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Executive Summary 
 
 
A screening-level health risk assessment (SLHRA) was conducted to evaluate potential health 
risks to visitors acutely exposed to inorganic contaminants in soil at historical mining tour sites 
(Nipissing High Grade Mill, NHGM; Nipissing Low Grade Mill, NLGM; McKinley-Darragh 
Mill, MKD; and Buffalo Low Grade Mill, BLG) located in Cobalt, Ontario. While SLHRAs are 
generally used to indicate the absence of potential health problems, in the present study the 
SLHRA approach was used: (1) to qualify the likelihood of potential health risks, and (2) to 
support the development of risk management strategies without resorting to a comprehensive and 
resource-intensive site-specific health risk assessment. Since soil concentrations of several 
contaminants were substantially higher than current soil guidelines, the SLHRA was conducted 
using the contaminant presenting the greatest potential for acute health effects. Arsenic (As) was 
selected as a marker contaminant since it presented with the greatest magnitude of exceedance of 
soil guideline at most sampling locations. Three acute toxicity reference values (TRVs) were 
derived for As using available toxicological data in animals and acute poisoning data in humans 
in order to assess potential acute health effects to the general population and for pregnant women 
(based on reports of embryo-fetal effects of As).  Central tendency (CT) and reasonable 
maximum exposure (RME) scenarios were developed for receptors of various age groups and 
pregnant women.  Hazard Indexes (HI = receptor exposure / permissible limit) were then 
computed for various ranges of As soil concentrations. 

 
Results obtained indicated that potential acute health effects to As (and possibly other 
contaminants) are likely to occur at most of the historical mining sites and sampling locations 
examined. For the RME and CT scenarios, HIs of 1-10 were associated with As soil 
concentrations of 235–2349 ppm and 1050–10,499 ppm, respectively, based on available 
sampling at the sites.  The frequency of HIs at each former mining site is summarized in the 
following table which indicates the magnitude of HI exceedance and also provides an indication 
of the spatial extent of contamination: 
 
  Frequencies of HIs for the Toddler at each Former Mining Site 
 

Frequencies of HIs (out of total number of sample locations) HI Surface Soil Arsenic 
Concentrations NHGM NLGM MKD BLG 

CT Scenario 
< 1 < 1050 ppm 2/48 3/9 1/6 0/2 

1 to < 10 1050 to < 10,499 ppm 18/48 5/9 5/6 2/2 
≥ 10 ≥ 10,500 ppm 28/48 1/9 0/6 0/2 

RME Scenario 
< 1 < 235 ppm 0/48 1/9 0/6 0/2 

1 to < 10 235 to < 2349 ppm 7/48 3/9 1/6 1/2 
≥ 10 ≥ 2350 ppm 41/48 5/9 5/6 1/2 

 



 v

 
HI < 1 indicates that no adverse health effects are expected, while HIs of 1-10 indicate that 
adverse health effects are possible although they may not necessarily occur.  HI >10 presumes a 
higher probability that adverse effects may occur.  At most sampling locations, total As soil 
concentrations were substantially greater than 1000 ppm. The toddler (7 months to 4 years of 
age) was identified as the most sensitive receptor. Incidental ingestion of contaminated soil was 
the most relevant exposure route/pathway.  
 
Although uncertainties are generally associated with screening approaches, integration of 
additional parameters in the current study provides a reasonable degree of confidence that acute 
health effects could be experienced by visitors of the Cobalt historical mining tour sites, thus 
lending support to the development of risk management strategies without the need for 
conducting a comprehensive human health risk assessment. 
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1.0 Problem Formulation 

 

1.1 Purpose 

 

The purpose of this Technical Report is to describe the results of a screening level health risk 

assessment (SLHRA) conducted by Standards Development Branch (SDB) in order to assess 

potential health risks associated with exposure to contaminated soil present in the historical 

mining tour area of Cobalt, Ontario. This SLHRA was commenced following a request by the 

Timmins District Office expressing concern for tourists visiting the town of Cobalt partaking in 

the self-guided tour of the historical mining sites. Therefore, the objective of this SLHRA was to 

identify potential health risks to visitors following acute / short-term exposure to the 

contaminated soil present at the historical mining tour sites. 

 

While SLHRAs are generally used to indicate the absence of potential health problems, in the 

present study the SLHRA approach was used: 1) to qualify the likelihood of potential health 

risks, and 2) to support the development of risk management strategies without resorting to a 

comprehensive and resource-intensive site-specific health risk assessment. The SLHRA used 

both conservative and realistic assumptions and exposure scenarios to determine if potential 

human health effects are expected at the sites, and whether remedial action is required.  

 

Since the SLHRA examines only potential adverse effects of selected contaminants 

following acute / short-term exposure (i.e., “visitor” scenarios), the results are not directly 

applicable to the residents of Cobalt. 

 

1.2 Description of Area of Concern 

 

As a result of a “silver rush” in the early 1900s, there were over 100 sites with mining and 

milling operations in and around the Town of Cobalt until the early 1970s.  Currently, a popular 

local tourist attraction in Cobalt is the Heritage Silver Trail, a self-guided drive along the back 

roads of Cobalt and through some of the historical mining sites of the area. Each site generally 

consists of a parking area, look-out platforms and/or walking trails, and sometimes picnic tables.  
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As with several former mining sites, the surface soil currently contains mining and milling waste 

with high concentrations of inorganic contaminants (i.e., metals and metalloids). Soil 

concentrations of several inorganic contaminants measured at various sites are substantially 

higher than current Ontario human health-based soil guidelines. 

 

1.3 Soil Sampling and Analysis for Metals and Arsenic 

 

     Soil samples were collected by the Phytotoxicology Investigations Unit of the Environmental 

Monitoring and Reporting Branch (EMRB) of the MOE from the former mining sites in the 

Cobalt area.  At each of a total of 65 soil sample locations, 2 sets of composite samples (i.e. two 

field replicates) were collected.  The soil samples were initially analyzed by EMRB using XRF 

(x-ray fluorescence).  The soil samples were then analyzed by Lab Services Branch for more 

accurate contaminant concentrations.  Further details of the soil sample collection and analyses 

are available in an EMRB report currently in preparation.  

 

1.4 Contaminant Screening – Identification of a Marker Contaminant 

 

Concentrations of inorganic contaminants in the fine soil fraction (less than 250 μm) and soil 

characteristics were obtained for samples collected from four former mining sites in the Cobalt 

area: Nipissing High Grade Mill (NHGM), McKinley-Darragh Mill (MKD), Nipissing Low 

Grade Mill (NLGM), and Buffalo Low Grade Mill (BLG).  For each inorganic contaminant, the 

higher of two composite field replicates from each sampling location is reported in Section 1.4.2 

(Screening Step II – see Table 2) and was used in this SLHRA.  Since values for composite 

samples measured at a given sampling location do not differ significantly, use of the higher value 

for each pair of samples is not considered to represent a conservative input to the exposure 

model.  No data were available on the chemical species present at the sites (e.g., chemical form, 

oxidation state).  The exposure and toxicity assessments were conducted based on the total 

amount of inorganic(s) (e.g., total As) and the most plausible bioavailability estimates obtained 

from the literature for comparable settings. 
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Various inorganic contaminants measured at several sampling locations were found to be 

present at concentrations substantially higher than current Ontario health-based soil guidelines.  

To assess potential health risks in the present SLHRA, one contaminant was selected as a 

“marker” contaminant (Sections 1.4.1 and 1.4.2). The marker contaminant presents the greatest 

potential for acute / short-term health effects as a result of exceedingly high soil levels and 

unique intrinsic toxic properties.  It is also presumed that receptors will be exposed to other 

contaminants via similar exposure routes and pathways, a plausible assumption considering the 

nature of the contaminants present at the various sites. Therefore, any recommendations 

regarding the development and implementation of remedial actions based on the marker 

contaminant would be expected to affect / remediate other contaminants present at the site(s). It 

should also be noted that potential health risks estimated with a marker contaminant are likely to 

underestimate total health risks since this approach does not consider simultaneous exposure to 

several contaminants. 

 

The selection of the marker contaminant was based on two criteria, i.e., the magnitude of 

exceedance of soil guidelines, and frequency of detection above soil guidelines. These aspects 

are discussed in the following sections. 

 

1.4.1 Screening Step I – Identification of a Marker Contaminant based on Magnitude of 

Exceedance of Soil Guideline 

 

Maximum concentrations of each contaminant for which data were available at the various 

sites were compared to current health-based soil guidelines. Only data from the soil fine fraction 

(< 250 µm) in surface soil (generally the 0-5 cm strata with a few exceptions) were used since 

this fraction is considered the most relevant for the exposure pathways examined in this SLHRA 

(Section 1.5). As previously noted, for each contaminant, if two or more concentrations were 

reported for a sampling location, the highest concentration was used. These concentrations were 

compared to the Ontario health-based soil guidelines for a non-potable groundwater situation in a 

residential/parkland exposure scenario (MOE 1996). For contaminants with no Ontario health-

based soil guidelines, US EPA Region III residential risk-based concentrations (RBCs) were 
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used (US EPA 2004). These US EPA RBCs were adjusted by multiplying by a factor of 0.4 to 

account for differences in the methods of derivation of the MOE and US EPA guidelines:  

 

• 0.2 because MOE soil screening guidelines are set to ensure that site-related exposures to 

contaminants do not exceed 20% of the tolerable daily intake 

 

• (200 mg/day) / (100 mg/day) because US EPA’s assumed soil ingestion rate (200 

mg/day) is twice as high as the one MOE uses to establish soil screening guidelines 

 

Thus 0.2  x  (200 mg/day)/(100 mg/day)  =  0.4.  In addition, because of the lack of a 

comprehensive list of soil guidelines derived for health risks from acute / short-term exposure, 

chronic exposure guidelines were used as a surrogate.  Ratios of [soil concentrations to soil 

guideline] (i.e., magnitudes of exceedance) using the maximum concentration measured for each 

contaminant, are reported in Table 1. 

 

Arsenic (As) was identified as the contaminant with the highest magnitude of exceedance of 

soil guideline (ratio > 11,000) as a result of the exceedingly high soil levels at the NGHM site 

(190,000 ppm, equivalent to 19%). Other contaminants presenting with potential health concerns 

as a result of ratios ≥100 included antimony (Sb: 338), mercury (Hg: 231), silver (Ag: 184), and 

nickel (Ni: 184). The following contaminants had ratios varying between 17 and 21: cobalt (Co), 

copper (Cu), iron (Fe), and lead (Pb).  

 

     The MOE and US EPA Region III do not have health-based soil guidelines for calcium and 

magnesium. However, the Food and Nutrition Board of the Institute of Medicine has developed 

recommended intakes of 500 mg/day for calcium and 80 mg/day for magnesium for children 1–3 

years of age (IOM 2001). At the maximum soil concentrations of 250,000 mg/kg for calcium and 

38,000 mg/kg for magnesium (see Table 1), a 1–3 year old would have to ingest approximately 

2,000 mg of soil to exceed the recommended intakes in both cases, assuming no intakes would occur 

from other sources. It was concluded therefore that calcium and magnesium are unlikely to present a 

health concern at the historical mining sites for the average child of 1-3 years of age. 
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1.4.2 Screening Step II – Identification of a Marker Contaminant Based on the Frequency 

of Detection Above Soil Guidelines 

 

Concentrations of each inorganic contaminant in the fine fraction (< 250 µm) of surface soil 

(generally the 0-5 cm strata with a few exceptions) from all sampling locations were compared to 

available health-based soil guidelines. The maximum concentration from 2 composite samples 

was used. Soil concentrations were compared to MOE health-based residential soil guidelines 

and US EPA Region III RBCs. (RBCs were adjusted as previously discussed for Screening Step 

I.)  Results are reported in Table 2 (Part 1 and 2). 

 

Arsenic (As) was identified as the contaminant with the highest frequency of detection above 

soil guidelines. Among a total of 65 sampling locations, 56 (86%) had magnitudes of exceedance 

with ratios ≥ 100 (soil As concentrations ≥ 1700 ppm), with numerous ratios varying between 

1000 and 12,000 (soil As concentrations 17,000 – 190,000 ppm). All 65 locations (100%) had 

magnitudes of exceedance with ratios ≥ 1.0 (soil As concentrations ≥ 17 ppm).  The distribution 

of As ratios ≥ 100 at the various historical sites was as follows: NHGM: 43/48, NLGM: 6/9, 

MKD: 5/6, BLG: 2/2.   For other contaminants presenting with magnitudes of exceedance with 

ratios ≥ 100 (e.g. Sb, Hg, Ag, and Ni) the frequency of detection above guidelines was 

significantly lower than for As (Table 2 and Figure 1). 

 

In summary, based on considerations of soil levels (i.e., soil concentration / soil guideline 

ratios) and frequency of detection at the various historical mining tour sites, As was selected as 

the marker contaminant for this SLHRA. 
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Table 1.   Screening Step I – Maximum Soil Concentration to Soil Guideline Ratios 

 

Contaminant 
Maximum Concentration in 
Surface Soil Fine Fraction 

(ppm) 

Health-Based 
Residential Soil 

Guideline (ppm)a 

Magnitude of Exceedance of Soil 
Guideline (using maximum 

concentration measured) 
Aluminum 32,000 (31,200) 1.0 
Antimony 4,400 13 338 
Arsenicb 190,000 17 11,176 
Barium 400 3,700 0.1 

Berylliumc 1.9 1.2 1.6 
Cadmium 25 14 1.8 
Calciumd 250,000 n/av n/av 

Chromium-VIe 340 180 1.9 
Cobalt 55,000 2,700 20 
Copper 23,000 1,100 21 

Iron 160,000 (9,200) 17 
Lead 3,600 200 18 

Magnesiumd 38,000 n/av n/av 
Manganese 1,300 (640) 2.0 

Mercury 3,000 13 231 
Molybdenum 980 170 5.8 

Nickel 57,000 310 184 
Silver 18,000 98 184 

Strontium 140 (18,800) < 0.1 
Vanadium 170 470 0.4 

Zinc 28,000 16,000 1.8 
 
Legend: 
  ratio ≥ 100 
  ratio of 10 to 99 
  ratio of 1.0 to 9.9 
  ratio < 1 

 
aWhen Ontario health-based guidelines were unavailable, US EPA Region III Residential Risk-Based Concentrations 
(shown in brackets) were used;  bFor arsenic, the Ontario background concentration was used since there is no MOE 
human health-based soil guideline and the US EPA Region III RBC was lower than Ontario background;  cFor beryllium, 
the Ontario background concentration was used because the MOE human health-based soil guideline was lower than 
Ontario background;  dSince there are no MOE or US EPA Region III health-based soil guidelines for calcium and 
magnesium, these chemicals are evaluated and discussed separately;  eChromium (Cr) analyses were reported as total 
chromium, whereas concentrations of Cr+3 and Cr+6 species were not reported.  For screening purposes it was 
conservatively assumed that soil chromium was present entirely as Cr+6 
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Table 2.  Screening Step II – Ratios of Exceedance of Soil Guidelines (Part 1)a 
 

Al Sb As Ba Be Cd Cr Co Cu 
guideline (ppm) guideline (ppm) guideline (ppm) guideline (ppm) guideline (ppm) guideline (ppm) Guideline (ppm) guideline (ppm) guideline (ppm) 

31200 13 17 3700 1.2 14 180 2700 1100 
soil 
conc Ratio soil 

conc ratio soil 
conc ratio Soil 

conc ratio Soil 
conc ratio soil 

conc Ratio soil 
conc ratio soil 

conc ratio soil 
conc ratio 

               
Nipissing High Grade Mill               
21000 0.7 160 12.3 3100 182 68 0.02 0.8 0.7 2.3 0.2 58 0.3 850 0.3 280 0.3 
22000 0.7 98 7.5 3400 200 58 0.02 0.9 0.8 2.5 0.2 62 0.3 870 0.3 500 0.5 
21000 0.7 33 2.5 2100 124 58 0.02 0.7 0.6 1.6 0.1 56 0.3 660 0.2 310 0.3 
18000 0.6 87 6.7 3400 200 47 0.01 0.6 0.5 1.9 0.1 49 0.3 660 0.2 360 0.3 
32000 1.0 210 16 15000 882 11 0.003 1 0.8 5.7 0.4 130 0.7 6200 2.3 2100 1.9 
29000 0.9 270 21 22000 1294 17 0.005 1 0.8 6.6 0.5 120 0.7 8200 3.0 1500 1.4 
24000 0.8 110 8.5 4600 271 34 0.009 0.8 0.7 4.7 0.3 98 0.5 2200 0.8 970 0.9 
17000 0.5 190 15 3400 200 67 0.02 0.7 0.6 5.3 0.4 53 0.3 1600 0.6 890 0.8 
29000 0.9 160 12 12000 706 25 0.007 0.9 0.8 6.3 0.5 110 0.6 4900 1.8 1500 1.4 
18000 0.6 290 22 10000 588 63 0.02 0.7 0.6 7.5 0.5 64 0.4 4700 1.7 1200 1.1 
17000 0.5 310 24 5200 306 51 0.01 0.7 0.6 6 0.4 84 0.5 1700 0.6 850 0.8 
28000 0.9 310 24 19000 1118 52 0.01 1 0.8 8 0.6 110 0.6 7700 2.9 2400 2.2 
28000 0.9 880 68 14000 824 130 0.04 1 0.8 12 0.9 100 0.6 5000 1.9 1500 1.4 
17000 0.5 240 18 4000 235 51 0.01 0.6 0.5 6 0.4 60 0.3 1600 0.6 630 0.6 
16000 0.5 180 14 5000 294 73 0.02 0.7 0.6 4.4 0.3 59 0.3 1900 0.7 620 0.6 
17000 0.5 290 22 8600 506 86 0.02 0.6 0.5 8.3 0.6 55 0.3 4200 1.6 1000 0.9 
16000 0.5 240 18 8800 518 56 0.02 0.6 0.5 7.3 0.5 110 0.6 2600 0.96 670 0.6 
25000 0.8 31 2.4 1700 100 110 0.03 0.7 0.6 1.5 0.1 94 0.5 710 0.3 250 0.2 
17000 0.5 150 12 7500 441 100 0.03 0.9 0.8 6.8 0.5 78 0.4 3500 1.3 690 0.6 
25000 0.8 16 1.2 540 32 120 0.03 0.7 0.6 1 0.1 80 0.4 230 0.1 93 0.1 
16000 0.5 370 28 25000 1471 100 0.03 0.7 0.6 10 0.7 79 0.4 9500 3.5 1800 1.6 
9300 0.3 4400 338 160000 9412 150 0.04 0.6 0.5 22 1.6 48 0.3 40000 15 4300 3.9 
23000 0.7 240 18 16000 941 92 0.02 1.1 0.9 14 1.0 340 1.9 6300 2.3 1500 1.4 
23000 0.7 250 19 22000 1294 98 0.03 1.2 1.0 14 1.0 230 1.3 9200 3.4 1900 1.7 
1200 0.04 1000 77 1200 71 24 0.006 0.5 0.4 1 0.1 6 0.03 440 0.2 50 0.05 
900 0.03 210 16 420 25 8 0.002 0.5 0.4 1.2 0.1 5 0.03 420 0.2 55 0.05 

26000 0.8 130 10 1400 82 140 0.04 0.7 0.6 1.1 0.1 84 0.5 660 0.2 150 0.1 
27000 0.9 110 8.5 2400 141 140 0.04 0.7 0.6 1.5 0.1 88 0.5 860 0.3 250 0.2 
22000 0.7 410 32 36000 2118 65 0.02 0.9 0.8 12 0.9 98 0.5 15000 5.6 2500 2.3 
9900 0.3 2000 154 190000 11176 200 0.05 0.6 0.5 25 1.8 56 0.3 55000 20 1300 1.2 
16000 0.5 580 45 64000 3765 280 0.08 0.7 0.6 13 0.9 76 0.4 16000 5.9 1200 1.1 
30000 0.96 510 39 35000 2059 31 0.008 1.1 0.9 7.5 0.5 130 0.7 11000 4.1 920 0.8 
30000 0.96 260 20 26000 1529 54 0.01 1.3 1.1 8.7 0.6 180 1.0 12000 4.4 3600 3.3 
30000 0.96 180 14 30000 1765 23 0.006 1.3 1.1 11 0.8 150 0.8 15000 5.6 2200 2.0 
23000 0.7 460 35 60000 3529 27 0.007 0.8 0.7 14 1.0 99 0.6 23000 8.5 2100 1.9 
20000 0.6 400 31 62000 3647 80 0.02 0.8 0.7 14 1.0 79 0.4 21000 7.8 1400 1.3 
27000 0.8 250 19 36000 2059 45 0.012 1 0.8 9.3 0.7 120 0.7 13000 4.8 990 0.9 
31000 1.0 130 10 14000 824 11 0.003 0.9 0.8 4.5 0.3 140 0.8 6100 2.3 860 0.8 
20000 0.6 2700 208 120000 7059 67 0.02 0.8 0.7 19 1.4 94 0.5 20000 7.4 23000 21 
27000 0.9 540 42 52000 3059 33 0.009 1.1 0.9 11 0.8 130 0.7 17000 6.3 6000 5.5 
27000 0.9 180 14 27000 1588 22 0.006 0.9 0.8 7.5 0.5 110 0.6 11000 4.1 2500 2.3 
29000 0.9 160 12 26000 1529 8 0.002 1.3 1.1 10 0.7 150 0.8 14000 5.2 2700 2.5 
25000 0.8 320 25 35000 2059 56 0.02 0.9 0.8 9.6 0.7 110 0.6 13000 4.8 2500 2.3 
24000 0.8 430 33 160000 9412 14 0.004 1 0.8 24 1.7 150 0.8 52000 19 1900 1.7 
27000 0.9 260 20 27000 1588 88 0.02 0.9 0.8 7.9 0.6 120 0.7 11000 4.1 2100 1.9 
24000 0.8 280 22 26000 1529 60 0.02 0.9 0.8 8 0.6 120 0.7 11000 4.1 1700 1.5 
19000 0.6 260 20 21000 1235 49 0.01 0.8 0.7 6.1 0.4 88 0.5 8700 3.2 1100 1.0 
25000 0.8 20 1.5 1100 65 120 0.03 0.7 0.6 0.8 0.1 90 0.5 340 0.1 120 0.1 

                  
McKinley-Darragh Mine               

5600 0.2 210 16 1000 59 400 0.1 1 0.8 1.8 0.1 28 0.2 150 0.1 600 0.5 
15000 0.5 330 25 10000 588 400 0.1 0.8 0.7 6.8 0.5 79 0.4 3000 1.1 2000 1.8 
21000 0.7 290 22 4600 271 180 0.05 1.3 1.1 4.4 0.3 100 0.6 1300 0.5 1300 1.2 
18000 0.6 180 14 6200 365 95 0.03 1.1 0.9 4.3 0.3 86 0.5 1200 0.4 1800 1.6 
21000 0.7 120 9.2 2700 159 9 0.002 1.3 1.1 1.7 0.1 110 0.6 870 0.3 1100 1.0 
19000 0.6 130 10 2400 141 24 0.006 1.2 1.0 1.7 0.1 96 0.5 770 0.3 1000 0.9 

                  
Nipissing Low Grade Mill               
13000 0.4 69 5.3 990 58 64 0.02 0.5 0.4 1.3 0.1 69 0.4 270 0.1 180 0.2 
13000 0.4 27 2.1 760 45 66 0.02 0.5 0.4 0.9 0.06 59 0.3 240 0.1 180 0.2 
17000 0.5 220 17 7600 447 110 0.03 0.8 0.7 2.8 0.2 80 0.4 2400 0.9 770 0.7 
2700 0.1 0.6 0.05 140 8.2 8 0.002 0.5 0.4 0.2 0.01 13 0.1 3.4 0.001 28 0.03 
20000 0.6 200 15 11000 647 170 0.05 1.8 1.5 11 0.8 92 0.5 3800 1.4 1100 1.0 
24000 0.8 220 17 42000 247 67 0.02 1.9 1.6 6.4 0.5 110 0.6 2100 0.8 1600 1.5 
24000 0.8 100 7.7 2100 124 8 0.002 0.9 0.8 2 0.1 130 0.7 900 0.3 1000 0.9 
25000 0.8 170 13 5500 324 12 0.003 1.2 1.0 3.9 0.3 130 0.7 2000 0.7 2200 2.0 
17000 0.5 260 20 6600 388 110 0.03 0.8 0.7 4.3 0.3 81 0.5 1800 0.7 1700 1.5 

                  
Buffalo Mine               
21000 0.7 130 10 3500 206 11 0.003 1 0.8 2.7 0.2 110 0.6 760 0.3 800 0.7 
18000 0.6 89 6.8 1800 106 28 0.008 0.9 0.8 3.2 0.2 110 0.6 450 0.2 860 0.8 

 

a(colours as defined in Table 1) 
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Table 2.  Screening Step II – Ratios of Exceedance of Soil Guidelines (Part 2) 
 

Fe Pb Mn Hg Mo Ni Ag Sr V Zn 
guideline (ppm) guideline (ppm) guideline (ppm) guideline (ppm) guideline (ppm) guideline (ppm) guideline (ppm) guideline (ppm) guideline (ppm) guideline (ppm) 

9200 200 640 13 170 310 98 18800 470 16000 
soil 
conc Ratio soil 

conc ratio soil 
conc ratio soil 

conc ratio soil 
conc ratio soil 

conc ratio soil conc ratio Soil 
conc ratio soil 

conc ratio soil 
conc ratio 

                 
Nipissing High Grade Mill                 
32000 3.5 140 0.7 700 1.1 24 1.8 1.7 0.01 330 1.0 170 1.7 20 0.001 56 0.1 240 0.02 
34000 3.7 400 2.0 1000 1.6 11 0.8 1 0.006 260 0.8 120 1.2 31 0.002 59 0.1 430 0.03 
30000 3.3 76 0.4 420 0.7 12 0.9 0.9 0.005 310 1.0 52 0.5 21 0.001 49 0.1 340 0.02 
29000 3.2 200 1.0 550 0.9 11 0.8 0.5 0.003 280 0.9 160 1.6 18 0.01 49 0.1 410 0.03 
66300 6.8 220 1.1 1200 1.9 28 2.2 13 0.1 2300 7.4 42 0.4 15 0.0008 170 0.4 550 0.03 
57000 6.2 220 1.1 1100 1.7 93 7.2 25 0.1 4200 14 92 0.9 15 0.0008 150 0.3 820 0.05 
44000 4.8 440 2.2 950 1.5 22 1.7 8.3 0.05 870 2.8 73 0.7 16 0.0009 120 0.3 1200 0.08 
29000 3.2 370 1.9 1000 1.6 220 17 6.1 0.04 1000 3.2 770 7.9 30 0.002 50 0.1 850 0.05 
58000 6.3 200 1.0 1300 2.0 53 4.1 11 0.1 2100 6.8 89 0.9 15 0.0008 160 0.3 920 0.06 
35000 3.8 560 2.8 910 1.4 150 12 12 0.1 3400 11 900 9.2 25 0.001 65 0.1 1200 0.08 
33000 3.6 590 3.0 760 1.2 140 11 7.5 0.04 1000 3.2 770 7.9 23 0.001 55 0.1 830 0.05 
61000 6.6 500 2.5 1100 1.7 370 28 35 0.2 3800 12 260 2.7 16 0.0009 160 0.3 1000 0.06 
56000 6.1 620 3.1 1100 1.7 1600 123 21 0.1 2700 8.7 330 3.4 23 0.001 140 0.3 2600 0.2 
31000 3.4 260 1.3 780 1.2 1500 115 5.6 0.03 970 3.1 590 6.0 22 0.001 56 0.1 2200 0.1 
29000 3.2 320 1.6 840 1.3 150 12 5.4 0.03 1400 4.5 540 5.5 24 0.001 49 0.1 830 0.05 
31000 3.4 860 4.3 560 0.9 280 22 9.8 0.1 3400 11 2000 20 30 0.002 52 0.1 1400 0.09 
32000 3.5 570 2.9 760 1.2 130 10 4.3 0.03 2700 8.7 990 10 22 0.001 57 0.1 1800 0.1 
32000 3.5 100 0.5 540 0.8 22 1.7 4.8 0.03 550 1.8 100 1.0 35 0.002 67 0.1 190 0.01 
35000 3.8 360 1.8 680 1.1 55 4.2 12 0.1 2100 6.8 850 8.7 67 0.004 65 0.1 1100 0.07 
29000 3.2 37 0.2 530 0.8 9.7 0.7 0.5 0.003 190 0.6 55 0.6 36 0.002 62 0.1 100 0.01 
38000 4.1 1000 5.0 820 1.3 310 24 27 0.2 7500 24 1500 15 29 0.002 60 0.1 1700 0.1 
92000 10 2400 12 920 1.4 230 18 26 0.2 57000 184 650 6.6 27 0.001 40 0.1 45000 0.3 
55000 6.0 2000 10 1000 1.6 63 4.8 22 0.1 5000 16 2300 23 45 0.002 99 0.2 2400 0.2 
57000 6.2 1500 7.5 1000 1.6 62 4.8 24 0.1 7800 25 980 10 47 0.003 100 0.2 2700 0.2 
110000 12 51 0.3 41 0.06 59 4.5 8.2 0.05 280 0.9 18000 184 29 0.002 30 0.06 17 0.001 
160000 17 150 0.8 18 0.03 41 3.2 17 0.1 350 1.1 7900 81 20 0.001 10 0.02 21 0.001 
31000 3.4 54 0.3 550 0.9 31 2.4 2.1 0.01 450 1.5 77 0.8 39 0.002 64 0.1 150 0.009 
32000 3.5 110 0.6 610 0.95 26 2.0 2.4 0.01 650 2.1 150 1.5 41 0.002 67 0.1 220 0.01 
47000 5.1 1100 5.5 750 1.2 210 16 81 0.5 7600 25 860 8.8 20 0.001 92 0.2 1200 0.08 
31000 3.4 760 3.8 430 0.7 860 66 150 0.9 48000 155 950 9.7 44 0.002 42 0.1 2500 0.2 
53000 5.8 1100 5.5 770 1.2 3000 231 71 0.4 15000 48 850 8.7 33 0.002 70 0.1 28000 1.8 
56000 6.1 600 3.0 690 1.1 130 10 78 0.5 8300 27 100 1.0 19 0.001 150 0.3 620 0.04 
64000 7.0 970 4.9 1100 1.7 200 15 43 0.3 6300 20 220 2.2 20 0.001 140 0.3 780 0.05 
60000 6.5 840 4.2 830 1.3 86 6.6 76 0.4 6200 20 100 1.0 13 0.0007 140 0.3 1200 0.08 
53000 5.8 420 2.1 1100 1.7 290 22 78 0.5 11000 35 370 3.8 16 0.0009 140 0.3 680 0.04 
46000 5.0 400 2.0 920 1.4 430 33 68 0.4 12000 39 590 6.0 33 0.002 110 0.2 1800 0.1 
52000 5.7 270 1.4 640 1.0 340 26 110 0.6 5900 19 240 2.4 13 0.0007 140 0.3 690 0.04 
57000 6.2 370 1.9 790 1.2 13 1.0 77 0.5 2500 8.1 28 0.3 9 0.0005 160 0.3 240 0.02 
85000 9.2 3200 16 520 0.8 140 10.8 980 5.8 9600 31 690 7.0 24 0.001 110 0.2 1900 0.1 
60000 6.5 880 4.4 580 0.9 110 8.5 310 1.8 8600 28 330 3.4 16 0.0009 130 0.3 1100 0.07 
52000 5.7 330 1.7 620 1.0 49 3.8 130 0.8 4200 14 67 0.7 6 0.0003 120 0.3 390 0.02 
60000 6.5 1000 5.0 830 1.3 15 1.2 60 0.4 5800 19 67 0.7 14 0.0007 130 0.3 840 0.05 
55000 6.0 500 2.5 740 1.2 210 16 66 0.4 7100 23 270 2.8 20 0.001 120 0.3 1400 0.09 
50000 5.4 110 0.6 1200 1.9 74 5.7 230 1.4 47000 152 66 0.7 21 0.001 100 0.2 490 0.03 
52000 5.7 450 2.3 770 1.2 200 15 58 0.3 6400 21 240 2.4 28 0.002 110 0.2 1100 0.07 
52000 5.7 770 3.9 820 1.3 180 14 39 0.2 6000 19 260 2.7 24 0.001 110 0.2 1400 0.09 
39000 4.2 340 1.7 740 1.2 250 19 19 0.1 5400 17 180 1.8 22 0.001 86 0.2 1500 0.09 
31000 3.4 54 0.3 580 0.9 30 2.3 0.5 0.003 310 1.0 42 0.4 40 0.002 66 0.1 140 0.009 

                    
McKinley-Darragh Mine                 
64000 7.0 1800 9.0 390 0.6 4.7 0.4 6.2 0.04 120 0.4 190 1.9 41 0.002 31 0.07 390 0.02 
110000 12 3600 18 1000 1.6 44 3.4 4.8 0.03 1200 3.9 2200 22 44 0.002 73 0.2 2300 0.1 
61000 6.6 2700 14 860 1.3 17 1.3 2.8 0.02 610 2.0 970 9.9 50 0.003 100 0.2 2100 0.1 
43000 4.7 950 4.8 610 0.95 22 1.7 2.5 0.01 540 1.7 1300 13 35 0.002 85 0.2 1100 0.07 
42000 4.6 170 0.9 690 1.1 13 1.0 0.7 0.004 390 1.3 680 6.9 13 0.0007 98 0.2 240 0.02 
39000 4.2 290 1.5 630 1.0 14 1.1 0.5 0.003 370 1.2 700 7.1 20 0.001 90 0.2 340 0.02 

                    
Nipissing Low Grade Mill                 
24000 2.6 120 0.6 700 1.1 3.1 0.2 0.6 0.004 360 1.2 56 0.6 34 0.002 42 0.1 350 0.02 
24000 2.6 100 0.5 710 1.1 2.4 0.2 0.5 0.003 320 1.0 49 0.5 35 0.002 41 0.1 320 0.02 
38000 4.1 750 3.8 800 1.3 30 2.3 1.3 0.008 2800 9.0 1100 11 27 0.001 73 0.2 840 0.05 
9400 1.0 20 0.1 430 0.7 0.01 0.001 0.9 0.005 12 0.04 0.8 0.008 140 0.007 11 0.02 14 0.001 
52000 5.7 1600 8.0 870 1.4 22 1.7 3.3 0.02 3800 12 850 8.7 82 0.004 97 0.2 5200 0.3 
62000 6.7 2300 12 1100 1.7 13 1.0 1.2 0.007 2700 8.7 640 6.5 10 0.0005 130 0.3 1900 0.1 
49000 5.3 270 1.4 820 1.3 9.3 0.7 0.5 0.003 1200 3.9 450 4.6 16 0.0009 130 0.3 330 0.02 
57000 6.2 500 2.5 940 1.5 26 2.0 1.2 0.007 1500 4.8 650 6.6 15 0.0008 160 0.3 670 0.04 
41000 4.5 1100 5.5 830 1.3 32 2.5 2.4 0.01 1900 6.1 660 6.7 34 0.002 85 0.2 1200 0.08 

                    
Buffalo Mine                 
45000 4.9 470 2.4 730 1.1 100 7.7 0.5 0.003 350 1.1 380 3.9 11 0.0006 110 0.2 550 0.03 
44000 4.8 500 2.5 640 1.0 95 7.3 1.6 0.009 240 0.8 1700 17.3 13 0.0007 100 0.2 740 0.05 

 

a(colours as defined in Table 1) 



 - 9 -

nu
m

be
r o

f s
am

pl
es

 

Figure 1.  Frequency of Detection above Soil Guidelines 
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1.5 Selection of Exposure Scenarios, Exposure Pathways, and Receptors 

 

Mostly visitors frequent the former mining and milling operations that are part of the 

historical mining tour of Cobalt. These visitors may walk around the sites on a self-guided tour 

and consume food at the several picnic tables purposely placed on these sites. Visitors may 

comprise families. Consequently, receptors selected include infants (0 – 6 months), toddlers (7 

months – 4 years), children (5 – 11 years), teens (12 – 19 years), and adults (20+ years). Pregnant 

women (15 – 45 years) were also considered based on data indicating that acute / short-term 

exposure to As may result in embryo-fetal effects (see Section 2.0). 

 

Substantial contamination was detected in surface soil (first 0-5 cm). Since surface soil is 

readily accessible and generally only sparsely covered by vegetation (as noted during a site 

visit), it is presumed for the present SLHRA that exposure will occur directly according to the 

following pathways: 

 

a) Incidental ingestion of soil  

b) Dermal contact with soil 

c) Inhalation of resuspended soil / dust. 

 

As a first step, a Reasonable Maximum Exposure (RME) scenario was examined in order to 

obtain upper-bound exposure estimates, and thus identify receptors, exposure routes and/or 

exposure pathways that would not contribute significantly to health effects. However, since the 

level of contamination present at the sites precluded such conclusions, a Central Tendency (CT) 

scenario was subsequently examined. The CT scenario used central tendency or average 

exposure variables and plausible assumptions in order to obtain more realistic exposure estimates 

without resorting to a comprehensive and resource-intensive Site-Specific Health Risk 

Assessment (SSHRA). The nature of the examined scenarios reflects acute / short-term exposure 

since visitors are not expected to remain at the sites for more than one day.  

 

The exposure scenarios, receptor parameters, and associated exposure variables are discussed 

in Section 3. 
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2.0 Summary of Acute Toxicity of Arsenic 

 

2.1 Acute Dermal Contact with Arsenic 

 

2.1.1 Topical Effects 

 

Information regarding direct skin effects of arsenical compounds following single exposure 

is anecdotal and insufficient to draw definitive conclusions on the irritant or allergenic potential 

of arsenic. Some reports have indicated that direct dermal contact with inorganic arsenicals may 

cause irritation and contact dermatitis. Apparently, the effects are mild (erythema and swelling) 

but in extreme cases may progress to papules, vesicles or necrotic lesions. These conditions are 

reversible if exposure ceases, and have generally been observed in workplace environments in 

the presence of high arsenic dusts. They have not been documented in people exposed to As in 

water or soil, presumably because the concentration of As that contacts the skin from water or 

soil are too low to cause significant irritation (ATSDR, 2000). 

 

A case-report in a tin-smelting factory documented generalized itch, dry and hyperpigmented 

skin, folliculitis, and superficial ulcerations in 11 male workers (27 to 43 years of age) out of a 

workforce of approximately 500 employed for 6 to 8 years. Three of these workers had intense 

itchiness of the scalp and otitis externa; two had occasional cough and difficulty in breathing, but 

none had other systemic symptoms. Total dust content in the workplace air was 5.44 mg/m3, with 

arsenic trioxide (As2O3) content varying from 5.2 to 14.4 µg/m3 in different areas (Mohamed, 

1998). It is unclear whether dermal effects observed in these workers resulted from topical or 

systemic exposure to arsenic or whether other chemicals or occupational/lifestyle factors 

contributed to the effects. 

 

A 29-year old man working in a crystal factory presented with a 1-month history of eczema 

on the hands, arms, and legs. The erythematopapular and vesicular lesions predominated in the 

joint flexures, presumably as a result of the powder lodging there. Although the individual was 

simultaneously exposed to several metallic dusts, including established allergens such as nickel 
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and cobalt, patch tests conducted with diluted working products were positive only to a 1% 

aqueous solution of sodium arsenate. Skin biopsy of the patch test showed spongiosis and 

exocytosis, thus confirming the eczematous nature of the reaction. Twenty-two concurrent 

controls were negative to the 1% aqueous solution of sodium arsenate. No quantitative 

information was provided as to the nature and extent of exposure (Barbaud et al., 1995). 

 

Wahlberg and Boman (1986) conducted routine patch testing with aqueous solutions of 0.1% 

sodium arsenate (pH 8.5) and 0.05% sodium arsenite (pH 10) in 379 eczema patients. Only two 

females (< 1%) reacted to arsenic, and both showed concomitant reactions to nickel and one to 

cobalt. Therefore, cross-reactivity could not be ruled out. On the other hand, these same authors 

reported no dermal irritation and no statistically significant evidence of allergic reaction in a 

guinea pig maximization test (GPMT) using saline solutions containing up to 1% sodium 

hydrogen arsenate (4000 mg As/L) or 0.1% sodium meta-arsenite (580 mg As/L). However, the 

number of animals with positive test reactions to the challenge concentration was slightly 

increased at these high doses, thus prompting the authors to classify arsenic a Grade-I allergen. 

 

Direct skin irritation has been documented in mice receiving 4 mg As/kg bw topically as 

potassium arsenite for 30 weeks. Although this exposure duration is beyond current scenarios, it 

suggests that contact dermatitis may occur at high doses of As (ATSDR, 2000). 

 

A report of a dog accidentally exposed to arsenical insecticides (44% sodium arsenite) has 

documented clinical observations and histopathological changes in the skin consistent with 

allergic dermatitis (Evinger and Blakemore, 1984). These effects were associated with high 

levels of arsenic in urine, blood, feces, and hair, but disappeared after removal of the arsenical 

from the dog’s environment and following systemic clearance of arsenic (i.e., undetectable levels 

in urine, blood, feces, and hair).  

In summary, these reports are insufficient to conclude on the allergenic properties of arsenic 

and to propose tolerable levels for acute contact dermatitis. However, it cannot be excluded that 

dermal exposure to high levels of soluble arsenic, certainly in excess of 4 mg As/kg-bw, may 

result in local skin irritation. 
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2.1.2 Systemic Effects 

 

No studies were located regarding systemic effects following acute dermal exposure to 

arsenical compounds (ATSDR, 2000). 

 

2.2 Acute Ingestion of Arsenic 

 

2.2.1 Acute Local and Systemic Effects (Excluding Embryo-Fetal Effects) 

 

The secondary literature and various jurisdictional databases were reviewed in order to select 

an acute oral toxicity reference value (TRV) for As. However, a brief review of the primary 

literature supporting these TRVs became necessary since inconsistencies were noted in the use of 

uncertainty factors (UF) by some jurisdictions, and as a result of recently published information 

on the oral toxicity of As following acute / short-term exposure. The studies reviewed are 

summarized in Table 3.  

 

Mizuta et al. (1956) reported on 220 cases of food poisoning associated with an episode of 

As contamination of soy sauce in Japan.  The soy sauce contained approximately 0.1 mg As/mL, 

probably as calcium arsenate, and intake over a period of 2 days to 3 weeks was estimated to be 

around 3 mg/day or 0.05 mg/kg bw/day, assuming an average body weight of 55 kg for the Asian 

population. Effects reported included facial edema, especially of the eyelids, and gastrointestinal 

(nausea, vomiting, diarrhea) and upper respiratory symptoms, the latter presumably as a result of 

oesophageal reflux of ingested arsenic. In some patients these effects were followed by skin 

lesions and neuropathy, mild anemia and leukopenia, mild degenerative liver lesions, abnormal 

ECG tracings (possibly involving increased QT interval), and/or ocular lesions. 
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Table 3.  Summary of Toxicity Studies Reviewed Reporting Acute Ingestion of Arsenic in Humans 
 

 

Pathway Duration Dose 
(mg/kg/day) Effects observed Reference 

Contaminated soy sauce 2 days – 3 weeks 0.05 Edema, cardiac, skin, gastrointestinal, respiratory, neurological Mizuta et al., 1956 

Contaminated drinking 
water 1-2 days 0.03 – 0.08 

mg/kg/visit Gastrointestinal Franzblau and Lilis, 1989 

Contaminated curry 1 day (once) 0.33 – 3.1 

Profuse gastrointestinal effects, headache, hypotension, 
hypokalemia, abnormal peripheral WBC counts, liver 

dysfunction, abnormal electrocardiogram findings, dermatological 
lesions, DNA damage, death 

Uede and Furukawa, 2003; 
Yamauchi et al., 2004 

Oral medication 2 days 0.05 erythroderma (skin) Holland, 1904 

Oral medication not reported 0.006 – 0.12 
irritation of mucus membranes, distress, salivation, 

gastrointestinal effects, dryness and burning of tongue, mouth and 
throat 

Solis-Cohen and Githens, 
1928 

i.v. medication approx.  30 days 0.06, 0.11, or 
0.12 

skin reactions, liver dysfunction, skin, gastrointestinal, cardiac, 
facial edema, neuropathy 

Niu et al., 1999; Chen et 
al., 2001; Soignet et al., 
2001; Shen et al., 2001 

 
 
 



 - 15 -

 

Franzblau and Lilis (1989) describe two cases (wife and husband) of intoxication from well 

water contaminated with As from nearby mine tailings. The total inorganic As concentration of 

the well water ranged between 9 and 10.9 mg/L.  During occasional visits prior to the purchase 

of the property, the wife consumed one or two glasses of water.  Immediately thereafter, she 

reported occasional nausea, diarrhea, and abdominal cramps (her husband consumed lesser 

quantities of water during these visits and reported symptoms of abdominal cramps, nausea, 

headache, nasal congestion, and diarrhea.). US EPA Region VIII (2002) estimated As exposure 

for the wife to vary between 0.03 and 0.08 mg/kg bw per visit based on an water ingestion rate of 

0.238 – 0.475 L per visit, arsenic concentrations of 9 – 10.9 mg/L, and an assumed body weight 

of 65 kg. 

 

Cullen et al. (1995) reported a case of arsenic poisoning by a 22-month old female infant 

who ingested approximately 1 oz. of 2.27% sodium arsenate contained in ant killer (0.681 mg, or 

0.047 mg/kg, as reported).  Within 30 minutes the infant developed profuse vomiting, diarrhea, 

and lethargy. On arrival at a hospital emergency department, she was tachycardic, pale, and 

lethargic, with continued gastrointestinal symptoms.  During a subsequent hospital visit several 

days later, a diffuse erythematous rash was also noted. This study was not retained for the 

present analysis since several uncertainties are associated with the dose estimates reported by the 

authors.  

 

Uede and Furukawa (2003) and Yamauchi et al. (2004) reported on an incident that occurred 

in 1998 in Wakayama, Japan, where 67 individuals showed signs of acute poisoning after 

consuming food with high levels of As2O3. Four people died approximately 12 hours after 

intoxication.  The 63 who survived consisted of 29 males and 34 females, and included 20 

children (1 – 12 years old) and 43 adults (13 – 67 years old).  All patients developed profuse 

nausea and vomiting.  Other symptoms included abdominal pain, headache, hypotension, 

hypokalemia, abnormal peripheral WBC counts, liver dysfunction, abnormal electrocardiogram 

findings, and dermatological lesions (Uede and Furukawa, 2003). Time-related measurements of 

8-hydroxydeoxyguanine (8-OHdG) in survivors indicated that acute exposure to As2O3 may 

cause oxidative damage to DNA, but that this effect is reversible (Yamauchi et al., 2004).  The 



 - 16 -

doses were estimated to vary between 22 and 205 mg As2O3 (18 – 169 mg As). Assuming an 

average body weight of 55 kg for Asian adults, it was estimated that As intake would have varied 

between 0.33 and 3.1 mg/kg bw.  

 

Health effects have been reported following the use of arsenical compounds as medicines.  

Holland (1904) reported a case of erythroderma after 5 mg As2O3/day (3.8 mg As/day) was taken 

orally over a 2-day period. Assuming a body weight of 70 kg, this would be equivalent to a dose 

of approximately 0.05 mg/kg bw/day. Solis-Cohen and Githens (1928) reported that doses of 

0.02, 0.035, 0.065, and 0.006 – 0.12 mg/kg bw cause irritation of all mucous membranes, 

distress, salivation, nausea, vomiting, epigastric pain, diarrhea, constipation, and dryness and 

burning of the tongue, mouth, and throat. The reliability of these reports, however, is uncertain 

since analytical methods and clinical diagnostic approaches used at the beginning of the last 

century were based on different standards of practice. 

 

As2O3 was administered via intravenous infusion daily for approximately 30 days in an 

attempt to induce remission in patients with acute promyelocytic leukemia (APL). Niu et al. 

(1999) and Chen et al. (2001) report the incidence of side effects in patients administered As at 

rates equivalent to 0.06 mg/kg bw/day or 0.12 mg/kg bw/day. In 20 patients receiving the low 

dose, the incidence of side effects was limited to liver dysfunction in 4 patients and skin 

reactions in 2 patients. In 58 patients receiving the high dose, the incidence of side effects was 

higher and included liver dysfunction (n = 22) with 2 fatalities from liver failure, skin reactions 

(n = 15), gastrointestinal disturbance (n = 14), cardiac dysfunction (n = 9), and facial edema and 

neuropathy (n = 5). Soignet et al. (2001) also report peripheral neuropathy in 17 of 40 patients 

administered arsenic at ca: 0.11 mg/kg bw/day for 12 to 39 days. 

 

An acute oral minimal risk level (MRL) of 5µg As/kg bw/day was derived by ATSDR (2000) 

based on the estimated intake of 0.05 mg/kg bw/day reported by Mizuta et al. (1956). The MRL 

was based on the initial effects (facial edema and gastrointestinal symptoms) and was calculated 

by applying an uncertainty factor of 10 for use of a LOAEL, and 1 for interindividual variability 

based on the presumption that the persons exposed were representative of various ethnicities and 

age groups, including infants (ATSDR, 2000).  
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US EPA Region VIII (2002) considered several studies in order to derive an acute and 

subchronic oral reference dose (RfD) for inorganic arsenic. An RfD of 5 μg/kg bw/day was 

derived from a LOAEL of 0.05 – 0.06 mg/kg bw/day reported in various studies (Mizuta et al., 

1956; Franzblau and Lilis, 1989; Chen et al., 2001; Niu et al., 1999), further corrected with an 

UF of 3 to account for LOAEL-to-NOAEL extrapolation, and an uncertainty factor of 3 for 

database limitations. An UF for sensitive individuals was not considered. 

 

Tsuji et al. (2004a) reviewed short-term health effect of As exposure in young children (0 to 

6 years old) and derived an acute RfD. They note that available data collectively indicate a 

LOAEL of 0.05 mg/kg bw/day for both acute and subchronic exposure. In addition, only two 

studies (Mizuta et al., 1956 and Franzblau and Lilis, 1989) report enough information to 

establish low-level acute doses. They state that exposures in these studies are underestimated for 

the effects reported, as suggested by the relatively mild side-effects observed in clinical i.v. 

studies of As2O3 in leukemia patients (0.05 – 0.15 mg As/kg bw/day for 12 – 39 days). In a 

subsequent letter to the editor, Tsuji et al. (2004b) claim that a study by Shen et al. (2001) 

supports their contention that the dose of 0.05 mg As/kg bw/day from Mizuta et al. (1956) may 

have been underestimated. In fact, the low dose of 0.08 mg As2O3/kg bw/day (0.06 mg As/kg 

bw/day) used by Shen et al. (2001) showed less serious side effects compared to the high dose of 

0.16 mg As2O3/kg bw/day (0.12 mg As/kg bw/day). Side effects at the high dose were 

considered to be consistent with the more severe symptoms reported by Mizuta et al. (1956). 

Accordingly, they suggest that the LOAEL of 0.05 mg/kg bw/day is likely closer to the NOAEL, 

and that an uncertainty factor of 3 is sufficient for this extrapolation. Therefore, Tsuji et al. 

(2004a) derived an acute RfD of 0.015 mg/kg bw/day based on the LOAEL of 0.05 mg/kg 

bw/day and an UF of 3 for LOAEL-to-NOAEL extrapolation. The authors stated that an UF for 

sensitive individuals was not warranted because, although data for acute exposures are limited, 

children exposed to low doses of As do not appear to be more sensitive than adults (on a dose per 

body weight basis), and exposed populations reviewed included malnourished children and other 

sensitive individuals which may have increased susceptibility to As effects. 
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In summary, an acute oral TRV of 5 μg/kg bw/day was derived by ATSDR (2002) and US 

EPA Region VIII (2002) based on the case-reports of acute poisonings of Mizuta et al. (1956) 

and Franzblau and Lilis (1989). These studies were also used by Tsuji et al. (2004a) to propose 

an acute / sub-acute oral TRV of 15 μg/kg bw/day for children. Despite uncertainties associated 

with exposure estimates, Mizuta et al. (1956) and Franzblau and Lilis (1989) have reported 

consistent symptoms associated with early onset of As poisoning (gastrointestinal and upper 

respiratory tract effects, and edema of the eyelids) at comparable doses of As. These reports are 

supported by clinical studies in APL patients undergoing As chemotherapy. 

 

2.2.2 Embryo-Fetal Effects 

 

For a comprehensive review of the teratology and reproductive toxicity of As in humans and 

experimental animals the reader is referred to ATSDR (2000) and DeSesso et al. (1998). 

 

Acute / short-term exposure to high levels of As may result in embryo-fetal and/or 

reproductive effects in pregnant women. While human data are equivocal or inconclusive 

(DeSesso, 1998), experimental studies conducted in laboratory animals have demonstrated that 

oral administration to high doses of As may result in maternal and/or feto/embryo/toxicity 

(ATSDR, 2000; Holson et al., 2000; Nemec et al., 1998).  

 

A brief jurisdictional review failed to locate acute oral TRVs for embryo-fetal effects. Recent 

studies by Nemec et al. (1998) and Holson et al. (2000) conducted in mice, rats, and rabbits 

using comprehensive protocols under Good Laboratory Practice (GLP) procedures provide 

compelling evidence that the New Zealand White rabbit was the most sensitive experimental 

species following oral gavage of arsenic acid (H3AsO4) on GD 6 through 18 at doses of 0, 0.19, 

0.75, or 3 mg H3AsO4/kg bw/day (0, 0.1, 0.4, or 1.6 mg As/kg bw/day). A NOAEL of 0.75 mg 

H3AsO4/kg bw/day (0.4 mg As/kg bw/day) was established for both maternal and developmental 

effects based on total resorption of a single litter at the 3 mg H3AsO4/kg bw/day dose level, a 

dosage that also produced maternal lethality. No dose-related increases in the incidence of 

malformations were observed. A developmental NOAEL in the mouse and rat was established at 
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7.5 mg H3AsO4/kg bw/day (4 mg As/kg bw/day), and 2.5 mg As2O3/kg bw/day (1.9 mg As/kg 

bw/day), respectively. While differences in toxicity between As+3 and As+5 have been reported 

(ATSDR, 2000), comparative studies in pregnant animals suggest that As+3 and As+5 have 

similar potencies (Stump et al., 1999). 

 

2.3 Acute Inhalation of Arsenic 

 

2.3.1 Acute Pulmonary Effects of Inhaled Arsenic 

 

The Acute Toxicity Summary for As and inorganic As compounds proposed by the 

California Environmental Protection Agency (Cal/EPA, 1999) indicates that acute inhalation 

exposure may result in severe irritation of the mucous membranes of the upper and lower 

respiratory tract, with symptoms of cough, dyspnea, and chest pain. No quantitative permissible 

limits are provided. 

 

2.3.2 Acute Systemic Effects of Inhaled Arsenic 

 

In animals, LC50 values for cats and mice were reported at exceedingly high concentrations 

of As (as As+3) chloride (> 740 mg/m3) (ATSDR, 2000). 

 

Cal/EPA (1999) indicates that the effects of inhaled As may be accompanied by a garlicky 

breath and gastrointestinal symptoms including vomiting and diarrhea, presumably as a result of 

As ingestion following upper respiratory tract clearance. Reported signs of acute poisoning 

include dermatitis, nasal mucosal irritation, laryngitis, mild bronchitis, and conjunctivitis. The 

acute toxic symptoms of trivalent As poisoning are due to severe inflammation of mucous 

membranes and increased permeability of the capillaries. However, no exposure levels were 

reported that have been associated with these effects. 

Arsenic is considered a developmental toxicant under California Proposition 65 (Cal/EPA, 

Safe Drinking Water and Toxic Enforcement Act of 1986) based on several reports. A study 

reported by Nagymajtenyi et al. (1985) was used by Cal/EPA to develop a 1-hour Reference 

Exposure Limit (REL) for airborne arsenic. In this study, pregnant mice were exposed to 0.26, 
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2.9, or 28.5 mg As2O3/m3 for 4 hours/day on day 9 to 12 of gestation. CAL/EPA reports that a 

significant dose-related decrease in fetal weight was observed in the offspring of exposed dams. 

Dose-related increases in hepatocellular chromosomal damage were observed in all exposed 

groups. In the highest dose group, chromosomal damage was statistically significant. The percent 

of dead fetuses per dose group also increased in a dose-related manner. Maternal toxicity was not 

reported. The LOAEL of 0.26 mg As2O3/m3 (0.19 mg As/m3) was corrected with UF for 

LOAEL-to-NOAEL (10x), interspecies (10x), and intraspecies (10x) extrapolation, thus resulting 

in a REL of 0.26 mg As2O3/m3 (0.19 µg As/m3). Because of the uncertainty of extrapolating from 

repeated dose studies to a 1-hour concentration for an embryo-fetal end-point, Cal/EPA elected 

to use 1-day exposure regimen as a basis for the REL.   

 

It has been reported that repeated (6 hours/day) exposure of female rats to 0.3, 3.0, and 10 

mg As2O3/m3, beginning 14 days prior to mating and continuing through mating and gestation 

until GD19, did not result in any observable effects in fetuses (NOAEL > 10 mg/m3) while a 

NOAEL for maternal toxicity was identified at 3.0 mg/m3 (Holson et al. (1999). However, the rat 

is generally considered a poor model for As toxicity since much of the As in the rat accumulates 

in red blood cells thus preventing its distribution to and uptake by critical tissues (ATSDR, 

2000). Since toxicokinetic profiling of As in rats was not conducted by Holson et al. (1999) to 

characterize systemic and fetal exposure, these results remain equivocal. In other species it has 

been demonstrated that inorganic As can pass through the placental barrier. In a case study of a 

pregnant woman ingesting arsenic trioxide (As2O3), As accumulated in fetal tissues at 

concentrations up to 100-fold higher than in maternal tissues (Lugo et al., 1969).  Pregnant mice 

exposed sub-acutely to sodium arsenite (NaAsO2) on gestation days 8 – 18 delivered offspring 

that developed a variety of tumours as adults (Waalkes et al., 2004), thus suggesting significant 

accumulation and interaction in fetal tissues.  

 

2.4 Selection/Derivation of Acute Toxicity Reference Values (TRVs) for Arsenic 

 

Three TRVs were used to assess acute / short-term effects of As at the historical mining tour 

sites.  These are discussed in the following sections. 
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2.4.1 Acute Oral TRV for All Receptors 

 

ATSDR (2000) derived an acute oral minimal risk level (MRL) of 5 µg As/kg bw/day by 

adjusting the LOAEL of 50 µg As/kg bw (0.05 mg As/kg bw/day) reported by Mizuta et al. 

(1956) with a total UF of 10 to account for LOAEL-to-NOAEL extrapolation. Similarly, US 

EPA Region VIII (2002) derived an acute reference dose (RfD) of 5 µg As/kg bw/day by 

adjusting this same LOAEL with a total UF of 10 (3 for LOAEL-to-NOAEL extrapolation and 3 

for deficiency in the database). The rationale provided by these agencies to support their choice 

of individual UFs is limited and insufficient to explain these differences. In both cases, no UF for 

interindividual sensitivity was used mainly based on the assumption that the number of cases was 

sufficient to account for sensitive individuals, including children and young adults. However, 

careful review of the Mizuta et al. (1956) study revealed that the information reported is 

insufficient to support ATSDR and US EPA Region VIII claim. In fact, the information available 

on the patient population was incomplete and/or selective in that clinical data were reported only 

for a limited number of patients, presumably those presenting with the more acute symptoms. In 

addition, no information was provided as to whether infants or children ingested the soya sauce, 

nor on the presence of individuals with pre-existing conditions that may have conferred 

increased sensitivity to As. Moreover, the relatively small number of subjects affected, and 

absence of information correlating individual exposure with clinical findings preclude any 

possible conclusion on the interindividual sensitivity of the affected population. Based on these 

considerations, SDB elected to use an UF of 10 to correct the LOAEL of 50 µg As/kg bw/day for 

the uncertainty in interindividual sensitivity, including polymorphism in metabolic pathways. 

 

SDB also reviewed the data of Mizuta et al. (1956) and other reports to determine the most 

appropriate UF for LOAEL-to-NOAEL extrapolation. The review indicated that the LOAEL of 

50 µg As/kg bw/day was associated mainly with gastrointestinal and respiratory symptoms and 

with edema of the eyelids. These effects are consistent with those reported by Franzblau and 

Lilis (1989) in the two subjects (husband and wife) exposed to 30 to 80 µg As/kg bw per visit (as 

discussed above in Section 2.2.1).  The more severe symptoms reported by Mizuta et al. (1956), 

such as skin reactions, neuropathy, cardiovascular dysfunction, and liver effects (hepatomegaly, 

increased transaminases) were most likely associated with higher exposures in some individuals. 
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This is supported by the studies in cancer patients where comparable symptoms were noted when 

As2O3 was administered i.v. for a period of several days at 120 µg As/kg bw/day (see Section 

2.2.1). Therefore, the value of 50 μg/kg bw/day from Mizuta et al. (1956) is presumed to 

represent a LOAEL. It is also suggested that this LOAEL represents an approximate mid-point of 

a range that could vary between 30 and 80 µg As/kg bw (per exposure event) as reported by 

Franzblau and Lilis (1989).  

 

It is possible that this LOAEL is close to the NOAEL. Indeed, US EPA (1993) used 

epidemiological data on As exposure in drinking water to develop a chronic oral RfD. Critical 

effects at the reported LOAEL of 14 µg As/kg bw/day included hyperpigmentation, keratosis, 

and vascular complications. No information was reported on the occurrence of gastrointestinal 

effects, upper respiratory symptoms, or edema of the eyelids as noted in the studies of Mizuta et 

al. (1956) and Franzblau and Lilis (1989). Since it is likely that the occurrence of such acute 

effects in a large population would have been documented as a result of complaints and clinical 

reports, interruption of drinking water distribution / consumption, and/or remediation activities 

by local authorities, absence of information to this effect strongly suggests that acute-like 

symptoms were not experienced by exposed individuals. This indicates that the NOAEL for 

acute effects is likely greater than 14 µg As/kg bw/day, but lower than the purported LOAEL of 

50 µg As/kg bw/day reported by Mizuta et al. (1956). These arguments support the use of a UF ≤ 

3 for LOAEL-to-NOAEL extrapolation as recommended by US EPA Region VIII (2002) and by 

Tsuji et al. (2004a). 

 

Based on these considerations, SDB used a total UF of 30 (10 for interindividual sensitivity 

and 3 for LOAEL-to-NOAEL extrapolation) in order to adjust the LOAEL of 50 µg As/kg 

bw/day reported by Mizuta et al. (1956) to an oral TRV of 1.5 µg As/kg bw/day.  No additional 

UF were deemed necessary to account for the quality of the database. This TRV was used to 

assess potential acute / short-term effects for all receptors. 
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2.4.2 Acute Oral and Inhalation Developmental TRVs for Pregnant Women 

 

Route-specific TRVs are necessary in order to assess potential embryo-fetal effects in 

pregnant women. Stump et al. (1999) conducted comparative studies of single intraperitoneal 

(IP) or oral doses of sodium arsenate (As+5) or arsenic trioxide (As+3) during in utero 

development in rats. Results indicated that while both As+3 and As+5 were toxic to the developing 

rat, the doses necessary to elicit the toxicity were greatly influenced by the route of 

administration. For example, a developmental NOAEL of ca: 3 mg As/kg bw was established for 

the prevention of increased resorptions, decreased fetal weight, and malformations following IP 

injection, while similar doses administered orally resulted in a NOAEL of ca: 15 mg As/kg bw. 

These differences were attributed to the extensive (hepatic) first-pass methylation and 

detoxification of As following oral administration. Several investigators have reported similar 

findings in other species (for a discussion see Stump et al., 1999; ATSDR, 2000). These 

considerations suggest that potency differences should also be expected between the pulmonary 

and oral routes since it is presumed that inhaled As particles deposited in the deep lung will 

transfer (following dissolution or as a result of phagocytosis and release by alveolar 

macrophages) to the systemic circulation and distribute to peripheral tissues prior to their 

reaching the liver. Therefore, separate TRVs were derived for the oral and pulmonary routes. 

 

Studies having examined embryo-fetal effects in dams concurrently exposed to similar doses 

of As through the oral and pulmonary routes are not available. Therefore, the oral study of 

Nemec et al. (1998) and the inhalation study of Nagymajtenyi et al. (1985) were considered in 

order to derive route-specific TRVs for the present SLHRA.  

 

The study of Nemec et al. (1998) conducted in New Zealand White rabbit provided a 

NOAEL of 0.4 mg As/kg bw/day based on the total resorption of a single litter noted at the 

higher dose of 3 mg H3AsO4/kg bw/day, a dosage that also produced maternal lethality. This 

NOAEL was corrected with a total UF of 100 (10 for animal-to-human extrapolation and 10 for 

interindividual variability) to obtain an acute developmental TRV of 4 μg As/kg bw/day. 
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The embryo-fetal study of Nagymajtenyi et al. (1985) indicates adverse effects on the fetus 

following inhalation of As as arsenic trioxide based on unequivocal concentration-related trends 

in fetal mortality, decreased fetal weight and fetal growth, and on the incidence of (undefined) 

skeletal malformations at high concentrations.  Pregnant mice were exposed to As2O3 for 4 

hours/day on gestational days 9-12 at concentrations of 0.26, 2.9, or 28.5 mg As2O3/m3.  Fetal 

malformations were increased in all treatment groups (3, 7, and 31 fetuses, respectively), but 

were statistically significant only in the highest treatment group.  The number of dead fetuses 

were increased in all treatment groups, but were not statistically significant (12, 13, and 29%, 

respectively, vs. 8% for controls).  Decreases in fetal weight were statistically significant in all 

treatment groups (3.7, 9.9, and 23% reduction, respectively).  At the lowest concentration of 0.26 

mg As2O3/m3 (0.19 mg As/m3), although there were no significant increases in skeletal 

malformations and no changes in the number of dead fetuses or in the number of fetuses with 

retarded growth, there were statistically significant decreases in fetal weight (3.7%).  While 

CAL/EPA considered this finding a LOAEL and allocated an UF of 10 for LOAEL-to-NOAEL 

extrapolation, ATSDR (2000) interpreted this finding as a NOAEL. Some deficiencies are 

known to be associated with the design and reporting of this study, including failure to quantify 

malformations on a litter basis, absence of descriptive information regarding the nature of 

skeletal malformations and no information on potential soft tissues malformations, and no 

reports on maternal effects. This last point precludes definitive conclusions on the toxicological 

relevance of the fetal weight change noted at the low concentration since it can not be excluded 

that minimal decreases in fetal weight may have occurred as a result of decreased maternal body 

weight and/or food consumption, a plausible consequence of gastrointestinal effects following 

mucocilliary clearance and ingestion of As2O3 particles. 

 

It is acknowledged that the more recent studies conducted by Holson et al. (1999) in rats 

exposed to similar concentrations of airborne As2O3 (0.3, 3.0, 10 mg/m3), beginning 14 days 

prior to mating and continuing through mating and gestation until GD19, have not reported 

significant changes in the fetuses (while, for maternal toxicity, a NOAEL was established at 3.0 

mg/m3). However, as previously discussed the toxicological relevance of these findings is 

unclear since the distribution of As in the rat is substantially different from other species, 

suggesting that the rat is probably not an appropriate toxicokinetic model to mimic the 
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distribution, metabolism, or excretion of arsenic in humans (ATSDR, 2000). It is also arguable 

whether dosing animals 14 days prior to mating, and throughout mating prior to gestation would 

induce tolerance to As, possibly as a result of up-regulating detoxification mechanisms (e.g., 

methylation) (ATSDR, 2000).  

 

Based on these considerations, and until a more definitive analysis of the embryo-fetal data 

on inhaled As is conducted, the study of Nagymajtenyi et al. (1985) provides an acceptable basis 

for regulatory action. Based on the absence of significant skeletal malformations, fetal mortality, 

and slight decreases in fetal weight, SDB considers the concentration of 0.26 mg As2O3/m3 (0.19 

mg As/m3) a minimal LOAEL. This LOAEL was converted to an intake of 0.18 µg As/kg 

bw/day by assuming a default inhalation rate and body weight of 20 m3/day and 70 kg, 

respectively. A total UF of 300 was used (10 x for interspecies extrapolation, 10x for 

interindividual sensitivity, and 3x for LOAEL-to-NOAEL extrapolation). The last factor was 

selected based on the considerations discussed above and differs from the 10x factor retained by 

CAL/EPA.  

 

Because of the uncertainty associated with extrapolating from repeated dose studies (4 

hours/day during 4 gestation days) to a 1-day exposure regimen during a presumably critical 

period of gestation, a 1-day intake was used as a basis for this assessment. This may represent a 

conservative assumption since it is unclear whether the embryo-fetal changes reported by 

Nagymajtenyi et al. (1985) occurred as a result of cumulative exposure to As received during GD 

9-12. 

 

2.4.3 Summary of Acute Toxicity Reference Values (TRVs) for Arsenic used in the 

Present SLHRA 

 

In summary, three TRVs were derived for the present SLHRA in order to assess potential 

health effects associated with acute / short-term exposure to As present at the historical mining 

tour sites.  Note that because exposure to the visitor of the Cobalt historical mining tour sites is 

considered to occur over a 4- to 8-hour period during one day, the unit for this acute TRV is µg 

As/kg bw. 
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• For all receptors, an acute oral TRV of 1.5 µg As/kg bw was derived based on the 

LOAEL of 50 μg/kg bw reported by Mizuta et al. (1956) 

 

• For pregnant women, an acute inhalation TRV of 0.18 µg As/kg bw and an acute oral 

TRV of 4 µg As/kg bw were derived based on the studies of Nagymajtenyi et al. 

(1985) and Nemec et al. (1998), respectively, in order to assess potential embryo-fetal 

effects following inhalation of resuspended dust and ingestion of contaminated soil. 

Separate TRVs are necessary for the inhalation and oral routes based on information 

indicating that the potency of As to induce embryo-fetal effects is route-specific 

(Stump et al., 1999).  

 

Although the oral TRV for embryo-fetal effects is greater than the oral TRV for acute 

poisoning (4 vs. 1.5 µg As/kg bw), the higher potency of the inhalation TRV (0.18 µg 

As/kg bw) is such that the intake of resuspended soil/dust represents a significant 

exposure pathway. Therefore, and as discussed in Section 3, embryo-fetal effects 

were assessed first by calculating route-specific Hazard Indexes (HI = Exposure / 

TRV), and then summing these HIs to obtain a total HI for embryo-fetal effects by 

conservatively assuming similarity of effects across exposure routes. 

 

Since an embryo-fetal TRV for the dermal route was not available, the inhalation TRV was 

used since it is presumed that As will distribute to peripheral tissues following transdermal 

uptake. 
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3.0      Exposure Assessment 

 

3.1 Receptor Parameters 

 

The receptors considered included infants (0 – 6 months), toddlers (7 months – 4 years), 

children (5 – 11 years), teens (12 – 19 years), adults (20+ years), and pregnant women (15 – 45 

years), all of whom are potential visitors of the sites. 

 

3.1.1 Description of Exposure Scenario for Visitors 

 

Two scenarios were developed to assess potential exposure of visitors to contaminated soil at 

the sites. These scenarios assume that exposure occurs during summer months, i.e. at a time 

when soil is accessible for potential contact. The scenarios examined include: 1) a Reasonable 

Maximum Exposure (RME) scenario which uses upper-bound values for receptors and/or 

exposure variables, and 2) a Central Tendency (CT) scenario which uses average values and thus 

provides exposure estimates for the average visitor. 

 

It was assumed that visitors would frequent the historical mining tour sites for one day and 

would be exposed to the contaminated soil via the following pathways:  

 

1. incidental ingestion of contaminated soil 

2. dermal contact with contaminated soil 

3. inhalation of resuspended soil/dust 

 

Assumptions for the visitor scenarios were developed following discussions with the 

Timmins/North Bay District Office and Environmental Monitoring and Reporting Branch of the 

MOE, and adjusted following a site visit in May 2004. 
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3.1.2 Definition of Receptor Parameters Used in Exposure Calculations 

 

Receptor parameters used for the RME and CT scenarios are reported in Table 4. When 

selecting published receptor parameters, priority was given to those recommended by the US 

EPA (1997) since they are based on comprehensive surveys, they include a comprehensive list of 

parameters, and were peer-reviewed prior to publication.  In cases where the US EPA 

information was unsuitable, values from O’Connor (1997) or Health Canada (1994) were used.  

The age ranges and averaging times for each receptor are based on Health Canada receptor 

categories.  For pregnant women, age ranges and averaging times are based on an age range 

during which pregnancy is generally possible.  Details pertaining to the selection of values for 

each receptor parameter are described below.  

 

3.1.2.1 Body Weight 

 

Body weights were obtained from the US EPA (1997) Exposure Factors Handbook.  The 

same body weights were used for the RME and CT scenarios. For pregnant women at start of 

term, mean body weight were estimated based on their age ranges (15 -19 years and 20 – 45 

years) in US EPA, 1997.  For pregnant teens and women at end of term, an additional 12 kg body 

weight was added, based on the lower end of the mean body weight gain range reported in Merck 

(1987). 

  

3.1.2.2 Exposure Duration 

 

The exposure duration for the visitor is based on professional judgement.  It was estimated 

that time spent by visitors at the historical mining tour sites was 8 hours for the RME scenario 

and 4 hours for the CT scenario. 
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Table 4.  Receptor Parameters Used in RME and CT Visitor Scenarios* 
 

Infant Toddler Child Teen Adult 
Pregnant 
teen, start 
of term 

Pregnant 
adult, start of 

term 

Pregnant 
teen, end of 

term 

Pregnant adult, 
end of term Parameter (unit) 

CT RME CT RME CT RME CT RME CT RME CT RME CT RME CT RME CT RME 

Source 

Age range 0 – 6 mo. 7 mo. – 4 y 5 – 11 y 12 – 19 y 20+ y 15 – 19 y 20 – 45 y 15 – 19 y 20 – 45 y - 
Averaging time 

(years) 0.5 4.5 7 8 50 5 26 5 26 - 

5.2 13.7 29.2 58.3 71.8 58.4 64.0 - US EPA 1997 
Body weight 

(kg) - 70.4 76.0 US EPA 1997; 
Merck 1987 

Exposure 
duration (hours) 4 8 4 8 4 8 4 8 4 8 4 8 4 8 4 8 4 8 professional 

judgement 

35 70 - 
Health Canada 
1994; prof. 
judgement Soil ingestion 

rate (mg/day) 
- 100 200 100 200 100 200 50 100 100 200 50 100 100 200 50 100 US EPA 1997; 

prof. judgement 
Skin surface area 

(hands only) 
(cm2) 

320  380 - 820 960 820 960 O’Connor 1997 

Skin surface area 
(hands + ½arms 
+ ½legs) (cm2) 

- 1720 2400 2865 3985 4400 5750 5000 6340 4650 5570 4650 5570 - O’Connor 1997 

Soil adherence 
factor (mg/cm2) .04 0.2 0.04 0.2 .04 0.2 .04 0.2 .01 0.07 .04 0.2 0.01 0.07 0.04 0.2 0.01 0.07 US EPA 2001 

(Exhibit 3-5) 
Time that soil 

remains on skin 
(hours) 

24 US EPA 1992;  
US EPA 2001 

2.2 3.4 9.4 14.4 14.4 20.1 15.8 23.8 15.8 23.5 14.9 21.1 14.9 21.1 - O’Connor 1997 Inhalation rate 
(m3/day) - 20.9 29.5 20.9 29.5 O’Connor 1997; 

Ramsay et al. 2000 
 

* N.B.  For details of each parameter value, see section 3.1. 
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3.1.2.3 Soil Ingestion Rate 

 

Daily soil ingestion rates were used in this SLHRA even if exposure durations were assumed 

to last 8 hours (RME) or 4 hours (CT). 

 

• RME scenario: US EPA (1997) suggests that a mean rate of 200 mg/day may be used as a 

conservative estimate for children. Therefore, this value was used for toddlers, children, 

teens, and pregnant teens. For adults and pregnant adults, 100 mg/day was used based on 

the mean rate for adult recommended in US EPA (1997) multiplied by two (professional 

judgement).  For infants, a rate of 70 mg/day was used based on the infant mean rate 

recommended in Health Canada (1994) (35 mg/day) multiplied by two (professional 

judgement). 

 

• CT scenario: US EPA (1997) recommends the use of 100 mg/day for children and 50 

mg/day for adults.  Accordingly, 100 mg/day ingestion was assumed for toddlers, 

children, teens, and pregnant teens, whereas 50 mg/day ingestion was assumed for adults 

and pregnant adults. For infants, the Health Canada (1994) soil ingestion rate of 35 

mg/day was used.   

 

3.1.2.4 Skin Surface Area 

 

Values for skin surface areas were obtained from O’Connor, 1997. For both the RME and CT 

scenarios, it was assumed that infants, end-of-term pregnant teens, and end-of-term pregnant 

adults experience dermal exposure via the hands only (professional judgement). For all other 

receptors, it is assumed that dermal exposure occurs via the hands, lower arms, and lower legs 

(professional judgement).  These assumptions are based on anticipated clothing considerations 

(typically short-sleeve shirts and short pants) and anticipated behaviour.  

 

For toddlers, children, teens, and adults, skin surface area was estimated by adding the mean 

hand surface area, ½ the mean surface area for the arms, and ½ the mean surface area for the 

legs.  For end-of-term pregnant teens and women, the skin surface area for hands of adult 
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females (aged 20 – 59) was used.  For start-of-term pregnant teens and women, skin surface 

areas of adult females (aged 20 – 59) were used to calculate the total exposed area.  Values for 

the adult female was used for pregnant teens and pregnant women because skin surface area 

values were not available for teens aged 15 – 19 years nor for any pregnant females. 

 

For all receptors in the RME scenario, skin surface area values were estimated by adding 2 

standard deviations to the means used for the CT scenario, in order to obtain upper-bound 

estimates. 

 

3.1.2.5 Soil Adherence Factor 

 

In order to calculate exposure to contaminants in soil via dermal contact, it is necessary to 

estimate the amount of soil which adheres to the skin, also known as soil loading. This SLHRA 

uses soil adherence factors recommended by US EPA (2001, Exhibit 3-5) for CT and RME 

residential scenarios. For the CT scenario, a soil adherence factors of 0.04 mg/cm2 was used for 

the infant, toddler, child, teen, and pregnant teens, while a value of 0.01 mg/cm2 was used for the 

adult and pregnant adult. For the RME scenario, soil adherence factors of 0.2 mg/cm2 and 0.07 

mg/cm2 were used, respectively, for these receptor groups. 

 

3.1.2.6 Duration of Soil Adherence to Skin 

 

This SLHRA assumes that the length of time that the soil adheres to the skin (i.e., exposure 

time) is the same as in the experimental study that measured the dermal absorption fraction of the 

contaminant. In this case, this length of time is 24 hours. This assumption is supported by 

considerations suggesting that visitors may not have opportunity for hand-washing well after 

their visit to the historical mining sites is terminated. In some extreme cases, lodged dust or dust 

with strong adherence to the skin may not be eliminated until after a thorough wash of hands or 

other body parts. Since data is insufficient to determine the kinetics of absorption over time, this 

site-specific exposure scenarios did not attempt to scale the dermal absorption factor according 

to event time as per US EPA (2001) recommendations. 
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3.1.2.7 Inhalation Rate 

 

The inhalation rates reported in O’Connor (1997) were considered to be the more suitable for 

use in this SLHRA. For the infant, toddler, child, teen, and adult in the CT scenario, the 

arithmetic means reported in O’Connor (1997) were used. For the start-of-term pregnant teen and 

adult in the CT scenario, the arithmetic mean reported for the adult female aged 20 – 59 years 

was used. In pregnant women, the respiration rate is similar to non-pregnant women, however, 

the tidal volume increases early in pregnancy and continues to rise overall about 30–40% until 

term (Ramsay et al., 2000). To account for the increased volume of air that pregnant women 

inhale, inhalation rates for the CT end-of-term pregnant teen and adult were estimated by using 

the inhalation rates for the start-of-term pregnant teen, plus an additional 40%.  

 

For all receptors in the RME scenario, inhalation rate values were estimated by adding 2 

standard deviations to the means used for the CT scenario. 

 

3.2 Bioavailability of Arsenic 

 

In order to estimate the relative bioavailability of As in contaminated soil vs. As used to 

derive the TRVs proposed in Section 2.5, the oral, dermal, and pulmonary bioavailability of As 

in mine waste; the oral bioavailability of As as calcium arsenate and arsenic acid; and the 

pulmonary bioavailability of As as arsenic trioxide were obtained from the literature (Table 5). 

These values are discussed in more detail in the following sections. 

 

Once absorbed into the circulation, most As is rapidly excreted in urine, with smaller 

amounts in the feces. Some As may remain bound to tissues depending on the rate and extent of 

methylation (ATSDR, 2000). The proportion appearing in urine is often used to provide a low-

end estimate of the proportion of bioavailable arsenic. 
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Table 5.  Arsenic Bioavailability Used in CT and RME Scenarios 
 

Bioavailability Exposure 
route Origin of As CT RME Source 

Dermal Mine waste 0.8% 2% Wester et al., 1993 

Oral Mine waste 15% 30% Rodriguez and Basta, 1999; Rodriguez et al. 
2003 

Inhalation Mine waste 60% Marafante and Vahter, 1987 

Inhalation Arsenic 
trioxide 60% Marafante and Vahter, 1987 

Oral Calcium 
arsenate 80% ATSDR, 2000; Klassen, 2001 

Oral Arsenic acid 80% HSDB; professional judgement 
 
 
 
3.2.1 Oral Bioavailability of Arsenic 

 

It has been reported that approximately 80 to 90% of a single dose of soluble arsenite (As+3) 

or arsenate (As+5) may be absorbed from the gastrointestinal tract of humans and experimental 

animals (ATSDR, 2000; Klassen, 2001). Since the acute oral TRV of 1.5 μg/kg bw is based on a 

case of ingestion of calcium arsenate in soya sauce (Mizuta et al., 1956) for which no 

bioavailability data could be located, it was assumed that the absolute oral bioavailability of 

calcium arsenate for both the CT and RME scenarios is 80%. 

 

Oral bioavailability studies of As from various soils impacted by mining and smelting wastes 

(Rodriguez et al., 2003; Rodriguez and Basta, 1999) reported a range of relative bioavailabilities 

from which absolute bioavailabilities could be estimated, based on absolute bioavailability 

studies in the immature swine model.  Ten samples were derived from a typical mining / 

smelting site in the western US where wastes were deposited between 20 and 50 years ago. 

These aged and weathered wastes included a calcine material (a waste product that results from 

the roasting and smelting of arsenopyrite ore for the extraction of As) and an iron slag material (a 

waste product that results from the smelting of ores for Pb).  Five additional contaminated 

samples consisting of soils and slags were also included.  Of these 15 samples, the estimated 

absolute bioavailability ranged from 1.8% to 30% with a median value of 15%. Accordingly, for 
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this SLHRA the absolute oral bioavailability of As in mining and milling waste in Cobalt was 

estimated to be 15% for the CT scenario and 30% for the RME scenario. 

 

A US EPA study (Casteel et al., 1997) conducted in the weanling swine dosed with varying 

concentrations of As revealed differences in the bioavailabilities of As from smelter and mining 

wastes. Soil samples containing only smelter wastes had the greatest amount of bioavailable As 

(mean relative bioavailability: 34 to 52%), while soil samples containing smelter slag yielded 

intermediate values (7 to 51%).  Soil samples containing only mining wastes or a mixture of 

mining and smelting wastes had the least amount of bioavailable As (mean relative 

bioavailability: 0 to 28 %). This finding is not unexpected since As in mining and milling wastes 

may be present in large particle sizes and in less soluble forms (e.g. sulfides) than soil samples 

containing smelter wastes (Davis et al., 1992; NEPI, 2000).  Because the Cobalt historical 

mining tour sites contain only mining and milling wastes but not smelting waste, the inclusion of 

soils impacted by smelting wastes in the selection of As bioavailability for this SLHRA (15% for 

CT, 30% for RME) is considered conservative. 

 

It has also been reported that As bioavailability is not affected by the concentration of As in 

soil or the concentration to which the individual is orally exposed. Freeman et al. (1993) have 

reported that in rabbits orally administered As in soil, there was no apparent dose-related effect 

on the relative bioavailability over the dose levels tested (0.78 – 3.9 mg As/kg bw).  In mice, oral 

absorption of sodium arsenate was unaffected by doses varying from 0.0005 to 5 mg/kg bw 

(Hughes et al., 1994).  Thus, irrespective of soil As concentration, the same oral bioavailability 

for As in mine wastes was used in this SLHRA. 

 

Regarding possible differences between the gastrointestinal bioavailability of As in adults 

and children, no data could be located (ATSDR, 2000). 

   

3.2.2 Dermal Bioavailability of Arsenic 

 

No studies were located on the dermal bioavailability of inorganic As in humans. Wester et 

al. (1993) measured the percutaneous absorption of As after topical administration of arsenic 
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acid (H3AsO4) to Rhesus monkeys in vivo and after in vitro exposure to human cadaver skin.  

After soap and water wash, As absorption in human skin was 0.76% when H3AsO4 was 

administered with soil and 1.9% when H3AsO4 was administered with water. Thus, the dermal 

bioavailability of mine waste As was assumed to be 0.8% for the CT scenario and 2% for the 

RME scenario. 

 

3.2.3 Inhalation Bioavailability of Arsenic 

 

Bioavailability by the inhalation route involves two processes: deposition of As in the lungs 

and absorption of As from the deposited material through the alveolar membrane into the 

bloodstream. 

 

Holland et al. (1959) studied 11 volunteers with lung cancer who were exposed to As-74 in 

cigarette smoke or in an aerosol solution. Deposition was estimated to be approximately 40%, 

while absorption was 75 – 85%. Therefore, the overall absorption was estimated at 30 – 34% of 

inhaled As. In three of the patients, approximately 45% of the inhaled As was eliminated in the 

urine within 10 days. Given the nature of the health problems of these volunteers, these results 

are equivocal since absorption mechanisms may have been compromised and thus could not 

reflect conditions prevailing in the general population.  

 

In various studies of occupational exposure to As2O3 via inhalation, 36% – 60% of the 

inhaled dose was excreted in the urine (Jakubowski et al., 1998; Pinto et al., 1976; Vahter et al., 

1986). Similarly, Lagerkvist and Zetterlund (1994) estimated an As absorption of 60% for 

smelter workers, based on the assumptions that 75% of inhaled As was deposited in the airways 

and 80% was absorbed systemically, either directly or in the gastrointestinal tract following 

mucociliary clearance. It should be noted, however, that these values may be overestimated since 

food and other secondary sources may contribute significantly to the overall intake of As.  

 

In a study with hamsters exposed via intratracheal installation to sodium arsenite, sodium 

arsenate, or arsenic trisulfide, approximately 60% of the arsenic was excreted in the urine within 

three days (Marafante and Vahter, 1987). 
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Based on these considerations, the absolute bioavailability selected for As2O3, and for As 

from milling and mining waste for both the CT and RME scenarios is 60%. 

 

There are no data suggesting that inhalation absorption of As differs between adults and 

children (ATSDR, 2000).   

 

3.3 Additional Assumptions Used in Exposure Calculations 

 

Table 6 reports additional assumptions used for exposure calculations. These are explained in 

the following sections. 

 
 

Table 6.  Additional Assumptions Used in CT and RME Visitor Scenariosa 
 

Parameter (unit) CT RME Source 
air concentration of inhalable 

particulate (μg/m3) 18 39 MOE 1998-2002 

percent of inhalable particulate 
originating from site (%) 75 100 professional 

judgement 
 
  a N.B.  See section 3.2 for full explanations of bases of parameter values. 
 
 
3.3.1 Inhalable Particulate 

 

In order to assess potential inhalation exposure to As in resuspended dust, an estimate of the 

concentration of inhalable dust was required. Since site-specific measurements were not 

available, concentrations of particulate matter < 10 microns in diameter (also known as PM10 or 

inhalable particulate) reported in other parts of Ontario were retained based on the assumption 

that they are representative of inhalable concentrations of resuspended soil at the Cobalt 

historical mining tour sites. The median air concentrations of the 50th and 90th percentiles of 

inhalable particulates measured mainly in industrial areas of Ontario between 1998 and 2002 was 

18 and 39 µg/m3, respectively (MOE, 1998-2002).  These values were used for the air 

concentration of inhalable particulate in the CT and RME scenarios, respectively. 
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3.3.2 Percentage of Inhalable Particulate Originating from Site 

 

For the CT and RME scenarios, it was assumed, respectively, that 75% and 100% of the air 

particulate present at the Cobalt historical mining tour sites originate locally.  

 

3.4 Exposure to Arsenic  

 

In this SLHRA exposure to As was characterized as the external dose, or intake, and was 

defined differently depending on the nature of the receptors. For receptors assessed using the 

acute oral TRV of 1.5 µg As/kg bw under the assumption of route-independent health effects 

(i.e., all age categories excluding pregnant women), total intake was obtained by summing 

intakes from the oral, dermal, and pulmonary routes. Thus, route-specific intakes were initially 

estimated (Section 3.4.1), and subsequently adjusted based on the bioavailability of As in the 

Cobalt mine waste relative to the TRV-specific As bioavailability (Section 3.4.2). Adjusted 

intakes were then summed to obtain a total intake (TI) for each receptor (Section 3.4.3). Total 

intakes were compared to the acute oral TRV in order to calculate a Hazard Index (HI = TI/ 

TRV). 

 

In the case of pregnant women requiring the use of route-specific TRVs, intakes were 

initially estimated for the oral, pulmonary, and dermal routes (Section 3.4.1), subsequently 

adjusted  based on the bioavailability of As in the Cobalt mine waste relative to the TRV-specific 

As bioavailability (Section 3.4.2), and compared to the appropriate TRV in order to estimate 

route-specific HIs.  HIs were then summed in order to obtain a total HI based on the assumption 

of additivity of effects across exposure routes.  While the studies of Nemec et al. (1998) and 

Nagymajtenyi et al. (1985) used different embryo-fetal (and maternal toxicity) end-points as a 

basis for their NOAEL / LOAEL, it cannot be excluded that similar end-points would be noted in 

studies conducted concurrently and using similar species, doses, exposure regimens, and 

reporting criteria. Given the uncertainty surrounding this aspect, the assumption of additivity of 

effects across exposure routes provides additional conservatism.  
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3.4.1 Calculation of Intakes from Oral, Dermal, and Pulmonary Routes 

 

The following equations were used to calculate acute / short-term exposure intakes from the 

oral, dermal, and pulmonary routes (in mg/kg) for each receptor, including pregnant women: 
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where:  
 
BW = body weight (kg);  
CF1 = conversion factor (1000 μg/mg);  
CF2 = conversion factor (106 mg/kg); 
CF3 = conversion factor (109 μg/kg);  
ED = exposure duration (hours);  
ID = dermal intake (μg/kg); 
II = pulmonary intake (μg/kg); 
IO = oral intake (μg/kg);  
IR = inhalation rate (m3/hour); 
PM10 = concentration of particulate matter of ≤10 micron diameter in air (μg/m3); 
PMLF = PM10 local fraction (unitless);  
SA = surface area exposed (cm2); 
SAF = soil adherence factor (mg/cm2); 
SC = concentration in soil (mg/kg);  
SI = soil ingested (mg). 
 
 
3.4.2 Adjustment of Intakes for Relative Bioavailability  

 

Intakes were adjusted for the oral, dermal, and pulmonary routes based on the route-specific 

bioavailability of As in Cobalt mine waste divided by the route-specific bioavailability of As in 

the study used to derive the TRV. The following equations were used for both the CT and RME 

scenarios, and for all receptors including pregnant women:   

 
 

     
 
 

AIo = Io x (BIOMWAsO / BIOAsTRV) 

AID = ID x (BIOMWAsD / BIOAsTRV) 
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where: 
 
BIOAsTRV = bioavailability of As in the study used to derive the TRV; 
BIOMWAsD = dermal bioavailability of As in Cobalt mine waste; 
BIOMWAsI = pulmonary bioavailability of As in Cobalt mine waste; 
BIOMWAsO = oral bioavailability of As in Cobalt mine waste; 
ID = dermal intake (μg/kg); 
II = pulmonary intake (μg/kg); 
IO = oral intake (μg/kg); 
AID = Adjusted dermal intake (μg/kg) of As in Cobalt mine waste; 
AII = Adjusted pulmonary intake (μg/kg) of As in Cobalt mine waste; 
AIO = Adjusted oral intake (μg/kg) of As in Cobalt mine waste. 
 

 
In the next section, adjusted intakes are used to estimate the TI of As for each receptor, 

excluding pregnant women.  For pregnant women, route-specific adjusted intakes are compared 

in Section 4 to the appropriate TRVs in order to estimate HIs and assess potential embryo-fetal 

effects. 

 

3.4.3 Calculation of Total Intake for all Receptors (Excluding Pregnant Women) 

 

Adjusted intakes for the oral, dermal, and pulmonary routes were summed to calculate a TI 

for each receptor in the CT and RME scenarios. TIs were estimated for all receptors using the 

following relationship: 

 
 
 
 
 
where: 
 
AID = adjusted dermal intake (μg/kg) of As in Cobalt mine waste; 
AII = adjusted pulmonary intake (μg/kg) of As in Cobalt mine waste; 
AIO = adjusted oral intake (μg/kg) of As in Cobalt mine waste; 
TI = total intake or total dose (μg/kg). 
 

AII = II x (BIOMWAsI / BIOAsTRV) 

TI = AIO + AII + AID 
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TIs (reported in the following section) are compared to the TRVs previously developed in 

order to assess potential acute / short-term effects for the various receptors. 

 

4.0 Characterization of Potential Health Effects 

 

The likelihood of occurrence of potential acute / short-term health effects was estimated by 

dividing the TI calculated for each receptor by the appropriate TRV in order to obtain a hazard 

index (HI = TI / TRV). For pregnant women, a total HI was estimated from route-specific HIs. 

For effects presumed to have a biological threshold, an HI < 1 indicates that no adverse health 

effects are expected. For an HI > 1, adverse health effects are possible but will not necessarily 

occur. A higher HI (e.g., HI > 10) presumes a higher probability that adverse effects may occur. 

It should be noted that an HI is not a measure of probability of occurrence of health effects, and 

therefore should not be equated with quantitative risks.  

 

In sections 4.1 and 4.2, surface soil As concentrations measured at the four Cobalt historical 

mining tour sites were used in order to estimate the range of HIs expected for the various 

receptors. For this purpose, minimum, median, and maximum values of the range reported in 

Table 2 were used since it is presumed that visitors may access any of these sampling locations. 

This approach was also used to identify critical receptors and critical exposure routes and 

pathways. 

 

In section 4.3, maximum surface soil As concentrations reported in Table 2 were used to 

estimate the level of As contamination associated with various ranges of HIs. This information 

was then used to produce maps by labelling each individual sampling location at each historical 

mining tour site with its corresponding HI in order to provide a visual assessment of the extent 

and dispersion of the contamination. 

 

4.1 Hazard Index (HI) for All Receptors (Except Pregnant Women) 

 

In order to assess potential acute / short-term health effects for infants, toddlers, children, 

teens, and adults in the CT and RME scenarios, HIs were computed by dividing TIs for each 
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receptor by the acute oral TRV of 1.5 µg As/kg bw derived from the study of Mizuta et al. 

(1956).  

 

Results presented in Table 7 indicate that all receptors are likely to be exposed to As (and 

possibly other contaminants) following a single 4 hours (CT) or 8 hours (RME) visit at the 

historical mining tour sites.  Total intakes of As estimated with the RME scenario varied from 

0.095 to 0.89 μg/kg bw for receptors exposed to the minimum soil As concentration of 140 ppm, 

to a range of 129-1205 μg/kg bw for receptors coming in contact with soil containing the 

maximum As concentration of 190,000 ppm. Under the more realistic CT scenario, these values 

ranged from 0.019 to 0.20, and 26 to 269 μg/kg bw, respectively (i.e., ca: 4-5 times lower).  

 

Hazard Indexes (HIs) were < 1 for all receptors exposed to the minimum soil As  

concentration of 140 ppm under the CT and RME scenarios, while most HIs were between 1 and 

40 at the median concentration of 8800 ppm. At the maximum soil As concentration of 190,000 

ppm, all receptors had HIs > 10, with values varying from 86 to 803 under the RME scenario, 

and 17 to 179 with the more realistic CT scenario. 

 

The toddler was identified as the critical receptor since it displayed the highest HIs. 

Toddler’s HIs were generally greater than 10 at the median and maximum soil As 

concentrations, reaching values of 803 under the RME scenario. Using more realistic exposure 

assumptions (CT scenario), toddler HIs were still significantly elevated at the median and 

maximum soil As concentrations (8 to 179, respectively). A similar pattern was observed for 

infants, children, and teen with overall sensitivity decreasing in the following order: toddler > 

infant > child > teen > adult. 

 

Figure 2 illustrates the contribution of the various exposure routes to the TI of As. The quasi-

totality of As intake in the toddler under the CT and RME scenarios would be expected to occur 

following incidental ingestion of contaminated soil (96.4% and 86.1%, respectively) as a result 

of hand-to-mouth activities. A smaller percentage would occur as a result of dermal contact
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Table 7.  Hazard Index (HI) Estimated for all Receptorsa 
 

 

 Infant Toddler Child Teen Adult 
Minimum Soil As Concentration: 140 ppm 

Total Intake for CT (μg/kg bw) 0.18 0.20 0.096 0.049 0.019 
HI for CT  0.12 0.13 0.06 0.03 0.01 

Total Intake for RME (μg/kg bw) 0.77 0.89 0.46 0.25 0.095 
HI for RME 0.51 0.59 0.30 0.17 0.06 

Median Soil As Concentration: 8800 ppm 
Total Intake for CT (μg/kg bw) 11 12 6.0 3.1 1.2 

HI for CT  7.6 8.3 4.0 2.1 0.81 
Total Intake for RME (μg/kg bw) 48 56 29 16 6.0 

HI for RME 32 37 19 10 4.0 
Maximum Soil As Concentration: 190,000 ppm 

Total Intake for CT (μg/kg bw) 247 269 130 67 26 
HI for CT  165 179 86 45 17 

Total Intake for RME (μg/kg bw) 1039 1205 620 339 129 
HI for RME 693 803 413 226 86 

 
aBased on a TRV of 1.5 μg As/kg bw derived from the study of Mizuta et al. (1956) 

 
 

 
Legend: 

  ratio ≥ 10 
  ratio of 1.0 to 9.9 
  ratio < 1 
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(CT: 3.5%; RME: 13.8%), while inhalation of resuspended dust (CT: 0.03%; RME: 0.11%) is 

considered negligible. 

 

4.2 Hazard Index (HI) for Pregnant Women  

 

In order to assess potential embryo-fetal effects for pregnant women following acute / short-

term exposure to As, a total HI was computed by summing route-specific HIs. These were 

estimated by dividing route-specific adjusted intakes (oral, dermal, pulmonary) by the 

corresponding TRV derived in section 2.0 (oral: 4 μg As/kg bw; inhalation / dermal: 0.18 μg 

As/kg bw). Total HIs were computed for start-of-term and end-of-term pregnant teens and for 

start-of-term and end-of-term pregnant adults using the CT and RME exposure scenarios.  

 

Results presented in Table 8 indicate that all pregnant receptors visiting the historical sites are 

likely to be exposed to significant amount of As (and possibly other chemicals) as a result of 

elevated HIs. HIs were < 1 for all receptors exposed to the minimum soil As concentration of 

140 ppm under the CT and RME scenarios, however they varied from < 1 to 34 at the median 

concentration of 8800 ppm. In two instances (teen at start of term and adult at start of term), a HI 

> 10 (34 and 11, respectively) was obtained under the RME scenario. At the maximum soil As 

concentration of 190,000 ppm, all receptors had HIs > 10, with values varying from 60 to 737 

under the RME scenario, and 8 to 61 with the more realistic CT scenario.  

 

The teen at start of term displayed the highest HIs for this category of receptors. HIs were 

generally greater than 10 at the median and maximum soil As concentrations, reaching values of  

737 under the RME scenario. Using more realistic exposure assumptions (CT scenario) HIs were 

slightly elevated at the median (HI = 2.8), and significantly elevated at the maximum (HI = 61) 

soil As concentrations. Similar patterns were observed for the other categories of pregnant 

women. 
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RME 

Inhalation (0.11%) 

 Dermal (13.8%) 

Ingestion (86.1%) 

Ingestion (96.4%) 

Dermal (3.5%) 

Inhalation (0.03%) 

CT 

Figure 2:  Contribution of Various Exposure Routes to Total Intake of As for the Toddler
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Table 8.  Hazard Index (HI)a Estimated for Pregnant Teen and Adult Womenb 
 

 

 Teen at Start of 
Term 

Teen at End of 
Term 

Adult at Start of 
Term 

Adult at End of 
Term 

Minimum Soil As Concentration: 140 ppm 
Total HI for CT  0.045 0.015 0.013 0.006 

Total HI for RME 0.54 0.11 0.18 0.044 
Median Soil As Concentration: 8800 ppm 

Total HI for CT  2.8 0.92 0.82 0.37 
Total HI for RME 34 7.1 11 2.8 

Maximum Soil As Concentration: 190,000 ppm 
Total HI for CT  61 20 18 8.0 

Total HI for RME 737 152 247 60 
 

aBased on the sum of HI for inhalation, dermal, and oral.  bBased on an inhalation / dermal TRV of 0.18 μg As/kg bw derived from the study 
of Nagymajtenyi et al. (1985) and an ingestion TRV of 4.0 μg As/kg bw derived from the study of Nemec et al. (1998).  

 
Legend: 

 = ratio ≥ 10 
 = ratio of 1.0 to 9.9 
 = ratio < 1 
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In summary, significant exposure to As (and possibly other contaminants) and potential acute 

/ short-term health effects may be experienced by various categories of receptors visiting the 

Cobalt historical mining tour sites as a result of exposure to surface soil. The toddler was 

identified as the most sensitive receptor, indicating that exposure would occur mainly as a result 

of incidental oral exposure, presumably as a result of hand-to-mouth activities. Other routes / 

pathways such as dermal contact and inhalation of resuspended soil /dust are expected to 

contribute minimally to total exposure. In addition to the toddler, all receptors examined are 

expected to be affected as a result of soil exposure, with infant and pregnant women being 

particularly at risk. Using the more realistic CT scenario, HIs for toddlers are expected to range 

from < 1 at minimal soil As concentrations (e.g., 140 ppm) to values as high as 179 at maximal 

soil As concentrations (e.g., 190,000 ppm). Estimates for infants and the pregnant teen at start of 

term were 7.6 – 165 and 2.8 – 61, respectively. 

 

The following section presents an assessment of sampling locations associated with potential 

health effects at the various historical mining tour sites.  

 

4.3 Distribution of Hazard Index (HI) at Cobalt Historical Mining Tour Sites 

 

Using the most sensitive receptor identified above (the toddler), HIs were computed for each 

sampling location at the four Cobalt historical mining tour sites using the CT scenario and soil 

As concentrations. Sampling locations were then allocated to pre-selected HI ranges (HI <1; 1 < 

HI < 10; HI >10) in order to identify the number of sampling locations per site where potential 

adverse effects are more likely (HI >10) or less likely (HI <1) to occur, or where the outcome is 

uncertain (1 < HI < 10). These ranges were selected since they represent semi-quantitative 

benchmarks widely accepted by the regulatory community.  (It should be noted that an HI 

varying between 1 and 10 obtained with the CT scenario is likely to provide a greater degree of 

probability that adverse effects may occur.)  

 

Results reported in Table 9 indicate that no acute / short-term effects from As exposure 

would be expected at soil concentrations below 1050 ppm. However, at most Cobalt historical 
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mining tour sites, a majority of sampling locations have surface soil As levels corresponding to 

HI greater than 1. Hence, 28 of the 48 (58%) locations sampled at NHGM have exceedingly high 

As levels (> 10,500 ppm) corresponding to HIs greater than 10. Only 1 sampling location among 

the other historical sites (NLGM) was found to have comparable levels of As. These sampling 

locations are likely to represent a health hazard for the toddler and other receptors coming in 

contact with surface soil. Of the remaining 20 sampling locations at NHGM, 18 (38%) have soil 

As concentrations in excess of 1050 ppm, corresponding to HIs comprised between 1 and 10. A 

similar situation prevails at all other historical sites, with 5/9 (56%), 5/6 (83%), and 2/2 (100%) 

sampling locations presenting with HIs varying between 1 and 10. While the number of samples 

collected at NLGM, MKD, and BLG is limited and statistically insufficient to properly 

characterize the concentrations present at these sites, there is no reason to believe that extensive 

and widespread contamination would not be present at these sites based on historical 

considerations. 

 
 

Table 9.  Frequencies of HIs for each Mining Site for the Toddler 
 

HI Corresponding Surface Soil As Concentration NHGMa NLGM MKD BLG
CT 

< 1 < 1050 ppm 2/48 3/9 1/6 0/2 
1 to < 10 1050 to 10,499 ppm 18/48 5/9 5/6 2/2 
≥ 10 ≥ 10,500 ppm 28/48 1/9 0/6 0/2 

RME 
< 1 < 235 ppm 0/48 1/9 0/6 0/2 

1 to < 10 235 to 2349 ppm 7/48 3/9 1/6 1/2 
≥ 10 ≥ 2350 ppm 41/48 5/9 5/6 1/2 

NHGM: Nipissing High Grade Mill: NLGM: Nipissing Low Grade Mill; MKD: McKinley-Darragh 
Mill; BLG: Buffalo Low Grade Mill 

 
 
When HIs were calculated with the more conservative RME scenario, the frequency of HIs 

greater than 10 increased substantially, resulting in more stringent surface soil As concentrations. 
 

The spatial distribution of HIs estimated for the toddler with the CT scenario at the various 

historical mining tour sites is reported in Figure 3 (A-D). Soil levels of As associated with a high 

(HI ≥ 10 and soil levels ≥ 10,499 ppm) and reduced (HI ≥ 1 and soil levels ≥ 1050 ppm) 

possibility of health effects appear to be equally distributed at the NHGM,  NLGM, and MKD, 
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while too few samples were obtained at the Buffalo Low Grade Mill.  High levels of As at these 

sites appear to be concentrated among the ruins and foundations of old buildings that are directly 

accessible to visitors. 

 

It should be noted that house trailers and other residential units are located in close proximity 

of sampling locations at the historical mining tour sites where high levels of As and other 

contaminants were measured. While it may not be excluded that these, and possibly other, 

residents may be exposed to contaminated soil as a result of direct contact, inhalation of 

resuspended soil / dust, or via other potential pathways, the current SLHRA was not designed to 

address these aspects.         

 

5.0 Uncertainties and Limitations 

 

SLHRAs are generally conducted as a preliminary step in a health assessment program. 

These studies purposely uses conservative assumptions in order to estimate upper-bound risk 

estimates (or the likelihood of occurrence of health effects), and eliminate unnecessary 

chemicals, exposure routes/ pathways, and receptors that do not contribute significantly to 

potential health risks under conservative exposure conditions. Those deemed relevant are then 

assessed with more comprehensive methodologies. As a result of these simplifications, several 

uncertainties and limitations are associated with the conduct of a SLHRA. While these 

uncertainties and limitations may not preclude valid conclusions as to the absence of potential 

health risks, they are not a replacement for more comprehensive intervention programs when a 

potential health risk has been identified and needs to be assessed more thoroughly. 

 

In the current SLHRA, a reasonable maximum exposure (RME) scenario was initially 

examined in order to evaluate which contaminants, exposure routes/ pathways, and receptors 

would need to be assessed with more comprehensive methodologies. For this purpose, a marker 

contaminant, As, was selected and various exposure variables representing upper-bound 

conditions were used. However, the level of As contamination found at all four historical mining 

sites precluded such conclusions. Therefore, a more realistic exposure scenario was assessed 
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FIGURE 3-A 

HIs for toddler under CT scenario 
 HI ≥ 10 
 HI of 1 to <10 
 HI < 1 
N.B.  Size of coloured area is 
indicative of size of area from 
which composite samples were 
collected. 
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HIs for toddler under CT scenario 
 HI ≥ 10 
 HI of 1 to <10 
 HI < 1 
N.B.  Size of coloured area is 
indicative of size of area from 
which composite samples were 
collected. 

FIGURE 3-B 
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HIs for toddler under CT scenario 
 HI ≥ 10 
 HI of 1 to <10 
 HI < 1 
N.B.  Size of coloured area is 
indicative of size of area from 
which composite samples were 
collected. 

FIGURE 3-C 
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HIs for toddler under CT scenario 
 HI ≥ 10 
 HI of 1 to <10 
 HI < 1 
N.B.  Size of coloured area is 
indicative of size of area from 
which composite samples were 
collected. 

FIGURE 3-D
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using central tendency (CT) or average values. While this scenario is expected to provide more 

practical and plausible exposure estimates and therefore an indication as to the presence of 

potential health effects, several uncertainties need to be noted. The most important are 

summarized below:  

 

• Since the objective of this study was to screen for potential health effects, plausible but 

generic assumptions were used in lieu of site-specific data. 

 

• The selection of a screening contaminant was based on health-based soil guidelines for 

chronic exposure due to the absence of a comprehensive list of guidelines derived for 

acute exposure. 

 

• Health effects were assessed for the marker contaminant As, whereas several additional 

contaminants are present in surface soil at the various sites. While this approach provides 

useful information for the development of risk management/ remediation approaches, it is 

likely to underestimate potential health effects to the receptors. 

 

• Bioavailability data obtained from the scientific literature was used in lieu of site-specific 

data on As. 

 

• Since speciation data were not available for As present in surface soil at the time of this 

assessment, acute TRVs were developed using available toxicity data regardless of the As 

species present at the sites. 

 

• The case-reports of Mizuta et al. (1956) and Franzblau and Lilis (1989) used several 

assumptions regarding As exposure and selective reporting of clinical data. In addition, 

the derivation of TRVs conducted for this SLHRA was based on various assumptions that 

may introduce a significant degree of uncertainty (use of UFs, lack of appropriate studies 
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to assess route-dependence or route-independence of various pathways). This is evident 

by inconsistencies in the use of UF by various regulatory agencies. 

 

• Soil ingestion rates used in this SLHRA represent average or conservative intakes for the 

general population, however it does not account for pica that may be practiced by some 

children (i.e., occasional ingestion of  > 1 g soil) (Calabrese et al., 1997). 

 

It is important that the results and conclusions reported in this SLHRA be interpreted in light 

of these uncertainties.  However, these uncertainties are unlikely to significantly diminish the 

potential risk to visitors under the less conservative CT scenario, given the number and levels of 

contaminants present at the various historical mining tour sites and their accessibility to 

occasional visitors.  

 

6.0  Conclusions and Recommendations 

 

The results obtained in this SLHRA indicate that potential acute/ short-term health effects are 

likely to be experienced by the occasional visitor of the Cobalt historical mining sites who has 

direct contact with surface soil. These effects are predicted to be associated mainly with 

incidental ingestion of soil, presumably as a result of hand-to-mouth activities.  Limited exposure 

is predicted from dermal contact, while inhalation of resuspended soil/ dust is considered 

negligible. However, contact dermatitis at high doses of As and/or other contaminants cannot be 

excluded.  The toddler was identified as the most sensitive receptor, however all other receptors 

examined, including pregnant women, are potentially at risk. These conclusions are based on 

projections obtained with the CT scenario and, therefore, represent plausible forecasts for the 

Nipissing High Grade Mill for which comprehensive sampling data was available.  They are also 

presumed to be valid for the Nipissing Low Grade Mill, McKinley-Darragh Mill, and Buffalo 

Low Grade Mill despite limited sampling data.  

 

Potential health effects were estimated for As. However, a number of contaminants known to 

have significant toxic properties were also present in high concentrations at the various historical 
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sites. Since exposure to these contaminants was not factored in this SLHRA, it is expected that 

potential health risks were underestimated.  

 

Since hand-to-mouth transfer represents the principal exposure pathway for As, and would be 

expected to be the major pathway for other inorganic contaminants as well, it is likely that 

preventing direct contact with contaminated surface soil would minimize exposure.  

 

This SLHRA was designed to assess potential acute/ short-term health effects to visitors of 

the historical mining tour sites. Consequently, the results are not directly applicable to the 

residents of Cobalt.   
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