
, ' 

VA!llR POLLD'fIOJI 

YRLT.oWU'IFB BAY 

NORTHWEST DRRITORIB8 

Prepared By 

Department ot National Health Be Weltare 

~blle Health Bngineering Divi8ion 

, 541 Federal Public Bu11ci1Bg 

Bdmonton. Alberta 

Thi8r.port contains l'ecammendatioDS l'egard1Dg 
the disp08al ot ._age and u8en1c-conta1Jdpg 
waste. into Yellowlm1te Bay.' 

.j 

,. Deo_bar 23~ 1963 

i. I 

~ 

-~ 

,-
.\ 
I /-

t 
~ ., 

'oi 

... 
t . 
.i, 



r 
a 

~~ 

FOLD 

TO 
A 

FROM 
De 

SUBJECT 
Sujel 

Dr. P.E. Moore, 
Medical Services. 

M 

Chief - Public Health 
Engineering Division, Ottawa 

UM 
f i v 

I ' 

1so -5-~7.5 
YOUR fILE No. 

Volre dossier 

OUR fILE No. 
Notre dossier 

368-l-Y2 

DATE Jan. 13, 1964 

Areenic in Water - Yellowknife Bay, N.W.T. 

~R~ 
We are pleased to forward to you a copy ~eport 

concerning Water Pollution, Yellowknife Bay, N.W.T., 
prepared by our Mr. Grainge, subsequent to a study made 
during July 1963. This investigation was carried out in 
order to ascertain information on the current behaviour 
in Yellowknife Bay with respect to arsenic waste discharged 
into this bay via·Baker Creek by Giant Mines. 

A copy of this report has been forwarded to Mr. Christie, 
Chief Mining Engineer, Resources Division, Department of 
Northern Affairs & National Resources. We trust that through 
him efforts will be made by the industry to implement the 
conclusions outlined in this report. 

As you know, we intend to maintain close surveillance 
over the arsenic concentration levels in Yellowknife Bay 
through a working arrangement with the Resources Division 
of Northern Affairs. Copies of this report are being 
forwarded to Dr. K.F. Butler of your Directorate at Edmonton, 
for local distribution. 

?-~ -C::/7J L7~~~7 
WRE/jc W.R. Edmonds, P.Eng. 

Ene. 

CGSB-6GP22o PP&S Col. No. 3590 
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S tJli'INARY 

This report is primal'ily a study of the disposal of 
sanital'y s01~a£:3e and arsenic-containing 1n111 vlastes 
into YellmeJknife Bay in relation to the water 
supplies in ·the vicinity. It includes a report on 
a search of li teraT~ure on the sub jeet at the 
physiological effects of €n~senic in drt.nking lImter .. 

Nain Conclusions 

1. There should be local standards for the arsenic 
content of drirti{ing water. . 

Suggested desirable level, Hhich should 
be attainable eventually. 0 .. 01 mg/Hf 

Emergency level. Frequent excess of 
this demands further st;udy and nevI 
control methods. 0.05 mg/l 

Ernergency level. Excess of this 
demandS i:m:mediate distribut'ion of a 
substitute drinking vJater supply by 
truck. 0.30 mg/l 

2. Samples of water for arsenic analyses should be 
taken vIeekly during Hay and June, and monthly during 
the remainder of the year. Wllenever the arsenic con­
tent exceeds q.l rug/I, daily samples from that 
particular source should be taken and tested. 

3. The effluent from Bow Lake should be discharged 
at lithe Narrows tf , in Sl.:umner. ' 

4. Giant Mines should increase the size of the tailings 
pond to the maxDnU111 possible volume .tn order to increase 
the amount of preCipitation of the arsenic trioxide by 
flocculation with the ferric hydroxide contained in the 
tailings. 

5. In order to keep the bacterial load in Yellowknife 
Bay as low as possible, the new subdivisions in 
Yellowknife should be planned so that as much sewage 
as possible is discharged into Pud Lake. 

OBJECTIVES OF INVESTIGATION - , 

1. f'pO determine if there would be iilTorthwhile advantage 
in discharging el'fluent l~rom 'che Giant Nines**' 1i1ill 
tailings and sewage pond to the Narrows by the silnple 
expedient of improving and raising darns on the outlet 
of that pond (Bow Lake)" \l1"hich 'usually discharges into 
Baker Creek. See maps, Appendix J. 

2. To determine if ·there would be value in varying 
the discharge:from Bow Lake during the year. 

3. To determine if there vJould be value in extending 
the vlater intake pipeline for Giant Ivlines a con­
siderable distance into Yellowlcnife Bay in order to 
be farther from the mouth of Baker Creek. 

* See abbreviations, Appendix A. 
~ Giant Yellowknife Mines Ltd. 



4. 1'0 ne ."~::'1L'3 
to Wal".l:'[;c;lt 

be t-vJe 01:. 

5& 'ro de 
Ye 1101($1:ni[,:) 
o'btairliJ:li~; ckJ'a~ter~ 

pollut~io:n, 
Se1ilage 
into Gl'eai: Sla'\T8 L~.l:c:: 
'ex.is ting IJatel" z uppl:ios., 

~-JOuld be s"llff'icient value 
of tho nal'rOVl cli,annel 

X' l<H" 

6. To make reCOli1Iil0nda':::1on.s Lor (.1.) S -c andal' ds of 
arsenic content 1.n -eile (tf'ill.l{inC '1ila:t·81' in th:i.B 
COIlllllUUity, and {2} e:m.ex'gency meaSUl'es in the event 
of those standards being exceeded .. 

INTRODUCTION 

YelloHknife if! situat~ed 600 1l1:1.1es nOI'th of Edmonton, 
on the north side of l:be north. al~l of Great Slave 
Lake, on the Hest shore of Yellovrknif'e 3ay Hhich is 
the mouth of Ye 11otlh'"1life River' e [rhe population is 
4300, includinG 100 Indians., 

The setitlement began vJi tIl the development of Can and 
~Tegus I'Iines* in 1937-8, and for m8l"lY years it 
remained a gold mining to'tJn and supply center' for 
other mines and praspecting in the surro1.l..'"lding region .. 
It has retained this initial 11 0}.e and aiso become a 
government a(l'11:tn:istrative center by vi:r't;ue of its 
urban amenities and. transportation f'ae ties.. Th.e 
latter includes hav:i':lt; s. good aLl 'vJeathoI' airpn?,·t;) 
road contact 'vIi E;iJic:ntcn ;):c~ing Jle(;Ldqu8X'\:~6X'S for 
a half 8. do.?cerl air f:ci,ght (:o:rl1par:de~:; e 

In 1948-9 the nUe!t! 'l'm<Jnu i'neW c~t';::;a by the e.xped:i.ent 
of construe:t:ing 1Jvater GCtpp !u1d S8\'IT61"'a[;B syst:0lli3 on 
a moss-covered sandv i'lat .Lan,d Ol Nost bLlsi:nesse~'i and 
residences have moved t;l) a:r'ea J but.; mar.ty peopLe 
remain in "the ff O,Ld 'rovm." on 'the peninsula and 
Latham Island.. Th.B company set:::;lel11ents) of Giant 
Yellowknife Mines, 2iruiles north of' the ne1,{ tmmsit;e.1 
and Can Idline, 1 l11i;Le south have piped water supply 
and se-vJsrage system2.. See dotaJ..LS hI Appendix B~ 

The Yellovrknife River' tvhieh .flol'IS into Yell014knife 
Bay from the nOl"'t;h ha.s a \TeI":!' lOvi minex'al content a 
The flo'VJ val"ies 11.::ruall"y from 600 tQ LSOU ci';;;j.. See 
Appendix D for fur GheI"- data.. Ther6 ar'6 seasonal and 
annual fluc:tu.ations in t,he lake level of up to 3 ft"!1 
and -vr1nds pl"oduce a maximmll variation of' alIflost a 
foot. 

Liquid mine wastes from Giant I.:Lines, eonta.ining 
arsenic*,*, from the gold ore, are pumped into Bm'f Lake 
Which empties :lnto Baker Creek and eventu.a,lly to 

* Negus rJIine discontinued operations approxima,tely 
1953. 

~..,. Arsenic trioxide (As203) "d tIl traces of arsenic 
pentoxide (As 205). 



Yello1riXrl.~. JlllL~J [{, e cont:;amination, 1:;0 a 
a gl' e E' t:; () J:4 

for t;Lo 
sseJ~£ de[~~l~(~ , of~ Dl.-1e Cll-"}i.l).l-~iJ:lg 1Jat;el~ 

,-. 'v;~-'J. f:.:('S8., io Locically harmful. 
See App 8ndi.:!.: I .. 

SevJage pond:'Lne.; (lagcoiuni,) sran.dani r:r~eaxment 
for all cchree sowe}} GySLGl~lG :Ln al'eft.. 'rho 
ei'fluelrc f':;::<u l,n(: mnw:Lt:e ;J pond dis-
char ges int 0 a ~. 11oI"Jk:n,lf e 
Bay at a po 15 
people 1i ving 0,:1 J(H'ti'fc; 1.'3 J.8.11d obt;ain "chair d:('irJ{ing 
'tvater. Tl·'.is point; is also 2 les and 2 .. 7 miles, 
respectively, Tl.pstI'8ar;1 frOE, the 'tiat;er inta~rGi3 of' 
the NevJ T01,'1:n and GOel 1"1i1:1e lJater supplies. 

There are one or tlJO the old 't OVJllS i te 
raVJ sel-rage are di3-

'1'11e s e'trage from 
etc_ of Giant Mines 
and discharged with 

where se1)tic eGan.]\: e J.uent and 
charged directly :i.nto '0;:K~ [Jay. 
the residences, offices, mills, 
(population 360), is cOl1Di~dnuted 
the mill vJ8.SGes into Bovi' Lake. 

When 'the.Lake and bay aI'e ice free, \..Jhich is from 
miii-I¥Iay to late Oc'tober, the Hind has a significant 
effect allelic movement of vIateI' in GI'eat Slave Lake 
by producing I"Jater Clll"'I'ents 't'Jithin Yellm·Jknife Bay. 

In SUIillller' the vJind is generally blmdng 8 '00 20 :mph. ~ 
average lO~ mph.!l and it is ealrn less than i;h of' 
the time & 'I'here isn f '0 a pr'evai ling "rind direction, 
hOvJever, it blm'IS muci~ 11101'e frequently N ~ NE, E); 
SE and S 'chan it does ll'VJ s Wand SW. See Appendix E. 

STUDY OF AERIAL -.-fHO'l'OGnAP1~S Al'lD SOTJNDTNGS 

The aeria~ phot<:?s ofttlo 11~:' and of the bay . 
\1ere studlcd ana some 30v.11(llngs t2.ken to deterl1nne 
the continuous :~late.r" eUl"'l"e:nts in t;he bay_ 'fhe 
informatio:n sb.O\!Jed "cha'G t:hel"e is a s:tngle current, 
approximately 30 ft. Hide,. 'tihich cu:bs close to the 
wes't shore JUs t priOl? to l~he NaT'rous and sHings over 
to 'the east Sl'.oI'e a:t; ';:;he I\T:a:1:>rovJS" It continues past 
theT vl~St, ban1t o~f a \oint of land jutti~ .... ~.17 il1.~~ t;he 
ba;y on tne ea., l' shor e.. See Dwg. #4':J A;Jpendl.x J. 

The vdde mud flat;s along ~he vJest shore 01' the 
bay from the NarrmiTs to Hit;hin 1,,000 ft. of the 
mouth of 3aker Creek are evidence of 'the fant; l:hat; 
theI'e is oft;en suill 1;Ja1.:;e1' th no scol.u"ing CU1?Hmts 
in this vicinity. 

1946 SU'RVEY 

In 1946 a Slu::vey, ~dth similar obJectives in mindj! 
Vias made by 'this of1'ice II' It; irJas par"t; of a sani ta.ry 
engineering survey for the proposed fINe'lfJ Town". 

Water' currents in 'cho ;)8.y ltfef:.n; of Latham Island 
(Bacl{ Bay) 1rJere studied b J, observing 'the Inove.ment 
of floa'tins Il1ax'.\{e::es.. Cedar pO,Le,s 6 ft.. ,Long.., 2t ip,ches 
in diarneter viere 1.reie;hted ui.th lead at; one end so 
-chat they floated upright 'td th 15 inches of the pole 
above Haxer' .. 



The s 
indica'c;es 

')\10. 1, Appendix J, 
Gular ~i~es of the 

experilne.rlts 'C}:lt~ '~~iatel-' C~U~I~{~11-tGS "t-Jel~t3 (1.) SOlltl1 

782 ft./h.!?" (O"J....? .. ) 'cb.e vJind "Jas north at 
10 rapr.L"$ tald (c) nor EH 277 ft;,./hr .. (0,,05 mph.) 
-w"hen tile -"Jind lJaS SQUt1:1 a.to 10 mr}h.$ after deduct;:ing 
18 f-c.j1J.J:1'af)UhiCh Ls calculai;eo. component of 
the velocit:,:y du~; to the foree o'f 'Hind on 'che 
exposed par"cs of t;L.e poles., 

AsSuming t;ha r t;he lcJat;er' current is contained in the 
,'~ 

upper .5 ft. of 'Hater and in the middl.e 2.?OOO ft .. 
(-the total \'lidth of the lcJ'a"Cer body is 2~650 f'to at 
this cross-section and t:1:1e mid depth is 26 ]"'t.) $ 

the current f10vJ is 770 crs .. northward fu'1d 2,170 efs. 
south1iard.. 'l'1:1e maXimU.1il flold rate through 'Che W8. ter 
channel oetlJeen LathaJn Is .tand and 'C1'1e mainland 
(14 sq. fto cross-section) has been observed at 13 cfs. 

1-lhich is negligible by eo:;:nparison. '.therei'ore, there 
must be deep reverse ldal:er currents in this bay. 

Rhoda."l1 i ne B dye pm-Jder was disc'd:mrced from paper 
bags onto the lalw surface" fr'om 'the bacE: of.?lliotor 
boat ll at t;imes and pl.aces as sh(nm on Dratiing NO.IS 
2 and 3, Appendix: J' .. 

Dlscharr;:G Points: 
----~~-y -----

,L" The Narr'ovJs, near" T;he mouch of Yellowknife Hiver, 
a proposed discharge :lnt for effluent fl~orn Bow 
Lake, the mLLl tailings pond l)f Gial):r:: Mil16S. 

2. '1:he In.outh of Baker Cl'>eeks the existing discharge 
point of' effluent from BO!rJ Lake o 

3~ The existing point of disehaT'ge of effluent from 
the S8'lrJ'age pond of the main "tOWn.s i te of Ye llowknife .. 

The movement of the dye in l;he bay 'VJaS observed 
from an airplane at val"ious intervals thereafterQc 
Forty color photographs were taken, from 1ihich slides 
1-J"sre made. Prints 'tiere made from four of' these to 
illustrate points under discussion.. Rough sketches 
t4ere drat-m 1rlhile in flight and reproduced in DraT-ling 
NO.IS 2 aud 3,11 Appendix J.. The dye movement velocity 
was calculated and compared 1,'11 til the average river 
flot-I veloel ty on the same dI'a~dngs. 

" 

The riveT' floVI l'ate 1>Jas determined from hydrological 
records of the flow in the main branch of ·the river, 
plus 12% of th.e average f .LOW for the luonth of July, 
\,;hich is approxilnatelythe flow in Cameron River ~ a 
branch of the Yelloielknife River. See Appendix D .. 

OBSERVA'rIONS OF Dl'E TRACER }lO~'1ENT 

July 1.5 - ~t: 

On Jaly 1.5~ 1963 .1.0 lb o of' dye vms deposited at the 
ff lIarr01-Js", near a proposed outfall point for effluent 
from BmV' Lake 0 The dyed tia"tjSr lTIoved ou,t into the main 
stream in ~ hour and thence into the bay. 



ObseI'·VL. "'" -LI(;,Ce 

dye ~:tl1(1 ~L t S C ()l:lC d. 
split 

appal:entl y carl",~e; 
be mainly ::..!.C 

into main St:l'GfGl 

recognizable .. 

l~el)osiT;ing the 
d:JfOd -ida ter "ItJa,s 

~~e C)rle ---ila~lf ge tting 
s(~ 8 PllO-,;::;O 0 ~L.., Ap~i)endiit I. 

at; 10 lilph. and Has 
'1., l'~ as r o 1111d "to 

of' the lr1a tel" ~ out 
and it er:lae -coo dilute to be 

Observations 4 lll~. anrl 1S :r:nn. af''t;er depositing dye 
showed that "G11e visible dye f'r'oEt had moved south 
1360 ft .. at a I'ate of .Less than, a 'Ghird of the 
average 1-Jat:;er l' 101,rJ l'aT~e in the bay_ 'rhe dye color 
'Has much itJe8J{er, and it is lil-coJ.y that much. of the 
dyed 1rJater as observed af'-;;er :~;O mj.n. had IT! .. oved out 
into a Inain s'treeJiJ (not otl::18rvJ~_se noticeable as a 
main s'CI'earlt) e See Photo lIo .. 2.. Appendix I .. 

S0111e of ·c11e increased. dilution of dye may have 
1'esu1 ted from dyed WaT;el' mix.ine; to deeper depths to 

This point conldn It; be checlred by exa1111ning sarnp,les 
of Hater p becauset;he dye ue.s t,oo dilute to be 
observed in neGsier t;ube:a. 'llllis eff'ect Hasnt t 
great be cat1£] stne ~,;at;er is very Sha..Ll.OliI in the 
region of concern. 

'.rhe minlllluL di l.uti on :::,t IJ'icn cl';y-e can be dis tin,guished 
in ~!ater contained L" Hessler "cubes is :in the order 
of 0.1 ri.s/i. on ba~;ed o~n the assD,mption 
tliat the c1"J"c u 2 ft; .. of l!'!ater.? 
't'ihich Has J.,a:r s1 tuation on J'uJ..y 17 ~ 
SllO'~S t~ ar)l)rc())~Ir{la.te 'J"J-:~ '::: (Ii'111tl011 as 
illustrated photo .. 1" A~:p011di,x., I. 

Observations 7. min~ after depositing the 
dye shO'l:red 'Ghat 'the visIble f:['on1.;: had moved 
1,000 it .. iartber so and a little \.J8St.. The 
sO'llthViEtrd movement; 'VJt::.s approxi:mately l":'l.alf the average 
souochwaI'd 'Hater J' lOHI'ate. Durinsthls time eche 
'Hind vee:L'ed p"adual1y to 'Ghe soutll'Hest .. 

Observations 9 hr .. and L,.O n:Ln. af'tel"' depositing the 
dye shovled 'that 'Ghe vis ible dye front had moved 750 
ft. farther south and a little farther 'ltves't. The 
southHard movement uas approx,llnately half' the avel'age 
sou'thlntrd Hater 1'lm'J ra.te. The ,{'Jit'd, blovdng at 9 to 
10 mph., had vee:red to s01.l'ch-S01..l.thvJes't. 

Observations 18 hI" .. and 20 min. after deDositing the 
dye sholrJecl that the viai b 1e dye fron.t I advanced southvlard 
2475 ft. at 'the 't'lest;ern edge but only 1.500 ft .. in the 
vicinity of the previous Iilid stream front.. The south­
Hard movement at 'Ghe 'teJescerl1 front; of the dye 1-iaS 1:;t,J"O-

1;11i1'& the average southHard 'irJater f1ml rate, after 
considerins the fact 'Chat "che south 't'lin.d raised the 
'Hater level in 'the laclre 2. half foot. The iirind 'LIaS 

generall.y south, but also soutl:··southViest and south~'Jest 
and lIaS usua.lly 9 to 14 mph .. 



It is G 1.n:'J.~ er:'.t: II'J as moving 
soutl::1J e" It 18 appaT'en'c that 
the s ,; effect; 0;:-;' tho l'Jater 
in tIle GGIli-:l-:![;li a'tlci (-7astE;:.L~:L1 1)ar~t: of t<110 lJay. Tl'le 
stu .. dy rJO 
vias a reve:c.8 (3 

eastern 05:.' 
one~ it 
1110 V6111en;:; 

central fu"'1d 
1,11a.8 

a son.t;h\rJa1"d 

The color of t;l~ce 'irato!"' \Ias very faint at; tL.ls time 
and by t;he'r; of the next ob s erva ti on, 25 hr.. and 
10 min .. artel' the d've dischaLc:e" only a little dye 
",Tas vi:" l' :0"; to> 'fie" q.,., +:he" f" "01''''' A~ ;<:;; "WIll' Y;;7 t' ;"1a+' a flO £+:11 \''i ......... ,:;t < ]J.c.v (;..-_j.. V~_ ,J_ . .-'.,-. '\,,.. -8 _,-",.:::;i; LUl- . ..!-.l..-C} ... 1.... Lt , '..;< 

of the Ol"'i.ginal .La l.b .. of dY'e l'emained and "\claB can ..... 
tained in the top 5 fro of 1rIater ~ the dilution ~ias 
in t;he order' of 0 <> GO:; lUG/l., 

Dye deposits at· "the mm.', 01' BEt.Kel' Creel;:: and the 
outlel; of 1:;he "tmmztte se'irJage po:nd. at this time 
indicated a c(run loclr>"Jise e1J..:r'rent; 1.n Back Bay 
CHest of LB .. th.run Island).. A northeast viind 'vJaS 

blowing at }.O to 13 1'-,-ph .. andche Hater along the 
Hest shore vias expused to thistdnd .. 

On JUl.Y 17 tJ L963 20 Lbo of dye 1/JaS deposited in rnid-
s tI"earm a i~ The U"f,T J::~~'-'O~l,JS U 'J."l·''''· "t·ri 11d \-J 0 ~ <7""'le-"" n ~Ll '" t~ f;'t. _- JJ..._' .. 't ....... ""-L ~ ,~t... • '-v ~Ii............ -0.0 b <.,J. ,J.. CA. __ ..; 

north at 2 "co 6 mph .. and ·t;tl(i dyed vmter moved south 
at t'VJice 1,:;118 calculated ::rlTer a gt:3 HateI' speed as observed 
at 3 1no ~ !:>l-'d kO '·nl'~ r, ,., .p·ll~~,:o .•. , aO c, ')0"'., d\~e CO,,,". A 

_'-" 'III ............. ~ ,.. L.oi. -"- .. ,6 Q.~L , .... vi C7l;,,\''';;''~ -.-., J '. -.> ..... --

Drav'ling .. 3" Appendi.x J Cl 

During the 2 flr .. and S5 1 ~, dyed vn:tter r210ve~ 
at an average Fat;e mO:i'e tb.an 8 'C'::LTIles the calcuLat;ea 
averagelrJa"ter moverlentl:'ate.. Th.8H:.tnd ~ms 1),o1"th to 
east half 'i~he time at 3 to 6 mph<> ~ uas calln for 
an heur and moved to 'the southeas t: at 7 mph .. for 
the last; short periodf) 

It is appruoent that there UB.S a ·1iIind-·caused south~ 
vJard-.flouing 8m"'face 01ll"rent threughout the bayJ) 
101h1ch would be counterbalanced by nortbJfHD:d -fletVing 
deep CUl"'rem::" It ItJas much s troni?,:er in the main bay 
where the wa'ter is deeper 1::;h&'1. it 1,Ias cleser to. the 
narrO't'JS vJhere the water is shallew .. 

The dye didn'"c m.ove appreciably bet1\ieen the ebservations 
made 6 hr .. and 35 mIn .. and 9 b.r'., and 45 min. after 
the dye discharGe.. The ,dnd blew fr.'o:rn the south at 
6 to. 9 rapho durinC: this time apparently holding the 
surface 1.,;ater steady a.nd al1e\,;ing the entire river 
f1011'1 to. travel soutb.rards at deptrl .. 

At "the same time in Back Bay (1;lest of Latham Island), 
the dye front moved north"'H6st a.t approximately 1500 
ft./lu,> 0 aIld this S lJ.rl'ace flo\,; lflas undoubtedly ceunter­
balanced by a deep southeastward flew. This is five 



"""$'7 ... , 

times 1'E:.[:e oi;;;,'::L'ved hl the ",t9L4-b survey, 
even "i)ldu 10 rnpho at that ti..'110. 
This is at;ion tD.a:!:: '~ater eU.rrent is 
much fasteI' at a ve:ry shal101rJ depth. Another 
possible 6:i;:planatio:n is tthe floating poles 
used 4~~ ',-h:, 1-o4b' S""'CVP\- p,::., • .,,,,. ,., iOS''''-> 1·:(" "l-}.", T.·r<>s'·~ -t.,lL v ..... "'V ,7 .. "'J......... d *~ ,.,.;.J., ·.~o v..J".,>., ' .... ..,.~""" \j',J l,J",_J..v ti\! \,;;;-, i ... 

shore. 

At the sarile t'hnE:J dye deposi.ted at the mouth of 
Bakel" C:eeeh: i;,i'aS Y;lOV'j.rle, eastuard!' apparently in a 

surface current ber.anse theI'e \IaS a ne;:;::ligible flow 
in Balm!' Creek ("less -than 10 ei's 0).. '-

The dye "lrIaS deposited :1n t;he fast-moving st·rerun in 
the Narrmfs and it sprec<.d throu.ghout the bay.. This 
'Has quite different 1'1'0111 the previous dye deposit 
at the l,-JeSl;ern shore of ~he iiaI'rOvJS and appa:rently 
moved partly in a 'VJes"tel'n slow-moving stream. In 
the second case the north and northeast 'iidnds 
't~eren f"t obstructed by b .. illsHhereas in the first 
case the nort:h1-Je3't 'Hinds vIere ObS"tI'ucted by the 
hills along t;r16 1,i6stern shope.. See photos No .. 1 s 
2, 3 and 4 ... 
CONCLUSIONS HE WATEFt CUflREt{TS 

Wind-caused '\cHatel' c'l1rrents in the bay generally 
exceed the averat;e vrater flow ra'te and usually caus. 
conside.l:able l1Ilxln£; o .. f the arsenic 11.faS tea into the 
vmter, res1).lt;ing in greater dilution of arsenic 
was tea at '\r,raGer supp Ly intakes.. 'l:he cireular 
currents caus ed by mos t 'Ninds pt>oduce much more 
mixing of t~he arsenic <f,iastes into the main body 
of' v..Jat;er, "chan do north1flest~ «;;jndskJl1iGh eause 
vertical eircular clu'renta .. 

In vlinter ~"Jhen 'che ice protects the water surface 
from "the 1,1in(1; there is llluch less mixing, but 
apparently thi.s ei'feet is more than offset by "the 
increased sedimentation of the precipitating arsenico 

Southern winds produced a slwface current in the 
vicini ty of the mouth of Baker Creek; "Jhioh would carry 
arsenic wastes from there to the intake of the 
"mter supply for Giant Nines. 

Norther'ly winds$lvhich are frequent, produce a counter­
clockwise surfac.e CDrl"ent in Back Bay, as '-Jell as a 
vertical cur):ent in the middle of the bay. This 
counter-eloola-lise current VIould carry a small part 
of the total effluent from the main to1tJnsi te sewage 
pond tr.!.l'ough the channel and into the small neck of 
VIa tel" be"cween Joliffe Is land and the mainland in less 
than "ten hoUJ:>s 0 
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3 lb. of' arsenie per day 
}:lake:,e Creek.. In Sl,lInmer 
1. 11) .. of ar·sen:l.c per da~r 
of st':)l"80 calc .. In 

extent; dur ,rains so an 
a:rs 

A comparison of' di eor:terrt as 

as 

shown j.n -ca":)le C-1.; (~0nsidel"abl.e 
precipi ta:t:Lcm (,r a:r:seniGjimt;,~'r In the bay .. 
This is l"easonable bec8..u.se j,n pl'"ec1pitation processes" 
the artlOU..:ct of pJ.:eGipltat:ioDvaT':tes v.r:l.th t;irne, although 
the rate decreases. 

TREATlvLEN'J:1 OF DRINKING WA'J:ER TO HEHOVE ARSENIC ... __ ~ ___ ... -;rr ________________ -'"_ n ........ 

Arsenic may be removed fr~)l1l drinlri:CJE TrJater by mixing 
it vJith lime Ca(OH)" allovling the precipltate to 
settle!) recarbon.lz L: the l<1ateJ:' (difi\J.sing v-Li,th 
carbon dioxide) and 1: ilter<Lng it.. This is ::"n fact; 
a comb ina T1 on. o.f~"li8Gep sof teniIJ,g 1",i th :Lime (removlng 
carbonaH', OX' "cemporar'y tun:,dn6SB) ml,d st;andardHate:r' 
t;l~eatment" 

The cost: of such Lreatrnent \"fould be 75¢ to $1..25 
per IJ ouO t;;3.1., irlhich is e:x:cesslve beeause treat~ 
11'.1.ent ot:1J.".::'F ,-:'harl· ~l,,',"I"T'l"l"H,·"i'()Yl (;.::'d .... (~y-l '00'0·' ga->' ) __ ~ __ ~~_ _ .• '1J.J.,, __ ,J,o-._·"t~o.C, •• u ,~J>", J:! ,',k' ..... , ' ", ,L<) 

isn! t; othep~J}se required for' the "YellovJkn:i.fe Hater 
supplies. 

GE1'ERAL CO.NCLUSIONS 

1 • The ob j e~; 
levels .i.ll 
and to do 
the resu1.ts. 

ve 81},OULd be set to leduc,e a1"8eni·.:; 
dl'inH:ing 'If,rat,er tol8SS 'than 0 .. 01 mg/l:; 

teVel' ,L'3 reasonabLe :)n ()rderto obtain 

2. T.t1ere. bTB IlD Goni:-:inuous ~,.rater eux'I'ents in 
Yellowkr:di'8 Bas Hhioh !!vould provid3 a source of 
{'ont8mination~f::t"ee dFlnl-dng t,TaT;$r OJ" 1JOt.lJ,d provide 
a sui table di;3pOSa,l, stream 1'01' arsen:7.e '~'\TaBtes or 
seLvage 0 

3., Discharge of t;he effluent from HenrI Lake upstr'eam 
of t:he uNarrm;rstf in Yel101f,Tkntf'e Bay in surnmer, would 
produce several trnprovements .. 

(a) It:ltJould el.iJ11iIla Ge short -.:' ircuiting" durIng 
soutb:1r:Lytl":'Lnds I' of the arsenic wastes from 
the mouth of Baker Creek to the intake of 
Giant Nines irJate:r' supply., 

(b) It would p:r:"ovide greater mixing of the irJastes 
in the ,Lake 1flater!l 'thereby inc:r'easlng the 
dilution of arSenic,6 

(c) It would increase by two to ten days: 
depending upon the river flow rate and 
currents, the time between the discharge 
of arsenic wastes into the bay and their 
reaching the lnta.ke of the various water 
supplies.. This 'lrJOuld provide somewhat 
greater reduetion o,r al'senic concentration 
due to precipitation, which is a function 
of time. 
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IU";:) rye; 1. l1J."L " If by 
the f0110i·J:[,n; 
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i~3 found 'chat sediment from 
1;1113 sho1"'e and vIas 

objec 
shoUJ.d 

alJiJ$~~",CflXt(;e j T·xle 11f~ceHsary piping 

6" Redu.o tioD. ofehe flO1:J l'at;8 of ef.fluent fX'OIll 
Bm.J Lake d.uri.ng Hay and Jmle~1Tould result in a 
correspm.-.td:tn2, tion. of arsenic eontent in -elle 
vla.t6r~;rheY'e th~; 8 .. ::'8en1.o in runoff' '1'~at8r IS J:l1gr,.6 t 

H01:,revE;n:';; t:~:h:;: ',n) . .,C' 1 at i. on. h c O1J Ld 1)6 

obtaineds expens :l'Ve dam-ouLtclin£ prograrn, 
"·1 '1" no1 <, ~)""l-"t.- ""ll~ '"'I" "--a', 'C. Th "1 '" -1" \''': 011 ,0. 1,L\~"".-I/o dl 1:- ,,l :,..,),.;;\u fj C1.l.r"'~' ;.bJ 8 ,0,1.."_;>;) ~,';) 

too ~O ls" 

7 tit C(yl:] 

Lake co 
pl~()vi.(18 }"'i,() 

Ett,'·e ot? (11sc·tlal~[;e i~I"Orrl BO't4f 

cerYa wind effects would 
ts "beCftllSe t11f1 ,\!'linil is so Cl1an[~e .. 

able t.ri l'espe 
reaeh the Hater 

"t t.el "G11e t t;,akeXl :for 10Jas ces to 
supp 

8. 
larr:;eas 
s8dilllent;;1;l 

£if e 3. ;9..G l~f':1 s:? sl-1()1J~j,cl be a;1 

al.l.O\->i 1:;he 111FJ ... "{iln:L1m 

~, oh is a tioD o:f 
both s e l·r 1. eii16rrt &Gd poxid BUl"faee a:yc,"'a.. A 
r'BSUr"iTBy 

to aSSilX"(7 

v'lhex'e 
s edill18T.rt a. t; .. 

t:\~~ 0 t:o t, ;,~' ~f'J:()IJl n,O'y~l 

hasult filled to a point 
is insuffi~ for satisfactory 

9.. A pY'a,;~ C 'lJ :-f~ IJ1:(12~I0rull 'irJ",)11J.,(i -be t() l]la1{E} 

arsenic a(lai,y.se~~ {)f~ Rarn1?I,es ()i; '~18.-te"J~ tIle tbJ:uee; 
Hater 5 

(a) OnGeHeek during !Jla''Y and June., v{ben 
the al~'sen.ie spr1nc; 1'll!lCff' !clateT' augrnents 
the usual concentration. 

( -, , 
oJ 

(c) 

(d) 

(e) 

(i' ) 

On.r:::e ~)('T l\1C'nth rhroughDu.t the re8t; of the 
year'. 

In SUlrllTleX- n.ear the north tIp 01' Lat,ham 
Is land» and from the nout;h of Bru{er C:P8ek .. 

If a road is constructed to the tailings 
pond outfaLl pointp thetl -ehe effluent 
vJhen th.G road is open. Or,heritJlse, 
oecae.1 .. onal.l::r dm"'ing the SUITilllel' .. 

Oncasiona.Lly at the Indian v:tl.lage (on -e11.e 
opposite Sh.cn::6 t 4 mlles dotfnstream) .. 
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bridbi 
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C;Oli.Ll:A;i.I'.Lsonvd that whiGh 

.La:na:> Ga.-use the Cl~OSS-
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by comparison, 133:> 000 sq 8 fc.. ompat'ed to J.4 sq.ft o 

See Di.Et,fi1?BlIl "JjrS 1.:1:, ,J,. 

IIovJBvei'6 p 

"I,J111 
C\~C d83 rhu:'::l;x.'<::; a rWI,th vJind p 

freqtl.e1Ti-;:J ob ~'ulned. by Ding in 
t~he ned;; 1tr~1(eX~ ~t!e"G1r">fe6rl La,1:;1-:.arn I:s:LarIJi arld tt16 
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in ~che ~iater of the irihabi,tallts on 
Jol.iff'e Is tB:nd and tl::) x'edu.ee t,he ba~·t,eri,al concentration 
by Increl;'vsi t~Lme :fot' t;h.e e,A"u'ut"" b) reach .Toliffe 
Is land apprm::"l{;1a 1:'81) J/:3 t?) ~~"'d:a~y';' e ,". 

Ii. 'Eha 2Elrrhtge J..oaa inYBllm,rknii'e Bay should 
be reduced inllhatl3Vf\]: 'frays aTe 00nsist;ent 'l1lTith the 
expense involved.. P~lX.t:P0se js '(;0 peduea the 
nu:rnber of pathogen a the d:X:'irlki:ng 'h',s,ter 
of !;he GIl ;,fc:.L Island. To a lesser 

talJttc th13 peop,Le living at 
Con T; Oi,;{nS i. 'tC<:3whe:I'1':i ·the water' 
su:pplies aX'6 O~;c.as::tonally~ slugs of 
uncili·:;)J::'i:nat.ed ldat'3:':' aTe pos bl.B dUe l~O the failure 
o:f t1:e 

It is g:rEt 
apparent 
LaH::e be ing 
to E.a.ksI' 

COlineC'cj~()1:1 

1::11l,,)'vi tl1at~ as s:..Jor.t as i,t ~bt)eanle 

df'r'i ved .from Bm',)' 
che,rger:1j~o The Nar'~Oi,.JS l'ather"'Ghan 
p l';Jx" D ... Ii ~ DfJ Ls.:p(;r;~ ,s mad,a plan,s f'o:r 

(' eeded ltwrk in,::hls 
1963 COLtfn:;rUG tion season .. 
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A,PPEUDIX B 

DE'I'AIl.JS ~i~'l'EH SUPPLY" AND SEWERAGE Sys'rENS 
___ >->_ .• ~=-_·_c""'-"" 

Water SUppl'I SYstem, }lain Town 
""-~ y .. -' _ .. _---

The pl.J.blic syst;em supplies chlorinated liater to the 
new tOvJnsit;e, population 2850, and tho old l:o~ms ito, 
population 650,. A Syst:Oli of buried 'v;rate1"' mains 
serves the neH to'Hl1si te t;hr'oucl~out the year Emd a 
system of cround-surface main,S serves the old 
tmmsi te in sm;Jlner. Drinld.nG Hater from this 
public system is trucked to l'esidents of the old 
tOvInsite in vJ'inter .. 

The vvater is subject to bacteriological conta.mination 
by runoff from the sel-;tlement including Giant Nines, 
the nevJ t01~nsite and unsel-Jered old tm,msite, and by 
the effluent from BOH Lake, lilhich is the sevrage and 
mill tailings pond of Giant BiaGs. It is subject to 
positive seV.1aee contamination by the effluent from 
the seHage pond, Hb.ich dischaT'8es 2 miles above the 
intaJre, as measured in the r,lOS'C direct line via the 
small 1,.;ater channel bett-Jeen Lat:,am Island and the 
mainland. See DrmIinr:s Ho.'s 2,] and 4, Appendix J .. 
It is subject to Se1tUl£;e contam.:ination by a fe:tf 
septic tanks serving l"esidences in the old tOvJl1si teo 

A total of' eighteen people on the lvest side of 
Yellov.Jlmife Bay use unchlorinated drinking water .. 
Fifteen of these live on Joliffe Island, one lives 
near the outfall point of effluent frorn 'the Sei'iage 
pond and t'lfJO 1i ve on La thru.11 Is land jus t north of the 
bridge to the peninsula. Approxiraately 100 people 
live on the eas t shope of Yello"\rJknife Bay 1-Jhe1'e the 
Hater is relatively fI'ee of bacterial contBlllination. 

Water SUl)p1y:. qon Nine (population 340) 

A '"Jater distribution system 1.s contained in a system 
of above-ground uti1idors 1-Jhich also contain sellers 
and steam pipes. These supply all residences~ the 
office, mill and mine, with chlorinated water. The 
1tvater intake is si tuated 0 .. 7 miles dmm.streal11 from 
the water intaJ{e of the 111ain Tmm, so that the vIater 
is subject to the same sources of bacterial contamination, 
but to a lesser degree. 

Water Supply:! Giant Yellov-Iknife Nines {population 360 

A l-vater distribution system is contained in utilidors 
together v1lth sewers and stearn pipes. These supply 
all residences, the office, mill and mine with 
chlorinated watero The water intake is located on 
the lrureshore on the opposite side of the break31ater 
from the mouth of Baker Creek. The water is subject 
to contamination by Baker Creek which carries runoff 
from the se-ctlement and effluent from Bow Lake, t;he 
sewage-mill tailings pond. 



S e-v-Ja 2;6 

All SEn;, 

pumped e v .. When full, ~G]~,:ls pond 
provides a Gheol'etieal ·G.LI;18 ret;entj.on over tHO 

months and ~-acres of sL[r'f£lc.e area per 100 peoplB. 
There is no public s old to~(rn-
site, and :LI0St peo) iLl Give c,on-
di tions. A feii] res IJX'ovidei S I.e 
tanks and some 0:1'.' <~sur e effluent 
disposal "!tIlth var~;:Lnb de ;f} of ta:Clo:n.. H!r!J~~ 
se"!tlage from at least; on.e resid.enee I'LU·'.s dir>ect:ly 
into the bay .. 

Selr.rage Disposal" Con }itne 

All selrrai.:c;e from Con b.ine runs :into a i>m.tt3r-r;ight 
concrete septic "GanE: from wbich the effluent; is 
pvx1ped t·d th 'ClIe mi 11 1 'GO a flolrJS 
to lakes 1rThich draIn soutb:t·;ard in to Great S1ave Lake .. 

All sel"lac:e i'roEi Giant; Yel.loHk'nife Hin'3>ii.s com;:2:tmn;;ed 
and p1J:mped 1;dth "[;he 111111 -tai.lings into B01r:r Lake. 
Bacterial reduction Hou.L<i 1°e31.11.'C; from the ponding 
(time not determined) and especi.ally from "Gheir 
sedimentation by flo(;Cl1~Latiorl of 'the l:nnierlse quantit;ies 
of fel'ric hydroxide in the WaSt;(;8" 



AP~EfrDIX C "'""' ___ ..- ....... _Ul 

Arsenic in tJ18 \,iater in YellmtJknife Bay is principally 
'lOl'"' the f'Ol""l O'L'" ~1"''''e'~lCi(' T!"'j',-)v-'idl5; (A."" 0·) rn1"'e"' "'O"'r'"'8 .J. »_. _I _ o~_ ~ .L ~~ . ..- J ,.,1 __ "'....oL, V : . .J ~ ~~. J....L Q u v 

is the gold ore. At Giant Ivanes tllb Srsenie is 
contained rtlainly in t3fflueni:; fJ'om the 'mi.ll 
t' ai "1." llr)'''' ''"'\o'''c~ ',,,,>, J' (. '1, ,'I i <0 C' ""1 n'~' ,,,.,,,,q 1" I'" LiD t' ,tl,,-,i:'a'''· ~r-.L" a B" p 1reI' _. J.. c)Q l;~ ..L..1 1..,. ~,. .... -,~ .. 1....1. ~ ..... !..) ~Ti.~_~ ~)\::..~. .l...... 1'''''', J....I J v u.n.. 

Creek. A small aIllO'1JiU; i.s can ta:iued inche dl1u.te mill 
wastes 'tclhich a:~T dischal'ved, directly to Baker' Creek 
and 1.',,., '~~i11° '.,T<:,',"~'~, (on; '-""'r::~l"1 '1""~ "1'll' '1'1 "~"r"'+e'J:' u'sed to'"~ J.J. .,L'iJ...J..". V ..... (...l" \J \:....-J. -'-- .J... ,."..J.,., 1c_ >.I.:. ,.1 ~, ... , _, li'll Q.. V . V 

repulp sand and pumped~int;o abandoned shafts). A 
small 8.Yaount; of arsenic is contained in staek t~ast;es 
from both Con and Giant ]ytlnes, and: vhle:h, sett;les 011 
the land and is carried into the bay by rain and 
melting snO}J t • 

Hill Processes at Giant :lHne 

Giant Mines 'it/as brought into production in 191}8 
and has since advaneed to the posi tio:n of tb:1rd 
largest producer of gol.d 1.n Canada. It c1...U'rently 
treats 1;050 ~ons of ore (0.78 oz. of gold per 
ton) per day Hhich is intulla'tely assot:dated ldth a 
complex mixtllre of suifides, eSDeciaL1'v arsenop';r'T'i te 
and p~rrite ..J!he ore heinE; trea:-t;ed at ~l~he preserlt; 
t~"" . , ... ,~~,"."" ~"" "1' r I' ocl <:>. " .J...ll.le lS appr()AJ.'lllal~v ,J ' .. .110 ars.",nl,c. 

'fhe mai:n milling proeess consists of floatation, 
roasting of floatation COlle;entr'ate and cyanidatlon 
of the calcine. In 'the secondary process the x'oaster 
f1.Ul1eS are separated and treated sepaJtately.. SE:H'l 
steps as foD.ous and, flo~; sher:;t. 

1. By a se:p:~Gs of G!'ush:Lng, gri:nding an,d se:r~ee:rdng 
operations t;fle rock ore 1.s redtwed ~!>:) fine €';:t'a:Lns so 
that the sulfld.esvrhich contain the gold" a :r'6 
exposed. 

2. In a floatation Pl'OCGSS the su.:,Lfides are eoated 
with xanthate, a dry-alGohol, which prevents tb.em 
from beeoming ue'c-c:ed and ctll.o"H8 them t;C attach to 
the bubbles in the froth and be floated off. 

3. The auriferous sulfide concentr'a.te produced 1rJhich 
contains 4 OZ. of gold per ton", 10% arsenic and l1e.t;cr 
(990 tpd.) is dewatered on a revolving cloth filter; 
and the 'VJa ter (900 t:pd.).1 VJhiGh contains arsenic 
(1.6 #Pd.) i~j discharged directly to BakeY' Creek. 

4. The deVIatered concentrate (175 tpd.) is roasted 
thereby bm'ning off sulfur, arsenic and stibni te 
and converting "the flu1fides to oxides. 

5. The ca.lcine pl'oduced (135 tpd.) contains 5 oz. 
of gold per t;on and 1.25%, arsenic is then quenched 
and washed and filter'ed t'vJice. 'fi"le first fIltrate 
(50 #pd. arsenic) is passed on to tailings and the 
aecond filtrat.e is reused in sand preparation (making 
the sand flU:i.d so that it may be pumped into abandoned 
shafts).. The liquid seeps out of the sand and enters 
the raine 'Hater 'VJhich is pumped to Bakex: Creek. 
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ocess "CIlO filter calre is 
Nt (RaCN + CaD) and 'Cho 
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7~ The solution passes on to u precjpitation process 
in vJhi.oh the F;o..Ld COX](':,EH:.T:cal:e is prec:t.pi'c;ated by the 
fur ~,r" er' adul l .L l"O"l o.co '7.\ ". ~ C' r, n l' n";', (" ,7'l'l"11" de Pa"""~ v. 1. _, U J. J... _, _11\5 k) \ .. ___ ~~ -I..A..I.t..... O'!;'..i "All. •. .,.. .L i,. 

of the barI'en SOiD.tion is l'(ycuJed in the solution feed 
to tl1e seeorlCt2l..r~JT c~:ran.ldat~:L(rrl lJl~oe-ess B.lld tlle :rzest;, 
containing 25 #pd .. of 8,1:'8e'l1..:: ~ pD.,SS'3S on to tailings. 

8. :ehe residue ::i.s combined lJdth .LOH yioLd ,floai"ation 
tailings and passed eo a secondary oye.nidation unit. 
The so lutio:n from this flous to t:he pree:Lpi tation 
uni t and the T'esidue, C ontainine 20 #pd. of arsenic, 
is taili,n[iS 0 

9. '1'be §;ases fror;l the roast;ing prOC('3SS (step 4 abmre) 
are passed thl"ough 1:.;\JO hot (700op.) Cottrell un:i.t13',; 
oDeratinf~ In parallel in '[:1.2,e !zold-bea:r'inQ: dust 
l·~ D~e~qp~~~a~Dd - ~ ..., ];.t t.:.... .J. V V'-' " 

10. 'rhe hot gases are cooLed '~vit;h air' t;o 230°F., and 
passed to t;he Dracco ba[;house... P:c'ecip:Ltated arsenic 
trioxide dUS~G <:30.:0,5'9.9 #pd .. of arsenic) is separated 
by the orlon bags and pu.nped to under'ground storage ~ 
and the gas,es containing 260 #pdo of arsenic pass on 
up the stack. 

11. frhe [;old-bearint; dust :Crorn the hot GO'Gt·rell unit;" 
apparently originating in tHe i':inest pa:r'ticles o.r 
tbe g'>I'i Y1d :hF" l):'OC e S S 1 q "l-l"e,n D11J:'lP'E'O f q,... I'c'r(,r r* Oll'lre ,U'I' ) ....... -'--,"_,"a -G ~- " ~,-}." .<," .... " - J, ',."1-", .. \~"".F ft/_ ... ~ - J.J"~> 

"to the dti.sr; tr'eat;ment pl,a:rrt.. In gen61~al l;here is 
empl.oyed a cyanide leacllins v.fith in'~pulp addi t;ion or 
activated carbon in a batch proc8ss$ 

The gold is ,Leached lJj. 0 ~;-anide ,:in; pH 7.8, and.. then 
adsorbed 1rJil;h activated carbono The activa"Ged carbon 
is l:;hen separated \cJi th a 35 mesh vibl"a'ting screen 
and Hashed inah'iTd:Z?8.Ulic cone. ;rhe 'frJash Hater .flo1t.fS 
to the tailings .. '" ll'he carbon" containing 3.3 #pdo of' 
arsenic, is dried and shipped to a smelter. 

In the years since J..961 , dl.u"ing t,he period from Hay 16 
to September 30, stored calcine (cO tpd.) has been 
[i ven thermal treatment. It; is l"epulped 1.;i th YIater, 
pmnped to the mill, thickened by settling and filtering, 
and then treated in an 80 ft. kiln. '1'he solids from 
this thermal treatment proc.ess join the main calcine 
circuit late :In the process (Ho 0 8 agi ta tor) at"1.d· 
then flmv to -che secondary cyanIde circuit. 

'l'he gases contain arsenic, 123 Ilpd. ~ but t;his is 
entirely redissolved in scrubbinG on aceo1.:mt; of the 
acidity of the water, the pH being lowered to 2.0 
by the SUlfur (3200 #pd.) 1rJhlch is also dissolved 
by the scrub ~'iater. 
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TIle -CEtlL ~'\:' l~<.ec'ia n.es a~ce (liscllal~geci ~Lrlt~o 

Bali Lal~e ~ '" .u~,.·LS:;.mi (,&;u;:od a't SeVel"al. l=)laces 
and is much 1a1'2:e1' or:Igi:lal lako. During; 
tha+ ~por>t'~o'l"'i of' Y8'"r"' Oc·'·c·1,·p'o , "'() 'fii,C"~ 1[:' .. u.... -i........... "-'_ ... _~ .; L • L i v.l ~!". l/" ,L',;.ct ,! ' , .... )-, 

dissolvecl 2.I-S(311ic ~Lt} t:a5~ i,s 192.4 itpcl. ~ bl110_ 
that in 'she eff'luent 3Gvr La.ke 1s [UeO #Pcl.. In 
the perIod l'1a;7 16 to Sept 01' 30.7 T;lle corresponding 
.n • ~ -; I' '1 - . c'; " d P-" T·· ~., ~~, 
.L ~gure8 are jl.() fr1x ... * an<i L::.,r,) m) .. ..-'.tle (~l.L[ erance 
is preSlll(led 'Lo be Fee :l.pii:at;ed by nat1.u'al set;t;lement 
and by flocculati.on lJith 1'01'1":1.0 iron vrhich COa[;111ates 
in the pond. 'l'he 1'er1'ic iron is present in large 
quantities in 'the -t;a5.1ings. IOG is apparent that 
this sedim.entation pl'ocess continues after' 1:he 
effluent frolll BO'H .Lal::e reaches the bay. 

* AUDI'oximatelv 
-"- 40 v 

~I* Assuming same proportion of' sed i menta13ion 



• -17-

COlJGEl~IlnAl'IOH 0:£11 ARSENIC IN WATER SUPPLIES 

Date 

-* "~-'--.-~-

Giant Hines 
Supply 

Public 
Supply 

(lllg/l) 

Can Hine 
Supply 

Hauth 
Baker 
CI'eek 

Br'idge 
Lat;harn. 
ISland 

FLow*' Aver>age** 
Rate Dilution 
cf's. \ (rng/l) 

------------,-----.'---,_._,---''"'''-----,--~~.-"-~~--
1961*** 

.Tan. 23 .10 .01 777 .02 
27 .02 .02 729 .02 

Feb .. 12 .02 .02 729 .02 

1"lar. 12 .02 .02 636 .02 

Apr. 12 
,'_26 ~01 

.02 .02 600 .03 

27 <:.,..01 

May 2 .02 
8 .02 

12 
15 .01 

.04 604 

16 .01 
19 .01 
20 .01 
22 .03 
23 .02 
24 .02 
25 .01 
26 .OJ. 
31 AN .07 
31 P}1 <.01 

J,} Daily flow rate as supplied by Water 11esour'ces Division plus 12% 
increment" which is approximately the f1o'ti from Cameron River. 
Flow rates after September 1962 aren't yet available. 

** Assuming 83#/day arsenic throughout the year and an additional 
61#/day during the period from May 15 to Septrunber 30 in the years 
1961 to 1963 and neglecting that resulting from runoff" See 
A.ppendix c. 
Assuming complete mixing of the arsenic in the water of the bay" 
which is never the case. In winter the water is protected from 
the winds by the ice cover'" so that there are no wind-caused currents 
and therefore much less mixing. 

~In November 1958 Giant Mines began using a bay filter unit, Which 
removes approximately 99% of the arsenic from the stack wastes. 
In the summer of 1961 Giant Nines began reprocessing stored 
calcine. For these reasons recOl"ds prior to 1961 aren n t included. 
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Hauth Bridge F101.1 Average 
Date Giant Ktnes P'.Iblic Can Nine Baker Latham Rate Dilution 

Supply Supply Supply Creek Island efs. (mS/l) 
1961 

June~ .02 
9 .32 

14 .3.3 .04 .04 939 .03 
15 .47 
16 .11 
17 .11 
21 .18 
23 .20 
24 .15 
27 .08 

July 12 .03 .02 780 .. 03 
14 .09 

Aug. 12 .02 .02 12S1 .03 
22 • OJ. 
23 .01 
25 .01 

Sept. 12 .02 .03 930 .03 

Oct. 2 .21 
3 .07 

~ .07 
.11 

6 .o~ 
7 .0 

10 .20 
11 .14 
12 .22 
14 .15 
19 .16 
20 .08 
23 .05 
24 .09 
25 .05 
26 .03 
30 .05 
31 .08 

Nov. 1 .03 
2 .13 

t .07 
.08 

7 .08 
8 .05* 
8 ~ .01* 
9 .05 

13 .06 
14 .06 
15 .05 
16 .04 
17 .05 
20 .08 
21 .07 
22 .08 
24 .07 
25 .16 
27 .08 
28 .09 
29 .23 

* Different times of day. 



J,J..,,, j (1_ -.. / • 1101..lth Br5dge li'j.CYkT Averag{')l 
Giant x-II.118fi P lie Co:n Hille Baker Latham Hate Di J..ut ion 

Date Supn1. 
.J,,;: u ~3 -u.I) fl 1 ""jT Supply Creek Island cfs. (mg/l) 

~_..,, __ ,,_ .... __ ~' 
1961 

Dec. ~ 
or~ . ,/ 

.03 
7 .04 
8 .03 

11 .04 
12 .04 
13 .03 
14 .04 
15 .02 
16 .06 
18 .06 
21 <.01 
27 .01 
28 <: .01 
29 .02 
30 

1962 
.04 

Jan. 2 .01 
3 .03 
5 .04 
9 .04 

11 .03 
12 .03 
13 .03 
1L~ .03 
15 .04 <.01 <.01 ';6 0 

~ / ,,03 
22 .03 

Mar. 3 .01. .02 545 .03 
12 .03 .03 540 .03 
28 .03 
29 .08 
30 .04 
31 .03 

A.pr. 2 .09 
3 .02 
4 .01 
5 .01 
9 .08 

10 .02 
12 .05 .04 .02 5,)3 .03 
16 .02 
17 .04 
18 .08 
19 .02 
21 .05 
23 .05 
24 .Ot 
25 .0 
27 .04 
28 .11 
30 .07 

Hay 
1 <.01 .01 .02 558 ~03 
3 .07 

~ .04 
.03 

7 .15 
8 .05 
9 #o~ 10 .0 
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Mouth Bridge Flow Avera.ge 
Date Giant Hines Public COli Mine Baker La.thrun Rate Dilution 

Supply Supply Supply Creek Island ers. (mg/I) 
-""""------

1962 

May II .04 
12 .03 .04 .04 481 .03 

~ .. 03 
.06 

16 .05 
17 .14 
18 .10 
19 .09 
22 .07 
23 .05 
24 .04 
25 .03 
26 .06 
29 .02 
30 .03 
31 .02 

June 1 .03 
2 .01 

t .06 
1.15 

8 .31 
9 .17 

12 015 .09 .06 621 .04 
13 .11 ' 

~ .15 
.1~ 16 .1 

18 .23 
19 .33 
20 .10 
21 .11 
22 .07 

July 3 .33 
7 .30 
9 .45 

10 ' .05 
12 .10 
13 .08 

.06 .06 702 .04 

i~ .16 
.52 

19 .57 
20 .04 .05 .04 662 .04 
23 .65 
24 .20 
27 .45 
28 .30 

Aug. 2 .15 
3 .09 
8 .09 

12 .12 .12 857 .03 
14 .28 

i~ .o~ 
.0 

22 .20 
24 .o~ 25 .0 
31 .07 
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110uth Bridge Flow Average 
Date Giant Eines public Con }1ine Baker Latham Rate Dilution 

Supply Supply Supply Creek Island cfs. (mg/l) 
-- . . . 

1962 

Sept. 1 .08 
3 .11 

11 .09 
12 .06 .12 .07 1181 .02 
13 .09 
17 .09 
19 .13 
30 .09 

Oct. "I .09 
2 .09 

12 .05 .12 .07 
18 .09 
20 .13 .04 .02 
25 .12 

Nov. I .13 
6 .13 

12 .09 .07 .08 

Dec. 12 .06 .07 
17 <..01 .03 .03 
22 .03 
30 .02 .04 .03 

1963 -
Jan. 2 <.01 .02 .02 

3 .01 
7 .01 

12 .04 .03 

Feb. 12 .03 .04 

Ivlar. 3 .01 
12 .04 .04 
24 <.01 .02 .02 

Apr. 12 .04 .04 

Nay 8 .02 .03 .02 3.8 0.2 
12 .11 .06 

JtUle 8 .49 
12 .05 .05 
15 .50 
18 .13 
19 .28 
20 .23 
21 .20 
24 
25 

.14 

.15 
26 .28 
28 .11 
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Houth Bridge Flow Average 
Giant Mines Public Con I'Une Baker Latham Rate Dilution 

Date Supply Supply Supply Creek Island cf's. (mg/l) 
_ ... ."._ ....... .".....-_ ..... 

1963 

August 12 .04 .04 

Sept. 4 .46 .01 .01 
12 .04 .03 
20 .08 

Oct. 11 <.01 < .01 <.01 
17 .01 .02 .01 

Nov. 19 .01 .02 .01 10.5 

Dec. 4 <'.01 .02 .03 



FIGUl~E C-.L ~J .3. Fi rrUl'e (u
;iay 16 t

\tlIT:I AnS3;,I':; BALANCE

Ur~derground
Storage

.J
/1\..,

Zinc Precipi~ates

.054 r~D G 3.~: = 3#

f
and

-C)O.'j,l

G.LU

PrecipitDt;e
L.

j

t----........--...Calcine P
i3C: TPD =

1.:.. 0 'rr.t':-- .

Zinc Precipitates
contain the go~d

T'\:":"f'" .~
.v"'.).J.

IDA'I'ION
,

v

'JOj'.,K .. r---:" . '1
~ ~!'il\.3rL
L-r .rJ

Iwat;er to Final
~ 'fails (neg. As.)

Carbon
Precipitates

3.3#

dried and sKipped
outside

diagram by Giant Hines Ltd.
reproduced as suppLied.

~'Jater (2Xper

Copied from
All fiS1.,lreS



also applicable
Sept. 30.

Page 23 1
i
I

I

to Be}:er GrQ§lL .__......
900 ~PD @ 1.1 ppm = 1.6#

160 1'rD ,~. '= 900#
1100 LPD 1.1 ppm = 2o~

Dust ~ezidueto Final Tails
Sollds' lC)-'frb @'~6~2>; -::--121j ~jif'- ..
Liquid 23 'l'PD @ 400 ppm = 16.4#

I
I

/-t~·_,

. 1.__--.
----J:\..F'4Iill.l: _J2f:I£I~~lLj; Q._EiD:aJ._j;1~i ~f!_------i-".

'-r----r--,r-----' 90u '.l.'PD '2 1.1 ppm = 20#
Bleed to Final fails
"-900 'd~D--@i4-ppm ='25fT---+

Sand torU~d,e.rbro1)nd
4.2;; ~ ).6;';" =
1 .. GC) 1 r~D;:l. ~



------- '- .--- - -------~ -----------------------
, ' -c_.: -

--- -l- -- -

HILL FLO\'i DIAGrtAl\l WI'ffi AHSEJ.'i IC BALANCE 

CALCmE rtESIDUE S'i'ORAGE* 

SO.1.ids 

~'iater 

I ,- ----------'-'-\ 

I 'J.':1ICKENlliG ! 75 
_,--" _ " __ ~ __ ' ______ ' ,_J 

80 tons : to 
,- - -"--'---"-----'-----1 

75 tons ~S~-----J 
t A~ ~~,~~~!: ___ _ 

130 tons @ 473 ppm As 
= 123k pH = 2.0 

'l'O F ina1l'ai J.s 

-"-,,---,-------+ 
~pd Over FLOW Water 
CreeK (neg.1.igib.1.e AS) 

'i'o ~O. 8 Agita~or 
in l,~ain Cyanida tlon 

(As effluents raised 
propor~ionately) 

~ Seasonal Operation, Hay 16 to Sept. 30. 

-'" ____ - ______________ .. ____ -_, ----------,--------1 



SUlY1HAPY OF YELLOWKNIFE RIVER FLm'lf DATA 

The water fl.owing into YeiloHknife Bay at the mouth 
of Yellowknife River comes from tvw sources, the 
main branch and Cameron River. The flow from the 
main branch is contl"olled somevJ"hat at the power dam, 
however there was a heavy overflow at the time of 
the study. The flou is measl1.red daily at this site, 
and from there it flows into the north end of Prosperous 
Lake. 

Cameron River flows into Prosperous Lake, near the 
north end. The discharge from this river is estimated 
to be one-ninth of the total flow, :.:8sed on data on 
the flow of water in this river gathered during the 
SUIl1Iller of 1939. 

The daily flovJ' fluetuation':i as controlled somewhat 
by the dam, are preswQed to be evened out in 
Prosperous Lake, which is apprOXimately 12 sq. miles 
in area and 6 miles from inlet to outlet, and in 
the 6 miles of *' mile wide river bel.ow the outlet. 

COMPARISON OF DISCHARGES--1939 

YELLOWKNIFE AND CMlERON RIVER]! 

Monthly 14ean Dis.c.harges. in efs .•. 

Narch AEri.l May June July 

Yellowknife River at 
Inlet to Prosperous 4LL6 392 450 508 
Lake 

Cameron River near 61.0 42·9 65.0 64.0 
!vIouth. 

Ratio 0.137 0.110 0.145 0.126 

Average Ratio 0.126 or 1:8 

TOTAL FLOW OF YELLOWKNIFE RIVER (cfs .1 

Date 

During Study Period 

Main 
Branch 

Two-day Carnel'on R. 

480 

59.0 

0.123 

Total 
Flm'1 Average (Presume 

____ ............... ______________________ --1:atio~;iLL_. __________ _ 

Julib ... , 
14 3,177 

l.5 3,243 3,210 402 3,612 

16 3,379 3,311 414 3,725 

17 3,386 3,383 422 3,805 

July mean 2,886 
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MEAN 1V1ONTHLY DISCHARGES 

YELLOWKNIFE RIVER INTO PROSPEROUS LAKE 

(cu. ft. per sec.) 

Annual period ~dinB SeEtel11ber 

1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 - - -
Oct. 901 1370 836 871 920 862 1544- 1488 2199 999 

NQv. 790 1151 990 792 777 895 1198 1311 1967 844-

Dec. 662 1009 1125 768 675 843 999 1173 1678 751 

Jan. 561 874 1005 740 602 772 879 977 1403 691 

Feb. 640 783 852 678 544 695 746 875 L1.30 611 

Mar. 559 647 745 630 530 611 646 718 910 579 

Apr. 557 533 608 603 507 569 566 631 759 545 

May 1380 592 821 710 505 645 1252 857 1267 656 

June 2340 641 1116 ll29 577 930 1746 1663 2194 831 

July 2380 549 1036 2135 506 2302 2050 2498 2879 782 

Aug. 1830 562 1272 1592 740 2806 1702 2775 1975 1061 

sept. 1620 772 1009 1184- 862 2115 1634- 2432 1341 813 

Mean 1177 790 952 989 646 1175 1251 1454- 1646 765 

Maxi- 2816 1496 1366 2453 1043 3212 2152 3219 3322 1140 
mu:m June Oct. Dec. July Sept. July July July July Aug. 

Daily 20 3 30 6 25 31 12 29 5 9 
Flow 

Mini- 518 159 540 490 263 501 437 554 729 527 
mum .Apr. Apr. May May Aug. May May May Apr. Apr • 

Daily 2 9 3 7 5 6 3 12 21 15 & 
Flow :Hay 18 

All data supplied by Water Resources DiviSion, Dept. of Northern 
- Affairs & National Resources. 

1962 

635 

519 

485 

507 

501 

485 

496 

466 

586 

617 

942 

1034 

606 

1280 
A~~. 

300 
July 
17 
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APPEND IX E 

Slm:r.1AHY OF' WIND DATA DlJ11ING S'J:unY* ---- -
Wind sEeeds in mi~es Eer hour. 

Hours 
JUly ,1.5 JUl.Y -!:§, Ju11 17 Ju1Z 18 

after Direc- Vel.oc- Direc- Ve,Loc- Direc- Vel.oc- Direc- Ve,LOC-
}lidnight tion ity tion ity tion ity tion ity 

1 S 9 S 4- w 5 

2 SSW 12 SW 5 SE 7 

3 SSW 14- WSW 5 SE 8 

4- SSW 10 SW 5 SE 6 

.5 S 6 W 7 SE 9 

6 sw 6 W 4- SE 5 

7 BW 9 WNW .5 SSE 10 

8 sw 4- w 6 BE 10 

9 N 4- NW 9 SE 13 

10 E 11 N 3 SSE 13 

11 Calm N 2 S 14 

12 Calm NE 8 SSE 17 

13 NW 13 Calm N 7 S 13 

14- WNW 10 N1~v 3 E 3 S 15 

15 NW 10 N 11 N 6 SSW 14-

16 NW 13 N 13 Calm SSW 15 

17 NW 12 NNE 10 BE 7 S 14-

18 WNW 12 N 15 s 6 SSE 10 

19 wsw 9 NE 10 S 8 SSE 10 

20 SW 10 NE 10 SSW 8 B 5 

21 SSW 9 ENE 4- S 8 S 10 

22 SSW 9 Calm SSW 10 S 8 

23 ssw 10 SSE 3 SW 10 NW 6 

24- S 7 S 3 W 12 

* All data supplied by Meteorological Service of Canada. 



PERCENTAGE WIND DIRECTION AND AVERAGE WIND SPEED 

YELLOWKNIFE l N.W .T. 

1951 to 1954 Inclusive 

May ~ l.uly August September October -
Direc- % of Speed % of Speed % of Speed % of Speed % of Speed % of Speed 
tion Time (mph) Time (mph) Time (mph) Time (mph) Time (mph) Time ,(}l1ph) 

N 11 10.2 14 11.3 20 12.0 12 10.2 22 11.0 13 11.2 

NE 16 10.0 21 11.6 13 10.4 11 8.9 15 8.5 13 10.3 

E 23 10.5 13 8.1 9 8.0 17 8.7 20 9.7 25 11.3 
I 

BE 21 11.7 15 10.4 14 10.0 20 10.7 17 12.5 11 13.8 r0 
CD 

• 
S 18 10.2 20 10.4 15 9.6 17 10.8 8 9.,2 8 13.9 

sw 5 8.4 8 8.7 7 10.1 5 7.4 2 7.9 6 10.2 , 

W 3 9.7 3 8.4 '7 10.0 7 10.3 6 9.9 11 10.2 

NW 5 10.3 6 12.0 15 11.8 11 12.5 8 13.0 13 13.5 

Calm less less less less less less 
than ~ than ~ than ~ than fi than i- than ~ 

all 
direc- 10.5 10.4 10.5 10.2 10.4 1:1...7 
tions 

~-""""""' 
~ ........ __ ~~--_ .• -'_--C.-'--"",~..--....-e_~-__ ."'·"'"",,,,-~.c. .. o;:..._,-_~-,~~.---"""~,~""",,, ____ ~_~~ ","",r-"_~-~ ... _~~~ ______ ~,-___ ~_ 
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APPENDIX F 

DISCUSSION OF ERRORS 
-----~~~~~--------

Because of the shortage of personnel available for 
this study, many short; cuts were taken. lliIany of the 
conclusions are therefore coarse, hm,rever they are 
satisfactory for providing meaningful. direction to 
the p lann inc:; of arsenic Hastes d.isposal and controls. 

The errors have been discussed in other parts of 
the report. In sUlmaary, the more import;ant ones 
are as folloHs: 

1. The dye tracers provide an indication of the 
location and direction of many, but not all, of 
the water currents in the bay. However, there is 
only a rough estimation of the extent of the 
variable mixing which will be obtained when arsenic 
wastes are discharged to the Narrows. 

2. The fu~Ount of arsenic wastes contained in the 
runoff water, in spring melt and rains, has been 
practically ignored in the report. The arsenic 
level in the water in Yellol"lknife is af'fected by 
this sour ce, e specially during the spring runoff 
in l"iay and June. The reason why this part of' the 
study wasn't made is that it would have been too 
time-consuming in vie'TrJ' of (a) this being a small 
fraction of the total arsenic ilvas tes pl'oblem, and 
(b) the information obtained would have little 
practical value. 

Fall pans have been placed throughout the affected 
runoff area and data have been collected since 1951. 
In general" arsenic has been set.tling in the drainage 
area a t rates up to 2 lb. per acre per year'. However, 
it 1<wuld require Ca) a long stUdy of the hydrological 
factors and {b) an elraluat,ion of t,he amount of aI'senic 
which has beellvJashed into the soil and (c) the extent 
and rate at wh:Lch this \>1'ill eventually wash through 
to the Ivater courses. 

3. The stated amount of arsenic discharged to the 
tailings pond is based on a survey made dU1>ing the 
winter of 1962-3. However, this is subject to wide 
variation as different ores are mined and as the ~ 
processes are changed. 

The amount of precipi'tation in the tailings pond 
also varies (a) as the physical features or the 
pond change due to adding dams and filling by 
sedimentation, and (b) as the amount of ferric iron 
in the tailings vm1 ies. ' 

4. Because of the variability of the 1>Jater curl'ents 
and consequent variable mixing". the arsenic tests 
on water sanlples provide only a rough indication of 
the arsenic content. 

5. The physiological effects r'esulting from arsenic 
in drinking wa'ter, in the low levels as exist at 
Yellowknif'e p c anlt; be evaluated accura'"Gely, becaUr'36 
there is too little factual information available. 
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APPENDIX G --
CHOICE OF TRACERS 

Prior to making t:he GlU'V8'Y considerat;ion "lrJas given 
to sevel~al methods of studying the currents. In 
all but one case "t;racers of one type or another' 
lvould be introduced at the existing Of' pl'opoHed 
sewage or mill tailings outfall points. 

Four diffel'ent t;'J1Jes o,f tr>aces and six different 
experimental methodslI-lere COl1sidered. 

1. Feeding chemicals continuously which 1r.JOuld 
dissolve in the liater and their movement determined 
from samples for quantitative chemical analyses, 
taken across cross-sections in the bay over a long 
period of time. 

2. Feeding chemieals as above, and taking samples 
over a long period of time at 1;he existing vJater 
intakes. 

3. & 4. Feeding a radi.oacl~i.ve tracer with a long 
half-.1ire specif'lcally tritiUIll.? and malting observations 
as in (1) and (2). 

5. Observing 1;ho movement of floats. 

6. Observing the moveraent of anyone. of several 
colored dyes 1,'1h1ch dissolve in Hater. 

7.. Anehor:ing a boat successively at diff'er'ent places 
in the bay·and making velocity and direction measure­
ments at vari.ous depths. 

'1'he pI'inciplc of 11sing chemicals for 'Cracers vias 
discarded f'or several reasonsg 

1. The i:mmonse task of taking samples, making the 
quantitative 'Cests, compiling and analysing the 
results, was beyond tho work capaci t;y of one man" 
which was all the staff available for this job. 

2.. The cost of suitable chemicals in Sllfficient 
quantities is very high considering the high 
transportation charges to Yellmvlmife. 

3. 'rhe introduction of a ton or so of chemicals 
would require hiring several men and a very large 
boat 'klhich vlasnit l'eadiJy avaiLab.1e. ~rhis method 
of study Has used in San Francisco Bay .. 

4. '1'here Here indications of circulating currents 
in t;he bay, and tes tint; for concentration of a 
chemical 'VlOuldn I t differentiate betl-Jeen the chemical 
which was movi.ng across the sampling point the first 
time and that 1,111ich had moved more than once over 
the sampling point. 
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We d:tdnlG 
estima. 
this 

of water for dilution 
Gauss 'ells dye was too dilute for 

;'0 approxil:ne(.L;ely a half mile from the 

Dye 

Price* 

100# 
25# 
5# 

Color in 
strong 
solution 

Color in 
~-Jeak 

solution 

dilution 

int.,' 

$2.9~L 
2 .. 91} 
3.16 

deep 
reel 

bright 
red 

visible in 0.1 mg/L. 
ness leI' but not 
tubes O.O:L me/L. 

Ithodamine 
CGDl~ 500 

&l>5.7fl 
k 8~ 
j. .L 
6 .. 03 

bright 
,red 

br.i.ght 
red 

s a.11le 

Eosine 
Y 130 

$2 t:: oj,..., 

2"'4 •. ? 
2.57 

orange 

orange 

srune 

Sodium 
Fluorescene 

$7.20 

yellOvJ 

green 

srulle 

The vJeight of the dye-1Jater mixture ltmSn t t checked 
in a laboratopy:, but it did appear that the mixture 
was sufficiently li ~ that density currents weren~t 
created. 

LESSONS LEAHNED HE HANDLING OF Dl'ES 

1. The dyes as sold are very fine .Light powders 
'Which are messy to handJ,e.. 11; taKes t:lu"ee or more 
days .for the dye 1;0 'Hash and 'Hear off the hands and 
face, and is a permanent dye on clothes and suede 
shoes. It; seems to be impossible to prevent; its 
getting a1.1 over t;}:le floor and equlpment Hhenevex' 
it is handl,ed.. When discharging from a motor boat, 
vTind eddies b1.m-l it int,othe boat and all OVBr the 
outboard motor and st;ern or boat from 1rJhich it is 
difficult to remove. 

Small lUlllPS of dye pOlrJder settle tlu"ough the 't'later 
to the bottom" &"ld in this lvay there is a small 'TtJaste. 
Ho't-vever, this 1iTaS reduced t;o a lTlinilllUJ-Tl by discharging 
the dye into the churning watex' in front of the 
propeller of the outboard motor. The 'Haste was 
px'obably less t;ilan 5%. 

E...~perlil1ents in the l.aboratory Showed that the discharge 
operation tOOk much too long 'i.,rhenthe dye was tied 
inside a cloth bag and sloshed ax'ound in the lrm:ter. 

'rhe operation would have been much more satisfactory 
if the dye had been purchased in prepacl>:aged paper 
bags (approx .. l.0 .Lb.) and f'ed belmJ tnratel~ in fl'ont 
of the propellers using a hopper arrangement -vJ1th a 
lid. '£11.e bag 01' d;>e coUld have been placed i.n a 
metal container claxnped to the boat stern. 

~ Prices supplied by Canadian Industries Ltd., 
lVlontreal, P .Q. 
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The prtncip10 of using a radioactive tracer was 
discarded for two reasons: 

1. The expense of the study would have been excessive!' 
principally du.e to the high cost of testing hundreds 
of samples, approximately $5 each. 

2. As l'lould be the case 1rIith chemical tracers, there 
't'lould be no 't'llay of distinguishing that ·which 'was 
moving across the srunpling point initially and that 
which vJas moving across fox' a second or a third 
time. 

'rhe principle of using floats lrJas considered 
seriously, but discarded because compiling and 
studying the data would have required a long study. 
Considering the time involved and the shortage of 
staff, this 1rJOuld have been an impossible study. 

The principle of making direct readings v-Jith a current 
meter was discarded because a large number of trained 
technicians, who vIere not available, vJOuld have been 
required to make the readings. 

The principle of dissolving a dye in the water was 
chosen for several reasons: 

1. The total time required to drop the dye at 
several !)laces and to make observations from the 
air was less than would be the case with ~he other 
methods considered. 

2. The cost of the dyes vIas much less than the cost 
of chernicals because it could b6 observed in dilutions 
of approximateLY .L:.IOO,OOO,OOO whereas vlith most 
salts the results vJOu.1.d be questionable in concentration 
of less than 1:100,000 i.e. 1,000 times the concentration. 

3. The dye could easily be discharged from a small 
motor boat. 

4. There would be a clear indication of the movement 
of the water containing the dye, and no question as 
to vJhether it had moved once or more over the 
sampling point. The method was tested in a prior 
experiment by discharging 5 lb. of the dye in a 
lake in northern Alberta and watching its movement. It 
WaS found to be a suitable tracer,. 

CHOICE OF DYE 

Four different dyes were considered as shown in the 
table belovJ. Rhodamine BN 450 1'las chosen because 
(1) it is the least expensive and (2) it is the 
most vivid when observed in water with the naked eye. 
It is observable in the water body in dilutions of 
approximately 0.005 mg/I. It showed upon color 
slides (Kodachrome II) in dilutions appl'>oximately 
0.01 mg/l, although in these high dilutions the prints, 
v.Thich l-Jere made from these slides, werentt very 
clear. The color didn't shmv up in black and white 
photos even in low dilutions, as determined in the 
northern Alberta study. 
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PHYSIOLOGICAL EPF'ECTS OF' ARSENIC IN DRINKING WA'I1ER 

Internal assimilation of arsenic may cause acute 
toxic, chronic toxic and carcinogenic* (cancer-causing) 
effects. The last-nroned effect is the only one of 
concern at Yellot'J'knife" 1'Jhe1->e the concentration of 
arsenic is generally less than 0.05 mg/l. 

Arsenic plays no part in natUl'al biological processes; 
however arsenical compounds have been administered 
as a tonic. Arsenic-containing 1~ater from several 
wells in Europe have been sold for therapeutic 
purposes. The location of these VIells and the 
arsenic content of the~water are as follows: 

Guberquelle" Boxnie 
Levico, Northern Italy 
Duerlcheim, Palatinate 
Roncegno" Northern Italy 

6 mg/l 
6 mg/l 

1. 7 • 1+ ra~/.L 
42.6 Illf:./J.. 

Formerly, arsenical compounds were used internally 
for therapeutic purposes. Potassium arsenite 
solution, generally lruown as Fo-vller- t s solution 
(0.76% As) was used in the treawuent of blood 
dyscrasias, myelogenous leukemia, cl~onic eczema~ 
~K1n disorders such as psoriasis and syphilis.l,~ 
Arsenic trioxide tablets (76% As) have been used 
in the treatment of chronic bronchitis, astbma 
and pernicous anemia. Donovan's solution (1% AsI3 or 0.28% As) was also used occasionally. 

Nany organic arsenical compounds.were used. Carbarsone, 
(p-Ureidobenzenearsonic acid,) tablets (28% As) were 
used for the treat,T:lent of intestinal amebiasis" amebic 
dysentery and pemphigus, 1 salvarson (diarnino-dihydroxy 
arsenobenzene) for syphilis, and Atoxyl (sodium-amino­
phenyl arsenate) for protozoal. infections.2 Arsenical 
compounds are still used in the trea·tment of arnebiasis. 

Extern.a.t Exposure to Arsenical Compounds 

Arsenic may be absorbed tllxough the skin and act as 
an irritant. Among workers in mines, smelting works, 
sheep dip factories and farmers using arsenical 
insecticides., there have been hundreds of cases of 
skin cancer which have been attributed to external 
exposure to dust-containing arsenic compounds;* 
however it is very rare conSidering the total number 
of people vJho have been similarly exposed. The 
exposure period varied from 4 to 46 years, with 
an average of about 25 years time elapse between 
the beginning of the exposure and the onset of 
s"j1.llptoms. 6 

On the other hand, there are no known cases in which 
the short-term external application of arsenical. 
ointments h~ve produced skin cancer. 

Toxicity to Fish and Fish Food Organisms 

In the small concentrations of arsenic, such as 
exisit in the water of Yellowknife Bay (maximura 0.46 mg/l) 
it is not believed to be a factor deliterious to the 
life of fish 01' fish food organisms. There is 

* Indicated by statistical methods of analyses. 
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experir:,ontal 1Sv:i.clence 'c sodilUu arsen:it;e is t;oxic 
to Daphr12..a (t-rat;eI' flee) in concentrations of 
1 mg/ J. An; c}~ .. iI'DnoIi1id Larvae (.Larvae of a smaLl 
fly) luay.fly n:Y1'ilphs (insect) and amphipods (freshvlater 
shrimps) in concentrations of 2 to 3 mg/l As:; and 
to miru.101iiS (Phoxinus L .. ) in 953 mg/l As in 55 days.3 

The arsenic content is not; of importance in the 
health of gold fish and tropical fish. If in a 
particular case the ltJater 11as never changed, the 
arsenic in the added ~'later:; replacing tha t l~hich 
evapOl"ates!, itlould result in a toxic concentration 
being attained eventually. However, this is a very 
remote possibility and not lrl0rthy of consideration. 

Acu~e Toxicity to Hmuans 

Inorganic trivalent arsenical compounds are strong 
protoplasmic poisons capable of causing death within 
24 hours when ingested in large amounts. The lethal 
dose to healthy adults is approximatel.y 1.00 mg AS20J 
in solution. There have been many cases where 
much greater doses in the forlUS of white pO'VJder 
(presumably AS203 or AS205)' yellow povJder (As2S2 or 
Paris green (3 eli (As02)2 • Cu (C2H302)2) haventt 
been fatal probably because some of tIle powder may 
not have dissolved and thus available for absorption 
in the intestine. trhe pentavalent form is less toxic, 
but in small quantities it i/3 readily reduced in the 
body to the trivalent state.~ 

The toxicity of the ru."'senous ion (As+++) is largely 
due to interference with enz:>1Taatic activity in .the 
cells of those tissues in which i.t eoncentrates, 
mainly the liver, kidney" and intestinal wallso This 
may be due to its reaetion wi -eh BH gro~p~ and t;hereby 
interfering with cellular respil"a1;ion.L+,:; 

Organic arsenical compounds, such as many 'Cherapeutie 
medicines, are less toxic because the arsenic ion 
isn't readily available as a cellular toxicant. In 
rare cases the arsenic exerts violent toxic effects 
which may be either (l) allergic in nature or (2) 
chronic toxicity reSUlting from the liberation of 
inorganic arsenic compounds from the parent substance, 
and subsequently accumulating in the body • .? 

Chronic Toxicit.Y 

After a s in~<;le dose of arseniC has been swallowed it 
quickly accumULates in various organs and begins to 
be excreted via the urine and faeces and ~o a minor 
extent from t;he sweat, ~ears and hair. In two or 
three weeks time it Will be eliminated from all of 
the organs, but same remains in the bones and skin, 
and requires several months for final elimination. 
As a result of this slow el:im.ination of arsenic, 
successive doses result in accumulation of this 
metal in parenchymal organs, particularly the liver 
and kidney, and toxic effects are produced by direct 
poisoning of the tissues involved, and damage to 
the capillary bed. 
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Arsenic Gas Poison:lUi2: 
=~~:;:..;... ----"--~ 

The physiological effect of arsenic gas (ASHi) is in 
a diff81""ent category, and is discussed only for the 
sake of completeness. It causes massive lysis 
(dissolution) of red bl.ood cells, and tissue damage 
by arsenite 1'Jhich is formed. 

Arsenical Cancer" 

Arsenical cancer 1.S a complication of chronic arsenic 
poisoning and its occurence is very rare. This effect 
can be attributed to ar~enic after statistical 
analysis of the data. 7,b It appears that the likeli­
hood of this occurence increases with the greater 
number of arsenous ions and vIi th the prolonged period 
of ceLlular exposure. 

The Skin is by far the most frequent part of the 
body affected, and the next most frequently affected 
parts are in order (1) mouth and es ophagus , (2) 
respiratory tract, and (3) renal (urinary) tract. 

Cancer Illay be caused by arsenic which has been taken 
as in drinking vJRter, food or medicine, or breathed 
into lungs and bronchial tubes as a dust component 
in the air, or absorbed through the skin upon cor. ... 
tact 'ltJi th arsenical dUB ts or solutions. Examples 
are bountiful dating back as far as .1.825. r"lost 
cases oCClll">red among 'Horkers in smel.ters and factories 
who breathed arsenical fmnes or dust-laden air, or 
whose skins 'Here often in contact v~i th arsenical dusts 
or solutions. Hany cases occurred among patients 
tal~ing arsenical drugs intern.aLly for the tr~at:ment 
of a variety of aihnents and among people dl-oinking 
arsenic-controuinated water. 

Tolerance to Arsenic 

It is a general belief that people can acquire an 
lllMunity to the toxic effects of arsenic. This 
partial misconception is based l.argely on t;he facts 
that the uarsenic eaters of Stj'Tia" S.E. Austria", 
many of Hhom regularly tOOK almost half a gram of 
arsenous oxide. Apparently they didntt suffer from 
the irritating effects associated with acute poisoning 
however they developed t~lors frequently, and in one 
study it was found that 13% of the deaths in Styria 
1--Jere of this ca,use. 7 It is not a true tolerance 
because the arsenic was taken while fasti~g and no 
water is drunlc for some hours aftertiards, and for 
these reasons the arsenic may not have become dissolved 
while in the intestines. 

liistory of Chronic Toxicity at Yellowknife 

Although chronic toxicity has been a factor at 
YellovJknife in the past, this isnit the case at 
present. In the spring of 1949 a herd of fifteen 
cattle died and several chickens were sick apparently 
as a result of drink~ng irmter containing arsenic 
trioxide in the concentration of 1.2 mg/l As. The 
wa'ter vIas runoff from the snow in the surrounding 
area which had been contaminated by arsenical dust 



settlinc ou~ of the air. 

In April, 19:)1, an India~l child died and several 
other' IndiP"",'tS ",-Jere s ].CK as a result of drinking 
1-later obtained from Sn01'1 water, although there 
may have been contributory causes such as mal­
nutrition. They lived on the north tip of Latham 
Island two miles southeast of the smokestack of 
Giant l'1ines and three miles northeast of that of 
Can Hine. 

Danser Level of Ar'senic Assimilation 

Acute Toxicity 

The miniraUlll fatal dose (acute) has been ~stil11ated 
to be 0.8 to 2..4 mg/kgm. of body tveight.4 Assuming 
worst conditions, that of a 10 ib .. baby being fed 
a formula made from pOltJdered mille and water (2 lb. 
of water), conditions from this minimU1ll fatal dose 
would be obtained in one day if the 'vJater eontained 
l~ to 12 mgl L, of aT'S eni c • 

The arsenic eaters of St)Tia, Austria consmned ~ gm. 
of arsenic oxide once or t'tvice a week!) 1.-Jhich is 
equivalent to drinking 4 lb. of'lfJater ( 8 std. cups) 
per day containing 60 to L20 mgll As. Hovrever, the 
arsenic was taken in powder form~ S01118 of it may 
have passed through the body 'l;J:i.thout dissolving, so 
this isn't a true guide. 

Cr..ronic Toxicity 

'fhe minimum fat;a,L dose (c~rD:'oniG) hasnVt; been estimated. 
No one made an estirnate of the arsenic content of 
the drimeing 'V'latex: (melted from arsenic-contarninated 
snow) of the baby who died in YellOll'lknife in 1951. 

For over a hundred years people at; Hichenstein, 
Si1esia, Poland (formerly Eas"c GermarW!J drank water 
from a brook containing 12 mg/l of arsenic. Many 
had "Hiehens'tein t s disease" $ 1,'1i th g~rrnptoms referable 
to the gastrointestinal trac't, uLcers in the mouth, 
perforation of the nasal sept~l, parathesias, and 
especially melanosis (brown-colored skin) and kerotic 
'warts on fingel"'s and hands. 

In Argentina, 6 % of the wells produce water containing 
bet'tveen 0.1 and 0.3 mg/l of As. Hany people in a 
wide area in the southeast part o.f the Province of 
Cordoba drink well t-mtel" containing up to 4,.5 mg/l 
of As. After living five to six years there, many 
people develop Ayerzais* disease (severe keratosis 
of the hands and feet) liver and kidney aibnents which 
are often fatal. It has been stated that chronic 
arsenosis may result after prOlonged use of water 
containing 003 mg/l of arsenic. It; is reported to 
be more toxic v.;hen 'there 8.1'e other dissolved heavy 
metals, particularly vanadium in the 't'Jater. 

*' First noted by Ayerza at Belle-Ville. 



Mackenz:te cites the case of water" which contained 
1/80 gre_:i.n per imp. ga.l. (0.18 mg/l)" causing several 
cases of arsenlcal pOisoning. The water had been 
collected from two roofs ''111ic11 had been painted with 
·pyrites·10 • I~ is reasonable to assume that the 
concentration of arsenic in the water had been higher, 
previous to ~he sickness and resulting investigation. 

The drinking water for a large p~t of Los Angeles 
contained over 1.0 mg/L for several months. L1 No 
incidents of arsenic poisoning were reported, but 
medical practicionary may not have noticed unexpected 
symptoms of arsenic poisoning. 

The water in a 94 ft. deep well on a farm near Mador, 
Ontario produced water with an arsenic content of 
10 mgjl. Within a year or so of moving there" people 
noticed their general malaise and nausea and after 
two or three years the hyperkeratosis of the hands. 
The father died of chronic nephritis (1932) after 
living there five years and three of the four children 
born there died a few days after birth (1928, 1929 
and 1932) for no apparent cause. All babies had dark 
skins, but were otherwise of healthy appearance.l2 

There have been many experiments on rats and other 
animals, but the results arenttt directly applicable 
because arsenic is more toxic to man, apparently . 
due to the higher development of his nervous system.4 
Cows at Yellowknife died (with diarrhoea$ which is 
a t7,Pical symptom of arsenic poisoning) after drinking 
water containing arsenic trioxide in the concentration 
1.2 mg/l As over a period of several weeks. Here 
again these results aren!t directly applicable because 
(1) milk cows drink much more water than hUmans" on 
a body weight bases" and (2) arsenic is less toxic 
to animals. Assmni.ng the average COW's (breeds not 
known) weight at 1300 lb. and water consumption at 
100 lb. per daY8 water consumption is 0.08 lb. of 
water per lb. wt.A healtlV spol·t-minded schoolbo~ 
weighing 130 lb. might consume 4 lb. (8 std. cups.) 
of water l in which case water consumption is 00 03 
lb. of water per lb. wt. 

Many people have acquired arsenic poisoning and 
arsenical cancer following the prolonged administration 
of arsenical drugs internally, principally Fowler's 
solutio,n (potassium arsenite solution, l~ AS20~ or 
0.76% AS) and by injections .• However, there il 
relatively little factual in1'ormation reg~ding the 
amount of arsenic administered. Table No. 1 contains 
the information reported by Neubauer6 in a study 
of 143 cases of arsenical cancer. Table No. 2 con­
tains information .from. variouapapers about arsenic 
poiSOning together with the amount of arsenic 
administered. Details from many other papers aren1t 
inCluded, because of the lack of information about. 
the amount of arsenic administered. 

Arsenical Cancer 

There is a wealth of statistical evidence of the 
carCinogenic nature of arseniC, but there is a pau'city 
of in:for.mation concerning the amounts of arsenic 
assimilation and the periods of exposure in these 
eases. 

There is a high incidence of Skin-cancer among the 
people with BRichensteints disease", in Silesia 
and "Ayerzafs disease·, in Argentina. 



PE11AILS OF CASES OF ~ARSENICAL CANCER REPOHTED BY NEUBAUERb 

Only 20 of lLf.,3 cases are included,. the ones vJith sufficient details 
of dose rates to compa:re ltJi th arsenic contamination of drinking \vater. 

Years from start 
of treatment to 

development of 
_________________ --:;:.;a;:;;:..r.;:;s..,;;e.;;:;~..:_t?ance:r' 

Case Description 
Ho. 

20 Care inoma - ThlUllb 25 

22 Carcinoma - breast 20 

43 multiple epitheliomas 1 

45 mult;iple epitheliomas 22 

48 biop,sied 

Duratlon 
o:f 

Tre a tra.8n t, ---3 mo. 

20 yr:. 

9 yr .. 

Dose 
FmvIe.'!:' IS 

Solut;i.on 

30 drops.' 
daily 

l5~20 drops 
daily 

2 gm. i.n 1. yr. 
(Assume AS203) 

As pil1s*** 
3 pills daily 

6 drops 
3 X daily 

Drinking 
Water* 

Equivalent 
(mUIL_ 

6.3 

':) 3 '-. 

62 Squaraous ceLl 
Carcinoma - finge:t'8 

15 4 to 10 dram,s (dr) 17.8 to 41-1-.6 
3 X daily 

78 

82 

89 

Squamous cell 
Carcinoma - near anus 
multiple cancroids plus J. 
basal cell 
Carcinoma "'" at:ypioal 
Squamous cell 
Carcinoma ~ near' anus and 
Squamous cell other' parts 
carcinoma ~ lJ.pper and l01iJer 

extremeties I trunk 10 
Squaraous cell~ Carcinoma ~ 
trunl{ and 1 e g • 

'L'L ,'+ 

27 

20 

to 1S 

6 mo. 

6 1110 .. 

2 'Y!-" .. 

30 dr. daily 

:) dr'ops 2 X daily 
(25g in 2'7 yr.) 

30 drops daily 

,5 drops 3 X dai ly 

5 drops 
3 X daily 

446 
0.6 

(1.1) 

.~ 



(Cont.) 

Case Description 
No. 

92 basal cell 
Carcinoma <~ fingel>s 

94 Squamous cell 
Carcinoma .... hand 

98 mu.ltiple epitheliomas 
(basal cell Garcinoma) 

102 multiple epitheliomas 
(squamous cell caro:1.noma) 

L05 BOlIen t s 1-;u.mor .~ 6xil1a 

109 multipLe epitheliomas 

Years from start 
of treatment to 

development of 
ar s egJ c9-~_~c.app;.er. 

'15 

more: than 3 

10 

124 lT11J.ltiple epithe~Liomas 35 
(basal cell car:;;;inoma 
temple) 
nml tiple epi the liomw3 13 
(squrunous COLl ear'cinoma 
chest) 
multiple epitheliomas 30 
(basal eell carcinom,a ,q nipple) 
Assume 8 std. cups total duilYifJatt;1r consumption 
Ass1...une 20 drops ~', 1. ml. 
Assul:ne arsenic trioxide, 2 gm. per' pill 

Duration 
of 

Treatment 

more than 
3 ~Tl~ 0 

1 yr. 

7 yr-,. 

Dose 
Fowler is 
Solution 

6 drops 
3 X daily 

15 dl"Op8 
3 X daily 

.5 to 7 dr'ops 
3 X daily 

Drinking 
Water'*' 

Equivalent 
~g/l) 

1 to 26 drops 0.6 to 1.5.'1 
3 X daily 

total dose 1200 to 
1450 ml. 2.8 1;0 3.3 

3 to 16 drops 1.9 to 10.1 
J X daily 

As pilla 
15 pills daily 
each contaiJling 
0.1 to 004 mg. 

5 to 10 drops 
:3 X daily 

3 drops 3 X daily 
total 37,000 drops 

t;otal 700 gr. AS203 

0.6 to 2.5 

1.0 to 2.1 

0.2 

.~ 



No. 

1. 

2 .. 

DETAILS OF CASES OF ARSENIC POISONnIG SELECTED FROM y~-y PAPERS 

Information included is restricted to that containing sufficient details of dose 
rates to compare with arsenic contamination of drinking water~ 

Condition Treated 

Chronic Eczema, lichen planus 
and psoriasis. 

Asthma 

Fowler's Solution 
Dose Rate 

0.1 mI." 3 X daily, in<~ 
creased by 0~05 mI. daily 
to reach 0.5 mI. per dose 
and continued for 1 to 2 
weeks. 

1 mI. daily for 15 months * 

Drinking Water Equivalent 
(assum~ng 8 std. cups daily 

water conslwption). 
1.3 mg/l increased gradually 
over 8 days to 3.2 mg/l and 
continued 1 to 2 weeks. 

4.2 mg/l 

Arsenic Poisoning 
(other than cancer) 

chronic frequGntl:y-

Chronic frequently. 
Two cases melanosis one 

• 

of them shO'tving keratosis 
~ ________________________________________________________________________________________ . __________ ~a~n~d~· ~l~{e~~~~~rm~~ _______ _ 

,Asthma 

Asthma 

0.6 mI. daily for 9 :months 2~.5 mg/l for 9 months and 
and 0.3 ml. to 0,,6 mI. daily 1.3 to 2.5 m~/ L for an 
for an additional 18 months. additional 10 months$ 

One case~ melanosis, 
keratusis, gastro­
enteritis, hepatitis 
and nelwi tis. 

0.25 to 0.5 ml. s 3 X dally 302 to 6 .. 3 mg/l de:r'111atitis herpeti-
~ ________________ ~ __ ....;f;;;.· .;;.;or~·~2,--"Y,-"ec..;;a..;;;;r,-",s.. _____ " _____ ~_._;f;;;..o;;.,;;r~n;;.:;Jl~i,!.~ ___ -_____ _ 

Leukemia, psoriasis or 
dermatitis herpetifor.mis 

0.2 to 0.6 ml., 3 X daily for 2.5 to 1.5 mg/I 
2 years or more 

Four eases~~ciarhosis 
of the liver with ascites 
and keratosis. 

1.. Wise & Wolfe, 1938, J.A.M~Ae. v. 111, p. 2106 
Cannon, 1936, }IcY. State J. 11ed.,V. 36" pc 219 
Kandel and LeRoy, 1937. Arch. Int. Hed .. , V. 60, 846 

2. J4A.M.Ao 1946, V.P. 30, p. 379 
Pascher 0; Wolfe, 1952" J.A c I-1.A., V. 148, p. 734 

3. Silver &; Wainman,il 1952" V. 150 $ p. _584 

40 Wade & Fra.zler, 1953, Lanc:t.t, V. 1, p. 269 

5. Franklin at al, 1950, A.m. J. Hed. Se., v. 219, p. 589 

Noteg Recommended dose rate. for protozoal stomach infections is 1 to 5 grn. daily.2 This is equivalent to drinklng 
water containing 4.2 to 20.9 mg/l As. Dose rate for Donovan's Solution (AsI3) is 4 to 16 mg. daily.2 This 
is equivalent to drinking water containing 0.4 to 1.5 rug/l As. 

o 
I 



ARSENICAL GONTAMINA~rION OF' DRINKING WATER wARFA.t1E . -
For comp8.riso!l the subject of possible arsenical 
cont81nination of drinking '"ie'Jater has been considered 
by RucrlllOfT; at: al. His observations concern a 
wartirne hazard, and these tolerance levels shouldn1 t 
be considered as suitable for any emer'gency during 
peacetime. Quote. 

"'rhe detection and 8...'Ylalysis of arsenic in TrJater 
contaminated 'lEd th chemical 1darfar'8 agents" by 
C.C. Ruchhoft!l 0 .. 11 .. Placak and S .. Schott, Public 
Health Reports 58, # 49$ 3 Dec .. 43!' 1,.61-1771.. 

n'rhe United States Public Health Service Drinking 
Water Standards states that arsenic in excess o:f 
0.05 ppm. shop1d not be permitted in water for 
drinking or culinary plU'poses. It is suggested, 
however ~ the. t in emergencies \-1he1'6 other supplies 
are not available arsenic in concentrations up to 1 
to 2 ppm. might be perIni tted for several days arId 
concentrations as high as 5.0 ppm .. might; even be 
permitted for one day. 

-Assuraing a water consUTIlption of 2 liters per 
day (this is 2.12 quarts and is probably high) 4 mg. 
of arsenic would be ingested daily through use of a 
water containing 2 ppm. arsenic and 10 mg. vwuld be 
ingested in one day .from the water containing 5 
ppm. arsenic. This amount is not excessive. Arsenic 
trioxide is administered internally in doses of 
0.001 to 0.003 gm. three or fOlU' times a day.. This 
corresponds to 3 to 9.1 mg. of arsenic per day and 
is essentially the sarae as 'ltlOuld be obtained by 
using the contaminated waters previously ment;ionecli) 

liThe Department of Agricultlu'e is standard of 
tolerance for arsenic in foodstuffs is 1.4 ppm .. 
and for spray residues is 3 .. 5B ppm. 

":HcNally states that the commonly accepted f1glU::8 
for a fatal dose of arsenic is :L75 to 204 mg. 

1/ The use of contam.inated water should not; be 
continued for more than a few days ~ how·ever, as 
small quantities of arsenic consumed daily for 
extended periods of t:U118 have been kn01cln to produce 
fatalities". (Page 1763). 

STANDARD Lll{ITS OF ARSENIC IN WATIDi SUPPLIES 

In many countries wher'e there is llkely to be arsenic 
in water supplies, limits of arsenic have been set 
as a guide to cornmunities in order that they may 
decide what water is suitable for consmnption. The 4 
first standards were established in England in 1903. 
A Royal Co:mrnission headed by Lord Kelvin investigated 
6;,000 cases of arsenlC poisoning resulting from 
drinking beer which contained arsenic In the proportions 
of 2 to 4 mg/I. 

He set limits for arsenic trioxide of 1 mg/l for 
solid food and 0.1 rug/l for liquid food o There are 
probably several reasons for his differentiation of 
limits for liquids and solids. 

(1) Consumption of liquids is greater. 
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(2) Assimi.is"ti.on of 8.rsenic from liquids is greater 
dueGc its beine; dissolved. 

Other orc;ions 1;;hich have set lL.ui ts for drinking 
wa tel' are as i'allows ~ 

World Health Organization {Geneva t58} 
European Standard (Geneva !61) 
Public Health Service of the U.S.A. 

Recommended Limit 
l-Ianda tory Linli t 

Argentina 

0.2 rug/I 

0.01 mg/l 
0.05 mg/l 
0.1 mg/l 

The !tettering Laboratory made a stiudy of the therapeutic 
use of arsenicals,. 8.J."ld coneluded that a safe limit for 
arsenic in drinking water would be 0.2 mg/l for a 
long period and 1.0 mg/l for a short period (L to 2 
days), and that 0.3 mg/L for a long period would be 
toxic. 13 

COr.1MENTS RE RECOl-'11lENDED LIMITS FOR A../iSENIC IN DRINKING 
wATER 

It is customary to set Ihaits for exposure to carcinogens 
at extremely 10H levels!' cOlllpar'ed to those levels at 
which carcinogenic effects have been observed.. This 
is because of' the statistical 1tvay in which the population 
is affected by carcinogens generally. For instance!, 
a few people only slightly affected by the air pollution 
in London, England, Los Angeles, California or a few 
light sruokers may acquire cancer which might be 
attributed to these causes. 

In view of 1:;he faet that only a minute rainority of 
the cases of caneer can be attributed to any cause;! 
it is reasonable to set an exceedingly low limit on 
the exposUI'e to a l{novm, carcinogen., Becau.se one 
recorded case of cancer', a typiGa.Lly arsenie type vIas 
attributed to taking Fowler~s solution in an ~10Ltnt 
equivalent to 0.2 mg/l of arsenic for a period of 
30 years (Appendix H, Case No. 141, Table H-.u., it 
is reasonabLe to set an absolute maximum limit of 
0.3 mg/L for aLL '\tJater supplies in the Yellowknife 
area, and to follo101 as much as possible the standards 
established by the U.S. Public Health Service. 

COMMON LEVELS OF ARSENIC IN THE ENVIRONMEnT13 

groundwater 
surface water 
sea water 
food - fish 
plant 
air,urban 
soil 
urine 

o to 55 mg/I 
o to 80 111g/1 
0.001 to 0.08 mg/l 
3 to 170 mg/l . 
0.023 to 0.25 rug/I 

<0001 to 0.63 pg/cu. rueter 
0.03 to 0.25 
0.008 to 0 .. 85 mg/l 
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