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Attached 18 & Xerox copy o1 & technical paper which Scott Tucker
and I picked up in Washlagton recently. This wes pr.vided us

vy Donsld A. Spencer uf the Netlcasl Agriculturasl Chemicsals
Assoclation. Mr. Spencer requested that the paper te heid
"eunfidential® until such time &g it mey Le published.

Spencer indicated that 1{ this paper were distrituted cae

of hig principal "sources would refuse tu give him preputlica-
ticn informetion in the future.

Risetrough: entation (the attached) wze mede &t & meeting
of 20 to 30 toxlicoligls td-2t—the University I Rochester
An June. The meeting _was L1]1€éd &8 'The First Annuel Conference
on Toxicolugy! ‘and was underwritten presumstly bty the AEC which
has hed contrecte at Rochester for many yeers. Attendance

was bty invitation only.

The meeting dealt "exclusively with pesticides with atout
cne-third of the papers x'e]aﬂ.ng to mercury. A8 far &és Spencer
knBEE‘tﬁE’“Epera dricluding the attached, will undoulbtedly te
printed &s prcceedings of the conference glthough I suspect
individual authors were given permission cO putllah elsewhere./
,,a’,vn{u/’ A 1/“--//*
JIn & few words, Rlaetrough has found PCESB alo with chlorinated
- pesticides in 2 ‘numter of specles «f fish &nd bvirds slong the
- Californis couest &8 well as in waters off Baja Califcrnis andg
Central Americe, He further reports PCE in fish {rom the
Channel Islands anc¢ Puget Sound. Nou PCE was detected in the
iiver of tuns taken in the QGeslapegos Archipelago. Scott Tucker
118 golng to scrutinlize the anslytical aspecte and psrticularly
"the velldity - f some of the assumptiong made by the author.

Elmer P. ¥Wheeler
cs

Attachment
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R. W. aisebrough :

Institute of Marine Reqourcus
Department of Nutritional Sciences
University of Caliiornia, Berleloy

H

_1.ABSTRACT | ‘f":1n> T ,_;‘ ; -

‘ Polychlorinnted blpnenvls whlch are w;dﬁly used as plast1c1zers
. and™In the manufacture of many indust®ial products, ard the DDT
compounds have becn found to be widely distributed in marine ecosystems
of the Pacific Occan. lMarine birds contain higher concentrations
than fish; tissues of the Peregrine Falcon have contained tue highest
concentrations which have been so far recorded. The polyvchlorinated
‘biphenyls have nnt vet been detected in samples of airborne particulates
‘but thoir observed distribution in the s”1 indicates that Lhey are
dlspersgd by wind currents. Their effects upcn natural pcpulations,
including man, are as yet unknown. The DRT compounds are zlso
accﬁﬁGIﬁfTﬁg'in the sea and are present in highest concentrations
in marine birds. Their distribu-ion indicates that coasra! areas
aré not the primary sources of contamination of the pelagic species.
A quantitative approach to the problem of aerial transgnrt of pesticides
to the sea has been made by ana1y51ng the pesticide content of
airborne particulates. The results indicate that wind transport
can account for the nbserved distribution of DDT -ompounds in the
Californin waters and thac the amount of pesticides entering the
tropical Atlantic as fallout from the Northeast Trades. is comdeable
to that en*erlng the sea from a major river system.

S : ~ REPORT

The accumulating evidence that no pait of the world is now fric of pesticide
vesidues, the products of atomic cxp1051on», or of a variety of indusirijal pollutants

 has produced subtle but profound changes in our concepts of remoteness, isclation, .
and cof our own. positicn in the world-wide ecosystem. There has =ever Leen any &

questicn that local ecosystems may be irreversibly changed by the introductior-

. of synthetic chemicals, whether these introductions bc purposeful cr incidental.

The seca is the dominant feature of the world-wide ecoaystem. The accumulation
of significant amounts of several pollutants in mavine organisms, pollutants
which are noa-polar and therefore water-incoluble but lipid-soluble, not only
elicits an uncertainty abcut the long-term utilization c¢f the sea as a source
of human food, but has suddently raised th: questien of the ulcimate survival
of a number of species cf sea birds. These comprise a very large fraction uf .
the world's wildlife and doubts about their future wouxd ba"e been considered
prepostcrous and unronthe on1y 3 or 4 years ago.
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.Perhaps because “sh kills have provided the mo: Iramatic evidence of
fPCsth1do contaminatiun, pesticide distribution studies. in the United- States
Y and elscohicre have frequently cousisted of monitering the levels in major river
systems [2,7]. In spite of the low solubility of chlorlnnted hydrocaxbons in
water [4], their tendency to pass into the vapour phase [16,1,5,6,12], their
persistence in soils [3,10,181, and their presence in vury lowv concentrations
~in some strecams draining areas of intensive application [17], rivers do transport
large amounts of stable, porsistent pesticides to the seca. A large proportion
of these pesticides are adscrbed to .silt particles whiclh are prrt of the runoff
from areas of application. : Thus, the Sacramento and San Joaquin rivers, which ,
drain the Central Valley of California, one of the most-heavily pesticided
areas of the world, annually bring about 1,900 kg of chlorinated hydrocarbons
-into San Francisco Bay ({2,21], and the Mississippi tontrlbutes -about 10,000 kg
of the Gulf of. Mexico {7, 21] . .

When the Institute of Marlne Resources began a study of the dlbtrlbutlon
of chlorinated hydrocarbons in marine fish, we -expected to find, therefore,
—much higher levels in the fish from San Francisco -Bay-than-in the—fish -from the
Pacific Ocecan [24]. The data of Table I, however, show that collections of
-~-=—-the Northern Anchovy and of the English Sole from the coastal waters contained
as much as or significantly more total DDT residue .than did the collections
from San Francisco Bay. Total DDT concentrations were highest in the collection
from waters off Los Angeles, but anchovies from the Channel Islands area off
Port Hueneme also contaired significantly more residue than the anchovies of
'San Francisco Bay. Since no major river system enters the Pacific Ocean from
‘Southern California, the source of these pesticides could not be agricultural
drainage waters. Similarly, the data of Table II, which set forth the distribution
of total DDT residues and of polychlorinated biphenyls in several collections
—of marine fish, including Shiner Perch from San Francisco Bay, Hake, Jack
Mackerel and English Sole from the coastal waters of California, Bluefin and
- ..-Yellowfin Tunas from waters:off Baja California and Central America, and Skipjack
Tuna from South America and the Central Pacific, show that almost all total
PDT residue levels fall within the range of 0.2 and 2.C parts per million, wet
weight, including those in the Bluefin and Yellovfln Tunas, which are more
pelagic. Only the Yell~wfin Tuna from the Galapagos region and the Skipjack
Tuna coutajned lower total pesticide residues.. The majority of fresh-water
fish from Wisconsin analysed by the Wisconsin Censervation Department in 1965
contained less than 0.2 ppm of total DDT residue [27]. Moreover, fish from a
stream in Wisconsin which drained an orchard where chlorinated hydrocarbons
had been intensively appiied over the years contained lower pesticide residue 4
than did thec marine fish from the Pacific Ocean [17). These combined observations
indicate that it is very unlikely that pesticides in marine fish have originated
only in coastal waters centaminated by local agricultural runoff.

_ Thevgglyohlorinated biphenyls (PCB) occurring in fish and other marine
organisms are assumed to be industrial pollutants. They are used extensively
in industry as plasticizers and in the manufacture of paints, resins, electrical
insulators and other products, and arve available in railwvay car amounts. Since
they a.e very stakle, resist degradation, have significant vapour pressures,
are poorly soluble in water and highly seluble in lipid, it is inevitable that
they should be concentrated in blologlcal systemu Their chemical structure is

—— —— ——
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Riscbrough-3.

1n some respect similar to that of scveral chlurirated hydrocurbon pesticides,

;including DDT and the benzene hexacklnrrides, so that it is to be expected that
‘' they would behave similarly in their wovements through ecosystems. They are :
 highly toxic to mana when inhaled as vapours [9,25] and the more heavily chlorinated
! components have greater toxicity. Their presence in concentrations as high as .
onc part per million on a wet weight basis, and several times higher on a lipid

/1 weight basis, in species vhich are used as human food, shculd be a matter of

! considerable concern. At the present time it is not entirely clear how the PCB

/ enter marine foud chains, but they could easily be introduced into the atmosphere

! as vapours during manufacturing processes, when high temperatures increase

/ wvapour pressure, or by graduai volatilization over a period of time or even

wvhen matérials containing them are incineféted.

The PCB peaks had been evident in chromatograms of ocur extracts of marine
fish and birds but remained vaidertified until late in 1967. Extracts of tissues
and of an unhatched egg of a Peregrine Falcon, a species whose decline and local
- -—extinction has frequently been attributed to pesticides, contained exceptionally
high amounts of the unknown compounds [22]. Attempts to identify them were .
unsuccessful until reports appeared from S\eden {30] and from Great Britain [14]
that PCB had béen identified in wildlife with the use of mass spectrography and
gas-liquid chromatography, respectively. The puhtlished chromatogram [14) was

virtually identical with those we had obtained from the Peregrine Falcons
extracts.

The commercial 'PCB preparations are mixtures of several compounds. Of
J 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, 1.48, 1.75, 2.05, 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

e

|QF-1: 1.10, 1.33, 1.40, 1.65, 1.72, 2.14, 2.59, 3.23, 3.88, 4.84

dieldrin: 1.49; p,p'—DDD: 1.75; p,p'-DDI: 1. 91.'

The retention times of the three pr1nc1ua1 peaks are underlined. Similar values
for the DC-200 column have been reported from extracts of seals from the North
Atlantic [13] Because of the similarity of retention times, it is evident that
large amounts of PCD will 1nterfere with the determination of p,p'-DDD and P,P '-DDT
on DC-200 columns and with p,p"-DDD on QF-1 columns. Conversc‘y,;n many extracts,
-the PCB conteiit can be determined only after DPD and DDT hava been removed

by saponification with alcoholic KOH. The quantitative measurements of the

PCB compounds were made as follows: it was assumed that each produces the

ame peak height in the electron capture detector as the same "amount, by weiglt,

f p,p'-DDE. After summing the contributions of the 1nd1v1dua1 peaks, the

otal was multiplied by 4.2. Measurcrents of standard solutions by this method
ielded results close to the predicted valuzs and to those obtained by measuring
the total halogen content with the microcoulometric detector.

Measurements of the PCB in the fich extracts were made from pooled extracts.
Unllike the DDT conpounds, the PCBs. appear to be reélatively more abundant in San

-
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Francisco Bay, but thelr presence in Yellowfin Tuna. taken off Central
America indicates a wide geographical distribution.

Concentrations of the chlorinated hydrocarbons, both pesticide and PCB,
tend to Be an order—of magnitude higher in marine birds than in fish. In
Table III are listed the total DDT and PCB concentrations in tissues and
in entire birds of several species. Table IV lists the DDT and PCB content
of those eggs so far analysed. The latter values will eventually be also
expressed as parts per million, 1lipid weight.

From the data in Tables III and IV it is evident that both DDT and the
polychlorinated biphenyls are widely distributed among marine birds, which
are the termimal—Tarnivores of a compléx exX varietyof-feod-chains—inmthe—sea.
Sooty and slénder-billed shearwaters—are-pelaglc-species-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 Pharalopes breed in Alaska and the Canadian Arctic. All of these
specimens were collected in California, so that it is not clear how much
DDT and PCB the birds had ingested on their breeding grounds. In the pelaglc
bird species, in most of the fish from the ocean and in the 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 "remote" areas
would very likely be similar. Additional data are needed to support this
hypothesis; eggs from tropical regions and from Antarctica have been obtalned
and will eventually be analysed.

In many of the specimens from San Francisco Bay and San Diego Bay this
"ratio 1s close to one. Absolute concentrations of PCB also tend to be
higher, suggesting that the most important sources of contamination are
local, .

The sample sizes of Tables III and IV are very small; many samples,
however, remain to be analysed. Only tentative suggestions can be made from
the data, but a consistent pattern is evident. Thus, the Western Gull egg
from San Francisco Bay and the Pigeon Guillemot egg from the coast near
San Francisco contained more PCB than the egg of each species from the
Farallons. Of the two night heron eggs analysed, one had an "ocean" profile:
high DDE, low p, p'-DDT and DDD, high DDT/PCB ratio; the other had a "bay"
profile. 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 along the coast, than in the Forster's Terns, which
feed along the bracklsh and fresh-water dikes and canals. The two California
Peregrine Falcons had both been feeding in ;San Francisco Bay prior to
capture; in both the ratios of DDT to PCB are near unity.

The high DDT concentrations recorded in the Bermuda Petrel /327 and in
the Skua from Antarctica./26/, which are species. of the high seas, also
indicate that coastal regions were not the 'primary source of contamination.

A quantitative approach to the problem of aerlal transport of pesticildes
over the sea has been made by measuring pesticide concentrations in airborne

e
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~ particulates 12.]. Over the past year, Goldberg, Griffin and others ai the
- seripps Tostitution of Occanography have collected ajrborne particulate matter

on nylon mesh screens coated with glycerin which had been mounted on the Scripps
pler in La. Jolla. Dust collected on such screens in severaliareas of the world
had previously been shown to contain the mineral tale in concentrations much
higher than expected on the basis of its natural distribution [31]. Talc has

been extensively used -as a diluent for pesticides; in addition to other industrial
applications. Moreover, the rate at which talc has been deposited on glaciers
shows a significant increase after 1940 [31]. Analysis of thc airborne dust
collected on the Scripps Pier showed that pesticides, predominately p,p'-DDT

were present in cencentrations ranging fyom one to eighty-one parts per million,
corresponding to a mecan value of 7 x 10 grams per cubic meter of air, The
method fractionates against those materials catried on particles less than

several micra.or present &3 vapours. This value is therefore a.lower limit

of the amount of chlorinated hydrocarbons in the air. No PCB peaks were

observed in the .chromatograms of the dust extracts. -These were then pooled,
concentrated, and saponified in order to degrade DDT and DDD. PCB was not

present in the saponified extracts and a maximum concentration of 5 ppb was
calculated for the dust samples, 10,000 times lower than that of the total pesticides.
Since the ratios cf PCB to DDT observed in fish and birds is much higher, it

would appear that the PCBs remain as vapours in the air and do not adsorb to
particulate matter. In thc near future we hope to obtain air samples which

have been passed through a cold chamber in which PCBs, pesticides and other

compounds present as vapours would condense. '

The winds at the Scripps pier in La Jolla. are predominantly landward with
_an unknown fraction of air from nearby agricultural &areas. Although the lack
of knowledge about air circulation patterns and fallout rates makes difficult
at the present time a calculation of the amounts of pesticides brought to the
ccastal waters of California by winds, such a transport system could account
for the unexpected geographical distribptioh of the DDT compounds in fish.

The Science Research Council of the United Kingdom had earlier mounted a

similar screen on the eastern tip of thie island of Barbados in an attempt

to collect extraterrestrial dust of metcorite origin. The Northeast Trades

at Barbados have blown over 5000 kilometers of the tropical Atlantic and it

was therzfore considered highly unlikely that any dust accumulating on the

screen could be of continental origin. This assumption was, however, in error,
since significant quantities of airborne particulate material were collected

on the screcn which upon mineralogical and biological examination proved to

pe most likely from Africa and Europe. Fallout rates of the dust over the
_trOpicgl Arlantic and its contribution to the bottom sediments were calculated [8].
Gram samples were subscquently mady available to us for analysis. The con-
centrations of pesticides in the dust ranged from less than one part per billion
to 164 ppb,. with za sverage value of 41. Kncwledge of the fallout rate over

the oc:an male possible an estimate of the quantity of pesticides entering the
tFopical Atlantic between the Equator and 30° N. This figure, a minimum valuec
since the jccovery of very small particulate materials was low, was 600 kilograms
a year, which compares with the value of 1,900 kilograms entering San Francisco
Bay in the San Joaquin and Sacramento Rivers [21]. It cannot be concluded that
thse nesticides had originated only in Africa; the DDT residues accurinlating

f~__'~ e
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,',, the rare and declining Bexmuda Fetrel [32] might have come from any part of
:hc world

{ Most of the chlorinated hydrocarbon content of the particulate matcrial
/1 of marine air—consiste—ei—pyp—PPI;—p;p —BPE;however;Tomprises the large
; proportlon of the total DDT in marinc fish and birds. The percentage of DDE
f is lower in fish from San Francisco Bay and Pugct Sound; DDT and DDD are

i  comparatively more abundant.. DDE, however, comprises only 22% of the total

; DDT residue entering San\Frahcisco‘Bay in the San Joaquin' River [2) and in

y bottom mud, where anaerobic conditions might pfievail, DDT can be expected to
be converted to DDD rather than to DDE {15,29]. From mawmilian and insect
toxicity studies it has been concluded that DDE is relatively harmless. Recent
research at the Patuxent Wildlife Research Center, however, have indicated
that the toxicity of DDE to birds is much higher than expected and may be
about one half that of p,p'-DDT [28]. Like p,p'-DDT, p,p'-DDE is capable of
inducing liver epoxidase -eazymes [11]). Such enzymes degrade sex hormones by
hydrozylating them [19] and thereby may affect calcium metabolism. No ‘
evidence of abnormal calcium metabolism has yet been observed in sea birds,
but a significant decrease in eggshell weight of several birds of prey in
Britain after the Second World War is evidence . of a fundamental change in the
environment [20].

The_effects of the PCB compounds upon natural p0pu1at10ns remain unknovu
1he highest concentrations so far recorded vere in an adult female Peregrine
Falcon from California, where the species has recently undergone a sharp
decline [22].

. Application of the persistent biocides and the releasc of nondegradable
waste products into the environment have frequently been justified by arguments
that point out that local populations of organisms remain'retatively uncontam*nated
and that, especially in the case of the chlorinated hydrocarbon insecticides,
even the persistent compounds disappear with time. It is abundantly clear thar
- these arguments have become misleading, irrelevant, and wrong.__Pollutants do
go everyvhere. Those which are non-polar, water-insoluble and which Wave—
“finite vapour pressures will eventually appear 'in marine food chains. The

DDT compounds and the polychlorlnated biphenylaﬂhayg_alread done_so to an
/ atarming degree:

('— e N
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TABLE I

.Risebfdugh—7.

;ésidﬁEéa in collections of Northern Anchovy (Engraulis mordax) and

ish Sole (Parophrys vetulus) from San Francisco Bay and California

stal waters.

40.13

/
f Species N Mean Wt (g).p,p'-DDEb‘ Tota% '
/ locality, date. ' ‘DDT
/ —
/ Northern Anchovy _
San Francisco Bay 17 12.4 - -0.21 0.59
July 29, 1965 (6-22) 40.05 10.11
San Francisco Bay 29 4.0 - 0.11 0.33
November 4, 1965 (2-5) . 40.05 +0.04
Monterey 30 26.5 0.68 0.90
November 30, 1965 : (21-35) 40.19 40.22
Morro Bay 29 25.9 0.45 0.74
June 16, 1965 C(19-33) 40.12 40.22
Port Hueneme 15 11.6 2,44 3.04
February 24, 1966 (2.8-21.5) +0.77 +1.00
Terminal Tsland 4h. . 1.7 10.2 14.0
Los Angeles, June 25, 1965 (6.5-20) +2.1 +1.9
English Sole .

San Francisco Bay 18 14.3 0.14 0.55
July 29, 1965 (5-35) +0.02 40.07
San Franciscn Bay 33 17.3 0.13 0.55
Novembar 4, 1965 (7.5-53) 40.03 40.12
San Franzisco 15 253 0.12 0.19
lightship )175--306) +0.03 +0.04
Decemter 1, 1965 »
Monterey | 15 195 0.53 0.76
February 15, 1966 (89-262) 40.16

a . . : )
from R. W. Risebrough, D.B. Menzel, D. J. Martin, Jr., and H. S. Olcott,
in preparation. DDT residues include the two isomers of DDT,p,p'-bUT
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TABLE I, continued e e

" and o0,p'-DDT and their: metabolic derivatives: p,p'-DDE, o,p'—DﬁE

b

p,p'-DDD and p,p'-DDiU.

wet weight pairts per million, means, standard érrors, 95% cou.fidence

limits .
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TABLE 11
DDT © and polychlorinated biphenyl (PCB) residues in marine fish.'b
Species, N  Mean Wt. Total %  PCB DDT/PCs
locality, date (g) DDT p,p'-DDE
Northern Anchovy
Terminal Island 4 1.7 14.0 - 83 1.0 14
June 25, 1965 | (6.5-20) +1.9 |
Shiner Pzrch -
San Francisco Bay 14 5.5 1.0 28 1.2 0.8
October 20, 1965 (»1:-8) "40.1
San Francisto Bay 10 26.7 1.4 35 0.4 3.5
October 20, 1965 (10-48) 40.3
San Francisco Pay 15 5.3 1.1 33 1.2 0.9
Novenber 4, 1965 (8-49) 10.1 '
English Sole
San Francisco Bay 18 14.3 0.55 = 25  0.11 5
July 29, 1965 - (5-35) 40.07
' San Francisco Bay - 33 17.3- 0.55 24  .0.11 5
November 4, 1965 - (7.5-53) 40.12
© San Framcisco 15 253 0.19 63 °~ 0.05 4
lightship, Dec. 1, (175-306) 10.04
1965 ‘
Monterey 15 195 9.76 70 0.04 19
February 15, 1966 (89-262) 40.16 - X
Jack ﬁackerel '
Channel Islands 3 81.8 0.5 57  0.02 - 28
November 22, 1965 (45-141) +0.10 '
Hake
Puget Sound 22 281 0.18 23 0.16 1.1
January 29, 1966 (185-350) +0.05 :
: P
DSW 200594
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Hake

Channel Islands - = 6 384 1.8 68  0.12 15
Tebruary 24, 1965 (61-872) 1.1

Bluefin Tunac

Body muscle 7 — 0.5 45  0.04 - & o
Liver . ; 9 - 0,22 45 0,04 . 6 -
T - o ’ ) i0-13 ) )

" - Yellowfin Tuna

Liver® B T - 0.07 13 ND® 7
, %0.02
Liver: = ‘13 - 0.62 © 30  0.04 15

._+-0l 19

Skipjack Tuna

Liver® 3° -- 0057 23 0.1 0.6

Body Muscle® 13 — 0.051 18 - ND >30
40. 014

Liver® 25 - '0.056 11 ND 30
40.023

Liver 12 --  0.029 21 ND  >20
40.008

2 from Risebrough et al. [24)Concentrations in wet weight, parts per
million. Meanc, standard errors, 95% conf‘dence limits
Northern Anchovy (Enpraulis mordax), Sh:ner Perch (Cymatogpaster ageregata),
English Sole (Parophrys v;tulus), Pacifi¢ Jack Mackerel (Trachurnus
symmetricus), Hake (Merluccius productus), oluefin Tuna (Thunnus thynnus),
Yellowfin Tuna {Thunnus albacares), Skipjack Tuna (Euthynnus pelamis).-

€ 1s1a Geronimo, Baja California, Aug. 29, 1965
d Tower Island, Galapagos Archipelago, Nov. 6, 1965

€ N.D. not detected, less than 0.01

r———“——‘ A "" ‘“ﬁi
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TABLE 11, continued

f. Central America (90° W, 8° N) Aug. 23, 1965

. 8 Hawaii, November, 1965

b Galapagos Islands, November and December, 1965

i Cape Pasado, Ecuador, September 1, 1965 o

‘Risebrough-11.
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, T : - TABLE III . . S

a . L b . . k.
DDT™ and PCB residues in marine birds and ir *he Peregrine Falcon

Species,. -~ wotal | % DDE  PCB  DDI/ECB
lecality, date . DDT . : .
Cassin's avkletd 5.8 98 0.16 36
. Ancient.Murrelet®. . 0.75 90 - 0.15 - 5
CRelmat ( 041 % 0.08 5
Fulmar® - 3 89 0.34 Rt
Red Phalarope® - ' 0.78 79 0.10 8
Rhinoceros Auklet” ' | .7 | 97 - 0;36 | 8
Slendei-biiled shearwatéri 32,0 ‘92 2.1 15
Sooty shearvater : . 12.3 94 ; 1.2 10
. Sooty shearwaterj ‘ 10.3 - 86 0.9 li

Peregrine Falconk

 breast muscle, second 104 99 22 _ 4.5
. year female, migrant
from Arctic

breast muscle,'lmmature 13 ' 99 10.5 . 1.2
California
breast muscle, adult | 112 ‘98 . _109 - 1.0

female, California

. a: from Risebrough et al. [23] and Risebrough, Kirven and Herman [22],

b: entire b1rd analysed, except Peregrlne Faicoins; c: includes p,p'-DDT,
"p,p'-DDD, p,p'-DDL, p,p'-DDHU, p,p'~DDE; parts per million, wet weight;

d: Ptychoramphus aleuticus, adult female, Farallon Islands, April, 1966;

e: Synthliboramphus antiquus, Monterey Bay, Nov. 1, 1966; f: Fulmarus
glacialis, Montcrey Bay, Nov. 1, 1966; g: Phalaropus lelcarJus, Montcrey
Bay, Nov. 1, 1966; h: Cerorhinca monocerata, Monterey Bay, Nov. 1, 1960;

~i: Puifinus tendirostris, Montorcy Bay, Dec. 12, 1966; j: Puffinus griscus, .
Monterey Bay, Nov. ), 1966; x: from Rischrough, Kirven and Herman [22].
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TABLT. 1V

DDT and PCB content in eggs of scveral bird species.

Riscbrodgh—i3.

%

a

Species, locality N Total BCB DDT/PZB
' ; - DLT® . p,p'-DDE
. b
Brandt's Cormorant
(Phalacrocorax
- penicillatus) .
Farallon Islands 17 326 91 113 2.9
Pelagic Cormorant.
(Phalacrocorax -
pelagicus) )
San Mateo Co. Calif. 2 128 S0 62 2.1
- (125-130) (48-75)
Murre
Uria aalge
Farallon Islands 6 1945 -- 96 558 3.5
(932-3621) (364-1010)
Pigeon Guillemot 4
Cepphus grylle --
Farallon Islands 1 110 95 20 5.5
San Mateo Co. 1 103 91 62 1.7
Cassin's Auklet
‘Ptychoramphus aleuticus N =
Farallern Islands 2 147 97 15 10
‘ (127-167).. . - (12-18)
Western Guil ' .
Larus occidentalis
. Farallon Islands 1 423 95 118 3.6
‘San Mateo Co. 1 235 94 112 2.1
San Erancisco Bay 1 458 87 480 0.95
. 'y\ T _—
| DSW 200595
R
TTe—

-~ —
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Black-crow.ed
Night Heron
Nycticorax nycticorax

San Francisco Bay

Caspian Tern
Tiydroprogne caspia

San_Francisco Bay

San Diego Bay -

Forsters Tecrn
Sterna forsteri

San Diego Lay

Least Petrel
Halocyptena microsoma

Baja California

Peregrine Falconc
Falco peregrinus

Baja California

TABLE 1V, continued

1

541

869

1269

(1216-1322)

1430
(991-2420)

665
(598-732)

30 - -
(23-37)

4830

89

9y

89

88

89 |

84

97

330

24

805

(660-950)

1010
(550-1600)

114

(91-137)

3.1
(1.2-5.0)

471

e — - -~ e e

1.6

1.7"
(1.3-2.0)

1.4

5.8

10

10 -

a: total micrograms; b: samples pooled for PCB analysis, p,p'-DDE
content ranged from 63 to 1240 micrograms; c:

Herman [22].

from Risebrough, Kirven,
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[14]

[15)

[16)
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