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Dick,

In June this year a plan was developed with Bill Papageorge and others

to learn more about chlorinated dibenzofurans in our Aroclor products.

As a part of this plan it was decided that furans standards should be
prepared and analytical methodology developed for the detection of at
Jeast 0.1 ppm for each furan homolcg. Laboratory mixtures of monochloro-
through hexachlorodibenzofurans have been prepared and characterization
for homolog distribution is underway. Also, we have about one-man con-
tinuous effort on the method develecpment work.

As part of the plan it was decided that we should determine if Bayer has
carried out “in-house" work of this type. The attached June 16 memo
from Dave Wood to J. N. Haggart covers a reguest for this informaticn.

We have had noc reply to this correspondence to our knowledge. Any infor-
mation or assistance you can provide on this point will be appreciated.

During the past week a publication has appeared in the Titerature entitled
“ldentification of Chlorinated Dibenzofurans in American Folychlorinated
Biphenyls" by R. W. Risebrough et al. of the University of Califormia.

A copy of this paper is attached. It shows the identification of chlori-
nated dibenzofurans in our Aroclor products except Aroclor 1016. We are
now anxious to develop our own data for comparison with this publication.

Regards,

Bt &

R. E. Keller

5§ .
Attachments(2)
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John,

You will recall that Dutch researchers (Voss et al) found
furans in chlorinated biphenyla produced by Prodelec and
Bayer some four years ago.

Recently FDA has claimed to have detected these products
in Aroclor and we will possibly see increased publication
about these toxic contaminants develop.

It would be appropriate to estnblish a tcchnical dialogue
with Bayer if they have carried out "in house" work in this
area and Ralph lMuch will bLe writing to Dicit Baxter about
thio.

We necd to develop our own methods to determine if indeed
the chlorinated dibenzylfurans are present and what 13 the
potential hazard. I am asking Ralph to send copics to you
when he contacts Diclc in case there are any business
implications in establishing such a technical contact of
which we are not aware.
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W AT Lt Tt San
Franciseo, Thest condiions would lead to increased Iree
growih during the Tollnwmg growing seaseon (b, 4).

Antumn and winter chimuaie anomsly features, com.
hincd with spring chimate and the yesr-to-year autocgrrela-
tion ol areeering wrdths, prduce the other ring-width
snomaly featueres in Iig. 4 for ihe flollowing growing
season, Narrow ring widibs sowdh of San Francisco, for
exinple, imply helpw nonnad precipitation—an expected
fealure since winier precipitation in the Pucilic North-west
is necgutively  correlgted  with  wihier  precipitition i
soulhern Californin’.

The reconstructed vilues of alhucore caich disirihusion
dasa (Fig. 1) and inferred popidation distrilidion alwy stem
jo exhibit Jong derm changes over intervils of (U yr or
more, which suggest the possibitily Thid lung term Docivar
tinga in the ocean-atnphere syslem may he involved.

Fhe sacvess of the calibratiun of tree rings with ulhacore
caich wndicates the ponahility of relating tree-ring vana-
et (o any tyne of Mological sariatioas which are affected
hy large scale chiatic Huctuations Such relationahips may
be quantlicd aml wsed 10 reconstruct ohjectively other
ctinntlically-caused biolic varwtions in the pas.

athn i paal ot

N. E. Cianx
Navional Oceanie and Aimospheric Administration,
Nanonut Murine Fisheriey Service,
Suwthwest Fishierics Cenier,
La Jolla, Culilanl!.\'l.'ﬂ.l?

N T. J. Buasim
' IL C Friirs
Lobvearory of Trev-Ring Rescarch,
Liniresity of Arizona, Tovson, Arizpng 83721
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Oats may grow better in water
depleted tn oxygen 18 and deaterium

Winne growing 0308 a1 differomt Wonperatures s warer of
ditterent O and deutenium 1)) abundances, we naliced thay
OIS Brown an Antarcne water in swhich s depleied ne 0 4ol
Dhy —497 and 4007, relutive 10 stdard mean ovcan warer
(SMOW used us a4 compararne reference Iin ydrogen and
O ypen 1SOUIE studies, showed nnbial growth b= weeks suoncr
Vi b ot grown s water continang prearer O ol 1)
concentriathons, 1 he oots seemgd 1o gray Beiter iy waiyr wihagh
was most deplered in the stable satopes droughout the growrh
period.

The auis were grown from rhe sume batch of seils 14 Ino
sculed gluss-covercd gluss yars tapprovumasely 1001) Tawenry.
five oal scuds were added 10 eich Jar, contmiming the same
amount of vermiculite umd SO0 mib witier 10 wingle 5.0 ¢ Rapid-
Cirw, a commercisl fertilser, had been wdded. One jar continngd
nwdied glacadice from Live Andarcic wath iope cance st rat,ons
of - 49", 8O (SMOWYand 4007, 51X (SMOWY. The wier
jar contained distried ocam water wady  F 07 870 (SMOW)
and 4177, 81 (SMOW), Both jars were placed in the chaniber
al the same time,

The experimicnt was repeatesd 1irce Lines with rew margrialy:
onve the grow fhchumbrer was maintaincl between {7 amd 1 3 ¢
tiwe bedween 24 and 206 C: amd vnce \he 1anpergiure
fucivated hetween 1.7 and 266 “C. Luch tsme the 0401% in ibe
jar vontuning water deplieied in the ficavy isotopes showed
guerinination 1~ weehs carlive and seemed 1o grow better
throoghout Lhe growth period, 1than oats grown m distiled
e witler, )

Using oats prown it 15 'C, the first sign of germinatwonin thie
jar vontainmg water depheted in the heuvy notopes was 4 dafier
plaming, On the day 6, eight plants (0wt of 25) had atlaned 4
height of & cm. The firs) sign of germinanion i the jar wuh
watcr confatning 1he heavier ispiope vancendration, was alter
17 d. By 1he time five plands bad atiained o heghlofl 6 onvin this
Jire in Jhat wigh witer deplesed in e ivdopes, 33 plansy that
had seached e 1op of the jir tapproamuiciy 25 ci).

Rashulin' obseeved Uhat snow-watier depleted in 1) mordunes
the yield of cucuribers, radishes and spring wheat comiparcd
with comrols grana 1 undina ey wiler of umpectticd notopre
caniposinion. e crics expermienis on thie cgg prodoctsany of
hens and the weight gain of suehling pags. 10 both cases water
depieted in D was ¢speeiitlly ellicient i promoting produciovny,

Although much has been done on the eifect of D-cpriched
witler on biclogitl systens, we suggest that rescaich onothe
eiTect PRedepleted witr on plant and siimal growth may prose
frstfl. A major source of water depleted in ) by over 41807,
130 ) comparcd with SMOW i snow and ice from the Anrurgir
polir pluteau. Witter depleted by 150-1807,, is reiubity avintable
in the USA from Rochy Mountam snow preciplatng abow
10,600 feerelevativa. *

Jm DL Gurasos
frving Fodrbinaas
U Geological Surver,
Denver, Colorodo 86225

Reverrrd § ebrusry 10 avcepied June 3, 1975,
VR athgtin, Ko Prrambe (1S VR, S8 VT (0T,

Identification of chlorinated dibenzolurans
iss Aperican polychloriaated hiphenyls

Aimratisy of gmbevos bas cosmebued o the roprodaine
Ldures of severtt bard species, inctadmg 1he spartondineke
{0 apper miant of southern Scothand’, the shite e v
(Mo nevtns offvicdley of Schikeswag Tohacn?, aid e herrmg
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gulls (Larwt argcriann) of Lake Oniarin® Sutpecied ©. et
include p.p-DDE (2.2:biv4 p-chlorophenyl) |- dichlorcsthy.
ene), othwer chilurinated bhiocules andier Lherr dernvaures,
and the polychlorinaled biphenvia (PCUst, «H of which jre
prosent iy cpnlaminants in the eges'"t PCILE are prosent
fugh coucenurations in the hird poputations which suffer
embryone mortality”®. Oiher orgasochioning  compournmls
which may be present in food webs include the chiorinared
dibensodioving and the chlorinuted dibenrofurans (Fip, |9,
whieh are 1oxic (0 embryos in amounis? fesx than | ug. They
arc therefore among the Most 0ac swbstances known and are
nossible causes of the observed niortakily.

The chiorinated dibenzodioaing and chiorinated dibenzo-
furans, wowever, have proved exccedingly dillicuht to detcct
in envitonmesital sampies i0 the concentrations at which they
ate expecied 1o be cmibeyotoxic™ . The chiorinaicd diben-
zodioxins cuter the environnens as conlaminants in preparations
of the herbicide 2.4.5-T (refs 5 and i1 and the {ungicide
pentachlorophenud'™ Y. Chloninaicd ditenzofurans liave been
found in a FFrench {Phenoctor 121%6) and a German (Clophen
A60) PCR and were shown Lo be the actine embryot1oxic ngent
in these prepatahans®, The techoigues used, however, did not
detect chiorinated dibenzofurans in an Amercan PCD, Aroclor
1200. We report here Lthe presence of chiorinaied dibenzofurans
in AroCior J'CB, widely used in Noribh Anwrowa and Great
Britain, and in the same Acoclor 1260 preparation examined
previously with negative indings®.

Sampics of PCD examined include: Arocior 124R, 1254, and
I260 (19693; Aroclor 1254 (19700, Arocior 1016 (1972); and
the same three proparations siudicd by Vos of ol ® Araclor
1260, 1ot No. AK-); Clophen A«6D, lot Na. 91240, and
Pheneocior DP-6, lol nod speviiied. The {atier three PClis were
obtawwd from Dr Vas, the others from the Monsanio Company
in the vears iwivated iy parcni heses,

PC s extracied from cuviromamenial samypics moesi often huve
gas cheamatographic prodiles sumddar 1o those of PCH formala-
Hons conbuming approxumaicly 48, Sdoor 607 chlorine, In
the Aroclor selies, the former 1two PCHs are cquivakent
Araclor 1248 and Aroclor 1254, respectively. Aroclor 3260,
Chenuclor DP6, and Clophen AGD all conian spproximaiciy

%% chlorine,

Chiorinaied dibenzofurans were identified in ali Aroclor
prepacations oxcept Aroclor [H6, as well as in Clophen AGD
and Phenoclor D6, Aroclor 1016 is 8 PCU nuxiure conlaining

Flg. | Skeleal siruciures of: o, chlorinated biphenyt, 2+ v «-
§-10; b, chiohnaied dibersofurans, x+y = 1-¥; ¢, chiorinaied
dibenzodwoning, x+y = -8,

cl,
a,
a
0
a, cl,
b
0
1.
cl, c,
)

Nature Vol 358 Iy e tyts

Taple + Chiounaed wibensofioun (wineniranons® n ATacior
Clophen and Phenocior '
[Hai] 4-C'} 5.Ct 81 Tota
Arcelior 218 (1060 NSEMY 26 D%y k)
Arncior |54 |y G L6y Aty tddy 17
Arontor 1254 {9 Q2utlL O& Y naqun vy
Adogtor L2060 (o QU {U) Date} 0S5y 1o
Atoctor 1260 thgl, AKX 02025 0Xil%) Q. 11'R) o
Atyeior IDIG (1972) N1Y ND MDY —
Clophen A-6 14{17y SO{%91 22¢28) id
I"henoctor DIT-6 07(H PO Y9 114

*rapressed as g it PCY. Valugs in patentheses (Cpresetl quantity
B4 rerceniage toial vibensoluran.

N nol desecied ( <0000 pg g71)

Anmouwitts of 'CH tanging fiom 1.0 1o 20 g were dissnlved oo
400 mi hexane, placed on 3 Florisd volunsn (VRO g interna! yramerer
1.3 amn). and etutul with: an additionat L60G mi hevane, and
uccessive BUD nil volumes cacle of §%. icibiybciher-besare, 287,
dicthyb-cthee-hewane and aceiome, al 3 rate of approvmaiety T ongl
rn b Themapar poriion of the INCHw s elusedin the bevane fractimn,
whch was hwanted. On addiion of the §%, miature, e c.usics weie
collevted o six siwcvssine 400 mit voduines. To chaupate the polar
SOIVCHIS, EACH Cluate was evaporared twice just 1 dis hess and 1aaen
Hp each e in 2 minnal pount Gf hevane, Each fracunn in § mi
hevane, was placedl on 2 mucreatununa enlumn' anyg cluigd wap
Y0 mal eacle of ¥4 amt 20°, mcthy ke oioride 1a hovane [ lieve were
nlso Laken 1w e st Lo dryness and niade 10 up a solume i | ml in
hexane 10 chnwnate the peiyieie chlonde befvre g <himnare-
fraphic analysis. Abwuois al a3l fractions obiameg belvie amit aher
paritiomng Oa alanma were apechal mita 2 s finol glass codamin
contamning X2 OV on H-120 mesh Supeomrt v Tromor KT
and  Hewlerl- Pachard STOD gas chromatopraphs  conePped woh
BN cleviren-Camure detectors PUHs were (ouiml 1o 1 redsent in
cach feaction chitet front the Florisi eohuma m amovwis seilwiend
Lr pikerlere with ihe deteciion of tiace confantmams, Paibiiomng n
the alumina volunns weparated st of 1he PCI inigrfereme wio ihe
L*, methvieie chiornle frachone On cemosal ol they snicafeigine,
thiterent peab patleens gppearent 10 Ihe LhIoMALARIAMIS oo [he 217
meihylene chitoride frachions, Compnmnds ciuling 1n the 207 mcthy -
lene chingule fiacton were collecivd Tor mass spovtienlog analson
using 3 2001 ctlwnn spdidier, anmd & tragy convsuig of 3 caritlary e
(1 paty oternad dhamerer, TR WU foog) eas 0 3 L shape nneiwed
0 a ligquand nadrogcn hale, Metho bene cborde 1207, & uh) o heoane
was anpegind e the Capallary as 2 nnse, leman d woh 2 1Dl
nicropipeiie, and placed directly on the e Apectiomoier wobe
The peabe wavinaseried it 8 GLC AL MAWD high rosclinon mass
sprecironeier and vhe saltent setimail by ihe foree poorp The probe
was rapidly insciicd K0 the on source and muliple suang were
1ecorded in the on-hine Migh resclubion wmoge ™.

approximately 42*%; chignne and has replaced Aroclor 1242
in many applications, peincipally as the diekecirw ud in
capactiors’. Values reporied in Table | reprosent vhe total of
those compounds found in 400 ml Floawil (racuions 2-6 A
1olal of 10-12 womers was idennficd i cach PCH. Ywo chiorin.
aled dibentofuran consaminants have been reported for the
Clophen and Phenoclor previoustyv®; gur lirst anaiyses of the
Claphen revealed an additional ive cilornaicu dibonraforns®
The struciures contained fourto sivchlonne sioms. Oiher dibwn-
rofurins ik duding thase chlorimaned 1o a leser exent gy hase
been prescat in the st SOt e Lion but 1R wds Do Laemngd
in detail as it contained subsianual PCH micrierence Recenth
synthesised  2,3.7 Ketetras, 2047 Kpentar and 3.14.6.7%
heachlorodhibensofutan swere used 1o guantily (eya-. pente,
and hexachivrodibensofurans, respegtively. The foniee twa
authentie Stundands bad resentan tuney on e OV E colamm
the same as those of two dibensofurang solaied fronn the 'O

vos e ul* deiccicd no chlutmined dibensafurany an an
Arcclor 1260 preparatwan ai a detectwsn hibin o0 bop o
Fracvionantion and esantimation uf the sidendical Aavedhnr |20
iy our wndy conbirm twir Budmpgs hased oo the ~stied el
bt reseal the puesence of L1 chlnpmancd thbenrotane ety
picpufation, having 3 tobal concentiaion ol By g g " i
(Table 11 The sante workers abwt foand dicthy b orla e eveeat
of 1w Clophen AM snd Phoenodlur D010 by auichnwirg e
1 chick cbryes than dicthyd ctler exinacis vl Aragfor 470
Our study conliems those hadimgs on the basis ol Govnsnicd
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Fig, T a, Gas chromatogram of g fraction of Arocior 1254
continiig 8 mundure of chiorinuted biplicnvls, dibenrofuran,
and naphibuibenes. hieantes of peaks wie gosen an e Igar,
b, Mass spevirum of peak 2, a2 tetrachiorodibenzeluran,
-

ditenzofuran content: the identical Clophen and Phenactor
contain ¢l and 17 Lmes more 1wial chlorinated dibenzofurans,
respectively, than the Arocior 1260, :

A s chromatogram showing componenis derived from the
Arocine 1254 abiained in 1969 is represenicd m Fig, 2. The
cumponens were elyicd in the second 400 sl Florisil frugtion
and recovered from the alumina colimn 1n 202, methylene
chloride-henune. Euch of the numbered peaks was (rapped
as dewribed here, and jdenilicl by mass spectromelric
unalysis. A nominal mass plos of the high resolunon mass
spectrom of peuk 2 is shown in Fig. . The plot includes all
the wns with ciemental composnions runging (o the maximuni
empirical formula C i1, O¥CLYCL'YC,. The nelecular ion
clusier at nominal mie Yo4-310 fraginents by successive loswes
of Ci to yield 1the ions at m/e 269-273 and CO {0 rhe ions )
mje 241-245. A minor loss of C from the peuks at mie 269-275
#lsv octurs to yield the ions sl mle 134-218, foliowed by CO
eliinmnaiion 10 mje 206.210,

The group of peaks at mje 151-154 are 1he doubly charged
molecular ions. An kientical spectrum was obtained from an
uwhentic stundand of 2. 78-tetruchlorodibenzoluran. This
lusrer compound has 2 retention Lime identical 10 that of peuk
4. I'euk 2 is. Iherefore, a positional bomer. The accurale Ml
mesurenics for the churacierislic jons are within 2 p.p.m.
ol the cakeulaied exagt masses. Peaks identificd on thischromato.
prin sind their retention times relative to diekliein are as follows:
w mivure ohigiras and pentachiprobiphenyl (1 102); tetrachiorn-
debenrofuran (1.30); pentachlorabipbeny! (1.46); 1ierrachlorodis
tensofuran (157);  hevachioronanhibualene  (1.7%):  pente-
chtorolupbenyt  (1L.RG): - hexuchloronuphihilene {2.00); and
hentaviororaphthalene (3463, Au aliyuor  of cointined
fractions derived from uhwe same Aroclor 2354 way Hreated with
Wi 2anne oo bee sy whicrbier uny chlvrimited vrihg-iydroxy-
beohenyls  (pre-furansy were present. Gas ehensoographie
anabosis of 1he siomple before asd after trearnwor resulicd
wlcotioat chramiitograns '

A~ Large quantiues of PCHS have eatered the ginbal eaviron-
e ™ emiay e assunted that the contamaiant tibenzofurans

lo?

l"ﬂ have heen © -sed in proporiiona) wnrouns. Therr mr-
SigrncE, effucts, & - sigmlicance rentain 10 be Jerermury

lhc Thank J. A. Hurke, M. L. Porigr and b G vos for

discussions: A, &, Kunde Jor siandands of chberingied J

benzufurans; and B, C Walls for asssiance with (e mass

spafiicthetry. Tlhis work  was supporied by the Canad.ae

Wildlite Service, Nanooal Scames Foundaison, and NASA
GauaLp W, Disegs®

“EewaEt J. Muwvnoro
Canachian Wilihfe Serviee,

Tosic Chemicals Section,
Qrswa, Canada Kia 0113

Rernp R T, Sivowser
AL L. BunuinGame
Srace Sciences Laboratory,
Ustrersny of Cidifornia,
Biarbeley, California 94720

R. \WV. RistanouckH
Bubga Aarine Laboratory,

Uritncrsity of Califoruia, . :
Bodepa liay, Californiu 94921 '

Rerdied Vebrwary 1) aceepied Moy 10, FTL
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® Poginnat, R pid Mesghumn, M ovwrons tiod Pervie $. 3711 ([T,
W Phasghmian, H vkl Aescivnk M aude, § bome . [30, 9. )06 ¢19PT0,
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¥ Fomine, 12, Wray, ). Hsomn, N 1 R P oavd Demwe, I N,
B A V. amsdet € e (5 8390 ¢h9T],
e purars, A Lo, ard Hothe ). & 7 4o 109 pmadyr Chem,, 38, 1426 F4%Y £p971Y
SSBurhingenrt. A L. lun, W, Jud Mecrhgrorn, B V., Adr Aiastr Speree | b,
L LR ITRL ERL ART]
h ey, 1 Y und Saiafim, AL Pavees, MR8 Proa b 28T
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B Rwheiygh, M. W Keghe P Feabolt O B, HHerman, S G, s Mwren,
N Newwar, 1 00910 1),

Nacke breadth in Bryoeoa '

as v lest of competition theory :

CoswecTITion theory predicts that inlraspecific sml nter-
sprxdic competition should often have opposite ellects on
the me of resources by a popelation, the former mnreas-
Wy he latigr decreusing, the range of resource acivaily
o’ Field data supporting these predictions are wll
Smrwn for the inerspeoiflic caoe’" bag are warge for the
mtraeecitic condition, and we hawve been unable (o find
any reforence demonstfaiing hot clifecis witlen 8 sinply
seuws We therelore report here the verificanon of tain
el lions In respect nl competssean for space by the
cpirm hic BryOroan  Allevoradism harstitam loss exiensise
chatu wrpgpualing the some cfl ects wathin OLther bryozuuny are
ahe ®purted.

lapmspevitic compeliiion showmkd resslt in an increase in
1 znge of a resoarge spectrome wacd hy a species. a< i
et pupulation levels the odnamtsges fo any indodual of
tattrg at the competition.iree aprmum of 2 ceseore
grsacn) dre olvel by ihe infkeme meraspeciiic compernivn
fearrwd there (Frp Lu), this iv e “pncple of equal appre
v © o RMacArthur Tnterspeoie coimpetdion, i Uig
vihe rhand, shiould wnd fo rosinses B range of (he resositee
seevranyn anct hy a apecios, ay idividuais alviopung ta
cipleas marginal resources cannot do tu as cffcicntly as
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