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Polychlorinated biphenylsare widely dis-
persed in the global ecosystem, and
are powerful Inducers of hepatic enzymes
which degrade oecstradlol. Together
with other chlorinated blocides, such
as DDT, they could account for a large
part of the aberration In calclum meta-
bolism which has been observed in many
wecles of birds since the Second World
ar.
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Table 1. OSLORINATED RVDROCARNOND IN XORTH AMERIGAN PRREORINE
PaL00N8

oW BE - most-ninmdant-aynthoticpolutents-prosent
hwimﬁmmm
foard only in spocios whioh il h)gh -

trations of thoxo
popul:tlonl of theso -poolcl eom.muo to produce normal
oggs*t.
aloiun motubolism in birds is intimately related to
reproductivo motaboliamn and is to & large extent regulatod
by sternids such as oustrogen and vitamin DY The
depnsition of medullary bono, the chiof source of oalcium
during cgg and cggsholl formation, is oontrolled by the
steroid sox horinonoea' ', and hons deflciont in vitamin D
lay cggn with lowor ogguhell weight Storoids aro
hydroxylatud and theroby dograded in vivo and in vitro
by hepatio enrymcs induood by exogenous, lipid-solublo
hlk hydrocarbons®-1t,
Tho rulatively small nmouuu of chiorinated hydro-
oarbons ruguirod to produco this offoct®#1:38-13, and the
dlwuvur) that smuil amounts of somo of tho DDT
aro 69,3, havo mado irroluvant
rouch of the parts por nullmn opproach to pollutant
eonlogy hawed on toxicity duta alono,
In both Gront Dritain®-* and North Amorica® it was
tho decline of thoe poregrine falcon which initiatod

about tho extont of tho harmful offcots of onvi \
contamination. In tho United Stntos tho eastorn popu-
lation was extinct beforo comnpetent obsorvers wore

swaro a gonoral, widespread decline®*. Broodmg

regrines porsist in ly normal in
ritish Columbia®® lnd ln thn Arut.no"-"

7 we coll bandoned ogg of a

grine faloon in sth Vorth A whors

& small luti blished worl

of M. N. X, R, W. I, and 8. G. l{) Anolynm of this
(TAblo l) showed um. it. eontmm:d almost 5 mg
9" DDE (diohl 1) othylone).
rol.'nfmmn poaks pmnom. in t.ho chromatograms of tho
extract of tlw egg wero unidentified until polyolilorinatod

¢ 0 ain wildlilo™:

ilgh-3t,

ho_identifleutio cootn-
: Wﬁonnm
io unknown poaks in the porogrine oxtraots
provml tu bo idgptionl with thoso of meveral PCB ocom-
[mVTx on DC-200 and QF-T columna® and on & mixod
SE-30:QF.1 colurn.  Othor apocicw of birds and flsh
wero subsequently analysed for I'CB.  Tho chlorine
content of soveral oxtracts and standarda was dotorminod
with a Doheman miornooulomotric dotoctor aned n mothod
of qunntificution of tho l’UU compotnds was dovised based
K heighty produsd in tho eleetr pturo dutector
related Lo standurd 2,2 DDEY.  The DT compounds
urn dentroyed by nitration®* und p,p’"-DDT (1,1,1-trichlorn.

Peor-
Sample Dieldrin  Totat unu’t »CcB nor/
mt DDT* DD PCB
Bnjn Catifornia (wet) 011 103 7 102 19
2. Bevond yeat § "\Annt
3
Broost muscle(wet)  NAf (3 15
Breast awuscle (dry,
nmln e N 28 7
0-87 ] 8
Cnrenu (Ilpld) 5
3. Immaturo, Cullfnrnlno
Breastinuscla (wet) N % ts
Livet (wot) N\ [23 17
uin (wot) 004 8 19
rafn (1lpld) 050
Chronss (wet) 011 ” 19
Carcass (1lpld) 14
4 Anult Cn!llnr In£|
ronst muscle(wor)  NA 87 [ 1
Liver (wol ) NM 80 87 4
Bealn (wo o3 80 318 i
Urealn (Ilnhl) »7 aas
Carcam (wot) 17 a7 85 13
.. Carcass (liphl) 50 1,030
8, Immtare¥ inigrant
ron Acctic
Bronat mincio(wot)  NM L] 018 u
Tronst iniescla (dry] 0-64
Aver (wet) NM L 0-16
Trn (wel) NM k=] 0-007 13
By fat (wot) MM a2 32
Catcine (wet) "y? a2 0-A0 12
Crvens (lipid) 044 55
v Aletla
Brc nul un(li bt 19 8 06 4
Breast snussio(dry] *0 19

Concentrations [n parts per mifllon wet woight, dry welght or lipld welght.
*DDT residues includs: »,»-DDT, p.p-DDX, v.r’ DDD (.p"TDE),
2#-DOMD, 0,0 -DDT and 0,5 -DDE. NSi. ¥ob men: »-TOE)
QCllloﬂmhd hydrocarbon contunts of tlio g3 wero:
-DDL; 29 lll 7.) 'Dl"‘ 1 ‘ l'l PP’ I)DD» 87 Ul np Dl) W

au X\ hopiaot poxide. Concentrations were ealeulated by
ma of 47°3 ml ke Av!rncv Vniup obtained by mansuring

elovin cteles of perneing g fron C1ll(nn\|n {n tho Musewmn of Vortebrate
Inolvmy. Unlvmu on.nlll‘ fornin, Berkeley, and by asswining a denslty of 10,
dge female, enplaired in O«mh on the Texan coant dinelng
midration, Bl tn Npllvl(y shartly Riterwanin, no npparent eaunn of death,
No hoqu fut. Total boly content of chlotinaterd hivdrocarhons: 35 mg DDT,
10 m IC 044 mg dickirin, 018 mg heptachlor epoxlde. Total body

nago ohaencterlaties of both 3 and 4 wero Intermoadinte betwern tioss
of ty) MMIIy vnwhlml Cultfornia birds and the Aretie raco }. llmlnu., ns
ioscribod 1108, Ne. 3 was an binmiature frmale of & T teanped In
mo southern 'lnm Francinco Bay aten ih (he winter of 1000 Opaerved et
in the aren fur & wock befure mmnw
n" Modntate boy fit, Total Lody ¢
ng DD, -8 vzl: rCL, 007 m[ dILIU(In.

Totr vy fik
1t Adule lem apped fn tho southiern San Feanciscn Nlay ata I ths
i e O ror fociding In the arch for & month before captne,
Dind shortly afterwards with 10 npgare
‘Total baely eliorinntil hydrocarbon con
X Y heptarhlor epaxl
sl on the T

Ll 10
yonr I'uluhl tr. mp:'ll un "II. “ln "u const ln Octuber. Dlul uh.-rll\
afteres lﬂll of hcat prosiratien.

Tn Tablo 1 aro prosented tho rosults of analvses of

poregrino falcons which died from a varioty of cuoaes
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shantly after being trapped fo- faleonry.  Significant
amounts of PUB weee present o iretie poeregrines only
A fow montits oid (Nos. § and oy but lugher residucs
were preacnt in a second year Arctic bird {No. 2) and”
exceptionally high residuesa wero proaent i an adult
trapped in Coldilornin (No. 4). In birds 2 and 4 the totad
lipid reserves wern very low, and in both tho brain
cuncentrations of DDE aud PCI3 wera high, perhaps at
10xie levels,  Fat mnbilization during reproduction or in
timer of starvation or strosa conld be oxpected to canko
signifiennt. changes in the internnl distribution of ehlori-
nuted hydrocnchuns,  Steroist hydroxyluro activity in the
liver iight inercaso at thiv time,  Dicldrin concontrationa
wero lower than in the peregrines analysod in Dritain,
but DD ions woro imatoly com.
parabledt, .

Tablo 2 presents tho rosults of annlyscs of peregrine
ﬁm‘ apecios, remainy of which wore colleetod at oyries iuyl

njn Culifornin, Mexico. With tho oxception of the
ina of ono ing dove (Zenaid:
sl of thrco fish bota (Pizonyzr vivesi), proy material
found at four oyrios consisted of soa birds.  Of these, tho
eored grobe {Podiceps caspicus) and the black potrel
(Loomelania melania) constitutod 32 and 25 per cent,
reapeatively, of the remnins. .

Black potrels, liko other petrols and shearwaters
(Tablo 3), containod cspecially high concontrations of
both DDT and PCB. Roproductive success in thia
population of poregrines scoms to bo subnormal. In
1 no pairs woro obecrved to hatoh or flodgo moro than
a singlo young. In tho post, two to four young, tho
number normally protuced by healthy peregrincs® ¥,
woro raised by emch pair (L. W. Walkor, personal com-
munioation). Tho thickucss of fragmonta of a porogrine
eggshnl), with its membrane, collected in 1908 ﬁulow an
eyrin where ono young hatched, was 0-24 mm, a docrease
of 8¢ per cent from tho mean thicknuse of 0-3¢ mm £ 0:013
mm (05 por cent confidenco level) in twenty-three ogus
colleoted in tho aron before 1947, The regiun is wildornoss,
with littlo or no human interforonce, and is romote from
sourcen of pollution.

In California, numbers of breeding peregrinos havo
boon reducnd by at least 80 por ocnt in rocent ycars.
Tho romaining fow pairs, however, scem to be reproducing
normally and roar, when undisturbod, between two and
four young oach yonr. Thoy are found, like moss of tho
surviving pairs in Grest Britain®-*, in a relativoly
uncontaminated region and soom to bo focding on birds

which contain low eoncentrations of ehlorintnd hyira.
carbona. A pair W fledged theee young in 1968
fe chiefly on passcr. 8 and colmmbifirmen during thy
breeding season.  Both ‘proy groups are relatively un.
coutummated (M. N, K,, R. W. . and S. G, I{, in
preparation). A clutch of cgga collected in this trgin
wiighed as much o tho cgge obtained in pro-war yeara,
whereas other peregring eggs from Califurnia collectrd
mince the Second World War have been thin-shebled
(ref. 2, and . W, Anderson., . Hickey and R, V. Christon -
scn, in proparation).  Denpite  official protection the
surviving hirds avo still subjeted to shooting by sportsmen
and to harnssment at the cyries. [ thess conld b
eflvetively reduced the pupulation might yet survive.

it Table 3 are presented the resully of annlyses of
murine and terrestrinl birds and of three speeics of (resh.
wator fishoea for PCB and DD content und concentration
¥rom tho ratio of total DDT to PCB, it is apparent that
regional fallout pattorns oxist. In numt o} the birds
IOBT Surr—Froneses By which have been analysed,
including peregrino falcona (Tablo 1) and ecggn of the
westernt gull, tho Caspian tern and tho black-crowned
night horon (Table 3), tho ratio was hetwern ono and two.
Another black-crowned night heron cygg had a typioatly
“ocoan’ profile, suggesting that tho adult fanale had
wintered along the coast. In most of tho birds from tho
Farallon Islands, which aro 27 miles west of the Golden
Gato Bridgo, this ratio was between 2 and 3. In the
Gulf of Panmna, whoro PCB contamination might come
from tho Canal Zone end industrial arcas in Panama
City, the ratio is botweon 1 and 2 (Tablo 3).

In the Gulif of California, a region relatively remoto
from tho sources of eithor DDT or PCB coutamination,
the rotio was in most cases approximately 8 ar 10. This
was truo in tho egg of tho perogrino falcon (Table 1),
in all of the black potrols and loaat potrols analysed,
in the Craveri's inwrrolota (Table 2), in five of six osprey
eggs and in six of sovon western gull eggs (Tablo 3).
Among tho exceptions the fish bat, with low consentrations
of both DDT and PCB, was tho most divorgent, with &
atio of 43 (Tablo 2). It is not cloar whether this reflects
differonces between avian and mammaulian physiology or
& fundamental difforenco in feeding habits. The other
excoptions include specics which aro prosent in the area
only during the brecding soason (Table 2).

In son birds from the Pacific the ratio was usually
botween § and 10 (Table 3). PCB was not found in oggs
of the Adelio ponguin from Cape Crozier, Antarctica.

Teble R, 0B AND DDT IN PRRY $PECIEL OF PERSORINE FALCOKS IN THE GULT OF OALIFORNA

. . DOT i
Spevkes® X (ng) dpm}
Tared grebe (13)
Wiale body " 3 - o@g.’ nl-u.
Iack potrel (10)
B :ll(v d s L 80 *20m)
Lanst potrel (0) (885-1,34¢)
Whole body : » 2 (M)
> 23-37)
Yish bt %
Whols body 7 28 071(W)
(16-31)
Crves (om cruten) H 201 w
ol e
- (283238
Whole body, adull 1 371 091 (W
Whole body, adult 1 206 24(W)
t?un tarn (1)
s 188 0
- (9°6-243) @
H'E:lnn-r.‘l quitQ) ‘ - a
L
(04-278)

Content in pg of whote borlies and
* All W

ntage PCD PCB DO/
DDE we) (p.pme) <8
o7 FAY -
[} - 1-0(W) *2
(0-90-1-14)
n 5 03 M e
" #1 - 10
(1+3-8-0)
[} 088 0:02(W) “
(0-46~1-06)
[ - 3 (L) (%]
85 —_ 0-010 (W) T9
(1] - 028 (W) (3]
% - 15 (L) 1%}
(03-30)
- 81 (L) (1]
» [ ={eN

opgs: concentrations In p.p.m. wot welghs (W) or Nipid welght (L),

NOSIMOns weto coilested In Mre vicluity of foue peiegrine syrics In Rnja Californin, Fumben n parentheses are the Awabee of remains of
eaoh Drry species which wers found at the cyqvlcl. Alno found wero remaing of ono cufmugmb (Phalacrotoraz sp), one tcd phalarope (l"hnlm.o:-.-;‘ /uh;_-nnu)f
one not analys Exgs o

rus Arermanni.
Not ineasured, Tnterfuring peaky on chromatol
Toth egge also contaired 0-08 p.p.m. disldtin (il

iove
ulln ware from dillerent cintchen.
h bat: Fironys wiveri; Craverk's murrolot:

us joral specimens of thess npocics were B
ep# caspicus; black petrel: Loomelania mele lenat
slegant torn: Theletacus slegens: Uvermann's gull:

Eured grebe: pi
Endomyehura craven;

prome. N
pld weight) and ¢ 37 p.p.m. endsin (lipid welglit).
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Table 8, run AND DY IN 1’2 OLOBAL XOOSYETRX

) Totat D Poracntage PCD
Speties x (mp.m.) bnE ) {p.p.m.) - DDLNN
e era) (1) 1 - 183 (W _ X -n
il oo ) i - i = 3504 W g
Blury r 1 {3) - 58 (W) L — 0003 1,200
Adetle pengain (4 =
5 078 o-128(1) 74 « 0044 pg/ong »13
{0:60-1:04)
grobe (8)
.. t r;\uuh 1 - 20-4 (W) s - 0-008 (W)
* Fuhn
—_ 0-41 (W) 78 —_ .08 1)
} - 34(W) & = 231 o
1 10,478 17-6 (W) 98 3,900
PInk:f ﬁnlrd shonrwater (T} 1 2,000 -0(WV) 123 277
louy shearwater (8)
1 — 12-3 (W) [13 -
l 1 - 10-3 (W) 2 —
1 1,205 23 (W) 1] ).} SN
Slendh ;—\la.l’u shears 1 - 20(W) %) = "
trel (10) 1] 2,158 89:3(W) » 180 5
. ™ ean (11 (1,644-2,538) (208-482) i
n
'ﬁ::-."mm- L] L) 18(L) 231
{18-188) {18-30)
Egga Dajs Callfornis 1 “ ll“‘ 10-0 (L) 10-4 -
h?:l‘-lm‘\l [1L1) 1N 3 96,87, 300 - —
m#w'. hooby (19 eges, . 200 [T 122 )
anama . (16-4-24-85) (6-5-18-0)
Brawi(t's cormornnt (14) 17 120 - 13 —
L .
Cinnamen leat (16) 1 “%‘;'30) 10:8 (W) o9
n ¥
W hike-artow s C17)
Epan, cluteh 4 . . o8 (W) 77 -
Unhatohard egn B 1 0-84 (W) 2 -
tnllllemtu [ 1 088 (V] 73 -
Cluteh 2 s 32 -
Iw \' : "o :; -
e, BW & o
m m-y (ﬂ!). aji ‘ ll(l.s L W
XIHII { 1 20(W) L1 038 (W)
Americnn kestre! (22)
1 (3] 0-044 0 »7 0081
[} . djesg 0-20 (W) o3 1-0/oug 0-00 (W)
1 sit - ®» 230 - 18
1 L - L 23 - T
¢ (m 1129 - . asolionm - 0
10 - ”» 138488 -
aur, Hnia Caiif., T 3851 230 - c o7 45430 -—
saven slutelies :
Foratar's tern (25) 2 '3 - 8 4 -
"’ (25 0amn (598-753) " (01-137)
Inn tora (26)
ks, Nun Francises 2 1,200 - LA ] 805 - [
7, n,218-1329) . (880-030)
Kgan, %aa Dicgo Bay s X - (] 1,010 - 14
. (991-2,430) (850-1,800)
Red plalirope (27) 1 - 18 (W) bl - 010 8
Contunon nwrre (28) egpe ] 1 lll (L) ” 568 48 3
(932-3,621) 1,010)
Coasin's sukies (29) 1 — % - 10 M
fnel«m murrelel {30} 1 - ®0 - - 1% 5
L hinnesron auki:t 1 -~ 27 f 1} -— 0-38 L]
%l'mn;lll dove (32) - 12:0, 331 010 (W) e Not detectod - -
ey
Tean, -molulah 3 10-7eng 128 ¢ W) * 10-4{egy 04T (VW) 2 7
gy, v chutoh 3 N!l 6 (W 28 4 000 (W
)mm-lm(w H m o9, l‘l(W) 77,98 25, 268°1 ! [ l 15 »

Content in ux and concantrations In p.p.m, wu welght (V) oz llphl wey)
Ly ubm othurwise specified, analyses w’nynorwhoh u'm-. Endrin and 5Iol£llu were {dentified on the basia of retention tincs on both QF-1 and DC-200

umi
l l'ouuh wunulnris, 3RS ar Lake, Lake Co,, Callf., 31, I 1908,
l lqmnnnlﬂn- lﬁ &, Clrar Lake, Lake Co, Cull i Mny 1008,

fene

3. Leposnis maeroc) May 1008,
4 /'mmn i ‘age . Antarciirn, October ©
nmmoendmnm, ( n-ur Lake, Luk: Co., Culll., Muy 1088,
o I‘nlmnm- wineinliv, ) lmmm-y Bny, Cullf,, an niber 1, 1000, C: ulnt Reyel. Callf., December 1007, Fulinars breed In Alaskn,
1. P'ufhuna ereatupus, e, Collecteit In May 1904, in the Gulf of Califur
8 Puph i Drecdn fn e\v Zontonad aml Cldlie. 4 b J1: Monturey Bay, ‘(o\cmbcl’ 1,1906. C: Guif of Callfornis, May 1089, NM, Xat

feeing penkn,
my lln)' Dv'mnmr 1980,

Hecedn In Au
Furstiony
Pnnnnan e

l'ucneen and Inln Pacheguilia, Gulf of Panamn, Fohranry 1088, One cpe containeld
IL ewnlrin, anatlicr contalned 0-18 ik, dicldrin and 0407 p.p.m. endsin Ol weawlity, l!1l‘| Clllfum'\ ey
m N l"::; CUg contained 0424 p.jsan, distdetn and 1413 p.p.m. cndrln {lipid welght)
drrwaey
nﬂu-en aml [xia l’nl'ln'mlllln l‘mmmﬂ. February 1368, Tuo cgus wero annlysed for dleldrin and endein,  Dicldein: 093,
i ntul - HI} ' 'L|l {lllu weight).
i

) b
wimn ¢ Hahin
12, 'rry/lll mlvm/lr(m. nla l'anlnul l'mmnm ¥
13, Sultt Irutopister,  Inla 1
irin

Calll., Apeil 100N, d C: Conlen Coata Co., Mny 1008, two and three young ralsed, respeetively. D:
Kand A N-lmnul neats, Contra Coata Co., Murch 1908,
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Table 3 (comtinwed)

I, Arripite roaperd, Toitia Park, - Diego, Febeuney 1008,

10, 4 'm'l« rhrmartue.  Nan Liin Oblspo Co,, Calif.,
dlchizin. 1:0 g of lyeptachlor epoxide, lnuno cinlrin,

. audion hnfine of Califurt

5

* &Inmjnm mnu. L) wv cent confidenoce i
, Moy 300
3 nl"‘rv Day, November ), 1006,
oln
. hrnllnn Tslands, Aprl) 1006,
"h:ﬁ':.'oi.”,'..",f','.if.'f':.‘.ﬁ',',.m“ Snierey Tiay: Novambet 1 1060,

N
A y Day, November 1, 1
Grrmanines m som Dicgor oy 100

Davh, Calif., Dooember

1an these, however, the amount of DDT was very low;
with a DDT: PCB ratio of 18, no PCB would have bocn
deteeted, A larger smount of fat matorial from Antaretio

mn, which would contain moro DDT, would
fure have to be aunlysed bofore concluding that PCB
fins uot yut reached the Antarctic.

Tudividuals of species resident in industrial arcas have,
an expeeted, higher PCB lovols than individuals of tho
i species from more remote regions. Analysis of
gy from ten olutehes of the weatorn gull fromn the
)-urnllou Islands showed en avernge PCB content of
156« 53 g (95 per cont confidence lovel). PCB contoip
uf fone eggs from threo clutches from an island in San
Froucisco J3ay averaged 805 pg with & range from 580
1 1,310 (Tublo 3). Soven egge from seven clutches in
lh-- Gulf of Californio containod 45+30 ug of PCB.
DIT content of the egge from tho Faralions was not.
numf’cm\lly differont from that of the Bajs Californio
g,

"HmI- from tho Gull of California also contain dicldrin
it endrin (T nble.u 2 nml 3), but tho numbor of uunlync

¥irst year fenale, died of trlchomn, 4,
‘rll 10G8. Unhaiched ¢gg In neat whero ono ywing was Iabicd. Kgg aho contained 4.7 g of

Oue egg alao contained 0-10 p.p.in. dieldsin and 0:25 p.p.ni. cvirin (L),

m:nm Ca., Calif,, Decerbor 1007, Egga from Davis, Califotnin, 1008.
durmn ehucin 8, San meluu Hay, May 1907,

3.
trom Contea Coata Co., ;:n)lf + Mnich 1008, Clutoh B from Yolo Co., Calif., April wu

spocios of raptors do not accumulate high amounts of
tho organo-chiorine compounds (Table 3), & result of the
vory low rosiduo lovois ususlly found in their prey.

Amorican kostrols and barn owls aro commmon tesidents of
California citios. The white-tailed kito, which wua
near extinction 40 yoars ago in (,n\hformn. is now abundant
in areas whore inscoticide use is intcane, yet beeause it
preys primurily upon tho short-lived and herbivorous
volo, Microtus, tho spevies accumulates very littlo DDT
or PCB (Table 3).

Previous work'® has shown that both DDT and dicldrin
induoe hnpatic enzymes in the pigeon “)uoh in an in
vilro tho metaboli
and tostostorono. This work has now boen “oxtonded to
study the motabolism of oostradiol by onzymes induerd
!gu;;:g: l;DE tochnieal DD‘l (Dupont.) and PCB (‘Amclr.r
was followod -xc-pt zhnb the chlorinatod hy droenrbom
wero injocted intramuscularly rather than given orally,
snd in the soparation of oostradiol and its moubolntcs
tl;o solvent uyouam usod was the upper layer of & mixture

inon yet i thoir ol

with that of DDT nnd CB. Despite the inability of the
Khielt Chemionl Company to find any chlorinatod hydrocar-
boma in tho Gulf of Californin and at the mouth of the
Calurado River, which drains into the Gulf, it is likcly
thne somo do enter from the Colorado River and from
agvienlturol arcas in western Boxico. A li;m'ﬁeu\nt

of l:wator 7:3:8:2. Tho strips
wero itored with an graphi ﬂ.np scanncr. The
profiles obtainod for the various inducing sgents arc
shown in Fig. 1. It will he noted that rhe profiles of the
wmotabolites obtnined after enzymo induction using DD
and DDT are idontical, but thav a different metabolite
is produoed by the onrymo induced by PCB. The ammouat

litos formod was caloulated from the radio-

fraction, howover, must come {rom the
andd air | ont. lnins the of PCB in
mmota arcus, In cxtrﬂcu from tho Gulf of Californi
e P('H Joompound was presont in rolatively small
Thin p d u rond:ly dograded by
ultru\'mh't. light xr in
and nwy bo ly d ded in  thel
avnnsphere,  Although PCB is nol. solublo in wator, it
Las 8 low but finito vapour pressuro®. Incincration ol
materinls contuining PCB would groatly increase the
of entry into the stinosphere. PCB is used in the

)

: m.umﬁwlun) of inany industrial products, so the high

wnowtn found in San Francisco Bay, Pugot Sound?
o San Diego Bay prosumably result from diroot discharge
ol imduntrial wastes into thoso wators and from local
fublowt.

The presence of PCB in the few land birds and ftolh-

0
sotivity of the poaks. The results obtained are given in
Tablo 4.

‘hw 4. nvcnmsx OF ORSTRADIOL MLTABOLIEM BY FMGEOX LIVER NOMO-
OBNATES FRON BIRDS TREATLD WiTR VARIOUS CHLORIXATREL AVIAUCARBONS

Amount of polar metadolites
ort moles

med In mymol

-3+ 08

DDE (40 mg/kn) B30
DDT} m.,' ﬂltll'
PCD (!n malm 10003103

Eash figuro {8 the average with standrrd devlﬂlon ol L) me of four
birdw  In nll crscs 500 mumoios of vestradiol-9,7-T

my mnmlr) vn
prasent (n tha incubation mixture. Incubation t welght of
misrosomnl fzaction used 300 mg. Al ehlnr(nnlﬂl n\d rhom were

injocted Iu(runuumluly into the pectoral muscle 7 aaya beforn death.

Body concontrations of 40 p.p.n. of p,p"-DDE signifi.

water tinh annlywed indicates that it is also
umnng continental ecosystems in North America. Pere-
s could therofore acquire PCB, us well as the other
clnlurmnlvd hydrooarbons, over all their global rango.

> Nu PCI renidue date oro available for proy sposics from

the Atlantie, but cmmpounds which scom to be PCB
lwve lwen isolated from scole®. A second year malo
rn wrino spent the winter of 1967-68 on Isla Pacheca,

Punmnn, whero the pelican, booby ond frigate-bird eggs of
Table 3 wero colleoted. opor's hawk which was
nlyacd, & apecies which nllo proys upon birds, contained
gh residuce of both DDT and PCB (Tablo 3). Cooper’s
Im\\ ks havo declined in eastern North Asnericen and in
some regiona have produced thin-shollod eggs®*. Sovoral

unt.ly mcreuod the rate of ocostradiol dc?ndnhon by
in_tho oxporimental conditiouas.
On a wc»ght bnull bhu PCB preparation had an d
ly five times that of
p,p .DDE or wcl\mcnl DDT. Bo'.h DDE and PCB,
which avo app tho most abundant of tho shiorinnted
hydrocarbon pollutants in tho global ecoaystem, have
thercfore the eapacity to produce sublothal physiological
offccts in birds.

Studies on the aolmcy of induced enzymes in the xm
at various timos after & singlo injeotion of DDT
dioldrin havo been mado by Giazal et al.?. He found
that it took 70 days for tho activity to fall to half ita
maximum value in the caso of DDT and 15 days in the
caso of dioldrin. Exporiments with dickitin on pigeons
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show that only a quarter of maximum aotivity remains
after & month. Thus theroe is evidenco thas the effcots of
theso induced enzymes can persist ovoer a long od of
time slthough moro studios aro nceded to dotormine
the storoid degrading potentials of livers of those mpccies
econtaminatud with chlorinnted hydrocarbons.  The
profile of the metabolites should be somo indication of
the history of exposuro to chlorinated hydrocarbons.

Tho reductions in eggshell thicknoss and eggalell
weight increass tho chancos of egg bicakage™-, und
wator retontion, which affeots hatching  success
might bo impnired. Tho environment in which bi
now exist is theroforo no )onFur tho smino as that in whluh
they ovolved; it is unlikely that any specics has tho

notio enpueity to meet tho sclcotion pressures resulting
x:’om tho abrupt onvironmental change which has produced
tho thin eggnholls. The perogrine falcon is a spocics
long highly m\'ured and reapected. G. H. Thayor** haa
deacribed it as “tho b of noble rapacity and
lonely frevdom”. An irony theroforo exists in tho fact
that tho vrugﬂno may bo tho first spocics to be extirpated
by global contamination.

Tsunamis on the Moon?

by
W, G. YAN DORN
Seripps Institucion of Oceanography,

Univarsity of California,
San Diego, Calitornia

Tua queation whethor the multiple ring-like mountain
atrugturos surrounding most of tho lunar craters larger
than 120 miles in disrnoter might bo “frozen tsunminis”,
aot in nntion by tho shook wavos caused by impacting

. "Wldmm'k.ﬂ J. Allw’OD‘ Anal. Chem. 3011089 (1067).

NATURE, 'f 220. DECEMBER 14, 1960

This work was su

ortod by tho US Nationa) Seienen

urvau of Spo TR0 Wildlife
8 Public Henlth Sorvico. Pure p,

plicd by the Fodcral Drug A(lmmutmuon. and sninples

of{Arcelor’ by the M to Chomical C

pany.

? Rateliffe, 0. A., Nafure, 218, 208 (1007).
* Hickey, D. W., Sciencs, 162, 271 (1068).
. Rll’%)'rz ! Fallowt, Firet Hochster Confreense an

Heinm in Reproductive I'hyrioiogy (Retnhold, New York.

Biol. Rev., 38, 321 (1001),
d Denolt, J. is, ll'. lOl (1942},
* Xyvs, P., antt Potter, T. 77 (
E. B., Sl«nbuk H l.epl(nv-kc) 3. Xlnulcn. D . P, Tatuin,
nson, Aein.

Chﬂnirll Fealiowt, Firet

).
W Hart, L. G., Sholtion, 1, W and Fouts . ; i
BT Qoo nd ¥outs, 3. ., Toaicel. Arpl. PAarmaed.

" Hart, L. Ou and Fouts, J. R., Nawnyn-Schmiedcderg’s Arch. Krp, Pnih.

Pharm 248, 486 (1005).

R. M., Xuntzman, R., and Durns, J. J,, Clin
2/(1088),

Rev., 18, 811 0087).

“ Rupfer, D., Rexidus Rev., 19, 11 (1907)

b ﬂu:mt:). G., and Bchwabo, U., AwA lrp Pathol. Pharmakol., 248, 470

*Qllietk, ¥, W., J, dgrie. Food Chem., 18, 208 (1088),

Y Bohwabe, U., Arzneimitlel- Forach,, 14, 1285 (1084),

1 Peaknll, D. B., Nature, 508 (1987).

1* Welch, R. 3L, Lavin, W., and Connoy, A. H., Toxieol 4ppl. Pharmeed. (in

press).
o llll«;uln;l.. Cecll, ¥. 0., Harels, 8. J., and Frles, G, F., Sefence, 162, 373

" Ratclile, D, A., Brit. Birds,'51, 23 (1958).

** Ratelime, D. A., Bird Study, 10, 80 (1963).

© Rateliffe, D. A., Bird Study, 18, 88 (1005),

* Ratclffe, D. A.. Bird Study, 14, 218 (1047),

- lelry. J. 1., Frrtrrlvll Faleon Pbﬂllllﬂmu Their Niology end Decline
(University of Wiiconsin Press, In Uie press).

* Jtesbs, F. I.., Condor, 882, 143 (1000),

- Cull. T. 3.5White, C./M., and Haugh,"J." R.XCondor,’ 70,170 (1948).
Tnderson, J. 1., and Berger (D.1D. [Condor,170,1149 (1008).

"Jennn, e Sei., 82,612 (1040).

-4

"ll?llls‘f-, D. C., Simmons, J. H., and Tatton, J. 0'C., Naturs, 218, 227

7).

# Etro, F., Revenue,”A., and Bockinan, H., Duil. Environ. Cont. Torice.,
372 (1907).

® White, C. M., Auk, 38, 179 (1908),

¥ Jeffories, D. J., and Fresit, 1., Brit. Birds, 89, 49 (1008).

- Ahhln.)ﬂlehhln. Endrin (A Status Report) (The Shell Chemlcal Company.

* Riscbrough, . W., Hugget, R. J., Gsifin, J. J., and Goldberg, EID.,
Sciens, 189, "128% {1908).
* Teeh. Dull. PL-300 (Monsanto Chemical Company).
* Holdes, A. V., and Marsden, K., Nature, 210, 1274 (1967), )
owkr . - Porta, T V:hlnm)l. ALW., sod Xhempao, T
. 8.

. Wildl. Management, 37, 221 (3067},

W, J. "flll Mllll'mul 19, 36 (1088),
Thayer, GJIL., Dird Lors, 8, 47 (3004),

The spacing of the five annular mountaln rings around Mare Orientale
fits a dispersion curve for gravity waves on a 50 km “liquid™ layer
overlying a rigid basement.

planetesitmals, was first brought to my attontion by
R. B. Baldwin (personal conumumication).  Baldwin
points out that in several caxes (including the gunt
Mare Imbriim) two or morv rings cun bo muido ouwt
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