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1. INTRODUCTION 

Despite the fact that polychlorinated biphenyls (PCB’s) have been available 
commercially for forty years, it is only within the last five years that they have been 
recognized to be of environmental concern. 

l?olychlorinated biphenyls are produced by a comparatively small number of 
manufacturers, marketed under a number of commercial trade names, e.g., Aroclor, 
Clophen and Phenoclor, and are represented as “a series of inert, chemically resis- 
tant, fire-retarding plasticizers compatible with a wide variety of resins, varnishes, 
waxes and paints; they vary from mobile, oily liquids to white crystals and hard 
transparent resins”‘., The series of Aroclors (Monsanto) are marketed under various 
numbers and consist of mixtures of chlorinatecl biphenyls and terphenyls. The first 
two digits represent the molecular type: 12 -chlorinated ’ biphenyls ; 25 and 44- 
blends of chlorinated biphenyls and chlorinated terphenyls (75% biphenyl and 60% 
biphenyl, respectively) ; gq-chlorinated terphenyls. The last two digits give the weight 
percent of chlorine, e.g., Aroclor 1242 is a chlorinated biphenyl containing 42% chlo- 
rine. 

The viscosity of the PCB’s increases in direct proportion to the chlorine con- 
tent from very fluid liquicls to viscous products and solids. In the commercial process 
for PCB manufacture, biphenyls are chlorinated with anhydrous chlorine with either 
iron filings or ferric chloride as the catalyst, the byproduct is hydrogen chloride and 
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the product is a mixture of several PCB’s. In the process of replacing hydrogen atoms 
with those of chlorine, a large number of substitution combinations arise, Liz., 

For esample, three monochlorobiphenyl isomers are possible, twelve dichlorobi- 
phenyl isomers, twenty-one trichlorobiphenyl isomers, and so on. Theoretically, 210 

compounds can be prepared by this substitution process. (A typical PCB example 
would be 2,4,6,2’,4’-pentachlorobiphenyl.) Mass spectroscopic studies2 of Aroclor 
1260 revealed the presence of eleven isomers, viz., five containing six chlorine atoms, 
five containing seven chlorine atoms and one containing eight, while Aroclor 1254. 
was found to contain eighteen compounds, viz., one containing three chlorine atoms, 
four containing four chlorines, four containing five chlorines, five containing six 
chlorines, and four containing seven chlorines* ?. The annual production of PCB’s in 
the Western world till most recently was estimated at IOO million pounds. 

The chemical properties that make PCB’s desirable industrial chemicals are 
their excellent thermal stability, their strong resistance to both acidic and basic 
hydroxides and action of corrosive chemicals and their general inertness. They are 
insoluble in water but possess a low finite vapor pressure. Their boiling points range 
from 278O for Aroclor 1221 to 415” for Aroclor 1268. All are stable to prolonged 

SOMJI USI% 01’ POLYCNLORINATED 1311’NIENYLSt 

MatcriaE with which 
Avoclov is contbincd 

Aroclor atsed with (wt. “/o) Use 

Polyvinyl chloride 

Nitroccllulosc lacquers 
Polyvinyl acctatc 

Ethylcnc vinyl acctatc 
Epoxy resins 

Polyester resins 

l?olystyrcnc Aroclor 1221 (2%) 
Chlorinated rubber nroclor 12.54 (5-I o’x,) 

Styrcne-butaclicno 
co-polymer 

Neoprcnc 

Crcpc! rubber 
Varnish 

Aroclor 1248, 1254 ancl 
I 2Go (7--g%) 

Aroclor 1262 (7%) 
Aroclor 1221, 1232 ancl 
124.2 (11%) 
Aroclor 1254 (41%) 
Aroclor 1221 and 1248 

(2%) 
Aroclor 1260 (10-x5%) 
Aroclor I 260 (1o-2o~;/~) 

Aroclor 1254 (8%) 

Aroclor 1268 (40x,) 
Aroclor 1268 (1.5%) 
Aroclor I 262 (5-50rj/o) 
Aroclor I 2Go 
(25% of oil) 
Aroclor 1242 (ST,) 

Secondary plnsticizcr to improve flnmc 
rctardancc nncl chemical rcsistancc 
Co-plasticizer to cnhnncc rcsistancc 
Improve quick-track sncl fiber-tear 
propcrtics 
Prcssurc-sensitive aclhcsivc 
lncrcasc chemical and oxidation 
rcsistancc and adhesive qualities 
Effcctivc and economical fire rctnrdcnt 
Incrcascs strength of libcr-glass rc- 
inforcccl polycstcr resins 
Plasticizer 
Enhnnccs rcsistancc, flame rctardance, 
.zncl improves clcctricxl insulating prop- 
erties 
Improves chemical resistance 

Fire rctarclant 
Injection moldings 
Plasticizer in paint compositions 
Improvcv water and alkali rcsistnncc 

Moisture and flame rcsistscnce 
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heating at 150’ and the lower Aroclors can be distilled at atmospheric pressure with- 
out appreciable decomposition. 

The largest single use of PCB’s is related to their electrical properties, as coolant 
insulation fluids in transformers and capacitors. Other uses of PCB’s include impreg- 
nation of cotton and asbestos for braided insulation of electrical wiring, plasticizers 
of vinyl chloride and polymer freons, as plasticizer in wire and cable coatings and in 
ballasts for fluorescent. fixtures. Because of their thermal stability and fire resistance 
the PCB’s also find application in high-pressure hydraulic fluids, heat transfer agents, 
machine tool cutting ,oils, specialized lubricants and gasket sealers. Miscellaneous 
uses include: formulations in epoxy paints, resins and chlorinated rubber, printing 
inks, waxes, synthetic adhesives, textile dyes, protective coatings for wood, metal 
and concretes, as sealers in water-proofing compouncls and putty, and in carbonless 
reproducing paper. 

PCB’s have been incorporated into pesticide formulations, especially with such 
insecticides as DDVP, lindanedl”, chlordane, aldrin, diel.drin and toxaphene to sup- 
press their vaporization and hence extend tl~eir “kill-life” and have also been shown 
to increase the insecticidal properties of DDTG. 

Table I lists a number of uses of the Aroclor polychlorinated biphenyls ancl the 
material and percentages with which they are combined. 

I J. ECOLOGICAL ASPECTS 

The first identification of polychlorinated biphenyls in regard to ecology was 
by JI~NSEN~, who identified PCB’s in the bodies of zoo pike taken from different parts 
of Sweden, in other fish and in eagle feathers collected in 1944. PCB’s along with 
DDE [r,r-dichloro-2,2-bis(@-chlorephenyl)-ethane] are now reported to be the most 
abundant of the chlorinated aromatic pollutants in the global ecosystems. Extracts 
of sea eagles, pike and salmon8 as tie11 as in BritishD and Canadianlo- wildlife con- 
tained PCB’s, and in the former instance it was found that in birds’ liver and eggs 
the PCB residues were greater than the organochlorine pesticide residues. PCB’s 
have also been found in fish, mussels and birds from the River Rhine and The Nether- 
lands coastal areas2 and in marine animals and wildlife in Sweden, England and the 
TJ.&4.%W”.,13 . 

Polychlorinated biphenyls have also been found in human adipose tissue14, 
samples of human milkl” and in foods (margarine, vegetable oils and particularly fishr0). 

Essentially, the same type of residue pattern is becoming apparent for the poly- 
chlorinated biphenyls that has been found for the persistent organochlorine insecti- 
cides. The PCB’s are extremely stable, chemically fat soluble and hence persistent 
in the environment. The four possible pathways by which PCR’s could be dispersed 
in the environment include: (a) because of their numerous manufacturing appli- 
cations and general inertness, PCB’s could be flushed as wastes into rivers, lakes, 
etc., to pollute fish and other wildlife; (b) via industrial smoke, in exhaust ,from air- 
craft engines, incineration and combustion of PCB-containing products, and leaching 
of plasticizer from plastic objects in waste disposal areas; (c) via insecticidal formu- 
lations to enhance kill-life (described above) ; and (d) via direct contamination of 
feeds and foodstuffs through leakage of heat transfer fluids. 

Information relative to the biological decomposition of the PCB’s is scant and 
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it was suggested17 that they are likely more stable than DDT and its metabolites since 
the PCB’s lack the ethane component between the aromatic rings which is the site 
of action of most of the transformations of DDT. This factor coupled with their 
physical and chemical characteristics for persistence indicates that these materials 
are capable of biological magnification up the food chain. (Although the concentration 
of the PCB’s are generally in the p.p.b.” range in the environment, their high lipid 
solubility results in their accumulation in fatty tissues of lower animals and marine 
life.) Because of the very low aqueous solubility of the PCB’s, when they are dis- 
charged into a river or lake, they will accumulate on the sediment in relntizdy high 
concentration and redissolve very slowly. 

I II, TOXICOLOGICAL ASPECTS 

Compared to the chlorinated hydrocarbon pesticides, the toxicology of the 
polychlorinated biphenyls remains rather poorly known. The systemic effects in 
humans and deaths resulting from exposure to the PCB’s and polychlorinated naph- 
thalene was described by GREENRERG et a,?.‘8 and the chloroacnegen effects reported 
by SCI-IWARTZ and co-workers50-ai, JONES AND ALDEN~~ and VON WEDEL et al.““. 

%x24 reported the toxicity of PCB’s to man as moderate to high, especially 
when inhaled as vapors. Animal, experiments with rats and guinea-pigs have shown 
that ingestion of PCB may give rise to liver injurysG@. Oral administration of 
chlorobiphenyls resulted in enlargement of the liver and vacuolar or fatty degener- 
ation of liver cells. 

BENNETT et ~1.2~ have previously shown that chlorinated biphenyl resulted in 
liver changes markedly different from those caused by other well known toxic agents 
such as carbon tetrachloride and chloroform poisoning and thought that this type of 
injury was persistent with slow recovery. The effects on mouse and monkey, liver of 
long-term oral administration of chlorobiphcnyls (I.5 mg/day or more) have been re- 
ported by NI.SWIZUMI~~. 

One PCB has been shown to produce chick hydropericardial edema and growth 
depression proportional to dietary levels (200 and 400 p.p.m,) of the toxicant20,30. 
These changes were accompanied by such pathological changes as: enlarged hemor- 
rhagic kidney, enlarged adrenal gland, small spleen, cream-colored pancreas, derma- 
titis, defeathering and transient changes in blood glucose, hemoglobin and.hema’tocrit 
levels. Hydropericardium and abdominal edema have also been observed in Japa- 
nese quail2 after PCB ingestion. Toxic and teratogenic effects of PCB’s in chick 
embryos have also been reported by MCLAUGIILIN et aZ.31. 

Analogously with the chlorinated hydrocarbon pesticides, the most important 
effects are long-range sublethal effects. The pathologic changes in various organs are 
summarized in Table 2, illustrating some interesting differences between mammals 
and birds. For example, the most striking findings in mammals are alterations to the 
liver, whereas fluid in the pericardial sac, kidney damage and reduced spleen are 
found in birds. 

The toxicity of eleven Aroclors in terms of oral LD,,, (rats) and skin MLD 
(rabbits) is Summarized in Table 3, 

l Throughout this article tlw Atncricnn (10~) Idllion is meant. 
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Polychlorinatecl biphenyls and triphenyls have been found to be estrogenically 
active30. In a series of PCB’s the compounds containing up to 48% chlorine were ac- 
tive. On a weight basis PCB compouncls such as Aroclor 1221 were shown to have an 
estracliol-degrading potential (in pigeon liver homogenates) about five times that of 
$,$‘-DDE or technical grade DDT 8~~7. Other examples of induction of hepatic hy- 
clroxylating enzymes by PCB’s have been reported in the raF2 and the American 
kestrel (Falco s~erv~rizcs)~~. 

VXLLENEUVE cl aZ.39 studied the effects of PCB administration on microsomal 
enzyme activity in pregnant rabbits. The no-effect level. of Aroclor 1254 for enzyme 
induction in the pregnant rabbit is between I,O and IO mg/kg body weight when 
administered for twenty-eight days during gestation. Aroclor 1221 did not induce any 
enzyme activity in the does, foetus or placenta, so its no-efEect level must be consider- 
ed higher than that for Aroclor 1254. Placental transfer was shown to occur for both 
Aroclor 1254 and 1221 but does not cause any changes in the biochemical or physio- 
logical parameters measured, e.g., total amount of Vitamin A stored per liver, protein 
levels, aniline hydroxylase enzyme activity, serum cholesterol, no effect in reproduc- 
tive processes. The drug metabolizing enzymes aniline hyclroxylasc and aminopyrine 
?t-demethylase were both induced by IO mg/kg Aroclor 1254. 

PCB’s as inducers of 1~epati.c enzymes (e.g., increasing the rate of circulating 
estracliol in the liver) may be responsible for aberrations in calcium metabolism in 
certain species of birds* and are generally considered to be more of a potent threat 
than DDT to our declining bird populations, especially for predatory birds that ac- 
cumulate fairly high levels of PCB’s. ANDERSON et al. 11 have suggested evidence 
that PCB’s affected eggshell thickness although to a lesser extent than DDE. 

However, VERMEER AND REYNOLLX~~ found no significant correlation between 
shell thickness and PCB residues for the great blue heron (n&a hero&as) and 
PEAKALL~~ found no significant effect of PCB’s in the eggshells of ring doves. 

FRIEND AND TRAINER*~ reported on the interaction of PCB with duck hepatitis 
virus. Ten-day old mallard ducklings fed a polychlorinated biphenyl (Aroclor 1254) 
at concentrations of 25, 50 and IOO p.p,m, for ten days suffered no apparent clinical 

TABLE 4 

PERCENT INI-lII3ITION OB HUMAN Cl?iLL~ GROWTH OBTAINXD WITH ENVIRONMENTAL ClII3MIChLS 

IJ F 
-----_-.-.--_.--__ -___- -_-._ 

p;-g=& 
_ 

I&ratt;kion 

5.5 5.6 - 50 

PCI3 (hroclor 1254) 
Cnffcind 

z.; 
G.4 

110 

480 650 
Aspirin0 400 1,000 
Rcctylsalicylic acid 370 - 

D Human cells: I-I = I&La, cstnblishccl ccl1 lint; I? = normal cliploid skin fibroblauts. 
h Concentration of chcmicnl, in p.p.ni., that procluccd a, 50% inhibition (ID,,) in culture 

growtll nftcr 48 11 of exposure. 
0 Commercial tablct. 
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intoxication. When these birds were challenged five days later with duck hepatitis 
virus (DEIV), they suffered significantly higher mortality than birds which were not 
exposed to the polychlorinatecl biphenyl (e.g., 14% among virus controls ‘U~YSMS 35 
to 65% among groups receiving PCB plus DHV). ‘This study illustrates one of the 
potential effects of sublethal concentrations of chemical pollutants and emphasizes 
the real differences that exist between “sublethal” and “no-effect” concentrations of 
pollutants. 

The effects and interactions of environmental chemicals (aspirin, caffeine, 
Aroclor 1254, carbaryl, parathion, DDT and several insecticide metabolites) on hu- 
man cells (I-IeLa and skin fibroblasts) in tissue culture wkre described by LITTERST 

AND LICHTBNSTEIN~~. The dosage causing a ~cJO/~ inhibition in culture growth, and 
the interaction between these agents and their effect on protein and nucleic acid syn- 
thesis were all determined. Table 4 lists the percent inhibition of human cell growth 
obtained with selected chemicals and Table 5 shows the effect, of aspirin, PCB and 
caffeine on macromolecule synthesis in human cell cultures after 4i 11 of exposure to 
DDT and parathion. Botll cell types responded nearly equally to the presence of an 
individual chemical. Aspirin and caffeine were eight to twenty times less toxic than 
the other agents studied while the PC13 plasticizer Aroclor 1254 was as toxic as DDT. 

IV. COCUMN hND THIN-T.AYISR CHROMATOGRAPHY OF PCI3’S 

Because of their similarity in structures and chemicA properties, PCB’s, if 

TABLE 5 

EPPIZCT OF ADDITIVRS ON MhCROMOLECULI3 SYNTI-IRSIS TN 1lUlClhN CELL CULTURESa AFTER 48 h OP 

EXPOSURE TO INSECTICIDES 

Additive Inseiticidc 
._--_--_-______- 

None DD7’ (7.5 /LjLlL) .Pnvalltion (50 $.p.mt.) 
--- --------- - 

H F N I; H F 
-_--__-.-__ _--- ~ -__--- .-. . .- . . . __- -.__ .--__-- ._.-. - -- ___.__-_ _~~~~.~~.~~_~.__.__~~- _ 

Frotcin 
None - -- 70” 51C 85 92 
Aspirin (25 ppm.) I02 94 47” d5 PCB” (IO ~).p.m.) 9r 108 5gc 78: 105 

GO* 

Caffcinc (10 p.1I.m.) 93 101 72 ;% GGC’ 64” 

RNA 
None - 

-& 
z; c 89 81 fi7c 

Aspirin (25 p.p.m.) 94 103 72 54 
PC13 (IO p.p.m.) 100 96 86 IO‘ld 55 
Caffcinc (I0 p.p.m.) 100 94 G 82 91 75 

DNA . 
None - - 

:; 
9r G_tC 87 

Aspirin (25 p.p.m,) r4gc HG 8G 4 3” d 
PC13 (10 p.p.m.) 93 107 64 86 59 z:d 
CnfFcinc (I0 p.p.m.) 103 98 91 83 77 8.5 

_-_. ..__---_. ___-.__. --.--- _______ --___- _____--.._---__--- _-_..---- -. 
a Human cells: Ii = WcLn, cstabliahcd ccl1 lint; I? = normal cliploicl skin fibroblnsts. 
11 Polychlorinstcd biphenyl plasticizer (Aroclor I 254). 

0 Diffcroncos botwccn trcntccl cultures (pcsticidc or aclclitivc) and control cultures (alcohol 
tecatccl) wcrc significnnt nt the 5% lcvcl. 

d Diffcrcnccs bctwccn trcntocl cultures (pesticide plus ncltlitivc) and control culturca (pcsti- 
ciclc trcdxl only) wcrc significant at the 5% lcvcl. ’ 
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present in a sample, are carried through the usual pesticide extraction and screening 
procedures and are frequently mistaken for DDT and analogs in monitori.ng tests, 
viz., 

,M, 
x x x-x 

PCWS p,p’-DOT 

p, p’- ODD 

C/=b 
P, P’- DDE 

REYNOLDZP~Q~ described an activated Florisil column technique which sepa- 
rated heptachlor, aldrin, DDE and PCB with the first elution (Go ml of~hexane) from 
lindane; and heptachlor epoxide, DDD and DDT with the second elution (40 ml 
of 50% diethyl ether in hexane). 

KOEMAN et aL2 eluted a number of apolar compounds including DDE and PCR 
on activated Florisil columns using m-hexane, then dieldrin and endrin with IoO/~ 
diethyl ether in hexane. 

The separation of PCB’s from DDT and its analogs and other common pesti- 
cides by column chromatography on silicic acid-Celite was reported by ARMOUR 

AND BURIC.E4”. Aldrin and PCB were eluted with the first fraction (250 ml of petroleum 
ether) and lindane, heptachlor, heptachlor epoxide, dieldrin, endrin, t),+‘-DDE, 
o,+‘-DDT, $,$‘-DDT and p,$‘-DUD with the seconcl fraction (200 ml of acetonitrile- 

Petroleum ether eluant (ml) 
50 100 150 200 250 300’ 350 Polar 

eluant 
0 Nan- reproducible elution 

a- 
C 

ES- 
: 

A- Et- cc-----~ 
ED 

.G 

L u7 A-4 E 

g * e- cm 
D- E- 

A- 
B- c- 

D- E- E 

Fig. I. Effect of Silicic scid water content on clution und separation of Aroclor rzG0 and DDT ant1 
analogs. q-ml fractions of petroleum cthor oluntc were analyzed by GLC; the rcepoctivc compound 
was founcl to bc pqsont in volumes crossed by horizontal line. Various polar eluants wore usccl to 
clute postiddcs C, D, and E. A = hroclor 12Go; I3 = p,p’-DDE ; C = o,p’-DDT ; D = p,p’-DDT ; 
I’: = P,jY-TDE. 
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hexane-methylene chloride, I :IQ :8o). Determination of PCB’s and pesticides could 
also be made on separate column eluates without cross-interference with recoveries 
of Aroclors 1254 and 1260 and of several chlorinated pesticides ranging from 76 to 
IOO~/~ ancl80 to 1000/b, respectively. The effect of water content of silicic acid on elu- 
lion and separation of Aroclor I&O and DDT and analogs is shown in Fig, 1. The 
maximum margin of separation of PCB from pesticides with good reproducibility of 
elntion pattern was obtained with silicic acid containing 30/b water. A more polar 
eluenf was required for the complete elution of +,fi’-DDT and p,fi’-TDE, when the 
water content was 5% less. 

A semiquantitative determination of PCB’s in tissue samples by TLC was 
described by MULI-IJIRN et nl .4(1. Cleanup by hexane-acetonitri.le partitioning and Flo- 
risil column chromatography was performed on samples before osidative treatment47 
to convert DDE to DCBP (4,+dichlorobenzophenone), then the PC13 components 
were determined semiquantitatively (with a lower limit of sensitivity of o.z,ug) by 
TLC with no prior separation from chlorinated pesticicles required. TLC separation 
was accomplished on silver nitrate incorporated Aluminum Oxide G plates developed 
with 5% benzene in hexane. The spots were detected. using a spray consisting of 5 ml 
of water and IO ml of 2-phenoxy-ethanol diluted to 200 ml with acetone and con- 
taining one to five drops of 30% hydrogen peroxide, followed by exposure to germicidal 
UV light. The Rp values of Aroclor mixtures chromatographed by this TLC system 

Rp VALUES FOR ARO~LOR MISTUIZES AND PESTICIDES ON AgNO,-INCORPORATED ALUMINUM 
OXIDE G PLATES DICVICLOPICD WITH 5% UEN%ISNE IN I-IEXANE 

Compound RI.’ vabuc 

are listed in Table 6. Fig. 2 illustrates a chromatogram of a pelican egg sample con- 
taining oxiclized samples as well as Aroclor 1254 ancl pesticide standards. The lower 
limit of detection of PCB by this TLC procedure is 0,2 ,ug, . 

Analytical data of pelican egg and eagle liver samples are shown in Table 7. 
PCB was determined by TLC and DDE data were obtained by the GLC procedure of 
REICI-IIIL et cJZ.~~. The PCB/DDE ratio was approximately I.0 except for the pelican 
eggs from California. 

ARMOUR AND BURKI@ used precoated aluminum oxide sheets with both IZ- 
heptane and acetone-+heptane (2 :g8) as solvent systems for the separation of 
$‘,fi’-DDT and .p,$‘-DDE from Aroclor 1254 and 1260. However, the above Aroclors 
and DDE were not resolved. 
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1234567 

Fig. 2. Thin-lsycr chromatogram of ZL p&can egg sample. AgNO,-incorporated Aluminum Oxiclc 
G; 5% bcnzcnc in hexnnc. I - 0.6 g of oxiclizccl srcmplc; 2 = I.0 g of oxiclizcd sample; 3 = 0.6 g 
of unoxiclizccl ssLmplc; 4 = I.0 g of unoxiclizccl sample; 5 = 1 IL& of Aroclor 1254; G = 5 jog of 
hroclor 1254; slid 7 = 5 /‘g Of cnch Of DCBI’. cliclclrin, hcptnchlor cpoxidc, DDD, DDT. and 
DDE (in ascending order). 

The separation and identification of DDT analogs in the presence of polycl~lo- 
rinated biphenyls by two-dimensional TLC was described by ~EWRINGER AND WEST- 

FALLGo. Separation resulted from the different migration patterns and migration 
distances relative to fi,p’-DDE that mixtures of PCB’s exhibit under two sets of con- 
ditions. Two-dimensional TLC was employed using MN-Kieselgel G-HR as the ab- 

TABLE 7 

EXAMPLES 01’ PC13 QUANTITATION UY ‘I’LC 
--_.-._.-_. ----_--_----- . . . - .__ _.....__ - .__.. . .._- . ..~._ ._ .._. . . .._. -. 

Sample Location PCB DDE PCU/DDL’ 
(p.p.m.) (p.p.m.) 

--.--~__-____ . . .._. - ..__ - .___ _ ..__. __._._,_~ __._. - ..- _ 

Pcl icnn eggs Calif. 12.0 I35 0.09 
Pelican eggs Calif. 8.0 76 0. I 
Pelican eggs S.C. 12.0 II,6 I.03 
Pcl ican cggq S.C. 8.0 IO,5 0.7G 
Pelican eggs I%. 8.0 6.6 I.21 

Pclicsn eggs Fla. 3.0 2.0 1.15 
Eagle liver Ark. 8.9 808 1.01 

sorbent with s-heptane alone and n-heptanc-acetone (@:2) as developing solvents 
and silver nitrate incorporatecl into the absorbent layer as the chromogenic agent. 
Pig. 3 illustrates a plate spotted for first-dimension development to be performed in. 
a sandwich chamber with a mobile solvent of n-heptane. Fig. 4 shows a plate spotted 
for second-dimensional development to be performed in a partially saturated tank 
with n-heptane-acetone (98:~) as mobile solvent. Fig. 5 through 12 illustrate the 
two-dimensional TLC separation of DDT analogs from Aroclors 1254, 1260, r221, 
2232; 2242, 1248, 1262 and 44G5, respectively. Fig. 13 depicts the two-dimensional 
separation of a 6 “/& Florisil eluate from fish sample containing PCB’s, kelthane, #,p-’ 
DDT, o;p’-DDT and @@‘-DDE. Figs. 14 and 15 depict the two-dimensional separa- 
tion of PCB’s and kelthane, p,$‘-DDT, o,,$‘-DDT and $,+‘-DDE isolated from PCB’s, 
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T 
1Ocm 

i 
3cm 

L 

Area 3 

1st Front 

Area 1 Area 2 

~____________?$~_ 
I 
I 
I 

?-I 
i 

F 

I -I I 
i 

Area 1 , I 
i 

69 1’ 10 ._C - -se __ -&* . 
I 
I 

I 

Fig. 3. l?latc .qpottcd for first-clirncnsion tlcvelopmcnt to bc pcrformcd in CL sandwich chamber. 
Mobile solvent : $z-hcptnnc. 

Fig. 4. Plate spotted for second climcnsion clevclopmer~t l;o be lxxformccl in R partially saturntccl 
tank. Mobile solvent : n-hcptanc-acctonc (98 : 2). Locations of spots after tirst-climcnsion clcvclop- 
mcnt arc not inclicatccl since spots arc nol; visible at this point. 

Aroelor 1254 
QDT analogs 

p,@-DDE 

a,~‘- DOT 
p,p’- DOT 
p,p’- TDE 
Kolthanc 

Pig. 5. Scpnration of Aroclor 1254 from the DDT analogs. 

I?ig. 6. Scpaxation of Aroclor IZGO from the DD’l axlalogs. 

A/J’- DDE 

Aroclor 1221 
DOT analogs 

p,p’- DDE 

p,p’- DDE 

L).cJ’- DDE 

Fig, 7. Scparntion of hroclor 122 I from the DDT annloys. 

Fig. 8. Separation of Aroclor 1232 from the DDT nnalogs. 

I 
I 

- 

I 

If ,’ :c + 10 ‘t 4’- 
l * 0 0 lb’ 

em 0 

b. 0 ‘I: _____ ___-____ _ 
I 

- Arodor 1260 
-DOT analogs 

-&@-DDE 

-Aroclor 1232 
-DOT analogs 

-P./Y- DDE 
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I 
1 
I 

b0 I Aroclor 1242 
)*. 67 DOT onaloge 

I 

P&-DDE 

--+-----l I 
..I, 

A 
- 

o* * I--- 

-0 

:. :I ‘<?k. . a 0 
j;.- 
I 

l 0 m ‘0 
I 

. . __--_- _____-_--- 4:. 
I 

Aroclor 1248 

Fig. 9. Separation of Aroclor 1242 from the DDT analogs. 

Pig. IO. Scpnration of Aroclor 1248 from the DDT analogs. 

Fig. I I. Separation of Aroclor 12~52 from the DDT analogs. 

Fig. 12. Separation of hroclor 4465 from the DDT analogs. 

POP’-ODE 
I 

- 
I 
0 

A *Ilo. I Aroclor 4465 
I) 00 0 DOT analogs 

- 1 * #$;$ j &--a~‘-DDE 

2 t G I: 

w e .I 0 

* 0 J. ---- --- I mm--_- -- - 
7’ 

p,/Y-DDE 
I 

I___ _____ -_ 

Fig. x3. Two-dimensional separation of a 6% Plorisil clusta from R Ash sample containing DCB’s , 
kclthanc, p,p’-DDT, o,P’-DDT and p,p’-DDE. 
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Silicic acid 
- Cal. 1 st eluate 
- Aroclor 1254 
- DOT analogs 

3.45, 

r 

IQ. 14. Two-dimensional acparation of PCB’s isohtccl from n fish snmplc by the silicic ncicl column 
separation of ARMOUR AND l3u1zxt13~~~. 

respectively (both isolated from Ash sample by the silicic acid column separation of 
ARM~TJIX AND .~URJtI$“). 

Aroclors 1254 and 1260 are the two of greatest interest in pesticide work be- 
cause their GLC peaks elute in the same general region as the DDT analogs and chro- 
matograph on many TLC systems”& approximately the same RF value as $,$‘-DDE. 

The synthesis and TLC of twenty-three chlorobiphenyls has been described by 
HUTZINGER ct d51. All chlorobiphenyls prepared were homogeneous on silica gel thin- 

I-=- 

Sllicic acid 
Cc% 2nd eluate 
Aroclar 1254 
DDT analogs 

/P,,P’-DDE 

;;$I :;; 

P,P’-TDE 

Kelthane 

Fig. 15. Two-climcnsional scpnrntion of ltclthanc, p,p’-UDT, o,p’-DDT nncl p,p'-DDIX isolated 
from PCB’s in a fish sample by tlic silicic acid column scp;tration of ARMOUR AND BURK@. 

layer chromatograms developed in heptane and gave one peak when chromatographed 
on a 4% SE-30 column. 

Table 8 lists the names, structural formulas, starting material sources, method 
of purification, melting points and RF values of the individual chlorobiphenyls. 

V. GAS-LIQUID CWROMATOGRAPWY 

The discovery of PCB’s in the environment was not a.ccomplished until 1966 
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‘HYSICAL AND TLC PROPERTIES 01’ CHLOROl3IPHI3NYLS 
- ---- -----_----__-__~ ----_^._ 

Stnvling material Method of PJcysicnl data 
(SOtGvCCS”*C) j!wvi$cation~~ 

FOY WI ula mfr. (“C) RI,* x 1000 

donochloro. 
biphcnyls 
2- 

3- 

Xchloro- 
biphcnyls 
2,2#- 

3.3’- 

4,4’- 

2,4- 

3,4- 

2,G- 

IXchloro- 
biphcnyls 
2,4,6- 

ci 

I 

@P 1-j \-/ 
C 

Cl 

2-Aniinobiplwnyl (I) 

3-Cliloroanilinc (1) 

2-Chloroioclobenzcnc (V) TLC, MCOH 59-60 

3,3’-Dinitrol~iphcnyl (I I) 
4 

3,3’-Diaminobiphcnyl TLC, 
ELOI-I aq. 

MICO Ii - 

2,4-Dichloroanilinc 

3,4-Dichloroaniliiic 

(V 

(III) 

2,G-Dichloroanilinc (I) 

z,4,6-Trichloroanilinc (1) 

TLC, 
McOl-I xl. 

JXst., 
McOI-I ~1. 

McOI-I 

TLC, 
McOH xl, 

TLC, McOI-I 45-46 

Cal., 
AMCOI-I q. 

Cal., TLC, 
J-9,01-1 aq. 

33-34 

IO-17 

77-e 

26-27 

148-149 

. 

24-25 

35-36 

Gz-G3 
62,5 

35 

49 

43 

38 

45 

4 1 

5” 

42 - 

‘@ 

51 
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‘ABLE 8 (contintfzd) 
_-_- 

:om$oundn Slavlhg malcrial 
_-- (SOUYCeS~~~~ 

lame 
_.-----._.. 

2,4,4’- 

Fovntula 
_ _ 

m.p. (“C) Ii?fi- x .rooQ 

Cl&y+ 4,4’-Dichloro-2-nib-o- 
biplwnyl’R 

I 
+ 

2-Amino-4,4’-dichloro- 
biphcnyl 

‘ctrachloro- 
biphcnvls 
2,4,6’,& cl&=&cl 

kl 

2,2’-Dichloro- 
bcnziclinc20 

or 
2,q.-Dicl~loro- 

ioclobcnzcnc2u 

3,4,3’*4’- 

3,513’*5’- 

clq=J+g=Jcl 
Cl I 

D-6 \-/ \-/ 
Cl Cl 

I I 

* \-/ \-I Cl c 

3,4,3’,4’-Tctraamino- 
biplwnyl (VI) 

or 
3,3’-Dicl~lorobcnziclinc 

(VIII) 

3,5,3’,5’-Tctrcl- TLC, McOI-I, 
cl~lorobcnziclincau lwxanc 

361 

Physical data 

z,G,z’,G’- 

2,3,.#,.5- 

2,3,5,G- 

‘cnCacllloro- 
biphcnyl 
2,3,4,5,6- 

Iex;ccl1loro- 
biphcnyls 
2,4,6,2’,4’,G’- 

McOI-I aq. 

Dist., Col., 
ELOI-I aq. 

Cl - o-$- Cl 

I 

Cl - c$@ 
Cl Cl 

Cl 

0-p Cl 

Cl 

2,6,2',G'- 
Tctracliloro- 

,?J- ” or 
bcnzidincaD 

/ . , 

%I Cl 

2,4,6-Trichloro- 
iodobcnzcnc81 

2,6-Dicl~loronnilinc (I) 
4 

2,G-Dicl~loroiodobcnzcac 

2,3,4,5-Tctracl~loronitro- 
bcnzonc (IV) 

$ 
2,3,4,5-Tctrachloroanilinc 

2,3,5,6-‘J~ctr~cliloronitxo- 
bcnzcnc (I) 

4 
2,3,5,6-Tctrachloroanilinc 

Pcrit;ncl~loronitrobenzcnc 
(I) 

\1 
I+mtacliloroanilinc 

Cal., 
Etol-I aq. 

Col., McOI-I 91 

Cal., hcxnnc 

Cal., McOW 

Cal., 
MoOI-I/ 
IZto1-I 

57-58 

173 

164 

198 

79 

123 

112-113 

53 

58 

44 

65 

40 

48 

50 

5= 

0 

-_-- __---.-- _-..a 

(Continwd OH fi. 36a) 
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hnpotcnd~ 

Name Formula 

-._-. -_.-.. -__- .._.__... ._... -- .- _._... _.-...__,._..________.______ _.._ _,. _. . _..-. _. _ ._ 
Starting matevial Method of PhysicaC data 
(so~Yc~s~.“) pttvijisation~ - ---_ 

m.p. (“C) Rp x TOO” 

3ctac111oro- 
biphcnyls 
2,3,4,G,2’.3’, 
4‘,6’- 

2,3,5A2’. 
3’,5’.6’- 

3,3’-Diamino-2,4,0,2’,4’, TLC, I?:tOl-I 
W-tctrachlorobi- 
l~llcnyl~~ 132 70 

2,3,5.&Tctra- 
cl~loronitrobcnzcnc (1) 

4 
2,3,5,0-Tctracl~loroanilinc 

4 
2.3,5,6-Tctra- TLC, 

chloro-I-ioclobcnzcne Et0I-I aq. 1’30-161 68 

Dccachloro- 
biphcnyl =,m=,, hroclor 1268 (VI.1) 

Rcnzcnc * 305-30G 76 

a The following chlorobiphcnyls arc commercially svailablc (sourcoB) : 2-chlorobiphcnyl (IV, V, VIII) ; 
j-chlorobiphcnyl (IV. V, VIII) : 4-chlorobiphcnyl (I, IV, V, VIII) : 2.2’~clichlorobiphcnyl (IV, VIII); ancl 4,4’- 
lichlorobiphcnyl (I, IV, VI I I), 

b Code for commercial suppliers: I = Aldrich Chem. Co.; II = Sapon Lab. ; III = Eastman; IV = 
Zhcmicnl Procurcmcnt Labs. ; V = IS & I.< Lab.; VI = I3urcliclc & Jackson Lab.; VII = Monsanto Chcm. Co. ; 
VIII = Pfalz & Bsucr Chemicnls. 

C Prepared by method given in rcfcrcncc or commcrcilAy available. 
* TLC = Prcparativc thin-layer chromatography (hexanc) ; Col. 

ncthanol; EtOI-I = cthrcnol; Dist. = clistillation at 0.5 mm. 
= silica column (hcxanc) ; McOI-I = 

@ In hcptanc on commercially prcparccl thin-layer plates (Merck Silica, Gel I;,,.,). 

for three basic reasons : ( 11 they were not deliberately distributed about the ecosystem, 
(2) their presence was not immediately evident due to their relatively low acute toxi- 
cities. and (3) the difficulty of analytical detection and separation. The polychlori- 
nated biphenyls were first detected as interfering peaks in the GLC analysis of en- 
vironmental samp!es being analyzed for chlorinated pesticide residues. This difficulty 
is shown in Fig. 16, which illustrates gas chromatograms of a standard pesticide 
mixture, Aroclor 1254, and a mixture of ‘both Aroclor ~254 and chlorinated pesti- 
cides. REYNOLDS~~~~~ reviewed the problem of pesticide residue analysis in the pres- 
ence of PCB’s. The reported GLC patterns indicating PCB interferences have shown 
marked resemblances with Aroclors 1254 and I~Go‘JJW~~~~~~, This type of interference 
with pesticide residue analysis is shown with a standard mixture of organochlorinc 
pesticides and a commercial PCB mixture (Aroclor 1254) in the chromatogram of 
Fig. 17. The results confirm that the presence of PCB’s in the sample extracts will 
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(a) 

I (a+b) 1 

2 4 6 12 16 20 24 minutes 

Pig. 16 Gas chromatograms of (a) il, stnndarcl pesticiclc mixture, (b) hroclor IZ+[, and (a + b) a 
so:50 mixture of both, The concentration of hroclor 1254 is npproximnLcly l;cn Limos those of 
the pesticides in (a). Grzs chromstogrnph (Prccknrcl 7G20) concliLions: nitrogen gsls flow, 80 ml/min ; 
tcmpcrsturcs-oven 2 10~. inlcL 230’. clctcctor 2 18" ; O”Ni clcctron capturc clctector; 5 ft, x 1/e in . 
glass column packccl with 8% SE-30 on Ho-go mwh Chromosorb Q. 

cause interference with pesticide residue analysis under these or similar operating 
conditions. 

The GLC was carried out using a Varian Model 1200 g;aw chromatograph fitted 
with a tritium electron capture detector and a spiral glass column (G ft. x r/8 in. 
O.D.) packed with 6% QF-I and 4% SE-30 on acid-washed Chromosorb W. (The 
number of theoretical plates for DDT = 2227.) The operating conditions were: column 
temperature 2oo”, injector temperature 250~ and detector base temperature 250~; 

nitrogen flow rate 20-30 ml/min ; Varian Aerograph Model 20 recorder of I mV full- 
scale deflection and a chart speed of 2/3 in./min. 

It is of note that the peaks of the commonly found pesticides all have a corre- 
sponding PCB peak that would interfere if present in the same estract. The problem 
of the interferences of PCB’s with the analysis of chlorinated pesticides has been 
largely overcome by prior column ChromatographysJs or via an initial extraction 
with hexane as in regular pesticicle analysis, partitioning with acetonitrile to remove 
fats, passage of cleaned-up, extract through both Florisil and silicic acid columns, 
then finally analysis by GLC with preferably a chloride-specific detector. The pesti- 
cides are retained on the silicic acid column for later elution and identification, 

The use of a column (30 cm x 2.5 cm O.D.) packed with 40 ml (ca. NJ g or 
10 cm in height) Florisil (60-80 mesh, stored at 130’ until use) and elution with 200 
ml of hexane permitted the separation of the PCB’s and organochlorine pesticides 
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(a) 

(b) 

Fig;. 17, PCB intcrfcrcncc with orgnnochlorinc pcsticiclc tcaicluc analysis in a. borosilicatc column, 
6 ft. x I/@ in, packed with 4”/0 SE-30 and G,% Q!F-I on 6040 mesh Chromosorb W. (a) Standard 
mixture of organochlorinc pesticides. I = 0.08 ng of linclanc; 2 = 0.10 ng of hcptachlor; 3 - 
0.10 ng of alclrin ; 4 = 0.~4 ng of hcptachlor cpoxiclc; 5 = 0.20 ng of DDE : 6 = 0.20 ng of cliclclrin ; 
7 = 0.30 ng of DDD: 8 = 0.50 n& of DDT. (b) 5 ng of Aroclor 1254 (the fOurtCen major peaks 
being numbcrcd I to XIV). (c) Combination of the above organochlorinc standnrcl pcsticiclc mix- 

‘turc and Aroclor 1254. Injector temp., 250~; column tcinp., 200~; clctxctor base temp., 250”; nitro- 
gcn flow rate, 20-30 ml/min. 

TABLE 9 
PERCENT RECOVERIBS OP PCB’S AND PESTICIDES PROM i;LORISIL COLUMNS BY ELUTION WIT11 

IIEXANE44 

Rccovcries arc basccl on peak height comparisons and each value rcprescnts the avcrayc of clupli- 
catc determinations. 

PCR @air Exjt. J, Expt. II, Pfsticidea &ViJt. 111, EAqJl. I If, 

No. (Cr,C) 100 nd 200 nd @aA 100 ml 200 ml 
of hexane of lrcxane of hexane of hexanc 

I 80. I 92.2 Linclano None None 
2 86.7 103.1 Hcptochlor None 92.7 
3 65.6 100.0 Al&in G2.8 94*x 
4 98.2 101.0 Hcpt. cpox. None Nono 

: 42. x 100.0 44.9 98.7 nT3B Did&in 20.5 None 97.5 None 
7 64..0 101.2 DDD None Nonc 
8 gG.8 105.2 fi,P’-DDT Nom Nonc 
9 Go.4 105.8 

IO 72.6 103.8 
II 76.9 99.9 
r2 57.2 100.0 

13 100.0 100.0 

I 4 71-4 100.0 
-- -- _. --- 

L Under tho cxpcr&wntal conditions, 250 ml of zoo/b ethyl other in hcxanc is usccl normally 
to clutc the pesticidea althoujglr 200 ml can quantitatively rcmovc thorn. 
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PRRCBNT RECOVERIES 01’ PC13’s AND mzs’rIcIr>Izs I’ROAM A MIXTURR AFTER SRPARATION ON r;LORISIL 
(EXI'TS. v AND v1)'J 

The peaks arc arranged in or&r of their cmcrgencc (increasing rctcntion time) from the GLC 
column, and whcrc a PC13 ant1 a pcsticiclc pdc appear in the sanlc lint (horizontally) they, have 
similar rctcntion times. 

Bhted with zoo ml of lrexane GVitlb 250 ml of 20% clhcv in hcxanc 
--_ - - 

PCl3 andlay 
pedicide peaiz 

% Recovevy~ yO Recove~y~ Pesticide pea/z “/u Reiovevya vO RCCOIJCY~~~ 
Y 

-~ .------. -.----- -.--. --- -------..-. .I .._._.-.. -- . . - -.- _.__ -._.-.-.---- _._... - .__.__. .__- 

Lindanc 
I-Ieptachlor 

93.6 98.5 
92.7 98. I J-Icptrcchlor None None 

PCUI 104.0 1or.7 
PCB2 -j- Alclc JO2.1 94.6 hlclrin I.3 
PC133 

4.0 
100.0 JOG.0 * 

PCB4 104.2 102.6 

PC135 -1_ DDBC 
I-Icptachlor cpoxiclc ,’ gG.4. 102.2 

97.8 so2.4 DDE ’ None ’ Norm 
FCJ36 10X.3 100.0 

Dicldrin 100.0 100.0 

PCI37 97.8 105.1 
FCB8 100.0 100.0 u13n 

PCBg 

ro2.3 98.9 
91.6 9790 

PC1310 104.7 104.3 D 11-l. 99.8 
PCBJ I 

92.5 
100.0 105.5 

I’CB I 2 100.0 100.0 
PCBr3 100.0 100.0 
PCBJ~ 96.2 ’ 100.0 
---__-_____-_--- -- 

a A stanclard mixture of PCl3’s and pesticides in pure hcxano was plsccd on the Florisil 
column ; first clution was made with 200 ml of hcxanc, rcccivcr was changccl, and $11~ column clut- 
ccl with 250 ml of 2o:h ethyl ether in hcxanc. 

b Same as in fb except that the PCB’s and pesticides wcrc first mixed withIan extract from 
an animal tissue which was lcnown to bc csscntially free of pcsticiclcs. 

0 Since a single pcalc was obtainccl, the rccovcry was calculatccl by a comparison of the 
peak hci&ht ayainst that in the combinccl standard mixture of PCB and pcsticiclc. In all other 
cases the pcalc lici@t was comparccl to that in the stanclarcl injcctccl scparatcly. 

(with the exception of DDE, aldrin and heptachlor) la. Table g shows percent rccov- 
eries of PCB’s and pesticides from Florisil columns by elution with hexane and 
indicates almost quantitative removal of the PCB’s was effected with zoo.ml of hexane 
while under the same conditions only three of the eight pesticides tried &owed evi- 
dence of elution. Further experiments indicated the feasibility of column separation 
of PUS’s and pesticides when mixed and when they were present in the extract from 
an animal tissue (Table IO). 

After the Florisil separation of PCR’s and pesticides has been effected, the 
two eluates are chromatographed separately on an SE-30/QF-1 column and compared 
with appropriate standards for quantitation; this is then normally followed by con- 
firmation of the identities of the pesticides. 

Despite the separation of the PCB’s and their elimination as sotirces of inter- 
ference it is still necessary to confirm the identity of the pesticides by additional 
techniques because of the non-specific nature of the electron capture detector.’ The 
sequence recommended by REYNOLDS~~ involves: (a) the analysis .of the pesticide 
eluate on a more polar liquid phase column, e.g., polyester such as DEGS or DEGA, 
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(a) 

(b) 

Pig. 18. Separation of PCB’s and organochlorine pesticides on a polar-phase column (5 y0 DEGS/z y0 
H,PO,). (a) Standard mixture of orgsnochlorinc pcsticiclcs of the same amounts as in Fig. 17. 
I = heptachlor and al&-in; z = linclanc; 3 = hcptwhlor cpoxiclc ; 4 = DDE; 5 = dicldrin; 
6 =DDT; 7= YDD. (b) 5 ng of Aroclor 1254. (The fourtcon major peaks are numbered I to 
XIV as in chromatogram b of Pig. 17, assuming that the order of clution is unchangccl.) (c) Com- 
bination of the organochlorinc standard pcuticidc mixture and Aroclor 1254. Other CLC para- 
rnctcrs as in Fig. J7. 

(a) 

Fig. rg. COmpariSQn of Aroclors 1254 and IZGO. (n) 5 ng of hroclor 1254; the fourteen major pcnks 
arc num~crccl I to XIV as in chromrqtogram (b) of Fig. 17. (b) 5 ng of Ax-odor 12Go; thcsovcntccn 
major peaks arc nuniberocl 1 to XVII (the early peaks corrcaponcling to those in Aroclor 1254). 
GLC parameters a54 in Fig, 17. 
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and (b) darivatization and use of characteristic GLC retention times of the dcriva- 
Lives. For example, reaction with cthanolic potassium hydroxide yields products 
(via mainly dehydrochlorination) with shorter retention times. This technique is 
most effective for DDT, DDD and their isomers as well as a- and y-BHC (the /3-isomer 
is unaffected). 

Typical GLC separation of PCB’s, pesticides and a mixture of tile two groups 
is shown in Fig, 18. 

The two most commonly found PCB’s in wildlife samples resemble Aroclor 
1254 and 1260. Certain differences are exhibited in their GLC patterns that can be 
used to clistinguish one from the other (Fig. 19). Aroclor 1260, with a higher chlorine 
content,‘shows about seventeen major peaks on an SE-30/Q]‘-I column compared 
to eleven with A’roclor 1254. Another major difference is the peak height ratio of 
peaks IO ancl 13, e.g., this ratio is approximately 9.3 and 1.0 for Aroclors 1254. and 
1260, respectively. 

Fig. 20 illustrates GLC chromatograms of a number of Aroclor mixtures cleter- 
mined on SE-3o/QF-I columns. The more highly chlorinated biphenyls (Aroclors 
1254 and 1260) are easily detected while the compounds of the lower chlorinated 
mixtures, e.g., Aroclors 1221, 1232 and 1242 and the higher-molecular-weight mix- 

(b) 

minutes 

Fig. 20. GLC profiles of the more popular Aroclor mixtures under normal analyticnl conclitions. 
.A11 peak numbers correspond to those of Aroclor 1254. (a) 5 ng of Aroclor 1221; (b) 5 ng of hroclor 
1232; (c) 5 ng of Aroclor 1242: (cl) 3 ng of Aroclor 1254; (c) 5 ng of Aroclor IZGO: (f) 5 ng of Aroclor 
5460, GLC pnramctcrs 8s in Fig. 17. 
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(a) 

DDE II II v 
er 

0 5 10 15 2D 25 30 35 
minutes 

Fig. 21. Typical &mplc inclicczting the prcscncc of PCB’s of the Aroclor 126~0 type in ;1. duckling 
from the Toronto s1rca. (a) 5 ng of Aroclor 12Go numbered I to XVII 8s in chromatogram b of 
Fig. 17. (b) The equivalent of 0.35 mg of cluck sample (hcxanc portion of Florid1 split). Note the 
DDE contribution to PCB peak V. GLC paramctcrs ns in Fig, 17. 

tures (Aroclor 5460) are less responsive with the usual operating parameters and are 
thus more likely to go undetected. 

Fig. 22 illustrates gas chromatograms of Aroclor x260 founcl in a duckling and 
Fig. 22 indicates a resin powder extract from a fish hatchery trough indikating the 
presence of PCB’s of the Aroclor 1254 type and illustrates an example of PCB’s 
causing contamination as a direct result of industrial application. 

The separation of PCB’s from organophosphorus compounds by the Florisil 
technique has also been affected 12. GLC utilizing a clnal detector (electroq capture 
plus a phosphate or thermionic) connected to a dual pen recorder permits the dif- 
ferentiation of the PCB’s and organophosphates as shown in Fig. 23. ‘I%~ PCR’s 

(a) 

lb) 

I i,Il 
0 5 10 15 20 25 30 35 

minutes 

I?@. 22. Rosin pow&r extract indicating the prcscncc of PCS’s of the Aroclor 1254 type. (a) 5 ng 
of Aroclar 1254 numbered I to XIV ~1s in cbrornatogrsm (h)‘of Fig. I 71 (b) The equivnlcnt of 0.02 mg 
of resin pow&r extract (hcxanc portion of IJloriail split), numberccl I to XIV LM in Aroclo+ 1254. 
GLC parzcmctcrs as in Pi& 17. ’ 
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(b) 
. 

minutes 

Fig: 23. Difkrcntiation of Aroclor rz.++ ancl orgnno&x3plmrus pcsLiciclcv using dun1 clclmtoru ant1 
clllucnt split, (a) Organophosphorus sCanclaql pesti,cidc mixf;urc. I - 1.75 ng of phornte; 2 = 

2.0 ng of cliazinon; 3 = .3.0 ng Ronncl; 4 = 13.o.ng pf makdhion; 5 = 5.0 ng of parathion; 
6 = 15~0 ng of methyl Trithion; .,zncl7 = 10.0 ng.of clhion, (b) Combination of organophosphorus 
n$xturc (ohromatogrsn a) ,ancl, IO ng of Aroclor. 1254 numbered I ko XIV as in chromstogram b 
of Fig. I7 (a compromise, of the, EC response is ncccssary to obtain mqimum response on the 
phosphorus clctcctor). I? = Phosphorus clct;cctor ; EC = electron capture cletcclor. Column 4% 
OV-100/6~/~ OV-2 IO on 60-80 ,mesh acid-washccl Chromosorb W. Other GLC. parsmceers as ixi 
Fig. 17. ’ .a 

:, : 

similariy to the organochlorine pesticides are not deiected on the phosphate detector, 
The estimation of PCB’s following GLC analysis, has been generally achieved 

via the following techniques: (I) the PCB estimation based on the peak of Phenoclor 
_pPG having .R, (relative retention,‘time with dieldrin = I) equal to 1~45 (ref. z), (2) 
the PCB’s are estimated on the assumption that they have similar electron capture 
responses to $,,$J’-DDE and a factor is applied to fit the assunied 540/08cl~lorine content 
of the PCB’P, (3) *t es imates of the PCB’s are: ,reported. :a~ .the %~?~of all tlie PCR 
components*?, and (4) estimation of ,PCB’s based on an average’of atwo peaks2. 

A GLC study?” of Aroclors 1221, ‘1232, 1254, .1260,,1262, 4465; 5442 and 5460 
on columns of 10% DC-200 and 150/o Q~;-I/IoO/~ DC-zoowith elcCtrdn capture de- 
tection showed the Aroclors to be multicomponent mixtures with ,retention times 
throughout and beyond the retention time range of common chlorin&ted pesticides. 
With a detector sensitivity producing &:fulL &ale recorder response to I, ng of hepta- 
chlor epoxide, significant responses were’obtained with about ‘x0-20 ng of the va.rious 
Aroclors. : I 9,: 

1x3 the abow? Study of ARMOUR AND BUIWE 115 the :efficacy sf silicic acid columns 
for the separation of Aroclors and chlorinated pesticides.adcled’ to trout and salmon 
extracts was also elaborated. Figs. .24 and 25 jllustrate, gas. chtomatograms of the 
mixtures.of Aroclors and DDT .analogs in.trout and salmon, respectively, before and 
a.fter column separation. Determinations by electron capture GLC showed the salmon 

j. Clwowaatogr., 68 (1972) 345-426 



370 

1 

i 

I 

J 11 
hh 

1 

i 

(b) 

r 
M 

mlnute5 

(a) 

L 

b 
p 
-r 

J , 

r 

IC 

I, 
L 

4 

IL 
5 

minutes 

I;. FISWBEIN 

(a) 

-L-2, 

(b) 

-L--- 

Cc) 30 

Fig. 24, GLC curves of brown trout extract fortified with 2.0 p.p.m. Aroclor 1254, 0.3 p.p,m. 
o,p’-DDT, 0.15 p.p.m. P,)(,‘-TDE, and 0.15 p.p,m. p,p’-DDE (plus 0.19 p.p.m. r&due) bcforc and 
after separation on silicic acid column. (a) Boforc separation ; (b) pctrolcum other cluatc from silicic 
acid column containing PCB; (c) polar eluate from silicic acid column containing (I) +,#J’-DDE, 
(2) #J,$‘-TDE, and (3) p,jt-DDT. ro-mg sample injected for each curve. 

Fig. 25. GLC curves of Lake Michigan coho salmon extract containing rcsiclucs of l?CB and DDT 
and analogs before and after separation on silicic acid column. (a) Before separatidh; (b) pclro- 
lcum cthcr cluatc from silicic acid column containing 14.G p.p.m. PCB (as hrocloi,f 1254) ; (c) 
polar eluatc from silicic acid column containing (L) 0.4 p.p.m. o,p’-DDE, (2) 10.4 p.p.ni. P,fi’-DDE, 
(3) 1.3 p.p,m. o.p’-DDT, and (4) 3.2 p.p.m. P,$‘-DDT. 2.7 mg of sample injcctcd fqr curves a, 
b, and c; o. I 6 mg of sample injected for curve c, used for p,p’-DDE quantitation. 

to contain 14.6 p.p.m. PCB, 3.2 p.p.m. $,$‘-DDT, 1.3 p.p.m. o,$‘-DDT, 10.4 p.p.m. 
+,fi’-DDE and 0.4 p,p.m. o,$‘-DDE. The PCB residue was measured in terms of 
hroclor 1254, using total area of the GC response. 

HOLFVES et ~1.~ described the detection of PCB’s in British wildlife. ,Tn birds’ 
livers and eggs they are often in greater quantities than organochlorine pesticide 
residues. GLC of kestrel liver was achieved utilizing three columns, viz., SE-52, 

Apiezon-L and XE-60. The actual retention times recorded for the peaks on these 
columns are shown in Table IX. Fig. 26 shows a chromatogram of an extract from a 
kestrel liver indicating the peaks corresponding to fi,$‘-DDE (0.43 ng), /3-BHC (0.33 
ng) and y-BHC (0.03 ng). The other peaks form a series from PCB’s. Pig. 26 depicts 
the analogous chromatogram of a commercial PCB resin and illustrates the similarity 
of peaks of high retention times. The peaks on the chromatogam for the kestrel liver 
shown in Fig. 26 were estimated to be equivalent to about 12 ng of polychlorobi- 
phenyl compounds. This is contrasted against the organochlorine pesticide residues, 
which total about 0.8 ng, of which 0.33 ng is /MU-K, an isomer of BHC which is gener- 
ally considered as non-toxic to wildlife. Further confirmation of the components of 
the cleaned-up extracts of kestrel livers was obtained employing TLC on silica gel 
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RELATIVE RRTENTION TIMESON THREE DIPPER&NT GLC C~~LWMNS (EXCLUDINGTIMES FOR KNOWN 

PESTICIDES)~ 

ICLE = Kestrel liver extract; PCB = polychlorobiphenyl resin, 
- -_ .- 

Silicone GSISB-53 npicson L Cyanosilicone 
colawan. column GE/X&60 column 

PCB - 
-- -- 

JCLE K.LB PCB KLE PCB 

I.42 1.42 
I.73 I.73 
I.91 1.90 
2.81 2.81 

3.50 3.58 
3.71 3.70 
4.a 4.68 
5.62 5.G2 

7.10 7.11 

2.31 2.30 1.21 1.21 

2.d7 2.G7 I.34 I.33 
3*04 3.05 2.20 2.19 

5.OG 5.oG 2.G2 2.60 
sag6 5.95 2*97 z.gG 
6.57 G.sG 3.Go 3.60 

4*G3 4-63 
5.11 5.11 

* Diclclrin = 1.00. 

using IO/’ acetone in hexane as developing solvent. Spots corresponding to the PCB’s 
are found at Rp values between 0.8 and 1.0, whereas the commonly occurring or- 
ganochlorine pesticides and their metabolites produce spots of lower Rp values. 

A similar separation can also be shown with reversed-phase paper chromate- . 

graphyG6, whereby the unknown compounds (PCB’s) have very much lower RP 
values compared with the chlorinated pesticides and their metabolites. 

HOI-DEN AND MARSDEN~~ reported that seals and porpoises in Scotland and 

(b) 

60 40 20 
Retention the (mln) 

x 
1, 

t 

Fig. 26. Gas-liquid chromntogrclm of (a) an extract of kestrel liver ancl (b) a commercial polychlo- 
robiphcnyl rosin. 
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Canada, far from the sites of application of pesticide, can accumulate high concen- 
trations of residues in, their blubber. It was stressed that these chemicals are spread- 
ing through the long food chain which ends with seals and porpoises and obvious1.y 
cannot be confined to their place of discharge. G 

The cleaned-up hexane extract,s~,” were analyzed by GLC on a Varian Aerograph 
zag-zB instrument employing two glass columns .‘j ft. x r/8 in. O.D. One column 
was packed with IoO/,, DC-zoo silicone oil on acid-washed, DMCS-treated 80-100 mesh 
Chromosorb W and the other with the same support coated with 5% DC-200 + 7.5”/, 
QF-I. The oven temperature was 200’ ,, the nitrogen gas flow 50 ml/min and the col- 
umn resolution for dieldrin equivalent to rGoo theoretical plates. While complete 
separation of the common pesticide residues was possible on one or the other of these 
columns, interference by PCJ3 residues’!” with fi,$~‘-TDE and $,p’-DDT necessitated 
a further ana.lytical stage (alcoholic potassium hydroxide hydrolysis) which cluanti- 
tatively converts $,$‘-DDT to $,$‘-DDE and $,p’-TDE to p,p’-MDE. Wydrolysis 
also destroys cc- and /I-BI-IC where present but PCB’s are unaffected. A cyanosilicone 
(X3560) column 67 has also been used to separate +,$J’-DDT and.+,+‘-TDE from PCl3 
interference, confirming the latter. 

Unidentified peaks on the chrom.atograms appeared to be similar to those pro- 
duced by YCB’s and to enable comparison to be made, the ratios (I?,) of the retention 
times of. all regularly occurring.peaks (relative to dieldrin = roe) were calculated for 
the operating’column temperature of zoo”, (these values.being temperature dependent) 
The R, values. of PCB, compounds from .commercial PCB formulations. were also de- 

* ’ * _. 
.. TAst,s ~2 , .C’ : 1’ 1. ,: . 

-. ‘. 
RELATIVE RETENTION VALUES (h?,) 01’ RESIDUIIS” 
-- ..__ --.----..-~..-.-_- _-.--..-_ -_-.-_-.-_-_-- _._-. -_.-- .-. ._... -..___ ..__. _ _ 

DC-200 colwnn DC-zoo/QP-I colawan 

Residue Sample licsidtre Sample 
-_______--__-_.__-.---_-_.._____ -.-.-___--.._- .___._ -._.-_ - _._. 1.__._.._ 

PCB = 68,s Ii8 
P,P’-DDE 
Diclclrin > 

= 1oo - IO0 

l-Xl3 = I21 125 
j~fi’-TDlZ z u;: 12G 

PC13 149 
jQ’-DDT = 170 171 
PCB = 174 175 
PCB = 205 205 
PCB = 282 287 
PCB = 339 338 

PCB 
p,$‘-DD.E 
Diclclrin 
&--lv~E 

RIB 
$f&DT 

PdB 

= 68.5 
= 84 
= 100 100 

= 121 I21 

= 123 122 

= I‘p3.5 - 

= I47 147 
= 234 231 
= 282 278 

a Diclclrin = roe. 

termined for both types of column (Table 12). At least seven RX-type peaks were 
found, including those which interfere with p,+‘-TDE and p,p’-DD’J‘. 

The GLC analysis of organochlorine and heavy metal residues in bald eagle 
eggs was described by KRANTZ et nl .‘j*. Bald eagle eggs collectecl in 1968 from nests 
in Wisconsin, Maine and Florida all contained residues of DDE, DDD, dieldrin, 
heptachlor epoxide and polychlorinated biphenyls (containing three to eight atoms 
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DI)T” AND Pen RESIUUI~S IN hlhRINl3 UIRDS” AND IN THE PERIZGRINJI, I~ALCONC (ref. 59) 
.._ _.-.-__-.-- -.-- __._ ---.--~-----~- ----.. --. _____ __._. _ ._.. -__-_ 

.S+cies, locality, date Total % DDE PCB DDT/PCB 
DDX* (P*P.n*.) 
(p.p.tH.) 

.._._. _.-. ..---.. -- ..__-. - -.._-_.----.---.. -._._ .._ -__.- --.^...._. _.- __.. ---...-_-- ------- ..-.- -----.------.-..-.----- 

Cassin’s nultlcte 5.8 98 O.IG 3G 
hncicnt murrclct;r 0.75 90 0.15 5 
PulmnrR O.qZ 

Pulmar~ 3.4 zfi 

o.oH 5 
0.34 IO 

I‘icd phalEl.ropc” 0.78 79 0.10 8 
Rhinoceros nulclct;l 2.7 97 0.3G H 
Slcndcr-billccl 3luxirwihxJ 32.0 92 2.1 . 15 
Sooty shearwatxrk 12.3 94 I.2 Ib 
Sooty shcarwatcrlc 10.3 86 0.0 . I2 

Pcrcgritic falcon 
l3rcaut; muscle, scconcl-ycnr I04 99 22 4.5 

fcmalc, migrant; from hrct;ic 
Brcasl muscle, immature, 13 99 10.5 I.2 

~&ifornia 
13rca.d muscle, adult female, 112 98 I.0l-j I .o 

California 
_.__ _-..- __-~-_..-.----_---- ._-..- _.-- 

IL From mWROUGI4 et al.fl0 snd RIS~BROUGI~ CZ al.“. 
IJ Entire bird annlyzccl, cxccpL percgrinc falcons. 
0 Prom RISICBROUGI-I cl aLa. 

. 

(1 Inclucics p,p’-DDT, $,p’-DDD, p,p’-DDE, $,p’-DDMU, p,p’-DDE; p.p.m., wet weight. 
@ PCychora?nphz~s aleuticus. adult female, Thrallon Islands, April, r9GG. 
f SyntJtliboramphz~s adicpus, Monixrcy 13ay, Nov. I, IgGG. 
R Fulmavus glacialis, MonCcrcy Bay, Nov. I, IgGG. 
11 Pha1avojx.u fulicarizcs, MonLcrcy Bay, Nov. I. IgGG. 
i Cerorhinca naonocevala, Montcrcy Bay, Nov. I, 1966. 
J P~@IZW tcnacirostris, MonLcrcy Bay, Dee. 12, IgGG. 
1~ Pcr@~rtts gviscacs, Montcrcy Bay, Nov. I, 1966. 

of chlorine per molecule), Many also contained traces of DDT. Fractions were analyz- 
ed on 0V-17/3~/~ XE-Go according to Rmcm~ et nl. 48, Confirmatory residue qnalyses 
were performed on a 12% DEGS on Anakrom SO (zoo-110 mesh) column with a 
temperature of IF)OO and a nitrogen flow rate of 85 ml/min (the retention time of diel- 
drin was 9.5 min). 

The widespread distribution of PCB’s and chlorinated hydrocarbons in marine 
ecosystems of the Pacific Ocean has been reported by RISXZBROUGH and co-workers81SB. 
Birds contain higher concentrations of these chemicals than fish, e.g., tissues of the 
peregrine falcon have contained the highest amounts which have so far been recorded. 
The PCB’s have thus fir not been detected in samples of airborne particulate% but 
their observed distribution in the sea indicates that they are dispersed by wind 
currents and that their fallout pattern is similar to that of the DDT compounds. 
Tables 13 and 14 depict the DDT and. PCB residues in marine birds and in peregrin 
falcon and in the eggs of several bird species, respectively. Table 15 shows the DDT 
and PCB residues in marine fish. Of the commercial PCB preparations, those having 
the following retention times relative to p,fi’-DDE on DC-200 and QF-I columns 
have been detected in marine fish and birds: 

DC-200: 1.25, x.48, 1.75, 2.05, 2.41, 2.50, 2.90, $4.1, 3.88, 5.53 - - -_ 

,J. Ckvomatogr,, 68 (1972) 345-426 
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Dieldrin : 

I.. FISHBEIN 

1.00; fi,$‘-DDD: 1,27; fi,fi’-DDT: 1.68 
Qv_1: 1.10, 1.33, 1.40, 1.65, 1.72, 2.14, 2.59, 3.23, 3.88, 4.84 -- 

Dieldrin : x.49; J+,$‘-DDD: 1.75; j5,fi’-DDT: 1.91 
The retention times of three of the principal peaks are underlined. Similar values for 
the DC-200 column have been reported from extracts of seals from the North At- 

DDT AND I’CB CONTENT IN EGGS OF SEVERAL BIRD SPECIES6” 

Sjx&s, locality NO. l’otd DDl’” I;$;D”” PCl3h DDTIPCB 
CPS, 0 f/.&g) 

Branclt’s cormorant” _ 
(Phalacrocorax pcnicillatus) 
Farallon Islands 17 

Pelagic cormorant 
(Phalacvocovax pela&cus) 
San Matco Co., Calif. 

Murre 
Uvia aalga 
Farallon Islancls 

Pigcon Guillemot 
ccfiphus grylle 
Farallon Islands 
San Matco Co. 

Cash’s auklet 
Plyclrovamphus aleuticus 
Parsllon Islands 

Wcstcrn Gull 
Laws occidcntalis 
Farallon Islancls 
San Matco Co. 
San Francisco Bay 

Black-crowned night heron 
NycNcovax mycticovax 
San Francisco Bay 

Caspinn tern 
Hydvoprognc casfiia 
San Francisco Bay 

San Diego l3ay 

Forstcrs tern 
Sterna fovstevi 
San Diego l3ay 

Load petrel 
Halocyptcna micvosoma 
Ehja California 

Pcrc&rinc falcon” 
Falco pcvegvi~aus 
13aja California 

2 

G 

I 110 

I I”3 

2 

I 541 
I 869 

2 

5 

2 

. . 
2 

I 

326 

128 

(125-130) 

1945 
(932-362 1) 

I47 
(127-167) 

423 
235 
458 

1269 
(IZIG-1322) 

1430 

GGg 

(598-732) 

(Z-37) 

4830 

61 

90 

96 

95 
91 

97 

95 
94 
87 

89 
99 

89 

88 

89 

84 

98 

1x3 2.9 

62 2.1 

558 
(364-1010) 

3.5 

5.5 
1.7 

15 IO 

11X 3.6 
II2 2.1 

4.80 0.95 

330 1.6 
24 36 

805 
(660-950) 
1010 

(sP-I~~o) 

I.7 
(x.3-2.0) 

I .df 

I I.1 

(91-137) 

3.1 
(I .2-5.0) 

471 

5.8 

IO 

IO 

* Total micrograms. 
b Samples poolccl for l$X3 analysis, P,P’-DDE content ran@ from 63-1240 1~8. 
0 From RISEIXROUGII et aLeo. 
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lantSO. Concentrations of the chlorinatecl hydrocarbons, both DDT and 1X13, tend 
to be an order of magnitude higher in marine birds than in Ash (Tables 13 and IS), 

As shown in Tables 13 and 14, PCB is widely distributed among marine birds which 
are the terminal carnivorals of a complex mesh’ d’f food chains in the sea. 

The chlorine content of extracts of other birds and fish was determined with 

TABLE 15 

DDT” ANI> I’cu RESIDUES IN MARINIS I’Is&‘” 

Sfwcics, locality, date 

Northern anchovy 
Terminal Islancl 
June 25, IgGg 

Shiner perch 
San Francisco Bay 
October 20, IgG5 

San Frnncisco Bay 
October 20, rgG5 
San Francisco Bay 
Novcmbcr 4, 1965 

English sole 
San Francisco 13ny 
July 29, 1965 
San Francisco Bay 
Novcmbcr 4, 1965 
San Francisco lightship 
Dcccmlxr I, 1965 
Monterey 
February 15, 1966 

Jack mackcrcl 
Channel Islands 
Novcmbcr 22, 1965 

J-Iskc 
l?ufqA Sound ., 
January 29, IgGG 
Channel Islands 
Pcbruary 24, IgGG 

EUucfin tuna 
Body muscle 

Liver 

Ycllowfin tuna 
Liver 

Liver 

Skipjack tuna 
Liver 
Body muscle 

Liver 

Liver 

44 

14 

IO 

I5 

18 

33 

15 

I.5 

31 

22 

G 

7 

9 

I3 

I3 

3 
13 

2.5 

12 

11.7 14.0 
(6.5~20) f I.9 

(?$L5H, 
2G.7 

( 10-48) 
15~3 
P-49) 

14.3 
(5-35) 
17e3 
(7.5~53) 

253 

(::F3oG) 
(89-262) 

81.8 

hs-141) 

281 

%-350) 
(61-872) 

0.55 
I_t 0.07 

0055 
rto.12 

0.19 

zto,o4 
0.7G 

Lto.16 

o,gG 
&.O.IO 

0.18 

&o,os 

I,8 
&1,r 

- 

- 

- 

- . _ . - .f 

- 
- 

- 

- 

0.56 

bo.24 
0,22 

&to.13 

0.07 
&o,oz 

0~62 
fo,19 

o*o5 7 
0,051 

fo,o14 
o,ogG 

fo.023 
0,ozg 

f 0,008 

83 

28 

3.5 

33 

25 0. I I 5 

24 0.11 5 

G3 0.05 4 

70 0:04 19 

57 

23 O.IG 

68 0.12 

45 0.04 14 

45 0.04 6 

13 

30 

23 
18 

II 

2x 

1.0 

I.2 

O..). 

I.2 

0.02 

ncl 

O.O.& 

0. I o.G 
ncl ==30 

ncl >30 

IlCl >20 

14 

0.8 

3.5 

o-9 

28 

I.1 

15 

=-7 

15 

n Prom RISICI~ROUGII at nE.aO; concentrations in wet wci&t, p,p,m. : incans, stanclarcl errors, 
95% conficlencc limits. 
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a Dohrmann microcoulometric detector and a method of quantification of the PCB 
compounds was devised based on peak heights produced in the electron capture 
detector related to the standard #,$‘-DDE 50. The DDT compounds were destroyed 
by nitration”r and fi,$‘-DDT, DDD and toxaphene dehydrochlorinated by saponifr- 
cation with alcoholic potassium hydroxide (PCB was not degraded by either proce- 
dure) , 

Methods for the determination of PCB’s were surveyed by RISERIIOUGH el dhQ. 

Several of the. major GC peaks obtainecl for PCB on IoO/~ DC-2oo/Chromosorb W 
and 3o/o QF-I/Chromosorb W columns at 195” were found to interfere with the deter- 
minations of DDT and DDD. The three major peaks generally have approximately 
the same height on chromatograms obtained with an electron capture detector. Only 
negligible amounts of @,+‘-DDD and ~5,$‘-DDT are present, if the PCB peak with a 
retention time of r.48 on a DC-200 column is approximately as high as the DDD and 
DDD peaks (retention times of 1.27 and 1.68, respectively). However, when the DDT 
and/or the DDT peaks were higher than the PCB peak with a retention time of 1.48, 
the amounts of$,+‘-DDD and p,p’-DDT could be estimated from the changes in peak 
height after a 5-min saponification with 5% potassium hydroxide in ethanol. 

PRIZSTT et ~1.3~ described aspects of polychlorinated biphenyls in wild birds in 
Great Britain and their avian toxicity. The amounts of PCB’s in the livers and eggs 
of wild birds were determined by GLC using electron capture detection and columns 
of Silicone/Epikote on Diatomite CQ following prior silica gel column separation of 
organochlorinc insecticides, PCB’s were found in terrestrial species from most regions 
of Great Britain, in all the individual and bulked samples of seabird eggs examined 
from one West Coast and two East Coast colonies and in most of the fresh water 
species collected from the Midlands, East and South of England, The highest liver 
residues were found in fresh water fish-feeding birds (up to ca. 900 p.p.m.) and bird- 
feeding raptors (up to 70 pp,m.) with the levels present similar to those of $&‘-DDE. 

The avian toxicity of Aroclor ~254 fed to Bengalese finches (estimated dose 
rate for 500/O mortality at fifty-six days) was 254 mg/kg/day. At this dose rate the 
calculated mean liver content was 345 p.p.m, Aroclor 1254 has only l/13 the toxicity 
of DDT, but could be considered more toxic at low doses since it appears to have a 
more gradual mortality curve than DDT. All birds dying from PCB Ilad enlarged 
kidneys and before death some displayed apparent leg paralysis or body and wing 
trembling. It was concluded that although PCB is unlikely to have caused widespread 
lethal toxicity in wild predatory birds in Great Britain, it could be a component cause 
of the present breeding failure reported in several species. 

The source of PCB contamination in the marine environment (Glasgow and 
Clyde areas) was studied by HOLDEN 02. Although the extraction of organochlorine 
compounds from sewage solids using a mixture of n-hexane and isopropanol is believ- 
ed to be less eficient than extraction from water, it was found by I~oLr~r:N~2 that 
many sludge samples gave gas-liquid chromatograms similar to those of PCB mix- 
tures. 

Table 16 shows the proportions in terms of relative peak heights of the major 
peaks in typical chromatograms, as identified by their I& values (retention time at 
200~ relative to dielclrin = 100). The column used was packed with IoO/~ DC-200 
silicone on Chromosorb W. PCB compounds were initially separated from all major 
organochlorine pesticide resiclues, except fi,fi’-DDE on silica columnsa3. 

J. Chvomalogv.. 68 (1972) 345-426 



CHItOMATOCIlAI’I~IIC AND BIOI.OGICAL hSl’ECTS 01; I’cJ3’S 377 

69 81 1oon r2r r&5” 17= 200 234 283 333 370 

Raw sluclgc A 38 63 51 104 100 92 32 19 21 

linw sluclgc 1.3 39 21. ;; 51 100 66 70 53 
Aroclor 12.54 

s-1, :; 2; 

30 72 1 IO 100 92 8 . 

hroclor 12Go 
,! 

3 14 ‘4 30 I00 Gg 30 23 

1) This pcslt inclutlcs j~,#‘-l~DlZ in slucl~c. 
lJ I’d< licight = 100 for rcfcrcncc. 

The peak pattern for sludge A closely resembles a PCH formulation containing 
about 50% by weight of chlorine (Aroclor 1254) but the pattern for sludge 13 suggests 
Aroclor I&O. On the basis of wet weight of raw sludge the estimated concentrations 
of PCB’s using hroclor 1254 as reference in fifteen samples were in the range (0.1 
to 14 p.p,m. In terms of dry matter the values ranged from I to 185 p.p,m. It was 
estimated that an average concentration of PCB of the order of I p.p.m. would be 
equivalent to a discharge in the Clyde estuary of the order of one ton of PCB’s per 
year. PCB compounds found in wild.life, using CLC at about 2oo”, have been shown to 
contain mostly six to seven chlorine atoms”, although compounds with more chlorine 
atoms may not be sufficiently volatile to be cletectable at this temperature. . 

The chronic toxicity, uptake ancl retention of Aroclor 1254 in ttv’o estuarine 
fishes, pinfish (La~oclo~ rlzo~~tbo~‘dcs) and spot (Leioslomzcs xa~thrzcs) was described 
by HANSEN ct nl .a&. The results suggested that chronic exposure to Aroclor 1254 in- 
creased susceptibility of the test fish to disease and also appeared to be toxic to these 
fish. This PCR is rapidly stored by pinfish and spot and persists in tissues for ap- 
proximately three months. Chemical analyses for residues of Aroclor 1254 in pooled 
samples of fish tissue were performed by GLC following: (a) elution and concentration 
from a Florisil column6G with Go/, ethyl ether in petroleum ether, and (b) extraction 
of samples of less than I g by a modification of the ENOSao micromethod. The column 
eluates were analyzed by electron capture gas chromatographs equipped with DC-200 
columns. The multiple-peaked Aroclor 1254 was quantitated by averaging the 
!lbights of five major peaks having retention times relative to aldrin of 1.31, x.55, 
i.32, 2.74, and 3.27. Interference from DDT and its metabolites was negligible clue to 
relatively high concentrations of Aroclor 1254 found in the samples. 

Spot exposed to I p.p.b. Aroclor 1254 for fifty-six days rapidly stored this PCB, 
with maximum levels being attained in fourteen to twenty-eight days. Thereafter 
the relative amount (p.p.m.) was generally constant, whereas the absolute amount 
(,ug) continued to increase as the fish grew. The liver concentrated the greatest rela- 
tive amount of this PCB followed in decreasing order by the gills, whole fish, heart, 
brain, and muscle. Maximum concentrations in whole spot were 3.7 x 10~ times that 
in the test water. In earlier work with DDTe7 it was shown that when pinfish and At- 
lantic croaker (Mdcvofio~o~~ znrdzclatzls) were exposed to 0.1 and 1.0 p.p.b. P,$‘-DDT 
in water, the DDT content increased for two weeks, then remained constant at 10~ 

to 3.8 x 104 times the exposure concentration. Table 17 lists the test conditions, 

J. Chromdogr., 68 (1972) 345-426 
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380 L. PISNBEIN 

mortality of fishes, and uptake of Aroclor 1254 in flowing water bioassay and Table r8 
depicts the tissue l.evels (hrain, gills, heart, liver, muscle) and whole fish in spot ex- 
posed to I p.p.b, of Aroclor 1254. 

KEIL et a?.08 studied the effects of uptake OF Aroclor 1242 on growth, nucleic 
acicls and chlorophyll of the marine diatom Cyli??ldrothccn c,&tel*izcna. 

Following exposure of the cells to 0.1 and 0.01 p.p.m. levels of the PCR, the 
PCP; was extracted from a dried lyophilized pellet with acetone and analyzed by 
GLC using two column systems: (a) a 6 ft. x 1/4 in. O.D. glass column packed wit11 
4%, §E-30/2~~, QF-I on Chromoport XXX and (1~) a C, ft. x 1/4 in. O.D. glass column 
packed with 1.5% ~V-X~/I.C)~~~ QF-r on Chromoport XXX. The operating para- 
meters were : inlet temperature 235”, column temperature 2oo”, detector temperature 
350”, ancl carrier gas flow Go ml/min. Identification of Aroclor 1242 was accomplished 
by measuring’relative retention times of the five major peaks along with relative 
peak heights. Quantification was accomplished by comparison of the area under the 
curve of the five late eluters with the standard Aroclor. Verification of the peak identi- 
ties by TLC positively identified Aroclor 1242 as the major PCB component of the 
sample. Some PCB materials not common to the known Aroclor 1242 mixture were 
isolated. These materials, in all cases early GLC eluters, were believecl to be possible 
metabolic products of Aroclor 1242. 

Cylindrotheca closteriwz were found to absorb and concentrate Aroclor 1242 
goo to IOOO times above the level in sea water. At 0.1 p,p.m, concentration in sea 
water PCB’s inhibited growth and diminished levels of RNA and chlorophyll of this 
marine diatom. 

The occurrence of Aroclor 1254 in the water, sediment and biota of Escambia 
Bay, Fla., was described by Du~cn ct al .fi”, Tissue of fish, crabs, oysters and shrimp 
were extracted for 4 h with petroleum ether in a Soxhlet apparatus following initial 
mixing with anhydrous sodium sulfate. Extracts were concentrated, partitioned 
with acetonitrile, the acetonitrilc then evaporated just to dryness, the residue trans- 
ferred to a Florisil columrF ’ with petroleum ether, and the Aroclor 1254 eluted from 
the column with 6% ethyl ether ‘in petroleum ether. 

Sediment samples were dried at room temperature and extracted for 4 h with 
10% acetone in petroleum ether in a Soxhlet apparatus, extracts evaporated to dry- 
ness and the residues elutecl from a Florisil column as described above. The extracts 
of all substrates were identified and measured by electron capture GC using three 
columns of different polarity, e,.g, DC-zoo, QI;-I and mixed DC-200 and QF-I to 
confirm identification. In a few samples, TLC was employed for additional confir- 
mation and to assess the amount of DDT present. Interference from DDT was negli- 
gible due to the relatively high rcsiclues of Aroclor 1254 found in the samples. Quanti- 
tation of this multiple peak compound was approximated by averaging the peak 
height of five major peaks indicating recovery rates above 80%. 

Additional acute studies indicated that juvenile shrimp were the most sensitive 
to Aroclor 1254 and were killed when exposed to 5.0 p.p.b. in flowing sea water. The 
,Aroclor content in water from Escambia Bay even near the mouth yf the river con- 
tained less than z p.p,b. and shrimp collected from the bay contained a maximum .of 
2.5 p.p.m. The above study illustrated the need for both conductinjl continued sur- 
veillance of estuaries in order to preserve these nursery grounds for valuable fishery 
resources as well as conducting long-term tests on the effect of sublethal concentra- 
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ORGANOCWLORINI~ RESIDUES (lIg/g FRESII WJ%IGI-IT) IN BREAST MUSCLRS 017 ROJJINS 
-.-_ -.-_-- _--- --... -- _---._ _._-1-...-. -.-- -*..- .-.- ___ ----.-----.--.--- - __--_...- 

/I&’ of PCU 
i,r?gcsted 

-I-- --.--._ -_.- .___--- - ._... -. ..-.. ______-. 

13irds fctl with I’CIS 
(clophcll AGO) Go 

55 
65 
55 
GO 

55 

Control bircls - 
- 
-- 
- 

.._ 

tions of 1X13’s on estuarine organisms in sensitive stages of their life history, 
The effect of PCB on the nocturnal activity in caged robins (Erz’llznczcs rz~bec&z 

L.) was described by UIJSTRAND et nL~0. 

Thd breast muscles of six birds fed a diet. containing Clophen &o were analyzed 
by GLC utilizing a Varian Aerograph 204 instrument equippecl with electron capture 
detectors and three columns containing SF-96 (4%), QF-I (8%) and SF-g6/Ql7-I 
(3 :I) as the stationary phases on 100-120 mesh Gas-Chrom P. Table 19 clepicts the 
organochlorine residues (+,jh’-DDE, $J,?‘-DDT and PCB) found in breast muscles. 
The PCEI level in the experimentally contaminated birds was four times that found in 

I I I I t I I I I 

minutes 30 20 10 0 

;tafW Pike Stand Pike Covered 
OCP 

I I 

Pig. 27. Gns chrornatogmm of an cxtrnct of huinnn millc (hcptnchlor cpoxiclc ncldcd 1~s intcrnnl 
stanclarrl). I = PCB pcalc 2 ; 2 T= hcptachlor cpoxidc; 3 = p,p’-DDE, disturbed by PC13 pcalcs 
4 nncl 5; 4 = PCB pcnk 8; 5 = p,p’-DlSl’, disturbccl by PCB pcnk IO. Cf Fig, 30. 

Fig, 28. Thin-layer chromatograma of stanclnrcls ant1 extracts of pike. I = Diclclrin; z = hcptn- 
chlor cpoxiclc; 3 = p,p’-DDD; 4 = linclnnc; 5 = a-13HC; 6 I=: #J,$‘-DDT; 7 = o,p’-DDT, o,#‘- 
DDE: 8 =,p,p’-DDE. hcptachlor; 4 == nlclrin: IO = PCB. 

J, ChiW7tojiY,, 68 (TI)72) 3.15-426 
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the controls, but it was in unexpectedly low concentrations, indicating that much of 
it had been excreted or stored elsewhere than in the breast muscles. 

WESTM AND NORI$N’~ reported the determinations by GLC and TLC of or- 

ganochlorine pesticides in animal foods in the presence of polychlorinated biphenyls. 
The extraction of organochlorine pesticides and PCB’s from animal foods, routine 
clean-up of the extract as well as main GLC and TLC procedures were performed ac- 

cording to NOR&N AND ‘LVIZST~G~~. 

Pigs. 27 and 28 illustrate a gas chromatogram of an extract of human milk 
and a thin-layer chromatogram of standards and extracts of pike, respectively, and 
show peaks and spots often observed for various PCB’s and organochlorine pesticides. 

Pigs. 29 and 30 show gas chromatograms of some chlorinated pesticides and. a 
PCR stanclard, respectively, and illustrate the interference seen in food analysis, 

I I 1 I I I I. I 1 I I I 

60 50 40 30 20 10 
minutes * 

Fig. 29. Gas chromatograrn of some chlorinated pesticides, J = ol-BI-IC : 2 = linclane; 3 = nlclrill ; 
4 = hcptachlor epoxiclc; 5 = p,p’-DDE; G = clielclrin: 7 =: p,fi’-J>DI3: 8 = fi,fi’-DD’I‘. 
Fig. 30. Gas chromatogram of ;1. PC13 standard. 

especially in fish where the PCB level is occasionally high. Pig. 31 depicts gas chroma- 
tograms for the analysis of PCB and chlorinated pesticides in a sample of herring be- 
fore and after oxidation with chromic acid at room temperature ($,p’-DDE is decom- 
posed by oxidation without affecting the PCB). 

Both Varian Aerograph Hy-Fi Models 600 and III-IZOO gas chromatographs 
were used equipped with electron capture detectors. The following columns were 
used : a 5 ft. x r/S in. Pyrex glass column packed with 5% DC-II on 60-80 mesh 
Chromosorb W (nitrogen flow rate, 75 ml/min; column, injectbr and detector temper- 
atures, I95”, 2x0~ and x95”, respectively) and a 5 ft. X. 1/8 in, Pyrex glass column 
packed with a mixture of equal parts of 5% DC-II on 60-80 mesh Chromosorb W 
and 15% QF-I on 60-80 mesh Chromosorb W (nitrogen flow rate, 30 ml/min; col- 
umn, injector and detector temperatures, 17x”, zoo0 and 2oo”, respectively), 

For TJX72 Aluminum Oxide G plates were developed with n-hexane-anhy- 
&or_& diethyl ether (4o:o.B). Detection was accomplished using a silver nitrate spray 
consisting of 0.10 g of silver nitrate in I ml of water and IO ml of 2-phenoxy-ethanol 
diluted to 200 ml with acetone and treated with one drop of 30% hydrogen peroxide’“. 

GRAXY~ et aZ.74 described the oral metabolism of Aroclor 1254 in male normal 



CEIROMA’IOGRAPHIC AND I3IOI.OGICAJ~ ASPECTS OF PcP,‘S 383 

minutes 

Fig. 31. Gas chromatogrnms pcrformccl for the xnalysis of PCB and chlorinatccl pcsticidcs in c?. 
sarnplc of Ualtic herring (heptachlor epoxiclc nclclccl as internal stczndarcl). For standards, cf. 
Fijp. zg and ~0. (a) original extract; (b) extract of.Are,z II, Fig. 
of arca. IT, Big. 28, 

28, before oxiddion; (c) extract 
after oxidation; (cl) extract of area I, Fig. 28. 

and carbon tetracliloridc-treated rats. Hexane extracts of tissues were analyzed by 
GLC-electron capture analysis on a Varian Aerograph Model GOOD gas chromato- 
graph fitted with a coiled 4 ft. x 114 in. O.D. glass column containing 4% SE-30 
and Goi QF-I on 80-x00 mesh Chromosorb W. The nitrogen flow rate was IZO ml/min, 
with column and injection temperatures of 193” and 225”, respectively. 

Residues were found in all tissues analyzed (1~100~1, heart, kidney, brain, liver 
and fat), with the greatest concentration in the fat. The GLC-EC pattern of the res- 
idues was clifferent from the standard mixture administered, indicating that all 
components were not metabolized at the same rate. Higher residues were found in the 
carbon tetrachloride-treated rats. hroclor 1254 residues in the brain, liver, spleen, 
blood, testes, heart, kidney and fat were reducedby go, 84, 80, 7g,78,76,64 and 33%, 

(a) (b) 

k 4 6 0 10 
minutes 

Pig. 32. GLC-EC tracings from (a) 24 ng of Aroclor 1254 nncl (b) the rcsiduc found in the liver of 
a Group z mt (cf. Tnblc 20). 
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TABLE 20 

THE AMOUNT (%) TNAT EACI-I OF TMIE SIX MAJOR PEAKS 0Ir wn ~ROCLOR 125~1 STANDARD CON- 

TRIUUTES TO THE TOTAL RILSIDULS IN TIII?: TISSUES'C 

Peah No. Penlz No. 
---- 

I 2 3 4 5 6-r 2 3 4 5 6 

Spleen 
Tcstcs 
Liver 
Kidney 
ITat 
Brain 
Blood 
I-Icart; 

Spleen 
Testes 
Liver 
Kidney 
Fat 
Brain 
I31ood 
I-Icart 

Grouj!~ I 

G 21 9 22 21 21 

3 15 G 21 27 28 

2 II 3 30 28 27 
8 21 II 21 19 19 
7 25 II 25 I7 I 6 

1 13 5 23 30 29 
4 I3 G 2 ‘1. 20 26 

4 *7 G 21 'I 6 26 

Group 3 

Z 25 14 I J9 18 I7 
23 4 19 I9 I9 

4 21 II 21 22 21 

8 22 ‘5 18 18 J7 
IO 29 IG 21 I3 12 

6 25 I3 20 18 18 
5 22 *4 22 18 18 

5 27 I5 18 18 I7 

I7 2 

I9 2 

25 2 

18 2 

19 4 

19 4, 
20 3 
17 2 

II 34 32 
11: 35 32 
18 20 28 

I ‘1. 
32 20 g 28 

I2 34 29 
I2 33 31 

K 3’ 29 

Gvoat,/r j 

- - _-- - - - 

I 20 4 12 31 32 
0 19 4 20 26 31 
I 21 4 8 32 34 
I 20 5 20 26 28 

I 22 4 II 30 3I 

2 22 3 l.1 29 33 
1 20 3 IO 32 34 

n Tllc six major compounds arc prcscnt in the following prccnt;~g~s: (1) 120/o ; (2) 25% ; 
(3) 18%: (4) 17%; (5) 15% and (6) 13yo. 

respectively, in twenty days. Aroclor 1254 significantly increased the size of the liver 
and also the percent lipid in the liver as well as to potcntiate the toxicity of carbon 
tetrachloride in the rat. 

Fig. 32 shows the chromatograms from 24 ng of Aroclor 1254 and from the res- 
idue found in the liver of a rat. The amount (%) that each of the six major peaks 
of the Aroclor contribu,tes to the total residues in the tissues is presented in Table 20. 

Fig. 32 and Table 20 show that the components of the Aroclor 1254 mixture 
with the shorter retention times, peaks I, z and 3, and presumably with the lowest 
chlorine contents” were metabolized to a greater degree than those with the longer 
retention times. This observation agrees with that reported in studies with Phenoclor 
DPG fed to Japanese quails. Expression of the Aroclor 1254 residues in the tissues rel- 
ative to those in blood (Table 21) &ows that the ratios depend on the length of time 
following the oral dose (kidney, brain, liver and fat, Group I r~s. 2) and the metabolic 
activity of the liver (liver and fat, Group I ZIS. 3). Table 22 depicts residues in tissues 
of rats forty-five clays after being orally administered a single dose of Aroclor 1254 
(500 mg/kg) 9 

A comparative toxicologic study with PCB’s in chickens with special reference 
to porphyrin, edema formation, liver necrosis and tissue residues was described by 
Da Vos AND KOEMAN"~. Three Go% chlorinated PCB’s were used in a comparative 
sixty-day oral toxicity test (400 p.p.m,) in chickens, e.g., Phenoclor DP6 (I), Clophen 
A60 (II) and Aroclor 12Qo (II I). Using mortality, mean survival time, mean weight 
and pathological observations (hydropericardia, abdominal and subcutaneous edema 

j. C~~~oW(o~?!.,, 68 (1972) 345-426 
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TABLI!: 2 1 

CONCENTRATIONS 01’ ‘CIIIZ AROCLOIZ 1254 RESIDUES IN ~k35uIw RIELATIVE TO ~1-10s~ IN 1.3~00~ 
-..- -.---.-_ ..- .- ._-... ~. ..-. -- ---- _- 

Gvoacjt~ 

1 2 3 4 

Ulood 
l’cstcs 
I-hart 
Spleen 
Kitlncy 
Uraiil 
Liver 
Fat 

1.00 

CJ.81 

x2.33 
I‘i.88 
15.89 
ZO.‘~O 
59.17 

508.24 

I .oo 1.00 1.00 

10.24 8.G2 22.44 
13.8H 16.21 24.68 
13.86 9.51 - 
26.67 1‘1.90 +t. 32 

9.55 lO.XCJ 23.84 a 
Lj‘1..8H 2oG.W 75.16 

rGor.57 233.w ‘1.590.20 

ancl ccntrolobular liver necrosis) as parameters; a significant difference in toxicity 
was foLlIlcl, e.g., I and II showed the highest and III the lowest. Microscopically 
centrolobulnr liver necrosis was found in chicks fed compounds I and II. Atrophy of 
the spleen was founcl in all test groups and chemical. porphyrin was founcl as a general 
PCR effect : increased fecal excretion of coproporphyrin and protoporphyrin and fluc- 
rescence of tissues occurred in all test groups. This pdrphyrogenic efbzt was also 
observed in Japanese quail and rats treated with zooo p.p.m. of compound I. GLC 
analysis of liver and brain of dead chicks gave PCB levels that varied from 120 to 
2900 p.p.m, Tissues were extracted with petroleum ether in a Soxhlet extraction ap- 
paratus after drying with anhydrous soclium sulfate. Clean-up of the samples was 
performed by liquid-liquid partition with dimethylformamide and column chromato- 
graphy using activated Florisil. The PCB preparations in the final extract were measur- 
ed by GLC using a Varian Aerograph Model 204-1B with electron capture detection 
and a Pyrex glass column (5 ft. x 1/8 in.) filled with 10% DC-200 on 80-100 mesh 
Gas-Chrom Q operated at 200~ with nitrogen as carrier gas at a flow rate of 50 ml/ 
min. For quantitation one peak, considered to be representative, was selected (the 
peak with R, = 1~45 relative to dieldrin). The approximate amount of total PC13 

RESIDUISS IN TISSUES OF RATS 45 DAYS AI”IXR 13EINC ORALLY ADkfINISTIERED A SINGLE DOSE OF 

ARocLon 1254 (500 m&kg) 

Group 2 of llxpcrimcnt II ltillctl on day 4.7. 

---- ------- ---- 
cvct tiss1ce (p.p.wl..) Relnlive to Olocw! 

_ .-___-- _._. - . . __~ ._.... -_-._---..- ..__ - ..__._ ..____ ______ _ .._.. _. 

J31ood 0.18’~ & 0.05” . I .oo 
I-Icccrt 2.71 & 0.61 15.06 

Kitlnoy 3.39 zt 0.29 r&H3 
13mi n 4.rg zt 0.34 23.28 
Liver IG.O‘[ ;I= 3.79 Hg.11 

al: 397.30 A: 41.8G 2207.22 

* Mcnn of Avc values. 
‘3 Stc~ndard error of tho mean. 

. 

J. Clrronra$ogv., 68 (1972) 345~42G 
** 
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residue was calculated from the height of this peak with compound I (Phenoclor DPG) 
as the standard. 

In a number of tissue extracts the amounts of PCB were measured also by a 
Dohrmann C 250~4 microcoulometric detection system equipped with a T-300-§- 
halogen cell coupled to a Miqrptek MT-220 gas chromatograph and employing a 
G ft. x x/4 in.’ Pyrex column filled with a mixed-bed column packing QF-I plus 
DC-~OO~~. With this system 0.6 ,ug of Phenoclor DPG gave about half-scale response 
on a I-mV recorder (microcoulometer range: 200 ohms). By this method, the content 
of chlorine in the extract is determined by addition of the chlorine contents of the 
different PC13 peaks. Since the average chlorine contents of the compounds used were 
60%, the total residue could be calculated. 

Ingestion of rice bran oil contaminated with cl~lorobipl~eny1.s (Kanechlor 400) 

TABLE 23 

METIIOD OF EXTRACTION AND CLEAN-UP 01’ C~ILOROBIPZIENVLS PROM RICE OIL 

3 g of rice oil 
I 

Dissolve in 12 ml of IZ-hcxanc 
I 

Extract with 30 ml of ncctonitrilc satur;ttcd with hcxnnc 
(four times) 

I -- 

hcctonitrilc lzcycr 
I 

Extract with 100 ml of hcxanc in 

Hcxanc layer 
I 

Discard 
. 700 ml of zo/, saline solution 

I 
Saline solution lslycr 

I 
Extract with IOO ml of hcxanc 

I 
Hcxanc layer Saline solution lnyar 

Hcxsnc lnycr 
I 

Discnrd 

Wash with IOO ml of z”/” saline solution 

--v 
Wexikc layer 

I 
Dehydrntc with anhydrous sodium sulfate 

I 

Saline soldtion lnycr 
I 

Discard 

Conccntratc to about 5 ml 
I 

Clcnn up with 1 x x0 cm Plorisil column 
I 

Elutc with 188 ml of hcxanc and 12 ml of ether--Fraction 
I 

Elutc with 170 ml of hexanc nnd 30 ml of ether-Fraction 

J. 

TT 
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IDZTRACTION METI-IOU I’ROM HIOLOGICAL MATlr,RIALS 

From 0.5 to 1 g of matcria! 
I * 

Chop up into small picccs 
I 

Add 5 ml of ethanol and filter 
I -_ .- ___- 

I 
l.Ccsicluc 

I 
Extract with 5 ml of ethanol on a 
water-bath .for 15 min rcncl Liltcr 
after cooling (twice) 

I 
Filtrate 

I 
JZvaporatc to clryncss 

I 
Dissolve in few ml of 12-hcxnnc and liltcr 

I -- 

1 

_ 
I 

Rcskluc I~iltl*atc I’iltA.tc 

I I_ 
Extract with cthcl! samcly as 
with ctl~u1101 and diltcr (once) 

Extract with n-hcxanc samcly as 

I 
Rcsicluc 

I 
Filtrate 

!- 

with cthnnol ;mcl filter (twice) 

I 
Rcsicluc 

1 
Filtrate 

I 1 - -- 
I_Iiscard Evaporate to tlryricss 

I 

Dissolve in hot ncctonc and filter after cooling 
I 

RCSihl~ 

I 
Discard 

I 
Filtrate 

I 
Evnporrctc to clryncss 

I 
Subject to extraction and clean-up with 
AOAC-mcthocl as shown in Table 23 

I 
Rcsicluc 

I 
Discard 

produced poisoning among the general population in Western Japan from summer to 
fall of 196876, with a total of 600 patients to date. It was found that contamination 
of the oil occurred by both the leakage of chlorobiphenyls into the rice bran oil 
through pin holes in a pipe used for heat exchange and deionizing in the manu- 
facturing process. It was also demonstrated that iome newborn and still-born infants 
with darkish skin were born from the poisoned mothers. 

KOJIMA et al .‘7 described the utilitv of GLC for the analysis of chlorobiphenyls 
from the skin of a still-born infant who &as born from a patient suffering from chlo- 
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robiphenyl poisoning and also showed that chlorobipl~cnyls passed through the pla- 
centa barrier and accumulated in the fetus. Kaneclore 400 j.s a mixture of di-, tri-, 
tetra- and pentachlorobiphenyls (chlorine content approximately 48%). Approxi- 
mately 2300 p,p.m. was concluded to be the concentrati.on of Kaneclore 400 in the 
patient administered with rice oil. Histologically, many melamine pigments were 
demonstrated in the darkish skin of the still-born infant and this pigmentation could 
possibly be caused by chlorobiphenyls since some components of Kaneclore 400 were 
detected in the darkish skin of the infant by GLC. Parallel experiments .with mice 
confirmed the fact that chlorobiphenyls passed through the placenta barrier and accu- 
muiated in the fetus. GLC analyses were carried out using a Shimadzu GC-IC instru- 
ment equipped with an electron capture detector of pulse type. The glass column 
(4 x 262.5 mm) was packed with 1.5% SE-30 on 60-80 mesh Cbromosorb W. Tile 
operat,ing temperature for the column and detector was 200~; the carrier gas was 
nitrogen with a flow rate of 65.5 ml/min. Tables 23 and 24 illustrate the method of 
extraction and clean-up of cl~lorol~ipl~enyls from rice oil ancl biological materials, 
respectively. Fig. 33 depicts gas chromatograms of the patient administerecl with rice 

*-‘-.-.-.- ,_._. _. 
-.-.-.-.-.-.-I 

t I I I I I , I , I 

0 5 10 15 20 25 30 35 40 45 50 
minutes 

Fig. 33. Gas chromal;ograms OF rice oil. ----, Rice oil (mutcrial); *---*----0, rice oil (control): 
---t Kancclorc ~~00. 

oil, of the control rice oil and Kancelore 400; Figs. 34 and 35 show chromatograrns of 
the skin of a still-born infant and control and the skin of infantile mice (material) and 
control compared with chlorobiphenyls in rice oils, respectively, and Pig. 36 illustrates 
a chromatogram of the skin of maternal mouse (material) and control compared with 
chlorobiphenyls in rice oil. 

The biological interaction between a series of polychlorinated biphenyl com- 
pounds and dieldrin and DDT was studied by LICWTENSTEIN et ~~1.0. Many PCB’s 
were found toxic to Drosophila melanogastcr Meigen and houseflies Marsca dovnestica 
L., but to a. lesser extent than d.ieldrin or DDT. Their toxicity increased with a 
decveuse in their chlorine content and moreover, sublethal dosages of several of the 
PCB plasticizers increased the toxicity of dieldrin and DDT. Since the PCB’s are in 
the environment, their potential effects on biological systems, especially in combina- 
tion with other synthetic chemicals, should thus be considered. The chromatographic 
behavior of eleven PCB’s was examined by both TLC and GLC. The latter utilized 

J. Ch~cmalo~~., 68 (1972) 34.5-426 
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Fig, 3‘1. Cllromatograms of the skin of a, still-born infant; :tncl control co~ilparcx.1 with clllorobiphc- I 
nyls in rice oil , -, Skin of still-born infant; -*--* -, skin of infant (control) ; - - -, chloro- 
l.~iph~nylu in rice oil. 

two systems. One instrument was a Packard Model 7834 gas chromatograph equipped 
with a 150 mCi tritium affinity ionization detector operated at 50 V and a 1.83 m x 
4.0 mm I.D. glass column packed with 5% SE-30 on Go-80 mesh acid-washed, 
DMCS-treated Chromosorb W (conditioned for seven days at 250’ before use) with 
a column pressure of 25 p.s.i. of nitrogen (flow rate, 125 ml/min). The injection, oven 
and detector cell temperatures were 240°, qo”, and 215”, respectively. The second 
instrument was a Jarrell-Ash Model 28-7oo gas chromatograph equipped with a 
IOO mCi tritium electron affinity ionization detector and operated at 20 V. A 1.22 m 
x 4.0 mm I.D. glass column contained a I :I mixture of 5% Ql?-1 and 5% DC-200 
coated on 80-90 mesh Anakrom AS and conditioned for seven clays at 250~ before 
use (column pressure IG p.s.i.; nitrogen flow rate IOO ml/min). The injection port, 
oven and detector temperatures were 2fio”, ICJOO and 210°, respectively. For TLC, 

I I I I I I I I a I 

0 5 10 15 20 25 30 35 00 43 
minutes 

Pig. 35, Chromntograrnv of the slcin of infantile mice and control compared with chlorobiphcnyls 
in rice oil. - Skin of infantilo mice (matcrinl) ; -0 -. , skin of infzmtilc mice (control) ; 
---e chlorobipl~cnyls in rice oil. 

J. Chvomzlog~., G8 (1972) 34.5-426 
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Fig. 36. Chromatograms of the slcin of maternal mouse and control comparccl with chlorobiphcnyls 
in rice oil. -, Skin of maternal mouse (material) ; -*-m--, skin of rnatcrnal mouse (control) ; 
---9 chlorobiphenyls in rice oil. 

Aluminum Oxide G plates were developed with gz-heptane, sprayed with the MIT- 
CHELL reagent78 and exposed to UV light for 30 min. 

Table 25 summarizes the GLC behavior of eleven hroclor PCB’s and a number 
of insecticides analJized with two different col.umns in separate gas chromatographs. 
The observed retention times were compared with those obtained after the injection 
of lindane, heptachlor, heptachlor epoxide, aldrin, dieldrin, DDT, DDE and TDE. 
The GLC of nearly all of the plasticizers resulted in chromatograms containing a 
multitude of peaks, in some cases as many as fifteen. 

Figs. 37 and 38 illustrate the TLC of plasticizers on Aluminum Oxide G. It 

rAI3LE 25 

:OMPARISON OF PLASTICI213RS ANI> INSECTICIDES IJY c;Lc 

Zhromatographic conditions: (I) Packarcl gas chromatograph; column 5% SE-30 on Go-So rncsh Chromosorb 
N; oven temp., 1900. (II) Jarrell-Ash gas chromatograph; column s”/~ Q1:-1/5% DC-zoo (I :I> on 80-w hna- 
cram AS; oven temp., 190~. 
1bbrcviaCions: LI = linclanc; I-IE = lxqd.achlor ; I-10 = hcrdxAilor cpoxitlc ; AT, = dclrin; DI = dicldrin; 
DT = /A$‘-DDT; DE = DDE; TD = Ti>E. 

-_-__I__ -_._--_._- ____-_...._. --_. . . . . _ .-_- ___._ ..-. 
GLC Jr 

221-2~ 21 

232-2 k 32 
242-2 
248-2 

g 42 
48 

254-2 E 260-z F 2: 
262-Z 

268-z : 
G2 

68 
465-2~3 I 45 

2: 

GLC 1 
- 

No. of Identical with 

peaks 

I None 
I5 I~T,1-II~,AI~,DJ~.1~I,‘~I~.I~‘l.’ 
14 LT,JI@,~L,DE,DC,TD, 
15 LI,I-IE,AL,DE.DI,TD,DT 
II hL,DE,DI,TD,DT 
I5 TD, DT 
12 %D 

7 None 
II T D 

3 None 
3 None 

No. of 
+lks 
___...___ _..__. 

5 
I5 
14 
15 
IO 

13 

13 
8 

II 

7 
0 

Idenlical rvilh 

I,1 
J~1,I-I1~,I-Ic~,l_~I~ 
LI,I-IE,I-IO,DI~ 
LI,I-IE,I-IO,DE, DT 

HO,DE, TD,DT 
DI,TD,DT 
DI,TD,DT 

None 
DI 

LI,I-IlS,I-IO 
None 

- 

“2 =: Chlorinatccl biphcnyls; 3 = chlorinntccl triphcnyls. 
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Fig0 37. ‘Win-lnycr clwxut.togra.m of plnsticizcrs A, B, C, IB, ant1 E cm Rlut~~ittut~~ Oxidc G. Sol- 
vent;: 1% acetone in whcpktc. STI> = Insccticiclc stnnclarcls for comparison. 

Fig. 38. Thin-layer chromztkogt-am of plasticizers I?, G, I-I, I, J, and I< on Aluminutn Oxide G. 
Solvent : 3. (y. ncctonc in a-hcptanc. STD = Itisccticidc stattdnrcls for comparison, 

is likely that these PCB’s were not fully separated or resolved in the above system 
since only one or two spots were found per plasticizer. 

Polychlorinated biphenyls have been detected in all samples of rainwater 
obtained over a 12-month study in Great Britain from seven stations7U. Hence, aerial 
fallout is one source of PCB in the sea. Aliphatic chlorinated hydrocarbons identified 
in surface waters of the North Atlantic are derived in part from barge dumping of 
waste products of the vinyl chloride industrysO. 

PCB contamination of Escambia Bay, Ha., has heen traced to an industrial 
plant on the Escambia river by DUKE et al .OD. PCB’s have been found in sewage sludge 
in Swedenel, and it has been estimated by HOLDEN a2 that approximately a ton of 
PCB a year is entering the Clyde estuary in Scotland as a component of raw sewage 
sludge and that an equivalent amount enters the estuary of the Thames in sewcige 
sludge, 

The input of PCB’s into California coastal waters from urban sewage outfalls 
has been described by SCHMIDT ct ~1.82. 

Aliquots of concentrated extracts were analyzed by GLC using a Microtek 220 

gas chromatograph equipped with a @JNi electron capture detector and a 3% QlJ-I 
column on 80-100 mesh, acid-washed, DMCS-treated Chromosorb. The column, 
injection port and detector temperatures were qo’, 230~ and 250°, respectively. 
Nitrogen was used as a carrier and purge gas; flow through the column was gs ml/min 
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sewage sludge 
City of Lo-s Angeles 
Idyperion treatment plant At-odor 1254 

Fig. 39. GLC analysis of scwagc slurlgc. 

‘l:hl3LI?: 26 

PCB AND DDT COMPOUNDS IN URHAN SICWAGE QUT~~ALLS IN CALII~ORNIA 

Sampling station Snmple PCB 
(flow in m.g.d.)~ No, iYPC 

Parts pcv billion Estimated kg/d@ 

PCB DDTQ PCl3 DDT 

Richmond 
21.5 

San Francisco 
31.5 

O.xnard 

10.0 

Hypcrion waste 
wafer, 340 

I-Iyperion sludge 

Whil%YPoint 
350 

Tcrminnl Island 
9.3 

Orange County 
*3o 

San Diego 
80 

I 

2 

3 
4 
I 
2 

3 
4 
1 . 
2 

I 

2 

I 

2 

s 

2 

I 

2 

3 
4 
I 

2 

I 

2 

3O 
I 

2 

ND 
ND 
ND 
ND 
r2Go 

IZGO 

12Go 

IZGO 

12Go 

12Go 

ND 
ND 
1254 
1254 
* 254 
1254 
Mixture, 
1242 and 
1254 

1242 

1242 
1242 
1242 
1242 
ND 
ND 

- 
- 
- 

-_ 
0.16 

0.37 
92.1 

78.5 
7@ 

12.8 

5*8 
0.21 

0.64 
0.23 

- 
- 

0.040 
0,071 
0.068 
o,oG3 
0,04 I 
0,030 
O.O.!fI 

O,OZLl. 

0.020 

0,033 
0,098 
0.15 

0.023 

0.057 
ND 
ND 
G8, I 
96.7 
67.9 
58.6 
o.og8 
0,029 

0.071 
0.058 
0.093 
0.087 
0.055 

- 0.005 

2.0 0.020 

0.6 0.003 

- 0.006 

0.q 0.05 

1-G - 

100 97 

0.35 0.002 

0.18 0.030 

- 0.022 

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

a Millions of gallax per day, on clay of collection : information supplied by plant pcrsonncl. 
‘J Basccl on nveragc concentrations. 
u Includes p,p’-DDE, p,p’-DUD, p,p’..DDT, o,p’-DDD and o,p’-DDE. 
* Concentration in poolccl snmplcs. 
0 Chlorinatocl sample. 

J. Chromato~v., 68 (1972) 3&++26 
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and flow through the purge was 45 mI/min. PC13 was identi.ficd by the presence of 
profile on chromatograms identical to those of one of the commercial PCB prepa- 
rations (Aroclor 1254) (Fig. 39). Other chromatograms were identical except for 
minor peaks to chromatograms of Aroclor 1242, mixtures of Aroclor 1242 and 1254 
or 0.f Aroclor 1260. I333 was quantified by direct comparison with standard prepa- 
rations of these commercial mixtures. The profile of PCB peaks was unchanged by 
either saponification or passage through a sulfuric acid-Celite colurm? used for 
aclditional clean-up of extracts. 

Table 26 lists the PCPJ ancl DDT compounds in urban sewage outfalls in Cali- 
fornia. It is noted that daily outputs of PCB in the order of 2 kg are equivalent to 
a ton a year and because of the low solubility of these compounds in water and their 
high affinity for lipids, a large fraction of the PCB can be expected to pass into marine 
food chains. The highest output was recorded from Los’Angeles County, one of the 
most industrialized areas of the state. 

The utility of reversed liquid-liquid parti.tion and GLC in the determination 
of FCB’s and chlorinated pesticides in water and sewage sludge was described by 
AHLINGAND JENSEN *I, In this method the water is passed through a filter (3 g) con- 
taining a mixture of w-undecane and Carbowax 4000 monostearate on Chromosorb 
W, and the absorbed pesticides eluted with petroleum ether (IO ml). When detected 
by means of GLC with electron capture detection, the sensitivity is IO rig/m”” of lin- 
dane with a sample size of 200 1. The recovery of added pesticides was so-IOO~/ 

(DDT, 80%) and for PCB (Clophen 40 and &o, Bayer), g3-Ioo”/o. The filter col- 
umn was 30 cm x I cm I.D. with a glass Alter disk G I (100-120 ,u). GLC was car- 
ried out using a Varian Aerograph Model 204 chromatograph equipped with an elec- 
tron capture detector and a 160 cm x 0.20 cm borosilicate glass column containing 
4% methylsilicone oil or 8% fluorosilicone oil (QF-I) on HMDS-treated 80-100 mesh 
Chromosorb W. The detector and injector temperatures were 205~ and 220°, respec- 

tively; the carrier gas was nitrogen (purified with a 6-in. molecular sieve) at a flow 
rate of 30 ml/min. The column temperature was chosen to give DDT a retention of 
20 rnin (about Igo"). 

Table 27 lists the results from recovery experiments using a variety of filters 
for the separation of a number of chlorinated pesticides and PCB and shows the superi- 
ority of 60-80 mesh Chromosorb W, covered with a mixture of Carbowax mono- 
stearate and n-undecane. Figs. 4oa and b show gas chromatograms of extracts from 
distilled water and natural water, respectively, analyzed on SF-g6 columns. Fig. 41 

PCf3 12 

I \ PCB 11 

Fig. 40. (s) Gns chromat;ogr;rm frotn nn SIP-s)G column of utt cxtrnctz from distilled water, (b) Gas 
clwotnntogram frotn tdn SF-gli colutnn of nn cxt;rnct from nntural wnt;cr. 
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: TABLE27 

S 
- ,’ RESULTS FRO%4 RECOVERY EXPERIMENTS 

! Filter Filter Water Flow standard Petroleum Recoveries 

5 
(d (1) speed, pesticides3 ether (ml) 

N (inl/min) (p@) ’ BHC Limhe Aldrirr Dieldrin DDE DDD DDT PCB 

IO 

IO 

6 
6 

6 

6 

6 

6 

6 

ra 

-S 
3 

5 

20 +O a0 
trace 2s b 

56 
37 

69 50 
37 63 

77 70 

66 3s 

70 3s 

1.5 

1-j 

S.j 

trace 
trace 

5 LO ?’ 4-l 75 

34 b 

75 

5 45 30 31 

34 b 30 

46 

3r 2 

3 

4 

“. 5 

5 

130 

65 

65 

65 

65 

5 

65 65 10.4 so 

100 go 

LOO 65 

56 93 

j3-SO 

g3-100 

5 59 97 

56 69 3s 67 100 5 

r-33 

0.13 

PCB’= 

6-t 

156 

43 62 LOO 

160 100 90 

5 

5 

42 

III 

10% CarholVztlr + 
30% uw?ecane 

aoy& f2ldx.nva + 
30% undecane 

5 65 

5 65 

p. IO 5 

5 3 IO 

* The standard had the following composition and concentration in ng/@: BHC, 1.0; lindane, 1.0; aldrin. 2.0; DDE, 4.0; dieldrin, 5.0; DDD, 
8.0; DDT. 12.0; and PCB (Clophen Ajo), 10-o. 

r 
. 

b The extract was treated with sulfuric acid, which destroyed the dieldrin. t-! 

!4 

: 
z 
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Fig. 41. Gas chrotnatogram from an SF-g6 colun~n of an extract from scwagc sluclgc. 

illustrates a gas chromatogram from an SF-# column of an extract from sewage 
sludge. . 

ZITKO’* described the solubibzation of PCB in water by non-ionic surfactants 
as well as the determination of concentration of the solubilized PCB by UV spectro- 
photometry and fluorescence and GLC and the toxicity of PCB. to &lan-t-&salmon 
(S&720 s&r Parr.). 

GC was carried out on a Varian GOOD instrument equipped with a zso-nKi 
tritium electron capture detector, using a 5 ft. x 1/S in. glass column containing 
4% SE-30 on IOO,-IZO mesh Chromosor’b W operated at 180~. UV and fluorescence 
spectra were recorded on a Reckman DK-ZA and on a Pcrkin-Elmer MPF-2A in- 
strument, respectively. Retention times and electron capture responses have been 
reported for mono- and dichlorobiphenyls 8G@. EMERY AND GASSER~’ have described 
the GLC separation on polyphenyl thioethers of mono- and some di- and trichloro- 
biphenyls. As a general rule, chlorine substitution in position 2 shortens and vicinal 
disubstitution lengthens the retention time. The reported relative electron capture 
detector responses are I, 0.2, 2.3, 7.6, 5.8, and 3.5 for 4-, 3-, and z-mono-, and 4.,4’-, 

3,3’- and z,z’-dichlorobiphenyl, respectivelye~. The retention times and electron 
capture detector responses of a number of PCR’s have been reported by ZITKO et aLee. 

A Packard A7901 gas chromatograph with a 6 ft. x 4 mm glass column containing 
4% SE-30 on IOO-120 mesh acid-washed Chromosorb operated at 200’ was used. 

The injector and detector temperatures were 210~ and the carrier gas was nitrogen 

at a flow rate of 60 ml/min. DC. voltage in the electron capture detector was 95 V 
and meter sensitivity was 1 x IO- R A. Solutions of chlorinated biphcnyls in pcsti- 

. . J. Ckvowalop., C,k (1972) 34942G 
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tide-grade hexane were used in concentrations of I-zG0 lug/ml for injections on col- 
umn and volumes from 2 to 5 ,~cl were used to obtain peak heights of 30-70~/~ of the 
full-scale pen deflection. Relative retention times and electron capture cletector rc- 
sponses of chlorinated biphenyls and Aroclor 1254 ancl 12Go are shown in Table 28. 
Chlorine substitution in positions 2 and G shortens and vicinal substitution lengthens 
the retention time also in tri- and tetrachlorobiphenyls. In some instances these ef- 
fects overshadow the effect of the number of chlorines in the molecule, which increases 
the retention time. The detector response increases’ strongly with increasing number 
of chlorine atoms in the molecule (e.g,, the response of clecachlorobiphenyl is 500 times 
stronger than that of 4-chlorobiphenyl). PCB’s found in wildlife are generally of the 
Aroclor 1254 or 1260 type 4filfi4*71, In the stucly of ZITKO el al. above** these Aroclors 
gave fourteen and sixteen peaks with relative retention times from 0.48 to 3.28 and 
from 0.72 to 6.80, respectively. The presented data indicate that the electron capture 
response of all chlorinated biphenyls with four to nine atoms OF chlorine per molecule 
is not likely to exceed the value of 1.G relative to ~5,$‘-DDE under the described con- 
clitions. 

DE Vos AND PEI@O described the revcrsccl-phase partition TLC ancl GLC of 
the polychlorinated biphenyls. 

Kieselguhr plates impregnated with 8% liquid paraffin (b.p. 40-Go’) 
developed with acetonitrile-acetone-methanol-water (40 :18:40:2), detected 

RE’IXNTION TIME AND ELECTRON CAPTURE I~B’IXCTOR RESPONSE OF CI4LOROUIPIIT~NYLS 

Compound ReEativc Relative rcs~onse 
vctmtion tiwe j-m n.g + standard 
(p,p’-l.lnl~ - x.00) deviation 

($,jf-DDE = ISO) 
- _-,__.._... _____ ._._._, _ ..____,____.. ___.__ __._ . -. . ..-- ._---- - -_-----. - - . 

4-Chlorobiphcnyl 0.17 0.0033 f 0.00005 
2Xhlorobiphcnyl O.II 0.0030 rt: 0.00004 
3Xhlorobiphcnyl 0.14 o.oooG & 0.00001 
4,4’-Dichlorobiphcnyl 0.30 0.0~52 ,& 0.0002 

3,3’-Dichlorobiphcnyl . 0.25 0.0155 f 0.0001 

2,2’-Dichlorobiphcnyl 0.15 1~1.0131 j, 0.0001 
3,4-Dichlorobiphcnyl 0.28 0.0388 & 0.0002 
2,4-Dichorobiphcnyl 0.19 0.0450 * 0,000‘~ 
2,G-Dichlorobiphcnyl 0.16 0.08rg & 0.0049 
2,4,4’-Trichlorobiphcnyl 0.39 0.298 & 0.010 
2,4,6-Trichlorobiphenyl 0.24 0.276 f 0.006 
2,2’,4,4’-Tctrachlorobiphcnyl o,gr 0.206 & 0.003 
3,3’,4,4’-Tetrachlorobiphcnyl 0.96 0.770 & 0.027 
2,2’,6,6’-Tetrnchlorobiphcnyl 0.33 0.0403 f o.oorG 
3,3’.5,5’-Tctrachlorobiphcnyl 0,70 o.G25 & 0.045 
2,3,4,5-Tctrachlorobiphenyl 0.69 0,715 f 0.010 
2,3,5,6-Tctrachlorobiphcnyl o*s1 o*sos & 0.010 
2,3,4&G-L%ltZLchlorobiphcnyl J. .oo * 1.30 -& 0.017 
z,2’,4,4’,6,6’-Hexachlorobiphcnyl 0.78 0,5415 I 0.029 
3,3’,4,4’,5,5’-Hcxachlorobiphenyl 2.98 I.15 :ir: 0.064 
2,2’,3,3’,4,4’,6,6’-Octachlorobiphcnyl 2862 1.58 & 0.020 
2,2’,3,3’,5,5’,6,6’-Oct~chlorobiphenyl 2.45 I.53 & 0.07G 
Dccachlorobiphcnyl 8.20 1.61 f 0.086 
Aroclor I254 o.g10 f 0.008 

Aroclor I 260 I*35 & 0.010 
-..-^_- ------_----..._--.- .._-_. - 

J. Chvomalogv., 68 (W72) 345-426 
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Fig, 42. Thin-layer chromatograms of (a) technical PCB mixture, (b) extract of owl liver, and (c) 
p,+‘-DDE. Kicselguhr imprcgnatccl with liquid paraffin, clcvclopccl three timcs with acctonitrilc- 
ncctonc-methanol-water (40 : I 8 : 40 : z), and visualizccl with silver nitrate and UV light. 

Pig, 43. Gas chromsLtograms of (a) Phenochlor DPG (0.6 brg) ant1 (b) a hcxnnc cxtrnct of owl liver. 
Jnstrumcntnl conditions arc given in Table 29. 

TABLE 29 

RELATIVE RETENTIONS (DIELDRIN = 1.00) OF PcB PEAKS I-13 IN PIG. 43a 

Tnstrumcnt: Microtck MT 220. Column: glass, G ft. ‘x L/d in. O.D., pacltccl with 3% OV-I on 
80-100 mesh Gas-Chrom Q. Operating tcmperaturcs: column, 200~; injector, 220~; transfer lint 
(Teflon-coated aluminum), 220~. Dctcction system : Dohrmann C 250 A microcoulomctcr, with 
oxiclativc pyrolysis furnace and T 300 S titration cell. Sensitivity: 200 ohms. Gain: low (200). 

I&corder sensitivity: 1 mV. Chart spcccl: I cni/niin. 

Peak No. Rclntivc retention 
____ ̂_.___ .___ _..-_.-_- .._. _...“. ._--.._ ._.. . .._ 

I 

2 

3 
4 
5 
G 

; 
9 

IO 

II 

I2 

13 ’ 

0.71 
0.8‘~ 
I.03 
1.18 

I.23 

I.47 
I.59 
I.73 
2.01 

2.33 
2.80 

3.33 
3*76 . 

.I. CkYOWRltO~~,, G8 (1972) 345-426 
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silver nitrate (1.7 g in 200 ml 96% ethanol) and irradiated with UV (Philips TUV 
15 W) at a distance of about zg cm. (Black spots on a white background usually ap- 
peared within 20 min.) Fig. 42 shows thin-layer chromatograms of a technical PCB 
mixture (Phenochlor DP6 containing Go% chlorine, an estract of owl liver, and a 
sample of J!J,$‘-DDE) . 

Fig. 43 illustrates gas chromatograms of both Phenochlor DP6 and a hexane 
extract of owl liver. The instrumental conditions employed and. the relative retention 
of the pea’ks in Fig. 43a are summarized in Table 25). 

Peak numbers 5, 6, 8, g, 11, 12 and 13 in Fig. 43b have the same retention times 
as the corresponding peaks in Pig. 43a. Previous studies2 utilizing a combination gas 
chromatograplr-mass spectrometer have shown that in the chromatogram of the 
technical PCR misture containing 60% chlorine, peaks I and 2 are produced by 
pentachlorobiphenyls, peaks 3, 4, 5, G ancl 8 by l~exacl~lorol~iphenyls, peaks 7, g, IO, 
II and 12 by heptachlorobiphenyls, and peak 13 by octa.chlorobiphenyl. Table 30 

RELATIONSHIP UETWEEN SPOTS OBThINl3D UY THIN-LAYER CIIROMATOGRAPIIY (PIG. 424 AND PEAKS 

OBTAINED I3Y GAS CHROMATOGRAPHY (FIG. 43a) 01’ P~-IENOCI~~LOR DIJG. 
-I~ 

- 

Sfiot No. Corresponding Peal{ nacmbcvs 
- .-- . . -._ _-_._-__-________~ . . . ____. - .._... ̂. __ 

I I3 
2 II 

3 6, 9, 12 
4 7, 8, 10 
2 2 9 

3, 
6 q, 5 

7 1, 3 

shows the relationship between spots obtained by TLC (Fig. 42a) and peaks obtained 
by GLC (Fig. 43a) of Phenochlor DPG. Of the chlorinated pesticides that are fre- 
quently detected in wildlife samples only the fungicide hexachlorobenzene (HCR) 
interferes with one of the PC13 spots (No. 3). The lowest detectable amounts obtained 
with the above TLC system are of the order of IOO ng of single compounds such as 
DDE and HCR, and a few micrograms for PCB mixtures such as Phenochlor DP6. 

The application of carbon-skeleton ,chromatography to the qualitative diffcr- 
entiation between PCB’s and DDT was demonstrated by ASAI et aLoo. PCB’s and bi- 
phenyl yield identical carbon-skeleton chromatograms that are strikingly different 
from that of DDT, Comparisons of the relative retention times of products yielded by 
the PCB’s with known compounds, plus partial identification by their UV spectra 
suggested that the products formed at 300~ catalyst temperature were cyclohexyl- 
benzene and biphenyl, and at 260’ were cyclohexylbenzene and a small amount of 
bicyclohexyl, The apparatus consisted of a NIL-Beroza carbon-skeleton determi- 
nation (National Instrument Laboratories, Inc., Rockville, Md.) attached to the in- 
jection port of an Aerograph Model A-Goo-I3 gas chromatograph equipped with a 
flame ionization detector. For the electron capture gas chromatograms, the same gas 
chromatograph was equipped with a tritium detector. A sodium chloride-neutral 
palladium catalyst (I% by wt. as the metal on DMCS-treated 80-100 mesh Gas- 

J. ChvO?mltO@'., 68 (1972) 345-,#26 
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Aroclor 1260, 300’ 

Time (min) 

Big. I~44 Carbon-sltclcton chromatograms of biphcnyl and At-odor ~z,Go at two cntalyst tcrnpcr- 
atiires. 

Chrom 52)“” was used to change the carbon-skeleton dete+nator. The temperature 
of the catalyst bed was maintained at either ~$0” or 300~. The ctirbqn-skeleton chro- 
matograms were obtained using a 3 ft. x r/8 in. stainless-steel dolunm packed with 
5:/o DC-200 on DMCS-treated 80-100 mesh Gas-Chrom Q. The column temperature 
was held at 105~ and the hydrogen flow rate was 20 ml/min. The carbon-skeleton 
chromatograms of Aroclor r2Q0, biphenyl, bicyclohexyl- and cyclohexylbenzene 
were obtained on n 3 ft. ‘x I/S in. stainless-steel column packed with 80-100 mesh 

Aroclor 1260 

R,~‘-TDE 

1 I 
0 3 6 9 12 15 

Time (min) 

Fig, 45, Gas chromatograms of Aroclor 
olcctron cnpturc clctcctor. 

IZGO ;\nd a rnixturc of #,fi’-TDE and P,#J’-DDT using the 
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Carbowax 400 on Porasil S. The column temperature was 178” and the hydrogen 
flow rate was 20 ml/min. For the electron capture cleterminations, a 2 A. x 1/8 in. 
stainless-steel column packed with 10% DC-200 on DMCS-treated 80-100 mesh 
Gas-Chrom Q was used with a column temperature of 180~ and a nitrogen flow rate 
of 85 ml/mm. Pig. 44 illustrates carbon-skeleton chromatograms of biphenyl and 
Aroclor 1260 at two catalyst temperatures, viz., 260 and 300~. The two peaks (cyclo- 
benzene and biphenyl) observed at the higher catalyst temperature were due to in- 
complete hydrogenation of the biphenyl (hydrogenation is favored at lower tempera- 
tures)02. 

Gas chromatograms for Aroclor 12Go and a mixture of p,+‘-‘IDE and $,p’- 
DDT obtained with the electron capture detector are shown in Fig. 45 and illustrate 
how the PCB’s can interfere with the analysis of the DDT pesticide group. Carbon- 
skeleton chromatograms obtained at 260~ and 300’ are depicted in Fig. 46 for the 

Aroclor 1260, 260° Aroclor 1260, 300° o 

0 2 4 6 0 10 

K; , ‘- , , ‘- DDT2W , 

0 4 6 8101214 

E,'D-D , I- , I- ,. ’ 

Time (mid 

Fig. 4G. Carbon-slrclcton chromatograms at two catalyst tcmpcraturcs of Aroclor IzGo, and a 
mixture of p,p’-TDE and PP.‘-DDT. 

samples at much higher concentrations. These chromatograms suggest that this 
technique can be an extremely useful means for ascertaining the presence or absence 
of PCB’s in samples, which from gas chromatographic responses show the presence 
of the DDT pesticide group. 

The qualitative identification of PC13’s in metabolism studies and some sur- 
veillance situations by carbon-skeleton chromatography should require samples of 
a microgram or less. The response of this technique for a specific Aroclor depends 
upon its chlorine content; the greater the chlorine content, the larger will be the 
amount required for detection. For I pg 0.f Aroclor 1260, with the electrometer at- 
tenuator at 8 x , a response of 13% of full scale deflection was obtained. For x-pg 
quantities of Aroclors with less chlorine contents than Aroclor 12G0, responses should 
increase as the chlorine content decreases. 

VI. GAS-LIQUID CkIROMhTOGRAI’WY-MASS SPECTROSCOPY 

The GC-mass spectrometric behavior of PCB’s in human adipose tissue 
was described by BIROS et al. 14. The GC column was a stainless-steel capillary, 
100 ft. x 0.020 in. I.D. coated with OV-I silicone oil. Programmed temperature 
analyses were made both for the six Aroclor IZOO series standards and the tissue 
extracts. Figs. 47 and 48 illustrate total ion current monitor chromatograms obtained 
for Aroclors 1254 and 1260 and detail the programming conditions used. The molec- 
ular separator and gas inlet temperatures were maintained at 210’ and 215’, re- 

J. Chvomalogv., 68 (1971) 345-426 
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\ 
-Gain x 100 
b 2 1 4 6 1 8 , 10 1 12 14 1 16 I 18 1 

minutes 

Fig. 47. TICM chromatogrsm of a standard Aroclor 1254 mixture of polychlorinatccl biphcnyls. 
Progrnmmccl tcmpcraturc annlysis: 2 min at 185O, to 21.0~ at 5:/min, isothcrmnl at 210~. (SIX 

text for remaining instrumental paramctcrs and partial pcdc identification.) 

II Aroclor 1260 

i i & 0 10 12 14 ‘I6 18 20 22 24 26 26 
minutes 

Fig. 48. TICM chromatogram of ~7. standard Aroclor 1260 mixture of polychlorinatcd biphonyls. 
Programmed tcmpcraturc analysis: 2 min at 2oo”, to 230~ nt g’/min, isothermal at 230”. (Sco 
text for remaining instrumental paramctcrs snd partinl pcalc iclcntification.) 

‘I Gain x 300 

, I I I I I I I I I I , I I 
0 2 4 6 8 l0 12 14 16 18 20 22 24 26 

minutes 

Pig. 49. TICM cliromatogram of human acliposc tissue cxtrwt A. Programmccl tcmpcraturc anal- 
ysis: 5 rnin at IBOO, to 210~ nt 5”/min, isothcrmnl nt 210~. 

.J. Chvowtdogv., 68 (1972) 345-426 
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k Gain x 100 

cl f g 

BP'-?DE 
i II M 

1 1 I I 

0 2 4 6 8 10 12 14 16 16 20 22 24 26 
minutes 

Fig. pa, ‘I’ICM cl~romatogram of human 
nnnlysis: 2 min at Igo’, to 230” 

adipose tissue c.xtra.ct D. Pro~rammcrl l;cnipcrzLturc 
at fjO/min, isothcrn~al at 230’. 

spectively. The mass: spectra were recorded at So eV electron energy with 2300-V 
accelerating voltage and the filament emission current was zoo PA. Helium carrier 
gas flow rate was 4 ml/min and the injector temperature was 175”. The mass spectra 
were scanned magnetically over the range 992./c 5 to in/c 500 in G sec. Figs. 49 and 50 
illustrate the total ion current monitor cliromatograms of human adipose tissue. 
Previous analysis by microcoulometric and electron capture GLC had indicated the 
presence of PCB residues and a modified MILLS procedure”” was used for the prepa- 
ration of the samples. Samples designated A and R (Figs. 4g and 50, respectively) 
were estimated to contain zoo p.p.m. and 600 p.p.m, total PC13 as determined by 
electron capture GC. 

This study indicated the enhancement of separation effluency for the individual 
PCB compounds when analyzed by capillary column GC-mass spectrometry with no 
evidence of thermal degradation of any of the PCB compounds. All components of 
the Aroclors gave molecular ion groups of high intensity as would be expected from 
highly chlorinated biphenyl structures. The characteristic isotopic distribution pat- 
tern*4 corresponding to the number of chlorine atoms in the parent ion and chlorine- 
containing fragment ions was observed. 

Two noteworthy features of the spectra were the relatively intense fragment 
ions produced by consecutive loss of chlorine atoms from the parent ion and the pres- 

100. 

QO- 

ao- 
70- 

. I .I’ 1, ,&! . 

Fig. 51. Mass spectrum of a trichlorobiplux~yl contnincd in st;wclnrcl Aroclor 1232. 
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IOO- 44 

:oo- 
70- 217 

:oo- 
&l-C151 

40- 16’ 

w!2*~) 

322 * 

%- 75 36 144 252 287 
IO- Ml ,I I 1 I , l!i , , , LI , , #III, , ~,,I~ , , ,+I , 

50 100 1%. . 200 
m/e 

250 300 350 400 

J?ig. 52. .&lit!% spectrum of a llcptachlorobi,>lldnyl found in StamclaKl Aroclor 1260. 

Y . 

encc of intxmsc cloubly charged fragments within the mass spectra of most of the PCB 
compounds. 

Figs. 51 and 52 show mtiss spectra obtained for a tricl~lorobipl~enyl isomer in 
Arocl.or 1232 and a l~eptacl~lorobipl~enyl. isomer in Aroclor 1260, respectively. Thus, 
in the chromatoLgrams of Figs. 47 and 48 peaks I and 2 were shown to be tetrachloro- 
biphenyls ; peaks 3-6, llexac~~lorobipl~enyls ; peaks 7 and 9-12, heptacl~lorobipl~enyls ; 

peaks 13 and 14, octachl.orobiphenyls; peaks 15 and IG, nonachlorobiphenyls; and 
peak 17, decacl~lorobipl~enyl, 

The mass spectra of the *components of adipose tissue of sample extract A 
(Fig. 49) revealed that peaks a, b, c, and d were polychlorinated hiphenyls identical 
with those obtained respectively for peaks 6, 7, 9 and IO of h-oclor 1.254 (Fig. 47). 

The mass spectrum of peak d (an isomer of l~exachlorobiphenyl, mol. wt. 358) 
is show;l in Fig. 

The mass 
peaks a through 

530 
spectra of components of adipose tissue B (Fig. 50) showed that 
j were identical to those obtained for peaks 7 and p-17 in the Aro- 

100 

:: 

,3 70 
,$,60 
m .g 40 50 

2 m- % 20- 
I!#! ‘0, Ill III I 11 

I1 
I .I 1 50 tlllll~ , , , 

100 
, , I 

150 200 
1 

, 250 300 350 
m/e 

cl.or 1260 standard (Fig. 48). In addition, p,fi’-DDE and fi,fi’-DDT, which were 
present at higher levels than those encountered in sample A, were also confirmed in 
this adipose tissue sample. 

A system for the identification of multiple pesticide residues in foods by com- 
hined GC-mass spectroscopy was described by BELLMAN AND BARRV~ and this 
technique was used to demonstrate the absence of PCB’s as an intermediate in the 
quantitation of fi,$‘-DDT and fi,$‘-DDE in fresh and smoked chubs. A Barber-Col- 
man Model 5000 gas chromatograph was used equipped with a flame ionization de- 

J. CI/vomnlogv., 68 (1972) 345-426 
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tector and a 5-mV potentiometric recorder. The column was a glass U-tube, G ft. y. 
2 mm I.D., packed with either 10% DC-zoo on 80--100 mesh HP Chromosorb W or 
a mixed phase consisting of 2% 0V-r7/2°/o QF-1 on 80-100 mesh HI? Chromosorb W, 
with helium as the carrier gas. Separations were performed isothermally with column 
temperatures of 180-215’, depending on the pesticides being separated with the GLC 
column effluent split between the mass spectrometer and the flame ionization detector. 

The mass spectrometer was an AJ3.1. MS-12 with an electron bombarclment ion 
source. The electron trap was set at IOO ,uA and the source temperature maintained 
at cu. 200~ by the heat of the electron-emitting filament. The electron bombardment 
energy ion 24 eV has the advantage over the more customarily used 70 eV of increas- 
ing the relative intensity of the molecular ion chlorine isotope cluster. The ion- 
accelerating voltage was 8 kV with the electron multiplier detector set at a gain of 
7 x 104 with mass spectra scanned magnetically from ca. m/e 500 to ?jt/e 12 in about 
12 set, A total ion current monitor detector was situated between the ion source and 
the mass analyzing magnet. (This detector intercepts a portion of the ion beam and 
displays it as a voltage signal on a lo-mV potentiometric strip chart recorder.) The 
interface between the GLC and the mass spectrometer was essentially as reportecl 
by MARKEY~~. 

Cheese and cocoa beans were prepared for analysis by the fatty food procedure 
described in the Pesticide A~zalytical Manzcal O7. The pesticides in the isolated fish 
sample (fresh and smoked chubs) were extracted with petroleum ether and parti- 
tioned into acetonitrile and cleaned up successively over Florisil and silicic acid 
columns. The latter utilized the procedure of ARMOUR AND BURKI~ to remove any 
PCB that might have been present. Fig. 54 illustrates the flame ionization detection 
(FID) and totaI ion current monitor (TICM) chromatograms obtained from a smoked 
chub sample after silicic acid chromatography and shows several peaks, two of which 
have the same retention times as those of p,$‘-DDE and +,$‘-DDT. It was determined 

c- V 

o,p’- DDE 

~p,p’-DD’r 

2 4 6 6 10 12 14 16 
minute5 

I 
‘I 

1’ p /Y-DDE 
II ’ 

8 i 6 I!3 10 12 14 16 
minutes 

Fig. 54. FID sncl TICM chromaLogram obtained from a smolccd chub sample nftcr silicic acid 
column ChromaLography, s = SolvcnC front; v = point at which glass valve is opcnccl. Blips seen 
on TICM peaks mark MS scan. Column: 10% DC-zoo on I-II? Chromosorb W; 210~. 

Fig. 55. PID chromatogram of hroclor 1254 standard and p,p’-DDE and p,p’-DD’r mixed stan- 
dards, A - Width of fi,fi’-DDE poak; I3 = wiclLh of p,P’-DDT pcalc. Column: IO%, DC-200 on 
I-IF Chqomosorb W; 210~. 
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(using the procedure of ARMOUR AND BURKIF) that the original PCB interference in 
the chubs was caused by Aroclor 1254. An FID chromatogram of Aroclor 1254 (Fig. 
55) shows several peaks that can interfere with the determination of $J,$J’-DDE and 
$,p’-DDT. The regions A and 13 represent the width of the $,fi’-DDE and $,$I-DDT 
peaks, respectively. The centers of the regions represent the peak maximum for these 
pesticides. Mass spec<ra were obtained for the GLC components of Aroclor 1254 in 
the center of regions A ancl B, i.e., Aroclor 1254 components with the same retention 

264 

25. 299 

&! 25 

323 ,dllj Sly 
320 330 

1 
340 360 360 370 

m/e 

Pig. 56. Mass spectra of (a) Aroclor 1254, components with the same rctcntion time as that of 
p,p’-DDE ;mcl (b) hroclor r254 coxnponcnts with the sarnc rctcntion times its that of P$‘-DDT. 

time as that of #,$‘-DDE (Fig. 56a) and Aroclor 1254 components with the same re- 
tention time as that of p,$‘-DDT (Fig. 5Gb). Fig. 57 shows that mass spectra of (a) 
$,fi’-DDE standarcl at 24 eV and (1~) fi,fi’-DDE in a sample showing PCB carry- 
over after a silicic acid column separation procedure, The nz/e 326 peak shows the 
presence of PCB. This carry-over of PCB into the pesticide-containing fraction 
occurred when extracts representing more than 0.4 g of fat were chromatographed 
over silicic acid. 

Another objective of the study of BELLMAN AND BARRY~~ was to determine. if 
eluates obtained from the Pesti&le Asalytical MamcaZo7 procedure could be us&l to 
confirm the identification of pesticide residues by combined GZC-MS. The FID and 
TICM chromatograms (Fig. 58) were obtained from a 6% eluate of a frog leg sample 
and show that the mass spectra of the four GLC peaks are identical. (The mass spectra 

J. Chvourtalogv., G8 (1972) 345~426 
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100 (a) 
246 

75- 

>, 
.* 
"c 50- 

.% 

.!j 25- 
0 

B ! llllh 1 a , I I I 
230 240 250 260 270 280 290 300 310 

m/e 

100 (b) I- 2 

I/I , 
230 240 

3 

318 

!, I 1 II 
I I I 1 

250 260 270 260 290 300 310 
m/e 

1 
3 

Pig. 57. Mass spectra of (a) ~7. p&‘-DDE standard recorded at zlt cV and (b) p,#‘-DDE in a sample 
showing PC13 carry-over after a silicic acid column separation proccdurc. The m/c 32G peak shows 
the prcscncc of PCB. 

of standard c11-, /3-, y- and S-isomers of E-ICI-I* also appear to he identical and match 
the mass spectra of the four GLC peaks.) Hence identification of which isomers of 
I-ICI-I were present in the sample required the combination of GLC retention time and 
the mass spectra produced. 

WCH isomers 

0 2 4 i; Fj 
minutes 

fo 18 li$ 

Fig. 58. FID &xl TICM chromntograms obtaincci from the S% eluatc of frog Icg sample. s = Sol- 
vent front; v = point at which the glass valve is opcncd. Blips seen on TICM peaks mark MS scan. 
Column: 2% OV-I~/~O/~ QF-I on HP Chromosorb W; 180~~ 

* HCH is the common name for the mixed isomers of 1,2,3,4,5,6-hcxachlorocyclohcxanc. 
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The occurrence and distribution of PCB’s in the River Rhine and the coastal 
areas of The Netherlands has been reported by KOEMAN et a1.2. The identification was 
carried out by GC ancl mass spectrometry. For this purpose a Varian MAT Model 
CH 4 mass spectrometer was coupled to a Varian Aerograph Type A550-13 oven uti- 
lizing an interface under conditions described by TENNOEVER DEBRAUW AND BIZUN- 

NEI?. The relative retention times (I?,) were estimated with a Varian Aerograph 
Model zo4-1B gas chromatograph with electron capture detection. Pyrex glass column 
(5 ft. x I/$ in.) filled with 10% DC-zoo on 8c - TOO mesh Gas-Chrom Q were used in 
both gas cbromatographs, and the columns were operated at zoo0 with helium or 
nitrogen as carrier gas. The tissues of the indicator organisms used were extractecl. 
with petroleum ether in a Soxhlet extraction apparq.tus after drying with anhydrous 
sodium sulfate. The samples were cleaned up by dimetllylformamide partition”6 and 
column chromatography over activated lilorisil. The apolar ctimpounds including 
the PCB’s were eluted with hexane and then a 10% diethyl ether i.n hexane solution 
was used to elute clieldrin and aldrin. Tables 31 and 32 list the mass numbers and num- 
bers of chlorine atoms per molecule of peaks with rqlative retention iimes (relative 
to dieldrin = 1.00) longer than 0.20 and shorter than.1 .oo and of peaks longer than 
x.00, respectively. Mass spectra were taken from a.11 peaks present in the total ion 
current chromatogram obtained with the double ion source of the CH 4 &ass spectro- 
meter. In Figs. 5c~a and b gas chromatograms are shown of an eider extract and a 
technical PCB mixture (Phenoclor DPG), illustrating a strong resemblance between 
the electron capture chromatograms and the ion current chromatograms. Both from 
the mass numbers and the numbers of chlorine atoms per molecule, it was concluded 
that most of the compounds present in the extracts could be identified as PCR’s 

(a) 

Cc) 

392 (7) 

A 

392(I) 392(7) 

A 392(7) AcuzfL\) 

- 

Fig. 59. Gas chrotnatogmms of (a) an ciclcr extract, (LJ) :I, tcchuical PC13 tnixturc (Phcnoclor DI’G) 
Rncl (c) a quail liver and brain cxlmct. . 
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(wit11 a strong probability of Phenoclor DPG, Clopl~en AGo and. Aroclor 1260 being 
present). Other chlorinatecl compounds founcl were l~cxacl~lorobenzene (HCI3), 
$,,p’-DDE and teloclrin. 

Tables 31 and 32 indicate that the lower chlorinated X13’s occur more fre- 
quently in the tissues of the roach than in the seabirds. This suggests the possibility 
that the lower chlorinated PCB’w are less persistent, and this was confirmed by an 
experiment with Japanese quail which were fed a diet containing 2,000 pp.m. of 
Phenoclor DPG (chromatogram in Fig. 591~). A cliromatogra.m representing the resi- 
due in liver and brain of these birds is shown in Fig. SF)C and shows that a number 
of the compounds present in the original mixture were metabolized, particularly the 
lower chlorinated ones. Residues in the brains and livers of the quail were measured 
on a semiquantitative scale by peak height comparison of peak R, = 1.45 using the 
Phenoclor DPG mixture as a standard, The residue levels calculatecl in this manner 
were about twenty times higher in the quail tissues than in the livers and brains of 
the eiders. The quail developed hyclropericarclia with a dose of 2,000 p.p.m. CLICK 

cl n1.0Q also have reported hydropericardia in White Leghorn cockerels dosecl with 
400 p.p.m. in their diet. 

BAGLEY et al.3 described the identification of polychlorinatecl biphenyls in two 
balcl eagles by combiried GLC-mass spectrometry. The separation and identification of 
the unknown components were obtained with an LI<B Model gooo GLC-MS equipped 
with the stainless-steel molecule separator system of RYWAGE~~~. The 9 ft. x 0.25 in. 
spiral glass column was packed with 1% SE-30 on 100-120 mesh Gas-Chrom Q. 
The operating temperatures were; flask heater 220°, GLC oven 180°, separator 240°, 
and ion source 270~. The carrier gas was helium at a rate of 35 ml/min, the ionization 
potential was 70 eV, trap current 60 ,uA, accelerating voltage 3.5 IcV and the scan 
time was 12 set from nz/c 2-400. TLC on silica gel as describecl by MULEJERN~O~ was 

(a) p,p’- DDE 

p,p’- DDE 
(cl) 7 

n 

I. 14 I * I I I I I I I. 
58 52 46 44 40 3632 26 24 20 w 12 0 4 ?16 92 48 44 40 36 32 28 24 20 16 12 8 4 

minutes 

Fig. Go. Total ion current chromatogrnm of: (a) atnnclarcl PC13 mixture (hrochlor 1254, 1.5 /,c& : 
(b) ca@c carcass 68-056, 7:LC zone IV ; (c) cn&lc carcx~ 68-056, ‘I: JX zone J I I ; and (cl) ca& carcass 
68-050, TLC zone IV. GLC conditions: g ft, x 0.25 in. I Ii/! SJZ-30 column ; oven tempcraturc, 
180'; helium flow, 35 ml/min. 

J, Chron~~logv., 68 (1072) 345-426 
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Vig, G,t. Mass spcctrutn of pcalc 1 (l$p. Boil and c), empirical formula C,,M&l4. 
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Fig. 65, Mass spectrum of peak 5 (Figs. Gon, b, and cl). cmpiricnl formula C&H,Cl,, 
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Fig. GG. Mass spectrum of pcalc 5 (Fig. Got; 1~54-111 (Lotal ion currcnl; clwomatogratn not sl~own 
for Aroclor 1254, TLC zone II I)), empirical formula C,&C&. 
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Pig. G7. Mass spectrum of peak 7 (Figs. Goa, b, and cl), empirical formula, C,,I-I,CI,, 
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Fig. G8. Mnva spectrum of pcalc 8 (Figs. Goa and c) empirical formula C,,l-l&l,. 
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Fig. Gg. Mass spectrum of lxxk g (Fip. 60;~ ant1 c), cmpiricnl formula 
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Fig:. 70, Mass spectrum 0% peak IO (Figs. Goa, b, and cl), empirical formula C,,H,,CI,. 
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Fig, 71. Mass spectrum of pcalc I I (Fig. Got; T 25d~-111 (total ion current chromatogram not shown 
for Aroclor 125.4, TLC zone TII)), empirical formula C1,H,&Ia. 
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Fig. 72.’ Mass spcclrum of pcnk I I (Pigs. Goa, b, nncl cl), empirical formula C,,H&. 
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Fig. 73. ‘Mass spectrum of peak 12 (Figs. Goa, b, and cl), empirical formula C,,I-I&I,. 
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Fig. 74. mass spectrum of peak 13 (Figs. Gob, and cl), empirical formula C&I-I&l,. 
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Fig. 75. ~nss spectrum of peak 15 (T;igs. Goa, b, and cl), empirical formula C,J-I&l,. 

used to separate interfering organochlorine pesticides. The major peaks as shown in 
the total ion current chromatogram for Aroclor 1254 (Fig. Goa) are numerically labeled 
in order of their retention time. The peaks in total ion current chromatograms for 
eagle samples (Pig, 60~1) are labeled as they relate to the Aroclor standard and show 
that peaks 1-16 have approximately the same retention times as identically numbered 
peaks in Aroclor 1254. Figs. 61-75 show mass spectra for peaks in the Aroclor stan- 
dard and corresponding peaks in eagle tissue samples. 

Table 33 lists the relative retention time of PCB’s and some commonly occur- 
ring organochlorine pesticides obtained using a 1% SE-30 column. The similarity of 
relative retention times (compared to fi,p’-DDE) of a number of PCR peaks and the 
organochlorine pesticides prohibits the utility of GLC identification alone. 

Table 34 shows spectral data of some PCB’s observed. Identically numbered 

.r. Chvomalogv., fig (T972) 345-426 
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%-ABLE 33 

RXLATIVJE Rl~TJSN’l’IoN TIME OF ~.?_-13’S ANJ) SOME COMMONLY OdCtJRJ<JNG ORGhNOCJJLORINE PESTI- 

cII3Es (p,p'-UUE = 1.00) 

Pa3 RCIdiVC Cottrporrrld c Relatz'vc 
-____ vi~tcurtiv~i time rctelztiun /~illW 

Peak No. Mvl. wt. 
.---. -..-...-. .- --..--. -...-. -.--. ---~-.- -...--.-..-.._ ~. ._-.._ . __.. .__._.____.__..____._ __________ ._ ___..._._____. ,_________________ 

I 256 (3)” 0.39 J-Icptacl~lor 0:43 
2 290 (4) O,‘l’j 

3 290 (4) O-53 Altlrin 0.53 
4 290 (I) 0*.5x 

2 
;z; 1;;~ 324, (5) OS70 I-Icptacl~lor cpxitlc O.G6 

0.79 
7 32:1- (5) 0.83 Diclclrin O.jr, 

8 324 (5) b*cJ7 ’ O./J’-DDD T .02 

9 358 (6) I , O-1. Elldl-ill 1.08 

IO ::::: 1:; I.23 p,p’-uDr~ 1.27 
II 
12 3.58 (6 

J..(.G 0,~~‘-I~IX.’ I.35 
I,72 p,p’-uD’~ I,. Gg 

13 358 (6)~ 392 (7) 2.01 

14 
I5 ::;: 1:; 

2,32 

2.w 

16 392 (7) 3.38 

I& The number in parentlicscs following: the molecular weight is the numlxr of chlorine storm 
in the molcculc. 

100 

80 

60 

40 

Aroclor 1242 

222 256 

24’ 

196 

40 

Pig. 76 70 CV JnaSS Spcctm (C.E.C. 21-11oB instrument) of R I : I mixture of hroclor 1242 nncl 

DDT at diffcrcnt sample tcJupcraturco, ISotopc clustcrv at w/e 222, 256, 290 and 324 result from 

individual components of “Rroclor” ; 
this subutancc, 

the group of pcnlts at $M/C 186 arc mainly frztgnicnt ions from 
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TABLE 34 

MASS SPECTRA OP POLYCI-ILORINATED BIPWENYLS 

The first lint in the hcncling is ssmplc, the scconcl pcalc number, and the thircl molecular weight 
with the number of chlorine atoms in the rnolcculc in parcnthcscs. 

-------_’ -.--- _._. 

791 /C 1254 III 68-050 IIIGG-050 III1254 68-056IV 1254 
6 

68-056 IV I254 

&4 (5) ;;8 (6) z2 (7) & (7) 

14 16 

324 (5) 392 (7) 392 (7) $2 (7) 
-.-.- -.-- ._......._ .._ - .--..- ..-._- -._ .._. .____.___ _._ 

98 
99 

‘07 
108 

109 
TX0 

1x1 

1rg 

120 

I21 

I22 
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I26 
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129 
131 
132 
133 
134 
135 
13G 
137 
138 
143 
144 
145 
14G 
147 
148 
149 
‘50 
156 
I57 
158 
161 

1G2 

163 
IG4 
165 
iG7 
168 
169 
170 
171 
179 
180 
181 
182 

183 
184 
185 

10.2 

7.0 
3.9 
4.5 

20.2 
17.0 

9.5 

3.2 
3.9 
G.4 
6.6 

3.6 

29.5 
27.3 

9.3 

4.8 

3.9 

2.7 
5.2 

0.G 

9.8 
0.8 

7.3 
5-o 

13.4 
5.7 

9.3 
13.2 

9.3 
3.2 
3.2 

Z:T 
25.2 

6.8 

5.4 
3.7 
1.0 

2.2 

12.5 

8.3 
3.3 

I.3 
I-5 
3.4 
3.0 

1.0 
22.9 
21.2 

5.G 

1.6 

2.4 
I.4 
1.G 

4.6 
5.8 

4.2 
3.7 
2.9 
5,o 

I.5 
4.G 

17.5 
3.7 

0.3 
2.8 

;:; 
16.0 
11.3 

4.0 
I.2 

2.5 
2.8 

5.7 
3.1 

9.1 
II.2 

6.0 
I.8 

I.7 
3.8 
3-7 
2.1 
r.8 

27.4 

sz 
s:5 

3.2 
2.8 

I.5 
2.3 
I.7 
2.5 
3.8 

3.7 
I.9 

9.4 
IG,O 
15.1 
II.3 

8.5 
5.7 
3.8 

8.2 

4.1 
4.1 

II.8 

IS,3 
13.8 

5.3 

5.9 
5.3 
7.1 

17.1 
22.3 
14.1 

8.8 
8.2 

4.4 
2.9 

10.3 
18.2 
1G.2 

14d 
6.5 
3.2 
2.9 
3.5 
4.4 
2.9 
2.3 

25.3 
42.9 
30.6 
12.3 

5.9 

t: 
8.8 

5.6 
9.1 
3.2 

IO.9 

544 

r0.g 
5-o 

1589 
20.0 
14.1 

Go4 

2:; 

?3:4 

5.9 

13.G 
16.4 

14.5 
6.8 

Z::: 

Z:i: 

18.9 
20.7 

9.5 

19. I 

25.4 
14.5 

5.4 
5.9 

10.0 

9.1 
5.9 
4.5 

10.0 

10.0 

I 7.3 II.8 

29.5 20.9 
26.4 17.3 
IG.8 13.6 

8.6 10.0 

29. I 27.3 
47.7 43-G 
31.4 30.0 
I 1.4 IO.9 

9.1 
13.2 
IO.9 
12.7 

G-4 
5.9 

8.2 

7.7 
9.1 

10.0 

7.3 
10.0 

5*4 

7-G 10.8 

4.1 4.4 
3.4 4.6 

10.7 II-() 

10.0 22.8 

8.3 161 

4-I 5.8 

3.1 2.8 

5.2 5.5 
4.8 5.3 
5.9 7.1 
4.1 3.3 

15.2 19.2 
rG.2 21.9 

6.7 9.7 

;:: 

5.9 
3 ’ 4 
3.1 

4.2 
8.3 
7.2 
3.9 
3.2 

IO.3 
11.7 
11.0 

9.3 
5.2 
2. I 
3-I 

4.5 
2.8 

26.7 

48.3 
31.0 

9.8 

8.6 

37.5 
38.9 
23.6 
II.dk 

3.3 
2.8 

2.5 
4.2 
3.6 
2.8 

17.5 
29.4 
21.0 

7.8 

G.o 

6.9 
G.5 
9.5 

4.3 

2.2 

;:: 

I.4 

Z 
14.2 

13.3 
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-- 
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l‘R13T,E 34 (continued) 

4x7 

&ale I25411I Gs-050 zrI68-050 III1254 G8-05G Iv .r254 18-056 Iv I254 
G 

324 (5) ;24 (5) ;zg (6) $2 (7) z2 (7) 

16 1-G 

392 (7) 392 (7) % (7) 
_-.__-_-.-_--.--._-.-.-_.-----~ __-......------.- .- .~~.--_-- ~------.-.~..~~....__..----~.-_. ---... 
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19.5 
17.3 
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peaks have similar retention times although in some cases mass spectral data show 
the compounds to be isomers rather than the same compound. 

The identification of PCI3’s and DDT in mixtures by mass spectrometry was 
reported by HUTZINGER et al .lo2. Fig. 76 illustrates 70 eV mass spectra of a 1 :I 
mixture of Aroclor 1242 and DDT at different sample temperatures. The peaks aris- 
ing from the individual major components of the Aroclor mixture can easily be 
distinguished from major peaks found in the most common chlorinated insecticides. 
A useful spectrum of Aroclor 1242 could be obtained at low tenmeratures bv direct 
introduction with the aid of a temperature-controlled probelOB, and fraction al subli - 
mation from many chlorinateed pesticides directly in the ion source seems possible 
(see Fig. 76). 

VII. ANALYSIS 017 CHLORINATED NAPH'JXIRI~ENES AND I~II3ENZOFUIIANS 

Chlorinated naphthalcnes possess a variety of suggested uses related to their 
electrical, flame-retardant and fungus-resistant properties, stability, and compati- 
bility with other materials lode Manv of their physical properties and suggested uses . 

are similar to those of polychlorinated biphenyls 1, The behavior of chlorinated naph- 
thalenes in analytical methods for organochlorine pesticides and PCB’s was studied 
by ARMOUR ANI) BURW &lob. The chlorinated naplrthalenes studied were representa- 
tive Halowax (ICoppers Co., Inc.) samples, c,g., Halowax 1014, a mixture of tetra-, 
penta- and l~exacl~loronapl~tl~alenes; Halowax 1051, octacllloronaplltl~alene; and 
Halowax 1099, a mixture of trichloro- and tetrachloronapl~thalenes. GIL of the 
chlorinated naphthalenes showed that their behavior is similar to that of the or- 
ganochlorine pesticides. Retention time and response data for the three I-Ialowax 
,ssmples on two columns with electron capture detection are given in Table 35. 
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GLC columns: glass, G k x 4 mm I.D. 10’s DC-200 011 So-100 rncsh I-11’ Chrornosorb W, and 
10% DC-zoo/15 o/0 Ql?-I (T :I) on So-100 rncslt I-II? Cliromosorb W. Operating conditions : nitrogen 
flow rate, I20 ml/min ; coluttiti ancl clctcctor tctnpcraturc, 2oo”; injector tcnipcraturc, 225O. 
Conccttbic clcsign clcctrott capture clctcctor opwatccl nt ~1.~2. voltage to proclucc 1/a full scale clc- 
flcctiori (C.s.cl.) for x,ttg of ltcptacltlor cpoxiclc wlwtt full scale clcflcction is r x IO--” A. 

Re.~ponsc (11s) Retcntddn times r&dive to aldrin 
(App~0.v. amoarnt 
for II2 fs.d.) ro% DC-200 colawraa IO y0 DC-zoo/r5 % 

QF-I (x :I) colacvm 

I-Ialownx 25 0.45, 0.57, 0.65, 0.71’. 
1099 0.79, 0.86, o.qlr, 1.04, 

1.14, 1.23, 1.44, 1.57, 
I.88 

J-I~Llowex 25 0.45, 0.79, 1.04, I._C3, 
1014. 1.57, r.82, 2.85, 3.12, 

3.55, 3.73, 6.0 

I-Ialowax IO II.3 
105t 

0.49, 0.65, 0.73, 
0.82, o.gG, 1.14, 
1.20, 1.46, 1.62, 
1.gG 

0.49, 0.83, 1.15, 
1.45, 1.61, 1.93, 
2.80, 3.16, 3.68, 
3.84. 5.9 

TO.8 

GC conditions are those used for organochlorinc pesticide residue ana.lysislO’J. The 
components of Halowax 1014 chromatograph throughout the retention time region 
of the organochlorine pesticides (retention times relative to aldrin, 0.5 to 6). Halowax 
1099 exhibits peaks in the region of early eluting pesticides (retention times relative 
to aldrin, 0.5 to 2), and Halowax 1051 chromatographs beyond the retention times 
of common pesticides (retention time reIative to aldlin, II). Study of the Florisil 
column chromatograpliic clean-uplOfi showed that Halowax 1014 and Iogg were . 

completely eluted by zoo ml of,6°/o diethyl ether-petroleum ether. Halowax 105~ 
was found in both eluates from successive 200 ml elution with Go/, and 15% diethyl 
ether-petroleum ether. A number of the organochlorine pesticicles, including DDT 
and its analogs are also eluted by 6 “/& diethvl ether-petroleum ether. The chromato- 
graphic procedure on silicic acid columns debeloped for separating PC13 from organo- 
chlorine pesticide+ was evaluated for the separation of the chlorinated naphthalenes 
from pesticicles. Each of the Halowax samples (‘:,R,, 1014, 1051 and 1099) was com- 
pletely elgted by 250 ml of petroleum ether eluent. (PCB’s are also recovered in, this 
eluate.) No Halowax was found in the acetonitrile-hexane-methylenc chloride elu- 
ate, where most of the common oqganochlorine pesticides are recovered. 

Fig. 77 shows gas cllromatograms of brown trout extract fortified with 2.5 

p.p.m. Halowax 1014, 0.3 p.p.m. ?,,p’-DDT and 0.2 ppm. $,p’-TDE and containing 
0.19 p.p.m. $,$‘-DDE residues before and after separation on silicic acid columns. 

The iclentitication and toxicological evaluatidn of chlorinated dibenzofuran 
and chlorinated naphthalene in two commercial polychl.orinatecl biphenyls was de- 
scribed by Vos cl! nr! .lo7. In a previous studylO a significant difference in toxicity was 
found between three commercial PCB preparations, high mortality, liver necrosis 
and chick edema-like lesions being associated with two of the compounds tested, In 
the stucly of Vos et al.107, column chromatography and GLC demonstrated the 
presence of polar compounds in the 25% diethyl ether fraction of each of two PCB 

._ 
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Fig. 77. GLC curves of brown trout extract fortified with 2.5 p.p.m. I-Ialowax 1014, 0.3 p.p.m. 
p,P’-DDT, and 0.2 p.p.m. p,p’-TDE and containing 0.19 p.p.m. p,#~‘-DDE rcsicluc, bcforc and 
after separation on a silicic acid column. (a) Bcforc separation; (b) petroleum cthcr cluatc from 
silicic acid column containing chlorina.ted naphthalcnc; (c) Polar cluate from silicic acid column 
containing: (I) $Y,$‘-DDE. (2) p,p’-TDIZ, and (3) p,i!‘-DDT. ro-mg ssmplc injcctccl for cnch curve. 
GLC conditions: same as those given in Table 35. 

preparations which contained an average of 600/ chlorine (Phcnoclor DP6 and 
Clophen A60), and a chick embryo assaylOO confirmed the high toxicity of this frhc- 
Lion. The polar compounds were not found in the corresponding fraction of a third 
PCB (Aroclor 1260). The identity of the polar compounds which included tetra- and 
pentachlorodibenzofuran was confirmed bjt mass spectrometric and microcoulometric 
analyses. . 

Aliquots obtained from the column chromatography (Florisil) of the PCR’s 

Fig. 78. Gas chromatogrsm of the third fraction of Clophcn AGO (showing a pattern iclcntical to 
that for the third fratition of Phcnoclor DPG). Data for pcnks r-5 are given in Table 36, 

J. ChvOtMldO~V., 68 (1972) 345-426 
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RETIZNTION DATA AND CO~.LI~CT~D MASS SDECTROMETRIC DATA 017 PBAICS SHOWN IN BIG. 78 
- -~--~------_- 

Pealr No. Relative Mass NOS.” and No. fdentity of compoztnds 
retcntiovc~~ of chlo~~inc ntowzslmolccttlc 

-----_- -._.. -- 

1 I.40 304 (4 Cl) Tctrachloroclibcnzofuran 
2 I.58 332 (6 cl) Hexnchloronaphthalcnc 
3 I.74 358 (G Cl) EIcxachlorobipkckyl 

392 (7 Cl) Heptachlorobiphenyl 
4 2.42 338 (s Cl) 3. Pcntachlorodibcnzofur~~n 

392 (7 Cl) I-Ieptachlorobiphcnyl 
5 3.48 3GG (7 Cl) Hcptncl~l~ronaphtlzalenc 
_ .----_---__.- .___ ___ __..._ -._____,__.____.__ _______ ------ 

(b Rctcntion rclatccl to diclclrin = 1.00. . 
11 Mass number cnlculations basccl on Cl = 35. 

a 
0 

were anal>*zcd by GLC employing a 204-1B Varian Aerograph gas chromatograph 
with electron capture detection. The 5 ft. x 1/8 in. Pyrex glass .column was filled 
with 10% DC-200 on 80-100 mesh Gas-Chrom Q and operated at 200~ with nitrogen 
as carrier gas at 50 ml/min. Mass spectrometry was used to identify compounds pres- 
ent in the polar fraction (25% diethyl ether-hexane) from the column fractionation 
of PCB’s. For this purpose a CH 4 mass spectrometer (Varian MAT) was coupled to 
a Varian Aerograph type AssoB oven, with a 5 ft. x r/8 in. Pyrex glass column filled 
with IoO/~ DC-200 on 80-100 mesh Gas-Chrom 9. The design of the interface between 
the above gas chromatograph and the mass spectrometer has been describecl by 
%I~NN~EVER DE Bnnuw AND BRUNNE@. 

High-resolution mass spectra were taken on a double-focus spectrometer type 
SM (Varian MAT). Exact mass metisurements were made by the peak-matching 
method and measurements were also made from spectra which were recorded on 
photographic plates processed by a Varian MAT on a Leita comparator SAMI. l 

Quantitative GLC information was obtained via microcoulometric analysis 
of the third polar Florisil column fractions using a Dohrmann microcoulometer 
coupled to a Microtek Model MT220 gas chromatograph with a 6 :ft. x r/4. in, glass 
column containing the same 10% DC-zoo columns packing described above. The 

267 

Il#3.L_ I t 

‘I 

Fig. 79. Mnss spectrum of tctmchloroclibcnzofurran (mass ‘No. 304) obtaicncl from the third frac- 
tions of Clophon AGO ancl Phcnoclor DPG (pcalc I in Pig. 78). t 
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column eWluents were oxidized in a Dohrmann combustion .Curnace and the hydro- 
chloric acid produced by chlorinated compounds was detected and measured quanti- 
tatively in a T-300-S titration cell. 

The microcoulometric ga.s chromatogram of the third fraction (25% diethyl 
ether-hexane eluates) obtained with a IO-mm Florisil column is shown in Fig. 78 
and reveals the presence of polar compounds in Phenoclor DPG and Clophen AGO. 
(Data for peaks r-5 are given in Table 36.) 

Fig. 7g shows the mass spectrum of tetrachlorodibenzofuran (mass No. 304) 
obtained from the third fractions of Clophen AGO and Phenoclor DPG (peak I in 
Fig. 78). Fig. 80 depicts a mass spectrum of pentachlorodibcnzofuran (mass No, 

Si 

2x 

J 

t t m/e t t 
Fig. 80, Mass spectrum of pcntachlorodibcnzofLlrlran (mass No. 338) obtainccl from the third frac- 
tions of Clophcn AGO ancl Phenoclor DPG (pcalc 4 in Fig. 78). The spectrum of l~cptacl~lorobipl~cnyl 
(mol. wt. 392) is also present. 

338) obtained from the third fractions of Clophen AGO and Fhenoclor DPG (peak 4 
in Fig. 78). The spectrum of l~eptacl~lorobipl~enyl (mol. wt. 392) is also present. 

The peak of the tetrachloroclibenzofuran (mass No. 304) was too masked by the 
proximity of the l~exacl~loronaphthalene peak (peak No. 2, Fig. 78) to allow quantita- 
tive calculations. Similarly, peak No. 4 in the chromatogram (Fig. 78), found to be a 
mixture of heptacl~lorol~iphenyl and pentachloroclibenzofuran, could not be measured 
directly. However, by assuming that the whole peak was produced by the diben- 
zofuran compound alone, a certain maximum level could be indicated. This level was 
found to be 5 p.p.m. of pcntachloroclibenzofuran in Clophen AGO and 20 p.p,m. in 
Phenoclor DPG. The minimum level could be indicated with the estimatecl lower limit 
of detection (I p.p,m.) of the mass spectrometric equipment. 

The halodibenzofurans are extremely toxic, Tri- and tetrachlorodibenzofuran 
in a single oral dose of 0.5-1.0 mg!kg causecl severe and often lethal necrosis in rah- 
bitsllOJ~l ancl chloracne 1lfl. Table 37 shows the results of the chick embryo assay of 
the chlorinated biphenyls Aroclor 1260, Phenoclor DPG ancl Clophen AGO ancl the 
25% diethyl ether fraction of Clophen AGO. The similarity between the mortality 
levels in groups 3 and 5 (Table 37) suggests a strong indication that the polar residue 
in the latter determines the toxicity of the commercial PCR’s. Chlorinated naphtha- 
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:EIICIC EMBRYO ASSAY 01’ TI-II!: CI-ILORINATED RIPIIENYLS AROCLOR I260, ~‘1I1~N0CL012 L)l% AND ~LOPIIILN h60, 

rN13 THE 25% DIETI-IYL ETIIIIR BRACTION (THE THIRD FRACTION)’ OP CLOPJ-IEN it60 

\roclor I 260 I 

‘llerloclor 111’6 2 

:10p11c11 AGO 3 

Zlophcn AGO 4 
(third fraction) 

5 

G 

7 
- Y 
- 9 

35 =5 

3,s 15 

0.35 15 
0.035 15 
0 20 

- 20 

0 80 

0 

. I 
Most embryos did 

I ; during Arst half of 
incubation period. 

‘0 0 All embryos cliccl 
during first four clays 
of incubation period. 

0 7 M.ost embryos cliccl 
cluritig first half of 
incubation pcriocl. 

2 : 92 
2 IO0 . 
2 94 lZthano1 control 

0 90 Untrcstccl control 
-. --- 

II Tlic closca, each clissolvctl in 0.05 ml of dtlianol, wcsc! injcctcd into tlic nir ccl1 of -frcsli eggs bcforc incu- 
xLt;ion. 

lenes are far l.ess toxic than chlorinated dibenzofurans”r and the latter may thus’be 
assumecl to determine the toxicity of the third fraction. The occasional occurrence 
of hydropericardia in cl’licks fed RrocloP may indicate the presence of a very small 
quantity of a toxic factor in this preparation. 

The origin of the toxic factors in Clophen A60 and Phenoclor DE% (e.g., tetra- 
and pentachlorodibenzofuran) can possibly be explained by a consideration of their 
manufacture and particularly of the procedure for the distillation of crude I?C13 in 
which sodium hydroxide can be usedlls. 

For example, PCB can react with sodium hydroxide at elevated temperatures 
to yield phcnolic compounds which may be saponified to polychlorohydroxybiphenyls 
by sodium hydroxide in a polyhydric alcohol medium 113. Dibenzofuran derivatives 
could then be formed via a further loss of hydrochloric acid. 

VIZI. SUMMARY 

The chromatographic (column, thin-layer and gas-liquid cln-onlatography and 
combined gas-liquid chromatography and mass spectroscopy) and biological aspects 
of the polychlorinated hiphenyls have been reviewed with primary focus as to their 
utility, ecological distribution and toxicity as well as diverse techniques for their 
separation from chlorinated pesticides and subsequent analysis. 

I Monsanto TacJr. Bull. G/I--.&30B, Aroclor Plnsticizcrs, 
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