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A STUDY OF THE DISTRIBUTION OF POLYCHLORINATED
BIPHENYLS IN THE AQUATIC ENVIRONMENT

By HANS I CRUMP-WIESNER, HERMAN R. FELTZ, and MARVIN L. YATES,
Washington, D.C., Arlington, Va., Menlo Park, Calif,

Abstract.~Data gathicred from monitoring sctivilies and project
studies indicate the ubiquitous occurrence and distribution of puly-
chloninated biphicnyls in the agunliv environoient. Residues have been
detected in mamples from 19 States, representing nearly cvery region of
the eountry. Concentrations tunzed from 0.1 to L0 pgfl in unfiltered
water samples and 5.0 to 3,200 wp/kpg in bottom xediments. PCR
residucs were alro found in {ixh and agquatie plants. Samples were
prepared by the rane techniques used for general ehlorinated insecti-
cide detection, with apecial etiention to cleanup and separation of
PCB's from other compounds, flasic identification and quantification
were made by dual-coliumn clectron-capture gar chromatography and
confismed by gus chironatography ~mass specirometry whenever punsi-
blc. The sampling program ia expected to be brondened geographivally
in 1973 and increased in successive years in order to more adequately
define the distribution of PCB residues in the najor drainzge basins of
the United States.

Within the past three years, polychlorinated biphenyls
(PCB%) have been recognized as a major environmental
contaminant. Their detection has caused widespread concern
sud has gencrated intense interest in duta reloting to the
presence and cficets of these compownle, particnlarly in the
aquatic environment. First produced about 40 years ago, PCD
compounds huve brconie increasingly useful in such industrial
applications as components in translormers amd capacitors,
heat exchangers, paints<, inks, dves, and dust control agents.

While much attention has heen focused on the estimation of
levels and potential havards of PCB in aqualic organisms, few
data are availuble on the oceurrence of PCH's in water and
bottom sdiments. The U.S. Geological Survey, through its
watcr-quality -monitoting activities and water-resources-assess.
ment projects, has been alest o the PCB problem since il was
fint reported by Widmack (1907). Although the Geological
Survey has no nationwide PCI asserstnent program, sullicient
dota hove aceumulated from pesticide-resisie programs to
permit a preliminary assessment of PCB contumination of the
Nation's hydrologic environment, The purpose of this paper is
to present data gathered from these activities, showing the
wideapreud occurrence of PCBY i rignificant concentrations
in unfiltered surfuce water and ground water, bottom sedi-
ments, flora, and fauna, '
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ANALYTICAL TECHNIQUES

PCB residucs were analyzed hy the multiple-pesticide residue
methods for water, suspended sediment, and bottom material,
as deseribed by Goerlitz and Brown (1972). The analytical
procedures include not only chlurinated pesticides, but also
the general cluss of organochlorine compounds. Special atten.
lion was given to clecanup and sepuration of PCB's from
coextractives.

Extraction of water, sediment, snd biota

One-liter unfiltcred water samples were collected in pre-
cleaned glass hottles and were extracted three times wilh
hexune. The hexane portions were combined, dried with
anhydrous Na; SO, , und concentrated to | ml before cleanup
and wnalysis by clectron-caplure gas chromatography (ECGC).

Fiftygram scdiment mamples (dry-weight basis) were ex-
tracted with an acclone-hexane solvent. The sediment is
dispersed first in acetune, and hexaoe ix added to eecover the
ocetone torether with (he desorbed material. The extract is
washed with distilled wates, dricd over Nay S04, and concen-
trated to 5 i for eleanup before ECGE analysis,

The two extraction procedures used for biota are described
in v analytical manual issued by the Food and Drug
Administration (1971). Fish simples were extracted with
petsoleum cther in a blender, whereas agquatic plants were
extracted  with  acctonitrile. The chlorinated hydrorarbon
fraction was partitioned between petroleum ether and ace-
tonitrile, dried, and concentrated to a final voluwe of 5 ml.

Scparation
Bottom=sediment, fish, and plant extracts were cleaned up
with a techmique developed hy Law and Goerlitz (written

commun., 1971). This technigue requires less time and simaller
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volumcs of solvents for clution than other widely used
methods. Liquid-solid column chronmatograply was emploved,
by use of two diflerent types of semimicro columus in
sequence, ok shown in figure 1. Hexane extructs were first
passcd through an alumina column, and one fraction was
futther chromatographed vn silica gel o scparate PCB's from
chlorinated  insecticides.  Successive  chromatography  on
slumina and silica gel results in a simullaneous cleonup and
separation of PCR% from the commwn insecticides. except
aldrin, and a slight overlap of pp” DDE. To achieve a reduction
in background interference, mercury was added to remove
sulfur from bottom-sediment cxtructs before they were ap-
plied to the rilica columa.

In order to insure reproducible chromatographic conditions,
the activily of the adsorbents was carcfully controlled. Water
extracts were cleaned up on o desctivated wlumina micro.
column (Law and Goerlitz, 1970). When PR were detected
in the cleancd-up water extraets, they were also separated on a
semimicro silica gel column.

Identification

" Basic identification was made by dual-column ECGC
(DC-200 and QF-1/0V-17) and confirmed by gus chroma.
tography - mass spectrometry (GC-MS) when sample size and
conccnirstions were sulflicicnt. The amount of PMCB's was

"Hexane extract
Atumina

; — |
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Figure |- Sebeme for separating poly chltutnated biphenvis ('CB%) 2l
polychlotinated naphatalenes (PN ) Trom pesticadex,

POLYCHLORINATED BIMIUNYLS IN AQUATIC ENVIRONMENT

determined by matehing the nnknown peaks ou the chromato-
gram 10 the nearcst fitting commercial fornmbation und
measuring the arcas of four corresponding peaks. Retention
time aud peak-trea measurements were made with a digital
electronic integrator. The lower delection limit for PCH
residucs was 0.1 pg/l in water and 5.0 gg/kg in bottom
sediment, Reported levels are subject 1o cousiderable error
because of the complexity of multiple peaks, some peuk
alteration, and the occasional presence of mixtures of PCB's in
environtiental sanples. At best, reported values are estinates
that may be as nuch as 50 percent in error.

DATA DESCRIPTION

Occurrencre of pesticide residuca in the aquatic environment
have been documented over o period of years through
monitoring programs of several Federal ageucies. As carly as
1957, studics of chlorinated hydrocurbon pesticides in majur
river basins were made by the Federal Water Pollution Control
Administration, now a part of the Euvironmental Proteclion
Agency, by ure of the carbon-adsorption techuique (Breiden-
bach and others, 1964). In 1964, interagency cooperation in
pesticide-mounitoring programs culminated in a proposal to
begin a national monitoring program. The original program for
water wns described in 1907 in the first issue of the Pesticides
Monitoring Journal (Green and Love, 1907). The purpore of
this program, revised in 1971 (Feltz and others, 1971), is 1o
provide continuing inforination on the fcvels of pesticide
residues in the walter resources of the Nation and to identify
possible problem arcas. Because PCB's are analyzed by the
multiple-pesticide  residue techuiques, routine reporting of
these compounds has been incorporated into current pesticide
programns. At present, samples from 20 of the 161 proposed
nctwork sites are colleeted and analyzed by the Geolugical
Survey. All the samples are colleeted from sites located west of
the Missiraippi River and provide contimity with a network
estublislwd (o evaluate the quality of water used for irrigation
(Brown and Nishioka, t967: Manizgold and Schulee, 1969).
Budgetary restrictions have prevented further implementation
of the network. '

After development of the technique to separate PCB's from
pesticide residues, examination for the prescuee of PCRs in
water and suspended- and bottontsediment samples collected
for the nativeal monitonng progeam began in January 1971,
Funding har been requested Lo dnerease the number of
network stations to 50 in 1973, and to 100 stations i Y7L,
sflowing a hetler asesment of PEBS and pesticides in major
drainage basins throughaut the United States, Analysis of 194
water imples and 33 hottomaediment sanples revealed o
positive identifications of I'CH s however, tiese data are not
truly representative of the entire Nation because of the limited
numbier of sitex sampled.

tn 1938, the Geolugical Swvey  began operation of a
beneli-mark network to provide basic hydrdogic data on
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gelected stream basing throvehout the United States that are
nlw.-lq-d I rennein in their presint natural condition or are
unt expected to be spntficantly alteced by wan, Locations of
the 57 beneh marks established in 37 States are shown in
fipure 2,

To insure minimum intecference by man, many of the
hydrologic heneh marks are in nationsl parks, wilderness arcas,
Stale parks, national forests, and arras set aside for scientific
study. A detailed deseription of the network basins, including
drainnge, climate, topogeaphy, geology, vegetation, hydrology,
water quality, and manmade intluences, can be found in a
report by Cobb und Bicrecker (1971). Duta gathered from 46
of these sites are presented in table 1. Despite the carcful
screening for pristine location of benchunark sites, two
bottom-sediment samples analyzed in the 1972 water year
contained PCE reaiducs, A value of 5.2 pg/kg was measured in
the sample from South Fork Rocky Creck near Briggs, Tex.,
and 8.8 pg/kg in the sample from Upper Twin Creek at
McGaw, Ohio.

Table 1.-Summary of I'CR residue data. national hyvdrologic bench-
mark network, Januery 1971 -June 1972
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The majority of the Geolopical Survey’s water resources
studics are condueted in cooperation with State water-re.
sources and - pollution-control ageneies, or in response Lo
vequests from other Federal apencies. PCB data from thewe
progrims in 35 States are presented in tables 2,3, and 4. Water

‘ samples alone, becanse of the low water sotubility of PCB s,

are not a good indicator of the widcsprcud oceurrence of the
compounds, and show an incidence of slightly over 5 pereent.
Unfiltered water samples from 12 of the 35 Stutes had PCD
concentrations ranging from 0.1 to 4.0 pg/l. However, a
significant number of suspected traces of PCB's were not
reported hecause of several analytical limitations. Generally,
resampling of areas where PCBs were first delected revealed
that the cumpounds were still present several montha later,
Bottom sediments were collected concurrently with many of
the watcr samples reported in table 2. Theee samples were
taken from lakes and streams that drain a variely of land-usc
areas generally located away from industrial centers. The data
in tahle 3 show that the hottom sediment samples may be used
as an indicator of PCB contamination in the Nation's
hydrologic environment. Significantly, of samples collected at
randon from 10 States, 13 contained PCB's in the range
5.0-2400 up/kg. Across the Nation, onc of every five

Type of N"';f Occur- F":‘F"“' bottom=sediment samples examined contained PCR s,
es rences R “ . R X .
sample un ion Data available from Florida (tabie 4) merit special atiention,
Water ............ nl...... 54 o ..., 3 . e t istributi { residues in s {
Bottorm sediment welkg .o 51 2 5288 bcc?uwc they reveal the distribution of residues in severa
environmental compunents. Only 12 of 231 unfiltered water
.56

o3

o3l

9 a
o

nawan ! 4§ J

Figure 2,- Map showing location of hy drefogic benclimark stations, Nuwtres refer to st in Cobb aid Micsecker (1971).
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Table 2.-Summary of PCI residue data for surface ond xround woter,
January 1971 -June 1972

POLYCHLORINATED BIPHENYLS IN AQUATIC ENVIRONMENT

Table 4. —Summary of IR rexidurs duta from selected sampling siles i
. b
Florida, Jonunry 1971 —juna 1972 Tpiine sl in

Concen- Media Meolran
State No. of O;‘:c:r' teation ronc:mlrallion Type of No.of  Occur. (:‘r,::(fn' Meddian
samplcs rences oy (g anple ssmples  rences "n;;;" o
Aasks ...oivens 3 0 . Water .......... I 1Y | 12 01-2 e
Arizona ... ..., 8 0 cees . Botiuom sediment | :zlkxz . s 50 };—Sém :‘:;.2
g'k;nm ....... \ 2% (2) 0id l;lora ......... . uelkg 10 5 10-50 20
ifornia . . .. .1, 0. e auna ,........ k : k -
Colorado . . 32 1 3 s mikg.. 43 % 6-1.000 40
Connecticut .. . .. 13 6 1-2 0.1
lawaii ..... ens 5 g e e
}&‘::un. PRI % ] o oo of the DDT family in southerp Florida (Feltv und Cullertaon,
Kentucky . ...... 7 0 eee e 1972).
Louisana ., ..... 9 0 cee- ...
Maine.......... 2 0 . ,
Masyland . ...... 6 1 1 . DISCUSSION AND EVALUATION
Marraclimetts ..., 5 1 2 “e
Michigan ....... 2 (1] feen L ]
Minnesola ...... 3 2 1,3 ces Preliminary data presented in this report indicate shat
m:::r[:p( s 2? 8 e significant concentrations of PCHYs are widerpread in the water
Montans ....... 47 0 e e resources of the Nution. [lowever, there are some short-
5:1\:1-::};.1“): ...... ﬁ g 1 N comings of datu compiled from pesticide-restdue programs,
New Mexico..... 36 0 e eees First, there is the problesn of nourcpresentulive sampling
::‘:‘n’):‘;m}; veee 32(5’ 56 IT“'O 3 within States and some repetition of sampling in a given basin,
Okishormna ...... 19 0 eees Second, the lower limit of detection for PCR residues on the
g:;,gg;";.-’;".‘ lg ? et .basis of a oneliter waler sample is inadequale for critical
Pucrio Rico ..... 7 1 1 evaluation. Trace amounts of less than 0.1 ug/l were detected
TS‘:::‘; Dkota - 6{1,8 12 1230 r’a in 2 significant number of samples but were excluded from the
Virginia ........ 4 1 A - tabulation because they could not he confinned. Third,
n e . .
;«'{::i‘n\l}!:rl;::h- e -f 8 because of the low solubility of PCB's in water, especially the
Wisconsin ... ... . 3 0 veu cees higher chiorinated ones, the bultk of PCB residucs in streams
Wyoming ...... . 18 o e .- are associated with suspended sediment and hottom material,

Table 3.-Sumnery of PCR rcsidiee data for boitomn sdiments, Janusry
1971-June 1972

Concen- Median
State No.of  Occur. tration concentration
mainples rences (us/kg) (ug/kg)
Alagka ......... 3 0 ch fee
Arkansas ...... . 23 4 20-2,400 60
California ....... 13 3 20-190 85
Conneclicut .. .., 1 1 4G ceen
Mawsil ......... 4 0
Ceotifia ooenn... 12 10 10-1,300 ano
Matyﬂud ...... ' L1 5 10-1.200 3¢
Mississippl ...... 8 2 50; 170 s
New Jersey ..., 12 10 8-250 20
Oregon ... ... v 4 2 15: 140 el
Pennsybvania ... 16 1l 10-50 20
South Carolina . .. i} 8 30-200 50
Texas .......... 293 23 7.9-290 80
Vieginda ... ..... 10 8 5-80 40
Washington . .... 10 0 ce AN
Besl Vinginda . ... 2 I 10 eeee
samjles contained PCIs ranging from 0.1 (o 2.1 /1, but over

40 pereent of the associated  botlom wediments analyzed
during the rame preeiod were contaminatedwith PCR's ranging
from 50 to 3,200 pe'hy The wedian PUB concentrations of
20 u‘;_'/kg and ) pehe found in anquatic platits and firh,
respectively, follow the ~heme of the biolugical accumatation

Therefore, PCB concentrations may be expected to vary
directly with the suspended-sediment concentration in the
cross seetion of a stream. Most surface-water semiples were
callected by depth integration at the center of flow, which
usually does not provide a representative sample of suspended
scdiment. Future investigations should be made with o
depth-integrating ampler using the cqual-transit-rale proce-
dure (Feltz and Culbertson, 1972). In spite of these short-
comings, evidence for the ubiynity of PCB in the hydrologic
environment is clencly established.

As others have pointed out (Goerditz and Law, 1972),
polychlorinated  naphthafenes (PCN) are compounds that
have uses similar to PCBs and may possibly be present i
environmental samples. They can be weparated from chlogi.
nated hydrocarbon insecticides and are cluted in the same
fraction as PCB% by alumina—zilica gel colwan chromatog.
rapliy. Analysis of sediment samples collected fron i sont’s
Floridu drainage diteh contained mixtures of PENTS ranging
from 1250 to 5000 pe/hy, whereas the water camples
overlying the sediments averaged 5.7 pef/L ldentilication was
confiemed by both microconlometry amb G- M, Thix may
possibly be the firsl evidenee of the occurrenee of PENs
environnmental ample and flustrates the importaee ol devel-
oping aualytical capability o the sueveillanee of other
organoclitorine: compounds that may behave like chlorinated
hydrecarbun pesticides.
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The entrance of PCIS iuto the agquatic enviconment is
pmloaMy related primarily to Inw-lc-mprruluru incineration of
sohid wasles, industrig) waste dislm.\ul inlo wilerwavs, and
sewage oulfafls, The highest levels ase usually arsociated with
industrial arcas and nearby aquatic food chains. In contrast,
we have noticed significant concentrations in the hottom
sediments of draingge  ditehes, multipurpose  canals, and
suburban real estate lakes remote from major industrial and
metropolitan arcas. ‘The presence of PORS in real estate lakes
was atlributed to o varicty of construetion materials used in
the houring indnstry. PCI's in surface aud ground water used
for public wuier supplics were detected Uiraugh cooperative
programis. The Ilighcsl concentration was 4.0 ue/t in an
untreated source for a city in the Stale of New York,

It is clear that the presence of PCR% and olher urgano-
chlorine compuunds in the aquatic enviromment meritx con-
tinving obscevation beeause of the limited evaluation that cun
be made from the meager data available, 1t is mportaut o
measure baseline levels of PCB i streama and lakes in order
to determine trends. Long-term moniluring on a4 systematic
basis will provide the datu necessary to assess the prezence of
PCD residues and concurrently reveal problem arcas.

REFERENCES CITED
Breidenbach, A. W, and others, 1964, The identification and measure-

ment of chlorinaied hydrocarhon pesticides in sirface waters: U.S,
Pullic Heatih Scrvice Pub, 121), 70 p,

R

ELTZ, AND YATES 607

Weown, Fuprne, amb Nichioka, Y. A.. 1967, Pedticidex in selecied
wesleriv aticams- a coudrilmation Lo the National Prograim: Peativides
Monitoting Joue. v 4 no, 2. p. 21._16.

Cobb, F. 1. and Biexecher, ). E.. 1975, The vatiomal hydrologic
benelimark network: LS, Geol. Survey Cire. 460.0_ 30 p.

Feltz, B R., awd Culbertson, JoK., 19720 sunmipling procedures and
problems in the dretermination of pestiends residues in the hydro.
logic environmeut: Pestivides Maoditacing Jour., v. 6, no. 3. p.
171 -178.

Feltz, LR, Sayers, W.T.. and Nicholson, 1L P., 19771, Nationat
monitoring program fur the ussexanent of pexticide renidites in
water: Pesticides Monitoring Jour., v, S.no. L, p. 5462,

Gocrlitz, DL F. aud Browm, Fugene, 1972, Methods for anabvas of
onanic substances in water: LS. Geol, Survey Techniques Water
Rexources tuv, TWT 5-A3, 40 p_ (Book 5. faboratory snalysis)

Goeslitz, D.F., and Law, L. M.. 1972, Chlorinated naphithaleac,
pesticide analysia: Bull, Envieonmental Contamitation and To e i,
wEy, v, 7_ p. 2‘3--25'

Green, R &, and Love, S K., 1967, Network to moniter hydrologic
envisonment covers major drainage rivers: Pesicides Monitoring
Jonr. v, o0, 1, p 13-16.

Law, L. M., and Goerditz, D, F., 197 . Mictocolumn chromatographic
cleanup for the analysis of pesticr es in water: Amsoc. Official Anal.
Chemists Jour. v, 53, p. 12761 o,

Manigold, D, 11, and Schadze, ], A 109, Pesticides in xclected western
strestns —2 progress feport: Pesticides Monitoring Jour., v, 3, no. 2,
p. 124-135.

US. Food and Drg Administration, 1971, Pesticides analytical
manual, v. 1: US. Foud and Deug Adim,

Widmark, G., 1967, Pesticide residuca, possible Interference by cilon-
nated hiphenyls, in Proceedings of the IUPAC Commirdon on the
Developinent, lmprovenent, and Standardization of Methods of
Pesticide llesidue Analyais: Ansoc. Official Anal. Chenists Jour v,
S0, no. 5, p. 1069.

DSKW 026633

STLCOPCB4010594



