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Organic Substances in thz Rainfall of lLake 3Superior: 1983. ’”*Ji”y’\e} # BE17
we Mo J. Strachan ‘
wironnentzl Contaminants Division -
National Water Research Institute
Canada Centre for Inland waters
Burlirgton, Ontario, Canada, L7R 4AG.
Lake Superior is uninfluenced by man relative to the lower
Great Lakes Dbut despite this, concentrations of persistent
organochlorine substances in fishes are near actionable levels by

one or another of the siictions. Known local sources are
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onslidered small for thezz oomrounds relative to the indicated

atizspheric inputs.

h

A rain

Y

all s=ampling Zrogram for organic substances was

wdertaken for two "open-lake" sites during 1983. Triplicate
sauples were collected fran Caribou Island in Canada and fram
Isle Royale National Park in the U. S. Concentrations ocoserved
ranged fram an annual average of 17.4 ng/L for alma-BHC to §.¢75
ng/L for HCB. Based upon these concentrations, annual loadings of
the 1dentified chemicals were estlmated. These rang=ad from 850

ko/aman for  alphs-BHC to 3.7 kg/annun  for HCB;  PCE

¢4}

woIe
calculated to input 330 kg/annum. The west side of the lake
received an averaje of twice the concentrations foud on the east

aryd  springtime rain conteined elevated levels relative to  other
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Cryanic Substances in the Rainfall of Iake Superior: 1983
- 4 A
W. M. J. Strachan
Envirarmental Contamiriants Division
Naticnal wWater Research Institute
Canada Centre for Inland Waters
Burlington, Cntario, Canada, L7R 426
Abstract
In 1983, sampling for organic substances in rainfall was
urdertzken at two, cpen-~lake locations at opposite ends of lake
Superior -~ Isle Royale and Caribou Island. Triplicate samples
averaging 22 litres were coollected for each time pericd
(approximately six wesks) and these were analysed for alpha-BHC,
lindane, heptachlor epoxide, dizldrin, endrin, DT residues,
methoxychlor, PCRs and HCB. 2lrha- and gamna-chlordane, mirex
and toxaphene were also investigated but were not found in any of
the samples.
ncentrations of these commurds ranged fram 65 ng/L to

#.01 ng/L. The east side of the lake received corsiderably lover

concentiations  in rainfall (on average roughly €5% less) and the
levels of nost of the cbsarved substances were higher at both

-

locations in the spring/early sumner. Estimates of direc
locadings to the lake were made using wolune  weighted

concentraticons. The highest was for alpha-BHC at 850 kg/znmm

and the lovest for BCB at 2.7 kg/ammun;  the losding estimzte for

Keywords: Iake Suserior, rain, rrxecipitaticn, toxaphens, EIC,

L

PCB, methoxychlor, crgancchlorine, pesticide, loading, atmosphere



Introduction

" The presence of toxic crganic substanzes in the atmosphere
has been w=ll d&ocumented (eg. Harvey and Steinhauver, 1974;
Bengtson and scdergren, 1974; NWisbet and Sarofim, 1972). In the
Great es regicn, the Canada~U.S. Great Iakes Water Quality
Pgresment (1978) calls for *the more accirate d=finiticn of wet
and dry deposition rates" of airborne poU utants. The Science
Pdvisory Board of the International Joint Comnission reviewed
this subject as it related to the Great Izkes (8B, 1979 and

1987) and made strong recommendaticns to the effect that agencies

®
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overrsnents should investigate the role of this msdium
in the lezding of toxic organic substances to this ecosystem. In
1832, they re-iterated this rasoommendation and called  for
additicnal research to identify indicators of such pollution
(saB, 1982).

The machanism of transfer of such material to surface waters
including the CGreat Iskes 1is  poorly uvnderstood. ¥hile
theoretical models exist to estimate the vapour-phase and
particulate A&ryfall transfer of chenicals to water (Slinn et al.,
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r Heijde, 1982; Mackay
and Yeun, 1©281), they have not been well-established mainly

because of the gpaucity of relisble verification data. For

apoerantly less zlidioach oxod dzta o the  vepsur-phzse
concentrations of organics seversly hinder the deterninaticn of
their woshout ratics. It is only recently that reliable field
data for rain and snow have been collected for the Great Ilakes

=gion (Farphy and Reeszutko, 1977; Swain, 1978 and Strachan and
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Huneault, 1979) and in nost of these, studies, he focus has

V]

largely bzen n the KBs. Estimates using suwch data (SaB
Apperdix, 1980; Eisenreich et al., 198l1) have indicatsd that
thousands of kilocgrams of many of these materials are entering

each lake ennually and that the atiosphere is row concsded to Le
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the  ajor souwrce of such oontamination, at

international upper Great lakes. To date, howsver, the data hav

m

been single valuss pertaining to single events or at best to
short pericds and the statistical bhase has not t=en suitable for
the desvelopmant of reliable estimates for annual loadings.

A particular problem associated with Iake Superior and toxic
organic substances in rainfall has bt=en the group of ocompowds
called toxaphene. This pesticide, like the BCB's with which they

cal difficulties, is a oollection of nearly
200 canpounds formed by the chlorination of camghene. They have
been widely found in fishes fram the lake (WQB, 1°924) axd uwp
until recently, they were extensively used in the southeast U.S.
in aerial spray progrems (Seiber et al., 1979). There is ro Inown
use of these materials within the system, and hence atmosgheric
trensport is indicated. They have also been found in fish Iram

Lzke GSiskiwit ca Isle Royale (W0OB, 1884) vhich has 1 known
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to the Great izkes. In thelr review, they report these compowurds

in air and rain of the Izke Michigan arnd Baowon arezs — atb  <5.5

3
ng/m and 7.3 - 168.3 ng/L respectively. levels for lake Superiar

have not Dbeen reported although they might be expected to be



similar.

r

These consideraticns — the need for more precise estimates

Hh

of the Iloadings and the question of toxaphene in the system —
led to the study reported here. Open-lake sites were selz-;-ct;ed to
more accurately reflect precipitation cn the lake as a whole
although data would seam to indicate that there 1is little

difference (<15%) in the volume of the precipitation (Jones and

Meredith, 1972) betwzen cn-slore and off-shore sites.

Ex }PIL'Rﬂital

cample Collecticn

Three rain samplers were installed at each of two "open—
lake" locaticns in the lake Superior area; their locaticns are
shown in Figure 1. Isle Royale (Mott Island) is a U.S. National
Park and has been so since 19246, It remains in a relatively
pristine state approximately 45 km west of mainland U.S. and 50
¥m south of Thunder Ray, Canada; Mott Islard s a small islard
to the southeast of the main island arnd serves as the park
headcuarters. Caribou Island lies in the eastern part of the
lake about 190 km west of the Cznadian mainlard. It serves as a
manned lighthouse staticn for the Canadian Coast Guard. At both
sites, cleared areas arouxd the samplers were sufficient to allow

m petwesn each Sampl and arest
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1 chstruection,
The rain collectors have been previously describzsd (Strachan
2
and Huneault, 1984). Fach coonsists of 2 3.2 m fteflon coated

funnel with a 1id vhich opens only during rainfall and a teflon

oolum containing ¥XAD-2 resin. Volunes collected were determined
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fran the funnel area and the precipitation measured with a
tipping bucket rain guage which was also installed {Mott Island)
or available (Caribou Islard) at each location.  The colums were
reoved pericdically (the goal was 180 mm rainfall) and capped
with tefion caps. The three colums thus sealed were sent via
regular mail and, in all cases, were received at the laboratory

full of water and in excellent condition. Replacement olums

wzre shippzd the same way.

rnalysis

The samples were rarwed from the colums and provided +to
the analyst along with resin blanks and "spiked" resin samples
— all in a randomly nutbered order. In all cases, the samples
were processed within two weeks of receipt.

The ¥AD-2 resin and residual rainwater were drained in 20 an
X 1.5 an glass colums and extracted with 200 ml of diethyl ether
after eguilibraticon with that sclvent. The ether was dried by
passage through a 7 - 8 an colum of Na 30 ({previously fired in

2 4
a muffle furnace) and redhzed to0 1 - 2 wl. The extract w=as

Fh

cleaned 2and fracticnated by passing it thrcugh a 10 an colum ©
deactivated silica gel which had been pre-egui 1lbrated with
hexane; elution was with &3 mL hexane and with 52 mL benzene.
Isc-cctane {1 L) v3s added to each fracticn and the fractions
cedused o 1.0 mL by a ocbinaticn of rotcsveporation and
nitrogen blowgown. 2nalysis wes g a 3 mx §.25 mm SESS
czpillary colum operating under a tempsrature programme of: 89 C
o o o} o

far 2 min., 8 C/min. to© 166 C then 4 C/min. to 266 C after which

the tenpereture was held for 8 minutes. Splitless mede injection



was euployed and detection was w;Lth an electron capture detector.

2ll samples were processed in bat_nes of six together with
sgparate organcchlorine and PCB/toxaphene standards. © Cccassional

samples were run cn a Finnigan 4568 GC/MS vsing a similar colum

and temperature program with detection in the negative ion nmode.

puality Control
Blank samples were processsd cn twd oocasicns (each time in
triplicate as with the rain samples); these szamples corresponded

~ 1

ches of the X2D-2 pwopared as described. Alha-
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BHC was cbhsarved on roth occasions - at 9.2 (+/- 5.0 s.d.) and at
1.5 (+/- 9.5 s.d.) ng/sample. Roth of thesz levels were will
telow the lezvels cbsarved with any sample {(lowest found was 73,
ng in the April 21-May 22 sample fram Caribou Is.). PCB's were
cbserved at 38.5 (+/- 18.4 s.d.) ng/sample cnly in the first
tatch and this conpares o a mean cdosarved level of 134.

ng/sample; “he low=st lavel found was 20. ng/sample. Further, the

st batch of XAD-2 corresponded to samples up to July and these

H\

generally contained well zbove the chserved background level. Xo

the blanks.

vzing ssveral of the investigated eamples; recoveries and

with the field samples were compareble o those dbtained during

trials of the szmpler {Strachzn and Hmeault, 1984); recoveries
were somevinat low2r, howsver. Data presented in the balance
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of this report are uncorrected for these recoveries and therefore
i

represent minimun concentraticns and lcadings for the rain.

Results
A total of three samples were collected for the Isle FPRoyale

site covering the pericd May 19, 1883 to Ootcer 15, 1983. This

corresponded o the park sioscon during which time personnel ware
available +to operate the zuuiprant. At Caribou Island, ithe
lighthouse location was opan  fram April 21, 1983 to Moverber 22,

1683 because of the shipping season. Results for these sample

'
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pericds ave present in Table 2 [Isle Royale) and Table 3
{Caribou Island). Also included in theszse tables are the standard
deviations for the triplicate samples collected.

A nurber of compounds were looked for but not found.  These
were {detection levels in ng/sample): o,p'-DDT (8.4), alpha- and
gamna-chlordane (1.0 each), mirex (@.4) and toxaphene (5.08/50.0).
The wminimum detectable ooncentrations to which these levels
correspond  vary with the volumes of rain sampled. In general,
except for toxaphzne, these correspowied ©0 epproximately @.65
ng/L. Kone of the precesding compourds were found in any of the

replicate samoles ror were compounds for which a "nd" (not

and 3.
5.6 rag/sample for szmples from

Caribtou diwing July 20-Septerier 5 and Iram Isle movele during

July 2-Octcber 15; the 59.0 rng/sanple limit in other samples was

=

dez  to large arounts of interferring material collected at the

came time and presently unidentified. Even with the higher
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quantification level, the ooncentrations that would have been
detected were approximately 3 rg/L; with “the lover limit, the
detectable ooncentration was 2.2 ng/L. As with the cther
wobserved  substances mentioned, ro toxaphene was noted in eny
sample despite the fact that it was readily determined in spike
resin material which was analysed in the same batches.
Eﬁaﬁinatim of cccasicnal zamples c;ncéntrated to eapproximately
0.1 mi. (instead of the usual 1.0mL) using negative ion QC/MS aleo
failed to detect these compounds. Thzse (bservaticns must b2
considered  in the light of the widely h=1d view (Z2B, 1280 and
1982; Rice and Evans, 1984) ithat this group of substances arrives
in this lake via atnospheric transport. It 1is difficult to
ccnceive of such materials being present in the air and not being
scrubbed out in the rain; neveftheless, this is the conclusion to
be drawn from the preceeding evidence unless the atmospheric
route is not involved. It should be noted that the same analyst
is also rozponsible for much of the Canadian data on toxaphene in

e

Izke Supsrior fishes —- data whidh are comparable to U.S. data

~

I
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Pz szme area (W2B, 1$24).
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There are scveral aspects of the ézta fram Tebles 2 and 3
wnicn can b2 evaluataed. Thz Sirst is the ooncentrations and
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methoxychlor and PXEB's occured at substantial levels in all
sznples, gaenerally well sbove the 1 - 5 ng/sample that were their
detection limits. ther compowunds fourxd at concentrations closer

to  their 1limits (@.2 - 1 ng/sample) were less £
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cbserved; nonethelecss, whare reported,’ those were pres;ent at real
arnd significant levels. |

The coollection pericd for the samples corl;esgnrﬁed -to  the
period wfnén the bulk of the wetfall occured on this lake. For
the peri 1951-1%803, an annua average of 835 nmm of
precipitaticn fell cn two nearby lake Superior shore sites (2ES,
1983) of which 72% or 580 mm vas rain; similar data exist
elsevhere in the litzrature (GLRC, 1975; O'Connor and lueller,

1879; Jones and  Meredith, 1972) and oollectively indicate an

y

annual variability of epproximately 20%. The average snownelt
fram the two lake perimetar sites {Thurnder Bay and Sault  Ste.
Marie) was 28% of the iotal precipitation for 1951-1980 (ZES,
1983) and a similar proportion is assumed for the two sample
sites. Studies have indicated that concentrations of these
compounds  in this medium are approximately 189% of the levels in
rainfall (Strachan et al., 1980); PCBs are an exception where
comparable levels are probable.,

N

The volune vzightad concentrations of these substances in

-

the rain is praesented in Table 4 itogether with the annual

loadings which they represent and previous atmospheric  leading

estimates wihich have been developad for this lake (SAB App=ndix,

o

viously estimated, most of then considerably so. They may

ue)
5
!

lower because the ooncentraticns in the atmosphere have decreased
in the 4 - & years between the earlier collecticns and those of

this study but this trend is far Zrom being established. It is
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also noted that these loadings include anly a rough estimate of
the concributicons fram snowfall although these are generally le;s
than the wvariability in annual precipitation and ' errors are
therefore likely to be small,

Icadings wvia other input routes are also difficult to
quantify. The report of the Upper lakes Reference Group (ULRG,
1577) attempted to quantify inputs from | tributaries (which
presunably include same atmospheric  contributions) and  fram
direct mmicipal and irdustrial discharges. Data were presented
aly for X Bs and “"pesticides" with the largest lcadings Deing
via the tributaries (»%3%). For PMBs, a lakewide lcading of 1860
kg/annum was noted while for the pesticides, the value was 11680
kg/annum. Eisenreich et al. (1981) calculated 1468 kg PCBs/annum
for the same sowrces, again mainly via the tributaries. They
alsoc reported totz2l atmospheric estimations for several of the
individwal compounds investigated in this study. The differences
between the data in that study and that in SAB, Appendix (19809)
give the results noted under [ryfall in Teble 4.

It is considered in this study that the figures in Table 4

represent statistically more significant icading estimates than

have previcusly been available. Atmospheric wetfall loadings

[erivionie)) reprecent  the major known inputs of  identified
ocomponds o Izhie Sunsrior other than BRs; the major TuIown

icading is probebly the dryfall (particulate and/cr vapour phase)
which is estimated 235 beoing at least as great as the contributicn

-

from wetfall,

A second aspect of the data which can b2 examined is  the
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differences betwesn the two sites, ‘ Examinaticn é)f the Gates
for the middle three samples fram Ca-ribou (Teble 2) shows that
they correspond very closely to the dates. of ' 2 - samples
collected from Isle Royale (Table 1). Compariscn of the results,

therefore, is considered

*

o Dbz wvalid in evaluating the

j

differences at the two ends of the lake - a distance of scme 250
km. Both locations may be considered "open#lake" with the major
differences presumed to arise from the fact that the prevailing
air movement is west to east.

Compariscns  wsing the Student t-Test showsd that  for
virtvally all of the instonces vhare comparisons between the ©0
looaticons can ke made, there ware significant differences betw=ar
the data sets. All data for HCB, endrin, DDE and cne set for PBCBs
did not meet a p<@d.1 ariterion for significance and for KR,
erdrin and IDE, the valuss for Caribou Island were low and near
their detection limits. Examination of the direction of those

differences which were significant (14 ses) showsd that, except

for oe DDT and one nmethoxychlor set, Caribou Island received
lower ooncentrations of all commwurds in ite rainfall. This

reduction was an average of 5% (rangs 25 - 90%) although the

ferent compourds. The

figures were ot consistent for the dif

since coonparable amowmnts of rain fell at the two lccations
thanselves and the nuher of svents was even slightly higher at

Caribou Island. Isle povale values may also have been higher duee

to contributions fram particulate matter in the rain since this



location is cleoser downwind from the land mess than is  Caribou

- I

Islard.

Finally, the data can be locked at fram a seascnal point of
view., The data fram Caribou Island in particular shiowad elevatsd
concentraticns  of the two BOC iscmers and of hepiachlor epoxide
during the pericd May 2-July 19; P.C‘B's were highest 1in the

Arxil 21-May 22 period. A similar although less  pronounczd

zattern was cbserved Zor the szmme compounds in the Isle EREogmle
somples. also increzsed  springtime

ooncentrations at  Isle oyele although the behaviowr was oot
apparent at Caribou Island. Cther coapouvnds did not have ey
dJSEJDC‘t patitern of concentraticns in the rain. The pattern of
elevated springtime levels maj e the result of increased usage
of pesticides and their releases to the atwmcsphere (globally,
continentally and locally) during the spring and early summer

months although this explanaticn would not serve for BCB's.,
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Table 1 : Precisicn arnd Pecoveries for Rain Sanpling.
i

T - - - = - - Pecoveries - = = = = = = Mean Sampling

Compound Spike level Recovery ' Precision Precision

{rg) (%) (3 r.s.q.) (3 r.s.a.)
a=-2Hac 61 46 8 B 20
lindane - 26 &5 9 16
Eept .Ep. 18 78 2 25
Dieldrin -_— —_ — 23
Endrin — —_— —_ 30
pp' -DDE 31 48 39 74
o' -LDT -— -~ — 53
' -DoD — —_— _ 29
Toxaphene 159 7 24 -
M'ychlor 51 47 14 31
XB's 173 44 18 48

Table 2 : Rain [ata for Isle Royale, Lake Superior, 1983.

Mean values are ng/L; nubers in parentheses are percent
relative standard deviaticns for triplicate samples.

Compound Myl19-Jy?2 Jy2~-5epd Sep4-~0Ocls
a~-RHC 65. (21) 4. (15) 19. (11)
Lindane 16. (26) 8.2 (14) 4.6 (13)
BEept .Ep. 1.3 (28) nd* 2.4 (39)
Dieldrin nd 1.3 (32) .6 (27)
Fndrin rd nd #.3 (43)
o' ~DDE nd g.7 (95) nd
o' ~DOT 7.1 (53) nd nd
po'~IDD nd nd 8.5 (50)
M'ychlor 7.4 (36) 1.5 (33) 1.3 (41)
PCR's 16. (28) 5.4 (&62) 1.4 (53)
BCB 3.1 {£3) .61(1608) nd -
r=in {1) 17.6 17.1 34.
{rmn) Q4. £2. 165.

* _ ot Getected,
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Teble 3 : Rain Tata for Caribou Island, Take Superior, 1983.

Mean values in ng/L; nutbers in parenthesss are parcant
relative standard deviations for triplicate samples.

Compound  Ap21-My22 My22-TJy19d Jy12—-5Sep5 Sep5-0cld Goil-No22
a-BHC 5.2 (16) 46. { 3) 3.3 {75) 5.8 ( 3) 4.6 (16)
Lindane 4.2 (16) 12. ( 5) 1.6 (27) 1.8 ( 9) 1.6 (14)
Hept .Ep. 2.5 (21) 2.6 (192) 2.1 (49) nd* .1 (11)
Dieldrin @.7 (22) nd 8.3 (26) 3.2 (25) z.3 ( 6)
Endrin rd rd nd B.02(16)% nd
' ~L0E 1.9 (53) nd @.22(75) nd rd
P’ =T rd @.2 (20) @.2(119) 3.2 (40) 2.1 (43)
PP’ DD rd rd nd .05(29)¢ 0.33( 9)
M'vehlor 3.3 (256) 4.1 (17) g.4 (41) 2.6 (15) 1.4 (35)
PCB's 48. (21) 6.1 {56) .6 (59) 2.8 (75)¢ 2.1 (51)
HCB nd 2.1 (12) 0.92(69) B.4 (28)# ~d
Rain(L) 7.9 26.3 33.6 19.7 21.7
(mn) 38. 126. 161. 94. 1054,

* — rot detected.
# - duplicate samples anly.

Teble 4 : Estimates of Rainfall Ioadings of Organics to Izke Superior
volure Weighted Ioadings via Previous Estimates$
Coonpowd Rain Oonc'ns* Rain & Showd Rain Diyfall
: (ng/L) (kg/yr) (xg/yr) (kg/yr)
a~BHC 17.4 253. 1890632, 23043,
Lindane 5.9 230 338. 15600.
Hept.Ep. 3.35 17. ——
Dieldrin B.25 28. 124, 410,
Endrin 7.035% 4.2
[: -IDE 5.12% 5.9 ) ( (
pp'-DDT g.11 5.4 ) 17. ( 330. ( 250
pp'~DOD B.11¢ 5.4 ) ( (
Miyailer 2.4 120 52¢ 7233,
w2's 6.0 3803. 26353, 78053 .
=13 Z.L05 3.7 120. =03,

* - half the destecticn limit was used where no coanpound was detected.

@ - rain 580 mm; snormelt 225 mm with concentrations per text; sarface
area of lake 82163 km2.

$ — reference SAR Apoendix, 1980, table 27 for rain and Fisenreich et
al., 1881, table 7 for total. '

$ - less than half the samples reported this compound.

25s
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