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.i\BSTHACl' 

An i.n1.restigrttion was in.to the· biological effc:cts of nk;tallic 

aJld organic pollution fhe c:oeur d f !\.1ene - Spt)kane IU ve-r Lake d.-rainage 

system. 

Water quality data flows of nutrients during late spring 

into Coeur (PAlenc LaKe :l:rom the St .. Joe and Coeur cFAJ.ene R:L\ters and 

Plummer Creek. Although no water devoid dissolved oxygen have been 

mea:.;ured, 2~4 mg/1 have been measured .in the southe-rn portion of the lake. 

Phytoplankton productivity mc~asuremcnts rmd bottom organism identification 

and enumeration have shown that the lake functions at several trophic 

levels~ meso-eutrophic to eut-rophic .in the southern portion 1 mcsot.rophic in 

the inrmediate area of the Coeur (ft/\lene River e:u1d oligotrophic i.n. the 

northe111 portions, High meta.J concentra.tions (1000- 7000 mg/kg Zn) in 

the bottom sediments the m:iddJe and. nc;rtJ1ern r)ortions of the lake did 

not appear to substant.iaJJ.)' affect {Jist:ribution of benthic chironomids or 

oligochaetes. 

Lake sediment cores taken across the delta reg1on the Coeur d 1Alene 

River penetrated. through th<~ regions metallic concentration a.n.d 

allot·:ed. an a•.rerafre rate to calculated"' 

Algal t.oxJc.:1.ty tests the ;:-.uw:;unt of Zn normally present in tne 

Coeur d? Alene Lake and River anz1 the Spokane River to be inhibitory to the 

The \<Jttter quali tru.? Spokane Hi vcr 'dct.S sho-vtn to be of good to 

excellent quality in all pa.Tameters tested excf:r.xt for high metallic content., 

especially Zn~ Acti\ra.tion a.tomic abst.Y11Jtion e:utalysis of the metallic 

content in tissues of the organisms populating the Spokane River indicated 

that the algae were the prime concentrat.oxs 

i\lgae and. &.:tri tus constm1crs as the larvae of the caddis fly· 1-ttd.ropsyche 

and. the nyrmphs of the fly .~!:-~et:i.s_ reflected high metaLLic concentrations,. 

!Ybst higher aqu:1tic plants I'e.lati\.rely lohrer concentrations~ 

A.-nalysis of fish shu~ved a co:nsiderabJ.y less concentration of 

metals than the aquatic plants, insects, or algae. :tbwever, Zn lvas measured 

l 



at concentrations of 200 rng/kg in 1 iver tissues of several species of 

fishes. Fillet tissues generally contained l.css than one quarter of these 

a:rrDtmts, The fish, collected, not appear to be under stress 

1eadin_g the investigators to believe that most the rnet.als~~althougb 

present in relatively concentration in the tissues of the orga.nisms 

tested- -must be in a relat tvel:~/ innocuous state. 

FCST Catego1y 
r.~ '1:: ly~, .;;~ • ) * 

Water quality /He.;xv-y metals 1 t>enthcs / Aquat 1.c environment /Food 
* chain /Neutron J\cti.va.tion /\naly-sis/Atomic absorption spectropbotomet 

A1ga1 bioassa.y/ Ph~'/topl;:utk.ton/ Sc-dirnent:s/Concent.rati.on of heavy· 
~~-

rnetals I Zn~ Cd 1 ~ Hg, -~ r,in~ , Sc~ Cr~ , Eut , Th, 

Coeur dt d 1 i\.J.enc' La.ke/Spokane Rivc:r. 
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f.ir. Fred Bennett of Walla Walla College J h1r.. Leo Cur1ningham and f-r1r. 

Pat Sy.ms ~ technicia:n.s 011 the Washington State Unlversi ty Civil Engineering 

staff J designed and built the hoist and retrieval mechanism fo-.r a .. n Ewing 

piston c.orer and mounted it on Sanitary Engineering Section's pontoon 

barge.. The latter b..zo staff 1nt::rnhers operated the coring device and aided 

in many o:f the :field sampling operations. 

About a third of the sampling trips were joint ventures by the two 

universities with combined crett.Js. This procedtrre greatly increased the 

in~ the~ field expertise as well as enh.;;:u1cing the utilization of sampling 

equipment. The WSU pontoon barge was also loaned to the U of I cret..;s for 

sediment sampling on other occasions.. It might be adrJed that since the 

advent of this investigation there has been a constant flow of equipment 

and data between the two unive.rsiti.es~ 

l 



DESCRJ PT ION OF THE STUDY llilliA 

The basin containing 

33.6 km (24 nli.) .long with an 

d 1 Alene 1.s a submerged. river \lD.lley 

average v:i.dth of L. 6 km .. 0 nli) located in 

Kootenai and Benetvah northern Idaho, 'The present elevation of 

Coeur d~Alene Lake is maintained 

The southern portion. .lake 

on the Spoka . .ne River., 

into three shallow lakes . ._ " 

Chatcolet t Benev.~ih and Round 1/hich Here created 1906 by the erection of 

the danL The depth gradu:::tJ 1 y the northe111 end of the lake 

to a Hl4lxi.muru of 54.9 rn of:F Three 

'Tvn.:; major rivers, thr) 

southern portion 

tl1.e Bitterroot Ra.nge between Mont<.:nla 

drainage basin, an arett appro.x.imate1y 

Point .in the northe111 narrows. 

discharge into the 

both I':i"\rers originate in 

Coeur dfAJ.ene River 

sq km (;:;:.sj. ~000 sq mi), con--

the Coc~ur Alene sists of two subd.rainages, 

mining district (Figure 

Fo-rest. The South Fork j 

the Fork in the Coeur d~Alene National 

the Fork at Enaville to fonn the lnD.in 

stem of the Coeur Alene which :flows "2 km. mi) wc~st into 

Coeur dtAlene Lake at Harrison~ 

shed of about 3t880 sq km 

The St. Joe Ill ver, wi tl1 a water-

sq 

been affected to some e2(tent by' sev;age 

act:i~~ti ties 9 

'I1le Spokane· River'} st.l.:rfac:e outlet 

of rnint;~ 'Wastes but has 

t logging~ and fanning 

th.e Jake~ f1cn,.:s westerly 

from th.c northern end o:f th.e 

ington. (pop. 200 ~ 000) to its 

(100 nri.) to tbr:: southwest., The~ 

River~ and the North Fork 

t then through the cl. ty of Spoka.11e, Wash~ 

vlith t:h.e Co1.unhia River 16(L 9 krn 

sport fisheries, 'dhi.Je the South Fork and 

Geolooy 
~ b;( 

Precambrian rneta.sedim.ents underlie most 

stem 

Spoka.net the St~ Joe 

support excellent 
the Coeur d~Alene 

the Coeur d *Alene a:nd 



St. Joe drainage Faulting 
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population 

waters of the 
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Sappington found a 
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q. 
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reported et. JH 

The depth ha.s 

large volumes rock flour 
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concent-rations of beer1 

and several ot.lters 

Population. increases ii.nd 

the tutv'11S along the Coeur t.r 
lings have pe11nitted tu1t:reated 

the lake (Leeriglrt ~ 1971) 

growth of blue-green algae 

Si1 t f-lild nutrients fn.Jm 

::;tantial nutrient input 

(across the 1 from 

bu1Jdup .hJlS been measurccL 

est.imatcd. depth o:f 

com:municatior.t) . Near the 

ra.:fts (Figure 4) await mo\;e;nent to 

c:overed \4ith 1Ja.rk a.nd 

headvnJters of th.e Spokan.e 

Figure 1. o 
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Tern:peraturc 
--.. ........ ......;.: ... -:b. .. · ........ ,._, ..... -:v.~· ~· ~~-

Instrument 

or aJ1 

a conversion 
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peak areas caJ.cula.t.ed by on the IBM 360/6 7 computer~ 

Full details of ·ywray spectrometry :c:md elcrn.enta.l concentration calcuw 

lations a.re given by 

Corrections were 

irradiations~ 

Fish Tissue i\nalvsis 

Fishes were 

the U.S. Bureau 

State College. The 

Sani ta.ry Engineering 

fishes were unfrozen, 

steel kniv-es undt;~r 

the kid:neyt 1iver~ 

conditions) t.:eighed ~ 

certain insta:rtces -~ 

distilled perchloric and 

tion procedures. 

Aouatic Invertebrates ..... :;x"'_=· ·-

<I11cse organisrilS were 

with the exception that 

period up to 1.0 davs-·-· 

and Shah et al. (1970~ 1970b). 
-~·~ ~~-~ 

elementaJ contents of the vials used in the 

Water Power Compa.ny -~ 

Eastern Washington 

t.:ere tagged* :frozen~ and deJ.i.1Icred to the 

State University~ The 

dissected. with stainless 

Portions of organs, such as 

dried u.nder dust-free 

Center fox analysis. 

were oven 1 digt;sted by 

in 

ana.lyzed by· atomic absorp-

sarne manner as the fish specJJn.ens J 

t-1D.s ma.cte after a live holding 

content~ 

Severa] aquatic pJ.ants VJere to sonification by a 

icles from their rinses 

an to rem:)\.re adsorbed f.:<lrt~ 

distilled water were 

made after each two sonic treatments. ln the ca.se of the moss 1 ~mblystegi.urn 

J .. ll]~atzJsanumJ plates 

Spokane Ri were 

body. 'I11ey were clipped by 

activation 

sa.mplf>.S. 

ly grown mosses (originally taken from the 

new groHt.h. extended aJ·;ay from. the p 1ant 

as 
processed for neutron 

described for tisstle 
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I.n harvUir.g 

a:r1aJ.ys ir1 f<H.:h ope~:ration. For 

Cocu.r dl s taken dredge>. lvETe 

as :L~A~ l~B~ 1-·C (Cha.tcclet 

rTison sta.ti(;ns) j etc. 

rneri.surcmcTltS wer·e sirnple cortsccu.t:ive 

tc 12 

~ etc. The 

{ 
; __ _ c:ure 

as 

th:J.t h'CI'C 

~~ 7 
..(. I .~ 

cores ~ere taken <Jn cn:.St···southl•Jest trm1.sec:t acl'OSS 

n.cen.t J to 

acetate liners--1. a 3. S em. s.::l:i.a . .HlCtC:J'~. ··WCl'(' lDSCJ'tC(l 

to .retain 

p1.astJ.c 

were cut. into .10 on l.engths 

these n.eut-rorl. activa 
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Indicator bacteria o:f v;ater qu;.tlity significance were morli torcd at the 

stations along the Spokane Hi.ver. 'Ihe procedures for total colifonns, 

fecal colifonns s a.nd fecal streptococci were carried out in accordance with 

proced.ures out.1.inett ir1 API{{\-Standard Methods (.1.97J..). 

The growth and nw.intenance of algal culttrres folloHed the procedures 

outlined in. the A1ga1 Assr1y Procedures; Hottle Test (1971). The 

chemical "1' physical, and biological paran1etc~rs were slightly modified~ as 

described below, to atta.in two objectives~ to test the toxicity to 

algae of severa.l the ·more abund..ant heavy metals in the Coeur d~Al.ene 

drainage system and (2) to check the adaptability of the .AAP test organism~ 

.?Elenastrum capri!::-:?rnu.ttnn, for heavy metal tox.ici.ty tests. 

T1le alkalinity and pH the synthetic were Jno:nitored. TI1e pH 

of day~ old medimn was 7. 7. 2; heavy metal addi t.ions u:p to 700 lJg/1 did 

not lower the pH below 6"fL The alkalinity was iL2 mg/1~ and the total 

hardness was 14.97 mg/1 as 

Waters of the Coeu.r dfA.lene River system were filtered through HA 

0.45 v fvlillipore :filters and stored at 4 C in polyethylene bottles" Macro~ 

nutrient additions were ma.de to this water from stock solutions, J\na1yses 

were made for Cu, Zn, and Cd~ lJ.,.si.ng a Perkin-Elmer ~Model 303 atomic absorp~ 

tion spectrophotometer. 

Stock cul tuxes of Selenastrur~ .S'~_pricornutu;n; obtained from the National 

Environmental Research Center} Co-r'vallis ~ Oregon, were maintained at 20 C 

under 1 ~Cool V¥1lit.e0 :fluorescent light, Inoculum cultures were prepared from 

stock cu.l tu.res and incul1ated four to five cL:tys at 24 C (:t 0. 2 C). 

'I1te method of a.lgicida.J. concentration determination suggested by 

Fitzgerald. and Faust (1962!) was Triplicate flasks containing 50 ml 

of medium spiked with heavy m.etals as ZnCJ 1 ~ CuCl 7 , or Cd.Cl? ~ l\@:-1}) were 
m k w w 

inoculated with 1 ml of inocu.lmn culture and incuba.t.ed seven '.1:rys« 1ne cells 

were then centrifuged.~ washed, and reinoculated into stock mediurrL If growth 



lN'fLS measured at the end of the se\len d;-:ty incubation period~ a positi\/C test 

v;as indicated~ 'The concentratioi15 of Cu:s Zn} and Cd. -were increased i.n 50 pg 

increments tmtil negat.i ve r.~.?sx.d.ts vJer·e obser\red,., 

simultaneously incubated. 

A control medium t.:as 



RESULTS AND DISCUSSION 

d~Alene Lake 

A. Algae Production. and Lake Trophy 

Phvsicochemi.ca1. Conditions 
-~·~~----

Important variations among the specific physicochemical parameters 

examined ·Here observed at lake s~.unpling stations. [Figure 10 (b) J 

Temperatures were uniform for the deep water stations 
(!ur·~ ~·1g· w~~'*" o.f tJ10 .,Y< . .,.::}·)·' 

>"(. ,...~ •• ::~~ i:iv:::SL ~ . .:. .... ~ ............ J~·~h..:..~ 'I1te slw11ower waters in tl1e southern end of the 

lake appeared to warm earlier~ however, A::; a result, a shift from diatom 

to blue~green algal forrns appeared during July in the southen1 end but 

did not occur until A:ugust the northern portions of the lake~ {Patrick 

(1971) has demonstrated a sunilar shift by artificially raising ·water 

temperatures.,] Titerm.a.1. stratification was observed from lake .June until 

mid-October when overturn took place* producing homothennous conditions., 

Standard Secch:i. Disc transpa:rcncy values :ra.nged from 2~4., 5 m. At no 

tim.e during the study period. did transprrrenc.y severely l:l.mi t production .. 

The southern end of the lake J- however~ did. e:xltibi.t lower transparency 

values and frequently appeared to be more turbid than the northern portions 

of the lake~ Strewn rtmoff caused extremely turbid condi tion.s in Chatcolet 

Lake during a high~flow period late in Febrtw.ry 1972~ 

Photometer readings of light intensity ~~<Jere used to calculate foot

candles of intensity at the variotlS depths, The surface radiation 'h'as 

TedlX~ed to 11; at approxim£ttely m. d.epth closely approximated the 

depth. of the eur~hotic zone where light 'bottle ca1~bon fixation eqtk1.led. dark 

bottle fixation~ 

The mean and ra.nge of selected chernir::al parameters for each station are 

presented in Table 1~ Highest conductivity measurements were recu.rded at 

the mouth of the Coeur d ~ RiveT and were uenera11y in excess of 100 u 
0 0 ' 

mhos, Dissolved oxygen ranged from 4<t0 mg/1 during the study period~ In 

July 1970 ~ hmve\rer 1 \{inter (1971) recorded a value of less than 1 mg/1 off 

32 



TabJ.c~ .1.. \iean a11d range o:f specific cc~nductanc:.c, dissc:.l vcd 
·range o{ pH fur each station (July-·· November~ 

oxygen, avai.l.a.ble e<irbGn~ an.d 
(Parker~ 1972.) 

:~:-...::::::;::;:;::;.;::._-:;;;;··"'·:;;;··"'...-.:;;;·;;;:~;;;:;;;:;;;-';;;:";;;:;;;:::::::::;;;;:;;;:::::::::;;;;:;;;:::::::::;;;;:;;;:::::::::;;;;:;;;:::::::::;;;;:;;;:::::::::::;;;:;;;:::::::::::;;;:;;;:::::::::::;;;:;;;:::::::::::;;;:;;;::::::::::: ................ .,,..._._,_ .• ._._ ..... ._._ • .,••>".•.•••••.•.•••o..•.•.•.•.•.• . ._~W""WWW> 

Station 

1 

·) 

3 

4 

> 

6 

,..., 
/ 

s 

9 

10 

ll 

Specific 
Conductance 
(Micromhos) 

(<SOw 7 

50 (<50·· 751 

(<SOw 75) 

5{) ( 75) 

(<SO- 95) 

(<S0-100) 

60 (<50-100) 

(<SOwlOO) 

(<50- 75) 

(x~5()-~! 

(<SOw 9S) 

(<50···100) 

Disso:l\red 
Oxygen 
(mg/l) 

.1.e 
Carbon 
(IYtf;/< J.) 

pi·-!. 

-~~~~=w·~---~--,···"'>"·'-'•">•••••••>•»,•••••<•>•>••••>"''"'"'""'""••••··-·•••<·-·-·>•••»•"-'-·--·•-·•·m->•••>•>··>····w»•,•••-<•"''•>'••>•>-m>·~~··~""""""""~~""""~~~ 

7.S (4 w.1.0) ,... •") 
{) ~ ,0 .3w 9) (6.8··--7 .4) 

7.5 ··?~f) ((} w 8~4) (f: ~ 7 ~ 7 ~ 

tLD (6.S~ 9) 6~6 (5~9~ 7.4) 7 
/)!: 

3.1.) (6.S~IO) ~7~.2~ (6~2~~ 8~.4-) ( (} ~ ~) ~ 7 ~ :; ) 

tLO ~ ~") .... 7 ~) 
( -:-...:·.,.; ~:: .. 8) t~ ~"/ 

.:- .'";/ •.•• : ~ 

' '5 (ll· 7.6 ~Jw 0 ,/ . (t)~~}~7-:-5) 

8~0 f6~S···l0) 
.... /) 

0.6 w 7. S) ~ {) ~ ~; X 

7.0 (4 M q·,i 
~ / '? ~ ~5 ~ 7M t1~ .Ow7.7) 

8,0 (S w1.0) s . s c s . 2 w ~L ~n (6.8~7.3) 

~~~.5 (4 ~10) 8.8 (7 Sf~ ,9--7.5) 

f)~.{) (·4 ·~ 9) ·~} K :s 10) (6.t>·? .8) 

/~5 (5~ 9.0 (6.7~1.0) (6.8-7.9) 

I 
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the Coeur dlAlene River delta (near station in 1.2 m of water, indicating 

that 00 depletion ca.:n occur~ other sha1J.<JW areas such as 

Chatcolet Lake a.lso cx:hibited loH DO content. 

periods (Ftu1k and Ben11ett, 

4 mg/1) during late SU1Jmler 

Station averages 

(O~P0.1 ), and nitratc:~nit-r~ogen 
>+ 

alkalinity* orthophosph.ate~phosphorus 

are presented in Figure 20. It is 

inq;ortant to observe the in relation to general averages 

for these hA) nutrLents i.n ·w1poJluted fresh water systems., Reid (1961) lists 

world averaces of NO,.,.-N 
"' ,) 

as , and . 01-.03 mg/1 0-P04 
for most lakes. The overall averages Coeur d.~AJ.ene Lake were .177 mg/1 

and ,01 4 
a.bove" However~ averages 

were . 21 mg/1. N07~N and • 51 . ..) 

given by Reid, The shallower 

area of the lake appears to 

deeper and larger volu.rne of water 

as a semi ~permanen.t sink for 

Cormnun:i.tv St.ru.cture 

than those presented 

foJ.' the southern portions of the lake 

times the average P04 levels 

and sm.aJ.Ier volume of the southern 

rrt>re rapid turnover of the PO 4 than the 
the northern section.s~~which may act 

dissolved PO 4 (Odtrrn 1 1.971) ~ 

Dense co1mmJJtities o:f E~)tmrK1gc!;?n$ ~:z~Jophy11::nn, an:d An.acharis grow 

annually in the shallow areas 4 of Chatcolet" Rotmd, and 
Benewah Lakes, A co.mld.n.ation high nutrient levels~ deep light pene, .. 

tration~ and silted substrate a suitable habitat :for. the 
growth of these rooted a.qtrat.ic plants. The concentrations o:f 

planktonic algae were:: obse:r'\~"Cd. this area, Ko:foid (1903), Pond (1905) J 

and Hasler and (1949) suggested that nncrophytes are either 
better competitors for nutrients 

mechanism or substance tends to 1. 

abundantly inhabited. by 

or th.at some a'l.tagonistic 

development in waters 

}.s one proceeds north the lake, deepe~r water with rocky shores, and. 

presumably less suitable substrate$ pxeciude growth of mncrophytes., in 

these areast wel.l ~developt:"\1 conrmu:ni ties of aJgae replace the eracrophytes. 

AJlothe r phenomenon also occurs area the mouth of the Coeux 
dfAlene River~ this of nitrates a.nd phosphates 
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rapidly decline~ wi 

abundance and carbon fixation :rates~ 

not knm·>ln rm.d 

chemical factors. 

from this point to 

Numerically~ 

yellow- greer1 algae 

Of these cells$ 

true diatom ... s ~ 

No\tembe:r" Other 

These species 

were reached at 

cells/ml.« 

Least squares 

in distribution. 

different at the 

(Mendenhall~ 

Augu ... st 

counts 

were observed 

south.ernm.os t group 

of stations in 

centrat:ions 

evaluated" 

included 

a.nd assorted dcs:mids. 

in the .Littoral zo.ne. 

algae cells/m1 are 

bebveen 

most abunde .. Tl.t 

numbers of rn.os t 

water co.nd.itions in 

reduction in phytoplankton 

exact location of this region is 

lt Joad~ and other physico~ 

for all stations 

the lake were the 

of tJ1e cells counted. 

Bacillariophyceae or 

'di th 33%; and 
~~-

from July~ 

WT3re :-fribonernB m1d Dinobryon. 

nurnbers of d.iatom ... s 

~~--~-was present at 1,154 

to test for rUfferences 

to be significantly 

l s mem1 separation procedure 

counts \Vere sigTdficantl:y lower 

Although variations in 

n.ot significa..ntt differences 

~fhe northern and 

~ h'hile the 

had the highest con-

all algae 

no.n.f i.Jament:ous \rarieties 

·==--· ...... ,«<·=~~~ Gen.i.cu11<:-ria, Chlorel1;!~.' 
t.;e:re obsei"'\tcd as periphyt..on 

crro.r coux1ts planktonic green 

illu..strates variations 

'< ... .l < l i rec1u.ced. cur1ng co .. ( er 

ce11s/ml~ algae counts were 

a total of 256 

A.ugust when the 
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ph ytop1a .. nk.ton comrauni ty was blue~green: algae. Blue«green 

algae (Dl\Iisio.n.~ of ce1.1.s collected, :Planktonic 

blue··· trreen <-.) mostly 6pha .. n};;~:nnen.o~:, with som.e Nostoc and Anabaena 

filaments :present. 

1\;t1haniz.,2meno.n. 

donrl. na ted. the 

water t<:.::mrpc:ra.tures, 
···~ 

-~) 

were 

statioJ1S. 

sampling da.tcs 

upper strata. 

ductivi ra·tes at 

l:i.ght-·cl.e:pende:nts as 

of this as 

yieldt::d 

LatcT 

habitats 

Product 

as described by 

the lake 

VitTO 

producti\ti ty-. 

/\ 

1 more~ 

ts ai'C 

483 standard u.ni ts/m1 of 
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August period of higher 

the fa.ll or 

measurements and estiJnatc:s <:::arbon f:i..>tation 

to assess proch.L:t.i a.mong 

J measurements wc~re used to const.J1Jct 

an 

to test for 

rc~duction 

to be 

describes curves 

strllctu.rc ac:count for 

the 

a st 

caTbon availab J.e 

th.a:n other 

Jneso trophic ·ra.rtgc 

no-rthern purtJ..c:>ns 
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i.n.cuba tion perioz:L 

transfornwtions 

First four mo:ments anaJ.ysis inclicated that. log10 
yield a norrnal The initial step in 

this analysis required a close correspondence bett.1een cx.rbon fixation 

rates m.t:;asured in situ 

of light and temperature. 

conditions used. to select 

resul.ts .shoH a close agreement~ 

Additional investigation 

lower in carbon th.at 

' ,, 1 -~- . 
S1IIH ... ar COTICtl tlOJlS 

and the Tespectiv·e physical 

are shot'fn in Table 3~ The 

station 11 v;as significantly 

other stations~ ·wn1J.c stations :l, 6 ~ and. 

1.0 wc:re con.sistcn.tly higher in carbon production estL"nates 

each station and for each sampling 

monthly and. station. averages presented in 

obtained by water 

d.ate weTe used to calculate 

Table 4. The Tel.ation 

in Figure 

From the results o:f this 

carbon fixation is illl.l~U:ated 

wcTe recognized. 

are geographically 

areas are des<:ribed 

areas o:f the lake 

foJ.lov:ing section and 

Stations axe shown in Figure 

1.0 (b) • 

I includes that d~Alcne Lake from the 

city of Coeur d 1 Alene south to (stations 2~ 3, 4$ and 5),. In 

this area the open wa tc~I' d.eep * averaging groa ter than 20 m, with~ Sec chi 

transparency measu-rements not less tha::n 3 nL Nutrient J.e\rcls are moderately 

lol~</ t and the plankton structure consists of lmo; concentrations 

diatoms~ Carbon fixation rates the of study averaged approxi-
..... < 3·.. ... " .. -.: mateiy· mgC/m ;4-hr 1ncubat.J.OH pcrTO<L this section would be 

considered closer to oligotrophic lvith 

areas arc~ somewhat eutrophiezL 

that certain bay 

Area I I includes that sec o:f lake from Rockford Bay south to 

Conkling Pa1~k (stations 6J 7~ 3, 1~ 9 and This area is (leep, averaging 

grea tc~r tllan 1 S n1 t is 

cOJnniLmity with seasonal 

Attgust.. Carbon fixation 

The data support the 

in supports a \Tel] den .... se diatorn 

blue~green algae populations in 
7. 

tt\leraged mgC/m,)/4~h.r incubation period. 

area enri.ch(~d and can he 



4. (-l.t 
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classified as strongly 1-Jov:cvor, sta.tion 9 is some\vhat 

different than. has diat.orn cone. en trat.ion .. s 

and thereby lower 

gnY,<Jth in the are,:J, 

the au.totrophic rrroduction at 

production., This 

II and III as 

levels~ 

Area IIJ includes the 

Bay south to Rocky Point Ch.atcolet 

vm.ter is qtrL te shaJ. I.o~.; 

growths of mac.rcrplry'"t.es persist 

There lS abtxnd.ant macrophyte 

account for a considerable part 

1. as reduced phytoplankton 

divid.ing zone between Areas 

grad.:ient :in rrroduction and nutrient 

the lake--from Shingle 

(stations Jl and 12)" This 

averaging less than 7 m. Den.se 

to early October. :Nut-rient 

supplies are abundant. strati:ficatitJn does occu.r htl.t it 

is easily dissipated and 

fixation .rates by 

the lowest values 

-was poorly developed~ 

restricted the phytoplankton 

und.e:rstooc. It also 

waters arc>. 

area Jnay ha:ve inhibited rih.ytopJc.:rnkton 

Alth.ough no estimates 

1/fell nd .. x.ed. Carbon 

/ 4whr in.culx1tion period, 

phytoplankton corr1nunity structure 

dense macrophyte growth 

some 1ill1tn1er riOt. completely 

moTe turbid conditions in this 

' 1· d 't v m.a .. cropny(es V·J"Etre rna e, 1. . 1.s 

likely that thc~y are or sol.xrcc~ of a.utotrophi.c production. Field 

observations of ;\.rea III indicate that cnrer of this water area is 
i.nhaLd.ted by a 1/ery 

that these wn.t.ers a.re 

teristics of .a. rea 

B. 

Benthic rnacroinvert.ebrates 

Th.e evidence indicates 

most shallow areas being 

the dis ti.nguishing charrtc~ 

nutrients from the sediments a.:re the 

a.n essential role in recycling 

source of food in their 

nymphal or larval m.ost :fish. are excellent indicator 

organism .. s because many a.re extrernely sensitive to chan.ges in 

sedent:ary have a com}:lex life 
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cyc.le of n ;rear or more~ 

physical or chenLi.ca1 

different porti.orts 

are known* they 

+· m) 1.n four areas o:f 

shovn1 in 

19 71 and 1n lv1a.rch, 

identified and 

Hydracarina~ 9 

of the 

Samples frorn 

nl . .un.ber organi.sm.s -~ 

The 2 m station 1.n 

collected 

collected at the 2 m. s 

Alene 

yit:}lded a 

or absence may reflet:t 

"~t:at.er ove.r a. of time or in 

their habit.a.t requirements 

or streams. 

rrt depths ( 2 ~ 5 ~ 10 } and 

a north-south a.xis as previously 

v.;ert~ made in .July and September, 

irrvc:rtehrates 1;Jt:::re 

Chironomid.a.e , 9 

and. 14 other groups (listi:>.d 

and oligochaetes 

greatest diversity an.d. 

the total collected. 

of oli.goc.haetes 

orga .. nisms were 

area-~ nt:~.ar the rnouth of the 

head of the~ Spokane 

but a low diversit)" 

sinc.e T~:r2};ta.rsu.s and E·'iicropsc:s~~-:!.:.~L made the collection. Few 

.at a m dcpt~h 

invertebrate n.u.nbers 

exceed.ing 20 mx 

Sediment Chemist1"'>~ 
~--~·····--··~~.. . .... ,_ ... ,~....£..-. 

Dredge 

absorptj.on. were 

respectivt.:~ty~ The atomic 

possibly becatLsc of 

t.ion the metals .i.n 

content analys:ts was 

percentage of 

v!he·re the :lake 

in samplc:s 

structt1res 

area 

and M::trch, Stations 

Chironomu.s. P-1acro" 

the three dee1J stations 

neutron activation and 

and March~ 19 

in loHer vaJ.tJes ~ ~ 

scdilnent or the inco:qx;ra .. 

Sediment fo-r organ1.c 

2.. 'The highest 

14;1s t<-Jttnd. in Cougar Bay (17%) 

t.he lowest. pE?rccnt (56 

dc:nse JfJ.acrophyte 



Table lk:~nsity estirnates c.hi.ronomids and oligocht1etes collected 
f-rom the Coeur d ~Alene systcra on three dates. (Winner :s 
.1. ~) 
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Table 7 ~ Estiinated peTccntage orgn.nic carbon in. the sediments of the 
Coeur d~AJ.ene Lake system. for t 1971t and March, 1972. 
(Winner~ .1.972~) 

Lk.:.pth (.m) 

> 

-~~-•---.••••••••.•.-.-.~~---·.•-..-•••••••••.•~·Mw~--·•··•••••••••.•••••• 

Chatcolct 1971 6. ;:i. 6,. ~ 7 
., 

/ . J. 
6.6 ("> 

/ • ";..1 

6. ~7 8 .4 8 . l. I 

8.6 7 j 
"> 4 8.0 . / . 

Carl.in Bay .1 !-":0 7 
/ .:.. ,._) 

~7 'Y 9 :.; 9 ~ / . ~) . 
r 
G$ s 6 . 7 8 . 8 

Couga-r 7.1 3 1 7 'i 11 8 . . I . 
2 3.0 JG ,. 

Q 
, ... 9 .6 . (} () $ ~J 
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anmunts 
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in Coc:;Jr d~ 

were 

Joe River to 

currents. 
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content 

sed i.mer1 tat .ic;n 

content 
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sediments 
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were 3-6 

the distance 
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T<Ib1e 8. fvietal concentrations ln Jake sediments (mg/kg) by neutron 
activa.tion collected September* 1971 (WinDer~ 1972~) 

Station 

Chatcol.ct 
l.A 

1B 

lC 

Harrison 

2D 

Carlin Bay 
3i\. 

3B 

3C 

5D 

Cougar Ba.y 
4A 

4D 

Water 

-·~ 

L 

5 

2 

s 

10 

.• , 
f.. 

'> ,, 

.lO 

2 

l(J 

not detected. 

b ... ~ no data. 

{)' 

5 
~ 

{ 
,) .t 

4 .t 

4 
~ 

6~ 

1 
~- ~ 

7 ;; 

/ 
') 

1,;:_, 

Sb 

~700 1. 

44$900 

53~000 J 

b $800 32 

.1. .1J ~ 
101 

95,1.00 
,.,,., 
I' 
'i 

100~000 93 

35~ 3 

53 $ 43 

)~) ,100 43 

75 ~ 100 1.20 

,800 5 

54,800 107 

75,700 63 



53 

Table 9 ~ Metal concentrations in lake sedirnent.s (mg/kg) by 
atomic absorption collected l'<hrch~ 1972. (Wi.nnert 1972.) 

Sta.tion 

lB 

.Harrison 

Carlin B:Jy 
3A 

3B 

3C 

3D 

Cougar Bay 
4.A 

4H 

V-Ja,ter 
L~pth 

(m) 

2 

l q . <,., 

''\ 
i, 

f'' 
;:) 

10 

.>20 

s 

>20 

1 
.!. $ 

1 ~ 

·-:,.,...~ 
~ 

3 ~ 

Mg 

~) 362 

,) 3 7 s 

]_{) ~{ 6 1.30 

20 :sso 

48 

435 

6 

::::~ S-3 '·C?!: 
..... )...:. ..... } 

Q'l 
~:~ f 450 

68 660 

10 

67 612 

64 425 
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Figure 26. ./ma1ysis of f>.~tal Concentration in the Upper 5 em of Sed.irnent 
fwom the Coeur d ~i\1ene River Delta Axea. (Winner~ 1972 ~) 
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Substrate Conditions 

Viithin a given lake, there usually exists a high correlation between 

the nature of the substrate a:nd the nurnher of species and population density 

(Reid, 1961) ~ Some i.:mportant factors affec:t.ing lirniting benthic communities 

are o>.:;tgen, temperature~ pH.~ dissolved constituents and nature of the sub~ 

s tra te surface, as wo.11 as the chemistry of the upper fm'-~' cen.timeters of the 

sedinv.:.nt s . 

{f.x.;rgtTl 1s not a critical factor 1:n th~.? T1r>rthorn portion of the lake 

because of its oligotrophic nature., The lowest c.oncentration observed for 

this part of the lake was 4 rng/1 in l. Hanv benthic on~a:rn.sns can )....... ... ~ ....... 

survive in Haters at t}VCn lower DO concentrations. Bark may depress oxygen 

levels and crea.te a physical bn.rrier the development and rnaintenance of 

a healthy benthic:: community (Hansen.~. s~!- ~~l.~ 19 Although the bark-

li ttcred substra tc~ at station and contained fewe·r benthic organisms 

thm1 the oth.ex stations at similar depthJ the disso1'1ed rx;.;:ygen was .never 

below 6 rng/1 probably because of depth J .L.:.n..; tempcratu:res and continuous 

flo>s-"' near the lake outlet. 

Uniform low tenrpera. turcs the compos it ion the ·benthic 

faurs:-:t in the profunda.l (deep) zone (Ru.ttner t 1963). TemprTatures at the 

nrofund.al stations in Cougar <.tnd Ca.rl BaYs 11robabl\"' do not. v.reattv exceed r ~......:- . ./ .~ ~- C.'t- l 

the~ 6. 5 C measured in March. In Lake Coeur d ~ Al.en.o J few 1v.acroinvertebra.tes 

a.re adapted to J.iving in this cold dark habitat. Only Chironomus ~· and a 

turbella.:rian were found in these deep area.s where they apparently avoid 

coJrq.1etition for both food. ru1d space. 'The: highest bottom temperature 

recorded was 11. C in C'hatco.let July. This would he e.>cpected. since th.is 

area also contains the most shaJlo\.: regions of the lake-- ~mro:imum depths range 

from 1.0 to 10 m. 

The pii ra.nged from 7. 5 at the su.rface to 6. 2 near the bottom. of a11 

benthic stations over more than m depth in Coeur d*Alene Lake and 10 m 

depth in (J1.atco1et. The pii of 6. 2 recorded near the lake bottom at all 

stations is not 1 i.mi ting for nlos t organisrn.s . 

Sco~.ra (personal communication) measured . S Z n in the 'Hater noa:r 

detected in the sediments at loca.le. ~Dte water is considered nsoftH 



in Coeur d. 1 Alene Lake in n1os t {-rreas. solids are low for the most 

part; c.o:nducti vity rn11gcs less th<:::ul v rnhos most areas after the spring 

rtw~cff nerio,:l ThesP ~~r;rtditiY1S J[f-~ ·fa+-a1 t·o rnn<:::t I:1;::-}' (Pickerirvr jQ?l4' i. ). ..;:.. ... \..c ~ ... ~ ......... ....... -:-/' ~- ' . t ..:. ...... . -e...' ...... ~- • • .. ... ~ .......... ..._., .1. ...;s... ....... "l 1 .... . . ~ ... ·b * ........ t...~ .'$ 

Rudolfs, 1950; JonesJ 1938; 

caught in the area of the: 

Howe\rer J fish are comrnonly 

HarrismL Wissm{-.rr (1972) reported a 

decrease in the inhibitory of Zn a.:nd to carbon :Li.xation by phyto~ 

plankton with an in Mg ~ } K J and I><m. 
Concentrations 180~660 mg/kg Mg were in the lake sediment at the 

Harrison station (Table Maxfield co:mmu.nication) reported 

>~s concentra.tions more than the concentrations Zn in the sediments 
.~ ' :i l" ot tnc t. C'. ta. 

In .spite of the high concentration and relatively soft wa.ter $ 11 

genera of Chironomidae 1 4 Hydracarina::: 4 Trichoptera;-; and 1 Turhe1laria 

wc:re observed at the m depth in. the Coeur d. 1 delta area. Warnick and 

Bel. I (1969), Jones J a:nd Flcntje recorded high 1eve1s o:f 

resistance of aqtt:ltic larvae to dissoJ.\red metal salts. The benthic 

com.muxrl.ty in the 

:h.igh sedimentation rates ra thc~r than 

Areas containing aquatic vegeta.tion 

a.nd. 
-;·-;. .. t.11.Vers:tty ber.tthic in'Icrtehra.tes. 

rnay inhibi.V.?d pri.rna.rily by 

l 1 .. 1 y .eve .s of meta 1ons. 

conta1ned the greatest nurnbers 

aquatic plants apparently supply 

food~ shelter, a diverse tat fur the The large number of 

J.nvert.ebrat.es 1 high percentage o:f 

temperatures a.nd low oxygen. 

of the southern portion the 

Tanytarsus 1 common to the northern. 
~.rT<<r.-")o"«:....,.,..O:~.......,.. • ..,.,.r_.-o:o 

Theinerm:mn (1918) a.s characterizing 

High oxygen concentrations 

igochaet.es )~shallow water~ high 

a.re indicative of tho eutrophic conditions 

d~ system. The ch:i.ronomid~ 

the * h"B.S identified by 

:fau.n.a of an oligotrophic lake, 

in the v1a ter adj acen t. to the 

substrate are hat:dt.at requii'Gm.ents for 

l . . l d n tn1s manner, t1e , .. atn. on 

the physicochemical 

separate bodies of lvater irt 

c. 

Chemical Cc.~mpo.s i tion 

that 

As a. portion of this investigation:;; 

tend to corrobora.te 

Lake fu.nc Ll.ons as three 

productivity. 

Popu.1ations 
--~ .:.l' t ;:-::;,eu.lme:n -S 

cores -were taken at 



five points on an east to southwest transect across the Jake wid.th from the 

delta mouth of the Coeu:r d t River to Camp Eastersea1 (Cottonwood Bay). 

(Phase II of this study scheduled to begin with OWHJl funding in April~ 

1973$ and wiJ.l examine the 

lengthwise on a. soutJ1 to north a.xis 

d~Alenc Lake outlet.) 

indicated in Figure (c). 

are presented by core number. 

Tables B-1 to 3 "· 5;. B. 

Analysis a . S em core 

delta showed significant 

79 ~ 5 em level [Figures 

act.i 

centrations 

higher cortcrmtrations of V ~ 

found. in the over.l }7 ing 

detectable arn.cru:nts. ra 

in the ovr~rlying sediments. 

Arsenic increased em 

nor below th.ese 

Atomic absorption a.n.alysi.s 

ccntrations Cu* ~ Hg} Mn, 

Low concentrations 
and Zn were all higher at 

below the . S em. depth .. 

above the 79.5 ern. depth .. 

Jl.litic 

Neutron activation analysis 

a on.e~:fo1.d greater 

It is our opi:n.ion that the 

cornponents removed that anou:nt 

constituents of 10 cores to be taken 

from the St. River to the Coeur 

depths the initial cores are 

tions and changes of various ccmstit.uents 

arc s1.nnrn.arl zed FigtJres and 

rn depth the Coeur d ? }\1ene River 

metaJ.1.ic elements abo-tre the 

1} Appendix 

significa.nt :tn.creases in con

• 5 em leve 1. There were 

Rb beloH 70 em th.an that 

were not present in 

v:as higher at the , 5 em level tha.n 

ern, but was not detectable above 

signi:fi.cant increases in con--

Zn above 79 ~ S era depth, 

a.t. 

Lead <'.::-;howed a slight decrease 

of abs(.H1)tion dc~creased. 

some hema.tite c1.ay"'sized qua.rtz .. 

subsequent cores showed at: least 

content than absoi)';tion measurements~ 

utilized. fOI' the metallic 

so Lib ill zation t~hi le lea\ting 



( mg I kg ) 
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Figure 27(b). i\tom.ic Absorption .A;na1ysis of Core 1. 
(Del tat 9.1 m water~depth). (DlmigtnL~ 1972 J 
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a considerable a:mour1t 

ac.tiv:-Jtion 

than 

Appendi">(. B 1" 
a:n 

c:m 

but tw<.s 

dr"\:_ Pinrr shewed 
... ~ Q 

heat 

above the 

centrations 

b ' :-1 ove tne 

to struc.ttxres ~ Neutron 

a.rnoun t r:r.resent 

or structure t 

center off the 

COTC' 1, 

\<Jater cont. en t 

core 
Selr'niurn was 

neutron. 

at 72,5 ern 

Bw2:i 

shcn.·,;"t:.:d 

ern 

of 

"'5 cmx 

detection a.J.l 

freeze--
by heat 

con~ 

quartz. 
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pH 

,_,__~~««-~~·Ll-.~-L~~~L~~~~~~-~~~~ 5 
~00 
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Stand.a.:rd and Atomic AbsolT;tio:n l'\na.lysi.s of Cb_emica1 Core 2. 
(Contt::r 1kdta$ , S m water·· depth)" (Dunigan~ 1972.) 
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( mg I kg } 

60 

Ag 
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180 
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Delta, .3m 

( mg I kg } 
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45 

Cr 
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Core 3 ~ 18 9 m off De .1 ta ~ Q.:~E~ h ,.Q:~.}· 8 ~~-2. .. ::::1 
Th.e 5B" 2 em cored sediroont sr.rrnple taken 1S9 m. o:f:f the Coeux d *Alene 

River delta showt~d. no pattern concentrat shift. [Figures 29(a) ~ 29(b), 

29(c), m1d Table B-3~ i\ppondix :E]. probably becc.ruse it did not. penetrate 

1x~yond the 60 r:m depth. Clay mi.nera.ls were predominantly :i1litic, 1·:ith 

some qu:trtz-sized particles. 

The 79.5 ern sedirnent 

showed a m.axked increase 

sediment depth [Figures 30 

Arsenic, total 

increased. 

decreased .. 

Neutron act:i'>/;Jtion 

Zn~, and Zr from. th 

c.on.centrat 

(b) l> 

L,6 

some elements abf:;ve 40 em 

showed no pattern~ Ts:Jta.l caxbon 

1.e percent. HateT content 

lc::\/els 

70 em depth. c:hromium~ , Trt, a . .nd Y sh::>Ned higher concentrations 

at the ~ tt t~ c:m aep ·11 nm1 

Atomic absorption anatysis showed of Cdt Cu, Mn, 1vb, 

and Ph above the \Ig concentrations increased 

above 40 c:m depth. Zinc 

vlith a high value at tltc c:m se<iiment depth, The fie/tAn ratio decreased 

considerably above the SD c:rn 

llli tic clays were the domina.nt c1a:y· minerals at all sediment depths 

analyzed~ Hernatito was present in measureable quantities above 40 em~ 

The 69 m cored scd]Jl(~nt smnple 

significant decreases of some 
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Tho pH i.ncreased above em:< l.y increast~1 h'it.h depth below 

the 30 ern sediment leveL, Total phospho:rot.ts total carbon dec-reased at 

SO em depth and then increased abo\Te the em le-v·el ~ Neutron activation 

analysis of Cr~ Sb~ Ee shov,md. no definite shift~ Cobalt increased above 
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in the composition of the~ Jake~ probably refle<:t.:ing a cna.nge in the compo·-· 

sit.ion the waters 

cores 1 the d.i.ff crencc i.11 

sediinentation. 

sedim.t)nt depth so 
"i "l < • f tilC acttlH.t SUJ.:t, 

yea.r at t:his poi.n.L 

The: shi:f t. core Z was 
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postdate the shift. 
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core 4 shifterl betw<~en 

an average rate V>' .. ··,.n., .. _., 1· 
'•··M·.~·"-"~·.< <._. 

5 sh:i:ftc~d 

Lhc lake. 

of occurrence different rates of 

core 1 t"las between 79 ~ S and 70 em 
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~ 5 ern~. Thus~ 6?.S em was 

Th.c cn1 level appeared to 
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(JTJ. year a.t thi. s point. 

The average was 25 ern J 

approxirnate ;{1./Crage rate of sedimentatimJ em year at this point. 

em 

The decrease in scdiruentation rate distance from the m.outb of the 

Coeur d. r i\1cne River ts n d.i. :f:ferent.L::d .. L:Jrge-r partie lcs 

tend tc1 settle nearer the particles tend tr; 

.lake o.r vih.ereV"i:)I' the <JJrrent is at a minimum. 

Sedimentation rates could not be approximated bec<::.tuse no 

-refercnC() poin.t existt)<L 

Coeur d'Alene area. 

to 1883~ little 

cores weJ.'C not deep 

de:posi ts tl.Sed to date older sedirnents, 

tht) meta.l shift of 

Sands dc.1.ta .. 

COHlHOH in the c:o1~f~S from th,e 

<:.ores 1. 
' 

mouth. 

to shov; 'J"Olcan:ic 

L ->. Clays were more~ 

cores 4 :> ~ 

Sand made up a higher percentage the sediment in core~ 21 than in the others. 

The color the s were 1dith core lcca.tiorL 

Orange~-gray was common upper strata 1ta sa.:mpJ.cs cores 1 and 

Dark hrm'>~TI was more common S v:;ere clark: 

brown throughou.t. 
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Table 13~ Toxic Levels (1lg/l) o:f Copper )l Zinc and Cadmiurn 
for ~-· capricorn.utt.rm* (Bartlett, e~. a1 ~, 1973~) 

Element Incipient Inhibition Complete Inhibition Algicidal 

Copper 50 90 300 

Zinc 30 120 700 

Cadmium 50 80 650 

Table 14. Maxbnu.m ~eecific grcn.;th rates. Zinc~ Zinc and 
Copper, LHlC and Cacbnium. (Bartlett_$, ~tal~, 1973.) 

Zn Zn + Cu Zrt + Cd 

Cone« pg/1 Cone~ pg/1 Cone. wg/1 
f·'JmJJ(. 

60 0.197 50/J.G 0, 5 50/10 0. 30S 

70 0.277 SO/ S0/20 Cl.S/1. 

80 0.403 50/30 0. 4Cr3 
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Figure 36. Grt)t-"'"th. H;_1tes of Sc1anastrurn c51pricornutl1JTI Treated 
With Zinc (tig/1). (Bartlett _£t .ai~, 1973.) 
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I 1 I . Upper Spokane River 

Ao Water Quality 

Physicochemical Conditions 

Nineteen ph}"sicochem.i.ca1 para.mete:rs l~·/ere monitored weekly from Octobc~r 

to Decerriber ~ 1971. and. then rnonthly for an ad.di tional nine month period at 

five stations on the Spokane River. On occasion n,;o to three more stations 

1t1ere tt:~sted for comparative pttq)oses ~ T11e stat inn 1ocfJtions are shown. in 

Figure 11 (page 21) and are 1.isttx1 by river mile (FJ\1) in Table C··l :;l Appendix 

c. 

Temperature ·.ranges showed a continual drop from 15 C in October 1971 to 

near 2 C in early February By m:id~March a continual rise was measured 

until highs of near 26 C were noted at the lov;er stations (RJv1 100~8(1). 

Figure 4.1. shows composite temperature measurements near the Post. Falls station. 

(RM 100). Figure 41 also indicates that disch.ax-ge from the Post Falls D~nn. 

had little second.a:ryr effect upon the water temperatures~ The controlling 

effect appeared. to be direct solar radiation upon Coeur d.~ Alene River~ La.ke ~ 

and to some smaller ex. tent upon the Spokane River" 

Biochemical o>..'ygen demand appeared to be ma .. tnly governed by the runoff 

during the late winter and early spring months* 1\ second.a.t)"' BOD high occurred 

in mid~ and late~summer$ probably as a result of increased biological 

activity during that period. In comparing COD measurements, high-s were 

noted during the runoff period t-<:it.h lo\1S in the late sumner period. This 

factor a.Iso gives cred.t~nce to the su.ggc~stion that the BOD seconda.ry peak 

is due to late summer bi.o1.ogica.1 pro-d-uctivity. Comparison o:f both BO:D and 

COD data (Figures 42 and 43) ind5.ca.ted some degra<i1tion of the Spokane River 

water as it passes from Lake Coetrr d ~ AJ.ene dohnstream toward the city of 

Spok{me. There appeared to be a smaJ.l but subtle increase in both BOD and 

COD. 

There is a grea.t dea.l. of human activity along the river in this region 

Which incJU(ie additions Of Ht?tterials from domes tic SC\>tdge effluent, four 

lu .. niber mills, and. an .industrial park* Conductiv·ity (Figure 44) also reflects 
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'l11e Spokane Ri. ver classified as class A the to the 

Washington border j according to Water Quality Struv]{-_:rrds Interstate 

Coastal Waters of the State 

Cormnission~ 1970). 

Coeur d ~Alene Ln.ke vm.t:ers enter 

sampling s t:-Jtion (R\:i 

total 

almost. 

Washington does not at this 
., ..... ·~ "" 
211 tact 1 1 t 1.s 

source of colifor:ns wi. 

(HM to the 

total coliforrns 

m1 at Upi'iver 

from the Cedars station (R\i 

State Poll.utio.n Control 

near the 

a.s it enters 

set forth in 

From Ross 

) ~ the medimt num.bers 

to 1~ 

based on total forms are 

considered. the quality is 

irK·rease at R()SS Point (RI\{1 

com_pared to 3/100 ml at 

The ratio of 

upstrea.rn to the dot'i'l1strcam. 

sources bacteria 

than domestic sources"J e~g. 

stunmarized 

are shown in Table 

Metallic Element Comnosition 
"' .... ~.~~ ............................ . 

erably hig)H3Y than that 

( 1969) and Ki>ehling rw-::asured. 

Rock Lake and Williams Lake waters 

conq;osi t.i.on in most ca.ses to 

Table 17" Cushing rm.d 

of the Coltunbia River; also 

tbe ntrrnbcr of bacteria 

ml as 

increases 

indicative d.omestic 

courrt s rrre 

vcr arc 

constituents 

th.c 

in 

tucn.ts 

amounts 
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TabJe 1.7. 

Element ver 
• -••"•·--••••••••••••••••••·•--••OA•._~,~~~~-~•-•«•••<••••••••••••••••••••••••••••••••••••••.•.•·~~--M~-.~~~-· 

'(l02 

*Cu '(lJ. 

Fe: J. ~ 

,01 

.00 
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these e lernents. Preliminary <:u1alysis the me ttl.ls certa1.n algae 

NcMnan Lakt:; (BenncttJ 19 

those present in the algae 

indi.c.ate t.h.at they (m(~tals) are also lower 

the 

Atomic fibsorption analysis indicated that. present i11 UJ!usual 

high amot.:tnts ranging from .. 2 to .62 ~- SO) prolxibly as 

or dissolved. Zn {capab1.e of passang thrm..tgh a . 45 p filter). 

Neutron act.i·vation at. this tim.c 

of to 1. 59 mv/l .... ~, latter rnost J.J.ke1)" represe-nt ali forms 

of ZIL Other trace metals , t<Ji th 1 are :not as abun.(iant as 

ZrL ./\nalyt.ical results of the wa.ters at Up.ri'l/er Drive (Felts m"r 80) are 

show11 in Table 17 and in 

Algae composition 

of Coeur Alene' Lake and. 

populations at the staLl.ons 

in numbers of to 1~440 standard units, 

miscellaneous ~Jiatoms 

most downst-r'earn station 

,fer.:_~~tr;:~ta donri.nated the popula.tions, 

prc:val.ent 1mJ.king up to the 

1. 

River .tn 

in 

resc~mh led that. 

are.;.J. 

A·nJh----~·r' J. ,.,. '""Hlf"r'()1···, r·~ ,~ '"~ q(~1 ~-.) ··· 
:..I~:::_!;;;:::~~!:::;~.:::;;:.: .::..;t.v.:;. ~~: 

Frac-i.laria crotonensis other 

to less the 

-()ctoher the' 

fi'OlH to of the cotmts/ 

COLUJtS. Diatonts n.ga 

nurnerotlS in m.i(hd.~ntErr and Melosira itaJ. i.ca dorninated 

:population a.t all stations. This 

Ce1.1 cou.nts/ml rose a.s h.igh as 3~688 

at the free: flowing ·ri."\rer stn.tions ~ at 

but v;ere h.:igh at th.e 

cells/ml) and Upriver Dri\re 

numerous fonn. acc.Ol.Inting 

considerably in ,June to 1 1 

up 70 to of the cell coun.ts. Augu ... s t 

Tabe11aria fenestrata 

the free flowing areas, Ce 11 cotrnts v;ere 

cont:inued ./\pri . .l. 1.S1:;z >! 

1 counts 'h'CTe 

at Ross 

Post 

lHOSt 

1. cotmts ~ 



lnstances~ Fall populations were made 

££·} a yellow green~ 

particular spec.ies 

id.entification a.nd counts aTe 

Atomic ahsuqJtion was 

uents p-resent in the river 

determinations are 

directly c.ompared with those~ 
7 ?)" }~f~--~v-.;c-; l$0 ,-.,.(.: 
~ .iM ' l! ~\..~:: ... ~u. ~ .... · ., ....... .s. 

may have given higher 

\oJater artd core analysis$ as 

d.issolution o:f cells), 

c:oncen-tra tion. 

if are 

gelatinous , or celJ.u1ar 

it rea.dily apparent 

concentration is most 

organis:m.s ~ aquatic 

strongly indicate that rnany 

orga.ni sms. 

to 

of greens Stich as Oscillatori.a 

th a n.scurrenc.e 

period of Algae 

Ineta1.1ic constit~ 

stations. 

measurements cannot be 

Cushing and Rancit.clli 

Neutron activation analysis 

the sections on 

Cushing (incomplete 

a. considerable~ 

it lS difficult to 

errtrapped within 

et 1969~), 

place, This 

algal eel of 

lowing sections) 

occ.ur of those 

l\1eta11ic Concentration .. (~1rosseJ. a.s !~~~gr_-~·· drv- -weii:Xht.JW#~--~- Certain Benthic 
.2~~£i~}_u_s·irLS and Ag_:~~!J~:-T~E111 ts 

It i.s recogni. that 

organisnts 

trend. in the results. 

Certain organisms, 

[known for its ability to 

plankton deri\rcd 

tration of the Hleta.llic c~ 1ernents that appear to 

algae. Very high mean 

:tSOO)~ Cd 

larvae of this organisnL 

to 

onJ.y 

.a constant 

Hydropsyche 

containing n1asses of 
1 rn:t·~., f~ .,.t·· *··'n· .<' ~·,on·~t:,-n j :t '"-'- ..l .. ..:_.L - •- ~:: >..,, J L...:...t"-

present in the 

Cu. 

in the 

in large WJ.m.bers 



Table: 18 Metal Cm1ce.nt-.r.-at".Lon (mg/kg dry v,;ei.ght) by f\lgae in the Upper 
Spokxne P-iver, .1971. J\naJ.ys:is 1Jy Atomic 1\bsorr~tiorL 

Element 9/16 

Cd 140 

9,600 

3,200 

640 

11. s 

9, 

Mn 2,600 

Pb 

Ln. 

76. 

Fe 13,300 

fvtn 1~410 

Pb :soo 

Zn 710 

Cd 

Fe 13,600 

M.n 

780 

Zn 3,700 

.. 
l. .t 21 

Lake Out1c:t (FJ4"'"107) 

ss 

1. (}) 

Ross 

3C1· 

:ss 
"I f.) ._ , .• J 

11 

2JO 

') 
:..- § 

11, 

540 

. ..., 
l. ~ 

18, 

0 

~800 

"1 .··~ 

.i. L ~ 

140 

2,200 

800 

11/4 1 

5,000 

4 t 

J;_t 

830 

4,1 

76 

1.1, 

600 410 

.11, 

3~000 4)000 

750 



and also an algae constnT1er 

trati.o.ns: Cu 

and Pb ( 
~ Zn 

similar m.ea.n concert-

Fe 

A similar high concentration was exhibited by the snailt 

l?D~~~~ 2£·, w}dch appa·.rently not on.ly ingests 
plant and a.nim.aJ ·matter Mean 

tissues of .?.hvsa 212: were; 

~ Pb (Sl)J and (. 

but also scavenges dead 

concentration in the 

* Mn (l;;DOG)~ Cd 

Somewhat surprising v;ero lower amounts of metals found 

in the sediment dwelling chi:ron.nmid .. * G.lz:E.t~:ltendij_>es E£, ~ which apparently 

on organic detritus. }:ban this orgardsm were~ 

Ct:t ( 26) J ( 1 ~ 0 ~ Cd ~ Fe ~ Pb :l and Hg ( < • 

An aqtmtic. earthworm (tm-id.enti:fied) also to contain lesser quantities 

(4.3), Fe (590)t Mn and 

Aqua tic pla.n.ts such as 

C4r~_lblysteff:1!xm) ~ and. attached 

for Cu~ Fe~ !>·in:< Zn ~ Hg and are 

E5~tom.egeton cri0r,us leaves and stems 
Zn t Cd ( ( 4-:l ~ VfrJ 

Cladophora ?£· was present as 
objects in the rivex. Analysis of fi1~'1X:::nts 

trations: (32), Zn 

Pb (170). f\,fuss such as /ud;lystegium. 'Has 
"-- ~=~~ 

i\nalysis revealed the 

:plant bodies : Cu ( 

Pb (SO). These measuxcnK:.nts are 

C. Tissue 

were 

mg/kg dry weight. 

mean concentrations of Cu 

) * and Pb 

to ·:rocks and submerged 

the fo1J.owing mean cone en~ 

}/f:n ( ~ Hg ( 1. 1) , 2u1d 

on submerged objects~ 

of metals present in the 

~ :tvtn (460) ~ Hg ~:>) and 

Figures SI(a) and 5l(b). 

.A:nalyses 

Cr. Cs~ 

and Te. 

of fish tissues were made by neutron activation techniques :for 

CoJ Fe, H£ s J Se j 'Th , in some :i.n..s. tances for Ha :< 

Ta t in the a11a.l ys is but h.ad to be disavtJwed 
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119 

!\11 the c1entents tested fcT are 

on a dry 

were collected in the f]r:l.vc -· .Felts 

was collected at this site also 

abOi/f:' the Post Fa1ls dam :::; tat ion. for 

bec·n obtai.:nc:d. :frcun 

to atomic 

t:Lon of the da t;:-;_ 

o£ the the of a.l1 

o:f :f i~:::,hcs. Zinc~ for f:rom over in the l?c:rch 

to OVCT 119 zoo i.n the B.1.ack Htd 

52 il1us:tx-ates the a.<.:t ivation. fer a fish 

specimen., 

.Iron i.s a common constitu.ent of b :.-rnd liver ti:::;stl.e ~ so it is not 

surpris to :it amoun.ts se--vera.1 to ' U"VCT :.+. 

i.n the 1 i V"fT 
i .. , .. 
xngtlf:.n~ 1 n 

Gn--umium conb:nt ';-:;as 

1.3 and 1~9 
than .1. 0 

we:re measured in. 

FiJ.1et 

uf the 

cobalt \:'!ere 

e1cmen.t:>: Cs ~ 

tic:s 1n a.LL liv'er t:l. 

ta.ken from the same fishes vxerc 

metal compos :l.tion. J.vk:D_n Zn va.lues were ->-.> ,, >> j 

Se.Ie:n :i.urn ·~vas s .l. 

~1J1Ci 

Hul.lhea,d > and 

in 

tissu.es j .Leon h<::lS 408) 251s and 128 

1;h1S not 

and . , 

in the 

of 

Hafnium \Vas /. S i:n the Bu11head arld 

Hafnium \'./a~:; :not me:-J;;ured in. Perch tissuc:s. Thorium 

1n a.ny of the: tissues Se1e:n iurn m<>:L-:nxremcnts Here 

in the tiSSLh3S in 

content was 2.09 

tissues. 

t:n 
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CONCENTRATION OF TRACE METALS IN LIVER TISSUE 

Yellow Perch (Perea flovescens) Black Bullhead ( lctulurus m;los) 
33~09 12»42 

~ T 

~ I 

,_z··· ":11 ~&···,1 §F-·-·~ ~~1::1 ... " .. , 
,. ~ 

Squowfish ( Ptychochlilus oregon1nsls) ,)e 
Cr Rb .r- ·~ 

~~.cO Eu* Sb 

16.43 T 
* Mean Concentrat·ion ( )lg I kg) 

l_ 

Erll II . 
''"''""~" ,;;IJ:.::t~ ·- IO~•~w 

Se Cr Rb Co Eu * Sb Sc * 
53 (zd. 'fra.ce Metal Concen.tration in .Fish. Liver T':i.ssue, (Light J.:Lne indicates range of 

three s,peci.rncns~ ;Jark Line represents the conf:id.erv:.e limits at the 9S% level.) 
.::.t aJ..:_. 7 Lr! 3,) 
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CONCENTRATIONS OF TRACE METALS IN LiVER TISSUE 

Yellow Perch ( P1rco flavescens) 

I &J_-: __ rl. m_--~--::..... 3 s __ 5 011 -;>I FU: 

15 71/ .. :;' ~ f:i: I. · .. 1 :.:--~-

Squowfish ( ~ 
366«2 

.-~ ;&' ··« ~/·d<t ... ·.·~~~~ 

lTh HL Csj Fe Zn Ni 

·* S3 (b)~ 'frace MetaJ. Concentrat 
three Spt:ClJ112TLS $ d<:':t.:tk J.ine r,c:qyr·~:w<"n+ 
(.Fru1k ~ ~~-t a.I.. ~ 1973.) 

t-
~ 

~ 

Black Bullhead ( lclulurus me/us) 
415§ 23 UJ Ell 119~63 

·r 

L ..... »·»,Sf,· .& •v··ss ss-- ·.ss 

Fe Zn 

*Mean Concentration (.ug/kg) 

--~---~ ... 

(Light line i:ndic:at:es range of 
·--vu.;.x.>.l.<..:.,nce limits a.t th.r' 9S% level.) 

;......: 
tv 
h) 



~ 06, ." 31, ar.td ~ respectively in the ·~ Bullhead~ and Sqtmw:fish~ 
Puibi.dLJm occurred. in qucmti ties 9. 9 ~ 1.0 :t a.nd 9 ., S mg/kg respectively in 

the Perch~ BulH1ead 1 Squawfish. EuropitEn. and occurred in the fig/kg 

range~ Simultaneous ann.lysis of a .. nd by atomic abso-ry;tion meth.ods on. 

subsamples of the smne tissues v;cre 

ex.ceptions occ:u·rred where resu1. ts wc<re 

analysis being considerably higher 

ti.ssue. TJ1e results 

also presented graphical 

composi ti011 of the fat 

the 

of those reported here. T1do 

diffen::m.t t with neutron act.1vat1.cm 

analyses on Bullhead fillet nnd liver 

analyses these fish t:i.ssu.es are 

of elemental 
Bul:lbead and Sqtu.I~ifish are shohT1 in 

Figure Comparison of fish ana.lysis of pool areas of Ross Point 

and Lo-ng L;;-tke of the Spokane 

Specific concltLSlons should not be dravrn f:rom i:1sh tissue analyses 

presented in these 

been analyzed to 

metal constituents seem 

Washington State 

'"l"'h< b .. d.s may -e to 

thi.s. 

more 

fact that cur 

som.e 25 fish samples 

be Zinc and other 

analysis 

.~ personal. cormrrun.ication). 

are reduced to a dry weight basis~ 

are these in? T'he fi.sh ;\not.her ques t.ion rna.y 

appeared healthy~ roht:Lst J r~ot ttndcr stress when coll.ectecL ,4...s CtLshing 

ancl. H.ancite11.i analysis the algae in the Col. 

di.rt:ct ana.l.ysis th0 elcrnenta.l 

composi t.ion of organisms~ Wiessner h.Ts a:ptly· pointed out. that 

organisrns rffr1)/ concentrate elements abundance to their availability .. 

in the surrounding 

The dixect app.U .. cabili ty toxic.ity- tests (as pointed ou.t 

earlier in this report) not alwa:ys describe what will happen in the 

field. as indicated the f.1sh in area. of the dlAlene 

River delta. These rcstd.t.s do.~ however~ cause concern and fox that reason 

additional fish will be tested 

Title ll funds, 



CONCENTRATION OF TRACE METALS IN FILLET TISSUE 
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three specimens dark 1 inr~ irxLl.c.a.tes confidence 1 hn:l. t: s of 9S'1; 1e\/el <) 
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CONCENTRATION OF TRACE METALS IN F~LLET TISSUE 
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FAT TiSSUE 
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C1tart A--1. A simplified food 111eb of taxa from La.ke Coeur d f Alene 
based on collected data and obseT .. vations. (Winner~ 1 



Turbe1 
Tricladida 

igoch.d-Ctd 

Hiru:n.dine;.:t 
P.hyl1(.:Jlobdc: .L .•. J<Ll 

G1ossiphosi. 
Helobde11a 

Cru.sta.ced 
/\mphipoda 

Gammari.dae 

Arachnoidea 

Hyt·f:~~:~~~: lJ~~~lac 

stagnal.i~::_ 

~_r. _,. ~1r, ';O·~~~ ~~t;Jl:~~;It ~} ::: p . 
• 1) & ~- "'" . . l ..•. ;d:., 

. _. ty~g?3~¥,:s sp. 
L.luCI l.l .<.<._.;.<"A.·v 

L:ibertia sp. 
Un1.0Hlcol.ldat::.: 

Netnnania. s p, 
Un1on1cola sp·, 

P ion1cr.at~~. --~ 

UiiT::~~-· 

Protziidae 
La} Otl\'S Sp. 

J\rr t:n1u·ria~u::: 
Arreiu.trus 

--~~~~~--~---------~---------~ 

Lrike Coeur d ~ AlerH:.: ~ 
(Wiru1er ~ 

ser.rrit.a 1 cvis 

(possil:;l.y E. claus am) 

te}~~~~!;fa~r, 
.iYlv·.s 

Hy2;-·opt i1 1d~i:e 

~~~~{: :.i~I '~ c~~ p ~ p . 
I·Iy(f1:(·)11~;);·ch i da.p 

. . Llx:.:t~:1<?J~~-::~r~z:? L1IP:D(>1_JU.l1d<.1.f:' 



Diptc~ra 
Ceratopagonidae 

. ) 

~ ;omyia. group (four spp ~ J 
Chao/orTdae 

Chaobo·rus 
·r ipCi"ITJa~e~ .. ~··v 

Tirrula sp. 
n'h ·--~~----r· ., ru.tag1on1.ct.ae 

\thr-1 y vy,·-ria ·r,·'ta . , -~ .. ;;_1_.;:_:.;:~,' v d : ... '!::'>'-·:;. .... ' 

Lh 1 ronorrru:1a.o 
P:rocl.adius (t.wo spp.) 
])s()ctrotan\'ptxs sp. 
·;.-:,llt·-:-:-t~l1 1>-'> 1 o·r/1-- ? "11 u -~ . ' 1· ..... . .!.. ;,·· ct ' .::;,. ..• 

'l'h 1' -:,·l.·I··~rr:a:. 11J1~~rr-v·-i '.' otl'~ u'''"fl(-~ ~ .. C, "'''' J~.~-J..S ·:•::i b •':} -"w 
Prot.anypus sp. 
Odontomesa sp. 
Psoctrocla.dius sp. 
fTc:t~erot.r lSSO<.:::ladius sp. 
Crlcotopus SJJ. 

Corynoneura sp. 

;;:; unconfirmed. 

cr1±t from river o-r streanL 

cT·errestri:I.l. 

(three spp. ) 
.~.!.!'~.' "'<";.Jt· /..~~.·~?'-~nee.·"~ .. :. SJ" •. ,_,_~" ~"'-'<l.UJ.~;:-::. •• . > • 

"ci~'~ptc7chlrc:u'iomus ful.vus 
Cr~lptochironornus (two spp. ) 
polypedilur~ sp ~ , T:rip~~iU_I.2_ gYp. 
Par'<:tcla.rtO}Ie.lma sn ~ 
PE:iei»:)-~1Sec fro sp". 
Enc oclllronomus sp $ 

E1nte1dla sp . 
sp. 

nxonornus s p. 
Ta.1rv·tarsus sp. 
~!2:5:!.5:1?:~(~~-~~~~;~. sp . 

GasLcopcda 
P.i 

Pelecypoda 
Pisidum 
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2B 

1.{) 
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;(, 

10 

4C 

::;.' 
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1ccted/m''' 
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1. ~7 2 

4:S 

517 

172 
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43 

86 
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Table 3. 

Station 

fl(;nsit.y estimates of Tric.hoptera c.ollected. on three dates 
in. the Coeur ({f system. (Winner'* .1972) 

Depth 
(m) 

? 
Number Collected/m"" 

Sept. March 



1 
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J.() 1 
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Loc.ati.on \JO -r< NU ~"\" ' . 3 .. ~ '" 3 ' 
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Augu::_t__ 2 ?..L .. JiL?~~ 
Mid Lk off Ha.ri·ison 
Cd~A Lk Outlet 
Echo 
Carlin 

Ray 
Rockff)I'ci 

BEP/ 

t A Ri ~er >k>uth 

Chat Outlet 

Conk 
Conk 

Rocky Pt. 

Rockford Bay 
Cds.A Piver 
Cd ~A I<i \tel' Delta. 
Cd.~A Outlet 
Chat Outlet 

October 13, 1971 
~ .. xo:-»:.>o••»:-:>o~~ ... ~' ~~ 

Mid Lk off Harrison 
Cd~A Lk Outlet 
Ed1o Bay· 

....................... ~~ .. 
Cd. t A ~ Coeur d.~ /d. ene ~ 

.03 

,.OS 
• 04 
.02S 
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.025 

.075 
~025 
-.05 
.OlD 
.02 

~ () ~l 
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• 0 
• 0 
.0 
'0 
.0 

{l 
"!.; 

" ~ tJ 

Conk ~ {"'opk t:; ~l'' 
'·''" .. . \....: • '·--·· C>..< 5 ~ 

A···S. CHEMICAL DATA COEUR DtALE\E LAKE: 1 
(Measurements t-:erc taken a.t 1., 0 M and are 

exr;rcssed as mg/.1. except where n.otecL) 
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4

·--P BOD 
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"""! ('; 
! .Jo. ~j 3,0 

01 1,5 
3. 4-

• OJ. 3,.6 
'01 1 
.01 L,6 

4.0 (~ ~ 5 

3 ~ i1: 
Q ., 
.;,....· .,. ::: .• 5,.1.7 
~-~ ~) 4.36 

.uo B.O ~7 :L 75 2 ,,(} 

.02 S1 ~ 5 1. ~ 7" 5,13 2.0 

.40 44.5 1.05 ~~ ~ 2.0 

.no 6.5 2.1 4,67 2.0 

.,02 9.2 2~1. S.J.S 1.0 

~O.ZO 
,010 8.0 2~0 
.005 

(l·~a t ;;;. r}lar···"., let .. .$,..... • • -.........~ . ~-.. ~~ •• c-. . ~ Lk ~ Lake 

HCO,.,. 
.) 

26~0 
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26.0 
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2~) ~ (J 
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ro 
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pH 
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~ ............. 
/ • .l.) 
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~~~~===~=======~~~~===========~~~- ~·' > -. ·•~"~'-"'·'""·""••.••••.m•••••••• ... .• ""'~··· -~•«········~---··""'·•······--.·------~·"'·····----- ...• m··--······--· .... (;()1-i~Ji1ctivlty"''"'" 

Date 
Location NCL~N ::) NJ-L~N 

,) 
~~P 

<f 

<;;('; ,_A,;4 COD ncn '"'3 
T)(' ~\emp~ 
: ... "<.J ,.. .. c .. 

~~~~-·--:w:w••-.:-" .......... -....--...-.,. ..... ,. ............ .,.,.. .............. """" 

Noven·iber 29 ~ 1 
-~~---~·""''"--"'''-'···"""--· 

Mid Lk off Harrison 
Cd~A Lk Outlet 
Echo Bay 
Carlin Bay 
Mica Bay 
Rockf(>Td Ba)v 
Cave Ba.:y 

A River .Mouth 
E. Shore off Conk 
Mid Lake o:f:f Conk 
C:h.at Outlet 
Chat off Rock}' Pt~ 

1:?,pi1y·;~r-~1""J' 9 ·1 97? I ".:·· t.- • .. (,..}..'i,~ )o'lo. ,' D ~ ...,..,. ....... ,. M 

Cd~ A. Hiver 
. Joe River 

Bennev,ra.h 
Rocky Poi.nt 
Plummer Creek 
Chat Lk Outlet 

\,f.-:..,.,,.., 1·1 R 1 q 7 ? 
l 1<::~-~ X..• !,./ $ ... { <->. 

CdtA River 
St,. Joe River 
Hennewah Creek 
Rocky Point 
Plummer Creek 
Chat Lk. (Jutlet 
Cottonwood Cr. West 

~03 
~05 
025 
~05 
.045 
,.025 
. 045 

.055 

~ 045 
~030 

.,14 
~ 17 
50 

1.75 
.. 26 

~125 
.115 
.130 
.170 
.650 
,.165 

2$850 

~032 
~ 01 s 8.0 
.008 
.014 
~ 01.1 
,008 
• 083 
.029 
.030 
.073 
.016 

1~525 41«0 
.050 55~0 
.100 10.0 
,125 7.5 
.350 9.5 
~100 10.5 

~OSO 18.,5 11~7 r c; 
J-:o<~ 

.050 ,.,.. c 
~) ~ h) 11.8 5.0 

.075 11.0 

.100 10.,5 11,.7 
<150 11.5 11.7 
~ 1 ~? s :.":;. 11.6 6.0 
,225 31.5 

pH 
Units 

Micro-
~1~- ( , ': ·t .7 r-Or~ 1,,, L)S ,1 <w -::J ,_, 

0 
~ 

t..;:: 
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Table~ A~ S,. Continued 
-- -~---·······~-- · .. ·· ........... --.. ~---- ·-- .. .. ...... ·-~ .-·-:::::::::::::::·.. .:-·.. .. ... .. ... c:~;~;(1~~~~-tiv1. tY: 

Date 
Locati()H NO.'"<-N 

.) 
NH':>-N 

;:; 
f)() w 1) --·4 r EOD HCO,., IXJ 

~) 

6E-> .. ~'n'> 
.. ;.:.~t; ~ 

"l""' 
\._.. 

pH 
Units "'' _ n~~H~ro; ,o .... 

.ullL.::> o.t .-:...-;) L 
-~--------~~~--------------..··~--··w.••n••.n•n••n•>•mnn••n~••>"••n•••>••n••n•m•n••.•mn .. ••~nonu••••"'n•••>n-··~-·-•• '"'-'""""'"'n>•·---·~----~~-----------------~---~------m 

·'"ul., · ,. ·1? 1 ()7'7 
,) ) . "" ~-~~:--~ 

hiid Lk off ha1T1.son 
t·<tid Lk off Conk 
!'4a in c:h.a.:nne 1-Co us Hay 
Chat lk Otxt1et. 
BroHns Bay 
Ca.rlin Bay 

./\U£USt 18., 197 2 
_.,__.,,_.-..;1;, •• --.-.............,~~mm 

Cd!A Hiver 
cd~A 

Lcmg 
Conklin 

Delta. 

St,. Joe River 
Chat Lk Outlet. 
THin B-each 
Cd~A Outlet 

nc·t·c·;l)e·x· 17 J.Q77 
...... .... >i. ...... • ) ' ...... ~ 4_ 

Cd ~A H.iver Delta 
No. End i"iid Lake 
Chat ()utlet 
Cd t /\ I..,ake Outlet 

.,000 
DlO 

.050 

.02S 

.010 

.OS 

*015 

pr:c.: .. • ,} .... 

.035 

.OS 

.025 

.025 
05 

lOG 
1.875 

075 
,100 
100 

.150 

.100 

.40 
.10 

.10 

.12 

.10 

~77 

• 0005 
.0003 
.007 

.0003 

10.0 
: 0 o.~ 

4.,0 
2.0 
2.0 
8.0 

11.0 

\ry {) 
J {-..:- t...:· 

13*0 
6.0 

12.0 
12,.0 
15-~ () 

2.0 
1.0 

10.5 
12~ 0 

10.6 
10.4 

.10 
11.0 

1.48 
2.18 
~? ~ 67 
l. 

<617 
., ,__,. 

2.00 

~L 71. 
tJ ~ £12 
"?' ""ir' 
,) • I ;.s 

6.81 
5.7S 
6.81 
5.34 

22,.93 
6.41 
6.94 

5.07 
4.36 
s.os 
5.07 

2.0 
4.0 
3.0 
6.0 
2.0 
5.0 
2.0 
? 0 
~-~ 

10.0 
6.0 
4.0 
- -~ 
5.0 
7 n :0:.-.·« ........ 

~s ~ tJ 
'~ n tw l5t ....... 

2.0 
7.0 

4.0 
-~ (} 
J... :._, 
.~o.; ("'/< 

L.U 
1.0 

• 0 
21~0 
17.0 

• 0 
25 .. 0 
15.0 
1. 5. D 

.,0 

8.0 
4.0 

.0 
30.0 

~ [) 

32~ () 
47 q .;......,. ~ ,_.. 

32.0 
• 0 

27.0 

26.0 
24 ~ () 
23.0 

.0 

l(L 8 
10.0 
10.5 
11,.5 
11.0 
9.j 

10.8 
9,0 

SL, 0 
10.0 
12,.0 
10.,;?, 

. ;:) 
J. 2. 0 
11.5 
11.0 

n 
o.- S.J 

8.9 

12.0 
8"' ,j 

9.5 
9.0 

17 .. 1 
13.0 

ry-
" { 

18 .. 9 
19.0 

'0 
17~7 
19.0 

K·l 
:22~ J. 
22.0 
22 • .1 
22.0 
21.0 

• 0 
~B 
... <f 
.,j 

J,:LO 
14.0 
14.0 
l2L 9 

7.1 
l K 2 
7$2 
'( ') 
j ... i..: 

. ..., 
:.: _i, 

"' • L 
-~ 

• ''t 

I~ 2 

6,4 
7.0 
7~2 
~ .. '? { ... ~ 
! • i.) 

7.0 
7.0 
t; ~ ~~ 

7.0 
7.1 
7.6 

6.7 
7 . ..--~ :. u 
{ -~ 
f • .l. 

7" ~ 1.5 

50 
50 
so 
52 
so 
50 
50 

::s 
7.1 
50 
61 
:·· ., 
:;;,;:;, 

so 
50 
50 
50 
50 

7·) 
'"" 
50 
50 
50 

~ 
t.n 
!-----' 
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:hbst of the data contained 
within this appendix vm . .s 
derived from Dun.igan (J. 9'72). 



TABLE B~l. Chem.ical d.ata for Core~ 1. Delta 9.14 m 

all except pH, % Water Content, and % Total~Carbon are expressed as mg/kg 
, .. , ..... ~ ---_______ ....... .... .,. .... , ... -· _, .... .._; » ..... .. . ..... __... ...... 

depth % Water Atomic Absorption Analysis 
em pH Content Tota.l-·P Tota1~C As Cd Cu Fe Mg }"in ~b Ni ph . L.o Zn 

m• ..,. ......... ,.,. .. ,..,.,..,~ 

0$0 ~ 113.34 :5560. 2.98 0.00 21.0 56.4 10200. 1064. 1140. 2.5 296. 1588. 800, 

10.0 S.9 35 X s:~ 3440. 2.99 0$00 26.3 3.2 11500. 1224. 1300. 3.0 37(L ')"'>') 
,w.)t,.,. 920. 

20.0 (} ~ ]_ 35.16 4777. 3.03 0.23 25.7 59~2 10400. 1210. 1140. 2.8 378 1978. 350. 

30.0 35.03 4388. 2.90 0.19 13.2 38.2 10800$ 1260. 1500. 3.4 326. .1430. 6«-i-"'-. 
~ IL:o: r----> 

0"1 
0-~ 

36.0 7.05 54.89 4383. 2~58 0. J. 9 13"6 64.£ 13200. 1550. 1600. 2"76 494. 1632. ~ r' ('~ 
J h)t<. 

57.75 6.2 54.05 3142. 2.31 0.08 10.7 RCJ f's 
t~ J"o<( ~ ~ .... 16200$ 1640. 1900. 3.4 r·7 . .-1 

:St'-'"t~ 1854 < 1020. 

70.0 6.1 54.83 3483. '"') .r:•"i'}" 
<.<,.0< 0.10 8.4 43.4 16700. 1640. 1800. 4.26 554. 1886. 8:50. 

79.5 S.3 53.98 2440" 1.36 0"00 4,5 17.2 4700. 290$ 335. 2.0 172. 1574,. L:::<::s. 



TABLE B---1 continued. Chemiu:tl data for Core 1." Delta 9« 14 m 

all expressed as mg/k.g 
.•».··~··--··-~"""- ---~--··•····~"--·-··---~-~ .. -·»-·-··--~--~......,.~--•<-.------· -·-·X --·--·---~-·~<~.·-~.·~>••>oo-•~~~._, .. ~ ... ._,....~-~-~~---~-~--~~-~~~~~~~~~~~~-~ 

depth 
on 

0.0 

10.0 

20.0 

30.0 

36.0 

t"1 '"'tr' 
"'u •!;:; 

70.0 

79~5 

Al Co 

33011.9 21.59 

19.05 

12>c34 

18.01. 

24992.0 24.44 

3.1967.0 16,.03 

10 .. 46 

46526.0 11.385 

Ct Cs Fe :Mn Rb Sh Sc v Zn 
~~'"'""'~'"'""'""'""''"'""'~-w~'"""'"~~--~----··"--·'•~·----"'"'"""'"""~· ..... - .......... ~..._~..,_-..._...__w....~---..._~..,_"-"--"""""~"""'"~.-.---.-.--

47,.18 1.0.24 103000. 29390.5 35.29 96~86 6.9165 9.0799 4363. 

27.8 6.3 102200., 1.1.8,.80 248"50 6,770 3400. 

28,04 l .. t 
;) oO- .:-.,..~ 63270., 90~17 121.65 7~43 3430., 

30 ~ 1. {} 7.114 101500. .124.30 2tHL4 7,54 3150. 

40.85 8.399 140650., 38058.0 34,.33 10.1.. 22 < ') "? U.kk 7.63 4192. 

37. ?D 9.569 1.17700. 35169.5 37.84 68"625 6.90 12.79 7563. 

68.09 HL29 45290. 271. "9 261.4 19.7 5040. 

61.57 .1.1..81 38250. 174:.L OS 4(L 58 1..,976 12"50 19.09 

1---"> 
m 
~ 



TABLE B-1 continued.~ Chemical data for Core 1. 

all expressed as mg/kg 
---~~-~-----~~---~~~ .. ~-----·~·.~~----------------------------------~-~ 

------------------------~--~ 

depth 
em 

Neutron A.ctivation Analysis 
l\g Ba Eu t-k:t Se Ta Tb Th y Zr 

--~» .. ~---··~--~-.~------------------------------~-~~~~~ 

O)J 

10,0 10.27 15.60 fL87 1~28 0.211 0.63 1,.9 1.00 513.5 

20.0 1fL13 .11: ·)t' 
..,...}.,,;..,;) 0,97 1. 34 ~ """0 .-.../~:.~·} fLlS 0.384 2.19 LOO 70.5 

30*0 10.62 15.,54 0.88 1.04 n '/T 
...... ~ { ...) 1.,863 1"03 572.1 

36*0 

57 .. 75 

70.0 23.34 36,06 0.85 2.17 1.36 1.00 4.96 2.39 707.1 

79.5 

f.--< 
~..11 
w 



TABLE B-1. (continued) Chemica.1 data :for Core 1 

all e?q:rressed as mg/k.g 

depth. Netrtron .Activa.t ion Analysis 
em A1 Co Cr Cs Fe IAn 

0.0 33011.9 21.59 47.18 10.2355 103000. 29390.5 

10.0 w 19~05 27.80 6. 342 102200. •.•-

20.0 .... 19~53 28.045 5.574 1.10700. w 

:30.0 -~ 1 Q rn 
-~- ,; !? :. •• ~ _.,._ 3(L10 7.11.4 101500. w 

36.0 24992.0 24.4-4 40.85 R '"OO '-· ";::;,_,_, 140650. 38058.0 

S''·• • .,,_.. 
~ ! • I::.> :51967.0 16.025 37.79 9.569 117700. 35169.5 

7(L0 ...... 10.46 68.09 UL29 45290. -

79.5 46526.0 1.1.385 61.57 lL.Bl 38250. 1744.05 

Rb Sb Sc v Zn. 
--------~~---·· -'~--,--~=~-~~~ 

~5 ~~ ~ 96.86 6.9165 9.0799 4363. 

118.8 248.50 6.770 •.•.• :3400. 

90.16 239.40 7 .. 435 - 3430. 
;.,..,; 
·'-'1 

124.3 230.4 7. S42 ~ 3150. (.~ 

34. 321 101.22 6. 2215 7,6325 4192 .. 

37.84 68.625 6.899 12 .. 7873 7563. 

271.9 261.40 19.70 •.•• 5040. 

40 .. 58 1.976 12.495 19.09:3 



TABLE B~l. (continued) Chemical data for Core 1 

all CA"})ressed as mg/kg 

Neutron. /\ctivat.ion Analysis depth 
em Ta Ag Ba Eu Ba ~w.~ ... -»--~·~~~~---~---~---~---~--Se Tb Z:r Th y 

(),. 0 

10~0 10,27 15.60 (L871 1"283 w 
0 . ....,.1.~ 
.;.- ~ 4-A-..t 0.627 1.,854 0"995 51.3,5 

20~0 10~13 15.25 0.,968 1." 343 5,295 0,147 0.384 2.193 0~996 70.,48 

30.,0 1().,62 15.54 {L825 1,036 ·~ 0.248 ~ 1,863 1"034 572,1 

36.0 

57"75 

70~0 23.34 36,06 0"85.1 2_,167 1.. 364 0.996 4.,958 2"378 702.1 

79~5 

~ 
0'1 
""'-J 



TABLE B-2. Chemical data for Core 2, center off Delta, 18~28 m 

all except pH, % Witter Content~ and. ~; Tota1···Ca.rbo:n. are expressed as mg/kg 
~:-= .. -::.:.:--: .. ·:.:: ........ •)o•lo.o• .. •:>oX!Y.•" .. :>-"0:0"•"•.-'-•:0 ••• ,..;..;•:« .o•.··"""'"-O..O.."-•••)o.. ............... :.""'"'""" :-..~:- .....,.., ...... '<!<. •• •.•................................. .: •• :-_ ... .;....;..,..-.·.·~~-·..................... .. .... ·:::::::=:.:~::::-.,.,.x-....... . ...... -.....-.:..; ..... :.·.-.:-:-.... •:W:O"" .......... ~~ 

depth % Water !\tomic Absorption Analysis 
l J r·' t t ,..~ t 1 1) 'I' . .l ,~ "' "'1 c~ . l'' l-1 \~ k& .\,. < n1 7 --~J?.!.:~ .... --~~~ < .• on en . __ .-!~.~: ... :a .. ~ 1 ota ~t, ... J;.~? Lu ~~~~---.. '0 Fg ; 'i.n F:!') HL rt1 < .• n 

0.0 6.0 375.57 3905. 3.29% 0.15 27.7 75.0 11600. 1320. 1300. 4.2 328. 1650. 786. 

10.0 6.15 208.01 3332. 2.93% 0.10 18.4 75.0 12500. 1390. 1450. 3.2 344. 1750. 870. 

25.0 6.3 64.03 2929. 2.11% 0.37 8.4 43.0 9440. 1360. 1250. 2.8 222. 1588. 730. 

i--"" 

40.0 6.3 45.59 2449. 2.35% 0.10 11.0 84.0 17420. 1480. 3280. 2.2 570 1756 1100. ~ 

47.5 6.0 65.74 3108. 2.83% 0.36 8.6 53.6 14400. 1480. 1580. 2.7 444. 1554. 820. 

62.5 5.9 76.45 3099. 2.56% 0.34 15.6 14.0 15600. 1610. 1580. 2.8 548. 1960x 1420. 

72.5 5.1 54.49 :)007. 2.16% (L32 11.5 11.8 5600,. 260. 210. 0.174 134. 364. 86. 

·~'" 



'LABLE B- 2 ~ (continued) Chemical data for Core 2 

all ex-pressecl as mg/kg 
•'Oo ...... 

depth. Neut·ron Activation Almlysis of oven~dried samples (freez(>dried samples) 
em ~~A~# /\1. Co Cr. Cs Fe },·in Rb Sb Sc Se V Zn 

~-~~~-~~~~·-· ~--·~~ ~·~• .. ·~~~~~~--~--.~. ~o~w X ~~·"~"~--

0.0 20.3 30678. 23. 38«6 7~634 1258DCL 40126.5 176.6 109 .. 1 tL247 16.8741 4516. 

Mo 11.84 38209. 15.04 
·'"1 ·; !l ., •. (...,.. (l '" ")'?. \ ('1• .. , (13.., 
( .w" 'tL) .>~.()·)'-! • .J •. tL " ) 

~ , n~g ot~ry--) ...,..r10~ c 90 19 -q 44 ·6 1· 06" '?1 ~?) 1' 0 94 -011 .::1 b.Y.), ot+,j.Li... .;;}~.;.:.:s • .::> , • .:'L~' ( .. · t£...< ,.tL., . b.o · j . ,. 
?.~\ (8 4(~}'> (''q)40.A '> (''""0'19. O ) ··1 ~">8 1} , . .,.._.n C?"' ·"'( -':}"">~"'") (l"" 6"?5\ '?·'OJ .. .U,:J) C< .. - .1 . .) Jic ou.; .:? ~ .• /·o. (.Ul... . l~'>u • .:.L>j {_, .£-..<L::._)_. '· .J •. £...< ) lJ{)o ..• .J 

40.0 1.1..48 1.1.67 30.80 9.521 85590. 150.5 202.2 8.378 4440. 

1 '""' t' }>"!" 47 ·'""C"!..'; ., 1· ~ ('"1 3...,.. ')"' n (1')(. 93?"'9( (!1 1 """6'3. r-··}t:"" J '·U • ::S • ! " ' .w ( .:-:<~ .::. .;:; ...... ~ ) ::S " Q J , ...) • L..i... 7 ~ , l } .. "' \..1 i J • !t '1 j .- " :d . ,} .) • .. 88.66 .744 20.99 (20.184) 4281. 
{"1\} "11'> ·"18 '""17\ (...,..O 7;':>\ '10 .~T) ('li\L ')(}(~ . (·1·1{). 3'! t. o. } t ' ., I , } .. ,)o .. ,}.<:v.; L ·. , • b' ··' .. · uU.w , ; ~ J -. >..J ... / 

'">""fj 0 !) ( ""17) •'1/' QC\ {4'}7 .. lt ..• O.<<., .'" ,./ $ l \t • .;.,;.s} \ L .. ·' .) 

62.5 75.35 34415. 10.85 44.34 12.98 32390. 18779.4 116.6 209.3 11.96 15.567 12690. 

• 5 

( R' ,.")'.) (4"'""'(·"'9? .. (Q 7 4 .-·-., ···40 . .._,.]. ') '1? ·-..q·· ···o""'S"J' ' (••·~""-51 -. (1."'95 •.. ) (''15 ...,..) '15 r:-4·)· ,>..~ ...• n ., . 1 ::;; 1 w • ) .~ • : • t; ; v . H 1...: . l . , _ _, . ~J o J lou .:s t • .J t L.) 1 . . • J . 1 • ~ .. . L • • .'> _, {.. . • ~) . 

3.074 50853~ 9.168 42.56 9.217 31.530. 3839.4 143.3 6.577 11"21 
(3 .166) ( 46908.) (8 .. 079) (37. 74) (9. 029) (324 70. )(5990. OS) (128 ~ 6) (7. 041) (10 .. 86) 

('?3 ?4"){'1-?1(') "" .~1 1 .. :J .... L 

6.402 25.824 
(2.283)(21.268) 

~''""' ry J~l.f 

(547.9) 

r 
m 
<..f:.i 



TABLE B~3.. Chemical data for Core 3, .1.89 m off Delta, 18 .. 28 m 

all except pH* ~; Water Content, and % Total ~Carbon expressed as mg/kg 
·-·····».<·•···--·········"'"'"' -~ '"'"'""'''"···· ... ,_ .... ~------:;::;;;::·--·,····:::::;--···~···--·:=;·--··;,--:::;--~:::::;··--~~-~:::::;"·<o~· .. ··:=;··'""•~·····:=;·----·~-========= 

depth % Water Atomic Absorption Analysis 
"""'em Content Tot a~.,:£.. Total ~C /\s Cd Cu Fe '"----... ~it~ .... @ ... "'"" .... t!~------··--·--· Mo Ni Pb Zn 

0.0 5~0 32 .. 93 2590~ 

10.0 5 .. 45 44 .. 53 2471~ 

20.0 5,.68 41.84 2294. 

30.0 5.86 54 .. 74 2468. 

40.0 5.68 36 .. 40 1616. 

so.o 5.95 41«25 2132. 

58.2 6.06 ~ ~ (""".·~ 

Y+ .. :>L 2425. 

2.59% tLll 42.5 74.2 8360~ 382-. 705,. 2.8 294. 1594. 900. 

3 .. 64% 0.01 17.5 53.6 6400 .. 

2.79% 0.19 16.0 38.0 6800. 

·"} no~~ 
L~ $ o· -~ 

2. 88 ~~ 

2.45% 

,~ >"'tr(l. 

L ~ l :)·t 

(L 02 1. 7. 4 56. 4 

0.09 7.0 25.4 

0 .. 12 9.$ 43.8 

0.06 13.6 60~0 

1.0000. 

526{L 

9340. 

'1 l<"l ('>{1 
.tVJ.UU;, 

390. JliL 2~2 200~ 1628. 620. 

780. 797. 2.76 332. 1760. 660. 

1240. 

380. 

1580. 

'lr.:'~£1 
.t~HHJ,. 

1120~ 3.0 

564-. ? ') 
k.<..-:~ 

1120. 2.8 

1190" 4 ?") 
,} .. ~7 

328 .. 1606. 792. 

198. 1260. 275. 

312. 1596. 675. 

3'!,'') 
..Jt..>o 1596~ 760~ 

F 
CJ'>, 
0 



TABLE B-3~ (continued) Chemical data. for CoTe 3 

all ex-p·ressed as mg/kg 

depth Neutron Absorption Analysis 
em Ag Ba Co Cr Cs Eu Fe Ha Rb Sb Sc 

fLO 13,.86 

10.0 15.84 27.58 

19.43 41.46 7.253 0.946 116700. 1.839 606.5 219.2 8.725 

)F 
...... .J 47~88 8.341 1.119 159900. 1.980 23fL 9 433.1 9.664 

20.0 9.351 15.53 15.38 24.97 6.890 0.837 78850. 1.307 123.5 357.3 7.334 

30,0 15.90 23.82 38.50 7.456 0.987 136700. 1.472 328.2 7.875 

40.0 7.515 16.49 14.54 26,24 7.017 0.886 81480. 1.598 130.9 146.7 7.741 

50.0 18.19 30.29 24.21 44.31 10.25 1.097 135500. 2.081 207.3 250.1 10.13 

58.0 16,.53 27.89 24.97 43.95 -~ -~ 

.L.t • L.l73 125400 .. 1,972 0''10 t.-:. .<;,,:;:,o .. v 21fL5 1L,39 

~ 
CJ"< 
!-----' 



'fl·-r~rr:: 1~-'4 -· .. ..,~ t'· d) {···t,""·-~--•. ,.-1 ,.-~"t'1 f""· C·•r"' '"'< _,·v·'·····'· ·' J.. -~}. l con .. Jnutx. .Jh;.J;Lu ..... d..~.. ,JB .(.,. t,r .__.t, E.- ;; 

depth. 
em 

a.JJ. expressed as mg/kg 

Neutron Activation. Analysis 
Tb Th y Zn 

·~·-·~--~-~~~~-... ~-~~~-----~=.,...~·-····· --------

CLO 0.238 0.651 2 « \72(1 1.792 5730" 540.0 

10~0 0,.326 () * 727 3.167 1~956 51.60 •. }?"? 0 
• '• N..< ..-....... <Qo A.~' 

-;.n f'~ 
~ .. .~v ~ .. ) 0.176 ,. L,921 0,983 4270,. 66.74 

30,0 0.481 2~371 1.~654 5520. 742.9 

4fLO 0.265 ~ 2. 240 0,.973 "")'7'1 78~85 .)~, ( t_,"' 

50,0 2.109 0,769 3~308 
<~ ·~ t"~ 5690. ("..., "* ,., 
t.,.,.l.Ji O.lJt,. <> 

53.0 0.325 0.881 3~666 2«227 5760,. 195.0 

r-=-
0\ 
t--~~ 



TAt1LE B·~4~ Chemical data fox Core 4, 1.. 6 km off Eastcrsea.l, 19~ 8 m 

all except pH~ !~ Water Content, and % Total ~Carbon expressed a.s mg/kg 

depth % Water Atomic Absorption Analysis 
em pH Content Tota1·-P Total-C As Cd Cu Fe Mg Mn MJ Ni Pb Zn 

0"0 5~I3 46.82 2917,. 2"93% 0'"13 25 .. 6 75*2 11620~ 980 1500 '3.2 410 .. 1640 625. 

10.0 5,.6 4~L4l 1886. 2« 02{; 0,09 10,6 84.0 12900,. 1.410 1480 2~7 430. 1632 2080. 

~ 

20.0 5 .. 6 C'""" 7"' ,;,)" ' ,) 2297. 2.61\; 0,05 9.9 62~0 17400, 1.760 ~ 2.8 512. 1690 1120 .. 

30.0 (" ') 
......_) '* .w. 85~52 2551. 2.54% 0.00 13,.6 58.6 8360. 396 1820 '~ 8 ~ « ~ 216. 1470 1100,. 

}-< 
0\ 
t.-~ 

40.0 5~2 ()t" 7'! 261.3, 2,05% tLOO 0 '""! 8.6 4160" 200 "?'"'tl'" 0"15 172, 61 17.4 ,...J ... .) ~ ! (....:. "Jt, f;J".;) 

50,.0 5.6 108.0 2781., 2~33% 0.20 0,55 11,8 61.00_, 300 316 2,.4 1.48, 113 3280. 

60.0 5 7 , ' 111L 89 2253,. 2.1.4% (L,12 0.32 5.,2 4640. 250 118 0,16 126. 31.2 14, 

70 .. 0 5,8 102.10 2720, 1,99% 0 .. 00 0~25 6.0 3500. 190 .1.05 0,.17 148, 38~4 13, 

79~5 5*5 127,10 3411~ 1 .. 93% 0 .. 00 0~68 10"4 4400., 220 116 2 .. 7 156, 85 .. 4 17.-5 
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TABLE B~-4., (continued) Chemical data for Co-:re 4 . 

all e:x·pressed as mg/kg -
depth Neutron Activation Analysis 

em Se Ta Tb Th y Zn Zr 

(LO ~ ~ 0.569 1~550 0,664 2350. 517.7 

10.0 ~ 0.150 ~ 1,.433 0,825 2660, 445,2 

20.0 ~ 0.371 (L870 3<216 1,718 5040, 642.1 

30.0 ~ 0.207 ~ 2,289 1.011 10510. 96.13 
;-.....; 

0 
0"1 

40'"0 .,._. 5.437 0.927 5,451 3,01.8 ~ 149.6 

50'"0 ~ 0.232 (L439 2,384 1.126 ~ 56.06 

60 .. 0 ~ 0.356 0. 945 4.135 2,.163 - 129.3 

7tLO 1..556 0.403 0.238 3.,699 1 .. 614 ~ 97.91 

7~-LS - 0~404 0.805 3,.603 .l" 649 ~ 92.78 



TABLE Bw 5. Chemical data for Coxe 5 ~ 274 m off Camp Eastcrsea1 ;l 17.98 m 

~~...:O·o..->.•.•.->.•.•.•:.:...0...0:•.••:-»:.:«· 

dc_pth 
em 

() ~· t) 5; ~ (: 

1 () ~ () s.s 

2f) ~ {) :~ )< 4 

50 .. 0 ~·l ~ 4 

. <l(~ ~ (J 4.6 

so.o 4.6 

60.0 4.3 

69.0 s ~ ~~ 

al.l exc.ept pfl~ t Water Content~ a.nd \1 Total~Ca.rbon are exp:resS('d as mg/kg 
.o..•:Jv..•.<VVo•.•-.:..-:~ .. )o"'<o···.·· .......................................... : ... -... ............. •.• .......... . 

..-.-xo.-:o» ····-·.·-»·· ....................................... .,. ... -:>o.o..•.-x-··:·:•:>o••.•:O•:·-.,.···:«o..•.•: ....... -x.:.:-:<o·:·:~.-:. . .;... ...... )o'o ........ :O.............. ....... . 

% Water i\t omic 
Content Total-P Tota1-C As Cd Cu 

43.07 2:5 5;.:.> ~ 
,.,~ 

L. 0.08 9.4 40.4 

4:.3. 36 2079. ,.,~ ,..; ·~ €!. 
.l .• '+ .L -;; 0 • .11 12.4 74-.0 

52.89 2107. ·"'{ 0 v 1 :.~ 9.0 82" () ,(.,. 

43.07 .1969. 1 ~ ~}<-~ :t ())i(1{) 1.0? 1.l.S 

84.00 11 :)9 v .l.S7l 0,06 o, ::;s ~3 y 4 

108.39 2840. '1 0.36 G.lS4 8.4 k ~ 

.lO~L 80 2933. '} 0.00 0,35 ~L 2 ..: ... .) 

101.94 2S64. 2.GT'& 0.00 .,.., / 
~ / • 0 

~.., 

t'C 

.Ana.lys:l.s 
f,fn 

.1.570. 

Mo 

2.5 

19500. J..3SG, 1580, 5.0 

11600. 1300. 1260, 2.76 

4S00. ~~5(3.,. lSS. 2.0 

5680 . 21 ~1 ~ 134- X ? ~ 7 

4200. 210, .126. 2. 2 

4700. 220. .140. 2.7 

Ni 

::;( ~7 -4- " f) 

326, (! 

1S2Jl 

32.8 

47.6 

1.94 .,0 

-~ 

Pb Zn 

1746,0 98.0 

1.674.0 102.0 

342.0 .105.0 
-~"""·;. 
c;-\ 
C· 

11:), 6 2S.O 

S9.0 18.4 

47~8 .15.0 



TABLE B~ 5. (continued) Chemical da.ta for Co:re 5. 

all expressed as mg/kg 

depth 
em 

0.0 

10.0 

zo.n 

30,0 

4(L0 

50,0 

60.0 

69.0 

Neutron Activation Analysis 
Ag Co Cr C.s Fe 

·s6,.49 74.62 10~66 56360, 

31. .. 86 32.15 4.438 27590& 

1..648 32 .. 17 10.75 1.338 10520. 

9.607 38.22 4.772 26540. 

3"954 15.11 46~06 3.501 18480. 

3.336 7.921. 0.667 1650. 

10.95 3424. 

8.634 44.42 3628. 

Rb Sh 

163.0 34.71 

73 .. 47 12 .. 37 

7.045 

101"9 1.463 

10.23 

0.909 

6.019 

10.50 

Sc Se 

16.01 -

{).054 2,.747 

1.841 1.048 

9.448 3,.07 

4.791 14.88 

0.327 1,.862 

1.953 

2.185 

Zn 

328HLO 

1212tLO 

2995.0 

709.5 

5772.0 

1915.0 

~ 
0'1 
~ 



* APPENDIX C 

* Certain data (October-Dece:mbe:r, 1971) 
contained within Table C~l derived from 
Thompson (1972) ~ 
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Date 

Location 

0rtr~o1• 1·0 10~1 .::~'::: . ..::-Hk.· : . . . , ;:;~ ! 

Lake Outlet 
Spokane Yacht Club 
Ross Point 

:Falls 

Ha-rvard Road 

t!··~to-L>:::lol' 14' 1071· :·'\,.. .. u..... lS ~·' 

Lake Otxt1et 
Spokane 'tacht. Club 
Ross Point 
Post Falls 
Corbin Pa·.rk 
State Line 
Il. ·1 R ·1 ··ai'"\ran: :·z.oac. 

O~tober 17, 1971 

Lake Outlet 
Spokane Yacht Club 
Hoss Point 
Post 
Corbi..n. Park. 
State Line 
Harvard Road 

TABLE C-1. G·:IEivHC;;\L /~nD PHYSICAL DATA SPOK4k\E RIVER 1971·" 72 

(Expressed as rng/.1. except as noted) 

-.. ..... .;. .. -..,. ............ .-... ... 

River 

Mile 

107 
106 
102 
100 
97 
94 
90 

107 
1()6 
102 
100 
97 
94 
90 

107 
106 
102 
100 
97 
94 
90 

-.· ....... • .. ......., ··~--»•><-..;. ..... ,...................... ·.·.-..:---.::::::::::::· ... ,........................................... ~<Ao.o..o..•Q~ 

~~~~~====~,:.f=~I="3=»=S.,=*=~=--·~=~-=~·w?t~o=n~d~l1=c=.t~i=v~i=t.~;· ~ Temp. 
oC pH 

02 

mg/1 

1<LO 
14.0 
14.0 
15.1 
16.0 
16.0 
16.0 

14~0 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 

12~0 
12.0 
12.0 
12.0 
11.0 
11.0 
11.0 

.o 

.0 
' .l. 

.. 1 
/ ~ {. 

7~2 
~1 X ~) 

9.1 
9.1. 
0. 1 ~1 :-: 

9.4 
9.8 
0. n :..>. () 

9.8 

7.0 9.1 
7.0 9.0 
7.1 9.0 
7.2 9.4 
7«2 ~L4 
7.2 9.8 
7.4 9.8 

.J 9.0 
,0 9.0 

7~1 9~(1 
7~3 9.,3 
7.3 9 .. 7 
·~l K· ::~ ~.) ~ 3 
7.4 10.3 

02 ""-:("\ cu
2 

% Sat., mg/1 mg/1 

HC0 7 
.,) 

mg/1 mg/1 
· 1\hcro- .. 
mht)~ ~-~t ? r-OC - ' .... <.,.:S.. ... """....._) .• 

""""••"Y••Q..• ... •-..-..._•~··.-.... ·"·""""'-."""'.._""".._._,.,.wwo~· 

88 
88 
88 

-~}t3 

91 
87 
87 
90 
90 
94 
94 

83 
83 
83 
83 
88 
88 
93 

2.0 
2.0 
1.0 
~ p 

L.j 
~ ~ 
/ -
-·~ 

1.0 
1..0 
2.0 
2.0 
Tr 

1~0 
1.0 
1.0 
? 0 
~-~ 

2.0 
2.0 
2« f) 

1.0 

1.0 
1.0 

21 
22 

25 
24 
24 

24 

23 
23 

20 
20 
18 
18 
18 
18 
18 

39.0 
41.1 
40.0 

0 .0 

39.4 
39.6 
41..6 

37.5 
35~5 
36.1 
37*5 
38.9 
39,5 
42.0 

37 « s. 
38.4 
"'"7 0 :>:.~· 

39.1 
40.3 
41.2 
42*0 

53 
59 
61 
60 
60 
61 
64 

56 
53 
54 

57 
59 

60 
61 
60 
62 
64 
/" c 
Q,) 

67 

!--» 
0'> 
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Table C-1~ (Continued) 
(''· l.! '''t .' '·!'.; ... ~, 

rj ···~ .. ' ...... , 1'.. r· . .., q ') .. .,,.) "") I ~c~,··) '1' "' c ./)flO\,.h ...... l '<! .Ll. f _,ate x..Lver erro.. dL ~-..:., L~.! t..A. '3 .. L.A.~ 1 ~U,.0,. 'f , 

Locat l:!.~!L-............................. ~~~~~. f\ii 1~:_...~--~ C A .............. 2l:! ....... ._ ... }~~gf.:!.:. .. " ............. J~ ... :i~~ .... ~~--~ .... ""' mgJl~~""!T!ff) l m.g/ f ................. ~~g/ ~"~...... mho·~ 
1

~t: ..... ? ..... ~~~S~~ .......... ""'-
:December 2, 1971 

Lake Outlet 
Spokane '{acht Club 
Ross Point 
Post Falls 
Corbin Park 

Line 
Harvaxd Road 

:!~~lu<-~!Y: .... ;! .. ·-n..,.;:..,$~1~9-7 ~2 
Lake Otltlet 
Ross l?oi.nt 
Post Falls 
HaP.rard Road 
Upriver Drive 

Felts 

Februa.r)r ~, 1.97 2 

Lake (Jut let. 
Ross Point 
Post Falls 
Harvard Road 
Upriver Drive 
-Felts 

107 
1.06 
1.02 
100 
97 
94 

107 
102 
100 
90 

80 

107 
102 
100 
90 

80 

4,7 .--, 
• L 

4 .. 5 ~2 
4.5 

,.., 
·XL 

4.6 . .., 
~ L 

4 7 ') 
$ ! ,.... i.,. 

4.8 ~3 
4.,; "' " -o--...1' 

3 .. 3 7.0 
3"4 7.1 
3,.3 6~9 
3,1 7~1 

3,.1 7~1 

:3.1 7,.0 
2"9 ( ·" l 4- L 
'! 0 ...., ,. •.. ·ry ... ) 

l 'Oio f...: 

2.1 M .•"") 

I • /... 

2~1 7"3 

11.0 89 1.0 22 51 .. 0 64 
11"0 (.)'') 

~- <::-; 1~0 z:s 52.0 64 
10.7 S:l 2.0 21 45~0 64 
10.6 f't' ~.:: 

-:: n ,.J-o. ..... I' 22 45"0 60 
1.1 .• 0 89 ~-~ 24 50.0 64 
11,2 92 ......... 24 55,0 69 
11.3 91 1 .. 0 23 55~.0 65 

11 .. 9 8E) 1.0 1"1' ! 38.9 54 
11.7 87~ 2.0 19 39"9 

..... ~ 
::>! 

11~0 33 3~0 24 :59,.9 57 
12"1 90 2.0 29 42,0 58 

1L,4 85 3.0 30 44~1 59 

11~9 89 .............. .., .... 21 42~0 60 
11.9 88 -~~ 22 45.0 61 
11"3 33 """'"!'<V'V'." 24 41,.5 62 
12,.4 90 ........................ 24 48~0 64 

11"8 92 """'...,... ..... ·)7 
i.-..! 4.7. 6 70 

1----' 
"-.l 
!<-! 



]7/' 

::-:•.·:0:: '<:::j ~ ....... ) 
;~-;.~; -~ (<i 

·~ ..... :'::."'.: c:: ,....... .... .~ ..... . ::--...: 'f'-•-: 

ri tw~ f.···~ :-e .... .--: :" ..... ~ , ... ~ Z'··~ 

, ... "~ 

(::::/ ;----.. --{ (' ... J ~ .......... ' ...... ~" ~.f} :j ,....~ C) ~·r ('··~ C."J 0 ri c::> . .. 
t·.<"") t·/') .y<t' ~ ~.t) r· ...... ('"'-., . ·· .. 0 (.);) ,•""";••, ,..-., 

~ · .. ,..-.: 
rl ..-·--1 

t''··-. .. c) 
~' c;: 
,......~ ~ 



Table C-1. (Continued.) 
··--~··•• • "" •• """w • ~·-··~w.-..~'~" ·~ • ""'""·-···"'·"'-'~ --·• <'< • • :y; :, • >' . "~ "' 

1} R · · 'l' (Y' ( ..... , ("' ··\ ·C'~ 1 lf'() =r II __, LOHC.U.t... t1. v l t ~' . ate 1ver emp~ .:. u, I~.~ . .i<.J'"!' u"' ,.., 1. ~ ...... :::;,. H-' ~· ... , • 
f... .) ,) .<'>'tlCl C-

1 • ·~~·' o... H. '1 ·} ("' '1 'J ;·1 ~1 .1.... "5°C .:socat1.0H l~<1JC ·---w~ ... L p -~-· .. -... '"" :6 ,:-Jat, mg/ . ·~_.. ... !!l&.L:..:.._w~~-~~·· U}g/ If!uOS at ~~-.. -·w~· _ . .._ ... 

!\ugust 30" 1972 

Lake Outlet 
:Ross Foi.nt 
Post Falls 
Harva.rd Road 
Upriver Drive 

Felts 

September 14~ 1.972 

Like Outlet 
Ross Point 
Post Falls 
Ha:rvard Road 
Upriver Drive 

Felts 
Desmet House 

1.07 
102 
100 
90 

80 

107 
102 
100 
90 

80 

23~0 
22~8 
23$0 
")-"7 t' 
~.; .. '"1 

23~8 

17.0 
17~0 
1.6.8 
15«0 

15.0 
1.5"0 

., 
9,.4 ~ .:.1 

~3 !},. 35 
<-3 ~Ll 
~95 9,.4 

8 .. 1 1. 2 ~ t) 

~ ,-·~ 

l :-v L 9$0 
7.4 8.5 
7,6 8,.8 
7,6 10.0 

.85 11.0 
t' ~ . ..) 11.0 

108 .0 29 32$0 
,....,..., 
:.s£ 

107 .0 29 41~6 58 
105 ~0 28 43.4 59 
109 ~.·- ......... 1~0 23 35.,0 60 

139 w w- 1.0 34 47,0 66 

93 1~0 30 35,.1 54 
gn 
<. 0 1.0 32 39.7 56 
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Outlet 
Spokane ·Yacht Club 
Ross Point 
Post. Fa1ls 
Corbin Park: 

Harvard R:.fad 

I\"ovember 11, 1971 

Outlet 
Snokane Yacht Club 
R(1ss Point 
Pest Fa.1ls 
Cort'dn Park 
State Line' 
Harvard. Road 

November 18 ~ .. }~:~?,-!:. 

Lake Outlet 
Spokxne Yacht Clu.b 
Ross Point 
Post Fells 
CoThin Park 
····t I . ::-) .atr~ .. ,lne 
Har\/ard Road 
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94-
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90 
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~00 .031 
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.000 «000 
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r:la.rch 1' 197 2 

Lake Outlet 
Point 

Post Falls 
Pool 

Post 

(10 ) 
(10 ) 

(102) 

Dam (98) 
Harvard Road (90) 
Upriver Drive 

Felts (80) 

March lZ;f 1972 

Be 1 ow Upr:i.ve r Dmn 
Above Green Street 

Bridge 
Spokan.e Linen 
Below Gonzaga. 
Black Angus 
Above Ft. Wright 
Adj, Rivercre~t. 
Ahove Sewage Plant 

-~-~··•·s"'<'.l1 ·;1 l'J'-..,'7) 
~..,..~s:..s.. ~ ......... ~ . ......._, ~ t ~ 

Below Upriver Dam 
Above Green Street 

Bridge 
Spokane Linen 
Belovi Conzagr:t 

/\hove Ft. Wright 

* (HM ;;;; R:i v<:~r f:,h.Jc) 

,105 .01 .0 
~125 < 01. .0 s 

.095 ? 0.2 .075 

050 
• .120 .00 .075 

.12S .01 .100 

• .18 .10 

.15 .050 

.16 .050 

.18 .07S 
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.,Ji< .050 
~"') .050 • :::>L 

.16 .050 

.05 .050 
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.AJ;ove Ft. Wright 
Adj~ Rivercrest 
/\hove Se~,<Jage Plant 
Below Sewage Plant 

~ilE:~~: .... }J"~L..J. 9 7 ? .. 
L:1ke Outlet 
Ross Poi.n.t 
Post Falls 
Harv-ard F.oa.d. 
Upriver Drive 

Felts 
Gonza.ga 

,J·L~1v ? S ·1 q7 :7 
~ .... M<~ ....... ~~::::. 

Lake Outlet 
Ross Point 
Post Falls 
Harvard. Road 
l.Iprive:r Drive 

F'elts 
Gonzaga 
Bov;l &· Pitche-r 

(107) 
(102) 
(100) 
(90) 

(107) 
(102) 
(100) 
(90) 

(80) 

* (Pivf :::: River l-1i1e) 

10 
.06 
.065 
.065 

.010 
(·~ <~ .~ 

X .) £.. ;..,; 

.015 

.020 

"OlS 
{"" ~=-~ 

• ~}.)v 

~03 
-- ~ 

,00 
o(~ "' .';} 

,20 
')Q>::" 

.:- ~..,../-;-.) 

• 36 

.01 

.01 

.01 

.05 

~30 
~ 2() 

,.25 

.08 

.10 

.075 

.10 

"08 
"10 
~- 32 
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19.0 
21~0 
21.0 
21.0 

4~ 94 ,.02 
1."£1~ (1 1.45 S~42 
10.0 .1.~ 27 <'~*~1-7 

7 ~ (J .40 4~ 

1.0~5 "90 4,89 
13.5 1.19 3.61 

13~0 :L13 
13.0 1~ 
1 -~ f" 
,..,,). ;) 2 .. 83 
14.0 2.22 

12.0 1~74 
.1.1.0 1"'09 
26"0 4.40 

;...... 



T~1t•1 ,,.,, ('w .l. l"'f\;r}·~·: inL~0<l'1 ' .l> . . ,._.. -~ . ...... ............. ·t.. . ~ ....... ~-

Ju.n.c: .;,. ~·' ~ 
~ ................................ ~-'~.vv-... v. .... •.o..•.••.• 

Outlet 

Upriver 
Felt:~~ 

Cutlet 
Point 

Post Falls 
Ha-rvard 
Upriver tr-cJ.ve 

Felts 

~? 

)vh 1c: 

100 

80 

10!) 
9G 

80 

"1 
.~. 

102 
100 

::r(:lnr' X 

6.7 
;~ 
\} 6,9 

1.6,0 6.9 
1 9.0 7*1 

.o . 
19<0 . 

1. ~-) ~ {) :--..;. 

X! 

. 0 ~ "l 

.0 .6 
2.6.0 7 
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.0 ~7 >: (; 
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9.4 94 3<0 
9,4 94 4.0 
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~) ~ (} 2 ~ {) 
8~5 1.0 
7 ~f) 2 ~ {) 
~-.,. <:·" •·· :-.... ' . ,.} 2~0 

7~5 

tL9 101 l.O 
5 Q? 

c.-,_o' ... J 1.0 
r~ (: 
6"u 104 ............ 

8.9 1 i~--; 
..•.. uJ. . .................... 
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Q. (.> 100 - w~ 
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1.0 
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21. 

19 
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Location * (R\-1) 
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Point (102) 
Post Falls (100) 
Ha.rvard. Hoad (90) 

Dr:i\.re 
Felts (80) 
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Post Falls 
Harvard Road 
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(BO) 
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Harvard. Road (90) 
UpTivor Drive · · 
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020 
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LA1E ruriEr 

DIA'IOE (!ll!rlll'llri:A) 10/1 10/21 ll/4 11/11 11/11 12/2 12/11 l/10 2/5 3/1 1/22 5/6 5/13 6/15 7/25 1/16 1/30 9/14 10/1 10/21 
Admmthes sp. 

4 4 4 ~lp- 4 Asterianelll sp. 12 32 12 21 44 120 
4 Asteriaat11a fomosa II 41 41 10 16 22 Gocalneis sp. 

C)'clote11a sp. 
o,.be11a sp. 4 Diat ... sp. 
Blmotia sp. 
Fraailaria sp. I I 16 4 32 10 18 36 fraailaria crota~a~sis 
Frostulia sp. 
~sp. 
Gyrosipa sp. 

~504 lll6 2711 24 II 
Melosira sp. 
Melosira cnn.Uata 2552 2 2 Melosira italica 156 Me los ira varian.s 

4 
Meri.dion sp. 
Naricula sp. 4 4 4 16 12 4 4 4 a Navicula •ilua 
Nitzchia sp. 

:::=::: ~jensis I 

Rhizoselenia sp. 
Synedra sp. 
s,.-1ra delicatissi.M 

I 20 8 12 8 24 
s,.-lra incisa 

12 Synedra ulDa 
SUrire11a sp. 

156 zoo 224 241 364 192 18 101 
T-11aria sp. 

24 T-11aria f-.trata 36 40 21 124 Testeriane11a sp. 
Tr~sp. 21 I 12 12 I 136 20 
~ (OI.<JUHYTA) 

Ankistrocle-.IS sp. 
~sp. 12 

4 4 12 

4 Ollorella sp. 4 
eo.arua sp. 
DiDilbrym sp. 

~:t 
4 

::f::ia sp. 16 12 12 
sp. 

8 l'ltytoccftis sp. 
Plllll<toiFiaeria sp. 
Rb.Uoclonila sp. 
~sp. 4 
Schroederia sp. 4 
Staarastrwo sp. 4 

8 Ulothrilc sp. 36 61 208 356 656 1400 
48 Volvox sp. 

4 
1UE GIIEBIS (CYAIII'tlrfA) 

.-........ sp. 4 
~-sp. 4 

2 Nostoc sp. 
44 O.:i11atoria sp. 

228 360 452 668 1088 1768 3592 3608 1188 2952 46 66 210 136 102 184 

Table C-3 
AU;JE. aJI'OSITI<JI Of 11£ S1a:ANE RIVER (part I) 

1971-1972 

lllSS POillf 

11/4 11/11 11/11 12/2 12/11 1/10 2/5 3/1 

6 

I 21 40 10 124 
116 

12 4 

1112 
1601 

I 16 28 16 
4 

8 

8 16 20 

12 

292 210 352 241 136 
14 

12 
4 4 4 I 

4 20 

4 

12 4 

140 224 301 496 632 

4 

460 556 728 864 952 3686· 

4/22 5/6 5/13 6/15 7/25 1/16 

I 
4 

7Z 20 61 10 14 

4 

I 32 20 24 20 

4 4 

3504 664 241< 2252 1108 I 

16 16 

4 

8 12 20 

62 42 52 36 

4 

32 

3648 700 256~ 24H 1188 124 

186 

POSI' FALLS 

1/30 9/14 10/1 10/21 11/4 11/11 ll/11 12/2 12/11 1/10 2/5 3/1 3/31 4/22 5/6 5/13 6/1! 

20 4 
44 4 I 41 40 76 

52 64 41 1Z4 132 

4 

52 32 4 52 8 

I 

I 
3560 2748 

1141 
2512 l406 

Ill 

4 4 8 12 4 

4 4 I 4 I 12 32 4 

24 4 
36 164 576 276 164 72 4 

36 20 I 4 14 
I I 4 I 

4 4 12 12 8 
4 

16 12 20 4 

28 

4 4 
44 40 84 220 316 

44 4 
260 
12 

288 136 224 684 568 556 172 2948 3664 2860 2704 26.st 



rosr FALLS HARVARD ROAD 

DIA'I'IK5 (OIRYOOI'HYTA) 7/25 8/16 8/30 9/14 10/1 10/21 11/4 11/11 11/18 12/2 12/11 1/10 2/5 3/1 3/31 

Achnanthes sp. 20 
~rasp. 
Astericme11a sp. 46 16 32 20 68 136 88 
Asterionella fomosa 156 Coccooeis sp. 4 Cyclotella sp. 4 
Cyllbella sp. 4 Diatc.a sp. 8 Emotia sp. 4 Fragilaria sp. 14 48 4 4 Fragilaria Cl'OtCIIeiiSis 
Frustulia sp. 
Gollphoneaa sp. 4 Gyrosigma sp. 

1294 4 Melosira sp. 8 240 Melosira cnmulata 2304 Melosira i talica 8 1364 Melosira varians 
Meridion sp. 
Navicula sp. 20 12 20 
Navicula e.xigua 

36 12 24 20 

Nitzchia sp. 8 Pimularia sp. 
Pinnularia abaujensis 
Rhi:z:oselenia sp. 28 
Synedra sp. 4 12 20 8 28 32 
Synedra delicatissi.ma 
Synedra incisa 
Synedra ulna 
Surirella sp. 4 Tabellaria sp. 26 8 280 264 320 260 87 148 
Tabe11aria fenestrata 20 4 88 Testerionella sp. 
Triboneaa sp. 8 24 12 4 12 8 

GREENS (Oll.OIO'HYTA) 

AnkistrodeSIRJS sp. 16 4 
Chl~sp. 
Chlorella sp. 4 
Cos.arita sp. 4 
Dinobrym sp. 
Euglena sp. 
G1oeocystis 
Mougeotia sp. 156 16 12 
Penita sp. 48 4 8 
Pltytoconis sp. 4 
Planktosphaeria sp. 
Rhi:z:ocloniua sp. 
ScenedeSII.IS sp. 
Schroederia sp. 

16 

~~~n;.sp· 4 
20 28 100 324 416 589 732 Volvox sp. 

BillE GREENS (CYAI'«>PHITA) 

Anabaena sp. 6 260 
.Aphani:z:~ sp. 
Nostoc sp. 16 
Ocillatoria sp. 4 

1380 166 276 252 356 440 712 804 880 1012 4206 

Table C-3 continued 
ALGAE CGIPOSITI~ OF rnE SPOKANE RIVER (part II) 

1971-1972 

4/22 5/6 5/13 6/15 7/25 8/16 8/30 9/14 

16 

96 44 96 42 72 

8 30 18 60 4 
40 

16 
4 

3340 1212 3112 1080 554 8 28 

12 8 54 
4 

16 12 

16 4 20 6 

4 

4 
8 

16 42 28 8 

4 20 

4 

12 2 

136 
4 

26 

3488 1296 :5:0 i2 1194 672 140 200 128 

10/1 10/21 11/4 11/11 11/18 

12 10 22 35 54 

22 2 14 8 1 

ll. 2 1 2 2 

14 16 22 18 19 
10 250 262 212 150 

-10 22 32 120 202 

110 302 321 395 428 

187 

UPRIVER DRIVE (FELT'S FIELD) 

12/2 12/11 1/10 2/5 3/1 4/22 5/6 5/13 6/15 7/25 8/16 8/30 9/14 

20 8 

100 92 42 90 100 44 28 16 84 62 ! 

! 

8 16 16 26 22 40 36 

4 
8 8 

1124 992 974 652 8 8 22 
3232 2864 
1072 

116 

32 4 16 

16 
8 

12 

24 8 4 4 12 16 

20 

4 
70 54 32 68 112 8 94 42 28 

24 

12 

8 
220 .soo 100 28 

56 

96 

390 446 174 4760 2940 1172 1032 1178 718 108 148 150 
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