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We arewpleased to forward to you a copy©of a report
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.
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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 beiné
forwarded to Dr. K.F, Butler of your Directorate at Edmonton,

for local distribution.
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SUMMARY

This report is primerily a study of the disposal of
sanitary sewage and arsenic-containing mill wastes
into Yellowknife Bay in relation to the water
supplles in the vicinity. It includes a report on
a search of Literature on the subject of the
physiological effects of arsenic in drinking watere.

Main Conclusions

l. There should be local standards for the arsenic
content of drinking water.

Sugpested desirable level, which should
be attainable eventually. 0.0L mg/i%

Bmergency level. Frequent excess of
this demands further study and new
control methods. 0.05 mg/1

Emergency levels. Excess of this

demands immediate distribution of a

substitute drinking water supply by

truck. 0,30 mg/1L

2, Samples of water for arsenic analyses should be
taken weekly during May and June, and monthly during
the remainder of the year. Whenever the arsenic con-
tent exceeds 0.1 mg/l, daily samples from that
particular source should be taken and tested.

3+« The effluent from Bow Lake should be discharged
at "the Narrows¥, in sumner.

li. Giant Mines should increase the size of the tailings
pond to the maximum possible volume in 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 lcad in Yellowknife
Bay as low as possible, the new subdivisions in
Yellowknife should be planned so that as much sewage
as posgible is discharged into Pud Lake.

OBJECTIVES OFﬁ;NVESTIGATION

le To determine if there would be worthwhile advantage
in discharging effluent from the Giant Mines#% milil
tailings and sewage pond tc the Narrows by the simpie
expedient of improving and raising dams on the outlet
of that pond (Bow Lake), which usually discharges into
Baker Creek. Sece maps, Appendix J.

2, To determine if there would be value in varying
the discharge from Bow Lake during the yeare.

3. To determine if there would be value in extending
the water intake pipeline for Giant Mines a con=-
siderable distance into Yellowknife Bay in order to
be Tarther from the mouth of Bakser Creeke.

5% See abbreviations, Appendix A.
W Gilant Yellowknife Mines Ttde
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IZ”RODUC“TOK

Yellowknife iz gituated 600 miles north of Edmonton,
on the north side of the nortb arm of Great Slave
Lake, on the wes{ shore of Yellowknife Bay which is
the mouth of Yellowknife River. The population is
L300, inecluding 100 Indians.

The settlement began with the development of Con and
Negus Mines*® in 19 3?«63 and for meny years it
remained a gold mining town and supply center for
other mines and prospecting in the surrauﬁ%lﬁw reglon.
It has retalned this initial role and also becone a
governnient edmiplstwab1Vn cew%er by virtue of 1its
urban amenitices ¢ j ' ;
Latter 1ncTLd3
road contaci w:
ST

a half = doze
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In 1948~9 the "New
of constructing
& moss~covered sandv sses and
residences have heved 8 area, EWu‘ma@v peoples
remain in the "0id wan“ on the peninsuls. and
Latham Island. The company setvlements’ of Gilant
Yellowknife M1nes, £~4n1Les north of the new townsite,
and Con liine, 3 mliis south have piped water supply
and seWsrage systemsg, See deballs in Appendix B.

ystems on

The Yellowiknife River which flows into Yellowknife
Bay from the north has a very low minsral buﬂLFﬁta
The flow varies usuarly from £00 to L5500 efs, Ses
Appendix D for further dats. There ave seascnal a
annuval fluctuations in the | 'e eL of up to 3 ft,,
and winds produce a maxl tion of almost a
foote

Liquld mine wastes from Glant Mines, containing
arsenic#% from the gold ore, are punpsd into Bow Lake
which empties into Raker Creek and evenbtualily to

#  Negus Mine disconbinued operations approximately
1983,

%% Arsenic trioxide (Asan) with traces of arsenie
pentoxide (Aszob)e
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When the Lake and bay are ice free, which is from

miﬁiﬁay'tﬂ late October, the wind has a significant
effect on the movenment of water in Great Silave Lake
by producing water currents within Yellowknife Bay.

In swmier the wind is generally blowing & to 20 mph.,
average 104 mph., and it 1s calm less than %% of

the time. There isn't a prevalling wind direction,
however, it blows mueh move frequently I, NE, E,

SE and S than 1t does W, W and SW. See Appendix E.

STUDY OF AERIAL PHOLOGRAPHS AND SOUNDINGS

The aerial photos ol i
were studied and some soundil
the conbtinuous wabs Uﬂ“@uks
information showed there is gle current,
approximately 30 ft, wde, which close to the
Wwest shore just pricr to the Na“rous and swings over
to the east shore at the Narrows., Iv cozz;ﬁaes past
the west bank of a point of land jutting intc the
bay on the east shore. Sce Dug. #h, Avpendix J.

tie bay
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The wide mud flats along the west shore of the

bay from the Narrows to within 1 OQO fte of the
mnouth of Baker (reek are evli of the fact thatb
there is often stiil water ao scowring currents
in this vicinity.

L9lL16 SURVEY

In 1946 & survey, with simiiar objectives in mind

J 8 o 9
was made by this offiee, It was part of a sanitary
engineering survey for the proposed "Wew Town™.

Water currents in wthe bay west ol Latham Island

(Back Bay) were studied by observing the movement

of floating markers. Cedar poies & ft. Long, 2§-1nehes
in dlamebter were wWelghbed with lLead av one end s

that they floated upright with 15 inches of the pole

above wWater.
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Assuming that she water current is cont
upper 5 ft. of water and in the middle
{the total width of the water bedy is 2
this cross-section and the mid deJth is 26 fte )

the current flow 1s 770 cfs, northward and 2, L?O cfSe
southward., <The maximum flow rate through tbe water
channel between Latham Island and the mainland

(L4 sqa. ft. cross-sectlon) has been observed at 13 c¢fs,
which is negiigible by compariscn, Therelore, there
must be deep reverse water currents in this bay.

v f\)m

DESCRIPTION OF WATER CURRENT STUDY

93]

Rhodamine B dye powder was discharged from paper
bags onto the take surface, om the back al?mator
boat, at times and places as shown on Drawing No.ts
2 and 3, Appendix J.

&

Discharge Points

Le The Narrp
a proposed 4l
Lake, the mi

G”§5 near the mouth of Yeilcwzmife River,
1 polnt for effiuent from Bow
Ll taiiings pond of Gilant Mines,.

2+ The mouth of B%k€F Creek, the existing discharge
point of efflusnt from Bow Lake,

36 The existing point of discharge of effluent from
the sewage pond of the malin townaite of Yellowknife.

L

=

The movement of the dye in the bay was observed

from an airplane at various intervals thereafters
Porty color photographs were uvaken, from which slides
were made., Prints were made from four of these to
illustrate points under discussion. Rough sketches
were drawn while in flight and reproduced in Drawing
Noets 2 and 3, Appendix J. The dye movement velocity
was caleulated and compared wiih the average river
flow veloclity on the same drawingse

The river flow rate was determined from hydrological
records of the flow in the main branch of the river,
plus 12% of the average fiow for the month of July,

which 1s approximately the flow in Cameron River, a

branch of the Yeilowknife River. See Appendix D.

OBSERVATIONS OF DYE TRACER MOVEMENT

July 15 = 16

On July L5, 1963 L0 lb., of dye was deposited at the
"Marrows®, near a proposed outfall point for effluent
Irom Bow Leke, The dyed water moved out into the main

stream in £ hour and thence 1nto the baye
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Observations 9 hre and 40 min. after depositing the
dye showed that the visible dye front had moved 750
ft. farther south and a little farther west., The
southward movement was appl oxlmauely helf the average
southward water Ilow rate. The w . blowing at 9 to
10 mphae, had veered to Uouu“~50hblmesf.

Observations 18 hr. and 20 min., after depositing the

lye showed that the visible dye front advanced souﬁhward
2475 . at the western edge but only 1500 ft. in the
vicinity of the previous mid stream front., The soubth-
sard movement at vhe wesvern front of the dys was ITWO-
thirdsthe average southward weter Ilow rate, after
considering the fact that the south wind raised the
water level in the lake & half foot. The wind was
generally south, but also socuth-southwest and sounthwest
and was usually 9 to 1l mph.
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a3 water moved
at an avaraﬁe > bk times “he calculated
average vater moven rate. The wind was norith to
east half the time at 3 to & mph,, was calm for

an hour and moved To the southeast at 7 mphe. for
the last short period,

During the

It is apparsnt that there was a wind-caused south-
ward-flowing surface current throughout the bay,
which would be counterbalanced by ﬁO“ThU&P £ lowing
deep current. It was much stronger in the main bay
where the water is deeper than it was closer to the
narrows where the waber is shallow,

The dye dilidnt't move anﬂr301abLy between the observations
made & hr, and 35 mine. and ¢ hr. and L5 min. after

the dye discharge., The wind blew from the south at

& to 9 mphe. during this time apparently holding the
surface wabter steady and allowing the entire river

flow to travel southwards at depth.

At the same time in Back Bay (west of Latham Island),
the dye front moved northwest at approximately 1500
ft./br. and this surface flow was undoubtedly counter-
balanced by a deep southesstward flow., This 1is five
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At the same time dye deposited st the mouth of
Baker Creek was moving eastward, apparvently in a
surface current because there was a negligible flow
in Baker Creek (less than clSe)e

Comparison ~ Narrows - July 15 and L7

The dye was de@ogiﬁed *nt*be fa Stamov'*g stream in
the Narrows and 1t sprsad LLLO&LQ ut the bay., This
was guite different ;fom he previous dye deposit
at the western shore of vhe HNarrows and apparently
moved partly in a western slow-moving stream. In
the second case the north and northeast winds
weren't obstructed by rills whereas in the first
case the northwest winds were obstructed by the
hills along the western shore. See photos No.'s

2, 3 and l.

CONCLUSIONS RE WATER CURREHNTS

Wind-caused wabter currenbs 1n the bay generally
exceed the average wabler [low rate and usually cause
considerable m A*ﬁb of the arsenic wastes into the
water, fewu;nl?, in greater diiution of arsenic
wastes at waiter supply intakes., The eircular
currents caused by most winds produce much more
mixing of arsenic wastes intc the main body

of water, n do northwest winds which cause
vertical clrocular currenits.

In winter when the ice prOUeets the water surface
from the wind, there 1s much less mixing, bub
apparently thils effect is more than offset by the
increased sedimentation of the precipitating arsenic.

Southern winds produced a surface current in the
vieinity of the mouth of Baker Creek, which would carry
arsenic wastes from there to the intake of the

water supply for Giant Mines.

Northerly winds,which are ffeqaent, produce a counber-
clockwise surface current in Back Bay, as well as a
vertical current in the middle of the bay. This
counter~glockwise current would carry a small part

of the total effluent from the maln townsite sewage
pond through the channel and intec the small neck of
water between Joliffe Island and the mainland in less
than ten hours.
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TREATMENT OF DRINKING WATER TO REMOVE ARSENIC

Arsenic uaf'be removed from drinking water by mixing
it with 1lime Ca(0H), aliowing the preeiyzzate to
settle, recarboniz the water (diffusing with
carbon dloxide) and filtering ite. This is in fact

a combination of water sofbenin g with iime (removing
carbonats oOF Temporsry hardness) and standard water
trestment,

Ti

The cost of such treatment would be 75¢ tc $1.25
per 1,000 g ch is excessive becauss treate
ment other than chlorinavi (5¢ per 1,000 gale.)
lsntt othervwise required for the Yellowknife water
supplies.

GENERAL CONCLUSIONS

L Lo reducs arsenis
o iess than 0.0L mg/i,
to do wWh L8 Iin order to obitain

the resuliSa.

2. The water currenks in
Yél;&w ife : p?evida g source of
contaminat ing wansr or woulid provide
21 sultab & dim'@de Sfream foer arzenic wastes or

sSewage,

3« Discharge of the effluent from Bow Lake upstream
of the "Narrows" in Yellowknife Bay in summer, would
produce several Improvementse.

{a) It would eliminave short “{Fcuiﬁingjéuring
southeriy winds, of the arsenic wastes from
the mouth of Baker Cresk to the intake of
Glant Mines waber supply.

(b} It would provide grsater mixing of the wastes
1o the lake water, thereby inc reasing the
dllutlon of arsenice

(¢) It would inecrease by twoe to ten days,
depending upon the river flow rate and
currents, the time between the discharge
of arsenic wastes into the bay and thelr
reaching the Intaks of the various water
supplies. This would provide somewhat
greater reduction of arsenic concentration
due to presipitation, which is a function
of time.
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APPiDIX A

F0LS AND SYEBOLS

cfs = cubiec feet per second (of water)

mph - miles per hour
tpd - tons per day
#pd = ib. per day
As - arsenic

As203 - arsenic tricxide

i

arsenic pentoxids

A8205
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APPENDIX B

DELIATLS O WATER SUPPLY AND SEWERAGE SYSTEMS

Water Supply System, Main Town

nlorinated water to the
, and the old townslte,
buried water mains

out the year and a

The public system supp
new townsite, populatior
poputiation 650. A sys
serves the new btownslte e
system of ground~surface maing sgerves Lhe old
townsite in swmer., Drinking water from this
public system is trucked to residents of the old
townsite in winter,.

[PGREN

The water is subject to bacteriological contamination
by runoff from the settlement lncludlng Glant Mines,
the new townsite and unsewered old townsite, and by
the effluent from Bow Lake, which is the sewage and
mill tailings pond of Gilant Hines. It 1s suogect to
positive sewage conbtamination by the efiluent from
the sewage pond, which uiscnarges 2 miles above the
intake, as measured Iin the most direct line via the
small water channel between Latiam Island and the
mainland. See Drawings Noe.'s 2,3 and L, Appendix Je
It is subject To sewage contamination by a few
septlc tanks serving residences in the old townsite.

A total of eighteen people on the west side of
Yellowlknife Bay use unchlorinated drinking water.
Fifteen of these live on Joiiffe Island, one Lives
near the outfall point of effluent from the sewage
pond and two Llive on Latham Island just north of the
bridge to the peninsula. Approximately 100 peoplie
Live on the east shore of Yéllowknife Bay where the
water 1s relatively free of bsascterial conbamination.

Water Supply, Con Mine (population 31.0)

A water distribution system is contained in a system

of above=-ground utilidors which also contain sew&rs

and steam pipes. These supply all resildences, the

office, miil and mine, with chlorinated water., The

water intake is situated 0.7 miles downstream Ifrom

the water intake of the Main Town, so that the water

is subject to the same sources of bacterial contaminabtion,
but to & lesser degree.

Water Supply, Giant Vellowknlfe Mines (population 360

A water distribution system 1s contained in utilidors
together with sewers and steam pilpes. These supply
all residences, the office, mill and mine with
chlorinated water. The water intake is located on
the lekeshore on the opposite side of the breakwater
from the mouth of Baker Creeck. The water 1s subject
to contamination by Beaker Creek which carries runoffl
from the settlement and effluent from Bow Lake, the
sewage-mill talilings ponde.
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APPHIDIX G
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ER OF YELLOWKNIFE BAY

Arsenic in e water in Yellowknife Bay l1s principally
in the form of arsenic trioxide (A3.0. Y. The source
is the golid cre., At Gilant Mines uka rsenic 1s
contained malnly efTluent from the mill
tailings vpound, W ; arges into the bay via Baker
Creek., A small amown ﬂ@nta;néd in the dilute mill
wastes which ere &¢ scharged directly to Baker Cresk
and in mine wacer (or] hdil; mill water used to
repulp sand and umped into abandcned shafts). A
small amount of arsenic 1s contalned in stack wastes
from both Con and Giant Mines, and which settles on
the land and is carried into the bay by raln and
melting snoW.

Mill Processes at Gilant Mine

Giant Mines was brought inte producticn in 1948

and has since advanced to the position of third
largest producer of gold in Canada. It currently
treats LQO?O tons of ore [0.70 oz, of goid per

ton) per day which is intimately assoeclated with a
compiex mixture of sulilfldes, especlially arseuvopyrite
and pyrite. ‘he ore being treatsd an the present
time is approximately L.9% arsenics

The main milling process consists of flcatation,
roasting of f{loatation concentrate and cyanldation
of the cal ines. In the secondary process the roaster

fumes are separated and treated geparataly. Ses
steps as foliows and flow shesth,

ing, gaLn‘mpg and scre fphng
is reduced vo fins grains so

h contadln the ww&d,zar@

57

Le By a seriss of crush
operations the rock ore
that the sulfides whic
exposed,

2. TIn a floatation process the sulfide
with xanthete, a dry zicohol, which prev
from beconing wetted and allows them ©tc atta
the bubbles in the froth and be floated foa

3« The auriferous sulfide concantraté produced which
contains I 9 e Of gold per ton, L0% arsenic and water
(990 tpd.) is dewatered on a revolving cloth filter;
and the water (Q00 tpd.), which conbains arsenie

(Leb #pde) is discharged directly to Baker Creek.

e The dewatered concentrate (Ll75 tpd.) is roasted
thereby burning off sulfur, arsenic and stibnite
and converting the sulfides to oxides.

5. The calclne pfoduced (L35 tpde) contains 5 oZe

of gold per ton and L.25% arsenic is then quenched

and washed and filtered twice. The first filtrate

(50 #pd. arsenic) 1s passed on to tailings and the
second filitrate 1s reused in sand preparation (making
the sand fiuld so that it may be pumped into abandoned
shafts)e. The liquld seeps out of the sand and enters
the mine water which ls pumped to Baksr Crsel,



filter calke is
Cal) and the
the cyanide and

Ta The n process

in which ¢ by ths
further Part

of the barren Lution fead
to the uuco“uhwj 85 and che rest,
containing 25 #gd ses on to tallings.

Eh

8¢ The residue is combined wlt* Tloatation
tailings and passed to 2 secondarsy tion unit.
The sclution from this flows to mze precipltation
unit aﬂc ube residue, containing 20 #pd. of arsenic,

9. the gases Trom the roasting process (svep b above)
are passed through two hof (IGOUF } Cottrell units,
operating in para;?eL in wiich the gold-bearing dust
is pﬂeﬂ"pitaﬁed,

10+ The hot gases are cooled with air to 230F, and
passed to the Dracco baghouse. Precipitated arsenie
trioxide dust (30,059.9 #pd., of arsenic) 1s separated
by the orlon bags and pumped to underground storage,
and the gases containing 260 #pd. of arsenic pass on
up the stack,

1l. The
apparpﬁtlj o“ig"natAH,
the grinding p oces
to the dust ca : 5 eral 1
emploved a2 cyanide leac! #ﬁ -;‘t'Aﬁ : tion of

The dust is quen
passed through
rejected) and thickeneds; rerflow water Y

talning 50 #pd. of arsenic passes oubt to vallings.

The gold is ieached with cyanide a2t pH 7.0, and then
ad*orbed with activated carbon. The activated carbon
is then separated with a 35 mesh vibrating scresn

and washed in ahydraulic cones. ‘The wash water fiows
to the taiilngs. 1The carbon, contalning 3.3 #pd. of
arsenic, is dried and shipped to a smelter.

In the years since 1961, during the period from May 16
to September 30, stored calelne (80 tpd. )} has been
given thermal treatment. It 1s re;uipﬂa wWith water,
pumpﬂd to the wiil, thickened by settling and filtering,
and then treated in an 80 ft. kiln. The solids from
this thermal treatment process join the main calecine
circult lLate in the process (No. 8 agitator) and’

then flow to the secondary cyanide circult,

The gases contain arsenic, 123 #pd.. but this is
entirely redissolved in scrubbing on account of the
acidity of the water, the »H bwinb Lowered to 2.0
by the sulfur (3200 #pd.) which is also dissolved
by the scrub water.



Ponding

and is mle larg
that portion of
dilssolved arsenic

that in the e luent
the period May LG
figures are Bin vy

ot

is presuaed Lo De d by na
and by flocculation l¢c lron
in the poend. the is pre
guantities in the 13 It is 7
this sedimentation process continues
effluent from Bow Lalke reaches the bay.

#  Approximately
#% Assunming same proportion of sedimentation
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TABLE C=-1

COUCENTRALION OF ARSENIC IN WATER SUPPLIES

YELLOWKNIFE, WeW.Ts

(rg/1)
Giant Mines Public Con Mine Nouth Bridgs Fiow# Averagoe#s
Date Supply Supply  Supply Baker Latham Rate Dilution
Creek Island cofs, Amg/L)
- L9O L |
Jan. 23 « 10 +01 777 .02
27 - «02 02 729 02
Feb. 12 e 02 202 ?29 02
Mar. 12 02 02 636 02
Apr, 12 «02 .02 600 03
.26 <,0L
27 < 0L
May 2 .02
8 .02 :
12 0l .0l 60l e 03
15 01
16 .01
19 0L
20 «OL
22 - W03
23 «02
2l .02
25 »0L
26 0L
31 AM 07
31 PM  <,.01

K
'

% Daily flow rate as supplied by Water Resources Division plus i2%
increment, which 1s approximately the flow from Cameron River.
Flow rates after September 1962 aren't yet avallable.

#% Assuming 83#/day arsenic throughout the year and an additional
61#/day during the period from May 15 to September 30 in the years
196L to 1963 and neglecting that resulting from runoff. See
Appendix C.

Assuming complete mixing of the arsenic in the water of the bay,
which is never the case, In winter the water 1s protected from

the winds by the ice cover, so that there are no wind-caused currents
and therefore much less mixinge

s 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 196l Giant Mines began reprocessing stored
calcines For thess reasons records prior to 1961 aren't included.
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Mouth Bridge Flow  Average
Date Gilant Mines Publlic Con Mine Baker Latham Ratbe Dilution
Supply Supply Supply Creek Island cfs. (mg/L)
1961
June 6 .02
9 32
Ll <33 Ol -0l 939 +03
15 U7
16 »LL
L7 o1L
21 .18
23 « 20
2l .15
27 .06
July 12 03 .02 780 .03
Ll .09
Au.g& L2 .02 .02 1251 003
22 0L
23 «OL
25 .01
Sept. 12 .02 .03 930 .03
Qcte. 2 2L
y o
5 1l
6 'O
7 «0
10 «20
11 oLl
12 22
1l +15
19 16
20 .08
23 «05
2l 09
25 05
26 .03
30 +05
31 .08
Nove L «03
2 13
i
7 .08
3 o 05%
8 < «01#
9 .05
13 .06
1l +06
15 .05
16 .ol
17 .05
20 .08
2L 07
22 .08
2l «07
25 .16
27 «08
28 .09
29 .23

# Diff'erent times of daye



® Mouth Bridge Fiow Averags
Gient IMines Public Con iine Baker Latham Rate Ditution
Date Suppiy Supply  Supply  Creek Island cfs, (mg/L)
L96L
Deco. U « 05
5 «03
7 0L
8 «03
1l o
12 « Ol
13 «03
Ol
15 .02
16 06
18 .06
2L <401
27 - «0lL
28 <.0L
29 .02
30 0L
1962
Jan., 2 0L
3 <03
5 0L
9 <Ol
i1 603
12 03
13 «03
15 .0l <.01L <. 0L 569 .03
22 «03
Mar., 3 «O1L <02 Shb5 «03
12 .03 .03 540 .03
26 <03
29 .08
30 SOL
31 .03
Apr. 2 .09
3 .02
L 0L
5 <Ol
9 .08
10 .02
12 «05 SOl .02 553 .03
16 .Oi
17 o0
18 » 06
19 02
21 «05
23 «05
2l o0
25 o0
27 +OL
28 o1l
30 07
May
1 <+0L 0L .02 558 .03
B o
5 .03
7 o15
8 «05
9 +0
10 o0



Mouth  Bridge Flow Average
Date Giant Mines Public Corl Mine BRaker Latheam Rate Dilution
Supply Supply  Supply Creek Island cfs. (mg/1)
1962
May 11 .0l
12 203 el el h81L +03
Ll 203
15 +0b
16 .05
17 oll.l_
18 10
19 «09
22 07
23 «05
2l Ol
25 .03
26 06
29 <02
30 «03
31 02
June 1 +03
2 +0OL
2. cog
1.1
8 31
9 o L7
12 el5 «09 .06 621 0l
13 Cell
1l o15
15 oL
16 ol
18 23
19 33
20 » 10
21 o1l
22 207
July 3 «33
7 «30
9 o445
10 405
12 +10 .06 +06 702 o0l
L L6
L 52
19 57
20 <Ol .05 o Olt 662 o Ol
23 o 65
2l 20
27 o415
28 30
Aug. 2 15
3 «09
8 +09
12 12 ol2 857 .03
1 28
1 o0
1 o0
2& 020
2 o0
25 o0
31 .07
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Mouth Bridge Fliow  Average

Date Giant Iiines Public Con Mine Bsaker Latham Rate Dilution
Supply Supply Supply Creek Island cfs,. (mg/1L)
1962
Septe 1 .08
3 oLl
LL + 09
i2 .06 o l2 .07 1181 02
13 +09
17 .09
19 L3
30 «09
Octe " ; 009
2 «09
12 «05 .12 «07
18 .09
20 «l3 Ol «02
25 o 12
Nov. L 13
5 13
12 «09 07 .08
Dec. 12 06 07
17 <,01 .03 .03
22 «03
30 « 02 .0l .03
1963
Jan. 2 <,.01 02 .02
3 01
7 .01
12 Ol - o03
Feb. 12 «03 <Ol
Mar. 3 +OL
12 <Ol . Ol
2l < 01 .02 «02
Apl". L2 | .OL]. .OL‘-
I“Ia:)f 8 .02 103 .02 3.8 Ocz
12 oLl .06 )
June 8 19
12 .05 .05
15 <50
18 13
19 28
20 23
Zi .Zﬁ
2 oL
25 «15
26 28
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Mouth Bridge Flow Averagse
Giant Mines Public Con Mine Baker Latham Rate Dilution

Date Supp Ly Supply Supply Creek Island cfs,. (mg/1)
1963
August 12 Ol SOl
Septe LI- 011-6 «O1 +OL
12 Ol .03
20 «08
Octe (R < 0L < +0L <.01
17 .01 «02 2 0L
Nove 19 .01 .02 LOL 10.5

Dece. Ly <.0l .02 «03
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BALANCE

CALCINE <ESIDUE SIORAGE'

Sollids 60 tpd @ 0.93% As
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# Seasonal Operation, pmay 16 to Sept. 30.

to Cyanidation

‘_’

50 tpd Filtrate Water
to Creek (negligible As)

o4 tons solids

@ L.J127 As = ITSF
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APPENDIX D

SUMMAP Y OF YELLOWKNIFE RIVER FLOW DATA

The water flowing into Yeilowknife Bay at the mouth

of Yellowknife River comes from two sources, the

main branch and Cameron River. The flow from the

main branch 1ls controlled somewhat at the power dam,
however there was a heavy overflow at the time of

the study,., The flow 1s measured dally 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, :osed on data on
the flow of water in this river gathered during the
summer of 1939,

The daily flow fluctuatlonsas controlled somewhat
by the dam, are presumed 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 below the oubtleb.

COMPARISON OF DISCHARGES--~1939

YELLOWKNIFE AND CAMERON RIVERS

Monthly Mean Discharges in cfs,

lMarch  April May June July

Yellowknife River at
Inlet to Prosperous hhé 392 L50 508 180
Lake

Cameron River near 61.0 2.9 65,0 6.0 59.0
Mouth.

Ratio OeL37 0elLO O041l5 0.126 0.123

Average Ratio 0.126 or 1:8

TOTAL FLOW OF YELLOWKNIFE RIVER (cfs.)

During Study Period

Main Two-day Cameron R. Total
Date Branch Average (Presume Flow
ratio 1:8)
Ll 3,177
L5 3,243 3,210 1y02 3,612
L6 3,379 3,311 L1l 3,725
17 3,386 3,383 L22 - 3,805

July mean 2,886




Oct.
Nov.
Dec.
Jane
Feb,
Mar.
Apre
Mey
June
July
Auge
Septe

Mean

Maxi=-
mum
Daily

Flow

Mini-
mum
Daily

Flow

YELLOWKNIFE RIVER INTO PROSPEROUS LAKE

~26=

MEAN MONJIHLY DISCHARGES

(cus ft. per sec.)

Annual PBeriod Ending September

1952 1953 195 1955 1956 1957 1958 1959 1960 1961 1962
901 1370 836 87L 920 862 154 1488 2199 999 635
790 1151 990 792 777 895 1198 1311 1967 84l 519
662 1009 1125 768 675 843 999 1173 1678 751 485
561 874 1005 7ho 602 772 879 97T 1403 69L 507
640 783 852 678 5Ly 695 76 875 1130 611 50L
559 647 745 630 530 61L  6h6 718 910 579 485
557 533 608 603 507 569 566 631 759 545 496

1380 592 821 710 505 645 1252 857 1267 656  L66

2340 641l 1LL6 1129 577 930 L1746 1663 2194 831 586

2380 549 1036 2135 506 2302 2050 2498 2879 782 617

1830 562 1272 1592 740 2806 1702 2775 1975 1061 942

1620 772 1009 1184 862 2115 1634 2432 1341 813 1034

1177 790 952 989 646 1175 1251 LSl 166 765 606

2816 1496 1366 2453 1043 3212 2152 3219 3322 1140 1280

Jgge 0§t. Dgg. ngy 32§t. Jg%y Jgéy Jgéy ngy Agg. ,Agg.

Kore g, Hiy May Ase. May ey My Ape. Aber il
2 9 3 7 5 6 3 12 21 15 & 17

Mey 18

ALl data supplied by Water Resources Division, Dept. of Northern
© Affairs & National Resources.
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APPENDIX B

SUMIARY OF WIND DATA DURING STUDY"

Wind speeds in miles per hour,

Hours July L5 JuLy L6 July 17 July 18
after Direc~ Veloc= Direc- Veloc= Direc-~ Veloc~ Direc- Veloc-—

Midnight tion ity tion ity tion 1ty tion ity
1 S 9 S I W 5
2 SSW 12 SW 5 SE 7
3 SSW 1 WSW 5 SE 8
l SSW 10 SW 5 SE 6
5 S 6 W 7 SE 9
6 SW 6 L SE 5
7 SwW 9 WNW 5 SSE 10
8 SW L W 6 SE 10
9 N Iy NW 9 SE 13
10 B 11 N 3 SSE 13
1L Calm - N 2 S 1l
12 Calm - NE 8 SSE L7
L3 NwW 13 Calm - N 7 S 13
Ll WHW 10 NNW 3 E 3 s 15
15 NW 10 N 11 N 6 SSW 1k
16 NW 13 N 13 Calm - SSW 15
17 NW 12 NNE 10 SE 7 s 1l
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 S 5
21 SSwW 9 ENE I S 8 S 10
22 SSwW 9 Calm - SsSW 1.0 S 8
23 SSwW 10 SSE 3 SW 10 NW 6
2l S 7 S 3 W 12

# All data supplied by Meteorological Service of Canada.



PERCENTAGE WIND DIRECTION AND AVERAGE WIND SPEED

YELLOWKNIFE, N.W.T.

1951 to 1954 Inclusive

May June July 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 (mph)
N 11 10.2 1 1l.3 20 12,0 12 19,2 22 11L.0 13 1ll.2
NE 16 10.0 2l 11.6 13 L0l 11 869 15 8e5 13 10,3
E 23 10.5 13 8.1 9 8,0 17 847 20 9e7 25 11.3
i
SE 21 1l.7 15 10.h 1. 10,0 20  10.7 17 12.5 11 13.8 r
1
S 18 10.2 20 101 15 96 17 10,8 8 92 8 13.9
SW 5 Bely 8 8.7 7 10.1 5 Tely 2 Te9 6 10.2
W 3 967 3 8l 7 10.0 10.3 6 9.9 11 10.2
W 5 10.3 6 12.0 15 11.8 11 12.5 8 13.0 13 13.5
Calim lags less less less less less
than % than % than % than % than % than %
all
direc=~ 10 05 lOQ}-f- 1005 10.2 160}.{. 1117

tions
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APPENDIX F

DISCUSSION OF ERRORS

Because of the shortage of personnel available for
this study, many short cuts were taken. Many of the
conclusions are therefore coarse, however they are
satisfactory for providing meaningful direction to
the planning of arsenic wastes disposal and controls.

The errors have been discussed in other parts of
the reporte. In sumnary, the more important ones
are as follows:

Le The dye tracers provide an indicatlion of the
location and direction of many, but not all, of

the water currents in the bay. However, there is
only & rough estimation of the extent of the
variable mixing which will be obtained when arsenic
wastes are discharged to the Narrows,

2e The amount of arsenlc wastes contailned in the
runofl water, in spring melb and rains, has been
practically ignored in the report. The arsenic
level in the water in Yellowknife is affected by
this source, e specially during the spring runoff
in May and June. The reason why this part of the
study wasn't made is that 1t would have been o0
time-consuming in view of (a) this being a small
fraction of the total arsenic wastes probiem, 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, arsenlc has been settling in the drainage
area at rates up to 2 1lb. per acre per year, Howsver,
it would require (a) a long study of the hydrological
factors and {(b) an evaluation of the smount of arsenic
which has been washed into the soil and (c) the extent
and rate at which this will eventually wash through

to the water courses.

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

The amount of precipitation in the tailings pond
also varies (a) as the physical features of the
pond change due to adding dams and filling by
sedimentation, and (b) as the amount of ferric iron
in the teilings varies.

li. Because of the variability of the water currents
and consequent variable mixing, the arsenic tests

on water samples provide only a rough indication of
the arsenic content,

5. The physiological effects resulting from arsenic
in drinking water, in the low levels as exist ab
Yellowknife, canft be evaluated accurately, because
there 1s too little factual information avallable.



APFENDIX G

CHOICE OF TRACERS

Prior to making the survey conslderation was glven
to several methods of stu uv¢nb the currents., In
all but one case tracers ol one type or anothsr
would be introduced at the existing or proposed
sewage or miil tailings outfall points.

Four different types of traces and six different
experimental methods were considsred,

L. PFeeding chemicals continucusly which would
dissolve 1in the water and their movement debterminesd
from samples for quantitative chemical analyses,
taken across cross-sections in the bay over a long
period of time.

2+ Feeding chemicals as above, and taking samples
over a loung pericd of time at the sxisting water
intakese.

3. & Lo Feedin” a radicactive tracer with a long
half-life specifically tritium, and making observations
as in (1) and (2)

5e Observing the movement of floats,

Ce Observing the movement of any one of several
colored dyes which dissolve 1n water.

E*la i

7. Anchoring a boat succes
in the bay and making veloc
ments at various depths.

ively at di
T T

Lferent placss
vy oand dirsct

ion measure-

The principle of using chemicals for tracers was
discarded for several reasons:

1. The immense task of taking samples, making the
quantitative tests, compiling and analysing the
results, was beyond the work capacity of one man,
which was all the svaff available for this Jobe

2. The cost of suitable chemicals in sufficient
quentities is very high considering the high
transportation charges to ¥Yellowknife,

3s The introduction of a ton or so of chemicals
would require hiring several men and a very large
boat which wasn't reqdiiy available. This method
of study was used in San Francisco Baye.

L. There were indicatlons of circulating currents
in the bay, and testing for concentration of a
chemical wouldn't differentiate between the chemical '
which was moving across the sampling point the first
time and that which had noved more than once over
the sampling pointe



We didatc water for dlilution

estimat: was Goo dilute for
this pu & half mile from the
dischsar

Anodamine Bosine Sodium
CGDH 500 Y 130 Fluorescene

Dye
Price#
100# :;.%2.93 L}‘S.T& %2 .gi -
7 R - . - T
254 2.9l 5.01 2451 -
S# 3.16 £.03 2.57 $7.20
Color in
strong desp bright orange yellow
golution red red
Color in
weak bright bright orange green
solution red red
dilution
visible in O.L mg/ same same same
nessler but ROL B
tubes Co0L mg/Le

The weight of the dye-~water mixture wasn'!t checksd
in a Labo atory, but it did appear that the mixture
was sufficliently light that denslity currents weren't
created.

LESSONS LEARNED RE HANDLIHG OF DYES

L. The dyes as sold are very fins lLight powders
which are messy to handie. I taKeb three or more
days for the dye to wash and wsar off the hands and
face, and is a pﬁrmareqt dye on clothes and sueds
shoes. It seems to be impossible te prevent its
getting all over the floor and equipment whensver
it is handled. When discharging from a motor boakt,
wind eddles blow 1t into the boat and ail over the
outboard motor and stern of boat from which it is
difficult to remove.

w2y
]

Smail lumps of dye powder settle through the water

to the bottom, and in this way there 1is a small waste.
However, thig was reduced to a minimmn by discharging
the dye into the churning water in front of the
propeller of the outboard motor. The waste was
probably less than 5%.

Experiments in the Llaborastory showed that the discharge
operation took much too Long when the dye was tled
inside & cloth bag and sloshed around in the water,

The operation woulid have been  much more satisfactory
if the dye had been purchased in prepackaged paper
bags (approx. L0 Lb.) and fed below water in front

of the ﬂfopeilerg uging a hopper arrsngement with a
Llid. The bag of dyauoula have been plac d in a

metal contaliner clamped to the boat stern.

%* Prices suppiled by Canadian Industries Lida.,
Montreal, P.Q.
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The principle of using a radicactive tracer was
discarded for two reasonss

L. The expense of the study would have been excessive,
principally due to the high cost of testing hundreds
of samples, approximately $5 each.

2. As would be the case with chemical tracers, there
would be no way of distinguishing that which was
moving across the sampling point Initially and that
which was moving across for a second or a third

timee.

The principle of using floats was considered
seriously, but discarded because complling and
studying the data would have required a long study.
Considering the time involved and the shortage of
staff, this would have been an impossible studye.

The principle of making direct readings with a current
meter was discarded because a large number of trained
techniciansg, who were not available, would have been
required to make the readings.

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

L. The total time required to drop the dye at
several places and to make observations from the
air was less than would be the case with the other
methods considered.

2e The cost of the dyes was much less than the cost

of chemicals because it could be observed in diilutions

of approximateily L21100,000,000 wheresas with most

salts the results would be questicnable in concentration
of less than 1:100,000 i.e. L,000 times the concentration.

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

ie There would be a clear indication of the movement
of the water containing the dye, and no question as

to whether 1t had moved once or more over the

sampling point. The method was tested in a prior
experiment by discharging 5 1b. of the dye in a

Lake in northern Alberta and watching its movement. I
was found to be a suitable tracer.

CHOICE OF DYE

Four different dyes were considered as shown in the
table below. Rhodamine BN };50 was 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/l. It showed upon color
siides (Kodachrome II) in dilutions approxinately
0.0l mg/1, although in these high dilutions the prints,
which were made from these slides, weren't very
clear. The color didn't show up in black and white
photos even in low dilutions, as determined in the
northern Alberta study.
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APPENDIX I

PHYSTIOLOGICAL EFFECTS OF ARSENIC IN DRINAING WATER

Internal assimilitation cof arsenic may cause acute

toxic, chroniec toxic and carcinogenic# (cancer-causing)
effects. <he last~named effect 1s the only one of
concern at Yellowknife, where the concentration of
arsenic 1s generally less than 0,05 mg/l.

Arsenic plays no part in natural bilological processes;
however arsenical compounds have been administered

as a tonic. Arsenic-containing water from several
Wwells in Europe have been sold for therapeutic
purposes. The location of these wells and the

arsenic centent of the.water are as followse

Guberquelle, Boxnie 6 mg/l
Levico, Horthern Italy 6 mg/L
Duerkheim, Palatinate L7 mg/

L
Roncegno, Northern Italy h2.6 mg/L

Formerly, arsenical compounds were used internally
for therapeutic purposes. Potassium arsenite
solution, generally known as Fowler'!s solution
(0.76% As) was used in the treatment of blood
dyscrasilas, myelogenous Lleukemia, chronic eczema
skin disorders such as psoriasis and syphilis.ls
Arsenic trioxide tablets (76% As) have been used
in the treatment of chronic bronchitis, asthma

and pernicous anemia. Donovan's solution (L% AsI;
or 0.28% As) was also used occasianally.

Many organic arsenical compounds were used. Carbarsone,
(p=Ureidobenzenearsonic acid,) tablets (26% As) were
used for the treatment of intestinal. ameblasis, ameblc
dysentery and pemphigus,l salvarson (diamino-dihydroxy
arsenobenzene) for syphiils, and Atoxyl (gsodium~amino-
phenyl arsenate)for protozoai infections.2 Arsenical
compounds are stiil used In the treatment of ameblasis.

External Exposure to Arsenical Compounds

Arsenic may be absorbed through the sgin and act as
an ilrritant. 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 1t is very rare considering the total number
of people who have been similarly exposed. The
exposure perlod variled from L to h6 years, with

an average of about 25 years time elapse between

the beginning of the exposure and the onset of
sSymptoms .

On the other hand, there are no known cases In which
the short-term extermnal application of arsenical
ointments have produced skin cancer.

Toxlecity to Fish and Fish Food QOrganisms

In the small concentrations of arsenic, such as

exisit in the water of Yellowknife Bay (maximum 0.6 mg/l)
it is not helieved to be a factor deliterious to the

Life of fish or fish food organisms. There is

# Indicated by statistical methods of analyses.
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ence that sodium arsenite 1s toxice

3 (water flee)} in concentrations of

o chirpnomid larvae (Llarvae of a small
mayfly nymphs (insect) and amphipods (freshwater
shrimps) in concentrations of 2 to 3 mg/lL As, and

to minnows (Phoxinus L.) in 953 mg/L As iIn 55,d3y3.3

The arsenic content 1s not of Importance in the
health of gold fish and tropical fish. If in a
particular case the water was never changed, the
arsenic in the added water, replacing that which
evaporates, would result in a toxic concentration
being attained eventually. However, this 1s a very
remote possibility and not worthy of considerations

Acute Toxicity to Humans

Inorganic trivalent arsenical compounds are strong
protoplasmic poisons capable of causing death within
2ly hours when ingested in large amounts. The lethal
dose to healthy adults is approximately 100 ng As203
in solution. There have been many cases where

much greater doses in the forms of white powder
(presumably As,0, or Asgos)p yellow powder (As,S, or
Paris green (3 =T (AsOp)s « Cu (CpH30 )») haventt
been fatal probably because some of tﬁe powder may
not have dissolved and thus available for absorption
in the intestine. The pentavalent form is less toxie,
but in small quantities 1t iﬁ readlly reduced in the
body to the trivalent state.

The toxicity of the arsenous ilon (As+++) is largely
due to interference with enzymatic activity in the
cells of those tissues In which i1t concentrates,
mainly the liver, kidney, and intestinal walls. This
may be due to its reactlion with SH groups and thereby
interfering with cellular respiration. 35

Organic arsenical compounds, such as many therapeutic
medicines, are less toxlic because the arsenic ion
isn't readily avalilable 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 pareng substance,
and subsequently accumulating in the bodye.

Chronic Toxicity

After a single dose of arsenic has been swallowed it
quickly accumulates in various organs and begins to
be excreted via the urine and faeces and to a minor
extent from the sweat, tears and hair. In two or
three weeks time it wiil be eliminated from all of
the organs, but some remains in the bones and skin,
and requires several months for final elimination.
As s result of this slow elimination 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
polsoning of the tigsues involved, and damage to

the capillary bed.
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Arsenic Gas Polsoning

The physiologzical effect of arsenic gas (AsH is in
a different category, and is discussed only %or the
sake of completeness. It causes massive lLlysis
(dissolution) of red biood cells, and tissue damage
by arsenite which 1s formed.

Arsenical Cancer

Arsenical cancer is a complication of chroniz arsenic
polsoning and its occurence 1is very rare. This effect
can be attributed to argemic after statistical
analysis of the data.!s It appears that the likeli-
hood of this occcurence increases with the greater
number of arsenous lons and with the prolonged period
of cellular exposure,.

The skin 1s by far the most frequent part of the
body affected, and the next most frequentiy affected
parts are in order (L) mouth and esophagus, (2)
respiratory tract, and (3) renal (urinery) tract,

Cancer may be caused by arsenic which has been taken
as in drinking water, food or medicine, or breathed
into lungs and bronchial tubes as a dust component

in the air, or absorbed through the skin upon con=-
taect with arsenical dusts or soluticons. Exampics

are bountiful dating back as far as 1825. Most

cases cccurred among wWorkers in smelters and factories
who breathed arsenical fumes or dust-~laden air, or
whose skins were often in contact with arsenical dusts
or solutions. Many cases occurred among patlents
taking arsenical drugs internally for the tréatment

of a variety of allments and among people drinking
arsenic~contaminated walter.

Tolerance to Arsenic

It 1s a general veilef that pecple can acquire an
immunity to the toxic effects of arsenic. This
partial misconception is based largely on the facts
that the "arsenic eaters of Styrla, S.E. Austria”,
many of whom regularly took almost half a gram of
arsenous oxide, Apparently they didn't sulffer from
the irritating effects assoclated with acute polisoning
however they developed tumors frequently, and in one
study it was found that 13%4 of the deaths in Styria
were of this cause.!/ It is not a true tolerance
because the arsenic was taken While fastigg and no
water 1is drunk for some hours afterwards,“ and for
these reasons the arsenic may not have become dissoived
while in the intestines.

History of Chronic Toxicity at Yellowknife

Although chronic toxicity has been a factor at
Yellowknife in the past, this isn't the case at
present. In the spring of L1949 a herd of fifteen
cattle died and several chickens were sick apparently
as a result of drinking water containing arsenie
trioxide in the concentration of 1.2 mg/l As. The
water was runoff from the snow in the surrounding
area which had been contaminated by arsenical dust
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settling ouv of the alr,

In April, 195L, an Indian child died and several
other I 5 Were sick as a result of drinking
water obtained from snow water, although there
may have been contributcory causes such as mal-
nutritione. They Lived on the north tip of Latham
Island two miles southeast of the smokestack of
Giant Mines and three miles northeast of that of
Con lMine,

Danger Level of Arsenic Assimilation

Acute Toxiclty

The minimum fatal dose (acutbe) has been estimated
to be 0.8 to 2.4 mg/kegm. of body weilght.4+ Assuming
worst conditions, that of a LO lb. baby being fed

a formula made from powdered milk and water (2 Lb.
of water), conditions from this minimum fatal dose
would be cobtained in one day if the water contalned
L to 12 mgfi., of arsenic.

The arsenic eaters of Styria, Austria consumed % gm.
of arsenic oxide once or twice a week, which 1is
equivalent to drinking It Lb. of water ( & std. cups)
per day conbaining 60 to 120 mg/L As. However, the
arsenic was taken in powder form, scme of it may
have passed through the body without dissolving, so
this isn't a true gulde.

Chronic Toxiclty

The minimum fatal dose (chronic) hasnit been estimated.
No one made an estimate of the arsenic content of

the drinking water (melted from arsenic-contaminated
snow) of the baby who died in Yellowknife in 1951,

For over a hundred years people atv Richensteln,
Silesia, Poland (formerly East Germary, drank water
from a brook containing i2 mg/i of arsenic. Many
had "Richensteints diseass"™, with symptoms referable
to the gastrointestinal tract, ulcers in the mouth,
perforation of the nasal septum, parathesias, and
especially melanosis (brown-colored skin) and kerotic
warts on fingers and hands.

In Argentina, 6 % of the wells produce water containing
between U.1 and 0.3 mg/l of As. Uany people in a

wide area in the soubheast part of the Province of
Cordoba drink well water contalning up to L.5 mg/l

of As. After living five to six years there, many
people develop Ayerza'ts# disease (severe keratosis

of the hands and feet) Liver and kidney allments which
are often fatai. It has been stated that chronic
arsenosis may result after prolonged use of water
containing 0.3 mg/L of arsenic. It is reported to

be more toxic when there are other dissolved heavy
metals, particularly vanadium in the water.

%4 PFirst noted by Ayerza at Belle-Ville.
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Mackenzle cites the case of water, which contained
1/80 grain per imp. gal. (0.L8 mg/l), causing several
cases of arsenical poisgsoning. The water had been
collected from two roofs which had been painted with
wpyrites®il, Tt is reasonable to assume that the
concentration of arsenic in the water had been higher,
previous to the sickness and resulting investigation.

The drinking water for a large part of Los Angeles
contained over 1,0 mg/L for several months.il No
incidents of arsenic poisoning were reported, butb
medical practicionary may not have noticed unexpected
symptoms of arsenie poisoning.

The water in a 9l ft. deep well on & farm near Mador,
Ontario produced water with an arsenic content of

10 mg/l. Within a year or so of moving there, people
noticed their general malaise and nausea and after

two or three years the hyperkeratosls 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 bables had dark
skins, but were otherwise of healthy appearance,l2

There have been many experiments on rats and other
enimals, but the results aren't directly applicable
because arsenic 1s more toxic. to man, apparently )
due to the higher development of his nervous systam.u
Cows at Yellowknife died (with diarrhoea, which is

e typical symptom of arsenic poisoning) after drinking
water contalning arsenic trioxide in the concentration
1.2 mg/l As over a perlod of several weeks. Herse
agaln these results aren't directly applicable because
(L) milk cows drink much more water than humans, on

a body weight bases, and (2) arsenic 1s less toxie

to animals. Assuming the aversage cow!s (breeds not
known) weight at 1300 1lb. and water consumption at

100 ib. per day, water consumption is 0,08 1lb. of
water per lb, wt. A healthysport~minded schoolbo
welghing 130 Lb., might consume l 1b. (8 std. cupsg

of water, in which case water consumption 1s 0.03

lb. of water per 1lb. Wte.

Many people have acquired arsenic polisoning and
arsenical cancer following the prolonged administration
of arsenical drugs internally, principally Fowlerts
golution (potassium srsenite solution, 1% As,05 or
0.76% As) and by injections. However, there i
relatively little factual Information regarding the
amount of arsenic administered, Table No. 1 contains
the Information reported by Neubauer®® Iin a study

of 143 cases of arsenical cancer. Table No. 2 con=
tains information from various papers about arsenic
polsoning together with the amount of arsenic
administered., Detalls from many other papers arentt
included, beceuse of the lack of information about.
the emount of arseniec administered. .

Arsenical Cancer

There is a wealth of statistical evidence of the
carcinogenic nature of arsenic, but there is a pauclty
of information concerning the amounts of arsenic
assimilation and the periods of exposure in these
cases, .

There 18 a high incidence of skin-cancer among the
people with "Richensteint's disease®, in Silesia
and "Ayerza's diseaseY, Iin Argentina.



DETAILS QF CASES OF ARSENICAL CANCER REPORTED BYNEUBAUER6

Only 20 of iL3 cases are included; the ones with sufficient details
of dose rates to compare with arsenic contamination of drinking water.
from start Drinking
Case Description of treatment Duration Dose Waters#
o deve lopment of of Fowler!s Boguivalent
arsenical cancer Treatmant Solution (mg/L)
20  Carcinoma - Thumb 25 3 MO 30 dropsi#t 6o
daily
22  Carcinoma - breast 20 20 yr. 15<20 drops 3el to L1a2
daily
L3 multiple epitheliomas L L yre 2 gme in 1 yr. 2e3
(Assume Asp03)
3 » . s B o \'!
L5 multiple epitheliomas 22 9 yre As pillsissn 251 =
3 pilis daily 3
L8  biopsied - - 6 drops 20
3 X daily
62  Squamous cell 15 L5 yre It o 10 drama (dr) 17.0 to lLli.6
Carcinoma - fingers (with intervals) 3 X daiiy
65  Squamous ceil il 6 1o, 30 dr. daily L6
Carcinoma - near anud
76 multiple cancroids plus 7 27 yr. 5 drops 2 X dally 0.6
basal cell A (25g in 27 yr.) (L.1)
Carcinoma - atypical
82  Squamous cell 22 6 meo. 30 drops daily 043
Carcinoma -~ near anus and
. b ey e P 5 . ; .
83  8guamous cell other parts 20 3 wks. 5 drops 3 X daily 3.1
carcinoma - upper and lower , ‘
59 extremeties, trunkl0 to 15 2 yre 5 drops 3.1
Squamous cell, Carcinoma - 3 X daily

trunk and leg.
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(Conte.)
Years from start Drinking
Case Desecription of treatment o Duration Dose Water#
Hos development of of Fowler'is Equivalent
arsenical cancer reatment Solution (mg /1)
92 basal cell 15 15 yr. 6 drops 368
Carcinoma -« fingers 3 X daily
ol Squamous cell il A 10 RS 15 drops 9.y
Carcinoma -~ hand (with L@PV&:w) 3 X daily
98 multiple eplitheliomas more than 3 more than 5 to 7 drops 3el to lel
{(basal cell carcinoms) 3 9re 3 X daily
102 multiple epitheliomas 10 5 yre 1L to 26 drops 0.6 to 157
(sqhamous cell carcinoma) 3 X daily
total dose 1200 to
1450 ml. 2.8 1o 3.3 i
{3
LO5  Bowent'!s tumor - exiila 30 L yre 3 to L6 drops Le9Y to 10.1L '
3 X daily
109 wmultiple epitheilomas 2% 7 vt As pills 0.6 to 2.5
15 pills daeily
each econtaining
0ol to 0.l mge
12l multiple epitheliliomas 35 25 yre 5 to 10 drops Le0 to 261
(basal cell carasinoma 3 X daily
temple )
10 multiplie epithellomas 13 - 3 drops 3 X dally 1.9
(squamous ceil carcinoma total 37,000 drops
chest)
1t multiple epitheliomas 30 total 700 gr. Ass 03 0.2
(basal cell carcinoma - nipple}
o Assume 8 std. cups total daily water consumption
4%  Assume 20 drops = L ml,
#4#%  Assume arsenic ftrioxide, 2 gm. per pilll



DETAILS OF CASES OF ARSENIC POISONING SELECTED FROM MANY PAPERS

Information included is restricted to that containing sufficient details of dose

rates to compare with arsenic contamination

of drinking water.

Drinking Water Equivalent Arsenic Poisoning

Noe Condition Treated Fowlerts Solution
Dose Rate (assuming 8 std. cups daily (other than cancer)
water consumption)e.
Le Chronic BczZema, iichen planus 0,1 ml.,, 3 X dalily, in- 1.3 mg/l increased gradually chronic frequentliy
and psoriasis. creased by 0.05 mli. daily over O days to 3.2 mg/l and
to reach 0.5 ml, per dose continued 1 to 2 weeks,
and continued for L to 2
weeks .
2. Asthma 1 ml, daily for 15 months, 4.2 mg/l Chronic frequently.
Two cases melanosis one
of them showing keratosis
and kerotodsrma,
3. Asthma 0.6 mle daiiy for 9 months 2.5 mg/i for 9 months and One case. melanosis,
and 0,3 mLs, to 0.6 ml. daily le3 to 2.5 mg/L for an keratosis; gastro-
for an additional L8 months, additional 18 months., enteritis, hepatitis
and neurltis.
lle  Asthma 0s25 to 0e5 mle, 3 X daiiy 3.2 to 6.3 mg/l dermatitils herpeti-
for 2 years. ‘ formis
5 Leukemia, psoriasis or 0e2 B0 0eb mls; 3 X daily for 2.5 to 7.5 mg/i Four cases-=cilarhosis
dermatitis herpetiformis 2 years or more of the liver with ascites
: and keratosis,
L. Wise & Wolfe, 1938, J.A.lM.A., V. Llii, p. 2106 3. Silver & Waimman, 1952, V. 150, p. 564
Cannon, 1936, N.Y. State J. Med.,V. 365 p. 219 ' |
Kandel and LeRoy, 1937; Arch. Int. Med., V. 60, 846 Lo Wade & Frazier, 1953, Lanclt, V. l, p. 269
e JA oA l9u—6’ VP 305 Ee 3?9 X 50 Franklin et al, L950, Ar, J. Med. SC.; Ve 219, De 580,1
Pascher & Wolfe, 1952, J.A.M.A.; V. il8, p. 734
Note: Recommended dose rate for protozoal stomach infectiocns is L to 5 gu. daily.g This is equivalent %o %rinking

water containing 4.2 to 20,9 mg/i As. Dose rate for Donovan's Solution (AsI3) 1s L to 16 mg. dally.

This

is equivalent to drinking water containing O.l to 1.5 mg/L As,

..ng..



ARSENICAL CONTAMINATION OF DRINKING WATER WARFARE

For compearison the subject of possible arsenical

contaminatiocn of drinking wabter has been considered
by Ruchhoft et al. His cbservations concern a
wartime hazard, and these tolerance levels shouldnit
be considered as sultable for any emergency during
peacetime, Quote.

"The detection and analysis of arsenic in water
contaminated with chemical warfTare agents® by
C.C. Ruchhoft, O.R. Placak and S. Schoit, Public
Health Reports 58, # L9, 3 Dec. L3, LY6L~L7TL.

"lhe United States Public Health Service Drinking
Water Standards states that arsenic Iin excess of
0.05 ppme. should not be permitted in water for
drinking or culinary purposes. I% 1s suggssted,
however, that In emergencies where other supplies
are not avallable arsenic in concentrations up to 1
to 2 ppme might be permitted for several days and
concentrations as high as 5.0 ppme. might even be
permitted for one day.

BAssuming a water consumpblon of 2 liters per

day (this is 2.12 quarts and is probably high) L ng.
of arsenic would be ingested dally through use of a
water containing 2 ppm. arsenic and 10 mg. would be
ingested in one day from the water containing 5

pprie arsenic., this smount is not excessive., Arsenic
trioxide i1s administered internally in doses of
0.00L to 04003 gm, three or four times a day. This
corresponds to 3 to 9.1 mge of arsenic per day and
is essentially the same as would be obtained by '
using the contaminated wabters previously mentioned,

"he Department of Agricuiturets standard of
tolerance for arsenic in foodstuffs is 1.4 ppm.
and for spray residues is 3.58 ppia

"MeNally states that the commonly accepted figure
for a fatal dose of arsenic is 175 to 20l mge

" The use of contaminated water should not be
continued for more than a few days, however, as
small quantities of arsenic consumed daily for
extended periods of time have been known to produce
fatalities™, (Page L1763).

STANDARD LIMITS OF ARSENIC IN WATER SUPPLIES

In many countries where there is likely to be arsenic
in water supplies, Llimits of arsenic have been setl
as & guilde to communities in order that they may
decide what water is suitable for consumption. The
first standards were established in England in 1903.4
A Royal Commisslion headed by Lord Kelvin investipgated
6,000 cases of arsenic polsoning resulting from

inking beer which contained arsenic in the proportions
of 2 to L mg/le

He set limits for arsenic trioxide of 1 mg/l for
solid food and 0.1l mg/lL for liqulid food. There are
probably several reasons for his differentiation of
Limits for liquids and solidse.

(L) Consumption of liquids is greater,



2=

of =

gy 4
I*LJ h

genic from liquids is greater
issolved.

g

(2) Assimiiesi
due ©o it

i

Other orgarizatlions uhich have set Limits for drinking
water are as followsgs

World Health Organization (Geneva 158) 0.2 mg/l
Buropean Standard (Geneva '61)

Public Health Service of the U.S.A.

Recommended Limit 0.01 mg/i
Mandatory Limit 0.0%5 mg/1
Argentina .l mg/l

The Xettering Laboratory made a study of the therapeutic
use of arsenicals, and concluded that a safe 1limit for
arsenic in drinking water would be 0.2 mg/i for s

long period and 1.0 mg/L for a short perliod (L %o 2
days), and that 0.3 mg/L for a long period would be
toxlc,

COMMENTS RE RECOMMENDED LIMITS FOR ARSENIC IN DRINKING
WATER

It 1s customary to set 1imits for exposure to carcinogens
at extremely low levels, compared to those levels at
which carcinogenic eflfects have been observed. This

is because of the statistical way 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 smokers may acqulre cancer which might be
attributed to these causes,

In view of the fact that only a minute minority of
the cases of cancer can be attributsd to any cause,
it is reasonable to set an exceedingly low 1limit on
the exposure to a known carcinogen. Because one
recorded case of cancer, a typlecally arsenic type was
attributed to taking PFowler's solution in an amount
equivalent to 0.2 mg/l of arsenic for a period of

30 years (Appendix H, Case No. iil, Table H~1), it

is reasonable to set an absolute maximum iLimit of

0.3 mg/L for ail water supplies in the Yellowknife
area, and to follow as much as possible the standards
established by the U.S. Public Health Service,

COMMON LEVELS OF ARSENIC IN THE ENVIRONMENTL3

groundwater 0 to 55 mg/l

surface water 0 to 80 mg/l

sea water 0.00L to 0,08 mg/l

food - fish 3 to 170 mg/L ,

plant 0.023 to 0.25 ng/t
air,urban <U.01L to 0463 pg/cu. meter
soil 0.03 to 0.25

urine 0,008 to 0,85 mg/i
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