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THE ARSENIC PROBLEM AT YELLOWKNIFE

REPORT OF ENVIRONMENTAL AND MEDICAL INVESTIGATIONS

This report covers a continulng survey of
the arsenic problem at Yellowknife for the
period 1950-1955.

Environmental Investiggtion

This describes the development of collection
and disposal methods for control of the
hazard. In this section of the report an
assessment of environmental contamination 1s
provided. The survey was carried out by
Kingsley Kay, J.P. Windish and J.L. Monkman,
of the Laboratory Services, Occupational
Health Division with the assistance of
Consolidated Mining and Smelting Company;
Giant Yellowknife Gold Mine; Analytical
ILaboratory, Mines Branch, Mines and Technical
Surveys Deparitment; Lands Division, Northern
Adwministration and Lands Branch, Northern
Affairs and National Resources Department;
and Food and Drugs Divisions.

Clinical Investigation

This covers the medical aspects of the
examination of population sample and urinary
analyses.

An analysis of hospital admission from 1948
to 1953 is included.

This section was completed by Dr. D.L.
Henderson with the assistance of the Research
Division.
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THE ARSENIC PROBLEM AT YELLOWKNIFE
ENVIRONMENTAL REPORT FOR THE YEARS 1950-55

Since 1950, a contlnuing environmental survey

of the arsenic problem in the Yellowknife area

" has been carried out by Kingsley Kay, J.P. Windish
and J.L. Monkman, of the Laboratory Services,
Occupational Health Division. Assistance has been
received from the following: Conscolidated Mining
and Smelting Company; Glant Yellowknife Gold Mine;
Analytical Laboratory, Mines Branch, Mines and
Technical Surveys Department; Lands Division,
Northern Administration and Lands Branch, Northern
Affairs and National Resources Department; and
Food and Drugs Dilvisions.

1. There are two main producing mines in Yellowknife - Con,
situated about one mile south of the Townsite and Glant
Yellowknife which is about three miles north of the town,

‘The Townsite and Con Mine 1lie south of the Giant Mine as will
-be seen in Figure 1., The area is around 40 percent lakes,

some of which constitute drainage sub-grcups. In general,
the land is flat and rocky. Precipitation is very low. The
wind is from NW to NE quarter roughly half the time through-
out the year. In the spring south winds occur.

2. The ores treated at both mines are of the arseno-pyrite
variety, requiring roasting at some stage in their processing
for full recovery of the gold. The fumes so produced contain
arsenic trioxide and sulfur oxides. Con roasted its first
ore in 1941, shut down after a few months, then resumed
roasting in July, 1948. Two to three tons of arsenic tri-
oxide per day were discharged in the roaster fumes from a 100
foot stack, The Giant roaster, four miles north of Con,
first went into operation on January 29, 1949. Glant was
emitting to the atmosphere, through a 150 foot stack around

8 tons of arsenic trioxide per day. By mid-February, 1949,
two men working at Akaitcho, one and one-half miles north of
Giant, had been hospitalized with a definite dlagnosis of
arsenic poisoning caused by drinkling contaminated snow-water,
In May, arsenic poisoning resulted in the death of six cows
pastured one mile west of Con. Many dogs in the town and
surrounding district showed symptoms of poilsoning and there
was some loss of wild-life, generally attributed to arsenic.

3. In August 1949, Con put into operation on an experimental
basis a collection device which had been developed and used
previously for another purpose at the Consolldated Mining and
Smelting Company's plant at Trail, B.C. Thils method of col-
lection, which came to be known as the "impinger" method, in-
volved trapping the arsenlc fume in water, Thls, however,
resulted in the formation of about 16 tons of arsenlic-bearing
sludge per day. This sludge was discharged to a nearby lake.

L, Giant Yellowknife Mine was meanwhile exploring the possil-
bility of installing a Cottrell precipitator.

5. Officers of the Department of National Health and Welfare
and the Department »f Mines and Resources began conferring on
the public health danger in May, 1949, The area had been
visited in that month by a representative of the Public Health
Engineering Division. In the Fall of the year the Occupatlon-
al Health Division in company with Mines and Resources cffi-
cials held consultations with representatives of the Companles
in Yellowknife.

6. The method of collection at Con Mine had been subject to
failures due to corrosion of parts. Giant had not made

185
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progress on a collectlon installation., The Department of
National Health and Welfare then recommended that roasting be
atopped until adequate collection procedures had been instal-
led,

7. The recommendation of the Department was not found ac-

ceptable by North West Territories Councill to which 1t was

submitted., However, a series of meetings in Ottawa were ar-

ranged early in 1950, and both companies entered into agree- o
ments to speed installation of effective collection systems.
The Occupational Health Division was made responsible for
continuing study of the hazard in order to maintalin close
wateh on the situation until the hazard had been brought
under control,

PART I

{a) COLLECTION OF ARSENIC FROM
ROASTER FUME

8. During 1950, Con Mine continued experiments with its lm-
pinger method in which waste roaster gases are cooled with
diluting air, then drawn down a vertical duct whose outlet 1s
immersed in water, A cone 18 seated in the water, with its
pointed gnd projecting well into the duct. This results in

a continuously decreasing orifice through which the gases must
pass at ccntinuously increasing speeds. The condensed arsenic
trioxlde particles impinge on the water surface, lose their
momentum, are wetted and retained in the water to form a
slurry, The cleaned air escapes around a baffle and 1s dis-
charged to a stack., Difficulties with corrosion of cones

ware first met with but were reduced late in 1950 and stack
collection efficiencles around 95% followed, Our stack tests
in July, 1954, showed that high collection efficiencles were
being maintained (See Table 1). Further tests in July 1955,
have confirmed the situation.

9, On January 20, 1950, Glant Mine ordered a cold Cottrell
precipitation unit for arsenic collection. Delivery was
scheduled for August 1950, but was not completed until spring
of 1951, The Cottrell plant went into operation on October
20th, 1951, and ylelded anticipated collection efflclencles
around 95%.

10. The Cottrell equipment was designed to handle the fume
from around 3,000 tons dry concentrate roasted per month.

This represented double the production from the two horizontal
roasters in operation at inception of the Cottrell collection.
Roaster capacity was therefore added, in the form of a roaster
of vertical type which had been brought into the area by
another mine. This was purchased and put into operation dur-
ing 1952. Roaster tonnagesg were then gradually increased to
an average maximum of around 2900 tons per month by the end

of 1953, as will be seen in Figure 2,

11, As productlion reached maximum, the Mine began encounter-
ing difficulties with collection. These were lnvestligated

for several months by the Mine and the Precipitation Company,
supplier of the equipment. Early in 1954, it was decided that
the introduction of the vertical roaster had produced an ex-
ceptional dust load which accounted for the loss of roughly
half the collection efficiency. These filgures were confirmed
from our tests run in July 1954%. (See Table 2).

12, It was recommended by the Precipitation Company that a
spray tower for humidification of fume be constructed. This

185
9.55



3

rteylihe é)qlléct-iérfﬁioﬁlﬁ’r Ganéral Manager

YK Historical Soéié@%—i‘(ﬂ;;' :
Prétlent AtYaliokhis, 155"~

"The Arée

o4

n3w

of arsenic-bearing water.
The Mine did not congider that r= dispogal could be effected
and therefore placed an order for an additional Cottrell unit.
Construction of the unit was immediat2ly commenced and in the
interim, metallurgical investigations were continued to alter
the composition cf the roaster fume,
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13, The additional Cottrell unit hegan operating February 28,
1955, and under various conditions of trial, the system has
collected at an average efficiency of around 70 percent with
roaster tonnage of dry concentrate at the 3,000 ton per month
level, This situation has been confirmed from our stack
tests run in July, 1955, (See Table 3}, A striking reduc-
tion in the arsgenic settling on the area has followed, as
ggmogstrated in Figure 3 covering fall pan estimations by
ant,

14, In order to further improve collection, it is now pro-
posed to return to horizontal type roasters and to serap the
vertical unit. This will invelve reconstruction over a peri-
od of approximately two yeare during which time the Mine
would aim to collect at & stack efficilency of around 75 per-
cent,

PART T

S

(b) DISPOSAL OF COLLECTED ARSENIC

15, In Con Mine, operation of the impinger resulted in pro-
duction of a slurry, thickened to a sludge before being pumped
to the disposal area. As previously stated the gquantity of
sludge approximated 15 toms per day. It contained around 20%
solids, 50-60% being arsenic trioxide, The liquid phase of
the sludge carried in solution 1-3 percent arsenic trioxide
and some sulfur oxides. In 194G, this sludge was discharged
at the rear of the roaster house from where 1t ran along the
edge of a tailings pile for 1,000 feet and then entered Pud
Lake, This body of water became heavily loaded with arsenic
(See Figure 4). Following the cases of arsenic poisoning,
the Company undertook to stcre the sludge for it was known
that Pud Lake drained through a marsh into Kam Lake which was
the largest body of water adjacent to the Townsite, Figure i
indicates that movement of arsenic from Pud Lake to Kam Lake
occurred, The concentration of arsenic in Kam Lake gradually
rose a8 the level in Pud Lake fell,

16. Early in 1950, Con pumped the sludge into trenches dug in
its tailings pile. The permanent frost line was about four
feet below the surface so that there was not expected to be
seepage in that direction. Seepage ditches were dug along-
side the trenches to carry any overflow water back to the im-
pinger, Capacity limitations and overflow problems during
freezing weather made this method unsatisfactory. A natural
depression in the pillow-lava, close to the roaster bullding,
was therefore dammed by & cement wall to form a collection
and settling basin. Geological examination of the area had
shown no faults, but a few small shears were Jjointed to elim-
inate any possibility of sespage., Since the fall of 1950,

the arsenic slurry has besn pumped to the basin, allowed to
settle and the supernatant pumped back to the impinger for re-
use, During the winter there are possibly five months during
which the slurry freezes znd no solution can be returned to
the impinger. As more than twice as much water is used in the
impinger as is freed from the slurry, no difficulty has been
encountered in using the basin in this way during the summer
months., The storage basin is still in use and so far there

185
9.55



YK Historical Society - Giant Mine Collection, Box 7, General Manager
- The.ArsenicProblem, Qt-hgelkovgknéife, 1955"
KA I T AU I I O
sl sy FEEE S B

-4 -

has been no direct indication of seepage., More recently
there has been some indication that arsenic from the tailings
pile may be finding its way into Pud Lake for the summer
levels of this lake have risen (See Figure 14).

17. Giant Mine gave consideration to a number of methods for
disposal or storage of the dry arsenic trioxide collected by
the Cottrell plant. Underground storage in stopes prepared
especially for the purpose was the method finally adopted as
being the safest. The stopes are dug in a permafrost area
about 500 feet from the nearest mine workings: they are com-
pletely frozen so that no migration of water will take place.
Connecting ralses are driven to the surface for ventilation
and dumping of arsenlc lnto the stopes., After the stopes are
excavated, their entrances are sealed off with concrete bulk-
heads. Each morning a screw conveyor discharges the previocus
day's catch of arsenic down araise to the stope. Cold alr is
continuously blown into the stope during winter to keep 1t
permanently frozen, After a stope is filled with arsenic it
is sealed off with concrete, the operation being carried out
from the surface. Thls method appears to work satisfactorily.

Summary on Collectlon and Disposal

18, In the case of Con Mine, production has been carried on
without significant change since 1949, The same roasting
technique has been in use since the impinger collectors were
installed., High efficiency appears to have been maintained
by the collectors (Table 1§,

19, The problem of disposal of the arsenic-bearing sludge at
Con Mine is under immedlate control but 1t 1s evident that
the surface storage of large quantities of arsenic may ulti-
mately present a menace to health particularly in view of the
effect of weathering over years on the foundations of the
basins. Yellowknife Townsite is one mile from the basin,
This suggests that if the Townsite were to develop in size,
the direction of the development should probably be directed
away from the storage site.

20, The Cottrell precipitator installed by Giant Mine pro-
vided the advantage of dry collected material which could be
safely stored in frozen dry underground areas. In the oper-
ation of this mine the disposal problem appears to be solved
for future years.

21l. The Cottrell precipitator installed by Giant Mine has
been widely employed in ore roasting. It has appeared to be
the case that Giant Yellowknife Mine deviated from the con-
ditions of roasting for which its collection system was de-
gigned, in providing additional roaster capacity by the pur-
chase of a different type of roaster locally. As a result
the roaster tonnage capacity for which the unit was designed,
yielded a particulate load in fume which exceeded the design
characteristics of the collector,

22, The additional Cottrell unit installed this year has in-
creased collection efficiency to an average of around 70 per-
cent (Table 3). This has been reflected in a substantial

drop in arsenic settling on the area (Figure 3). The action
being taken to return to the origlnal conditions of roasting
by redesign of the plant equipment may be expected to restore
the proper fume conditions for high efficiency collection,

PART IJ, ARSENIC CONTAMINATION IN THE AREA

23, Continuing assessment of the hazard at Yellowknife was
undertaken 1n 1950, and an Occupaticnal Health field officer

185
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has visited the area twice yearly since that time. Environ-
mental samples have been collected from various sources since
1951. The two mines have cooperated in the effort to assess
the extent of contamination of the area and have provided
data and carried cut analyses for arsenic in samples from
their areas,

24, Composite analysis of all data secured on the environmen-
tal situation has been carried cut by the Laboratory Services
of the Occupational Health Division., The data has included
estimations on drinking water, general water bodies in the
area, grass in winter and summer, and arsenic settling from
the air. Each year samples of milk and locally grown vegeta-
bles have been analyzed. The efficlency of the collection
systems installed at the two stacks has been confirmed by our
stack sampling tests in the past two years.

The Condition of the Drinking Water

25, The two Mines and the Townsite use Yellowknife Bay as
source of drinking water. A comprehensive record of the
changes in the arsenic level of the water of Yellowknife Bay
is given in Figure 5. This covers data obtained on Townsite
tap water since February 1950, Chemical analysis was done by
Con Mine. The increase in concentration each spring breakup
is noteworthy but the duration is limited. Attention is drawn
to an increase in the duration of the higher levels at breakup
of ice, in 1955.  This may reflect that the arsenic contamina-
tion of the area was augmented in the past Fall by the situa-
tion at Giant. The great reduction in arsenic released after
February 28th (Figure 3) apparently did not offset the amount
1aid down previously in the winter,

26, Table 4 shows levels of arsenic in the three supplies as
determined in July and December since 1952. The United States
Public Health Service standard calls for not more than 0.05
parts arsenic per million for continuous use but it is sug-
gested (Public Health Reports Vol. 58, page 1763, 1943) that
in emergenciles arsenic in concentratlions up to 1l to 2 p.p.Mm,
might be permitted for several days. It is, therefore, evi-
dent from Table 4 that the arsenic in the area has not con-
taminated the drinking water to a significant extent in July
and December except that the level of 0,13 p.p.m. for Giant
this past July was beyond the USPHS limit. This level was
not reached in the Townsite supply as will be seen from
Figure 5 and is reminiscent of the fleeting rise which oc-
curred on July 30, 1954, also shown in Figure 5. Furthermore
a tap water sample at Giant Mine showed only 0.015 p.p.m., oOn
25th June and 0.009 p.p.m. on July 1l2th. It 1s therefore
supposed that the July sample from Glant represented a fleet-
ing rise in concentration.

Arsenic in Locally-Produced Food

27. The possibility that arsenic might become incorporated
into locally-grown vegetables and in milk produced 1n the area
was recognized when the problem at Yellowknife first came
under investigation. This was strongly indicated in 1950 from
tests on celery and cabbage. Outer portion celery as drawn
from a local storehouse was contaminated to the extent of

2590 p.p.m. - inner portion 185 p.p.m. Cabbage showed 674
p.p.m, for outer portion and 66 p.p.m. inner portion. Appro-
priate warning was issued by the Medilcal Officer of Health
concerning careful washing of vegetables.

28, In 1951, a great improvement“was noted, Cabbage showed
only 2.5 p.p.m. for outer portion and 0.2 p.p.m. inner portion,

+
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In succeeding years a further reduction took place., Outer
portion fell to 0.4 p.p.m. by 1954 and inner portion to 0.03
pP.p.m. Potatoes were tested in 1951, and 1952, and showed
0.3 p.p.m. and 0.05 p.p.m. respectively. Milk production has
been on a contlnuing basis since 1951. In that year milk was
found to contain 0.1 p.p.m., the same amount in 1952, 0,05
p.p.m. in 1953, 0.05 p.p.m. in 1954 and 0.05 p.p.m. in 1955,

29. As a food tolerance of 1 p.p.m. arsenic is allowed, the
conclusion was reached that locally-grown vegetables, if
properly washed, were not a significant source of arsenic
after 1950,

Broad Assessment of General Contamination

30. It was recognized that even after stack collection of
arsenic from roaster fume had been effected it would take
time for the general contamination to be carried away through
the drainage system In the area. Therefore a series of en-
vironmental checks was instituted wilth a view to following
the level of general contamination,

31. Con and Giant lie on a NNE - SSW axis. The Townsite, an
elongated area lles across this axis between the two mines.

It was known that the wind blew from N, NE and NW around 50
percent of the time throughout fall, winter and spring months
with some reduction in this proportion during the early sum-
mer, Con mine had reduced its effluent to small proportions
by the time the sampling program was started in December 1951,
hence the extent of contamination would in fact largely repre-
sent a measure of the contamination by Gilant.

32. Water bodies form a substantial proportion of the region,
running as high as 40 percent in some areas, Therefore sel-
ected samples of water were taken from each area to establish
the year to year changes in the general level of water con-
tamination. The results of these tests carried out in July
and October from 1952 to 1955 are shown in Table 5, It is

to be emphasized that these water samples were not solely
drinking water but included a selection of lakes some of
which had been used, as in the Con area, for disposal of col-
lected arsenic. In fact the average level of arsenic in
water bodies 1in the Con area was on the average higher than
elsewhere because Con had polluted neighboring waters with
arsenlc sludge.

33. Tabléfestablishes first that winter levels are below
summer levels which is consistent with the yearly dralnage of
large amounts of arsenic into the water system at spring thaw,
This arsenic load railses summer values. Winter levels rose
for both Con and Giant areas in 1953 and fell in 1954 but an
explanation for this rise 1s not evident. Considering all
values, for summer and winter in each year, it is evident that
a reductlon in average level of arsenic in the overall water
system of the area has not taken place. This must be attri-
buted to the delay in bringing about fully efficient stack
collection.

34, The assessment of general contamination of the Yellow-
knife land mass was approached by a grass sampling program,
The results of thls program of sampling are summarized in
Table 6. As would be expected winter grass showed a consider-
ably higher level of contamination than grass collected in the
summer, the latter being exposed for a much shorter period.
Winter pgrass contamination in the Giant area has shown some
reduction between December 1951 and December 1954, possibly
reflecting its high contamination level in 1951. However,

185
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Con area has shown little change. This 1s consistent with
the fall pan estimations of settled arsenlc shown in Figure 6
and to be discussed later. In fact, as matters transpired,
the reduction in effluent at Giant Mine was short-lived after
the Cottrell began operation in October 1951. By the Fall of
1952 efficiency was falling and the effluent load was on the
increase toward levels existing before Cottrell collection,
In approximate terms, Giant's low efficlency collection and
doubled roaster tonnage created as much pollution as its half
scale roasting without collection of arsenic from the fume.
The seemingly low arsenic concentration of Townsite winter
vegetation in 1951 suggests that meteorological conditions
may have reduced the transport in that year. Finally, aver-
age winter grass contamination for all points in the area
shows little change over the period. This is in general
agreement with water bodies contamination previously discussed
and with fall pan data in Figure 6 for winter periods.

35. The summer grass values represent arsenic laid down over
a shorter period and hence should reflect short term changes
in the pollution events. The 1952 values were low, This Is
consistent as Giant was collecting at high efflelency during
the spring and furthermore is confirmed by the fall pan data
in Figure 6. In 1953, a rise occurred in arsenic on summer
grass and this rise corresponded to the reduced collection
efficiency at Giant. The reduction in contamination from sum-
mer 1953 to 1954 at Giant and Townsite is most likely a
meteorological effect for no major reduction in Giant effluent
was effected at this time. Con grass values showed a rise
over 1953, not a fall, but the significance of the rise did
not affect the coverall average reduction for the whole area.
Summer grass values for 1955 show a reduction from 1954,

This is consistent with the greatly reduced arsenic discharge
from Giant this year (Figure 3).

36, Assessment of the load of arsenic settling on the Yellow-
knife land mass was estimated by determining the arsenic fall-
ing into exposed pans over periods of several weeks durilng

the year. A series of fall pans had been employed in the Con
area from 1949, These were continued after the Con stack col-
lection reached full operation in 1950. The findings from
these pans are plotted in Figure 6 as average settled arsenic
in pounds per acre per year, Because of the almost negligible
effluent from Con after February 1951, the results from these
pans give an indication of the contamination from Giant.

37. The findings conform generally to the grass and water data
already discussed. Settled arsenic for the winter grass con-
tamination period, June - December, in each year from 1951 -
1954 was very similar. Settled arsenic for the summer periods
also followed changes in grass contamination., Figure 6 in-
dicates that fall pan arsenic responded to the various changes
which occurred in collection at the two mines. A major de-
crease followed inauguration of collection at Con Mine and
Giant Mine in 1951, The increased arsenic discharge following
the increase in roaster tonnage at Giant in 1952 was reflected
in the findings.

38. The 1955 settled arsenic load is revealed first in Figure
3 which shows the striking reduction in settled arsenic in the
Giant area as a result of the commencement of operation of a
second Cottrell on February 28, 1955, This reduction in ef-
fluent was reflected in February to May fall pan values for
the Con Area (Figure 6) and in summer vegetation levels for
1955. A reduction in summer water bodles levels (Table 5)

was not recorded, no doubt because of the heavy load of arsen-
ic 1aid down before the second Cottrell was put into operation,

185
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39. Giant roasted 1500 tons of concentrate without collection
pricr to December 1951, Present operations cover rocasting of
3,000 tons at 70 percent collection efficiency. It is aimed
to maintain efficiency at 75 percent during a period of re-
construction lasting up to two years. In this event, around
one-half a8 much arsenic will be discharged as in 1951. This

ghould lead to substantial reduction in general contamination,

Summary on Arsenic Contamination in the Area

40, Prior to 1951, maximum levels of settled arsenic (Figure
6) were occurring. A significant reduction was brought about
by the control at Con Mine,

41, The estimations carried out between 1951 and 1954 on water
bodies, grass and settled arsenic, indicate that significant
reduction of arsenic¢ in the Yellowknife area in this period
was prevented by the low collection at Gilant,

42, The commencement of the operation of an additional Cottrell
at Giant on February 28, 1955, was reflected in fall pan values
at Giant (Figure 3) and Con (Figure 6), It was also indicated
by a fall in 1955 summer grass. Thus, a new period in the
argsenic situation at Yellowknife has been entered, If Giant
continues to collect at present efficiency, around one half

the arsenlc evolved in 1951 prior to collection, will be dis-
charged, This should lead to substantial reduction in general
contamination,

Conclusions from the Environmentalv
Findings

1. Coliection - If Giant Mine continues to collect arsenic
at present efficiency, the general level in the area should
fall. Every effort should be made to speed reconstruction at
this Mine so ag to derive higher efficiencies from present
Cottrell equipment,

2., Digposal - There is suggestive evidence that arsenic way
be finding 1ts way into Pud Lake from material laid down in
Con tailings pile or from the storage basin. This aspect war-
rants close observation,

3. Continuing Assessment - In view of the reconstruction
planned at Giant Mine to increase collection efficiency con-
tinuing assessment of arsenic distribution in the area for a
further extended period 1s indicated. Substantial advantages
would te obtained if the collection and analysis of samples
were centred in Yellowknife. This would provide more direct
contact with the Mines and the Local Medical Officer of
Health, A review of the assessment program with officers of
the Northern Affairs Department and the Department of Mines
and Technical Surveys is recommended,
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THE ARSENIC PROBLEM AT YELLOWKNIFE
MEDICAL REPORT FOR THE YEARS 1951 - 53

In 1951 it was decided to add a medical survay

to the continuing environmental survey. After

discuseion with the Research Division regarding
methods best suited to the project the follow-

ing were chosen, i

1. Medical Examination

The purpose was tc examine a selected cross section of
the population for evidence of i1l effects which could be at-
tributed to exposure tc arsenic. It was decided that the
school populaticn, some 230 pupils forming approximately 10%
of the total populaticn, would be suitable since this embraced
ages to 17 years, soclal status, racial difference, wage dis-
tribution, sex distribution, and was representative of the
community.

The examinations were carried out with the co-operation
of the Principal of the local school and took place at six
monthly intervals. The examinations were of general nature
such as would be carried out for insurance purposes or for
entrance to the Armed Services but particular attention was
pald to those parts which might indicate overexposure to
arsenic, Histcry was somewhat difficult to obtain because of
the nomadic nature of those engaged in mining and because of
the ages of the children.

The attendance register was inspected and throughout
showed a high level of attendance,

It was noted that the children, in winter, were freely
exposed to contact with snow.

Results of Examination

No evidence of 111 effects which could be charged to over-
exposure to arsenic were found and the state of health was of
a high order throughout the pericd of study.

2. Urinary Examination

Certain children were selected to supply urinary samples
for analysils for arsenic content. The problem was complicated
because of difficulties in obtaining a full supply &t any one
time and because of the changing population which made follow
through impossible in some cases. Because of the above the
number of samples dropped from 54 to 40 during the investiga-
tion.

The results of this analysis appear in the Tables which
follow,

3. Hospital Statistics

The hospital admissions for the period from the opening
of the Hospital in January 1948 to December 1952 were surveyed,
From these data was collected and subwmitted to the Research
Division for statistical treatment. The results appear in the
tables together with a review of the analysis by the statis-
tician,

Certain factors peculiar to Yellowknife should, however,
be remembered in interpreting the tables., These are:

185
9.55



YK Historical Society - Giant Mine Collection, Box 7, General Manager
"]"he Arsenic PLoblgm at'Yg:IIg)wbni:fe, -1955"

- 10 -

8., Private accommodation ls limited and many single
men live in bunkhouses at the mines,

b, Treatment is difficult in bunkhouses and there is
a hospital available at no extra cost,

¢, Because of a, and b, above many patients are ad-
mitted to hospltal for minor conditions which
would elsewhere be treated at home.

d., The effects of alcoholic indulgence are included
under the heading of "poisons”. This is by no
means a rare cause for hospital admission.

&, There are few o0ld persong in Yellowknife,

£, Tuberculosis cases are not admitted but passed
straight through to Edmonton.

Conclusions

1,

2.

G

W
(%)

There is at present no evidence of 111 effects which
could bhe charged to overexposure to arsenic,

If present control is maintained, our opinion is that
no undue hazard from atmospheric pollution by arsenic
gshould occur,

That environmental investigation should continue since
this will reveal any failure in control and provide
opportunity to institute preventive measures to ensure
the health of the community.

Duncan L., Henderson, M.B., Cn,Bcg D.P.H,
Clinical Consultant,

Occupational Health Divisilon,

National Health Department,

Ottawa,
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REVIEW OF YELLOWKNIFE HOSPITAL STATISTICS

Comparative data was located for three other large
hospltal populations and, although it was not possible to make
very precise analysis, the comparlsons brought out some in-
teresting relationships. The three hospital populations with
which comparison was made are: (1) certain hospltals in
England and Wales, 1949, (2) hospitals under the Saskatchewan
Hospital Services Plan, 1950, and (3) the public general
hospitals in Ontario, 1936-37.

Table I, attached, shows the numerical distribution of
Yellowknife hospital admissions for each of the years 1948 to
1952, with the 1948-52 total shown also for each sex, accord-
ing to disease group. The per cent distribution of the 1948-
52 total for Yellowknife according to disease group is com-
pared with that for the other three groups in Table II. Table
III compares the per cent distribution by disease group for
each sex for the Yellowknife and England and Wales surveys.
The proportion of each sex concerned in each of the groups is
given in Table IV, and the per cent distribution by age group
for each sex is given for each group in Table V. Table VI
gives per cent distributlon over the disease groups for males
and females by single years 1948 to 1952 for Yellowknife,

From Table II, it is noted that diseases of the respir-
atory system, skin and cellular tissue, and bones and organs
of movement are relatively more frequent in the Yellowknife
statistics (respiratory diseases appear high also in
Saskatchewan but thils 1s said to be due to the extent of hos-
pitalization for removal of tonsils and adenoids). Accidents,
poisonings, and violence are also more frequent in Yellowknife
relative to total admisslons. Neoplasms and diseases of the
genlto-urinary system are considerably less frequent in re-
lation to total in Yellowknife than in the other three groups.
Special admisslons are more frequent than in England and Wales
or Saskatchewan but not quite as high as in Ontario.
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When the data of Table III is also consldered, the

following pattern becomes apparent:

Relative Yellowknife
Incidence (both sexes)

Relative Sex

Differences
AfﬂTable I1I)

Disease Group (Table II)
Neoplasms very low
Diseases of the low
genito~-urinary

system

Diseases of the high
regpiratory

Diseases of the very high
skin and cellular

tissues

Diseases of the high
bones and organs of

movement

Effects of poisons
high

Accidents and g
violence

Special admissions  high (steady growth)

males slightly
lower than females
in both surveys

males lower than
females to same
extent in both
surveys

males higher than
females in both
surveys but not to
as great an extent
in Yellowknife

males higher than
females 1in both

surveys, but more
80 in Yellowknife

males higher than
females in both
surveys, but males
very high in
Yellowknife and fe-
males lower in
Yellowknife than in
England and Wales

practically no dif-
ference between
sexes in England
and Wales; in Yel-
lowknife males are
over twice as high
relatively as fe-
males

maleg higher than
females in both
surveys, but fe-
malesd same in both
surveys while males
much higher in Yel-
lowknife than in
England and Wales

sexes almost the
same in England

and Wales, but in
Yellowknife females
almost twice as
high as males

ellg!
o 100
(9
(82
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Baged on the age distritution of those admitted to
hospltal, it is presumed that in the general population of
Yellowknife there is a considerable excess of males over fe-
males, particularly at the working ages, and that for both
sexes there 1s only a small proporticn of elderly persons,
(See Tables IV and V.)

The remarkably low incidence of neoplasma and the low
incidence of diseases of the genito-urinary system, particu-
larly for females, is probably attributable almost entirely
to an aspect of the age distribution indicated for the popu-
lation of Yellowknife, i.e. the low proportions at the older
ages,

In at least one study(l) it has been found that the
incidence of diseases of the bones and organs of movement is
high for males who are occupied in mining., Whether or not
the very high incidence for males in Yellowknife is solely
attributable to the fact of mining rather than partly due to
an aspect on the mining process, such as the specific air
pollution belng considered, cannot be deduced from the dats
at hand. It may be noted, however, that while the incidence
for males 1s very high in Yellowknife compared with the data
for England and Wales (Table III) that for Yellowknife fe-
males is comparatively low.

In the same report,(2) 1t is indicated that the in-
cidence of accidents in Yellowknife tends to be high for males
engaged in mining, That the high incidence for accidents is
probably very directly related to mining is indicated by the
fact that the incidence is very high for males while for fe-
males it i1s not any higher than in England and Wales,

Diseases of the respiratory system have a somewhat
higher relative incidence in Yellowknife than in the other
peopulations represented in Table II (as remarked on page 11,
the high incidence in Saskatchewan is said to be related to
hospltalization for the removal of tonsils and adenoids).
Table III indicates that the increased impact in Yellowknife
has been relatively greater for females than for males, If
there 1s any connection between this incidence and the specific
air pollution being considered, it might be related to a de-
gree of "protection" which the males might be afforded through
the occupation of mining and which most of the females there-
fore would not receive,

Diseases of the skin and cellular tissues and the ef-
fects of poisons, on the other hand, appear to have relative
incidence in Yellowknife which are out of proportion for beth
males and females, While no conclusions about the cause of
these incldences may be drawn from the data at hand;, 1t might
be consldered significant that outstanding differences in
incidence at Yellowknife as compared with other pcpulations
studied exist with regard to effects which might be most
expected,

No comparative statistics were located in which the
effects of antimony and arsenic were separated out from the
total group of poisonings. However, in considering the high-
er relative incidence of the effects of poisons in the Yellow-
knife data, it must be kept in mind that effects of antimony
and arsenic do form the bulk of the group.

3.55

(1) Nurfield Provincial Hospitals Trust, "Hospital and Com-
munity, I1I, Hospital-Treated Sickness Amongst the People
of Ayrshire", p.74, :

(2) Ipid,, p.8%,

I85
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Tahle VI shows the per cent distribution of Yellowknife
hospital admissions over the disease groups for males and
females separately for each year, 1948 to 1952, Per cent dis-
tributions are also shown in this table for total admissions
for these years and for the combined group of years, The
marked deviations from other data, referred to above and shown
in Tables II and III, are well sustained through the individu-
al years of the period, within ranges of variation which may
ne expected from year to year in a small population which 1s
concentrated geographically., However, there is very little,
if any, evidence of trends which might be related to g%i
specific air pollutlon being considered in the study. The
incidence of diseases of the skin and cellular tissue, which
ig high for Yellowknife throughout the period, is very high
for both sexes for the year 1948, It might be considered
reasonable to suppese that during the early years of the pol-
lution the population was more susceptlble to this type of
dizease. than later when the pollution was s8till in effect but
5 resistance had been bullt up to it or better precautions
sgainet it bad been worked out. A slight downward trend in
the incidence of diseases of the bones and organs of movement
ig noted after 1949 for males; in 1950 the incidence in this
digease group was high for females, but otherwise there does
not appear to be any particular trend for females with regard
to +this group. A sigeable growth took place 1ln the relative
importance of "spscial admissions" over %the period, particu-
larly for females, More precise information concerning the
reasons for the admissions might be of interest. Total numbers
concerned in the rates for poisonings are much too small to
allow for any decision regarding the variation in this in-
cidence hetween years.

Summary

The data on Yellowknife hospital admissions show very
particular deviations from that for studies related to (1)
certain hospitals in England and Wales, 1949, (2) hospitals
under the Saskatchewan Hospital Services Plan, 1950, and (3)
the public general hospitals in Ontarilo, 1936-37. It is felt
that these comparative studies concern populations which could
not possibly be consildered to have been subjected, as a whole,
to the same type and extent of air pollution as that being
considered in Yellowknife, However, within the period studied,
changes occcurred in the extent of pollution and there does not
seem to be evidence in the data at hand that these changes
were reflected in the incldence of disease as measured by hos-
pital admiesions, There is, then, no particular reason for
assuming that the particular deviations which do exist in the
incidence of disease in Yellowknife.are connected with the
apecific air pollution being considered than with any other
set of circumstances obtaining throughout the period, such &s
location, chief occupation (regardless of related air pollu-
tion), ete., In order to attempt %o assign the deviations more
precisely, it would be necessary to have more extenslve in-
formation, such as data om hospltal admissions for a period of
years preceding 1946, for the years 1946 and 1947, and for a
auccession of years following 1951, the year in which peollution
1g understood to have ceased, The extent to which this data
might be colleczted following 1951 would depend on the trends
indicated as each year's information was assesged,

(1Y It is understood that pollutlon by one large mine began 1in
1946 and that this was augmented 1in 1949 by pollution from
another large mine. Apparatus for the elimination of wmost
of this pollution {for one mine, 98 per cent elimination)
was installed and put into operation during 1951,

Note: Pollution did not in fact remaln under control. In 1952
poliution again rose. D.L.H.

Research Division,
February, 1954,
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TABLE 1

Jﬁg‘%er;teral Manager

ARSENIC COLLECTION EFFICIENCIES AT CON MINE

BY STACK SAMPLING TESTS

JULY 1254
Sampling Sampling Collection |Tons Arsenic
Date Perlod Time Efficiency | Discharged
(24 Hour Clock)| (Minutes) (Percent) Per Day
21st 4o 98.3 0,058
22nd 1140-1420 160 97.6 0,082
23rd 1110-1320 130 98.0 0.068
26th 0950-1230 160 098.4 0.053
26th 1500-1643 103 98.6 0,048
1720-1801
28th 1900-1952 93 99.1 0.028
28th 2115-2355 160 99.3 0.024
2%th 1210-1358 108 99.1 0.030
29th 1820-1940 80 96.2 0.129
29th 1950-2110 80 96.2 0.129
30th 1930-2300 210 05.3 0,160
Average Efficiency 97.8 Percent
Average Discharge Per Day 0.074 Tons
185
9.55




YK Historical Society - Giant Mine Collection, Box 7, General Manager
"The Arsenic Problem at Yellowknife, 1955"

TABLE 2

ARSENIC COLLECTION EFFICIENCIES AT GIANT MINE

BY STACK SAMPLING TESTS

JULY 1954

Sampling "Sampling Collection |Tons Arsehic

"3 24 Hour Clock) | (Mimates) | (Peveent) | Per Day
9th 1650-1800 70 24,3 7.79
12th 1430-1640 120 50,2 5.13
13th 1035-1435 240 42,6 5.91
15th 0757-1157 240 48.0 5.35
15th 1416-1816 240 45,5 5.61
17th 0758-1158 240 45,4 5.62
17th 1406-1806 240 47,3 5.42
19th 1130-1230 60 39.3 6.25
19th 1408-1508 60 33.8 6.82

Average Efficiency 41.8 Percent

Average Discharge Per Day 5.99 Tons
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TABLE 3

Y
rLeraI Manager

1£4

ARSENIC COLLECTION EFFICIENCIES AT GIANT MINE

BY STACK SAMPLING TESTS

JULY 1955
Date | period | Time© | Eoticieney | Discharged
(24 Hour Clock)| (Minutes) (Percent¥ Per Day
12th 1024-1154 90 58. 4 475
12th 1610-1810 120 75.5 2.79
13th 1536-1736 120 69.1 3.61
13th 1536-1736 120 71.6 3.31
13th 2151-2351 120 66.5 3.93
13th 2151-2351 120 63.8 4, 22
14th 1209-1409 120 38.3 6.24
14th 1209-1409 120 53.7 4.68
15th 1041-1241 120 69.0 4,13
15th 1041-1241 120 73.9 3.48
15th 1653-1853 120 73.1 3.59
15th 1653-1853 120 83.5 2.20
16th 1050-1250 120 4.5 2.45
16th 1050-1250 120 64.6 3.39
16th 1800-2000 120 72.8 2,60
16th 1800-2000 120 69.5 3.02

&

O
0

Average Efficiency 67.4 Percent

Average Discharge Per Day 3.65 Tons
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TABLE 4

ARSENIC IN TAP WATER

YELLOWKNIFE N.W,T.

ppMl) ARSENIC BY WEIGHT

NO, OF
AREA SAMPLING | DEC JULY DEC JULY DEC JULY
POINTS | 1952 1953 1953 | 1954 1954 | 1955
GIANT 1 0,008 | 0.05 0.005 0.000 |0.000 | 0.13
TOWNSITE 1 0.008 0.03 [0.005 0.000 [0.000 0.01
CON 1 0.008 0.03 | 0,005 | 0.002 {0.000 | 0.01
AVERAGE 0,008 0.04% | 0,005 | 0.001 [0.000 | 0,05

(1)pARTS PER MILLION BY WEIGHT

\Of
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TABLE 5

ARSENIC IN WATER BODIES

YELLOWKNIFE N, W,T.

AREA NO. OF PPM{1)ARSENIC BY WEIGHT

sggiﬁ%ge DEC. | JULY | DEC | JULY | DEC | JULY

1952 1953 1953 1954 1954 1955

GIANT 7 0.46 1.2 0.86 | 0.9% 0.55 | 1.11

TOWNSITE 7 0.11 0,14 0.11 | 0.16 0.12 | 0.15

CON 7 1.16 1.32 1.50 | 1.58 1.20 | 1.86

AVERAGE 0.58 0.89 0.82 | 0.89 0.62 | 1.04
(1)}ARTS PER MILLION BY WEIGHT

These figures do not reflect drinking water
levels which are shown in Fig. 4 and Table 4, Water

\Of -
= 100
.y
un

.arsenic content than elsewhere,

bodies form a substantial proportion of the region
of Yellowknife, Therefore selected samples of water
were taken from each area to establish the general
level of contamination. Because Con Mine had pol-
luted nelghboring waters with arsenic sludge, the
waters in its area are, on the average, higher in
The Townsite water
supply 18 drawn from Yellowknife Bay, not from

small lakes.
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ARSENIC IN URINE

oF

YELLOWKNIFE SCHOOL CHILDREN

NUMBER |AVERAGE " |SIGNIFICANCE
GROUPS OF ARSENI(J STANDARD OF
CHILDREN| LEVEI!3)|DEVIATION| DIFFERENCE
a. conrrorfl) 47 ]0.0058 0.011 A vs. B
P<0.01
B, EXPOSED GROUP( 2)
DECEMBER 1951 4o 0.063 0.041 Bvs., C
P<0.01

C. SAME GROUPQ)
APRIL 1954 4o 0.027 0.0063 C vs. A

P<0.01

%;ﬁﬁttawa school children age and sex - matched,

2)Excludes children for whom urinalysis was not avallable for
poth December 1951 and April 1952,

(3Micrograms of arsenic per 1 ml, urine,
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Reported Arsenic in Mgm. As per Liter Urine (Y As per 1 ml.)

No. of Standard

Author Subjects Mean Deviation Remarks

Bang 31 0,100 0.140

Webster 43 0.015 0.015

Griffon & Buisson 12 0.021 0.026

Griffon & Bulsson 31 0.031 0.035 Some exposure
to As.

Kingsley & Schaffert 25 0,116 0,051

Cox 16 0,025 0.021

Cox 20 0.067 0.108 Includes above
groups and 4 who
had eaten fish
previously.

Myers & Cornwall 14 0.037 0.046

Swales & Pate 10 0.097 0.100

Watrous & McCaughey 13 0.129 0,057

Watrous & McCaughey 10 0,110 0.063 Exposure to
arsenic,

Monkman 47 0.0058 0.011 Ottawa school
children,
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IV = DISTRIBUTION OF HOSPITAL ADMISSIONS BY SEX, YELLOWKNIFE,
ENGLAND AND WALES, SASKATCHEWAN, AND ONTARIO HOSPITAL DATA(1)

Survey Number Per Cent
M F T M F x
Yellowknife 1948-52(2) 2,465 1,575 4,040 61,0 39.0 100.0
England and Wales, 1949 53,786 77,152 130,938 41,1 5809 100,0
Saskatchewan, 1950 63,205 92,748 155,951 40,5 5945 100.0
ontario, 1936-37 18,858 29,882 48,740 38,7 61,3 100.0

(1) Por sources, see Table II,
(2) Totals as obtained from distribution supplied by ages; distribution supplied by
diagnosis gives 2,467 males and 1,572 females, a total of 14,040,

V - PER CENT DISTRIBUTION OF HOSPITAL ADMISSIONS BY AGE GROUP FOR
EACH SEX, YELLOWKNIFE, ENGIAND AND WALES, s&s&nmcﬁnwan, AND
ONTARIO HOSPITAL DATA(1

Yellowknife England & Wales Saskatchewan Age Ontario

Age Group " 1o.8.51 1949 1950 Group  1936-37

M F M F M F M F
Under 1 5.6 6.9 345 1.6 5.3 2,4 Under 1 38 1.8
1_J+ 709 906 709 }-I-ez loo5 5n£l- 1"’9 16.;6 806
5=14 Lok Tok = 30,2 9.0 16,3 10,5 10-19 13.6 11.8
15-24 22,k 20,9 9.1 16.4 11.9 19.5 20-29 15,6 29.6
25=ll, 38,7 L46.9 23.8 39.1 18.0 37.2 30-49 24,7 30.8
L5-6 18,3 6.3 28.1 20,8 20,2 15,7 50-69 18.1 12.8
65 & over 2.4 2,2 32,0 8ok 17.9 9.2 70 & over 7.0 3,7
N.S, 0.3 0.8 0.5 0.6 - - N.S. 0.7 0.9
Total 100,0 100.0 100,0 100.0 100,0 100.0 Total 100,0 100,0

(1) PFor sources, see Table II.

Research Division,
February, 1954.
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