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Determnation of Polychlorinated Bi phenyl Residues in Foods, Feeds,
and Paper Products

R -
- -

The following outline lists the steps in the analysis of foods, feeds,

and paper products currently enployed by the Food and Drug Adm nistration
for residues of polychlorinated biphenyls (PCB). In general, nethodol ogy
for foods and feeds is that used in anal yses for otganochl orine pesticides,
with auxiliary steps as necessary to separate residues of PCB and pesti-
cides. Extraction of paper products takes advantage of the stability of

PCB to treatment with alkali; electron capture GLC determnation is the sane
as specified for food and feed anal ysis.

Met hodol ogy for the analysis of food and feeds is described in the FDA
Pesticide Analytical Manual Volume | (PAM 1). This manual and its revi-
sions are available to governnent agencies on request from Food and Drug

Adm ni stration, Public Records and Documents Center, 5600 Fishers Lane
Rockville, Maryland 20857 or to non-government requesters from The Nationa
Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161,
as i temNTISUB/C/118. Description of the method for paper products and
other techni ques necessary to analysis for PCB residues are attached.

Met hodol ogy for Analysis for PCB Residues

Food and Feeds Paper
Sanpl e Preparation* PAM |, 141. Qut into about 1/4" x-1/4"
pi eces; thoroughly m xed.
Attachnment |
Extraction PAM |, 211.13 or Al coholic al kali reflux

212.13, depending - Attachnent |
on sanple type

Cl eanup CH,CN-petr et her Florisil colum
pa?trtronrng and/ or chromat ogr aphy when
Florisil colum necessary
chr omat ogr aphy: Attachment |

PAM |, 211.14 or
212. 14, dependi ng
on sanpl e type

Auxiliary Procedures Separation from pesticide
resi dues, when necessary:
PAM I, 251. Supplenenta
cl eanup, when necessary:
PAM |, 211.15, 651.1




Det erm nation

Quantitation

Procedures Usef ul

- 2.

-
~

El ectron capture G.C
PAM |, 251.15
300.644d(6/79),

and 311

Attachnent |1

PAM I 143,
300.644(6/79)

G.C with hal ogen

El ectron capture G.C
PAM |, 300.64d(6/79)
and 311

Attachnent 1T

PAM | 143,
300.64d4(6/79)

G.C with hal ogen

for Confirmation specific detection, specific detection

PAM |, 312 or 315 PAM I, 312 or 315

TLC = see PAM I,
251.02 for references

Mcro scal e al kal
reflux, PAM | 651.1

Perchl ori nation:
Attachnments 11, 1V

TLC - See PAM I,
251.02 for
ref erences

Perchl orination:
Attachments 111, IV
Gener al Attachment V Attachment V
*Care must be used to avoid contam nation of a sanple during sanpling,

storage, or |aboratory operations. In particular, storage containers
shoul d be checked before using to assure that no PCBs are present.

The multi-conponent nature of PCB residues challenges even an experienced
residue analyst in the identification and quantitation of the residue
Quantitation of a residue (see PAM| 300.64d (6/79)) i s made by conparing
the magnitude of GLC response fromthe residue to the nagnitude of response
fromreference Aroclor(s) (Monsanto Conpany). Judgnent nust be nade as to
whi ch reference Aroclor nost closely resenbles the GLC peak pattern detected
in the sanple. In many cases, particularly in animal tissue sanples, the
residue pattern may not resenble any single Aroclor and a choice nust be
made as to which Aroclor(s) would provide the nmost accurate result. Once

a choice has been made concerning which reference material (s) to use, the
techni que by which the G.C responses of the residue and reference materia
will be quantitatively conpared nust also be chosen (PAM |, 300.64d (6/79)).
Since the choice of auxiliary procedures depends to sone degree on the
identity of the residue, the analyst nust develop a high degree of skill in
the application of this type of nethodology and an ability to interpret

GL.C chromatograms correctly.
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The limts of detectability of the methods are dependent upon: (1) the-.
sensitivity of'the deterninative step (GLC) t0 theé™particular PCB mi xture-
(Aroclor); and (2) the weight equivalent of sanple injected for GLC. The
magni tude of electron capture response to a given quantity of Aroclor 1242
I's about one third of the response to the same quantity of Aroclor 1254.
Therefore in the determnation of residues exhibiting GLC patterns simlar
to Aroclor 1242, injection of a larger weight equivalent of sanple is
required than for residues sinmlar in GC pattern to Aroclor 1254. \When
using the electron capture = GLC sensitivity fixed by the paraneters defined
in PAM1 143.21, the follow ng sanple weight equivalents should be injected in
order to obtain G.C response sufficient for detection and quantitation of
residues simlar to Aroclor 1242 at the tolerance |evels:

Product s Appr oxi mat e milligrams sanpl e
equi valent for "H EC- G.C
(PAM |, Table 331-A)

MIk (fat) 12
Dairy Products (fat) 12
Poultry (fat) 6
Eggs 60
Conpl ete and finished 100
ani mal feeds

Animal feed conponents 10
Fish and shellfish 10
I nfant and junior foods 100
Paper food packaging naterial 2

As pointed out in PAMI 143.21, the amount of sanple equivalent injected
shoul d be adjusted to accomodate changes in detector sensitivity in
order to maintain a constant limt of quantitation.

NOTE:  The followi ng references describe the successful interlaboratory
col | aborative studies which were performed on methods for PCB under the
auspi ces of the Association of Oficial Analytical Chemsts (AQAC); the
met hods thus tested have been granted AQAC official status:

Sawyer, L. D., Collaborative Study of the Recovery and Gas Chromatographic
Quantitation ofPol ychl ori nated Bi phenyls in Chicken Fat and Polychlori-
nated Biphenyl~DDT Conbinations in Fish, 3. Assoc. Ofic. Anal. Chem 56,
1015-1023 (1973).

Finsterwalder, C E., Collaborative Study of the Determnation of Polychlo-
rinated Biphenyls in Paperboard, J. Assoc. O fic. Anal. Chem 57,, 518-524
(1974) .

Sawyer, L.D., Quantitation of Polychlorinated Biphemyl Residues by Electron
Capture Gas-Liquid Chromatography: Collaborative Study, J. Assoc. Ofic.
Anal . Chem, 61, 282-291 (1978).
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Extraction and Cleanup for Determination of Polychlorinated
Biphenyls in Paper and Paperboard

SUSAN J. V. YOUNG, CHARLES FINSTERWALDER,* and JERRY A. BURKE
Division of Chemisiry and Physics, Food and Drug Administration, Washington, D.C. 20204
« Food and Drug Adminisiration, 1141 Central Parkway, Cincinnati, Ohio 46202

A procedure is described for the determina-
tion of polychlorinated biphenyis (PCBs) in
paper and paperboard. PCBs are extracted
from the paper sample by reflux with alcoholic
KOH. Column chromatography on Florisil is
used for cleanup, if needed. Compounds are
determined by GLC with electron capture de-
tection, using conditions previously devised
for organochlorine pesticides. An exhaustive
extraction utilizing sulfuric acid was devel-
oped in order to obtain comparative data on
extraction effectiveness. Recoveries of Aroclors
1242 a n d 1254 from fortified paper sampies
averaged 95.5 and 96.8% with the alcoholic
KOH reflux and sulfuric acid digestion extrac-
tions, respectively. Aroclor 1242 determined
after alecoholic KOH extraction of paperboard
was 96% of the amount found after sulfuric
acid digestion 0f comparable samples. Aroclor
1242 had been incorporated into the paper-
board during manufacture.

Polychlorinated biphenyls (PCBs) are now weill
known as chemical contaminants. Their general
uses, chemistry, and widespread residue occur-
rence have been thoroughly discussed (1-3). In
1971 the Food and Drug Administration dis-
covered the presence of PCB in paper {ood pack-
aging and in some foods packaged in this paper-
board. The packaging containing PCB had been
manufactured from recycled waste paper, in-
cluding waste carbonless copying paper. Prior to
discontinuance of its use in 1971, Aroclor 1242,
a commercial PCB, had been an ingredient in
carbonless copying paper. It is anticipated, how-
ever, that the presence of PCB in paper destined
for recycling will continue for some time. To effec-
tively control the disposition and use of paper
containing PCBs, an analytical method is re-
quired to determine PCBs in paper and paper-
board. Our objective was to make maximum
utilization of existing analytical techniques for
PCBs in foods (4, 5) in the analysis of paper and
paperboard. Most attention was directed to ex-

B

traction of PCBs from the sample and optimiza-
tion of the parameters of the procedure. The 2
extraction procedures presented here take ad-
vantage of the stability of PCBs to alkali and

.acid. Because PCBs are the only chemicals sought

by the analysis, the use of a harsh chemical treat-
ment and an abbreviated cleanup is possible. The
extraction by reflux with alcoholic KOH was de-
signed for use with routine samples. The more
tedious sulfuric acid digestion was developed as
an extraction for comparative purposes on se-
lected samples.

METHOD
Apparatus for Akoholk .4lkali Extraction

(2) Gas chromatograph.—Equipped with electron
capture detector and 6’ X 4 mm id glass column
containing either (1) 10% DC-200 or (#) 1: 1 mixture
of 15% QF-1 + 109% DC-200 on 80-100 mesh
Chromosorb W(HP). Operating conditions: nitro-
gen, 120 ml/min; column and detector; 200°C; in-
jector, 225°C; concentric design electron capture
detector operated at dc voltage to cause % full scale
recorder deflection for 1 ng heptachlor epoxide when
full scale deflection is 1 X 10—® amp.

(b) Chromatographic column.-With Teflon stop-
cock and coarse fritted plate, 22 mm id X 300 mm
(Kontes Glass Co., Vineland, N.J., No. K-420540,
size 233, or equivalent).

(C) Chromatographic column.—Plain, 22 mm id X
300 mm (Kontes Glass Co., No. K-420300, size 21, or
equivalent).

(d) Kuderna-Danish concentrator.—500 mi capac-
ity with Snyder column and volumetric and gradu-
ated receiving tube (Kontes Glass Ce., Nos. K-621400
end K-570050, or equivalent).

(e) West condenser.—400 mm jacket length with
¥ inner drip joint to fit 250 and 500 ml Erlenmeyer
flasks.

(f) Erlenmeyer flasks.—250 ml, with ¥ outer joint
to fit West condenser.

(&) Separatory funnel.—250 ml, with Teflon stop-
cock.

Received Mareh 15. 1973,
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Apparatus for Sulfuric Acid Digestion
Extraction

See (a)—(e), (f} (except 500 ml), and {(g) (except 1
L), above, plus the following:

(8) Buchner funneli.—Porcelain, 125 mm id.

(b) Filler paper.—11 em diameter.

Reagents for Alcoholic Atkali Extraction

(a) Florisil.—60~100 mesh PR grade (Floridin
Co., 3 Penn Center Blvd., Pittsburgh, Pa. 15235).
Transfer immediately from bulk container to glass
containers With glass-stoppered or foil-lined screw-
top lids and store in dark. Heat 25 hr but preferably
overnight at 130°C before use. Store at 130°C in
glass-stoppered or foil-covered bottle. Alternatively,
store stoppered container in desiccator at room
temperature and reheat at 130°C after 2 days.

(b) Potassium hydrozide.—~Anhydrous pellets,

(C) Ethanol.—USP 95% (methanol, redistilled-in-
glass, may he substituted).

(d) Alcokolic KOH refluz reagent.—2% (g/ml)
KOH in ethanol.

(€) Petroleum &.-Suitable for use with elec-
tron capture gas chromatography (Burdick and
Jackson Laboratories Inc., 1953 S. Harvey St.,
Muskegon, Mich. 49442, or equivalent).

(f) Polychiorinated biphenyls.—~Commercial mix-
tures {Aroclors) for reference in gas chromatographic
determination (Monsanto Co., St. Louis, Mo. 63186).

Reagents for Sulfuric Acid Digestion Extmction

See (a) and (a) above plus the following:

(a) Concentrated H3S80,.—ACS grade.

(b) Hexane.—Suitable for use with electron cap-
ture gas chromatography (Burdick and Jackson Lab-
oratories, Inc., or equivalent).

(c) Ethanol.—~95%, USP.

Alcoholic Alkali Extmction

Paper sample representative of lot in question
should be cut into pieces no larger than ca 34 X ¥
and thoroughly mixed.

Weigh 10 g cut up and well mixed paper material
into 125 ml Erlenmeyer flask. Do not pack sample
tightly. (See note below if volume of 10 g sample is
>ca 50 ml.) Add 60 ml 2%, ethanolic or methanolic
KOH, and fit flask with West condenser cooled with
circulating cold tap wat er. Reflux gently on steam
bath 30 min. When refluxing is complete, rinse down
inside of condenser with a small volume of aleohol be-
fore removal from flask. Trader refiux solution, us
ing a small funpel with glass waei plug, to 250 ml
aeparatory funnel, avoiding transfer of any paper ma-
terial. Rinse paper and flask with three 40 ml portions
of petroleum ether, combining petroleum ether rinses
in the separator-y funnel. Add 60 ml water to sep-~
aratory funnel and shake vigorously 30 sec. Drain

“-._JOURNAL OF TEE AOAC (Vol. 56, No. 4,1973)

lower aqueous layer into second 250 m| separatory
funnel. Add 60 ml petroleum ether to second separa-
tory funnel and shake vigorously 30 sec. Discard
aqueous layer and combine petroleum ether layers in
first separatory funnel. Rinse second separatory fun-
nel with few small portions of petroleum ether, col-
lecting rinses in first separatory funnel. Wash pe-
troleum ether with three 40 ml portions of distilled
water, discarding each wash. Dry petroleum ether
through 25 x 50 mm column of anhydrous Na;SQ,,
collecting eluate in Kuderna-Danish concentrator.
Rinse separatory funnel and then column with three
ca 20 ml portions of petroleum ether, collecting
rinses. Concentrate combined petroleum ether ex-
tract and rinses on steam bath to ea 5 ml. Extract is
ready for cleanup on, Florisil column. If experience
with particular sample types indicates that Florisil
column cleanup is not required, proceed to gas
chromatographic determination.

Note: Adequate extraction of low density paper
such as newspaper or tissue paper will require adjust-
ment of either the amount of sample downward from
10 g or the volume of reflux solution upward from 60
ml. If possible, reduce the weight of the sample ma-
terial below 10 g to a quantity that is completely
covered and wetted by 80 ml of the reflux reagent. If
a larger amount of sample (not to exceed 10 g) is re=
quired, use a volume of reflux reagent to completely
cover and wet the sample. Increase in volume of re-
flux solution over 60 ml must be accompanied by
proportional increases in volumes of petroleum ether
rinses of sample, water diluent added to the alcoholic
reagent in the separatory funnel, and size of Erlen-
meyer flasks and separstory funnels.

Sulfuric Acid Digestion Extmction (Optional)

Prepare representative paper sample as above anc
weigh 5-10 g cut up and mixed sample into 500 m
Erlenmeyer flask. Add distilled water and mix unti
paper material is completely saturated and sma
amount of unabsorbed water is present. (Three ir
water/g sample is usually adequate; very low densit
paper material may require alarger amount of water
Fit flask with West condenser cooled with circulatir
cold tap water. Immerse flask about 34 of its heig/
into bath of cold tap water. Slowly add fresh co
centrated sulfuric acid, equivalent to § volume
water added, through top of the condenser, with f:
guent gentle swirling of flask. Let reaction mixt
cool in water bath e¢a 5 min. Slowly and cautiou
add 75 ml distilled water through top of condens
Swirl flask until contents are well mixed. Let re
tion mixture cool in water bath ea 5 min. Add 75
ethanol through top of condenser. Swirl flask u
contents are Well mixed. Let reaction mixture eoc
room temperature while standing in water bath
20 min. Filter reaction mixture with vacuum thrc

ey mmen W emt e e - " - -
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125 mm Biichner funnel fitted with 11 cm Shariskin
paper into 500 ml Erlenmeyer flask. Keep vacuum
on throughout entire filtering and rinsing. Rinse re-
action flask and then Biichner funnel with three 25
ml portions of ethanol. Rinse reaction flask and then
Biichner with four 25 ml portions of hexane. Care-
fully and completely transfer entire filtrate (two Lay-
ers, hexane and aqueous) to 1 L separatory funnel,
rinsing filter flask a few times with small portions of
ethanol followed by hexane. Add 75 ml distilled
water to separatory funnel and shake vigorously 1
min. Dram lower aqueous layer into second 1 L sep-
arator-y funnel. Add 100 ml hexane to second sep-
aratory funnel and shake vigorously 1 min. Discard
aqueous layer and combine hexane layers in first
separatory funnel. Rinse second separatory funnel
with few small portions of hexane, collecting rinsea
in first separatory funnel. Wash hexane with three
100 ml portions of distilled water, discarding each
wash. Dry hexane through 25 X 50 mm column of
anhydrous Na;SO,, collecting eluate in Kuderna-
Danish concentrator. Rinse separatory funnel and
column with 3 ca 20 ml portions of hexane, collecting
rinses. Concentrate combined hexane extract and
rinses on steam bath to ¢a 5 mi. Estract is ready for
cleanup on Florisil column.

Cleanup

Add 10 g Florisil to 22 mm id chromatographic
tube. Settle column of Florisil by gentle tapping of
chromatographic tube. Top column with ca 147 an-
hydrous Na;SO,. Pre-wet column with 20 ml pe-
troleum ether. Place Kuderna-Danish concentrator
with volumetric coilection vessel under column to
receive eluate. Transfer petroleum ether extract to
column, letting it pass through column at ca 5 ml/
min. Rinse container with three 5 il portions of
petroleumn ether, transferring each to column, and
rinse wails of chromatographic tube with additional
small portions of petroleum ether. Elute column at
ca 5 mi/min with 150 ml petroleum ether. Concen-
trate eluate to suitable definite volume in Kuderna-
Danish evaporator. If volume less than 5 ml is re-
quired, use 2-ball micro-Snyder or micro-Vigreaux
column during final evaporation. Eluate is suitable
for analysis by gas chromatography with electron
capture detection.

Note: Waxes, if present in the extract, can be re-
moved prior to Florisil chromatography by parti-
tioning between petroleum ether and acetonitrile
(Pesticide Analytical Manual (1972) Vol. 1, Food and
Drug Administration, Washington, D.C., 211.14.)

Results and Discussion

Our objective of an extraction and cleanup pro-
cedure specifically for the analysis of paper
material for PCBs was met by the alcoholic alkali
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reflux extraction and Florisil column chromat-
ographic cleanup described above. An extraction
procedure based on the digestion of paper with
sulfuric acid was developed in order to evaluate
the extraction efficiency of the aleoholic KOH
reflux.

Preliminary experiments indicated that ethanol
or methanol was a good extractant for PCBs from
paperboard and that hexane did not remove as
much PCBs as did aleohol. The stability of PCBs
to alkali permitted the incorporation of alkali
treatment into the extraction operation. This had
the advantages of eliminating electron-capturing
substances and of providing additional evidence
for the identity of PCB residues. Column chroma-
tography on Florisil with petroleum ether eluant
provided a generally effective cleanup procedure.
Numerous experiments with paperboard fortified
with Aroclors 1242 or 1254 were conducted to
arrive at optimum physical parameters for the
alcoholic KOH extraction and cleanup. The ratio
60 ml extractant to 10 g sample was found to
accommodate paperboard of the density usually
present in food containers. Analysis of lower den-
sity paper, such as newspaper, requires reduction
in sample size or proportional scaling up of all
extraction reagents. Adequate rinsing of the
reflux flask and residual sample during transfer
of the extract to the separatory funnel is essential
for good recovery. The 3 rinses with 40 ml por-
tions of petroleum ether as directed in the Method
are necessary to transfer ail PCBs. Aroclors 1242
and 1254 are completely eluted from the Florisil
column with the first 75 ml of the 150 ml eluant.
Waxes encountered in heavily waxed papers may
not be completely removed from the extract by
Florisil column chromatography. Waxes can be
removed from samples of this type by partitioning
a petroleum ether solution of the extract with
acetonitrile (4) prior to Florisil column chroma-
tography. Recoveries of PCB through the par-
titioning decreased with increasing chlorination,
ranging from 949, for Aroclor 1221 to 749 for
Aroclor 1262. Recoveries of Arociors 1242 and
1254 were 97 and 87%, respectively. Extracts of
certain paper material will not require cleanup.
With experience, the analyst can decide which
extracts can be analyzed by gas chromatography
{GLC) without prior cleanup.

GLC with electron capture detection as de-
scribed under Apparatus was used throughout
this investigation and is recommended for sample
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Tadle 1. Recovery of added PCE fram paperbeard
Recovery
Alc, KOH H2S0.
Level added* reflux digestion
Aroclor 1242—8 ppm 9.1 9.9
94.0 92.5
95.2 9.0
97.9 99.0
Arocior 1254—38.2 ppm 93.4 97.0
55.7 98.3
95.0 96.0
Average 95.5 9.8

JOURNAL 0FTRE AOAC (Vol. 56, No. 4,1973)

Table 2. Extraction ef PCB (Arocior 1242) from
paperboard prepared to contain Z leveis of
PCBs during manufacture

Alcoholic
KOH reflux H1S04 digestion
Low High Low High
8.49 67.% 3.%0 75.1
8.02 73.8 B.98 7.3
8.51 72.4 8.13 70.8
8.53 74.1
8.60
Av. 8.45 72.0 8.86 74.4
KOH/H2S0, 95.4% 96.8% —_ —_

9 Arocior added to sampie in laboratory.

analyses. This is the same GLC system and pa-
rameters used by our laboratories for determina-
tion of organochlorine pesticide residues (5). In
general under these GLC conditions, 20-40 ng
Aroclor 1242 and 10-20 ng Aroclor 1254 produce
a response suitable for quantitation. With this
magnitude of response, injection of 5 mg equiv-
alent of paper is desirable for determination of
4-5 ppm Aroclor 1242. To achieve this witha 10 g
sample of paper requires that the prepared extract
be concentrated to 10 mi, and that 5§ ul be in-
jected for GLC. Sample examination and residue
measurement are made at different PCB levels
with appropriate adjustment of extract volume.
All quantitative measurements in the work re-
ported here were made by comparing the total
ares of the sample chromatogram with the total
area of the chromatogram of either Arocior 1242
or 1254.

Table 1 gives recoveries of Aroclors 1242 and
1254 from paperboard fortified prior to extraction
by aleoholic KOH reflux and cleanup by Florisil
chromatography as described in the Method.
These results, averaging 95.5%, for the 2 Aroclors,
demonstrate essentially complete recovery of
these representative PCBs.

The completeness of extraction of PCBs from
paper by the alcoholic KOH reflux was deter-
mined in comparison with the extraction based on
digestion of the sample with sulfuric acid. The
more rigorous sulfuric acid digestion resulted in
disintegration of the paper into a fine particulate
suspension. PCBs were then readily extracted
from the diluted aqueous digest into hexane.
Parameters of the sulfuric acid digestion were
developed in order to achieve nearly complete re-
covery of Aroclors 1242 and 1254. Table 1 gives
recoveries of these representative PCBs added to

paper, determined with the sulfuric acid diges-
tion and Florisil column cleanup as described in
the Method. Recoveries were essentially complete,
averaging 96 and 989, for Aroclors 1242 and 1254,
respectively.

The comparison of extraction procedures was
conducted on sampies of paperboard contsining
Aroclor 1242 incorporated during manufacture.
One lot of the paperboard had been prepared to
contain about 10 times the level of Aroclor 1242
as the other lot. All comparisons were conducted
by using the alcoholic KOH reflux and sulfuric
acid digestion extractions as described above.
The Florisil column cleanup was used with both
extraction procedures. Results of the extraction
comparison are given in Table 2. There is con-
sistent good agreement on the levels of Arocior
1242 determined following either extraction pro-
cedure. Aroclor 1242 determined at the 8 or 70
ppm level after alcoholic KOH reflux extraction
averaged 96% of the average level determined
after sulfuric acid digestion. Sulfuric acid diges-
tion or additional alcoholic KOH reflux of the
paper residue remaining after the initial alecholic
KOH reflux resulted in determination of only
1-3% additional Arocior 1242. No additional
PCBs were found on re-extraction of the particu-
late residue remaining after sulfuric acid diges-
tion, These resuits show that extraction by
alcobolic KOH reflux removes essentially all
PCBs in paper.

The good recoveries, high extraction efficiency,
and the relative ease of laboratory application
recommend the alcoholic KOH reflux extrac-
tion and Florisil column chromatography cleanup
for use in analysis of paperboard and paper for
determination of PCBs. Because of the length of
time and attention required and the inconven-
ience of working with sulfuric acid, this proce-
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dure is not recommended for general use but only
for comparative purposes on selected samples.
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GAS CHROMATOGRAPHIC DATA FOR POLYCHLORINATED BIPHENYL
COMPONENTS IN SIN AROCLORS®
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Division of Chemicai Technology, Food and Drug A dminssiration. Washington, D.C. 20204 (U:S.4.)
(First received April sith, 1972; revised manuscript received July sth, 1972)

SUMMARY

Illustrations of gas chromatographic curves, relative retention times, and re-
sponse data from 10%, DC-z00 and 1:1 159, QF-1/109; DC-2c0 on 80-100 mesh
Chromosorb W HP columns with electron capture detection are compiled for six
Aroclors®. Aroclors® are commercial mixtures of poivchlorinated biphenyils com-

monly used as analytical references for polychlorinated biphenyl residue deter-
mination.

INTRODUCTION

The industrial chemicals known as polychlorfnated biphenyls {PCB), which
have become widespread environmental contaminantsi-3?, are gencraily determined by

essentially the same techniques used for organochliorine pesticides* and may act as

interferences in the gas-liquid chromatographic (GLC) determination of pesticide

| residues. Because there is no standard PCB and individual chlorinated biphenyi

compounds are not readily available, it is necessary to rely on Aroclors® as analytical
references for PCB residuc determinations.

Aroclor® is the gencral tradename for commercial mixtures of PCB manufac-
tured in the United States by Monsanto Company. Each Arocior is 2 mixture of

1 chlorinated biphenyis (1209 series), chlorinated terphenyls (5400 series) or a combina-
1 tion of chiorinated biphanyls and terphenyis (4400 series). The last two digits of the

identifying number indizate the percentage weight of chlorine, e.g., Aroclors 1254 and
1260 are biphenyis containing €4 and 609, chlorine, restectively®. GLC patterns of
PCE residucs ia enviruminentzl samples have generally resembied Aroclors 1254 and
1260, although the possibility exists that residues inay derive from any of the Aroclors.

The GLC retention tines, relative peak sizes, peak shapes, and overaill peak
pattern of PCB resiclues must ke earefully comparced to the corresponding data for the
Arociors in order to determine the Aroclor(s) that most closely resembie the residue.
Because the mapgnitude of total area varies significantly for the same weight of

different Aroclors, the quantitative value determined for the PCB residue depends

J. Chromatogr., 72 (3972) 175-284
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upon which Arnclor(s) is chosen for quantitation reference. The interpretation and
evaluation of GLC chromatograms in PCB determinations iS augmented by ready
access to relative retention times, response data, and reference chroinatograms of the
various Aroclors.

Data for these GLC characteristics of six Aroclors, obtained by using two GLC
columns regularly employed in our laboratories®, are presented here. Data are not
presented for Aroclors 1232, 1208, 5442, 5460, and 4465. Aroclor 1232 has becn
commercially prepared® by blending appropriate quantitics of Aroclors 122rand 12
to obtain 327 total chlorine; chromatograms of material obtained from different lots
revcaled s'.xb.ﬁr. antial differences betwaoen some lots. Aroclor 1268 was not available at
the time of this work. GLC at the described conditinns of Aroclors 5442 and 5460
(chlorinated terphenvls) and 1465 (mixture of PCB and chlorinated terphenyis)
resulted in multicomponent chromatograms with peaks emerging 2t retention times
extending to several hours; several hundred nanograms were required for detection of
late-cluting constituents. These GLC parameters arc considered unsuitable for detec-
tion and measurement Of the polvchlorinated terphcm {s. A svstem utilizing p‘xraiiel
-columns with liquid phases of 194, OV-10r and 39, Dexsil 300 operated a 240° has
been devised for GLC of both the polychlorinated tcrphcnyis and PCB®.

3
! expEriENTAL
i

GLC data were obtained with a gas chromatogr:'xph equipped with an clectron
capture detector and 4-mm X 6-ft. glass columns. packed both with 109 DC-200 on
80-100 mezh Chromosorb W HP and a | :1 mixture of 159 QF-1 plus 10% DC-200 on

} 80-100 mesh Chromosorb W HP?. Operating conditions: nitrogen, 120 mijmin;
1 column and detector temperature, 200°; injection tcmprature. 225°. The concentric
| design electron capture detector was operated at a d.c. voltage to produce half full
|scale recorder deficction for § ng heptachlor epoxide when full scale deflection is
AT X 10~* A. Recorder speed was § in./min.

_ Different concentrations of Aroclors were injected at the conditions given to
tdetermine the quantity nccessary for approximately half full scale recorder response
“or enough response to illustrate all the characteristic constitucnts of a particular
oclor. Retention times were measured in millimeters from the leading edge of the
fesponse to the solvent and reported relative to the retention time of the pesticide
‘Wdrin. These conditions and manncer of reporting GLC data for Aroclors were chosen
Yo conform te GLC data compiled in the Food and Drug Administration I’est:cxde
~ ¥nalytical Manual* for a large number of pesticides. »

EsuLTs

The following information has been compiled in the tables and figures to be a
ce of referenee and companisan for the GLC behavior of PCB: retention times,
poase data and illustrations of chrmmatograms for six Aroclors from two GLC
fumns. Table © lsts the quantities necessary for approximately hall (ull scale

shromategr., 71 (1972) 175~i82
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TABLE | PE
QUANTITIES OF ARCCLORS NECESSARY FOR APPROXIMATELY HALYF FULL SCALE RECORDER RESPONSE*

)l:xlav Nanograms for 1] f.s.r.

DC-200* QF-r/DC-too’

12121 80 60
1242 40 40
12438 40 30 \
1254 30 k1
1360 20 20
31262 20 » 20

o Quantitics Of .\roclor mixtures ta produce approximately half full scale recordet response

(1/2 £.5.2.) for major Aroclor components or sufficient response to dcttct aii the charactenstic
Aroclor constituents.

®» GLC column and detector conditions are given under EXPERINMENTAL.

TABLE Il

GLC RETENTION TIME DATA FOR SIX AROCLORS _
Support materid: Chromosorb W HP, 8o~100 mesh; stationary phase: 10% pc-200 (6 ft. X 4
mm 1.D. column): carmer £as: mitrouvn, 120 mi/min; temperaiure 200°: detector: ciectron cap-

ture (tritium); sample size: quanutics necessary for approximately half full scale response (sce
Table 1): data givenn: retention scquence refative to akina from solvent peak.

Azroclor Arociar Aroclor Aroclor Arocior Avrocior

2221 1242 1248 1254 1260 1262
0.3
0.26
0.3t
0.30
©.39 Q-39
0.52 .51 o.5t
O.:: ©.57 0.57 .
o.
0.69 0.67 0.67
©.75 0.72
0.80
- 0.88 0.86 0.85 0.87
| 0.99 . 0.96 0.96 0.98
3 1.03 1.03 1.0§
: .27 1.22 1.23 1.27 1.28 1.26
142 1.39 t.39 “
1.52 1.49 1.49 1.32 3.50 1.80
1.76 1.74 .74 1.78
B t 1.83 t.8¢ 1.88 2.86 1.85 ®
X 2.08 2.07 2.07
2.22 2.20 2.20 2.320 2.22 2.22
2.36 2.94 ~
\ 2.68 2.63 2.63 2.61
j 2.84 2.82
- s.10 3.04 s.of 308 306
l 3.60 3.50 3.5°
R 430 4-10 ¢t0
1 4.30 .
4.90 4.90 4.90
3.80 s.80 s.80
6.40
6.50 6.60

7.80 7-80
910 9.30

-
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recorder response of for enouch response to inE{FTre all the charasteristic constituents
of a particniar Aroclor. Tables 1 and 11 give the retention times relative to aldrin
for all the peaks present in six different Aroclors. These tables are arranged to readily
show similarity and differences 1n the GLC clution pattern of the various Aroclors.
Peaks with sinular relative retention times in the different Arociors are not necessarily
responscs to the same compound. Tigs. 1-3 are gas chromatograms of six Aroclors
from the 10°, DC-200 column; Figs. 4-0 arc gas chromatograms of six Aroclors from
the 1 :1 13°; QF-1/109, DC-200 column at the specified conditions.

The GLC data for PCB presented here should be a usetul reference for evaiva-
tion and interpretation of GLC chromatograms for PCB residue determinations.

TABLE I11

GLC RETENTION TIME DATA FOR SIX AROCLORS

Support material: Chromosorb W HP. S8o—100 mah; stationary phase: | 1 15% QF-1/10%; DC-
200 (6 ft. » 4 mm 1.D). column): carmer gas: mitrogen. 120 mi;min; temperature: z00°: detector:
electron capture (tritium}; sampic si1ze: qUaANULCS necessary for approximately half full scale
recorder response (see Tabic 1) ; data given in: rctention sequence refauve o aldon from solvent

peak.

Arocior Aroclor Aroclor Aroclor Arncior Aroclor

2221 1242 1248 1254 1260 1362
0.20
0.29
0.36
0.39 o041 -
o.53 ©.53 0.53
0.57 0.61 0.61 -
0.71 o7z 0.72
0.78
081 o.8¢
a.88 0.90 0.90 0.87
1.02 1.02 1.02 1.02
1.10 1.09 1.09 =
1.3t 1.34 £.34 1.32 $.31 1.3¢1
1.83 1.52 1.52 1.52 1.53 1.83
1.82 1.82’ 1.82 5.82 .84
o 1.86
1. 1.97 1.97 1.96 ¢
2.08 z.08
2.34
3.26 2.26 2.24
2.34 2.36 2.36 2.34
2.68 2.68 2.66 2.66
2.8¢ 2.80 2.80 2.80 2.88 2.88
3.22 3-Y 3.24 3.20 3.22 3.22
3.50 3.50 3-59
3.90 3.90 3.90
4.20 4.20 4.20
s.00 s.00 s.00
6.30 &.10 6.10
6.50 6.50
742
8.00
9.50 9.30
\ 51.9
1 J Chromatugr., 72 (1972) 275-282
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Quantitative Perchlorination of Polychlorinated Biphenyis as a
Method for Confirmatory Residue Measurement and Identification

JUDITH A. ARMOUR

Division of Chemical Technology, Food and Drug Administration, Washington, D.C. 20204

The perchlorination procedure for deriva-
tiza tion of PCBs described by Berg, Diosady.,
and Rees has been modified to achieve a
micro-scale quantitative conversion (greater
than 90%) of commercial PCB preparations
(Aroclors) to decachlorobiphenyl. Cleaned up
sample extracts containing PCB residues (1-20
ug) are allowed to react with antimony penta-
chloride in the presence 0 f
form decachlorobiphenyl. This procedure con-
Virts a multicomponent mixture to a single
derivative detectable by electron eapture GLC,
thus providing an easy method for quanti-
tating and identifying PCB residues and at
the same time increasing the sensitivity of
detection. The usefulness of the perchlorina-
tion procedure is demonstrated by comparing
results for environmentally contaminated
samples quantitated by 2 methods: by meas-
uring the total area of the ejectron capture
response for the residue against the Aroclor it
most closely resembles, and by measuring the
single peak of the decachlorobiphenyl deriv-
ative and expressing the results in terms of
the particular Aroclor.

Analytical methods normally employed for the
extraction, cleanup, and detection of polychlo-
rinated biphenyl (PCB) (1-3) residues are gener-
ally those used for organochlorine pesticides (4).
Quantitative values are usually obtained by meas-
uring the total area of a PCB residue response
as shown on a gas chromatographic (GLC) tracing
using an electron capture or microcoulometric de-
tector and comparing it with the total area of &
similarly obtained response of the commercial
PCB preparation (Aroclor®) (5) it most closely
resembles (6). This has proved to be a practical
procedure for guantitation; however, it is limited
because of the lack of sensitivity, the multicom-
ponent nature of PCB residues, the alterations in
residue pattern as a result of metabolic and envi-
ronmental changes, and the need to rely on com-
mercial Aroclors as reference materials.

Procedures to convert all PCB components to
a singie derivative, e.g., biphenyl or decachloro-

Received November 14, 1272,

biphenyl (DCB), that is indicative of the total
PCB residue and that could be used for quantita-
tive purposes have previously been reported (7,
8). In this study, the perchlorination procedure
described by Berg, Diosady, and Rees (7) has
been modified to achieve complete conversion on
s micro-scale of all PCB components in a cleaned

chloroform toUpP sample extract to decachlorobiphenyl, thus

providing a qualitative and quantitative con-
firmatory procedure for PCB determination. A
quantitative value obtained by measuring the
single GLC peak of a DCB derivative against a
DCB standard of known purity reinforces the
residue value achieved by the measurement of a
multicomponent PCB residue. It also greatly in-
creases the sensitivity with which PCBs can be
detected and measured. Measuring the single
GLC response for DCB will also minimize neces-
sary analytical judgments involved in the physi-
cal measurement of the GLC curve of a multi-
component residue (i.e., position of baseline and
method of integration) and in the discrimination
between PCB and non-PCB components.

METHOD
Reagents

(a) Antimony pentachloride.—Allied Chemical Re-
agent Code 1365.

(b) Sodium sulfate.——Anhydrous, granular. It may
be necessary to wash with acetone and ethyl ether to
remove electron-capturing substances.

(c) HCl.—6N (1 + 1 dilution of concentrated HCl
in water).

(d) Sodium bicarbonate.—109%, aqueous solution.

(e) Solvents.—Hexane, chloroform, and methanol
suitable for use in pesticide residue analysis; distilled-
in-glass product is satisfactory (available from Bur-
dick and Jackson Laboratories Inc., 1953 S. Harvey
St., Muskegon, Mich. 49442).

Apparatus

(a) Vacuum hydrolysis tube.--150 x 10 mm od
with No. 4 Teflon valve (Kontes Glass Co. No.
K896860-0004) or Carius Pyrex combustion tube,
200 %X 8 mm id, 10 mm od (timing No. 8640).

(b) Stlicone o1l bath and heating element.—Capable
of maintaining temperature at 165-175°C.
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(C) Kuderna-Danish evaporative concentraior.—
With Snyder column and collection tube;-56Q.mi
capacity (Kontes Glass Co. No. K5470000, or equiv-
alent).

(d) Micro-Snyder column.--+ 19/22, column size
2-19 (Kontes Glass Co. No. K569001, or equivalent).

(e) Gas chromatograph.—Equipped with concen-
tric design electron capture detector operated at a dc
voltage to produce 4 full scale recorder deflection
for 1 ng decachlorobiphenyl when full scale deflection
is1 X 10-* amp, and 6' X 4 mm id glass column of
either: () 1 ¢ OV-101 on 100-120 mesh Gas-Chrom
Q (W. W. Wiencke, 1972), 120 ml nitrogen/min car-
rier gas, column 220°C, injector 230°C, detector
200°C; (2) 3¢ Dexsil 300 on 100-120 mesh Gas-
Chrom Q (W. W. Wiencke, 1972), 60 ml nitrogen/
min carrier gas, column 240°C, injector 250°C, de-
tector 200°C.

Perchlorination Procedure

Extract and clean up sample to be perchlorinated
by procedures (such as the FDA multiresidue pesti-
cide procedure (9)) leaving the residues in solvents
that can be selectively evaporated from chloroform
(6% ethyl ether-petroleum ether from Florisil or
petroleum ether fraction from silicic acid). Transfer
1-2 ml cleaned up extract containing 1-20 ug PCB
residue to vacuum hydrolysis tube (a) (Carius tube
may be substituted). Add several drops chloroform
and 1-2 20-mesh Carborundum chips, and reduce
volume to 0.1 ml by carefully heating tube on steam
bath. Let tube cool to room temperature, add 2 ml
chloroform and 1-2 Carborundum chips, and reduce
volume to 0.1 ml on steam bath. Repeat addition of
chloroform, concentrate to 0.1 ml, and cool to room
temperature. Working in well ventilated hood, care-
fully add 0.2 ml antimony pentachloride to tube.
Immediately seal tube tightly to ensure closed sys-
tern reaction. (Note: It.may be necessary to cool
Teflon valves in ice before fitting into vacuum hy-
drolysis tube. Narrowed bottom of valve shouid fit
flush against constriction in glass when sealed. Car-
ius tubes should be sealed in an oxygen flame.) Im-
merse tube 2-3" in oil bath heated to 165-175°C and
let reaction proceed overnight (ca 15 hr). Remove
tube from bath and cool to room temperature. In
hood, and while pointing the venting side arm of
vacuum hydrolysis tube away from face, open by
slowly unscrewing valve and pulling it out of tube.
(Carius tube should be scored with a file and snapped
open in hood at arm’'s length away from face; use ex-
treme precaution since there is a rapid release of
pressure and sometimes splintered glass.) Slowly add
1 ml 6N HCI to reaction mixture, tap tube lightly to
mix, and quantitatively transfer mixture to 30 ml
separatory funnel, rinsing with several amall potions
of HCI: use a wtal of 5 ml 6N HCI. (Note: It may be

JOURNALOF THEAQAC(V 0156, No. 41973)
necessary to rock tube back and forth or tap gently
in ordet to drain.) Rinse reaction tube with several
small portions of hexane, using a total of 15 ml hex-
ane, and quantitatively transfer rinsings to the 30 ml
separatory funnel containing the HCL. Shake funnel
vigorously 1 min; let layers separate. Drain lower
HC! layer into second 30 ml separatory funnel con-
taming 15 ml hexane and shake 1 min. Drain HCl
layer into third separatory funnel containing another
15 ml hexane and repeat extraction. Discard HCI
layer and combine the 3 hexane extracts in 125 ml
separatory funnel. Wash hexane extract successively
with two 20 ml portions of water, one 20 ml volume
of 109, NaHCO; solution, and finally 2 additional
20 ml portions of water. Discard all washes. Dry
washed hexane extract by passing through 2 col-
umn of anhydrous sodium sulfate and rinse column
with 100 ml hexane, collecting hexane extract and
rinse in Kuderna-Danish concentrator. Add few
drops methanol and concentrate on steam bath to ca
3 ml. Separate volumetric receiver from concentra-
tor, attach micro-Snyder column to receiver, and
concentrate extract to final volume <0.5 ml to re-
move traces of chloroform. Dilute to suitable definite
volume for GLC determination. Perform GLC assay
and calculations as described in Discussion.

Discussion

The micro-scale perchlorination procedure of
Berg, Diosady, and Rees was evaluated to deter-
mine its utility as a routine laboratory procedure
for confirmatory PCB quantitation. Parameters
for quantitative extraction o f DCB from the
reaction mixture were not clearly defined by these
authors and needed to be established prior to
testing the procedure for reproducibility. Even
after we developed 2 method of extraction that
would recover greater than 959 of DCB standard
from the reaction mixture, perchlorination using
the reaction conditions of Berg et al. resulted in
90-100%, conversion of Aroclor 1254 to DCB but
only 30-709%, conversion of Aroclor 1242. Condi-
tions contributing to inconsistency in behavior
between Aroclor 1242 and Aroclor 1254 needed
to be determined and modifications needed to be
made to achieve conversion of all PCB compo-
nents in the various Aroclors to DCB.

Perchlorination

The perchlorination procedure was designed for
use following extraction, cleanup, ancillary (sepa-
ration), and detection procedures used in multi-
pesticide residue methodology. In the Berg et al.
procedure, cleaned up extracts containing PCBs
were evaporated to dryness before reaction with
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antimony pentachloride. The observed nonrepro-
ducible. conversion of Aroclor 1242 to DCB-with
the original procedure is attributed to volatiliza-
tion during evaporation to dryness of the lower
molecular weight PCB components present in
Aroclors with less than 549 chlorine substitution.
To reduce the loss. evaporation is discontinued
while & small amount of solvent (0.1 ml) stiil
remains. However, this limits the types of sol-
vents which can be used since they may interfere
during the perchlorination step. It was found that
solvents with more than one carbon atom reacted
exothermically with antimony pentachloride to
form a solid black product. Chloroform as the
solvent, however, minimized volatility, reacted
favorably at the given conditions, and permitted
selective evaporation of all solvents used in clean-
up and separation procedures.

Perchlorination is accomplished in 2 sealed re-
action tube at elevated temperature and pressure.
Increased pressure produced by the presence of
chloroform vapors increased the hazards of han-
dling the Carius tubes recommended for use by
Berg et al. In place of the Carius tube that re-
quired sealing in an oxygen flame and careful
opening, & reaction tube with the same volume
specifications, tight Teflon sealing valve, and
venting side arm is recommended for use (see
Fig. 1).

Parameters for extraction of DCB from the re-
action mixture were developed to completely
recover (greater than 95%) DCB standard.
Traces of chloroform present in the extract must
be removed before electron capture GLC deter-
mination. This canibe done by adding methanol
which forms an azeotrope with chloroform and
evaporating to a small volume before diluting.
The resulting extract is sufficiently clean for elec-
tron capture GLC determination of DCB.

In experiments designed to determine the feasi-
bility of a shorter reaction time, iron was tested
as a catalyst. One mg samples of Aroclor 1242
were reacted and extracted as described for over-
night conditions except that 2 mg iron powder
was added after the addition of antimony penta-
chloride, the tube was sealed, and the sample was
reacted for 4 and 6 hr. Results are discussed
under Recoveries.

By-products that would interfere with quanti-
tative derivatization were not evident in our
perchiorination experiments; however, D. L.
Stalling (1972) has found that a brominated by-
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FIG. 1--Vacuum hydrolysis tube recommended for
sealed system reaction: A, dimensions 17 mm od X 150
mm; B, tight Teflon sealing vaive; C, venting side arm.

product is formed when the antimony penta-
chloride is contaminated with bromine. Care
should be taken to avoid use of contaminated
antimony pentachloride.

GLC systems suggested for DCB determina-
tion are those originally developed for the detec-
tion of polvchlorinated terphenyls (W. W.
Wiencke, 1972). At GLC conditions given in the
Method, DCB elutes in 34 min on the 19, OV-101
column and in 12 min on the 39, Dexsil 300 col-
umn. These fast eluting systems produce in-
creased GLC sensitivity to allow easy detection
and quantitation of as little as 0.2 ng DCB.

Quantitation

Although the perchlorination procedure has
practical applications in PCB quantitation, it is
not meant to completely replace procedures nor-
mally used for this purpose. The analyst should
still be aware of the identity of the contaminating
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Aroclor(s), the presence of other residuss-which
could interfere, and any slteration in Aroclor pat-
tern which may be due to metabolism and/or
environmental exposure. This information may
be useful in tracing the source of contamination
and may have toxicological significance. Some
laboratories may wish to express residues in terms
of ppm DCB in order to establish a uniformity in
their reporting. However, when the procedure is
used for quantitative confirmation, DCB is ex-
pressed in terms of a specific Aroclor by using a
factor for mathematical conversion. The factors
used for converting DCB to the equivalent con-
centration of a specific Aroclor are derived by
assuming the reaction to proceed as follows:

€cl1 C1 c1 c1

where n = number of chlorines = approximate
whole number of chlorines calculated from per
cent chlorine substitution for a specific Aroclor
(sce Table 1). The approximate whole number of
chlorines in a specific Aroclor was chosen for
calculations, since Aroclors are commercial prepa-
rations and the actual per cent chlorine may vary
from the theoretical for each lot. The factor for
each Aroclor (see Table 1) is the ratio of amount
of Aroclor necessary to yield one unit of DCB:

X = factor for expressing DCB as a specific

. Aroclor

X = molecular wt Aroclor/molecular wt DCB
(499)

Calculations for measuring PCB residues by
GLC based on the DCB derivative formed and
converting mathematically to express the residue
in terms of a specific Aroclor are:

(DCB peak ht sample/DCB peak ht std) x ng
std injected = ng DCB in sample injection

ng DCB in sample injection x factor for spe-
cific Aroclor (X) = ng Aroclor in sample
injection

{ng Aroclor in sample injection/wt sample in-
jected (mg)) = ppm Aroclor in sample

Tmed: sal

This paper was presented st the Symposium on
Chemicals as Food Contaminants at the 86th Annsual Meeting
d the AQAC, Oct. 9-12, 1972, at Washington, D.C.
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“Yablel. Factors to mathematicailly coiw.rt
decachiorobiphenyl toan @ qulvaiont
amount of Aroclor

Aroctor  Av. No. C1¢ Mw - X¢
1221 1 188.5 0.38
1232 2 223 0.45
1242 3 257.5 0.52
1016 3 257:5 0.52
1248 4 292 0.59
1254 ] 326.4 0.65
1260 6 361 0.72
1262 7 395.3 0.79
oce 10 499 1

¢ Average whole number of chlorines caiculated from
per cent chlorine substitution for a specific Arocior.

b Molecular weight of Arocior based on the average
whole number of chiorines caiculated from per cent
chlorine substitution..

¢ X = molecuiar wt Arocior/moiecular wt DCB (499). To
convert ppm DCB to ppm of a specific Aroclor. multiply
ppm DCB by X for the Arocior.

Table2. Per cent conversion of 1 ug PC6 to
docschlorobiphenyl st overnight conditions

Aracilor Trials Range, % Average, %

1242 10 90-105 97
1016 5 87-105 95
1248 5 98-102 99
1254

1260 5 990-95 100
1262 3 89-103 95

Recoveries

To determine the per cent conversion of spe-
cific Aroclors to DCB, a series of 1 ug of 6 differ-
ent Aroclors was allowed to react at the given
overnight conditions and was extracted as de-
scribed. The 19, OV-101 column was used for the
gas chromatographic determinations. Results are
given in Table 2. The method demonstrated good
reproducibility for quantitative conversion of the
6 Aroclors to DCB with resuits ranging from 87
to 105%, and an average recovery of 97%.

In the experiments with shorter reaction times,
10 trials with 4 hr reactions using Aroclor 1242
gave a wide range of results, although the average
conversion to DCB was 90%. Trials with 6 hr
reaction gave results falling in a much narrower
range and averaging 1029, conversion. Results
from these and experiments using the 6 Aroclors
at 6 hr conditions are given in Table 3. The per-
chlorination is quantitative (89% average con-
version for 8 Aroclors) and reproducible (range
83-110%) for 6 hr reaction with iron catalyst but
offers little advantage over the convenient over-
night conditions.

S e e
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In order to determine the behavior of the per-
chlorination procedure in the presence of extracts
of fatty samples, 3 g samples of chicken fat and
corn oil were extracted by FDA muiltipesticide
residue methodology (9). The 6% ethyl ether-
petroleum ether fractions from Florisil cleanup
were fortified with Arocior 1242 at 6.7 ppm.
Three aliquots of the cleaned up chicken fat, each
equivalent to 0.15 g fat, and 2 samples of the
cleaned up corn oil, each equivalent to 3 g, were
perchlorinated at overnight conditions with aver-
age recoveriesof 107 and 96%,, respectively. These
resuits show that the method can tolerate cleaned
up extracts of up to 3 g samples of fat and can
handle 1-20 ug PCB.

Applications
Samples of fresh chub, fresh sturgeon, and eggs
environmentally contaminated with PCBs, and
chicken fat fortified with PCBs were extracted
and cleaned up by FDA multipesticide residue
methodology (9). Where necessary, PCBs were
separated from pesticides by chromatography on

Table 3. Per cent conversion of 1 ug PCB to
decachlorobipheny! with iron cataliyst and
6 hr reaction

Aroclor Trials Range, % Average, %
1242 10 78-98 90
1242 10 96-110 102
1016 3 87-95 92
1248 3 95-100 98
1254
1260 3 91-108 198
1262 3 83-107 98

@ 4 hr reaction.
s

Table 4. PCanlducl'ovoltln. nvironmentally
contami d ies obtained by 2
different methods of quantitation

Residue, ppm

By By DCB*
Ref. total
Sample Arocior area Triatl Triat 2
Chub 1.254 3.5 4.2
Chub 4.2
Chub 1254 3.2 5.1
Chub 4.5
Sturgeon® 1248 28.4 28.6 28.4
Eges 1242 1.1 6.8 7.1
Chicken fat® 1242 4.6 5.0
Chicken fat* 1248 £9 6.6

« Expressed as reference Avocior.

b Residue is reported on s fat basis.

¢ Sampies fortified with Arocior for an interiaboratory
study.
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silicic acid. The PCB residues were quantitated
on electron capture GLC with a 10% DG-200
column (9, 10) by comparing the total area of the.
residue with total area of the Aroclor reference
with most similar GLC pattern. Aliquots of the
69 ethyl ether-petroleum ether Florisil eluate
equivalent to 3 g chicken fat, 0.2 g sturgeon fat,
and 0.2 g egg were perchiorinated for qualitative
and quantitative confirmation. The residue level
reported for each sampie after perchlorination
was determined by measuring the DCB deriva-
tive (19, OV-101 column) and mathematically
converting it to the equivalent amount of the
Aroclor used as reference in the total area quanti-
tation. Comparison of the residue levels obtained
by the 2 determinative procedures is presented
in Table 4. Results obtained by the 2 methods of
quantitation are in close agreement, demon-
strating the practical application of the per-
chlorination procedure for quantitative confirma-
tion. Gas chromatograms of an egg sample
(Aroclor 1242) quantitated for PCBs as 8 multi-
component residue before perchlorination and as
the DCB derivative after perchlorination are
shown in Fig. 2. In the case of the chub samples,
the extracts containing residues of both PCB and
DDT analogs were separated on silicic acid prior
to quantitation of the multicomponent PCB resi-
dues. Aliquots equivalent to 0.3 g chub from the
silicic acid petroleum ether (PCB) fraction were
perchlorinated and results are compared (see Table
4). Gas chromatograms of a chub sample quanti-
tated for PCBs (Aroclor 1254) as a multicompo-
nent residue before perchlorination and as the
DCB derivative after perchlorination are shown
in Fig. 3. Figures 2 and 3 also illustrate the in-
crease in sensitivity obtained by perchlorination.
For approximately equivalent peak heights on
GLC only about vz as much of the egg sample
{(Aroclor 1242) and v as much of the chub sample
(Aroclor 1254) were injected after perchlorination
as was needed before perchlorination.
Organochlorine pesticides, if present in a sam-
ple, should be separated from PCBs prior to
derivatizing the residue to DCB. Pesticides such
as DDT may be chlorinated to derivatives other
than DCB. Preliminary studies show that per-
chiorination of DDT itself results in the forma-
tion of several derivatives which are separated
from DCB on the 3% Dexsil 300 column at the
specified conditions and do not interfere.
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FIG. 2—GLC curves of sgg samples containing 7.1 ppm PCBs (as Aroclor 1242) before and after perchiorination: A,

1.11 mg sampile (7.9 ng Aroclor 1242), 6% Florisil eiuate before perchiorination, 10% DC-200 calumn 9,10); B,

0.07 mg sampie (0.5 ng equivalent Aroclor 1242), 6% Florisil eluate after perchiorinstion, 1% 0OV-101 column. GLC
conditions given in Method.
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F1G. 3—GLC curves of chub sample caicuiated as 3.4 ppm PCBs (as Arocior 1254) before parchiorination and cal-

culated et 4.2 PCBs (as Arocior 1254) after perchiorination: A, 1.5 mg sample (5.1 ng Aroclor 1254). petroleum other

eluate X000 e llicic acidbefore perchiorination, 109 DC-200 column ($,10); B, 0.15 mg sampie (0.63 ng equivalent

Arocior 1254). petroleum ether sfuste from Jlkk scid after perchiorination, 194 OV-101 column. QLC conditions
given in Method.
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Limitation on the Use of Antimony Pentachloride for
Perchlorination of Polychlorinated Biphenyls
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Division of Chemistry and Physics, Food and Drug Administration, Washington, DC 20204

Two contaminants are presemt in commer-
cially available antimony pentachloride (ShCl;)
used to perchlorinate polychlorinated biphenyls
(PCBs) 1o dccachlorobiphenyl (DCB). DCB is
found in the SbCl; perchlorination reaction
blank in which no PCBs were ® ddrd. Bromo-
nonachlorobiphenyl (BNCB) is found after uk
of SbCl; to perchlorinate PCBs. Levels of DCB
found in the SbCls reaction blanks from vari-
ous distributors ranged from 8 to 972 ng DCB/
ml SbCls. The relationship of the formation of
* BNCB to amounts of various PCB Aroclors
perchlorinated is examined.

Polychlorinated biphenyl (PCBx) residues arc
extracted. cleaned up, and detected by methods
similar t o t hose used for organoehlorine pesti-
cides. PCB residues are quantitatively deter-
mined by comparing the gas-liquid chromato-
graphic (GLC) response of the muiticomponent
residue and commercia PCBs (Aroclor®) or a
mixture of Aroectors produeing a GLC response
pattern similar to that of the rexsidue (1). This
approach i= limited because the muiticotnponent
PC'B residue may not have the same propor-
tiona composition as the Aroclor or Aroclors
used ax the quantitation reference. Residues Can
be composed of mixtures of chiorobiphenyl com-
ponents fram more than 1 Aroclor. Metabolic
and other environmental fnrtors complicate the
description of the PCB residue” composit ion.

There has been considerable work to develop
methods to convert the muiticomponent PCBs
to a single derivative on which tn base the resi-
due determination. Procedures have been re-
ported to catalytically dechlorinate PCBs with
hyvdrogen over palladium or platinum to bi-
phenyl, cyciohexylbenzene. and bicyclohexyl
{2, 3). A principal disadvantage with that pro-
eedure is that the hydroearbon product is
determined with a GLC flame ionization detec-
tor. resniting in oW sensitivity. Attempts have
heen made to convert PCBs to the fully chlor-
inated decachiorobiphenyt (DCB) (3-5). A r -
mour (6} reported optimum conditions for per-
chlorinating PCBs with amimons pentacbloride

« At et e e omae oae -

(SbCl,). The met hod provides a qualitat we
confirmatory procedure for PCB determination.
The GLC electron capture detector response is
enhanced because total PCBs are manifested as a
single peak for DCB. In measuring the singie
peak for DCB the analyst is not faced with
analytical judgments such as baseline correction,
methdd of integration, or discrimination between
PCBs and non-PCB components. However, it is
necessary to be aware that the various Aroclors
give rise to different equivaents of DCB (6)
and that the nonchlorinated bipheny! (also used
as a fungicide) is perchlorinated by SbCl. to
D CB. Nonetheless, using the perchiorination
derivatization can reinforce the residue wvajue
determined by measuring a  multicomponent
PCB residue.

During attempts t o apply the perchiorination
derivatization in determining oW residue levels
of PCB and make use of the increased electron
capture response to DCB, 2 contaminants were
indicated which led to erratic recoveries of DCB.

Experimental
Reagents and Apparatus

(a) Antimony pentachloride.—Hooker Chemical,
Niagara Falls. ST 14302 (received in glass hottle
with lead-lined rap) ; Matheson Coleman & Bell
(MCB), Norwood, OH 45212 (reagent grade) :
B&A (Allied Chemical). Morristown, NJ 07960
(reagent grade. 99%) . Research Organic-Inorganic
Chemical (ROC-RIC), Belleville, SJ 07109
(99999); and J. T. Baker Chemical. Phillipshurg.
NJ 08865 (Baker Analyzed Reagent).

(b) Gas chromatograph —Searle-Analvtic (Des
Plaines, I1. 60088) Model 5360 with 6' x4 mm id
glass column containing 172 OV-101 on 80-100
mesh Chromosorb W (HP). Operating ronditions:
column flow. 60 ml nitrogen ‘min: column, 202°C:
detector, 202°C: injector. 225°C; pin-cup design
cleetron capture detector With titanium *H foil:
detector voltage (vonstant de) adjusted tO cause
aone-half full scale recorder deflection for 0.7 ng
DCB when fufl weale deflection iS1 x 10-*° amp.

(e) Mose spectrometer—Varian MAT (25 Route
22. Sprinefield, NJ 07081) CH5-DF MassS spectrom-
eter (MB) coupled to Varian Aerograph 2740 gas
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chromatograph via all-glass svstem using Watson-
Biemann 2-~tage separator. (GLC operating condi-
tions: 6° X 4 mm id glass eolumn contaming 3%
OVl on 80-100 mesh Chromosorh W (HP):
rolumn flow, 60 'ml helium nun: column 240°C.
M orerating conditions: elrctron energy, 70 ev:
emission current. 300 xa; mulnplier voltage, 2.2 kv,

Results and Discussion

A peak identical 10 that of DCB was found
i t he reaction blunk for t he Armour perchlor-
ination procedure (6) wit h the described GI.C
operating conditions. The identification of DCB
was confirmed by GLC-MS of a hesnnr extraet
of I hydrolyzed sample of ShC'l, which had not
been <ubjected to | he perchlorination procedure.
Various quantities (0.2-20 ml) of 8h('l, from
t he 5 commereinl sonrces were examined {0 de-
termine the presenee Of DCB. Sh('. alone was
carried t hraugh thr perehlorination reaction (6)
exeept t ha t N0 CHCL, was presemt with ShCl.
m the reaction vessel DCRB was determined by
GLC. Table | listx the amount= of DCR found.

After perchlorinat g PCB< with ShCl., a
zrcondary peak Wit Il 2 GL.C retention time rela-
tive to DO of 131 wis observed similar 10 that
reparted by Huekin- ¢t a/. (7). This later elnting
pesk is seen 1n Fig. 1. t he chromatogram from
the 02 ml ShCl. (Hooker Chemieal) perchlor-
mation Of 0.50 ug Aroclor 1221, This peak was
faund when SLCi. from each supplier was used.
The peak wax determined by GLC-MS 10 he due
to bromononachlorobiphenyl { BNCB) BNCB
was assumed to be a competing product with
DCB arixing from a small amonnt of 8hCl,Br
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FiG. 1—Electron capture GLC curve from the 0.2 mi

SbCly (Hooker Chemical) perchigrination of 0.50 g

Aroclor 1221; O .5dAg equivaient Arocior 1221 injected.

Peak 1 represents O . 8ng. DCB. Pesk2 represents
0.28 ng BNCS.

amounfs 0i BNCB produect formed was based
on comparison Of the elect ron enpture GLC peak
height of BSCB with that of a DOCB reference.

The amount of DX B determined in the reac-
tion blank was direetly proportional to the
amount of ShCl. used (Tuble 1). Thir indicates
Sh(l. was the souree 0 f the DCB and that
contaminat ion from ot her possible sourcex dur-
ing t hr perchlorination was negligible. The pro-
cedure for perchlorinating PCBx <pecifies t he
use of 0.2 ml Sh('l,. Sh(L; producing 8972 ng
SbCl./ml in the reaction hlank would add 0.5~
65 ppb, based on a 3 g sample.

in ShCl., ~o parameters refating t 0 possihle DCB produced in the reaetion blank was as-

limitations= of the pnrrhlnrin:n;inn procedure were
<tudied. Various quantities (0.5-10 pg) Of Aro-
clors 1221, 1242, 1254, and 1260 in CHCl, were
perchlorinated. Recoveries of DCB and estimates
of the relative amounts of BNCB formed are
given tn Table 2. Calenlation of the relative

Tabie 1. DCB (ng/ml) formed from various
amounts of SbCls

SbCis, m |
Supplier 0.2 1.8 2.0 Av.
Hooker Chemical 37 U 47 43
MCB 35 42 38 38
B&A 969 1042 913 972
ROC-RIC 12 13 1z X2
J. T. Baker 9 7 ? | 4

sumed to come from PCB contamination 0 f
SbCl,. In an effort 0 locate the origin of this
contamination, SbCl. bot tle closureswereinvest i-
gated. GLC analysis of hesnnr. in which the
plastie caps were soaked for 4 davs, did not
reveal PCBs. Hooker Chemiral, the snle do.
mestic source of ShCl.. supplied ShCl. in glas=
bottles with lead-lined caps. This butk supplier
of 8bCly indicated thatr the production of chlo-
rine in carbon anode half-cells with linseed oil
or other organie hinders forms certain organie
compounds | however, the destructive oxidative
environment in the electrolytic cells wonld makr
the production of PCB unlikely as a result of this
pathway. On the other hand, antimony metal is
commonly obtained as a metaflurgical by-prod-
uet by carbon reduction of its oxide: therefore.
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Table2. DCB and BNCB from perchiorination of
various Arociors with 0.2 m| SbCis”

oleg:] BNCB* DCB + BNCB®
Amt. recd, recd, combined
Aroclor ue % % rec. %
1260 10 86 0 86
1254 10 84 [+] 84
124’ 10 88 4 92
1221 10 61 16 83
1260 a 81 [ 81
1254 4 80 [} 80
1242 4 78 8 86
1221 4 70 18 08
1260 0.5 09 2 91
1254 0.5 78 6 84
1242 0.5 72 10 82
1221 0.5 60 19 79

¢ Hooker Chemtcat Sblls.

% Quantity calculated by comparison of electron cap-
turt GLC response to BNCB vs. response to DC8 refer-
ence standard.

it 1x conceivable that PCBx could be associated
with the antimony metal employved in the SbCl,
process. S 0
PCB- are nsed in either thr chlorine or ShCl,
produetion facilities, and ShCl, does not come
mto contact wit h plast ies in the manufacturing
operation O I shippng containers { Hooker
Chemical and Plasties Carp,, 1974, private com-
mumeat ion )

Two parameters (various quantities and vari-
ous Aroelors) were studied in relationship to
the production of BNCB ax i ecompeting prod-
wet of DOR during the pereblorination of PCBs.
BNCB was ealeuliated by compari<on of the elee-
tron capture GLC response to BNCB vs. the
tespotise to NCR. Several factars are considered :
(7 In this reaction brommation is kinetically
favored over chlorination. With perchlorination

JOURNAL OF THE A0ac (Vol. 58, No. 3, 1975)

of lower amounts of PCRs the relative yield of
BNAB 10 DOB ix greater beeanse the bromm-
ating mgent is the linliting quantity in contam-
inated Sh('l,. (2) Bromination occurs to a larger
degree for a given quantity of the less chlori-
nated PCBs such as Aroelors 1221 and 1242
rather than for 1254 and 1260, This hikely is due
to o greater number of renctive sites and less
sterie hindranee. (8) Tu the range of PCBx per-
chlorinated (0.5-10 pug) in the above study, it is
likelv that with lower amounts of PCBs and/
or less chlorinated Aroclors the decrease in DCB
recovery is prineipally due to the increase of
BNCB formed.

One of the mgjor advantages of perchlorina-
tion in determining minute quantities of PCBs
is the inherent increase in effective GLC detee-
tor response. Contaminated SbCl;, as described
here, would preclude its use in many of these
cases.
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ADDITIONAL INFORMATION ON THE BEHAV1IOR OF POLYCHLORINATED BIPUEN

AND POLY CHLORINATED TERPHENYLS IN RESIDUE METHODOLOGY

BY'

Los Angeles District
Buffalo District
Division Of Chemical Technology

.Interest has continued to grow inN the analytical aspects of
.polychlorinated biphenyls aad terphenyls (PCB/PCT). Emphacis
on the identification and mueasurement of the residues
themselves h a s surpassed the criginal concern of preventing
t h e i r interference in pesticide residue analysis.

Experimental ianvestigation &nd industry -contact has led to
elucidation of <comrosition of several Aroclor reference
materials. In addition, a number of short term studieswer e
done to deterzin2 the behavisr of Aroclors in various
analytical procedures, and tie responses of several GLC
detectors t 0 the chlorine content of Aroclors were compared.

Experimental data ptés.ented hiere we r e collected by: Herbert
HMasumoto and Milton Luke of Los Angeles Districc; Robert

V. Hoffman of Buffalo Distgict; Judith Armour, John Roach,
Winfred Wiencke, and Susan Young of Division of Chemical
Technology; and compiled by Eernadette McMahon o f DCT. .

Aroclor 1232 Reference Material

New information on the manufacturing process for Aroclor
1232 <sheds lights on the reason for the differences among

the chromatograms of several samples of 1232 obtained from
Monsanto at diffcrent times. 7Tt has beewu revealedt hat whan
Aroclor 1232 was being manufactured for sale (it is no longer
available), it was nadc by combining amounts of Aroclors 1221
and 1242 unrtl the mixture can ained 32% chilorine by weight.
Tuis information explains how it is poussible thact the gas
chronaterrams O f somee ters of Arocler 1232 vefercncemataerial
have resend Led chromatoprams 0 | L242%ind otiiers have more
closely resembled chromatograms of 1221, -

-

- ¢
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It is probable that the manufactured lots of Aroclor 1232
varied in composition [rom one towanother~_ For this .reasonj.
residues of Aroclor 1232 that may be found would be unlikely
to match any arbitrarily chosen 1232 reference material. It
.1s therefore recommended that residues suspected of being
“Aroclor 1232", but resembling Arocl or 1221 and /or 1242, be
quantitated by comparison to Aroclor 1221 and /or 1242 reference
rather than by comparison to an Aroclor 1232 reference.

from now on, Aroclor 1232 will not be considered a separate
antity, and lists of data on the behavior of Aroclors in this
LIB will not include Aroclor 1232.

Significance: Little Aroclor 1232 was ever sold (according to
Monsanto) and none is available now, S0 residues of "1232"
are nct likely. The suggested Neans of quantitation is
available only in case such a residue is found.

Toxicological and ecological reasons for identifying the

cesidue will not be jeopard.zed Dy reporting the residue as
1221 and/or 1242 rather than as 1232.

Aroclors 4465, 5442, and 5460 Reference Materials

By definition of the manufac:urer, the Aroclors named in the
ti.le are composed of mixtures of t he following:

4465 - chlorinated biphenyls and terphenyls, with
65%Z chlor:ne by wei ght .

5442 - chlorinated terphenyls, with 42% chlorine
by weight

5460 - chlorinated terphenyls, with 60% chlorine
by weight .

Chromatograms of each of the above mixtures were presented in

_ LIB 918F. These chromatograms were. obtained at conditions

— normally used for the chromatography of the mixtures of chleorinated
biphenyls. It has since been discovered that, at these conditions,
the chlorinated tcrphenyls present in 4465, 5442, and 5460

were seen, at best, only as v=2ry late eluting peaks. In turn,

this failure of the chromatographic system to visualize the
tcrphonyls led to some inaccurate results 4n other cXxpcrimcents
which used CLC as a determinat;ve Step.

Reecent f{nvestizations lrom soveral sources have revealed new
information about the Aroclars iu quescion. Lla part, the
evidence has been obtained by use of a GLC column which permits
terphenyls to elute quickly cuough to be easily secen and measurced
(L1B 918 «). | ' ’
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dew {indings on the Aroclors of intercest follow. ‘
4405: The reference matarial distributed to FDA Districts b Yy the
fTorzer Reference Staudards Branch appears to bc mostly bipheny!
compounds, despitec Monsanto's description of this mixturc as 40:60
terphenyl: biphenyl. Chromatography™ef{ 4465 "en a GLC columa wiich
permits visualization of terphenyls doesnotr e veal the prescnce of
. itdditional signif icant compounds.
+
Because the 4465 reference material obtained from Monsanto by FDA
. does not match Monsanto's description of the product, it is suspected
that the terphenyl: biphenyl proportion must vary among different
manufactured lots. The description of the material as a combination
of terphenyl and biphenyl also suggests that 4465 may have been made
by :ombining amounts of other Aroclors until 6 5 % chlorination was
obtained. Therefore, it may be possible to handle residues of "4465"
by somparing them to other Aroclor refecrences which theyresemble.

Monsanto no longer manufactures Aroclor 4465, so no additiomal
samples of reference material are available. For this reason,
data presented in other sections of this LIBW e r e obtained usiag
t he reference material containing mostly chlorobiphenyls.

D442. The reference material O f S442 available in FDA contains som
countamination with chlorinated biphenyls, as evidenced by the early
eluting peaks in the chromatograms in LIB 918F. The contamination

is reiat ively small, and the data for 5442 presented elsewhere in

this LIB yere obtained br measur ing the recovery of the terphenvis

with a GLC column which permits the terphenyls to elute quickly.

5460: The 5460 distributed as a reference material has now been
shown to contain a relatively large (about 52) contamination of
chlorxrnated biphenyls. |t is now apparent that only the biphenyl
contaainant WwW3s being visualized by the GLC systems used in LIB 918F,
which explains why the chromatograms of 5460 resembled 1260 so
closely. The chlorinated terphunyl components of 5460 can be seen
and measured when the alternatge GLC column is used. Data on the
behavior of 5460 presented elsewhere in this LIB were obtained using
the alteraate column to visualize the terphcnyl components of

3460 for measurenent.

. Significance: Residues of chlorinated tcrphenyls are presumably

.0f as nuch interest and importance as those of chlorinated

biphenyls. Until recently, the capability for detecting and measuring
chloroterphenyl residues vas 1limited by the very long retention

times and consequent poor sensitivity for the compounds on the

GLC columns (PAM 311.2) normally used for analysis of chlorinated
biphcnyls.

The chlorinated terphenyls are recovered, at least partially,
throurh the analvtical pracedures usced {or organochloriune pesticides
amd PO (see cother sestinne of this 118 for derails). Lt §s new
poscible, by means of the GLC column described by Wiencke (LIB
918CG), to visualize vresidues of chlovinated terphenyls and to
estimate their quantity agajust a known amount of e

[
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reference material. This is the recomnended procedure for
detection andmeasuren cnt O f residuusin samples suspected of .

contaminaticn with chlerinated terphenyls. In particular, samples
whose preliminary. GLC anclysis showdipeaks eluting beyond the®
retention times of chloirinated Liphenyls should b injected on t
“alternate column to visvilize any terphenyls present. Chloroterpicn
re51uues too low to be xccogulzcd in ordinary sample examination can
be discoverecd by inject.louns of the sample on the alternate column.

Variations in Partitioninz Amons PCB/PCT

- It has been determined that the cfficiency o f transfer of PCB from
petr ether to acetonitrile decreases with increasing chlorination
of t he compounds. In particular, the-following recoveries of Aroclo
standards were obtained when a known anount of each Arocclcer in 15 ml
petr ether was parctitioned into {four successive 30 ml portions
acetonitrile, each acetonitrile portion being backwashed with an
additional 15 ml petr ethar (PAM I, 211.14Db):

Aroclor ug in 15 ml PE Z recovery
1221 4 0 94

1242 40 9 7
1248 40 93

1254 40 87

1260 40 . 78

1262 40 74

4465 20 71

Among t he PCB components of ‘any given Aroclor,those w1hose peaks

el utcd first in the normal gas chromatographic system‘showed the

highest recoveries. Percentage recovery decreased with increasing

retention times (which generally increases with increasing.

chlorination), again suggesting that the more highly chlorinated the
-isomer, the poorer its transfer from petr ether to acctonitrile.

The two Aroclors made up of polychlorinatcd tcrphenylo (PCT) display

a similar pattern. When Aroclors 5442 and 5460 were partitioned as
. described above, 92 and 77% of the original 20 ug were recovcrcd,

rcspcctivcly. Recoveries of individual PCT in the Aroclors were not

determined, because the CLC column for PCT does not resolve the
components well enough for measurement Of each.

Significance: The experimcuts performed in gathering this
recovery dava were decigned t 0 duplicarte the partitioning step
Mm o0 s t oftenusedinthe analysic of fatty foods for
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organochlerine pesticides and/or PCD. The residue analyst
should be aware that recovery through PAM 1 method 211 (fatty
foods) will bhé-diff crenar for different Arocl ors and should avoid
attributing losses complctely to the Florisil or silicic acid
_column chromatographic steps. In addition, the pattern of PC B
isomers in a given Aroclor is altcred to some degree by this
phcnoncnom, and may cause confusiont O the inexperienced
analyst.

Yecovervy of Aroclors Through Florisil Column Chromatorraphv
New information on the behavior of Aroclors in other parts of the
methodolegy has prompted reassessment of the «lution 0of Aroclors
from the Florisil column (PAM 211.14d). Frequent use of"
pesticicde residue methoZology for the analysis for PCB has
assured us that the chlurinzced biphenyls eluteint he 6 %
ethyl ether/petroleum ether eluate. Additional experiments
have shown that Aroclors 4465, 5442, and 5460 ar e alsoelutedby
the 6% eluzant.

Recovery of Aroclors Threuch Silicic Acid Column Chromatographvw

Masumoto (in press, JAOAC) has pointed out that some of the
chlorobiphenyl isomers present in Aroclors are not «:luted from
the silicic acid column by petroleum ether as origiually
reported. Ianstead, the chlorobiphcnyl i somers with early

GLC retention times (which, generally, are t%ese with lowest
chlorination) are likely to be held on the siiicic acid column

a n d eluted from it only by the second, folar eluant. Aroclors
consisting mostly of lower chlorobiphenyl isomers w3ill tl.crefore
show low recoveries in the petroleum ether eluatc.

Recoveries of PCB in the following Aroclors were obtained from
a column made of silicic acid and Celite (LIB 918C-E) which
had been previously standardlzed by addition of enough H20 to
effect separation of pp'DDE and Aroclor 1254:

, Ar ocl or . Recovery .
1221 essentially a1l in 'polar cluatc
1242 . 20-35% in polar eluatc
1248 . | ess than 20% in pol ar eluate
1254 completely in petroleum ether
1260 completely in petroleum ether
1262 lcomplctcly I N petroleuzs ether

44L65% completely in petrol cum ether
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kReference material contained mostly polychlorinated'biphehyi
.. isomers , rather than both biphenyl and terphenyl isomers.

The silicic acid column chromatography of the two Aroclors
consisting of PCT was also examined . All o f the Aroclor
5442 and most of the Aroclor 5460 added to a silicic

acid column was eluted by th e polar eluant. Aroclor 5460
was partially eluted by the petroleum ether eluant.

Significance: Knowledgeof t h e elution characteristics

of the Aroclors from the silicic acid columrn will aid the
analyst in his choice 2f t h e appropriate analytical treat~
ment of samples containing both pesticides and PCB. 1f exam-
ination of the original GLC chromatogram shows the PCB

to resemble an Aroclor known to be incompletely separated

from pesticides by silicic acid, alternate treatment(s) can

be chosen to permit quantitation of the residues.

Response of GLC Detectors to the Chlorine Content irn Aroclors

Experiments were pertforced to determine whether the responses

'0” f the electron capturemicrocoulometric and electrolytic
conductivity deteztors were proportional to the (hlorine
content of Aroclors regardless of the nature of the compounds
comprising the Arozlor. Results indicate that the response
of the halogen specific wuicrocoulometric and electrolytic
conductivity detectors to the same amcrunt -of chlocine in
different Aroclors was nssentially the sane. In :ontrast,
the response of the cle:tron capture detector to the more
highly chlorinated Arcclors was disproportionatel:r high
when compared to the response of the same detecto: to
Aroclors with lower chlorine content. -

The electron capture detector that was used was first shown
to give reproducible results and to be linear in response

to amounts of heptachlor epoxide injected. Then, injections
o f six Aroclors were made and the total area of response
measured for each. Calculations were performed so that
responses to the different Aroclors could be conpared to
one another, on the basis =f respanse/weight chlorine.

The following ratios were obtained i n this way:

Arocl or Relative Responso/Weipht Chlor:
1.221 ]

1242 . 3.02

1248 - 456
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1254 9.64
1260 12 .70
1262 10.35

It is obvious from thcse data that response of the- ECdet ect or

is not proportional to the amount o0f chlorine present in the
chlorobiphenyl molecule. .

ln contrast, the response of the microcoulometric detector to
injections of the same anounts of chlorineine a ¢ h of four
different Aroclors was essentially the same for each Aroclor.
Because detecctor sensitavity changed with time, ratios of
response to Arocler X are conmpared; the injection of Aroclor
tresponse to Aroclor 1242

1242 and the injection of the other Arocloer were alwavs made
within an hour of one another. Other special precauvtions Wer e
a | s 0 wutilized to improve reproducibility;e.g., the first two
injections made after cell fiushing 2nd equilibraticm Were not
considered.

=

The following ratios wese obtained:

Relative i
-(f or saue weight chlorine)

Aroclor Mear Range (aumber of injections)
1242 1.0? (used as stzndard)

1248 . 0.97 0.90-1.03 (3)

1254 1.00 0.9'2423 (5)

1262 1.10 0.86-1.26 (6)

Despite the problems encountered in dealing vith the microcoulo-
metric system, tuese datad o preseat evidence that microcoulo-
metric response is essentfally proportion31 to the amount of

chlorine present, regardless of the structure of the scmpounds.

Figures 1-S demonstrate visually the contrast between EZ and
microcoulonetric recsponses to chlorine content i n the *CB
contained i N ‘roclors. In particular, the lower chlorinated
Aroclors and the varly e luting (lower chlocr inat ed) PCB wi th in
the Aroe lor ¢ shaw the nost waried didtorenae in p1L{urn
between #C and micresoulouctricresrponses »  This ol fedt s
consiitent With the data on EC and microcoulometriC resp3nses
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vary and that no-attempt has been mzxde to compare instrument
sensitivity in these cnromatograms.,

The elcctrolytic condictivity detector was also shown to respond
to the chlorine content of PCB in a study using a Coulson
electrolytic conductivity detector specific for halogens.

* The system was operated i n the reductive mode and utilized a

@

platinum catalyst. Two injections each of Aroclor 1221 through
1260 were niade and ccmpared to the response of Aroclor 1242

which was used as a reference. The reference was injected
immediately prior to the Aroclor being checkec in each case.
Aroclor 1242w a s alsoused as a means of checking the sensitivity
of the detector which viried from day to day and even during

the course of a day's operation.

For these calculations the response for Aroclor 1242 and the
Aroclor ‘being checked were measured by planimeter in square
inches. 1In this regard it was noted that the linearity for

t h i s detecter appeared to drop off sharply when the response

f el |l below0.09in.2/ng chlorine, which was due prinarily

to the inability to accurately measure all. the peaks in the

refercuce or Xrocior being tested. Results werea s follows:
Response Resporse to Aroclor

Arcclor ng injected in 2/ng CI Response to Aroclor 124

i

1221 125 . 0.12 o 1.01

1221 112.5 0.12 1.00

-1242 Used as Reference 1.00.

1248 115 "~ 0.09 1.05

1248 125 0.09 0. 99

1254 125 0.10 1.01

1254 100 0.10 0. 99

1260 125 0. 09 . 1.02

1260 150 0. 09 1.08

Significanze. The use of Aroclors as refcrence matericzls fer

the quantitation of PCE rezidues invelwes inhercat orobloms

becausie the cezidue {35 mev2 often zitored fa cempositfua from

the original Arocloer. Alteration caun oceur fn several ways;

c.g., weathering rudfor mecaboliam, preferential storage of

certafn conponents: fa arfuals, variatfons fn recovery of components
through the methodelupy (deseribed in this LIE)Y, aud varlation in
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the amount of loss thrcugh volatiljzation of the different
cémponents (to be descvibed in a forthcoming report from
LOS<DO). The accuracy of the quantitative result decreases
‘with the increasing a-teration of the PCB residue from the-
pattern of the Aroclo: reference.

The disproportionate response of the EC detector t O the more

highly chlorinated components aggravates the problem of
quantitation of an altered residue. The analyst should be
awvare of these limitations and, if possible, quantitate
altered residues using on2 of the halggen—s%ecific detectors
and reference Aroclor(s) whose pattern matches that of

the residue most closely. This should minimize the problem
until such time when an improved method of quantitation

is available.
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Fig 1 ..Aroclor 1221

EC : 44ng ~= . ) .
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C : about dﬁdngﬂ

Aroclor. 1242
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Fig. 5 Aroclor 1260
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