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lon by the chlorinated biphenyls may be one .ﬂh
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INTRODUCTION

CHEMICAL delmnlnnlonl of the types and lons of chlorinated pesticides
In natural wators have b to fish | wildlife
ecology, and water pollution control, Based on pu chromatographic (OLC) analyses
of environmental samples, pp'DDE Is generally considered to be one of the more

* widespread contaminants, Howuver, implicit in every GLC analysis is the possibility

that unresolved and/or unidentificd components which have specific retention volumes
similar to that of the desired substance may introduce serious errors in the interprota~
tion of the ch g Increasi t of inmuwm have reported the
of or hlori in les which cannot be
identified as the o conmon chlorinated peuludu Althou;h the unidentified compounds
bave been atisit id to the bolites of
pesticides, plasticizers, or cblorlnmd biphenyls, proper chemical identifications have
not been reported. Therefore, when studying natural water systems which receive
industrial wastes, Jt may be more correct to consider unidentified compounds as
chlorinated organic oouumlmnu uatil confirmation techaiques are dcvclopud
Within the last three years, the chlorinated biphenyls (or polychlori biphenyle-
PCB) hlvo nuhul eom!dmbh nndy The preliminary cvldene- lndialu that this
group may be widespread in the Por
cxlmple, WIDMARK (1967 upomd tlm mass-spectrum  snalyses of compounds
eluting from OLC of fish and bird umm indicated that unknown organochlorine
compounds were present which beh hiorinated biphenyls of higher chlorine °
oontent. More recently, mm numbers und chlodno uumben pcr molecule for each
pesk in the ch h of yl were reported
(e ot al., 1968). Homa'. 1o our knowledge, no spectral data or other confirme
atory data for positive strictural identification of these compounds have cver been

blished. .

With this improper basis of identification, a number of other publications have
followed which identify unknown compounds as chlorinated biphenyls. Since mixtures
of chiorinated biphenyls may contain greater than 20 compounds which can only be
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26 Giwian D. Ve and G. Frep Lt

- resolved by GLC with great difliculty, assignment of unidentified peaks to one of the dielectrice,
chlorinated biplicnyls has been accomplished by comparison of a chlorinated bipheny! preventing
with the ncarest reliative retention time. For example, HOLDEN and Marspen (1967), (Moxsanie
who had earlicr reported the p of unk ! Is in fish (Hovoen, 1966), et ol,, 1953)
reporied the presence of chlorinated biphenyls in tealx with.no supporting dats other The toxic

than selative retention data from GLC columns. has not he
RopinsoN e al. (1967) reported compounds of unknown identity in marine indicate tha
organisms which gave GLC retention times longer than pp'DDE and microcoulo- . “safe” is ).t
roetric response. The authors indicated that the che gtaphi ch:nmmucs of highly chio:
the unknowns guggested they were not bolites of the “cyclodiene-type” p with chlori’
a3 has been proposed by RODURN (1965). reporied e}
HouMes et al, (1967) attributed unknown peaks from GLC to the chlonnlted biphenyls {
biphenyls and noted that the sub scomed to late in organi effects of A
with natural waters (scals, fish and birds) to a greater extent than in domemc animals, cited) to &t
This work reported relative rentention data with no supporting data, 5460 to be
RisepROUGH ef al. (1968 a) and RISEBROUGH e al. (1968 b) nporlcd ornnochlorino More fec
compounds in fish, birds and bird eggs which were attributed to the chlorini biphenyls t
biphenyls. With no supporting data and despite the ab of structutal confirmati tion, and t
for the chlorinated biphenyls, the i igators reported jons of the factor of b
unknowns (as chlorinated biphenyls) as well as ratios of DDT to chlorinated dieldrin an-
biphenyls. From these ratios, it was concluded that s chlorinated biphenyl hllaut However
pattern exisicd around industrial centers and that air port of the with organ
was significant. possibility
KOEMAN e a/. (1969) p d GLC ch grams of from eaviron-. biological ¢

mental samples as well as mass sumbers and numbers of chlorine atoms per molecule review of t

for each peak of the chromatogram. Although no sp | data were p d, the ather mets

maess number data strongly suggested that chlorinated biphenyls were present. This enzyme im

paper also presented the results of the analyses for each unknown as being “present™ . great as pg

or “absent” in a particular sample, rather than § to quantitate the L facts make

of material present. i cules have
. concentirat

THE CHLORINATED BIPHENYLS

Since ination of the envi by chlormmd biphenyls lm been impli-
cated in the briel review presented, the need for the --.v.. X Some &
famitiar with the present state of knowled, g these molecul lu : : studies of «
Mlxlnm of chltmnaled biphenyls have bcen mnnuf-ctured unce l929 and pmcm biphenyl.
ks for ial brands include: ! analyses. |
Cht 1 (Allis-Chal ), Dykanol (Comell—DuNher Dwmon. Federal Pacific have been
Eloctric), 3 (Westi ), Noflamol (Wagner Electric), Pyramol (G. E.), make the
Therminol (Moosanto) in the US.; and Clophen (1. G. Farbenidustrie A. G., Get- : of chemic:
many), Fonclor (Caffaro, Italy), Kannechlor (Kancgnfuchi Chemical Co., Japan), For exa
Pyralene (Prodeleo, France), and Soval (Russia) (HussaRrD, 1964). The chlorin-led step whict
biphenyls have been used as plastici for adhesives, polyvinyl , acrylic . residues (4
resing, in sealing compounds, pipe joint compounds, printing ink, rubber manufactue- . was treate
ing, high pressure-high teroperature lubricants, fungicidal insulations, anti<corrosion, . It was cor
nail coatings, water proofings, diffusion pump fluid, stabilization of polymers, ! nitration ¢
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dielectrics, heat transfer media, coax-cable msulnhom. paints nnd vnrmshel. icg.
preventing coatings, and is an cvaporation for d

(MONSANTO O/PPL-306; HupnarD, 1964; Hopxins and Honrmn, 1955; SULHVAN
¢t al., 1955).

The toxicity and subicthal effects of (he chlorinated biphenyls to biological systems
has not been thoroughly cv.nluued (RutcnHsL, 1969). Inhalation tests on animals
indi that i of chlorii d biphenyls as vapor which are
“safe” is 1.0 mg/m?* for the lower chlorinated biphenyls and 0.5 mg/m? for the more
highly chlorinatcd biphenyls (Hunsarn, 1964). Continuous or repeated skin contact
with chlorinated biphenyl leads to a condition called “chloracne™ which has been
reported repeatedly with industrial workers handling products containing chlorinated
biphenyls (Muios e al., 1953). SuLLivAN and HORNSTEIN (1953) found no toxic
effects of Arochlor 5460 on flies, but the chlorinated terphenyls were toxic (no levels
cited) 10 the elm leal beetle (Dupa, 1957). DEONIER ¢f al. (1946) found Arochlor
$460 to be non-toxic at 0.1 ppm (24 hr) to the larvae of Anopheles quadrimacularus.

More recently, LICUTENSTEIN ef al. (19G9) reported the toxitity of the chlorinated
biphenyls to housellics (D, melanog ) d d withi ing degree of chlorina-
tion, and that the chlorinated biphenyls appear to be less toxic than dieldrin by a
factor of 1000. The chlorinated biphenyls were found to increase the toxic effect of

dieldrin and DDT on houseflies.

However, in addition to | igating the s of envi | inati
with organochlorine pounds, the eavi I scientist is concerned with the
ponibaluy that these ornnoclnlorme molecules may exhibit detrimental effects on

at I levels. Kurrun (1967) has presented an extensive

review of the effects of chlorinated pesticides on steroid hydroxylase induction snd
other meuboluc systems. Also, RiSEBROUGH of al. (1968 b) have demonsirated that
by the chlorinated biphenyls (Mochlot 1262) was nvo times a3

malnpp’DDBor hnical DDT as determi seadinl d

facts make tolerance limits set by bioassay less lllnlﬂcmt since orznnochlorlno mole-
cules have the capacity to produce physiological effects in organisms at sublethal
conoentrations.

ANALYTICAL PROCEDURES

Some controversy has been generated over the analytical proccdures utilized in
studics of or hlorine i which have been attributed to the chlorinated
biphenyl. In gencral, the procedurcs are similar to typical chlorinated pesticide
analyscs. However, chemnell reactions such as dchydroha!opennlon and nllution
have boen introduced prior to el y in
make the proccduros more seloctive for the chlorinated blphcnyls. ll is the lddulon
of chemical treatment steps which has caused disag in the literatu

For example, after extract clean up, JENSEN and WIDMARK (1967) used a nitration
step which is similar to that used in ing DDT and bolites from toxaph
residues (ErRo ¢/ al., 1967; KAWANO ¢f dl., 1969). Bricfly, the concentrated extract
was treated with & mixture of H,SO, and HINO, (cone. 1:1, v/v) at 0°C for $ min.
It was concluded incorrectly that only PCB and BHC isomers ars unaflected by the
nitration step. RisEBROUGH et al. (1969) have reported the use of similar procedures.
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To lhe eommry. Ruvuoms (1969) has becn unable fo repeat the nitration step
of

y for a an, the ion is not specific for the PCB
lnd BHC i , since h | J ins unafTected by nitration. Also, the
work of Bevenue (l:no. 1967' KA\wmo. 1969) has di d that g , the

reaction product of the chlorination of camphene which produces in excess of 20
unresolved peaks on GLC, is apparently unaltcred by nitration, Second, Reynolds
found some loss of the earlier eluting chlorinated blphcnyh durmu nitration. Third,
and most significant, peaks with longer i d in the ch

grams after nitration. These peaks resulted from the nitration of other aromatic moke-
cules in the mixture because nitro groups reduce the vapor pressures in the gas phase
(GLC) and the aromatic nitro grouping has a high affinity for the secondary electrons
in the electron capture detector.

Results of studies of this laboratory (VEITH and Lee, 1969) have substantiated earlier
repotts (DeGuRsE, 1969) ﬂut ﬁsh and n.mnl waters in several nren of Wisconsin
contain unidentified org i Using ially the same pro-
cedures discussed by RevnoLos (1969), the resulting clxtomno;mu\s contain many
peaks which have retention volumes similar to those of components of several com-

mercial chlorinated biphenyl mixtures. However, p with = s
retention volumes were - -also olmrved in ch 8 of ical chlord:
heptachloc epoxid hloride, and ph as well a3 mly\lul .
standards of s number ofthc DDbT I‘-mfly or pesticides. Accordmgly. Qualitative and ;
quantitative laterp: of such from W fish and water
- await moro detailed and oyncmmclnveﬂlwlom of the extracts.
CONCLUSIONS

‘The preliminary evidence of the past several years, which has been reviewed in
this nication, indi that the envi iatod with natural wuttn is
becoming contaminated with unidentified organochlori ds from

taminants, that the chlorinated biphenyls have been widcly used in industry and have
been prepared commercially since 1929, and nm the mlx(um produce GLC peaks

i
1
:
1
)
t
sources, The facts that chiorinated biphonyls bave been umn;ly implicsted as con- i
E
1
|
1
i

‘with retention volumes similar to jcides create & nead for
basic studies concerning nmlyﬁul proeodum ror ehlorimod hydrourbou Also,
" itis apparent that comprah and igations into the chemistry and

the physiological effects of the mumimnu as well as the degres and sources of the
contamination are sssential before control measures can be considered. !

REFERENCES |
Deounss P. (1969) Personal commuskation from the Wiscoosin Dy of Natural R )

Daowsa . C. Jorms H. A and Incwo H. 1, (w;:_;‘ Organkc compounds flective against larvae of

Duon 3G9 he vt :l’-;'un"hmd polyphanyls to increass the effective insecticidal life of Undane, i

Baxo P, Bsvamus A. a0d Becimax H. (1967) A method for the determination of toxaphene is the
presencs of DDT. Bull. Environ. Contam. Toxicol. 2, 372-379,

Howow A, V. (1966) O Insecticide rosidues {n Salmonid fsh, /. appl. Econ. 3, 45-53.

- - s o




o

itration step
for the PCB
on. Also, the
xaphene, the
oxcess of 20
d, Reynolds
wion. Third,
¢ chromato-
matic mole.
he gns phase
wy clectrons

tiated earlicr
 Wisconsin
3 same pro-
ntain many
everal com-
rresponding

chlordane,
1 analytical
litative and
1 and water

eviewod In

al waters s
2 uaknown
‘od as con-
y and have
ILC peaks
a need for
ons. Also,
mistry snd
rees of the

Resources,
o lagvas of
+of lindane.
hene in the
), 45-83,

A Review of Ct Bipheny) C ination In Natural Waters 269

HoLnIN A, V. and M K. (19670 fori In seatsand porp Naiure, Lnd.
216, 1274-1276,

Howmis D. C., Sivmons 1. H. and Tatton J. 0°Q. (1967) Chlorinated hydrocarbons in Dritish wildlife.
Nature, I.cnd 216, 227-229,

Horxie T. L. and Horrwan R. A. (1953) Effectiveness of dilon and certain candidate aynergists
againgt DOT resistant house Nlics. J. econ, Env. 48, 146-147,

Hussanp H. 1. (1964) Oﬂnrlmled biphenyl and ullltd compounds. Kirk-Othmer Encyclopedia of
Chemical Technology, 2nd edn, Vol $, 289-29

Jonsen ., Nucer B, and Wiowark O, (1968) m OECD Study of Analysis of PCB. Stockholm,
December, mimeo.

Jensen S, and Wiomark G. (1967) Organochloring Residues, OECD Preliminary Study. Stockholm,
Seplembar, mimeo.

KAwano Y., BLvENUS A., ucmm H. and Exno F. (1969) s««am on the aﬂecl olwlrurie-rumlng
nitrie uld ly J. Azs. Officiel Anelys,
Chem, 52, 161-172,

KoxmaN ). H., De Baauw M. C., Ten Nozvir and De Vos R. H. (1969) Chiorinsied biphenyls in
fsh, mmcll 204 bicds from the Rhins River and the Netherlands coastal area. Nature, Lond,

a3,

Kurrnx D. ()9‘7) Effects of some pesticides and related compounds on sterold function and meta-
bolism, Residue Rev, 19, 11-30,

Licurensrain B, P, Scnuiz K. R., Fusnivann T, W. and Luno‘l' T. (1969) Biological interaction
betwoen plnlkinm and Inneﬂddn J. econ, Ent. 62, 761-76S,

Mnon 1 W, Awsom . J. and Konnn B. L. (1952) Chloracne from an unusual exposure to Arochlor.

Am. med. Ass. 154, 1417-14

anmo COMPANY, Technlcal )ulmln OIPL-JOG, $1. Louls, Missourl.

Ratcnee W, L, (1969) Chief, seciion of Y. Personal lcation from the Patuxent
Wildlife Research Ccnm. Laurel, Muyl

Reynvoros L. M. (1969) Polychiorobiphenyls (PCl‘o and their interference with pesticide muuc
analysis. M Emnv, Contam, Toxicol, 4, 128-|

Risesrovon R. W., Hugoarr R. J.Ontmul.l. (1968 2) P Trans-
atlantic movements in the Northeast Trades. Sclm 159, llJ.HZ

Ristsaouak R. W, Riecue P, Henwan 8, G, Beavart D, l.tMmeuM N, (1968 b) Poly.
chlorinated biphenyls in lhe global ecosysiem, Natwre, Lond, 230, 1098-

Rurarouct R. W., Riccun P. and Orcort H. 8. (1969) Cucreat pro'ml in lhc dmmululbu of the

polychiorinated biphenyls. Bull. Ens, Contam, nulnu.l

ROBINION J., RICHARDION A., Crastree A, N., Coutson J. m ‘Porn G. R, (1967) Organo-
chlotine residues in marine organisms. Nmn Lomd. ll‘. |n7-l$ll

Rosunn J. (1955) A simple for small amounts of hakide
fons and its unhchd&mulmlonohd‘mof«pmd\lorhu pesticides in extracts of saimal
and plant tissus, dnelyss 99, 467475,

SULLIVAN W, N. and Hi LAMNA ison of Tates and toxkcity to house
s of lindane and lindane-chlorinated polyphenyl deposits. J. econ. Ent. 46, $82-094.

Butwsvan W, N., Hoxnstew 1, and Ysouans A. H. (1955) Improved deposits foe controlling fasects

doors. /. econ. Ewv. 48, 133-138,
Varre G, D, and Lz O. . (1969) Otk ¢ 1 the Milwawkee River. Progress
Report (o the of Natusat R Madison, October, mimeo.
- Wiomarx G, (l’ﬂ') Pesticide Residues, 7, Ass, Official Analyt. Chem, 58, 1069,
L /-
. xd
\
\
\
\ N

MONS 083174

o \l A aa




