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La.J.;.e Superior lS uninfluen::ed by man relative to the 10'./2r 

Great Lakes but despite this, concentrations of l:::ersistent 

onjanochlorine substances 2-:-, fishes are near actionable levels by 

one or 2.not.hr::r of the j1.lr':"s:':i.ctions. Kllov.n local sources are 

consi:3ered sr.>a.ll for T-,'Je.:::: C(Y"EDLl!l(]S relative to t,'1e indicated 

A re:infall sampling .;roJD3JTI for organic substances \t;as 

WldertCL~en for tlHO "op:::n-lake" sites during 1983. Triplicate 

sawples y/2re collecte0 fro:1 Cari1::::ou Island. in CaIlada a.lld fron 

Isle r<oyale National p-dIk in the U. S. Concentrations observed 

ran9ed fro;] an allnual average of 17.4 ng/L for alpha-SHC to 0.075 

ns/ L f::x H::::B. Eased UJ..:0n tJ'2se o::Jncentrations, annual loading s of 

the identified chemicals were estiJl1ated. These ranged frUll E:S0 

calculated. to inpJt 330 kr:l/ annum. The w~st side of the lake 
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In 1983, sampling for Ol.-ganl.C sul:)stances in rainfall vloiS 

t:m::JerG-:;k(2D at twa, ~r:-lake loc3tions at OF?Jsite ends of L3.ke 

superior Isle Royale and ~dTibou Island. Triplicate samples 

22 Ii tres 'r.;c;re cnllected for each time period 

(approximately six heekE) ,'-'IK1 these were analysed for alFha-BHC, 

mctJJoxychlor, PCBs aDD H:B. 

and toxaphene 'w-ere als:> investiga"ced but were not found in any of 

the scInples. 

(bilceDtrations of L~ese o::..."'T!?JUlrlS ranged fr-em 65 ng/L to 

0.01 TY]/L. '1ne east side of the lake received CDnsiderably lov,'2r 

CDncen'G~.3t"ions .in rainfall (en average rDU3hly 65% less) end tll.e 

levels of nast of the observed substances 'w-ere higher at both 

locatiu-~ in ~,e S?rL~g/early s~nmer. Estimates of direct 

loadings t.o the la..~e ,..,-ere JIBde using 

COtlcentr a tic"'lS • 

Ke'.f",Qras: I.aJ:e Sq>:::rior, raL~, pzecipit.aticn, tDxaphene, E'"iC, 

PCB, r.2t:'lClxyG.~lor, o:cganochlorine, pesticide, loading, atITos0rere 



Intr03 u::tion 

'I'he presence of toxic orgaI1.ic su.bstar,r.2:es L'1 the atR.'Jsphere 

has been "","911 do::::1JTlEnted (eg. P.arvey ann SV",inhauer , 1974 i 

BP.J1<jt.sa1 a.'1.d Sodergren, 1974; Nisbet ao,d sarofLrn, 1972). In the 

Great Lakes reg-ic:n, the Canada-U.S. Great Lr'lkes V;ater Q'~ruity 

.r,greement (1978) calls for "the ITDre accurate o=:finit.ion of w-et 

Advisory Beard of the L,te:cn;:'J:tiorl.al Joint O::.r.mission revievro 

this subje:...-t as it related to the Great L3J.:es (5:c!'B, 1979 and 

1980) and "ade strong reccmns.'ldatio:1.s to the effect th:::t c.gencies 

of the t\'.v s=>vE:..."T<l',ents srould investigate t.he role of this rreJ.ium 

1..11 the lc:"1c.i...:l'g of t,:JXic orga.'1ic sl.·,bstances to this ecosystem. In 

1982, t]1E::Y :ce-i-tel:a'ted this F;\_:cnrne .. '1daticn and C311ed for 

addi tional research to identify indicators of such p:>ll utian 

(S?ill, 1982). 

':Ole IT,2ch.3.nism of transfer of such IT'aterial to surface 'Waters 

.iJX 1 Lrlir19 the Great k}:es is p:xxly 

theoreticc.1 'ii:xlels exist to estimate t::ne vap::mr-phase and 

particulate c!:yfall tansfer of che:nica1s to \.l3ter (Slirm et al., 

1978i Snith et al. , 1981; \·:Olf£ ar;d \.=J1 der P.f2ijde, 1982; V"!-ckay 

and Yeun I 1981), they ffive not been "lH2ll-establish2d !TBinly 

ber'--ause of the F3ucity of reE2b1e verifiu:=,tian C3ta. For 

CJ1centr2:ticns of organics severely hinder IT,e oetenflin3'cicn of 

the ir v;= s h:::rut .... 
raLlOS • It lS cnly reo-2lltly t.hat reliable field 

data for ram and Sl.!.....---W have eeer; collecte(l for tile Great Lakes 
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Huneault, 1979) a..rx1 l.D lTOst o~, thes'~-I stud.ies, the feeDS r2.S 

largel y been en the FCBs. Estimates using such data (SAB 

1980; Eisenreich et al., 1981) rave indica~ tnat 

th::lL1.sar..dS "of kilOjTa.'1ls of many of these mateL-Lals ere entering 

each lake 2:.rmually and that the atr.nsp.'k:re is n::7,,; CXJnc2j,2d, to b2 

the l~3.jor source of such CDntanination, at least fur the 

S0..:Jrt p!:?ricds and the st . .atis·tical tase r.as not ";:::c:cn sui table for 

w..e d::::veloF-rnent of reliable estimates fur anmJc..l loadi..Dg s. 

A pejrticular problem csscciated. wi ill Lake S~--lior a..Dd toxic 

orgonic substa..r1C2S in rainfall ~has teen the group of CC11[Ou:-ds 

called toxaphene. 'I'his pesticide, like the FCB' s with Which they 

ha.·Ye CXl.Trral anal}rt.ical difficulties, is a colle.....~ion of nearly 

200 c:nnfO\.Jnds £DDlled by the chlori.nation of camflie..'1e. Tney 1;2.ve 

b2c--I1 widely folIDd in fishes fran the lake (v,QB, 1984) ard up 

until n~cell.tl y, the-y v'ere exterlsively used in t.1J.e soifc..heast U.S. 

in aerial spray pro:r.cams (Sei.ber et al' l 1979). There is r.o 1T'...cr...n 

use of these materials withi..l"1 the system, 2S'r:]. hence at ... JTI.:::>spheric 

transpxt is indic3.ted.. They ha.ve also b2en found 1Il fish -;=-rem 

._,....., .----~-.~ 
_ C. _':::;\,,, -:.:....... ~ l.... 

in air and rain of t..1J.e T :=<ke Michigcu'"1 arri R:rrG."l. c.re:=..s - at <5.5 
3 

ng/m and 7.3 - 108.3 r8/L resl~tively. Levels for Lake Superior 

have not been refDr-t.ed 211 t."hough tiley might be eXl-~ted to be 
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similar • 

These consideraticns - the need for rrore precise estimates 

of the loading s and the question of toxaphene in t.."'rje Sjst.sn 

lE-'"C1 to the study refOrted r£re. Open-lake sites were selected to 

rrore accUrately reflect precipitation en the lake as a .... oole 

although c"l..ata '.<JC.."..1ld &....q;m to indicate that there ~s little 

difference «15%) in the vole:-;,2 of the preciflitation (Jc::nes (' .. rxl 

~-erecli th, 1972) b3b",'?~ C:-l--sl,o:ce 2nd off-s1"Dre sites. 

Ex rer irn ".:11 tdl 
-.--~------.--

~":'Jmple Collection 

'I1rree rain samplers ~re installed at each of n..o "oPOJl-

lake" locations in the Lake Sl1l."Y"Jior area; their locations are 

s.ht::Jy,.n in Fig ure I. Isle Fbyale (Matt Island) is a U.S. National 

Park and has been so since 1946. It re~ in a relatively 

pristine st.at.e approximately 45 km w'est of mainland U.S. and 50 

};:m s:)u-:::.h of Thunder Bay, Oillada; 

~co the S:)lJi::.he2,st of the lrain islapn arx1 serves c.s the park 

1123.dquarl:.ers. Coribou Island lies in t.."'rje eastern p3It. of the 

lake dJ::Dut l2i0 }.;m '..'<,est of t:he C-::_!Bdian mainlard.. It se::ves as a 

fncnned lighthouse staticn for t.."'rje Canadian CDast Guard. At lx:rth 

sites, cleared. areas around the samplers ~re sufficient to allow 

teoJ.l cbstrL'2tion. 

T.,e rai.,') collE:-'2T...ors ra.ve tse..r1 previously describ::-d (Strachan 
2 

a.rrl t1\.YJeault, 1984). .toCD c::nsists of 2.. 13.2 m t:.eflco c::::B.t.e:J. 

furmel with a lid 'r.mch 0'.te.r1s only during rainfall and a teflon 

col um contain~~ XAD-2 resin. Vol unes collected W2re de::'ermil'1ed 
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..cccm the fUfl.nel area and the precioitation lTl&::sured with a 
• I 

tippL"'l9 bucket rain gLBge whic.'1 \<laS cUso installed (rott Islan:J) 

or available (Caribou Islarrl) at eaeh locat.ion. Tne CDll ... ""1lfl.5 wsre 

removed periodically (t.'ie goal v.;as 100 rrm raL'l.fall) and capp2d 

wit..'1 teflon caps. Tne three colL.."T'J1S thus sealed were sent Vla 

regular rrail and, li1 all cases, \...;2re received at the latoratory 

full of hdter and in excellent condition. Replaee~ent colunns 

The samples were raroved fran the (:(")1 c,T.nS 2nd prC'J'ided to 

the ar.al yst along vith resin blaIL'-<:.s 2.-'ld II :;::piked" resin samples 

- all in a ra.ndcmly nutbered order. In all cases. the samples 

were processed within b..o weeks of receipt. 

'I'he Xfl·.D-2 resin a,'1d resiclt .. Bl rainW3ter w-ere drained in 30 an 

x 1. 5 em gless colums and ex.tracted ',,,rith 200 ml of cliethyl e'-Lher 

after equilibraticI1 wi.th tllat solve:.lt. ':Gte e-ther w~s dried by 

passage tJL:cough a 7 - 8 an coll.l-nn of Na s:J (previously fired j.n 

2 4 
a muffle :furnace) and red1.z:::ed to 1 - 2 rnL. 'The extract ",'3.S 

clealled 2nd £ractio:!ated by passing it thl--CUg1-1 a 10 an CDl unn of 

deactivated silica g-el ",ihieh tad be=...n pre-equilibrated. with 

hexane; elution vas .. lith 60 mL hexa..'le 2J-rl with S-J mL benzene. 

P.nal ysis \-;lCiS en a 30 m x 0.25 rrm SES4 
o 

cc.lJillary oolUl1I1 ~~ating u:1der a t.empe::ature prcgrarrme of: 80 C 
0100 a 

for 2 min., 8 C/min. to 160 C then 4 C/min. to 260 C after ""hieh 

t..c'1e tenp2rc:':.ure \0.2.5 1-'.eld for 8 minutes. Splitless rro:5.e injection 
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'WaS Employed and deL~ioo was v.i th an electron capt-nre detector. 

P,~1 sal11ples ",-ere processed in batches of six tcgether with 

separate organochlorine and PCB/toxaphene stc..:,d.ards. ():::r'~ssicnal 

S<1'11ples \-;ere run on a Fil"1..rUgan 4500 GC/M3 1..:5:"'119 a similar colum 

an::] tEmf2rature prcgram with detection in the ne::Jative ion rrode. 

Quali ty Control 

Blank s21nples \,,~·ce process.:;:]. en v/,o u::casicns (e3.ch tL-ne l.D 

t:riplica.te 2S \;Ji til t.he :LC1.in S-:31n;?les); th2se s:::lnples corresfODded 

ru-K: ',;;as cbS2.!.. ... Ved en roth occasions .- at 9.2 (+ /- 5. \3 s.d.) and at 

1. 5 ( + / - 0. 5 s.d.) ns/ :::-3ffiple • B::rth of tl:ese levels v."2re \<'";;11 

G-elaw the levels cbs'~ved \..Q. th any sample (lo"est fOtlnd ,,,;as 73. 

ng in the p,.pril 21-i':.ay 22 sample fran Caritx::>u Is.). PCB's were 

cbserved at 38.5 (+/- 18.4 s.d.) ng/S:=<JTlple cnly in t..he first 

fi rst eatch of Xl'.D-2 co}:-resp:md'2d to samples up to July and these 

gerleral1 y ax}'\- r< j ned \;;211 2J:::-.::,vec},2 Cbsel.\ls1 background level. ID 

Triplicate resin samples were spiked. a·t realistic lev215 

using s2vaal of D'1e invest.igate:.cJ .<::arnpIes; 

1 - "'1 ,-,-.ror c:.....!....'-.. _ _ :j 

recoveries o..'1-:J. 

S':i<'l1 pI e s • The precisic"-S c::>t2.ined, !..-urn in the la}::.:):,:c.tory c...n.d 

1984) ; reC)veries 

[ata pres~.nted ill the blance 
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of this refOl.'"t are uncorrectEd for these recoveries and D'1e.refore 

represent mi'limL."1l concentrat~iG.·<lS a.'"1d loadings for the rc.in. 

pesults 

A total of three &='JDPles ':.'ere (Dlletted. fur the Isle Fbynle 

site covering the p::ricd l'la.y 19, 1983 to Cc'c.cber 15, 1983. 'l."1is 

o::)'cTesp:;nded to the p::xk ::-::",::::.;cn during 'tihich time p2rsonnel ,,;ere 

aV;'1 i1able to operate tJ-;o""-:.{lJif,,:::nt. At Carit:ou I s12m I the 

liJjhChouse lC<3.tion \'lKiS ,=-~>::;n fr071 April 21, 1983 to £-.bveTiber 22, 

Resul ts for these sample 

oresented ... in Table 2 (I~;le nr",C! 1 e) r<.~.1 '-- alld T"able 3 

(Caribou Island). p~so illClLrl-ed in -thb2 tables are the st.an:iard 

deviatia.'1.S for the triplicate SCJnples c-011e-c'-02d. 

A mliTber of o:::mpurrls 'were lookL...::.d for but PDt found. 'These 

wl2re (det_ection levels in ng/E'3lTlple): o,p'-DDT (0.4), 3lp..a- and 

garn-na-chlo:cu3rie (1.0 each), rnirex ((3.4) and toxaphene (5.0/50.0). 

The minimurn ce-te-..:::table G:::.:~centrations to v.~l.ich these levels 

In ge.lJeral , 

except for toxaph::one, these corresp:x);(Jed to q::>prm::i--rately 0.05 

ng/L. 100.12 of 1:1.2 prec2eCling c::::rnp:>.x'::1S v,-ere fouT.Q in any of the 

oetec:Ted) is si.ven in Tables 2 a;JO 3. 

July 2-0CtCb.2T 15; the s",3.0 ng/S3l:1ple limit in oth2r samples ,,,,;:'is 

dLe to lc.:cge arrourrts of interferr:s,g lT3te:cial callect.ed at the 

~>3T\e ti'TIe and presently cnidentified. Even",'i th t.."lje higher 
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quaJ1tification level, the CDnce:1trations that ;.,'~uld rave been 

detected were approximately 3 rr.::l!L~ 'Nith fr,e 10'~,':"!r liIP.it, WE 

detectable c-.:>ncentraticn was 0.2 ng!L. As wi th the ether 

unobserved substances mentioned, no -toxaphene 'WCiS noted -in 2J1Y 

~-ample despite the fact that it \>.-ClS rean; ly determined in spikej 

reslIl material ...mch ,,;as aD.alysed in the same retches. 

Examination of c:ccasic.'"1al ::;~mples o:>ncen+-rated to approxirrBtely 

0.1 TIlL (instead of the usual 1.0iTlL) tcs.L'lg negative ion OC/t£ also 

failed to detect these o:::mp:!1.:rnds. 

o:nsideD2rl in -the light of the \"id?-l y h:,;ld view (SAB, 

1982: 1984) t}-,at this cr,mm of sLl0si:.ances arrives 
-- . 

in this LJ~e via atfiospi-l,~ric trans fOrt. It is difficult tn 

c:::nceive of such ma.terials being present. in the air and rDt being 

scrubbed out in the rain; nevertheless, this is the conclusion to 

"be drawn fran the preceeding evidence tnless the atrrospheric 

route is not involved. It ShDuld be rrA-ed t..hat the sarne analyst 

is also TI- '''fGDsible for 1l\1.}ch of t11.2 Car13.dian Q'1.ta on toxaphene in. 

1924) • 

'l11e~e are s-2veral asp2-..~S of t.he c.::ct.a .fran Tables 2 c.nd 3 

ITi 2t.rDxyc1' IDr and PCB' 5 a:::cured. at substantial levels in all 

de·cec::.iG..i limits. OCher o::;mroill1ds fotrld at ooncentratiuls closer 

to their limits (0.2 - 1 r8/s~Tlple) v.ere less 
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and significant levels. 

'fue rollection pericd for the SGJTIples corresp::>nded - to the 

pericXi when the bulk of the wetfal1 occured on this lake. For 

the period 1951-1980, an illT1LJ.al average of 805 r;m of 

precipitatic.."1 fell en two nearby LoX.e SUr=.-erior shore sites (AF'...5, 

1983) of which 72% or 530 rrrn \','2.5 lClin;similar data exist 

else",here in t..~e li·i:_~::::C'3.t.ure (GLOC, 1975j O'O::>;"Dor a,'ld Hueller, 

1970; ,JC.~les and t}::::cf'.iJith, 1972) aJ:d OJlleL~ivsly indicate an 

cnnua~ va.riabili ty of "'IJFCOXi'Tl2:.te1 y 20%. Tr~ average sr~~elt 

p0rie) was 28% of t.r.e t.ot.?tl precipit.ation for 1951-1900 (lES, 

1983) and a similar prOfortion is cssurned for the two sample 

sites. studies rave indicated t.'l.at o:::>rlcentrations of these 

O::::;llfDunds in this rrclium are approxiJ.ately 10% of the levels 111 

rainfa 11 (Strachan et al., 1980) ; PCBs are an exception where 

ccmp?c.l::-able levels are pcob?,':)le. 

The vclGDe v-.=:igh'ced concentra'cions of t.hese sui=,stcu'lC2S in 

lCBdings which 'Lney represent and previous atlTospheric 1c':\ding 

estimates ,,;hich rave been developed for this lake (S:;S Appen,jix, 

previously estirnate::3., nD3t of the:n (xll'-Siderably so. They may be 

in the 4 - 6 years c-==t~n L1:.e ecElier collections and tnc.JSe of 

this study but t...1-Us -txen.d is fc.r Jem t-=:ir:-g established.. It is 
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also noted. t..1Jat these loadings inclwe ally a roLYjh estimate of 

the concributior1s frem SDC:'J\I,'fall although these are gerlerally less 

t..r.an the variability in annual precipitation' and errors are 

therefore likely to be small. 

I.Dadings via crJ1er input routes are also difficult to 

quantify. Toe refOrt of G'1e Upper Lakes Reference Group (ULffi I 

1977) attenpted. to quaJltify inputs £ran tributaries (Yhlch 

F2:-esLnf0-.-bly ; Delude g:;me a'bTDspheric contributions) and fran 

direct mmicipal and indL's-u.-ial clisc11arges. Gata ~~re presented 

(Xl~y for PCBs 2nd "pesticides" with the largest loadings L"2ing 

via thetribifL-aYies (>99%). For PCBs, a l..akewide loading of lBoo 

kg/ annum \0,8.5 rDted while for t..he p2sticides, t11e value was 1100 

kg/ annum. Eisenreich et al. (1981) calculated 1400 kg PCBs/ annun 

for t..t,e same sources. again mainly via me tributaries. 

also reported to+"l atJTOspt1eric estimations for several of the 

Lrdivid\.Bl ccmp::n.JDd.s investigated in this study. The differences 

b2tw"2en the data in -Ll-Bt study and that in s..n.J3, Appendix (1980) 

give the results note::3. under D::yfall Ll"1 'l'able 4. 

It is cOl".sidered in -Lrus st,t.:dy that the figures in Table 4 

represent statistic~lly more significant locdLng estLuates than 

have previc\.:.Sly been availc~ble. ALTOSp'1eric ~~tfall loadings 

identifie::3. 

which is estimat,ed as being at least as great as -L'he CDntributicn 

A s...=ccnd 25F-?Ct of b'le data which can be examL'led is the 
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differences betw"2"S:D t~"e U;:) sites. 

for the middle three samples from Carilx>u (T-able 2) shc;r,,.;s that 

they CDrresfOnd very clos-ely to L'-le cates of the - s-aInples 

CDllected from Isle Foyale (trable 1). CcrnfBYison of the results, 

is c::o."l.Sider~l to be valid in evaluating the 

differences at the u..o er.ds of L'1e lake - a distance of scme 250 

kIn. Eoth lor-aticns may te c::msicered "open-lake" with the rrajor 

diffc:cences presum2d to m:] . .8e f:cem the fact t.hat the prevailing 

air WlVE71v:,nt 5.5 ';lest tD C::l.st .• 

lo..-.:ations G3-l.'"l be rnade, there 'hsre s~~gnif:Lc3...nt differences t:et,.;::.2::1 

the data sets. All data fur H2B, endrin, DOE and one set fur FQ3s 

did rot meet a p<0.1 criterion for significance and for HCB, 

errlrin and IDE, the va~ DeS :D8r Ccritou Island were low and ne..ar 

their detection limits. Examination of the di)::-ection of tJ-:()se 

differences 'Which were significant (14 cases) shJW~ t...rcat, except 

for ene WI' and c,;e rr:-·::t .. hoxycJ.l..lor set, earitou Island received 

10\-.€r CDncentratin • ..s of cdl c~m[",'..:Ti:l.s i..'1 it.s raL'1fal1. This 

rec1u:::tio..'"l W3.S an a:.,;erage of 65% (range 25 - 90%) al thoLY:3h the 

fig UJ::"es w::;re r-;O[_ cC""!SiSt2D"t for t.he different co:nEDl.1...rDs. TDe 

since cunparable CfIOmts of :rain fell at the twD lc-:::atiCl0.s 

tlr3TIselves and the DL.uOer of e'VE'11ts ",!CiS even slightly rcigr2r at 

Cctritxm Island. Isle Foyale v-al1..12s r"e:.y also h=:we been higher dU2 

to o::)ntri'outions :E:-con p2...I ;....iculate rratter in the rain si:ce this 
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location is closer cb"J[1wi"ld :Er:X:l the larD JT0..3S tll2I1 is Dri1:Du 

Islcnd.. 

Finally, the data can be lcx::k~ at ITCT.\ a seasc.nal p::lint of 

during the pericx:l t1ay 22-July 10; 

c~:nples • 

distjnct F",~tb?-l.ll of cDncentratic.,s in tIle rain. The pattern of 

elevated springtime levels may be the result of increase::l usage 

of pesticides and their rele2se to the abrosphere (globally, 

cxntinentally and locally) durL"'19 t .. 1Je spring and early sumner 

m::nt...1ts although th.is explanation 'hould rot. serve fur PCB IS. 

DivisiO:l here at N. W. R. 

Q21ity Progr2m. 
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Table 1 : Precision c:r.d tr;::-cG'Veries for Rain Sa;T1pling. 

a-B..YC 
lindane 

Hept.Ep. 
Dieldrin 

EX'.drin 
W'-WE 
pp'-ror 
W'-DOD 

1bxapheoe 
t-1'ychlor 

PC'S's 
H:::B 

'I3b1e 2 

Ct:r.1fDund 

a-B..BC 
Lindane 

riept.Ep. 
Dieldrin 

EX'.drin 
pp'-DDE 
pp'-ror 
pp'-DJD 

M'yrJllor 
PCB's 

HCB 

Spike L"'Vel 
(ng) 

61 
26 
18 

31 

150 
51 

170 

HecG\/ ery 
(% ) 

46 
65 
78 

48 

73 
47 
44 

Precision 
(% r.s.d.) 

8 
9 
2 

30 

24 
14 
18 

~1ean Sampling 
Precision 
(% r.s.d.) 

20 
16 
25 
23 
30 
74 
53 
29 

31 
48 
54 

Rain Data fur Isle Royale, lAke Superior I 1983. 

Mean ValU2S are D3!L; nt.mOers in parentheses are percent 
relative srr:lrrlard deviatiorls for triplicate sarnples. 

Myl9-Jy2 Jir2~Se.P4 Sep4-OC15 

65. (21) 40. (15) 19. (ll ) 
16. (26) 8.2 (14) 4.6 (13 ) 
1.3 (28 ) 00* flo 4 (39 ) 

rrl 1.3 (32) 0.6 (27 ) 
nd nd 0.3 (43) 
nd 0.7 (95) nd 

0.1 (50) nd nd 
rrl --" 0.5 (50) flU 

7.4 (36 ) 1.5 ( 38) 1.3 (41) 
16. (28 ) 5.4 (62) 1.4 (53) 
0.1 (60) 0.01(100) rrl 

Rc~D (L) 17.6 17.1 34.5 
165. (mn) 84. 82. 

7: _ rnt detected. 



T"'oble 3 

2-B..YC 
Lindane 

Hept.Ep. 
Dieldrin 

Ehdrin 
W'-D;)E 
w'-LOr 
PP"'DDD 

H'ychlo:c 
PC3's 

BCB 

Ra.in(L) 
(nm) 

Rain [Bta for Caritau Island, Lake SUf:erior, 1983. 

t-1ean val ues in ng/L; nurrbers in parentheses are p2rcent 
relative standard deviations for triplicate &o:ITiples. 

Ap21-My22 

9.2 (16) 
4.2 (16) 
0.5 (21) 
0.7 (22) 

rod 
1.0 (53) 

rrl 
nd 

3.3 (26) 
-':8. (21) 

rrl 

7.9 
38. 

My 22-Jy10 

46. (3) 
12. (5) 
0.6 (10) 

rrl 
rrl 
r:d 

0.2 (20) 
nd 

4.1 (17) 
6.1 (S6) 
0.1 (12) 

25.3 
126. 

Jyl0-Sep5 

3.9 (75) 
1.6 (27) 
0.1 (40) 
0.3 (26) 

rrl 
0.02(75) 
0.2(1l0) 

rrl 
,0.4 (41) 
10.6 (50) 
0.02(69) 

33.6 
161. 

Sep 5-0::: 10 

5.8 ( 3) 
1.8 ( 9) 

rd* 
0.2 (25) 
0.00(16)# 

m 
0.2 (40) 
0.05(29)# 
2.6 (15) 
2.0 (75)# 
0.4 (28)# 

19.7 
94. 

4.6 (16) 
1.6 (14) 
0.1 (ll) 
0.3 ( 6) 

nd 
rrl 

0.1 (43) 
D, ~'3 ( 9) 
1.4 (35) 
2.1 (51) 

:xl 

21. 7 
104. 

* rot detected. 
# - duplicate samples cnly. 

Table 4 EstLcstes of Rainfall lOadings of Organics to Lake Superior 

\iolu,e Vleighted LLBdL'19 s via Previous Est:iJna"tes$ 
CCCl1fOLLd pa.in Cl,..-rJc'r.s* P-ain & 9"0 .. .(9 Rain ncyfall 

(DiJ/L) (kg/yr) (kg/yr) (kg/yr) 

a-BHe 17 .4 250. JJJG9. 2300. 
Lindane 5.9 230 330. 15600. 

H2pLEp. 0.,35 17. 
Dieldrin 0.56 28. 136. 410. 

Endrin 10.035# 4.2 

E -D:JE 0.12# 5.9 ) ( 
W'-ror 0.11 5.4 ) 17. ( 330. 250. 
pp'-DOD £:1.11# 5.4 ) ( 

I'.l ~ 1~~-J..or 2.4 l20. 5212'. 72~33 . 
'b:B IS 6.0 ~3G. 2QivJ. 7803. 

- .. .-.,...-, 
:..:, -: :..~ /:;, ? 7 130. 1-::·(7/00 .ll~~ -" 

'* - 113.1£ "G'f-Je de'tec'cicn limit vas LSed \;,';lere no cx:rnfOLmd \-as detected. 
@ - rain 580 ITm; s-onIT.e1t 225 TIm \'lith concentrat_ior1s per text; sillf:::ce 

area of lake 8210.3 1-;m2. 
$ - refer·ence SAB ~~?2f'dix, 1980, table 77 for rain and Eisenreich et 

al., 1981, t-ar,le 7 for toL-al. 
i-less U'21l1 ralf the s:=Iilples rep:xted this o::rufOund. 
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