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Recommended Analytical Method Summaries

“There are usually multiple analytical methods for most of the analytes of

1nterest to the National Contarmnated Sites Remediation Program (Table 1) Criteria for -

selectmg recommended methods and the types of analytes covered by these methods were

discussed in Chapter 4 of Volume 1. The methods summaries are presented in this volume.

Each method summary contains the following format:

Title - The full title is listed under this heading.
Reference - The literature reference source is provided under this heading.

Method Apphcablhty A brief description of the apphcable matrices is
provided. This is especially important when the diskette version is searched
for methods by desired matrices.

Sample Preparation - This section describes how the sample must be
prepared before it can be analyzed. It includes requirements for extraction,
concentration, digestion, etc.

Instrumental Analysis - A descnptlon of the overall analytical process
including any special method requirements is provided.

Instrumentation Required - - All critical instrumentation, 1nc1ud1ng specific
chromatographic columns and non-routine laboratory apparatus, is listed
under this heading. .

Intérferences - Known sources of interferences are documented under this

heading. Interferences from common sources of contamination as well as
from other analytes likely to be in a sample are covered. These are especially

important for keywords to search for in the diskette version of these method

summaries so that methods susceptible to interferences which are, or may

likely be present, can be avoided and other methods selected in their place'

Quality Control Requirements - QC requirements vary greatly among the
methods and often very specific internal standards, calibration curves, blanks,
replicate analyses, and other requirements are necessary to obtain reliable
data. These are documented in this section of the method summaries. ’



Table 1. All Analytes by Method Including 'Rep,res'entative Compounds

——

Method ~ Analytes Covered
U.S. EPA Me,thod Benzene, Carbon tctrachioﬁd,e, Chlorobenzene, Chloroform; 1,2-
502.0, Rev. 0 Dichlorobenzene, 1,3-Dichlorobenzene, 1,4-Dichlorobenzene, 1,1-

Dichloroethane, 1,2-Dichloroethane, 1,1-Dichloroethene, cis-1,2- -
Dichloroethene, trans-1,2-Dichloroethene, 1,2-Dichloropropane, cis-1,3- ‘
Dichloropropene, trans-1,3- Dxchloropropene Ethylbenzene, Methylene
chloride, Naphthalene, Styrene, 1,1,2,2-Tetrachloroethane, Tetrachloroethene,

- Toluene, 1,2,3-Trichlorobenzene, 1,2,4-Trichlorobenzene, 1,1,1-Trichloroethane,

1,1,2-Trichloroethane, Trichloroethene, o-Xylene, m-Xylene, p-Xylene

U.S. EPA Method

Aldrin, Chlordane, Dieldrin, Endrin, Heptachlor, Heptachlor epoxide,

505, Rev. 0 Hexachlorobenzene, Lindane, Methoxychlor, Aroclor 1242, Aroclor 1248,
B - Aroclof 1254, Aroclor 1260 -
- U.S. EPA Method Diazinon

507, Rev.2 o

U.S. EPA Method 2,4-D, Pentachlorophenol

515.1, Rev. 4 o

U.S. EPA Method Benzene, Carbon teuéchloride, Chlorobenzene, Chloroform, 1,2-

5242, Rev. 3 . Dichlorobenzene, 1,3-Dichlorobenzene, 1,4-Dichlorobenzene, 1,1-

Dichloroethane, 1,2-Dichloroethane, 1,1-Dichloroethene, cis-1.2-
Dichloroethene, trans-1,2-Dichloroethene, 1,2-Dichloropropane, cis-1,3-

- Dichloropropene, trans-1,3-Dichloropropene, Ethylbenzene, Methylene

chloride, Naphthalene, Styrene, 1 ,1,2,2-Tetrachloroethane, Tetrachloroethéne,
Toluene, 1,2,3-Trichlorobenzene, 1,2,4-Trichlorobenzéne, 1,1,1-Trichloroethane,
1,1,2-Trichloroethane, Trichloroethene, o-Xylene, m-Xylene, p-Xylene

I US. EPA Method
5311 Rev. 3

Carbaryl, Carbofuran

SM Method 6220C

» Xylene p-Xylene

Benzene, Chlorobenzene, 1,2-Dichlorobenzene, 1,3-Dichlorobenzene, 1,4-
Dichlorobenzene, Ethylbenzene, Styrene, Tetrachloroethene, Toluene, 1,2,3-
Trichlorobenzene, 1,2,4-Tnchlorobenzene Trichloroethene, m-Xylene, o-

SM Method 6410B

Benzo(a)anthracene, Benzo(a)anth:acene, Benzo(b)fluoranthene,
Benzo(k)fluoranthene, Benzo(a)pyrene, bis(2-Ethylhexyl) phthalate, Butyl
benzy! phthalate, Chlordane, 4,4-DDT, Dibenzo(a,h)anthracene, 1,2-
Dichlorobenzene, 1,3-Dichlorobenzene, 1,4-Dichlorobenzene, Dieldrin, Diethyl
phthalate, Dimethyl phthalate, Di-n-octyl phthalate, Heptachlor, Heptachlor .
epoxide, Hexachlorobenzene, Indeno(1,2,3-cd)pyrene, Naphthalene, Aroclor
1242, Aroclor 1248, Aroclor 1254, Aroclor 1260, Pyrene, 1,2,4-Trichlorobenzene

SM Method 6420B

2—Chlorophénol, 2,4-Dichlorophenol, 2,4-Dimethylphenol, 2,4-Dinitrophenol, 2-
Methyl-4,6-dinitrophenol, Pentachlorophenol, Phenol, 2,4,6-Trichlorophenol

U.S..EPA Method

8080B, Rev. 2

Aldrin, y -BHC (Lindane), Chlordane (technical), 4,4-DDT, Dieldrin, Endrin,
Heptachlor, Heptachlor epoxide, Aroclor 1242, Aroclor 1248, Aroclor 1254,
Aroclor 1260

- -: '-]

. -
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Table 1. Continued

—

Method Analytes Covered
U.S. EPA Method Benzene, Carbon tetrachloride, Chlorobenzene,. Chlorofdrm, 1,2-
8240B, Rev. 2 Dichlorobenzene, 1,3-Dichlorobenzene, 1,4-Dichlorobenzene, 1,1-

Dichloroethane, 1,2-Dichloroethane, 1,1-Dichloroethene, trans-1,2-
Dichloroethene, 1,2 -Dichloropropane, cis-1,3-Dichloropropene, trans-1,3-
Dichloropropene, Ethylbenzene, Styrene, 1,1,2,2-Tetrachloroethane,
Tetrachloroethene, Toluene, 1,1,1-Trichloroethane, 1,1,2- ‘I'nchloroethane,
Trichloroethene

U.S. EPA Method
82§0A, Rev. 1

Benzene, Carbon tetrachloride, Chlorobenzene, Chloroform, 1,2-

‘| Dichlorobenzene, 1,3-Dichlorobenzene, 1,4-Dichlorobenzene, 1,1-
Dichloroethane, 1,2-Dichloroethane, 1,1-Dichloroethene, cis-1,2-
Dichloroethene, trans-1,2-Dichloroethene, 1,2-Dichloropropane, Ethylbenzene,

Methylene chioride, Naphthalene, Styrene, 1,1,2,2-Tetrachloroethane,
Tetrachloroethane, Toluene, 1,2,3-Trichlorobenzene, 1,2,4-Trichlorobenzene,
1,1,1-Trichloroethane, 1,1,2- Tnchloroetha.ne, Trichloroethene, o-Xylene, m-
Xylene, p-Xylene

U.S. EPA Method
8270B, Rev. 2~

Aroclor 1242, Aroclor 1248, Aroclor 1254, Aroclor 1260, Benzo(a)anthracene,
Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, y-BHC
(Lindane), bis(2-Ethylhexyl) phthalate, Butyl benzyl phthalate, Carbaryl,
Carbofuran, 2-Chlorophenol, 4,4-DDT; Dibenz(a,h)anthracene, Di-n-butyl ,
phthalate, 1,2-Dichlorobenzene, 1,3- chhlorobenzcne, 1,4-Dichlorobenzene, 2,4-
Dichlorophenol, 2,6-Dichlorophenol, Diethy! phthalate, 2,4-Dimethylphenol,
Dimethyl phthalate, 4,6-Dinitro-2- -methylphenol, 2,4-Dinitrophenol, Di-n-octyl
phthalate, Endrin, Heptachlor, Hexachlorobenzene, Indeno(1,2,3-cd)pyrene
Methoxychlor, Naphthalene, Parathion, Pentachlorobenzene,
Pentachlorophenol, Phenanthrene, Phenol, Pyrene, 1,2,4,5-Tetrachlorobenzene,
2,3,4,6-Tetrachlorophenol, 1,2,4-Tnchlorobenzene, 2,4,5- Tnchlorophenol, 2,4,6-
Trichlorophenol

Method Environment.

Canada 1/RM/3

2,3,78-T,CDD, 2,3,7 8-TCDF 12378-P5CDD 1,2,378 -P;CDF, 23,4,78-
P;CDF, 1,2,34,7,8-H,CDD, 1,2,3,6,7,8-H,CDD, 1,2,3,7,89-H,CDD, 1,2,3,4,7,8-
H,CDF, 1,2,3,6,7,8-H,CDF, 1,2,3,7,8,9-H,CDF, 2,3,4,6,7,8-H,CDF, 1,2,3,4,6,7,8-
H,CDD, 1,2,3,4,6,7,8-H,CDF, 1,23,4,7,8,9-H,CDF, OCDD, OCDF

Method Environment
Canada 1/RM/3

2,3,78-T,CDD, 2,3,7,8-T,CDF, 1,2,3,7,8-P,CDD, '1,2,37,8-P,CDF, 2,34,7,8-
P;CDF, 1,2,34,7,8-H,CDD, 1,2,3,6,7,8- -H,CDD, 1,2,3,7,8,9- H,CDD, 1,23,4,78-
H,CDF, 1,2,3,6,7,8-H,CDF, 1,2,3,7,8,9-H;CDF, 2,3,4,6,7,8-H,CDF, 1,2,3,4,6,7,8-
H-,CDD '1,2,3,4,6,7,8-H,CDF, 12,34789 H,CDF OCDD OCDF

-US. EPA Method

8280, Rev. 0

1,2,3,4,7,8-H,CDD, 1,23,6,7,8-H,CDD, 1,2,3,4,6,7,8-H,CDD, OCDD, 2.3,7,6-
TCDF, 2,3,7,8-TCDD, 1,2,3,7,8-F,CDF, 1,2,3,4,7,8-H,CDF, 1,2,37,8-P,CDD,
1,2,3,4,6,7,8-H,CDF, OCDF

U.S. EPA Method

- 8290, Rev. 0

2,3,78-T,CDD, 1,2,3,7,8-P,CDD, 1,2,34,78-H,CDD, 1,2,3,6,7,8-H,CDD,
1,2,3,7,8,9-H,CDD, 1,2,3,4,6,7,8-H,CDD, OCDD, 2,3,7,8-T,CDF, 1,2,3,7,8-
F;CDF, 2,3,4,7,8-P;CDF, 1,2,34,7,8-H,CDF, 1,2,3,6,7,8- -H,CDF, 1,2,3,7,8,9-
H,CDF, 2,34,6,7,8-H,CDF, 1,2,3,4,6,7,8-H,CDF, 1,2,3,4,7,8,9-H,CDF, OCDF




Table 1. Continued

Method _Analytes Covered
U.S. EPA Method Fluoride |
13402 ' ) . )
SM 3111B Antimony, Cadmmm Chrormum (total) Cobalt, Copper, Lead, Nxckel, lever
Thalliuin, Tin, Zinc
SM 3111D Barium, Beryllium, Molybdenum, Vanadium
SM Meéthod 3112B Meércury , o ]
SM 3113B Antimony, Arsenic, Barium, Berylhum, Cadmmm Chromlum (total), Cobalt,
) ~ Copper, Lead, Molybdenum Nickel, Selemum, Silver, Tin
- SM 3114B Arsenic, Selenium o _
SM 3120B Antimony, Arseni¢, Barium, Berylliim, Boron, Cadmium, Chromium (tota]),

Cobalt, Copper, Lead, Molybdenum, Nlckel, Selenium, Silver, Thalhum
Vanadmm, ch

- U.S. EPA Megthod

Antimony, Arsemc, Banum, Beryllium, Boron, Cadmium, Chromium (total),

6010, Rev. 0 Cobalt, Copper, Lead, Molybdenum, Nickel, Selenium, Silver, Thallium,
. _Vanadium, Zinc

U.S. EPA Method - Chromium, Hexavalent

7196Rev0 ] S

US. EPA Method Mercury in Liquid Waste (Manuél Cold Vapor Téchniﬁue) .

7470A, Rev. 1 ' ,

US. EPA Method Mércury in Solid or Semisolid Waste (Manual Cold Vapor Technique)

7471A, Rev. 1

SAR Sodium Adsorption Ratio

U.S. EPA Method Tin

7870, Rev. 0

U.S. EPA Method Total cyanide and amenable cyanide (which includes free cyanide)

9012 Rev 0

US. EPA Method

9040A Rev. 1

pH

U.S. EPA Method

9050A, Rev. 1

Specific Conductance




Comparison With Other Methods - Because there are often multiple methods
for a particular analyte, a brief comparison of the advantages and
disadvantages of applicable methods is helpful in selecting one method instead
of another. These comparisons are made, where appropriate, in this section.

Analytes Covered by This Method - Many methods cover multiple analytes, -
not all of which are target compounds for the National Contaminated Sites
Remediation Program. All analytes for each method summarized are listed
in a table and those analytes targeted by the National Contaminated Sites
Remediation Program are flagged with an asterisk after their name.

Comments on Use of This Method - This final section is used to document
special problems, notations, requirements and comments about the use or
performance of methods which were not covered in the other sections.



Title:

Reference:

Volatile Organic Compounds in Water By Purge and Trap Capillary Column
Gas Chromatography with Photoionization and Electrolytic Conductivity
Detectors in Series. U.S. EPA Method 502.2, Revision 2.0; 1989.

Methods for the Determination of Organic Compounds in Drinking Water,
EPA/600/4-88/039.  US. EPA Environmental Monitoring Systems
Laboratory, Cincinnati, OH, 45268, USA. .

Method Applicability:

' Drinking water and raw source water. The latter should include most surface
water and groundwater sources..

Sample Preparation:

Remove the plungers from two S-mL syringes and attach a closed syringe
valve to each. Warm the sample to room temperature, open the sample
bottle, and carefully pour the sample into one of the syringe barrels to just
short of overflowing. Replace the syringe plunger, invert the syringe, and
compress the sample. Open the syringe valve and vent any residual air while
adjusting the sample volume to 5.0 mL. Add 10 L of the internal calibration
standard to the sample through the syringe valve. Close the valve. Fill the
second syringe in an identical manner from the same sample bottle. Reserve

- this second syringe for a reanalysis if necessary.

Instrumental Analysis:

An inert gas (zero grade nitrogen or helium) is bubbled through a 25 mL or
a 5 mL water sample (depending on the expected concentration of the
analytes). Purged sample components are trapped in a tube of sorbent
materials. When purging is complete, the sorbent tube is heated and

- backflushed with helium to desorb the trapped sample onto a capillary GC

column. The column is temperature programmed to separate the method
analytes which are then detected with a photoionization detector (PID) and
an electrolytic conductivity (ELCD) placed in series. The PID is selective for
aromatic compounds and the ELCD is selective for halogenated compounds.



Instrumentation Required:

Interferences:

Gas Chromatography System: Column #1: VOCOL glass wide-bore capillary
column; Column #2: RTX-502.2 mega-bore caplllary column; Column #3:
DB-62 mega-bore capillary column. A series conflguratlon of a high
temperature photoionization detector (PID) equipped with 10.0 eV (nominal)
lamp and electroconductivity detector (ELCD) is required. Also required is
an all-glass 5 mL purging device, a sorbent trap, and a thermal desorption
apparatus which is connected to the GC system.

impudties’ in the purge gas and from organic compounds out-gassing from the
plumbing ahead of the trap ac¢ount for many contamination problems. The

analytical system must be demonstrated to be free from contamination under .

the conditions of the analysis by running laboratory reagent blanks. The use
of non-plastic coating, non-plastic thread sealants, or flow controllers with
rubber components in the purging device should be avoided.

Interferences purged or coextracted from the samples will vary considerably
from source to source, depending upon the particular sample or extract being
tested. Method blanks prepared from reagent water and analyzed under the
same conditions as the samples can identify these interferences. Cross-

‘contamination can occur whenever high-level and low-level samples are

~ analyzed, it should be followed by the analysis of method blanks to check for

analyzed sequentially. Whenever an unusually concentrated sample is

cross-contamination. The purge-and-trap system may require extensive bake-
out and cleaning after a high-level sample. Recondition of traps conta1mng
combinations of silica gel and coconut charcoal is performed. to minimize
release of residual water from previous analyses.

Samples also can be contaminated by diffusion of volatile organics
(part1cu1arly methylene chloride and fluorocarbons) through the septum seal

into the sample during shipment and storage. A field blank prepared from

_reagent water and carried through the sampling and handling protocol can

serve as a check on such contamination. The laboratory where volatile

- analysis is performed and also the refrigerated storage area should be

completely free of solvents.




Quality Control Requirements:

As an initial demonstration of lab accuracy and precision, analyze 4 to 7
replicates of a lab fortified blank containing analyte at 0.1 - 5 ug/L. Collect
all samples in duplicate. Surrogate analytes (51rmlar to those of the analytes
of interest), whose concentration is known in every sample, are measured
using the same internal standard calibration procedure. Duplicate field
reagent water blanks (trip blanks) must be analyzed with each set of samples,
laboratory reagent blanks (method blanks) must be analyzed with each batch
of samples processed as a group within a work shift. - Also, a single laboratory-
fortified blank that contains each of the analytes of interest should be
analyzed with each batch of samples processed as a group within a work shift.
A 3 to 5 point calibration curve is needed depending on the calibration range
- factor required. :

Comparison with Other Methods: -

This method uses capillary GC columns which provide excellent
chromatographic resolution of 60 volatile organic compounds. It also uses a

~ PID and ELCD in series for detectors. These provide good sensitivity but not
as good specificity for analyte detection as mass spectrometry. . The purge-
and-trap technique requires little in the way of sample prepa:atlon and
accommodates most water matrices.

- Its disadvantage over GC methods that use more selective detectors (such as
EPA Methods 524.2 and 8240 which use mass spectrometers as detectors) is
that it will usually produce more false posmves because of its lesser selectivity.
Its advantage over GC/MS methods is lesser capital expense for the
instrumentation and a resulting lesser cost of analysis. .

Another disadvantage, in comparison to EPA Method 8020, is that the latter
may also be used with soil and sediment matrices whereas Method 502.2 is
limited to relatively clean water matrices. Its advantage over EPA Method
8020 is that the latter only uses a photoionization detector. Thus, Method
8020 can not be used for halogenated compounds and, lacking a second
detector in series, will be more prone to interferences and false positive
identifications. :

‘Analytes Covered by this Method:

Method 502.2 covers 60 volatile organic compounds including all of the
monocyclic aromatic hydrocarbons, naphthalene and 17 of the chlorinated
hydrocarbons that are of interest to the National Contaminated Sites
Remediation Program as shown in Tables 2 and 3.
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Table 2. Analytes Covered by U.S. EPA Method 502.0, Rev. 2.0

Using an Electrolytic Conductivity Detector -

METHOD MEAN :
, _ DET. | ACCURACY | PRECISION
|- RANGE' | LIMIT | (Avg% - (Rel. Std.
__ANALYTENAME | CASNO. ug/L (wg/L) | Recovery) ‘Dev. %) -
Benzv:en,é* 71432 ‘0.0_2-20‘0 iN'ot listed Not listed | Not listed
Bromobenzene 108-86-1 | 0.02-200 0.03 | 23
Bromochloromethane 74—97—5 "0.0‘2-200 | 0.01 9% 30
| Bromodichloromethane - 75-27-4 | 0.02-200 ~» 0,0é — 797 29
Bromoform 75252 | 002:200 1.6 106 | 52
Bromomethane 74-83-9 0.02-206- | 11 —A 97 38
n-Bupylbegzeﬁé | '104;5'1-8 0.02-200 N'otv.listed Not listed | Not _u;s:Qd’
;ec-Butylbenzenc "1,35-798-84 0.02-20(5 N Nét hsted No£ -ﬁgted Not Listed
tert-Butylbenzene 98-06-6 __‘o;qz-zog;q__-, Not listed Not listed | Not listed
|| Carbon tetrachloride* 56-23-5 | 0.02:200 0.01 92 36
| Chvl;;obenZene; 108-90-7 | 0.02-200 0.01 | 103' - 3.6
Chloroethane | 75-00-3 0.02-200 0.1 9% | 39
Chioroform* 6l7-66-3w 002200 oozl o8 25
Chloromethane - - 7;1@"87-3 0.024200 0.03 96 . 92
2-Chlorotoluene 95-49-8 |  0.02:200 001 97 2.7
4-Chlorotoluene 106-43-4 | 002:200 7 0.01 97 3.2
Dibromochloromethane 124-48-1| 0.02-200 03 02| 33
1,2-Dibromo-3-chloropropane |  96-12-8 | 0.02-200 30 ] 86 113
~1_,2-Dibr<.)_qx;optha';é‘ o 106-93-4 002200 0.8 97 2.8
Dibromomethane 74953 | 0.02-200 22| 109 67
1,2-Dichlorobenzene* 95-50-1 | 0.02-200 0.02 100 | 15
1,3-Dichlorobenzene* 541-73-1| 0.02-200 0.02 106 40
1,4-7Dichlorobenzen:’_‘__ 106-46-7 0.2-20. 001 98 >2;.;3
Dichlqrodifl‘uoromér;h;nc 75-71-8 ‘ 002-200 - 0.05 89 6.6
1,1-Dichlofoethane® 75343 | 0.02-200 007 10| 57
1,2-Dichloroethane* 107062 | 0.02:200 0.03 100 38
9
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METHOD

MEAN ‘
DET. ACCURACY | PRECISION
RANGE LIMIT (Avg % ~ (Rel. Std.
ANALYTE NAME CASNO. | pug/L @g/L) Recovery) Dev. %)
1,1-Dichloroethene* 75354 002200 | 007 103 28
cis-1,2-Dichloroethene® 156-59-4 | 0.02-200 0.01 105 33
trans-1,2-Dichloroethene* '156-60-5 |  0.02-200 0.06 99 37
. 1,2-Dichloropropaﬁé* 78-87-5 0.02-200 0.01 103 37
1,3-Dichloropropane 142-28-9 0;02_~200 ~ 0.03 100 34
2,2-Dichloropropane " 590-20-7 | 0.02-200 0.05 105 | 34
11-Dichloropropene . |  563-58-6 | 0.02-200 0.02 103 33
cis-1,3-Dichloropropene*. © 10061-01-5 { Not listed N,ot‘ listed |  Not listed Not listed
trans-1,3-Dichloropropene* 10061-02-6 Not listed ﬁo; listed '&0[ li_stéd Not listed
Ethylbenzene* 1 10Q7§1—4 0.02-200 | Not listed |  Not listed | Not listed
Hexachlorobutadiene 87:68-3 | 0.02-200 0.02 98 83
Isopropylbenzeﬁe 9_’8_@2—8 0.02-200 | Not listed Not listed | Not listed
4-I.sc;pr0pyltoluéxr;>g:7 99:87-6 | 002200 | Not listed- Not listed | Not listed °
Methylene chloride* 7s092| 02200 | o002| 97| 29
Népht,ﬂalen’e* | 91-20-3 | 0.02-2000 | Not listed | Not listed | Not listed
~ n-Propylbenzene 103-65-1 0.0'2-20-0. “Notv'lirsted Not listed | Not listed
Sfyrene* 100-42-5 | 0.02-2000 | Not listed Not listed | Not listed
1,1,1,2-Tetrachloroethane 630-20-6 | 0.02-200 '» 001 9| 23
1,1,2,2-ie&a;m§roemane* 79-34.5 | 0.02-200 0.01 99 6.8
Tetrachloroethene* | l127-18-4 10.02-200 0.04 97 - 25
- Toluene* 108883 002200 Not listed | Not listed | Not listed
1,2-,3-Trichl()-x;c.>benzene‘* 87-61-6 | 0.02-200 0.03 ‘ 98 . ‘ 3.1
1,2,4-Trichlorobenzene* 120-82-1| 0.02-200 003 | 102 21
1,1,1-Trichloroethane* 71-55-6 | 0.02-200 0.03 104 33
1,1,2-Trichloroethane* 79-00-5 | 0.02-200 ND 109 56
Trichloroethene® 79016 | 0.02-200 0.01 % 36
'I'richloroﬂuoromethz_méT 75:69-4 0.02-200_ 003 % 35
10




Table 2 - Continued

‘ METHOD | MEAN
_  DET. | ACCURACY | PRECISION
o " RANGE | LIMIT (A8 % |  (Rel Std.
ANALYTE NAME CASNO: | pg/L @g/L) | Recovery) Dev. %)
,2,3-Tnchloropropane | 96-18-4 002 200 0.4 9 | 23,
12,4 Trimethylbenzene 95-63-6 | 002200 | Notlisted |  Not listed | Not listed
1,3,5-Trimethylbenzene 108678 | 002200 | Notlited| Nt listed | Not listed
Vinyl Chloride | 75014 002200 004 95 59
o-Xylene* _95-47-6| 002200 | Notlisted | Not listed Not listed
m-Xylene* | 108383 002-200 | Notlisted |  Not listed | Not Listed
- p-Xylene* 106-42-3 | 0.02-200 | Not listed Not listed | Not listed

* Analytes targeted by the National Contaminated Sites Remediation Program |

*The applicable concentration range of this method is compound, instrument, and matrix dependent. It is listed
as being approximately 0.02 to 200 4 g/L but no specific information is provided so caution should be observed.

~ *The method detection limits reports with this method are compound, instrument and matrix dependent. The
values reported were calculated using reagent water fortified with the corfesponding commpounds at 104 g/L and

a GC equipped with a 60 m x 0 75 mm VOLCOL wide bore caplllary column with 1.5 um film thickness and
using helium cafrier gas

““Recoveries and relative standard deviations were determined from seven samples of reagent water fortified with

10 ug/L of each compound. 2-Bromo-1-chloropropane was used as the mternal standard for calculating average
recoveries.

11
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Table 3. Analytes Covered by U.S. EPA Method 502.0, Rev. 2.0

Using a Photoionization Detector

METHOD

- MEAN

'DET. | ACCURAC | PRECISION
o | » | RANGE | wLiMIT Y (Rel. Std.
. ANALYTE NAME CAS NO. ag/L | (g/L) (Avg % Dev. %)
' Recovery) ,
Benzene* 71-43-2 | 002200 | 001| 99 12
Bromobenzene 108-86-1| 0.02-200 0.01 9 17
Bromochlorométhanc A 74-97-5 0.02-200 | Not listed Not listed | Not listed
Bromodichloromethane 75-27-4 0.02_-260 vNoAt lisiied Not listed Not hsted
Bromoform | - 75-25;2' © 0.02-200 | Not listed Not listed Not Listed
Bromomethane 74839 | 002200 | Notlisted | Not listed Not listed
".n-BUtyl_benzene - 104-51-8 | 0.02-200 002]" 100 44
sec-Butylbenzene 135988 | 002200 0.02 97 2.7
tert-Butylbenzene ] 98:066 | 002200 0.06 98 , 23
Carbon tet:#ehl-o;,ide"‘ 56-23-5 1 0.02-200 Not listed Not listed. Not listed
Chlorobenzene* 108-907| 002200 | oo 100 10
,Chlg‘roethane. - 75-00-3' 0.02-200 Not listed [ . Not listed Not listed
Chloroform* 67-66-3 0.02-206 ul\-lﬁt listed Not listed Not listed
Chloromethane 74-87-3 | 002200 | Notlisted | Not Listed Not listed
2-Chlorotoluene 95-49-8 0_._02-260 ND - ND ND
4-Ci110rot&uene 106-43-4 | 0.02-200 0_._(;_2 101 1.0
Dibromochloromethane 7 124_»;4_8-1 0.02-560 Not listed Not listed Not listed
1,2-Dibromo-3-chloropropane 96-12-8 | 002200 | Notlisted | Not listed Not listed
'1,27Dibr;1;1c->etha'ne 106-93-4 0.02-206 _ _NAc;t hsted | Not listed Not listed
Dibromomethane 74-95-3 | 0.02-200 | Not listed Not listed ~ Not listed
1,2-Dichlorobenzene* | 95-50-1 | 0.02-200 - 0.05 102 - 21
Vi,S;DichIOrobenzene‘ 541-73-1 6.02-200 0.02 104 16
'1,4-Dichlorobenzene* 106-46-7 | ~ 02-20 0.01 103 _ 2.1.
Dichlorodifluoromethane 75.-71-8-’ 0.-(")'2-2,00 Not listed | Not &;ed Not listed
1,1-_Dichloroethan,e*, 75-34-3 | 0.02-200 |- Not lis;ed Not listed | 'Not'-listed“
112-Dichl§roeth;ng; 107-06-2 0.02-200 | Not listed Not listed Not listed
12




Table 3. - Continued

METHOD MEAN S
- | , , 'DET. | ACCURAC | PRECISION
o - | RANGE | LIMIP Y (Rel. Std.
- ANALYTE NAME CASNO. | ug/L we/L) | (Ave% | Dev.%)
I S ' ' - Recovery) |
1,1-Dichloroethene*. 75-35-4 | 0.02-200 ND - 100 2.4
¢is-1,2-Dichloroethene* 156594 | 002200 |  002|  ~p| ' ND
trans-1,2-Dichloroethene* 156605 | 002200 | 00s| o 40
1-,2'-Di,thor0propane'*f | 78-87-5| 0.02-200 Not listed | - Not listed Not li_s'téd
1,3-Dichlor§pr;)‘p§n;s - 142-28-9 |  0.02-200 Not listed | Not listed Not listed
2,2-Dichloropropane 590-20-;/ 002-200 » Not li.;ed Not liSIc;i Not listed
' 1,1-Dichloropropene se3-58.6| 002200 | 002 103 3.5
F»»cjsv-1,3-Dichloropr-qp‘ene* " 10061-01-5 Not ljs'tea Not listed Not listed Not listed
tr’ans-l,3-Dichlorqpropene*‘ 10061-02-6 | Not listed Not listed Not listed Nét >liste;iw
Ethylbenzene* - ' 100-41-4 0.02:200 0.01 101 ' 14
Hexachlorobutadiene 87-68-3 | 0.02-200 006 99 95
Isopropylbenzene 98828 | 0.02:200 0.05 98 09
klsopropyltqlpepg' o _'_9_:9~;~87-6 0.02-200 0.01 98 24 _
Mét_h’yie;ié chloride* 75-09-2 | - 0.02;200 Not listed | Not listed |  Not listed ||
Naphthalene* | 91-203 | 0.02-2000 006 02| 62
| Q-?ropylben_;ene 103-65-1 | . 0.02:200 0.01 103 2.0
Styrene* 100-42-5 |  0.02-2000 001 104 13
11,12 Tetrackloroethane | 630-206 | 002200 | Notlisted | Notlisted |  Not listed
'1,1,2,2-Tetrachloroethane* 79-34-5 | 0.02-200 | Not listed | ~ Not listed Not listed
Tetrachloroethene* 127184 002:200 0.05 w18
Toluene* 108-88-3 |  0.02-200 | 0.01 9| 0.8
1,2,3-Trichlorob¢nze,ne*v | 87-61-6 “ 002200 'ND 106 18
1,2,4-Trichlorobenzene* ' 120-82-1 | 0.02-200 0.02| 104 22
1,1,1-Trichloroethane* | 71;55:-6, | 002200 | Not listed Not listed { ,  Not listed
1,1,2-Tricﬂ0roethﬁné* ~- >79-00-5_ 0.02-200 Not listed Not iistcd o >N'ot listede
Trichloroethene® 79-01-6 |  0.02-200 002 100 078
13
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METHOD | MEAN o
o DET. | ACCURAC | PRECISION
: o .| RANGE | LIMIT Y (Rel. Std.
ANALYTE NAME CAS NO. ag/L @g/L) (Avg % Dev. %)

: ' : Recovery)
Trichlorofluoromethane 75-69-4| 002-200 | Notlisted | Not listed Not listed
1,2,3-Trichloropropane 96-184 | 002200 | Notlisted | = Not listed Not listed
1,24 Trimethylbenzene 95-63-6 | 0.02-200 005| 9| 12

' 1,3,5-Trimethylbenzene 108-67-8 | 0.02-200 0.01 101 14
Vinyl Chloride 75-01-4 | 0.02-200 0.02 109 5.0
o-Xylene* 95-47-6 | 0.02-200 0.02 9 08
m-Xylene* 108-38-3 | 0.02-200 0.01 100 14
p-Xylene* 106-42-3 | 0.02-200 0.01 %9 0.9

* Analytes targeted by the National Contaminated Sites Remediation Program

*The applicabie concentration range of this method is compound, instrument, and matrix dependent. It is listed
as being approximately 0.02 to 200 ug/L but no specific information is provided so caution should be observed.

*The method detection limits reports with this method are comﬁound, instrument and matrix dependent. The
values reported were calculated using reagent water fortified with the corresponding compounds at 10ug/L and
a GC equipped with a 60 m x 0.75 mm VOLCOL wide bore capxllary column with 1.5 ym film thickness and
using helium carrier gas.

“Recoveries and relative standard deviations were determined from seven samples of reagent water fortified with
10 ug/L of each compound. Fluorobenzene was used as the internal standard for calculating average recoveries.

Comments on Use of this Method:

Method detection limits (MDLs) are compound, matrix, and instrument
dependent and vary from approximately 0:01 - 3.0 ug/L. The applicable
concentration range of this method is also compound matrix, and instrument
dependent and is approximately 0.02 to 200 ug/L. Analytes that are
inefficiently purged from water will not be detected when present at low
concentrations, but they can be measured with acceptable accuracy and
prec151on when present in sufficient amounts.

Two of the three isomeric xylenes may not be resolved on the capillary
column, and if not, must be reported as isomeric pairs. Tentative
identifications dre confirmed by analyzmg standards under the same
~ conditions used for sampling and comparing resultant GC retention times.

14



Additional confirmatory information can be gained by comparing the relative
response from the two detectors. Each identified component is measured by
relating the response produced for that compound to the response produced
by a compound that is used as an internal standard. For absolute
confirmation, a gas chromatography/mass spectrometry (GC/MS)
determination according to Method 524.2 is recommended.

15



Reference:

Analysis of Organohahde Pesticides and Comimercial Polychlorinated Biphenyl |

(PCB) Products in Water by Microextraction and Gas Chromatography U.S.
EPA Method 505, Revision 2.0, 1989.

‘Methods for the Determination of Organic Compounds in Drinking Water, -
EPA/600/4-88/039. ~U.S. EPA Environmental Monitoring Systems

Laboratory, Cincinnati, OH 45268, USA. |

Method Applicability:

This method is applicable to drinking water and raw source water. The latter
should include most surface water and groundwater sources.

.Sample Preparation:

Remove the sample from storage and allow it to come to room temperature.
Remove a 5 mL volume from each container and weigh the container to the
nearest 0.1 g. Add 6 g of sodium chloride and 2.0 mL of hexane to each
sample bottle. Recap the sample and shake it vigorously for one minute.
Allow the water and hexane phases to separate, remove the cap, and transfer
0.5 mL of hexane into autosampler vial using a disposable glass pipet.
Transfer the remaining hexane phase into a second autosampler vial and store
at 4°C for reanalysis, if necessary. Discard the remaining sample/hexane
mixture and reweigh the empty container to determine net weight of sample.

Instrumental Analysis:

{

The sample extracts placed in the first vials are transferred to an autosampler
set-up to inject 1-2 L portions into the gas chromatograph (GC) for analysis.
Alternatively, 1-2 uL portions of samples blanks, and standards may be
manually 1njected

Instrumentation Requlred:

S505-12/18/81

Gas chromatogr'aph/ electron capture detector/data system, with temperature
programming and split/splitless injector suitable for use with capillary
columns. Column #1: 032 mm ID x 30 M fused silica capillary with
chemically bond methyl polysiloxane phase (DB-1, 1.0 u m film, or equivalent);
Column #2: 0.32 mm ID x 30 M fused silica capillary with 1:1 mixed phase
of dimethyl silicone and polyethylene glycol (Durawax-DX3, 0.25 pm film, or

16



Interferences:

equivalent); Column #3: 0.32 mm ID x 25 M fused silica capillary with

chemically bonded 50:50 methyl-phenyl silicone (OV-17, 1.5 um. film, or
equivalent). Column #1 should be used as the primary analytical column.
Columns #2 and #3.are recommended for use as confirmatory columns when
GC/MS confirmation is not ava1lable

Method interferences may be caused by contaminants in solvents, reagents,

glassware and other sample processing apparatus that lead to discrete artifacts .

or elevated baselines. All reagents and apparatus must be demonstrated to

be free from interferences under the conditions of the analysis by running

laboratory reagent blanks. All glassware should be washed with detergent,

-rinsed with reagent water, and dried at 400°C for-1 hour.

Interfering contamination may occur when a sample containing low
concentrations of analytes is analyzed immediately following a sample
containing relatively high concentrations of the analytes. Whenever an

unusually concentrated sample is analyzed, it should be followed by the

analysis of method blanks to check for cross-contamination. Matrix
interferences also may be caused by contaminants that are coextracted from
the sample; cleanup of sample extracts may be necessary in these cases.

Caution must be taken in the determination of endrin since the splitless
injector may cause endrin degradation. Also, variable amounts of pesticides

“and commercial PCB products from aqueous solutions adhere to glass

surfaces. Sample transfers ard contact with glass surfaces should be

minimized. Aldrin, hexachlorocyclopentadiene and methoxychlor are rapidly .

oxidized by chlorine, dechlorination with sodium thiosulfate at time of sample
collection should retard further oxidations of these compounds.

Quality Control Requirements:

Minimum quality control requirements are initial demonstration of laboratory

capability, analysis of laboratory reagent blanks, fortified blanks, fortified .

sample matrix, and quality control samples. The laboratory must analyze at
least one fortified blank per sample set, or at least one for every 20 samples.

~ The fortifying concentration of each analyte should be 10 times the method

 50512/18/91

detection limit (MDL) or the maximum calibration limit (MCL), whichever
is less. Calculate accuracy as percent recovery and develop control limits
from the mean percent recovery and standard deviation.

The laboratory must add a known concentration of the analytes toa rmmmum
of 10% of the routme samples, or one laboratory fornfxed sample matrix per

17
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sample set. Calculate the-percent recovery for each analyte and compare to
the control limits established from the analyses of the fortified blanks

Companson With Other Methods:

This is a very sensitive method that is more useful for monitoring than for
exploratory analyses. The electron capture detector is easy to use but it is a
nonselective detector compared to mass spectrometry and therefore more
subject to false positive detections than GC/MS methods. The
microextraction technique also eliminates the expensive sample preparation
costs of other methods, but it has the disadvantage of being less sensitive than
most because the extracts are not concentrated.

Analytes Covered by This Method:
Method 505 covers 25 pesticides and commercial PCB products including 5

of the chlorinated hydrocarbons and 8 of the pesticides that are of interest to
- the National Contaminated Sites Remediation Program, as shown in Table 4.

505-12/18/91 o 18



“Table 4. Analytes Covered Using U.S. EPA Method 505, Rev. 2.0 o - e
: _ L]
' v
‘ : Reagest Water - . | Grouwndwater . | . ‘Tap Water ' :-
Method - | Concentration . : p : 4’
Anglyte Name - " CAS No. X Det. | gl Accuracy (% | . Piecision Accuracy | Precision Accuracy Precision -
. . Limit pg/L : ) of True + (Rel. Std. (% of True (Rel. Std. " (% of True (Rel. Std, :
‘l' BRI Value) | Dev. %) Value) Dev. %) .| Value) Dev. %)
Alachlor ' 5972-60-8 © 0225 0.50 102 . 13:4 - Notlisted |  Not listed ' Not listed Not listed
Aldrin* ' ‘ 309-00-2 - | 0.075 1 0.15 86 ! 9.5 100 11.0 © 69 9.0
: 0007 | 0.05 : 106 ‘ 20:0 86 g 16.3 - Not listed Not listed
Atrazine - | 1912249 1 2.4 : 5.0 8s [ 162 95 ' 13 108 10.9
' . 20.0 95 5.2 86 9.1 91 ’ 3.1
Chlordane® 1 57749 0.14 ! 0.17 NA ‘; 8.0 Notldisted - |  Notlisied | 105 12.4
: : 34 . NA v 36 Not listed: | Not listed 95 9.6
a-Chlordane . : 5103-71-9  } 0.006 0.06 95 .35 - 83 : 4.4 85 7.1
; : 0.35 86 - 17.0 94 102 91 . 24
o . 1 - :
¥-Chlordane ' s103-742 | 0.2 ' 0.06 95 0.4 86 5.3 83 1 42
] ‘ 0.35 86 i 18.5 95 . 14.5 91 6.0 -
Dieldrin* 60-57-1 | 0.012 0.10 87 17.1 67 0.1 _ 92 15.7
{ 36 114 9.1 . 94 8.6 . 81 - ! 14.0
Endrin* 72208 | 0063 ‘ 0.10 119 29.8 94 ‘ 20.2 - 106 ; 14.0 JI
] 3.6 99 65 100 .3 8S. { 12.4 :
Heptachlor* | 76448 | 0.003 0.032 77 10.2 a7 6.8 : 200 | 226
’ 1.2 80 7.4 " 98 106 16.8
Heptachlor epoxide* | 1024573 | o004 0.04 100 15.6 90 = 14.2 Sz | 15
1 : 1.4 115 6.6. 103 6.9 81 . 5.9 I
Hexachlorobenzene® { nsr | o002 - 0.003. 104 13.5 91 10.9 1000 | 156 “
_ ' : : , 0.09 103 6.6 : 1.1 44 88 134
Hexachlorocyclopentadiene 77-74-4 . 0.13 - 015 73 5.1 87 5.1 191 18.5
. ' . 0.35 3 1.7 : 69 4.8 ] 109 143
Lindane* 58899 |  0.003 0.03 91 6.5 88 7.7 1 - 100 8.1
' ' 1.2 A 5.0 : 109 34 I 93 18.4
Methoxychlor® ’ ] 72-43-5 0.96 2.10 100 21.0 ’ Not listed Not listed ‘ Not listed ‘Nt listed
7.03 98 109 1 Notlisied Notlisted |  Not listed Not listed
505-12/18/91 _ 19
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Table 4. Continued ou‘
k]
‘r
ig
. Ll ) . ' » . ' - R
. ) Reagent Water . - © Groundwater . _Tap Water N
_ Method Concentration. , , :’
Analyte Name CAS No, Det. g/l Accuracy (% Precision Accuracy Precision Accuracy Precision v ° .
: Limit pg/L . of True (Rel. Std. (% of True (Rel. Std. (% of True (Rel. Std. ‘ 3=
Value) Dev. %) Value) Dev. %) Value) Dev. %)
cis-Nonachlor . 0.027 0.06 110 15.2 101 7.2 93 143
0.45 82 213 93 “18.3 87 5.4
' trans-Nonachlor 39765-80-5 | 0.011 0.06 95 9.6 83 7.1 n 4.1
| ' A ’ 0.35 86 21.8 94 17.2 86 : 5.1
Simazine : 122349 68 25 99 - 83 » 9 9.2 o102 134
60 65 3.6 59 - 180 67 : 6.2 .
- Toxaphene . 8001-35-2 1.0 10 NA ' 12.6. ! Not listed Not listed 110 95 )
‘ 80 : NA 153 | Notlisted Notlisted |- 114 : 13.5
Aroclor 1016 12674-11-2 © 0.08 1.0 . NA 6.6 1 Not lisied Not listed 97 1.5
1 Aroclor 1221 11104-28-2 15.0 180 : . NA 8.3 Not listed Notilisted 92 1 9.6 . -
" Aroclor 1232 11141-16-5 0.48 39 NA 13.5 I Not listed Notlisted | . 86 7.3
Aroclor 1242+ 53469219 |  0.31 a1 NA 60 | WNotlisted | Notlised | 96 74
Aroclor 1248* 12672206 | 0.0z | 3.6 © NA s | Norlisted Notlisted | Not listed Not listed o
: 34 " Not listed Not listed | Not listed Not listed |, 84 9.9 :
Aroclor 1254* 11097-69-1 0.102 . 1.8 NA o104 Not listed Notlisted | Not listed Not listed
1.7 Not listed Not listed " Not listed » Not listed 85 11.8
Aroclor 1260* 11098-82-5 0.189 2.0 NA 20.7 " Not listed Not listed Not listed ‘Not listed
1.8 NA Not listed Not listed Not listed. 88 198
* Analytes targeted by the National Contaminated Sites R jialion-Program. i

505-12/18/91
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Comments on the Use of This Method:

Method detection limits (MDLs) for the organohalides and Aroclors are
highly dependent upon the characteristics of the gas chromatographic systemn

used. Analytes that are not separated chromatographically cannot be .

individually identified and used in the same calibration mixture or water

samples unless an alternative technique for identification and quantitation is

used, such as mass spectrometry. Note that one of the target analytes
(Aldrin) had somewhat low recovery from tap water (Aldrin) and another
(Heptachlor) had an abnormally high recovery from tap water. Aroclor 1248
also had a high percent relative standard deviation in reagent water. No

- explanation is offered in the method protocol for these anomalies.

' 505-12/18/91
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Reference:

Determination of Ni itrogen and Phosphorus -Containing Pesticides in Water by
Gas Chromatography with a Nitrogen- Phosphorus Detector. U.S. EPA
Method 507, Revision 2.0, 1989 :

Methods for the Deterrmnatlon of Orgamc Compounds in Dnnkmg Water,
EPA/600/4-88/039. U.S. EPA Enwronmental Monitoring . Systems

Laboratory, Cincinnati, OH, 45268 USA

Method Apphcabxhty

. This method is applicable to the determination of certain nitrogen and

phosphorus-containing pesticides in finished drinking water and groundwater.

Sample Preparation:

507-12/18/91

Samples collected for analysis using this method may be extracted using a
manual procedure oOr an automated procedure with a mechanical tumbler.
For the manual procedure mark the water meniscus or the samiple bottle for
later determination of sample volume. Fortify the sample with 50 uL of the
surrogate standatd solution and pour the sample into a 2 L separatory funnel.
Adjust the sample to pH 7 by adding 50 mL of phosphate buffer. Add 100
g NaCl to the sample, seal, and shake to dissolve salt.

Add 60 mL methylene chloride to the sample bottle, seal, and shake for 30
seconds to rinse walls. Transfer to the separatory funnel and extract the
sample by shaking vigorously for 2 minutes with periodic venting. - Allow the
orgamc layer to separate for a minimum of 10 minutes and collect the extract

- in a 500 mL Erlenmeyer flask. Repeat extraction twice more with 60 mL

volumes of methylene chloride. Determine sample volume by refilling sample
bottle to the mark and transfer to a 1000 mL graduated cylinder.

For the automated procedure, mark the water meniscus for sample volume
determination and fortify the sample with 50 uL of the surrogate standard
solution. Pour the sample into mechanical tumbler bottle and adjust it to pH

7 by adding 50 mL of phosphate buffer. Add 100 g NaCl to the sample, seal,
and shake it to dissolve salt.

~ Add 300 mL methylene chlonde to the sample bottle seal, and shake for 30

seconds to rinise walls.. Transfer the solvent to tumbler, seal, and shake for 10

seconds, venting periodically. Repeat shaking and venting until no pressure

22



release is observed. Reseal and place it in @ mixing device and tumble the
sample for 1 hour. Remove and pour contents int0 a 2 L separatory funnel
to allow the organic layer to separate for a minimum of 10 minutes. Collect
the methylene chloride extract in a 500 mL Erlenmeyer flask

Dry the extract from either procedure by pouring it through_ a solvent-r’inéed
drying column containing about 10 e¢m of anhydrous sodium sulfate. Collect

the extract in a Kuderna-Danish (K-D) concentrator and rinse the column

with 20-30 mL methylene chloride.

 Add 1to 2 ¢lean boiling stones to the eVap,orat?iVe‘ flask and attach a macro
~ Snyder column. Prewet the Snyder column by adding about 1 mL methylene

chloride to the top. Place the K-D apparatus on a hot water bath, 65 to 70°C,

so that the concentrator tube is partially immersed in the hot water, and the

entire lower rounded surface of the flask is bathed with hot vapor. Adjust the
vertical position of the apparatus and the water temperature as required to
complete the ¢oncéntration in 15 to 20 minutes. When the apparent volume

of liquid reaches 2 mL, removed the K-D apparatus and allow it to drain and -

cool for at least 10 minutes.

Remove the Snyder column and rinse the flask and its lower joint into the.

concentrator tube with 1 to 2 mL of methyl t-butyl ether (MTBE). Add 5-10
mL of MTBE and a fresh boiling stone. Attach a micro-Snyder column and
prewet with about 0.5 mL of MTBE. Place the micro K-D apparatus on the
water bath so that the concentrator tube is partially immersed in the hot
water. Adjust the vertical position of the- apparatus and the water

- temperature as required to complete concentration in 5 to 10 minutes. When

the apparent volume of liquid reaches 2 mL, remove the micro K-D from the

bath and allow it to drain and cool. Add 5-10-mL MTBE to the micro K-D-

and reconcentrate to 2 mL. Remove the micro K-D from the bath and allow

“it to drain and cool. Remove the micro Snyder column, and rinse the walls

of the concentrator tube while adjusting the volume to 5.0 mL with MTBE.

"NOTE: If methylene chloride is not completely removed from the final

extract, it may cause detector problems. Transfer extract to a screw-cap vial
and store at 4°C until analysis.

Instrumental Analysis:

| 507-12/18/91

Inject 2 uL of the sample extract into the gas chromatographic system. If the
response for the peak exceeds the working range of the system, dilute the
extract and reanalyze. Alternative techniques such as an alternate detector

or second chromatography column should be used to confirm peak
 identification when sample components are not. resolved adequately.

23
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Instrumentation Required:

Interferences:

Gas Chromatograph System equlpped with a mtrogen phosphorus detector
(NPD). Column #1: 30 M x 0.25 mm ID DB-S bonded fused silica column,
0.25 um film thickness, or equivalent; Column #2: 30 M x 0.25 mm ID DB-
1701 bonded fused silica column, 0.25 pmi film thickness, or equivalent.

. Method interferences may be caused by contaminants in solvents, reagents,
_ glassware, and other sample processing apparatus. All reagents and apparatus

must be routinely demonstrated to be free from interferences by running
laboratory reagent blanks. Interfenng contamination may occur when a
sample containing low concentrations of analytes is analyzed immediately
following a sample containing relatively high concentrations. One or more
injections of MTBE should be made following the analy51s of a sample with

- high concentrations of analytes:

Matrix interferences may be caused by contaminants that are co-extracted
from the sample. The extent of matrix interferences will vary considerably
from source to source, depending upon the water sampled Further
processing of sample extracts may be necessary.

* Quality Control Requirements:

Minimum quality control (QC) requirements are initial demonstration of
laboratory capability, determination of surrogate compound recoveries in each
sample and blank, monitoring internal standard peak area or height in each
sample and blank, analysis of laboratory reagent blanks, laboratory fortified
samples laboratory fortified blanks, and QC samples. A laboratory reagent
blank is analyzed to demonstrate that all glassware and reagent interferences
are under control.

Initial demonstration of capability is fulfilled by analyzing four fortified
reagent water samples with recovery value for each analyte following with the
acceptable range (+ 30% average recovery). Surrogate recoveries from
samples or method blanks must be 70-130%. The internal standard response

for any sample chromatogram should not deviate from the daily calibratior
- check standard’s internal standard response by more than 30% or laboratory

507-12/18/9

fortified blanks and sample matrices - are used to assess laboratory
performance and analyte recovery, respectively.
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Comparison With Other Methods:

There are no other methods to which this method is compared. It only serves
one of the pesticides of interest and only on aqueous samples..

Analytes Covered by This Method:
Method 507 covers 46 nitrogen- and phosphorus-containing pesticides

including one compound, diazinon, which is of interest to the National
Contaminated Sites Remediation Program, as shown in Table 5.

507-12/18/91 25

> .



oRPORAYION

Table 5. Analytes Covered Using U.S. EPA Method 507, Rev. 2

: Limiit Concentration (% of (Rel. Std.
Analyte Name - CAS No. rg/L Used True Value) Dev. %)

. Alachlor 15972-60-8 0.38 | 38 95 11
Ametryn 834-12-8 2 20 91 10
Atraton 161079 06 6 91 11
Atrazine 1912-24-9 0.13 13 92 8
Bromocil ‘ 314-40-9 23 25 91 ”9
Butachlor 23184669 | 038 38 % 4
Butylate ‘ 200841-5 0.15 15 97 21
Carboxin 5234-68-5 06 6 102 4
ChIArpmpham 101-21-3 05 5 93 11
Cycloate 1134232 ozs 25" 89 9
Diazinon* 333415 0.25 25 115 7
Dichloroos 62:73-7 25 25 97 6
Diphenamid 957.51-7 06 6 93 s
Disulfoton 298-044 03 3 89 10
D_isulfotén sx;ifor;e 2497-06-5 38 75 98 o 710'
Disuifoton sulfoxide | 2497-07-6 038 18 87 1
EPTC ' 759-94-4 025 25 g5 9
Ethoprop 13194484 019 19 103 5
Fenamiphos ‘ 22224-92-6.« 1 10 ’ 90 8
Fenariniol 60168-88-9 038 ; 38 9 5
Hu;'idone . 59756-60-4 38 38 87 9
Hexazinone 51235-64-2 0.76 V 7.6 90 7 ~
Meérphos  150-50-5 025 25’ 9 g
Methyl pamox;aé: V 950-35-6 25 25 98 10

' Metholachlor 5121845-2 075 75 93 a

" Mé:ﬁbuzm | 21087-64-9 015 15 101 5
Mevinphos 7786-34-7 5 . 50 ) 957 N 11
MGK 264 113484 05 5 100 "
Molinate 2212-67-1 0.15 13 98 18
Napropamide 15299-99-7 0.25 25 l(;1 -6
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Table 5 - Continued

—_—————————————————— ——————
. Est. Det. Accuracy Precision
: Limit Concentration - (%of (Rel. Std.
Analyte Name o CA_S No. = | pg/L ‘ Used - True Value) Dev. %)
L u/L B
Norflurazon '~ | 27314-13-2 '405‘ 5 % o 5
Pebulate 14712 | o013 - 13 94 9
_Prometon ) w080 oz |3 S 9
Prometryn T287-19-6 019 |19 % ) 8
Pronamide o '239.50-58-5“ 0.76 ' 7.6 o 91 ‘ o 10
Propazine w42 o |13 e s
Six_nazige | mms oo 075 0w I
| Simetryn ] 1014706 | 025 | 25 R
VSt>irofos; C 22243-75.9 0.76 76 % 6
| Teouthiwron | som181 | 13 I T
 Terbaci Csoo2st2 _4_5‘ ’ 45 : 97 A 6
Terbufos 13071-79-9 o5 5 e e
Terfu:&n T ss&so-o N é.zs 25 . 9% : 9
Triademefon | 43121433 0.65 des |3 _ 8
Triylozole | es14m2 |1 |1 s |7
>Vemola_te | 1929-77-7 ] _OE 1.—3- ‘ 93 ‘ ) 6

* Analyte targeted by the National Contaminated Sites R,eﬁ)edia;,i_on Program.

**  Estimated detection limit defined as cither Méthod Detection Limit (MDL) or a level of compound in a sample yielding a peak.in
the final extract with signal-to-noise ratio of -approximately 5, whichever value is higher.

Comments on Use of This Method:

This method has been validated in a single laboratory and estimated detection limits
(EDLs) have been determined for each analyte, as shown in Table 5. Observed
detection limits may vary among waters, depending upon the nature of the interferences
in the sample matrix and the specific instrumentation used. Analytes that are not
separated chromatographically cannot be individually identified and measured unless an
alternative technique for idertification and quantitation exist.

507-12/18/91 27
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‘Title:

Determination of Chlorinated Acids in Water by Gas Chromatography with an Electron
Capture Detector. U.S. EPA Method 515.1, Revision 4.0, 1989.

Reference:

Methods for the Determination of Organic Compounds in Drinking Water, EPA/600/4-
88/039. U.S. EPA Environmental Monitoring Systems Laboratory, Cincinnati, OH,
45268, USA.

Method Applicability:

This method is apphcable to the determination of certam chlorinated acids in finished
drinking water and groundwater.

S,ample Preparation:

For manual hydrolysis, preparation and extraction, mark the water meniscus on the side
of the sample bottle for later determination of sample volume. Pour entire contents
into a 2 L separatory funnel and fortify sample with 50 uL of the surrogate standard
solution. Add 250 g NaCl to the sample, seal, and shake to dissolve the salt. Add 17
mL of 6N NaOH to the sample, seal, and shake. Check pH and continue adding more
6N NaOH until pH > 12. Let the sample set at room temperature for 1 hour, shaking
-contents periodically.

Add 60 mL methylene chloride to the sample bottle, transfer to a separatory funnel and
extract the sample by vigorously shaking the funnel for 2 minutes with periodic venting.
Allow the organic layer to separate for a minimum of 10 minutes and discard the
methylene chloride phase. Repeat the extraction twice more with 60 mL volumes of
methylene chloride, discarding methylene chloride each time. Add 17 mL of 12N H,SO;
to the sample seal, and shake to mix it agam Check the pH and continue adding 12N
H,SO, until pH < 2.

Add 120 mL of ethyl ether to the sample, seal, and extract for 2 minutes. Allow the

- organic layer to separate for a minimum of 10 minutes. Remove the aqueous phase to
a 2 L Erlenmeyer flask and collect the ethyl ether phase in a 500 mL round bottom
flask containing about 10 g of acidified anhydrous sodium sulfate. Penodlcally,
vigorously shake the sample and drying agent. Allow the extract to remain in contact
with the sodium sulfate for about 2 hours. Return the aqueous phase to the separatory
funnel and repeat the extraction twice more with 60 mL volumes of ethyl ether.
Determine the original sample volume by refilling the sample bottle to the meniscus
mark and transfernng to a 1000 mL graduated cylinder.
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Pour the dried extract through a funnel plugged with acxd-washed glass wool and collect
in a Kuderna-Danish (K-D) concentrator. Rinse the round bottom flask and funnel with
20 - 30 mL of ethyl ether.

. Add 1 to 2 clean boiling stones to the evaporative flask and attach a macro Snyder
column. Prewet the Snyder column by adding about 1 mL of ethyl ether to the top.
_Place the K-D appararus on a hot water bath, 60 to 65°C, so that the concentrator tube
is partially immersed in the hot water and the entire lower rounded surface of the flask
is bathed with hot vapor. When the apparent volume of liquid has reached 1 mlL,
remove the K-D apparatus and allow it to drain and cool for at least 10 minutes.

Remove the Snyder column and rinse the flask and its lower joint into the concentrator
tube with 1 to 2 mL of ethyl ether then add 2 mL of MTBE and a fresh boiling stone.
‘Attach a micro Snyder column and prewet with about 0.5 mL ethyl ether. Concentrate
the liquid to 0.5 mL, remove the addition and allow it to cool. Remove the micro
- Smyder column and-add 250 xL methanol. Rinse the walls of the tube while adjusting
the volume to either 5.0 mL or 4.5 mL with MTBE, depending on whether the
pesticides will be estenfled using gaseous d1azomethane or dlazomethane solution,
respectively. : :

Esterify acids using either gaseous diazomethane or a diazomethane solution. Adjust
sample volume to 5.0 mL with MTBE. Transfer the methylated sample to a Florisil
column that has been: pre-eluted with 5 mL of 5% methanol in MTBE. Collect the
sample eluate in K-D tube and add 1 mL of 5% methanol in mtheyl t-butyl ether
(MTBE) to sample container to rinse walls, elute and collect it in a K-D tube. Repeat
with 1 mL and 3 mL aliquots of 5% methanol in MTBE and collect in K-D tube.

Instrumental Analysis:

Inject 2 p.L of the sample extract into gas chromatographic system. - If the response for
the peak exceeds the working range of the system, dilute the extract and reanalyze. If

. the internal standard calibration procedure is used, fortify the extract with 25 uL of
internal standard solution, thoroughly mix the sample and analyze it.

Instrumentation Required:
Gas Chromatograph "System equipped with an electron capture detector (ECD).
Column #1: 30 M x 025 mm ID DB-S bonded fused silica column, 0.25 ym film

- thickness, or equivalent; Column #2: 30 M x 0.25 mm ID DB-1701 bonded fused silica
column 0.25 pm film thickness, or equivalent. o ‘
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Interferences-

Method mterferences may be caused by contaxmnants in solvents, reagents, glassware,
and other sample processing apparatus. All reagents and apparatus must be routinely
demonstrated to be free from interferences by running laboratory reagent blanks. The
-acid forms of the analytes are strong organic acids which react readily with alkaline
substances. Rinse glassware and glass wool with IN HCI and acidify sodium sulfate with

H,SO,.

Organic acids and phenols, especially chlorinated compounds, cause the most direct
interference with the determination. Interferences by phthalate esters can pose a major
problem when using the ECD. Interfenng contamination may occur when a sample with-
low concentrations of analytes is analyzed immediately following a sample with high
concentrations. One or more injections of MTBE should be made following the analysis
of samples with high concentratlons of analytes.

Quality Control Requirements:

~ Minimum quality control (QC) requirements are initial demonstration of laboratory

capability, determination of surrogate compound recoveries in each sample and blank,
monitoring internal standard peak area or height in each sample and blank, analysis of -
laboratory reagent blanks, laboratory fortified samples, laboratory fortified blanks, and
QC samples. A laboratory reagent blank is analyzed to demonstrate that all glassware

- and reagent interferences are under control.

Initial demonstration of capability is fulfilled by analyzing four fortified reagent water
samples with recovery value for each analyte following with the acceptable range (+

' 30% average recovery). Surrogate recoveries from samples or method blanks must be

70-130%. The internal standard response for any sample chromatogram should not
deviate from the daily calibration check standard’s internal standard response by more

- than 30% or laboratory fortified blanks and sample matrices are used to assess

laboratory performance and analyte recovery, respectively.

Comparison with Other Methods:

5185,

There are no other methods summarized. This and pentachlorophenol are the only
compounds on the list of analytes for whlch this method is. applicable and it is limited
to aqueous samples.
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Analytes Covered by This Method:

Method 515.1 covers 17 chlorinated acids. inéluding 2 compounds,
~ pentachlorophenol, which are of interest to the National Contammated Sites

‘Remediation Program, as shown in Table 6.

2,4-D and

Table 6. Analytes Covered Using U.S. EPA Method 515.1, Rev. 4

*

_ " Accaracy :
‘ Est. Det. o (% of Precision
L : B Limit Concentration | = True (Rel. Std.
. Analyte Name - CAS No. pgfLs* Used” | Valie) . Dev. %)
Acifluorfen 50594666 | 0096 0.2 121 157
Bentazon 25057-89-0 02 1 120 | 168
 Chloramben 133904 o003 | o4 1 144
_‘z,ggepj'; o 94-75-7 0.2 e 131 27.5 |
Dalapon - »‘.75-99-0 13 10 100 20.0
24DB 94-82-6 0.8 4 g7 131
DCPA acid metabolites | 0.02 02 74 9.7
Dicamba ' 1918-40-9 |.  0.081 04 Bs 24
3,5"-Di_chlqg§benzoi},‘ acid 51-36-5 0.061 | 06 1w 163
Dichlorprop 120-36-5 0.26 Ca 107 203
Dinoseb 8887|014 0.4 . 143
5- Hydroxydlcamba 7600-50-2 0.04 0.2 103 ;_’ _16.5 .
4-Nitrophenol | : 100-02-7 013 | .1 131 23;67 o
Péntachlorophenol* . 87-86-5 0.076 | 0-.704_ |  ” 130 312
Pidoram _ 1918-02-1 0.4 0.6 o 155
245T 9765|008 04 117 164
| 245- P ] ,_9},72-1 0.075 02

Y 308

" Analytes targeted by the National Contaminated Sites Remediation Program.

x* Estimated detection limit defined as either Method Detection Limit (MDL) or a level of compound in
a sample yielding a peak in the final extract with sngnal to-noise ratio of approximately 5, whichever value

is hlgher

578.7-12/18/91
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Comments on Use of This Method:

This method has been validated in a single laboratory and estimated detection limits
(EDLs) have been determined for each analyte, as shown in Table 6. Observed
detection limits may vary among waters, depending upon the nature of the
interferences in the sample matrix and the specific instrumentation used. Analytes
that are not separated chromatographically cannot be' individually identified and
measured unless an alternative technique for identification and quantitation exist.
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Title'

Measurement of Purgeable Orgamc Compounds in Water by Capillary Column
GC/MS US EPA Method 524.2, Revision 3.0, 1989.

Reference:
Methods for the Determination of Organic Compounds in Dnnkuig Water. 'EPA-

600/4-88/039. US EPA. 1983. Method 524.2, Revision 3.0 (1989) Environmental
“Monitoring System Laboratory, Cincinnati, Ohio.

‘Method Applicability:

- Drinking water and raw source water. The latter should include most surface water
and groundwater sources.

Sample Preparation:

Remove the plungers from two 25 mL (or 5 mL depending on sample size) syringes
and attach a closed syringe valve to éach. Warm the sample to room temperature,
open the sample bottle, and carefully pour the sample into one of the syringe barrels
to just short of overflowing. Replace the syringe plunger, invert the syringe, and
compress the sample. Open the syringe valve and vent any residual air while adjusting
the sample volume to 25.0 mL (or 5 mL). For samples and blanks, add S xL of the
fortification solution containing the internal standard and the surrogates to the sample
through the syringe valve. For calibration standards and laboratory fortified blanks,
add 5 uL of the fortification solution containing the internal standard only. Close the
valve. Fill the second synnge in an identical manner from the same sample bottle.
Reserve this'second syringe for a reanaly51s if necessary

Instrumental Analysis:

An inert gas (zero grade nitrogen or helium) is bubbled through a 25 mL or a S mL
water sample (depending on the expected concentration of the analytes). Purged
‘sample components are trapped in a tube of sorbent materials. When purging is
- complete, the sorbent tube is heated and backflushed with hehum to ‘desorb the
trapped sample onto a capillary GC column

Instrumentation Requnred°
Gas Chromatography/ Mass Spectrometry/Data System. Column #1: VOCOL glass

wide bore capillary column; Column #2: DB-624 fused silica capillary column; Column
#3: DB-5 fused silica capillary column. Also required is an all-glass 25 mL or 5 mL
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purging dewse a sorbent trap, and a thermal desorption apparatus which is connected
to the GC/MS system.

~ Interferences:

Impurities in the purge gas and from organic compounds out-gassing from the plumbing

ahead of the trap account for many contamination problems. The analytical system

must be demonstrated to be free from contamination under the conditions of the
- analysis by running laboratory reagent blanks. The use of non-PTFE plasnc coatmg,

non-PTFE thread sealants, or flow controllers with rubber components in the purging
~ device should be avoided.

»I‘nterferences purged or coextracted from the samples will vary considerably from
source to source, depending upon the particular sample or extract being tested.
Method blanks prepared from reagent water and analyzed under the same conditions

" as the samples can identify these interferences. Cross-contamination can -occur
whenever high-level and low-level samples are analyzed sequentially. Whenever an
unusually concentrated sample is analyzed, it should be followed by the analysis of
method blanks to check for cross-contamination. The purge-and-trap system may
require extensive bake-out and cleaning after a high-level sample.

Samples also can be contaminated by diffusion of volatile organics (particularly
methylene chloride and fluorocarbons) through the septum seal into the sample during
shipment and storage. A field blank prepared from reagent water and carried through
the sampling and handling protocol can serve as a check on such contamination. The

- laboratory where volatile analysis is performed and also the refngerated storage area
should be completely free of solvents.

Quality Control Réqilireme‘nts:

As an initial dernonstratlon of lab accuracy and precision, analyze 4 to 7 replicates of
a.lab fortified blank containing analyte at 0.2 - 5 pg/L. Collect all samples in
duplicate. Surrogate analytes (similar to those of the analytes of interest), whose
concentration is known in every sample, are measured using the same internal standard
calibration procedure. Duplicate field reagent water blanks (trip blanks) must be
analyzed with each set of samples, laboratory reagent blanks (method blanks) must be
analyzed with each batch of samples processed as a group within a work shift. Also,
a single laboratory-fortified blank that contains each of the analytes of interest should
be analyzed with each batch of samples processed as a group within a work shift. A
3 to 5 point cahbratlon curve is needed depending on the calibration range factor
requlred
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- Advantages and Disadvantages with Other Me‘th‘lo‘as;v. |

This method uses capillary GC columhs which provide excellent chromatographic

Tresolution of 60 volatile organic compounds. It also uses a mass spectrometer with a

data system to provide excellent specificity for analyte identification and good

sensitivity. Furthermore, the purge-and-trap technique requires little in the way of

sample preparation and accommodates most water matrices.

Its advantage over GC methods with less selective detectors (such as EPA Methods
502.2 and EPA Method 8020 which use photoionization detéctors (PIDs)) is that it will
usually produce fewer false positives because of its greater selectivity. Its disadvantage
over these same methods is greater capital expense for the instrumentation, a higher
degree of technical expertise will be required to perform the analyses and a resulting
higher cost of analysis. ‘ ‘

Its disadvantage, in comparison to EPA Method 8240 is that_ the latter may also be
used with soil and sediment matrices whereas Method 524.2 is limited to relatively
clean water matrices. ‘

Analytes Covered by this Method:

Method 524.2 covers 60 volatile organic compounds including all of the monocyclic
aromatic hydrocarbons, naphthalene and 17 of the chlorinated hydrocarbons that are
of interest to the National Contaminated Sites Remediation Program as shown in
Table 7.
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Table 7. Analytes Covered Using U.S. EPA Method 524.2, Rev. 3

 METHOD | MEAN | : .

' DET. | ACCURACY | PRECISION
4 | RANGE | LIMIT | (%ofTrue | (Rel Std.
~ ANALYTENAME . | CASNO. | g/l | @g/L) | Value) Dev. %)
Benzene®* | 72| o110 004 | - 97| 57
Bromobenzene 10sse1| o110 | om3| 100 55
Bromochloromethane - | 7497-5| 0510 |- 004 90 64
- Bromodichloromethane =~ 75274 | 0110 0;._08‘ - 95 6.1
Bromoform 75252 | 0510 0.12 101 63
'Bromomethane o 74839 | 05.10 0.11 - 95 8.2

n-Butylbenzene ' 104—51-8 , _0.5‘_-10. _ 011 _ 100 | 7.6‘ |
sec-Butylbenzene 135.988 | 0510 013 | 100 76
tert-Butylbenzene . 98-06-6 | 0.5-10 014 | 12 73
Carbon tetrachloride* | 56-23:5| 0510 021 84 838
Chlorobenzene* 1 108-90-7 0.1-10 0.04 | 98 59
Chloroethane | 75003 05100 | 010 89 9.0
Chloroform* - 6766-3| 0510 | 0.03 90| 61

Chloromethane | 74873| 0510 0.13 93 89
2-Chlorotoluene 95498 0.1-10° 70.04 90 | 6.2
#Chlor;)toluene 106-43-4 0.1-10 0.06 | 99 83
Dibromochloromethane - 124-48-1 0.1-10 o005 921 170
1,2-"Dibr6mo-3;€H§r;>pfiopanc - 96-12-8 K 07.5;:--1.0 0.26 ' g | 199
1,2-Dibromoethane 106-93-4 | 0.5-10 006 102 39
Dibromomethane | 74953| 0510 | 02| 10| 56
.~1,2-Di_chlorobenzenef‘ _ 95-50-1 | 0.1-10 03y 931 6.2
1,3-Dichlorobenzene® samer| o050 | o 9% 69
1,4-Dichlorobenzene* 106-46-7 | 0.2-20 003 | 103 6.4
quic_hlo,rodiﬂuoromethane | 75-71-8 0.5-10 0.10 9% 1.7
1,1-Dichloroethane® | 75-3¢-3 | 0.5-10 0.04 9% 53
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Tabalé' 7- Con,tgix;:ﬁ"'ed'

|

METHOD

MEAN

o " DET.. | ACCURACY | PRECISION
o o RANGE | LIMIT | (%ofTrue | (Rel. Std.
ANALYTE NAME CASNO. | g/l @g/L) Value) Dev. %)
1,2-Dichloroethane* 107-062 |  0.1-10 0.06 95| 54
1,1-Dichloroethene* 75-35-4 01-10 i M_.(‘)b.172 94 . 6.7
¢is-1,2-Dichloroethene* 156-594| 0510 | 012 101 6.7
trans-12-Dichloroethene® | 156-60-5|  0.1-10 0.06 93 56
1,2 Dichloropropane® 78-87-5 |  0.1-10 0.04 97 6.1
1,3-Dichloropropane 142,-28-91 “ 0;1:-10 0.04 96 60
2,2-Dichloropropane 590-20-7 05-10 035 86 ‘ 169
1,1-Dichloropropene 563-58-6 -0:5.-10 0.10 98 -89
ds-l,3-DiéMor§;';ropene‘ 10061-01-5 ‘Nog_ljsted_, Not iiéted Noi hsted B ch)tA listed
trans-1,3-Dichloropropene* 10061-02;6. Not listed | Not Iiste.d Not listed Not listed
Ethylbenzene* 100414 | 01-10 006 | 99| 8.6
Hexachlorobuta'dieqe | 87-68-3 05-10- * O.Ii 100 6.8
I:soprop)"vl_ﬁen_zen_e 98-82-8 0.5-10 0.15 101 7.6
4-Isopr6pyltqlue_ne %9.87-6 0.1-10 0.12 99 67
Methyiene chloride* 75-092 |  0.1-10 003 95 53
~Naphthalene* -91-20:3 0.1-100 0.04 104 82
| rn-Propyll;e‘nzene 103-65-1|  0.1-10 0.04 100 58
Styrene* 100-42-5 [  0.1-100 004 | 102 72
1,1,1,2-Tetrachloroethane 630-206 |  0.5-10 005 | 9% 6.8
1,1,2,2-Tetrachioroethane® 79345 | 01-10 0.04 91 63
Tetrachloroethene* 127-18-4 0.5-10 014 89 6.8
Toluene* 108883 | 0510 011 102 8.0
1,23-Trichlorobenzene* 87616 | 0.5:10 0.03 109 8.6
12,4 Trichlorobenzene® 120-82-1 |  0.5-10 0.04 108 83
1,1,1-Trichloroethane® 71.556 | 0510 008 %8 81
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‘Table 7 - Continued

* " Analytes targeted by the National Contaminated Sntes Remedxaonn_ProgramA

METHOD MEAN
' DET. | ACCURACY| PRECISION
R RANGE CLIMIT | (% of True |  (Rel Std.
ANALYTE NAME | CAS NO. ug/L @g/L) |  Value) ‘Dev. %)
1,1,2-Trichloroethane® 79-00-5| 0510 0.10 04| 73
Trichlorocthene* 79-61&6 | 0510 0.19 90 73
Trichloroflucromethane 75-69-4 | .0.5-10 - 0.08 89 8.1
1,2,}Tri§h10robropa‘ne » 96- 18-4 | -0.5:10 032 108 14.4
1,2,4-Trimethylbenzene . 95636 0.5-10 0.13 99 8.1
1,3,5-Trimethylbenzene 108-67-8 |  0.5-10 0.05 92 74
Vinyl Chloride 75-01-4 Cos0 | 017 08 6.7
o-Xylene* 95-47-6 0131 | 0.11 103 712
‘m-Xylene‘ - -108-35-3 0110 |  o00s| o7 6.5
p-Xylene 106-42-3 | 0.5-10 0.13

Note: Data were obtained from 16-31 determinations using a wide-bore capillary column and a jet
separator interfaced to a quadrupole mass spectrometer. All analytes were in a reagent water
matrix. _

Comme'ﬁts on Use of this Method:

Method Detection Limits (MDLs) are compound and instrument dependent, arid may -

vary from approximately 0.02 - 0.35 ug/L. Note in the table above that'the "true"
concentration range used for accuracy and precision measurements was quite narrow.
However, the applicable concentration range of this method is primarily column
dependent and is approximately 0.02 to 200 ug/L for the wide-bore thick-film columns.
Narrow-bore thin-film columns may have a capacity which limits the range to about

0.02to 20 ug/L. Analytes that are inefficiently purged from water will not be detected

when present at low concentrations, but they can be measured with acceptable accuracy
and prec151on when present in sufficient amounts.

Analytes that are not separated chromatographlcally, but Wthh have different mass
spectra and non-interfering quantitation ions, can be identified and measured in the
~ same calibration mixture or water sample. Analytes which have very similar mass
spectra cannot be individually identified and measured in the same calibration mixture
or water samples unless they have different retention times. Co-eluting compounds
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with very similar mass spectra, typrcally rnany structural isomers, must be reported as
an isomeric group or pair. Two of the three isomeric xylenes and two of the three
dichlorobenzenes are examples of structural isomers that may not be resolved on the
capillary column, and if not, must be reported as isomeric pairs.

Fmally, note that all of the MDLs are determined using reagent water In addition to
being compound and instrument dependent, MDLs may be matrix dependent
Therefore, new MDLs should be determined on the matrix being analyzed if it is
anything other than relatively clean surface water or groundwater. Sample matrix
effects have been documented to not notrceably affect surface, ground, or drinking
water sample analyses.
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Title:

Measurement of N-Methylcarbemoyloxlmes and N-Methylcarbamates in Water by

Direct Aqueous Injection HPLC with Post Column Derivatization. U.S. EPA Method
531.1, Revision 3.0, 1989. :

Reference:

Methods for the Deterrmnatlon of Organic Compounds in Drinking Water,
EPA/600/4-88/039. U.S. EPA Environmental Monitoring Systems Laboratory,
Cincinnati, OH, 45268, USA. - 4

Method App‘licability:

This method is applicable to the determination of certain N-methylcarbanoyloximes and .
N-methylcarbamates in finished drinking water and groundwater.

Sample Pr‘epératio‘n:

Adjust the pH of the sample to pH 3 + 0.2 by adding 1.5 mL of 25 M
monochloroacetic acid buffer to each 50 mL of sample, if not previously done during
sample collection. Fill a 50 mL volumetric flask to the mark with the sample. Add 5

pL of the internal standard fortification solution.

Affix the three-way valve to a 10 mL syringe and place a clear filter in the filter holder.

- Affix the filter holder and the 7 to 10 cm syringe needle to the syringe valve. Prewet

the filter by passing 5 mL of reagent water through the filter. Draw 10 mL of sample
into the syringe, expel through the filter, and collect the last 5 mL for analysis. Rinse-

- the syringe with reagent water and discard the filter.

Instrumental Analysis:

Inject 400 yL of the sample into the high performance hquld chromatograph (HPLC)
where separation of analytes is achieved using gradient elution chromatography. If the
response for the peak exceed the working range of the system, dilute the sample with
pH 3 buffered reagent water and reanalyze. ‘

After elution from the HPLC column, the analytes are hydrolyzed with 0.05N sodium
hydroxide at 95°C in the post column reactor. The methyl amine formed during
hydrolysis is reacted with o- phthalaldehyde and 2-mercaptoethanol to form a highly
fluorescent derivative which is detected by a ﬂuorescence detector.
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Instmment_ation Required:

High Performance Liquid Chromatograph (HPLC) system capable of performing binary
linear gradients at a constant flow rate and equipped with a post column reactor and
a fluorescence detector. Column #1: 150 mm x 3.9 mm ID stainless steel packed with
4 pm NovaPak C18; Column #2: 250 mm x 4.6 mm ID stainless steel packed with 5 um

Beckman Ultrasphere ODS; Column #3: 250 mm x 4.6 mm ID stainless steel packed
with § um Supelco LC-1.

Interferences'

- Method interferences may be caused by contaminants in solvents, reagents, glassware
and other sample processing apparatus. All reagents and apparatus must be routinely
demonstrated to be free from interferences by running laboratory reagent blanks.
Interfering contamination may occur when a sample containing low concentrations of
analytes is analyzed immediately following a sample containing relatively high
concentrations. One or more laboratory method blanks should be analyzed followmg :
the analysis of a sample with high concentration of analytes.

Matrix interference may be caused by contaminants that are present in the sample.
The extent of matrix interference will vary considerably from source to source,
depending on the water sampled.

- Quality Control Requirements:

Minimum quality control (QC) requirements are initial demonstration of laboratory
capability, determination of surrogate compound recoveries in each sample and blank,
monitoring internal standard peak area or height in each sample and blank, analysis
of laboratory reagent blanks, laboratory fortified samples laboratory fortified blanks,

and QC samples. A laboratory reagent blank is analyzed to demonstrate that all
glassware and reagent interferences are under control.

Initial demonstration of capability is fulfilled by analyzing four fortified reagent water
samplés with recovery value for each analyte following with the acceptable range (+
30% average recovery). Surrogate recoveries from samples or method blanks must be
70-130%. The internal standard response for any sample chromatogram should not
deviate from the daily calibration check standard’s internal standard response by more

- than 30% or laboratory fortified blanks and sample matrices are used to assess
laboratory performance and analyte recovery, respectively.

_ - \
' \ L
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Comparison with Other Methods:
There are no o'therA methods summarized for carbaryl and carbofuran.
Analytes Covered by This Method:

Method 531.1 covers 10 N-methylcarbamoyloximes and N-methylcarbamate compouhds
including two compounds, carbaryl-and carbofuran, which are of interested to the

National Contaminated Sites Remediation Program, as shown in Table 8.

Table 8. Analytes Covered Usin‘g U.E. EPA Method 531.1, Rev. 3

- -’ ¢ - . ;
A _ 4 ¥

*%

10

. Analytes targeted by the National Contaminated Sites Remediation Program

Est. Det. ~ Accuracy Precision
. ‘ Limit Concentration | (% of " (Rel Std.
Analyte Name - CAS No. ag/L** Used * True Value) Dev. %)
o - . ng/L
Aldicarb 116-06-3| . 10 5 115 35
'Aldicarb sulfone 1646-88-4 N 20 _ 10 10 4.0
Aldicarb sulfoxide - | 1646-87-3 20 10 97 49
‘Baygon 114-26-1 10 5 106 32
Carbaryl* 63-25-2 20 10 97 58
_Carbofuran* 1563-66-2 15 7.5 102 5.1
3-Hydroxycarbofuran | 16655-82-6| .20 10 102 A4,._1
Methiocarb 2032657 4.0 20 94 ' 19
| Methomyl 16752-77-5 0.5 25 105 N 42
| Oxamyl BB520| 20 100 4.0

Estimated detection limit defined as Method Detection Limit (MDL) or a level of compound in a sample

yielding a peak in the final extract with signal-to-noise of approximately 5, whichever is higher.

$31.1-12/18/91
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Comments on Use of This Method:

This method has been validated in a single laboratory and estimated detection limits

(EDLs) have been determined for each analyte, as shown in Table 8. Observed

detection limits may vary among waters, depending upon the nature of the
interferences in the sample matrix and the specific instrumentation used. Analytes
that are not separated chromatographically cannot be individually identified and
measured unless an alternative technique for identification and quantitation exist.
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Purge and Trap Gas Chromatographic Method II, Method 6220C for Purgeable
Aromatic and Unsaturated Compounds "

Reference:

Standard Methods for the Examination of Water and Wastewater, 17th Ed. 1989.
American Public Health Association. :

Method Applicability:

This method is applicable to the determination of purgeable aromatic and unsaturated
compounds in finished drinking water, raw source water, or drinking water in any

treatment stage. It is, however, not applicable to styrene in chlorinated drinking water

because of its rapid oxidation rate.

~Sample Preparation:

. Remove the plungers from two 5-mL syringes and attach a closed syringe valve to

each. Warm the sample to room temperature, open the sample bottle, and carefully
pour the sample into one of the syringe barrels to just short of overflowing.” Replace
the syringe plunger, invert the syringe, and compress the sample. Open the syringe
valve and vent any residual air while adjusting the sample volume to 5 mL. For
samples and blanks, add 10.0 . L of the surrogate addition solution and 10.0 L of the
internal standard addition solution to the sample through the syringe valve. Close the
valve. Fill the second syringe in an identical manner from the same sample bottle.
Reserve this second syringe for a reanalysis if necessary.

Instrumental Analysis:

An inert gas (zero grade nitrogen or helium) is bubbled through the sample. Attach
the syringe-syringe assembly to syringe valve on purging device. Purge sample for 12.0
* 0.1 min. at ambient temperature. Purged sample components are trapped in a tube
of sorbent materials. When purging is complete, the sorbent tube is heated and
backflushed to desorb the trapped sample onto a GC column.

Instrumentation Required:

Gas Chromatography System equipped with a photoionization detector (PID).
Column #1: 1.5-2.5 m'x 2.2 mm ID stainless steel or glass, packed with 5% SP-1000
and 1.75% Bentone-34 on Supelcoport (100/120 mesh); Column #2: 1.5-2.5 m x 2.2
mm ID stainless steel or glass, packed with 5% 1,2,3-tris(2-cyanoethoxy) propane on
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Chromosorb W-AW (60/80 mesh). Also requlred is a S mL purging dev1ce a sorbent
trap, and thermal desorptlon apparatus.

Interferences: ,

Impurities in the purge gas and organic compounds outgassmg from the plumbing
ahead of the trap account for most contamination problems. Demonstrate that the
system is free from contamination under operational conditions by analyzing method
blanks daily. Avoid using non-PTFE plastlc tubing, non-PTFE thread sealants, or flow
controllers with rubber components in the purge and trap system.

Samples can be contaminated by diffusion of volatile organics (particularly
fluorocarbons and methylene chloride) through the septum seal during shipment and
storage. Use a field reagent blank prepared from reagent water and carried through
the sampling and handling procedure as a check on such contammanon

Contamination by carryover can occur whenever high-level and low-level
concentration samples are analyzed sequentially. To reduce carryover, rinse purging
device and sample syringe with reagent water between samples. Follow analysis of
an unusually concentrated sample with an analysis of reagent water to check for cross-
contamination. For samples containing large amounts of ‘water-soluble materials,
suspended solids, mgh boiling compounds, or high levels of the subject group of
compounds, wash purging device with a detergent solution, rinse it with distilled water,
and then dry it in an oven at 105° C between analyses. The trap and other parts of
the system also are subject to contamination; therefore, frequently bake and purge the
entire system. Loss of volanle constituents is also an unportant source of error.

Quality Control Requirements:

Before processing any samples, the analyst should demonstrate, through the analysis
of a reagent water blank, that interferences from the analytical system, glassware, and
reagents are under control. Demonstrate through the analysis of quality control check
standards that the measurement system is in control. AnalyZe check standards
equivalent to 109% of all samples analyzed. Acceptable recovery is 60% to 140% of
the expected value. '

-Comparison with Other Methods:
The main advantage of this method is the lower cost of equipment. However,

disadvantages include the lack of MDL data and less spec1ﬁc1ty of the PID as'
compared to mass spectrometric methods.
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Analytes Covered by This Method:

Method 6220C covers 28 volatile organic édmpounds including all 11 of the
monocyclic aromatic hydrocarbons and 4 of the chlorinated hydrocarbons that are of
' interest to the National Contaminated Sites Remediation Program as shown in Table
9. :
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Table 9. ‘Analytes Covered Using SM Method 6220C

* Analytes targeted by the National Contaminated Sites Remediation Program.

- 6220C-12/18/91
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.| Range Method Det. (Avg %) (Rel Sed.
Analyte Name " CASNo.. .|  ug/L Limit yg/L. . |  Recoveries Dev. %)
Benzene* 7143-2 2.2-600 o.'o;‘-b.’os» i 100 28
Bromobenzene 108-86-1 | ~ 2.2-600 A “0.01-0‘05 93 6.2
n-Butylbenzene 104518 | 224600 0.01:0.05 B 157
sec-'éuiylbenzene 135988 | 224600 0.01-005 80 110
tert-Butylbenzene 98-06-6 2.2-600 0.01-0;05 '8 87
Chlozﬁbe_n#ne' - 108-96—'7 2.2-600 0.01-b.05 9% 58
2-Chlorotoluene 95498 | 224600 0.01-005 Not listed Not listed
4-Chlorotoluene 106434 | 22600 001005 91 50
12-Dichlorobenzene® 05541 | 22400 0.01-0.05 92 R
1.;Di¢hlombenzene' 541731 2.2600 0.01-0.05 91 85
1»,4-Dichlprdl_).e‘|“1—zje_ne‘v i 166-4(»7 2.2-600 0.01-0.05 95 6.4
Ethylbenzene® 100414 | 22:600 001005 93 85
Hexchlorobutadiene _87-;68;3 ‘ 22-600 0.01-0.05 7% | 16.8 o
Isopmpylbenzene 98-828 | 22600 £ 0.010.05 * s 8.7
4-Isopropyitoluene 99-87-6 22-60(:) . 0.01-0.05 Not listéd Not listed
Naphthalene 91-20;3 -2.'2-600 0.01-0.05 92 14‘;8 )
n-Propyibenzene 103-65-1 2.2-600 OlQl-O;ds 83 9.3
Styrene* 100-42-_; 22600 0.01-0.05 Not listed Not listed
Tetrachioroethene® 127184 | 2.2-600 0.0'1-6.;15 97 7.8
‘Tol‘uene_‘ _ - 7 ) ‘_108-88-3 2.2-600 0.01-0.05 B ?4 _- 66
1,2.3-Trichiorobenzene* 87-61-6 2.2-600 0.01-0.05 85 10.4
1,24 Trichlorobenizene® 120-82-1 | 22600 " 0.010.05 86 101
Trichloroethene® | 79016 |  2.2:600 0.01-0.05 97 68
1,2,;;;rﬂ,mechyfbenzene 95-63-6 2.2-600 0.01-0.05  75 | 8.7
1,3 5-Trimethylbenzene 108-67-8 2.2-600 0.01;0;‘05 92 ‘ 8.7
m-Xyie_n;'-‘ o 10,8-38-3 2.2-600 0.01-0.05 %0 7.7
o-Xylene* 95476 | 22600 0.01-0.05 % ‘12
p-Xylene* 106423 | 2.2:600 0.01-0.05 ‘ &8s ' 87 4
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Comments on Use of This Method:

In a single laboratory using reagent water and known additions of 0.2 ug/L, observed

- method detection limits (MDLs) for these compounds were in the range of 0.01 to
0.05 ug/L, depending on the compound. These detection limits depend on instrument
sensitivity and matrix effects. Individual aromatic compounds can be measured at
concentrations up to 1500 xg/L. Analysis of complex mixtures containing partially
resolved compounds may be hampered by concentration difference larger than a
factor of 10,

Note that no specific ranges were provided on an individual compounds basis and also
that no 1nd1v1dual MDLs were avallable

§220C-12/18/91 ' 48
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Title: -

Liquid-Liquid Extraction Gas Chromatographic/Mass Spectrometric Method, Method
6410B, for Organic Compounds in Municipal and Industrial Discharges.

Reference:

Standard Methods for the Examination of Water and Wastewater, 17th Ed. 1989.
American Public Health Association. '

Method Applicability:

This method is applicable to the determination of organic compounds in municipal
and industrial discharges that are partitioned into an organic solvent and are
amenable to gas chromatography .

Sample Preparation:

Samples are made alkaline to pH >11 with 10 N sodium hydroxide solution and
extracted with methylene chloride. The extracts are concentrated using a Kuderna-
Danish (K-D) concentrator. The pH of the aqueous phase is then made acidic to pH
<2 using sulfuric acid and again extracted with methylene chloride. The extracts are
concentrated using a K-D concentrator. Either separatory funnels or continuous
liquid-liquid extractors may be used to extract the aqueous phase with methylene
chloride.

Instrumental Analysis:

An internal standard is added to the sample extract, mixed thoroughly, and 2to SuL
of the sample is immediately injected into the GC/MS system using the solvent-flush
technique to minimize losses due to adsorption, chemical reaction, or evaporation,
Smaller (1.0 L) volumes may be injected if automatic samling devices are used.

Instrumentation:

A Gas Chromatography/Mass Spectrometry/Data System (GC/MS/DS) is required.
The GC column for base/neutrals is 1.8 m x 2 mm ID glass, packed with 3% SP-2250
on Supelcoport (100/120 mesh or equivalent). Other packed or capillary columns
(such as the DB-S fused silica capillary column) may be used if quality control
requirements are met. ' _ '
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interferences:

Method interferences may be caused by contaminants in solvents, reagents, glassware,
and other sample processing hardware. Laboratory reagent blanks should be routinely
run to demonstrate that all materials are free from interferences. Clean all glassware
thoroughly as soon as possible after use by nnsmg with the last solvent used in it,
followed by detergent washing with hot water and rinsing with distilled water. Drain
- glassware dry and heat in a muffle furnace at 400°C for 15 to 30 minutes. - Solvent.
rinses with acetone and hexane may be substituted for the baking to eliminate
thermally stable materials, such as PCBs. After drying and cooling, seal and store
glassware in a clean environment. ' : '

Quality Control Requirements:

As a quality control check, make known additions to all sémples of surrogate standard
solutions and calculate percent recovery of each surrogate compound. GC column
performance tests and GC/MS calibration are required each day these analyses are

performed.  Analyze field duphcates to assess precision of environmental
measurements.

Comparison With Other Methods:

Although not specified by the method, it should be applicable to both surface water
and groundwater matrices. Either packed or capillary GC columns can be used with

low resolution mass spectrometers It is not applicable for analysis of soils or
sediments.

" Analytes Covered by This Method:

‘Method 6410B covers 61 base/neutral extractable and 11 acid extractable organic
compounds, including all of the polycyclic aromatic hydrocarbons, all of the phthalic
acid esters, 7 of the pesticides, 8 of the phenolic compounds, 3 of the monocyclic

- aromatic hydrocarbon, and 2 of the chlorinated hydrocarbons that are of interest to
the National Contaminated Sites Remediation Program. The analytes covered by this
method are shown in Table 10 and Table 11.
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Table 10. Analytes Covered Using SM 6410B

mare——
———

Method : ~ Bias and Overall
‘ ' Det. Range Recovery, ¥ Precision, §°
Anmalyte Name CAS No. Limit 1 pg/L pg/L pg/L
Acenaphthene 83-32.9 19 . 5-1300 0.96C+0.19 0.21x -0.67
Acenaphthylene i 208-96-8 | 35 5-1300 0.89C+0.74 0;26§';6,~54
Aldrin® o 309-00-2 19 51300 | 0.78C+166 043X +1.13
Anthracene 120127 19 51300 | 080C+068 | 027%-064
'-Benio(a.)anth:acene‘ s6553 | 78 | s1300 0.88C-0.60 0267028
Benzo(b)fluoranthene* 205992 438 51300 | 093C-180 | 029% +0.96
éenzio(k)ﬂﬂoran_thené * 207-08-9 25 5-1300 0.87C-1.56 0.35x +0.40
Benzo(ghij)‘perylene 191.24:2 4.1 ~5-1300 0.98C-0.86 | 0.51x— -0.44
‘Bcnz,o(a)pyrene* 50-32-8 25 5-1300 0.90C-0.13 032X +135 |
B-BHC 319-85-7 | 42 5-1300 -ﬁlé7c,oh94 0.30x -1.94 ||
8-BHC - 39868 | 31 | 51300 | 029C-109 093% -0.17
,bis(Z-Clil;roethé)xy) methane | 111-91-1 53 5-1300 1.12C-5.04 0.26x +2.01
bis(2-Chloroethyl) ether | 111-44-4 5.7 5-1300 0.86C-1.54 “ 0357 +010
Abisr(2_A-C>hlorcr>i50propyl) ether | 108-60-1 57 | 51300 | 103c23 025K +1.04
‘bis(_Z-Ethylhexyl) phtﬁalate?‘ 117-81-7 | 2.:5 5-1300 0.84C-1.18 v0.363“? +0.67
4-Bromophenyl phenyl ether | 101-553 | 19 | 51300 | 091C-134 0.165 +0.66
Bﬁ:yl benzyl phthalate* | 85-68-7 25 5-1300 0.66C-1.68 055 +0.92
Chlordane* - 57-749 | Not listed 5]300 Not listed ~ Not listed
2-Chloronaphthalene 91-58-7 19 | 5-1300 089C+001 0.13X +034
4-Chlorophenyl phenyl ether | 7005-72:3 | 42 | 51300 | 091C+053 030X -0.46
Chrysene 218-01-9 25 5:1300 0.93C-1.00 0337009
4,4-DDD 72-548 2.8 5-1300 0.56C-0.40 0.66% -0.96
4,4’-DDE>_7 . 72-55-9 56 5-1300 0.70C-0.54 1039% -1.04
4,4-DDT* 50-29-3 | 47 5-1300 0.79C-3.28 0.65% -0.58"
Dibenzo(a,h)anthracene* 53703 25 5-1300 0.88C+4.72 0.59% +025
Di-n-butyl phthalate - 84-74-2 25 51300 | 0.59C+071 0.39x +0.60
1,2-Dicmor5b¢ﬁigné* 95-50-1 1.9 5-1300 | 0.80C+0.28 70.2,43? +039
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Table 10 : Continued

[__—— Method , Bias and Overall
: o : . Det. | Range |. Recovery, X Precision, §
‘Analyte’ Name - CASNo..| Limit pg/L | pg/L pg/L
1,3-Dichlorobenzene* 541-73-1, . 1_.97 5-1300 0.86C-0.70 ~ 041JT +0.11
1,4-Dichlorobenzene* 10646-7 | 44 51300 | 0.73C-147 .| 029 +0.36
3,3"-Dichlorobenzidine 91941 165 | 51300 | 123C1265 | 047K +345
Dieldrin® . 60-57-1 | 25 51300 | 0.82C-0.16 0.26% -0.07
Diethyl phthalate® 8662 | 19 . | s1300 | 043c+100 | 05K 4022
ﬂi)in;e“thyl phthalate* . 131-11-3 1.6 5-1300 0.20C+1.03 | 1.05x -0.92
2,4-Dinitrotoluene 21142 | 57 51300 | 092C-481 021X +150
2,6-Digitfotoluene 606-20-2 19 51300 | 106C-360 |  0.19% +035
Di-n-octyl phthalate* 117-84-0 2.5 51300 |  0.76C:0.79 kR 0_35? +1.19
‘Endosulfan sulfate 1031-07-8 56 51300 | 039C+0.41 0.63% -1.03
Endrin aldehyde 7421-93-4 | Not listed | 5-1300 | 0.76C-3.86 0.73% 062
Fluoranthene - 206-44-0 o 22 . 5-1300 0.81C+ 1.16 028% -0.60
'Fluorene 86-73-7 1.97 ” 5-1300 HO.“90_(—2-0;00 0.13x +0.61
Heptachlor* 76448 | 19 5-1300 | - 0.87C-29 0.50% -0.23
Heptachlor epoxide® 1024-57-3 22 51300 | 0.92C-187 0287 -0.64
Hexachlorobenzene* 118741 19 | 51300 | 0.74C+066 0.43% -0.52
Hexgchlqrobpt_z_u:l_iene‘ | 87683 “ O.-_9m | 51300 | '6.71C;1.01' 0.26% +0.49
'Hexachloroethane - 677-72-,1‘ 16 - 5-1300 0.73C-0.83 0.17x +080
Indeno (1,2,3-cd)pyrene* 193395 | 37 5.1300 | 0.78C3.10 0.50% +0.44
‘Iso';)’iio-rone; | 78-59-1 - 2.2 5-1300 1._1_2<:+1,.41‘ 033% V+O.26‘_
Naphthalene* '_:91,2(}3 |1 1s 51300 | 0.76C+158 | ° 030x -0.68
Nitrobenzene 98-95-3 1.9 51300 |  109C-305 027% +021
AN—N_itroso‘d.i_-,n-pn')pylami'ne ”621,-64-7‘ Not listed | 5-1300 | 112C622 | = 0.44% +047
1 Aroclor 1016 - 12674-11-2 | Not listed | 5-1300 | . .Not listed Not list_re‘dv
lAroclor 1221 11104-28-2 30 1 5-1300 Not;listed 1 Not listed
Aroclor 1232 | 11141-16-5 | Not listed | 51300 | Notlisted |  Notlisted
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. Table 10 - Continued

® Analytes targeted by the National Contaminated Sites Remediation Program.

Method ~ Biasand Overall
‘ N y SO . Det. Range | Recovery, X Predcision, s
' Analyte Name -1 CAS No. Limit- ug/L ug/L pg/L
Aroclor 1242* 53469-21-9 | Not listed | 5-1300 Not listed Not listed
Aroclor 1248* 12672-29-6 | Not listed | 5-1300 Not listed Not listed
Aroclor 1254* 11097-69-1 36 | 51300 Not listed ‘Not listed
Aroclor 1260* | 11096-82-5 | Not listed | 51300 | 081C-1086 | 043% +182
Phenanthrene - 85-01:8 54 5-1300 0.87C-0.06 0.15% +0.25
Pyrene* 129-00-0 1.9 5-1300 | 0.84C-0.16 0.15% +0.31
Toxaphene 8001-35-2 | Not listed | 5-1300 Not listed Not listed
1,2,4-Trichlorobenzene* 120-82-1 19 5-1300 © 0.94C-0.79 0.21x +0.39

X = Expected recovery for one or more measurements of a sample containing a concentration of C.

s = Expected interlaboratory standard deviation of measurerments at an average concentration found of x ;

C = True value for the concentrations
x= average recovery found for measurements of samples containing a concentration of C.

Note: Endrin é -BHC (Lindane) and several other compounds decompose: under the alkaline conditions of the initial extraction. -
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Table 11. Method Performance Cntena for Acid Extractables

- . , ' Method Det. ' Range Bias as "~ Overall |

‘Analyte Name CAS No _ Limit gg/L. zg/L -Recovery,x” Precision,s” ug/L
_ 4-Chloro-3-methylphenol © 59-50-7 3.0 5<1300 0.84C+0.35 0.29x +1.31

2Chioroptiencl® os.578| 33 51300 | 0.78C+029 02674097
24 Dichlorophenol® 120832 27 5130 087C+0.13 021x +1.28
24-Dimethyiphenol® . 105679 | 27 51300 0.71C+4.41 . 02% +131
2;4-bmi;oph§;ol; ]  siams 42 s1300 0sicis0d | 0.42X +26.29

2-Meéthyl-4 6-dinitrophenol® ssaes21| 24 | sasd | iosscosos | ozéezmio
2-Nitrophenol | smess| 36 | 5-1300 L07C1.15 027X +2.60
' 4Nitrophenol 100-02-7 24 | s10 | osciz 0.44% +3.24

 Pentachiorophenol® wees| 36 51300 0935C+199 | 03Reazs
Phenol* o 108952 | 15 541300 0.43C+1.26 0.35% +0.58
_2,4,6-Trichlorophenél® . 88-06- 27 - 51300 | 0.91c‘-0.1s 0.22x +1.81

*“Analytes targeted by the National mnma:em Program
X = Expected recovery for onie or mére measurements of a sample containirig a conceéritration of C.

§ = Expected interlaboratory standard deviation of measuréments at an average concentration found of x..
C = True value for the concentrations

x= average recovery found for measurements of samples containing a concentranon of C.

Note: Endrin § -BHC (Lindane) and several other compounds decompose under the alkaline conditions of the initial extraction.

Table 12. Suggested Internal and Surrogate Standards

Base/Neutral Fraction _ ) Acid Fraction

Aniline-d, = | | ~ 2-Fluorophenol
Anthracene-d,, ‘ : Pentafluorophenol
Benzo(a)anthracene-d,, ' Phenol-d
4,4-Dibromobiphenyl . 2-Perfluoromethyl phenol
4,4 -Dibromooctafluorobiphenyl '
Decafluorobiphenyl

2,2’-Difluorobiphenyl

4-Fluoroaniline

1-Fluoronaphthalene

2-Fluoronaphthalene

Naphthalene-d,

Nitrobenzene-d;

2,3,4,5,6-Pentafluorobiphenyl

Phenanthrene-d,,

__Pyridine-d,

6410B-12/18/91 _ 54




ADIAN

CORPORATION

Comments on the Use of This Method:

Method 6410B is a broad-spectrum gas chromatographic/mass spectrometric
(GC/MS) packed or capillary column method for the detection of semivolatile

- compounds following liquid-liquid extraction. A measured volume of sample is
extracted serially with methylene chloride at a pH above 11 and again at a pH below
2. The extract is dried, concentrated, and analyzed by GC/MS. Although this method
can be used to determine all of the listed compounds, it is not the most sensitive
method for individual classes of compounds, which are detected at lower
concentration by GC methods. '
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Title:

PiA
ORATYION

Liquid-Liquid Extraction Gas Chromatographic Method, >Method 6420B.

Reference:

Standard Methods for the Examination of Water and Waét_eyvater, 17th Ed. 1989.

American Public Health Association.

Method Applicability:

This method is applicable to the determination of bphenol and certain substituted
phenols in municipal and industrial discharges. - :

~ Sample Preparation:

Mark the water meniscus on side of sample bottle for later determination of volume.
Pour the entire sample into a 2-L separatory funnel. For samples high in organic
content, solvent wash sample at basic pH as prescribed in next paragraph, to remove

potential interferences. During the wash, avoid prolonged or exhaustive contact with

solvent which may result in low recovery of some phenols, notably phenol and 2,4-
dimethylphenol. For relatively clean samples, omit the wash and extract directly.

To wash, adjust the pH to 12.0 or greater with NaOH solution. Add 60 mL of
methylene chloride and shake the funnel for 1 min with periodic venting to release
excess pressure and discard the solvent layer. Repeat the wash up to two additional
times if significant color is being removed. Before extraction, adjust to a pHof 1to
2 with H,SO, and extract three times with methylene chloride. Assemble the
Kuderna-Danish (K-D) apparatus, concentrate the extract to 1 mL, and remove, drain,

‘and cool the K-D apparatus. :

Increase the temperature of a hot water bath to 100°C. Remove the Snyder column
and rinse flask and its lower joint into concentrator tube with 1 to 2 mL of 2-
propanol. Preferably use a 5S-mL syringe for this operation. Attach a two-ball micro-
Snyder column to the concentrator tube and prewet the column by adding about 0.5
mL 2-propanol to the top. Place the micro-K-D apparatus on a water bath so that
concentrator tube is partially immersed in hot water. Adjust vertical position of the
apparatus and water temperature so as to complete the concentration in 5 to 10
minutes. When the apparent volume of liquid reaches 2.5 mL, remove K-D apparatus
and let it drain and cool for at least 10 minutes. Add 2 mL 2-propanol through top
of micro-Snyder column and resume concentrating as before. When the apparent
volume of liquid reaches 0.5 mL, remove the K-D apparatus and let it drain and cool
for at least 10 min. - - A '
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CORPORATION

Remove the micro-Snyder column and rinse the lower joint into the concentrator tube.
with a minimum amount of 2-propanol. Adjust extract volume to 1.0 mL. Stopper
the concentrator tube and store it at 4°C if further processing will not be done
immediately. If the extract is to be stored longer than 2 days, transfer it to a PTFE-
sealed screw-cap vial. If the sample extract requires no further cleanup, proceed with
chromatographic analysis. If the sample requires further cleanup, follow the
procedure below. . ' '

Place 4. O g of silica gel in a chromatographic column. Tap column to settle silica gel
~and add about 2 g anhydrous Na,SO, to the top. Pre-elute the column with 6 mL

hexane. Discard the eluate and just before exposing Na,SO, layer to air, pipet the

sample onto the column. Elute the column with 10.0 mL hexane and discard eluate.

Elute column, in order, with 10.0 mL 15% toluene in hexane (Fraction 1), 10.0 mL

40% toluene in hexane (Fraction 2), 10.0 mL 75% toluene in hexane (Fraction 3), and

10.0 mL 15% 2-propanol in toluene (Fraction 4). Prepare all elution mixtures on a
‘volume:volume basis. Fractions may be combined as desired, depending on the
- specific phenols of interest or level of interferences.

Determine the original sample volume by refilling sample bottle to the mark and
transferring liquid to a 1000 mL graduated cylinder. Record sample volume to
nearest S mL. ' ‘ "

Instrumental Analysis:

This method is a gas chromatographic (GC) method using either flame ionization
detection (FID) or derivatization and electron capture detection (ECD) to determine
phenols. For GC/FID, if the internal standard calibration procedure is used, add
internal standard to sample extract and mix it thoroughly 1mmedlately before injecting
2 to 5 uL of the sample extract or standard into the GC using the solvent-flush
technique. Smaller (1.0 L) volumes may be injected if automatic devices are used. -
Record the volume injected to nearest 0.05 xL and the resultmg peak size in area or
peak height units. :

For analysis by GC/ECD, derivatization is required. Pipet 1.0 mL of the 2-propanol
solution of standard or sample extract into a glass reaction via. Add 1.0 mL
derivatizing reagent; this is sufficient to derivatize a solution having a total phenolic
content not exceeding 0.3 mg/mL. Add about 3 mg K,CO, and shake gently. Cap
mixture and heat for 4 hours at 80°C in a hot water bath. Remove from hot water
bath and let cool. Add 10 mL of hexane and shake vigorously for 1 minute. Add 3.0
mL distilled, deionized water and shake for 2 minutes. Decant a portion of the
organic layer into a concentrator tube and cap with a glass stopper. Cleanup solution
using procedure described in the Sample Preparation section.
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cCoORPORATION

Inject 2.to 5 uL column fracnons into the gas chromatograph using the solvent-flush
technique. Smaller (1.0 L) volumes can be injected if automatic devices are used.

- Record the volume injected to nearest 0.05 x L and resulting peak size in area or peak
height units. If peak response exceeds the linear range of system, dilute the extract
and reanalyze.

Instrumentation Required:

Gas Chromatograph- Systern equipped with either a flame ionization detector (FID)
or an electron capture detector (ECD). The system should be temperature
programmable and be suitable for on-column injection. Column for underivatized
phenols: 1.8 M x 2 mm ID glass, packed with 1% SP1240DA or Supelcoport (80/100
mesh), or equivalent; Column for derivatized phenols: 1.8 M x 2 mm ID glass, packed
with 5% OV-17 or Chromosorb W-AW-DMCS (80/100 mesh), or equivalent. Other
packed or capillary columns may be used if the quahty control requirements are met.

Interferences:

Method interferences may be caused by contaminants in solvents, reagents, glassware,
and other sample processing hardware. Laboratory reagent blanks should be routinely
run to demonstrate that all materials are free from interferences. Clean all glassware
thoroughly as soon as possible after use by nnsmg with the last solvent used in it,
followed by detergent washing with hot water and rinsing with distilled water. Drain
dry and heat in a muffle furnace at 400°C for 15 to 30 minutes. Solvent rinses with
acetone and hexane may be substituted for the baking to eliminate thermally stable
materials, such as PCBs. After drying and cooling, seal and store glassware in a clean
environment.

The cleanup procedure can be used to overcome many of the interferences, but
unique samples may require additional cleanup to achieve the method detection
limits. The basic sample wash may cause low recovery of phenol and 24-
dimethylphenol.

Quality Control Requirements:

A minimum quality control program consists of an initial demonstration of laboratory
capability and an ongoing analysis of samples with known additions. Each day,
analyze a reagent water blank to demonstrate that interferences from the analytical
system are under control. Make known additions to, and analyze, a minirnum of 10%
of all samples to monitor and evaluate laboratory data quality. Also, control of the
measurement system should be demonstrated through the analysis of quality control
“ check standards.
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Quahty control check standards should be prepared at a concentration of 100 ug/L
‘infour 1 L portions of reagent water. The check sample should be zdnalyzed in the
- same manner as samples following sample preparation. If analysis of any compound
fails to meet the acceptance criteria for recovery, prepare and analyze a check
standard contalmng the compound that failed.

Comparison with Other Methods:
This method is applicable only for monitoring proposes because of the relative non-
selective characteristics of the detectors used. However, it is relatively rap1d and
inexpensive. It is also hrmted to aqueous samples.

Analytes Covered by This Method:
Method 6420B covers 11 phenolic compounds including 8 of the phenolic compduhds .

that are of interest to the Natlonal Contaminated Sites Remediation Program, as .
shown in Table 13.

6420B-12/18/31 59




Table 13. Analytes Covered Using SM 6420B

ccrmi GC/ECD** | N

‘Method Method , Biss, as Overall

Det. Limit Det. Limit Range { Recovery,x” | Precision, s*

Analyte Name CASNo. i ' s/l ng/L #g/L g/l

4Qch1°r§-$-mezhynphenol 59-50-7 036 18 12450 0.87C-1.97 0.16% +1:41
2-Chlorophenol® 55-57-8 031 058 12450 o.ssc-g.e;s 021X +0.75
2,4-Dichiorophenol® 120.83.2 0.39 068 12450 | 081C+048 | 0.18x +062
z,+nimeih§|phenc|' 105679 032 0.63 12450 | o.ezol».,a | 0.25% +0.48
2,4-Dinitrophenol* 51:28-5 130 Not listed 12450 0.80C-158 0.29% +4.51
Z-Me;ble,é-ﬁigiix;:ppenol' 523-52-1 16.0 Not listed A 12-450 0.840-1,70; ’ 0.19x +5.85
2-Nitrophenol 88:75-5 045 0.77 12450 0.81C-0.76 0.14x +3.84
4-Nitrophenol 100-02-7 28 0.70 12450 | 046C+0.18 0.19% +4.79
Pentachlorophenol® 87-86-5 74 “059 12450 6.83C+ 207 0.23x +057
Phenol® 108-95-2 0.14 T 22 12450 043C+011 | 017 +0.77
z».é,s-mc,momphenol" 88-062 064 - N 'o_.ss 12450 0.86C-0.40 10.13X +2.40

* Analytes targeted by the National Contaminated Sites Remediation Program.

**  No bias and precision data available for GC/ECD approach.

‘xlovn.x

Comments on the Use of This Method:

Expected recovery for one or more measurements of a sample containing a concentration of C.

Expected interlaboratory standard deviation of measurements at an average concentration found of X .
True value for the concentration
Average recovery fourid for medsurements of samples containing a concentration of C.

This method is applicable to the determination of phenolic compounds. When analyzing

unfamiliar samples for any or all of these compounds, support the identifications by at
least one additional technique. Alternatively, use the derivatization, cleanup and the

GC/ECD procedure to confirm measurements made by the GC/FID procedure.
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 Title:

Organochlonne Pesticides and Polychlorinated Bxphenvls By Gas Chromatography u.s.
EPA Method 8080B, Rewsmn 2, November 1990

Reference:

Test Methods for Evaluating Solid Waste (SW-846). U.S. EPA. 1983. Method 8080B,
Revision 1, November 1990. Office of Solid Wastes, Washington, D.C. .

Method Applicability:
This method is used to determine the concentration of various organochlorine pesticides

and polychlorinated biphenyls in extracts prepared from water, ground water, soils, and
sediments.

Sample Preparation:

Using a 1 liter graduated cylinder, measure out 1 liter (normnal) of sample and transfer
it quantitatively to the continuous extractor. If high concentrations are anticipated, a
smaller volume may be used and then diluted with organic-free reagent water to 1 liter.
Check the pH of the sample with wide-range pH paper and adjust the pH, if necessary,
to pH 5-9 using 1:1 (V/V) sulfuric acid or 10 N sodium hydroxide. Pipet 1.0 mL of the
surrogate standard splkmg solution into each sample in the extractor and mix well.

For the sample in each analytical batch selected for spiking, add 1.0 mL of the matrix
spiking standard. Add 300 - 500 mL of methylene chloride and several boiling ChlpS to
distilling flask. Add sufficient reagent water to the extractor to ensure operation and
extract for 18 - 24 hours. Allow to cool; then detach the boiling flask.. Perform
‘concentration usmg the Kuderna-Danish (K-D) technique described below.

Assemble a Kuderna-Danish (K-D) concentrator by attachmg a 10 mL concentrator tube
to a 500 mL evaporation flask. Dry the extract by passing it through a drymg column
containing about 10 cm of anhydrous sodium sulfate. Collect the dried extract in a K-D
concentrator. Rinse the flask which contained the solvent extract with 20 - 30 mL of

- methylene chloride and add it to the column to complete the quantitative transfer.
Add one or two clean boiling chips to the flask and attach a three ball Snyder column.
Prewet the Snyder column by adding about 1 mL of methylene chloride to the top of the
column. Place the K-D apparatus on a hot bath at 80 - 90°C and concentrate at
constant rate in 10 - 20 minutes. : :
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CoORPORATYION -

When the apparent volume of liquid reaches 1'mL, remove the K-D apparatus from the ,
water bath and allow it to drain and cool for at least 10 minutes. Remove the Snyder
column and rinse the flask and its lower joints into the concentrator tube with 1-2 mL
of extraction solvent. Proceed to hexane solvent exchange.

Soils and Sediments:

The following step should be performed rapidly to avoid loss of the more volatile
extractables. Weigh approximately 30 g of sample into a 400 mL beaker. Record the

- weigh to the nearest 0.1 g. Nonporous or wet samples (gummy or clay type) that do not -
have a free flowing sandy texture must be mixed with 60 g of anhydrous sodium sulfate,
using a spatula. After addition of sodium sulfate, the sample should be free flowing.
Add 1 mL of surrogate standards to all samples, spikes, standards, and blanks. For the
sample in each analytical batch selected for spiking, add 1.0-mL of the matrix spiking
standard. Immediately add 100 mL of 1:1 methylene chloride:acetone.. Extract
ultrasonically for 3 minutes, with output control knob set at 10 (full power) and with
mode switch on Pulse. Decant and filter extracts through Whatman No. 41 filter paper
using vacuum filtration or centrifuge, and decant extraction solvent.

Repeat the extraction two or more times with two additional 100 mL portions of solvent.
Decant off the solvent after each ultrasonic extraction. On the final ultrasonic
extraction, pour the entire sample into the Buchner funnel and rinse with extraction
solvent.

Dry the extract by passing it through a drying column containing. about 10 cm of
anhydrous sodium sulfate. Collect the dried extract in the K-D concentrator. Wash the
extractor flask and sodium sulfate column with 100-125 mL of extraction solvent to
complete the quantitative transfer. Perform concentration using the Kuderna-Danish
(K-D) technique described above followed by a hexane solvent exchange.

Hexane /Exchange:

Increase the temperature of the hot water bath to about 90° C. Momentarily remove the
Snyder column, add 50 mL of hexane, a new boiling chip, and reattach the Snyder
column. Concentrate until the apparent volume of liquid reaches 1 mlL, remove the K-D
apparatus and allow it to drain and cool for at least 10 minutes. Remove the Snyder
column and rinse the flask and its lower joint into the concentrator tube with 1 -2 mL
of hexane. Adjust the extract volume to 10.0 mL. Stopper the concentration tube and
store refrigerated at 4° C, if further processing will not be performed immediately. If the
extract will be stored longer than two days, transfer to a vial with Teﬂon-hned screw-cap
or crimp top.
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Instrumental Analysis:

A'2to 5 uL samples is injected into a gas.chromatograph (GC) using the solvent flush
technique, and compounds in the GC effluent are detected by an electron capture
detector (ECD) or an electrolytic conductivity detector (HECD). Both neat and diluted

organic liquids may be analyzed by direct injection.
Instrumentation Required:

Gas Chromatographic System capable of on-column injections, an electron capture

detector (ECD), an electrolytic conductivity detector (HECD). Column 1: Supelcoport

(100/120 mesh) coated with 1.5% SP-2250/1.95% SP-2401 packed in a 1.8 M x 4 mm

ID glass column. Column #2: Supelcopart (100/120 mesh) coated with 3% OV-1 in
~a 1.8 M x 4 mm ID glass column. ‘ '

Interferences:

Interferences coextracted from the samples will vary considerably from source to source.
Interferences by phthalate esters can pose a major problem in pesticide determinations
when using the electron capture detector. These compounds generally appear in the
chromatogram as large late-eluting peaks, especially in the 15% and 50% fractions from
the Florisil cleanup. Common flexible plastics contain varying amounts of phthalates.
These phthalates are easily extracted or leached from such materials during laboratory
operations. Cross contamination of clean glassware routinely occurs when plastics are
- handled during extraction steps, especially when solvent-wetted surfaces are handled.
Interferences from phthalates can best be minimized by avoiding contact with any plastic
materials. Exhaustive cleanup of reagents and glassware may be required to eliminate
background phthalate corntamination. . The contamination from phthalate esters can be
completely eliminated with a microcoulometric or electrolytic conductivity detector.

Solvents, reagent, glassware, and other sample processing hardware may yield artifacts -
‘and/or interferences to sample analysis. All these materials must be demonstrated to
be free from interferences under the conditions of the analysis by analyzing method
blanks. v

Quality Control Requirements:

Before processing any samples, the analyst should demonstrate through the analysis of
a reagent water blank that all glassware and reagents are interference free. Each time
a set of samples are processed, a method blank should be processed as a safeguard
against chronic laboratory contamination. The blank samples should be carried through
all stages of the sample preparation and measurement.
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A reagent blank, a matrix spike and a duplicate or matrix spike duplicate must be
_perfprmed for each analytical batch (up to a maximum of 20 samples) analyzed.

For GC analysis, the analytical system performance must be verified by analyzing quality
control (QC) check samples. The QC check sample concentration should contain each
single-component analyte at the following concentrations in acetone: 4,4’ DDD, 10
pg/mL; 4,4- DDT, 10 pg/mL; endosulfan II, 10 xg/mL; endosulfan sulfate, 10 pg/mL;
and any other single-component pesticide at 2 pg/mL. If the method is only to be used
to analyze PCBs, Chlordane, or Toxaphene, the QC check sample concentrate should
contain the most representative multi-component parameter at a concentration of 50
#g/mL in acetone.

Companson With Other Methods:

This method is suitable for momtonng type analyses It is not as selective as methods

which use a mass spectrometer as a detector but it is relatively inexpensive. This

method also has the advantage of covering both aqueous and solid (soils and sediments)
- matrices. - -

Analytes Covered by this Method:
This method c'bvers 26 compounds including 13 pesticides and chlorinated hydrocarbons

- of interest to the National Contaminated Sites Remediation Program, as shown in Table
14, :
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l Table 14. Analytes Covered Using U.S. EPA Method 8080B, Rev. 2
| | ‘ Method Accuracy,@s |  Overal
C ‘ Detection Coxc. Recovery, Precision,
. Compound Name CAS No.* _Limit (ug/L) | Range,sgL |  x (ug) S (/L)

‘ Aldrin ‘ . 309-00-2 o0 05-30 0.81C+0.04 ‘ 020001
l . «-BHC . o a 319-84-6 0003 | 05-30 | 0,34C+.6.03 0.25x -0.04
v o "8-BHC o seas7| oo _ 0530 0.81C+0.07 0;33?-0.95{
' §-BHC o 319868 0,009 0530 081C+007 0.25% + o.o:h

~-BHC (Lindaney 0 seee| 0 oom 05-30 02C005 | 0;22?+0.04]|

l . @oxdaﬁ_é (te;hnicéij'- 12789-03-6 0.014 85400 | - _9;820-0.0; 0.16% +a‘
4,4-DDD 2548 o1 05-30 0.84C+0.30 0.27;-4)_.14“

44-DDE ,‘ R 72-55-9 0004 | . 05-30 0.85C+0.14 ' ozs;-ooql

I 44-DDT 50293 | Cooz| 0 s 0.93C0.13 o.31§-o.ﬂ,'
_ Dieldrii’ ‘ s 0.002 0530  090C+0.02 016£+0a'
. | Er;dosulfan - © 959.98.8 | 0| osm| 0.97C+0.04 0%k f0.04|
: Endosulfan II | 33212659 | 0004 | - 053 0.93C+034 0.47;-m|
! Endosuifan Sulfate Sl 1031078 0.066 . 0530 089C-037 |  o024x +o.f35"
Endrir’ R 7208 | o006 , 05-30 - 089C0.04 024;.4»0)3,

l Endrin aldehyde 7421-934 oo 4 05-30 Not listed . Not listed "
Heptachlor 76448 0.003 0530 069C+004 | 0.16x +o.oe"

Hepxa_cn;lof ;pc;;ddg‘ 1024573 | 0.083 | 05-30 0.89C+0.10 0.25x -o.o4|

l 4,4'-Methoxychlor . 72435 ; 0.176 ‘ 0.5-30 Not listed Not listed: "
' quaphef;é - 8001352 | - o024 s.s%oo 0.80C+1.74 o.zc? +0,zz"

| l Arocloi-1016 | 12674112 B nd. 85400 | 0.8‘1c+o.4s;p~ 0.15% +o.45“
Aroclor-1221 ; 1104-28-2 | nd 50 0.96C+065 | o.zSho.szﬂ

l ' Aroclor1232 e 1114-1-1>6-5w nd 85400 _091C+10.79 | 03k +354|
Aroclor-1247 o s 0.065 B ss-4§o . osice10m osﬁ.ﬂ»as(ﬂ

.  Aroclor-1248 12672-29-6 Cna| es400 091€+1079 | _o,sﬁ:sgl
‘ Aroclor-1254 , 110_9_7-@94 B nd 85400 |  091C+107 | - 03fx +3.s<]|
Aroclor-1260 | e nd B 85400 | 091C+10.79 | o.sﬁéa;sdl

Analytes targeted by the National Contaminated Sites Remediation Program

Expected récovery for one or more measurements of a sample containing concentration C, in u g/L.
Expected interlaboratory standard- deviation of measurements at an average concentration found of in s g/L.
True value for the concentration, inu g/L. )

Average recovery found for measurements of samples containing a concentration of C, inag/L.

xIo v,

80808-12/18/91 . ‘ 65




RADIAN

Comments on Use of this Method:

This method provides gas chromatogfgphic conditions for the detection of ppb
concentrations of certain ofganochlorine pesticides and PCBs. * Prior to the use of this
method, appropriate sample extraction techniques must be used.

The sensitivity of this method usually depends on the concentration of interferences rather
than on instrumental limitations. If interferences prevent detection of the analytes, method
8080 may also be performed on samples that have undergone cleanup. -

The method was tested by 20 laboratories using organic-free reagent water, drinking water, -
surface water, and three industrial wastewaters spiked at six concentrations. Concentrations
used in the study ranged from 0.5 to 30 ug/L for single-component pesticides and from 8.5
to 400 ug/L for multi-component parameters. Overall precision and method accuracy were
found to be directly related to the concentration of the parameter and essentially
independent of the sample matrix.
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Title:

Volatile Organics By Gas Chromatography/Mass Spectrometry (GC/MS): Packed Column
Technique. U.S. EPA Method 8240B, Revision 2, November 1990.

Reference:

Test Methods for Evaluating Solid Waste (SW-846). U.S. EPA. 1983. Method 8240B,
Revision 2, November 1990. Office of Solid Wastes, Washington, D.C.

Method Applicability:

Nearly all types of samples, regardless of water content, including groundwater, aqueous‘
sludges, caustic liquors, acid liquors, waste solvents, oily wastes, mousses, tars, fibrous
wastes, polymetric emulsions, filter cakes, spent carbons, spent catalysts, soils, and
sediments.

Sample Preparation:

Liquid Samples

Remove the plunger from a S-mL syringe and attach a closed syringe valve. Open the
sample bottle, which has been allowed to come to ambient temperature, and carefully pour
the sample into the syringe barrel to just short of overflowing. Replace the syringe plunger

and compress the sample. Open the syringe valve and vent any residual air while adjusting

the sample volume to 5.0 mL. This process of taking an aliquot destroys the validity of

- the liquid sample for future analysis; therefore, if there is only one Volatile Organic

Analysis (VOA) vial, the analyst should fill a second syringe at this time to protect against
possible loss of sample integrity. This second sample is maintained only until such time
when the analyst has determined that the first sample has been analyzed properly. Filling
one 20-mL syringe would allow the use of only one syringe. If a second analysis is needed
from a syringe, it must be analyzed within 24 hours. Care must be taken to prevent air
from leaking into the syringe. ' '

Add 10 kL of surrogate spiking solution and 10 uL of internal standard spiking solution
through the valve bore of the syringe; then close the valve. The surrogate and internal
standards may be mixed and added as a single spiking solution. The addition of 10 yL of
the surrogate spiking solution to 5 mL of sample is equivalent to a concentration of 50 ug/L
of each surrogate standard. :
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Sediment/Soil and Waste Samples

It is recommended that all samples of this type be screened by GC analysis prior to the
purge-and-trap GC/MS analysis. The headspace method (EPA Method 3810) or the
hexadecane extraction and screenmg method (EPA Method 3820) may be used for this
purpose. These samples may contain percent quantities of purgeable organics that will
contaminate the purge-and-trap system, and require extensive cleanup and instrument
downtime. Use the screening data to determine whether to use the low-concentration -
method (0. 005 1 mg/kg) or the hxgh-concentranon method (> 1 mg/kg). )

Low-concentratmn method - ThlS is de51gned for samples containing individual purgeable
compounds of <1 mg/kg. It is limited to sediment/soil samples and waste that is of a
similar consistency (granular and porous). The low-concentration method is based on
purging a heated sediment/soil sample mixed with organic-free reagent water containing the
surrogate and internal standards. Analyze all reagent blanks and standards under the same
conditions as the samples.

Remove the plunger from a 5-mL Luerlock type syringe equipped with a syringe valve and
fill until overﬂowmg with water. Replace the plunger and compress the water to vent
trapped air. Adjust the volume to 5.0 mL. Add 10 L each of surrogate spiking solution
and internal standard soluhon to the syrmge through the valve.

UsealSg sample if the expected concentration is <0.1 mg/kgora l g sample for expected
concentrations between 0.1 and 1 mg/kg. Mix the contents of the sample container with
a narrow metal spatula. Weigh the amount of the sample into a tared purge device. Note
and record the actual weight. Add the spiked water to the purge device, which contains
the welghed amount of sample, and connect the device to the pUrge-'a.nd-trap. system.

‘ ngh-concentranon method - This method is based on extractmg the sediment/soil with.

methanol. A waste sample is either extracted or diluted, depending on its solubility in
methanol. Wastes-that are insoluble in methanol are diluted with reagent tetraglyme or
possibly polyethylene glycol (PEG). An aliquot of the extract is added to organic-free
reagent water containing internal standards. This is purged at ambient temperatute. All-
samples with an expeCted concentration of > 1.0 mg/kg should be analyzed by this method.-

Mix the contents of the sample container with a narrow metal spatula. For sed1ment/so11
and solid wastes that are insoluble in methanol, weigh 4 g (wet weight) of sample into a

- tared 20 mL vial. Note and record the actual weight. For waste that is soluble in

methanol, tetraglyme, or PEG, weigh 1 g (wet weight) into a tared scintillation vial or
culture tube or a 10 mL volumetric flask. Quickly add 9.0 mL of appropriate solvent then
add 1.0 mL of the surrogate spiking solution to the vial cap and shake for 2 minutes.

Remove the plunger from a 5.0 mL Luerlock type syringe equipped with a syringe valve
and fill until overflowing with water. Replace the plunger and compress the water to vent
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t_rapped. air. Adjust the volume to 4.9 mL. Pull the plunger back to 5.0 mL to allow
volume for the addition of the sample extract and of standards. Add 10 uL of internal
standard solution. Also add the volume of solvent extract determined in Table 15 below

- and a volume of extraction or dissolution solvent to total 100 pL (excluding methanol in
standards). ' _

Table 15. Quantity of Methanol Extract Required for Analysis
of HigheConc,entration Soils/Sediments With EPA 8240B

Approximate ‘ ~ Volume of
Concentration Range =~ o Methanol Extract®
500 - 10,000 pg/kg 100 uL
- 1,000 - 20,000 ug/kg - 50 uL
5,000 - 100,000 pg/kg : 10 uL

25,000 - 500,000 ug/kg B 100 uL of 1/50 dilution®

Calculate appropriate dilution factor for conéentratjons exceeding this table.
: The volume of methanol added to § mL of water being purged should be kept
constant. Therefore, add to the 5 mL syringe whatever volume of methanol is
necessary to maintain a volume of 100 uL added to the syringe. '

b Dilute an aliquot of the methanol extract and then take 100 uL for analysis.
Instrumental Analysis:

The volatile compounds are introduced into a gas chromatograph by the purge-and-trap
method or by direct injection (in limited applications). For the purge-and-trap method an
inert gas (zero grade nitrogen or helium) is bubbled through a 5 mL solution at ambient
temperature. Purged sample components are trapped in a tube of sorbent materials. When
purging is complete, the sorbent tube is heated and backflushed with inert gas to desorb the
trapped components onto a GC column.

Instrumentation Required:
Gas Chromatography/Mass Spectrometry/Data System. Column: 6 ft x 0.1 in L.D. glass,
packed with 1% SP-1000 on Carbopack-B (60/80 mesh). Also required is a 5 mL purging

device, a sorbent trap, and a thermal desorption apparatus which may be connected to the
- GC/MS system. '
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Interferencos:

Impurities in the purge gas and from organic compounds out-gassing from the plumbing
ahead of the trap account for many contamination problems. The analytical system must
- be demonstrated to be free from contamination under the cornditions of the analysis by
running laboratory reagent blanks. The use of non-PTFE plastic coating, non-PTFE thread

sealants, or flow controllers with rubber components in the purging - device should be
avoided. ' ' '

Interferences purged or coextracted from the samples will vary considerably from source
to source, depending upon the particular sample or- extract being tested. Method blanks
prepared from reagent water and analyzed under the same conditions as the samples can
identify these interferences. Cross-contamination can occur whenever high-level and low-
level samples are analyzed sequentially. Whenever an unusually concentrated sample is
analyzed, it should be followed by the analysis of organic-free reagent water to check for
cross-contamination. The purge-and-trap sSystem may require extensive bake-out and
cleaning after a high-level sample. Reconditioning of traps containing combinations of
silica gel and coconut charcoal is performed to minimize release of residual water from
previous analyses.

Samples also can be contaminated by diffusion of volatile organics (particularly methylene
chloride and fluorocarbons). through the septum seal into the sample during shipment and
storage. A trip blank prepared from organic-free reagent water and carried through the
sampling and handling protocol can serve as a check on such contamination. - The
laboratory where volatile analysis is performed and also the refrigerated storage area should
be completely free of solvents. ‘ o ' '

Quality Control Requirements;

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

For each analytical batch (up to 20 samples), a reagent blank, matrix spike and matrix spike
duplicate must be analyzed (the frequency of the spikes may be different for different
monitoring programs). The blank and spiked samples must be carried through all stages
of the sample preparation and measurement steps.

12/18/91 " 90




CORPORATION
Comparison with Other Methods: o g

EPA Method 8240B covers many of the analytes of interest and is applicable to surface
water, groundwater, soils, and sediments. It is also a sensitive and highly selective method
since it uses mass spectrometry for identification and quantification. of pollutants.
However, because it uses a packed column it is not capable of the higher chromatographic
resolution and somewhat greater sensitivity that EPA Method 8260, EPA Method 524.2,
- and Standard Methods 6210D provide. However, the latter two methods are not applicable
to soils and sediments but they do cover surface and groundwater matrices. This method
is also the only one that specifies xylenes as an unspecified mixture for analyses. The other -
methods all analyze for the three xylene isomers individually.

Analytes Covered by this Method:
Method 8240B covers 80 voiaﬁle organic compounds including 6 of the mohocyclic

aromatic hydrocarbons and 14 of the chlorinated hydrocarbons that are of interest to the
National Contaminated Sites Remediation Program as shown in Table 16.
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Table 16. Anal

ytes Covered Using

U

Estimated Quantitation

.S. EPA Method 8240B, Rev. 2

Limit? .
) _ Accuracy Precisiorf
'Analyte Name Cas No. Range Low Soil/ pg/L ng/L
Groundwater Sediment
- wg/L 7#3/_ Kg _
Acetone 67641 | 5-600ug/L | 100 100 Notlisted | Not listed
Acetonitrile 7505-8- ! 5;600.;4 g/L Not listed Not listed Not listed ) Not listed
Acrolein | 107-02-8 | 5-600 wg/L Vot ij_sted 4 b}ot u;:.,ec; Not listed | Not listed
Acrylonitrile 107-13-i 7 5-600;4 g/L'| - Not listed Not listed | Not listed &ot listed
Allyl alcohqi 107-18-6 | 5-600 ug/L Not l,i_sigd Not_ l_isted. | Not listed Not listed
Ally chioride - 107-05-1 | 5-600 s g/L 5 5 0.93C+2.00 V 6{2;5;;1.13
Bénier;e' » 71432 |} 3F§QOyg/L‘ 5 5 Not listed Not listed
Beénzyl cﬁioﬁd_e N 166-;4-7 5-600 s g/L 100 100 Not listed \ot listed .
ér&éoaéeione '5_93-_3_1:2 5-600 wg/L I;Tc;,t listed Not listed | Not Usge_;i Not listed
Bromodichloromethane '7 75-274 | 5-600 ug/L 5 ' 5 ‘1.030-]:-58 0:20x+1.13
Bromoform '75-25:2 | 5600 ug/L 5 5 1.18C-2.35 | 0.17x+138
Bromometharie 74839 | 5.600ug/L 10 10 100c | oS
2-Butanone ) } 78-93-3 | 5-600 ug/L 100 100 N;qf listed Not listed
Carbon disulfide 75150 | s600ug/L 100 100 Not listed | Not listed
Carbon temcnioﬁﬁe- A . 56-23-5 | 5-600 ug/L s 5 Al.‘100-1.68 0.11X +037
Chlorobenzene® 108-90-7 543_06“,. g/L 5 5 098C+228 | 0.26x-1.92
Cblorédibrc;tr:lo;;xéfhane 124-48-1 | 5600 ug/L 5 5 N-o! hsted Not listed
Chioroethane 75-00-3 | 5600 ug/L 10 10 1.18C+0.81 oz9§4i._75
2-Chloroethano! ; 107-07-3 5-600 s g/L Not listed Not listed Not listed Nc;trli;ted 7
2-Chioroethyl vinyl ether 110-75-8 | 5-600 ug/L 10 - 10 | wwc 0.84%
Chioroform® © 67:66:3 | 5-600ug/L - 5 5 0.93C+033 | 0.18%x+0.16
Chloromethane | es73 | seoougL 10 10 L3C181 | 058%+043
Chloropt;n; 126-99-8 | 5600 ug/L 5 5 Not listed Not listed
13-Chloro.propi0nit-rilc 542-76-7 5-600 B g)L Not fistéd Not listed | Not listed Not listed
7 l;;;foméhlommethane ] 1244841 | $-600 wg/L | No't-rl_isted Not iist_ed 1.01C0.03 | 0.17x+0.49
] _112§Dibmmqs3:chlompz;pépe | 796-1:71-8 - 5-600 pg/L 100 100 _Not lxsted Not lx:s_t',ea
1.2-Dibromoethane 106-934 | 5-600 ug/L 5 A S # Not listed -| Not listed
Dibromomethane | 74-95-3 * 5600 pg/L 5 5 ‘ T;Iot lmed - Notr l}ste,é
1.2-Dichlorobenzene® 95-50-1 Notlisted | Not }is;;d 0.94C+447 | 030x-1.20
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- Table 16 - Continued

[Estimated Quantitation

Limit$
: o Accuracy Precisiorf
Analyte Name Cas No. Range Low Soil/ sg/L pg/L
Groundwater Sediment .
sg/L | we/Ke .

7 l,s-bichlorobenzene' 541-73-1 | 5600 ug/L Not listed Not listed | 1.06C+1.68 0._1820.,82
'14-Dichlorobenzene*® ”1067-;6-7 5-600ug/L |  Not listed Not listed 0:94C +447 | 030%:1:20
1,4-Dichloro-2-butene 764-41-0 5600 4 g/i. 1 10 100 | Notlisted Not <1istc_d
Dichlorodififuoromethane V '75-71-8 5-600 ug/L S, 5 V 4 Not listed Not listed

) l,ieDichJomethane' 75-34-3 5-600 u g;l. S5 s 1.05C+.036 616?( + 047
12-Dichloroethane* 107-06-2 | 5600pug/L | 5 5 1.02C+045 | 0.21x-0.38
'1,1-Dichloroethene 75-354 s-6ooug)L s 5 1.12C+0.61  04m02
trans-1,2-Dichloroethene* ] 156-60-5 { S-600ug/L S S iR 1?.05_c+o.os 0.19x+0.17
1.zDicMom§m§ane' 78875 | 5600 ug/L 5 5 1.00C 0.45%
1;3-Dichlorc~2-prbpa‘nol ) 96-2}3-1 5-600 u g/L Not listed | Not listed | Not lxsted Not listed
cis-1,3-Dichloropropene® 10061-01-5 | 5600 4 g/L s 5 1.00C 052
trans-1,3-Dichloropropene® i6061-626 5-600 i g/L 5 .. 5 | 1.00C 0.34x
1-,2:3,4-Di_epo'x;l:;u;ane 1464-53-5 | S-600ug/L Sot ljs:ted Not listed Not listed Notr hste:d
1.4-Dioxane | 123-91-1 ~5-600 Bg/L Not listed Not listed ' No: listed Not listed

_ Epichlorohydrin 106-89-8 | 5-600 4 g/L Noi l;st;d 4 Not listed Not listed _Not listed
Ethanol 64-17-5 V 5-600 wg/L Not listed Not listed | Not listed Not listed
Ethylbenzene* 100414 | 5600ug/L | 5 A 5 0.98C+248 | 026x-1.72
E;g;iene oxide 75-21-8 5-606ué/L Not listed Not listed Not hsted | Not listed
Ethyl me,t_h_acrylate‘ - . 9763-2 | 5-600ug/L 5 . -5 Not listed Not listed

_ 2-Hexanone $91-78-6 | 5-600 4 g/L 50 50 Not usfe& Not listed
Z-Hydmxypmpidnitﬁle 78-97-7 5-600 wg/L Not listed Not listed Ar;lo,t listed Not listed
Iodomethane ' 74884 | 56004g/L | Notlisted | Notlisted | Notlisted | Not listed
Is6butyl alcohol 8831 | 560ugL | 100 100 Not listed | Not listed
Malononitrile 109-7%3 5600 u g/L Not listed Not listed Not listed Not fisted
Methacry"lc;nitgilc 126-98-7 | 5-600ug/L A100 iOO- Not listed Not listed

_ Methylene chioride 75002 | 5600 ug/L s 5 087C+188 | 0.33%+4.00
Methyl iodide 74-884 | 5600 ug/L 5 5 Not listed | Not lis{ed
Methyl methacrylate 80-62-6 | 5-600ug/L 5 50 A Not listed Not listed
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Table 16 - Continued

_

- Estimated Quantitation

———

—

* Analytes targeted by the National Contaminated Sites Remediation Progra‘m

Y

The method is reported to have been tested by 15 laboratories using organic-free reagent water, drinking water, surfacc water, and )

Limits’
‘ Accuracy Precisior
Analyte Name Cas No. Rarige : Low Soil/ sg/L wg/L
Groundwater Sediment i )

— sg/L kg/Kg 7
4-Methyi-2-pentanone 108-10-1 5-600ug/L | _ 5o 50 Not listed Not listed
Pentachloroethane 76-01-7 | 5-600 wg/L 10 10 Not listed Nof li‘s_.t;d
2-Picg1in§ “ 109-06-8 | 5-600 ug/L Not listed ' ‘vNoAt listed u.&ot listed Not listed
Propargy! alcohsl 107-19-7. 5-600 sg/L Nét listed Not listed | Not listed ! Not listed
mepiolaﬁqne 57-578 | 5600ug/L | Not listed X\fot hsted Nﬁ;_ lis_t,éi Not listed
Propionitrile 107-120 | 5-600u g/L 100 100 Not listed Not listed

_ n-Propylamine | .i07-10-8 5-600 s g/L Not listed | Notlisted | Not listed ) N&;t listed
Pyridine 110-86-1 | 5-600 wg/L V Not«l;s;;ed Not listed Not listed | Not listed
Styrene* — 100-42-5 | 5-600 ug/L 5 5 Not listed ‘ ﬁoi—list;u
1,1,1,2-Tetrachloroethane 630-20-6 | 5-600#8/L ] 5 s Not ligte'd Not listed,

1,122 Tetrachloroethane* 79345 | 5600 ug/L 5 5 ' 093C+ 1:7;5 02074041
Tetrachloroethene® 127:18-4 | 56004 g/L | 5 5 106C+0.60 | 0165045 ||

_Toluene*® 108—88-3 5-600 i g/L 5 5 0.98C+2.03 | 0.22?-171 |
13,1 Trichioroethane® 71-5546 | 5-600 ug/L s s 106C+0.73 | 0217039

1,12 Trichloroethane® 7005 | 5600ug/L s 5 095C+171 | 0.18x+0.00.
Trichloroethene® | 9016 | S600ug/L | - S 5 1.04C+2.27 ”0.1‘27;» 0.59.
Trichlorofluoromethane | 754694 | 5-600 u g/L Not listed Npt listed | 0.99C+0.39 0.34}-6.39
1,2:3-Trichloropropane: 96-184 | 5-600ug/L s s Not listed | Not listed
Vinyl acetate 108054 | 5600 ug/L 56 - -50 Not listed Not listed

A quyi-cploﬁdc' ' ; 75014 | 5600 ag/L 10 10 1.00C kq.ﬂssi
Xylene (Total) 133020-7 | 5600ug/L |- s s Not listed | Not listed

industrial wastewaters (n6t specified) fortified at six concentrations over the range 5-600 u g/L.

Sample Estimated Quantitation Limits (EQLSs) are highly matrix dependent. The EQLs listed hefein are provided for guidance and
may not always be achievable. EQLs listed for soil/sediment are based on wet wexght Normally, data is reported on a dry weight basis:;

* therefore, EQLs will be higher, based on the percent dry weight of each-sample. Table 17 provides estimated multiplication factors for
additional types of matrices.

Average recovery found for- measuremcms of samples containing a concentration of C, inp g/L.

Overall precision found for measurements of samples with average recovery x for samples containing a concentration of C in s g/L.

Average recovery found for measurement of samples containing a concentration C in u g/L.
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Table 17. Met_hodv 8240B Multiplication Factors for Estimated Quantitation Limits
' for Matrices Other than Water; Soil and Sediments

Other Matrices - 7 - Factor
Waste miscible liquid waste 50
High-concentration soil and sludge ' 125
Non-water miscible waste - 500

*EQL = [EQL for low soil sediment (Table 17)] X [Factor]. For non-aqueous samples, the

factor is on a wet weight basis,

Comments on Use of this Method:

Method 8240B can be used to quantitate most volatile organic compounds that have
boiling points below 200° C and that are insoluble or slightly soluble in water. Volatile
water-soluble compounds can be included in this analytical technique. However, for the
more soluble compounds, quantitation limits are approximately ten times higher because

- of poor purging efficiency. The method is also limited to compounds that elute as sharp

peaks from a GC column packed with graphitized carbon lightly coated with a carbowax.
Such compounds include low molecular weight halogenated hydrocarbons, aromatics,
ketones; nitriles, acetates, acrylates, ethers, and sulfides. :

The estimated quantitation limit (EQL) of Method 8240B for an individual compound is
approximately 5 u g/kg (wet weight) for soil/sediment samples, 0.5 mg/kg (wet weight) for
wastes, and 5 pug/L for groundwater. EQLs will be proportionately higher for sample
extracts and samples that require dilution or reduced sample size to avoid saturation of =
the detector. '
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: Title:

Volatile Organic Compounds by Gas Chromatography/Mass Spectrometry (GC/MS):
Capillary Column Technique, U.S. EPA Method 8260A, Revision 1, November 1990.

Reference:

TestAMeth'ods for Evaluating Solid Waste (SW-846). U.S. EPA 1983. Method 8260A.;
Revision 1, November 1990. Office of Solid Waste, Washington, D.C.

Method Applicability:

This method is applicable to nearly all types of samples, regardless of water content,
including ground water, soils, and sediments.

Sample Preparation:

Liquid Samples:

Remove the plunger from a 5 mL syringe and attach a closed syringe valve. If lower
detection limits are required, use a 25 mL syringe. Open the sample bottle, which has
. been allowed to come to ambient temperature, and carefully pour the sample into the
syringe barrel to just short of overflowing. Replace the syringe plunger and compress the
sample. Open the syringe valve and vent any residual air while adjusting the sample
volume to 5.0 mL. This process of taking an aliquot destroys the validity of the liquid
sample for future analysis; therefore, if there is only one VOA vial, the analyst should fill
a second syringe at this time to protect against possible loss of sample integrity. This
second sample is maintained only until such time when the analyst has determined that
the first sample has been analyzed properly. Filling one 20 mL syringe would allow the
use of only one syringe. If a second analysis is needed from a syringe, it must be analyzed
within 24 hours. Care must be taken to prevent air from leaking into the syringe.

Add 10.0 » L of surrogate spiking solution and 10 x L of internal standard spiking solution
through the valve bore of the syringe; then close the valve. The surrogate and internal
standards may be mixed and added as a single spiking solution. The addition of 10 pL
of the surrogate spiking solution to 5 mL of sample is equivalent to a concentration of 50

rg/L of each surrogate standard.

Sediment/Soil and Waste Samples:

It is recommended that all samples of this type be screened by GC analysis prior to the
purge-and-trap GC/MS analysis. The headspace method (EPA Method 3810) or the
‘hexadecane extraction and screening method (EPA Method 3820) may be used for this
purpose. These samples may contain percent quantities of permeable organics that will
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contaminate the purge -and-trap system, and require extensive cleanup and instrument

downtime. Use the screening data to determine whether to use the low-concentration
method (0.005-1 mg/kg) or the high-concentration method (> 1 mg/kg).

Low-Concentration Method:

’I'h15 18 de51gned for samples containing individual purgeable compounds of <1 mg/kg.
It is limited to sediment/soil samples and waste that is of a similar consistency (granular
and porous). The low-concentration method is based on purging a heated sediment/soil

- sample mixed with organic-free reagent water containing the surrogate and internal
standards. Analyze all reagent blanks and standards under the same conditions as the
samples.

Remove the plunger fromaSmL Luerlock type synnge equipped with a syringe valve and
fill until overﬂowmg with water. Replace the plunger and compress the water to vent
trapped air. Adjust the volume to 5.0 mL. Add 10 xL each of surrogate spiking solution
and internal standard solution to the syringe through the valve. :

Use a 5 g sample if the expected concentration is <0.1 mg/kg or a 1 g sample for
expected concentrations between 0.1 and 1 mg/kg. Mix the contents of the sample
container with a narrow metal spatula. Weigh the amount of the sample into a tared
purge device. Note and record the actual weight to the nearest 0.1 g. Add the spiked
water to the purge device, which contains the wexghed amount of sample, and connect the
device to the purge-and- trap system.

High- Concentrauon Method

The method is based on extracting the sediment/soil with methanol. A waste sample is

either extracted or diluted, depending on its solubility in methanol. Wastes that are
insoluble in methanol are diluted with reagent tetraglyme or possible polyethylene glycol

(PEG). An aliquot of the extract is added to organic-free reagent water containing

surrogate and internal standards. This is purged at ambient terhperature. All samples

with an expected concentration of >1.0 mg/kg should be analyzed by this method. .

Mix the contents of the sample contamer with a narrow metal spatula. For sediment/soil
and solid wastes that are insoluble in methanol, weigh 4 g (wet weight) of sample into a
tared 20 mL vial. Note and record the actual weight to 0.1 g. For waste that is soluble
in methanol, tetraglyme, or PEG, weigh 1 g (wet weight) into a tared scintillation vial or
culture tube or a 10 mL volumetric flask. Quickly add 9.0 mL of appropriate solvent then
add 1.0 mL of the surrogate spiking solution to the vial cap and shake for 2 minutes.

-‘Remove the plunger from a 5.0 mL LuerlockAty'pe syringe equipped with a syringe valve
and fill until overflowing with water. Replace the plunger and compress the water to vent
trapped air. Adjust the volume to 4.9 mL. Pull the plunger back to 5.0 mL to allow
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volume for the addition of the sample extract and of standards. Add 10 zL of internal
standard solution. Also add the volume of solvent extract determined in Table 18 below
and a volume of extraction or dissolution solvent to total 100 xuL (excluding solvent in
standards). ' :

“Table 18. Quantity of Extract Required for Analysis
of High-Concentration Soils/Sediments

~ Approximate " ' Volume of
Concentration Range - ‘ - Extract'
500-10000ug/kg | 0 1004l
1,000 - 20,000 ug/kg SOuL
5,000 - 100,000 ug/kg | 0L
25,000 - 500,000 pg/kg 100 4L of 1/50 dilutior®

Calculate appropriate: dilution factor for concentrations exceeding this table.

*The volume of solvent added to.5 mL of water being purged should be kept constant. Therefore, add to the S mL syringe whatever volume
of solvent is necessary to maintain a volume of 100 4 L added to the syringe.

‘Di_lute an aliquot of the solvent extract and then take 100 u L for-analysis.

Instrumental Analysis:

The volatile compounds are introduced into the gas chromatograph by the purge-and-trap
method or by direct injection (in limited applications). Purged sample components are
trapped in a tube containing suitable sorbent materials. When purging is complete, the
sorbent tube is heated and backflushed with helium to desorb trapped sample
components. The analytes are desorbed directly to a large bore capillary or cryofocussed
on a capillary precolumn before being flash evaporated to a narrow bore capillary for
analysis. :

Instrumentation Required:

Gas Chromatograph/Mass, Spectrometer/Data System. An analytical system complete
with a temperature-programmable chromatograph suitable for splitless injection equipped
with variable constant differential flow controllers. Also required is a subambient oven
controller, a purging device, sorbent trap, a thermal desorption apparatus and a capillary
precolumn interface when using cryogenic cooling. Column #1: 60 M x 0.75mm ID
capillary column coated with VOCOL, 1.5 um film thickness. Column #2: 30 M x 0.53mm
capillary column coated with DB-624 or VOCOL, 3 um film thickness. Column #3: 30
M x 0.32mm ID capillary column coated with DB-S or SE-54, 1 um film thickness.
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Interferences:

Major contaminant sources are volatile materlals in the laboratory and impurities in the
inert purging gas and in the sorbent trap. The use of non-polytetrafluoroethylene (PTFE)
thread sealants, plastic tubing, or flow controllers with rubber components should be
avoided since such materials out-gas organic compounds which will be concentrated in the
trap during the purge operation. Subtractmg blank values from sample results is not
permitted. .

Interfering contamination may occur when a sample containing low concentrations of
volatile organic compounds is analyzed immediately after a sample containing high
- concentrations of volatile-organic compounds. The preventive technique is rinsing of the
purging apparatus and sample syringes with. two portions of organic-free reagent water
between samples. After analysis of a sample containing high concentrations of volatile
organic compounds, one or more calibration blanks should be analyzed to check for cross
contamination. For samples containing large amounts of water soluble materials,
suspended solids, high boiling compounds or high concentrations of compounds being
determined, it may be necessary to wash the purging device with a soap solution, rinse it
with organic-free reagent water, and then dry the purging device in an oven at 105°C. In
extreme situations, the whole purge and trap device may require dlsmanthng and cleaning.
Screening of the samples prior to purge and trap GC/MS analysis is highly recommended
to prevent contamination of the system. This is especially true for soil and waste samples.

Special precautions must be taken to analyze for methylene chloride. The analytical and
sample storage area should be isolated from all atmospheric soirces of methylene
chloride. Otherwise random background levels will result. Since methylene chloride will
permeate through PTFE tubing, all gas chromatography carrier gas lines and purge gas

- plumbing should be constructed from stainless steel or copper tubing. Laboratory clothing
worn by the analyst should be clean since clothing previously exposed to methylene
chloride fumes during liquid/liquid extraction procedures can contnbute to sample
contamination.

Samples can be contaminated by diffusion of volatile organics (particularly methylene
chloride and fluorocarbons) through the septum seal into the sample during shipment and
storage. A trip blank prepared from organic-free reagent water and carried through the
sampling and handhng protocol can serve as a check on such contamination.

Quality Control Requirements:
~ Before processing any samples, the analyst should demonstrate, thro‘ugh'thé analysis of a
reagent water blank, that interferences from the analytical system, glassware, and reagents

are under control. Each time a set of samples is extracted or there is a change in
reagents, a reagent water blank should be processed as a safeguard against chronic
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laboratory contamination. The blank samples should be carried through all stages of the
sample preparation and measurement steps. ' - |

For each analytical batch (up to 20 samples), a reagent blank, matrix spike and matrix
spike duplicate/duplicate must be analyzed (the frequency of the spikes may be different
for different monitoring programs). The blank and spiked samples must be carried
through all stages of the sample preparation and measurement steps.

- Matrix spiking standards should be prepared from volatile organic compounds which will

be representative of the compounds being investigated. The recommended internal
standards are chlorobenzene-d;, 1,4-difluorobenzene, 1,4-dichlorobenzene-d,, and
pentafluorobenzene. Using stock standard solutions, prepare in methanol, secondary
dilution standards containing the compounds of interest, either singly or mixed together.
Secondary dilution standards must be stored with minimal headspace and should be
checked frequently for signs of degradation or evaporation, especially just prior to
preparing calibration standards from them. Store in a vial with no headspace for one
week only. Surrogates recommended are toluene-d;, 4-bromofluorobenzene, and
dibromofluoromethane. Each sample undergoing GC/MS analysis must be spiked with
10 wL of the surrogate spiking solution prior to analysis. )

Comparison With Other Methods:

This is a complex method but it has sufficient QC and a selective detector so that very
good results are usually obtained from experienced labs. It has the additional advantage
‘of covering all matrices of interest including soils, sediments, and waters.

Analytes Covered by this Method:

Method 8260A coife_rs 58 volatile organic compounds including all of the monocyclic
aromatic hydrocarbons, napthalene and 14 of the chlorinated hydrocarbons that are of
interest to the National Contaminated Sites Remediation Program, as shown in Table 19.
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Table 19. Analaytes Covered Usin'g U.S. EPA Method 8260A, Rév-._ 1

_ Mean

. Cone. Accuracy Precision

. MDLs** Range, (% of True (Rel. Std.

Asalyte CAS No.. ag/L s/l " Vahie) Dev. %)
Benzené nas2 | o] 01-10] 97 57
‘ hmmobemne_ 108-86-1 | 0.03 0.1-10 100 55
_ Bromochloromethane 74-97-5 0.04 05-10 90 | 6.4
Bromodichloromethane - 75.274 0.08 0.1-10 95 6.1
_ Bromoform _ » 22| o] o0si0 0] 63
" Bromomethane 74-83-9 0.11 05-10 9 82
_'n:Butylbenzene 104518 0m 05 10| 100 16
sec-Butylbenzene 135-98-8 013 05 - 10 100 76
:en,thylbengéne 98066 0.14 05- 10 - 102 73
Carbon tetr;p.l;,l.oride' ‘ 56-23-5 0.21 05-10 84 8.8
Chlorobenzene’ 108-90-7 | 004 . 0.1-10 98 5.9
 Chloroethane 75003 0.10 05-10 89 9.0
_ Chloroform’ 67-66-3 0.03 05- 1_b 9% 6.1
Chloromethane 74-87-3 0.13 05-10 93 89
_2-Chlorotoluene - 95498 | 0.04 0110 %0 6.2
4-Chlorotoluene 106-43-4 0.06 0.1-10 99 '8.‘3
 Dibromochloromethane 124-48-1 0.05 _01-10 83 | ) ‘ 7;0
'1,2-Dibmmo-3-¢hlompmpane 96-12-8 026 05 -10 92 19.9
~ 1,2-Dibromoethane 106-934 0.06 05-10 | _ 102 39
Dibromomethane wes3|  om| 05-10 | 100 56
1.2-Dichlofobenzéne 95-50-1 003 0.1 - 10 93 62
1,3-Dichlorobenzene’ ) 541-73-1 | 0.12 05-10 9 o 6.9
14-Dichlorobenzene’ ) 106-46-7' - 0.63' 0.2-20 103 6.4
Dichlorodifluoromethane . 75718 0.10 '05 - 10 %0 77
11-Dichlorocthane 3| 0|  0s-10 % 53
1,2-Dichloroethane’ 107-0(»;2 - 006 0.1-.10 95 54
1,1-Dichlokroetbhbene'w 75354 012 » 01-10 9 67
cis-1.2-Dichicroethene’ , 156-59:2 | 0.12 05-10 101 6.7
trans;l;Z-Dic,-}ll_oroethene' ' 156—60-5 :(“).(_)6 _ 01 -10 93 56
_1,2-Dichloropropane’ 75-87:5 0.04 0.1-10 97 6.1

6260A12718/9" : 81

o A




o

Table 19 - Continued |

" Arialytes targeted by the National Contaminated Sites Remediation Program

“MDL based on a 25 mL sample volume

8260A-12/18/51
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Conc. Accuracy Precision

o . MDLe* Range, (% of True (Rel. Std.

" Analyte . CAS No. s/l syl Value) - - Dev. %)
13-Di§mamprqpane 7142-28—97“ 0.04 01-10 9% S 6.0
2,2-Dichloropropane 594-20-7 012 05-10 86 169
1,1-Dichloropropene | 563-58-6 0.10 05-10 98 8.9
Ethylbenzene’ 100414 0.0 01-10 % 8.6
mHexachlorobutadiene 87683 0.11 05-10 100 | ) 6.8
Isopropyibenzene 92828 0.15 . 05-10 101 76
: .p-fécpmpyltolQene 99-87-6 0.12 01-10° 9 6.7
Methylene chioride’ 75.00-2 0.03 S 01-10 s 53
) Naph_tgage_n? - 91:20-3 004 0.1 - 100 104 82
n-Propyibenzene 103-65-1 0.04 01-10 100 58
_ Styren¢’ 10042-5 004 | 0.1- 100 102 72
1,1,12-Tetrachioroethane 630-20-6 0.05 05-10 % 68
1122 Tetrachioroethane 79:34-5 0.04 01-10 91 63
Tetrachloroethane’ ) 127-184 04| . 05-10 » 89 68
Toluene™ o 108-88-3' 0.11 _ 05-10 102 . so
123 Trichlorobenzene 7616 | 003 05-10 | 86
1.2,4-Trichlorobenzenc’ - 120-82-1 0.04 05-10 108 83
1,14,1-Trichloroethane; 71-55-6 | 0.08 05-10 98 81
1.1,2-Trichloroethane’ 79-00-5 .0.10 05-10 104 73
Trichloroethene’ 79-01;6 0.19 . 05-10 90 73
Trichlorofluoromethane 75-69-4 v0.98‘ 05-10 89 78.‘1
1,2,3-Trichloropropane 96-184 | 032 05-10 | 108 144
- };2,4-Tﬁmethyibenzcnc ‘95-33-6' 0.13 05-10 o H99 8.1
1,3 5-Trimethylbenzene 108-67-8 005 | AOV.,S'-IIO - 92 <7.4
Vinyl chloride N 75014 017 05-10 A_93‘ 6.7
o-Xylene ] 95-47-67 0.11 0.1-31 103 .72
m-Xylene' 108-38-3 0.05 01-10 97 65
p-Xylene 106-42-3 013 05-10 1 7.7




Comments on Use of this Methedi

Method 8260A can be used to quantitate most volatile organic compounds that have
boiling points below 200°C and that are insoluble or slightly soluble in water. Volatile
water-soluble compounds can be included in this analytical technique. However, for the
more soluble compounds, quantitation limits are approximately ten times higher because
of poor purging efficiency. Such compounds include low-molecular-weight halogenated
“hydrocarbons, aromatics, ketones, nitriles, acetates, acrylates, ethers, and sulfides.

The method detection lim"it (MDL) is defined as the minimum concentration of a

substance that can be measured and reported with 99% confidence that the value is above

zero. The MDL actually achieved in a given analysis wﬂl vary depending on instrument
sensitivity and matrix effects.

~This method has b‘een tested in a single laboratory using spiked water. Using a wide-bore
capillary column, water was spiked at concentrations between 0.5 and 10 ng/L. Single

laboratory accuracy and precision data are presented for the method analytes in Table 19,
Calculated MDLs are also presented in Table 19.
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Title:

Sem;'vblatile Organic Compounds by Gas Chromatography/Mass Spectrometry (GC/MS):
Capillary Column Technique. U.S. EPA Method 8270B, Revision 2. November 1990.

Reference:

Test Methods for Evaluating Solid Waste (SW-846). U.S. EPA 1983. Method 8270B,
Revision 2, November 1990. Office of Solid Waste, Washington, D.C.

Method Applicability:

This method is used to determine the concentration of semivolatile organic compounds
in extracts prepared from all types of solid waste matrices, soils and groundwater.

Although surface waters are not specifically mentioned, this mthod is also applicable to
water samples from rivers, lakes, etc. : '

Sample Preparation:
-Liquid Samples:

Using a 1-L graduated cylinder, measure out 1-L (nominal) of sample and transfer it
quantitatively to the continuous extractor. If high concentrations are anticipated, a smaller
volume may be used and then dilited with organic-free reagent water to 1 L. Check the
pH of the sample and adjust the pH, if necessary, to pH <2 using 1:1 (V/V) sulfuric acid.
Pipet 1.0 mL of the surrogate standard spiking solution into each sample. For the sample
in each analytical batch selected for spiking, add 1.0 mL of the matrix spiking standard.
For base/neutral-acid analysis, the amount of the surrogates and matrix spiking
compounds added to the sample should result in a final concentration of 100 ng/uL of
each base/neutral analyte and 200 ng/uL of each acid analyte in the extract to be
analyzed (assuming a 1 L injection).

Add 300-500 mL of methylene chloride and some boiling chips to the distilling flasks and,
~with sufficient water in the extractor to ensure proper operation, extract for 18-24 hours.

Adjust the pH of the aqueous phase to pH >11 using 10N sodium hydroxide and extract
it with methylene chloride again for 18-24 hours. |

- The extract is dried by passing it through a column containing anhydrous sodium sulfate
and then concentrating it to 1 mL using a Kunderna-Danish concentrator,
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Soils/Sediments & Sludgés:

The following step should be performed rapidly using approximately 30 g of sample to
‘avoid loss of the more volatile extractables. Nonporous or wet samples (gummy or clay

type) that do not have a free-flowing sandy texture must be mixed with anhydrous sodium

sulfate until the sample is free flowing. Add 1 mL of surrogate standards to all samples,
spikes, standards, and blanks.

For the sample in each analytical batch selected for spiking, add 1.0 mL of the matrix
spiking standard. For base/neutral-acid analysis, the amount added of the surrogates and
matrix spiking compounds should result in a final concentration of 100 ng/uL of each
base/neutral analyte and 200 ng/uL of each acid analyte in the extract to be analyzed
(assuming a 1 pL injection). Immediately add 100 mL mixture of 1:1 methylene
chloride:acetone and extract ultrasonically for 3 minutes and then decant or filter the
extracts. Repeat the extraction two or more times.

Dry the extract using a column with anhydrous sodium sulfate and collect the dried extract
a Kuderna-Danish concentrator and concentrate to 1 mL. ’ '

Instrumental Analysis:

In very limited applications direct injection of the sample into the GC/MS system may be
appropriate but this results in very high detection limits (approximately 10,000 ug/L).
Typically, a 1 mL extract from the sample preparation is spiked with 10 u L of the internal
standard solution just prior to analysis. by GC/MS. The volume injected should contain
about 100 ng of base/neutral and 200 ng of acid surrogates (for a 1 uL injection).

Instrumentation:

~ A gas chromatograph with 2 mass spectrometer (GC/MS) and a data system are required.
The GC column used is a 30 m x 0.25 mm ID (or 0.32 mm ID) 1 ym film thickness
silicone-coated fused silica capillary column. A continuous liquid-liquid extractor

~equipped with Teflon or glass connection joints and stopcocks requiring no lubrication,
a K-D apparatus, water bath, and an ultrasonic disrupter with a minimum power wattage
of 300 watts with pulsing capability are also required. oo

Interferences:

Raw GC/MS data from all blanks, samples, and spikes must be evaluated for
interferences. Contamination by carryover can occur whenever high-concentration and
low-concentration 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.
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Quality Control Requirements:

A methylene chloride solution containing 50 ng/uL of decafluorotriphenylphosphine
(DFTPP) is used for tuning the GC/MS system each 12 hour shift. A system performance
‘check also must be made during every 12 hour shift. This check must be effected before
analysis begins. A standard containing 50 ng/uL each of 4,4-DDT, pentachlorophenol,
and benzidine is required to verify injection port inertness and GC column performance.
A calibration standard at mid-concentration, containing each compound of interest,
including all required surrogates, must be performed every 12 hours during analysis.

After the system performance check is met, Calibration Check Compounds (CCCs) (See
Table 20) are used to check the validity of the initial calibration. If the difference for any
compound is greater than 20%, the laboratory should consider this a warning limit. If the
difference for each CCC is less than 30%, the initial calibration is assumed to be valid.

Table 20. Calibration Check Compounds

Base/Neutral Fracion Acid Fraction

Acenaphthene o 4-Chloro-3-methylphenol
1,4-Dichlorobenzene 2,4-Dichlorophenol -
Hexachlorobutadiene ~ 2-Nitrophenol
N-Nitrosodiphenylamine . Phenol

Di-n-octyl phthalate . Pentachlorophenol
Fluoranthene . : -~ 2,4,6-Trichlorophenol
Benzo(a)pryene

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 check calibration (12
hours), the chromatographic system must be inspected for malfunctions and corrections
must be made, as required. If the electron ionization current plot (EICP) area for any
of the internal standards changes by a factor of two (-50% to + 100%) from the last daily
calibration standard check, the mass spectrometer must be inspected for malfunctions and
corrections must be made, as appropriate. ‘

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

Il

1

For each analyncal batch (up to 20 samples), a reagent blank, matrix spike and matrix -
spike duplicate/duplicate must be analyzed (the frequency of the spikes may be different
for different monitoring programs). The blank ‘and spiked samples must be carned_
through all stages of the sample preparatlon and measurement steps.

A quality control (QC) reference sample concentrate containing each analyte at a
concentration of 100 mg/L in methanol is required. 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.
Prepare QC reference samples at a concentration of 100 xg/L, by addition of the
concentrate to organic-free reagent water. Analyze the well-mixed QC reference samples.

Comparison with Other Methods:

This method, although complex and expensive to run, is one of the most comprehensive
methods available for analysis of organic pollutants. It has the additional advantages of

being applicable to surface water, groundwater, soils and sediments in addition to solid
and hquld wastes.

- 9 g o - .
. N S T e T R

Analytes Covered by this Method:

-This method covers 259 semivolatile organic compounds, including 10 of thé phenolic
compounds, 8 chlorinated hydrocarbons, 12 pesticides, 6 miscellaneous organic parameters

~and all of the polycyclic aromatic hydrocarbons of interest to the National Contaminated
Sites Remediation Program. Method performance criteria are listed in Table 21.
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Table 21. Analytes Covered Using U.S. EPA Method 8270B

R O T,

7 l Estimated Quantitation .
_ Limite
. Low Soil/ -
S : . Groundwater Sediment - Accuracy Overall Precision
. Compounds _CASNo. Bg/L nglkg wg/L) _(ug/L)
;cen:'aphthe_ne « 83-32.9 o 10 . 660 - 0.96C+0.19 0.21x -0.67
Acenaphthene-d,, (1.5.) ] Not lxsted ‘ Not listed Not listed Not listed
Acenaphthyiene 208-96—8 - 10 . ' 660 0.89C+0.74 0.26x -0:54
Acetg;phenone $®86-21 10 - ND N VNO_t listed Not listed
2-Acetylaminofiuorene 53-96-:; ' 20 ND Not listed Not li-sted 7
1-Acetyl:2-thiourea 591-08-2 1000 " ND Not listed Not listed
Aldrin® - 305-00-2 rs;'oz listed Not listed 0.78C+1.66 0.43x +1,1:3
2.Amincanthraquinone 17m3) 2 NP Not fisted Not listed
Aminoazobenzene ) 60-09-3 10 ND Not listed ~Not listed
4-Aminobiphenyl B 92-67-1 - \l’D | Not llsted Not listed
-3-Amino-9-cthyléirbazole - 132-32-1 : I:Iot listed Not listed Not listed Not listed
Anilazine. o 101-05-3 100 ND Not u;;_ed * Not listed -
Aniline 62-533 | },'oz listed Not listed Not listed Not listed
o-Anisidine %0-04-0 10 ND Not listed Not listed
,@g}mcene 120-12-7 B 10 o 660 0.80C+0.68 0.27x 0.64
Aramite 140578 | 20 ND Not listed Not listed
Arocior 1016 12674-11-2 Not listed ‘Not lisied Not listed Not listed
Aroclor 1221 11104-28-2 Not listed Not listed Not listed Not lis.ted
A._mclbr. 1;32> ] 11141-16:5 ~ Not listed ”Not listed Not listed Not listed
Aroclor 1242° 53469-21-9 Not listed Not listed ~ Not listed ;Iot listed
Aroclor 1248* X 12672-29-6 Not listed -Noznljsged ~_ Not listed Not listed
Aroclor 12540 11097-69-1 Not listed | &o_: listed Not listed Not listed
Aroclor 1260* 11096-82;5 Not listed Not listed _ 0.81C-10.86 ) 0.45_:? +1.82
Azinphos-methyl 7 86-50-0 100 | . ND - ‘Not-ljrs_tebd ‘ Not listed
Barban 101:27:9 200 ND Not listed Not l_iste.dr
Benzidine 92-87-5 Not listed Not listed Not listed Not listed
Benzoic acid 65-85-0 | 56 3300 _ Not listed _ Not listed
Benzo(a)anthracene* 56;55;3 7 10 660 0.88C0.60 0.26x0.21
Benzo(b)fluoranthene® 205-99-2 10 660 0.93C-1.80 0.29x ;6.96
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Estimated ‘Quantitation
__Limit?
o ‘ ‘ : ’ Groundwater | . Sediment Accuracy Overall Precision

.. Compounds ] CASNo. | asg/lL _ug/kg _we/L) Ge/L)
Benzo(k)fluoranthene* 207-08-9 : 10 660 0.87C-1.56 035% +0.40
Benzo(g,h,i)perylene 191242 | 10 ] 660 0.98C0.86 05;&,'4):44"

. ,?cm(a)piénc_‘ B u_sd-sz-sA | 10 660 6.900-0;13’ 03K +135
p-Benzoguinone 106-514 10 ~ ND Not listed Not listed
Benzyl alcohol 100-;1-6 - _20 1300 N,otvlistre‘d !;fot fisted
a-BHC 39846 Notlisted Not listed | Not listed _Not listed
8-BHC 319-85-7 Not listed Not listed 0.87C-0.94 0.30x +1.94"
§-BHC 319868 Not listed Not listed 029C-1.09 093017
~-BHC (Lindane)* 58-89-9 Not listed Not listed Not listed Not listed

' bis(2-Chldroethoxy) rethane 111911, 10 660 1.12C-5.04 0.26% +2.01
bis(z-cmo}oemyl) ether 111-44-4 i 1ob o 660 -0_.860154 A 035,? +6,10
bis(2-Chloroisopropyl) ether 108-60-1 10 660 1.03C-231 0.25% +1.04
bis_(Z-qthylﬁgxyi) phthalate* 11:7-81-7;'4 N;t li;t;d | "I;Iot listed. 0.84C-1.18 0:;6? A 0'.'6_7l 7
4-Bromophenyl pheﬁyl ether 101-55-3 iO 660 0.91C-1.34 0.16x. +0.66
Bromoxynil 1689-84-5 10 ND Not listed Not listed

- Butyl benzyl phthalate* 85-68-7 10 660 © 0.66C-1.68 053 +0.92
2-sec-Butyl-4,6-dinitrophenol ~ 88-85-7 ‘Not» listed |  Not listed _ Not listed \ _Not listed.
Captafol 2425-06-1 20 ND Not listed Not listed
Captan 133-06-2 50 ND Not listed Not listed
Carbaryj' B . « ) »63-_25-2“’ - o 10 ND V‘V_Not listed .N(;t listed
Carbofuran® 1563-662 10 - ND Not listed ‘ Nothsted
Carbophenothion ~ 786-19-6 10 ND Not listed | . Not listed
Chiordane © 57279|  Notlised | Notlisted |  Notlised |  Notlisted
 Chiorfenviriphds 470906 S ND Not listed Not listed
4-Chloroaniline 106-47-8 T 20 1300 Not listed Not listed
‘Chlorobenzilate 510-15-6 | 10 ND Not listed _:)-Vgt hsted o
5.Chioro-2-methylaniline  esea 0]  ND|  Nottisea Not lsted
@Chlomes-méthylphépol 59-50-7 20| 1300 084C+0.35 0.29% +1.31
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Table 21 - Continued

90

IF =
[ Estimated Quantitation
~_ Limity
Low Soil/ .
o . _ Groundwater Sediment Accuracy Overall Precision
. Compounds _CASNo. sg/L 1 wugfg wa/L) be/t)
3{(Chloromethyl)pyridine 6959-48-4 100 ND Not listed Not listed
hydrochloride
1-Chloronaphthalene 90-13-1 Not listed Not listed 089C+0.01 013 +0.34
_ Z-Chlomnaphthal;xe 91-58-7 10 | 660 Not listed Not lsted
§I 2-Chloropheno!® '95-5;/-8 » 10 660 0.78C+0.29 0.28x +0.97
» 4-Chloro-1.2-phenylened|amme ' 95-83-0 Not listed Not li;sted - Not li.sted Not listed
4-Chioro-1,3-phenylenediadiine 5131-60-2 N,oi listed Not listed Not listed Not listed
. 4-Chlorophenyl phenyl efhe_r ) 7005-72-3 10 660 - 091C+053 - . 030? 046
Ch;ysAene.. - 218-01-9 1_6 a 660 0.93C-1.00 033%x-0.09
" Chrysene-d, (LS) o Not listed Not listed Notlisted - |  Notlisted
Coumaphos - 56-72-4 40 Nb ‘ Nét lk;gd Not listed
p-Cresidine i 120-71-8 10 ND Not listed ~ Not A;hs_(qqr
C_mtoityﬁbtg o T700-17-6 20 N'D Y;Iof lisﬁd Not listed
2-Cyclohexyl-4,6-dinitrophenol 7_131-89-.5 100 .. ND. Not listed _ Not listed ”
44-DDD - 72-54-8 Not listed Not listed 6360-0,.40 - 0.66% 0.96
44-DDE 72-55-# Not listed Not listed 0.70C-0.54 - 0.39x-1.04
44-DDT* ‘ B 50-29-3 Not listed Not listed 6:‘7903428 N 0.65x -0.58
I‘)'e,m:e;;n-o . 298-03-3 7 16 ) ND Not listed Not listed
Déemeton-s 126-75-0 10 ND Not listed Not‘ iisted
VDi_alla‘te‘ (cis or trans) 2303-16;4 E 10 ND Not listed Not listed
2,4-Diaminotoluene 95-80-7 ‘ 20 ND | - Not listed Not l;ted
D_ib_vct_xz_(a;j)a'vcﬂdine 224420 10 _’ ND | Notlisted Not listed
Dibenz(a,h)anthracene® 53703 0 660 0.88C+4.72 059 +025
Dibenzofuran ) 132-64-9 10 660 Not listed .  Not listed
Dibenzo(a,¢)pyrene 192-65-4 10 N’D Not listed Not listed
1,2-Dibromo-3-chioropropane 96-,12-87 | Not listed Not listed Not listed Not listed
Di-n-butyl phthalate® . é4-74-2 10 ND 059C+0.71 0.39x +0.60
_Dichlone V 117-806 NA "ND Not listed ___Not liste-d
1,2-Dichlorobenzene® 95-376-17 10 660 0.80C+0.28 0.24x +0.39
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Estimated Quantitation
Limits <
) : ‘Groundwater ‘Sediment Accuracy Overall Precision
Compotunds C‘As‘No. » i g/L pglke wg/L) _ we/L)

1,3-Dichlorobenzene® 541731 10 660 0.86C-0.70 041X +0.11
14-Dichlorobenzene* 106467 10 660 0.73C-1.47 ” 029% +0.36
1,4—Dicﬂ9mbenzcge-d (1.S.) - Not listed | - Not listed " Not ii’steﬁ _Not listed /
3.5’-Dich1q_i-bbe‘nzidine 91941 20 o 1300‘ .1.23012.6,5 | 047x +345
2,4-Dichlorophenol* 120832 10 660.| . 087C0.13 02fx +1.28°
2,6-Dichlorophenol® 87-65-0 10 ND | Not ,liste,d; Not hsted ‘

] pi{hlomygs ' 62737 10 ND Not listed Not listed
Dicrotophos 141-66-2 10 ND|  Notiisted | Not Al;lsgegi
Diéldrin 60-57-1 Nét listed Not listed 0.82C-0.16 0.26x-0.07
Diethyl phthalate® | 84:66-2 10 660 |  043C+1.00 _ o_szg+ozz _
Diethyistilbestrol 56-53-1 ) 20 ND l\.I'ot fisted Not listed

| Diethyi sulfate 64-67-5 100 | ~ND|}  Notlisted |  Not li;fec_l_ _
Dihydrosaffroie 56312-.13-1 A Nox l-isfeci I Not listed | Not listed V Not listed
Dimethoate 60515 20 ND Not listed ' Not listed
33-Dimethoxybenzidine 119-904 100 ND Not listed Not listed
Dimethylaminoazobenzene 60-117 10 ND Not listed Not listed
7.12-Dimethylbenz(a)- 57976 10 ND Not listed Not listed

_anthracene - .

( 35‘-Dime:§y1bemane 1i9-93-.7 10 ND Not listed Not listed
a a-Dimethylphenethylamine . 122:09:8 ND|{  ND ) Not listed .| Nét l_ijst,ed,r ‘
Z,Lbir;eAtl;ylphg;\-olr.' o  10567.9 10 660 0.71C+4.41 022 +131
Dimethyl phthalaté* 131:11-3 10 0.20C+1.03 1.05x0.92
12-Dinitrobenzene v _52&29-6 40 N | Nt listed. Not listed

13 Dinitrobenzene 99.65-0. 20 ND Not fisted Not listed
14-Dinitrobenzene 100-254 | 40 ND Not listed Not listed

' 4',6‘-Di,ni_tm-2-methy;phenol' 534-52-1 50 3300 Not listed Not listed
2,4-Diritrophenol* 51-28-5 50 3300 0.81C-18.04 N ‘0.42}' +26-;2§
2.4 Dinitrotoluene 121-14-2 10 660 0.52C4.81 | 021x +150
2.6-Dinitrotoluene _ A @2&2 10 ‘660; 1.06C-3.60 | '0.19;' +Q._3L§
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Table 21 - Continued

Estimated Quantitation
- Liffiits’
Low Soil/ ,
: : . Groundwater' | Sediment Accuracy - Overali Precision
' Compéunds CASNo. | gl |  we/ig ug/l) we/L)
Di_noéap; o 39300-45-3 o100 | ND - Not listed Not listed
Dinoseb 88-85-7 20 o ND ) r;ior ﬁs;ed Not ﬁs:ed
Dioxathion 78-34-2 . “:'-‘I‘OI- listed Not listed | - Not listed Not listed
Diébeg;;i;gnine 122-39-4 Not listed No} listed V ﬁég hsted Not listed
“ Ss-bipheuylhydantoin 5741-0 | : 20 ND Not listed . Not listed
1,2-Diphenylhydrazine 122-66-7 Not listed __Not listed Not listed » Not listed
Di-n-bct;l ph?halate' _ 117-84-0 o 10 660 0.76C0.79 0.37x +1.19
' Disulfoton 298-04-4 101  ND|__ Notlisted N Not listed |
Endosulfan 1 959988 |  Notlisted |  Not listed Not listed Not listed
Endosulfan 11 V3f3213-65-9 | Not listed Not'listed |  Not hsted . Not listed
Endqsul{;n sulfate 1031-07-8 Not listed Not listed 0;39C+0.41 0.63x<1.03
Endfin® 7208 Not listed Notlisted | Not listed Not listed
Endrin aldehyde A 7421-93-4 Not listed Nét ljétea 0.76C-3.86 - 0.73x 0.62
Endrin ketone 53494-70-5 M Not listed N6t listed Not listed Not hsted
EPN 2104-64-5 -10 ND Not listed Not listed
Ethion 563122 10 ND Not listed Not hsted W
'Ethy! carbamate 51-79-6 S0t . ND “ f\rlo;ﬁsted Not listed
Ethyl methanesulfonate o 62-50-0 20 _ | ND |  Not listed Not hsted H
Ethyl parathion o 56-38-2 Not listed Not listed Not listed Not listed
Famphur . ] ;52-85-7 20 ND [  Not listed ) Not listed
Fens'ult'othion- 115-90-2 40 ) ND V Not listed Not listed
Fenthion 55-38-9 10 ) ND Not listed Not listedb ]
Fluchloralin 33245-39.5 2 . ND Not listed Not listed.
nuoz—;nzhene o ZBM 10 T 660 0.81‘Cf1.}b“ 0.26x 0.60
Fluorene 86-73-7 10 ” 660 >»o,.,90c-o.oo ‘o.is? +0.61 -
2-Fluorobiphenyl (surr.) o 32;1-60—8 ”;'\;'_ot listed Not listed Not listed | Not listed
2-Fluorophenol (surr.) 367-124 _Not listed _ Not lis;ed Not l:i_gted 7 _ Not listed
Heptachlor* 76-44-8 | Not listed Not listed 087C-2.97 050% -0.23
Heptachlor epoxide 1024-57-3 Not listed Not listed 0.92C-187 0.28x +0.64
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Table 21 - Continued

n

[ ————— = = —
' Estimated Quantitation
__Limite
' Low Sol/ v
. Groundwater “Sediment' Accuracy Overall Precision
__-Compounds CAS No. __wg/ll Bg/kg _Gg/L) we/L)
 Hexachlorobenzene® © 118741 10| 660 0.74C+0.66 0455052
Hexachlorobutadiene: - é7-68-3 B 10 660 0.71C-1.01 0.276_Y‘_+_Q.54-g. 7
-ngacl;iqu;fyclop;nédjen; 77474 10‘ 660 |  Not ]isi;d “I‘N'o; listed
Hmcmommane 67721 . 10 660 0.73C-0.83 017X +0.80
'chathogoéhénc 70-30-4 50 N'D Not listed NotAliste“d.-
Hexachloropropene ' 1888-71-7 16 ) ND ;h;t listed Not listed
Hexamethyl phosphoramide . ;680-371-'9 20 ND - Not listed. Not ,lj‘st;c_l_;-
Hydroquinione , 123319 o ND ND kNot listed Not listed
Indeno(12.3cd)pyrene® 193-39-5 10 60| omc3i 0.50% -0.44
Iodrin 465-73-6 20 " ND|  Notisted Not listed
lsc;phérégq- u 7Rse 10 | 660 112C+1.14  03% ;Q;zﬁs
Isosatrole 120-58-1 - 10 ND | Nottised Not listed
Kepone. 143-50-0 o 20 | ND Not listed | Not listed
Leptophos 21609-90-5 10 ~ ND| - Not listed ) N;?list;fd
Malathion 1?,21“-75.5 s ND Not listed Not listed
Maleic anbydride 108316 NA| ND Not listed  Not listed
Mestranol '-72-3—3-? 20 ND -Not listed Not. listed |
Methapygilene 91-80-5 100  ND|  Nortisted Not listed
Methoxychior* o 7‘2-43-5 1 ) 10 ND Not listed Not listed
}M;thyi;i;:c;l.an-thrqne‘ v-56-4_9-5 10 ND Not listed Not listed
4,4'-Methylenebis(2- 101-144 .NA ND Not listed Not list?d
chloraniline) . . _ ’
4,4’ -Methylenebis(N,N- iOléi-l » I;Jot listed Not listed Not listed Not listed
__dimethylaniline) :
Methyl methanesulfonate i 66-2773 , 10 ND. Not listed V»UN;)t hsted
2-Methylnaphthalene o 77 -9'i-57-6 ’10 660 Not listed Not listed
2-Methyl-5-nitroaniline  99:55-8 1  Not listed Notlisted | ~ Not l_i_g_tec-ln Not listed
Methyl gamt_hi_c;n - 2%@4 10 ND Not listed . Not listed “
2-Methyiphenol 95-48-7 10 660 Not ljisted Not listed
3-Methyiphenol 108-394 10 ND Not listed V 7 !\.To{l_isted‘v_
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8270B-12/18/91

94

Estimated Quantitation
_ Limit?
- | LowSoil/ ,
C : ) Groundwater Sediment Accuracy Overall Precision
- .Compounds . -CAS No. _sg/L. ug/kg ug/L) Ge/L)
4-Methyiphenol 106-44-5 10 660 Not listed | Not listed
Z-I;r{,e_t.l.lylpyridine : 109-06-8 Not listed Not listed Not listed Not listed
Mevinphos 7786-34-7 - 10 ND Not listed . ) Nc;t listedr
Mexac._zrba‘t,eA 315-184 20 | ND Not list;d Not listed
Mirex | 2385.85.5 10 ND Notlisted |  No listed
i Mopocmtgpgo;s ~ 6923-224 40 N’D ” Not listeé:l B Not listed
Naled 300-76-5 20 ND Not listed Not listed
Naphthalene* 91-20-3 1_6 660 0.76C+1.58 0.30x -0.68
Naphthalene-g (I.S.) - Not listed Not listed Not listed Not listed
1,4-Naphthoquinone 130-154 10 " ND Not listed N Not listed
1~Naph£hylamine 134-32-7 10 ND Not listed Not listed
2-Naphthylamaine 91-59-8 10 ND Not listed Not listed
Nicotine | 54-11-5 20 A - ND Not listt;,d __Not listed
5-Nitroacenaphthene -662-87-9 10 ND _ Not listed ' Not listed
é-Nitma_nilin;e 88-74-4 50 3300 Not listed __ Not listed
3-Nitroaniline o 99-05-2 50 3300 Not listed Not listed
4-Nitroaniline 100016 | 20 ND Not listed Not fisted
5-Nitro-o-ahi§idine 9§-5§-2 | 10 ND Not listed >1\}ot l;sted .
Il Nicwovenzene 98-95-3 10 660 | - 109C-305 027 +021
A Nitrobenzene-d, .(surr.) 'Not listed Not listed Not listed Not ~hsted
- 4-Nitrobiphenyi ~92~93-3 10 ' ND Not listed Not fisted
Nitrofeﬁ . 1836-75-5 20 | ND Not listed Not listed 7
2-Nitrophenol 88-75-5 10 660 0.07C-1.15 0.27% +2.60
4-Nitrophenol 100-02-7 50 3300  061C122 0.44% +3.24
S-Nitro-o-toiuidine 99-55-8 10 ND Not listed Not--ﬁs;ed
 Nitroquinoline-1-oxide | 56-57-5 40 ND Not listed Not listed
N-Nitrosodibutylamine 924-16-3 10 ND Not listed Not [ist;d ‘
N-Nitrosodiethylamine _ 55185 20 ND _ Not listed Not listed
N-Nitrosodimethylamine 62-75-9 | Not listed Not listed _ Not listed ) 0Not listed



" Table 21 - Continued

. Estimated Quantitation

'-' - ; ‘-A l - g)

Limit®
1 Lowsoy/ o
A . Groundwater Sediment Acciracy { Overall Precision
. Compounds CAS No. e/l | weikg. wg/lby 4. @l

N-Nitrosomethylethylamine 10595-95-6 Not listed Not listed - Not listed _Not listed
.N-Nigmpd@hcnﬁamn; 7 86-30-6 10 660 Not listed Not listed
N-Nitrosodi-n-propylamine 621647 | 10. 0 | 1106 044% 4047
N—Nitrosomo.x_-pggoli‘n_e -“55-8'9-2 Not listed Not listed Not listed = | ‘ I-\'T-qt_ listed
_N-Nitmsopiperidiﬂe o ;1@0-_75;4; ) 20 N ND Not lis:,-ed ) Not listed
N-Ni:rosopyngqun; o ' 930.55-2 40 ND Not listed ‘_Nc;;lj‘sie-dr 7
é)ctaméthyl pyrophosphoramide iSZ-"}6—_2 1 - 200 | ND Not listed ) _Not listed
44-Oxydianiline o lons0s | 2 | ND Not listed _ Not listed
Parathion® 56-38-2 10 ND ."4:ot lis,t?d Not listed -
Pentachiorobenzene®. } 60;-93-5 10 ND Not listed _Not listed
Pentachloronitrobenzene 82-68-8 20 ND Not hsted - Not listed
Pentachlorophenol® . 87-86-5 .50 3300 0.93C+1.99 0.30x +4.33
éerylene-d,, (1s) Not listed Not listed Notr ﬁs;;d A VNot listed
Phenacetin 62-4;1-2 o 20 ND Not listed Not listed

‘ Pnenaﬁthrehe' 85-01-8 10 660 0.87C +0.06 o15£ +0.25
Phenanthrene-d,, (1.S.) ) ‘ Aﬁ,qt, lis;;:d A A;J_ot listed Not listed .No; listed
Phenobarbital ' so066 | 10 ND Not listed - Not listed
Phenol® 108-95-2 10 . 660 0:43C+1.26 7 0.35x +0.58
Phenol-q, (surr.) | Notisted Not listed Not listed Not listed

' 14-Phenylenediamine ' 106-50-3 10 ND| Not listed Notlisted
Phorate ) 298-02-2 10 ~ND Not listed Not listed
Phosalone B 51(117-0 100 ND Not listed Not listed
‘P-hq;;net 732-11-6 40 _ ND “Not listed ) Sot listed
Phosphamiidon _13.»121-?-1-6 100 ND Not listed Not ﬁsted
Phthalic anhydride 85-44-9 100 ND Not listed Not listed
2-Picoline 109-06-8 ND ND Not listed I'?Io't listed
.Pipc:"otjl)v'l‘sulfoydde 120-62-7 100 _ND Not 1i$ged . Not listed
Pronamide 23950.58ls“ 10 B ND Not listed Not listed
Propylt,h.iou‘mci'l' 51-52-5 100 ND Not listed Not listed
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Tablé 21 - Cont‘im_led

« Estimated Quantltantm
Limits®
" Low Soil/ | -
Groundwater §| . Sediment Accuracy Overall Precision
Compounds - ‘CAS No. B/l ‘ug/ke we/L) g/
Pyrene* 129000 10| 660 | 0.84C0.16 0.15% +0.31
Pyridine V 110-86-1 ND ND Not listed Not listed
Resorcinol 108463 100 ND Not listed  Not listed
Safrole ) 94-59-7 10 _ ND Not listed Not listed
Strychnine 60413 : 40 ND Not listed >No'tAlviVs,tedr
Sulfallate i ‘ 95-06-7 10 ND Not listed Not listed
Terbufos 13071-79-9 | 20 ND Not listed !\io; l_ist_e,d
Terphenyl-d,, (surr.) - Not listed Not listed Not listed Not listed
1,24 5-Tetrachlorobenzene® 95-94-3 10 _ND |  Not listed Not u_sze;i’
2,3,4,6-Tetrachlorophenol* .'5&90;2 a 10 ND Not listed Not listed
» Tgt;achlérviﬁphos | 961-11-5 20 ND _ Not listed Not listed
Tetraethyl dithiopyrophosphate’ 3689-24-5 ' Not LisAtedA - Not listed Not listed - Not listed
Tetraethyl pyrc;él;ospha;e '107-49-3 40 ND Not listed Not listedr
Thionazine 297-97-2 Y- ND Not listed Not listed
_ Thiophenol (Benzenethiol) V 108-98-5 20 ND Not listed . Not listed
Toluene diisocyanate 584-84-9 100 _ ND ﬁot, ﬁste& Not listed
o-Toluidine o534 | 10 ND Not listed Not listed
Toxaphene © 8001-35-2 Not listed |  Not listed " Not listed Not> listed
2,4,6-Tribromophenol (surr.) Not listed Not listed Not listed Not listed
1,24-Trichlorobenzene* 120821 10 60|  0s4com . 021x +0.39
‘2,4;5,-TxichJompt.;gnol-* - 95-954 10 ' 660 Not listed Not listed
;,4,16;Tﬂc;"10mphen'ol' 88-06-2 ‘ 10 660 0.91C-0.18 022? +181
Trifluralin 1582-09-8 | 10 ND -No,t listed Not listed
2.4,5-Tﬁ'nx'e’thylanilincl A i37;i7-7 10 ND Not listed . Nét lisvtcc_l> -
Trimethyi phqs-l;}l;té : 512-56-1 10 'ND © Not listed Not listed
1,3,5-Trinitrobenzene 99-354 o ‘_170 ND 7No,t listed - Not listed
Tris(2,3-dibromopropyl) 126-72-7 | . | 200 ND Not listed 'Not listed
_phosphate : ‘ :
Tri-p-tolyl phésphate 78320 | 10 ND Not listed " Not iisted V
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Estimated Quantitation
Limit$
| | | | rewsew/ | -
I L I .| Groundwater Sediment -Accuracy Overall Precision
. Compousds . | CASNo se/L __ne/kg e/l Gg/L)
0,0.0-Triethyl phosphorothicate - 126-68-1 | NT ND. Not fisted " Not listed

a = EQLs listed for soil/sedimert are based on wet weight: Normally data is repbn,e;d in a dry weight basis, thefeforc, EQLs will bé higher
based on the % dry weight of each sample. This is based on a 30 g sample and gel permeation chromatography cleanup.

b = Sample EQLs are highly matrix-dependent. The EQLSs listed herein are provided for guidance and may not always be achievable.

ND = Not determined

NA = Not applicable

NT = Not tested '

C = True value for concentration, in s g/L .

x= Average recovery found for measurethents of samples containing a concentration of C, in p'g/L.
* = Analytes targeted by the National Contaminated Sites Remediation Program. '

.Other Matrices - ’ ) Factor
High-concentration soil and studges by sonicator ‘ 75
Non-water misciblé waste : 75

'EQL = [EQL for Low Soil/Sediment (Table 20)] X [Factor].

| aE mE ' s B aE

Comments on Uselbf This Me‘thdd:.

Method 8270B 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. '

The following compounds may require special treatment when being determined by this
method. Benzidine can be subject to oxidative losses during solvent concentration. Also,
- chromatography is poor. Under the alkaline conditions of the extraction step, a-BHC, v-
BHC, endosulfan I and I, and endrin are subject to decomposition. Neutral extraction
should be performed if these compounds are expected. Hexachlorocyclopentadiene is
subject to thermal and photochemical decomposition. N-nitrosodimethylamine 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, 4-c¢hloro-3-methylphenol, benzoic acid, 2-nitroaniline, 3-
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CORPOR TION .
nitroaniline, 4-chloroaniline, and benzyl alcohol are subject to erratic chromatographic
behavior, especially if the GC system is contaminated with high boiling material. '

The estimated quantitation limit (EQL) of Method 8270B 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 pg/L for
~groundwater samples. EQLs will be proportionately higher for sample extracts that
- require dilution to avoid saturation of the detector. |
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Title:

A Method for the Analysis of Polychlorinated Dibenzo-para-Dioxins (PCDDs),
Polychlorinated Dibenzofurans (PCDFs) and Polychlorinated Biphenyls (PCBs) in Samples
from the Incineration of PCB Waste. ' : .

Reference:

Reference Method 1/RM/3 (revised). May 1990. Environment Canada, River Road
Environmental Technology Centre, Ottawa, Ontario.

Method Applicability:

This method is appropriate for determination of tetra-, penta-, hexa-, hepta-, and
octachlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs), and trichloro-
through decachlorobiphenyl isomers in feedstock processes and stack emission samples
from incinerators. These include solids (ashes and solid waste feed), liquids (condensate
traps, solvent rinses, etc.), and waste oils. :

' -Sample Preparation:

Solid Samples

Solid samples consist of the train filter and filtered particulates from the front-half rinse,
the Amberlite XAD-2, material fed into the incinerator and any ash generated during the
burn. The Soxhlet extraction portion of the procedures is common to all solid samples.

Ashes and Feed (solid waste)

Accurately weight a representative 2-10 g portion of finely-divided sample into a 250
ml beaker and spike it with a known amount of isotopically-labelled surrogate
PCDD/PCDFs and PCBs. Allow the sample to air-dry for 30 minutes, then add 100

mL of 3 M HCI and subject the sample to ultrasonic agitation for 30 minutes, stirring
occasionally with a glass rod. :

Transfer the filtrate to a S00 mL separatory funnel and serially extract with 100, 50, 50-
mL portions of dichloromethane. Dry the extracts by passing them through a bed of
dichloromethane-rinsed sodium sulphate. After adding 1 mL isooctane keeper,
concentrate the extract to 3 to 5 mL by rotary evaporation at approximately 38°C. The
filtrate extract is combined with the Soxhlet extract of the sample before cleanup.

Soxhlet extract a cellulose thimble with toluéne to bre-clean it. Allow the pre-extracted

thimble to air-dry in a beaker. Quantitatively transfer the filter containing the acid-
treated dried sample into the thimble. Place the thimble into the Soxhlet and extract
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the sample with approximately 350 mL of benzene, refluxing it for 20 hours at a rate
of three to four cycles per hour.

Add the filtrate dlchloromethane extract to the sample with three dichloromethane
flask rinsings and concentrate the combined sample to approximately 5 mL by rotary
evaporation at 38°C. Add approximately 100 mL of hexane to the flask and repeat the
concentration step. Dry the sample by passing it through hexane-rinsed sodium

sulphate; rinse both the flask and sodium sulphate with hexane, and concentrate the

combined extract to 3 to 5 mL by rotary evaporation. The concentrate is next subjected
to the acid/base s1hca and the basic alumina column cleanup descnbed below.

" Probe Rmse and 'I‘ram Filter

Suspended or settled particulate matter which may be present in the solvent rinse of .

the sampling train probe are removed by filtration through a glass fibre filter. The
filtered particulates are combined with the train filter for acid treatment and Soxhlet
extraction as desctibed above. The filtered probe rinse is processed as a solvent rinse

- sample as described in the section on Liquid Samples below. The filter extract and the
filtrate are combined for the acid/base silica and the basic alumina column cleanup -

described below.
* Amberlite XAD-2

The ends of the adsorbent eartridge are uncapped and the XAD-2 is air-dried in a
desiccator. The XAD- 2 is emptied into a pre-extracted thlmble spiked with surrogate

of this extract is subjected to the acid /base} silica and the basic alumma column cleanup

described below.

Liquid Samples

- Liquid samples consist of the contents from the condensate trap, glycol impinger, and

solvent rinsings of sampling train glassware. All liquid samples in their original bottles,
should be spiked with the surrogate standards before extraction. If the liquid sample (e.g.,

unpmger contents and back-half rinse) is to be combmed with the XAD, only the XAD

- is spiked with surrogates.

' Aqueous Samples

Quantitatively transfer the surrogate-spiked aqueous sample into a separatory funnel,
rinsing the sample bottle with deionized water followed by dichloromethane and serially
extract with 100-, 50-, 50-mL portions of dichloromethane. These volumes apply to
sample sizes in the 500- to 1000-mL range. For small sample volumes dichloromethane
volumes may be scaled accordingly. Extract portions are dried and combined by
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passing them through a bed of dichloromethane-rinsed sodium sulphate and 1-mL of
isooctane keeper is added prior to concentrating the extract to 3 to 5§ mL by rotary
evaporation at approximately 38°C. 'Add 50 mL of hexane to the flask and concentrate
again to 3 to S mL. The concentrate is next subjected to the acid/base silica and the
basic alumina column cleanups described below.

Ethylene Glycol Sample

Transfer a surrogate-spiked sample into a separatory funnel, rinse. the sample bottle
with. two small portions of deionized Wwater followed by two small portions of hexane,
and then dilute the sample to approximately 1.5 times its original volume with
deionized water. '

Add dichloromethane, shake vigorously for two minutes, allow the layers to separate,
and dry the dichloromethane extract by passing it through a bed of dichloromethane-
rinsed sodium sulphate.

Repeat the extraction with two additional portions of dichloromethane, passing each
extract through the sodium sulphate into the flask, and then rinse the sodium sulphate
with dichloromethane.

Add 1 mL of isooctane keeper and then concentrate the sample to 3 to 5 mL by rotary
evaporation at 38°C. Exchange the solvent to hexane by adding 50 mL of hexane and
reconcentrating to 3 to 5 mL. The concentrate is fiext subjected to the acid/base silica
and the basic alumina column cleanup described below.

Solvent Rinsé Samples |

Quantitatively transfer a sample into a 500-mL round bottom flask following with three
hexane rinses of the bottle. Add-a 1-mL isooctane keeper and concentrate the sample
to 3 to 5 mL by rotary evaporation at 38°C. Exchange the solvent to hexane as
described above. Dry the sample by passing it through a bed of hexane-rinsed sodium
sulphate, complete the transfer with hexane rinses and combine the back-half rinse with
the ethylene glycol extract. Combine the backholder and condenser rinse with the
XAD extract. '

‘Two columns are used for sample cleanup: an acid/bése silica column and an alumina
column..

The acid/base silica column is layered from the bottom up with : glass wool, 1.5 g of silver
nitrate/silica, (bottom layer), 1 g of silica, 2 g of 33% 1 M sodium hydroxide/silica, 1 g
of silica, 4 g of 44% sulfuric acid/silica, 2 g of silica and approximately 1 g of sodium

1/RM/3-05/21/92 - 101



su-lpha_te to top off the column. The column is pre-washed with 30 mL of 2%
dichloromethane in hexane (v/v) before use. The concentrated sample extract is
transferred onto the top of this column, followed by three, S-mL 2%
dichloromethane /hexane (v/v) rinsings of the sample flask, also transferred using the
same pipet. When the third rinse has drained to the top of the sodium sulphate layer,

- pour an additional 50 mL of 2% dichloromethane/hexane (v/v) through the column.

_Concentrate the column effluent to a volume of approximately 2 mL by rotary evaporation
at 38°C. Add approximately 50 mL of hexane to the flask and repeat the concentration
to exchange the solvent to hexane. :

'l'he above concentrate is then quantitatively transferred with hexane to a second cleanup

column. It consists of 2.5 g of freshly prepared basic alumina topped off with 0.5 cm of

sodium sulphate and is first pre-washed with hexane before the sample concentrate is
added to it.

Via pasteur pipet, transfer the concentrated extract from the acid/base column onto the

alumina column, followed by hexane rinsings of the Sample flask, transferred through the

- same pipet. Add 30 mL of hexane and allow the hexane in the column to drain just to
the top of the alumina bed. Add 20 mL of freshly prepared 2% dichloromethane in
hexane (v/v) to the column. This fraction (Fraction 1) will contain the PCBs. When the
solvent level in the column again just reaches the top of the alumina column add 30 mL
of 50% dichloromethane in hexane (v/v) to the column and allow the column to drain
completely. This fraction (Fraction 2) contains PCDD/PCDFs. Concentrate Fraction 1
to approximately 3 mL and Fraction 2 to approxlmately 1mL by rotary evaporauon at
38°C.

Via Pasteur pipet, transfer Fraction 1 (PCBs) to a pre-calibrated centrifuge tube and
concentrate further under a gentle stream of pre-purified nitrogen. With the same pipets
used above, complete the transfer of the sample from the flask to the centrifuge tube via
three, 0.5-mL isooctane rinsings of each flask.

After concentraung the PCB fraction to just under 450 uL, add 50 uL of 4 ng/uL*C,-
3,3'4,4-tetrachlorobiphenyl solution and bring the sample volume to 500 pL with
isooctane. Transfer the sample to a 1.5 mL amber glass screw-capped vial. Store the
sample at 4° C until analysis.

The PCDD/PCDF sample (Fraction 2) is transferred via Pasteur pipet to a Reacti-vial
and concentrated under a gentle stream of pre-purified nitrogen. Complete the sample
transfer using the same pipet to take up three, 0.5-mL hexane rinses of the flask,
transferring them into the Reacti-vial. Concentrate the extract to a small, known volume
(typically 100 xL) and screen for PCDD/PCDF analytes by using a gas chromatography
equipped with a DB-5 capillary column and electron capture detector. An extract which
shows a chromatogram of high interfering background may require additional cleanup
procedures such as: shaking the extract with strong acid and strong bases, passing the
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extract through a carbon column, or separating the PCDD/PCDFs from the interferents
by HPLC. Just prior to GC/MS analysis the sample is blown dry under a gentle stream
of pre-purified nitrogen.. A volume (typically 100 L) of performance standard containing
100 pg/uL C;,-1,2,3,4-TCDD is toluene is added to the Reacti-vial and the capped vial

is allowed to sit for one hour prior to analysis.

Waste Oil Samples: Cleanup of waste oils for PCB and PCDD/PCDF analysis
incorporates the use of the columns described above, plus an additional alumina column
for PCDD/PCDF cléanup. ' _

PCDD/PCDFs: One gram of oil is placed in a flask and spiked with a known amount
of PCDD/PCDF surrogates. Add 45 mL of hexane and cleanip the sample using both
columns as described above. Removal of the oil matrix from the alumina column is
enhanced when 40 mL of hexane is used. The fraction containing PCDD/PCDFs
(Fraction 2) is concentrated and exchanged to hexane, giving a final volume of 3 to 5
mL. The extract is put through another freshly-prepared alumina column, repeating
the solvent elutions as above. Fraction 1 may be discarded while Fraction 2 is
transferred to a Reacti-vial. _

PCBs: Weight 0.100 g of oil into a flask and spike it with a known amount of the PCB
surrogates. Add 3 to 5 mL hexane and put the sample through an acid/base column
and concentrate as described above. The sample is then transferred to a freshly
prepared alumina column and eluted with 40 mL of hexane which is discarded. Place
a flask beneath the alumina column just when hexane reaches the bed level and add
20 mL of 5% dichloromethane in hexane (v/v) to the column to elute the PCBs. When
the column has drained, add 3 mL of isooctane to thé extract and rotovap to 3 to S mL.
Transfer the extract to a centrifuge tube (which has been pre-calibrated to 2.0 mlL)
using three, 0.5-mL isooctane rinses. Concentrate the sample under a gentle stream
of nitrogen to just under 2.0 mL. Add a known amount of the performance standard
(** G;-3,3°4,4'-tetrachlorobiphenyl) and make the volume of the sample up to exactly 2.0
mlL with isooctane. Transfer the sample to a 3 mL amber vial with a Teflon-lined cap
and store it at 4° C until analysis. '

Instrumental Ah_alysis:

Analytes may be present in the sample as single isomers or complex mixtures. The
maximum number of target congeners for PCBs (3C1-10Cl), PCDDs (4C1-8Cl) and PCDFs
(4C1-8Cl) are 194, 49 and 87 respectively. : '

Optimum settings for GC parameters and the appropriate retention time windows for
time-sequenced SIM mode analysis of PCDDs/PCDFs on a DB-5 column is such that five
retention windows can be defined, corresponding to the five levels of chlorine substitution
(4C1-8Cl) without any overlap. Polychlorinated biphenyl congeners, however, overlap up
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to three levels of chlorine subst1tut1on (e.g., 3C1/4C1/5C1,4C1/5Cl1/6Cl. etc) on a DB-5
column

Instiumentation Required:

A GC/MS system equipped with a capillary, non-polar column directly coupled to a low
resolution quadruple mass spectrometer’ with a dedicated data system should be used for
the analysis. The data system is operator-programmed for tlme-sequenced acquisition of
selected MS data for each analyte.

The GC column for analysis of PCBs is a DB- 5 30 m x 0.25 mm ID fused silica, 0.25 um
film or equivalent.

Selectmn of a 30-m column for PCB analysis is con51dered to represent the most
appropriate compromise between the competing ideals of maximum resolving power and -
short analy51s time for homologue analysis. For dioxin analysis, however, a 60-m DB-5
column is required in order to adequately separate, 2,3,7,8-TCDD from neighboring
isomers as well as for homologue separauon (congener 1,2,8, 9 TCDD and 1,3,4,6,8- P5 CDF
may elute very closely) ~

Mass spectrometers are operated inthe Electron Impact (EI) and Selected Ion Momtonng
(SIM) modes. The selected ion masses for PCDD/PCDF and PCB analysis are listed in.
the method.

Interferences:

Solvents, reagents, glassware, and other sample processmg hardware may yield discrete
artifacts and/or elevated baselines which may cause misinterpretation of chromatographic
data. All of these materials must be demonstrated to be free from interferents under the
conditions of analysis by running laboratory method blanks.

The use of high purity reagents and solvents helps to minimize interference problems.
Purification of solvents by distillation in all glass systems may be required.

Interferents co-extracted from the sample will vary considerably from source to source,
depending upon the sample. PCDDs and PCDFs are often associated with other
interfering chlorinated compounds such as PCBs and polychlorinated diphenyl ethers
which may be found at concentrations several orders of magnitude higher than that of the
analytes of interest. Retention times of target analytes must be verified using reference
standards. - These values must correspond to the retention time windows established.
While certain cleanup techniques are provided as part of this method, unique samples may
‘require additional cleanup techniques to achieve the method detection limit.
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Quality Control Requirements:

v Glassware: All reusable glassware must be scfupulously cleaned as soon as possible after

use. Glassware is either air-dried, or dried in an oven at temperatures less than 100°C.
Prior to the start of a project each piece of glassware including flasks, vials, and rotary
evaporators are rinsed with hexane and dichloromethane. The combined rinses are put
through the cleanup procedure to yield one solvent sample which is analyzed for
PCDDs/PCDFs. If any amount is positively identified, all of the glassware must be
recleaned. Before a project starts the Soxhlet apparatus must also be proofed. (This is
‘in addition to the routine blanking procedure). The Soxhlet apparatus containing a
cellulose thimble, condensers and flasks are blanked overnight in toluene. The entire
apparatus is rinsed three times with toluene and the extract plus the toluene rinses are
discarded. A proofing sample is generated by re-extracting the apparatus with fresh’
toluene. The extracts of all the Soxhlets are then combined into one sample and analyzed
by GC/MS to ensure there is no contamination.

Amberlite XAD-2: The resin must be cleaned and proofed to be free of contamination
prior to field sampling. Rinse the resin with three column volumes of deionized water
followed by Soxhlet extraction sequentially with methanol, dichloromethane and
cyclohexane for 20 hours each. After the last extraction, rinse the resin (while still in the
Soxhlet) for five cycles with hexane. Spread the clean resin onto a tray lined with pre-

' tinsed (methanol and hexane) aluminum foil to a depth not exceeding 0.5 cm, air-dry in

a fume hood to remove excess solvent, and then dry in a vacuum oven for three to four
hours at 50°C. Before sampling, an aliquot (~30g) of the resin is subjected to proofing
analysis for target analytes with other train proofing samples. '

Glass Wool: Glass wool is compressed into a large glass column and washed sequentially
with hexane and dichloromethane. The volume of solvent used for each wash should be
twice the estimated volume of glass wool in the column. Loosely cover the mouth of the
beaker with hexane and dichloromethane-rinsed aluminum foil, allow the glass wool to
air-dry in a fume hood and then condition overnight at 225°C in a vented oven.

Sodium Sulphate: Sequentially wash the sodium sulphate twice with hexane and twice
with dichloromethane. The volume of solvent used for each wash should be twice the
estimated volume of sodium sulphate. Transfer to a large beaker, cover the mouth loosely
with solvent-rinsed aluminum foil, and oven dry at 50°C for at least one hour before
conditioning overnight at 225°C. -

Silica: Sequentially wash with hexane and d‘i'chloromethane as described above. Oven dry

the silica at 50°C for a minimum of oné hour in a foil-covered beaker, then condition at
225°C for at least four hours. :

44% Sulphuric Acid on Silica: Add 78.6 g of concentrated sulfuric acid in a stepwise
manner (5 mL at a time) to 100 g of silica (prepared as described above) in a 500 mL
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- glass-stoppered Erlenmeyer flask. After each addmon, shake the ﬂask wgorously until no
clumps are observed. Store in the stoppered flask. This amount of material is enough
for 40 cleanup columns. Larger batches are not recommended.

33% 1 M Sodium H dl’OXIde on Silica: Add 24.6 g of a 1 M sodium hydrozide solution -
in a stepwise manner to 50 g of freshly-condmoned silica in a glass-stoppered Erlemneyer

~ flask. After-each addition, shake the flask until no clumps are observed. Store in a screw-
capped bottle with a Teﬂon cap liner. :

10% Silver Nitrate on Slllca: Dissolve 5.6 g of silver nitrate in 21.5 mL of deionized
water. This solution is added in a stepwise fashion to 50 g of freshly-conditioned silica
in'a glass-stoppered Erlenmeyer flask. Between additions, the flask is shaken until a
uniformly-coated, free-flowing powder is produced. After the silver nitrate is added, allow
the material to stand for approximately 30 minutes, cover the mouth of the flask with
solvent-rinsed aluminum foil, and place in an oven at 30°C. Over a five-hour period,
gradually raise the oven temperature to 180° C, and continue to condition overnight at this
temperature. Cool to room temperature and immediately transfer to afi amber glass,
screw-capped bottle which has a Teflon cap liner. Mlmrmze exposure of this material to
light. Store in a desiccator until use.

Basic Alumina: Weigh two to thiree grams more alumina than is necessary (2 Sg/sample)
for the number of samples to be batch-processed at one time. Add the alumina to a glass
conditioning column and wash sequentially with dichloromethane and hexane (two
portions each). The volume of solvent used for each wash should bet two to three times
the estimated volume of alumina in the conditioning column. After draining, insert a glass
wool plug into the column to immobilize the alumina. Drain as much solvent as possible
from the wet alumina by suction on the valved end of the column, then place the column
in a tube furnace. Connect the glass-jointed end of the column to a cylinder of
prepurified nitrogen. With the furnace off, purge the alumina with nitrogen at 200-400
mL per minute for approximately 30 minutes. While maintaining the nitfogen purge,
condition the alumina at 350° C for a minirhum of two hours. Conditioned alumina must
~ be used immediately after removal from the tube furnace. Do not store for later use.

Comparison With Other Methods:

This method uses a high resolution capillafy GC column with low resolution mass
spectrometry. It is less expensive then EPA-8290 and Environment Canada 1/RM/19
which both use high resolution mass spectrometry. Its cleanup procedures are different

“from the U.S. EPA methods in that acid/base silica gel followed by basic alumina columns
are used rather than neutral alumina followed by activated carbon columns (EPA-8280

- and EPA 8290). Additional details are provided in this method for XAD-2 solid samples,
ethylene glycol samples, waste oil samples etc. It is a newer method and has taken
advantage of several years of expenence to improve the U.S. EPA methods
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Analytes Covered by This Mefhod:
This method covers 17 PCDDs and PCDFs, all of which are of interest to the National
Contaminated Sites Remediation Program as shown in Table 22. It also covers the PCBs
as homologs rather than as the specific Aroclor mixtures in Table 1 of Volume 1.

Table 22. Analytes Covered Using Method Environment Canada 1/RM/3

2,3,7,8-T,CDD*
23,78-T,CDF*

- 1,2,3,7,8-P,CDD*
1,2,3,7,8-P,CDF*
2,3,4,7,8-P,CDF*
1,2,3,4,7,8-H,CDD*
1,2,3,6,7,8-H,CDD*
1,2,3,7,8,9-H,CDD*
1,2,3,4,7,8-H,CDF*
1,2,3,6,7,8-H; CDF*
1,2,3,7,8,9-H,CDE*
2,3,4,6,7,8-H,CDF*
1,2,3,4,6,7,8-H,CDD*
1,2,3,4,6,7,8-H,CDF*
1,2,3,4,7,8,9-H,CDF*
OCDD*

- OCDF*
PCB Homologs 3Cl-10C]

* Analytes target’e;d' b_yA the National Contaminated Sites Remediation Program.

Comments on Use of This Method

The sensitivity of this method is dependent on the level of interferents within a given
matrix and how well the cleanup procedures remove them. Isotopically-labelled

- surrogates are added to each sample before extraction and cleanup so that recovery of the
analytes can be estimated based on recoveries of the surrogates. Both an internal
standard method of quantitation and an external method of quantitation are described.
Example data reports are also provided.

One disadvantage of this method is that the DB-5 GC column cannot resolve 2,3,7,8-

TCDF from some other isomers. A 30 M DB-225 GC column is recommended if the
presence and amounts'of 2,3,7,8-TCDF_ need to be measured.
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Title:

Reference Method for the Determination of Polychlorinated Dibenio-para-_dioxins
(PCDDs) and Polychlorinated Dibenzofurans (PCDFs) in Pulp and Paper Mill Effluents.

Reference:

Environment Canada. EPS 1/RM/19. February 1992. River Road Environment
Technology Center, Ottawa, Ontario, K1A O0H3.

. C
Method Applicability:

This method is applicable to the solid and liquid phases of pulp mill effluents.
Sample Preparation:

Spike a 1 kg sample in its sampling bottle with a freshly prepared stable labeled surrogate
solution and, after mixing it well for an hour, suction filter it to separate the solid pulp
from the aqueous sample. Rinse the pulp with analyte-free deionized water and dry it in
a desiccator. The dried pulp and the combined liquid filtrates are extracted separately.

Filtrate Extraction

Quantitatively transfer the filtrate from the flask to a separatory funnel and extract it -
with dichloromethane. Persistent emulsions may be drained off into a clean, large
beaker and broken using mechanical means, such as passage through loosely packed
glass wool. Repeat these extractions two more times. If any water or emulsion is
observed in the collection flask, the extract must be passed through a bed of
dichloromethane-rinsed sodium sulphate to dry it. Concentrate the combined extracts
and rinses to 3 to 5 mL by rotary evaporation at 30°C before combining with the
extract from the particulate (pulp) fraction of the sample.

Pulp Extraction

Extract the dried pulp and particulates with toluene using a pre-extracted thimble and
a Soxhlet apparatus. Reflux the sample at a rate of 3 to 4 cycles per hour for at least
16 hours. Add the concentrate from the filtrate extraction above to this extract and
concentrate the combined extracts to 1 to 2 mL using a rotary evaporator and a water

- bath-temperature of 72° C or lower. Exchange the toluene solvent to hexane by adding
100 mL of hexane and repeating the solvent concentration. Dry the sample by passing
it through hexane-rinsed sodium sulphate, then rinsing first the extraction flask, then
the sodium sulphate, with three 5-mL portions of hexane. Concentrate the sample to
3 to 5 mL by rotary evaporation at 30°C. '
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Acid/Base Silica and Basic Column Cleanup

Two columns are used for sample cleanup: an acid/base silica column and an alumina
column.

4

~ The acid/base silica column is layered from the bottom up with: glass wool, 1. 5 g of silver
nitrate/silica, (bottom layer), 1 g of silica, 2 g of 33% 1 M sodium hydroxide/silica, 1 g
of silica, 4 g of 44% sulfuric acid/silica, 2 g of silica and approximately 1 g of sodium

sulphate to top off the column. The column is pre-washed (v/v) before use with 30 mL
of 2% dichloromethane in hexane.

The concentrated sample extract is transferred onto the top of this column, followed by
three, 5-mL 2% dichloromethane/hexane (v/v) rinsings of the sample flask, also
transferred using the same pipet. When the third rinse has drained to the top of the
sodium sulphate layer, pour an additional 50 mL of 2% dichloromethane/hexane (v/v)
through the column. When the solvent has drained, assess the column for saturation of
the acid/silica layer and the silver nitrate/silica layer. This is indicated by an appearance
of colour throughout the reagent layer.

Saturation of the acid/silica layer suggests that the sample extract (in hexane) should be
washed with concentrated sulphuric acid in a separatory funnel, repeatmg the washes
(maximum of four washings) with fresh acid until no colour is observed in the acid layer.
Then wash the extract sequentially with deionized water, 1 M sodium hydroxide and a
final wash with deionized water. Dry the extract by passing it through sodium sulphate.

Saturation of the silver nitrate/silica layer requires passage of the concentrated sample
extract through an additional column containing 2.5g of 10% silver nitrate/silica. Elute
the sample extract through the pre-washed column with 30 mL of 2% dichloromethane
in hexane. Add hexane to the column eluate and concentrate to 1 to 2 mL by rotary
evaporation at 30°C.

The above concentrate is then quantitatively transferred with hexane to a second cleanup
column. It consists of 2.5 g of freshly prepared basic alumina topped off with 0.5 cm of
sodium sulfate and is first pre-washed with hexane before the sample concentrate is added.
to it.

Transfer the concentrated extract from the acid/base / silver nitrate/silica column onto the
alumina column, followed by three S-mL hexane rinsings of the sample flask and then add
an additional 30 mL of hexane to the column followed by 20 mL of freshly prepared 1.5%
d1chloromethane in hexane. This combined fraction (Fraction 1) is archived.

Add 30 mL of 50% drchloromethane in hexane (v/v)to the column and allow the column
to drain completely. This solution (Fraction 2) contains the PCDDs/PCDFs. Concentrate
it t0 1 to 2 mL and exchange the solvent to hexane and repeat the concentration step.
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.An optional step is to prepare another alumina column as just described. Then following
the same procedure apply the PCDD/PCDF sample (Fraction 2) to the column and
collect Fraction 1 in the flask containing that eluate from the first column. Fraction 2 is
also collected in its original flask. Concentrate both fractions to approximately 1 mL by
rotary evaporation at 30°C. Fraction 1 is archived and may be assessed for
PCDDs/PCDFs if poor surrogate recovery is observed in Fraction 2. -

Fraction 2, cdntaining the PCDDs/PCDFs, is quantitatively transferred to a 1-mL conical
sample vial and concentrated under a gentle stream of pre-purified nitrogen to a small
volume (approx1mately 100 pL) for analysis.

Immediately before GC/MS analysis, blow down the sample just to dryness under a gentle
stream of pre-purified nitrogen. Add 20 uL of the recovery standard sclution, containing
50 pg/uL each of ®C;,-1,2,3,4-TCDD and *C,;,-1,2,3,7,8,9-H,CDD in toluene, to the
sample vial. Sonicate the capped vial for one minute or allow to sit for a minimum of one
hour before analysis.

An additional optional cleanup step is to pass the sample through another column that
contains 1 g of activated carbon/silica. The sample, in 1 mL of hexane is placed on this
pre-rinsed column using 1:1 cyclohexane and dichloromethane to rinse the sample flask.
Elution of the column is performed using 1:1 cyclohexane and dichloromethane followed
by a 75:20:5 mixture of dichloromethane, methanol, and toluene. The final elution is
made with toluene; this fraction contains the PCDDs/PCDFs and is concentrated for .
analysis to a small volume in a rotary evaporator. The first two elution fractxons are
discarded.

' Instfumen_tal Analysis:

Analysis for PCDD/PCDF is performed with a high-resolution gas chromatograph/hlgh-
resolution. mass spectrometer/computerized data system (HRGC/HRMS/DS). Two
characteristic ions are selectively monitored for each PCDD/PCDF congener group.

Analyte identification is confirmed when target ions are detected in the correct abundance
ratio with established retention time windows. Quantification is based on the use of
surrogates (isotopically-labelled compounds added before sample workup) as internal
standards. Two other isotopically-labelled standards, added to sample extracts
immediately before ana1y51s serve as recovery standards for the quanuﬁcanon of surrogate
recovery.

Optimum settings for GC parameters and appropriate retention nme windows for time- -
sequenced SIM mode- analysis of PCDDs/PCDFs on a 60 metre DB-5 column are
established from the analysis of Window Defining Mixtures containing the first and last
eluting congeners within each homologue group of analytes. The order of elution is such
that five retention windows can be defined, corresponding to the five levels of chlorine
substitution (4 Cl to 8 Cl), without any overlap. Under optimum condmons the mterval
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between the latest eluting TCDD and TCDF congeners and the earliest elutmg P,CDF
congeners is no more than 0.1 minute. Parameter settings that produce a 2,3,7,8-TCDD
retention time of 25 minutes or more will normally represent conditions under which the
4 Cl1/5 Cl gap is optimized and the chromatographic performance criterion described in
the following subsection can be satisfied. An internal standard method is used to quantify

PCDDs/PCDFs. It relies upon consistent linearity of MS response over time and over the

calibration range.
Instrumentatioh Required:

The gas chromatograph (GC) must exhibit isothermal temperature stability of + 0.2°C,
or better, over its specified range of operation and also have capability to accommodate
- a minimum of three temperature ramps. A 60 m DB-5 capillary column is directly
coupled to a high-resolution, double-focussing mass spectrometer (MS) of any geometry.
The MS is operator-programmed for ume—sequenced acquisition of selected MS data for

each congener group and is operated m the electron impact (EI) and selected ion
monitoring (SIM) modes.

Interferences:

Solvents, reagents, glassware, and other sample processing hardware may yield artifacts
‘and/or elevated baselines that could lead to elevated detection limits and/or loss of ability
to detect PCDDs/PCDFs that may be present. Proper cleaning of glassware is extremely
important. Glassware should be rinsed with solvent and washed with a detergent solution
as soon after use as is practical. Sonication of glassware filled with a detergent solution
can also be performed as an aid to cleaning, :

Interferences co-extracted from samples will vary considerably from source to source
depending upon the exact nature of the sample matrix. Interfering compounds may be
present at concentrations several orders of magnitude higher than any PCDDs/PCDFs
that may be present. Interfering co-extractants must therefore be eliminated or reduced
to the maximum extent practicable in order to ensure reliable quantification of trace
amounts of PCDDs/PCDFs. The cleanup procedures described can effectively remove
many potential interferents.

Despite rigorous cleanup procedures, matrix interference will still be a possibility. If

~ detection limits are seriously affected by excessive background (non-discrete interference),

the sample extract will have to be re-processed using alternative cleanup techmques

Quallty Control Reqmrements:

Before any effluent samples are processed, all pre-cleaned glassware, including Soxhlet
‘apparatus, concentrators, columns, flasks, and vials, are rinsed with dichloromethane and
hexane. Rinses are combined and processed in the same manner as test samples.
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Contamination levels of individual 2,3,7 ,8-substituted tetra-, penta-, hexa-, hepta- and octa-
CDD/CDF congeners in glassware proof rinses ‘fiist riot exceed 5, 10, 10, 15 and 50 pg
per sample, respectively. a '

Before any effluent samples-are processed, laboratory capability must be demonstrated
by conducting triplicate analyses of matrix blanks (purified water) spiked with native and
labelled PCDD/PCDF standards. Criteria for accuracy and surrogate recoveries described
in the method must be met. v

Before extraction, each sample is spiked with a mixture of isotopically-labelled surrogates
to assess the degree of analyte loss during sample workup. If the recovery of any
surrogate is outside the range of 40 to 130% for TCDD and TCDF, and 30 to 130% for
penta-, hexa-, hepta-, and octa-CDDs/CDFs, the sample must be re-processed and re-
analyzed.

Known concentrations of *C,-1,2,3,4-TCDD and *C,-1,2,3,7,8,9-H,CDD must be added
to each sample extract immediately before GC/MS analysis. These two compounds serve
as retention time references for labelled surrogates and as the basis for calculation of
surrogate recoveries. : '

A method blank sample, consisting of 1 L of high purity water spiked with surrogates, is
processed with each batch of up to 10 test samples. Acceptance limits for 2,3,7,8-
substituted dioxin and furan congener presence in method blank samples are: 5 pg to
TCDD and TCDF; 10 pg for penta- and hexa-CDD/CDF; 15 pg for hepta-CDD/CDF;
50 pg for OCDD/OCDF. A compliance sample result for a 2,3,7,8-substituted congener

- must be flagged with a "C" if the same congener was present in the corresponding method
blank at a level exceeding the applicable acceptance limit.

Hard copied verification of MS resolution at 10,000 or better is required before and after
each series of injections related to the application of this method.

A Window Defining Mixture containing the first and last eluting isomer within each
homologous group of PCDDs/PCDFs must be used to correctly define retention time
windows for selected ion monitoring of individual homologues. This analysis must be
repeated daily. ' '

Acceptable chromatographic separation between 2,3,78-TCDD and its closest
neighbouring isomers must be confirmed daily. If analysis for 2,3,7,8-TCDF on a second
column is required, acceptable chromatographic separation between this isomer and its
closest neighbouring isomers must also be demonstrated.. ’

Before sample analysis, calibration curves are constructed to verify linéari,ty of MS
~ response for all homologues over the concentration range of 0.25 to 100 pg/uL for native
PCDDs/PCDFs, ‘
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The established calibration must be verified by analyzing a calibration verification
standard at least once during every 12-hour period in which sample analysis occurs. Using
four-pomt average RRFs obtained from initial calibration runs, the calculated
concentrations of both 2,3,7,8-TCDD and 2,3,7,8-TCDF must be within 15% of their
actual values. The calculated concentrations of all other native analytes must be within
20% of their respective true concentrations. The calculated recovety of each surrogate

_ compound must be within the range of 75 to 125%. Remedial action is required
wherever any native or surrogate compound faxls thls verification test.

Gas chromatograph/mass spectrometer (GC/MS) detection limits must be assessed by

analyzmg the lowest concentration standard solution. This analysis must be repeated

As a check ’on accuracy, NIST Reference Material 1614 (2,3,7,8- TCDD in solution) is
periodically analyzed as a sample. Reported sample results must be fully documented.
All QA/QC documentation and raw GC/MS data must be avallable for auditing.

C()mpanson With Other Mg_thods:'

This method is very complex and requires expensive instrumentation. It is also applicable
to pulp mill effluent solid and liquid-samples, neither of which are listed matrices of
interest to the National Contaminated Sites Remediation Program. However, the method
may, with proper verification, be modxﬁed for use with surface and groundwaters or soils
and sediments.

Analytes Covered by this Method:
This method covers 17 PCDDs and PCDFs, all of which are of interest to the National
Contaminated Sites Remediation Program as shown in Table 23. It also covers the PCBs

as homologs rather than as the specific Aroclor mixtures in Table 1 of Volume 1.

Table 23 Analytes Covered Usmg Method Envnronment Canada 1/RM/3

23,78-T,CDD*
2,3,7,8-T,CDF* 1,2,3,6,7,8-H,CDF*

- 1,2,3,7,8-P,CDD* 12,3,7,8,9-H,CDF*
1,2,3,7,8-P,CDF* 2,3,4,6,7,8-H,CDF*
2,3,4,7,8-P,CDF* 1,2,3,4,6,7,8-H,CDD*
1,2,3,4,7,8-H,CDD* 12,3,4,6,7,8-H, CDF*
12,3,6,7,8-H,CDD* 12,3,4,7,8,9-H CDF*
1,2,3,7,8,9-H,CDD* - OCDD*
1,2,3,4,7,8-H,CDF* OCDF*

* Analytes targeted by the National Conta,mir;_aﬂt_ed Sites Remediation Program.
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Comments on Use of This Method

The sensitivity of this method is dependent on the level of interferents‘within a given.

matrix and how well the cleanup procedures remove them. Isotopically-labelled
surrogates are added to each sample before extraction and cleanup so that recovery of the
analytes can be estimated based on recoveries of the surrogates. Example data reports
are also provided. ‘

On a DB-5 column, 2,3,7,8-TCDF cannot be resolved from its neighbouring isomers (i.e.,
1,2,4,9-, 2,3,4,8- and 2,3,4,6-). In order to accurately quantify any 2,3,7,8-TCDF that may
be present in a sample, analysis of a second column is required. Use of a second column
is only mandatory when results from the DB-5 run indicate that the concentration of
2,3,7,8-TCDF may equal or exceed the regulatory level. On a 30 metre DB-225 column,
2,3,7,8-TCDF can be resolved from its neighbouring 2,3,4,7- and 1,2,3,9- isomers.

A 60 metre DB-Dioxin column can also be used as an alternative for 2,3',7,8-TCDD and
2,3,7,8-TCDF analysis because this column is capable of separating 2,3,7,8-TCDD from

- neighbouring isomers 1,2,4,6-/1,2,4,9- and 1,2,3,7-/1,2,6,8-TCDD, and 2,3,7,8-TCDF from

neighbouring isomers 2,3,4,7- and 2,3,4,8-TCDF. However, it cannot be used effectively
for homologue analysis.

It is important to recognize that most of the 2,3,7,8-substituted congeners cannot be -

uniquely identified on a DB-S column, even under optimum conditions.
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Title:

The Analysis of Polychlorinated Dibenzo-P-Dioxins and Polychlorinated Dibenzofurans.
U.S. EPA Method 8280, Revision 0, September 1986.

Reference:

Test Methods for Evaluating Solid Waste (SW-846). U.S.E.P.A., 1986. Method 8280,
Revision 0, September 1986. Office of Solid Wastes, Washington, D.C.

Method Applicability:

This 'method is appropriate for the determination of tetra-, -penta-', hexa-, hepta-, and
octachlorinated dibenzo-p-dioxins (PCDDs)  and dibenzofurans (PCDFs) in chemical
wastes including still bottoms, fuel oils, sludges, fly ash, reactor residues, soil and water.

'Sample Preparation: :

Soil Samples

Extract soil samples by placing about 10 g and an equivalent amount of anhydrous sodium
sulfate in a S00-mL Erlenmeyer flask fitted with a Teflon stopper. Add 20 mL of .
methanol and 80 mL of petroleum ether, in that order, to the flask. Shake on a wrist-
action shaker for two hours. The solid portion of sample should mix freely. If a small soil
-aliquot is used, scale down the amount of methanol proportionally.

Filter the extract through a glass funnel fitted with a glass fiber filter and filled with
anhydrous sodium sulfate into a 500-mL Kuderna-Danish (K-D) concentrator fitted with
a 10-mL concentrator tube. Add petroleum ether to the Erlenmeyer flask, restopper the
flask and swirl the sample gently, remove the stopper carefully and decant the solvent
through the funnel as above. Repeat this procedure with two additional aliquots of
petroleum ether. Wash the sodium sulfate in the funnel with two additional portions of
petroleum ether. - ' . :

Add Teflon or PFTE boiling chip and a ihree-ba_ll Snyder column to the K-D flask.
Concentrate in a 70°C water bath to an apparent volume of 10 mL. Remove the
apparatus from the water bath and allow it to cool for 5 minutes.

Add hexane and a new‘bo.iling chip to the K-D flask. Concentrate in a water bath to an

apparent volume of 10 mL. Remove the apparatus from the water bath and allow to cool
for 5 minutes.

Remove and invert the snyder column and rinse it into the K-D with two 1-mL portions
of hexane. Decant the contents of the K-D and concentrator tube into a 125-mL
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separatory funnel. Rinse the K-D W1th two additional 5-mL portions of hexane and
combine them with other hexane rinses. Proceed to clean-up.

Aa;uemainqnl_e'

Mark the water meniscus on the s1de of a 1-L sample bottle for later determmatlon of the
exact sample volume. Pour the entire sample (approximately 1-L) mto a 2-L separatory
funnel. ,

Add methylene chloride to the sample bottle, seal and shake 30 seconds to rinse the inner
surface. Transfer the solvent to the separatory funnel and extract the sample by shaking
the funnel for 2 minutes with periodic venting. Allow the organic layer to separate from
the water phase for a minimum of 10 minutes. If the emulsion interface between layers
is more than one-third the volume of the solvent layer, mechanical techniques must be
used to complete the phase separation. Collect the methylene chloride (3 x 60 mL)
directly into a S00-mL Kuderna-Danish concentrator (mounted with a 10-mL concentrator
tube) by passing the sample extracts through a filter funnel packed with a glass wool plug
and anhydrous sodium sulfate. After the third extraction, rinse the sodium sulfate with
additional methylene chloride to ensure quantitative transfer..

Attach a Snyder column and concentrate the extract on a water bath until the apparent
volume of the liquid reaches 5 mL. Remove the K-D apparatus and allow it to drain and
cool for at least 10 minutes. Remove the Snyder column, add hexane, re-attach the
Snyder column and ‘concentrate to approximately S mL. Add a new boiling chip to the
K-D apparatus before proceeding with the second concentration step.

Rinse the flask and the lower joint twice with S mL of hexane and combine rinses with
‘extract to give a final volume of about 15 ml.. Determine the original sample volume by
refilling the sample bottle to the mark and transferring the liquid to a 1,000-mL graduated
cylinder. Record the sample volume to the nearest S mL. Proceed with clean-up.

NOTE: A continuous liquid-liquid extractor may be used in place of a separatory funnel
to avoid emulsions. Add methylene chloride to the sample bottle, seal, and shake for 30
seconds to rinse the inner surface. Transfer the solvent to the extractor and repeat the
sample bottle rinse with additional methylene chloride. Add 200 to 500 mL of methylene
chloride to the distilling flask; add sufficient reagent water to ensure proper operation,
~ and extract for 24 hours. Allow the sample to cool, then detach the distilling flask,- dry
and concentrate the extract and then proceed with volume determination and clean-up. = -

Clean-up Procedlire
In a 250-mL separatory funnel, partition the solvent (15 mL hexane) against 40 mL of 20

percent (w/v) potassium hydroxide. Shake for 2 minutes. Remove and discard the
bottom aqueous layer. Repeat the washing with potassium-hydroxide solution until no
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color is visible in the bottom layer but no more than four times because strong base is
known to degrade certain PCDDs/PCDFs, so contact time must be minimized. ’

Partition the solvent (15 mL hexane) ag'ains-t.-4'0 mL of 5 percent (w/v) sodium chloride.

Shake for 2 miftutes. Remove and discard the bottom aqueous layer. N ext; partition the
solvent (15 mL hexane) against 40 mL of coneentrated sulfuric acid. Shake for 2 minutes.
Remove and discard the bottom aqueous layer. Repeat the acid washings until no color

* is visible in the acid layer (but no more than four times).

Finally, partition the solvent (15 mL hexane) against 40 mL of 5 percent (w/v) sodium
chloride. Shake for 2 minutes. Remove and discard the bottom aqueous layer. Dry the
organic layer by pouring it through a funnel containing anhydrous sodium sulfate into a
50-mL round bottom flask. Wash the separatory funnel twice with hexane and pour it
through the funnel with sodium sulfate and combine all the hexane extracts. Concentrate _
the hexane solution to near dryness with a rotary evaporator (using a 35° C water bath),
making sure all traces of toluéneé are removed. (Use of an inert gas, such as nitrogen, to
concentrate the extract by gently blowing the gas over it is also permitted).

For the second phase of the clean-up, pack a gravity column (glass 300-mm x 10.5-mm),
fitted with a Teflon stopcock, in the following manner. Insert a glass-wool plug into the
bottom of the column. Add a 4 g layer of sodium sulfate. Add a 4 g layer of Woelm
super 1 neutral alumina. Tap the top of the column gently. Woelm super 1 neutral
alumina need not be activated or cleaned prior to use but it should be stored in a sealed
desiccator. Add a 4 g layer of sodium sulfate to cover the alumina. Elute with 10 mL of
hexane and close the stopcock just prior to the exposure of the sodium sulfate layer to aif.

- Discard the eluant. Check the column for channeling. If channeling is present, discard

the column. Do not tap a wetted column.

Dissolve the hexane residue from the first phase of the clean-up in 2 mL of hexane and
apply it carefully to the top of the column. Elute with enough hexane (3-4 mL) to
complete the transfer of the sample quantitatively to the surface of the alumina.” Discard
the eluant. Elute the column with 10 mL of 8 percent (v/v) methylene chloride in hexane.
Check by GC/MS analysis that no PCDDs of PCDFs are elute in this fraction before
discarding it. Elute the PCDDs and PCDFs from the column with 15 mL of 60 percent

(v/v) methylene chloride in hexane and collect this second fraction in a conical shaped
(15-mL) concentrator tube.

- Carbon Column Clean-up

Using a carefully regulated stream of nitrogen, concentrate the first 8 percent fraction
from the alumina column to about 1 mL. Wash the sides of the tube with a small volime
of hexane (1 to 2 mL) and reconcentrate to about 1 mL. Save this 8 percent concentrate
for GC/MS analysis to check for breakthrough of PCDDs and PCDFs. Concentrate the
second 60 percent fraction to about 2 to 3 mL. Prepare a carbon column and rinse the
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carbon with 5 mL cyclohexane /methylene chloride (50 50 v/v) in the forward direction
of flow and then in the reverse direction of flow. - While still in the reverse direction of
flow, transfer the sample concentrate to the column and elute with 10 mL of methylene
chloride /methanol/benzene (75:20:5, v/v). Save all above eluates and combine them (this
fraction may be used as a check on column efficiency). Next, turn the column over and,

_ in the direction of forward flow, elute the PCDD/PCDF fracuon with 20 mL toluene.

| Evaporate the toluene fractlon to about 1 mL on a rotary evaporator and transfer it to

mtrogen gas The final volume wﬂl depend on the relative concentration of target

: analytes but 1t is typlcally 100 yL for soil samples and 500 uL for sludge snll bottom, and

md1v1dual analytes must be dlluted or a smaller portlon of the sample must be re-

" extracted.

An alternate carbon column clean-t.ip also may be used. Proceed as in above paragraph
to obtain the 60 percent fraction re-conceritrated to 400 uL which is transfeirred to a 1 mL

- HPLC injector loop. The injector loop is connected to the optional HPLC column. Rinse
- the centrifuge tube with 500 uL of hexane and add this rinsate to the injector loop. Load

the combined concentrate and rinsate onto the column and elute the column at 2
ml./min, ambient temperature, with 30 mL of cyclohexane/methylene chloride 1:1 (v/v).
Discard the eluant and backflush the column with 40 mL toluene to elute and collect the

entire fraction for PCDDs and PCDFs. The column is then discarded and 30 mL of

cyclohexane /methylené chloride 1:1 (v/v) is pumped through a new column to prepare
it for the next sample _ :

| Apprommately 1 hour before HRGC/LRMS analysxs transfer aliquot of the extract to a

micro-vial.  Add sufficient recovery standard (° Q21 2,3,4- TCDD) to it to give a

concentration 500 ng/mL.

Instrumental Analysis:

When toluene is employed as the final solvent, use of a bonded phase column is
recommended. Solvent exchange into tridecane is required for other liquid phases or
nonbonded columnns such as CP-Sil-88. Chromatographlc conditions rfiust be adjusted to

“account for solvent boiling points.

Calculate response factors for standards relat1ve to the internal standards, *C,-2,3,7,8-

TCDD and *C,,-OCDD. Add the recovery standard *G,-1,2,3,4-TCDD) to the samples
prior to injection. The concentration of the recovery standard in the sample extract must
be the same as that in the cahbrauon standards used to measure the response factors.

: Analyze samples wnh selected ion momtonng, usmg five sets of ions that are detarled in

the method.
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Instrumentation Required:

Gas Chromatograph/Mass Spectrometer/Data System: Column #1: 50-m CP-Sil-88 fused

silica capillary column. Column #2: DB-5 (30 M x 0.25 mm LD., 0.25-um film thickness)

fused silica capillary column. Column #3: 30 M SP-2250 fused silica capillary column.

Mass Spectrometer: A low resolution instrument is specified, utilizing 70 volts (nominal)

electron energy in the electron impact ionization mode. The system must be capable of
selected ion monitoring (SIM) for at least 11 ions simultaneously, with a cycle time of 1

second or less. Minimum integration time for SIM is 50 ms per m/z. Also required is
a GC-to-MS interface constructed of all glass or glass-lined materials.

Interferences:

Solvents, reagents, glassware, and other sample ‘processing hardware may yield discrete
artifacts and/or elevated baselines which may cause misinterpretation of chromatographic
data. All of these materials must be demonstrated to be free from interferents under the
conditions of analysis by running laboratory method blanks.

‘The use of high purity reagents and solvents helps to minimize interference problems.
Purification of solvents by distillation in all glass systems may be required.

Interferents co-extracted from the sample will vary considerably from source to source,
depending upon the sample. PCDDs and PCDFs are often associated with other
interfering chlorinated compounds such as PCBs and polychlorinated diphenyl ethers
which may be found at concentrations several ordefs of magnitude higher than that of the
analytes of interest. Retention times of target analytes must be verified using reference
standards. These values must correspond to the retention time windows established.
While certain cleanup techniques are provided as part of this method, unique samples may
require additional cleanup techniques to achieve the method detection limit.

Quality Control Requirements:

Before processing any samples, it must be demonstrated through the analysis of a method
blank that all glassware and reagents are interferent-free at the method detection limit
of the matrix of interest. Each time a set of samples is extracted, or there is a change in

reagents, a method blank must be processed as a safeguard against laboratory
contamination.

A laboratory "method blank" must be run along with each analytical batch (20 or fewer
samples). A method blank is performed by executing all of the specified extraction and
cleanup steps, except for the introduction of a sample. The method blank is also dosed
with the internal standards. For water samples, one liter of deionized and/or distilled
water should be used as the method blank. Mineral oil may be used as the method blank
for other matrices. _
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The laboratory will be expected to analyze performance evaluation samples on a periodic
basis throughout the course of a given project. Additional sample analyses will not be
permitted if the performance criteria are not achieved. Corrective action must be taken
and acceptable performance must be demonstrated before sample analyses can resume.

Field duplicates (individual samples taken from the same location at the same time)

should be analyzed periodically to determine the total precision (field and lab). Where ~

~appropriate, field blanks should be provided to monitor for possible cross-contamination

of samples in the field. GC column performance must be demonstrated initially and

verified prior to analyzing any sample in a 12-hr period. The GC column performance

~ check solution must be analyzed under the same chromatographic and mass spectrometric.
.conditions used for other samples and standards.

Before using any cleanup procedure, series of calibration standards must be processed
through the procedure to validate elution patterns and the absence of interferents from
reagents. Both alumina column and carbon column performance must be checked.
Routinely check the 8 percent CH, Cl, /hexane eluate of environmental extracts from the
alumina column for presence of target analytes. This fraction is intended to contain a
high level of interferents and analysis near the method detection limit may not be
possible.

Comparison with Other Methods:

This method uses a high resolution capillary GC column with low resolution mass
spectrometry . It is usually less expensive than EPA-8290 which uses high resolution mass
spectrometry. However, it also does not cover all the PCDD/PCDF isomers of interest
and, furthermore is not mentioned as being applicable for analysis of sediments whereas
EPA method 8290 covers all liquid and solid matrices including sediments. However,
simple modifications of the sample preparation should allow the method to be also used
for analysis of sediments. ‘ o

Analytes Covered by this Method:

This method covers 22 compounds, 11 of which are interest to the National Contaminated
Sites Remediation Program, as shown in Table 24. '
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Table 24. Analytes Covered Using U.E. EPA Method 8280, Rev. 0

1,2,3,4 - T,CDD | 12,3,4,7,8 - H,CDD*
1,3,6,8 - T,CDD 1,2,3,6,7,8 - H,CDD*
13,79 - ,CDD 12,3,4,6,7,8 - H,CDD*
1,3,7,8 - T,CDD oCDD*
1,2,7,8 - T,CDD 1278 - T,CDF
1,2,8,9 - T,CDD 23,78 - T,CDF*
2,3,7,8 - T,CDD* 12,3,7,8 - P,CDF*
1,2,3,4,7 - P,CDD 12,3,4,7,8 - H,CDF*
1,2,3,7,8 - P,CDD* 1,2,3,4,6,7,8 - H,CDF*
| OCDF*

* Analytes targeted by the National Contaminated Sites Remediation Program.
Comments 6f Use of this Method:

- The sensitivity of this method is dependent upon the level of interferents within a given
matrix. Proposal quantification levels for target analytes were 2 ppb in soil samples, up
to 10 ppb in other solid wastes and 10 ppt in water. Actual values have been shown to
vary by homologous series and, to a lesser degree, by individual isomer. The total
detection limit for each CDD/CDF homologous series is determined by multiplying the
detection limit of a given isomer within that series by the number of peaks which can be
resolved under the gas chromatographic conditions.

Certain 2,3,7,8- substituted congeners are used to provide calibration and method recovery
information. Proper column selection and access to reference isomer standards, may in
certain cases, provide isomer specific data. Precision, bias and concentration ranges for
the compounds covered by this method have ot been determined yet.
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Title:

Polychlorinated Dibenzodioxins (PCDDs) and Polychlorinated Dibenzofurans (PCDFs)
by -High-Resolution Gas Chromatography/High-Resolution Mass Spectrometry
(HRGC/HRMS). U.S. EPA Method 8290, November 1990.

Reference:

Test Methods for Evaluating Solid Waste (SW-846). U.S. EPA. 1983. Method 8290,
Revision 0, November 1990. Office of Solid Wastes, Washington, D.C. -

Method Applicability:

This method is applicable with a variety of environmental matrices including: water, soil,
sediment, paper pulp, fly ash, fish tissue, human adipose tissue, sludges, fuel oil, chemical-

_reactor residue, and still bottom.

Sample Preparation:
Sludge/Wet Fuel Oil

Extract aqueous sludge or wet fuel oil samples by refluxing a sample with 50 mL toluene
ina 125 ml flask fitted with a Dean-Stark water separator. Contintie refluxing the sample
until all the water is removed. Cool the sample, filter the toluene extract through a glass
fiber filter, or equivalent, into a 100 mL round bottom flask. Rinse. the filter with 10 mL
toluene and combine the extract with the rinse. Concentrate the combined solutions to
near dryness either on a rotary evaporator at 50°C or using an inert gas. Transfer the
concentrate to a 125 mL separatory funnel using 15 mlL hexane. Rinse the flask with two
5 mL portions of hexane and add the rinses to the funnel. Shake the combined solutions
in the separatory funnel for 2 minutes with 50 mL of 5% sodium chloride solution, discard
the aqueous layer. Proceed to clean up. - '

Soil/Sediment

If the sample is wet, add anhydrous powdered sodium sulfate to it and mix thoroughly
with a stainless steel spatula until a free flowing mixture is obtained. After breaking up
any lumps, place the soil/sodium sulfate mixture in the Soxhlet apparatus on top of a glass
wool plug. Add toluene to the Soxhlet apparatus and reflux for 16 hours. The solvent
must cycle completely through the system five times per hour. Cool and filter the extract
through a glass fiber filter into a 500 mL round bottom flask for evaporation of the
toluene. Rinse the filter with toluene, and concentrate the combined fractions to near
dryness on a rotary evaporator at 50° C. Remove the flask from the water bath and allow
to cool for 5 minutes. Transfer the residue to a 125 mL separatory funnel, using hexane.
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Rinse the flask with two additional portions of hexane and add the rinses to the funnel.
Proceed to clean up. .

Aqueous Samples

Allow the sample to come to ambient temperature, then mark the water meniscus on the
side of the 1-L sample bottle for later determination of the exact sample volume. Add

~ the required- acetone diluted sample fortification solution (see Table 25). When the
sample is judged to contain 1% or more solids, the sample must be filtered through a 0.45
pm glass fiber filter that has been rinsed with toluene. If the suspended solids content is
too great to filter, centrifuge the sample, decant, and then filter the aqueous phase.
Combine the solids from the centrifuge bottle(s) with the particulates on the filter and
with the filter itself and proceed with Soxhlet extraction for soﬂ/ sediment.

Pour the aqueous filtrate into a 2- L separatory funnel. Add methylene chlorxde to the
sample bottle, seal, and shake for 30 seconds to rinse the inner surface. Transfer the
solvent to the separatory funnel and extract the sample by shaking the funnel for 2
minutes with periodic venting. Allow the organic layer to separate from the water phase
for a minimum of 10 minutes. - Collect the methylene chloride in a K-D apparatus,
mounted with a 10-mL concentrator tube, by passing the sample extracts through a filter
funnel packed with a glass wool plug and 5 g of anhydrous sodium sulfate. A rotary
evaporator may be used in place of the K-D apparatus. Repeat the extraction twice with
fresh portions of methylene chloride. After the third extraction, rinse the sodium sulfate
with additional methylene chloride to ensure quantitative transfer. Combine all extracts
and the rinse in the K-D apparatus.

Attach a Snyder column and concentrate the extract on a water bath until the apparent
volume of the liquid is 5 mL. Remove the K-D apparatus and allow it to drain and cool
for at least 10 minutes. Remove the Snyder column, add hexane, add the concentrate
obtained from the Soxhlet extraction of the suspended solids, if applicable, re-attach the
Snyder column, and concentrate to approximately 5 mL. Add a new boiling chip to the
K-D apparatus before proceeding with the second concentration step. Rinse the flask and
. the lower joint with two S mL portions of hexane and combine the rinses with the extract
to give a final volume of about 15 mL. Determine the original sample volume by filling
the sample bottle to the mark with water and pouring water into a 1-L graduated cylinder.
Record the sample volume to the nearest S mL. Proceed to clean up.

Clean up

The sample extract is cleaned up utilizing a number of different techniques. Partition

cleanup is where the sample extract is partitioned with concentrated sulfuric acid, 5%
aqueous sodium chloride, and 20% aqueous potassium hydroxide.- Silica/alumina column
cleanup involves packing gravity columns with silica gel and alumina and sequentially
elutmg the residue from the partition cleanup Carbon column cleanup involves packmg
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a column with a mixture of AX-21 and Celite 545 and sequentially eluting the sample
concentrate from the silica/alumina cleanup with hexane, cyclohexane/ methylene
- chloride (50:50), and methylene chloride/methanol/ toluene (75:20:5). Then the column
is turned upside down and the PCDD/PCDF fraction is eluted with toluene. The toluene
fraction is concentrated and stored in the dark at room temperature until analysis.. -

Instrumental Analysis:

Remove the sample extract or blank from storage. With a stream of dry, purified
nitrogen, reduce the extract volume to 10uL - 50 uL. Inject a 2 xL aliquot of the extract
~into a GC, operated under the conditions that have been established to produce
acceptable results with the performance check solutions. '

Instrumentation Required:

High-Resolution Gas Chromatograph/High-Resolution Mass Spectrometer/ Data System
(HRGC/HRMS/DS) equipped with a GC injection port designed so that the separation
of 2,3,7,8-TCDD from the other TCDD isomers achieved in the gas chromatographic
column is not appreciably degraded. Column #1: 60 m DB-S fused silica capillary
column; Column #2: 30 m DB-225 fused silica capillary column, or equivalent.

Interferences:

- Solvents, reagents, glassware and other sample processing hardware may yield discrete
artifacts of elevated baselines that may cause misinterpretation of the chromatographic
data. All of these materials must be demonstrated to be free from interferants under the
conditions of analysis by analyzing laboratory method blanks. Analysts should avoid using
PVC gloves. Interferants coextracted from the sample will vary considerably from matrix
to matrix. PCDDs and PCDFs are often associated with other interfering chlorinated
substances such as polychlorinated biphenyls (PCBs), polychlorinated diphenyl ethers
(PCDE:s), polychlorinated naphthalenes, and polychlorinated alkyldibenzofurans that may
be found at concentrations several orders of magnitude higher than the PCDDs or PCDFs.
While certain cleanup techniques are provided as part of this method, unique samples may
require additional cleanup steps to achieve lower detection limits. :

A high-resolution capillary column is used in this method. However, no single column is
known to resolve all isomers. The 60 m DB-5 GC column is capable. of 2,3,7,8-TCDD
isomer specificity. In order to determine the concentration of the 2,3,7,8-TCDD (if
detected on the DB-5 column), the sample extract must be reanalyzed on a column
capable of 2,3,7,8-TCDF isomer specificity (e.g., DB-225, SP-2330, SP-233 1, or equivalent).
When a column becomes available that resolves all isomers, then a single analysis on this

column can be used instead of analyses on more than one column.
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Quality Control Requirements:

Before processing any samples the analyst should demonstrate, through the analysis .of a

reagent water blank, that interferences from the analytlcal system, glassware and reagents
are under control. Each time a set of samples is extracted or there is a change in
reagents, a reagent water blank should be processed as a safeguard against chronic
laboratory contamination. The blank samples should be carried through ali stages of the
sample preparation and measurement steps.

For each analytical batch (up to 20 samples), a reagent blank, matrix spike and matrix
spike duplicate/duplicate must be analyzed (the frequency of the spikes may be different
for different monitoring programs). The blank and spiked samples must be carried
through all stages of the sample preparation and measurement steps.

It must be documented that all applicable system performance criteria were met before
analysis of any sample is performed. A GC column performance check is only required
at the beginning of each 12-hour period during which samples are analyzed. An
HRGC/HRMS method blank run is required between a calibration run and the first
sample run. The same method blank extract may thus be analyzed more than once if the
number of samples within a batch requlres more than 12 hours of analyses.

At the beginning of each 12-hour period during which samples are to be analyzed, an
aliquot of the 1) GC column performance check solution and 2) high-resolution
concentration calibration solution No. 3 (HRCC-3; see Table 26) must be analyzed to
demonstrate adequate GC resolution and sensitivity, response factor reproducibility, and
mass range calibration, and to establish the PCDD/PCDF retention time wmdows A
mass resolution check must also be performed to demonstrate adequate mass resolution
using an appropriate reference compound (perfluorokerosene (PFK) is recommended).
If the required criteria are not met, remedial action must be taken before any samples are
analyzed. ' '

To validate positive sample data, the routine or continuing calibration (using the high

" resolution calibration solution Number 3 in Table 26) and the mass resolution check must
- be performed also at the end of each 12 hour period during which samples are analyzed. -

Furthermore, a HRGC/HRMS method blank analysis must be recorded following a
calibration analysis and the first sample analysis.

To evaluate the petformance of the analytical method, the QC check samples must be
handled in exactly the same manner as actual samples. Therefore, 1.0 mL of the QC
check sample concentrate is spiked into each of four 1 L aliquots of reagent water (which
becomes the QC check sample), extracted, and then analyzed by GC. The variety of
semivolatile analytes which may be analyzed by GC is such that the concentration of the
QC check sample concentrate is different for the different analytical techniques presented
in the full method. :
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The analyst must demonstrate also that the compounds of interest are being quantitatively
recovered by the cleanup technique before the cleanup is applied to actual samples. For
sample extracts that are cleaned up, the associated quality control samples (e.g., spikes,
blanks, and duplicates) must also be processed through the same cleanup procedure. The

-analysis using each determinative method (GC, GC/MS, HPLC) specifies instrument

calibration procedures using stock standards. It is recommended that cleanup also be
performed on a series of the same type of standards to validate chromatographic elution
patterns for the compounds of interest and to verify the absence of interferences from
reagents.

Comparison With Other Methods:

This method is very complex and requires expensive instrumertation and experienced
analysts. However, it has the advantage of covering all of the solid and liquid
environmental.matrices and, when all of the quality control protocols are followed, will
produce good quality data for all of the PCDDs and PCDFs of interest.

Analytes Covered by this Method:

Method 8290 covers all 17 PCDD/PCDF compounds all of which are of interest to the
National Contaminated Sites Remediation Program as shown in Table 25.

__Table 25. Analytes Covered Using U.S. EPA Method 8290

2,3,7,8-T,CDD* o 2,3,7,8-T,CDF*

1,2,3,7,8-P,CDD* 1,2,3,7,8-P,CDF*

1,2,3,4,7,8-H,CDD 2,3,4,7,8-P,CDF*

1,2,3,6,7,8-H,CDD* 1,2,3,4,7,8-H,CDF*

1,2,3,7,8,9-H,CDD* | 123,6,7,8-H,CDF*

1,2,3,4,6,7,8-H,CDD* 1,2,3,7,8,9-H,CDF*

OCDD*  2,3,4,6,7,8-H,CDF*.

. 1234,6,7,8HCDF*

1,2,3,4,7,8,9-H, CDF*
OCDF*

* Analytes targeted by the National Contaminated Sites Remediation Program
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Table 26. Composition of Method 8290 Sample Fortification
and Recovery Standard Solutions '

o _ \ Recovery _Sta;ldar.d
| Sample Fortification Solution | Solution Concentration
S Co ‘Concentration (pg/uL; | (pg/uL; Solvent:

: . Analyte Solvent: Nonane) | Nonane)
bC,2378TCDD | w | .
5C,-23,7,8TCDF 1 I
8C,-1,2,3,4-TCDD T
BC12378PeCDD | 10 |
8C,-1,2,3,7,8-PeCDF o0 .
BC,-123678HDD | 25 | -
B(C,-1,2,3,4,7,8-HXCDF N 5
BC,-123780HXCDF | - | 50
C,-1234678HpCDD | 25 0 | -
'”"3C’,zvr-nl,2,3,4,‘6,7,8-HPCDF' 25 I : -
3¢, OCDD g 50 -

* These solutions should be made freshly every day because of the possibility of adsorptive
losses to glassware. If these solutions are to be kept for more than one day, then the sample
fortification solution concentrations should be increased ten-fold, and the recovery standard
solution concentrations should be doubled. Corresponding adjustments. of the spiking
volumes must then be made. ‘
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Table 27. Method 8290 High-Resolution Concéntration Calibration. Solutions

8290-12/18/91

* Used for recovery determinations of TCDD, TCDF, PeCDD and PeCDF intermal standards.
® Used for recovery determinations of HxCDD, HxCDF, HpCDD. HpCDF and OCDD internal staridards.

128

| ‘Concentration (pg/uL, ih‘Nonaﬁe)
" Compound No.5 No. 4 No.3 No.2 No. 1
Uniabeled Analytes | -
23,7,8TCDD B 200 50 10 25 i
' 2378TCDF o 200 50 10 25 1
123,7,8-PeCDD 00 125 25 625 |25
123,78 PeCDF 500 | 125 | 2s 625 - 25
234,7,8-PeCDF 500 125 25 625 25
123478HxCDD " 500 125 25 625 25
123,678 HxCDD 500 125 25 625 25
12,3,7,8,9-HxCDD o 500 125 12 625 25
1;.2.3,4,7,8-H;CDF 500 1151 o 25 625 25
12:3,6,7,8-HxCDF 500 125 25 | 628 25
123789-HxCDF 500 125 s 6.25 25 )
2.34,6,78-HxCDF ) 500 125 25 625 25
1234.678-HpCDD V 500 125 5 625 25
12,34,6,7,8-HpCDF s00 125 25 625 25
1234,789-HpCDF | 500 125 2 6.25 25
' ocop 1000 | 25 50 125 s
OCDF 1,000 250 s0 | 12 5
I Intersal Standards’
" C2#2,3,7,8TCDD 50 . 50 50 ' 50 6
»G,-2,3,78-TCDF - 50 50 50 50 s
$G,-1,2,3,78-PeCDD 50 50 o | s 50
1C,-1.2,3,7.8-PeCDF 50 s 50 s so
4,123,678 HsCDD 125 125 125 | 125 125
$G;-12,34,78-HxCDF 7 125 125 s | 1zs 125
”C‘,-l,2.3,4,6;7,8-HpCDD ‘ .m o 125 ”125 125 125
| ic;r-l,za.4,6,7,s-ﬂpan 125 125 125 | s 125
¥C,-0CDD 250 250 a0 250 250
Recovery Standards
©G;-1.234TCDD @ 0 50 50 S0 50
| °Ga-123785-HsCDD® __ 125 125 s | o1zs 15|
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Comments on Use of This Method:

This method provides procedures for the detection and quantitative measurement of
polychlorinated dibenzo-p-dioxins (tetra- through octachlorinated homologues; PCDDs),
and polychlorinated dibenzofurans (tetra- through octachlorinated homologues; PCDFs)

in a variety of environmental matrices and at part-per-trillion (ppt) to part-per-quadrillion

(ppq) concentrations. The analytical method calls for the use of high-resolution gas
chromatography and hlgh-resolutlon mass spectrometry (HRGC/HRMS) on punﬁed
sample extracts.

The sensitivity of Method 8290 is dependent upon the level of interferences within a given

matrix. Samples containing concentrations of specific congeneric analytes of PCDDs and
PCDFs that are greater than ten times the upper method calibration limits (MCLs) must
be analyzed by a protocol designed for such concentration levels e.g., Method 8280.

Precmon, bias and concentranon ranges for the compounds covered by this method have

not been determined yet.
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Title:
Fluoride (Potentiometric, lon Selective Electrode), U.S. EPA Method 3402

Reference:

Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, Method 340.2 -

(Potentiometric, Ion Selective Electrode), March 1983,
Method Applicability:

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

Sample Preparation:

Place 50.0 mL of sample and 50.0 mL of buffer in a 150 mL beaker on a magnetic stirrer
~ and mix at medium speed. Immerse the electrodes in the solution and observe the meter
reading while mixing. The electrodes must remain in the solution for at least three
minutes or until the reading has stabilized. At concentrations under 0.5 mg/L, it may

require as long as five minutes to reach a stable meter reading; high concentrations

stabilize more quickly. If a pH meter is used, record the potential measurements for each

- unknown sample and convert the potential reading to the fluoride ion concentration of

the unknown using the standard curve. If a seléctive ion meter is used, read the fluoride
- level in the unknown sample directly in mg/L on the fluoride scale.

NOTE: For industrial waste samples, this amount of buffer may not be adequate. Check
the pH first and if it is highly basic (>9), add 1N hydrochloric acid to adjust the pH to
8.3. . ' :
Instrumental Analysis:
The fluoride is determined potentiometrically using a fluoride electrode in conjunction
with a standard single junction sleeve-type reference electrode and a pH meter with an

expanded millivolt scale or a selective ion meter with a direct concentration scale for
fluoride. :

Instrumentation Required:

Electrometer (pH meter) with an expanded mv scale or a selective ion meter; fluoride ion
activity electrode; and a single junction, sleeve-type reference electrode.
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Interferences:
Extremes of pH mterfere so the sample pH should be between 5 and 9. Polyvalent
cations of silicon (Si**), iron (Fe**), and aluminum (AI*?*) interfere by forming cornplexes
with fluoride. The degree of interference depends upon the concentration of the
complexmg 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 aluminum
~ (the most common interference), silicon, and iron and eliminates the pH problem.
Quality Control Requirements:
A calibration standard curve as well as instrument calibration are required.

Comparison with Other Methods:

This is the only method suminarized for fluoride because it is the most commonly used
and it provides a sensitive and selective method. '

Analytes Covered by This Method:

Method 340. 2 covers the determmanon of fluoride wh1ch is an morgamc variable that is
of interest to the National Contaminated Sites Remedlanon Program.

Comments on Use of This Method:

When a synthetic sample containing 0.85 mg/L fluoride and no mterferences was analyzed
by 111 analysts, a mean of 0.84 mg/L with a standard deviation of + 0.03 was obtained.

On the same study, a synthetic sample 'conta;mng 0.75 mg/L ﬂuonde, 2.5 mg/L
polyphosphate and 300 mg/L alkalinity, was analyzed by the same 111 analysts and a
mean of 0.75 mg/L fluoride* with a standard deviation of + 0.036 was obtained.

Concentrations of fluoride from 0._1'up to 1000 mg/L may be measured using this method.

* A targeted compound of the National Contaminated Sites Remediation Program.
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Title:

Direct Air-Acetylene Flame Method, Method 3111B, for the Determination of Metals.

Reference:

Standard Methods for the Examination of Water and Wastewater, 17th Ed. 1989.
American Public Health Association.

Method Applicability:

 This method is applicable to the determination of 27 elements in water and wastewater
samples. :

Sample Preparation:

The required sample preparation depends on the need to measure dissolved metals only
or total metals. If dissolved metals are to be determined, the sample should be filtered
at time of collection. If acid-extractable metals are to be determined, acidify the entire
sample at collection with 5 mL conc. HNO, /L to prepare sample, mix well, transfer 100
mL to a beaker or flask, and add S mL (1 + 1) high purity HCl. Heat for 15 minutes in
a steam bath. Filter through a membrane filter, adjust filtrate volume to 100 mL with
water and analyze. If total metals are to be determined, use the least rigorous digestion
method required and make certain that the concentrations of acid and matrix modifiers
are the same in both samples and standards. Nitric acid will digest most samples
adequately. Some samples may require addition of perchloric, hydrochloric, or sulfuric
acid for complete digestion. As a general rule, HNQ, alone is adequate for clean samples
or easily oxidized materials; HNO,-H, SO, or HNO;-HCl digestion is adequate for readily
oxidizable organic matter; HNO,-HCIO, or HNO,-HCIO,-HF digestion is necessary for
difficult to oxidize organic matter or minerals. Dry ashing is helpful if large amounts of
organic matter are present. The HNO, digestion method is described below.

Mix sample and transfer 50 to 100 mL to a 125 mL conical flask or beaker. Add S mL
concentrated HNO, and a few boiling chips. Bring to a slow boil and evaporate on a hot
plate to about 10 to 20 mL before precipitation occurs. Continue heating and adding
concentrated HNO, as necessary until digestion is complete. Do not let sample dry during
digestion. Wash down with water and then filter if necessary. Transfer filtrate to a 100
mL volumetric flask with two 5 mL portions of water, adding these rinsings to the flask.
Cool, dilute to mark, and mix thoroughly. _

- When determining Ca or Mg dilute and mix 100 mL sample with 10 mL lanthanum

solution before atomization., When determining Fe or Mn, mix 100 mL with 25 mL of Ca
solution before aspirating. When determining Cr, mix 1 mL 30% H, O, with each 100 mL
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before asplratmg No spec1al preparations are required when analyzing for the other
metals covered by this method.

Ins’tmm’ental Analysis:

The sample is introduced into an atomic absorption spectrometer by aspiration. Rinse

nebulizer by aspirating water containing 1.5 mL concentrated HNO, /L. Atomize blank
and zero instrument. Atormze sample and determme absorbance.

Instrumentatlon Requlred

: Atomicv absorption spectrophotometer, consisting of a light source ﬁmitihg the line

spectrum of an element, a device for vaporizing the sample (usually a flame), a

monochromator or filter and adjustable slit, and a photoelectric detector. Also required
is a suitable burner head typically with a premix which introduces the spray into a
condensing chamber for removal of large droplets.

Interferences: -

The most troublesome type of interference is termed chemical and results from lack of
absorption by atoms bound in molecular combination in the flame. This can occur when
the flame is not hot enough to dissociate the molecules or when the dissociated atoms are

 oxidized immediately to a compound that will not dissociate further at the flame
temperature. Such interferences may be reduced or eliminated by adding specific
eleme‘nts or compounds to the sample solution. '

Molecular absorpnon and light scattenng caused by solid particles in the flame can cause
erroneously high absorption values resulting in positive errors. When such phenomenon
occur, use background correction to obtain accurate values. Use any one of these types
of background correction: continuous-source, Zeeman, or Smith-Hieftge correction.

Quality Control Requirements:
- Select at least three concentrations of each standard metal solution to-bracket the
expected metal concentration of a sample. Aspirate blank and zero the instrument. Then

aspirate each standard in turn into flame and record absorbance.

Prepare a calibration curve by plotting on linear graph paper absorbance of standards

versus their concentrations. For instruments equlpped with direct concentration readout, .

this step is unnecessary. With some instruments it may be necessary to convert percent
absorption to absorbance by using a table generally provided by the manufacturer. Plot
calibration curves for La and Mg based on original concentration of standards before
.dilution with Ca solution. Plot calibration curve for Cr based on original concentration
of standard before addition of hydrogen peroxide (H,3,). ‘
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Rinse nebulizer by aspirating water containing 1.5 mL concentrated HNO, /L. Atomize
blank and zero instrument. Atomize sample and determine its absorbance. Analyze a
blank between sample or standard reading to verify baseline stability. Re-zero the
instrument when necessary. h | ' '

To one sample out of every ten (or one sample from each group of samples if léss than
ten are being analyzed), add a known amount of the metal of interest and reanalyze to
confirm recovery. The amount of metal added should be approximately equal to the
amount found. If little metal is present add an amount close to the middle of the linear
range of the test. Recovery of added metal should be between 85 and 115%. Analyze
an additional standard solution after every ten samples or with each batch of samples,
whichever is less to confirm that the test is in control. ‘

Comparison with Other Methods:

This method can be used to analyze for thallium and zinc whereas the electrothermal AA

- method (SM-3113B) cannot be used for these two elements. However, SM-3113B can be

used for arsenic, barium, beryllium, molybdenum and selenium, but this method cannot.
This method also is not usually as sensitive as either the electrothermal AA method (SM-
3113B) or plasma emission methods (SM-3120B and EPA-6010A). This method also is
not applicable for use with soils and sediments or water samples with high solids content.

Analytes Covered by This Method:

Method 3111B covers 27 elements including 11 of the inorganic variables that are of
interest to the National Contaminated Sites Remediation Program as shown in Table 28.
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Table 28. Analytes Covered Using vSM 3111B

- y . - . -
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*Analytes targeted by the National Contaminated Sites Remediation Program. -
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‘ : : Optimmum Inst. Det. Relative Relative
' 1 ' Conc. Range Limit Concentratio ' Standard "Error
Element CAS No. mg/L mg/L n Used Deviation % %o
- | _mg/L
Antimony* 7440.36:0. 140 0.07 Not listed Not listed Not listed
Bismuth 7440-69-9 150 | 006 | _ Not listed Not listed Not listed
Cadmiuri® 7440-43-9 0.05-2 0.002 0.05 216 82
- 160 69 51
Calcium 744070-2 0220 0.003 5.00 42 04-
Cesium 7440-46-2 - 05-15 0.02 Not listed ~ Not listed Not listed
Chromiium (totaf)® 744047-3 02410 0.02 3.00 100 37
Cobalt® 7440484 05-10 0.03 4.00 61 05
Copper® 7440-50-8 0.2-10 0.01 1.00 112 34
, e 4.00 83 28
Gold 7440-57-5 0.5-20 | 0.01 Not listed Not listed | Not listed
Iridium 7439-88-5 Not listed | 06 | Not listed Not listed Not listed
Iron 7439-89-6 0310 0.02 440 58 23
’ 030 165 0.6
Lead® 7439:92-1 120 0.05 6.00 a7 02
Lithium 7439-93-2 0.1-2 0.002 Not listed Not listed Not listed
Magnesium | 7439954 0.02-2 0.0005 0.20 105 63
- 110. 108 100
Manganese 7439-96-5 0.1-10 0.01 4.05 78 13
‘ ‘ 0.05 135 60
Nickel® 7440-020 0310 | 0.02 393 98 20
Pafladium 7440-05-3 Not listed Not listed ~Not listed Not listed . Not listed
Platinur 7440:06-4 5-75 01 Not listed Not listed | Not listed
Potassium 7440-09-7 0:1-2 0.005 Not listed Not listed Not listed
Rhodiuin 7440-16-6 Not listed | _ 05 Not listed Notlisted |  Not listed
_ Ruthenium 7440-18-8 Not listed 0.07 Not listed Notlisted | Not listed
Silver® 7440-224 0.14 0.01 0.05 175 106
2.00 35 10
Sodium 7440-23-5 0.03-1 0.002 270. a5 41
Strontiur 7440-24-6 0.3-5 0.03 1.00 sol 02
Thallium* 7440-28-0 Not listed’ " Not listed Not listed Not listed Not listed
Tin® 7440-31-5 . 10-200 08 Not listed Not listed Not listed
Zinc* 7440-66-6 0.05-2 0.005 050 82 04 ||
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Comments on Use of Thls Method:tp

The sensitivity of flame absorption spectrometry is defined as the metal concentration that
produces an absorption of 1%. The instrument detection limit is defined as the
concentration that produces absorption equivalent to twice the magnitude of the
background fluctuation. Sensitivity and detection limits vary with the instrument, the
~element determined, the complexity of the matrix, and the technique selected. The
optimum concentration range usually starts from the concentration of several times the
sensitivity and extends to the concentration at which the calibration curve starts to flatten.

3111B-12/18/91 ' 136




4

; | i il -’ - - -
5 ! . i \ _4 i . . _ - Y ’ -

coRPORATYTION

"Hltle:

Direct Nitrous Oxide-Acetylene Flame Method, Method 3111D, for the Determination
of Metals.

Reference:

Standvar_',c_in‘ethods. for the Examination of Water and Wastewater, 17th Ed. 1989.
- American Public Health Association. . o

Method Applicability:

This method is applicable to the determination of 10 elements in water and wastewater
samples. - ‘

Sample Preparation:

The required sample preparation depends on the need to measure dissolved metals only
or total metals. If dissolved metals are to be determined, the sample should be filtered
at time of collection. If acid-extractable metals are to be determined, acidify the entire
sample at collection with 5 mL HNO, /L to prepare sample, mix well, transfer 100 mL to
a beaker or flask, and add 5 mL 1 + 1 high purity HCl. Heat for 15 minutes in a steam
bath. Filter through a membrane filter, adjust filtrate volume to 100 mL with water and
analyze. If total metals are to be determined, use the least rigorous digestion method
required and make certain that the concentrations of acid and matrix modifiers are the
same in both samples and standards. Nitric acid will digest most samples adequately.
Some samples may require addition of perchloric, hydrochloric, or sulfuric acid for
complete digestion. As a general rule, HNO, alone is adequate for clean samples or
easily oxidized materials; HNO;-H,SO, or HNO,-HCl digestion is adequate for readily
oxidizable organic matter; HNGO;-HCIO, or HNO,-HCIO,-HF digestion is necessary for

~ difficult to oxidize organic matter or minerals. Dry ashing is helpful if large amounts of
organic matter are present. The HNOQ, digestion method. is described below.

Mix sample and transfer 50 to 100 mL to a 125 mL conical flask or beaker. Add 5 mL
concentrated HNO, and a few boiling chips. Bring to a slow boil and evaporate on a hot
plate to about 10 to 20 mL before precipitation occurs. Continue heating and adding
concentrated HNG, as necessary until digestion is complete. Do not let sample dry during
digestion. Wash down with water and then filter if necessary. Transfer filtrate to a 100
mL volumetric flask with two 5 mL portions of water, adding these rinsings to the flask.
Cool, dilute to mark; and mix thoroughly. ‘

When determining Ca or Mg dilute and mix 100 mL sample with 10 mL lanthanum
solution before atomization. When determining Fe or Mn, mix 100 mL with 25 mL of Ca
solution before aspirating. When determining Cr, mix 1 mL 30% H, 0, with each 100 mL
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before aspirating. No special preparations are required when analyzmg for the other .

metals covered by this method.
Instrumental Analysis:

The sample is introduced into an atomic absorption spectrometer by aspiration. Rinse
atomizer by aspirating water containing 1.5 mL concentrated HNO,/L and zero
instrument. Atomize sample and determine its absorbance. When determining Al, Ba,
and titanium, add 2 mL KCl solution to 100 mL sample before atomization. For Mo and
V, add 2 mL AI(NG,),.9H, O solution to 100 mL sample before atomization.

Instrumentatlon Requu'ed

Atomic absorption spectrophotomeéter, consisting of a light source emitting the line
spectrum of an element, a device for vaporizing the sample (usually a flame), a
monochromator or filter and adjustment slit, and a photoelectric detector. Also required
is a special burner head for use with nitrous oxide and a T-]unctlon valve or some other
switching valve for rapidly changing from nitrous oxide to air, so that flame can be turned
on or off to prevent flashbacks when air is the oxidant.

Interferences:

The most troublesome type of interference is chemical in nature. and results from lack of
absorption by atoms bound in molecular combination in the flame. This can occur when
the flame is not hot enough to dissociate the molecules or when the dissociated atoms are
oxidized immediately to a compound that will not dissociate further at the flame

- temperature. Such interferences may be reduced or eliminated by addmg specific
elements or compounds to the sample solution.

Molecular absorption and light scattering caused by solid particles in the flame can cause
erroneously high absorption values resulting in positive errors. When such phenomena
occur, use background correction to obtain accurate values. Use any one of these types
of background correction: continuous-source, Zeeman; or Smith-Hieftge correction.

Quality Control Requlrements

‘Select at least three concentrations of standard metal solutions to bracket the expected
metal concentration of a sample. Aspirate each in turn into the flame. Record
absorbances. For Al, Ba, and Ti, add 2 mL KClI solution to 100 mL standard before
aspiration. For Mo and V, add 2 mL AI(NO;), solution to 100 mL standard before
aspiration.

Most modern instruments are equipped with microprocessors and digital readout which

permit calibration in direct concentration terms. If an instrument is not so equipped, -
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prepare a calibration curve by plotting on linear graph paper the absorbance of standards
versus concentration. Plot calibration curves for Al, Ba, and Ti based on original
concentration of standard before adding KCl solution. Plot calibration curves for Mo and
V based on original concentration of standard before adding A(NO;), solution.

Analysis of samples: Rinse atomizer by aspirating water containing 1.5 mL concentration
HNQ, /L and zero instrument. Atomize a sample and detérmine its absorbance. When
determining Al, Ba and Ti, add 2 mL KCl solution to 100 mL sample before atomization.
For Mo and V, add 2 mL Al(NQ,), solution to 100 mL sample before atomization.
Atomize a blank between sample or standard readings to verify baseline stability. Re-zero
the instrument when necessary

To one sample out of every ten (of one sample from each group of samples if less than
ten are being analyzed) add a known amount of the metal of interest and reanalyze to
confirm recovery. The amount of metal added should be approximately equal to the
amount found. If little metal is present add an amount close to the middle of the linear
range of the test. Recovery of the added metal s_hould_be between 85 and 115%.

Analyze an additional standard solution after. every ten samples or with each batch of
samples, whichever is less, to confirm that the test is in control.

Comparison with Other Methods:

This method is not as sensitive for barium, beryllium, and molybdenum as either the
electrothermal AA method (SM-3113B) or the plasma emission methods (SM-3120B or
EPA-6010A). However, it is the only AA technique available for vanadium although both -
plasma emission methods are applicable for vanadium analyses.

- Analytes Covered by This Method:

. Method 3111D covers 10 elements including four of the inorganic variables that are of

interest to the National Contaminated Sites Remediation Program as shown in Table 29.
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Table 29. Analytes Covered Using SM 3111D

| i
Conc. Inst. Det. Concentrati Relative Relative a
1 Range Limit on Used Std. Dev. Error ,

. Element | CAS No ‘mg/L " 'mg/L mg/L | % % ‘
Aluminum | 7429.90-5 | 500 | - 01 Cas0 | 42 | 84 I
Barium* 7440393 | 120 | 003 100 89 2.7 ,
Beryllmm‘ 7440-41-7 0.05-2 0005 | 046 | 46 230 _ ﬂ
Molybdenum® | 7439-98-7 120 | 01 9.5 16 | 13 .
Osmium 7440042 | Notlisted | 008 | Notlisted | Notlisted | Not listed I
Hl‘lhcnium | 7as0-155 Nothsted 05 Not listed | Not listed Not listed _
Siicon | 7440-21-3 5-150 03 Not listed |~ Not listed Not listed : l‘
‘Thorium 7440-29-1 Not listed Not listed Not listed | Notlisted | Not listed
_ Titanium 7440-32-6 ' 5-100 R 0.3 ‘Not hsted | Nét iiléted Not rlisted
Vanadium* | 744Q7§272 {2100 | 02 Not listed Not listed | Not listed

*Analytes targeted by the National Contaminated Sites Remediation Program.

- Comments on Use of This Method:

N 2

The sensitivity of flame absorption spectrometry is defined as the metal concentration that
produces an absorption of 1%. The Instrument Detection Limit is the lowest
concentration of analyte that an analytical instrument can detect and which is statistically
different from the response obtained from the background instrumental noise. Sensitivity
and detection limits vary with the instrument, the element determined, the complexity of
the matrix, and the technique selected. The optimum concentration range usually starts
from the concentration of several times the sensitivity and extends to the concentration
at which the calibration curve starts to flatten.

-
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Title:

Cold-Vapor Atomic Absorption Spectrometric Method Method 3112B for the
Determination of Mercury

~ Reference:

Standard Methods for the Examination of Water and Wastewater, 17th. Ed. 1989.
American Public Health Association.

Method Applicability:

This method is apphcable to the determmanon of mercury in water and wastewater
samples. - :

Sample Preparation:

Transfer 100 mL sample or portion diluted to 100 mL containing not more than 50 ug
Hg/L to a 250 mL reaction flask. Add 5 mL concentration H,SO, and 2.5 mL
concentrated HNGQ, to each flask. Add 15 mL KMnO, solution to each flask and let stand

-at least 15 minutes. Add 8 mL K,S,O; solution to each flask and heat for two hours in

a water bath at 95°C. Cool to room temperature. -

Add enough NaCl-hydroxylamine sulfate solution to reduce excess KMnQ,, then add S mL
SnCl, solution and immediately attach flask to aeration apparatus. -As Hg is volatilized
and carried into the absorption cell, absorbance will increase to a maximum with a few
seconds. As soon as recorder returns approximately to baseline, remove stopper holding
the frit from reaction flask, and replace with a flask containing water. Flush system for
a few seconds.

Instr‘ume'ntal Analysis:

The sample is introduced into an atomic absorption spectrophotometer following reaction
and volatilization with a compressed air sweep-into the absorptlon cell.

Instrumentatlon Required:

Atomic absorption spectrophotometer, consrstmg of a hght source emitting the line
spectrum of mercury and the associated accessories specifically designed for measurement
of mercury by the cold vapor technique.
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Interferences:

Samples containing high levels of chlorides or free chlorine present a major interference
to this method. During the oxidation step, chlorides are converted to free chlorine, which
absorbs at 253 nm. Remove all free chlorine before the Hg is reduced and swept into the
cell by using an excess (25 mL) of hydroxylamine sulfate reagent. Remove free chlorine
by sparging sample gently with air or nitrogen after adding hydroxylamine reducing
solution. Use a séparate tube and frit to avoid carryover of residual stannous chloride,
which could cause reduction and loss of mercury.

Quality Control Requirements:

- Transfer 100 mL of each of 1.0, 2.0, and 5.0 ug/L. Hg standard solutions and a blank of
100 mL water to reaction flasks. Treat each flask according to the procedures outlined
for samples and determine the absorbance of each and construct a standard curve by
plotting peak height versus micrograms Hg. o

Analyze a blank between sample or standard reading to verify baseline stability. Re-zero
when necessary. To one sample out of every ten (or one sample from each group of
samples if less than ten are being analyzed) add a known amount of the metal of interest
and reanalyze to confirm recovery. The amount of metal added should be approximately
equal to the amount found. If little metal is present add an amount close to the middle
of the linear range of the test. Recovery of added metal should be between 100 + 15%. -
Analyze an additional standard solution after every ten samples or with each batch of
samples, whichever is less, to confirm that the test is in control. ‘

Comparison with Other Methods:

This method is very sensitive and selective for mercury. The cold vapor technique is the
only one recommended for mercury analyses.

Analytes Covered by This Method:

Method 3112B covers the determination of mercury which is an inorganic variable that
- is of interest to the National Contaminated Sites Remediation Program.
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Table. 30. Analytes Coi'ered Using- SM 3112B

- Concentration ‘Relative Relative
: : : . Used. Standard Error
“Element | CAS No. - Form _ mg/L Dev. % - %
‘ Mercury* | 7439-97-6 | Inorganic 034 | 22.6 21.0
) Inorganic 4.2 13.3 14.4
Organic 42 8.6 - 8.4

*Analyte targeted by the National Contaminated Sites Remed_ia;ibn Program.

Comments on Use of This Method:

Thé cold vapor atomic absorption spectrometric method can be used on samples

containing not more than 5.0 ug Hg/L. Samples containing more than 50 g Hg/L should

be diluted before the sample in prepared for analysis.

3112B-12/18/91
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Title:

Electrothermal Atomic Absorption Spectrometnc Method, Method 3113B for the
Determination of Metals. , _

Refer,enc‘e:

Standard Methods for the Examination of Water and Wastewater. 17th Ed. 1989.
American Pubhc Health Association.

Method Applicability:

This method is suitable for determination of micro quantities of aluminum, antimony,
arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, iron, lead, manganese,
molybdenum, nickel, selenium, silver, and tin in water and wastewater samples.

Sample Preparation:

. Before analysis, pretreat all samples as indicated below. Rinse all glassware with (1 +
1) HNO, and water. Carry out digestion procedures in a clean, dust-free laboratory area
to avoid sample contamination. For digestion of trace aluminum, use polypropylene or
TFE utensils to avoid leachable aluminum from glassware.

When Total recoverable metals are Al, Sb, Ba, Be, Cd, Cr, Co, Cu, Fe, Pb, Mn, Mo, Ni'
Ag, and Sn, nitric acid will digest most samples adequately. Nitrate is an acceptable
“matrix for both flame and electrothermal atomic absorption. Some samples may require
‘addition of perchlonc hydrochloric, or sulfuric acid for complete digestion. These acids
may interfere in the analysis of some metals and all provide a poorer matrix for
electrothermal analysis. Confirm metal recovery for each digestion and analytical
procedure used. Quantitatively transfer digested sample to a 100-mL volumetric flask, add
an appropriate amount of matrix modifier (if necessary, See Table 30) and dilute to
volume with reagent water.

When total recoverable metals are As, Se, transfer 100 mL of a shaken sample, 1 mL of
concentrated HNG;, and 2 mL of 30% H,0, to a clean, acid-washed 250 mL beaker.
Heat on a hot plate without allowing solvent to boil until volume has been reduced to
about 50 mL. Remove from hot plate and let cool to room temperature Add an
appropriate concentration of nickel (see Table 30), and dilute to volume in a 100 mL
volumetric flask with water.
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Instrumental Analysis:

A discrete sample volume is dispensed into the graphite sample tube (or cup). Typically,
determinations are made by heating the sample in three or more stages. First, a low
current heats the tube to dry the sample. The second, or charring stage, destroys organic
matter and volatilizes other matrix components at an intermediate temperature. Finally,
a high current heats the tube to incandescence and, in an inert atmosphere, atomizes the
element being determined. Additional stages frequently are added to aid in drying and
charring, and to clean and cool the tube between samples. The resultant ground-state
atomnic vapor absorbs monochromatic radiation from the source. A photoelectric detector
measures the intensity of transmitted radiation, which is iriversely proportional to the
quantity of ground-state atoms in the optical path over a lintited range.

Instrumentation:

Atomic absorption spectrophotometer, consisting of a light source emitting the line
spectrum of an element (hollow-cathode lamp or electrodeless discharge lamp), a graphite
furnace, 2 means of isolating an absorption line (monochromator or filter and adjustable
slit), and a photoelectric detector with its associated electronic amplifying and measuring
equipment. The instrument must have background correction capability. Use an
electrically heated device with electronic control circuitry designed to carry a graphite tube
or cup through a heating program that provides sufficient thermal energy to atomize the
elements of interest. Fit the furnace into the sample compartment of the spectrometer
in place of the conventional burner assembly. Use argon as a purge gas to minimize
~ oxidation of the furnace tube and to prevent the formation of metallic oxides. Use
graphite tubes with L'vov platforms to minimize interferences and to improve sensitivity.

_ Interferences:

Electrothermal atomization determiinations are subject to significant interferences from
molecular absorption as well as chemical and matrix effects. Use standard additions to
compensate for matrix interferences. When making standard additions, determine
whether the added species and the element being determined behave similarly under the
specified conditions. Chemical interaction of the graphite tube with various elements to
form refractory carbides occurs at high charring and atomization temperatures. Elements
that form carbides are barium, molybdenum, nickel, titanium, vanadium, and silicon.
Carbide formation is characterized by broad, tailing atomization peaks and reduced
sensitivity. Using pyrolytically coated tubes for these metals minimizes the problem. For
the analysis of aluminum, thorium treated L'vov platforms provide sharper peaks at low
concentrations and enhance charring stability.

. : K 5 F : . . i . . N .
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~ Quality Control Requirements:

Prepare standards for instrument calibration by dilution of the metal stock solutions.
Prepare fresh standards daily. Prepare a blank and at least three calibration standards
in the appropriate concentration range.for correlating element concentration and
instrument response. Match the matrix of the standard solutions to those of the samples
as closely as possible. 'In addition, add the same concentration of matrix modifier (if
required for sample analysis) to the standard solutions. Inject a suitable portion of each
standard solution, in order of increasing concentration. Analyze each standard solution
in triplicate to verify method precision. Analyze all samples except those demonstrated
to be free of matrix interferences (based on recoveries of 100 + 15% for known additions)
using the method of standard additions. Analyze all samples at least in duplicate or until
reproducible results are obtdined. A variation of < 10% is considered acceptable
reproducibility. Average the replicate values. ' ‘ ’

Comparison with Other Methods:
This method is more sensitive than the direct air-acetylene flame method (SM-3111B) and -
of comparable sensitivity with most elements to ICP (SM-3120B). However it is limited
to surface water, groundwater, and wastewater whereas the EPA plasma emission method
(EPA-6010A) is applicable to these matrices plus those of soils and sediments.

Analytes Covered by this Method:

This method covers 17 elements 1nc1ud1ng 14 of the inorganic variables that are of interest
to the National Contaminated Sites Remedxatxon Program.

12/18/91 ' : 146



- Table 31. Potential Matrix Modifiers for Electrothermal
Atomic Absorption Spectrometry '

o Matnx Modifers for T Matrix Modifiers
Element __Interference Removal __ as Enhancers
Al Mg(NOy), | | Ca(NG,), Ca (PG, ), H,SO,
Sb__ | Ni(NQ,), & Mg(NG,), . )
As | Mg(NO,), Ni(NO,), N N
Be AING; ), Mg(NG,), Ca(NQ;) -
Cd | NHHKPO, & Mg(NG;),, -+ |
- | (NH;,HPO, & Mg(NO,),,
| (NH,»S0,, & HNG,(NH,)S0;,
Cr__ | MgNO,) _ _
Co Mg(NQ)Z,_NI-LHZPQ, ascorbic acid
Cu NH,NQ,, ascorbic acid MgSO,, LaNG,
Fe |NHNO, ~— -~ 1
- Pb NH, H; PO, ,(NH,)HPO,,Mg(NG; );,
NH,NQ,, ascorbic acid, oxalic acid,
phosphoric acid, HNG;, LaCl,
| (NH,LEDTA —
Mn 'Ascorbic acid, Mg(NGQ,),, NH,NG;, _
Mo | ’ ' HNO,
Ni | Mg(NO) NHBPO, |
Se Ni(NO, ), Ni(NO, )’ & Mg(NO; ),
Ni(NG;), & Cu(NG,), AgNG;,
(NH, xMo,0,,, Fe(NO,),
Fe(NO,), & Cu(NG;),
Ag | (NH),HPO, NHHPO, |
Sn (NH,,HPO, & Mg(NG,),, Ca(NG,),
| Ni(NO,),, ascorbic acid, NH,NO, -
_ 12/1lg/91‘ 147
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Table 32. Analytes Covered Using SM 3113B

12/18/91
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» Analytes targeted by the National Contaminated Sites Re_mediét_ion Program

‘ ' _ _ Optimum , :
Est. Det. | ° Conc. Concentration Overall
- - Limit - Range Used Precision Relative
_Element | CASNo. | pg/L pg/L pg/L "% RSD Error %
Aluminum 7429-90-5 3 20-200 28.0 124 54
‘ ) 1250 49 39
Antimony* 7444-36-0 3 20-300 105 Not listed 28
) o 2300 Not listed 19
Arsenic* 7440-38-2 1 5-100 9.78 . 37 2
. 2270 13 10
Barium* 7440-39-3 | 2 10-200 56.5 43 44
: 418.0 28 .0
Beryllium® ' 7440-41-7 02 1-30 045 15 1
’ 109 26 9
Cadmium* 7440-43-9 0.1 0.5-10 0.43 5 37
120 _4 .5
Chromium 7440473 | 2 5-100 9.87 24 4
(total)* _ 236.0 24 9
Cobalt* 7440-48-4 | 1 5-100 1297 17 1
4200 17 8
Copper* 7440-50-8 1 5-100 10.1 31 2
234.0 19 0
Iron 7439-89-6 1 5-100 26.1 306 379’
455.0 53 31
Lead* 7439-92-1 1 5-100 104 31 17
L 2430 17 8
Manganese . 7439-96-5 0.2 1-30 Not listed Not listed | Not listed
Molybdenum* 7439-98-7 1. 3-60 - Not listed Not listed | Not listed
 Nickel* 7440-02-0 1 5-100 262 49 - 10
‘ | 461.0 15 18
Selenium* 7782-49-2 2 5-100 100 32 6
. 2350 18 0
Silver* 7440-24 | 02 1-25 0.45 368 534
_ 13.6 59 s
Tin* 7440-31-5 5 20-300 Not listed | Not listed | Not listed
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'Comments on Use of this Method:

Electrothermal atomic absorption permits determination of most metallic elements with
sensitivities and detection limits from 20 to 1000 times better than those of conventional
flame techniques without extraction or sample concentration. However, values may vary
with the chemical form of the element being detérmined, sample composition, or
iristrumental conditions. Use of argon, rather than nitrogen, as the purge gas generally

~ improves sensitivity and reproduc1b111ty Hydrogen mixed with the inert gas may suppress

chemical interference and increase sensitivity by acting as a reducing agent, thereby aiding
in producing more ground-state atoms. Using pyrolytically coated graphite tubes can
increase semsitivity for the more refractory elements. The optical pyrometer/maximum
power accessory available on some instruments also offers increased sensitivity with lower
atomization temperatures for many elements.
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Title:

Manual Hydride Generation/Atomic Absorption Spectrometric Method Method 3114B,
 for the Determinatoin of Arsenic and Selenium.

Reference:

Standa:d Methods for the Examination of Water and Wastewater, 17th Ed. 1989.
Amencan Public Health Association.

Method Applicability:

- This method is applicable to the determination of arsenic and selenium in water and
wastewater samples by conversion to their hydrides by sodium borohydride reagent and
aspiration into an atomic absorption atomizer.

Sampie. Preparation:

Add 50 mL sample to a 200 ml Berzelius beaker. Add 1 mL 2.5N H,SO, and 5 mL 5%
K;S,G;. Boil gently on a pre-heated hot plate for approximately 30 to 40 minutes or until
a final volume of 10 mL is reached. Do not let the sample go to dryness. Alternatively
heat in an autoclave at 121°C for one hour in capped containers. After manual digestion, -
dilute to 50 mL for subsequent arsenic measurements and to 30 mL for selenium -
measurements.

‘Instrumental Analysis:

For determination of arsenic, add 5 mL concentrated HCI to 50 mL of the digested
sample in a 200 mL Berzelius beaker and mix. Add § mL Nal pre-reductant solution,
mix, and wait at least 30 minutes. Attach one Berzelins beaker at a time to the rubber
stopper containing the gas dispersion tube for the purging gas, the sodium borohydride
reagent inlet, and the outlet to the atomizer. Add 0.5 mL sodium borohydride reagent
after the purging gas is established and all air is expelled from the reaction cell. The
determination is complete once the instrument absorbance has reached a maximum and
has ret‘umed to the baseline.

For determination of selemum, add 15 mL concentrated HCI to 30 mL of the digested
sample in a 200 mIL. Berzelins beaker and mix. Heat for a predetermined period to 90
to 100°C. Alternatively, autoclave at 121°C in capped containers for 60 minutes, or heat
for a predetermined time in open test tubes using a 90 to 100 °C hot water bath or an
aluminum block digester. Add 0.50 mL sodium borohydride reagent. The determination
is complete once the instrument absorbance has reached a maximum and returned to'the
baseline.
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Instrumentation Required:

Atomic absorption spectrophotometer equipped w1th gas flow meters for argon and

hydrogen, As and Se electrodeless discharge lamps with power siipply, background

correction at measurement wavelengths and appropriate stnp-chart recorder. Also
required is an atomizer and a reaction cell for producing arsenic or selenium hydrides.

Inter’ference’s:

Interferences are minimized because the arsenic and selenium hydrides are removed from

the solution containing most potential interfering substances. Slight response variations
~ occur when acid matrices are varied. Control these variations by treating standards and

samples in the same manner. Lowconcentrations of noble metals (about 100 g/L),

concentrations of copper, lead, and nickel at or greater than 1 mg/L, and concentrations

between 0.1 and 1 mg/L of hydride-forming elements may suppress the response of the
, arsemc and selenium hydrides.

Interferences by transition metals depends strongly on HCI concentration. Interferences
are less pronounced at 4 to 6N HCl than at lower concentrations. The presence of arsenic

or selenium in each other’s matrices can cause similar suppression. Reduced nitrogen

oxides resulting from HNO; digestion and nitrite also can suppress instrumental response
for both elements. Large concentrations of iodide interfere with the  selenium
determination by reducing selemum to its elemental form.

Quality Con_trol Requirements‘: ‘

- Before processing any samples and between each sample or standard, the analyst should
demonstrate, through the analysis of a reagent water blank, that interferences from the
analytical system are under control. Prepare standards for instrument calibration by
dilution of the metal stock solutions with ‘water containing the same acid concentration
used for sample preservation. Prepare standards fresh daily.

To one sample out of every ten samples add a known amount of the metal of interest and

feanalyze to confirm recovery. The amount of metal added should be approximately
equal to the amount found. If little metal is present add an amount close to the middle
of the linear range of the test. Recovery of the added metal should be 100 + 15%.
Analyze an additional standard solution after every ten samples or with each batch of
samples, which ever is less.

Comparison with Other Methods:

This method has greater sensmvny with the two apphcable elements than the plasma
- emission methods (SM-31208 and EPA-6010A) and about the same sensmv1ty as
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thermoelectric AA analysis (SM-3113B). This method is not applicable to soils and
sediments. '

Analytes Covered by This Method:

~ This method covers two of the inorganic variables, arsenic and selenium, that are of
interest to the National Contaminated Sites Remediation Program. :

Table 33. Analytes Covered Using SM 3114B

.

. | Methiod Det. | Optimum Conc.
- Element |  CAS No. Limit zug/L ‘Range gg/L

Arsenic* 7740-38-2 | 2 220

Selenium* 7782-49-2 | 2 | 220

** Analytes targeted by the National Contaminated Sites Remediation Program.
Comments on Use of This Method:

This method is limited to only two elements but may be useful for some water matrices
-that have interferences which other methods cannot overcome.
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‘Title:

Inductively Coupled Plasma (ICP) Method Method 3120B for the Determmauon of
- Metals.

" Reference:

Standard Methods for the Examination of Water and Wastewater, 17th Ed. 1989,
American Public Health Association.

Method Applicability:

This method is applicable for the determination of metals in water and wastewater

- samples.

Sample Preparation:

Transfer a measured volume of well-mixed, acid préserved sample appropriate for the
expected metals concentration to a flask or beaker. Add 3 mL concentrated HNQ,. Place
the flask or beaker on a hot plate and continuously evaporate to less than 5 mL, makmg
certain that the sample does not boil and that no area of the bottom of the container is
allowed to go dry. Cool and add 5 mL concentrated HNO,. Cover the container with a
watch glass and return to the hot plate. Increase the temperature of the hot plate so that
a gentle reflux action occurs. Continue heating, adding additional acid as necessary, until
dlgesuon is complete (generally indicated when the digestate is light in color or does not
change in appearance with continued refluxing). Evaporate to less than 5 mL and cool.

Add 10 mL 1 + 1 HCI and 15 mL water per 100 mL anticipated final volume. Heat for
an additional 15 minutes to dissolve any precipitate or residue. Cool, wash down beaker
walls and watch glass with water, and filter to remove insoluble material that could clog
the nebulizer. Alternatively centrifuge or let settle overnight. Adjust to a predetermined
volume based on the expected metals concentrations.

Instrumental Analysis:

ICP source consists of a flowing stream of argon gas ionized by an applied radio
frequency field typically oscillating at 27.1 MHz. This field is inductively coupled to the
ionized gas by a water-cooled coil surrounding a quartz "torch” that supports and confines
the plasm& A samiple aerosol is generated in an appropriate nebulizer and spray chamber
and is carried into the plasma through an injector tube located within the torch. The
sample aerosol is injected directly into the ICP. subjecting the constituent atoms to
temperatures of about 6000 to 8000°K. The high temperature of the plasma excites
atomic emission efficiently. Ionization of a high percentage of atoms produces iomnic
emission spectra
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lnst‘rumenta-tion Required:

The ICP source consists of a radio frequency (RF) generator capable of generating at
least 1.1 KW of power, torch, tesla coil, load coil, impedance matching network, nebulizer,
spray chamber, and drain. High-quality flow regulators are requlred for both the
nebulizer argon and the plasma support gas flow. A peristaltic pump is recommended to
regulate sample flow to the nebulizer. The spectrophotometer may be of the
simultaneous (polychromator) or sequential (monochromator) type with air path, inert gas
purged, or vacuum optics. A spectral bandpass of 0.05 nm or less is required. The

. instrument should permit examination of the spectral background surrounding the

. emission lines used for metals determination. It is necessary to be able to measure and
correct for spectral background at one or more positions on elther side of the analytical
lines.

Interferences: '

Interferences may be categorized as spectral or nonspectral Spectral 1nterferences are -
light emission from spectral sources other than the element of interest that may contribute
to apparent.net signal mtensny Sources of spectral interference include direct spectral
line overlaps, broadened wings of intense spectral lines, ion-atom recombination
continuum emission, molecular band emission, and stray (scattered) light from the
emission of elements at high concentrations. Avoid line overlaps by selecting alternate
analytical wavelengths. Avoid or minimize other spectral interference by Jud1c10us choice
of background correction positions. :

Nonspectral interferences include the following types. Physical interferences are effects
associated with sample nebulization and transport processes. Changes in the physical
properties of samples, such as viscosity and surface tension, can cause significant error.
This usually occurs when samples containing more than 10% (by volume) acid or more
than 1500 mg dissolved solids/L are analyzed using calibration standards containing < 5%
acid. If physical interference is present, compensate for it by sample dilution, by using
matrix-matched calibration standards, or by applying the method of standard addition.

High dissolved solids content also can contribute to instrumental drift by causing salt
buildup at theé tip of the nebulizer gas orifice. Using pre-humidified argon for sample
nebulization lessens this problem Better control of the argon flow rate to the nebuhzer
using a mass flow controller improves instrument performance. :

Chemical interferences are caused by molecular compound formation, ionization effects,
and thermochemical effects associated with sample vaporization and atomization in the
plasma. Normally these effects are not pronounced and can be minimized by careful
selection of operational conditions. Chemical interferences are highly dependent on
sample matrix and element of interest. As with physical interferences, compensate for
them by using matnx matched standards or by standard addition.
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Quality Control Requirements:

Calibrate instrument according to manufacturer's recommended procedures using
calibration standards and blank. Aspirate each standard or blank for a minimum of 15
seconds after reaching the plasma before beginning signal integration. Rinse with
calibration blank or similar solution for at least 60 seconds between each standard to
eliminate any carryover from the previous standard.

Before analyzing samples, analyze instrument. check standard. Concentration values
obtained should not deviate from the actual values by more than +5%. Begin each
sample run with an analysis of the calibration blank, then analyze the method blank. This
permits a check of the sample preparation reagents and procedures for contamination.
Analyze samples, alternating them with analyses of calibration blank. Rinse for at least
60 seconds with dilute acid between samples and blanks. After introducing each sample
or blank let system equilibrate before starting signal integration. Examine each analysis
of the calibration blank to venfy that no carry-over memory effect has occurred. If carry-
over is observed, repeat rinsing until proper blank values are obtained. Analyze
instrument check standard once per 10 samples to determme if significant instrument drift
has occurred.

Comparison with Other Method:

_ This method is similar in scope and sensitivity to the EPA plasma emission method (EPA-

6010A) but is limited to low solid matrices of surface water, groundwater, and wastewater,
whereas EPA-6010A is ‘also applicable to soils and sediments. This method is more
sensitive than atomic absorption methods with direct-aspiration for most elements and has
the additional advantage of providing analytical data for many of them simultaneously.
Both direct aspiration (SM-3111B) and electrothermal (SM-3113B) atomic absorption
spectrometric methods provide analytlcal data for only one element at a time.

Analytes Covered by this Method:

Method 3120 covers 27 elements including 17 of the inorganic variables that are of
interest to the National Contaminated Sites Remediation Program as shown in Table 34.
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Table 34. Analytes Covered Using SM 31208

" 3120B-12/18/91

Est.Inst. | . S
o o , Det. Limit Conc. Range Accuracy Ptecision
__Element _CAS No. pg/L Bg/L _wg/L Be/l

Aluminum 7429-90-5| 40 69-4792 09273C+36 00559x +186
Antimony* _ 7440-36-0 | 30 77-1406 _07940C170. | 0155606
Arsenic* 7440382 | 50 69-1887 L437C-122 | 0.1236% +24
Barium® 7440:39-3 2 9-377 0.7683C+0.47 | 0.1815% +2.78
 Beryllium* 7440417 03 | 31906 09629C+0.05 | 0.0136F +0.95
Boron®* 7440428 5 195189 | 0.8807C+9.0 | 0.1150% +14.1
Cadx‘nium*’ 7440-43<9 4 “'9--1943' | 0.98740-0.,18 " '0.0557? +2.02
Calcium - 7440-70-2 10 1747170 0.91_82c;é_.6_ 0.1'228?“?410.1
Chromium (total)* _7440-47-3 7' 4 131406 0.9544C+3.1 | 0.0499x +4.4
Cobalt* 7440-48-4 7 17-2340 | 09209C4.5 | 0.0436% +38
Copper* 7440-50-8 | 6 ; 8-1887 ()'.92'9""7C-0.:30 0.044%% +2.85
ron 7430-80-6 | 7 139359 08829C+70 | 0.0683% +11.5
Lead® | 7439-92-1 a0 2417 | 09699C-22 0.0558x +7.0
Lithium 7439-93-2 | 4** Not listed | Not listed | Not listed
Magnesium 7439954 | 30 | 3413868 | 09881C-11 | 0.0607% +116
Manganese 7439-96-5 2| a8 0.9417C+0.13 | 0.0324% +0.88
Molybdenum* 74%9.987] 8 17-1830 09682C+0.1 | 0.0618% +16
Nickel* 7440-02-0 15 17-47,170 0.9508C+0.4 | 0.0604x +4.4
 Potassium 7440097 | 100°* | 34714151 08669C-36.4 | 0.0934% +778
Selemum' ) : 7782-49-2 | 75 69-1415 09363C-2.5 | 0.0855% +17.8
Silicon 7440-21-3 20 189-9434 | 0.5742C-35.6 | 0.4160x +37.8

1 silver* . wd024| 7 | 818 0.4466C+5.07 05055 -305 |
Sodium 7440-23-5 - 30% 35-47,170 | 0.9581C+39.6 | 02097% +33.0
| Strontium 7440-24-6 0.5 Not listed Not listed f Not listed
Thallium* | 744bQ28=o 0 | 701434 0.9020C-73 | 0.1004x +183°
Vanadium* 7440-62-2 '8 13-4698 09615C-20 | 0.0618% +1.7
Zinc* | | 7440 66-6 " 2 7-7076 0.9356C-0.30 | 0.0914x +3.75

Analytes targeted by the Nauonal Contaminated Sites Remediation Program
»* Sensitive to operating conditions. :
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Comments on the Use of this Method

Emission spectroscopy usmg mductlvely coupled plasma (ICP) is a rapid, sensitive,
and convenient method for the determination of metals in water and wastewater
samples. Dissolved metals are determined in filtered and acidified samples. Total

metals are determined after appropriate digestion. Care must be taken to ensure
that potential interferences are dealt with, especially when dissolved solids exceed
11500 mg/L. This, coupled with the extended dynamic range (four to six orders of
magnitude for many elements), permits effective mulu—elemem determination of
metals
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Title:
" Inductively Coupled Plasma-Atomic Emission Spectroscopy. U.S. EPA
Method 6010, Revision 0, September 1986.

Reference: _
Test Methods f0r' Evaluating Solid Wast_e (SW-846). U.S. EPA. 1983.
Method 6010, Revision O, September 1986. Office of Solid Wastes,
Washington, D.C. | ‘ _ .

Method Applicability:

This method is applicable to the determination of trace elements, including
metals, in groundwater, soils, sludges, sediments, and other solid wastes, All
matrices require digestion prior to analysis. The method of standard addition
(MSA) must be used for the analysis of all sample digests unless either serial
dilution or matrix spike addition demonstrates it is not required.

Sample Preparation:

6010-12/18/91

Preliminary treatment of most matrices is necessary because of the complexity
and variability of sample matrices. Water samples which have been
prefiltered and acidified will not need acid digestion. Methods for acid
digestion of waters for total recoverable or dissolved metals, acid digestions
of aqueous samples and extracts for total metals, and acid digestion of
sediments, sludges, and soils are summarized below. '

Total Recoverable or Dissolved Metals in Water

To prepare surface and groundwater samples for determination of total .
recoverable and dissolved metals, transfer a 100 3 mL aliquot of well-mixed

‘sample to a beaker. Add 2 mL of concentrated nitric acid and 5 mL of

concentrated hydrochloric acid. Cover the sample with a watch glass and heat .
on a steam bath, hot plate, or other heating source at 90 to 95°C until the
volume has been reduced to 15-20 mL. Remove the beaker from the hot
plate and allow the solution to cool. Wash down the beaker walls and, when
necessary, filter or centrifuge the sample to remove silicates and other
insoluble materials. Adjust the final volume to 100 mL with reagent water.

Total Metals in Aqueous Samples

To prepare aqueous samples, soil and sediment extracts, and wastes that
contain suspended solids, transfer a 100 mL aliquot of a well-mixed sample
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to a 150 mL beaker and add 3 mL of concentrated nitric acid. Cover the
beaker with a watch glass and place on a hot plate or equivalent heating
source and evaporate the solutiori to about S mL, making certain that the
sample does not boil and that no portion of the bottom of the beaker is
allowed to go dry. Cool the beaker and add another 3 mL portion of

~concentrated nitric acid, then cover it with a watch glass and increase the
temperature until a gentle refhix action occurs. Continue heatmg and adding’

additional acid until sample digestion is complete, which is usually indicated
when the digestate is light in color or does not change in appearance.

Next, uncover the beaker and evapofat'e the solution to about 3 ml.. Then

cool the solution and add a small quantity of 1:1 hydrochloric acid (10 .‘

mL /100 mL of final solution). Cover the beaker and reflux for 15 minutes.

 Wash down the beaker walls and filters or centrifuge the sample to remove

silicates and other insoluble material. Filter the sample and adjust the final
volume to 100 mL with reagent water and the final acid concentration to 10%.

Sediments. Sludges, and Soils

To prepare sedlments sludges and soil samples mix the sample thoroughly
and transfer 1-2 g to a conical beaker. Add 10 mL of 1:1 nitric acid, mix the
slurry, and cover it with a watch glass. Heat the sample to 95°C and reflux
for 10 to 15 minutes without boiling. Allow it to cool, then add 5 mL of
concentrated nitric acid, replace the watch glass, and reflux for 30 minutes.
Repeat last step to ensure complete oxidation and then allow the solution to
evaporate to 5 mL without boiling, while maintaining a covenng of solution
over the bottom of the beaker

-Cool the sample and add 2 mL of water and 3 mL of 30% hydrogen peroxide.

Cover the beaker with a watch glass and place on the hot plate for warming.
Heat until effervescence subsides and then cool the beaker. Continue to add
30% hydrogen peroxide in 1 mL aliquots with warming until the effervescence
is minimal but do not add more than a total of 10 mL of 30% hydrogen
peroxide.

If the sample is being prepared for the analysis of Ag»,’Al, As, Ba, Be, Ca, Cd,
Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, Os, Pb, Se, Tl, V, and Zn, then add
5 mL of concentrated hydrochloric acid and 10 mL of water and return the
covered beaker to a hot plate for 15 minutes of additional refluxing without
boiling. Dilute the sample to a 100 mL volume with water after cooling and

filter or centrifuge to remove particulates.
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Instrumental Analysis:

This method measures element-ermtted light by optical spectrometry.
Samples, followmg an appropriate acid digestion, are nebulized and the
resultmg aerosol is transported to the plasma torch. Element-specific atomic
line emission spectra are, produced by a radlo -frequency mductlvely coupled

plasma, : .

Instrumentation Required:‘

Inductively coupled argon plasma emission spectrometer capable of
background correction.

Interferences:

Interferences may be categorized as spectral or non-spectral. Spectral
interferences are caused by overlap of a spectral line from another element,
unresolved overlap of molecular band spectra, background contribution from
continuous or recombination phenomenon, a 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 alternative
wavelength. Background contribution and stray light can usually be
compensated for by a background correction adjacent to the analyte line.

Non-spectral interferences include physical and chemical interferences.
Physical interferences are effects associated with the sample nebulization and
transport processes. Changes in viscosity and surface tension can cause
significant inaccuracies. Chemical interferences include molecular compound
formation, ionization effects, and solute vaporization effects. Normally these
effects are not significant and can be minimized by careful selection of
operating conditions. Chemical interferences are highly dependent on matrix
type and the specific analyte element.

Quality Corltrol Requirements

Procedures should be in place for demonstratmg that the 1aboratory is in
control during each data collection activity. Laboratory control samples must
be analyzed for each analytical method. A method blank should be ana.lyzed
with each batch of samples processed to assess contamination levels in the
laboratory. :

Procedures should be in place for documenting the effect of the ‘matrix on
method performance. When appropriate, there should be at least one matrix
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spike and either one matrix duplicate or one matnx spike duplicate per
analyucal batch. Procedures should be in place for determining the bias and

precision of the method as well as the method detection limit, for the specific

matrix type.

Dilute and reanalyze samples that are more concentrated than the linear
calibration limit. Employ a minifnum of one reagent blank per safnple batch
to determine if contamination or any memory effects are occurring.

- Whenever a new or unusual sample matrix is encountered, perform either a

serial dilution test or a matrix spike addition test to ensure that neither
positive or negative_interferences are operating on any of the analyte
elements. Check the instrument standardization by verifying calibration every
10 samples usxng a calibration blank and a check standard.

' Comparisoti With Other Methods:

The capital equipment expense is more expenswe than that required for

atomic absorption spectrophotometry methods. However, multiple metals can

be analyzed at once whereas atomic absorption spectrophotometry techniques
only can analyze one metal ata time.

Analytes Covered by This Method:

6010-12/18/31

Method 6010 covers 25 elements including 17 of the inorganic variables that
are of interest to the National Contaminated Sites Remediation Program, as
shown in Table 35.
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: . Limit Concentration Reported (Rel. Std.
‘Element CASNo. - ag/L sg/L ‘Valoé Dec. %)
Aluminum 7429-90-5 45 60 V 62 " 3
Antimony* 440360 32H N_o;,us,ted Not listed Not listed
Arsenic® 7440-38-2 53 p>) R K
Barium® 7449;59-_3 B -Nc;; listed Not listed Not listed
Beryllium® 7440-41-7 03 20 20 98
Boron® 7440428 5 Nﬁ;‘ l'is_ted 4N&;t ﬁsted Not listed
éadmi{xm‘ ) 7440-43-9 4 25 29 16
Calcium 7440-70-2 10 Nﬁ_? l,iste.d | Not listed» Not listed
Chromium (total)* 744047-3 7 10 10 T
Cobait* 7440484 7 % 0 41
Copper* / 7440-50-8 6 11 1 40 _
* Iron . 7439-89-6 7 20 19. ' 15
Lead® 7435-92.1 42 24 30 7
Magn;sium 7439-95-4 30 Not listed Not Eted 7 I*iot listed
Manganese 7439-96-5 2 15 15 6.7
Molybde_m;m; ‘ 7439-98-7 8. Not listed Not listed Not listed
Nickel* 7440-02-0 15 30 28 L1l
Phosphorus 7723-i4-o 51 Not listed Not listed &§t u;:ed “
Selenium® | TTR249-2 % 6 85 a2
Silicon 7440-21-3 V 58 Not listed ~ Not listed | Nt;t lis?ed
Silver® 7440-22-4 7 'Nc';t listed _ Not listed Not listed
Sodium 7440-23-5 29 V Not listed Not listed Not listed
Thallium* 7440-:28-0 N 40 Not listed Not listed Not hsted
Vanadium* 7440-62-2 8 70 69” | 29
Zinc* , Tamess |2 16 19 745_ 0

* Analytes targeted by the National Contaminated Sites Remediation Program

5010-12/18/91
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Comments on the Use of this Method:

6010-12/18/87

Detection limits, sensitivity, and optimum ranges of the metals will vary with
the matrices and model of the spectrometer. In a single laboratory

- evaluation, seven wastes were analyzed for 22 elements. The mean percent

relative standard deviation from triplicate analyses for all elements and wastes
was 9 + 2%. The mean percent recovery of spiked elements for all wastes
was 93 + 6%. Spike levels ranged from 100 ug/L to 100 mg/L The wastes
included sludges and 1ndustr1al wastewaters.
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Title: ‘
Chromium, Hexavalent (Colorimetric). U.S. VEPA Method 7196, Revision 0,
September 1986. _ o

Reference:
‘Test Methods for Evaluating Solid Waste (SW-846). U.S. EPA. 1983.
Method 6010, Revision 0, September 1986. Office of Solid Wastes,
Washington, D.C.

Method Applicability:

This method is used to determine the concentration of dissolved hexavalent
chromium (Cr VI) in Extraction Procedure (EP) toxicity characteristic extracts
and groundwaters. It may also be applicable to certain domestic -and
industrial wastes, provided that no interfering substances are present. F inally,
this method may be used to analyze samples containing from 0.5 to 50 mg of
Cr VI per liter. ‘ _

Sample Preparation:
Transfer 95 mL of the sample to be tested to a 100 mL volume‘tfi'c flask. Add
2 mL diphenylcarbazide solution and mix. Add H,SO, solution to give a pH.
- of 2+ 0.5, dilute to 100 mL with Type II water, and let stand 5 to 10 minutes
for full color development.

Instrumental Analysis:

Transfer an appropriate portion of the solution to a 1 cm absorption cell and
measure its absorbance at 540 nm. Use Type II water as a reference.

Instrumentation Required:
Either a spectrophotometer for use at 540 nm, providing a light path of 1 cm
or longer; or a filter photometer, providing a light path of 1 cm or longer and
equipped with a greenish-yellow filter having maximum transmittance near
540 nm, - :

Interferences:
The chromium reaction with diphenylcarbazide is usually free from

interferences. However, certain substances may interfere if the chromium
concentration is relatively low. Hexavalent molybdenum and mercury salts
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also react to form color with the reagent; however, the red-violet intensities

produced are much lower than those for chromium at the specified pH.

Concentrations of up to 200 mg/L of miolybdenum and mercury can be
tolerated. Vanadium interferes strongly, but concentrations up to 10 times
that of chromium will not cause trouble.

Quality Control Requirements:

4

Dilute samples if they are more concentrated than the highest standard or if
they fall on the plateau of a calibration curve. Employ a minimum of one
blank per sample batch to determine if contamination or any memory effects
are occurring. Verify calibration with an independently prepafed check
standard every 15 samples. Run one spike duplicate for every 10 samples.
The method of standard addition shall be used for the analysis of all EP
extracts and whenever a new sample matrix is being analyzed.

Companson with Other Methods:

No other methods were selected for companson

Analytes Covered by ThlS Method

’ Method 7196 covers the determination of hexavalent chromium which is an

inorganic variable that is of interest to the National Contaminated Sites
Remediation Program.

Comments on Use of This Méth_o,d:

Dissolved hexavalent chrbmium" in the absence of interfering amounts of |
substances such as molybdenum, vanadium, and mercury may be determined
colorimetrically by reaction with diphenylcarbazide in acid solution. The -

reaction is very sensitive with the addition of an excess of diphenylcarbazide
yielding a red-violet product with its absorbance measured photometrically at

" 540 nm.

*Analyte targeted by the National Contaminated Sites Remediation Program.

7196-12/18/91
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Reference:

Mercury in Liquid Waste (Manual Cold Vapor Technique). U.S. EPA
Method 7470A, Revision 1, November 1990.

Test Methods for Evaluating Solid Waste (SW-846). U.S. EPA. 1983.
Method 7470A, Revision 1, November 1990. Office of Solid Wastes,

- Washington, D.C.

Method Applicability:

This method is applicable to the determination of mercury in mobil_ity-‘
procedure extracts, aqueous wastes, and groundwater. It can also be used for
analyzing certain solid and sludge-type wastes. '

Sample Preparation:

Transfer 100 mL containing < 1.0 g of mercury to'a 300 mL biological oxygen
demand (BOD) bottle or equivalent. Add 5 mL of H,SO, and 2.5 mL of
concentrated HNO,, mixing after each addition. Add 15 mL of potassium
permanganate. Shake and add additional portions until the purple color
persists for at least 15 minutés. Add 8 mL of potassium persulfate to each
bottle and heat for 2 hours in a water bath at 95°C. Cool and add 6 mL of
sodium chloride-hydroxylamine sulfate to reduce the excess permanganate.
After at least 30 seconds, add 5 mL of stannous sulfate and immediately
attach to the aeration apparatus.

Instrumental Aha]ysis:

Allow the sample to stand without manual agitation while the circulating

pump is allowed to run continuously. As mercury is volatilized, it is swept
into the absorption cell and the absorbance will increase. As the recorder
levels off, open the bypass valve and continue the aeration until the
absorbance returns to its minimum value. Close the bypass valve, remove the
stopper and frit from the BOD bottle, and continue aeration, :

Instrumentation Required:

7470A-12/18/91

Atomic absorption spectrometer equipped with a mercury hollow cathode
lamp or electrodeless discharge lamp. Also required is a cold vapor generator
where the mercury vapor is passed through an absorption cell.
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Interferences:

Potassium permanganate is added to eliminate possible interference from
sulfide. Concentrations as high as 20 mg/kg of sulfide as sodium sulfide do
not interfere with the recovery of added inorganic mercury from reagent
water. Copper has also been reported to intérfere, but concentrations as high
as 10 mg/kg had no effect in recovery studies. -

_ Seawaters, brines, and industrial effluents high in chlorides require additional

permanganate because, during the oxidation step, chlorides are converted to

free chlorine which also absorbs at 253.7 nm. Remove all free chlorine by

* using an excess (25 mL) of hydroxylamine sulfate reagent. Certain volatile

organic materials that absorb at this wavelength may also cause interference.

Qualify Control Requirements:

A calibration curve must be prepared each day with a minimum of a
calibration blank and three standards. If more than 10 samples per day are
analyzed, the working standard curve must be verified by measuring a mid-
range standard after every 10 samples. This value must be within 20% of the
true value. At least one matrix spike and one matrix spike duplicate sample
must be included in each analytical batch, as well as a laboratory control

sample. For each analytical batch select one typical sample for serial dilution

- to determine whether interferences are present. The concentration of the

analyte should be at least 25 times the estimated detection limit, If all of the
samples in the batch are below 10 times the detectlon limits, perform the
spike recovery analysis.

Comparison with Other Methods:

This method may be applicable for analyses of some sediment samples but it
is primarily used for aqueous samples. It is quite similar to the Standard
Method summary SM-3112B and has a'larger range of QC data (Table 35)

~ than the former method.

Analytes Covered by This Method:

7470A-12/18/21

Method 7470A covers the determination of mercury which is an inorganic

variable that is of interest to the Nanonal Contarmnated Sites Remediation
Program.
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Table 36. Mercury QC Data Using Manual Cold Vapor Technique

* Analyte targeted by the National Contaminated Sites Remediation Program.

This method is based on the absorption of radiation at 253.7 nm by mercury
vapor.. The mercury is reduced to the elemental state and aerated from
solution in a closed system. The mercury vapor passes through a cell
positioned in the light path of an atomic absorption spectrophotometer. The

_ Comments on Use of This Method:

-5.2

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

T470A-12/18/91
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' E - : Standard
o : S Spiked Conc. | Accuracy as Deviation
Analyte Name | CAS No. - ug/L % Bias wg/L

Mercury* 7439-97-6 - 0.21 66 0.276
0.27 53 - 0.279

0.51 32 0.541

- 0.60 18 0.390

3.4 0.34 1.49

4.1 -7.1 1.12

8.8 -0.4 3.69

9.6 3.57
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Title:

Reference:

Mercury in Solid or Semisolid Waste (Manual Cold Vapor Techmque) U.S.
EPA Method 7471A, Revision 1, November 1990.

Test Methods for Evaluating Solid Waste (SW-846). U.S. EPA. 1983.

Method 7471A, Revision 1, November 1990. Office of Solid Wastes,
Washmgton, D.C.

Method Applicability:

- This method is applicable to the determination of total mercury (organic and
- inorganic) in soils, sediments, bottom deposns, and sludge-type materials. All

samples must be subjected to an appropriate dissolution step prior to ana1y51s
If this dissolution procedure is not sufficient to dissolve a specific matrix type
or sample, then this method is not apphcable for that matrix.

Sample Preparation:

7471A-12/18/91

Weigh triplicate 0.2 g portions of untreated sample and place in the bottom
of a biological oxygen demand (BOD) bottle. Add S mL of reagent water and
5 mL of aqua regia. Heat for 2 minutes in a water bath at 95°C. Cool and
add 50 mL reagent water and 15 mL potassium permanganate solution to

- each sample bottle. Mix thoroughly and place in the water bath for 30.

minutes at 95°C. Cool and add 6 mL of sodium chloride-hydroxylamine -
sulfate to reduce the excess permanganate. Add 55 mL of reagent water and
5 mL of stannous sulfate to each bottle. Immediately attach each bottle to
the aeration apparatus.

~ Instrumental Analysis:

Allow the sample to stand without manual agltatlon while the c1rculat1ng_
pump is allowed to run continuously. As mercury is volatilized, it is swept

- into the absorption cell and the absorbance will increase: As the recorder

levels off, open the bypass valve and continue the aeration until the
absorbance returns to its minimum value. Close the bypass valve, remove the
stopper and frit from the BOD bottle, and continue aeration.
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Instrumentation Required:

Atomic absorption spectrometer equipped with a mercury hollow cathode
lamp or electrodeless dlscharge lamp. Also required is a cold vapor generator
where the mercury vapor is passed through an absorption cell

Intérferences,: _

Potassium permanganate is added to eliminate possible interference from
sulfide. Concentrations as high as 20 mg/kg of sulfide as sodium sulfide do
not interfere with the recovery of added inorganic mercury from reagent
water. Copper has also been reported to iriterfere, but concentrations as high
as 10 mg/kg had no effect in recovery studies.

Seawaters, brines, and industrial effluents high in chlorides require additional
permanganate because, during the oxidation step, chlorides are converted to
free chlorine which also absorbs at 253.7 nm. Remove all free chlorine by
- using an excess (25 mL) of hydroxylamine sulfate reagent. Certain volatile
organic materials that absorb at this wavelength may also cause mterference

Quahty Control Requlrements

A calibration curve must be prepared each day with a minimum of a
calibration blank and three standards. If more than 10 samples per day are
analyzed, the working standard curve must be verified by measuring a mid-
range standard after every 10 samples. This value must be within 20% of the
true value. At least one matrix spike and one matrix spike duplicate sample
must be included in each analytical batch, as well as a laboratory control
sample. For each analytical batch select one typical sample for serial dilution
to determine whether interferences are présent. The concentration of the
analyte should be at least 25 times the estimated detection limit. If all of the

- samples in the batch are below 10 times the detection hrmts perform the
spike recovery analysis. :

Comparison with Other Methods:

This method is limited to mercury in soils and sediments. It is the only
method summarized for analysis of this element in solid matrices.

Analytes Covered by This Method:
" Method 7471A covers the determination of mercury which is an inorganic

variable that is of interest to the National Contaminated Sites Remedmtmn
Program (see Table 37).
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Table 37. Mercury QC Data Using EPA Method 7471A, Rev. 1

* Analyte targeted by the National Contaminated Sites Remediation Program. -
Comments on Use of This Method:

This method is based on the absorption of radiation at 253.7 nm by mercury
vapor. The mercury is reduced to the elemental state and aerated from
solution in a closed system. The mercury vapor passes through a cell
positioned in the light path of an atomic absorption spectrophotometer. The

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

7471A-12/18/81
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Spiked Recovery Standard
: ' Concentration - (% of Deviation
__Analyte Name CAS No. (pg/g) True Value) e/
Mercury* 7439-97-6 030 97 002
B 087 9 © 003
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Sodium Adsorption Ratio (SAR)
Reference: _
Canadian Water Quality Guidelines. 1987 Task Force on Water Quality

Guidelines of the Canadian Council of Resource and Environmental
Mlmstnes PP 46 to 4-7.

Method Applicability:

- The Sodium Adsorption Ratio is a calculation rather than a method. Excess
sodium in water relative to calcium and magnesium or relative to the total
soluble salt content can adversely affect the soil structure and reduce the rate
at which water moves into and through soil and can also reduce soil aeration.

Calculation of SAR:

The Sodium Adsorption Ratio* is calculated by:

Na~
\JCa“ + Mg™

SAR =

where Na* is the concentration of total sodium in milliequivalents per liter,

Ca*" is the concentration of total calcium in milliequivalents per liter,
and _ _ I

Mg*"* is the concentratlon of total magnesium in milliequivalents per
liter.

"The SAR is targeted by the NanonaJ Contaminated Sites Remediation
Program.

Sodium, calcium, and magnesium are not target analytes of the National
Contaminated Sites Remediation Program but their analyses are required if
the Sodium Adsorption Ratio is calculated. Standard Method 3113B or
Standard Method 3120B are recommended for these analyses. Aqueous
extractable solutions of these metal ions must be used for these analyses.
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Reference:

Tin (Atomic Absorption, Direct Aspiration). U.S. EPA Method 7870,
Rewvision 0, September 1986.

Test Methods for Evaluating Solid Waste (SW-846). U.S. EPA. 1983.
Method 7870, Revision 0, September 1986 Office of Solid Wastes,
Washington, D.C. |

Method Applicability:

This method is applicable to a large number of metals in drinking, surface,
and saline waters, and domestic and industrial wastes, as well as groundwater,
EP extracts, soils, sludges, sediments and other solid wastes which required
digestion prior to analysis.

Sample Preparation:

7870-12/18/91

Digestion of soils, sludges and sédiments:

Mix the sample thoroughly to achieve homogeneity. For each digestion
procedure, weigh to the nearest 0.01 g and transfer to a conical beaker a 1.0
to 2.0 g portion of sample. Add 10 mL of a 1:1 water and HNO, solution,
mix the slurry, and cover with a watch glass. Heat the sample to 95°C and
reflux for 10 to 15 min without boiling. Allow the sample to cool, add S mL
of concentrated HNQ,, replace the watch glass, and reflux for 30 min. Repeat
this last step to ensure complete oxidation.

Using a ribbed watch glass, allow the solution to evaporate to 5 mL without -
boiling, while maintaining a covering of solution over the bottom of the -
beaker. Allow the sample to cool. Add 2 mL of Type II water and 3 mL of

30% H,0,. Cover the beaker with a watch glass and return it to the hot plate

for warming and to start the peroxide reaction. Care must be taken to

ensure that losses do not occur due to excessively vigorous effervescence.

Heat until effervescence subsides and cool the beaker. Continue to add 30%

H,0, in 1 mL aliquots with warming until the effervescence is minimal or

until the general appearance is unchanged. Do not add more than a total of

10 mL of 30% HO,.

Add 5 mL of concentrated HCl and 10 mL of Type II water, return the
covered beaker to the hot plate, and reflux for an additional 15 min without
boiling. After cooling, dilute to 100 mL with Type II water. Particulates in
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the dlgestate should be removed by filtration, centrifugation or by allow1ng the

- sample to settle. Filter the solution through a Whatman #41 better paper

Instrumental

and dilute to 100 mL with Type II water. Centrifuge at 2,000-3,000 rpm for
10 min to clear the supernatant. The diluted sample has an approximate acid

concentration of 5% (v/v) HCl and 5% (v/v) HNO3 Drmkmg water, free of

particulates, may be analyzed directly.
Analysis:

Allow the lamp to warm up for a memuin of 15 min, unless operated ina
double-beam mode. During this period, align the instrument, position the

monochromator at the correct wavelength, select the proper monochromator -

slit width, and adjust the current according to the manufacturer’s

recommendation. Subsequently, light the flame and regulate the flow of fuel

and oxidant. Adjust the burner and riebulizer flow rate for maximum percent
absorption and stability. Balance the photometer. Run a series of standards
of the element under analysis. Construct a calibration curve by plotting the
concentrations of the standards against absorbances. Set the curve corrector
of a direct reading instrument to read out the-proper concentration. Aspirate
the samples and determine the concentrations either directly or from the
calibration curve. Standards must be rin each time a sample or series of

- samples is run.

Instrumentation Required:

Interferences:

Atomic absorption spectrophotometer: single or dual-channel, single or double
beam instrument having a grating monochromator, photomultiplier detector,
adjustable slits, a wavelength range of 190-800 nm and provisions for

interfacing with a strip-chart recorder. Also required is a tin hollow cathode

lamp.

" The most troublesome type of interference in atomic absorption

spectrophotometry is usually termed "chemical” and is caused by lack of -
absorption of atoms bound in molecular combination in the flame. This

phenomenon can occur when the flame is not sufficiently hot to dissociate the

- molecule or when the dissociated atom is immediately oxidized to a

7870-12/18/91

compound that will not dissociate further at the temperature of the flame.

The' presence of high dissolved solids in the sample may result in an
interference from nonatomic absorbance such as light scattering. If
background corfection is not available a nonabsorbing wavelength should be
checked. Preferably, samples containing high solids should be extracted.
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Ionization mterferences occur when the flame temperature is sufﬁc1ently high
to generate the removal of an electron from a neutral atom, giving a positively
charged ion. All metals are not equally stable in the digestate, and tin should
be analyzed as soon as p0551ble

‘Spectral interference can occur when an absorbing wavelength of an element

present in the sample but not being determined falls within the width of the
absorption line of the element of interest. The results of the determination
will then be erroneously high, due to the contribution of the interfering
element to the atomic absorption 51gnal Interference can also occur when
resonant energy from another element in a multi-element lamp, or from a
metal impurity in the lamp cathode, falls within the bandpass of the slit
setting when that other metal is present in the sample. This type of
interference may sometimes be reduced by narrowing the slit width.

Quality Control Requirements:

A calibration curve must be prepared each day with a minimum of a reagent
blank and three standards, verified by use of at least a reagent blank and one
standard at or near the mid-range. Checks throughout the day must be within
20% of original curve.

If 20 or more samples per day are analyzed, the working standard curve must
be verified by running an additional standard at or near the mid-range every
10 samples. Checks must be within +20% of true value. At least one
duplicate and one spike sarnple should be run every 20 samples, or with each
matrix type to verify precision of the method.

Comparison with Other Methods:

This is the only method that is applicable to soils and sediments as well as
surface waters. The standard methods summarized are only applicable for

aqueous samples. The AA technique hmns this method to the single element,
nn .

Analytes Covéred by This Method:

* A targeted analyte

7870-12/18/91

Method 7870 covers the determination of tin.*

of the. National Contaminated Sites Remediation Program:
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Comménts on Use of This Method*

7870-12/18/91

Detectlon limits, sensitivity, and optimum ranges of the metals will vary with
the matfices and models of atomic absorption spectrophotometers. A
detection limit of 0.8 mg/L and a sensitivity of 4 mg/L have been obtained

by direct aspirationi. For clean aqueous samples, this detection limit may be

extended downward with scale expansion and upward by using a less sensitive
wavelength or by rotating the burner head. Detection limits by direct

aspiration may also be extended through concentration of the sample and/or
through solvent extraction techniques.
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‘Title

Total and Amenable Cyanide (Colorimetric, Automated UV). U.S. EPA

Method 9012, Revision 0, September 1986.
Reference: |

. Test Methods for Evaluating Solid Waste (SW-846). U.S. EPA. 1983.

Method 9012, Revision 0, September 1986. Office of Solid Wastes,

Washington, D.C. '

Method Applicability:

This method is used to determine the concentration of inorganic cyanide in-
an aqueous waste or leachate. It addresses total and amenable cyanides.
Cyanide compounds that are amenable to chlorination include free cyanide
as well as the complex cyanides.

Sample Preparation:

Pretreatment for cyanides amenable to chlorination:

Two sample aliquots are required to determine cyanides amenable to
chlorination. To one 500 mL aliquot, or to a voluie diluted to 500 mL, add
calcium hypochlorite solution dropwise while agitating and mamtalmng the pH
between 11 and 12 with sodium hydroxide. This shotld be done in a fume
hood.

Test for residual chlorine with potassium iodide-starch paper and maintain
this excess for one hour, continuing agitation.. A distinct blue color on the test
paper indicates a sufficient chlorine level. If necessary, add additional
hypochlorite solution.

* After 1 hour add 0.5 g portions of ascorbic acid until potassium iodide-starch

9012-12/18/91

paper shows no residual chlorine. Add an additional 0.5 g of ascorbxc acid to
ensure the presence of excess reducing agent.

Test for total cyanide.in both the chlorinated and unchlorinated aliquots. The

difference of total cyanide in the chlorinated and unchlorinated aliquots is the
cyanide amenable to chlorination.
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" Distillation Procedure:

Place 500 mL of sample, or an aliquot diluted to 500 mL, in a 1 hter boiling
flask and pipet S0 mL of sodiumn hydroxide into the absorbing tube. Add
reagent water-until the spiral is covered. Connect the boiling flask, condenser,

. absorber, and trap in the train. By adjusting the vacuum source, start a slow

stream of air entering the boiling flask so that. approximately two bubbles of
air per second enter the flask through the air inlet tube.

Use lead acetate paper to check the sample for the presence of sulﬁde A
positive test is indicated by a black color on the paper. If posmve treat the
sample by adding 50 mL of bismuth nitrate solution through the air inlet tube
after the air rate is set. Mix for 3 minutes prior to addmon of sulfuric acid.

If samples are suspected to contain nitrate and/or nitrite ions, add 50 mL of .

- sulfamic acid solution after the air rate is set through the air inlet tube. Mix

for 3 minutes prior to addition of sulfuric acid.

Slowly add 50 mL 1:1 water and sulfuric acid mixture through the air inlet

- tube. Rinse the tube with reagent water and allow the airflow to mix the flask

Instrumental

contents for 3 minutes. Pour 20 mL of magnesium chloride into the air inlet

and wash down with a stream of water. Heat the solution to boiling. Reflux -

for 1 hour. Turn off heat and continue the airflow for at least 15 minutes.
After cooling the boiling flask, disconnect absorber and close off the vacuum
source. Drain the solution from the absorber into a 250 mL volumetric flask.
Wash the absorber with reagent water and add the washings to the ﬂask
Dilute to the mark with reagent water.

Analysis: '

* Automated Colorimetric Determination:

- reagents, feedmg reagent water through the sample line, Place appropriate-

s012-12/18/1

Set ﬁp the manifold in a hood or a well-ventilated afea.- Allow the
colorimeter and recorder to warm up for 30 minutes. Run a baseline with all

standards in the sampler in order of increasing concentration and complete

loading of the sample tray with unknown samples When the baseline is

steady, begin the analyms

In the colorimetric measurement, the cyanide is converted to cyanogen

chloride (CNCIl) by reaction with Chloramine-T reagent at a pH less than 9
without hydrolyzing the cyanate. After the reaction is complete, color is
formed upon the addition of . pyridine-barbituric acid reagent. The
concentration of NaOH must be the same in the standards, the scrubber
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solutions, and any dilution of the original scrubber solution to obtain color of
comparable intensity. :

Instrumentation Required:

The Reflux distillation apparatus consists of a 1 liter boiling flask with an inlet

tube and provision for condenser. The gas absorber is a Fisher-Milligan - .

scrubber. An automated continuous-flow analytical instrument includes a

sampler, manifold with UV digestor, proportioning pump, heating bath with

distillation coil, distillation head, colorimeter equipped with at 15 mm flow
- cell and 570 nm filter and a recorder.

Interferences:

Sulfides adversely affect the colorimetric procedures, Samples that contain
hydrogen sulfide, metal sulfides, or other compounds that may produce
hydrogen sulfide during the distillation should be treated by addition of
bismuth nitrate prior to distillation.

High results may be obtained for samples that contain nitrate and/or nitrite
ions. During the distillation, nitrate and nitrite will form nitrous acid, which
will react with some organic compounds to form oximes. These compounds
will decompose under test conditions to generate hydrogen cyanide. The

~ possible interference of nitrate and nitrite is eliminated by pretreatment with
sulfamic acid. N :

Quality Control Requirements:

Employ a minimum of one blank per sample batch to determine if
~contamination or any memory effects are occurring. Verify calibration with
an independently prepared check standard every 15 samples. Run one spike
duplicate sample for every 10 samples. A duplicate sample is a sample
brought through the whole sample preparation process. The method of
standard additions should be used for the analysis of all samples that suffer
from matrix interferences. ' : '

- Comparison with Other Methods‘:
This method is essentually the same as EPA method 335.3 and either may be

used with comparible results. The matrices listed for EPA-335.3 are drinking
waters, surface waters, domestic and industrial wastes.
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Analytes Covered by this Method:

-Method 9012A covers the deterrnmauon ot total cyamde and amenable
cyamde which includes free cyanide. Both total cyanide and free cyanide are

inorganic variables which are of interest to the Natlonal Contaminated Sites
Remediation Program

Comments on Use of This Method:

The method detects inorganic cyanides® that are present as either simple

soluble salts or complex radicals. It is used to determine values for both total

‘cyanide and cyanide amenable to chlorination (free cyanide). This method

is not intended to determine if a waste is hazardous by the characteristic of

reactivity.

No precision or accuracy data are available for this method.

* A targeted analyte

9012-12/18/81

of the National Contaminated Sites Remediation Program.
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Title: 4
'pH Electrometric Measurement. ' U.S. EPA Method 9040A, Revision 1,
November 1990. . : o

Reference: |
Test Methods for Evaluating Solid Waste (SW-846). US. EPA. 1983.
Method 9040A, Revision 1, November 1990. Office of Solid Wastes,
Washington, D.C. ' o

Method Applicability:

This method is applicable to the measurement of pPH of aqueous wastes and
those multi-phase wastes where the aqueous phase constitutes at least 20%
of the total volume of the waste. The pH measurement requires some
minimum water content. v '

Sample Preparation:

No specific sample preparation is required when determining the pH of an
aqueous sample. ‘ - :

Instrumental Analysis:

Place the sample in a clean glass beaker using a sufficient volume to cover the
sensing elements of the electrodes and to give adequate clearance for the
magnetic stirring bar. Thoroughly rinse and gently wipe the electrodes prior
to measuring pH of samples. Immerse the electrodes into the sample beaker
or sample stream and gently stir at a constant rate to provide homogeneity
and suspension of solids. Record the sample pH and temperature.

Instrumentation Required:
PH meter with glass electrode and a reference electrode. ‘

Interferences:

The glass electrode is not generally subject to solution interferences from
color, turbidity, collidal matter, oxidants, reductants, or high salinity. Sodium
error at pH levels > 10 can be reduced or eliminated by using a low sodium

error electrode. Coatings of oily material or particulate matter can impair
electrode response. ‘ . _

9040A - 12/18/01 ' 181



Temperature effects on the electrometric determination of pH arise from two
sources. The first is caused by the change in electrode output at various
temperatures. This interference can be controlled with instruments having
temperature compensation. The second source of temperature effects is the
change of pH due to changes in the sample as the temperature changes. This
is sample-dependent and cannot be controlled.

Qua_lity' Controi_ Requirements:

No specific qtial’ity control procedures were listed for this method. Electrodes

- must be rinsed thoroughly between samples. -

Comparison With Other Methods:

Analytes Covered by This Method:

This method is more accurate than those based on colorimetric changes.
Although instrumentation is more expensive than colormetric methods; it is
of moderate cost and many samples can be processed accurately and
inexpensively in a short period of time. '

Method 9040A covers the determination of pH*.

Table 38. Precision and Accuracy Versus pH |

| | Accuracyas |  Accuracyas
S Std. Dev. ' Bias Bias
pHUnits - | ~ pH Units i _Percent . pH Units
35 0.10 029 | -0l
35 011 -0.00 | |
71 020 4101 007
72 | o | w003 0002
8.0 013 w012 | w01
80 0.12 4016 ~+0.01

* A general variable that is of interest to the National Contaminated Sites: Remediation Program.

9040A - 12/18/81
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Comments on the Use of This Method:

The pH of the sample is determined electrometrically using either a glass
electrode in combination with a reference electrode or with a combination

~electrode. The measuring device is calibrated using a series of standard

" 8040A - 12/18/31

solutions of known pH. The corrosivity of concentrated acids and bases
cannot be measured.

183



Reference:

Specific Conductance. U.S. EPA Method 9050A, Revision 1, November 1990,

Test Methods for Evaluating Solid Waste (SW-846). U.S. EPA. 1983.
Method 9050A, Revision 1, November 1990. Office of Solid Wastes,
Washington, D.C. ' '

Method Applicability:

This method is applicable to the measurement of the specific conductance of

- drinking waters, groundwaters, surface waters, saline-waters, and domestic and

industrial aqueous wastes. It is not applicable to solid samples or to organic
samples. '

Sample Preparation:

Instrimental

No specific sample preparation procedure is required when measuring the
conductance of water samples.

Analysis:
To determine the cell constant, rinse the conductivity cell with at least three
portions of 0.01N potassium chloride solution. Adjust temperature of a fourth

portion to 25.0 £ 0.1°C. Measure resistance of this portion and note
temperature. Compute cell constant, C using the equation below.

C = (0.001413) (Ryq) (1 + 0.0191)» (t-25)

" where:

9050A-12/05/91

R¢a = measured resistance in ohms; and
t = observed temperature in degrees C.

Rinse the cell with one or more portions of a sample. Adjust the temperature
of a final portion to 25.0 + 0.1°C, measure sample resistance or conductivity,
and note the temperature. Report all conductivities at 25.0°C. When sample
resistance is measured, conductivity at 25°C is calculated using the fouowing
equation: : .
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- (1,000,000 (©)
R, (1 + 0.0191) (t-25)

where:

K = conductivity in umho/cm;

C = cell constant in cm-L; _

R, = measured resistance of sample in ohms; and
t = temperature of measurement.

When sample conduct‘ivity is measured, conductivity at 25°C is: _

_ K, (1,000,000C)
- (1 + 0.0191) (t-25)

where: N
k, = measured conductivity in umho.

If the conductivity readout is in umho/cm, then delete the factor 1,000,000 in
the equation.

Instrumentation Required:

A self-contained conductivity instrument consisting of a source of alternating
current, a Wheatstone bridge, null indicator, and a platinum electrode or non-
platinum electrode specific conductance cell. :

Interferences:

Platinum electrodes can degrade and cause erratic results. When this happens
the electrode should be replatinized. The specific conductance cell can
become coated with oil and other materials. It is essential that the cell be
thoroughly rinsed between samples.

Quality Control Requirements: 4
An independently prepared check standard should be 'arialyzed with each

batch of samples to verify calibration. Analyze one duplicate sample for every
10 samples. '

S050A-12/05/91
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Comparison With Other Methods:

No other methods were compared' with this method; it is a commonly used
method for aqueous samples. " ~

Analytes Covered by This Method:
Méthod 9050A covers the determination of specific conductance.*

Table 39. Conductivity Versus Precision and Accuracy

Conductivity | No.of " ReLStd. | Relaie |
umhos/cm: Results Dev. % Error %
1470 17 86 9.4

330 | 120 738 19

280 | 120 84 | 30

Three synthetic samples were tested to produce the data in Table 39.

Comments on the Use of This Method:

The specific conductance of a sample is measured using a self-contained
conductivity meter. When possible, samples are analyzed at 25°C. If samples
are analyzed at different temperatures, temperature corrections must be
made; many instruments provide automatic temperature-corrected readings.

*A general variable that is of interest to the National Contaminated Sites Remediation Program.

S050A-12/05/91
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