds are expected. Hexachlorocyclopentadiene is
subject to thermal decomposition in the inlet of the gas chromatograph, chemical
reaction in acetone solution, and photochemical decomposition.
Nnitrosodimethylamine is difficult to separate from the solvent under the
chromatographic conditions described. N-nitrosodiphenylamine decomposes in
the gas chromatographic inlet and cannot be separated from diphenylamine.
Pentachlorophenol, 2,4-dinitrophenol, 4-nitrophenol, 4,6-dinitro-2-methylphenol,4chloro-3-methylphenol, benzoic acid, 2-nitroaniline, 3-nitroaniline, 4-chloroaniline,
and benzyl alcohol are subject to erratic chromatographic behavior, especially if
the GC system is contaminated with high boiling material.
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2.4

The estimated quantitation limit (EQL) of Method 8270C for determining an
individual compound is approximately 1 mg/kg (wet weight) for soil/sediment
samples, 1-200 mg/kg for wastes (dependent on matrix and method of
preparation), and 10 µg/L for ground water samples. EQLs will be proportionately
higher for sample extracts that require dilution to avoid saturation of the detector.

2.5

This method is restricted to use by or under the supervision of analysts
experienced in the use of gas chromatograph/mass spectrometers and skilled in
the interpretation of mass spectra. Each analyst must demonstrate the ability to
generate acceptable results with this method.

2.6

Method 8270C is used to determine the concentration of semivolatile organic
compounds in extracts prepared from all types of solid waste matrices, soils, and
ground water. Direct injection of a sample may be used in limited applications.
The following is a list of compounds that TraceAnalysis currently analyzes by this
Method. Refer to SW-846, Method 8270C, Section 1.0 for a more complete list of
compounds that can be analyzed by this method

COMPOUNDS
Pyridine
N-Nitrosodimethylamine
2-Picoline
Methyl methaneulfonate
Ethyl methanesulfonate
Phenol
Aniline
bis(-Chloroethyl) ether
2-Chlorophenol
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Benzyl Alcohol
1,2-Dichlorobenzene
2-Methylphenol
bis(2-chloroisopropyl) ether
4-methylphenol
n-Nitrosodi-n-propylamine
Hexachloroethane
Acetophenone
Nitrobenzene
n-nitrosopiperidine
isphorone
2-Nitrophenol
2,4 Dimethylphenol

Hexachlorobutadine
N-Nitroso-di-n-butylamine
4 -Chloro-3-methylphenol
2-Methlynaphthalene
1-methnaphthalene
1,2,4,5-Tetrachlorbenzene
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chloronaphthaleine
1-Chloronaphthaleme
2 -Nitroaniline
dimethylphthalate
Acenaphthylene
2,6-Dinitrotoluene
3,-Nitroaniline
Acenaphthene
2,4-Dinitrophenol
Dibenzofuran
Pentachlorobenzene
4-nitrophenol
2,4-Dinitrotoluene
1-naphylamine
2, 3, 4, 6-Tetrachlorophenol
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bis (2-chloroethoxy) methane
2,4- dichlorophenol
1,2,4-Trichlorobenzene
Benzoic Acid
Naphthalene
a,a-Dimethylphenethylamine
4-Chloroaniline
2,6-Dichlorophenol
Butylbenzylphthalate
Phenacetin
Hexachlorbenzene
4-Aminobiphenyl
Pentachorphenol
Anthracene
Pentchloronitrobenzene
Pronamide
Phenanthrene
Di-n-butylphthalate
Flouranthrene
Benzidine
Pyrene
p-Dimethylaminoazobenzene

2-Naphylamine
Flourene
4-Chlorophenyl-phenylether
Diethylphthalate
4-Nitroaniline
Diphenlyhyrazine
4,6-Dintro-2-methylphenol
Diphenylamine
4-Bromophenyl-phenylether
Benzo(a)anthracene
3, 3-Dichlorobenzidine
Chrysene
bis(2-Ehtylhexl)phthalate
Di-n-octylphthalate
Benzo(b )fluoranthene
Benzo(k)fluoranthene
7, 12-Dimethylbenzo(a) anthracene
Benzo(a)pyrene
3-Methylcholanthrene
Dibenzo(a,j) acridine
lndeno(1,2,3-cd) pyrene
Dibenz {a,h) anthracene
Benzo (g,h,i) perylene
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3.

4.

5.

INTERFERENCES
3.1

Raw GC/MS data from all blanks, samples, and spikes must be evaluated for
interferences. Determine if the source of interference is in the preparation and/or
cleanup of the samples and take corrective action to eliminate the problem.

3.2

Contamination by carryover can occur whenever high-concentration and lowconcentration samples are sequentially analyzed. To reduce carryover, the
sample syringe must be rinsed out between samples with solvent. Whenever an
unusually concentrated sample is encountered, it should be followed by the
analysis of solvent to check for cross contamination.

SAMPLE PRESERVATION AND HOLDING TIME
4.1

Water samples must be extracted within seven days and soil or solid waste
samples within 14 days. All analyses of extracts must be completed within 40
days.

4.2

Samples which are to be analyzed by waste dilution (Method 3580A) should be
diluted within 14 days and analyzed within 40 days.

EQUIPMENT
5.1

Gas chromatograph/mass spectrometer system
5.1.1

Gas chromatograph - Hewlett-Packard Gas Chromatograph, complete with
a temperature-programmable oven suitable for splitless injection and all
required accessories, including syringes, analytical columns, and gases.
The capillary column should be directly coupled to the source.

5.1.2

Column - 30 m x 0.25 mm ID (or 0.32 mm ID) 0.25 µm film thickness
silicone-coated fused-silica capillary column (J&W Scientific DB-5 or
equivalent). Use of a guard column, 10 m x 0.25 mm ID phenolmethyldeactivated, is recommmended to extend life of the column.

5.1.3

Mass spectrometer - Capable of scanning from 35 to 500 amu every 1 sec
or less, using 70 volts (nominal) electron energy in the electron impact
ionization mode. The mass spectrometer must be capable of producing a
mass spectrum for decafluorotriphenylphosphine (DFTPP) which meets all
of the Method criteria when 1 µL of the GC/MS tuning standard is injected
through the GC (50 ng of DFTPP).
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5.1.4

GC/MS interface - Any GC-to-MS interface that gives acceptable calibration
points for each compound of interest and achieves acceptable tuning
performance criteria may be used.

5.1.5

6.

7.

5.2

Data system - A HP RTE computer system that allows the continuous
acquisition and storage on machine-readable media of all mass spectra
obtained throughout the duration of the chromatographic program must be
interfaced to the mass spectrometer. The computer must have software
that allows searching any GC/MS data file for ions of a specified mass and
plotting such ion abundances versus time or scan number. This type of plot
is defined as an Extracted Ion Current Profile (EICP). Software must also
be available that allows integrating the abundances in any EICP between
specified time or scan-number limits.
Syringe - 5 or 1O µL.

5.3

Volumetric flasks, Class A - Appropriate sizes with ground glass stoppers.

5.4

Balance - Analytical, 0.0001 g.

5.5

Bottles - glass with Teflon-lined screw caps or crimp tops.

REAGENTS
6.1

Reagent grade or ACS grade chemicals shall be used in all tests. Other grades
may be used, provided it is first ascertained that the reagent is of sufficiently high
purity to permit its use without lessening the accuracy of the determination.

6.2

Organic-free reagent water - All references to water in this method refer to organicfree reagent water, as defined in Chapter One, SW-846.

6.3

Calibration Mixtures - available commercially from AccuStandard, Ultra Scientific,
Radian, and Restek.

STANDARDS PREPARATION
7.1
Stock standards for calibration are purchased from AccuStandard which are 4
separate mixes containing together the 8270C, TCLP, and PAH semivolatile organic
compounds at 2.0 mg/ml in methylene chloride (CLP-HC-BN-R, Base-Neutral
Composite Mix; Z014F, Benzidine Mixture; CLP-HC-A-R, Acid Composite Mix; CLP-HCX1, Composite Mix 3A). In addition 1-Methylnaphthalene (1000 ug/ml) is purchased from
Ultra Scientific(#EPA 1225). Equivalent standards may be used.
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7.1.1

Transfer the stock standard solutions into vials with Teflon lined screwcaps. Store at -10 to -20°C and protect from light. Stock standard
solutions should be checked frequently for signs of degradation or
evaporation, especially just prior to preparing calibration standards form
them.

7.1.2

Stock standard solutions must be replaced after 1 year or sooner if
comparison with quality control check samples indicates a problem.

7.2

Internal standard solutions - A commercially prepared solution is purchased from
Accustandard (Z-014J), 4.0 mg/ml each Acenapthene-d10, Chrysene-d12, 1,4Dichlorobenzene-d4, Napthalene-d8, Perylene-d 12 and Phenanthrene-d-10 in
methylene chloride. Each 1-ml extract is spiked with 10 ul of this solution,
resulting in a concentration of 40 ng/ul of each compound. Equivalent
standards may be used.

7.3

GC/MS tuning standard - A methylene chloride solution containing 50 ng/µl (25
ng/µl if a 2 µl injection is used) of decafluorotriphenylphosphine (DFTPP) should
be prepared. The standard should also contain 50 ng/µl each of 4,4'-DDT,
pentachlorophenol, and benzidine to verify injection port inertness and GC column
performance. GC/MS tuning standard is purchased from Radian International
(ERS-024) 50 ng/ul each Benzidine, Pentachlorophenol, p,p'-DDT, and DFTPP
in methylene chloride. Equivalent standards may be used.

7.4

Calibration standards - A minimum of five calibration standards should be
prepared. One of the calibration standards should be at a concentration near, but
above, the method detection limit; the others should correspond to the range of
concentrations found in real samples but should not exceed the working range of
the GC/MS system. Each standard should contain each analyte for detection by
this method (e.g. some or all of the compounds listed in Table 1 may be included).
Each 1 ml aliquot of calibration standard should be spiked with 10 µl (5 µl if a 2
µl injection is used) of the internal standard solution prior to analysis. The daily
calibration standard should be prepared weekly and stored at 4°C.

7.5

Surrogate standards - The recommended surrogate standards are phenol-ds, 2fluorophenol, 2,4,6-tribromophenol, nitrobenzene-d 5, 2-fluorobiphenyl, and pterphenyl-d14. See Method 3500 for the instructions on preparing the surrogate
standards. Determine what concentration should be in the blank extracts after all
extraction, cleanup, and concentration steps. Inject this concentration into the
GC/MS to determine recovery of surrogate standards in all blanks, spikes, and
sample extracts. Take into account all dilutions of sample extracts.
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7.6

7.7

8.

Matrix spike standards - See Method 3500 for instructions on preparing the matrix
spike standard. Determine what concentration should be in the blank extracts after
all extraction, cleanup, and concentration steps. Inject this concentration into the
GC/MS to determine recovery of spike standards in al! matrix spikes. Take into
account all dilutions of sample extracts.
7.6.1

For PAH spikes the stock standard, SV Calibration Mix #5, is purchased
from Restek (#31011). This contains only the PAH compounds at 2000
ug/ml each in methylene chloride. Equivalent standards may be used.

7.6.2

The TCLP spike standards consists of BNA's. The BNA's are purchased
from Accustandard (#TCLP-BNA). Together thiis contains all of the TCLP
compounds at 2000 ug/ml each in methylene chloride. Equivalent
standards may be used.

Acetone, hexane, methylene chloride, isooctane, carbon disulfide, toluene, and
other appropriate solvents - Pesticide quality or equivalent.

INSTRUMENT PREPARATION
8.1

The recommended GC/MS operating conditions:
Mass range:
Scan time:
Initial temperature:
Temperature Program:
Final temperature:
Injector temperature:
Source temperature:
Injector:
Sample volume:
Carrier gas:

35-500 amu
1.2 sec/scan
40°C, hold for 5 minutes
40 °C for 5 minutes, then 10°C/min to 115°C.
5°C/min to 300°C,, hold 2 minutes.
300°C, hold until benzo[g,h,i]perylene has
eluted.
280°C
According to manufacturer's specifications
Grob-type, splitless
1 µL
helium at 30 cm/sec

These conditions may change periodically to optimize the running conditions of the
instrument.
8.1.1

Each GC/MS system must be hardware-tuned to meet the following criteria
for a 50 ng injection of DFTPP. Analyses should not begin until all these
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criteria are met. Background subtraction should be straightforward and
designed only to eliminate column bleed or instrument background ions.
The GC/MS tuning standard should also be used to assess GC column
performance and injection port inertness. Degradation of DDT to ODE and
DOD should not exceed 20%. Benzidine and pentachlorophenol should be
present at their normal responses, and no peak tailing should be visible. If
degradation is excessive and/or poor chromatography is noted, the
injection port may require cleaning. It may also be necessary to break off
the first 6-12 in. of the capillary column.
DFTTP Criteria
Mass

Ion Abundance Criteria

51
68
70
127
197
198
199
275
365
441
442
443

30%-60% of mass 198
<2% of mass 69
<2% of mass 69
40-60% of mass 198
<1% of mass 198
Base peak, 100% relative abundance
5-9% of mass 198
10-30 % of mass 198
>1% of mass 198
present but less than mass 443
>40% of mass 198
17-23% of mass 442

8.1.2

The internal standards should permit most of the components of interest in
a chromatogram to have retention times of 0.80--1.20 relative to one of the
internal standards. Use the base peak ion from the specific internal
standard as the primary ion for quantitation (see Table 1). If interferences
are noted, use the next most intense ion as the quantitation ion (i.e. for 1 ,4dichlorobenzene-d4 use m/z 152 for quantitation).

8.1.3

Analyze 1 µL of each calibration standard (containing internal standards)
and tabulate the area of the primary characteristic ion against concentration
for each compound. Calculate response factors (RFs) for each compound
using the equation in SW-846, Method 8270C, Section 7.3.3.

8.1.4

The average RF should be calculated for each compound using the
equations in SW-846, Method 8270C, Section 7.3.5.2. The percent relative
standard deviation should also be calculated for each compound. The
%RSD should be less than 30% for each compound. However, the %RSD
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for each individual Calibration Check Compound (CCC) must be less than
30%. The relative retention times of each compound in each calibration
run should agree within 0.06 relative retention time units. Late-eluting
compounds usually have much better agreement.

8.1.5

8.2

8.1.4.1

Linearity- If the %RSD of any compound is 15% or less,
then the relative response factor is assumed to be constant
over the calibration range, and the average relative
response factor may be used for quantitation.

8.1.4.2

If the %RSD of any compound is greater than 15%,
construct calibration curves of area (A/As) versus
concentration using first or higher order regression fit of the
five calibration points.
The analyst should select the
regression order that introduces the least calibration error
into the quantitation. The use of calibration curves is a
recommended alternative to average response factor
calibration, and a useful diagnostic of standard preparation
accuracy and absorption activity in the chromatograghic
system.

A system check must be performed to ensure that minimum average RFs
are met before the calibration curve is used. For semivolatiles, the System
Performance Check Compounds (SPCCs) are: N-nitroso-di-n-propylamine;
hexachlorocyclopentadiene; 2.4-dinitro-phenol; and 4-nitrophenol.
The
minimum acceptable average RF for these compounds SPCCs is 0.050.
These SPCCs typically have very low RFs (0.1-0.2) and tend to decrease in
response as the chromatographic system begins to deteriorate or the
standard material begins to deteriorate. They are usually the first to show
poor performance. Therefore, they must meet the minimum requirement
when the system is calibrated.

Daily GC/MS calibration
8.2.1

Prior to analysis of samples, the GC/MS tuning standard must be analyzed.
A 50 ng injection of DFTPP must result in a mass spectrum for DFTPP
which meets the method criteria. These criteria must be demonstrated
during each 12 hour shift.

8.2.2

A calibration standard(s) at mid-concentration, containing each compound
of interest, including all required surrogates, must be performed every 12
hours during analysis. Compare the response factor data from the
standards every 12 hours with the average response factor from the initial
calibration for a specific instrument as per the SPCC and CCC criteria.
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9.

8.2.3

System Performance Check Compounds (SPCCs): A system performance
check must be made during every 12 hour shift. If the SPCC criteria are
met, a comparison of response factors is made for all compounds. this is
the same check that is applied during the initial calibration. If the minimum
response factors are not met, the system must be evaluated, and
corrective action must be taken before sample analysis begins. The
minimum RF for semivolatile SPCCs is 0.050. Some possible problems
are standard mixture degradation, injection port inlet contamination,
contamination at the front end of the analytical column, and active sites in
the column or chromatographic system. This check must be met before
analysis begins.

8.2.4

Calibration Check Compounds (CCCs): After the system performance
check is met, CCCs listed in Table 4 are used to check the validity of the
initial calibration. Calculate the percent difference using the equation is
SW-846, Method 8000, Section 7.7.1. If the percent difference for each
CCC is less than or equal to 20%, the initial calibration is assumed to be
valid. If the percent difference for any compound is greater than 20,
corrective action must be taken. Problems similar to those listed under
SPCCs could affect this criterion. If no source of the problem can be
determined after corrective action has been taken, a new five-point
calibration must be generated. This criterion must be met before sample
analysis begins. If the CCCs are not analytes required by the permit, then
all required analytes must meet the 20% difference criterion.

8.2.5

The internal standard responses and retention times in the calibration
check standard must be evaluated immediately after or during data
acquisition. If the retention time for any internal standard changes by more
than 30 seconds from the last daily calibration (Section 10.4), the
chromatographic system must be inspected for malfunctions and
corrections must be made, as required. If the EICP area for any of the
(-50% to +100%) from the
internal standards changes by a factor of two
last daily calibration standard check, the mass spectrometer must be
inspected for malfunctions and corrections must be made, as appropriate.

SAMPLE PREPARATION

9.1

Samples must be prepared by one of the following methods prior to GC/MS
analysis.
Methods
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Water
Soil/sediment
Waste
9.1.1

9.2

3510,3520
3540,3550
3540,3550, 3580

Direct injection - In very limited applications direct injection of the sample
into the GC/MS system with a 10 µL syringe may be appropriate. The
detection limit is very high (approximately 10,000 µg/L); therefore, it is only
permitted where concentrations in excess of 10,000 µg/L are expected.
The system must be calibrated by direct injection.

Extract cleanup - Extracts may be cleaned up by any of the following methods prior
to GC/MS analysis.
Compounds
Phenols
Phthalate esters
Nitrosamines
Organochlorine pesticides & PCBs
Nitroaromatics and cyclic ketones
Polynuclear aromatic hydrocarbons
Haloethers
Chlorinated hydrocarbons
Organophosphorus pesticides
Petroleum waste
All priority pollutant base,
neutral, and acids

Methods

3630, 3640, 8040a
3610,3620, 3640
3610, 3620, 3640
3620, 3660
3620, 3640
3611, 3630, 3640
3620, 3640
3620, 3640
3620
3611,3650
3640

aMethod 8040 includes a derivatization technique followed by GC/ECD analysis, if
interferences are encountered on GC/FID.

10.

PROCEDURE
10.1

GC/MS analysis
10.1.1 It is highly recommended that the extract be screened on a GC/FID or
GC/PID using the same type of capillary column. This will minimize
contamination of the GC/MS system from unexpectedly high concentration
of organic compounds.
10.1.2 Spike the 1 ml extract obtained from sample preparation with 10 µL of the
internal standard solution just prior to analysis.
10.1.3 Analyze the 1 ml extract by GC/MS using a 30 m x 0.25 mm (or 0.32 mm)
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silicone-coated fused-silica capillary column.
10.1.4 If the response for any quantitation ion exceeds the initial calibration curve
range of the GC/MS system, extract dilution must take place. Additional
internal standard must be added to the diluted extract to maintain the
required 40 ng/µL of each internal standard in the extracted volume. The
diluted extract must be reanalyzed.
10.1.5 Store the extracts at 4°C, protected from light in screw-cap vials equipped
with unpierced Teflon lined septa.
10.2

Data interpretation
10.2.1 Qualitative analysis
10.2.1.1

An analyte (e.g. those listed in Table 1) is identified by
comparison of the sample mass spectrum with the mass
spectrum of a standard of the suspected compound
(standard reference spectrum). Mass spectra for standard
reference should be obtained on the user's GC/MS. These
standard reference spectra may be obtained through
analysis of the calibration standards. The characteristic ions
from the reference mass spectrum are defined to be the
three ions of the greatest relative intensity, or any ions over
30% relative intensity if less than three such ions occur in
the reference spectrum. Two criteria must be satisfied to
verify identification: (1) elution of sample component at the
same GC relative retention time (RRT) as the standard
component; and (2) correspondence of the sample
component and the standard component mass spectrum.

10.2.1.1.1

The sample component HRT must compare within ±
0.06 RRT units of thE=l RRT of the standard
component. For reference, the standard must be
run within the same 12 hours as the sample. If
coelution of interferin~~ components prohibits
accurate assignment of the sample component RRT
from the total ion chromatogram, the RRT should be
assigned by using extracted ion profiles for ions
unique to the component of interest.

10.2.1.1.2

The intensities of the characteristic ions of a
compound should maximize in the same scan or
within one scan of each other. Selection of a peak
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by a data system target compound search routine
where the search is based on the presence of a
target chromatographic peak containing ions specific
for the target compound at a compound-specific
retention time will be accepted as meeting this
criteria.
10.2.1.1.3

10.2.1.2

The relative intensities of the characteristic ions
specified in Section 10.2.1.1.2 must agree within
plus or minus 30% between the standard and
sample spectra. (Example: For an ion with an
abundance of 50% in the standard spectrum, the
corresponding sample abundance must be between
20 and 80 percent.)

For samples containing components not associated with the
calibration standards, a library search may be made for the
purpose of tentative identification. The necessity to perform
this type of identification will be determined by the purpose
of the analyses being conducted. Computer generated
library search routines should not use normalization routines
that would misrepresent the library or unknown spectra
when compared to each other. For example, the RCRA
permit of waste delisting requirements may require the
reporting of nontarget analytes.
Only after visual
comparison of the sample spectra with the nearest library
searches will the mass spectral interpretation specialist
assign a tentative identification. Guidelines for making
tentative identification are:

(1) Relative intensities of major ions in the reference spectrum
(ions > 10% of the most abundant ion) should be present in the
sample spectrum.
(2) The relative intensities of the major ions should agree within ±
20%. (Example: For an ion with an abundance of 50% in the
standard spectrum, the corresponding sample ion abundance must
be between 30 and 70%.)
(3) Molecular ions present in the reference spectrum should be
present in the sample spectrum.
(4) Ions present in the sample spectrum but not in the reference
spectrum should be reviewed for possible background
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contamination or presence of coeluting compounds.
(5) Ions present in the reference spectrum but not in the sample
spectrum should be reviewed for possible subtraction from the
sample spectrum because of background contamination or
coeluting peaks. Data system library reduction programs can
sometimes create these discrepancies.
10.2.2 Quantitative analysis
10.2.2.1

11.

When a compound has been identified, the quantitation of
that compound will be based on the integrated abundance
from the EICP of the primary characteristic ion. Quantitation
will take place using the internal standard technique. The
internal standard used shall be the one nearest the retention
time of that of a given analyte.

CALCULATION

11.1

If the %RSD of a compound's relative response factor is 15% or less, then the
concentration in the sample may be determined using the average response factor
from the initial calibration data. Calculate the concentration of each identified
analyte in the sample using the equations in SW-846, Method 8000, Section7.10

11.2

Where applicable, an estimate of concentration for noncalibrated components in
the sample may be made. The formulas given in SW-846, Method 8000, Section
7 .10 should be used with the following modifications: The areas As and As should
be from the total ion chromatograms and the RF for the compound should be
assumed to be 1. The concentration obtained should be reported indicating ( 1)
that the value is an estimate and (2) which internal standard was used to
determine concentration. Use the nearest internal standard free of interferences.

11.3

Alternatively, the regression line fitted to the initial calibration may be used for
determination of the sample concentration.

11.4

Quantitation of multicomponent compounds (e.g. Aroclors) is beyond the scope of
Method 8270C. Normally, quantitation is performed using a GC/ECD by Method
8080A.
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12.

QUALITY ASSURANCE

12.1

Each laboratory that uses these methods is required to operate a formal quality
control program. The minimum requirements of this program consist of an initial
demonstration of laboratory capability and an ongoing analysis of spiked samples
to evaluate and document quality data. The laboratory must maintain records to
document the quality of the data generated. Ongoing data quality checks are
compared with established performance criteria to determine if the results of
analyses meet the performance characteristics of the method. When results of
sample spikes indicate atypical method performance, a laboratory control sample
must be analyzed to confirm that the measurements were performed in an incontrol mode of operation.

12.2

Before processing any samples, the analyst must demonstrate, through the
analysis of a reagent blank, that interferences from the analytical system,
glassware, and reagents are under control. Each time a set of sample is extracted
or there is a change in reagents, a reagent blank should be processed as a
safeguard against chronic laboratory contamination. The blank samples should be
carried through all stages of sample preparation and measurement.

12.3

The experience of the analyst performing GC/MS analyses is invaluable to the
success of the methods. Each day that analysis is performed, the daily calibration
standard should be evaluated to determine if the chromatographic system is
operating properly. Questions that should be asked are: Do the peaks look
normal?; Is the response obtained comparable to the response from previous
calibrations? Careful examination of the standard chromatogram can indicate
whether the column is still good, the injector is leaking, the injector septum needs
replacing, etc. If any changes are made to the system (e.g. column changed),
recalibration of the system must take place.

12.4

Required instrument QC is found in the following sections:
12.4.1 The GC/MS system must be tuned to meet the DFTPP specifications in
Sections 8.1.1 and 8.2.1.
12.4.2 There must be an initial calibration of the GC/MS system as specified in
Section 8.1.
12.4.3 The GC/MS system must meet the SPCC criteria specified in Section 8.2.3
and the CCC criteria in Section 8.2.4, each 12 hours.

12.5

To establish the ability to generate acceptable accuracy and precision, the analyst
must perform an Initial Demonstration of Capability:
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12.5.1 A quality control (QC) reference sample concentrate is required containing
each analyte at a concentration near the mid-point of the curve. The QC
reference sample concentrate may be prepared from pure standard
materials or purchased as certified solutions. If prepared by the laboratory,
the QC reference sample concentrate must be made using stock standards
prepared independently from those used for calibration.
12.5.2 Using a pipet, prepare QC reference samples at a concentration near the
mid-point of the curve by adding 1.00 ml of QC reference sample
concentrate to each of four 1-L aliquots of water.
12.5.3 Analyze the well-mixed QC reference samples according to the method
beginning in Section 9.1 with extraction of the samples.
12.5.4 Calculate the average recovery (29 in µg/L, and the standard deviation of
the recovery (s) in µg/L, for each analyte using the four results.
12.5.5 For each analyte compare S and ~ with the corresponding acceptance
criteria for precision and accuracy, respectively, found in Table 6. If S and
~ for all analytes meet the acceptance criteria, the system performance is
acceptable and analysis of actual samples can begin. If any individual S
exceeds the precision limit or any individual ~ falls outside the range for
accuracy, then the system performance is unacceptable for that analyte.
NOTE: The large number of analytes in SW-846, Method 8270C,
Table 6 present a substantial probability that one or more will fail at
least one of the acceptable criteria when all analytes of a given
method are analyzed.
12.5.6 When one or more of the analytes tested fail at least one of the acceptable
criteria, the analyst must proceed according to Section 12.5.6.1 or 12.5.6.2.

12.6

12.5.6.1

Locate and correct the source of the problem and repeat the
test for all analytes beginning with Section 12.5.2.

12.5.6.2

Beginning with Section 12.5.2, repeat the test only for those
analytes that failed to meet criteria. Repeated failure,
however, will confirm a general problem with the
measurement system. If this occurs, locate and correct the
source of the problem and repeat the test for all compounds
of interest beginning with Step 12.5.2

The laboratory must, on an ongoing basis, analyze a reagent blank, a laboratory

SOP-8270C
Rev. No.: 2
09/08/00
Page 18 of 22
control sample, a matrix spike, and a matrix spike duplicate for each analytical
batch (up to a maximum of 20 samples/batch) to assess accuracy. For soil and
waste samples where detectable amounts of organics are present, replicate
samples may be appropriate in place of matrix spiked samples. For laboratories
analyzing one to ten samples per month, at least one spiked sample per month is
required.
12.7

To determine acceptable accuracy and precision limits for the laboratory control
sample and matrix spikes the following procedure should be performed.
12. 7 .1 For each sample analyzed, calculate the percent recovery of each spike
compound in the sample.
12.7.2 Once a minimum of twenty samples of the same matrix have been
analyzed, calculate the average percent recovery (p) and standard
deviation of the percent recovery (s) for each of the spike compounds.
12. 7.3 For a given matrix, calculate the upper and lower control limit for method
performance for each spike compound. This should be done as follows:
Upper Control Limit (UCL)
Lower Control Limit (LCL)

= p + 3s
= p- 3s

12. 7.4 For aqueous and soil matrices, these laboratory established control limits
should, if applicable, be compared with the established control limits.
12.7.6 At a minimum, each laboratory should update control limits on a matrix-bymatrix basis, semi-annually.

12.8

To determine acceptable accuracy and precision limits for surrogate standards
follow the procedure in Section 12.7.

12.9

It is recommended that the laboratory adopt additional quality assurance practices
for use with this method. The specific practices that are most productive depend
upon the needs of the laboratory and the nature of the samples. Field duplicates
may be analyzed to assess the precision of the environmental measurements.
When doubt exists over the identification of a peak on the chromatogram,
confirmatory techniques such as gas chromatography with a dissimilar column,
specific element detector, or mass spectrometer must be used. Whenever
possible, the laboratory should analyze standard reference materials and
participate in relevant performance evaluation studies.
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13.

NOTES

13.1

If the sample must be screened for the presence of 2,3,7,8-TCDD, it is
recommended that the reference material not be handled in the laboratory unless
It is sufficient to analyze the
extensive safety precautions are employed.
base/neutral extract by selected ion monitoring (SIM) GC/MS techniques, as
follows:
13.1.1 Concentrate the base/neutral extract to a final volume of 0.2 ml.
13.1.2 Adjust the temperature of the base/neutral column (Section 5.9.2) to
220°c.
13.1.3 Operate the mass spectrometer to acquire date in the SIM mode using the
ions at m/e 257, 320 and 322 and a dwell time no greater than 333
milliseconds per ion.
13.1.4 Inject 5 to 7 µL of the base/neutral extract. Collect SIM data for a total of
10 minutes.
13.1.5 The possible presence of 2,3,7,8-TCDD is indicated if all three ions exhibit
simultaneous peaks at any point in the selected ion current profiles.
13.1.6 For each occurrence where the possible presence of 2,3,7,8-TCDD is
indicated, calculate and retain the relative abundances of each of the three
ions.

13.2

False positives to this test may be caused by the presence of single or coeluting
combinations of compounds whose mass spectra contain all of these ions.

13.3

Conclusive results of the presence and concentration level of 2,3,7,8-TCDD can be
obtained only from a properly equipped laboratory through the use of method 613
or other approved alternate test procedures.

13.4

The toxicity or carcinogenicity of each reagent used in this method has not been
precisely defined; however, each chemical compound should be treated as a
potential health hazard. From this viewpoint, exposure to these chemicals must be
reduced to the lowest possible level by whatever means available. The laboratory
is responsible for maintaining a current awareness file of OSHA regulations
regarding the safe handling of the chemicals specified in this method. A reference
file of material data handling sheets should also be made~ available to all personnel
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involved in the chemical analysis. Additional references to laboratory safety are
available and have been identified for the information of the analyst.
13.5

The following parameters covered by this method have been tentatively classified
as known or suspected, human or mammalian carcinogens: benzo(a)anthracene,
benzidine, 3,3'-dichlorobenzidine, benzo(a)pyrene, a-BHC, p-BHC, 8-BHC, y-BHC,
dibenzo(a,h)anthracene, Ninitrosodimethylamine, 4,4'-DDT and polychlorinated
biphenyls.

14.

PREVENTIVE MAINTENANCE

1.

Replace glass liner every run or as needed.

2.

Replace septum after each run.

3.

Clip the front end of the column after running lightly contaminated samples and/or if the
recovery on phenols is poor.

4.

Clean detectors if the instrument does not meet the acceptance criteria in Table 3 and/or
the curve does not hold for the phenol.

5.

Record all preventive maintenance (PM) events in the PM log.

15.

CORRECTIVE ACTION
Corrective action is taken to remedy an out of control situation(OOC). Before an analysis
is started, the system must be verified to be in control by use blanks and standards.
OOC Situation

Accept. Criteria

Corrective Action

DFTPP Tune check
Column Performance

Meets table 3 criteria
DDT <20% breakdown
PCP/Benzidine normal

Retune or clean analyzer
Perform preventive
maintenance

Method Blank

<Reporting limit

Check
for
instrument
contamin-ation, reextract all
samples
if contamination
peaks are above detection
limit at retention windows

Poor resolution

As IDC

Perform

preventative
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maintenance
on
system,
verify flow rates. Clean or
replace column if necessary.
Initial Calibration

%RSD <30% for CCC's

Reinject standards. Remake
RF
for
SPCC's
>0.05standards and verify
expiration dates.
Perform
preventative
maintenance.
Recalibrate.

%RSD <15%

Construct calibration curve.

CCV and QC

~20% Diff. from IC for CCC's Reinject standard. Remake
RF
for
SPCC's
>
0.05standard
and
verify
expiration date.
Perform
preventative maintenance.
Recalibrate.

MS/MSD

Refer to method criteria
in Table 6 or 7

Verify that LCS sample is in
control.

LCS

Refer to method criteria
Table6 or 7

Reanalyze samples.in
Reextract if sample is
permitting.

Surrogates

Table 8 or Historical
limits

Reextract and
reanalyzed or Flag
as"estimated concentration."
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1.0 METHOD REFERENCE
1.1 Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020 March, 1983,
Method 415.1.
2.0 SCOPE AND APPLICATION
2.1 This method includes the measurement of organic carbon in drinking, surface and saline waters,
and
domestic and industrial wastes.
2.2 The method is sensitive to concentrations ofTOC of 1 mg/Land less.
3.0. SUMMARY OF METHOD
3.1 Organic carbon in a sample is converted to carbon dioxide by catalytic combustion. The amount
of
carbon dioxide formed is directly proportional to the amount of carbonaceous material in the sample
and is measured by an infrared detector.
4.0 SAMPLE PRESERVATION AND HOLDING TIMES
4.1 A representative sample is collected in a glass or plastic container. A 40-mL VOA vial is usually
sufficient.
4.2 Samples must be preserved by acidification to pH < 2 with HCl or H2SO4 and kept at 4 C and
protected from sunlight and oxygen. Samples must be analyzed within 28 days of sampling.
5.0 APPARATUS AND MATERIALS
5.1 Micro liter syringes 10-, 25- and 100-uL capacity.
5.2 100-mL volumetric flask, 1-mL and 5-mL glass syringes.
5.3 Total Organic Carbon Analyzer - Shimadzu Model TOC-5050A.
6.0 REAGENTS
6.1 ASTM Type II water.
6.2. TOC-grade compressed air.
6.3 Potassium hydrogen phthalate, reagent grade.
6.4 Methanol, reagent grade.
6.5 Hydrochloric acid - ACS grade
7.0 STANDARDS AND SOLUTIONS PREPARATION
7.1 Potassium hydrogen phthalate stock solution, 1,000 ug C/mL: dissolve 0.2128 g of anhydrous
potassium hydrogen phthalate into ASTM Type II water acidified with 1 mL of concentrated HCI ,
and dilute to 100 mL. The stock solution is stored a 4 C in a glass container.
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7.2 A six-point calibration curve is prepared at levels of 0.5, 1.0, 2.5, 5.0 and 7.5 and 10.0 ug/mL C
for a low level curve and 10.0, 25.0, 50.0, 75.0, 100.0 and 125.0 for the higer limit curve. (a third
curve can be made for even higher concentrations) This is accomplished by making appropriate
dilutions of stock standards. Be sure to us Type II water and acidify with HCl to pH less than 2.
7.3 Prepare the TOC QC check stock solution by diluting 0.340 mL methanol to I 00 mL with TOC
dilution water. Resultant concentration is 1,000 ug/mL TOC. A 50 ug/mL QC check is prepared by
diluting 50 uL of this stock to 1.0 mL with TOC dilution water. Make stock fresh every day and
discard after use.
8.0 ANALYSIS PROCEDURE
8.1 Tum on dell computer hard drive and monitor. Run TOC-control program by double clicking
icon. Tum on TOC analyzer power with switch on left side of the instrument. Begin new
worksheet via the file menu or icon. From the Measure menu, connect TOC analyzer to computer.
Open analyzer door and check IC solution (regenerate through Options - Maintenance menu if
empty), check humidifier (add water to top white line if low), check for air bubbles in syringe
(Options - Maintenance). Verify air flow. Replenish rinse reservoir with water pH less than 2.
View background via View menu and ensure stable baseline at zero (alter with screw on top left
comer of analyzer).
8.2 Enter run data on worksheet. To enter multiple lines at once, use Auto-generate in the Edit menu.
Sample type is UNKNOWN; method used is METHOD (or current method). Sample ID and
Sample name should be left blank. Enter beginning and ending vial numbers and click OK. Enter
sample names and ID's. Change dilutions when needed. Save worksheet.
8.2.1
To edit or create desired method, use VIEW menu and drag to METHOD. To edit
existing method, highlight and open. To create new method, choose new. Enter File
Name and Comments if needed. Leave Sample Name and Sample ID blank for
convenience. Choose NPOC from Analysis list. Dilution should be set to one, and Acid
Addition volume is zero. Sparge time is 6 minutes. Click NPOC tab and set the
following settings: Num. of injections-3, Injection Volume- 53, Max SD- 200, Range I, Max Number of Injections - 5, Number of washes - 4, Max CV - 2.0, Unit - ppm.
Select calibration curves to be used by using browse (up to three curves). Set Peak Min
Time to O and Peak Max Time to 290. Exit by clicking OK.
8.2.2
To edit or create calibration curves, choose Calibration Curve List from Edit menu. To
edit curves, highlight and click Open. To create new curve, click New. Enter Title and
File Name. Calculation Method is Linear Regression without zero shift. Analysis Type
is NPOC. Further specifications are same as METHOD. Click Data tab and enter curve
data (i.e. curve concentrations and vial numbers. Return to Conditions tab and click OK
to exit. To run calibration curves, choose Insert Standard when entering data onto
worksheet.
8.3 Pour samples into sample tubes and place in auto sampler rack. LCS and LCSD are prepared by
diluting 3mL water with 3 mL spike. MS and MSD are prepared by diluting 3 mL sample with
3mL spike. (Use 5 ppm primary standard for spike). Ensure that all samples are pH less than 2.
Replace cover by lining up arrows. Click START to begin run; choose KEEP RUNNING. Auto
sampler will begin run by sparging first sample.
8.4 After run is complete, close analyzer door. To exit software is optional.

9.0 CALCULATIONS
9.1 Calculate the reportable TOC concentrations by regression analysis using the average area counts
from the replicates.
10.0 QUALITY CONTROL
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I 0.1 A calibration verification must be run at the beginning and the end of every set of IO samples or
fewer. This should be at the midpoint of the calibration curve. The recovery must fall within 85-115%.
I 0.2 A method blank must be analyzed with each analytical batch. The concentration must be less than
I mg/L or the reporting limit, whichever is less.
10.3 A five-point calibration curve with a RSD of less than 20% or a correlation coefficient of greater
than 0.995 must be generated prior to analysis of samples.
10.4 A matrix spike and matrix spike duplicate, run at midpoint of the calibration curve must be
analyzed for every batch of IO or fewer samples.
10.5 A quality control check standard must be analyzed with each batch to verify the initial
standardization. This check must be from a source other than that of the calibration standard. The
recovery must be within 80-120%.
11.0 INSTRUMENT PREVENTATIVE MAINTENANCE
11.1 See TOC manual pages 83-87.
12.0 CORRECTIVE ACTION
12.1 If the calibration curve RSD > 20% or correlation coefficient< 0.995, rerun the standard curve.
12.2 If the method blank is greater than the reporting limit, determine the cause and take corrective
action. Reprepare samples if necessary.
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1.

SCOPE & APPLICATION
1.1

2.

SUMMARY OF METHOD
2.1

3.

Total suspended solids (TSS) is the portion of total solids in an aqueous sample
that is retained on a filter.

A well mixed, known amount of a sample is filtered through a pre-weighed
standard glass-fiber filter and dried to a constant weight at 103 to 105°C. The
increase in weight of the filter represents the total suspended solids.

HEALTH AND SAFETY WARNINGS
3.1 Standard laboratory protective clothing and eye covering is required. Use caution
when operating the vacuum filter. Implosion may occur.

4.

CAUTIONS
4.1

5.

6.

INTERFERENCES
5.1

Exclude large floating particles or submerged agglomerates of nonhomogeneous
materials from the sample if inclusion is not desired in the final result.

5.2

Limit sample size to that yielding no more than a 200 mg residue.

5.3

Thoroughly wash the filter after filtration to ensure removal of undissolved salts.

5.4

Limit filter time to less than 10 minutes but no longer than 30 minutes. If a
sample takes longer than 30 minutes to filter, discard the ·filter and start over using
a smaller amount of sample.

5.5

Avoid touching filter paper with hands.

PERSONNEL QUALIFICATIONS
6.1

7.

Sample holding time is 7 days from the sampling date.

The technician should be trained at least one week in the method before initiating
the procedure alone.

SAMPLE COLLECTION, PRESERVATIVE AND STORAGE
7.1

Samples should be collected in either plastic or resistant-glass bottles.

7.2

Refrigerate samples at 4°C to minimize microbiological decomposition of solids.
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7.3

8.

No preservative is required.

EQUIPMENT
8.1

Drying oven, for operation at 103 to 105°C.

8.2

Desiccator, provided with a desiccant containing a color indicator.

8.3

Analytical balance, capable of weighing to 0.1 mg.

8.4

Glass-fiber filters.

8.5

Filtration apparatus.
8.5.1

Filter holder: Membrane filter funnel.

8.5.2 Vacuum filtration set-up including vacuum pump and suction flask.

9.

8.6

Aluminum weigh boats.

8. 7

Various sizes of graduated cylinders.

8.8

Forceps

PROCEDURE
9.1

Preparation of glass-fiber filter:
9.1.1

Using the forceps, place a filter on the vacuum apparatus. If the filter at
any time becomes torn or punctured, discard it.

9.1.2 Apply vacuum and wash the filter with three successive volumes of DI
water, each volume being at least 20 ml in size. Continue suction to
remove all traces of water.
9.1.3 Carefully place a filter in a uniquely labeled aluminum weigh boat.
9.1 .4 Dry in an oven at 103-105°C for at least 1 hour, let filter cool for thirty
minutes in desiccator, record the weight of the filter, and repeat the
process until a weight of no more than 0.5 mg difference is achieved.
Record the final weight.
9.1.5 Store the filters in a desiccator until needed.
longer than eight hours.

Re-check weights if stored
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9.2

Sample analysis:
9.2.1

Assemble filter apparatus and begin suction.
amount of reagent water.

Wet filter with a small

9.2.2 Best to choose a sample volume which will yield between 2.5 and 200 mg
of dried residue. Do not use more than 200 ml of sample.
9.2.3 Filter a measured volume of well-mixed sample through the glass fiber
filter. If the filter becomes clogged or it takes longer than 30 minutes
before the chosen amount is completely filtered, re-filter using a smaller
volume.
9.2.4 Rinse the graduated cylinder three consecutive times, then wash the filter
apparatus with three successive portions of a minimum of 10 ml of DI
water. Let the water completely filter through before disconnecting the
vacuum.
9.2.5 Remove filter and follow Procedure 9.1.4.

10. CALCULATION
mg total suspended solids/L

=

(A-Bl x 1000
sample Volume, L

Where:
A == weight of filter + residue, g.

B

=

weight of filter

11. QUALITY ASSURANCE
11 .1

A blank is run once per batch of 10 samples.
filtered through the designated filter.

The blank is 200 ml of DI water

11.2 Duplicates must be ran every 10 samples.
11.3 The RPO on duplicates must be

< 20%.

11 .4 Flag any departures from procedure on data sheet and on a Corrective Action
Report (CAR).
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12. DAT A MANAGEMENT AND RECORDS MANAGEMENT
12.1

All laboratory records must be maintained in a bound record book designated for
the method.

12.2 A copy of analysis and CAR for each COC is turned into the front data receiving
box for data review and attachment to appropriate COC.

13. CORRECTIVE ACTION
13.1 If the blank has more than 1 mg/L in it, rerun the entire batch.
13.2 If the RPD on the duplicates is higher than 20%, rerun the entire batch.

14. MAINTENANCE
14. 1 If desiccant indicator is no longer blue, replace with new desiccant.
14.2 If oven has lost heating efficiency, contact lab manager for service or replacement.

15. METHOD REFERENCE
15.1 Standard Methods for the Examination of Water and Wastewater, 18th Edition,
1992, Method 2540 D. EPA Methods for Chemical Analysis of Water and
Wastes, Revised March 1983, Method 160.2.
15.2 "Quality Assurance Manual", TraceAnalysis, Inc., February, 1999.
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1.

SUMMARY OF METHOD

1.1

2.

3.

4.

5.

HEAL TH AND SAFETY WARNINGS

2.1

Standard laboratory protective clothing and eye covering is required.

2.2

Wear gloves while handling pond samples and wash hands afterward.

Cautions

3.1

The pH of a sample should be taken within 24 hours of collection.

3.2

Be sure to rinse and dry the pH probe between samples.

INTERFERENCES

4.1

The glass electrode is relatively free from interference from color, turbidity, colloidal
matter, oxidants, reductants, or high salinity, except for sodium error at pH >10.
Reduce this error by using special "low sodium error" electrodes.

4.2

pH measurements are affected by temperature in two ways; first, mechanical
effects that are caused by changes in the properties of the electrodes and
secondly, chemical effects caused by equilibrium changes. In the first instance,
the Nernstian slope increases with increasing temperature and electrodes take
time to achieve thermal equilibrium. This can cause long-term drift in pH.
Because chemical equilibrium affects pH, standard pH buffers have a specified pH
at indicated temperatures.

PERSONNEL QUALIFICATIONS

5.1

6.

The basic principle of electrometric pH measurement is the determination of the
activity of the hydrogen ions by potentiometric measurement using a standard
hydrogen electrode and a reference electrode.

The technician should be trained at least one week in the method before initiating
the procedure alone.

APPARATUS AND MATERIALS

6.1

Fisher Scientific Accumet ® 50 pH meter.

6.2

Corning General Purpose Combination pH electrode. Electrode has a Ag/AgCI
internal reference system, sealed reference and built-in thermistor for Automatic
Temperature Compensation (ATC).
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7.

6.3

Corning Calomel electrode used has a back-up electrode.

6.4

Beakers, preferably polyethylene or Teflon (or equivalent).

6.5

Stirrer, either a magnetic stirrer with TFE-coated stirring bar or a mechanical stirrer
with inert plastic-coated impeller.

SAMPLE COLLECTION

7.1

8.

9.

8.1

No preservation is required.

8.2

Ideally, pH measurements should be performed immediately in the field at the time
of collection. If the pH is to be measured in the laboratory, the measurement
should be done within 24 hours of the time of collection.

REAGENTS

pH Buffers: 2, 4, 7, 8, 10, and 12. Commercially available certified buffers may be
purchased from a variety of scientific vendors.

STANDARDS PREPARATION

10.1

11.

Both

SAMPLE PRESERVATION AND HOLDING TIME

9.1

10.

Representative samples should be taken in scrupulously clean containers.
plastic and glass are acceptable.

Standards may be prepared from the dry chemicals. See the original method for
preparation instructions.

INSTRUMENT PREPARATION

11.1

In each case follow the manufacturer's instructions for pH meter and for storage
and preparation of electrodes for use. Recommended solutions for short-term
storage of electrodes vary with type of electrode and manufacturer, but generally
have a conductivity greater than 4000 µmhos/cm. Immerse the tip of the probe in a
pH 7 buffer, to which 1 g KCI had been added. Do not allow solution to evaporate
and crystallize on electrode. Do not store in distilled water, as this will shorten
electrode life. Keep electrodes wet by returning them to storage solution whenever
pH meter is not in use.
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12.

13.

METHOD CALIBRATION
12.1

The Fisher Scientific meter has the capability of a three point calibration

12.2

The ph meter is standardized daily usually with pH buffers 4, 7, and 10.

12.3

Record the efficiency and verify calibration with an ICV and a CCV. The pH buffer
7 from the curve is used for the ICV and a second source pH buffer 7 is used for
the CCV.

PROCEDURE
13.1

Before each use, remove the electrode from the storage solution and rinse with DI
water. Gently blot dry with a lint-free towel.

13.2

Press the Standardize button.

13.3

Press the #2 Clear key to clear the previous curve.

13.4

Press the Standardize button again.

13.5

Press the #1 Update after the probe is in the correct buffer solution then enter the
buffer value.

13.6

Go back to 13.4 and repeat two times until all buffers have been entered.

13.6

Taking pH of samples:
13.6.1 Pour approximately 40 milliliters of sample into a small jar containing a
small stir bar.
13.6.2 Place pH probe in sample and record the pH and the temperature.
13.6.3 Repeat these steps for each sample.

14.

DATA ANALYSIS AND CALCULATION
14.1

15.

Calculations are not required. pH values are measured as direct readouts from the
pH meter to the nearest tenth of a unit.

DATA MANAGEMENT AND RECORDS MANAGEMENT
15.1

All laboratory records must be maintained in the bound record book designated for
the method.

...
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16.

17.

QUALITY ASSURANCE

16.1

AN ICV buffer (usually pH 7) is used as a curve check.. After every 10 samples
and at the closing of the run, a CCV buffer closest to sample values is analyzed. If
sample value is outside of calibration range, verify linearity using a CCV buffer at
pH 2 or 12. ICV and CCV solutions should read within ±0.1 pH units.

16.2

Calibration shall be performed daily or more frequently if drift is detected.

16.3

Samples will be analyzed in duplicate at a 10% frequency. Acceptable RPO is
20%.

PREVENTIVE MAINTENANCE

Frequency
Clean electrode
18.

19.

20.

When necessary

CORRECTIVE ACTIONS

Accept. Criteria

Corrective Action

ICV/CCVout

±0.1 pH units

Reanalyze. Recalibrate then
reanalyzed.

Duplicate out

±20%

Reanalyzed. Remark report.

REFERENCES

19.1

Standard Methods for the Examination of Water and Wastewater, 18th Edition,
1992, Method 4500-H+, EPA Methods for Chemical Analysis of Water and
Wastes, Revised March 1983, Method 150.1.

19.2

"Quality Assurance Manual", TraceAnalysis, Inc., December, 1997.

19.3

Fisher Scientific Accumet ® 50 pH Meter instruction manual.

NOTES

20.1

If an electrode without automatic temperature compensation has to be used, then
sample temperature should be measured, recorded, and reported. Samples
should be analyzed at room temperature. Discard buffer solution after each use

'"•·-'
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1.

2.

SCOPE & APPLICATION
1 .1

This method is applicable to drinking, surface and saline waters, sewage and
industrial waste effluents.

1.2

the concentration range for this method is 2-20 mg/L of iodide.

SUMMARY OF METHOD
2.1

3.

4.

HEALTH AND SAFETY WARNINGS
3.1

Standard laboratory protective clothing and eye covering is required.

3.2

Work with acids only in a properly functioning chemical fume hood.

CAUTIONS
4. 1

5.

6.

Use a well-ventilated hood when working with bromine.

INTERFERENCES
5.1

Iron, manganese and organic matter can interfere; however, the calcium oxide
pretreatment removes or reduces these to insignificant concentrations.

5.2

Color interferes with the observation of indicator and bromine-water color
changes. This interference is eliminated by the use of a pH meter instead of a
pH indicator and the use of standardized amounts of bromine water and
sodium formate solution instead of observing the light yellow color changes.

PERSONNEL QUALIFICATIONS
6.1

7.

After pretreatment to remove interferences, the sample is analyzed for iodide
by converting the iodide to iodate with bromine water and titrating with sodium
thiosulfate.

The technician should be trained at least one week in the method before
initiating the procedure alone.

APPARATUS AND MATERIALS
7.1

Glass microfibre filters, 42.5mm 0·

7.2

Vacuum filtration set-up including vacuum pump and suction flask.

7.3

pH meter

SOP 345.1
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8.

7 .4

Stir plate and stir bars

7.5

10 ml microburet.

SAMPLE COLLECTION

8.1

9.

SAMPLE PRESERVATION AND HOLDING TIME

9.1

10.

Representative samples should be taken in scrupulously clean containers. Both
plastic and glass are acceptable.

Sample is stored at 4° C and analyzed as soon as possible.

REAGENTS

10.1

Acetic acid solution ( 1 :8): Mix 100 ml of glacial acetic acid with 800 ml of
distilled water.

10.2

Bromine water: In a fume hood, add 0.2 ml bromine to 500 ml distilled
water. Stir with a magnetic stirrer and a Teflon-coated stirring bar for several
hours or until the bromine dissolves. Store in a dark colored bottle.

10.3

Calcium oxide (CaO): Anhydrous, powdered.

10.4

Potassium iodide (Kl): Crystals, ACS Reagent Grade.

10.5

Sodium acetate solution:
Dissolve 275 g of sodium acetate trihydrate
(NaC 2H 30z-3 H 20) in distilled water. Dilute to 1 land filter.

10.6

Sodium formate solution: Dissolve 50 g of sodium formate (NaCH0 2) in hot
distilled water and dilute to 100 ml.

10.7

Nitrogen gas: Cylinder.

10.8

Sulfuric acid solution ( 1 :4):
distilled water.

10.9

Sodium thiosulfate stock solution (0. 75 N): Dissolve 186.15 g (Na2S203 •
5H 20) in boiled and cooled distilled water and dilute to 1 L. Preserve by adding
5 ml chloroform.

Slowly add 200 ml of H2S04 to 800 ml of

10.10 Sodium thiosulfate standard titrant (0.0375 N): Prepare by diluting 50 ml of
stock solution (10.9) to 1 L. Preserve by adding 5 ml of chloroform.
Standardize with 0.0375 N potassium biiodate (10.12) (11.1 ).

SOP 345.1
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10.11 Sodium thiosulfate working standard (0.0075 N): Transfer 10 ml of sodium
thiosulfate standard titrant ( 10.10) to a 50 ml volumetric flask and dilute to
the mark with distilled water. Note: This solution should be prepared fresh
daily.
10.12 Potassium biiodate standard {0.0375N): Dissolve 4.873 g potassium biiodate,
previously dried 2 hours at 103° C, in distilled water and dilute to 1 L. Dilute
250 ml to 1 l for 0.0375 N biiodate solution.
10.13 Starch solution: Prepare an emulsion of 1 g of soluble starch in a mortar or
beaker with a small quantity of distilled water. Pour this emulsion into 100 ml
of boiling water, allow to boil a few minutes, and let settle overnight. Use the
clear supernate.
10.14 Potassium Fluoride {KF 2H 2 0): ACS Reagent Grade.
11.

STANDARDIZATION OF SODIUM THIOSULFATE STANDARD TITRANT (0.0375 N)

11.1

12.

Dissolve approximately 2 g !± 1.0 g) Kl {10.4) in 100 ml distilled water; add
10 ml H2 S0 4 solution { 10.8) followed by 20 ml standard potassium bi iodate
solution (10.12). Place in the dark for 5 minutes, dilute to 300 ml with
distilled water and titrate with sodium thiosulfate standard titrant { 10. 10) to a
pale straw color. Add a few drops of the starch solution (10.13). Wait until
homogeneous color develops and continue the titration drop by drop until the
blue color disappears. Run in duplicate. Duplicate determinations should agree
within ± 0.05 ml.

PROCEDURE

12.1

Pretreatment:
12.1.1 Add a visible excess of Cao (10.3) to 200 ml of sample.
12.1.2 Stir or shake vigorously for approximately 5 minutes.
12.1 .3 Using the vacuum set-up, filter sample through a glass microfibre filter
paper, discarding the first 75 ml.

12.2

Iodide Determination:
12.2.1 Place 100 ml of pretreated sample (12.1.1) into a 250 ml beaker. Add
a stirring bar and place on a magnetic stirrer.
12.2.2 Adjust the pH to approximately 7 or slightly less by the dropwise
addition of H2 S0 4 solution (10.8).

SOP 345.1
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12.2.3 Transfer the sample to a 250 ml wide-mouthed conical flask. Wash
beaker with small amounts of distilled water and add washings to the
flask.
12.2.4 Add 15 ml sodium acetate solution (10.5) and 5 ml acetic acid
solution ( 10.1). Mix well.
12.2.5 Add 40 ml bromine water solution (10.2). Mix well. Wait 5 minutes.
12.2.6 Add 2 ml sodium formate solution (10.6). Mix well. Wait 5 minutes.
12.2. 7 Purge the space about the sample with a gentle stream of nitrogen gas
( 10. 7) for approximately 30 seconds to remove bromine fumes.
12.2.Slf a precipitate forms (iron), add 0.5 g KF
12.3

2H 2 0 (10.14).

Titration:
12.3.1 Dissolve approximately 1 g potassium iodide ( 10.4) in sample. Add 10
ml of H2 SO 4 solution (10.8) and place in the dark for 5 minutes.
12.3.2 Titrate with sodium thiosulfate working standard solution (10.11)
adding starch indicator (10. 13) as end point is approached (light straw
color). Titrate to colorless solution. Note: disregard returning blue
color.

13.

DATA ANALYSIS AND CALCULATION
13.1

1· (mg/l)

=

21,150
(

(ml x N)
V
l

= number of ml of sodium thiosulfate needed to titrate the sample
= normality of the sodium thiosulfate used to titrate the sample
= volume of sample taken (100 ml or a fraction thereof)

where: ml

N
V

Note:
21 , 1 50 was calculated from the number of equivalents of iodine
produced when the potassium iodide was added and from the rearrangement
of the equation to produce the value in terms of mg/L.

14.

DATA MANAGEMENT AND RECORDS MANAGEMENT
14.1

All laboratory records must be maintained in the bound record book designated
for the method.
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15.

16.

QUALITY ASSURANCE
1 5.1

A method blank must be analyzed with each analytical batch.

15.2

A sample duplicate must be analyzed for every 10 samples. RPO must be set
up be calculated control limits at + 3 times the standard deviation of at least
20 duplicates. Use a default limit of ..:s. 20% until limits are determined. See
control limits SOP.

CORRECTIVE ACTION
Accept. Criteria
Duplicate RPO out

*
17.

..:s.20

*

Corrective Action
Remake and analyze;
If still out, remark on
report.

until control limits are determined

REFERENCES
17.1

EPA Methods for Chemical analysis of Water anal Wastes, March 1983,
Method 345. 1 .

17. 2

Quality Assurance Manual, TraceAnalysis, Inc., October, 1999.
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1.

SCOPE AND APPLICATION
1. 1

2.

HEALTH AND SAFETY WARNINGS
2.1

3.

5.

4.1

Balance, capable of reading 0.0001 g.

4.2

5 ml volumetrics

4.3

Pasteur pipettes

SAMPLE COLLECTION

8.

Representative samples should be taken in scrupulously clean containers. Both
plastic and glass are acceptable.

SAMPLE PRESERVATION AND HOLDING TIME
6.1

7.

The technician should be trained at least one week in the method before
initiating the procedure alone.

APPARATUS AND MATERIALS

5.1

6.

Standard laboratory protective clothing and eye covering is required.

PERSONNEL QUALIFICATIONS
3.1

4.

This test method covers the determination of the density of water and brine
free of separable oil.

Sample is stored at 4° C.

PROCEDURE
7 .1

Tare out a 5 ml volumetric on the balance.

7. 2

Fill the volumetric to the line with the sample.

7 .3

Record the weight of the sample (in g/5ml)

DATA ANALYSIS AND CALCULATION
8.1

Divide the weight by 5 to get g/ml.

•

r
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9.

DATA MANAGEMENT AND RECORDS MANAGEMENT
9.1

10.

11.

All laboratory records must be maintained in the bound record book designated
for the method.

QUALITY ASSURANCE
10.1

A method blank must be analyzed with each analytical batch.

10.2

A sample duplicate must be analyzed for every 10 samples. RPO must be set
up by calculated control limits at + 3 times the standard deviation of at least
20 duplicates. Use a default limit of ~ 20% until limits are determined. See
control limits SOP.

CORRECTIVE ACTION
Accept. Criteria
Duplicate RPO out

*
12.

~20

*

Corrective Action
Remake and analyze;
If still out, remark on
report.

until control limits are determined

REFERENCES
12.1

Quality Assurance Manual, TraceAnalysis, Inc., October, 1999.
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1. SUMMARY
1. 1

A small volume of sample, typically 5 mls, is introduced into an ion
chromatograph. The anions of interest are separated and measured, using a
system comprised of a guard column, analytical column,. suppressor device, and
conductivity detector.

1.2

The main differences between Parts A and B are the separator columns and guard
columns.

1 .3

An extraction procedure must be performed to use this method for solids (see
Sample Preparation section 12).

1.4

This method covers the determination of the following inorganic anions:
Bromide
Chloride

1.5

Fluoride
Nitrate

Nitrite
Phosphate

Sulfate

The matrices applicable are shown below:
Drinking water, surface water, mixed domestic and industrial wastewaters,
groundwater, reagent waters, solids (after extraction 12.1), leachates (when no
acetic acid is used).

2. HEALTH AND SAFETY
2.1

Standard laboratory protective clothing and eye covering is required.

3. CAUTIONS
3.1

Nitrate, nitrite, and phosphate must be analyzed within 48 hours of collection.

4. INTERFERENCES
4.1

Interferences can be caused by substances with retention times that are similar to
and overlap those of the anion of interest. Large amounts of an anion can
interfere with the peak resolution of an adjacent anion. Sample dilution and/or
fortification can be used to solve most interference problems associated with
retention times.

4.2

The water dip or negative peak that elutes near, and can interfere with, the
fluoride peak can usually be eliminated by the addition of the equivalent of 1 ml of
concentrated eluent to 100 ml of each standard and sample.

4.3

Method interferences may be caused by contaminants in the reagent water,
reagents, glassware, and other sample processing apparatus that lead to discrete

SOP 300.0
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artifacts or elevated baseline in ion chromatograms.
4.4

Samples that contain particles larger than 0.45 microns and reagent solutions that
contain particles larger than 0.20 microns require filtration to prevent damage to
instrument columns and flow systems.

4.5

Any anion that is not retained by the column or only slightly retained will elute in
the area of fluoride and interfere. Known coelution is caused by carbonate and
other small organic anions. At concentrations of fluoride above 1.5 mg/L, this
interference may not be significant, however, it is the responsibility of the user to
generate precision and accuracy information in each sample matrix.

4.6

The acetate anion elutes early during the chromatographic run. The retention
times of the anions also seem to differ when large amounts of acetate are present.
Therefore, this method is not recommended for leachates of solid samples when
acetic acid is used for pH adjustment.

4. 7

The quantitation of unretained peaks should be avoided, such as low molecular
weight organic acids (formate, acetate, propionate etc.) which are conductive and
coelute with or near fluoride and would bias the fluoride quantitation in some
drinking and most waste waters.

4.8

Any residual chlorine dioxide present in the sample will result in the formation of
additional chlorite prior to analysis. If any concentration of chlorine dioxide is
suspected in the sample, purge the sample with an inert !~as (argon or nitrogen) for
about five minutes or until no chlorine dioxide remains.

5. PERSONNEL QUALIFICATIONS
5.1

The technician should be trained at least one week in the method before initiating
the procedure alone.

6. SAMPLE COLLECTION
6.1

Representative samples should be taken in scrupulously clean containers.
plastic and glass are acceptable.

Both
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7. SAMPLE PRESERVATION AND HOLDING TIME
7.1

Sample preservation and holding times for the anions that can be determined by
this method are as follows:
i

ANALYTE

7.2

PRESERVATION

:.

HOLDING TIME .

Bromide

None required

28 days

Chloride

None required

28 days

Fluoride

Cool, 4°C

28 days

Nitrate

Cool, 4°C

48 hours

Nitrite

Cool, 4°C

48 hours

Phosphate

Cool, 4°C

48 hours

Sulfate

Cool to 4°C

28 days

The method of preservation and the holding time for samples analyzed by this
method are determined by the anions of interest. In a given sample, the anion that
requires the most preservation treatment and the shortest holding time will
determine the preservation treatment.

8. APPARATUS AND MATERIALS
8.1

Balance: Analytical, capable of accurately weighing to the nearest 0.0001 g.

8.2

Ion chromatograph: Dionex ion chromatograph analytical system complete with
ion chromatograph and all required accessories including syringes, analytical
columns, compressed gasses and detectors.
8.2.1

Dionex CD20 conductivity detector.

8.2.2 Dionex GP40 gradient pump.
8. 2.3 Dionex ASRS-II self-regenerating suppressor-II.
8.2.4 Dionex AG 14 guard column.
8 . 2.5 Dionex AS14 analytical column.
8.2.6 Dionex AG9-SC analytical column.
8 . 2.7 Dionex AS40 automated sampler.
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8.3

Vials - 5 ML.

8.4

Filter caps.

8.5

Miscellaneous sizes of volumetric flasks and pipets.

8.6

Magnetic stirring plate.

9. REAGENTS
9.1

Reagent water: Distilled or deionized water, free of the anions of interest. Water
should contain particles no larger than 0.2 microns.

9.2

Eluent concentrate: 3.5 mM sodium carbonate, 1.0 mM sodium bicarbonate.
Dissolve 0. 7419 g Na 2 C0 3 and 0.1680 g NaHC0 3 in reagent water and dilute to 2 L.

9.3

Stock standard solutions, 10-1000 mg/L: Stock standard solutions may be
purchased as certified solutions. Concentrations may vary from vendor to vendor.
If the standards are made in the laboratory, the following apply.
9. 3.1

Bromide at 1000 mg/L:
water and dilute to 1 L.

Dissolve 1. 2876 g sodium bromide in reagent

9 . 3.2

Chloride at 1000 mg/L:
water and dilute to 1 L.

Dissolve 1.6485 g sodium chloride in reagent

9.3.3

Fluoride at 1000 mg/L:
water and dilute to 1 L.

Dissolve 2.2109 g sodium fluoride in reagent

9.3.4

Nitrate at 1000 mg/L:
water and dilute to 1L.

Dissolve 6.0679 g sodium nitrate in reagent

9.3.5

Nitrite at 1000 mg/L:
water and dilute to 1 L.

Dissolve 4.9257 g sodium nitrite in reagent

9.3.6

Phosphate at 1000mg/L: Dissolve 4.3937 ,g potassium phosphate in
reagent water and dilute to 1 L.

9.3. 7

Sulfate at 1000 mg/L: Dissolve 1.8141 g potassium sulfate in reagent
water and dilute to 1 L.

9.4
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Anion mix: Dilute stock standards (9.3) to generate the anion mix for calibration
curve, ICV, CCV, matrix spikes, and blank spikes:

•
•
•
•
•
•
•

2 ml 1000 ppm Fluoride ( 10 ppm)
10 ml 1000 ppm Chloride (50 ppm)
2 ml 1000 ppm Bromide (10 ppm)
2 ml 1000 ppm Nitrite (10 ppm)
4 ml 1000 ppm Nitrate (20 ppm)
10 ml 1000 ppm Phosphate (50 ppm)
10 ml 1000 ppm Sulfate (50 ppm)

All added to 200 ml volumetric flask and brought up to volume with distilled
water.
9.5

Stock second source solution: Anion mixes are commercially available. Usually the
bromide, chloride, fluoride, nitrate, phosphate, and sulfate are in one solution
(9.5A) and nitrite is in a separate solution (9.58).

9.6

Working second source solution: Dilute 5 ml of both second source solutions
(9.5A) and (9.58) in 100 ml of distilled water. Record the concentrations for each
of the anions.

10. METHOD CALIBRATION

10.1

Calibration curve: using anion mix (9.4)

•
•
•

•
•

CAL
CAL
CAL
CAL
CAL

1
2
3
4
5

-

anion
anion
anion
anion
anion

mix
mix
mix
mix
mix

* 16 (3. 125 ml mix in 50 ml distilled water)
*8 (3.125 ml mix in 25 ml distilled water)
*4 (50 ml mix in 200 ml distilled water)
*2 (50 ml mix in 100 ml distilled water)

Fluoride: 0.625, 1.25, 2.5, 5.0, and 10.0 mg/L
Chloride: 3.125, 6.25, 12.5, 25.0, 50.0 mg/L
Bromide: 0.625, 1.25, 2.5, 5.0, and 10.0 mg/L
Nitrite: 0.625, 1.25, 2.5, 5.0, and 10.0 mg/L
Nitrate: 1.25, 2.5, 5.0, 10.0, 20.0 mg/L
Phosphate: 3.125, 6.25, 12.5, 25.0, 50.0 mg/L
Sulfate: 3.125, 6.25, 12.5, 25.0, 50.0 mg/L
10. 2

The calibration curve must be verified on each working day, or whenever the anion
eluent is changed, and after every 10 samples. If the response for any analyte
varies from the expected values by more than ± 10%, the test must be repeated,
using fresh calibration standards. If the results are still more than ± 10%, a new
calibration curve must be prepared for that analyte.
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10.3

An ICV and CCV is taken from CAL 3.

10.4

A matrix spike and duplicate matrix spike is prepared with 2.5 ml sample and 2.5
ml CAL 3.

10.5

A blank spike and duplicate blank spike is taken from CAL 3.

11. INSTRUMENT PREPARATION

11 .1

Detector Settings:
SRS = 100 mA
Range = 10 µS

11.2

Pump Settings:
Flow = 1 .2 ml/min.
Pressure Limit = between 10 and 4000 psi.

11.3

Automated Sampler:
Vial type = 5 ml
Injection/vial = 1

11 .4

Priming the pump:
11 .4.1

Turn the knob on the pressure transducer housing counterclockwise
approximately two turns. This opens the pressure transducer waste
valve.

11.4.2

Connect a 10 ml syringe to the priming valve luer adaptor.

11.4.3

Click on the prime button on the computer.

11 .4.4

Open the internal valve and collect about 10 ml and slowly push it
through the pump. Close the valve. Repeat this for several collections.
Note: If there are still bubbles in the pump line, push about 3 ml of
isopropyl alcohol through the internal valve.

11.4.5

Press the prime button.

11.4.6

Turn the knob on the pressure transducer housing clockwise to close
the waste valve. Caution: Overtightening may damage the pressure
transducer housing or the valve seal.

11.4. 7

Let the IC stabilize.
This may take an hour or so.
Once the
conductivity reading on the conductivity detector has stabilized around
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0.000, the IC is ready for sample analysis.
12. SAMPLE PREPARATION

12.1

Soils:

12.1.1 Prepare the samples at a 1 :2 dilution using distilled water.
12.1.2 Stir the sample for 10 minutes on a magnetic stirring plate or tumble the
samples for 30 minutes.
12.1.3 Decant the water.
12.1.4 Screen the water for conductivity. If the conductivity reads < 3,000,
dilute the samples *5, * 10, *50; 3,000 - 10,,000, add * 100 dilution;
10,000 - 20,000, add * 500 dilution; > 20,000, add * 1,000 and * 5,000
dilutions. Note: Variations may be used, but the area of each peak must
be in the calibration curve in order for the data to be acceptable.

12.1.5 Follow the procedure in sections 13 and 14. Report results in mg/Kg.
12.2

Water:

12.2.1 Screen for conductivity as shown for soil samples (12.1 .4).
13. PROCEDURE

13.1

Put 5 ml of sample in a vial and put a filter cap on.

13.2

Verify calibration daily with ICV and CCV's. If required, recalibrate.

13.3

Put the blank, ICV, samples, matrix spikes, blank spikes, and CCV in order in the
autosampler and press "run."

13.4

On the computer, type in the schedule of the samples in the schedule menu.

13.5

Load the proper method and schedule in the run menu.

13.6

Press the start button.

14. DA TA ANALYSIS AND CALCULATION

14. 1

Prepare a calibration curve for each analyte by plotting instrument response
against standard concentration. Compute sample concentration by comparing
sample response with the standard curve. Multiply answer by appropriate dilution
factor.

SOP 300.0
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14.2

Report only those values that fall between the lowest and the highest calibration
standards.
Samples exceeding the highest standard should be diluted and
reanalyzed.

14.3

Report results in mg/L for liquid samples, mg/Kg for soils/solids.

14.4

Report:

14.5

Dilute samples as necessary so they fall within the calibration range. If it appears
that the peaks have shifted due to matrix interference, spike the sample to verify
the peak identification.

14.6

If the resulting chromatogram fails to produce adequate resolution, or if
identification of specific anions is questionable, fortify the sample with an
appropriate amount of standard and reanalyze.

14. 7

Should more complete resolution be needed between peaks the eluent can be
diluted. This will spread out the run but will also cause the later eluting anions to
be retained longer. The analyst must determine to what extent the eluent is
diluted. This dilution should not be considered a deviation from the method.

N0 2 as N
N0 3 as N

15.DATA MANAGEMENT AND RECORDS MANAGEMENT

15.1

All laboratory records must be maintained in the bound record book designated for
the method.

16. QUALITY ASSURANCE

16.1

A method blank must be analyzed for every 20 samples.

16.2

A second source (9.6) is analyzed at the beginning.

16.3

An ICV is analyzed at the beginning. Recovery must be !30 to 110%.

16.4

A CCV must be analyzed for every 10 samples. Recovery must be 90 to 110%.

16.5

A matrix spike and duplicate matrix spike must be analyzed for every 10 samples.
Recovery for the matrix spike must be set up by calculated control limits at ± 3
times the standard deviation of at least 20 matrix spikes., Use a default limit of 80
to 120% until limits are determined. RPD for the duplicate spike must be
20%.

.s..

16.6

A blank spike and duplicate blank spike is analyzed for every 10 samples.
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Recovery for the blank spike must be 85 to 115% and RPO.:::;_ 20%
16.7

INITIAL DEMONSTRATION OF PERFORMANCE
16.7.1

The initial demonstration of performance is used to characterize
instrument performance (determination of LCRs and analysis of
QCS) and laboratory performance (determination of MDLs) prior to
performing analyses by this method.

16.7.2

Linear Calibration Range (LCR) - The LCR must be determined
initially and verified every six months or whenever a significant
change in instrument response is observed or expected. The initial
demonstration of linearity must use sufficient standards to insure
that the resulting curve is linear. The verification of linearity must
use a minimum of a blank and three standards. If any verification
data exceeds the initial values by ± 10%, linearity must be
reestablished. If any portion of the range is shown to be nonlinear,
sufficient standards must be used to clearly define the nonlinear
portion.

16.7.3

Quality Control Sample (OCS) - When beginning the use of this
method, on a quarterly basis or as required to meet data-quality
needs, verify the calibration standards and acceptable instrument
performance with the preparation and analyses of a OCS. If the
determined concentrations are not within ± 5 % of the stated
values, performance of the determinative step of the method is
unacceptable. The source of the problem must be identified and
corrected before either proceeding with the initial determination of
MDLs or continuing with on-going analyses.

16. 7.4

Method Detection Limit (MDL) - MDLs must be established for all
analytes, using reagent water (blank) fortified at a concentration of
two to three times the estimated instrument detection limit. Use
the Method provided in 40 CFR Part 136 Appendix 8.

16.7.5

16.8

SOP 300.0
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Retention Time Window Studies will be conducted at least annually
and after any major instrument repair. Individual standards of each
analyt-e -are prepared from ACS pure salts.
Three analyses at
different concentrations will be ran over 7 2 hours for each analyte
of interest. The allowable window will be 3 times the standard
deviation found from the study.

ASSESSING LABORATORY PERFORMANCE
16.8.1

Laboratory Reagent Blanks (LRB) - The laboratory must analyze at
least one LRB with each batch of samples. Data produced are used
to assess contamination from the laboratory environment. Values
that exceed the MDL indicate laboratory or reagent contamination
should be suspected and corrective actions must be taken before
continuing the analysis.

16.8.2

Laboratory Fortified Blank (LFB: equivalent to QC and CCV) - The
laboratory must analyze at least one LFB with each batch of
samples. Calculate accuracy as percent recovery (section 12.4.2).
If the recovery of any analyte falls outside the required control limits
of 95 - 105%, that analyte is judged out of control, and the source
of the problem should be identified and resolved before continuing
analyses.

16.8.3

The laboratory must use LFB analyses data to assess laboratory
performance against the required control limits of 90 - 110%.
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 (s) of the mean recovery. These data can be used to
establish the upper and lower control limits as follows:
UPPER CONTROL LIMIT
LOWER CONTROL LIMIT

=
=

X + 3s
X - 3s

The optional control limits must be equal to or better than the
required control limits of 95 - 105%. 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 (s) data should be used to establish an on-going precision
statement for the level of concentrations included in the LFB. These
data must be kept on file and be available for review.

SOP 300.0
Rev. #: 3
10-21-99
Page 12 of 14
16.8.4

16.9

Instrument Performance Check Solution (IPC: equivalent to QC and
CCV) - For all determinations, the laboratory must analyze the IPC (a
mid-range check standard) and a calibration blank immediately
following daily calibration, after every tenth sample (or more
frequently, if required) and at the end of the sample run. Analysis
of the IPC solution and calibration blank immediately following
calibration must verify that the instrument is still within ± 10%. If
the calibration cannot be verified within the specified limits,
If the second analysis of the IPC
reanalyze the IPC solution.
solution confirms calibration to be outside the limits, sample analysis
must be discontinued, the cause determined and/or in the case of
drift, the instrument recalibrated. All samples following the last
acceptable IPC solution must be reanalyzed. The analysis data of
the calibration blank and IPC solution must be kept on file with the
sample analyses data.

ASSESSING ANALYTE RECOVERY AND DATA QUALITY
16.9.1

Laboratory Fortified Sample Matrix (LFM) -· The laboratory must add
a known amount of analyte to a minimum of 10% of the routine
samples. In each case, the LFM aliquot must be a duplicate of the
aliquot used for sample analysis. The analyte concentration must be
high enough to be detected above the original sample and should
not be less than four times the MDL.
The added analyte
concentration should be the same as that used in the laboratory
fortified blank.
16.9.1.1

If the concentration of fortification is less than 25% of
the background concentration of the matrix, the matrix
recovery should not be calculated.

16.9.2

Calculate the percent recovery for each analyte, corrected for
concentrations measured in the unfortified sample, and compare
these values to the designated LFM recovery range 80 - 120%.
Percent recovery may be calculated using the following equation:
where:
R = percent recovery.
Cs = fortified sample concentiration.
C = sample background concentration.
s
= concentration equivalent of analyte added to sample.

16.9.3

Until sufficient data becomes available (usually a minimum of 20 to
30 analysis), assess laboratory performance against recovery limits
for method A of 80 to 120%. When sufficient internal performance
data becomes available, develop control limits from percent mean
recovery and the standard deviation of the mean recovery.
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16.9.4

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, the recovery problem encountered with the
LFM is judged to be either matrix or solution related, not system
related.

16.9.5

In recognition of the rapid advances occurring in chromatography,
the analyst is permitted certain options, such as the use of different
columns 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 section
12.1.

16.9.6

At least quarterly, replicates of LFBs should be analyzed to
determine the precision of the laboratory measurements. Add these
results to the on-going control charts to document data quality.

17. CORRECTIVE ACTION

Accept. Criteria

Corrective Action

ICV/CCV out

.±. 10%

Reanalyze; Remake
and reanalyze .

Matix spikes out

.±. 20%*

Reanalyze; If still out,
remark on report and
use blank spikes.

Blank spikes out

± 15%

Reanalyze; If still out,
remark on report.

RPD out

.=s.20

Reanalyze; If still
out, remark on
report.

* until control limits are determined
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1. Method Reference
1.1 Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, S\\'-8-46, USEPA, Third
Edition, September, 1994. Method 8260B.

2. Scope and Application
2.1 This method can be used to quantitate volatile organic compounds in a variety of waste matrices. It is
limited to volatile compounds with boiling points less than 200° C which are insoluble or slightly soluble in
water. These compounds include low molecular weight halogenated hydrocarbons, aromatics, ketones,
nitriles, acetates, acrylates, ethers, and sulfides. The following compounds may be reported by this method:
Ethylene oxide
Chloromethane
Die hlorodi fluoromethane
Bro mo methane
Vinyl chloride
Acetonitrile
Chloroethane
Methyl iodide
Methylene chloride
Carbon disulfide
Trichlorofluoromethane
Propionitrile
1, 1-Dichloroethene
Ally I chloride
Bromochloromethane(IS)
Ally! alcohol
trans-1,2-Dichloroethene
1,2-Dichloroethane
Propargyl alcohol
Chlorofonn
l ,2-Dichloroethane-d4(Surr)
2-Butanone
Methacrylonitrile
Dibromomethane
2-Chloroethanol
b-Propiolactone
1, I, 1-Trichloroethane
Epichlorohydrin
Carbon tetrachloride
1,4-Dioxane
Isobutyl alcohol
Bromodichloromethane
Chloroprene
1,2:3,4-Diepoxybutane
1,2-Dichloropropane
Chloral hydrate
cis-1,3-Dichloropropene
Bromoacetone
Trichloroethene
Benzene
trans-1,3-Dichloropropene 1, 1,2-Trichloroethane
3-Chloropropionitrile
1,2-Dibromoethane
PyTidine
2-Chloroethyl vinyl ether
1,4-Difluorobenzene(IS)
2-Hydroxypropionitrile
Methyl methacrylate
Malononitrile
1, 1, 1,2-Tetrachloroethane
Bromoform
1, 1,2,2-Tetrachloroethane
1,3-Dichloro-2-propanol
1,2,3-Trichloropropane
Tetrachloroethene
n-Propylamine
1,4-Dichloro-2-butene
Toluene
2-Picoline
Chlorobenzene
Ethyl methacrylate
Ethyl benzene
Pentachloroethane
4-Bromofluorobenzene(Surr)
1,2-Dibromo-3-chloropropane
Styrene
Benzyl chloride
bis-(2-Chloroethyl) sulfide Acetone
Acrylonitrile
Acrolein
Chlorodibromomethane
Chlorobenzene-d5(IS)
1, 1-Dichloroethane
Ethanol
2-Hexanone
Iodomethane
4-Methyl-2-pentanone
Toluene-dg(Surr)
Vinyl acetate
Xylenes(Total)
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n-Butylbenzene
tert-Butylbenzene
1-Chlorobutane
4-Chlorotoluene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
cis-1,4-Dichloro-2-butene
cis-1,2-Dichloroethene
2,2-Dichloropropane
trans-1,3-Dichloropropene
Ethyl acetate
Hexachloroethane
p-Isopropyltoluene
Methyl-t-butyl ether
Nitro benzene
1,2,3-Trichlorobenzene
1,2,4-Trimethylbenzene

sec-Butyl benzene
Chloroacetonitrile
2-Chlorotoluene
Dibromochloromethane
l ,2-Dichlorobenzene-d4
1,4-Dichlorobenzene
trans- l ,4-Dichloro-2-butene
1,3-Dichloropropane
1, 1-Dichloropropene
Diethyl ether
Hexachlorobutadiene
Isopropylbenzene
Methyl acrylate
Naphthalene
2-Nitropropane
1,2,4-Trichlorobenzene
1,3,5-Trimethylbenzene

3. Method Summary
The sample or a dilution of the sample is placed in a culture tube on the autosampler. The volatile
compounds are introduced into the GC via purge and trap. Compounds are separated and detection is
achieved by a mass spectrometer. General reporting limits are 1 - 100 ug/L in water, 25 - 2500 mg/Kg in
soil and 1 - 100 mg/cc in air.
4. Sample Preservation and Holding Time
4.1 A representative sample is collected in 40 ml VOA vials with Teflon lined septa or 4 oz glass jar with
a Teflon lined lid. Water samples are acidified to pH< 2 and all samples are held at 4°C until analysis.
4.2 There is a 14 day holding time from collection to time of analysis.
5. Apparatus/Equipment
5.1 Sample Introduction - The purge and trap system used is an OI 4560 sample concentrator with a
DPM16 discreet sparging autosampler, and a Varian Archon Autosampler. Trap used is either VOCARB
3000 or trap #10 from O.I Analytical
5.2 Gas Chromatograph - The model used is a Hewlett Packard 5890 series II and a Hewlett Packard 6890
Series
5.3 The column used is a 60 meter DB-624 with a film thickness of 1.4 microns and 0.25 mm I.D.
5.4 A mass spectrometer capable of scanning from 35 to 260 atomic mass units every 3 seconds or less,
using 70 volts (nominal) electron energy in the electron impact ionization mode. It must meet all of the
following criteria when 50 ng of 4-Bromofluorobenzene is injected. The mass sp1!ctrometers used are a
Hewlett Packard 5971 and Hewlett Packard 5973 mass selective detectors.
Mass
50
75
95
96
173

Ion Abundance Criteria
I 5 to 40% of mass 95
30 to 60% of mass 95
base peak, 100% relative abundance
5 to 9% of mass 95
less than 2% of mass 174
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174
175
176
177

greater than 50% of mass 95
5 to 9% of mass 174
greater than 95% but less than 101 % of mass 174
5 to 9% of mass 176

5.5 A computer system allo\',ing continuous acquisition and storage of machine re:adable media of all mass
spectra is interfaced to the MS. The software used to control the GCMS and acquire and analyze data is
Hewlett Packard MS Chemstation, Enviroquant Target Compound sofu.vare and NIST/NIH/EPA 75K Mass
Spectral Database.
6. Reagents
6.1 Organic-free water
6.2 Methanol - Purge and trap grade.
6.3 Standard solutions
7. Standards
7.1 A stock standard is purchased from Absolute standards which contains 78 compounds at 200 ug/ml in
MeOH. Standards should be stored at -1 o0 c. In addition, a standard is purchased from Absolute standards
containing six gas compounds at a concentration of200 ug/ml in MeOH.
7.2 Internal standard stock solution is purchased from Ultra Scientific (STM-341), 2,000 ug/ml of
Pentafluorobenzene, Chlorobenzene-d5, 1,4-Dichlorobenzene-d4, and 1,4-Difluorobenzene in MeOH. This
should be stored at -1 o0 c.
7.3 Surrogate standard stock is purchased from Ultra Scientific (STM-330), 2,000 ug/ml of
Dibromofluoromethane, Toluene-d8, and 4-Bromofluorobenzene in MeOH.
7.4 A 50 ug/ml working solution of internal standard and surrogate is prepared in MeOH in al ml
volumetric flask. Addition of 25 uL IS and 25 uL surrogate solutions to 950ul of MeOH yields this
concentration. 5 uL of this solution is spiked into each 5 ml of sample, standard, or blank.
7.5 A GC/MS tuning standard of 4-BFB is purchased from Ultra Scientific (STS-110) at 2,000 ug/ml in
MeOH. Addition of25ul from 4-BFB stock standard to 975ul ofMeOH yields a working standard of
50ug/ml.
7.6 Matrix spiking solution stock solution is purchased from Ultra Scientific (CLP-100) containing 1,000
ug/rnl of 1, 1-Dichloroethene, Benzene, Trichloroethene, Toluene, and Chlorobenzene in MeOH. A
working standard of 100 ug/ml is prepared in a 1 ml volumetric flask. 5 uL of the spiking solution is added
to 5 ml of sample for the MS/MSD.
7.7 Calibration standards at 6 concentrations(2, 10, 50, 100,150,200 ug/L) are prepared by dilution ofthe
stock standard into water. A calibration check standard is prepared and analyzed daily to verify the initial
calibration (CCV). The lowest point on initial calibration curve should be near or at the reporting limit used
to conduct analysis.
8. Calibration
8.1 The GC/MS system must be tuned to meet the criteria previously stated for a 50 ng injection of 4-BFB.
However if the tune should fail the analyst has a few options to attempt:
( 1) Run the tuning standard again
(2) Perfonn injector maintenance
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(3) Target tune, the operation is done as follows:
5971
. _ 5973
Set GC oven temp at 200
Set Ge oven temp at 200
Tune file
Manual tune
Manual tune
Load Tune values
Target tune
Set Tune Targets (if needed)
Load Tune Values
Save Tune Targets
Set tune targets (ifneeded)
BFB.U (MS will begin tuning)
Save tune values
/
Save BFB.U
BFB.U (MS \,ill begin tuning)
Save BFB.U
8.2 Initial calibration curve
The follo\ving procedures explain the preparation of the initial calibration curve for both instruments.
For 5890/5971 GC/MS \'-1th DPM-16 autosampler:
2 PPB: Prepare 20ppb solution by injecting 5ul of gas standard(200ug/ml) and 5ul of VOC
standard(200ug/ml) into 50ml volumetric flask containing 50ml of reagent fre,:: h2o. From this solution
extract 500ul and inject into 5ml syringe containing 5ml reagent free h2o.Next inject Sul of internal
standard/surrogate standard into syringe and load onto autosampler.
10 PPB: inject Sul of gas standard and Sul of voe standard into 100ml of reagent free h2o in
volumetric. Transfer this solution to 5ml S)Tinge, inject 5ul of internal standard/surrogate standard into
syringe and load onto autosampler.
50 PPB: inject 5ul of gas standard and 5ul of voe standard into 20ml of reagent free h2o in
volumetric. Transfer this solution to 5ml S)Tinge, inject 5ul of internal/surrogate standard into syringe and
load onto autosampler.
l 00 PPB: inject 5ul of gas standard and Sul of voe standard into I Om! of reagent free h2o in volumtric.
Transfer this solution to 5ml syringe, inject 5ul of internal/surrogate standard into syringe and load onto
autosampler.
150 PPB: inject l 5ul of gas standard and l 5ul of voe standard into 20ml reagent free h2o in
volumetric. Transfer to 5ml syringe, inject Sul of internal/surrogate standard into syringe and load onto
autosampler.
200 PPB: inject Sul of gas standard and Sul of voe standard into 5ml of reagent free h2o in volumetric.
Transfer to s5ml syring, inject 5ul of internal/surrogate standard into syringe and load onto autosampler.
For 6890/5973 GC/MS \'-1th Archon autosampler:
2 PPB: Prepare I 0Oppb stock solution by injection 20ul of gas standard and 20 ul of voe standard
into VOA containing approximately 40ml h2o. From this solution extract 800ul and transfer to another
VOA then bring to volume. Internal standards and surrogates are injected by the autosampler.
10 PPB: inject 2ul of gas standard and 2ul of voe standard into VOA containing 40mls ofreagent
free h2o.
50 PPB: inject ~ Ou! of gas standard and I Qui of voe standard into VOA containing 40mls of reagent
free h2o.
I 00 PPB: inject 20ul of gas standard and 20ul of voe standard into VOA containing 40mls ofreagent
free h2o.
150 PPB: inject 30ul of gas standard and 30ul of voe standard into VOA containing 40mls ofreagent
free h2o.
200 PPB: inject 40ul of gas standard and 40ul of voe standard into VOA containing 40mls ofreagent
free h2o.

8.2.2 Response factors are calculated for each compound relative to an internal standard associated \.'/ith
the compound.
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8.2.3 The percent relative standard deviation (%RSD) for each compound should be< 15%, if this is not
the case then the analyst can refer to Method 8000 for circumstances when ¾RSD is > 15% for target
analytes.
8.2.4 The RSD for each individual Calibration Check Compound (CCC) must be< 30%. The CCCs are
Vinyl chloride, 1, 1-Dichloroethene, Chloroform, 1,2-Dichloropropane, Toluene, Chlorobenzene, and
Ethyl benzene.
8.2.5 The relative response criteria for each System Performance Check Compound (SPCC) are as follows:
Cloromethane
l, l-Dichloroethane
Bromoform
Chlorobenzene
1, 1,2,2-Tetrachloroethane

0.10
0.10
> 0.10
0.30
0.30

9. Dailv Calibration
9.1 Prior to analysis of samples, the tuning criteria for 4-BFB must be met. This must be done every 12
hours of operation.
9.2 Once every 12 hours of operation the initial calibration curve is verified by running a calibration check
standard at l 00 ug/L. If running a TCLP then all the compounds must meet the 20% drift from the initial
calibration curve. This checks the CCC'c and SPCC's. After checking the Calibration Verification (CV), a
daily continuing calibration report must be generated under the "ConCal" menu. Next, go to "lnitCal",
choose update method, recalibrate, replace retention times, and qualifier ions. Do update. Next go to "Con
Cal'' and choose up date reference spectra . Save method.
9.2.1 SPCCs - The criteria are the same as for the initial calibration.
9.2.2 CCCs - If the percent difference between the average response factor from the initial calibration and
the current response factor for any CCC is< 20%, analysis of samples may proceed. If the difference is
> 20%, then corrective action must be taken and a CCC passed prior to sample analysis.
9.2.3

The internal standard response and retention times are checked. If the retention times change by
more than 30 seconds from the last check or if the EICP area for any internal standard varies by a
factor of 2, the system must be checked and corrective action takenprior to sample analysis.

I 0. Sample Preparation
10.1 Prior to sample analysis a method blank must be analyzed. This is done after the BFB check and the
SPCC/CCC calibration check. If any of the analytes that are being tested for are above the reporting limits,
the method blank has to be run again until the analytes being tested for are below reporting limits.
10.2 Water samples. For DPM-16 autosampler: The method blank is 5 ml ofr,~agent free water spiked
with 5 uL IS/Surrogate standard. Sample are prepared as follows: pH of the sample is tested to make sure
it is <2 (if it is not then a corrective action report needs to be filled out),pour 5 ml of sample into a 5 ml
glass s:,ringe, and adjust to the 5 ml volume. If a dilution is necessary, dilute the sample into 5 ml of water.
Add 5 uL of IS/Surrogate standard and load the sample into a purge tube on the autosampler. Screen the
samples first either by FID or with the H-Nu to establish appropriate dilution. A matrix spike and a
duplicate spike (MS/MSD) must be analyzed every 20 samples. To do this, take 5 ml of sample and prepare
as above. Additionally, spike both the MS and MSD with 5 uL of the 100 ug/ml spiking solution.
For Archon autosampler: Sample is loaded directly onto autosampler without opening VOA. To screen
the samples use the extra VOA sample to determine appropriate dilutons and pH. LCS and LCSD are
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prepared by injecting 40ul of 100ug/ml spiking soluton into a VOA containing approximately 40mls of
reagent free h2o. For matrix spikes, screen for cleanest sample and directly injec:t 40ul of spiking solution
through septa of VOA if enough sample is available. In the case that not enough sample is sent, report
labarotory control spikes and \\Tite up a corrective action report stating the defiency.

10.3 Soil samples. Add 20 ml of methanol to a 25 ml syringe. Add 25 ul of surrogate stock (2,000 ug/ml)
and mix well. Weigh 5.0 g soil into a scintillation vial. Sample weighed must have a proper representation
of the soil from different areas of the soil jar. Add 2.5 ml of the surrogate/methanol solution to each soil and
shake for I minute to mix thoroughly. Allow to settle for at least 5 minutes. Withdraw 100 ul of the
methanol off the top of the soil/methanol mixture and inject into a 5 ml syringe previously loaded with
distilled water. Add to this 5 ul of soil internal standard \\ruch consists at a concentration of 100 ug/ml, and
load onto the autosarnpler. This gives a dilution factor of25. For soil spikes, add 25 ul of the matrix spiking
solution (1,000 ug/ml) to 5 ml of the methanol/surrogate solution and add 2.5 ml of this to each of the
MS/MSD samples. The remainder of the MS/MSD sample prep is the same as any other sample.

12. Instrument Preparation/Anal vs is
12.1 5971
On the computer used to operate HP GC/MS 5890/5971 systems select the Enviroquant icon. In order
to do GC/MS operations select ENVTOP and under this heading select SEQUENCE and select EDIT
SEQUENCE to see the list of samples to be analyzed. The first should be a 50 ng BFB check followed by a
calibration check and method blank. Then the samples are listed. Use method 8260. Then save the
sequence. If one is just starting the sequence then select RUN under SEQUENCE to start the sequence on
line I, otherwise, select SEQUENCE and the heading POSITION AND RUN to select which line to start
on. On the next screen you must type the correct date for the data files which are stored in the directory
C:\HPCHEM\l\DATA\(CURRENT DATE)\. The methods are contained in the method files 8260,TCLP,
8240, AND BFB624 these method files are located in C:\HPCHEM\l \METHODS\. Sequence files are
located in C:\HPCHEM\l \SEQUENCE\. See HP hardware and software manuals for further operating and
maintenance instructions.
12.2 5973
On the computer used to operate HP GC/MS 6890/5973 systems select the Start icon. Then select
Programs under which one will select the GC/MS instrument icon. Aftenvards select the GC/MS
instrument option, then select SEQUENCE then EDIT. The first line shoul be a 50 ng BFB check followed
by a calibration check and method blank. Then the samples should follow. For the method you should use
8260. Then under the SEQUENCE heading select RUN to start the sequence on line I. If you want to start
on a different line then select POSITION AND RUN under the SEQUENCE heading. On the next screen
you must type the correct date for the data files which are stored in the directory
C:\HPCHEM\l\DATA\(CURRENT DATE)\. The methods are stored in the method files 8260 and BFB
which are located in C:\HPCHEM\1 \METHODS\. The sequence files are located in
C:\HPCHEM\1 \SEQUENCE\. See HP hardware and software manuals for further operating and
maintenance instructions.
12.3 Analyze the samples on the autosampler by setting the following conditions on the sample
concentrator:
Purge time
Dry purge
Desorb temp
Desorb time
Bake temp
Bake time

11 minutes
2 minutes
180° C
0.5 minutes
180° C
10 minutes

8

l 2.2Gas chromatography conditions 5890 HP GC
Initial temp
Initial rate
Final temp
Injector temp
Detector temp

35oc, hold 2 minutes
10°c
200°c, hold 8 minutes
150°c
280°c

6890 HP GC
Initial temp
Initial rate
Final temp
Injector temp
Detector temp

35 C, hold 2 minutes
10 C
200 C, hold 5 minutes
150 C
280 C

12.4 An analyte is identified by comparison of the sample mass spectrum with that ofa standard. To
identify a suspected compound, the relative retention time of the sample component should be within+ or 0.06 minutes of the RRT of the standard compound. Also, the relative intensities of the ions must agree
within 30 % of the relative intensities of these ions in the reference spectra.
12.5 For samples containing components not associated with the calibration standards, a library search can
be performed for tentative identification. Guidelines for tentative identification are:
1. Relative intensities of major ions in the reference spectrum should be present in the sample
spectrum.
2. The relative intensities of the major ions should agree+ or - 20%.
3. Molecular ions present in the reference spectrum must be present in the sample spectrum.
4. Ions present in the sample spectrum but not in the reference spectrum should be reviewed as
possible background contamination or possible coeluting compounds.
5. Ions present in the reference spectrum but not in the sample spectrum should be reviewed for
possible subtraction from the sample spectrum because of background contamination or coeluting
peaks.
12.6 Quantitation is by internal standardization based on the area of the characteristic ion for each
compound compared to the average response of the compound in the standard curve relative to the internal
standard associated with the compound.
13. Quality Control
13.1 Every 12 hours of operation the criteria for 4-BFB, the SPCCs, and the CCCs must be met.
13.2 A method blank must be analyzed with each batch and if any of the analytes being tested for are above
reporting limit then the method blank has to be run again until reported analytes are below reporting limits.
13.3 The pH of all water samples has to be taken to ensure that the sample was properly preserved. The pH
must be <2, if this is not the case then a corrective action report has to be filled out and turned in with
that sample's data.
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13.4 A calibration curve with a minimum of5 points with a RSD of< 30 % for CCCs and RRFs as noted in
section 8.2.5 for SPCCs must be achieved.
13.5 A matrix spike and spike duplicate for every 20 samples is required. Recovery and precision should
be within QA acceptance criteria.
13.6 For each sample, calculate the percent recovery of each surrogate and compare to laborator QC
criteria

..
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1.

2.

TEST METHOD
1.1

Standard Methods for the Examination of Water and Wastewater, 18th Edition,
1992, Method 4500-F C.

1.2

EPA Methods for Chemical Analysis of Water and Wastes, March 1983,
Method 340.2.

MATRIX
2.1

3.

DETECTION LIMIT
3.1

4.

This method is applicable to the measurement of fluoride in drinking, surface,
and saline waters, domestic and industrial waters.

SUMMARY
5.1

6.

This procedure is sensitive to about 0.1 mg/L.

SCOPE AND APPLICATION
4.1

5.

This method is used for waters.

The fluoride electrode is an ion-selective sensor. The key element in the
fluoride electrode is the laser-type doped lanthanum fluoride crystal across
which a potential is established by fluoride solutions of different
concentrations. The fluoride electrode can be used with a standard calomel
reference electrode and almost any modern pH meter having an expanded
millivolt scale. The fluoride electrode measures the ion activity of fluoride in
solution rather than concentration.
Fluoride ion activity depends on the
solution total ionic strength and pH, and on fluoride complexing species.
Adding an appropriate buffer provides a nearly uniform ionic strength
background, adjusts pH, and breaks up complexes so that, in effect, the
electrode measures concentration.

DEFINITIONS

6.1

N/A
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7.

INTERFERENCES
7.1

8.

SAFETY
8.1

9.

Extremes of pH interfere. Sample pH should be between 5 and 9. Polyvalent
cations of Si, Fe, and Al interfere by forming complexes with fluoride. The
degree of interference depends upon the concentration of the complexing
cations, the concentration of fluoride and the pH of the sample. The addition
of a pH 5.0 buffer containing a strong chelating agent preferentially complexes
Si, Fe, and Al and eliminates the pH problem.

Standard laboratory protective clothing and eye covering is required.

EQUIPMENT AND SUPPLIES
9.1

pH meter with expanded mV scale.
_/

9.2

Fluoride ion activity electrode.

9.3

Sleeve-type Reference electrode, single junction.

9.4

Magnetic stirrer and Teflon-coated stirring bars.

9.5

Timer.

,

10.

11.

12.

REAGENTS AND STANDARDS
10.1

TISAB buffer solution: commercially available in bulk amounts.

10.2

Stock fluoride solution: commercially available stock solutions.
stock solutions are needed from two different brands.

10.3

Standard fluoride solution: dilute stock solutions to where 1 .0 ml= 10.0 ppm
fluoride. Note: This is done on both brands of stock solutions in 10.2. One
standard is used for the calibration curve, CCV, and spikes (10.3A), and one
standard is used as the ICV (second source) ( 10. 38).

SAMPLE PRESERVATION AND HOLDING TIME
11.1

No preservative is required. Cool at 4°C until analysis.

11.2

Samples must be analyzed within 28 days.

QUALITY CONTROL
12.1

N/A

Note:

Two
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13.

CALIBRATION AND STANDARDIZATION
13.1

Prepare the curve with 10 ppm fluoride standard ( 10.3A) as follows:
ml of standard
0.0
0.5
1.0
2.0

14.

ml of water
10.0
9.5
9.0
8.0

Cance ntration
0.0 ppm
0.5 ppm
1.0 ppm
2.0 ppm

13.2

An ICV and CCV is prepared like the midpoint on the curve (1.0 ppm
concentration). Note: The ICV is made from the second source (10.38).

13.3

A matrix spike and duplicate matrix spike is prepared like the midpoint on the
curve (1.0 ppm concentration) except using 9.0 ml of sample instead of
water.

13.4

If a blank spike and duplicate blank spike is required, they are made like the
CCV.

PROCEDURE
14.1

14.2

14.3

Instrument preparation:
14.1.1

The fluoride electrode is plugged into channel B on the pH meter.
Press the channel button to switch from channel A to channel B.
Press the mV button to switch from pH to mV.

14.1.2

Place the fluoride electrode in a 1.0 ppm fluoride solution and let it
stabilize on the magnetic stirrer.

Sample preparation:
14.2.1

Let the samples reach room temperature before running the test.

14.2.2

Check the pH of each sample and make sure that it is in the range.
of 5 - 9. Adjust if necessary.

Analysis:
14.3.1

In a glass pH jar, place 10 ml sample.
ICV, and CCV directly in the glass jars.

14.3.2

Add 10 ml of TISAB.

Prepare the curve, spikes,

14.3.3

15.
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Immerse electrodes in each of the fluoride standard solutions and
samples and measure developed potential while stirring on a
magnetic stirrer. Note: Avoid stirring before immersing electrodes
because entrapped air around the crystal can produce erroneous
readings.

14.3.4

Let electrodes remain in the solution 3 minutes (or until reading is
constant) before taking a final mV reading.

14.3.5

Withdraw electrodes, rinse with distilled water,
between readings.

blot dry

CALCULATION
15.1

Use the log of the concentration for each standard versus the mV reading to
construct the calibration curve (0.5 = -0.301; 1.0 == 0.0; 2.0 = + 0.301 ).
Note: do not use the blank in the curve.
/
15.1.1

To calculate the curve on the calculator:

*
*
*
*
*

*
*
15.2

Push mo~e 4
Enter log concentration
Push (
Enter absorbance
Push l
At end push RCL (
This gives r; should be greater than 0.99!5

Qetermine the concentration of each sample from the calibration curve. Apply
all dilution factors.

15.2.1

To calculate the samples on the calculator:

*
*
*
*
*

*
16.

and

Enter absorbance
Push STO
Push 2nd F
Push log
Push =
Figure dilution factor

METHOD PERFORMANCE
16.1

N/A
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17.

POLLUTION PREVENTION

17 .1
18.

19.

DATA ASSESSMENT

18.1

A method blank must be analyzed with each analytical batch.

18.2

An ICV second source is analyzed at the beginning.
115%.

18.3

A CCV must be analyzed for every 10 samples.
115%.

18.4

A matrix spike and duplicate matrix spike must be analyzed for every 10
samples. Recovery for the spike must be set up by calculated control limits at
.±. 3 times the standard deviation of at least 20 matrix spikes. Use a def ault
limit of 80 to 120% until limits are determined. RPO for the duplicate spike
must be~ 20.

Recovery must be 85 to

A:ecovery must be 85 to

CORRECTIVE ACTION

Acceptable Criteria

Corrective Action

ICV/CCV out

.±.15%

Reanalyze; Remake
and reanalyze .

Matrix spikes out

.±. 20% *

Reanalyze; If still out,
remark on report and
use blank spikes .

Blank spikes out

.±.15%

Reanalyze; If still out,
remark on report .

RPD out

.:5. 20

Reanalyze; If still
out, remark on
report.

*
20.

N/A

until control limits are determined.

CONTINGENCIES FOR HANDLING OUT-OF-CONTROL DATA

20.1

All flags must be written on a non-conformance/corrective action report
(CAR).
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21.

WASTE MANAGEMENT
21.1

22.

23.

REFERENCES
22.1

Standard Methods for the Examination of Water and Wastewater, 18th Edition,
1 992, Method 4500-F C.

22.2

EPA Methods for Chemical Analysis of Water and Wastes, March 1983,
Method 340.2.

22.3

Current Quality Manual with Quality Management Plan of TraceAnalysis, Inc.

TABLES, DIAGRAMS, FLOW CHARTS AND VALIDATION DATA
23.1

24.

N/A

N/A

PREVENTATIVE MAINTENANCE
24.1

Make sure that all glass is properly cleaned.

,.
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1.0

Method Reference
1.1

2.0

Methods for Analysis, Method 601 OB, Method 200.7

Scope and Application

2.1
Inductively coupled plasma-atomic emission spectroscopy (ICP)
determines trace elements, including metals in solution. The method is
applicable to all of the elements listed on over page. All matrices, Including
ground water, aqueous samples, TCLP extracts, industrial and organic
wastes, soils, sludges, sediments, and other solid wastes, require digestion
prior to analysis ..
2.2

Elements for which Method 60108 is applicable are:
Element

Wavelength

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Lithium
Magnesium
Manganese
Molybdenum
Nickel
Phosphorus
Potassium
Selenium
Silver
Sodium
Strontium
Thallium
Vanadium

308.215
206.833
193.696
455.403
313.042
249.773
226.502
317.933
267.716
228.616
324.754
259.940
220.353
670.784
279.079
257.610
202.030
231.604
213.618
766.491
196.026
328.068
588.995
407.771
190.864
292.402

SOP-6010B
Rev. #:4
Date: 11/20/00
Page 3 of 16

Zinc

213.856

2.3
The method of standard addition shall be used for the analysis of all
extracts and sample digests unless either serial dilution or matrix spike addition
demonstrates that it is not required.
3.0

Summary of Method

3.1
Prior to analysis, samples must be solubllized or digested using
appropriate sample preparation methods . When analyzing for dissolved
constituents, acid digestion is not necessary if the samples are filtered and acid
preseNed prior to analysis.
3.2
Method 6010 describes the sequential, multi-elemental determination of
elements by ICP. The method measures element-emitted light by optical
spectrometry. Samples are nebulized and the resulting aerosol is transported to
the plasma torch. Element-specific atomic-line emission spectra are produced by
a radio-frequency inductively coupled plasma. The spectra are dispersed by a
grating spectrometer and the intensities of the lines are monitored by
photomultiplier tubes. Background correction is required for trace element
determination. Background must be measured adjacent to analyte lines on
samples during analysis. The position selected for the background-intensity
measurement, on either both sides of the analytical line, will be determined by
the complexity of the spectrum adjacent to the analyte line. The position used
must be free of spectral interference and reflect the same change in background
Intensity as occurs at the analyte wavelength measured. Background correction
is not required in cases of line broadening where a background correction
measurement would actually degrade the analytical result.
4.0

Interferences

4.1
Spectral interferences are caused by:
(1) overlap of a spectral
line from another element; (2) unresolved overlap of spectra; (3) background
contribution from continuous or recombination phenomena; and (4) stray light
from the line emission of high-concentration elements. Spectral overlap can be
compensated for by computer-correcting the raw data after monitoring and
measuring the interfering element. Unresolved overlap requires selection of an
alternate wavelength. Background contribution and stray light can usually be
compensated for by a background correction adjacent to the analyte line.
4.2
Physical Interferences are effects associated with the sample
nebullzation and transport processes. Changes in viscosity and surface tension
can cause significant inaccuracies, especially in samples containing high
dissolved solids or high acid concentrations. If physical interferences are
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present, they must be reduced by diluting the sample or by using a peristalic
pump. Another problem that can occur with high dissolved solids is salt buildup
at the tip of the nebulizer, which affects aerosol flow rate and causes
instrumental drift. The problem can be controlled by wetting the argon prior to
nebulization, using a tip washer, or diluting the sample. Also it has been
reported that better control of the argon flow rate improves instrument
performance; this is accomplished with the use of mass flow controllers.
4.3
Chemical interferences include molecular compound formation,
ionization effects, and solute vaporization effects. Normally, these effects are
not significant with the ICP technique. If observed they can be minimized by
careful selection of operating conditions (incident power, observation position,
and so forth), by buffering of the sample, by matrix matching, and by standard
addition procedures. Chemical Interferences are highly dependent on matrix type
and the specific analyte element.

5.0

Sample Preservation and Holding Times

5.1
A representative sample is collected in a plastic or glass container
which has been rinsed with (1 +1) HNO3.

6.0

5.2

Dissolved metals are filtered immediately.

5.3

Samples are brought to a pH<2 with HNO3.

5.4

Holding time is six months.

Apparatus/Equipment

6.1
Inductively coupled argon plasma emission spectrometer: Models
currently in use include Leeman DRE-ICP and Perkin-Elmer Optima 3000 XL
6.1.1 Computer-controlled emission spectrometer with
background correction.
6.1.2 Radio frequency generator compliant with FCC regulations.
6.1.3 Argon gas supply - Welding grade or better.
6.2
Operating conditions - The analyst should follow the instructions
provided by the instrument manufacturer. For operation with organic solvents,
use of the auxiliary argon inlet is recommended as are solvent-resistant tubing,
increased plasma (coolant) argon flow, decreased nebulizer flow, and increased
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RF power to obtain stable operation and precise measurements. Sensitivity,
instrumental detection limit, precision, linear dynamic range, and interference
effects must be established for each individual analyte line on that particular
Instrument. All measurements must be within the instrument linear range where
coordination factors are valid. The analyst must (1) verify that the instrument
configuration and operating conditions satisfy the analytical requirements and
(2) maintain quality control data confirm.ing instrument perfom:1ance and
analytical results.

7.0

6.3

Class A volumetric flasks

6.4

Class A volumetric pipettes

Reagents

7.1
Reagent grade chemicals shall be used in all tests. Unless
otherwise indicated, it is intended that all reagents shall conform to the
specifications of the Committee on Analytical Reagents of thE~ American
Chemical society, where such specifications are available. Other grades may be
used, provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination. If the purity
of a reagent is in question analyze for contamination. If the concentration is less
than the MDL then the reagent is acceptable.
7.1.1

Hydrochloric acid (cone.), HCI.

7.1.2 Hydrochloric acid (1:1), HCI. Add 500 ml concentrated HCI
to 400 ml water and dilute to 1 liter in an appropriate beaker.
7.1.3 Nitric acid (cone), HNO3.
7.1.4 Nitric acid (1:1), HNO3,. Add 500 ml concentrated HNO3, to
400 ml water and dilute to 1 liter in an appropriate beaker.
7.2
Reagent Water. All references to water in the method refer to
reagent water unless otherwise specified. Reagent water will be interference
free. (Class II Water)
7.3
Standard stock solutions may be purchased from SPEX, PerkinElmer, or Aldrich chemical Companies.
7.4
Mixed calibration standard solutions Prepare mixed calibration
standard solutions by combining appropriate volumes of the stock solutions in
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volumetric flasks. Add 20 ml (1: 1) HN03, and 100 ml of (1: 1) HCI and dilute to
1000 ml with water. Care should be taken when preparing to ensure that the
elements are compatible and stable together. Transfer the mixed standard
solutions to FEP fluorocarbon or previously unused polyethylene or
polypropylene bottles for storage. Fresh mixed standards
should be prepared, as needed, with the realization that conce:ntration can
change on aging. Calibration standards must be Initially verified using a quality
control sample and monitored weekly for stability.
NOTE: If the addition of silver to the recommended acid combination
results in an initial precipitation add 150 ml of water and warm the
flask until the solution clears. Cool and dilute to 1000 ml
with water. For this acid combination, the silver concentration
should be limited to 2 mg/L. Silver under these conditions is stable
in a tap-water matrix for 30 days. Higher concentrations of silver
require additional HCI.
7.5 Two types of blanks are required for the analysis. The calibration
blank is used in establishing the analytical curve, and the reaf1ent blank is used
to correct for possible contamination resulting from varying amounts of the acids
used in the sample processing.
7.5.1 The calibration blank is prepared by acidifying reagent water
to the same concentrations of the acids found in the standards and
samples. Prepare a sufficient quantity to flush the systi:!m between
standards and samples.
7.5.2 The reagent blank must contain all the reagents and in the
same volumes as used in the processing of the samples. The reagent
blank must be carried through the complete procedure and contain the
same acid concentration in the final solution as the sample solution used
for analysis.
7.6
The Instrument check standard is prepared by the analyst by
combining compatible elements at concentrations equivalent to the midpoint of
their respective calibration curves.
7.7
The interference check solution is prepared to contain known
concentrations of interfering elements that will provide an adequate test of the
correction factors. Spike the sample with the elements of Interest at approximate
concentrations of 10 times the instrumental detection limits. In the absence of
measurable analyte, overcorrection could go undetected because a negative
value could be reported as zero. If the particular instrument will display
overcorrection as a negative number, this spiking procedure will not be
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necessary. Interference check is ran at a frequency of twice every eight hours or
at the beginning and end of each sequence as long as two are ran every eight
hours.
7.8
The quality control sample should be prepared iri the same acid
matrix as the calibration standards at 10 times the instrumental detection limits
and In accordance with the instructions provided by the supplier. The qualty
control sample should be accompanied by a calibration blank.
8.0

Procedure

8.1
Preliminary treatment of most matrices is necessary because of the
complexity and variability of sample matrices. Water samples which have been
preflltered and acidified will not need acid digestion. Solubilizatlon and
digestion procedures are presented in Sample Preparation Methods
8.2
Set up the instrument with proper operating parameters established
In Step 6.2. The instrument must be allowed to become thermally stable before
beginning (usually requiring at least 30 minutes of operation prior to calibration).
8.3
Profile and calibrate the instrument according to the instrument
manufacturer's recommended procedures, using the typical mixed calibration
standard solutions. Flush the system with the calibration blank between each
standard or as the manufacturer recommends. (Use the average Intensity of
multlple exposures for both standardization and sample analysis to reduce
random error.) The calibration curve should consist of a blank and three
standards.
8.4
Before beginning the sample run, reanalyze the highest mixed
calibration standard as if it were a sample. Concentration values obtained should
not deviate from the actual values by more than 5%.
8. 5
Flush the system with the calibration blank solution for at least
1 minute before the analysis of each sample. Analyze the instrument check
standard and the calibration blank after each 10 samples.
8.6
Calculations: If dilutions were performed, the appropriate factors
must be applied to sample values. All results should be reported in mg/L with up
to three significant figures.
9.0

Instrument Preparation-Leeman DRE-ICP
9.1

Igniting the torch on the ICP is as follows:
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9.1.1

Turn the Argon on at VGL

9.1.2

Turn on cooling water chiller-recirculator

9.1.3

Turn on air knife

9.1.4

Press "F1" for main menu

9.1.5

Press "I" for instrument

9.1.6

Press "O" for operation

9.1.7

Press "S" for cold autostart plasma

9.1.8

Ensure that exhaust vent is on, press "Enter"; allow 30-40
minutes for plasma stabilization

9.2

Protocol Setup_
9.2.1

Press "F1" to return to main menu

9.2.2

Press "P" for protocol

9.2.3

Press "G" for get protocol

9.2.4

Using arrow keys, highlight desired protocol and press "G"
again. Instrument will automatically adjust to pre-set
parameters such as power, flow-rates, etc. contained in
selected protocol sequence.

9.2.5

Press "F1" to return to main menu

9.2.6

Press "E" for element selection

9.2.7

Press "O" for on/off

9.2.8

Press "Y" Press "Enter" to turn on selected element
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9.2.9

Press "N "and then press "Enter" to turn off selected
element

9.2.10 Press "P" for protocol
9.2.11 Press "V" for set values
9.2.12 Verify rinse time is 60 seconds. If not, Press "R" for rinse
time. Type in 60, press "Enter".
9.2.13 Verify uptake time is 40 seconds. If not, Press "U" for
uptake time. Type in 40, press "Enter"
9.2.14 Press "L" for peaking line
9.2.15 Press "R" for radial
9.2.16 Type in "Mnl", press enter. If an element has been selected
that will be viewed in the axial mode, cursor will be viewed
in the axial mode, cursor will move to window for axial
peaking line entry. If so, type in "Pbl", press "Enter".

9.3

Calibration Standards

9.3.1

Press "F1" for main menu

9.3.2

Press "C" for calibration

9.3.3

Press "S" for standards. Table will appear displaying
elements, units, update-intercept concentration of
calibration, location and concentration of calibration
standards for this protocol. If you wish to change any of
these parameters, entered desired value in the appropriate
window and press "Enter".
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9.4

Auto sampler Set-up
9.4.1

Press "F1" for main menu

9.4.2

Press "A" for auto sampler

9.4.3

Press "R" for rack entry

9.4.4

Press "E" for Edit

9.4.5

Type in rack name or number, press "Enter"

9.4.6

Type in sample Ids with applicable weights and volumes for
appropriate locations in test-tube rack.

9.4.7

Press "F1'' for return to main menu.

9.4.8

Press "A" for auto sampler

9.4.9

Press "S" for setup

9.4.10 Type in "1" press enter for beginning cup
9.4.11 Type in correct number for ending cup press "Enter"

9.5

Peaking the Source
9.5.1

Before calibration can be started, it is necessary to ensure
that the instrument is at the proper viewing height. The
peaking routine will scan the plasma and select the best
viewing height for analysis using previously selected
peaking line or lines.

9.5.2

Press "F1" for main menu

SOP-60108
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9.6

9.5.3

Press "I" for instrument

9.5.4

Press "O" for operation

9.5.5

If both radial and axial view are to be used, Press "B" for
both will instruct the instrument to peak both radial and axial
modes at pre-selected lines. If one view is to be used,
Press "O" for one peak will peak the view that is currently in
use.

9.5.6

After peaking routine is selected, auto sampler will move to
cup specified as peaking cup. When peaking routine is
completed:

9.5.7

Type "A" to accept new position.

9.5.8

Type "T" to move auto sampler back to rinse.

Calibration
9.6.1

Ensure that standards including blank and at least three
standards are in appropriate locations iri standards rack.

9.6.2

F6 for standard. The next entries will tell the instrument
how many standards and replicates are to be analyzed.

9.6.3

Type in "1" (for standards S1)

9.6.4

Type in "4" (for standard S4)

9.6.5

Type in "1" (for replicate 1)

9.6.6

Type in "3" (for replicate 3). After this entry the auto sampler
will begin the calibration sequence. The sequence will
consist of the analysis of standards 1 through 4, with three
replicates each. The calibration curve will use the mean of
each of the three replicates. After calibration sequence is
complete:

9.6.7

Press "F1" for main menu
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9.6.8

Press "C" for calibration

9.6.9

Press "L" for line calibration,

9.6.10 With "PgUp" and "Pg On" keys, examine the calibration data.
Acceptable correlation coefficient is 0.999.
9.6.11 Press "E" to accept all curves at one time.
9.6.12 Press "Y" in response to accept calibrations query.
9.6.13 Press "A" will accept only the curve that is currently on the
screen.

9.7

9.8

Sample Analysis
9.7.1

Press "F8" for sample. Software will go to the auto sampler
setup page. Since the appropriate entries were made in
section 9.4, no additional changes should be required.
However, if necessary changes can be made at this point.

9.7.2

Press "F8" for sample. Analysis can be made at this point.

Ultrasonic Nebulizer (USN)
9.8.1

9 . 8.2

Use of an ultrasonic nebulizer will facilitate lower detection
limits. For most elements increase in SE:rnsitivity is an order
of magnitude or better.

Attaching USN to ICP
9.8.2.1

Disconnect argon line fro;n spray-chamber.

9.8.2.2

Connect argon line to "argon-in" fitting on back of USN.

9.8.2.3

Disconnect spray-chamber from torch, drain-line, and
sample-uptake line.

9.8.2.4

Remove spray-chamber from ICP housing.

9.8.2.5

Connect "sample-out" line on back of USN directly to balljoint on ICP torch.
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9.8.2.6

9.8.3

Connect sample up-take tubing from peristaltic pump to
sample introduction line on front of USN.

Operation of USN

9.8.3.1

With all lines properly connected to ICP and USN
plugged in to power-strip, turn on main power switch at
back of unit.

9.8.3.2

Push "operate" button on front of USN. Heater and
cooler temperatures should be displayed.

9.8.3.3

Allow 45 min to 1 hr for conditions in USN to stabilize
Temperature of cooler should be 5 • C (+ or -1 • C)
Temperature of heater should be 140 ·c (+ or-5 °C).

9.8.3.4

Proceed with normal opertion.

9.B.0 lstrument Prepartation-Optima 3000 XL
9.B.1 Igniting the torch on the ICP is as follows:
9.B.1.1 Turn on the Argon at the VGL
9.B.1.2 Check to see that chiller-recirculator is running
9.B.1.3 Check to see that air-compressor is on
9.B.1.4 Click "Plasma" icon on tool-bar at top of computer screen
this opens the window for plasma control. Programmed values for
gas floes, RF power, and flow-rate for peristaltic: pump are
displayed. These settings should be: Plasma-15, Auxilliary-0.5,
Nebulizer-0.70, RF power-1450, flow-rate-1.50 for routine analysis.
Click Virtual switch to "ON" position and automated ignition
sequence will begin.
9.B.1.5 After plasma lights, allow at least 1 hour for plasma
stabilization before beginning analysis.
9.B.2 Setting-up the Autosampler
9.B.2.1 Click "Samlfo" icon on tool-bar. This opens the sample
Information Editor window.
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9.B.2.2 Type in the appropriate information in the boxes displayed.
Batch ID (prep batch number), units, autosampler locations, and
sample ID's of calibration standards traceable to standards log and
ultimately to commercially prepared stock solutions.
9.8.2.3 Click "File" , "Save-As". "Sample-Info". Type file name in
this format 00091301A (Year, month, day, sequence number this
date, tag).
9.B.2.4 Print sample information file. Use this print-out as a guide
for loading sample aliquots in tray on autosampler.
9B.3 Analyzing Samples
9.B.3.1 Select "Analysis" from top of tool-bar. Drop down menu
appears.
9.B.3.2 "Select Enable/Disable Elements" from dropdown menu.
Select elements you wish to include in analytical sequence.
9.B.3.3 Select "Auto" icon from tool-bar. Automated Analysis
Control window opens.
9.B.3.4 Select "Set-up" tab at bottom of window. Confirm that
appropriate method and sample info files are opened. Click on
"open " beside "results data set name". Type in new results data
set name. Use same format as sample info file (see 9B.2.3) with
the letter "B" as tag rather than "A".
9B.3.5 Select "Analyze" ttab at bottom fo Automated Analysis
Control window. Choices here are "Analysis AU''; "Calibrate";
"Analyze Samples". Generally "Analyze All" will be chosen. This
will generate new calibration curves for analytes selected and
. proceed with analysis of samples listed in sample info file. Results
will be displayed in results display window and stored under results
data set name assigned on set-up page.
10.0 Quality Control
10.1 All quality control data should be maintained and available for easy
reference or inspection. All quality control measures described in Chapter One
should be followed.
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10.2 Dilute and reanalyze samples that are more concentrated than the
linear calibration limit or use an alternate, less sensitive line for which quality
control data is already established.
10.3 Employ a minimum of one reagent blank per sample batch to
determine if contamination or any memory effects are occurring. A reagent blank
is a volume of reagent water acidified with the same amounts of acids as was the
standards and samples.
10.4 Analyze replicate samples at the frequency described in Chapter
One. A replicate sample is a sample brought through the whole sample
preparation and analytical process in duplicate.
10.5 It is recommended that whenever a new or unusual sample matrix
is encountered, a series of tests be performed prior to reporting concentration
data for analyte elements. These tests, as outlined in Steps 10.5.1 and 10.5.2,
will ensure the analyst that neither positive nor negative interferences are
operating on any of the analyte elements to distort the accuracy of the reported
values.
10.5.1 Serial dilution: If the analyte concentration is sufficiently
high (minimally, a factor of 10 above the instrumental detection limit
after dilution), an analysis of a 1:4 dilution should agree within + or - 10%
of the original determination. If not, a chemical or pJ1ysical interference
effect should be suspected.
10.5.2 Matrix spike addition: An analyte spike added to a portion of
a prepared sample, or its dilution, should be recovered to within 75% to
125% of the known value. The spike addition should produce a minimum
level of 10 times and a maximum of 100 times the instrumental detection
limit. If the spike is not recovered within the specified limits, a matrix
effect should be suspected.
CAUTION:

If spectral overlap is suspected, use of computerized
compensation, an alternate wavelength, or
comparison with an alternate method is
recommended.

10.6 Check the instrument standardization by analyzing appropriate check
standards as follows.

10.6.1 Verify calibration every 10 samples and at the end of the
analytical run, and a check, using a calibration blank and a check
standard.
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10.6.1.1 The results of the check standard are to agree
within 10% of the expected value; if not, terminate the analysis,
correct the problem, and recalibrate the instrumE~nt.
10.6.1.2 The results of the calibration blank are to agree
within three standard deviations of the mean blank value. If not,
repeat the analysis two more times and average the results. If the
average is not within three standard deviations of the background
mean, terminate the analysis, correct the problem, recalibrate, and
reanalyze the previous 10 samples.
10.6.2 Verify the lnterelement and background correction factors at
the beginning and end of an analytical run or twice during every 8-hour
work shift, whichever Is more frequent. Do this by analyzing the
interference check sample. Results should be within + 20% of the true
value obtained in Step 10.6.1.1.
10.6.3 Spiked replicate samples are to be analyzed every 10
samples.
10.6.3.1 The relative percent difference between replicate
determinations is to be calculated as follows:

RPO=

X 100

where:
RPO = relative percent difference.
01
= first sample value.
02 = second sample value (replicate).

(A control limit of+ or - 20% RPO shall be used for sample
values greater than ten times the instrument detection limit.)

10.6.3.2 The spiked replicate sample recovery is to be
within + or - 20% of the actual value.
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STANDARD OPERATING PROCEDURE

DETERMINATION OF ALCOHOLS
MODIFIED BY GAS
CHROMATOGRAPHY WITH A FLAME
IONIZATION DETECTOR
METHOD 8015
1.0

SCOPE AND APPLICATION

This method covers the detennination of alcohols in water soils, oils and other matrices.
The followjng analytes are determined by this method, however, additional analytes may
be determined by this method.

ANALYTE

R.L (UG/L)

WATERS
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500

Acetaldehvde
Acetonitrile
Allvl Alcohol
Butanol
2-Butoxvethanol
Ethanol
2-EthohYethanol
Ethyl Acetate
Ethylene Glycol
Isobutanol
Isopropanol
Methanol
2-Nitropropane
Propanol
Provvlene Glycol
2-Propyn-1-ol

2.0

R.L. (MG/KG) wet wt.
SOILS
0.50
0.50
0.50
0.50
0.50
0.5Q
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0,50

SUMMARY OF METHOD

A measured volume of water is directly injected int°' the GC and the alcohols are
determined with the external standard method. A measured quantity of sample of
approximately 5 grams for soils is extracted with water and centrifuged if necessary. The
extract is directly injected into the GC. Chromatographic conditions are described which
Aqua Tech Environmenlal Labs
.
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pennit the separation and measurement of the analytes in the extra.ct by capillary column
GC with a flame-ionization detector (FID).

3.0

DEFINITIONS

JNTERNAL STANDARD - A pure analyte(s) added to a solution in known amount(s)
and used to measure the relative responses of other method analytes and surrogates that
are component:s of the same solution. The internal standard must be an analyte that is not
a sample component.
SURROGATE ANALYTE--Apure analyte(s), which is extremely unlikely to be found
in any sample, and which is added to a sample aliquot in known amount(s) before
extraction and is measured with the sample procedures sued to measure other sample
components. The purpose of a surrogate analyte is to monitor method perfonnance with
each sample.
LABORATORY DUFLICATES (LDl AND LD2) --Two sample aliquots taken in the
analytical laboratory and analyzed separately with identical procedures. Analyses ofLDl
and LD:2- give a measure of the precision associated with laboratory procedures, but not
with sample collection, preservation,. or storage procedures.
FIELD DUPLICATES (FD 1 AND FDl} - Two separate samples collected at the same
time and placed under identical circumstances and treated exactly the same throughout the
field and laboratory procedures. Analyses of FDl and FD2 give a measure of the
precision associated with sample collection, preservation and storage, as well as with
laboratory procedures.
LADORATORY REAGENT BLANK (LRB) -- An aliquot of reagent water that is
treated exactly as a sample including exposure to all glassware, equipment, solvents,
reagents, internal standards, and surrogates that are used with other samples. The LRB is
used to determine if method analytes or other interferences are present in the laboratory
environment, the reagents, or the apparatus.
FIELD REAGENT BLANK (FRB) - Reagent water placed in a sample container in the
laboratory and treated as a sample in all respects, including exposure to sampling site
conditions, storage, preservation, and all analytical procedures. The purpose of the FRB
is to determine if method analytes or other interferences are present in the field
environment.

LABORATORY PERFORMANCE CHECK SOLUTION (LPC) - A solution of
method analytes, surrogate compounds, and internal standards used to evaluate the
performance of the instrument system with respect to a defined set of method criteria.
LABORATORY FORTIFIED BLANK (LFB)-An aliquot of reagent water to which
known quantities of the method analytes are added in the laboratory. The LFB is analyzed
Aqua 1'ech Environmental Labs
Method 8015 Alcohols, Revision 1.0, August, }999
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exactly like a sample, and its purpose is to detennine whether the methodology is in
control, and whether the laboratoiy is capable of making accurate and precise
measurements at the required method detection limit.
LABORATORY FORTIFIED SAMPLE MATRIX (LFM) - An aliquot of an
environmental sample to which known quantities of the method analytes are added in the
laboratory. The LFM is analyzed exactly like a sample, and its purpose is to determine
whether the sample matrix contributes bias to the analytical results. The background
concentrations of the analytes in the sample matrix must be determined in a separate
aliquot and the measured values in the LFM corrected for background concentrations.
STOCK STANDARD SOLUTION - A concentrated solution containing a single
certified standard that is a method analyte, or a concentrated solution of a single analyte
prepared in the laboratory with an assayed reference compound. Stock standard solutions
are used to prepare primary dilution standards.

PRIMARY DILUTION STANDARD DILUTION - A solution of several enalytes
prepared in the laboratory from stock standard solutions and diluted as needed to prepare
calibra.tion solutions and other needed analyte solutions.
CALIBRATION STANDARD (CAL) - A solution prepared from the primary dilution
standard solutions and stock standard solutions of the internal standards and surrogate
analytes. The CAL solutions are used to calibrate the instrument response with respect to
analyte concentration.
QUALITY CONTROL SAMPLE (QCS) - A sample matrix containing method
analytes or a solution of method analytes in a water miscible solvent which is used to
fortify reagent water or environmental samples. The QCS is obtained from a source
external to the laboratory, and is used to check laboratory performance with externally
prepared test materials.

4.0

INTERFERENCES

Method interferences may be caused by contaminants in reagents, glassware, and other
sarnple processing hardware that lead to discrete artifacts and/or elevated baselines in the
chromatograms. All of these materials must be routinely demonstrated to be free from
interferences under the conditions of the analysis by running laboratory reagent blanks.
Also, note that all the analytes listed in the scope are mixtures of a variety of organic
compounds and therefore, any number of compounds could interfere positively with the
results. The extent of matrix interferences will vaiy considerably from source to source,
depending upon the matrix sampled. Further processing of sample extracts may be
necessary.

Aqua Tech Environmental Labs
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SAFETY

The toxicity or carcinogenicity of each reagent used in this method has not been precisely
defined; however, each chemical should be treated as a potential health hazard. From this
viewpoint, exposure to these chemicals must be reduced to the lowest possible level by
whatever means available. The laboratory is responsible for maintaining a current
awareness file of OSHA regulations regarding the safe handling of the chemicals specified
in this method. A reference file of material safety data sheets should also be made
available to·all personnel involved in the chemical analysis.

6.0

APPARATUS AND EQUIPMENT

6.1

SAMPLE BOTTLE -- Waters - Borosilicate, 40 ml volume fitted with screw caps
lined with TFE-fluorocarbon. So1ls - Borosilicate, 8 ounce, fitted with screw caps
lined with TFE-fluorocarbon. The container is certified as clean before use. Cap
liners are also used.

6.:Z

GLASSWARE
6.2..1

Volumetric Flask- 10 ml and 25 ml Erlenmeyer

6.2.2

Vials - amber, glass. 10-mL capacity with TFE-fluorocarbon lined· screw
cap.

6.2.3

Vials - 2 ml autosampler vials

6.3

BALANCE -- Analytical, capable of accurately weighing to the nearest 0.001 g.

6.4

GAS CHROMATOGRAPH - Analytical system complete with temperature
programmable GC suitable for use with capillary columns and all required
accessories including syringes, analytical columns, gases, and detector. The data
system is Hewlett Packard Chemstation software.
6.4.1

Column 1 (Primary column) - 30 m long x 0.53 mm I.D. DB-WAX
bonded fused :silica column, 1.50 µm film thickness or equivalent. Helium
carrier gas flow is established at 30 cm/sec linear velocity and oven
temperature is programmed at 40°C for 3 minutes, 6.0°C/minutes to 100,;,C,
20°C/minute to 250°C, hold at 250°C for 2 minutes. The injection volume is
2 µL. The injector temperature is 200°C and the detector temperature is
225°C. This column is used when the full list of alcohols is needed.

Aque1 Tech Environmental Labs
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6.4.2

Column 2 (Alternate column) - 30 m long x 0.53 mm I.D. RTX-35
bonded fused silica column, 3. 0 µm film thickness or equivalent. Helium
carrier gas flow is established at 30 cm/sec linear velocity and oven
temperature is programmed at 40°C for 3 minutes, 6.0°C/minutes to 100°c,
20°C/minute to 250°C, hold at 250°C for 2 minutes. The injection volume is
0.5 µL. The injector temperature is 175°C and the detector temperature is
300°C. This. column is used when only methanol and glycols are needed.

6.4.3

Detector -- Flame-Ionization (FID). A FID was used to generate the
validation data presented in this method.

7.0

REAGENTS & CALIBRATION STANDARDS

7.1

Rea2ent water -- Reagent water is defined as a water that is reasonably free of
contamination that would prevent the detennination of any analyte of interest. The
RO system used at ATEL is from Millipore.

7.2

Stock Standard Solutions - Stock standard solutions are made from neat
standards. They are purchased from Chem Service and are listed below:

~mpound

Catalog#

Ethyl Acetate
Ethanol
Propanol
2-Nitropropane
AJlyl Alcohol
2-Ethox.yethanol
2-Buto:1'..--yethanol
Ethylene Glycol

7.3

0-412
0-151
0-167
0-857
F-2010
0-177
0-176
0-193

Compound

Catalo_gj!

Isopropanol
Acetonitrile
Acetaldehyde
Isobutanol
Butanol
2-Propyn-1-ol
Propylene Glycol

0-168
0-834

0-2000
F-980
F-2451
0-169
0-205

LFB/LFM - The LFB/LFM solution is made from the neat standards. Standard #5
used in the calibration is used (Section 9 .1. 1). 250 ul of standard #5 is added to 1 ml
of reagent water. For soils, 250 ul of standard #5 is added to 5 g of sand.

Aqua Tech Errvironmenral Labs
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SAl\'.lPLE COLLECTION, PRESERVATION AND IIANDLJNG-

Grab samples must be collected in glass containers. Conventional sampling practices
should be followed, except that the bottle must not be prewashed with sample before
collection. The samples must be iced or refrigerated at 4 °C away from light from the time
of collection until extraction. Preservation study results indicate that most method
analytes present in samples are stable for 14 days when stored under these condition,.
Extracts should be stored at 4°C away from light. Preservation study results indicate that
most analytes are stable for 28 days; however, a 14-day maximum extract storage ti.me is
recommended.

9.0

CALIBRATION

Establish GC operating parameters equivalent to those indicated in Section 6.4. The GC
system is calibrated using the external standard technique.

9.1

EXTERNAL STANDARD CALIBRATION PROCEDURE
9.1.1

Prepare calibration standards at five concentration levels by adding volumes
of one or more stock standards to a volumetric flask as shown below. Dilute
to volume with RO water.
For separate stock solutions, weigh approximately 50 mg of each neat
standard into separate 1Oml volumetric flasks. Add 10 ml water to line. This
results in a concentration of each alcohol of approximately 5,000 mg/1.
For the combined stock solution, put 1 ml of each of the separate stock
solutions into a 25 ml volumetric flask. Dilute to 25 ml with water for an
approximate concentration of all compounds of 200 mg/1.
Then for each of the five standards used in the calibration curve, the
following dilutions are made:
Standard 1. 0.25ml of the combined stock solution is diluted in 10 ml water
for a final concentration of 5 mg/l for all analytes.
Standard 2. 2.5 ml of the combined stock solution is diluted to 10 ml in
water for a final concentration of 50 mg/1 for all analytes.
Standard 3. 5.0 ml of the combined stock solution is diluted to 10 ml in
water for a final concentration of 100 mg/1 for all analytes.

Aqua :Tech Environmental Labs
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Standard 4. 7. 5 ml of the combined stock solution is diluted to 10 ml in
water for a final concentration of 150 mg/I for all analytes.
Standard 5. 1. 0 ml of the combined stock solution is 1Jsed directly for a :final
concentration of 200 mg/1 for all analytes.

9.1.2

Starting with the standard of lowest concentration, analyze each calibration
standard and tabulate response (peak height or area) versus the concentration
in the standard. The results are used to prepare a calibration curve for each
compound.

9.1.3

Verify calibration standards periodically, reco:rom.end at least quarterly, by
analyzing a standard from reference material obtained from an independent
source. Results from these analyses must be within the limits used to
routinely check calibration.

10.0

QUALITY CONTROL

Minimum quality control (QC) requirements are initial demonstration of laboratory
capability, analysis of laboratory reagent blanks, laboratory fortified samples,
laboratory fortified blanks, and QC samples.
10.1 Initial Demonstration of Capability
10.1.1 Select a representative fortified concentration (about 10 times EDL) for each
analyte. With a syringe, add 1 mL of water to each of at lea.st four
autosampler vials. Spike each vial with the fortified concentration and
analyze each aliquot according to procedures beginning in Section 11. For
soils, prepare sample concentrate in water at 20 times selected concentration.
With a syringe, add 1 ml of the concentrate to ea.ch of at least 4-5 gram
aliquots of baked sand and analyze each aliquot according to procedures
beginning in Section 11.
10.1.2 The initial demonstration of capability is used primarily to preclude a
laboratory from analyzing unknown samples via a new, unfamiliar method
prior to obtaining some experience with it. It is expected that as laboratory
personnel gain experience with this method, the quality of data will improve
beyond those required here.

10.2 Laboratory Reagent Blanks. Before processing any samples, the analyst must
demonstrate that all glassware and reagent interferences are under control. Each
time a set of samples is extracted or reagents are changed, a LRB must be analyzed.
Aqua Tech Environmental Labs
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If within the retention time window of any analyte of interest the LRB produces a
peaks that would prevent the detennination of that analyte, determine the source of
contamination and eliminate the interference before processing samples.
10.3 ASSESSING LABORATORY
FORTIFIED BLANK
1O.3.l

PERFORMANCE

LABORATORY

The laboratory must analyze at least one laboratory fortified blank (LFB)
sample with every twenty samples or one per sample set (all samples
analyzed within a 24-hour period) whichever is greater. The fortified
concentration of each analyte in the LFB is 50 ppm for water and 10 ppm
for soils (Section 7.3). Calculate accuracy as percent recovery (Xj). ff the
recovery of any analyte falls outside the control limits (Section 10.3.2), that
analyte is judged out of control, and the source of the problem should be
identified and resolved before continuing analyses.

10.3.2 Until sufficient data become available from within their own laboratory,
usually a minimum of results from 20 to 30 analyses, the laboratory should
assess laboratory performance against the control limits 70% to 130%.
When sufficient internal performance data becomes available, develop control
limits from the mean percent recovery (X) and standard deviation (S) of the
percent recovery. These data are used to establish upper and lower control
limits as follows:
UPPER CONTROL LIMIT"" X +3S
LOWER CONTROL LIMIT = X - 3 S
After each five to ten new recovery measurements, new control limits should
be calculated using only the most recent 20-30 data points.

10.3.3 It is recommended that the laboratory periodically determine and document
its detection limit capabilities for analytes ofinterest.
10.3.4 At least quarterly, analyze a QC sample from an outside source.

10.4 ASSESSJNG ANALYTE RECOVERY • LABORATORY FORTIFIED

SAMPLE :MATRIX
10.4.1 The laboratory must add a known concentration to a minimum of 5% of the
routine samples or one sample concentration per set, whichever is greater.
The fortified concentration is the same as is used in the LFB and should not
be less than the background concentration in the sample. Ideally, the
concentration should be the same as that used for the laboratory fortified
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blank. Over time, samples from all routine sample sources should be
fortified.

10.4.2 Calculate the percent recovery, P of the concentration. for each analyte, after
correcting the analytical result, X, from the fortified sample for the
background concentration, b, measured in the unfonHied sample, i.e.,:
P ,.. 100 (X - b) / fonifying concentration,
and compare these values to control limits for the appropriate matrix.

11.0

PROCEDURE

11.1 SOILS
1.

Get the Standard #5 out of refrigerator.

2.

Each run will include a matrix. spike, a blank, and a LFB.

3.

Weigh approximately 5 grams of sample into a 40 ml vial. Use baked sand for the
blank and LFB.

4.

Add 250 ul of Standard #5 to the matrix: spike and to the LFB.

5.

Cap and shake the samples for I minute.

6.

After you finish shaking the samples, you will need to centrifuge the muddy samples.

7.

Transfer 1 ml to an auto sampler vial and cap.

11.2. WATERS
1.

Get the Standard #5 out ofrefrigerator.

2.

Each run will include a matrix: spike, a blank, and an LFB.

3.

Using a 1 ml syringe, measure 1 ml of RO water into an autosampler vial. Add 250
ul of Standard #5 to the matrix spike and to the LFB. Cap the vial.

4.

Transfer 1 ml of each sample from the sample container to an autosampler vial and
cap.

11.3 GAS CBRO:MATOGRAPHY
11.3.1 Section 6.4 summarizes the recommended operating conditions for the gas
chromatograph.
Aqua Tech Environmental Labs
Method 8015 Alcohols. Revision J.O, August, 1999
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11.3.2 Calibrate the system daily as described in Section 9.
11.3.3 Inject 2 µL of the sample if using the DB-WAX col.umn and 0.5 µ1 of the
sample if using the RTX-35 column. Record the resulting total peak areas in
area units.

11.2.4 If the response for the peak exceeds the working range of the system. dilute
the extract and reanalyze.

11.4 IDENTIFICATION OF ANALYTES
1.1.4.1 Any peaks within the respective retention time windows are considered to be
positive identification of any analytes.

12.0 CALCULATIONS

12.1

Calculate analyte concentrations in the sample from the response for the
analyte using the calibration procedure described in Section 9..

12.2

Since the external standard calibration procedure is used, calculate the
concentration from the peak response using the calibration curve or
calibration factor determined in Section 9.

13.0

WASTE DISPOSAL

All waste disposal is handled according to the Aqua Tech Environmental Laboratories
chemical hygiene plan for waste disposal.

14.0

REFERENCES

Method 8015, "Nonhalogenated Volatile Organics by GC Method 3550", SW-846 3rd
Edition, Revision 2.
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Method Outline

Standard Laboratory Method:

450.1/EPA 9020A & 9021

Parameter:

Total Organic Halide (TOX)

Method:

Carbon Adsorption/Microcoulometric Titration

Date Issued:

08/26/94

Date Revised:

05/13/96, 10/23/98

Total Organic Halide (TOX)
1.0

Scope and Application:
1.1

1.2

1.3

2.0

Summary of Method:
2. l

3.0

This method is to be used for the determination of Total Organic Halides (TOX) as Cl by
carbon adsorption, and requires that all samples be run in duplicate. Under conditions of
duplicate analysis, the reliable limit of sensitivity is 5 ug/1. Organic halides as used in
this method are defined as all organic species containing chlorine, bromine and iodine
that are adsorbed by granular activated carbon under the condition of the method.
Fluorine containing species are not determined by this method.
This is a microcoulometric-titration detection method applicable to the determination of
the compound class listed above in drinking and ground waters, as provided under 40
CFR265.92.
Any modification of this method, beyond those expressly pem1itted, shall be considered
as major modification subject to application and approval of alternate test procedures
under 40 CFR 260 .21.

A sample of water that has been protected against the loss of volatiles by the elimination
ofheadspace in the sampling container, and is free of undissolved solids, is passed
through a column containing 40 mg of activated carbon. The column is washed to
remove any trapped inorganic halides, and is then pyrolyzed to convert that absorbed
organoholides to a titratable species that can be measured by a microcoulometric
detector.

Interferences:
3.1

3.2

Method interferences may be caused by contaminants, reagents, glassware, and other
sample processing hardware. All of these materials must be routinely demonstrated to be
free from interferences under the condition of the analysis by tunning method blanks.
3 .1.1

Glass ware must be scrupulously cleaned. Clean all glassware as soon as
possible after used by treating with chromate cleaning solution. This should be
followed by detergent washing in hot water. Rinse with tap water and distilled
water, drain dry and heat in muffle furnace at 400° C for 15 to 30 minutes.
Volumetric ware should not be heated in a muffle furnace. Glassware should be
sealed and stored in a clean environment after drying and cooling, to prevent any
accumulation of dust or other contaminants.

3 .1.2

The use of high purity reagents and gases help to minimize interference
problems.

If not using prepack GAC columns, purity of the activated carbon must be verified before
use. Only carbon samples which registered less than I 000 ng/40 mg should be used. The
stock of activated carbon should be stored in its granular form in a glass container with a
Teflon seal. Exposure to the air must be minimized, especially during and after milling
and sieving the activated carbon. No more than a two-week supply should be prepared in
advance. Protect carbon at all times from all sources of halogenated organic vapors.
Store prepared carbon and packed columns in glass containers with Teflon seals.

4.0

Safety:

The toxicity of carcinogenicity of each reagent in this method has not been precisely defined;
however, each chemical compound should be treated as a potential health hazard.
5.0

Apparatus and Materials:

5.1

Grab-sample bottle - Amber glass, 250 mL, fitted with Teflon-lined caps.

5.2

Adsorption System:
5.2.1

Dohrman Adsorption Module AD-2000 or Dohrmann Adsorption Module (AD2), or equivalent, pressurized, sample and nitrate-wash reservoirs.

5.2.2

Adsorption columns - pyrex, 5 cm long x 6 mm OD X 2-mm ID, and/or prepaced GAC columns purchased from Dohrmann.

5.2.3

Granular Activated Carbon (GAC) - Filtrasorb - 400, Calgon - APC, or
equivalent, ground or milled, and screened to a I 00/200 mesh range. Upon
combustion of 40 mg of GAC, the apparent-halide background should be 1000ng Cl equivalent or less.

5.2.4

Cerafelt (available from Johns-Manville), or equivalent - Form this material into
plugs using a 2-mm ID stainless-steel borer with ejection rod (available from
Dohrmann) to.hold 40 mg ofGAC in the adsorption columns.

CAUTION: DO NOT TOUCH THIS MATERIAL WITH YOUR FINGERS.

5.3

5.4
6.0

5.2.5

Column holders (available from Dohrmann).

5.2.6

Volumetric flasks - 100 mL, 50 mL.

Dohrmann microcoulometric-titration system (DX-2000 or DX-20), or equivalent,
containing the following components.
5.3 .1

Boat sampler.

5.3.2

Pyrolysis furnace.

5.3.3

Microcoulometer with interfrator.

5.3.4

Titration cell.

Strip-Chart Recorder. (DX-20) or PC w/DX-2000 Operating Software.

Reagents:

6.1

Sodium sulfite - 0.1 M,.ACS reagent grade (12.6 g/L).

6.2

Nitric acid - concentrated.

6.3

Nitrate-Wash Solution (5000 mg/NO 3/L) - Prepare a nitrate-wash solution by transferring
approximately 8.2 gm of potassium nitrate into a I-litre volumetric flask and diluting to
volume with reagent water.

6.4

Carbon dioxide - gas, 99.9% purity.

·-
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7.0

6.6

Nitrogen - prepurified.

6.7

70% Acetic acid in water - Dilute 7 velum.es of acetic acid with 3 volumes of water.

6.8

Chlorobenzene stock 10,000 ng/ul. Prepare stock by accurately weighing 0.7935g
chlorobenzene into a tared 25 ml volumetric flask, Dilute to volume with isooctate

6.9

Chlorobenzene working standard; 1000 ng/ul. Prepare by diluting 5 ml of stock
chlorobenzene soultion to 50 ml with isooctane.

6.10

ERA purchase TOX standard, 1000 mg/I.

6.11

For DX-2000, 80% H2SO 4 solution. Dilute 8 volumes of concentrated sulfuric acid with
2 volumes dieionized water.

6.12

Sodium Bicarbonate powder.

6.13

I 0% methanol solution for rinising I volume methanol diluted with 9 volumes dieionized
water.

Calibration:
7.1

If not using prepacked GAC columns, check the adsorption efficiency of each newlyprepared batch of carbon by analyzing 100 mL of adsorption-efficiency standard, in
duplicate, along with duplicates of the blank standard. The net recovery should be within
5% of the standard value.

7.2 ·

Nitrate-wash blanks (Method Blanks) - Establish the repeatability of the method
background each day by first analyzing several nitrate-wash blanks. Monitor this
background by spacing nitrate-wash blanks between each group of eight pyrolysis
determinations.
7.2.1

7.3

8.0

The nitrate-wash blank values are obtained on single columns packed with 40
mg of activated carbon. Wash with the nitrate solution as instructed for sample
analysis, and then pyrolyze the carbon.

Pyrolyze duplicate instrument-calibration standards and the blank standard each day
before beginning sample analysis. The net response to the calibration-standard should be
within 3% of the calibration-standard value. Repeat analysis of the instrumentcalibration standard after each group of eigh pyrolysis determinations, and before
resuming sample analysis after cleaning or reconditioning the titration cell or pyrolysis
system.

Sample Collection, Preservation and Handling:
8.1

Special care should be taken in the handling of the sample to minimize the loss of volatile
organohalides. All samples should be collected in bottles witlh Teflon septa and protected
from light.

8.2

Reduce residual chlorine by the addition of sulfite (1 ml ofO. I M per liter of sample).
Addition of the sulfite should be done at the time of sampling if the analysis is meant to
further the concentration at the time of sampling. It should be recognized that TOX may
increase on storage of the sample. Samples should be stored at 4° C without headspace.
The addition of 2 mg of Sodium Sulfite crystals per bottle may be substituted.

.

'

9.0

Adsorption Procedure:

9J

Connect columns, each containing 40 mg of 100/200 - mesh activated carbon.

9.2

Adjust pH of the sample to approximately 2 with concentrated HNO 3 just prior to adding
the sample to the reservoir or H 2 SO 4 .

9.3

Fill the sample reservoir, and pass a metered amount of sample through the activatedcarbon columns at a rate of approximately 3 mL/min.

NOTE:

9.4

10.0

100 mL of sample is preferred volume for concentration ofTOX between 5
and 500 ug/L; 50 mL for 501 to 1000 ug/L, and 25 mL for 1001 to 2000
ug/L. Dilute to 100 ml with Deionized H2O.

Wash the columns-in-series with 2 mL of the 5000 - mg/L nitrate solution at a rate of
approximately 2 mL/min to displace inorganic chloride ions.

Pyrolysis Procedure:
Before beginning analysis, complete all applicable steps of the Routine Start-up and Cell
Equilibration addressed in the instrument manual.

11.0

I 0.1

The contents of each column in pyrolyzed separately. After rinsing with the nitrate
solution, the columns should be protected from the atmosphere and other sources of
contamination until ready for further analysis.

10.2

Pyrolysis of the sample is accomplished in two stages. The volatile components are
pyrolyzed in a COz- rich atmosphere at a low temperature to assure the conversion of
brominated trihalomethanes to a titratable species. The less volatile components are then
pyrolyzed at a high temperature in an 0 2 - rich atmosphere.

Detection:
The effluent gases are directly analyzed in the microcoulometric-titration cell. Carefully follow
manual instruction for optimizing cell performance.

12.0

Breakthrough:
12. l

13.0

The unpredictable nature of the background bias makes it difficult to recognize the extent
of breakthrough of organohalides from one column to another. All second-column
measurements for a properly operating system should not exceed 10% of the two-column
total measurement. In the event that repeated analyses show that the second column
consistently exceeds the 10% figure, then the result should be: reported, but the data user
should be informed of the problem.

Quality Control:
13. I

This method requires all samples be run in duplicate.

13.2

Employ a minimum of two blanks to establish the repeatability of the method
background, and monitor the background by spacing method blanks between each group
of eight analytical determinations.

13.3

Verify calibration with an independently prepared check standard. Verify the calibration
following every eight samples and at the end of the run.

..

13.4

A matrix spike is run in between every 10 samples and is brought through the entire
sample preparation and analytical process. Spike is prepared by injecting 10 uL of ERA
standard into sample for adsorbtion colum.n. Matrix spike value is dependent on volume
of sample used.
10 uL of I 000 mg/L std
IO uL of I 000 mg/L std
IO uL of I 000 mg/L std
IO uL of I 000 mg/L std
IO uL of I 000 mg/L std
IO uL of I 000 mg/L std

14.0

in I 00 mL sample =
in 50 mL sample =
in 25 mL sample =
in IO mL sample =
in 5 mL sample =
in I mL sample=

100
200
400
1,000
2,000
10,000

Calculations:
14. l

TOX as Cl is calculated using the following formula
DX-20

C- 2N = µg/L of Total Organic Halide
V

DX-2000
EC - 2N

X Dilfactor = µg/L = Total Organic Halide

O.lL
where:

C

= Average µg Cl of top and bottom column
EC = Summation µg Cl of top and bottom column
N = Average ofNO 3 blanks
V = The sample volume in L
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1.

SUMMARY
1. 1

2.

3.

4.

5.

HEAi TH AND SAFETY WARNINGS
2.1

Standard laboratory protective clothing and eye covering is required.

2.2

Store acids in well-ventilated areas and use the rubber safety bucket to transport
concentrated acid.

2.3

Work with strong acids only in a properly functioning chemical fume hood.

CAIITIONS
3.1

Determination must be made within 48 hours of collection and sample stored at 4°C.

3.2

Use caution when diluting sulfuric acid. Add the acid to water and mix it in an ice
bath to help cool.

JNIEREEB£N.C.ES
4.1

Arsenates react with the molybdate reagent to produce a blue color similar to that
formed with phosphate. Concentrations as low as 0.1 mg As/L interfere with the
phosphate determinations.

4.2

Hexavalent chromium and N02 interfere to give results about 3% lower at
concentrations of 1 mg/L and 10 to 1 5 % low at 10 mg/L.

4.3

Sulfide and silicate do not interfere at concentrations of 1.0 and 10 mg/L.

PERSONNEi OlJAI IEICATIQNS
5.1

6.

7.

Ammonium molybdate and potassium antimony! tartrate react in acid medium with
orthophosphate to form a heteropoly acid - phosphomolybdic acid - that is reduced
to intensely colored molybdenum blue by ascorbic acid.

The technician should be trained at least one week in the method before initiating
the procedure alone.

APPARATUS AND MATERIAi S
6.1

Spectrophotometer: for use at 880 nm.

6.2

20 x 150 test tubes.

SAMPI F COi I FCTION
7 .1

Representative samples should be taken in scrupulously clean containers.
plastic and glass are acceptable.

Both
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8.

9.

10.

SAMPI E PRESERVATION AND HQI DING IIME
8.1

No preservative is required. Cool at 4°C until analysis.

8.2

Samples must be analyzed within 48 hours.

REAGENTS
9.1

Sulfuric Acid 5 N:
water.

dilute 70 ml of concentrated H2S04 to 500 ml with distilled

9.2

Potassium Antimony! Tartrate solution: dissolve 0.2743 g of K(SbO)C4H40e • ½
H20 in a 100 ml volumetric flask and dilute to volume with distilled water.

9.3

Ammonium Molybdate solution:
distilled water.

9.4

Ascorbic Acid 0.1M:
(Make fresh weekly).

9.5

Combined reagent: mix the above reagents in the following proportions for 100 ml
of the combined reagent: 50 ml 5N H2S04, 5 ml potassium antimony! tartrate
solution, 15 ml ammonium molybdate solution, and 30 ml ascorbic acid solution.
Stir after adding each solution. Let solution reach room temperature. Solution is
stable for 4 hours.

9.6

Stock Phosphate solution: commercial stock solutions are available.
stock solutions are needed from two different brands.

9. 7

Standard Phosphate solution: dilute stock phosphate solution to where 1.00 ml =
10 ppm P04 - P. Note: This is done on both brands of stock solutions in 9.6. One
standard is used for the calibration curve, CCV, and spikes (9.7A), and one standard
is used as the ICV (second source) (9.78).

dissolve 4.0 g (NH4)eM01024 • 4 H20 in 100 ml

dissolve 1.76 g of ascorbic acid in 100 ml distilled water.

Note: Two

METHOD CAI IBBATIQN
10.1

Prepare the curve with 10 ppm phosphate standard (9. 7 A) as follows:

ml of std
0.0
0.2
0.4
0.6

ml of water
20.0
19.8
19.6
19.4

Cooceotratioo
0.00 ppm
0.10ppm
0.20 ppm
0.30 ppm

10.2

An ICV and CCV is prepared like the midpoint on the curve (0.20 ppm
concentration). Note: The ICV is made from the second source (9.78).

10.3

A matrix spike and duplicate matrix spike is prepared like the midpoint on the curve
(0.20 ppm concentration) except using 19.6 ml of sample instead of water.

- -

___ ..,.

__

,

-- .

SOP REVIEW PAGE

SOP:l'ho)ahct
~ -.::,'..x ..:>• b,-,_, Q c, J
I
Controlled Copy #:

3

Revision#: ~"'---

Revision Date:

i~ -

I

f-9'9

J '1lf

Reviewed By: _..e:,~..:::....JL.¥;,L..LI""""'-&""-l.c,--="-'-""-------':.....!...'.-=-=-.L:::.._k-=--------- Date:

/-.) 3 - ~ ~

Date: / -

"2

Y-- o.?

Reviewed By: _______________________ Date: _ _ _ _ _ __
Quality Assurance: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Date: - - - - - - -

Reviewed By: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Date:. _ _ _ _ _ __
Quality Assurance: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Date: _ _ _ _ _ __

Reviewed By: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Date: _ _ _ _ _ __
Quality Assurance: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Date: _ _ _ _ _ __

Reviewed By: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Date: _ _ _ _ _ __
Quality Assurance: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Date: _ _ _ _ _ __

Reviewed By: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Date: _ _ _ _ _ __
Quality Assurance:._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Date: _ _ _ _ _ __

Reviewed By: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Date:. _ _ _ _ _ __
Quality Assurance:. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Date: _ _ _ _ _ __

Reviewed By: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Date:. _ _ _ _ _ __
Quality Assurance:._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Date: _ _ _ _ _ __

