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Attached i1s a Xerox copy of a technical paper which Scott Tucker
and 1 picked up in Washington recently. This was provided us

by Dona laa A. Spencer of the Rational Agricultural Chemicals
Association. Hr. Spencer requested that the paper be held
**cenfidcintlal™ until such time as it may be published.

Spencer iIndicated that i1f this paper were distributed one

of Iiis principal "sources" would refuse to give him prepublica-
tion information in the future.

Riscbrcugh®s presentation (the attached) v:as made at a meeting
of 20 to 30 toxicologists held at the University of Rochester

in June. Tho meeting was billed as "The First Annual Conference
on ToxicologyV and was underwritten presumably by the AEC which
has had contracts at Rochester for many years. Attendance

was by invitation only.

The meeting dealt "exclusively"™ with pesticides with about
one-third of the papers relating to mercui*;/. As far as Spencer
MO viic InvaUcjitig the attamedj <*111 undoubtedly be
printed as proceedings of the conference although I suspect
Individual authors were given permission to publish elsewhere.

In a few words, Ri3etrough has found FClls along with chlorinated
pesticides in a number of species of fish and birds along the
California coast as well as iIn waters off Baja. California and
Central America. He further reports FCI5 in fish from the
Channel Islands and Puget Sound. Ho PCB was detected in the
liver of tunc taken in the C-alapagcs Archipelago, Scott Tucker
IS going to scrutinize the analytical aspects and particularly
the validity cf some of the assumptions nado by the author.

Elmer P. Wheeler
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y ABSTRACT . |

Polych]o.inated biphcnxls, which arc wad“J} used os plpstici’ors
. end In the mxaufacture of many industrial produers, and the DBT
compounds hove been found to ke widely distributed in rorine ccosystems
of thc Pecifie Ozaca. Uarine bivds contain hizher concentrations
thap fish; tissuos oE the Peregrine Faleon hn‘e coutuin;“ the highest
concentraticns which have been so far recorded. The j.irehlarinated /

.  ud pheny e hax; nrt vet been derected in samples of eirberne particulates
‘but thedr ¢ =57 3otz ihntizn 4 the saa i~ tizdted that they are
afaperend o vind oureeals, Teaiy elleets veen "btv\at pfﬂula-4ons,
fne lu._.; i, &2 33 wabt ualiouay “The DRT rompouncs are ilso . *
‘accumvlating {n the sca and are present in lhighest coaceantrations i
in marine dirds. Theiv distribu-ion indjcetes that ceasral areas
sre not the primary -sources of contamination of the’pelagic spectes.

. A quantitative spproach to the problem of acrial transgart of pesticices

+ to the seaz has been arde by anzlysing the ﬁcct‘cide content of
airborne parifecuviates. The reosults indfeate that wiad transport
can gecount for the nhscrved distributinn of PIT -enpeunds in the
Celifviain veiess and Liar cie amount ot pﬂ9t1c1ues tutering the -
tropical Atlentic as follout {rem the Northeast Trades is compagable )
to that entering thc sea from a major Livcr cystem. ’
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Tne accumulating cvideace that no pave of the world is now fvie of pesticide
siduca, the products of atonle explosions, or of a variety of induzilrial pollutaats
produced subtle but pYOFOJﬂd changes in our concepts of rcnotcncss, isclation,

. end ¢f our owa. positicn in thg world-ulde ccegysten. Tihere has neeer Lz2en any

fucq'icn that loce™ ecosystens may be irieversibly changed by the inlroductio.

ol syathetic chenieals, vhether these futreducticns be purposeflvi er facidental.
The :o is the donlnont feature of the world-wido ecosystem. The accumulation
ﬁf Siq ificant snounts of suveral ‘pollutants in mavine erganisms, nellutants
:;‘C? &re nen-pelar and trerefore water-inssluble but lipid-soluble, not enly
- 0.1; ts an wncectoainty aboutl the long-ters utllization cf the sea as a source

of ""“f°vt. sut aas suddently rvafsed thz questien ¢f the ulvimate survival
. 7 waner of synecies of sea birds, These comprive a very large fracting uf

b verld's wildMic and doubts about their futuré wouid have been consicdazed

dTepsntecous and untenuhde oaly 2 or 4 years ago. '
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ABSTRACT :

Tolychlorinated biphenyis, which ave widaly used as plasticizers

end in the wanulacture of many industrial produets, and the DLT

compounds have boen Lound to be widely distributed in merine ccosystoms  °
of the Paciffe Occan. llNarime bivds coatain higher concentratfons

than fisi; tissues of the Peregrine Falcon have contalned the highest
concentrations which have been so far recorded. The --’;;K:alanatad 7
“bipheiyle havc n~t vat beem deliccted in sampleu of airborne particulates
but thair ¢ coved dssgri“ulion in the s»1 indicotes that vheyrare =
Sdinseroet by #fﬁd crpenle, Thede eifects ugon -niteval pfﬂvlu,;o&s:

Jnelvilug tag, ave as yol enknewa, - The DRT compounds dre aslso -
accucvlating dn.the sea and are present in Lifghust coucentrations

in wacine birds. Their distribu-ion Indjcates that ccosra’ aveas

are not the primary sources of contomination of the pelagi: specics.

A quantilative approach to the problem of acrial tvanspoyt of pesticides

to the sea has been wade by annlysing the pesticide content of

airborne particulates. The resuite indicate that wind transport

tah accomnt Io. the aboorved distributiaon of DOV -orpounds in the )
Californin waters and thae the aaaunt of pesticides enLc*iu" the ‘ .
tropical Atlantic &s faddout fronm the Nertheast Trados is camp;nablc .
to thet entering the sea fronm a major rviver systen. :
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REFORT

The accumulating cvidence that no pait of the world is now frie of pesticide
esfducs, the p.o'uct< of atonmic explosions, or of a vnr)cL/ of induslrial pollutaats
has produced subtle but profound changer in our concepts of renotcncss, isclation,

wd of our oun.pesitica in the world-uide ccesystem. There hes mever Lace any &
guesticon that Jocal ccosystems may be frveversibly changed by the Introductlion
el tyathotic cheuiculs, whether these introductions be rurpoac[ux er incidental,
The socumulation
©f si ndficant amounts of suveral pollutants fa mavine ovganisms, pellutants
u-s(u are no-pelar and tacrelove waler-inscluble but 1ipid-soluble, not only
elicits an uncertadnly sboul the loug-tern utilizatioa of the sca as & source

of hucan Io;m, but fas suddently raised the questien of the ulvimate survival
°'-l!ﬂT‘ - af oo ﬂc1c of sece bivds. These conprise a very large fracties of
e veric's vils and doubts ahout their fature would have hnca consislercd
prepaaterevs and unrnqﬂhJo oaly 2 ox 4 years ago. '
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fp;;LicidG contavination, peotfekde dintiilution studics fu Uhe United States

Fnd elacshere bave frequestly ceitieted of wevileving the levels in major viver
fystews [(2,7).  In epite of the lowr sodulilivy of chlovinated hydrocmbaus in
vater 14), their teudaney to pass ‘inle the vapour phase [16,1,5,6,12), thetr

' persistence fuw sedds [3,)0,16], and their prescace In vory lew concentrations
1 in some streans dradadng areas of dntenzive application [17], vivers do transport

Jarge nwounts of stable, porsistent pesticides to the cea. A large proportion
¢f those pesticeides nre adscrbed to silt particles wuidh are port of the runoff
frox areas of application, Thus, the Sacromento and San Joaquin rivers, which
drain the Central Valley of Californja, onc of the most -heavlly -pestieided
aveas of the vorldd, anmually bring about 1,900 kg of chlorinated lhiydrocarbens
.into Son Fraancicco Ray {2,21), and the MHississippl contributes -about 20,000 kg
of the Culf of -Mexico [7,21]). .. . . .
When the Inatitute of Mavine Resources began ¢ study of the distribution
. of chlorinated hydrocarbons in mavine fish, we cxpected to find, therefore,
——tuich higher Jevals dn the fish from San Francfsco -Bay-than-in the Lish -fron the
Pacific Ocean [24). The deta of Yable I, however, show that ‘collections of
- -the Horthern Ancliovy and of the knglish Sole frcm the coastal waters centafned
" as puch as or significantly more total DIY residue .than did the collections
from San Yrancisco Bay. Total DDT concentrations were highest in the ecol)ection
from waters off Los Angeles, but anchovies frowm the Channcl Islonds area off
Yort Huencpme also coutained significantly more residuc than the anchovies of
San Franeisco Bay. Since no major river system enters the Pacific Ocecan from
Southern Californie, the source of these pesticides could not be agricultura)l
drainage waters. Similarly, the data of Table II, which set forth the distribution
of tolal DDYT residues and of polychlorinated biphcnyls in several collections
=of narfne fish, inclwvding Shiner Perch from Son T'rancisco Ray, Hake, Jack:
Hackerel and ¥oplish Sola from the coaxztal watere of Californfa, Bluefin ond
LYelioefin Tunss from waters off bBaja California end Ceatral america, and Shipjach
Tona fyon Sovth America and the Ceutral Faclfie, show that almoct all total
LY residue levels fall within the range of 0.2 and 2.C parts per million, wot
veight, sncduding those in the Bluefin and Yellowf{in Tunas, which are rorc
pedaaic.  Only the Yellow{in Tuna frem the Galapagos region and the Skipjack
Tuna coittained lower total pesticide residues. The majority of fresih-waler
fish from Wisconsin analyscd by the Wiscounsin: Conscrvatfon Department in 1965
contzined Yess than 0.2 ppm of total DDT resfidue [27}.- Moreover, fish froa a
£tresn in Wisconsin which drained an orchard vhere chlorinated hydrocarbons
hid been dutersively eppifed over the years centained lover pesticide residue
than did Lthe narine fish froa the Yacific Ocecan {17). 1These combined observiilions
Indicate tihat 3t {s very unlikely that pesticides in marine fish have originated
only in coastal waters centasdrated by local agricultural runoff.

. The polychlorfnated biphonyls (PCR) occurriug in fish and other marine
erpanisns are assumoed to be industrlal pollutants. They are used extensively

in industry as plastfceizers ond in the manulacture of pefats, resins, eleetrical
Jusudilors and-other products, and cre available in railvay car swmounts. Sinca
Uy nie very stakle, resist degradation, have significant vapour pressurcs,

are paordy soluble fa water and highly seluble {n lipid, it s inevitable thas
they vhould ba concentrated in biological systems. %heir chemfeal structure is

NEV 031135

780673




;n sone respacts similar te that of scveral chiluvvinated hydrocarbon pesticides,
Angluding DET @d the benscnu nersacllerjdesy so that {t is to be expectad that
they would belave sieilarly in theiv wovemsnts throngh econystems.  They arve
' hluh1¥ taie o vhen Jahaled ag wapours [9,25) and the wmore heavily chlovinated
! comanenty have greatoer Ltexic)iy. Thelr presence in concenlrations as high as |
ona parlt per nillion on a wet weight bkasis, and several tinas higher ona a lipid
veight basis, in species vhich ave vsed as human food, shewid be a matter cof
conniderable concern. At the present time it {ic not entively e)ear how the PCB
enter narine food chafnsg, but they could caslly be introfuced into the atmosphere
as vapours during manufacturing processes, when high temperaturcs $ncrease
vapour pressure, ot by gradusy volatilization over a perfod of time or even
viien matcérials containing tnem are fucinevated,

The PCE peaks had been evident in chromztograms of our exlracts of marine
fish and bivds bul remainnd vaidectificd until) late in 1967. Extracts of tissucs
and of an uwnhatched ege of a Peregrine Falcon, a speeies whose decline and local
- -extinction bas frequently been attributed to pesticides, containced cxceplionally
high zmounts of the unknown cowmpounds [22].  Attewpts to identiiy them were
wnsuccessful until reports appeared from Sveden [30) and from Great Lritain [14)
that PG had been Jdentificd in wildlife with the usc 22 mass sPecttogrnph§ and
gas-Jiguid chromatogvephy, respectively. The puklished curomatogram [14) was
virtually identical with those we had obtained fcom the Peregrine Falcons T .
extracts. :

The cowmcrein) TCH preparations are mixtures of scveral compounds. Of
theae, those having the following retention times relative to p,p'-DDE on
NC-200 and QF-) columns have been detected in marine {ish and birds:

l)('-"z(':l:. 1.25, J.a"q. 1-75, 2005. 2-"1. 2-50. 2.909 3.&1: 1.82. 5.53

dseldrin:  1.00; p,p'~DDD: 1.27; p,p'-DDT: 1.68
QF-1: 1.10, 1.33, 1.40, 1.55, .72, 2.14, 2.59, 3.23, 3.88, 4.84

dieldrin: 1.@9; p,p'-NDD: 1.75; p,p'-DDT: 1.91,

e reiention tizes of the three principal peaks. are under)ined. . Similar valuas

fer the C-200 colwan have been reported from extracts of seals from the North
Aidantie {13]. Because of the similarity of retention times, it is evident that
‘lﬂhw-FwauuLs of PCB will interfere with the determination of p,p'-DDD and p,p'-DOT
o en BCS0D coluzns and with p,p'~DDD on QF-1 coluans. Couverscly, in many extracts,” °
* the B0 contet can be detormined only after DD and DOT hava beew removed -
?{lﬂ?voaiticalion vith elcoliolic KOIl. The quantitative mcasuremeats of the

i f"*kfuuﬂs were tiade as follows: it was assumcd that each produces the

*;n? 9fa§.&ei¥ht in the electron capture detector as the same ‘amounc, by welgit,

@0 inp -BiE. "After sumaing the contridutions of the individual peals, the

tedad vas pultSplied by 4.2. leasurcreuts of standard solutions by this method

yichdold Yy

S vIte cloze to the predicted valuas and Lo those obtained by mensuring
oetal hulo;cq centent with the micrvcoulometric detector. toe )
“‘N. » |--...... . ~ .
' o, arRERt s of the 2Ch dn the fich extracts were made from pooled extracts.
) O S TR TR T rgmpnundn, the YChs. appear to be rédalively more abundant in San
— R ‘s . . NEvV 031136
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Pronsiecs Bey, vub EhelF ETTREICT I 7O OnT r amere——
aeerdcn dnddeates aowide geographlical dinlrilation,

concontrations of the chlorineted hydvoczrbons, both pesticide and Feh,
Y gend Lo Le an odzr of magnltude higher in ravdne birds than 3n fish, 1n

J deuble X5 are listed the totsl DD end PCB concentrations in tissues end

“4n cuntire birds of several speelen. Table IV lists the DD and PUS contcat
of thruc esgs 5o far analysed. The latter values will cvenbuslly be alse
cxpreseed as parts per million{ lipld welght. . : 3

Irom the date in Tetles IXI and IV it is5 evident that toth DDT and the
polychlorinated biphenyls are widely dinstributed among mearine bircésc, which
sre the terminal carnivorcy of @ complex varicty of food chains in the sea.
Sooty «nd slender-billed shearwaters are pelagic species which breed in
New Zealend and Auuntralia, respectively and whlch gpend the southern winter
ir the northern Peedfic. Rhlnoceros Auvklets and Ancient Murrelets hreed
on Lhe cossts of British Colustia &nd Alaska, whereas Kittiwakes, Fulrmars
and Red Pharalepes breed in Alaska &nd the Canadian Arctic, All of these
specimens were collceted in Caliil'ornia, so that it is not clear how much
P &nd P the birds had ingested on their breeding grounds., In the pelegl
bird species, in most of the fish from the ocean end in the other specimens
frem arcan remote from sites of appllcation, such as Baja Calif'ornia, the
ration of DUP to PCD are of the same order of magnitude and most values ere
vetueeen 5 and 15, I both PCB and DDT vere dispersed eround the world by
the same transport system, their relative concentrations in "remote" erecs
woulsé very likely be similar. Additionzl data are neeced to support this
hypothesis; eggs from triplcal regions and from Antarctica have been cuiaine
and will cventueally be analysed. X .

{,%> In wany of the sp2elmens from San Francisco Ray &nd San Die;é Bey this

*v, ratic s elose Lo one. Absolute concentrations of PCR also tend to be
hipher, sugmesting that the nest lwmportant sourees of contamination ese
lecal. .

lt‘ The sample sizes of Tebles IIT and IV ere very small; many samples,

hovever, remein to be analysed. Only tentative sugrhestions can be made re:
o thoe cuta, but .a consistent pattern 1s evident. Thus, the VWestern Qull egs
l, fraom San Francisco Bay and the Pigeon Guillemot egp frowm the coest neer
San Feenclsco contained more PCB than the erps of ezch specles from the
Faraldlons., Of the two night heron eggs analyescd, one had an “ocezn" Frof!1|
} high Dixs, low p, p'-DDY and DDD, high DDY/PCE rabtio; the other had a "bay"
S profile.  Tne Casplan énd Forster's Terns nest nicde by side on the dikes 4n
~ San Diego Bey, yet the DUR/PCB ratio is much lower in the Caspian Terns,
‘3 vhich feed primarily along the coast, than in the Forster's Terns, which
! feed #long the braclhish and fresh-water dikes and canals, The two Califora
Perepgrine Faleens had both been feeding in San Francisco Bay prior to
lJ;i capture; in toth the ratios of PDT to P'C3 are near uwnity. . -

, oJinc high DDT concentrations recorded in the Dermuda Potrel /327 and in
- bhe Shun froa Antaretics /207, which are speeles of the high seas, alss

lj,; Indicite that coastal reslens were not the primary souree of contzmination.
e LoonunGitutive appreach to the prodlem ef #erisl transport of pesticid

Iy & .y % .y . 2 3 & 2
. over Lhr pea han been made Ly measuring pesticide concentragions in airbtorn
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jro)rotes j2,.). .0".) th" p* year, CrV.berg, (ri*flI"In and oilier-—; ni il
"nsHIl wi ;011 »*f Ocvi’iiOgraphy have coUecivd r.ul.oiv.<: part itulntc- t;nLLcr
r.cnh screen:; ci*Mnl vilh glycerin vhich lire botM» ii‘nitilod on the Sciipps

V.j/jn Ur Jc)J&* Dust collected on such scic..!; in sever;.! ariw: of the vjrld
jitl previously been shewn to contain. tU mineral talc in concent fallen* much

I, Ipbrr than expected on the bn:.is >F its i1.Atnrjl oislribiition (.11). Talc has
Keen cxtcn.vivoly eyed as a diluent for pesticides, in addition to other Industrial
/==1icntlonn. Moreover, the rale ni which talc lias been deposited on glaciers
shows 0 sign!fiedtit increase niter 1540 (31). Analysis oi the airborne dust:
collected o\ tho Scrip;»? Tier shoved that pesticides, predominately p,p"~DDT
\Ww-rc present in ccscmU rations ranging fjor.i tnc IC eighty-one parts per nillion,
Com*i*f:|>0P.0liig to a mean value of 7 > 10 grains per cubic meter of air. The
method :ractjenalcu ag.ilucl Lliulo. materials carried on particles less than
several tniern or prerent cr vapours. This value is therefore a.lower limit

of the amount of chlorinated hydrocarbons in the air. No I'CD peaks were
observed 1in the chrouintogrnns of the dust extracts. These were then pooled,
concentrated, and saponified in order to degrade DI)T and DUD. ICft \;as not
present in the saponified extracts and a maximum concentration of 5 ppb vas
calculated for the dust, samples, 10,000 times lover than that of the total pesticides..
Sir.ee. the ratios zf 1CH to DT observed in fish and birds 1is nuch higher, it
vould appear that the PCDs remain as vapours inthe. air and do not adsorb to
particulate matter. In the near future w. hope to obtain air samples vhich
have been passed through a cold chamber in vhich I'Cbs, pesticides and other
ecupounds present as vapours vould condense.

The vinos at the. Sciipps pier in La Jolla are predominantly landward with
aa ur.lnova fraction of r.Jr from nearby agricultural Areas. Although the lack
of aF¥,:ledge. 5bouL air circul "itior. patterns and fallout rates makes difficult
w2 Mo 1ver e p nl tt fon 0" 1hr a“ointR of nostlr~dcr. bronchi to the
«;..Lt;. 1 voters cf California by vino?, such a transport system could accov.».
for the unexpected geographical distribution of the DDT compounds in fish..

The Science Research Council of the United Kingdom hadearlier mounted a
r_Imilav sciucr. or. the eastern tip of the island of Barbados 5n an attempt
to collect extraterrestrial dust of meteorite origin. The Northeast Trades
at herhados have blown over 5000 kilometers of the tropical Atlantic and it
tho.r--*foie considered highly unlikely that any dust accumulating on the
screen could be of continental origin. This assumption was, however, 1in error,
rireo significant quantities of airborne particulate material were collected
on tho setcon vhich upon mineralogies} and biological examination proved to
*bv most likely from Africa and Europe. Fallout rates of the dust over the
tropical Atlantic and its contribution to the bottom sediments were calculated (8).
Crav. *(triples vcrc subsequent 1y made Available to us for analysis. The con-
rations of pesticides in the dust longed from less than one part per billion
to )64 pph, with m average value of 41. Knowledge, of the fallout rate over
Il. I or*n;i r.c.da possible cn estimate of tbc quantity of pesticides entering tbo
1 eel Atlantic betveon the Equator and 30° N. This figure, a minimum value
Jealv tre.1 evovhry of very small particulate materials vas lev;, vas GOO kilograms
f N1*r» w"hirh couparor. with the. value, of 1,900 ki logranf. entering San Francisco
:n the Sen Joaquin and Sacramento Rivers (21). It cannot he concluded that
* ,,if-gjcid?:; bad originated only 1in Africa; the DDT residues accumulating
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* (i rave-and decdiulug Bevanda Fetrel {A2) might have come fron any parl of
l.l'w vorld. '

Mast of the chlovinsted hydrucarboit content of the particulate matcrial
;r pmarine alr conslsts ol p,p'-DOT, pap'-hhE, houever, comprises the Jarpe
proportson -of the Lotal DDOT fn warine fish and bivds. The percentage of DDE
ju Jower In fish from San Francfsco Ray and Pupet Sound; DUT and DD are
corparatively mure abundant. DDE, however, comprises only 227 of the total
D% residuc entering San Francisco Lay in the San Joaquin’ River (2) and in
bottom mud, where anacrobic conditions might prevall, DDT can be cxpected Lo
be coaverted to DID rather than to ME {15,29). From nmaweslian and nscct
texfeity studics it has been concluded that DDE is relatively harmless. Receat °
veseavch at the Paruzent Wildldfe Research Center, however, have indicabed
that the texicity of DOE to birds is much higher than expected and mway be
about onc half that of p,p'-0DT {26). Like p,p'~DDT, p,p'-DDE is capable of
Incducing diver epoxidase cazymes (11). Such enzymes degrude sex hormenes by
hydronylating them [12) and thexeby may alfect caleium metabolism. Mo
‘evidence of abnormal calciun mctabolism has yet been obscrved in sea birds,
but a significaut deercase in eggshell weight of several birds of prey in
Eritain after the Second World War is evidence of a fundamental change fn the

cuvironment [20).

The effects of the PCB compounds upon natural populations rewain unknoumn.
“he highest conccutratfons co far recorded vere in an adult female Peregrine
Yaleon frow California, where the species has recently undergone a sharp
decline {22]. ) .

. Application of the persisteat blocides and the relcase of nondegradalle

veste produsts ints the suvirenmont have froguontly hace furtdfied he erpumante
thal point out that docal populations of orianisns rewain vesativaly uncontazinated
sud thar, especially fon the case of the chlorinated hydrocarbon jmsecticides, .

cven Lhe persistent coupounds disappear with time. It is abundantly cleaxr that
- these argument s have Lecome misleading, irrelevant, and wrong. Pollutantis do -

Lo everychere, Thoese which are non-polar, water-insoluble and which have

finite vapour pressures will eventually appear in marine food chains. The

DT compounds and the polychlorinated biphenyls have alrcady donc so to an

simrming degroe. .
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S : ' TABLE T

.-'esj.('.ucsa in collections of Novthern Auchovy (Dnpraunlis mavdax) and
4sh Sole (Pavophiys vetuwlue) from San Francisco Lay and Calilernia
gtal watcrs. : .

!
/
! ' b )
p Specfes N - Mean Wt {(g) p,p'-DDE Total
/ locality, date . "DOT .
! Xorthern Anchovy .
] / San Fraucisco Day 17 12.4 0.21 0.59
/ July 29, 1965 (6~22) 40.05 40.11
! . San Francisco Bay : 2% 4.0 - 0.11 - 0.33
],’ ) Novewher 4, 1965 (2-5) . :10.05 40.04
’ L3
' Honterey . 30 26.5 0.68 0.90
Novenber 30, 1965 (21-35)  49.19 40.22
. Morro hay 29 25.9 0.45 0.74
! June 16, 1965 (19-33) 40,12 40.22 -
['Q Port Hucnene ' 15 11..6 2.44 3.04, '
February 2%, 1966 _ (2.86-21.5%5) 40.77 *+1.00 -
: [ _ Terminal Ysland 44 11.7 "10.2 14.0
!ﬁ - Los Angcles, Junc 25, 1965 (6.5-20) 2.} 41.9
| Inglish Sole ' S ' : :
' — San Fraunciscn Bay 18 14.3 0.14 0.55
July 29, 1965 : (5-35) 40.02 40.07
N San Trancisen Ray .33 - 7.3 0.13 0.55
- foverbar &4, 1965 (7.5-53) 40.03 +0.12
: San Franzisco . 15 253 0,12 0.19
lightship ' . 3175-306) 40.03 40.04
o Dacerlor 1, 1965 .
” Honterey 15T 195 0.53 0.76
~ February 15, 1966 (69-262} 40.13 10.16
" from B, ¥, Riscbrough, D.B. leuzel, Do J. MNartin, Jr., and . §. Oleott,
‘ in preparaiion.  DOT residues include the two isoncrs of PDY,p,p'-buT
D
g . : NEV 031140
- . . .. - .I \
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TAULE 1, econtinued

* md n;p'-hDT and their watabolic derfvatives: p,p'-bhE, o,p'-DIE
psp’=DDD and pap - DOHU.

b et veight paits per willjon, means, standard ¢rrors, 95% cunlidence
linits
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~
wy

s ® and polychilocinated biphenyd (rCR) vesjders In mavine fish,

TFABLE LY

b

Species,

N Mean . TJota) % . PCB  PDT/¥Ch
loacnlity, date () Y p,p'ebBE
Roxthern Anchovy
Ternfnnl Island a4 1.7 14.0 83 1.0 14 {
June 25, 1965 (6.5-20) 1.9 :
Shiner Parch .
San ¥raucisco Ray 14 5.5 1.0 28 1.z 0.R
Getober 20, 1965 (4~8) °10.1 -
San Fromeiseo ey 10 26,7 1.4 35 0.4 3.5 .
Octobey 20, 1265 (10-48) 40.3 '
San Francisco Pay 15 15.3 1.) 33 1.2 0.9 -
Novagber 4, 1965 (6-49) 10.) : - . .
inelish Soice |
San Francisco Bay 18 24,3 0.55 25 0.11 5
July 29, 1965 (5-35) 40.07
San Frencirco Bay 33 17.3 0.55 24 0.1 5
Koverder &4, 1965 (7.5-53) 40.12
San Francisco 15 25 0.10 63 ' 0.05 4
lightship, Dec. ), {175-306) 10.04 :
1965 .
Yonterey 15 195 8,76 70 0.06 19
February 15, 19866 (€9-262) 40.16 : : . .
Juek Mackeyel ' -~ .
Channel Islands 3 81.8 0.56 LY 0.02 28
Ravepber 22, 1965 {(45~141) :0.10
Hane . '
Fuzet Sound 22 28 0.28 23 0.36 1.1
Jeimary 29, 2505 (165-350) 40.05
NEV 031142
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[
S )

.“ThUhu'llb coutiﬂu&d

Hiske i
Chamnel Js)unds 6 384 1.8 ¢8R 0.12 15
Tebruary 24, 1966 (62-572) 4.1 ’
Bluefin Tuna® .
Bedy rmusele 7 - 0.5 45  0.04 ° 14
¢ _;0-74 -
Liver ; . Q - 0.22 -45 D.04 6 -
.- e 40.13 y '
Yellow{in Tuua
Liverd B & L - ,0.07 13 nw° >7
30,02
viver 13 - '0.62 30  0.06 15
. 46.19
Skipjocr Tuna
LiverS 3 -~ 0.057 23 0.1 ° 0.6
Bedy Muse)eF 13 -- 0.051 18 Kb 30
40. 034 .
Liver” 25 .- 0.056 11 N> >30
. 40,023
Liver? 122 -~ -0.029 2 -ND 520
"40.008

? fron erobxoarh et al. [24)}Concentrations in wet weight, parte per

siillion. Mcans, alnndard erroxrs, 957 con[:dence limits

Northern Anchiovy (Bnrraulis wordax), Shiner Perch (Cymatopaster apgrepata),
Inglish Sole (Parophrys vetulug), Pacific Jac: Mackerel (Trachurps
syretrieus), Nake (Merluscius productus), Tluefin Tuna (Thunnus thyamvs),

’

\vllowfin ‘Tuno \*hunnua a]bacattq), Skipjack Tuna (Luthynnus pelaiis). .

Isla Geronimo, Bajn Cnlifornia, Aug. 29, 1965

N Tover I“Jand. Calapagos Arch1p01~ o, Nov. G, 1965

"D, not detected, less than 0.0)

NEV 031143
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/ | FABLE 13, contsnued

f Central Anarica (90" w, 8% B) Aup. 23, 1905

. & Javaii, Rovewber, 1965 .
L Galapagos-ls_l.ands, Roveiaber and Necewber, 1965 .
i Cape Pasado, Fcuador, September ), 1905 . ) ' . .

NEV 031144
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© TABLE 1)1

piY and VC8 resicdues {0 mavine bivds and $r *he Pareprine Faleon _

A8pccict.t.' sora) ZvpE T PCB  DDT/PCH
Joculity, date DY .

Cassin's Auklct® : " 5.6, BT 0.16 36 o
., Mneient. Hur.re‘.ote.. P 0.75 90 0.).5. o 5, - T
Cpawart 0.41 76 0.08 - .5 :

Fulmorf 3.4 89 N3G 10

Red Phalaropef ' 0.78 79 0.0 8

Rhiinocaros Autlet” 7 e 0.3 8 .

Slender-billed shearvater’ 32.0 - 92 21 .. 15

Sooaty shearvaterd 12,3 - 94 1.2 10 - .

Sooly hcervaterd © 10,3 6 0.9 1z

Poresring !‘:!-c-* . -

breast muacle, Fecond 104 99 22 &S

. year female, mipgrent S .
from Avetic ., . ' R
breast muncle. immatuxe .13 - 799 . 10.5 . 1.2
California ] - _ .
blcast tauscle, adult " 1)2 By 98 1 209 ' 1.0 .

female, California

. 02 from Rischrough ot al. [23) and Riscbrough, Lirven and Nerman {22);
L cut:t hird analyaod, except Pe ro wine Faluens; c: includes p,p'--DDT,
P p =P, pap'-BBE, pap '-DDIY, B,p -DDE. parts per million, wet welpht;
¢ ruychorauphus aleuticus, adult female, Tarallon Islands, April, 1966; .
o q\ntvlihnvankgl‘ﬂﬁglgﬁgg, Monterey Bny, Rov. 1, 1966; {: Fulmarus
$Aagialis, Monterey Bay, Nove 1, 19665 g I’_hela.r.qmﬁ fulicarius, Noalcrey
Bay, Kov. }, 1965; h: Levorhinea mwonocerata, Moaterey Nay, Nov. 1, 1966;

;e 3T rwifinag :(ndiau l‘jb. oaterey Bay, Dec. 12, 19G6; §: Rgggigpw friscus, .

l ‘ LR “‘fl¢> L ¥ Fav. l, ¢66; % frem nlnebrqugh. Kirven and Ierman [22).

! ' NEV 031145
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TALRLY )V

T and PCi content &h opan of sovern) bird species.

Spccfcs. locality N Toln% % nes” mT/PLn
e by P, ~DDE
rindt's Corimovant .
(Phalnerocorax
ycn{g&!lnhusz
Farallon Islonds 17 326 91 113 2.9
Pelagic Curmorant '
(Paadeerocorax
pelapieus) .
Snn I‘lﬂtco CO- c(llifo 2 . ]28 90 62 201
. - (2125=130) (48~15)
Ywrre |
Uria aalge T
Fera)lon Is)ounds 6 1945 <« 96 --558 3.5
(932-30621) (364-19010) )
Figeon Guillewot . .
Lepphue grylle -
Farallon Islands 1 110 95 + 20 5.5
San Mateo Co. 1 103 o) 62 3.7
Caurin's Auklet
Vivchorgmphus aleuticus 2 ~
Yurallen Islands 2 W - 97 15 10
(127-167). . ..... (12-18)
Yestern Guld ! ) T
doruy oceldentalie i
Farallon Islands 1 423 95 118 3.6
San Mateco Co, 1 235 L I B ¥ 2.1
San rancinco day ) 458 . 87 450 0.95
. NEV 031146
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FALLYE ¥, eentinusd

Binehecrowicd

Night feron ’ . -
hretdcoran nycticoray . ) .
San Francisco Day 1 541 89 330 1.6
1 869 . 9y 24 36

Caspinn Tern
Lygzoprosne caspln

Smn Francisco bay 2 1269 BS BOS 1.7
(1216-1322) (660-950) (1.3-2.0)

San Vicgo Bay - . 5 1430 88 1010 1.4
' (991-2420) (550-1600) s

Forsters Torn o - . .
Sterna forsteri .

San Dicgo Eay 2 665 89 114 5.8

C, . (598-722) (91-137)

loesst Petrel ' S ) ) .
Yloceptona nicrosora - ik . 3 .

Baja California 2 30 84 2.3 20

(23-37) (1.2-5.0)

Feveprine Falcen®

Yalco pareprinus L s’
Baja California 1 . 4830, 97_ 471 10 -

at total micrograms; b: samples pooled for PCB analysis, p,p'~DDE
content ranged froim 63 to )240 micrograms; ¢: from Riscbrough, Kiyrven,
Herman [22). ) . !

NEV 031147
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