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Abstract

This report summarizes all of the available
information on the level of arsenic in various segments
of the Yellowknifé, N.W.T., environment. . The data was
obtained from several studies conducted by a number of
federal government departments (Fisheries and the
Environment, Indian Affairs and Northern Development,
National Health and Welfare), the Government of the

Northwest Territories, and other agencies.

A summary of arsenic levels is presented below :

1. Concentrations in the air averaged 0.1 ugm/m3
(micrograms per cubic meter) in the City and 0.3 ugm/m3

at Giant Mine.

2. Ambient arsenic levels in suspended particulates in the
air over the City were, with few exceptions, always <<

(less than) 0.1 ugm/m3-

3. Arsenic concentrations in the Yellowknife municipal water
supply were, with very few exceptions, always== 0.01 mg/1l

(milligrams per liter), the desirable National Standard.

4. Arsenic concentrations in Back Bay, a part of which is
the potable mill water source for Giant Mine, ranged

from== 0.01 mg/l to==(greater than) 0.7 mg/l.
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ii.

Sediments in Back Bay and within 500 meters of Giant Mine
contain arsenic levels of 440 and 1300 mg/kg (milligrams
per kilogram) respectively, Sediments taken from Back
Bay at the mouth of Baker Creek contain arsenicr

concentrationg of 2000 to 3000 mg/kg.

Arsenic levels in several Yellowknife area lakes exceed

0.1 mg/l.

Arsenic concentrations in snow usually range from 0.5 to

10 mg/1.

Soils in the City contain a highly variable amount of
arsenic (1-600 ppm). High levels (== 4000 ppm) occur

near Con and Giant Mine stacks.

Locally grown vegetables contain 0.02 to 7.0 ppm (wet

weight) of arsenic.

Fish in Yellowknife Bay contain 0.2 to 0.3 ppm arsenic

in their flesh.

Aquatic biota are almost non-existent in Baker Creek below

Giant Mine. Benthic invertebrates are scarce in Back Bay.
Arsenic in small wildlife ranged from << 0.1l to 1.4 ppm.

Out of a total of 700 Yellowknife residents, 63 had
arsenic levels == 10 ppm in hair. Of those 63 people,
57 received a more thorough examination, and 6 had

arsenic levels exceeding 100 ppm.




iii.

14, Out of a total of 213 Cominco Con Mine employees, 160
had arsenic levels =< 20 ugm As/litre in their urine.
Five employees had arsenic levels= 100 ugm As/litre in
their urine. Two of these five had lived in Yellowknife

and worked at Con Mine for less than two years.
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1. INTRODUCTION

The Standing Committee on Arsenic Pollution in Yellowknife
1s comprised of members from the following government

departments and agencies :

(a) Environmental Protection Service (EPS),
Department of Fisheries and the

Environment (DFE),

(b) Water Management Branch, Department of

Indian and Northern Affairs (DINA),
(c) Mine Inspection Branch, DINA,

(d) Medical Services, N.W.T. Region, National

Health & Welfare (NHW), Edmonton,

(e) Northern Health Services, NHW, Yellowknife,

(f) Health Care Plan, Government of the

Northwest Territories (GNWT),
(g) City of Yellowknife,

(h) Northwest Territories Chamber of Mines, and

(1) Government of the Northwest Territories.
It is chaired by Mr. Dan Billing, Chief Environmental

Protection Officer, GNWT.

At the request of this Standing Committee and its

Chairman, a summary of data collected in the Yellowknife




Environmental Survey (1975) has been prepared.

This summary document is a compilation 6f tabulated
data of arsenic concentrations in the various segments of the
Yellowknife and.vicinity environment. Air, water, snoﬁ, soil,
vegetation, fish and wildlife samples were analysed during the
Yellowknife Environmental Survey. Human hair sampling and

analyses were undertaken by the Department of National Health

‘and Welfare.

Included in this technical summary are data from the
Food & Drug Act outlining allowable arsenic limits in food,
standard limits for arsenic in water supplies, guidelines for
allowable levels of arsenic in surface water, and the
occurrence of arsenic in various water bodies. Standards
on the arsenic level in soils in absence of a source. of
arsenic contamination, and available data on arsenic
concentration in soils in other areas, have been tabulated.
Arsenic concentrations in ambient air of some communities

in North America are provided.
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TABLE 1

Average Ore Processed and Arsenic
Released to Atmosphere

Cominco Con Mine,
Yellowknife, N.W.T.

(In pounds of arsenic per day)

Year Ore Processed Arsenic Removed Arsenic Released
(tons/day) from Waste Gases to Atmosphere
... .(1bsfday) ... .~ (lbs/day)

1948 - 2385
1949 2147 4161
1950 4043 459
1951 5117 494
1952 4969 310
1953 5926 313
1954 6630 409
1955 6954 430
1956 7114 420
1957 7870 401
1958 516 7353 384
1959 . 524 7302 431
1960 520 7502 599
1961 528 7129 712
1962 538 7429 595
1963 525 6898 484
1964 445 4070 222 .
1965 412 4940 370
1966 451 4366 311
1967 430 3600 316




TABLE 1 (cont'd)

Year - Ore Processed - Arsenic Removed =  Arsenic Released
- (tons/day) from Waste Gases to Atmosphere
o - (lbs/day) . . (1bs/day)

1968 413 3450 318
1969 400 2518 333
1970 396 2030 . 392
1971 425 0 , 0
1972 451 0 0

1973 462 .
1974 398
1975 404
1976

o O O O
o O O ©O

21,780 tons 2,782 tons

(Data supplied by Cominco Con Mine)
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TABLE 3

Summary of Arsenic Concentrations in Air

(Arsenic Concentration in ugm/m3)
(Reference 1)
964

Various Communities

Location 1972 1973 v 1974
Max, Yearly Max. Yearly Max, Yearly Max. Yearly
Ave, Ave, Ave. Ave.

ntario:

Windsor 0,300 0.030 0.025 0.012

Welland 2.313  0.696  0.610 0.271  4.256 0,730

Sault Ste. Marie 0.040 0,017 0.057 0.013

South Porcupine —_ -— 1.090 0.168

Sudbury 0.153 0,026 0.058 0.013
'ellowknife, N.W.T.:

Airport 0.62 -0.12 1.46 0.12

Townsite 0.42 0.14 0.75 0.098

Giant Mine 0.95 0.22 1f68 0.26
mited States:

Chicago 0.04 0.03

Toledo, Ohio 0.18 0.09

E1l Paso, Texas 1.40 0.75

Dallas, Texas 0.03 0.02

Seattle, Washington 0.14 0.08

Charleston, W.Virginia 0.36 0.25

werage of 133 U.S.
Stations

0.02




TABLE 4

Giant Yellowknife Mine Stack
Arsenic Emission Tests

(Conducted by EPS, Edmonton staff)
(Reference 2)

Date Test Number Arsenic Emission

(1bs As/day)
August 14, 1975 1 150.3
August 15, 1975 2 238.3
August 16, 1975 3 155,.8
August 17, 1975 4 175.1
August 18, 1975 5 157.3
August 19, 1975 6 127.6
(average) (167.4)




Ambient Air Survey,

TABLE 5

1975-1976.

Cominco Con Mine,

Arsenic Concentration in the Air
Yellowknife, N.W.T.

(Arsenic Concentration in ugm/m3)

Sampling Period

Reference 15

Location

Total Arsenic
Concentration

.. (monthly geometric mean)

September 1975

October 1975
November 1975
December 1975

January 1976

February 1976
March 1976
April 1976
May 1976

June 1976

July 1-28, 1976.

July 29 -
August 24, 1976.

August 25 -
Sept 1, 1976.

September 1976
October 1976
November 1976

North side of Con

Mill

" 11
" "

North side of Con

Mill

June 18 - moved to

Con Camp

Con Canmp

Con Camp

Con Camp
Con Camp

Con Camp

0.16

0.09
0.02

0.02 .

0.04
0.05
0.05
0.38
0.12

0.03
Test

0.05
0.02
0.04

suspended
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Notes on Table 5

(1)
(2)

(3)
(4)

(5)

Annual geometric mean = ;0.06Jugm/m3 arsenic

Test suspended July 29-August 24, 1976, due to
labour dispute and staff shortage.

Samples obtained by Hi-Vol Sampler.

Chemical analysis at Cominco Laboratory,
Trail, B.C.

British Columbia Government Control Branch

should not exceed 0.2 ugm/m> arsenic,




TABLE 6

Continuous Air Sampling by Cominco Con Mine
Arsenic Concentration in the Air
Yellowknife, N.W.T,

(Arsenic Concentration in ugm/m3)

- Sampling Date: Location Arsenic Concentration
1976 :

March 3-10 North side of Con Mill 0.05
March 10-17 " "o " " 0.07
March 17-24 . " " " " 0.03
March 24-31 " " " " 0.07
March 31- " " " " 0.03
April 7

April 7-14 " " " " 0.06
April 14-21 " " " " 0.08
April 21-28 " " " " 0.04

Note: (1) Samples obtained by Hi-Vol Sampler

(2) Chemical analysis at Cominco Laboratory,
Trail, B.C.
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TABLE 7

Ambient Air Monitoring Program

in the Yellowknife Area, 1975,

Arsenic Concentration in Suspended Particulates

(Reference 3)

Parameter Date Arsenic Concentration
Overall annual geometric mean 1973 0.08 ugms As./m3
suspended particulate 1974 0.09 - "

1975 0.06 "
Individual 24-hour :
suspended particulate 1973-1975 <0.01 - 3.91 pgms As,/m3

Following are available data on standards for

range

arsenic 1in air.

Extraneous Air Quality Limits: (ugm As./m3)

Arsenic Concentrations in

Suspended Particulates: 24-hour basis

B.C. Objective -
USSR Standard -

Czechoslovakia
Standard -

1.0
3.0

3.0
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TABLE 8

Criteria and Guidelines for
Maximum Recommended Levels of Arsenic
in Surface Water

(Arsenic Concentration in ppm)
Water Quality Criteria Maximum Arsenic
U.S,., Environmental Level: NHW (1968)
Protection Agency . . . Guidelines
*
Public Water Supplies =<0.1 recommended 0.05 maximum
(raw water from rivers acceptable
or lakes used for 0.0 maximum
drinking; i.e. casual ‘ desirable
water sources)
Recreation and - not specified not specified
Esthetics . -
Fresh Water Aquatic not specified " not specified
Life & Wildlife
Marine Aquatic Life 0.01 and 0.05 not specified
and Wildlife
Agricultural Uses of 0.01 (continuous
Water use)
Water for livestock 2.0 (for up to 0.05
20 years)
Water for irrigation not specified 2.0 maximum
acceptable
0.1 maximum
desirable
Industrial Water not specified not specified

Supplies

* 0.1 mg/1l (ppm) total arsenic. Obtained from Water Quality
Criteria 1972, p. 56; EPA. R3.73.033 March 1973, A Report of
the Committee on Water Quality Criteria, Environmental
Studies Board, National Academy of Sciences, Washington, D.C.
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TABLE 9

Standard Limits for Arsenic in Water Supplies

(Arsenic concentration in ppm,)

1. U.S.A. Public Health Service (1962)

a) Limit which should not be exceeded if an
alternative water source can be made

available 0.01,
b) Limit above which water source should
be rejected 0.05
2. Canada, Department of National Health &

Welfare (1968)
a) Acceptable Limit - 0.01
b) Maximum permissible limit | 0.05
3. World Health Organization
International standard (1971) 0.05
4. World Health Organization

European standard (1970) 0.05
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TABLE 10
Arsenic Concentration of
Yellowknife Municipal Water Supply
(Arsenic Concentration in ppm.)
Date of Tap Water Schooldraw Pumphouse Schooldraw Pumphouse
Sampling Yk. River Supply Yk. Bay Supply
1975 Summary 0.01 0.01
Feb. 18, 1975 0.011
June 18, 1975 0.020
Sept. 28, 1975 0.01
Oct. 28, 1975 0.01
Nov. - Dec., 1975 0.01
1976:
January 6 <0.01
January 13 <0.01
January 19 <0.01
January 26 <0.01
February 9 0.0008
February 11 0.0008 0.003
March 2 0.0029
March 9 0.0006
March 16 0.0241
March 22 0.003
March 30 0.0006
April 5 0.0008
April 13 0.0007 0.0045
April 27 0.0001 0.0009
May 11 0.0005 0.020
May 17 0.0020
May 25 0.0068
June 7 <0.0005
June 11 0.0046 0.014
June 14 0.0010
June 21 0.0008
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TABLE 10 (cont'd)

Date of Tap Water Schooldraw Pumphouse Schooldraw Pumphouse
Sampling Yk. River Supply Yk. Bay Supply
1976: |
July 5 0.0006
July 12 0.0038
July 19 0.0020
July 29 0.0001
August 2 0.0002
August 10 <0.0005
August 13 0.002 0.55
August 23 <0.0005
August 30 0.0008
September 14 <0.0005
September 23 <0.0005
September 27 <0.0005
October 5 0.0018
October 15 <0.0005 0.014
October 18 <0.0005
November 8 <0.0005
November 15 <0.0005
November 29 <0.0005
December 7 <0.0005
December 14 <0.0005
1977:
January 4 <0.0005
January 6 <0.0005 0.0093
January 11 0.0007
January 18 0.0008
January 24 0.0010
January 31 <40.0005
February 8 < 0.0005
February 14 < 0.0005
February 22 < 0.0005

March 2

< 0.0005
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TABLE 10 (cont'd) ‘ :

Date of Tap Water Schooldraw Pumphouse Schooldraw Pumphouse
Sampling Yk. River Supply Yk. Bay Supply

1977:

March 7 < 0.0005
March 14 < 0.0005
March 23 < 0.0005
March 28 < 0.0005 ‘
April 4 < 0.0005 ' ,
April 20 0.0006
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TABLE 11
Arsenic Concentration of
Giant Yellowknife Mine
Mill Potable Water Supply
Year Month Ave. Arsenic Content Minimum Maximum
ppm. : ppm. ppm.
1973 January 0.0077 - N.D. 0.014
February 0.0066 0.001 0.013
March 0.0069 0.002 0.013
April 0.0098 0.005 0.015 .
May 0.0260 , 0.006 0.144
June ' 0.0460 - 0.005 0.290
July 0.0300 0.004 0.097
August 0.0210 0.007 0.045
September 0.0195 0.011 0.037
October - - -
November 0.0220 N.D. 0.056
December 0.0200 0.000 0.103
1974 . January 0.0110 0.000 0,040
February . - ~ -
March 0.0120 ' 0.003 0.024
April 0.0100 0.005 0.019
May 0.0099 ‘ 8.005 0,014
June 0.0070 0.005 0.013
July 0.0270 0.003 0.093
August 0.0190 0.005 0.048
September - - -
October 0.0097 0.005 0.019
November 0.0080 0.003 0.013 -
December 0.0070 0.003 0.011
1975 January 0.0120 0.005 0.019
February 0.0080 0.003 0.011
March 0.0080 0.005 0.013 g
April 0.0160 N.D. 0.035
May 0.0470 <0.015 0.190
June 0.0480 0.021 0.320 ~
July 0.0410 <0.015 0.186
August —— — -
September 0.0320 <0.015 0.073
October 0.0260 - <0.015 0.057
November - - -
December 0.0200 <0.015 0.060
1976 January 0.0170 <0.015 0.059
February 0.016 <0.015 0.027
March 0.017 <0.015 0.042
April 0.024 <0.015 0.058
May 6.033 <0.015 0.100
June 0.056 <0.015 0.189

N.D, = Not Determined
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a)

b)

c)

d)

£)

20.

TABLE 13

Sediments, Yellowknife Bay (1974)

Yellowknife, N,W.T.

(EPS, Yellowknife)

(readings in mg/kg, dry weight)

Near Yellowknife River

Mean Range 95% Confidence

Limit
138 6-515 83
Back Bay
441 33-1332 254

0-500m from Mine

1316 385-2400

Near Latham and Jolliffe Island

130 34-427

Between Con Mine and Detah

63 8-227

Wool Bay
11 10-12

480

75

47

NumBerrof
_Samples

14

11

11
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TABLE 14

Sediments, Yellowknife Bay (July-August, 1976) BN
Yellowknife, N.W.T.

(EPS, Yellowknife) ' : H

(Readings in mg Arsenic/kg, dry weight (ppm)

Distance from Point of Arsenic Level in Sediments
Waste Disposal at Mouth
of Baker Creek Transect # 1 (N) Transect # 2 (8)
(meters) = . o I ] :
0o : . 2050 ‘ 2050
200 325 775
400 120 o 550
600 120 | 825
800 140 300 ?
1000 - 50 i

Notes: (1) Distance increases from point of waste disposal
at mouth of Baker Creek along the shoreline.

(2) Transect # 1 proceeds in a north direction from
point of disposal.

(3) Transect # 2 proceeds in a south direction from
point of disposal.

(4) Analyses carried out by Barringer Research
(Toronto) using plasma emission.
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TABLE 15

Sediments, Yellowknife Bay (July-August 1976)
Yellowknife, N.W.T.
(EPS, Yellowknife)

(Readings in mg Arsenic/kg, dry weight (ppm)

Distance from point Arsenic Levels in Sediments
of Waste Disposal at A _
Mouth of Baker Creek Transect # 1 Transect # 2.| Transect # 3
(meters) (NE) - (E) (SE)
0 3000 3000 3000
400 750 575 1450
800 475 185 1100
1200 75 425 20
1600 28 2400 -
2000 12 - -
2400 12 - -

Notes: (1) Transects proceed out NE, E & SE from
disposal points.

(2) Analyses carried out by Barringer Research
(Toronto) using plasma emission.




TABLE 16

Sediments, Yellowknife Bay (July-August 1976)
Yellowknife, N.W,T.

EPS, Yellowknife.

(Readings'in mg Arsenic/kg, dry weight (ppm)

Distance from Niven Lagoon
sewage outfall point at -

Back Bay Arsenic Level
(meters)
100 80
300 15
500 120
Notes:

(1) Distance is measured from sewage discharge
point out into Back Bay.

(2)

Analyses carried out by Barringer Research
(Toronto) using plasma emission.
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TABLE 17

Arsenic Levels in Yellowknife Area Lakes

(arsenic concentration in ppm)

Lake/Location Arsenic (soluble) Remarks
"Lake 2; 1.9 miles S.W." 3.90 Data from 0'Toole
"Lake 7; 0.3 miles S.W." 12.40 Reference 4
"Lake 9; 1.9 miles S.W." 0.19 Summer, 1970
"Lake 13; 1.8 miles N.W." 0.56
"Lake ; 10 miles" 0.20
"Lake ; 20 miles" 0.001

Yellowknife Bay:

near Latham Island 0.010
near Mosher Island <0.005
near Detah village ' <0.005
3000 ft. from Kam Point <0.005
Stock Lake 0.005
Frame Lake 0.055
Pud Lake (discharge) © 0.030
Kam Lake 3.0

Yellowknife Bay:

near Latham Island 0.020
near Mosher Island 0,022
near Detah Village 0.005
3000 ft. from Kam Point 0.029
Stock Lake 0.130
Frame Lake 0.250
Pud Lake (discharge) 5.600
Kam Lake ' 2.800
Kam Lake 1.0 - 5.0
Grace Lake 0.001- 0.10
Frame Lake 0.150- 0.180
Lakes 16 miles N.E. n/d

Lakes 12-15 miles N. & N.E. 0.0005 - 0.007

Data from Cominco Ltd.,
survey (1970). Wadey, R.H.
Supervisor, Waste Control,

Cominco, Trail, B.C.

Cominco, Ltd. survey

(1971)

Data from memo Brunskill

to Hamilton Feb. 6/75

‘MArsenic in Yk. Waters"

(Tests carried out over

1972-1974()n/d=non detectable)f
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TABLE 17 (cont'd)

Lake/Location Arsenic (soluble) Remarks

Long Lake 3.0 - 8.0 G. Brunskill;

preliminary findings, ‘fﬁ%

1975 i
Long Lake - beach 0.135 ‘ Feb. 25/75; G. Brunskill :
' Long Lake - center C 0.105 >",-
Stock Lake 0.112 "
Range Lake - 1.296 - Feb, 26/75; G. Brunskill
Fault Lake 0.270 ‘ M
Rat Lake 0.471 | o "
Kam Lake 2.850 ‘ " :
Frame Lake 0.562 Feb. 7/75; G. Brunskill °
Grace Lake 0,026 " ' E
Yellowknife Bay: . i:g
near Latham Island 0.01 Cominco, Ltd. survey (1975) ;;
near Mosher Island 0.01 o Brown, R.L., Supervisor, fﬁ
near Detah Village » ‘ 0.01 Waste Control, Cominco, ﬁ;
3000 ft. from Kam Point 0.01 Trail, B.C. i;
Arden Bay 0.01 5
Stock Lake 0.06
Frame Lake 0.21
Kam Lake 2.55
Long Lake 0.09
Kam Lake:
North basin 2.04 Data collected May 25/76
Central 1.08 by Dr. J. Moore, EPS,
South basin 2.06 Yellowknife. Internal
correspondence.

Notes: (1) Dr. G, Brunskill's analyses (acid digeétion method)
carried out at the Freshwater Institute, Winnipeg,
Manitoba.

(2) Dr. J. Moore's analyses carried out at the E.P.S.
laboratory, Edmonton, Alberta.
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TABLE 17 (cont'd)

Lake/Location . Arsenic (soluble) Remarks

Yellowknife Bay:

near Latham Island 0.04 Cominco Ltd Survey (1976)
near Mosher Island | 0.04 (Reference 15)
near Detah Village 0.01 I
near Kam Point 0.005
Arden Bay 0.01
Long Lake ‘ 0.14
Stock Lake 0.15
Frame Lake 0.33 §
Kam Lake 1.70 %

Notes: (cont'd)

(3) Cominco analyses carried out at Trail, B.C. v ﬁ
(arsine generation method)
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TABLE 18

Occurrence of Arsenic in Various Water Bodies

Arsenic in Water (conc.

(Reference 1 )

Occurrence

in ppm)

Level or Range of Levels

Sea Water
River water, United States

Natural levels, Canadian rivers;
1968 - 1974

Lakes Superior, Ontario, Huron, Erie

‘River; Sweden (upstream from industrial
site)

Surface water; United States
Tap Water; United States

Spring water - California, Rumania
USSR; New Zealand \

Near Yellowknife, 1973 -~ 1974

Great Slave Lake

Taiwan (artesian wells)

Cobalt Lake (Ottawa River Basin)
1970 - 1971

Argentina, Cordoba province
New Zealand (fresh water)

Searles Lake, California
(high salinity water)

0.006 - 0.30

mean 0.0004; maximum 0.230

0.005 - 0,13
0.00025 - 0.001

0.002
mean 0.064; range 0.005 - 0.336

0.100 in some samples tested

0.400 - 1.300 (high in bicarbonate)
0.070 - 1.00

0.004 - 0.500 total

0.001 - 0.030 dissolved |

0.010 - 1.82 (most 0.40 - 0.60)
1.00 - 2.50

approximately 1.50
approximately 20.0

over 200.0 ‘ ;j

BN be




TABLE 19

Summary of Arsenic Deposition
Rates, Yellowknife, N.W.T,

Survey Date Survey Arsenic Deposition Details of
: (1bs/mile2/month) Survey
1. 1950-1963 de Villiers & low 17 Survey in town
Baker (Ref. 5) ‘ high 469 of Yellowknife
average 106
2. 1950-1956 Cominco Con Mine low 27 6 sample points:
Y to 2 miles from
high 267 stack
3. 1955-1956 Giant Mine low 27 15 sample points:
. 1, 2 and 3 miles
high 613 from stack
4. 1974-1975 E.P.S. Snow Survey low 1.2 52 sample points:
(Reference 6) 'low' was obtained
high 264 4 miles south of
calculated Giant; 'high' was
winter mean 11 obtained inside
Giant property,
(Analysis by Vasak/
Sedevic colori-
metric method.)
5. 1975 E.P.S. Ambient low 2.2 'average' is based
Air (Ref. 3) on results of 22
: high 37 stations over
average 9.8 period June to

Notes: (a) Surveys 1, 2, 3 & 5 are based

upon results of fall-pan surveys.

October 1975.
(Analysis by
Vasak/Sedevic
colorimetric
method and by XRF.)

(b) Survey 4 is based upon results of snow coring.

(c) Samples from EPS surveys were analysed at
EPS Laboratory, Edmonton, Alberta.
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TABLE 21

Spring Runoff Sampling Conditions . : o E:
Yellowknife, N.W.T. ' | |

Sampling Date Conditions

1)  April 13, 1976 Spring melt in the early stage; minimal

flows; ice cover on all lakes and rivers.

2) April 27, 1976 Melting rate near its maximum; Yellowknife
River was flowing; surface runoff flows
peaking; most lakes were melting around

edges.

3) May 11, 1976 Melt was nearing completion; surface
runoff was beginning to decrease; most ?

lakes had only patches of ice remaining.

4) June 11, 1976 Several drainage ditches and surface melt;

water pools were dry.
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TABLE 23

_”35.~[,,W

Yellowknife Arsenic Survey, 1970 (Soils)

Cominco, Ltd., Trail, B.C,

{Arsenic Concentration in dry weight, ppm.)

Depth in Soil, Inches

Location | o 0-1 1-7 7-13 0-6 0-13
Undisturbed Soil:
1) 0.75 mile S.W. of

Giant stack. 58
2) 2 miles S. of Giant

stack. 205 50 14
3) East end, Frame

Lake. 101 45 26
4) Con residential

area. 147 33
5) East of Negus mine. 96
6) West of Con head-

frame. 2980
Cultivated Soil:
7) Garden, Con

residential area. 21 40
Standard

Arsenic level in solls in the

absence of a source of contamination... <5.0 ppm.

Notes: (l) Analyses in Tables 23,‘24 and 25 conducted at

Trail Laboratory.

(2) Surveys carried out in 1975 and 1976 are

reported in Reference 15.

b
I




TABLE 24

Yellowknife Arsenic Survey, 1975 (Soils)
Cominco Ltd, Trail, B.C.

(Arsenic Concentration in dry weight, ppm)

Location Depth in Soil, Inches.
0o-1 1-17 7 - 13 0 -

Undisturbed Soils:

l. Con Property (100 yards
N. of Robertson head- ‘ 2880 380 21
frame) ,

2. Negus Mine (100 yards

N.E. of old shaft) 3680 4280 3600
3. Rat Lake (25 yards

W. of lake) 368 46 68
4. Frame Lake (50 yards

N. of lake) 68 92 12
5, Giant - Edmonton road

junction (75 yards N. 74 33 24

of junction)
6. Giant Mine (1 mile 8.

of stack) 392 157 40
Cultivated Soil:

7. Con Garden 64
8. Town Garden (D. Egli) -
N. end 24
S. end 21




TABLE 25

Yellowknife Arsenic Survey, 1976 (Soils)
Cominco Ltd, Trail, B.C.

(Arsenic Concentration in dry weight, ppm)

Location Depth in Soil, Inches. w
0-1 1-7 . 7 -13 0 - 13 }-
|
Undisturbed Soil:
1. Con Property (100 yards
N. of Robertson head- 420 30 30
frame)
2. Negus Mine (100 yards
N.E. of old shaft) 1210 250 60
3. Rat Lake (25 yards
W. of lake) 20 20 40
4. Frame Lake (50 yards
N. of lake) 140 20 80
5. Giant - Edmonton road
junction (75 yards N. 30 40 40
of junction)
6. Giant Mine (1 mile 140 110 20

S. of stack)

Cultivated Soil:

7.

8.

Con Garden

(D. White)

Town Garden (D. Egli) -
N. end
S. end

80

30
40
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TABLE 26

Arsenic Content of Soil Samples, Disturbed Soils Study, 1975

‘(Reference 7)

Sample Location Total Arsenic Insoluble Arsenic
’ (ppm) (ppm)

M-1 - Con Mine ‘ 192 191
M-2 Con Mine 342 341
M-3 " Con Mine 58 57
M-4 Con Mine 115 114
M-5 Con Mine 115 115
M-6 " Con Mine 490 484
s-1 : Town 36 25
S-2 Town 27 8
§-3 Town 39 27
S-4 Town - . 10 10
§-5 Town 75 47
S-6 Town 138 138
s--7 Town : 19 4
S-8 Town 10 5
§-9 Town 605 46
S-10 Town 23 17
S-11 Town 83 81
s-12 Town 43 23
S-13 Town ' 1 1
S-14 Town : 26 1 _
s-15 Town 42 42 -
5-16 " Town 8 1
s-17 Town 18 8
5-18 Town 21 7
s-19 Town 5 4
S-20 Town 5 5
s-21 Con Mine 313 313
S-22 Con Mine : 129 129
S§-23 Con Mine 755 755
S-24 Con Mine 10 10
§-25 Con Mine 605 605
$-26 Giant Mine 261 105
S5-27 Giant Mine 38 36
S-28 Giant Mine 33 33
S-29 Gilant Mine 79 70

- 66

S$-30 Giant Mine 75
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FIGURE 6 ROAD DUST SAMPLE SITES ; YELLOWKNIFE
DISTURBED SOIL STUDY, 1975




,@, uspien 18T juery) - SITWIMOTTSX ,

10, Uuspien 9¢ umMol - IITUWNMOTTIX
8, Tepaed [49 uMmol — SITUYMOTTSA Gl6l (01) 4Y3twms
1V UepIed . 8 Uo) - 9ITWIMOTTRA *a1deg - aunr 3 }osqueld
*3x0dax
youelig UuoTiO23101d YITeSH . 001 STTOS PpPIBY21Q (1) 3301
*3110dax 98uex

youeig UOTIOS30Id YITESH O% 03 1°0 STTOS TeanaTnoTialdy (1) 3301

44,

°110dax oouTWoO)

ur paurfino {syidep TTOS 08Z% :us1y . (6) |
7 ¢suotieoo] oTduwes SulN Z1 :moT BOIE 9JTUMMOTT3X Gl61 ‘AInr o2UuTWO)
*S19]ToUs
woxy 9lowsa ‘volie ueqaf 01
*,d, I93T°uWs Ieau
soTdwes (¢ 1240 JO 9BBIDAY ) G¢
*,V, I9jTewWs Iesu (8)
soTdues (G I9A0 JO 9ZBIASAY L01 OTIBRlUQ v/61 aTdus]

*9T7qe3 SurMOTTOF 3Yl UT

pojuosaid a1e sordmes snoTies 866/ :U8TY (+)
; 9Y3l I0J SUOTIRIIUDDUOD %€  1MOT BOIB 9FITWNMOTTOX 06T ¢asmmng: 9100L,0
; .mxumamm ,Aammv oTu9sIy UOT31ED0] ajeq £pnag

BlB(Q OTUSSIY STQRITEAV pue S9IpniS TIOS SNOTIEA

8¢ HTIIVIL



45.

TABLE 29

Arsenic Concentrations in Yellowknife Area

0'Toole, Clark, Malaby and Trauger

1970
(Reference 4)

Sample Distance from As ' Remarks
Smelter (miles) (ppm)

1 2.7 S.W. 219 Samples 1, 2, 4, 5, 6 and 7 are

mineralized type soils :
1A 199
2 1.9 S.W, 115 ,
2A 164 Samples 1A, 2A, 4A, SA,.6A,‘7B are
of high organic, mossy-type soils.

4 1.2 S.E. 601
4A 814
5 0.4 N.E. 602
5A 852
6 0.3 N.E. 3108
6A 2641
7 0.2 S.W. 6852
7A 2449 | L
7B | 7598 ;
8 0.8 N.E. 269

1.3 S5.W. 153
12 1.8 N.W., 163
13 1.8 N.W. 110
14 0.7 N.W. 45 ’ |
TOWNSITES 119 Garden soil samples from Yellowknife 5

34

178




TABLE 30

Allowable Arsenic Limits in Food

Food and Drug Act Regulations
Health Protection Branch
Department of National Health

and Welfare

Food , Arsenic
.................. .. ppm
Marine & Freshwater Animal Products | 5.0
Liver | ’ ' : 1.0
Fresh Fruits 2,0
Fresh Vegetables ; 1.0
Apple Juice, Cider, Wine, Beer. 0.2
Other Fruit Juices, except Apple Juice 0.1
Beverages, as consumed, and 0.1
Bottled Water

Tea ' ‘ 1.0
Fish Protein ' | 3.5
Baking Powder ‘ : 2.0
Gelatin | 2.0

Dried Herbs and Spices | 5.0
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Vegetable

TABLE 32

Arsenic Content of Vegetation (ppm.)

Fruit Grass, Shrubs

Remarks (reference)

1.0

0.1

<0.02

<1.0

<10-59 range

2.0

12-138
range

0.02-0.10

0.0 -5.0

<1.0 1.0-62.0

_<10-21 range

Federal maximum acceptable
limits.

Level for vegetables grown in
uncontaminated areas.
0'Toole ( &4 ) 1970

National Health and Welfare
data (1).

Canadian apples, 1962-1964;
higher results possibly due
to use of arsenic compounds
as pesticides on fruit crops.
8).

Temple ( Near smelters

(1974).

Flambeck and Smith ( 10 ); 10
ppm was the detection limit
of which the investigators
were confident given the
apparatus and technique

used (XRF).
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Location . ’ . Vegetable

52.

TABLE 34

Arsenic Content in Yelldwknife Vegetables,
September, 1976.

(Reference 15)

Total Arsenic (ppm)
(natural weight basis)

W.A. Case residence

(Yellowknife) - Potatoes = 0.02
D.H. Egli residence Lettuce , 0.21
(Yellowknife) Rhubathb 0.04
Carrots‘ 0.07
Potatoes 0.10

Beets -

Cabbage 0.29

Con Gardens Lettuce | 0.29
Rhubarb 0.11

Carrots 0.11

Potatoes » 0.03

Beets -

Turnips C -

Cabbage 0.06

Giant Gardens Lettuce : -
(various locations) Rhubarb _ 0.16
Carrots . | 0.20

Potatoes 0.08

Beets o -

Turnips , 0.11

Notes:

Parsley 0.79

(1) All vegetables were thoroughly cleaned and washed;
weighed in natural state; dried at 100°F to remove
all moisture; and analysed for arsenic. = Analyses
are calculated on natural weight.

(2) Analyses conducted at Trail Laboratory (arsine
~generation method).




TABLE 35

Arsenic Content of Native Grass Samples,

Yellowknife, N.W.T.
Mid-summer Surveys

(Reference 15)

Location Total Arsenic (ppm)
. 1970 1975 1976

Con Property -~ 100 yards N. of

Robertson headframe 74.0 44.0 32.0
Negus Mine - 100 yards N.E. of

old shaft 8.0 22.0 139.0
Con Gardens 8.0 12,0 -
Rat Lake - 25 yards W. of lake - 6.0 10.0
Yellowknife - D.H. Egli residence - 10.0 -
Frame Lake - N, of lake ' 20.0 10.0 8.0
Giant - Edmonton road junction -

75 yards N. 6.0 28.0 16.0
Giant Mine - 1 mile S. of stack 11.0 17.0 21.0
Notes: (1) Samples collected by cutting the grass about

one inch above roots.

(2) Samples air dried prior to analysis.

(3) Analyses are on a dry weight basis.

(4) Analyses conducted at Trail laboratory

(arsine generation method).
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TABLE 36

Arsenic in Fish Livers and Fish Muscles

“Falk (11 )
1973
Location Fish Type Number of Average'Arsenic
Fish Sampled Concentration
. (ppm wet weight)
Liver . Muscle
Near mouth of Sucker 4 - 0.28
Baker Creek Whitefish 1 0.87 0.22
Northern Pike 4 0.70 0.31
Back Bay, west of Whitefish 2 <0.20 <0.20
. Latham Island. Northern Pike 1 0.73 -
Martin Lake (head- Northern Pike 5 0.96 1.69
water of Baker Walleye 4 1.62 0.29
Creek) Whitefish 4 0.53 0.28
Kam Lake Whitefish 5 0.80 0.28
Northern Pike 5 2.23 3.22
Yellowknife Bay, ~Northern Pike 5 0.32 0.31
sub-island region. White fish 3 0.24 <0.20
Location Animal Arsenic Concentration, ppm |
Keg Lake Snails 79.7
Kam Lake Snails .48.6
Vee Lake Snails 4,8
Madeline Lake Snails 3.1
Near Latham Island Snails 5.4
Graham Lake Water Beetles,
amphipods 3.5




TABLE 37

Arsenic in Fish Muscle
Fisheries & Marine Service,

Yellowknife, N.W.T., ( 12)

1975

Location Fish Type Number of Arsenic i

Fish Sampled Concentration j

(ppm) |
Back Bay, north  Northern Pike 6 <0.20
of Baker Creek. Whitefish 2 <0.20
Back Bay, south Whitefish 3 <0.20
of Baker Creek. Maria 2 <0.20
East Mirage Whitefish 4 <0.20
Islands, Maria 1 <0.20

Yellowknife Bay.
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TABLE 38

Number of Organisms

In Yellowknife Area Lakes and Rivers

Baker Creek

Average summer densities (+95% confidence limits)

Above Mine ' : Below'Mihe
Phytoplankton 0.8 £ 0.1 x 108 um3/L 0.003 x 108
Epiphyton 2.5+ 0.2 x 108 um3/cm2 0.0009 x 108
Rotiferan zooplankton 500 animals/m3 ' 0o
Crustacean zooplankton 12/m3 0
Zoobenthos 5500 /m” . <100/m’

Yellowknife Bay

(a) Transect directly out from Giant Mine into Yellowknife Bay

Distance from wharf Animals/m2
(m) '
At wharf 0.00
200 i 550
400 200
600 1100
800 3600 ) *
1000 ' - 6600 )
1200 : 4500 )
1400 1100
- 1600 , 3900
1800 : 900

% recovery in numbers occurs in an area where the bottom is elevated
and therefore protected from tailings.

(b) From Giant Mine into Back Bay

At wharf : 0
200 , 2300
400 1500
600 200
800 250

1000 200

12q0 400

1400 | 200

1600 900

18Q0 1600

2040 3100

22%0 6700




TABLE 39

Arsenic Content of Small Wildlife
Game Management Branch,
Government of the Northwest Territories

April, 1976
(values are in ppm arsenic)

(whole body analysed)
" (Reference 13)

Specimen Collection Water Arsenic .7i
Number - Specimen -Date Content (%) Concentration Collection Location ‘

1 Willow Ptarmigan TFeb. 18/76 71.38 0.75 on road at Vee Lake

2 " " 71.07 0.72 "

3 " " 71.84 0.45 "

4 " " 71.20 0.59 "

5 Snowshoe Hare Feb. 19/76 75.53 1.44 Giant Mine dump.

6 Raven " ' 69.79 <0.1 Bow-Springer kennels.

7 " " 69.23 <0.1 "

8 " " 69.42 <0.1 "

9 " " 70.07 <0,1 "

10 " " 67.52 <0.1 "

11 Willow Ptarmigan Feb. 20/76 71.01 0.34 on road at Vee Lake

12 " " 71.45 0.35 "

13 " " 71,01 0.44 "

14 " " 70.79 0.32 "

15 " Nov. 12/75 69,31 <0.1 Highway 2; 26 miles

west of Yellowknife.

Note: Analyses conducted at Canadian Wildlife Service, Ottawa.
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TABLE 40

Arsenic in Human Hair Samples

Yellowknife, N.W.T.
(Reference 14)

1975

Early in 1975, 700 Yellowknife residents volunteered to have their
hair sampled and tested for arsenic content.

Number of Persons with Arsenic Concentration

Under -5 ppm 5-10 ppm  Over 10 ppm Total
Mine & Mill Workers 61 30 44 135
Other Residents 516 30 19 565
All persons tested 577 60 63 700

Fifty-seven people from the "over 10 ppm" group received a thorough
medical examination. Arsenic content of hair samples of this group

were:

Arsenic in Hair
(ppm)

10
10 - 49
50 - 99

Greater than 100

Number of Persons

Arsenic in Hair
mean value, ppm

10
34

7.1
21.2
66.7

203.0

43.5
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" TABLE 41

Arsenic in Human Urine Samples

Cominco Con Mine Personnel
Yellowknife;, N.W.T.

February-March 1977
(Reference 16)

Notes:

In February 1977 a voluntary urinary arsenic survey was
conducted by Cominco Limited on 213 out of a total of 236
employees at the Con operation in Yellowknife.

Twenty-three employees did not submit specimens either
due to personal reasons, sickness, vacation, resignation
or attending schools out of town.

(a)
(b)

(e)

(d)

Can Test Limited (Vancouver) supplied specimen
bottles and performed the analyses.

Specimen bottles were issued February 21-22, 1977,
and collected over a three-week period.

Two of the five employees reporting levels greater
than 100 ugm As/litre have lived in Yellowknife and
worked at Con Mine less than two years.

For reference purposes, normal urinary arsenic
values for persons not exposed to arsenic, range
from 10 to 300 ugms As per litre.
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