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Risebrough in a recent paper "Nature", Vol. 220, Dec. 1%, 1958, has
attacked chlorinated biphenyls in three ways:

(1) a pollutant - widely spread by air-water; therefcre an un-
controlliakle pollutant.

(2) a toxic substance - with no permissible allowable levels
causing extinction of peregrine falcon by induced hepatic
enzymes which degrade steroids upsetting Ca metabolism lead-
ing to reproductive weakness, presunably through thinner
egg sheils. _

(3) a toxic substance endangering man himself; implying that the
peregrine falcon is a leading indicator of things to come.

As outlined in Science,Vcl. 163, Pg. 548, Env1ronmental Defense Fund
(EDF) 1s attenpting to write new legal precedents in conservation
law by hearings and court action. In the Wisconsin cass, water
quality stancards are at issue. YA substance shall be regarded as
a pollutant if 1fs use results in public health p oolvws or in acute
or chromic (injury) to animzl, piant or aguatic llfe ‘Wisconsin

is one ol 7 states which now have Tederally approved w«ter guailly
standards. According to Bsrn Wright, actlng chiel of the Federal
Water Pollution Centrol Administrationts Water Quality Standards
Branch, DIT would fit the definltion of a pollutant uvpon a showlng
that it is harmful to aguatlic life,

These people in EDF are saying we must not put stress on any living
thing through a change in ailr or water environment, Eagles, plant
life, anything which lives or breathes. This group 1s pushing
hard on the extension of the word harmful. They claim "'enzyme
inducer" activity is the real threat of DIT and PCB'S and are using
these arguments to prove that very small amounts of chlorinated
hydrocartons are "harmful".

Monsanto is preparing to challenge certain aspects of this problem
but we are not prepared to defend against all of the accusations.

nz itself to ;donuify trace npﬂ guantities
'enyis 1n water samples, in concentrated
coliected air sam es, and in animal tissues. Ve will know
vhether we have been falsely 1d°ntifi°d znd accused or not,

We will eventually kn0n where any pollution is taking -rlace

1& the extent of the pollution.
ar n ¢ y P DSW 383241
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(b) We are not prepared to defend ourselves against the accusa-

. tions made of enzyme and hormone activity, the isolation of
enzymes or metabolic products, the indirect accusation of
cancer, or the splitting of genes, when this accusation is
made. Whether we can defend this route or not needs further
discussion. '

(¢) Through the Industrial Bio-Test program we are to establish
the long term allowable limits of chlorinated biphenyls for
certain birds~fish-animals by feeding experiments, pathologi-
cal examination, and tissue analysis for chlorinated biphenyls.
We may be able to answer reproductive ability in scme animals.

DDT has been under attack for some years because of its chlorine
content, its persistent ability to be identified, and the wildlife
problems attributed to i1t. We will still be under the same attack
by the mechanisms listed in (b) even though we might establish
safe operating limits for humans and certalin animals. )

Where does this leave us?

Under identification and control of exposure - we will be able fto
identify and analyze residues as well or better than anyone in the
world. We willl probably find residues other than DDT and PCB's,
We will probably wind up sharing the blame in the ppm to ppb con-
centration level,

We can take steps to minimize pollution from our own chlorinated
biphenyl plants, we can work with our larger customers to minimize
pollution, we can continue to set up disposal and reclaim operations.
We can work for minimum exposure in manufacture and disposal of
capacitors, transformers and heat transfer systems, and minimize
losses for large hydraulic users, ,

But, we can't easily control hydraulic fluid losses in small plants.
It will be still more difficult to control other end uses such as
~cutting oils, adhesives, plastics and KRCR-paper. In these appli-
cations exposure to consumers 1s greater and the disposal problem
becomes complex, If chlorinated biphenyl is shown to have scme
long ferm enzyme or hormone activity in the ppm range, the appli-
cations with consumer exposure would cause difficulty.

Risebrough has taken known Aroclor samples and clalms to havs
evidence of enzyme and hormone change. Here there is no question
of 1dentification. Either his position is attacked and discounted
or we will eventually have to withdraw product from end uses which
have exposure problems. Since Risebrough's paper in "Nature',

Dec., 196€ has just been published, it is timely, perhaps imperatilve,
that this paper and its implications be discussed with certain
customers. This is a rough one because 1t could mean loss of
business on empty and false claims by Risebrough,

Well prepared discussions with Ind. Blo-Test, Monsanto biocchemlsts,

the medical and legal departments must take place now, The
- DSW 383242
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position of DDT manufacturers should be determined as a gulde,
We are being accused of the same things attributed to DIT.

I have written this memo to clarify some of the issues., May I
please have comments.

Thanks,

W. R. Richard

ms
Att.

DSW 383243
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DecrivinG  populations of raptorial ond fish-osting
birds in Great Dritain! and North Amorica? have produced
thin-shelled eggs since tho period after tho Second World
War. A widespread chango in the chemical envirorment
which aftected tho caleium physiology of theso speccios
evidently occur‘.'ud at that time. Tho chlorinated hydrvo-
carbons, which came into generel use in the 1940s, may
now be the most abundant synthetic pollutants presont
in the global environment®. Thin egzshells have beon
found only in species which accumulato high concen-
trations of these compounds: relatively uncontsminated
populations of theso specics continuo to producs normal
epgste,

Calcium metabolism in birds is intimately related to
reproductiveo metabolism and is to a Jarge extent regulated
by steroids such as oostrogen end vitamin D<, The
deposition of medullary borne, tho chief sourco of calcium
dwring egg and eggshell formation, is controlled by the
steroid sex hormones'7?, and hons deficiont in vitamin D
lay eggs with lower egashell weights®.  Steroids are
hydroxylated and thereby degraded in vive and in vitro
by hepatic enzyries induced by exogenous, lipid-solubloe
substances, including the chlorinated hydrocarbons?-ti.
Thoe relatively small amounts of chlorinated hydro-
carbons required to produce this effect®h15-28) and tho
discovery that small amounts of some of the DDT
compounds are ocstrogenic? !, have made icrolevant
much of the parts per million approach to pollutant
ecology based on toxicity duta alono.

In both Great Britain®-* and North America®® it was
‘the decling of the peregrine falcon which initinted concern
about the extent of tho harmnful effects of environmental
contamination. In tho United States tho eastern popu-
lation was extinct before competent observers were
awarc of a general, widespread decline®. Breeding
peregrines persist in  apparently normal numbers in
British Columbia® end in tho Arctic®2s,

In 1907 wo collected an unhatched, abandoned egg of a
peregrine fulcon in south-western Nowth America, “whoro
& snuall remnant populution remains (unpublished work
of M. N. K, R. W. R. and 8. G. H.). Analysis of this
egz (Table 1) showed that it contained alimost 5 mg
of p,p’-DDLL (did)loro-2,2 bis(p- -chlorophenyl) othyleno).
TUnknown peaks present in tho chromatograms of the
extract of the cgg wers unidentificd until polychlorinated
bhiphenyls (PCB) were detected in Buropean wildlife*-3t,
Positive confirmation of the identification was accom-
plished by mass spectrometry in Sweden®®, Thoe retention
tirnes of the unknown peaks in tho peregrine extracts
proved to bo identicel with thoso of soveral PCB comn-
prunds on DC-200 aud Q-1 columns?® and on & mixed
SE-30:QF-1 colunn.  Other species of birds and fish
were subscquently analysed for PCBB.  Tho | chilorino
content of soveral extracts and standards was determined
with & Dobeman mierocoulsinetrie detector and o mothod
of quuntif‘mtiun of the 'CI coreponnds was dovisod based
on peak Leights prodoued in the clectron, enpous detector
reluted to stancdued p.p-DDEL Tho DDL compounds

-~ aro destroyed by nitration® and p,p’-DD7T (1,1,1-trichioro-

San Dicgo Matural History Mu:cum‘,
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Biph enyls in the Global Ecosystem

Polychlorinated biphenyls are widely dis-
persed in the global ecosystem, and
arc powaerful inducers of hepaticenzymes
which degrade osestradiol. Together
with other chlorinated biocides, such
as DDT, they could 2ccount for 2 large
part of the aberration in calclum meta-
bolism which has been observed in meny
species of birds since the Second World
War.

Daviz 95616

California 92112

2,2-bis(p-chlorophenyl)ethano), DDLD (1,1-dichloro-2,2-bis
(p-chlorophenyljcthans) end toxephene ere dehydvo-
chiorinatod by saponificaticn with aleoholic KOH.
PCB is not dcgmdcd by either procedure.

Teble 1. CHLOKRINATED HYDROCARLONS IN NORTH AMERICAN PEREGRINE
FALCONS -
Per-
Samplo Dicldrin Total contage PCB DDT/
DDT* DDE PCB
1. Unhatchad egzt
Baja Califernia (wet) 011 102 97 10-2 10
2. Second year t nigrant
froma Arctic
Breast mussle (wet) NM 99 o4 28 3-5
Breast muscle (dry) 296 84
Brain (wet) Ny 85 03 21 17
Carcass (wet 0-87 70 93 9 35
Careass (lipid) 025 5,000 . 1,420
3. Immature, Calitornia§
Breast muacle (wet) NM 14-4 a0 9-4 15
Liver (wet) NM 77 92 45 1-7
Drain (wet) 0-04 2-8 89 1-5 1-9
Brain (lipid) 0-30 36 15-3
Carcaszs (wet) 0-11 20-2 92 10-8 10
Carcass (lipid) 1-¢ 300 160
4. Adule, (.,tho’n"l"
Dreast mascle (wet) NM 127 87 28 1:3
Liver (wet) NM 77 80 57 1-4
Jrain (wet) 0-31 49-5 86 34-8 14
Brain (lipid) 37 595 415
Carccuass (wet) 1-7 85 87 65 1-3
arcass (lipid) 50 2,600 1,930
s, Tmunture @ nf‘vr nt
from Arctic
Drenst innsele (wet) N 2-3 81 0:10 14
Dreast muscle (ry) 78 . 0-54
Liver (wet) NM 1-0 02 0-10 10
Brealn (wet) NM 0-43 33 0-037 12
Baody €t (wet) XM 5Q-3 82 32 16
Cireass (wet) 0-07 9-3 82 0-30 12
Careass (liphd) 0-44 63-7 5-5
8. Immature Arctic
‘migrante*
Breast nwsele (wet) NN 1-9 g9 0-8 34
Breast wuscle (dry) 6-0 1-0

Concentrations In parts per mdllion wat welght, dry welght or lpld welght.

* DDT resldues- Inciude: p,p-DDT, ».p’-DDE, p,2°-DDD (».p°-TDIL),
p,0-DLMU, 0,p°-DDT and 0,p-DDL. NI, Not measured.

1 Chlorinatad hydrocark 01 Contents 0 of tha ezs were: 24,700 zg p,p"-DDI;
40 pz2 0,p-DDL: 29 pz p,p-DDT; T4 pz pp ~DDD; 37 png p,p DD
5 u3 dicldring 12 gz heptashier epo wJ:. Concentratinna weer ciloul
assuming a voluma of 47-3 ml,, thc average value obtainad by 1t
eleven chutehies of peregrine e from Californiain the Muscum of Ve
Zonlacy, University of California, Berkeley, and by assmning a donasity

t Second year female, captured in Octobar on the Texas coas: durin
migzation. Died in caprivity shartly afterwards, no apparent canse of -
No bady fat, Total bady eontent of chlorinated hvdrocartons: 35 mz D’ l'
ilo[llngl 1'Cl3, 04} mg dickirin, 0-18 1az hepis chlur epokide. Total bod\'
L, g.

I§ Phirmnge characteristies of both 3 and 4 were Ints 'rn‘n\h.\t: between those
of typically resident C'\‘m,rm\ Lints and the Aratic raen Ao, tun ’rw; s

Tl by White®, No. 3 wad an immaturs female of the year toappe A in
the southern San Fr. wieiseo T vy area’in the winter of 19635, Obsorved teeding
in the area for a week befors :Lan"‘ Died sueddenly after enting a dead
guil. Moderade body fat. Tolal boly chlorivated hydrocarbon Tontrat:
13 mz DDT, 6-3 ing PCB, 0-07 mz dichicin, 0-09 myz heptachlor epoxide.
Total body hpul 43 Z.

ft Adult femenle, ']'r:xppod in the southiern San Francizco Bay area [n the
winter of 1908, Observed fecding In the area for a month before capture.
Dierd shortly afterwands with no apparent cause of death and no body fat,
Totad budy clivrinate-d hydroearhon content: %2 mg DI, 40 myg I'CH,
1:0 122 dichklrein, 1-0 mg heptachloe epoxide. Total! bady lipid, 20 2.

¢ First year female teappad on tha Texas coast {n Ootober. lost at Tt
Mee, California, the followire January and was shot by a shortsman 3
woeelks later, Abundant bmly far. Total body content: .7 e DOT, 0-6 me

0 radieklrin, (017 mo heptachlor epoxide. Total body lipid, 110 @
X S (Geade teapned on thie Texas conat in October, Died sheetly
aftorwarnds of heat prosl'unuu

In Tnble 1 aro presented tho results of anulyses of
peregrino faleons which died fromn wovarioty of enudos

DSW 383245
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Tablo 3. PCB AND DDT IN THE GLOBLAL ECOSYSTEM . :
. Total DDT Percentage ) PCk H
Specles N (ug) (p.p.m.) PDBE (g) {p.p.n) DDTIPCR '
White crappla (1) 1 - 1-83 (W) 6 — 0-001 (W) 475 ;
Black cranple (2) 1 -_ 2:10 (W) 6 — 0-003 .17} ;
Bluegill (3) 1 —_ 55 (W) [ - 0:005 1,200
.-\d}xslic penguin (4) 5 o 0 o
£gs ) 78 -123 (L) 74 <0-044 pzfegn
(©0-55-3-03) nelegn >13
Western gaebe (5) .
Breast musele 1 - 26-4 (W) - 5 - 0-093 (W) 230 :
- Fulmar (6) :
A 1 - 0-41 (W) 76 —_ - 0-03(W) 5 '
B 1 — 34 (W) 89 — 0-34 (W) 10
C 1 10,475 17-5 (W) fil] 3,000 8-5 (W) 2.7
Pink-footed shearwater (7) 1 2,000 30 (W) 93 2n 0-42 (W) 4] s
Sooty shearwater (8) ' »
A 1 - 12-3 (W) o4 — 12 (W) 10 :
B 1 — 10-3 (W) 86 —_ 0-9 (W) 12 :
(o ° 1 1,265 2:3 (W) 85 NM - . '
Slender-billed shear- 1 — 82-0 (\\) 02 — 21 (W) 15 3
water (9) H
Ashy petrel (10) 3 158 59-3 (\W) 05 . 880 9-8 (W) 55 N
(1, 644 -2,528) (293-482) §
Brown pelican (11) . . H
Eges, Panzmia [ 59 11-5 (L) 61 23-1 13 1
(18-183) . (47-78) {18-30) (0 D"—S ") H
Eggs, Bafa California 2 53 10-0 (L) 8t 10-4 —_ . 5, 4-0 [
- (47-59) . . (9-0-11-7) ’ N
Frigate-bird (12) cgas, 3 9-0, 8-7, 30-0 —_ 83 84,57, 840 —_ 1-1, 1-5,0-4 :
Panama ' '
Brown bouby (13) egg 4 20-8 8-2(L) 89 12.2 4-8(L) 17 )
Panama i (16-1-24-5) (6-5-18-9) :
Brandt's cornmorant (14) 17 326 —_ 61 113 — 2-9 B
egRs | '
Pelagic cormorant (15) 2 128 _— 90 . 62 — 21 ’
eqos (125-130) i (48-75)
Cinuamon teal (18) 1 4,340 10-9 (W) 70 - 0-01 12
White-tailed kite (17) : !
Egas, clutch 4 4 11-4 g 0-78 (W) 77 . 6-4 . — 1-R
. (9-8-12-9) * - (55~7-8)
TUnhatched cge B 1 51 0-34 (W) 82 : 0-84 — 6-0
Unhatelred egge € 1 53 0-35 (W) 73 . 36 -_— 1-5
Clutch D 2 8-3legy — 82 - 43legg —_ 2-0
Clutch ¥ 3 10-2/eggy . 9-0 (L) 57 . 4-Ofegg -—_ 2.4
Clutch ¥ 4 “31-0fegs —_ 80 ¢ $Blege . — -5
Coopar's havk (IS) 1 8,500 25-2 (\V) 90 . —_ ¢-3 1-0
Golden eagle (18) epz 1 150 2:0 (W) 83 ' 17-5 0-23 (W) 83
Osprey (20), Baja 6 127 55 (L) 85 (7-3,3-0, 103) —_ 85,101, 1-3,
California (30-204) - . (24,7-0,19) 11-2,6-7, 11
Merlin (21) 1 435 2:9 (W) 94 . 554 0:39 (W) 125
American keatrel (22) ’ -
Whole body, adult 1 51 0-044 39 ; 3-7 0-031 1-4
Emes, two chitehes ] . 2-d/egs 0-20 (W) 93 © 1-0fegg . 0-09 (W) 2-3
Black-crowned night ’
heron (23) .
Eage 1 541 C - 89 . 330 —_ 1-6
Eug 1 869 —_ 99 : 23 —_ 33 -
Western gull (24) . T R
Egus, SanTranclsco 4 803 - 5 805 — 1-0
Bay, three cintches . (632-1,123) (580-1,310)
Faas, b3 atallonls,, 10 412 +102 —_— 89 . 136+55 —_ 3-0
t:-nv.lulch: 5 .
Egus, Raja Calif,, 7 385+ 230 — - 97 45430 - 9-1,10:5, 50,
seven clutchies : - - ‘ 12-2,10-A,
. o . : : 10-7,10:5
Forster's tern (25) ¢, 2 665 ) — 89 114 : — 53
(595-732) {01-137)
Caspian tern (26) . -
Egzs, San Francisco 2 1,269 -—_— - 89 805 -_ : 13
Hay . (1,216-1,322) R (660-950)
Egzs, San Diego Bay 5 1,430 - 83 Cot 1,010 — 1-4
(991-2,430) . (550-1,600)
Ted phatarape ("‘) . 1 -— 0-78 (W) 79 . — 010 &
Cominon murre (23) eggs 8 1,045 151 (L) 90 553 45 (L) 35
(532-2,621) . (384-1,010)
Caasin’s auklet (20) 1 — 6-8 (W) - 93 . — 0-16 36
Ancient murrclet (30) 1 -— 0-75 00 i - 0:15 @
Rhinoeeros aukl: t(.n) 1 — 2.7 07 ; — 0-36 &
Maurning dove (32 1] 12-0,33-1 0-10 (W) 77,93 " Not detected — -
Born ow! (33) . -
Egys, oneelutch 3 27-7ceg 1-25 (W) 05 . 10-4/egg 0-47 (W) 27
Eros, onsehtteh 2 143/cag 8-6 (W) 98 CL laedlegs 0:G6 (W) 1
Meadowtark (34) 2 21:2, 443 0-18, 3-3 (W) 77.93 2.5, 251 - 81,159

Content fn pz and concentrations in p.pam. wet welght (W) or lipid weight (L).

) Unless otherwise specified, analyses were of whole bodies. Endrin and dicldrin were tdentifled on the Lasls of retention times on both QF-1 and DC-230
columux. .

1 Pomoria annuleris, 25t g, Clear Lake, Lake Co., Calif, May 1963. -
2, Pumoeit nigromaculatie, 212 g, Clear Lt e, Lake Co. Culit,, May 1963. )
Lrpomis maecorhirus, 229 g, Clear La 3 \[.1) 1068,

Pygosenli adolive, Cape Crozier, At 7
Archmophoriy o u[»nluln (&
Fulmians glociclis, A tanid /22 )
Dufiuny erectopar, Breeds in Chi
Puffines griscus, L.L(\h in New
O meastred, interfiecing peaks. .
9. Joufinns tentciroatris,  Breols in \ustmh.x Monterey Diy, December 1968, . '
10, Oecanadrame homockrog. . Farallon [shauds, Calif, May 1963,
11, febcanus accidentaliv, Tatama eges wer collected on 1sla Pacheca and Tsla Pachequilla, Gulf of Pam.m February 1963, One ezt co.talned

0-06 pop.an, dichlein and 006 ppon endrin, another eontained 0-16 p.pan. divldrin and 0-07 p.pon endrin (lipid weisht), Rajn G iforaia e

were eolle at Dahin de los A vk, Mareh 1995, One egm contalned 0-24 popan. dielidrin and 1-13 p.p.m. endrin (lipid weight)
12, Fregutawaygnificens. st Pacheca, Panama, February 19638, . . PP A
13, Sulu Ir~.-uv,gmlrr. Iska acheea and Tela Pael wynilla, Pamana, February 1963, Two egus were analysed for dicldrin and endrin.  Dicldrin: 0-03,

B-13 popaneg endein: 0-06 jnd U011 popon. (Linid \xm"ht) .
4. Platdarrororar peaicillatns,  Faralion [ EYAYITIEN \[.n' 1967,
15, Phaducrararar prlogiris,  San Mateo Cr U .
s, doticrytnoplern.  San Diego, April 19 Adult male. . olv. Dt
17, Etaws brucarns, A7 Cantra Costa Con, Call £, April 1965, B and C: Contra Costa Co., May 1968, two and three young ratsed, respotively. Dt
Abanduned, Contea Costa Co,, May 1967, £ and #: Destroyed nests, Contra Costa Co., March 1963,

. i _ D3W 383246

torey Bay, Calif,, Novembe r 1 1064, C: Polnt Reyes, Callfl, December 1007, Falinars breed In Alraka,
Collected In May 1963, in the Gulf of Califorain. . ~r o
and and Chile. ™ 4 and J2: Monterey Bay, November 1, 1968, €: Gulf of Culifornla, ay 1963, NI, Not

W= NV IND
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Tablo 3 (continued)

1=, Aecipiter canperid,  Dalbea Park, San Dicgo, Febenary 1963, ¥irad year female, died of trichomatdasis,

10, Aqucit cheysurtor, San Luis Obispa Co., if C
dirldrin, 1°9 pg of Leptachior epoxide, but no endrin.

. Apcil 1958, Unhatched egg in nest wheie one yonng was raised. Fgg also contained 4-7 pg of

o, Jundion kalinetus.  Gulf ef California, March 1903, One egg also contained 0-10 p.p.m. dicidrin and 023 p.p.nu endrin (L),

D Paleo evhanbarins,  Immature, Utah, December 1067,

a2, Faleo sparrering, Aduli was Killed on road, Mendncine Co., Calif,, December 1007, Fggs from Davis, California, 1968,

Nuelicorar wrlicorar.
C Larue nscidentolis,  Standard errors, 85 per cent confldence limits,
araleri. San Diczo Day, May 1957,

inlenprogre racpia, 1807 ; .
5. Phalaropus fuliearins.  Monterey Bay, November 1, 1060,

A, Iric aalye.” Farallon Telands, May 1967, . -

@0, Plachoramploes alzuticwa. Farallon Istands, April 1860,

80, Sunthlihoramphaes antizuem,  Manterey Tay, Novemter 1, 1966,
31, Cerarhinra menacercia,  Mouterey Ray, November 1, 1056,

32, Zenaidure marroura.  San Dicgo, July 1063,

a from diilorent elutehes, San Francisco Bay, May 1067,

a3, Tyt aita. Cluteh A from Contra Costa Co., Califl, March 1033, Clutch B from Yolo Co., Calif., April 1008.

34, Sturnella neglecta,  Davis, Calif., December 1067,

In these, however, the amount of DDT was very low;
with a DDT: PCB ratio of 18, no PCI3 would havo been
detected. A larger amount of fat material from Antavclic
oranisins, which would contain meore DDT, would
therefore have to be analysed beforo concluding that PCI3
has uet yet reached the Antarctic,

Individuals of species resident in industrinl areas have,
as expeeted, higher PCB levels than individuals of the
same species from more remote regions.  Analysis of
ten eges from ten clutelics of the western gull from the
Faralion Islands showed an average PCB content of
136= 53 g (95 per cent confidence level). PCB content
of four cgzs from three clutches from an island in San
Fraucizeo Bay averaged 803 ug with & rangoe from 580
to 1,310 (Inble 3). Scven egzs from soven clutches in
the Gulf of California contained 45+ 30 pg of PCB.
The DT content of the eggs from the Farallons was not
sipnificantly different from that of the Baja California
s,

Pirds from the Gulf of California also contain dicldrin
and endrin {(Tables 2 and 3), but the number of analyse
is ns yet insufficient to compare their relative abundance
with that of DDT and PCB. Despite the inabilicy of tho
Shell Chemical Company to find any chlorinated hydrocar-
bons in the Gulf of California and at the mouth of tho
Coloradoe River?s, which drains into tho Gulf, it is likely
that some do enter from the Colorado River and from
nariculturel areas in western Mexico. A significant
friction, however, must come from the atmosphere®s,
and air transport best explaius the presence of PCB in
rewote arcas.  In extracts from the Gulf of California
one PCB compound was present in relatively small
concentrations.  This compound is readily degraded by
ultraviolet light frradiation in laboratory experiments,
and 1ay therefore be sclectively degraded in  the
stinosphere,  Although PCB is not scluble in water, it
has w low but finite vapour pressure®. Incineration of
materials containing PCB would greatly increase the
rate of entry into the atmosphere. PCDB is used in the
manufacture of many industrial products, so the high
amwounts found in Sun Francisco Bay, Puget Sound?®
and San Dicgo Bay presumably result fromn direct discharge
of industrinl wastes into theso waters and from local
fallour,

The presenco of PCB in the fow land birds and fresh-
water tish analy=zed indicates that it is also distributed
sinong continental ecosystems in North Awmerica.  Pere-
grines could therefore acquive PCB, as well as the other
chlurinated hydrocarbons, over all their global range.

-~ Nu PCB residue datn are available for prey species from

the Adantic, but eompounds which seem to bo PCB
Lave Leen isolated from seals’s. A second year male
peregrine spent the winter of 1967-68 on Isla Pucheca,
Panzuna, where the pelican, booby and frigate-bird eggs of
Table 3 were eolleeted.  The Cooper’s hawk which was
annlyzed, a species which also preys upon birds, contnined
high residues of both DDT and PCB (Teble 3). Cooper’s
kawks have declined in eastern North America and in
some regiona huvo produced tlyin-shelled eggs®. Several

species of raptors do not accumulate high amounts of
tho organo-chlorine compounds (Table 3), a result of the
very low residue lovels usdally found in their prey.
American kestrels and barn owls are common residents of
California citiecs. The white-tailed kite, which was
near oxtinction 40 years ago in California, is now abundant
in areas whero insccticide use is intense, yebt because it
preys primarily upon the short-lived and herbivorous
vole, Microtus, the species accumulates very little DDT
or PCB (Table 3).

Previous work!® has shown that both DDT and dicldrin
induce hepatic enzymes in the pigeon which, in an in
vitro preparation, increaso the metabolisin of progesterone
and testosterone. This work has now been extended to
study the metabolism of ocstradiol by enzymes induced
by p,p’-DDI3, technical DDT (Dupont) and PCB (‘Aroclor
1262’). The experimental procedure previously described!s
was followed except that the chlorinated hydrocarbons
were injected intramuscularly rather than given orally,
and in the scparation-of oostradiol and its metabolites
the solvent system used was the upper layer of a mixture
of benzene:hieptane: methanol: water 7:3:8:2. The strips
were monitored with an autographic strip scanner. The
profiles obtained for the various inducing agents are
shown in Fiz. 1. It will be noted that the profiles of the
metabolites obtained after enzyine induction using DDE
and DDT are identical, but that a diffcrent metabolite

‘1s produced by the enzyme induced by PCB. The amount

of metabolites forined was caleulated from the radio-
activity of the peaks. The resulis obtained are given in
Table 4.
Tabic 4. INCREASE OF OTSTKADIOL METABOLISM BY PISEON LIVER HOMO-
GENATES FROM BIEDS TREATED WITH VARIOUS CHLOXINATER EYDXOCARDONS
Amount of polar motabolites
formed in mpmoles

Cortrol 29:3+ 65
DDFE (40 mz/kg) - 76-2+13-1
DDT (40 miz/kz) 03-1+11-2
PCB (20 mg/kg) 160-0 £10-5

Each figure is the average with standand deviation of a zroup of four
birda. Ir all cases 500 mumoles of ovsteadicl-6,7-T (309 mCi/minolz) was
present in the inenbation mixturs.  Incubation time 50 min, weight of
microsomal fraction used 300 mg. Al chlorinat~l hydrocarbons were
injected intramuscularly into the pectoral muscle 7 days before death.

Body concentrations of 40 p.p.n. of p,p’-DDE signifi-
cantly incressed the rate of ocstradiol degradation by
the induced enzymaos in the experimental couditions.
On a weight basis the PCB preparation had an oestradiol
degrading potential approximately five times that of
p,p"-DDI or technical DDT. Both DDE and PCB.
which are apparently tho most abundant of the chlorinated
hydrocarbon pollutants in tho global ccosystem, have

therefore tho capacity to produce sublethal physiological

effects in birds. )

" Studies on the activity of induced enzymes in the rat
at various times after o single injection of DDT or
dieldrin have been made by Ghazal ¢ al>. He found
that it took 70 days for tho activity to fall to half its
maxiinum value in the case of DDT and 15 duys in the
caso of dieldrin. Experiments with dicldvin on pigeons
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Fig. 1, Chromafozraphle separetion of oestradiol and its ictabolites.
The large pa.\k is unaltered ocstradiol.

show thet only a quarter of maximum activity remains
after & month. Thus there is evidence that the eficets of
theso induced enzymes can persist over a long period of
time elthough more studics are needed to determine
the steroid c.e'nndm" potentials of livers of those species
contaminated with  ehlorinated hydrocarbons.  The
profilo of the mctabolites should bs some indication of
the history of exposure to chlorinated hydrocarbons.

The reductions in eggshell thickness and eggshell.

weight increase the chances of egg breakage?-¥, and
weater retention, which affcets hatching suct.es““ -4,
might be impaired. The enviromment in which birds
now exist is thercfore no longer the same as thet in which
they evolved; it is unlikely that any speciest has the
genetic capacity to meet the selection pressures resulting
from the abrupt environmental chango which has produced
tho thin eggshells. Tho peregrine falcon is a species
long highly rev elcd and respected. G. . Thayer*® has
described it as “the embodiment of noble rapacity and
lonely freedora™.  An irony therefore exists in the fact
that tho perezrine may be the first species to bo extirpated
by global contamination.

Tsunamis on the Moon?

by
W. G. VAN DORN

Scripps Institution of Oceanography,
University of California,
San Diego, California

Tus guestion whether tho multiple ring-like mountain
structures surrounding most of the lunar eraters larger
than 123 miles in dizmeter might be “frozen tsunamnis”,
sot in motion by the shock wuaves caused by impecting
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planctesimals, was first brought to my attention by
R. B. Baldwin (personal communication). Buldwin
poiuts out that in several eases (including the giant
Mare Imbriim) two or more rings “can -be -made out
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