
Northwest Science Forum

*"orthtest Stient'a Forun pntitla: ut tLpportLt ih to orlicLllate antl disttrss sciettlilic issues it

o less structtrred Jbrnlot tha pe e r-reriev ed u rl icle s. The Rntm publis hes short orticles' ttp in'

iottpietes.uwllel ler.swithu.fotusonscienceandnatro-dl resoutce issuesinthe Paailk North-

west. Altlrugh lhe Forun is d pee r-t?\'iev (tl, it is edited Jbr.fttntlLtt .l1rd cldril. Arti(l(s

sho tl generallt be [ess th|n 2000 uonls ontl cont(ritt t]li innl litefttlLtrc t:itdtiols. L(tt(rs in

t(\po se to drt i( le\ ore pdrt i(ukul) en(ourogetl ; the origitut l  Ltt t thor v' i l l  norntt l l t  be git 'etta

thante to raspottd to the lctter a1.\ v ell. Therc ure no po,qe tlnrges or rcptirtt.s ussotitttctl witlt

the Rtrun, and purl i t ' ipants neetl  nol be netnbers of t l rc Nort l l r test Stienti f ic Atsrtci tLt iotr.

Pleuse send al l  subnissions, inclLtt l i r tg nLo hLtrd copies urul tut aledntnic r:opy (tr lat recenl

|ersiott oJWonl orWordPe(ett, Mat:ittlttslt or DOS), to the Editot

I  F. Pedersen, Profcssor Depaftrnent of Oceanog rap hy U n vers ty of Br t lsh Co urnb a, Vancouver B C VGT I Z4
Canada

A Comment on the Future Environmental Status of Coeur d'Alene Lake,
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Abstract
Coeur d Alcnc (CDA) Lrke s i t \  \onrc 80 knr dolrnsrrcarr  of  the tsunker Hi l l  lcrd / inc smeltef  conpler .  in no(hern ldrho.  a

sccnic|egionIhl l iScxpcr iencing|apidp0Pu]al i , i ]ngrowthAsa|eSuh. lhcrc is$meconcernaboul l . | r lureeu0phic l t l I ]undlh.
re1l tx[shipbclxeenthl t lnLl thclx lcofdisso| \edlnLlPaf icLt latcheav! ' l le t ]s intrLX]uccdtodle l t lke\ ia la|gcl .h j \ io i lc t ] in ing
rnd srrching rct i \ i t ies upslrcam. tsrsed oD reccr l  rcscarch.  the Uni ted Slalcs Ceologicr l  Suney (USCSI has concluded thr l
' 'most  of thcnctal \  in  rhe sedinlenl !  o iCl)A Lake afe rLssocir lcd $ i th i ron oxides.  B€crusc suchph.t ' ies e soLublc undcr anoxrc

co dirions. concern ha\ bccn expfes\ed thrt dcplclion ofoxr-ger lioln rh. dccp $'aters in the fulurc corld p.rmit the relerLse Io the

lake}. r tcr \of ls igni f ic lmI1iacl i0no1.! l remet l1scu|ren| l , ' . \cquesIeredh! ' thesedimcnl \ .a.dth isco
menrrl consequcnccs. I his ,iuggestiN h.r\ bcc. published in th. opc. scientific lrtefaturc rnd it appeafs to brve been acc.plcd

uncr i t icr I l r  hy an ur i ry 0
rLssoci l tcd wi lh rx ide\  i \  nor suppof lcd h_\ ' the drrr  col lcc lcd b!  LISGS perronnel .  which in\a l idales the exl f tpohlcd concern

lboul  nrei r l  fe lease.  A norc \cr io l rs envi fonment l l  in \ r l t  xould rppeur Lo bc oxygen deplet ion t , - r ' ! .  \ rh ich i \  l ike l !  io  occtu i1

i n c r c a \ e d | e \ i d e n t i l ] d c \ ' c l o p m e n t i \ . l 1 1 o $ e d b r c \ c r r e i h e d e c l i n e i n n U l i c n I i . p u t s l h l I h s o c c r l [ c d o \ c r t h e p l s t l 5 ! e [ s '

lntroduction mode of occurrencc of the netals, i.e. are thcy
adsorbed onto pa icle surflces or havc they been

Mining and smelting activit ies have been con- prccipitated in various discrcte nineral phrses thlt
ducted fi)r more thar a ce ntu ry in the watelshed tbrm as a rcsult of post-depositional chelrical re-
ofthe Cocur d'Alene River in northern Idaho. As actioDs? (A third option is that the enrichments
a result. the wrters ollCoeur d'Alene (CDA) Lake simply represent thc deposition of metal-rich par
harc for rnany years hosted lead and zinc con ticles that hale been c;ried to thc l lke by local
centrations rvell above naturl lc\els. Recent work ri lcrsl. Determination ofthc mode ofoccunence
b! the Unitcd States Ceological Survey (USGS) is furdanental to any attempt to predict thc po
has shorvn thal. in addition to thc water column, tential future behaviour of thc metals. For example,
the sedimcnts in tl 're south-centrul l lart ofthe lake b,v determining u'hether or not thc nlctals are
are relativcly enriched in a number ofmetals in- couplctl to cefi i,t in oxidc minerals or phases in
cludirg coppeq caclmium. lead. and zinc (Hororvitz the sedinents, it might be possible to tin ccast the
et al.. 1993). Chenrical cxtractions of the dcpos extent of rclcase or uptake under ccrlain water

its havc bcen made in an cflbn to determine thc quality scenarios lbr Coeur d'Alene Lake
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One of the principai conclusions offcrcd by
Horowitz et al. (1993) is rhar "most of rhe cn-
riched trace clcments...arc associated $ith an
operationrlly defined Fe (iron) oxide phase". lf
l uc. such an association repll]scnts a pool of metals
that could be released to the overlving lake rvater
should tuturc eutroplticalion cause thc oxygen
concentLation to be 1irll1' clcpleted in decp rva-
ters. Taken at lace value. this could have a lcm-
porary negatlve rmpacl on water quil l i ty. How
ever. thc term "operationallv defincd ' is crit ically
imporlant in drau'ing such a conclusion. bccause
it refcrs to the expcrimental conciit ions usecl in
the laborakny to distinguish the apparcnt metal
iron oride associati0n. and not actual conditions
in  thc  l le lJ .  Thr  r ' , . r r r l r '  o t  . l r .h  f \n i r i lnenr . . r re
notoriously dif l icult 1() interpret. and they typi-
cally vieid conclusiorrs thal are equi\,ocal. The
corftove$ial nature of such *ork is not well known
to scientists outsidc this l lelclol 'research, and this
can lead to misinterprcrations of thc original r.e-
sults. For example. the ctrutious but scicntit ically
ambieuous tenr 'trpet ationally-defined iron ox-
ide mclal associations'used bv Horowitz et al.
(1993) was incorrectly interpreted bv thc authon
of the CDA l-alie Management Plan (Novenber.
199.]1, p. 23) \\'ho state conclusively thar. "Thc vlst
majority of the fsedin]cntaryl tace clements werc
associated $ ith iron oxidcs... '. It rvill bc shorvl in
this conunent thiit the sample handling and labora-
tory lcchniques used by USGS personnel cast seri-
ous doubl on the validity ofthis colclusion. With
out rrore scielt if ically rigotous and thorough
rcsearch, the associatiolt imputed between oxides
anJ  tnc t r l .  n ru . t  bc  \  i , .  \  eJ  l l .  \pc (u l i r l i un .

Critical Review of Previous Work

Backg round

An orclcred sequencc ofpost depositional chelrical
rcactioos occurs naturalh in lake sedimcnts. and
i : J r i r . r r h r  t h <  d e e , ' n r l u . i t i o n  o l  , , t ! ! l n i c  I n c l l ( . r
by bacteria. Assuming that the boltom water in
the lake contain\ dissolvcd oxvgen (thc usual
r!,rrl i l i ,  'r i  Ino:t l;rke. r ear rourr,l r. ,,r!mie mrlrer
on the lakc f ' loor wil i f irst be decomposed ("oxi-
dizcd") by aerobic bacteria to produce carbon
dioride and rvater. amongst othel metabolic prod
ucts. Oxygen (O.) is consuncd during this rcac-
tion. Sornc of the organic matter that settles to
the lake floor gets buricci in the sediments. and
supp(r'ts continued bactedal metabolism below
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the sedinlent-water boundary. If the consumption
ofoxygen by aerobes in shallow subsurface sedi
Inent .  ( \ rucd .  the  ra lc . r t  \ . \h i (h  O , . rn  rn ig r l t c
dowuward to replace that used. the oxygcn c0n
lcnt talls to zcro rt some sub-bottom depth. TItis
usually occuls in lake sediments within the up
per se\,eral centimetrcs. Once oxygen is deplcted,
dif] 'erent bactcrial connunities conlinue decom-
posing organic matter by taking adlantrge. in
sequence, ofthe oxygcn present in different'\)xi-
dizing agents". In prelened order. thesc are ni
trate (NOr ), nrnganese oxides, iron oxides, and
sulfate (SOrr ). l inportant product! of thr: decom
posltlon reactions in the sediments are dissolved
manganese. dissolved iron, and dissolved hydro-
gcn sulphide. Thus. with increasing dcprh in the
pore waters l1l the sediments. an observer could
cxpect to see. in order. thc disappearance ofoxy-
geD. thc disappearance of nitratc. the appeartnce
ol dissolved mangalese. the appearance of dis-
solved iron. and thc appealancc of dissolvcd hy
drogen sulfide.

Therc are sone complications in this basic
picture, howcver- Dissolvcd mangancse and iron
both  r<Jcr  $  i r l r  o r rg . .n  ln  fo f ln  Ihe i r  re \pucr i \e
oxicles. The upwrrd migration of thc dissolved
elements through the pore $,aters liom the depths
il l which they are released to solution wil l sup-
porl precipitation of mangarrese and iron oxide
phases ncar the sediment-bottont water inleface
where dissolvcd O. is present. Over 1ime. as sedi-
menlation continucs. these oxides get buicd. only
to be rcdissolved and again migrate upwards 1o
repeat thc cycle. This "diageneric cycling" phe-
nomenon cruses the oxicles to accumulate just
below the sedimcnt-watel interface. in the so-called
"aerobic zone '. In much of Cocur d'Alenc Lake
this zoDe appears to bc <l to -3 cnt thick. based
oD available data.

Man-uanese and iron orides eflectively adsorb
a wide range of dissolved metals from solutron.
The trace metals. zinc and lead, t irr exampJe, can
be adsorbcd onto such phases ncar the sediment
surface. and released to solution upon burial and
dissolution of thc oxides. This wil l support up
u'ard migration ofthe dissolved trace metals, and
possible releasc k) the overlving lake water. al
though this will be countcred by readsorption onto
freshly-precipitating nangancse and iron orides
in the acrobic zone. Thus. metals luch as ziDc
and lead tend to cycle. at least partly, $ith the
major oride phases during diagelesis
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Itr the natural aging cycle of lakes. progres-
sive infi l l ing leads gradually to increases in dis
solved nutrients which suppofi thc growth of plank-
ton. Human activit ies, such as the input ol servage
or runoff frrm agricultur-al arcas. calt greatly lc-
celcrale this natural process. Such "rrtif icial" in
puts can incrca\e thc plankton growlh 1o the point
rr here lhe enhrrrtecJ .clt l in!, ' l 'dccd ur[:ani( m.rl l( l
to the lake floor leads to oxygen depletion in the
deep waters. Onc consequence of this is clear:
the oxidc phases in thc surlace sediments rvil l
dissolve progrcssively rvhen thc aerobic zone dis-
appears. potentially rclcasing dissolved lneLals
directly to the lakc water. It is lbr this reason that
the USGS thought it important 1() detennine the
proponions of zinc and lcad that are associated
rvith oxides in Coeur d'Alene Lake scdrments.
In the l ir l lowing section. thc approach used by
L SCS :c i r r r l i . r : .  1 , ,  m. rke  \u (h  , le te rmi t t : t t io t l -  i .
cdtically assessed.

Chemica Extract on Stud es

11 is very dif l lcult 10 determine with any degtee
of confidencc the proportions of lrace metals as-
sociated with various components in aquatic sedi-
ments. Most investigators who allelnpt such studies
use the sequential cxtraction schentc deleloped
about sevcntcen years ago by Andre Tessier and
his collcagues (Tessier et al.. 1979). In thc applr
crtion of the method. a sedinent sample is sub-
jected b a progressive tlve-stcp cltentical attack
in which the samplc is exposed k) increasingly
stronger clrcmical compounds. The amounts ol
thc trace netals of interest removed al each step
are determincd by chemical anallsis of the ex-
tract solutions. Five frlcti(nls tnong which t -qiven
tracc metal may be panitioned are delined by the
approach of Tcssier et al ( I 979):

l. Exchangcable fiaction: includes metal ions
loosely sorbecl on particle surfaces. cxlracted us-
ing MgCl. or sodium rcctille solutions at room
tenrperature and rt ncutral pH.

2. Carbonate tiaction: includes metals assocl
ated $,ith carbonatc phases, and thus susceptible
to release under acid conditiolts. This fiaction is
cxlracted by exposing the residue tiom step I to
l  u  e . rk  r .c t i c  rc id ' , ' d iu t r t  r re r t l te 'o lu t  i i ,n  i r l  r i ,om
1cn-rperature.

3. Iron- and mtrnganese-oxicle-bound tiaction:
includes metals strongly adsorbcd by oxides. Thc
residuc fron step 2 is attrckcd with hydroxylamine

hydrochloride in acetic acid trt 96'C. This is a
chcnically reducing solufion u'hich is dcsigned
to mimic thc anoric (oxygen-ticc) conditions seen
in  na tura l  :ed imcnt .  bc lou  the : 'e r , 'b ie  z . rne .

,+. Organic-matter bound tiactiorl: includes truce
metals bound to oryanic matter. The residue tiom
stcp 3 is exposed k) a multi reagent solulion coll
taining HNO- and H.O..

5. Resiclual f iaction: the residue from step:+ is
l u l l r  J i ' . u l r e d  i n  r  r t r r  r l r u n "  l c i d  t t r i r t u t c .

ODe of the majot concems rssocii l lcd \\ 'rth
application of the sequential cxlraction techn ique
is the degree to $hich the nethod simulrtcs natural
processes. For example. the strong rcagents and
fast reactions inherent to the approach difter dras-
tically from the weak rcageDts and slow kinclics
t5rpically tirund in nature. The spccilicitl, of the
individual reactions is also controversial. Thc
amount of nretal exffacted at each step is a com-
plex function of the extraction reagent tlpc and
c t ,nc(n l r l t ion .  th r '  rcquet tee  o l  rpp l i . r l i , ' n .  t c ln
pelature, exposure time, extent of readsotption.
and thc solid to solution ralio. Thus. the extracts
are termed 'bperationall)' detined" (Tcssier. et al..
19891, which neans that the fractions to sonlc
degree reflect the expeimental conditions etn-
plo),cd. rather than truc geochemical partit ion-
ing. Nevertheless. paftial extracti(ms can be used
plagmatically in sedinent geochcmistry studies
if they are applied rvith discrimination and care.
The scientit ic danger l ies i l the uncrit ical use of
such tcchniques and in ovcr-inteqlretation of thc
results.

It is very inportant in panial cxtraction work
to ensure that the integrity of the samples is not
compromised by improper collection and handling.
For example. cxposure of anoxic sedimeDts to the
rtnrosphcre can induce perturbrtions lr the natu-
ral partit ioning ol metals. To avoid introducing
such artifacts, anoxic scdilnents should be kcpt
in an anrerobic atmosphere througlloLrt the en
tire manipulation and extrrction procedure.

The approach used by Horowitz et al. (1993)
to dctcmine trace metal panidoning in CDA Lakc
sediments sutltrs in three areas. First, Tessier et
rl. dcvised their scheme for use on oxic. surfacc
sediments. ,1)1lbr application to anoxic sub sur-
tircc cleposits. Second. no cflbfi \\,as nude to kccp
the samples isolated fron contact wilh the atmo
sphere. Third. application of thc partial extrac-
tiqr tcchnique did not ti)llow carefullv estxblishecl
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protocols. Near-surfacc sedinents (upper. 2 cnt)
were colleclcd u'ith an Ekrnan Dredge sampler,
ancl subsampled in ri ir-. This may not havc chemi
cally biascd the sanplcs ifthe deposits rvere fuily
oxidized, but Horowitz el al. ( 1993, p. .109) nore
that "manv of t lte sarnples obtained ti-om thc main
body of Lake CDA had very rhin (ol the ordcr of
a1ew millimetres) surface veneers ofreddish, fine-
gralned material...". lron oxides invlriablv con-
l r ihu le  ruch  u  re , l t l i .h  co l , , r . r r i , ' n .  Thc  rh .ence o t
this hucjust below the surface implies thal anoxic
conditions are established at very shalJow depths.
Thc sediment strmples wele subsequentlv kept cool
on icc. shipped 1() Atl iutta. and kept cool unti l
processed ald analysed somelime later. Thc pro-
cessing included stirring i in air) rvith a glass rod
(to homogenize the sanlpie). sie\in-q to rento!e
large material such as woocl chips. and trceze-
drying. Considering rhar rherc is rcughly 10.000
times morc oxygeD in fte atmospherc than in lakc
botton waters (largelv because oxygen is poorly
soluble in waler). anoxic scdiments can be rtp
idly oxidized tvhcn erposed k) air. particularly
when they are wet. Thus the handling ofthe samples
could havc altered thcir composil ion. forexample
by permitting oxidation ol metal sulphicle miner
als. Such ellects would bias subsequent cxtftrc-
tions and lcad to an o\crestination ol the con-
tcnt of oxidc-hosted mctals. Even il anoxic
scdimeats remained unoxiclized afier the many
handling steps. the e\tractions would sti l1 pro
duce misleading rcsults. This is because a num-
ber of sulfide ninerals thilt are stablc under anoxic
conditions will be dissolved pro-qressir,ely in steps
2 and 3 of the Tessicr et al. nethod. In ordcr to
reJu \ ' (  r l rc l l  unccr t l in l rc r .  r  n t t reh  m, , re  r igor 'our
sample handling procedurc would be rcquired.

The manner il which chemical extraction tech-
niclues werc used ald intcrpreted by Horowitz et
al. ( 1993 ) is problenatic. Rather than conduct the
fir,e stcp procedurc clesigned by Tessier ct al.
(1979). only two steps $cre used. tn the first. dried
unground samplc aliquots \\ 'ere exposed to h1'
droxvlamine hydrochloride in hvdrochloric acid
(HCl) at 50'C for rhifty ninulcs. This is similar
to the solution used in Step 3 abolc. and it would
have extractcd. operationally. exchangcrble metals.
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carbontte+oslcd metals. some fl-action ofthe melal
inventorv hosted by Mn and Fe orides, and metal
monosulfides. which readilv dissolve in HCl.
Tessier et al. {191i9. p. 15161 nore rhat hydroxy-
lanine hydrochloride is reasonably selective in
dissolr,ing Fe and Mn fiom their oxyhydroxide
1brms. and relcasing associated tmcc metals, p/?-
yided tltat carbctnates have been previoush re-
rrror,ed (italics aclded). Since the lallcr col]dit ion
$ as not satisfied, and it is |rot known I hcther or
not sulfides were prescnr. it is mislcading to make
the statement. "Most ofthe lead (-95%) cadmium
(-90'' l  ). Zn (-80%) arsenic (-757.) and copper
(-55%.) appcar to be associated with an opera-
tionallv defined iron oxide phasc... '  (Horowitz
el al., I 993. p. : l I 8). Distinguishing between car-
bo t r r te .  'u lphrde  und or i , le  hos t r  i .  in1po11"111.
becausc carbonalc and sulphicle phases wil l not
ciissolr,e under uoxic conditions. but oxides wil l.

A Point for Reflection

Determining the hosts lbr mekrls in contaminated
sedimenls is a dif l icult scientif ic problem. In the
case of Cocur d'Alenc Lake, I su-qgest t l ' tat it re-
nains an open question. Even if iron oxides do
tuln out to be a significant host fbr netals on the
floor of the lake. the postulated rclease ol dis-
solvcd metals from the sediments to the overly-
mg wrter under anoxic conditions rcmains hy-
pothelical. In mv vicw, the main threat to the futurc
health of the rvaters and biota ol the lakc is the
development of seasonai anoxia associated with
eutrophication. To ensure that this scenario does
not de!elop as a consequence of ongoing clevel
opment pressures. continuing and perhaps more
stringent constraints on inputs ofphosphor us wil l
be nccded. Control of nutrient t luxes should bc
the  pr in r . r r )  loc t r r , r l ' eur re r r t  m, rnage ln .n l  Jc t iun
in order to ensure that oxygen levels necessary
lirr a healthy lake are maintained.
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