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Capter 1

CHLORINATED HYDROCARBONS IN
MARINE ECOSYSTEMS

R. W. RISEBROUCH

ABSTRACT

Polychlorinated biphenyls, chlorinated hydrocarbons which are

. extecsively used in industry and agriculture, ate now widely dis-
tributed in marine ecosystems of the Pacific Ocean, Rirds contain
higher conceritrations of these chemicals than fish; tissues of the pere-
grine faicon have contained the highest amounts which have so far
been recorded. The polychlorinated biphenyls have not yet been de-
tected in samples of airborne particulates but their observed distribu-
tion in the sea indicates that they are dispersed by wind currents and
that their fallout pattern is similar to that of the DDT compounds.
Their gffects upon natural populations, including man, are as yet
unknown. Among the chlorinated hydrocarbon “pesticides,” DDE is
accun:ulating in significant amounts in marine food chains and is also
present in highest concentrations in marine birds, especially the pro-
ceilariiform species. Its distribution indicates that coastal areas are not
the primary sources of contamination, A quantitative approach to the
problem of acrial transport of chlorinated hydrocarbons to the sea has
been made by analyzing the airborne particulates which contribute to
mevine sedimentary deposits. The results obtained to date indicate that
wind transport can account for the observed distribution of DDT com-
pounds in California waters and that the amount of chlorinated hydro-
carbons entering the tropical Atlantic as fallout from the Northeast
Trades is comparable to that entering the sea from a major river

S:t'b'!t'lll.

REPORT

FENIE ACCUMULATING EVIDENCE that no part of the world is now
i frecof “pesticide” residues, the products of atomic explosions,
or of a variety of industrial pollutants has induced subtle but pro-
found changes in our concept of our position in the global eco-
statem and in our individual conceptions of remoteness and isola-
tier. There has never been any question that local ecosystems

Goald be inreversibly changed by the introduction of synthetic
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6 Cliemnical Fallout

chemicals, whether these introductions be purposcful or inci.
dental. Since the sca, however, is the dominane feature of the
worldwide ecosystem, interpretations of environmental contamina-
tion in terms of local ccosystems, whether terrestrial or aquatic,
may therefore be misleading. The accumulation of significant
amounts of several pollutants in marine organisms, pollutants
which are nonpolar and therefore water-insoluble but lipid-solu-
ble, not only elicits an uncertainty about the long-term utilization
of the sea as a source of human food, but has suddenly raised the
question of the ultimate survival of a number of species of sea
birds. Thzse species comprise a very large fraction of the world’s
wildlife and doubts about their future would have been consid-
ered preposterous and untenable only three or four years ago.

Perhaps becausc fish kills have provided the most dramatic
evidence of insecticide contamination, distribution studies in the
United States and elsewhere buve {requently consisted of moni-
toring the residue levels in major river systems (2, 7). In spite of
the low solubility of chlorinated hydrocarbons in water (4), their
tendency to pass into the vapor phase and to leave the region of
application (1, 5, 6, 17, 22), their persistence in soils despite drain-
age (3, 14,24), and their presence in very low concentrations in
some streams draining areas of intensive application (23), large
amounts of these stable persistent pesticides are transported to the
sea by way of rivers with high silt contents. Thus, the Sacramento
and San Joaquin rivers, which drain the Central Valley of Califor-
ni2, one of the most heavily pesticided areas of the world, annually
bring about 1,900 kilograms of chlorinated hydrocarbons into San
Francisco Bay (2,27), and the Mississippi contributes about
10,000 kg to the Gulf of Mexico (7, 27).

When the Institute of Marinc Resources began a study of the
distribut.on of chlorinated hydrocarbons in marine fish, we ex-
pected to find, therefore, much higher levels in the fish from San
Francisco Bay than in the fish from the Pacific Ocean (30). The
data of Table 1-I, hower -r, show that collections of the Northern
anchovy _nd of the English sole from the coastal waters contained
as much as or in two iastances significantly more total DDT resi-
due than did the collections from San Francisco Bay. Total DDT
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0D RESMDURN INCOILECTIONS OF NORTHIERN ANCHOVY
SENCE 1IN MOEDAX) AND ENGLINH SOLE (P 4RKOFHRYS Ve FT Lt
P RO SAN FRANCINGO BAY AND CALIFORNIA COSTAL WATERS
Species Number Mecn 18t p.¢/-DDLEY Totel
Localets, Date {g) DDT-
ppmt
Northern Auchouy
san Francisco Bay 17 12.4 021 059
July 29, 1965 6-22 =0.05 =0.11
San ¥rancisco Bay 29 30 - 0.11 033
November 4, 1963 {2-3) =0.05 =004
Monterey 30 265 0.68 .90
November 30, 1963 (21-35) =0.19 =022
Morro Bay 29 259 . 0.45 074
Juue 16, 1963 (19-33) =012 =022
Port Hucncme 15 116 2.44 304
February 24, 1966 ’ (2.8-21.5) =0.77 =1.00
Terminal Island 4 11.7 102 - 140
Los Angcles, June 25, 1965 (6.5-20) *21 - =1.9
English Sale

San Francisco Bay 18 143 0.14 055
July 29, 1965 (5-35) =0.02 *0.07
San Francisco Bay 33 173 0.13 035
November 4, 1965 (7.5-53) =*0.03 =012
$an Francisco lighuship 13 253 0.i2 Q.19
December 1. 1665 (175-306) - =9.03 =0.04
Montcrey 15 195 0.53 0.76
February 15, 1966 (89-262) =0.13 =0.16

*From R. W. Ristbrough, D. B. Menzel, D. J. Martin, Jr, and H. S. Olcott, in
ng%aration. EDT residues include the two isomers of DDT, p.p/-DDT and o.p’-
‘T and their metabolic derivatives: p.p/-DDE, o0,p/-DDE, p,p’-DDD
p.p’-DDMU. PP ¥ PP and
tWet-weight parts per million, means, standard errors, 95%, confidence limits.

concentrations were highest in the collection from waters off Los
Angeles, but anchovies from the Channel Islands area off Port
Hueneme also contained significantly more residue than the an-
chovies of San Francisco Bay. Since no major Tiver system enters |
the Pacific Ocean from southern California the source of the DD'T
could not be agricultural drainage waters. Similarly, the data of
"Table 111, which sets forth the distribution of total DDT residues
and of polychlorinated biphenyls in several collections of marine
fish. inctuding shiner perch from San Francisco Bay, hake, jack
it:acherel and Euglish sole from the coastal waters of California,
bleckia and yellowfin tunas from waters off Baja California and
Centzal Amierica, and skipjack tuna from Scuth America and the
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TABLE 1.71
ND PO N £ Y DUES IN
* AN LYCHLORINATED BiPHENYL (PCB) RESI
poTe A MARINE FISH.t

Afean Wt. Total pp/- PCB DDT]
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Species, Number (g) DDT DgE PCB
Locality, Date phm Yo

Nt Toland 4“4 1.7 1o 10 14
June 23, 1665 (63-20) *1.

Shirer Perch .
San Francisco Diay 14 (‘5.g5) -‘(!)(1’ 23 12 08
Ociober 20. 1967 (i-S) =0. o o
San Fraucisco Bay 10 (‘.E)U",S) ‘_(1):; 35 04 35

ctober 20, 1565 i0-4 =0.
g:nOLI—)‘Lr:m_i‘.f,o I-;.'r,' 15 15.5 1.1 33 12 0.9
November 4, 1935 (8-49) =0.1

Enalisa Scle . .
$an Francisco Bay 18 143 +0'8§ 25 0l1 5
July 29, 1965 (:)-:3) *0.07 . oit 5
San Francisco Bay 33 _1_/.-5"9 _‘_g,;v.; 2 3
Noverrber 4, 1858 (Z.‘on-u) =03 53 005 .
San Francisco lightship 15 (l::_JWG) *((;,._;” : k

miber 1, 1985 73-210) =oir .
i’:‘i‘.f;‘;nf,- 11963 15 155 036 70 00+ 19
February 15,1966 (69-262)  =0.16
Mackerel : ;

Jagth;xi‘r:}cccler] slands 31 §I§ 0.56 57 0.02 28
November 22, 1565 (45-141) *0.10 .

H(;’I‘:"et Sound pald 281 »0.I§ 23 0.16 1.1
January 22, 1966 (135-330) =0L5 -

I8 . ‘ .

H‘a:anncl Isiands 6 384 +1.8 68 0.12 15
February 24, 1966 - ©1-872) =Ll

Blurfin Tunai ) . 14
Lede aestle S 7 = =g.£ 45  0.04

L 9 - 0.92 45 0.04 6
s =0.13 \

Yellowfin Tura ) . , 3 ndg .
Livers i3 — :(()}82 N >15

p— 62 |
Livery : 13 :g 1)5 30 [

Skipjack Tuna . 0037 23 o1 o5
Liverif 3 — 03 2 "
Bodv- Muscleft 13 o tg:;li 18 nd >
Vaverst 2% — 0036 i1 nd >30
Viverss . ? e
’ o . - govg 21 nd >0
Liverit : 2 "gr :71 >

- Coisehic ceral LI roncenualions ia . v vcight, ppra. el stanlard
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Central Pacific, show that almost all total DDT residue levels fall
within the runge of 0.2 and 2.0 parts per million (ppwn), wet
weight, including those in the bluefin and yellowfin tunas which
are offshore, pelagic species. Only the yellowfin tuna from the
Galzpagos region and the skipjack tuna contained lower total
DDT residues. In contrast, among the freshwater fish from Cal-
ifornia collected and analyzed by the California Department of
Fish and Game and the Bureau of Sport Fisheries and Wildlife,
only one, a channel catfish, contained DDT concentrations higher
than 2.0 ppm. Eight values fell within this range and four feil
below {21). In Wisconsin the majority of fish analyzed by the
Wisconsin Conservation Department in 1965 contained fewer than
0.2 ppm total DDT residue (33) . Moreover, fish from a stream in
Wisconsin which drained an orchard where chlorinated hydro-
carbons had been intensively applied over the years contained
lower amounts of chlorinated hydrocarbon residues than did these
marine fish from the Pacific Ocean (23). These combined observa-
tions indicate that it is very unlikely that chlorinated hydrocar-
bons in marine fish have originated only in coastal waters con-
taminated by local agricultural runoff.

Nor can contamination by agricultural runoff account for the
DDT distribution among the various species of seabirds. A skua
from Antarctica (32), shearwaters from both the Atlantic and
Pacific Oceans (29, 39), and black petrels nesting on islands in
the Gulf of California (23) have been found to contain higher
residue levels than those of the vast majority of birds from Ameri-
ca and Great Britain. Shearwaters and petrels breed on remote

-1slands and otherwise spend their entire lives at sea. They do not

dive for fish but feed primarily upon organisms obtained at or

v\l.thcrn anchovy (Lngraulis mordax), shiner perch (Cymatogester aggregata),
:""-x“‘h‘ wl-: (Paropphirys vetulus), Pacific jack macherel (Treciiurus symmetricusy,
S ‘Merluccius firoductus), blucfin tuna (Thunnus thyanus), vellowfin tuna
! _':"'-l S.frircres) , skipjack tuna (Luiliynnus pelamis) .
coratse Eaju Califoraia, Aug. 29, 1965,

calapuos Archipelago, Nov. 6, 1963,

TS tesis w80 N Aug. 23, 1063,
Televes e ey e, °
. e Pems el Novemiter and Dacmber. 1565
M e U 4
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near the surface, the component of the marine ccosystem which
receives acrial fallout and which because of its unique physical-

chemical properties could be expected to retain temporarily the

water-insoluble chlorinated hydrocarbon components.

Observations that chlorinated hydrocarbons do not accumulate
indefinitely in soil but reach a steady state value and that they
rapidly disappear after application to ponds and marshes must
therefore be considered in a somewhat broader context.

The polychlorinated biphenyl (PCB) peaks had long been
evident in chromatograms of extracts of marire fish and birds but
remained unidentified until late in 1967. An unhatched egg and
tissues of peregrine falcons contained exceptionally high amournts
of the unknown compounds. Since the peregrine is now extinct as
a breeding species in the eastern United States, having declined
rapidly for unknown reasons in the late fifties and early sixties,
and the West Coast population is greatly reduced, considerable
effort was made to identify them. These attempts remained un-
successful until reports appeared from Sweden (36) and from
Great Britain (19) that PCB had been identified in wildlife with
the use of mass spectrography and gasliquid chromatography,
respectively. The published chromatogram (19) was very similar
to those which we had obtained from the peregrine falcon extracts.

The polychlorinated biphenyls occurring in the environment
are assumed to be industrial pollutants. They are used extensively
in industry as plasticizers and in the manufacture of paints, resins,
clectrical insulators and other products; they have been applicd
vsith insecticides, and can be purchased in railway car amouats.
Since they are very stable, resist degradation, have small but finite
vapor pressures, are insoluble in water and highly soluble in
lipid, it is inevitable that they should be concentrated in biclogical
systems. Their chemical structure is in some respects simiiar to
that of several chlorinated hydrocarbon insecticides such as DDT
and the benzene hexachlorides, so that it is to be expected that

they would behave similarly in their movements through cco-
systems. They are highly toxic to man when inhaled as vapors (12,
31), and the more heavily chlorinated components have greatc?
toxicity. No tolerance limies have been set for human fooxd -

[
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Chloringted Hydrocarbons in Marine Ecresysterns 11

phics. 2nd their carcinogenic properties remain to be determined;
but they are now present in concentrations as high as § ppm on a
wet-weight basis and several times higher on a lipid-weight basis
. ! R (=)

in spccies of fish which are used as human food. At the present
ume it is not entirely clear how the PCB enter the environment,
but presumably they are introduced into the atmosphere as vapors
dgrmg manufacturing processes, when high temperatures increase
vapor pressure, by gradual volatilization over a period of time, or
when materials containing them are incinerated.

The commercial PCB preparations are mixtures of compounds
which dxffffr in the degree of chlorination. Of these, those having
the following retention times relative to p,p"-DDE on DC-200 and
QF-1 columns have been detected in marine fish and birds:

DC-200: 1.25, 148, 1.75, 205, 2.41, 2.50, 2.90, 3.41, 3.88, 5.53
dieldrin: 1.00; p,p-DDD: 1.27; p,p’-DDT: 1.68

QF-1.  1.10,1.53, 140, 1.65, 1.72, 2.14, 2.59, 3.23, 3.88, 4.84
dieldrin: 1.49; p,p~DDD: 1.75; pp-DDT: 1.91

The retention times of three of the principal peaks are italicized.
Similar values for the DC-200 column have been reported from
extracts of seals from the North Atlantic (18). Because of the
similarity of retention times, .it is evident that large amounts of
PCB will interfere with the determination of p,p-DDD and p,p'-
DDT on DC-200 columns and with p,p"-DDD on QF-1 columns.
Conversely in many extracts the PCB content car be determined
only after DDD and DDT have been removed by saponification
with alcoholic KOH. In the absence of the micrccoulometric de-
tector, the quantitative measurements of the PCB compounds
were made as follows: it was assumed that each produces the same
peak hlcigh: with the electron capture detector as the same amount
by weight of p.p~DDE. After summing the contributions of the
m.-in-i‘_}u:d peaks, the towal was multiplied by 4.2. Use of this
e =u:'m mexsurements of standard solutions yielded resules u-hi‘ch
r l;".:‘ l.::c prediceed values. Throush the kindnes of Mr,
o - :‘.«Hl.':’

< .
0y T,. . M

, ; LT NS CMICITIC tfctcrmm.luu:n’ were m J(fc
o sty 8 el N .

: \ wcutaar il 3 peregrute extract. The values con-
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phene, but'unlike DDT the PCB compounds are not destroyed by
nitration (13, 28).

‘Concentrations of the chlorinated hydrocarbons, both DDT
and PCB, tend to be an order of magnitude higher in marine
birds than in fish (Tables 1-1I, 1-III, and 1-IV). Unlike the DDT
compounds, PCB Jevels are relatively higher in San Francisco Bay.
Since Caspian tern eggs from San Francisco Bay and San Diego
Bay have similar DDT and PCB contents, it is likely that the
“pesticide” ecologies of the two bays are similar. Few data on
PCB levels in freshwater and terrestrial organisms have so far
been accumulated, but three fish, a white crappie, a black crappie,
and a blue gill from Clear Lake contained 0.004, 0.003, and 0.005
ppm PCB, respectively. It is not clear how much of these low
amounts of PCB resulted from fallout, from local contamination,
or were brought to the lake by migrant species. White-tailed kites,
a species which accumulates low chlorinated hydrocarbon resi-
dues as a result of its position in the local ecosystem, contzin low
PCB concentrations, but a Cooper’s hawk from San Diego, a spe-
cies which preys upon terrestrial land birds, contained 6 ppm (28).
PCB is therefore present in the terrestrial environment but its
movements through food chains remain completely unknown.

As shown in Tables 1-III and 1-IV, it is evident that PCB is
widely distributed among marine birds which are the terminal
carnivores of a complex mesh of food chains in the sea. Sooty and
slender-billed shearwaters are pelagic spccies which breed in New
Zealand and Australia, respectively, and which spend the southern
winter in the northern Pacific. Rhinoceros auklets and ancient
murrelets breed on the coasts of British Columbia and Alaska
whereas kittiwakes, fulmars and red phalaropes breed in Alaska
and the Canadian Arctic. All of these specimens were collected off
California, so that it is not clear how much DDT and PCD tie

birds had ingested on their breeding grounds. PCB is, however,
present in resident species in remote areas of the Gulf of Califer-
nia. and was found in cggs of brown pclicans resident in the Gulf
of Panama (28). It could not be detected in five cggs of the Adci:e
penguin brought from Cape Crozicr, Antarctica amd Mindly a0
availabie for analysis Ly Dr. R E. Feeney {25 . The taeal heo
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Chlorinated Hydrocarbons in Marine Ecosystems 13

content of the eggs, however, was low, and the ratio of total DDT
to the maXimum d_etectablc amount of PCB was within the ran e
of the ratios recorded in other species (Tables 1-III and 1-1V) s

TABLE I-IIT

DDT® AND PCB RESIDUES IN MARIN THE
N MARINE BIRD N
PEREGRINE FALCON®** STANDIN
Species, :
Locality, Date ggg": % DDE Pes bDT/PCE
Ahm ’
2pom
Cassin’s Auklet§
.;.nlcicut Murreletg (5)?5 Sg?g 3}6 %
ulinar®® ; o :
Fulmar®® gzl 5 o5 3
Red Phalarcpest 0.78 o o 1
Rhinoceros Auklestt 2‘7 ?Sg P 5
Slender-billed  Shearwatersg 32,0 92 e 3
Sooty Shearwatergq 12:3 9; o o
Sooty Shearwatersq "~ los 0 15
Pclrzcgrinc Falcon®®® % 0% 12
veast muscle, sccond year
g:m:dc, migrant from AZ*ctic 10t ® = 45
reast muscle, immatu
California T 12 % 105 12
Breast muscle, adult
fcinale, California 12 % 109 1o

. .
tac divribution and fallout

<

ey

*From Riscbrough et gl (29) and Ri
*Fror 3 8 ischrough,
; ;Emlxr(c] bird analyzed, €Xcept peregrine falcogns
Ncludes p,p/-DDT, p,p’- - .
e PP p.p’-DDD, pp/-DDE, p,p’-DDMU, P-p-DDE; ppm, wer
¥Piychoramphus aleuticus, adult femal
Piycko; Cus, e, Farall i
. fS)ﬂ.hbeoramphus antiquus, Montcrey Bay, Ng:" IIShlggsG' Aprl, 1965. -
Fulinarus glaciatis, Montcrey Bay, Nov. 1, 1966, ]
fIPImIarqpus fulicarius, Monterey Bay, Nov, 1, 1966
E:;Zcrorhmca monocerate, Montcrey Bay, ;\'ov.'l 196.6
::]‘u{[@nu.: tenuirostris, Montcrcy Bay, Dec. 12 15.}66 )
:..Fuymu.g griscus, Monterey Bay, Nov. 1, 1966-. ’
tom Riscbrough, Kirven and Herman (28).

Kirven and Herman {28) .

The ratios of total DDT o PCB appear to cast some licht on
(=]

: patterns of the chlorinated hydro-
. Francisco Bay species, includine tw
i Ldeons, Caspian terns, Western gulls 3:
et to be ose to unity 1

tlanng, Iy S

o wintering

: d shiner perch,

. Analyses of Weste ooy
3 estern gull cgg

-f.'_:.-.() L) 2}!,;5‘ DI R N B 4
) tepottad i Table LIV show that caws from

LI

~ay I B . Yo
R R I T S T PRy Y
. e ., il le I‘(-l: l;‘:,u] Corem f ey o)y .
ety e _ s fromy the Faral.
A TR BV Y I ) "‘(‘ Coallt -
. . el LRSSl Y ' . X .
Rt L S R o2 bonts !..uL‘r, whih sn
=

.
3ty prmey € s S
CETy an Moy (L3lihieneg 1T,
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TABLE 1-IV
DDT AND PCB CONTENT IN EGGS OF SEVERAL BIRD SPECIES

; : v Total »-DDE ~ PCB* DDT/PCB
Shecies, Locality Number Dg_rzz_. P p'% micoageams
' micrograms

Brandt’s Cormorantt Matus)

Phalacrocorix pznicilialus

¢ Farallon Islands 17 326 9 113 2.9
Pelagic Commorant .

(Phalacrocorax pelagicus)

i A
hY Co. Calif. 2 128 € 6’?— 2
San Mateo (125-130) 48-75)
Murre
Uria aalge ) a5
¢ 6 1945 96 558
Farallen Islands (93_2_3521) (3641010)

Pigeon Guiilemot
Cenrpius grylle

55
Carallon Islands 1 110 95 20
:mrza '.\%uoﬁ Co. i 103 91 62 1.7
Cassin’s Auklet reuti - .
Prychoramphus aleuticus s 10
d 2 147 97 1
Farallon Islands (27-167) a218)
Western Gul; §
Lerus occidentalls ;
Farallon Islands 1 423 95 11§ g?
San Matco Co. 1 2?35 W4 ié(z) s
San Francisco Bay 1 458 87
Black-crowned Night Heron
Nycticorax nycticorax 16
Franc B. 1 541 89 330 K
San franasco Bay : 265 4 >0 o
Caspian Tern .
Hydroprogne caspia
ANCISC: 1269 89 835 1.7
San Francisco Bay azleisz) (&;gi%so) (1..;;-30)
i 3 143 83 _ .
San Dicgo Sy (991-2130) (550-1600)\
Forsters Tern
Sterna farsteri » 5
i Ba 2 653 a9 114 .
san Dicgo B2y (593-732 (91-137)
Least Petrel )
Halocyptena microsoma
ja Californi 30 84 3.1 10
Baja Ca]zfoxfma P @250
Percprine Falcont
“ u‘ -
Fch;iape Catfornia 1 4530 97 371 10

*Total microgramis. .
tuampla xoled for PC. analysis, p-p-DDE content rarged from 63 to IT
wi. Jlame.

1¥1om Riscbirough, Kinen, Harman, Reiche, and Okt (¥} .
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Of the two night heron eggs so far analyzed from San Francisco
P.av. onc had an “ocean” profile: high DDE, low p.p™-DDT and
DDD, high DDT/PCB ratio; the other had a “bay™ profile, sua-
aesting that the adult females had spent the previous months in
different localities. The Caspian and Forster’s terns nest side by
side on the dikes in San Diego Bay, yet the DDT/PCB ratio is
much lower in the Caspian terns, which feed primarily in San
Diego Bay and along the coast, than in the Forster's terns, which
feed zlong the brackish and freshwater canals of the Ouai River
drainage. In the pelagic bird species, in most of the fish from the
ocean, and in other specimens from areas remote from sites of
application such as Baja California, the ratios of DDT to PCB
are of the same order of magnitude and most values are between
5 and 15. If both PCB and DDT were dispersed around the world
by the same transport system, their relative concentrations in “re-
mote” areas would very likely be similar. Thus, most of the values
obtained for this ratio in birds from a remote area of the Gulf
of California are approximately 10 (28). Eggs of the elegant tern,
however, a bird which migrates to other regions after the nesting
season, had a significantly different ratio. It will therefore be of
considerable interest to compare these ratios, and the ratios of
either to other chlorinated hydrocarbons, among individuals and
species breeding in remote areas of the world. Thus resident spe-
cies could be compared with migrant species which could in turn
be compared with locally raised juveniles before these have left
the area. ,

Global fallout of the radicactive products of atomic experi-
ments such as strontium 90, iodine 131 and cesium 137 is highly
dependent upon local precipitation patterns. This is also true of
the nawurally occurring radioactive nuclides such as lead 210,
which is a member of the uranium 238 series and which has a trop-
snpdicie residence time of only twenty days (8). It could be ex-
se-tr Lotherefore, that the fallout of chlorinated hydrocarbons
Bewrsared wth airhorne particulate material would follow the
T patterin wheddier thew particles are the orivinal carrier such
- g n pel?

: vt whether they Bunve alnorbad (Blotinared

P,

ST e w2 g onully prowtit i (8T 200 a5 vategy. Wt s 10
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clear is whether nonpolar compounds such as PCB must neces-
sarily become associated with airborne particulates before entering
the aqueous part of the marine ecosystem.

A quantitative approach to the problem of aerial transport of
chlorinated hydrocarbons over the sea has therefore been made by
measuring their concentrations in airborne particulates. ‘These
particulates constitute a large fraction of the material entering
the sedimentary layers of the sea floor (37) and calculations of
their chlorinated hydrocarbon content would therefore permit
an estimation of the minimal amount of chlorinated hydrocarbon
fallout in the sea. Dust deposits in glaciers, which can be accu-
rately dated with lead 210 (16) have been used in calculating par-
ticulate fallout over the sea (37) and will undoubtedly eventually
be used also to estimate chlorinated hydrocarbon fallout. To date,
nylon mesh screens coated with glycerin have been used to collect
marine airborne particulate material. Dust collected on such
screens has been shown to collect the mineral talc in concentra-
tions much higher than those expected on the basis of its natural
distribution (38). Talc has been extensively used as a diluent for
insecticides, and the rate at which it has been deposited on glaciers
shows a significant increase after 1940 (38). Analysis of the air-
borne dust collected from the onshore winds at the end of the
Scripps Institution of Oceanography pier in La Jolla showed that
insecticides, predominately p.p-DDT, were present in concentra-
tions ranging from 1 to 81 ppm, with an average value of 18.2 ppm
corr:sponding to 7 X 107! grams (g) per cubic meter (M?) of
air 27). By a striking coincidence, analysis of thirty-three samples
of particulate material in water of martshes, irrigation canals,
streams, rivers and lakes of California yielded an average value of
147 ppm with a range from 1.80 to 78.00 (21). The glycerin
screen method fractionates against those materials carried on parti-
cles less than several microns or which are present as vapors.
This value is therefore 2 lower limit of the amount of chicrinated
hydrocarbons in the air. No PCB peaks were observed in the

chromatograms of the dust extracts, which were thercefore pocicd,
concentrated and saponified in order to degrade DDT and DD
PCB was not present in the saponthed extracts, and 3 maximum

o .t
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concemration of 5 parts per billion (ppb) was c1lcﬁla(cd for the
dust sieples, ten thousand times lower than that of the total insec-
ticides (27) . Since the ratio of PCB to DDT observed in fish and
birds is much higher, it appears that PCB remains in the vapor
phase and does not adsorb to particulate matter. Additional work,
however, is being carried out in order to clarify this point. We are
also collecting dust-free samples from air which has been passed
_chrou-gh cold dimethylformamide, which would retain any chlor-
inated hydrocarbons present in the vapor phase in the air.

The dust collected at the end of the Scripps pier also contains
lead plv"oduccd by internal combustion engines in concentrations
averaging approximately 0.5 micrograms (ug)/m?® of air. This
value is about ten times lower than the mean value found in
Amc.ric:m cities but is one hundred times higher than that in
marine air from the open sea (9, 10). It will be of considerable in-
terest to compare the fallout patterns of the chlorinated hydro-
carbons with that of lead produced by internal combustion ma-

- chines, which can be waced and identified by virtue of its isotope

composition.

The winds at the Scripps pier in La Jolla are predominantly
landward with an unknown fraction of air from nearby agricul-
u.xral areas. Although a present shortage of knowledge abczzt air
circulation patterns and fallout rates in this region makes it diffi-
cult to calculate the amounts of chlorinated hydrocarbons brought
to the coastal waters by winds, it seems apparcnt that such a trabns-
port system could account for the unexpected geographical dis-
tribution of the DDT compounds in the marine and freshwater
fish of California. |

Tlxe Science Research Council of the United Kingdom had
carlier mounted z similar screen on the eastern tip of :he island
of B-nrbados in an attempt to collect extraterrestrial dust of me-
l\c.‘umc'c—)rigin.. The Northeast Trades at Barbados have blown
::»: u'aZOOv ?;x!.o:mctcrs. (km) of-lhc tropical Adantic, and it was

feivre considered highly unlikely that any dust accumulatine
7 wicen could be of continenual origift. This assumption was?

-.‘- TN T

5

it comiiderah! . > L X
tonucerah.e crror since significane quantitics of air-

1
coivtiiialas N : {
3 “3.220 material! were collected on the swcreen which
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v pon mineralozical and biological examination proved to be miost
Ikely from Africa and Farope. Fallont rates of the dust over tiie
tropical Adantic and the extent to which it contributed to the
bottom sediments were calculated (11) . Gram samples were made
available to us for analysis. The concentrations of chlorinated
hydrocarbons in the dust ranged from less than 1 ppb to 164 ppb,
with an average of 41. Knowledge of the fallout rate made possible
an estimate of the quantity of insecticides entering the tropical
Adantic between the Equator and 30° N. This figure, 2 miniinum
value sinice thie recovery of very small particulate materials was
low, was 600 kz/vr, which compares with the value of 1,900 kg
entering the San Francisco Bay .wvia the Sacramento and San joa-
quin Rivers (27). It cannot be concluded that these insecticides
had originated only in Africa; the DDT residues accumulating in
the rare Bermuda petrel (39) might have come from any par: of
the world.

Most of the chlorinated hydrocarbon content of the particulaz
material in marine air consists of p,p-DDT. In marine fish and
birds, p,p-DDE is the major component and it would therefore
appear that this conversion of DDT to DDE occurs early in the
marine food chains. In San Francisco Bay and Puget Sound, DCE
constitutes a much lower proportion of the total DDT coinpounds
and DDT and DDD are comparatively more abundant. Similarly,
DDE comprises only 22 per cent of the total DDT entering San
Francisco Bay in the San Joaquin River (2). In bottom mud
where anaerobic conditions might prevail, DDT can be expected
to be converted to DDD rather than DDE (20, 35). From mam-
malian and insect toxicity studies it had earlier been concluced
that DDE is relatively harmless. Recent research at the Patuxent
Wildlife Research Center, however, has indicated that the toxicity
of DDE to birds is much higher than expected and may be about
one half that of p,p"-DDT (34). Like p,p-DDT and other chlor-
inated hydrocarbons, p,p-DDE is capable of inducing liver epox-
idase enzymes (15). Such enzymes degrade sex hormones and
other steroids by hydroxylating them (25) and thereby may affect
calcium metabolism, This mechanism would explain how chlorin-
ated hydrocarbons could be responsible for the increasing numier
of instances of abnormal calcium metabolism in birds. A signifi-

‘ :
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cantdevrease m cggshe!! weight of several birds of prey in Briain
afier the Second Waorld War 1s evidence for a fundiunental change
in the environment (26) . No change in the physical environment
which couid elicit a physiological effect of this magnitude among
several species of birds over a wide area has been recorded. A
change in the chemical environment would be manifest only
through a change in the chemical composition of the diet. Of the
new chiemicals introduced into the environment after the Second
World War which are ingested and retined by birds, only the
organochlorine compounds have as yet been linked with calcium
metabolism. No abnormal calcium metabolism has as yet been ob-
served in sea birds, nor has it been looked for.

Application of the persistent biocides and the release of non-
degradable waste products into the environment have frequently
been justified by arguments that point out that local populations
of organisms remain relatively uncontaminated and that, especial-
ly in the case of the chlorinated hydrocarbon insecticides, even the
persistent compounds disappear with time. It is abundantly clear
that these arguments have become misleading, irrelevant, and
wrong. Pollutants do go everywhere. Those which are nonpolar,
water-insoluble and which have finite vapor pressures will even-
tually appear in marine food chains. The DDT compounds and
the polychlorinated biphenyls have already done so to an alarm-
Ing degree. ,

DISCUSSION

RADOMSKI: How were the polychlorinated biphenyls detect-
ed in your assay? The commercial compound is a forest of peaks
when analyzed. Which of these peaks were present in the analyzed
biological inaterial?

RISEBROUGH: There are several commercial preparations
which differ in their average chlorine content. Each, however, is a
maxture of compounds so that the chromatograms consist of clus-
tesr of peuks. The retention times of the peaks identified as PCB
¥irviact of fish and birds are given in the text. The profile of

sk annt Canely metches that of the commercial cummpound

L U S
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WURSTER: Theoretical considerations would predict a net
ransfer of chlorinated hydrocarbons from the land areas of the
world into the oceanic basins where one would expect them to
accumulate, especizlly considering that their half-life is probabiy
about a decade in the enviromnent. The data that you have from
the Pacific Basin indicates that this is occarring. They check well
with our data on sea birds in the North Atlantic [Wurster, C.F,
and Wingate, D. B.: Science, 159:979, 1968].

The interesting thing is that they show the level in those two
oceans approaching the level found in some bodies of fresh water
and in San Francisco Bay, which drain rather heavily treated areas.
Prest.mably the ocean basins will continue to become still more
cont: minated. The heaviest contamination of which I am aware
in a sizeable lake is Lake Michigan, probably because it flushes
only once per century. It serves as an example of things to come
in the oceans.

In Lake George, trout fry were not viable after hatching from
contaminated eggs containing several parts per million of DDT
[Burdick, G. E., et al.: Trans Amer Fish Soc, 93:127, 1964]. The
same thing was observed recently in jasper National Park, where
mortality of fry occurred at a few tenths of a part per million
[Cuerrier, J-P., et al.: Naturcliste Can, 94:315, 1967]. This past
spring, fry hatched from contaminated salmon eggs on Lake
Michigan but about 20 per cent of them died from DDT poisor-
ing at a time when there should be very low mortality.

It follows that if the contamination level in the world's major
fisheries is approaching the levels associated with the collapse of
fisheries in some {reshwater areas, then we can soon expect arepeat
performance in the oceans. What will happen to important fish
such as swordfish or tuna? There have apparently been substantizl
dedines in the take of some arine fish; I wonder if some fish are

already producing nonviable fry caused by their burden of chlor-
inated hydrocarbon residues?

RISEBROUGH: My answer can consist only of two additional
questions. Who has _he responsibility of finding out what might
happen to swordfish and tuna, and secondly, who is in fact going

to find out what will happen? The answer to the first 1s clearly

Clierrazied ].’_‘.r!r-l.;;r.’o¢;y:; 1 Merine Ecosssters 0}

the manufacturers of DDT, dicldrin, PCB or any other persistent
compound which ultimately accumulates in the global ecosvstems
Unforwunately their major efforts to date in this dircctio;l have
consisted of writing letters to Science which comment upon the
relative abundance of robins. As for the sccond, the inherent limi-
tations of government and international organizations prevent
them from taking the initiative. It would appear that the answer
m'u'sc corrle from cooperative efforts of individual ecologists, natu-
valictas o lecnzlar L " .
‘3{1‘&5 and molccular biologists, perhaps those moiecular biologists
who are becoming somewhat ali i
: enated from the major trends i
their field. : : 0
, .BI{TLER: Geographic areas have been defined in which DDT
evels in marine fish are frequently above 5 ppm in the gonad. In
'\ [«]
o?c area of the Gulf of Mexico where we know that reproduction
o thc‘ speckled trout has declined, we assume that the dedine is
caused _by pDT .contammation. There are also indications that
contamination “{uh pesticides may be interfering with the repro-
duction of crabs in California.
OTeaI;IUl\_zTthxd I understand you to say that contamination is
er in the marine ecosy: it is 1 i
g ystem than it is in the inland
system? e
Al 3 . T
. I_{I?LIiROUGH. No, but they appear to be approximately
qfuxva ent. In the paper written by yourself and J. O. Keith (my
T #* i
elerence #21), you reported on the chlorinated hydrocarbons in
particulate material in freshwater systems in California. The
ave ; i ‘
: r;’age lfc_frvel was 14 ppm, and there were thircy-five samples with
no
2t Ooe om.l to 70 ppm. The average value of all samples of
> b fneLpartlculate material which we collected off the Scripps
ter in La jolla was 17 1
30 ppm. ppm with a comparable range from 1 to
HUNT: w i
NT: Were the anima ive i
companes A : mals that live in these two systems also
Fs 7 Are you saying that the levels in marine fishes are
Haner than those in inland fishes?
RISNEBROUGH: 1
: : In the sam ; ;
ol Bvdoxarbon ¢ i ¥ Pa'PCr )Ofl e s for chlar.
e *on concentravuons in California freshwater fish
- talsd ) i i : i
o 14" r‘cunucs mn whole fish or in flesh and found thac
IR 2 § heswe fel] withy
I within the range of 0.2 to 2.0 ppm. the

=3
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range within which most of the values recorded in marine fsh

collected off California shores also fall.

HUNT: We have a considerable amount of data on some spe-
cies, striped bass, for example. The contamination can average as
much as 33 or 40 ppm. I would say that certain inland species,
particularly the carnivorous fish, would have levels considerably

higher than ocean fish.
RISEBROUGH: Yes, of course, but these would reflect local

sources of contamination rather than general failout.
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