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ENVIRONMENTAL ARSENIC CONTAMINATION AND CONTROL
IN SMELTING OPERATIONS

KINGSLEY KAY, M.A., Ph.D., Department of National Health and Welfare, Ottawa, Canada

SUMMARY: Arsenic poisoning has in the
past only occurred in areas remote from
population centres and has therefore not
affected human beings, Human poisoning
has recently occurred in a populated area
of Canada adjacent to two smelters
engaged in the extraction of gold. After
poisoning of cattle and humans, a. con-
tinuous survey was started. A feature of
the survey was the urinalysis carried out
on local school children. The methods
adopted to collect and store the effluent
are described. The study shows that even
in remote areas population concentrations
develop when processes are successful,
Operations must be planned with protec-
tive measures and uncontrolled stack
discharge is not desirable.

As early as 1907, Harkins and Swain reported on
assessment of environmental contamination by arsenic
from smelting operations. These authors discussed
the effect of high stacks and condensing chambers in
reducing local contamination. A study of arsenic in
vegetation was described by Swain and Harkins in
1908. Concurrently Haywood (1907) and Harkins
and Swain (1908) considered injury to vegetation and
chronic arsenical poisoning of herbivorous animals.
These latter authors reported on the occurrence of
fatal arsenic poisoning among cattle grazing in areas
close to certain smelters in the Western United States.
In these incidents as well as in others which have
occurred in the years that followed, poisoning was
confined to cattle and wildlife, as the operations con-
cerned were in remote.areas not adjacent to centres of
population. Recently human poisoning has occurred
in a populated area of Canada adjacent to smelting
operations where arsenic-bearing roaster fumes were
discharged to the atmosphere. 'Each of these incidents
has contributed to knowledge of methods for control-
ling discharge of ‘such cffluents but the Canadian
incident has special interest because it involved a
populated centre. The changes in environmerntal
levels of arsenic were assessed in relation to changes in
roasting process and collection equipment. Further-
more, assessment of urinary levels in children of the
area was also carried out, this constituting possibly the
first large-scale biological correlation in this field.

In the Canadian situation two roasters, 3 miles
apart with a 3,000-person townsite in between, handie
locally-mined arsenopyrite ore to drive off arsenic and
release the gold content. This process was begun on a
production scale several years ago and the arsenic
trioxide fume was discharged to the atmosphere. The
development of these mines was successful and though
the area was remote it did not remain unpopulated for
long. Within a few years arsenic pollution had become
widespread and occasioned the death of a herd of
cattle and some cases of illness to humans, At this
stage officers of the Occupational Health Laboratory,
Department of National Health were called in to
assess the health hazard of the widespread arsenic
pollution.

A comprehensive survey was set in motion under

which arsenic levels in air, water and vegetation were

followed, Assistance from the two mines was obtained

in the sampling program. All analyses were by the
Gutzeit method. '

About a year after production started Mine No. 1
installed an experimental scrubber which collected
the fume successfully but produced an arsenic bearing
sludge. When the survey began Mine No. 2 was
encotiraged to install a collection device and Cottrell
precipitation was chosen.

The problem of disposing of the collected arsenic
was serious. In the mine employing a scrubber, 16
tons of arsenic-bearing sludge were produced per day.
This was discharged to a nearby lake and soon
raised the level of arsenic in the lake to as high as 40
ppm. Furthermore the contamination began spread-
ing to adjoining lakes used as an occasional source of
drinking water. To correct this situation a storage
basin was constructed. At Mine No. 2 employing
Cottrell collection, chambers were tunnelled out of the
permafrost zone between 20 and 100 feet underground.
The dry trioxide was pumped into the chambers and
sealed off. To date no definite evidence of leakage of
arsenic either from the storage basin or the permafrost
chambers has been found.

The impinger-scrubber used at Mine No. I has
continued to collect at efficiencies above 90 per cent.
Unfortunately, however, the Cottrell collection
efficiency deteriorated in a few years after installation
presumably due to increased loading and a change in
the composition of the roaster fume as a result of the
addition of a vertical type roaster. An additional
Cottrell unit was added bringing collection efficiency
from 40 to 70 per cent. This was followed by a

" striking teduction in fall pan collections. Further

reasures were recommended to raise collection
efficiency and a bag collector was chosen. The effect
of this measure cannot yet be assessed.

Environmental Sampling Data

Settled Arsenic g

At Mine No. 2 collecting by Cottrell, there was a
striking reduction in airborne arsenic effluent measured
as arsenic settling in fall pans, after the installation of
the second Cottrell early in 1955, This is shown in
Figure 1. The average figures based on 15 sampling
locations within a radius of one mile from the discharge
stack have remained low, though further reduction in
levels are still sought by the consultants in the interests
of reducing environmental contamination to a mini-
mum,

The fall pan data from the smaller mine collecting
by impinger-scrubber represent averages of 6 points
within a one-mile radius. This is shown in Figure 2.
It is evident that levels reflected technical changes
related to arsenic discharge, particularly at Mine No.
92 which by virtue of its large tonnage discharge had a
substantial effect on settled arsenic in the area of Mine
No. 1, a distance of three miles.

Asenic in Water

The levels of arsenic in water are shown in Figures
3 to 8. Tap water was drawn from one large body
adjacent to the area. The data show first that spring
and early summer water from three tap sources
contained arsenic in excess of the safe 8-hour per day
continuous intake standard of the United States
Public Health Service. This is, of course, due to the
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release of arsenic collected on snow during the winter.
Higher levels for the tap water from Mine No. 2 with
the Cottrell installation seem to reflect the lower
collection’ efficiency and higher arsenic output. It is
to be noted, however, that excessive levels of arsenic
were of limited duration.

Figure 8 shows that arsenic in samples from small
lakes in each area has been gradually increasing.
These were not organized sources of water supply
Most of these lakes have no outlet being craters in the
rock formation of the area. Presumably they are
collectors of arsenic which is being washed into them
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by rain and at spring melting year by year. The
higher values for Mine No. | result from the influence
of water-discharged arsenic sludge.

Arsenic on Vegetation

The data for arsenic on vegetation has been plotted
in Fig. 9. It shows that for either summer or winter
samples, arsenic levels in the townsite, between the
two mines, were between the levels of mine area
samples, There was a reduction in deposited arsenic
after the second Cottrell went into use.
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Arsenic in Urine of School Children [ ‘

R S By

Number of Average Arsenic Standard Significance of 02
Groups Children Level Deviation Difference
0.
A, Control® .. .. o 47 0.0058 0.011 A v B : 2
P <0.01 : .
B. Exposed Group B vs. G 2
December e 40 0.063 0.041 P <0.01 : .
C. Same Group G ovs, A e o
April ... 40 0.027 0.0063 P <0.01 o o} L
P -
1Ottawa school children age and sex—matched. E:”
Table 1 g
<
e 2
4 3
f Urinary Arsenic stacks and large condensing flues. F. Amer. Ghem. 3
i School children were examined and urinalysis done Soc. 29, 970. : bt
: on a statistically valid group around seven years ago 2. Harkins, W. D., Swain, R. E. (1908). The chronic i o
and within three years after commencement of dis- arsenical poisoning of herbivorous animals. 7. ; £
charge of arsenic to the atmosphere. The findings for Amer. Chem. Soc. 30, 928, ' sal
two sets of tests at six month interval were compared 3. Haywood, J. K. (1907). Injury to vegetation and R
against a group of Ottawa school children. These animal life by smelter fumes. 7. Amer. Chem. Soc. 550 o o
findings are shown in Table 1. Hospital records 29, 998.
showed no effects due to arsenic and the school 4. Swain, R. E, Harkins, W. D. (1908). Papers on
children were shown to be normal in health. Urines smelter smoke—arsenic in vegetation exposed to
were significantly higher than normal in arsenic but - smelter smoke. F. Amer. Chem. Soc. 30, 915.
not at toxic levels. Since that time one child has died .
due to drinking water made from snow. No other
effects have been reported and a further clinical ARSENIC IN TAP WATER
appralsal has not becﬂ made‘ o4 NATIONAL HEALTH AND WELFARE SAMPLES Al
Conclusion 1 T 1 17 1 T 17T 17
This study of environmental arsenic from discharge . ! ons NATH
of smelter fumes has shown that even in remote areas, ¢!  townsiTe TAP : CrTTTTT
population concentrations develop when mining and - _— )
smelting processes are successful. Thus, public health
hazards can develop from discharged effluents. 2, o 021 MINE No
Operations must therefore be planned so as to provide & I .
protective measures. Uncontrolled stack discharge g v
or discharge of wastes into nearby water bodies is not Zodop
desirable. The study has shown the levels of environ- 2 008} . — 4
mental arsenic developing in relation to discharge 3 <
loads and the urinary excretion of arsenic by exposed £ z 008
children. This review of the available data on the ~— 0908 -~ e |
problem of disposal of arsenic wastes from smelters & N
may provide a useful guide for future developments in ® — - SAFE _LEVEL o — —— e e % o08]
this field. v o004 — =
[
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