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ABSTRACT

A comparison of the concentratlcns of chlorinated
hydfocarbons-waa~m¢de from surface siick and subsurfacs:
sampies from the York River, Virginia. The surface slick
samvles were taksn DJ a drum skimmer; the subsurface zan-
ples: were:talken by immersion of a sample bottle to 1 meter.

Results show: ccler 125+) slick con-
centrations £ha 3o " 0-60 ppt (parts per trilliion
welght-weizh ' t ' were much below tnose
found by Sebz and 15¢ n slicks in the Biscayn

Bay, Florid chio f¢nated nvdPOCar~
erally highsr in tn
3, The probable mech—

concentrated in slicks
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anigms by
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A COMPARISON OF THE CHLORINATED HYDRCCARBON
CONTENT CF SURFACE AND SUBSURFACE SAMPLES

IN' THE YORK RIVER, VIRGINIA



INTRODUCTICN

There has been much concern recently about the pollution

of our environment by chlorinated hydrocarbons.. £Ec

o
0

bz and
Corcoran {1388) siacwed tha®t surfaczce slicks nave the ability
to concentrate chlcorinated hydrocarbon pesiicides., If more
information were avallable on the abllity to concentrate
chlorinated hydrosarbons, sliclks could be used to indicate
the amount and scurce of inputs o¢f these peollutants vo our
en'ironment:‘ In this study samples of surface slick and sub-
surface water {1 meter) of the York River were evaluated Tor
helir chlorinazted nydrocarbon ccntent to destermine 1f the

1

relatively high concentrations of these substances found in
slicks sampled in heavily pclluted Biscayne Bay (Seba and
Corccramn, 106¢) were universal. Information on the chlorinat-~

ed hydrocarbtoen ccncentrating phenomenon of slicks is also pre-

Polychlorinated biphenyls (PCB) are another group of

1o
o]

ct
vy

chiorinated hydrocarbon compounds % ave become widely

spread in the environament,., They have a wide variety of in-

dustriael uses. Ccmmerclal preparations such as lonsanto

Aroclor 1254 are mixtures of different chlorinated biphenyl
t

compounds, with the last two dlzits of the name indicating

2



the percent welght chiorine. The exact composition of these
mixturess is not avalilable, but according to mass spectra

the components of Arcclor 1254 are mostly tetra, penta,
hexa, and hertachlorctiphenylis (Koeman and van Genderen,
196%),. Some of the uses  of Aroclor 1254 are the following:

as a seccndary plsaticizer to improve flame retardance and

IS
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et
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w

istance of polyvinyl chloride, with ethylene

vinyl acetate to make pressure sensitive adhesives, to en-

H

hance resistance, flame retardance, and the electrical in-
sulating prepertiss of chlorinated rubber, and as heat
transfer flulds {ionsanto Technicel Bulletin; Duke et al.,.

1970)., PCR . are concentrated by organisms, and are widely

spread in the environment (Harvey st al,, 1971).. PCB in

general seem to have less acute toxiclity than 2DT, bult their

y understcod (Peakall

[

subtlethal eflfects are, as yei, poor

Parker and Barsom (1970) pointed ocut that there were no
explanations of how IDT became sc universally distributed.
They expressed amazement that the surface microlayer had re-
ceived s0 1litile attention as 2 nossible reservoir for DDT
and other similar substances., Seba and Corcoran (1969)

sampled with bottles and Tound high chlorinated hydrocarbon

pesticide concentrations in semi-permanent surface slicks 1in

Biscayne RBay, Florida. They did not explain or postulate
the mechanisms bty which chlorinated hydrocarbons were con-

Fal

centrated in surface slilicks,

i



These mechanisms are thoroughly discussed here bescause.

knowledge of these mechanisms could enable reseachers tc

n
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ct
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88
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ie of surface slicks in transvporting and con-
centrating these substances, The results of thls study are
compared wlth Sebpa and Corcoran's to determine the univer-

sality of their findings.
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S AND MATERIALS

SAMPLING METHOD

-

Surface and subsurfsace

Yerk River-at
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an
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pill
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heavy sl

—~
N

wilth winds

-

containling m

estimated at surface and

samples ompari

were

¥

content with lick types.

Twelve liter surface samples were taken wi

A

\A"

mounted ceramic coated drum skimmer which weas a

ke
4

Windsor {1972) in his analysis of surface films

was bullt by NASA, Wallops Island Statil

[
.

sk

s.u

contamination while sampling,

[N

a Ltus avoei:

®
o

e
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Xly.

were taken easlily and guic When sampling,

operated the upcurrent direction to avold co

surface layer were

drawn under vacuum

»
]
&

sa

uplil apparatus was

ne
ng

chloroform before each sampling day and flushed

frcm November

{2) medium slicl

eg were collected. from the

187C -

otserved and classified

wave dampening

wave dampening

ick - {usually

wave dampening with winds

subsurface

son of chlorinated hydrocarbon

th a boat-
1so used by
.. The drum
cn. This

and samples
the boat was
llsection of
collected in
into an 18
washed with

with new



sample at each station. All glassware was washed, rinsed’
with tap water {then distilled water), dried with acetone,
and rinsed with petrolsum sther before each use. Thus,

only stainliess steel, glass, and teflon contacted the sampie.

e
[

Tnis prevented contamination of the sample by grease, oils,,

The subsurface samples were taken by a swimmer who
immersed an 18 liter zlacss boittle to approximately 1 meter

and allowed 14 to 111 to the 12 liter line.



EXPERIMENTAL

Tnn the laboratory, the 12 llter sample was transferred

mple bottle to a 20 liter zlass cartoy with a

4
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bottom Arain stoonpered with 2 clamped teflon tube. The:
sampie Dottle wes washed tnres times with 250 ml of pest-
icide~-pure petrocleum sther and these washings were also

added to tne certoy. The carboy was stoppered and the con-

fo

tents shaken vigorocusly for 5 minutes; at the end of shaking
the water lavcr had become clcudy. The sample was allowed

to stand overnizgnt in ithe carboy, and the next day the clear
water layer was drained off trhrrough the bottomn spigot and

the ether portion was colliected in a 2000 ml round botitom
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flask., Three gra: Jagso& were added to re-
meve the remaining water, and the sample was taken to dry-
rnness on & rotsry evaporatcr. The sample was redissolved
and transferred to a S0 ml bteaker by three washings (15.m1
each) cof pesticidfe-pure petroleum ether. The petroleum
ether was allowed to evaporate to &z volume of about 0.5 ml.
The C.5 ml sample and two ether washings (1 ml each) of the
50 ml beaker were then added to a 3.0 ml centrifuge tube.
The sample was then evaporated to 0.25 ml 1In a2 jet of pre-

purified nliltrogzen, spotted cn thin layer plates, and de-



veloped in CC1l, to the 10 cm line in a TLC chamber according
to the procedure of Breidenbach et al, {1966). Silica gel
on the piate Troz 2 cm to 10 cm (the area containing the

nd PCB) was scraped off
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gel collection assemblye.

Chlorinated hydrocarbons adsorbed on the sil

-

cCa Zel were

| el

eluted intoc a graduated centrifuge tuove by 15 ml of 50% pet-
reoleum ether-acetone soluticn. The samples Were again re-

duced to 1.0 21 in a jet of prepurified nitrogen and analyzed

ct

by a Perkin-Elmer 900 gas chromatograph Il
capture detector. Two columns were used for sample analysis,
one was 3% DC=200 on Varapori 30 80/100 mesh, the other was

QF-1 on Chremosorb G/AW/DUTS 8C/100 mesh. Identifications

fh

of PCB and D07 family pesticides were made bty comparing re-
tention times of sample peaks with the retenticn times of
iards on both columns,

uld not be nmeasured direct-

[

Q
Q

a
The DDT content of sauwples
iy, because one volychlorinated biphenyl compound had an

identical retention time as DIDT and interfered with its

analysis. Two injectlions of sach samniz were needed to

determine tne DT content. Ths area of the DDT pclychlorinzt-
ed bilphenyl peak was measured on the chromatograms of each
sample, Tae sample was then reacted with an excess of methan-
0lic KCH. BHMethancliic KOH dehydrochlorinated DDT to DDE, tut
d4id nct rezact witihh the polychiorinated biphenyls. A port-

lon of the reacted sample was then 1injected and the area

ted with an electron



of the DDT'peak on the resulting chromatogram was measured.
The DDT ccencentratlion of the sample was determined by com-
raring the reductlon in the DDT peak area with the area of
a DDT peak of a krnown conceniration standard.. To check ths:
efficlency of conversion of DDT to DDE by excess methanolic
KCH a DRIT standard was dehydrochlorinated in excess methan-~

olic KQH, A11 measurable DDT was converted tc DDE This

indicated that the sample peak left at the DDT position in

the second chromatozram of “he samples was a polychlorinated:

biphenyl which 4id not dehydrcchlorinate in methanolie KOH,.
Concentrations oif PCB were determined by measuring

that were not 1lnterfered with: by
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members of the DDT family and comparing their peak heights.
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with the four corresponding peak heizghts of a known concen-
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with petrcocleum ether, and run thrcocugn the procedures con-

'on and

ducted on samples to provide information on exiract
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precedure efficlenclezs. Twelve liters
were extrscied and run thrcuzh the nrocedure to serve ag a
blank. A 750 ml petroclceum ether blank was evaporated in
the rotary evaporator and was simlilarly treated. No inter-
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nd in the petroleus ether blank,
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but peaks corresrponding to Aroclor 1254 were found in the

distilled watsr at & concentration of 6 nanograms/liter.
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These peak heights were subtracted from the pesticide and
PCE standards to cbtaln procedure and extractlion efficlencilesn.
The efflcilencies were: ?u” for Aroclor 1254 (all peaks in same:

or DDE, 20% for DDD, and18%

N
)

ratics g the standard), 67

'.,.b

o
4

0}

for DDT., The apprroprilzt iciencles were used for deter-

LJ

mining the  original concentrations of PCB and DDIT " 1in the
samples.

S8imilarities in the chemical structure of PCE and
chlorinated hydrocarbon pesiticides (especizally the DDT family)

caused extensive masking and interference of peaks when the:

n

amples were analycsed on the gas chromatograph. Several
methods for total separation of PCB and chlorinated hydro-
carbon pesticides were tested in an attexmpt to cotitaln

guantitative data on both grouds. wlthough several re

(D

sarch-

ers: (Holden and Marsden, 1959: Reynocldz, 1969) have claimed

success 1In this separation, difficulties were well known

and documented (Zitko, 1971)., To date, no consistent and

practical total separaticn of PCEB and chlorinated hydrocarbon
-10

pesticides at low concentration levels (10 ‘ g/ul) has been

established by this labvoratory. Without total separation

of chlorinatsd hydrocarbon pesticlides and PCB the concentra-

w

tion estimates for FPCE were less ccura rand the concentration

=y

-

of some pesticides could not be evaluated.

A

Separations similar to Reynold's (19€2) Florisil column

separation of Aroclor 1254 and chlorinated hydrocarbon pest-

]

icides were tested and found to bes unsatisfactory because of
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on and the variabllity of Florisil and
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vesticlde-pure solvents., Vclumes of 200 ml of hexane or
200 ml of 20% diethyl ether in hexane solution from thne

1sil ecolumn in the Reynolds' procedure:
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were concsnbtrated to approximately 0.5 ml in order to
analyze the small amounts of chlorinated hydrocarbons obtain-
ed' in this study. as chrceuatographic peaks of contaminants
interfering with chlorinated hydrocarbon analysis were: ob-
served from both the concentraticn of 200 ml pesticide
standard hexane {Nanograde, Mallinckrodt),. or 20% diethyl
ether hexane soluticon to 0.5 ml., Unpredictable and incom-

plete elutions resulting from the variability of Florisil
t
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"Reynclds' separation technique

used smaller amocunts of solvents and interfering peaks from
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minztlon conceniration were thereby reduced,

However, siliica gel columns, like Florisil columns, varied
in their elution provertiess., Two itypes of silica gei, 4if-
ferent column locadings, and different silica gel deactivea-
tions (by shaking with distilled watser for thirity minutes),

were used in an attempt to senarate Aroclor 1254 from DDT
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and DDD, but no ceonsistent and relisl

founi.
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Thin layer chromatography procedures similar to Mulhern's
{1968) for the separation and removal of organcchlorine in-
secticides from thin layer plates were tested using Arcclor

1254 and a DX, DDD, and DDT standard, but the separations

Differentiation and identification of PCR and chlorinat-
ed hydrccarbon pesticides in the samples by gas chromatographic
analysis of nitrated sample extracts was not attempted because:
somes of the PCB alsgso nitrate and clear cut 1dentifications
could not be made (Reynolds, 1969).

The accuracy of PCR concentration measurements was diff-
icult to determire and Richardson et al. (1971) have suggest-
ed that the quantification of PCB with any degree of accuracy
was Iimpossible., Accuraciles of most PCB quantifications were:

guestionable because indlvidual chlorinated biphenyl compound

6

standards were noit avallable and the response of the electron
capture detector varied for each compound. But Xoeman and
van Genderen (1970) showed that Aroclor 1254 was composed
mostly of tetra-, penta-, hexa-, and heptachlorobiphenyis

and the eliestircn capture detesctor response to these compounds
did not vary by mcre than a factor of 2 (Zitko and Choi,

1971). The error in the accuracy of the PCB concentrations

4

determined in this study was probably not more than 2 times

the PCE concentrastions shown on Table 2. in view cof the

relatively small concentrations of PCB found in thils study,
this error was nct serious. However, the precision of the

PCEB measurements was lImportant, because the concentrations
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of PCE in the samples from this study were compared wilth each
other and with the results of other works.
The DDT concentrations were not subject to the sane

CB, because single compound stand-
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ards of known concentration were available., If the concen-

tration and compcsition of the DDT stzandard and the samples

remzined constant over the period of analysis then the only

accuracy error in determining the DDT concentrations result-
ed frcom the indeterminate errors from repeated injectlons

of the DDT sitandard and the szmple., The indeterminate errors

DDT 2nd PCB standards and of surface sample 1. The absolute
deviations for the injections of ndards and samples werse
calculated using

] X = average conc.

N

nunber of in}.
The absolute deviaticns were used for caliculating the total
errcr in the result by
r = +Va + ¢t a = absolute deviation of
std. conc. inj.
b = absolute deviation cof
sample conc, inj,
according to Kolthoff and Sandell (1952), The indeterminate
error calculated was + 5.8% for DDT, 2nd + 6.8% for PCE.
The degree that the results represented the PCB and

DDT concentratlons in slicks was slso dependent on the pre
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gamp

extraction process

i

for each sample be

each sanple was tr

The accuracy
provably good and
difficulties in th

the DDT and PCE co
The concentrations
the concentrations
ison purpcses.,
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ling apparatus, and the precision of

as e

b=

These errcrs were sumed +to be similar

cause great care was taken to assure tinat

-

eated identically throughout the procedure.

sample showed that
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tle 2 probvably well represent

substances in slicks for compar-

reprcducible.



RESULTIS

The DT concentrations found in the samples from this

3

1d in water samples from

[

study were similar to thoss fou

[

western streams by other workers (Brown and Nishioka,. 1967)..
Duke, Lows, and Wilson (1570) showed that PCR {aroclor 1254)
concentrations could at times be great (275 parts per billion,
weight-welght) due to the acciderntal introduction of these
nollutants from industry, otut they fcund values in the range
of this studiles data (100 parts per trilliion, wsiﬁht-weignt,
in Escambia Eiver to nondetection in Escambia Bay) following
correction of the 1254 leak.

A total chlorinated hydrocarbon count was determined
for a2ll the samples from this study. This count was the total

height of 21l indentifiable chlorinated hydrecarbens in
the chromatograms, and 1t was 2xXpressed in grarch units. The
chlorinated nydroczrbons were indentifled by retention times.
Prcocedure efiicicncies were not used 1in the count czlculations.

This count was used for comparisorn of the chlorinated hkydro-

0

3 The

o)

carborn content of surface and subsurface sample

®
L

v

chlorirated hydrccarbon count was higher in surface than in
subsurface samples 1in five of the seven transitory sliclis,.

but only hnizher in the surface sample on one of the two dates

that t semi-permanent s8lick was sampled (Table 1).

0]

4

1
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The reascne only small amounts of PCE and trace amounts
of DDT were detected 1n transitory slick samples 5, 10, &and
11 were unknovn {(Table 2).. Since bcecih surface and subsur-
face szamples had low concentrations,. 1t seemed likely that

the chlcrlinated hydrocarbon input to the watsr surface was

o

before and during the time these samples were obtained.

b

Data from these samples were not used 1in calculating the

Only four of the transitory slick samples from this
study had measuraple concentrations of DDT. The DDT con-
centrations were hizher in the surface than in the subsur-
face sampleéﬁin all four cases (Table 2). The average DDT

in these translitory slick samples was 36 ppt (parts per

ct

trillion, weizht-weizht)}., The average DDT from the cor-

pby

responding subsurface samples was 1% »npt,. Concentrations

Y

1254) were higher in surface than in sub-

~~
H
(o]
(o]
}.._l
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4

of PCH
surface samples in three of these four samples (Table 2).
The concentrution of PCE from these samples averaged 31 ppt

in the surface and 16 ppt in subsuriace samples (Table 4).

iear to those of Seba and Corcoran

3
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(1969) who fecund 19 ppt teotal DDT in a transitory slick
(S-7) in the mzin axis of the Florida current.

The concentration of DDT in surface sa aples was high-
er than the conecentration in subsuriace samples on both
dates that the semi-permanent slicks were sanpled. The

DDT concentration 1in the surface samples averaged 27 ppt.



The corresponding subsurface samples averaged 16 ppt DDT.
1e PC Aroclor 1 ) concentratlion was higher Lhe face
The PCB (4 lor 1254) tration was higher in t surface

sample on cne date and higher in the subsurface sample on

the other date. PCB averaged 16 »pt in the surface samples

and 12 pet in the subsurface samples. The results of thls
or semi- permanent zlicks were muchk lower than Seba

{19€69). They found 51 ppt to 3.469 ppb

{parts per bililion, weisht-weight) IDT in semi-permanent
slickze vikiich wesre assoclated with the mouths of drainage



DISCUSSION

The surface Tllim is unigue, being the interface between
two envircnments., It is a free surface and a depository for
such substances as olls, fatty zaclds, and hydrocarbons that
are only slightly soluble in water. It 1s this last attri-

bute which most concerns this study. Non-polar molecules

such as chlorinated pezticides and PCB apparently tend to
collect in the ¢il slick surface because they ars more sol-

uble there tﬁan in the water., Although Seba and Corcoran
(1969) found high concentrations of chlorinated hydrocarbons
in surface slicks, the role of surface slicks in concentra-
tinz and transporting chlorinated hydrocarbons 1s, as yet,
peorly undersiocd. The data from this study Indicate that
some concentrating mechanism for chlorinated hydrocarbons
there are differences in this
mechanlsm for seml-permanent and transitory slicks. The

chlorinated hydrocarbon concentrations found in ithis study

o

.

are not as high as those found by Seba and Corcoran (1969),
but this 1s probatly a reflecticn of the extent of pollu-
tlon in the different sampiing areas. The probable mech-
anlsms Tor the zoncentratlion of chlorinated hydrocarbons

discussed here.

3
[}

in surface slicks a

The original chlorinated hvdrocarbon content of the

18
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slick material wzgs assumed to be non-detectable, and the:
Input of chlorinated nydrocarbons from organisms alsoc taxenm
in the samples was assumed toc be low. Actually fish oil.

glicks could have had detectable chlorinated hydrocarbon

concentrations in the starting material, but the original:
concentrations of these substances in petroleum oill slicks

presumnably would have been non-detectable. The assumption
of low or non-detectable criginal chlorinated hydrocarbon
concentrations for slicks seemed valld because boating and
industry in the sampling area released petroleum oil slicks
which probably constituted many or all of the sllicks in this
study. The samoles from this study, like those of other
workers {(Sekta and Corcoran, 1969) were nct filtersd because

fil+tration would remove dust particles, orzanisms, and cther
By > <O

debris and thelir adhering chlorinated hydrccarbons, Plank-
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neentrated chleorinated hydrocarbons and
since some of these cells could nave ruotured in the extract-
lcen process their chlorinated hydrocarbon content could have-

caused error in the resulits. But the as

{0

umption that the
contribution o7 z2nlorinated hydrocartons tc our samples Ifrem
organisms was low was probably valid because most of tn
samples were taken 1n cocld weather when the concentration

of organisms was low, and because the volumes of the organ-
isms and tneir concentrations of chiorinated hydrccarbons
were small compared with the amcunt of sample taken.

Seba and CJorcoran (19639) reported chlerinated hydro-

carbon pesticlilde concentrations up to 12.750 ppb {parts per



billion) in samples from semi-permanent slicks formed at.

£ dralnage canals 1in Blscayne Bay, Florida.
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These can southwest Dade County. Heavy pest-

icide ues 1n the drainage area was the probable source of
n their slicks. However, the method
of transvort of tuhese pesticides from the point of appli-
ation to the slick, and the possible mechanisams of con-
centration c¢f these substances in sliicks were not explain-
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ed. Seawvater teken at the samne time as the samples gen-
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" pesticides, Samples

o]
QD
Qs
[¢]
(_'f
3
O‘
-
(D
o
=
Q
ol
o]
ct
o]
Hy

erally had ne
12 and 13, fron the present study, were taken at a semi-

permanent slick at the mouth of Queen's Creek which drains

intc the Yeork Rivar. These samples had lcwer DDT concen-
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{Sekta and Cocrcoran,
1969). This was probably a result of the lower pesticide

use 1in the drainzge arss of Queen's Creek. It seemed
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likely, in semi-permanent slicks that the p
washed with solill particles, petroleunr oll, and the other

hydrocarbons znd fats into drainage canals or creeks and

the soll narticles, pesticides and droslets of slick mater-
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pensicon would start to separate, As the droplets of zlick

1

material flcated upward through the water column they would

colliect the psoticides from the watsr soil suspension. Th
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upscrubbing would be & liquid-liquid extraction. The
recguliremznts for a successful liguid-liquid extraction are
the llcwing: the two 1liguids chosen are not miscible, the
substance to be extracted 1s more soluble (usually much
more scluble) in the added liguid, and that sufficient con-
tact between the two liguids takes place. The upscrubbing

=

erisl fulfills all these:
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regquirements so the upward moving slick materisl would be.

expected to collect the chlorinated pesticides, The con-

tinvation of upscrubbing would result in a slick with
nigher chilorinated hydrocarbon p2ssticide: content than the.

surrcunding water.
Upscrubbting would have alsc colilected PCB 1in their

samples,. but Sebvs and Corcoran {(19469) found low levels of

were a result of a low PCB input in thelr area.

Some conzentration of chlorinated hydrocarbons could
occur from the water currents around and below the slick..
The chlorinzted hydrocarbons would tend to remain with the
slick material because they are much more soluble in oils
than in watesr {Hartung and Klinger,. 1970). It is unlikely
that this would e a major concentrating mechanlism because
contact between o0il and water would be low (and the effici-
ency of the liguid extraction reduced) unless high flows
exist arcund the slick. The high flow rates necessary to
greatly increzase the oil water contact (and thereby increase

the chlorinated hydrdcarbon transfer to the oill) would break
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up and dissivate the slick.

The wave in itiated down-mixing of slick material and
1ts subseguent return to the slick could have also resulted
in higher concentratlions of chlorinated hydrocarbons in
slicks. The droplets of down-mixed slick material would

have extracted chlorinated hydrocarbons from the water a few

pelow the slick. This process would

o
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also have been a liguid-liguid extraction, Little 1s known
about dcwn-mixing of oil, tut the author has observed (in a

of 0il to a two foot depth
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under pairoleum ol slicks. In higher seas the depth of
dOWﬁ-MiXiATTOf 0il droplets would have been increased,

Some of the droplets, with their increased chlorinated hydro-
carbton conteant, would have floated pack to the siick and
increased its chlorinated hydrocarbon concentration. The
ghest chlorinated hydrocarbon concentration observed in
this study was found in & transitory slick which probably
originated at the West Pcint pulp mill. If the estimation

of the source of this slick was correct, it had traveled
approxim=ately 20 nrilles downstream. Host 1likely a portio

of its chioc:

s
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ct

ted hydrocarbon content was obtained by

the down-nixinz and return mechanism.

N
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Harvey =t al., (1971) found DDT and PCB (Aroclor 1254)
in open ocean organisms. Hée sugzgested that the primary

these substances to the open ocean
was aeclizn {personal communication). Surface slicks could

puts ©of cnlorinated hydrocarbons from thes air.



DDT was intrcduced to the atmosphere by aerial spraying for
agricultural nests and mosquitoes, and was bellieved to be»

carried on dust particles (Harvey et al., 1971). PCB

icles intc slicks or entered them in rain,. The input of
chlorinated nydrocarbons: to slicks from thls: method should
have been dlirsctly related To the time and area of slick
addition of pesticides:-and PCB to slicks: from
the air could have been considerable when slicks have been
e¥xnosed te ithe environment for long time perlods:as in geml-
permanent slicks, or where-extensive aerial spraying had
been utilized, zs 1in Dade County (Seba and Corcoran,. 1969),
Tire data of thls study indicated that the aerial input
of DDT was not the primary method that lncreased the concen-
tration of DDT in transitory slicks in' the York River..

]

#4 wes a petroleum oili slick that presumably

t;gu

Surface sample ;
started with a ncn-detectable: chlorinated hydrocarbomn con-
centration and was ssmpled a short tlme after origlnating
from the American Oi1 pler. This sample wilth an exposure
time of less than two hours,. had 5 times the DDT concen-
tration c¢f the corresponding subsuriace sample., If the:
aerisl input of DDT was sufficient during the two hour
exposure span to increase the DDT level of the slick in
surface sample #4, from 0 to 26 ppt (parts per triilion,,

-

welght-weight), then the non-slick surface samvles taken on

9]
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the same date in nearby locations should have also indlcated’
thls high aerizal input. Since other samples taken on the
same date (3 and 5) had approximately equal surface and sub-
surface DDT content,. it scemed likely that some mechanlsm
other than direct zerizl input. intc sllicks caused the hizgh-
er DDT concentrations observed in surface:sample #4. It

was algo apparent that the DDT concentrating mechanism could
operate in a short time: span.

In the four transitory slicks, where DDT concentrations

C

=4

were measurable, the DDT content of the surface sample was

ot

higher than the DDT content cf the subsurface: sample. The
DDT“conpentrwtlon averaged 3% ppt (paris per trilliom weight~

weight) in surface samples and 13 ppt in subsurface samples

oncentrations were messur-
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able in seven transitory slick samples; four had higher

PCB content in the surface sample. The average surface PCR
(Aroclor 1254) concentration of the four samples (used Tfor
determining the average surface and subsurface- concentrations
abeve) was 31 ppt,. the average PCR content of the four sub-

surface samples was 16 ppt. This indicated that DDT was

%

more concentrated at the surface and that PCB (Aroclor 1254)

were more-uniformily distributed with depth.
Harvey et al. (1971) suggested that DDT and PCB s

transported by the atmosphere in different physical states;
DDT was carried on dust particles, while PCE were gaseous.
These physical states and the non-~-uniformity of DDT and PCH

distributions with depth observed by the present study,
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2ted hydrocarbon concentrating mechanism

ed these dlfferent physical states unequally..

Bon concentrating mechanism which

n'rrﬂ roca

rapid increase 1ir the DDT content of slick

PCR distributions with

Inm this mechanism a

3

ick expanding ra over the watsr surface,

eading pressure;, extracted the DDT

ticles that secttled on the water rfzce and

s

by surface tension. This spreading

=z mechanism accounted for the higher concen-

slicks than in subsurface water,,

~of DDT content in surface sample
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diffused into the water rather than
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concentrat n the water surface.
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expect-
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of DDT and PCB found in transitory surface

subsurface water by this study were a result of
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states in the atmosphere. A mechanlsm which explzined the:
distributions obtserved for transitory slicks was the collect~
ion mechanism, Different mechanisms were apparently respon-
sible for the chlorinated hydrocarbon concentrations obser-
ved in semi-permanent and transitory slicks. The collection
mechanism would not have been as significant in ccncentrating
chiorinated hyfrocarbon pesticldes for sexi-permanent slicks
because these silicks were more confined by currents and wers

not as free to collect pesticides by movements over the water

surface, Thus, mechanisms other than the collection mechan-

chlorinated nesticides  found in semi-~permanent slicks in the

observed in their slicks were not universal, but appeared

to Ye a reflieciion of the degree and extent of pesticide use



RECOMMENDATIONS FOR FUTURE’ WORK

Sereens,. Jars, ard drum skimmers have been used to

s (Garrett,. 1965; Seba and Corcoran,.
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1969; Harvey, 196€). With all of these  sampling devices a
layer of the surface water 1s also taken with the surface:
slick materizl. A method of determining the relative  amounts
of water and slick material and contained organics takem Iin
sampling is unavailable. Although these considerations: are
probably not significant for comparisons of slick studies:
where results are greatly different, they could be important
if results of slick studies are of simllar magnitude. The
first priorities: for any future work in this area should

be the development of a surface slick thickness measuring
device,, the standardization and calibratlon of samplling
tecnhnigues, and a method of separation of the surface and

dissolved corganic fractions.
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TABLE

1

SLICK CLASSIFICATION

Sample # Date Clasaification Count
1 Surface Nov. 27,1970 1-Transitory 530
1 Subsurface Nov. 27,1970 - 156
2 Surface Nov. 27,1970 3-Transitory 640
2 ZSubsurface Nov. 27,1970 - 202
3 Burface Jan. 30,1971 No Visible Slick 22
3 Subsurface Jan. 30,1971 - 34
4 Surface Jan. 30,1971 3-Transitory 256
4 Subsurface Jan. 30,1971% - 264
5 Surface Jan. 30,1971 No Visible Slick 338
5 Subsurface can, 30,1971 - 302
8 Surfacs Sept, ©,1971 3-Transitory 178
8 Subsurface- Sept. §,1971 - 108
9 Surface Sept. 9,1971 2-Transitory Spilled
9 Subsurface Sept. 99,1971 86



TABLE 1

(continued)

Sample # Date Classification Count
10 Surface: Sept. 9,1971 2-Transitory: 43
10" Subsurface: Sept. 9,1971 - 59
11 Surface Cct. 5,1971 5-Transitory 120
11 Subsurface:  Oct. 5,1971 - 58
12 Surface Oct. 5,18971 3-Semi-permanent 118:
12 Subsurface- Oct. 5,1971 - 152
13 Surface Nov. 35,1871 3-Semi-permanent 325
13 Supsurface Nov. 33,1971 - 172
14 Surface- Nov. 3,.1971 2-Transitory 208
14 Subsurfacs Nov. 3,1971 - 124
Distilled Water Blank 1)

The count coiumn above is the total chlorinated.
hydrocarbon count. This represents the peak heishts
(in graph units} of 21T identifiable chlorinated hydro-
carboens in the chromatograms.

Samples 6 and 7 were contaminated by lubricant
mistakenly applied to the rotary evaporator.



TABLE 2

CONCENTRATIONS

Samples PCER Error DDT Error
1 Surface 51 +6.8% 17 +5.8%
1  Subsurface 16° " 1 n
- - ot w
2 Surface 37 n 54
) . "
2° Subsurface 17 " 3
3 surface 2 e "
I 3 n’
3 Subsurface 3 n 6
4 Surface 21 " 26 "
o : y "
Subsurface 26 " 5
= . . Vi 1]
5 Surface 33 " 3
S  dubsurface 29 " 2 "
8 Surface 12° " Trace
8 Subsurface 8 " Trace
S Burface Spilled - -
9 Subsurface 7 "  Not measured -



TABLE 2°

(éontinued )

Sample # PCp= Error%% DDT# Errors#
10 Surface 4 +6.8% Trace -
10 Sutsurface. 5 " Trace -
11 Surface 5 n Trace -
11 Subsurface oF " Trace -
12 Surface 7 " 12 +5.8%
12 Subsurface 11 " 4 "
13 Surface 24 " 41 "
13 Subsurfsce 12 " 27 "
14 Surface 13 " 45" "
14 Subsurface & " LY "
Distilled Water 6 n Trace

Blank

% Concentrat
welght-wel

4% These errors

expresged in ppt: (parts per trillion
r ng./liter.

represe

nt indeterminate errors.



TABLE

ORIGIN OF

3
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Slick Origin

N 1 I

(00} Q‘\

\0

11
12
13
14

Surface

Surfacs.

Probably

Unknown.

West Polint Pulp Ml

No Visible Slick

American 011l Pier (recent origin)

No» Visirle £1lick

Pulp Mill
Pulp Miil
Unknown

Unkrown

Mouth cof Quesn's Creek

Mcuth of Queen's Creek

V.1.M.3. Ferry Pier



TABLE &4

AVERAGE CONCENTRATICNS

Slick Type Average Average

DDT Concentration PCE Concentration
(parts per trillion) (parts per trillion)

Transltory Slicks 35 31

(where DDT Conc.

were measurable)

Subsurface 1% 16

(same samples)

Semi~permanent Slicks 27 16

Subsurface- 16 12
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Fig. 1. Sampling locations and dates.
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