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1. EXECUTIVE SUMMARY 
The enclosed comments seek to make the following points: 
 
• Raise awareness about recent or older studies that should be included in the SCOEL/SUM/85 

as they are relevant to the nickel OEL discussions. 
 
• Request clarification of the nickel ion bioavailability model for lung tumor induction by nickel 

compounds and information on epidemiological studies. 
 
• Provide awareness and guidance on how to account for particles size differences between 

exposures animal studies and workplace exposures. This allows the calculation of human 
equivalent concentrations corresponding to toxicity NOAELs from animal studies that 
are >> inhalable 0.01 mg Ni/m3. 

 
• Provide awareness and guidance on how to account for different efficiencies of air samplers 

when considering exposure data from epidemiological studies. This correction results in 
NOAEL values based on human carcinogenicity data > inhalable 0.01 mg Ni/m3. 

 
• Suggests consideration of separate OELs for four groups of nickel substances (soluble, 

sulfidic, metallic and oxidic) or at least two separate groups (soluble-sulfidic and metallic- 
oxidic). For soluble and for sulfidic nickel, inhalable OELs of 0.05 mg Ni/m3 could be 
conservatively supported by the human and animal data. For metallic and oxidic nickel, 
inhalable OELs of 0.20 mg Ni/m3 could be justified. 

 
• Demonstrate that biomonitoring of nickel cannot replace air monitoring, but nickel 

concentrations in plasma or urine can serve as a very important Industrial Hygiene tool for 
early warning of unanticipated worker exposure. 

 
Taking into account the comments provided herein, the proposed inhalable nickel OEL value of 
0.01 mg Ni/m3 appears to be overly conservative. Following the same approach used in the 
SCOEL/SUM/85 document, the following inhalable values could be justified by all available 
data: 0.05 mg Ni/m3 soluble nickel, 0.05 mg Ni/m3 sulfidic nickel, 0.2 mg Ni/m3 oxidic nickel, and 
0.2 mg Ni/m3 metallic nickel.  
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2. GENERAL COMMENTS 
For the most part we found the SCOEL/SUM/85 document on nickel to be well written and 
include a reasonable description of the studies and effects associated with nickel exposures. 
The comments provided herein aimed at making this document stronger by noting missing 
studies and providing additional clarifications. As a result of these comments we believe that the 
proposed OEL of 0.01 mg Ni/m3 is overly conservative when particles size/sampling issues are 
taken into account. When these issues are taken into consideration and following the same 
approach as outlined by the SCOEL in the SUM/85 document, nickel OELs at least 5-fold higher 
than the current proposal could be supported.  
 
We further suggest consideration of separate OELs for four groups of nickel substances 
(soluble, sulfidic, metallic and oxidic) or at least for two separate groups (soluble-sulfidic and 
metallic- oxidic).  We hope the SCOEL will take our comments into consideration when revising 
this report and offer to provide any further information that may be needed. If our comments are 
not incorporated, we request that an explanation for this rejection be provided. 
 
Detailed comments are provided below by Section. 
 
3. SECTION 2.1 TOXICOKINETICS 
Some clarifications are needed.  
When talking about the bioavailability of Ni (II) it is important to distinguish between Ni (II) being 
available systemically after absorption into the blood, Ni (II) being available at the surface of the 
lung after inhalation (for toxicity), and Ni (II) being available at nuclear sites of respiratory target 
cells after inhalation (for tumors). Often these concepts can get mixed up and the result is that 
the nickel compounds of greatest systemic absorption (e.g., Ni sulphate) is assumed to also be 
the one of greatest bioavailability at nuclear sites of respiratory cells, which is not the case as 
explained later on in the SCOEL/SUM/85 document. Therefore, we suggest that the word 
“systemic” should be added before “bioavailability” in the following paragraph: 
 

“Concerning the systemic bioavailability of different nickel species after inhalation, all 
compounds are bioavailable, even though to a different extent. In rats, about 98 % or 6 
% were bioavailable after inhalation of water soluble nickel or metallic nickel, 
respectively. Similarly, in humans, increased nickel concentrations were detected in the 
blood and urine of workers exposed to both readily soluble and poorly soluble nickel 
compounds including metallic nickel, indicating the systemic bioavailability of all nickel 
species (Angerer et al. 1989, IARC 1990, Raithel 1987).” 
 

Regarding oral absorption of Ni from various nickel compounds, the nickel metal absorption 
data from Ishimatsu et al (1995) and Hayman et al (1984) could be added. See below. There 
are also studies done in human volunteers with nickel chloride. These studies show that the 
absorption of nickel from oral ingestion of nickel chloride can range from 1% to 30%, depending 
on whether the individual is ingesting nickel with food or under fasting conditions, respectively. 
 

“The systemic bioavailability of nickel compounds by the oral route depends strongly on 
the nickel species. After oral administration to rats, the readily soluble nickel salts were 
absorbed to the greatest extent, whereas nickel oxides and nickel metal were absorbed 
only to a slight extent. Thus, absorption was found to be 34% for nickel nitrate, 11% for 
nickel sulfate, 9.8% for nickel chloride, 0.47% for nickel subsulfide, 0.09% for nickel 
metal, and 0.01% for nickel oxide (Haber et al. 2000).”   
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Regarding dermal absorption it could be noted that the Ni (II) absorption is only 2% from water 
soluble nickel compounds (Tanojo et al. 2001), and lower yet from the water insoluble ones. 
 
4. SECTION 2.4 SENSITIZATION 
Some clarifications are needed as discussed below.  
 
4.1 Effects in humans 
4.1.1 Skin 
It is important to note that it is the nickel release from objects in intimate and prolonged contact 
with the skin and not the nickel content that is relevant for sensitization or elicitation of a dermal 
reaction in sensitive individuals.  While a nickel-containing alloy may have higher nickel content 
than another alloy, the nickel release rate may be lower depending on the composition of the 
alloy. That is why the EU Nickel Directive is based on Ni release rates and not Ni content.  
Recent publications (Thyseen et al., 2009a,b) seem to indicate that the implementation of the 
EU Nickel Directive is decreasing dermal sensitization to nickel.  We suggest the following 
modification be made to the text below: 
 

“Nickel is the most commonly diagnosed cause of allergic contact dermatitis worldwide. 
In the vast majority of cases the cause can be determined as non-workplace-related 
contact to nickel-releasing jewellery or commodities (Bruynzeel et al. 2005; Goon und 
Goh 2005; Schnuch et al. 2004; Uter et al. 2005).” 

 
4.1.2 Respiratory tract 
The current write-up suggests that respiratory sensitization to nickel is a common occurrence 
that can happen with all nickel containing substances. This is misleading as the available 
evidence points out to the contrary. The evidence indicates that nickel-related respiratory 
sensitization is very rare and likely to be constrained to the very water soluble nickel 
compounds. 
 
There are tens of thousands of workers exposed to insoluble nickel particles in primary and 
secondary nickel production facilities, grinding applications, catalyst manufacturing, etc.  
However, there are only a few reports of asthma associated with exposure to dusts containing 
nickel. Of three reports associated with insoluble nickel, only a single case report gives 
reasonably strong evidence that the observed response could have come from exposure to the 
nickel contained in the alloy grinding dust (Estlander et al., 1993). The remaining reports do not 
permit the discrimination of insoluble nickel as the sole etiologic agent (i.e., possible 
confounding exposures to nickel sulphate, possible cross reactivity to cobalt, etc.). All the dusts 
contained other metals besides nickel (e.g., chromium, Co-W hard metal, iron, copper).  
 
In assessing the respiratory sensitization hazard of a compound, the EU Technical Guidance 
Document states that “…attention should be paid to the number of well documented cases in 
relation to the size of the exposed population”.  It is for this reason that neither nickel metal nor 
insoluble nickel compounds are classified as respiratory sensitizers under the Dangerous 
Substances Directive in the 30th and 31st ATPs in Europe. 
 
Although we acknowledge that there is no proper epidemiologic study that has specifically 
looked at incidence of asthma among nickel workers, there are many studies that have looked 
at mortality from non-malignant respiratory diseases (including asthma) among nickel workers 
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with metallic-oxidic nickel exposures. There is an extensive body of literature demonstrating that 
past exposures to metallic-oxidic nickel have not resulted in excess mortality from such 
diseases.  Given that hundreds of thousands of workers have been exposed primarily to oxidic-
metallic nickel since the 1960s, the occurrence of a single relevant case report of respiratory 
sensitization among them is insufficient to indicate a concern. 
 
In addition, an animal study with nickel oxide yielded negative results for dermal sensitization 
(see below). This indicates once more that it is not just the content of nickel but the release 
rates that are important. We suggest that you delete or rewrite the fourth sentence below (in 
red) to avoid giving the impression that anything that contains nickel will be a dermal and a 
respiratory sensitizer! 
 

“Published results indicate that nickel can additionally induce an IgE-mediated 
respiratory sensitization (Dolovich et al. 1984; Estlander et al 1993; Fernández-Nieto et 
al. 2006; Kusaka et al. 1991; Nieboer et al. 1984). There are actually few case reports 
suggesting evidence for specific IgE, positive skin tests and positive provocation tests 
with nickel sulfate in exposed persons, and pointing to a workplace related asthmatic 
pathology (Bright et al. 1997; Cirla et al. 1982). The incidence of occupational asthma 
among stainless steel welders in Finland was 0.9-2 per 1000 workers each year (Hannu 
et al 2007).  
[Since nickel ions can be released from nickel metals or nickel compounds of low 
solubility, the above applies to metals, compounds, and nickel alloys, from which nickel 
is biologically available (Hartwig 2008).]” 

 
4.2 Effects in experimental animals 
Results for just nickel sulfate are reported in the document.  An in vivo sensitization study in 
guinea pigs (guinea pig maximization test) conducted in 1986 at FDRL with green nickel oxide 
indicated that nickel oxide was not a dermal sensitizer, while nickel sulfate did induce a positive 
sensitization response.  
 
5. SECTION 2.5 REPEATED DOSE TOXICITY 
Some clarifications in this section are needed.  When discussing the exposure levels associated 
with adverse lung effects in rats and mice it is extremely important to note the particle size 
distribution (PSD) of the aerosols used in these studies. The observed effects in various regions 
of the respiratory tract of these animals are related to the retained and or deposited dose of 
nickel compound in that region. The deposited dose will be a function of the PSD.  It is that 
same deposited dose (per unit of surface area) that is expected to be associated with similar 
effects in humans.  To properly compare exposure levels in rats and humans, the PSD of each 
aerosol should be considered and proper adjustments to compare effects at equivalent 
deposited doses should be made.  
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An exposure level of 0.1 mg Ni/m3 (MMAD ~2 µm; GSD ~ 2 µm) in rats will not result in a lung 
deposited dose in humans that is equivalent to that derived from an inhalable workplace 
exposure level of 0.1 mg Ni/m3 (MMAD ~ 50 µm and GSD ~ 10 µm)!  An approach to do the 
extrapolation and calculate Human Equivalent Exposures is discussed in Appendix A1. 
 
Please add the PSD information to the text of the SCOEL/SUM/85. For your convenience Table 
1 below shows the PSD for the chronic toxicity NOAEL/LOAEL (as identified in the document) 
for the four nickel substances in rats. 
 
 
Table 1: PSD Information for rat chronic inhalation studies with various nickel substances. 

Substance NOAEL 
(mg Ni/m3) 

LOAEL 
(mg Ni/m3) 

MMAD 
(µm) 

GSD 
 

Nickel Sulphate Hexahydrate 0.03  2.50 2.38 
Nickel Subsulfide  0.1 2.17 2.34 

Nickel Oxide  0.5 2.21 1.97 
Nickel Metal  0.1 1.80 2.40 

 
  
6. SECTION 2.6 GENOTOXICITY 
6.1 Effects in Humans 
It would be worthwhile noting that in the Senft et al. (1992) study, there was an inverse 
correlation between urinary nickel levels and chromosomal aberrations. In addition, the range of 
exposures for NiSO4 production workers was 0.31- 2.86 mg Ni/m3 instead of 0.28 to 1.5 mg 
Ni/m3. In the study of Waksvik et al., (1984), the lack of increase in SCEs should be noted for 
completeness. 
 
 
6.2 Effects in experimental systems 
This section provides a nice summary of in vitro and in vivo studies conducted with nickel 
compounds. We appreciate the fact that the table includes the lowest concentration level at 
which effects were observed.  It would also be useful to indicate in the text the exposure levels 
at which water soluble nickel compounds can increase the transformation of hamster cells by 
benzopyrene and inhibit DNA repair.  
 
In SCOEL/SUM/85 Table 4, a few clarifications are needed. It appears that the positive results 
for CA induction after i.p. injection of nickel chloride in the Dhir et al (1991) study were 
inadvertently omitted; while the negative micronucleus results with nickel chloride reported by 
Morita et al (1997) were mistakenly attributed to Dhir. In cases where repeated exposures took 
place, the number of exposure days is given in parenthesis after the dose (e.g., 7-14 days for 
Mathur et al. 1978). For the Oller and Erexson (2007) study, please note that animals were 
exposed once a day, for three days. 
 

                                                 
1 Appendix A describes the approach used to calculate Human Equivalent Exposures corresponding to 
equivalent deposited doses per unit of surface area in the various regions of the respiratory tract using a 
range of workplace PSD and taking differences in exposure time (6 hours rats, 8 hours humans, lifetime 
rats, less than lifetime humans) into account. 
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7. CARCINOGENICITY 
7.1 Effects in humans 
We concur with the SCOEL’s proposal that the OEL for nickel be defined in terms of “inhalable” 
aerosol fraction based on the definition agreed in 1993 by the ISO (International Standards 
Organisation), ACGIH (American Conference of Governmental Industrial Hygienists), and CEPN 
(European Committee for Standardisation) (≤ 100 µm aerodynamic diameter). Many studies 
conducted in the late 1970s demonstrated that the so called ”total dust” samplers failed to 
collect the coarser inhalable particles and did not match the inhalability criterion. This led to the 
development of personal sampling instrumentation that has higher sampling efficiencies and 
more closely mirrors the inhalable fraction (e.g., IOM inhalable sampler).  Many studies carried 
out in the nickel producing and using industries in the 1990’s have indicated that nickel 
exposure levels measured as “inhalable” particulate are approximately twice as high (in terms of 
mass) as nickel exposures measured in terms of “total” particulate at the same location (Table 2 
below). This is valid both for nickel producing and nickel-using sectors, and indicates that 
workplace nickel exposures are fairly coarse. 
 

Table 2: Particle Size Information for Nickel Workplace Aerosols  
Information on PSD1 of workplace aerosol 

inferred from the ratio of mass collected with 
the IOM personal sampler and 37-mm (closed 

face) personal sampler  
Workplace site 

n = no. of samples 

Reference 

Nickel Refinery 12 

-matte grinding 
-chlorine leaching 
-roasting/smelting 
-electrolysis 

 
1.8 (n = 11) 
1.7 (n = 14) 
2.3 (n = 12) 
1.5 (n = 13) 

Werner et al 
1999b 

Nickel Refinery 2 
-mining 
-milling 
-smelting 
-refining 

 
3.2 (n = 32) 
2.7 (n = 21) 
1.7 (n = 35) 
2.1 (n = 36) 

Tsai et al 1995 

Nickel Refinery 3 
-smelting 

 
2.8 (n = 23) Tsai et al 1995 

Nickel Electroplating 
-shop 1 

 
2.0 (n = 21) 

-shop 2 3.0 (n = 21) 

Tsai et al 
1996a 

Alloy Production 
-whole process 

 
2.3 (n = 46) 

Tsai et al 
1996b 

Generic Processes 
-Dust arising from mechanical working and handling 
-Mists 
-Hot processes (roasting-smelting) 
-Fumes & smoke 

Generic Factors 
2.5 
2.0 
1.5 
1.0 

Werner et al 
1996 

1. PSD = Particle Size Distribution.  
2. MMAD and GSD measurements for this refinery sites are listed in Appendix A.  

 
Therefore, when considering the exposure levels reported in epidemiological studies to derive 
an “inhalable” nickel OEL, it is important to take into account the type of sampler used. For the 
majority of the studies, the reported nickel levels are not defined in terms of “inhalable” aerosol 
fraction. If the sampler was not an “inhalable” sampler then correction for sampling efficiency 
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need to be applied before the data can be used to set an “inhalable” OEL.  Data on bimodal 
distribution of workplace aerosols for roasting and smelting and electrolysis have been reported 
by Yu et al (2001). Exposure data for these same sites indicated ratios between the IOM and 
the 37-mm sampler of 2.3 and 1.7, respectively, and respirable fractions of 2.0% and 6.6%, 
respectively (Werner et al., 1999b). The IOM/37-mm sampler ratio of ~2 is representative of the 
majority of the nickel exposures encountered in the nickel producing and using industries 
(Werner et al., 1996). In the comments on epidemiological studies (below) we have noted what 
the “inhalable” levels for various cohorts would have been. In doing so, we have used process-
specific factors from Table 2 when applicable or the general industry-wide estimated factor of 2. 
 
Workplace exposures not measured with inhalable samplers should be corrected to be 
expressed in terms of inhalable aerosols using the factors reported in Table 2.  
 
 
The first paragraph in this section should make it clear that the only evidence of increased 
respiratory cancer risk comes from workers refining and processing sulfidic nickel ores.  The 
Grimsrud and Peto (2006) paper is cited here as showing continuing nickel-related risks in the 
Clydach refinery. While we agree that this study indicates the possibility that nickel-related risks 
have persisted at Clydach, there are alternative explanations that should also be mentioned. 
The records of smoking status of workers in the cohort were incomplete (67% had smoking data 
according to Sorahan and Williams, 2005), and as a consequence, smoking data were not 
directly employed in the analysis of lung cancer mortality. In addition to the indication of a high 
prevalence of smoking in the worker population, it is noteworthy that in the group of workers 
with known smoking status no lung cancer deaths occurred in those who had never smoked. 
The lung cancer risks seen in post-1930 hires are within the range of those associated with 
cigarette smoking in blue collar groups (Doll, 1990).     
 
We suggest that the first paragraph in the section could be modified as follows: 
 

“The refinery is still in operation, but although procedures changed and exposure levels 
dropped, a modestly increased lung cancer risk has persisted at a relatively constant 
level (SMR≈140) in workers hired after 1930 (summarized in Grimsrud and Peto, 2006).  
It is unknown whether the source of this risk is nickel-related, or attributable to reported 
high smoking prevalence in these workers (Sorahan and Williams, 2005).  However, 
based on evidence of increased respiratory risk of  cohorts of workers from different 
countries engaged in refining and processing of sulfidic nickel ores, nickel compounds 
have been classified by IARC as Group 1 carcinogens (IARC, 1990) and as category 1 
by EC (see table 1).” 

 
7.1.1 Metallic Nickel 
For purposes of clarity, we suggest that the following sentence in the first paragraph be 
changed: 
 

“High exposures to metallic nickel (≥5 mg/m3, or ≥10 mg Ni/m3 as inhalable) were 
recorded among employees working in the linear calciners and cleaning reducers in the 
nickel plant, where there was a high exposure to oxidic and sulfidic nickel at the same 
time.” 

 
In the next paragraph, it is unclear what study the third sentence refers to. If this sentence refers 
to the study of Clydach by Doll (1990), the findings of this study were that cross-classification 
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analysis by cumulative exposures gave no evidence of a relationship between exposures to 
metallic nickel and increased nasal or lung cancer risk (this was also true at Kristiansand). If this 
sentence refers to the Clydach study by Easton et al. (1992), while the authors─using a model 
to predict the risk caused by individual nickel species─initially noted that the model predicted 
that the risk in Clydach workers could be due entirely to metallic and soluble nickel (a finding not 
supported by the Doll study), they later questioned the reliability of their own model.  When 
applied against actual empirical data, the model performed poorly, leading the authors to 
conclude that “[they] had overestimated the risks for metallic nickel (and possibly soluble nickel) 
and underestimated those for sulfides and/or oxides.”  So, while it is true that areas of Clydach 
did have high exposures to metallic nickel, no analysis based upon empirical data has strongly 
supported a role for metallic nickel in the induction of respiratory cancers in this cohort.  On this 
basis, we would suggest the following change to this sentence and the lead-in to the next. 
 

“While an increased incidence of lung and nasal sinus cancers was found in two cohorts 
of employees who were exposed to nickel metal and other nickel compounds at the 
same time in the nickel refinery in Clydach, Great Britain, for 15 or more years, statistical 
analyses of cumulative exposure data showed no compelling evidence of metallic nickel 
inducing these cancers.  The same could not be said for various other nickel compounds 
which showed evidence of an association of exposures to excess nasal and lung cancer 
risks.  Moreover, a cohort of employees of the Oak Ridge Gaseous Diffusion Plant, 
Tennessee, USA, who had exclusively been exposed to the metallic form of nickel, 
showed no increased incidence of respiratory tumours. However, the average airborne 
concentration of nickel was relatively low, i.e. below 1 mg/m3 (or below 2 mg/m3 as 
inhalable nickel) (Doll 1990, IARC 1990).” 

 
Additional information on metallic nickel in the producing industry can be gleaned from the latest 
update of a study of 1,649 hydrometallurgical refinery workers in Canada (Egedhal et al., 2001).  
The number of workers exposed to nickel was small (718), but the exposures in this plant were 
solely to nickel concentrates and metallic nickel. Exposures to metallic nickel were high, with a 
mean of 6 mg Ni/m3 (as inhalable).  No excess risks of lung cancer were found in these workers 
(Relative Risks, RR=0.67; 95% Confidence Interval, CI, 0.24-1.46); nor were any deaths due to 
nasal cancers detected. This study could be mentioned in this section for completeness. 
 
With respect to the study by Arena, we found the write-up to be fair and accurate.  We suggest 
that the recent paper by Sivulka and Seilkop (2009) be included for a more comprehensive 
discussion of the alloy workers’ exposures.  A sentence on exposure could be added as shown 
below: 
 

The average airborne nickel concentrations reported by Arena et al. (1998) were highest 
in the area of powder metallurgy with 1.5 mg/m3, followed by the grinding operation with 
0.3 mg/m3 and the hot working areas with 0.1 mg/m3, whereas the means in the other 
areas were lower. These exposure data were largely based upon measurements taken 
from one plant in the late-1970s.   A recent reconstruction of historical exposures of 
these alloy workers (Sivulka and Seilkop, 2009) indicated that average exposures in 
process areas outside of powder metallurgy ranged between ≈0.3 and 1.8 mg Ni/m3, 
with an overall average of 0.65 mg Ni/m3 (1.5 mg/m3 as inhalable2). When compared…” 

 

                                                 
2 Based on Table 2-Alloy workers. 
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We note another minor point that requires some explanation. The statement “doubts had been 
raised that the reference population had been selected correctly” to describe Arena et al. 
(1998)’s decision to compare the alloy workers to a comparison populations other than the U.S. 
seems to suggest and that the research was somehow flawed by an error in judgment. In the 
first study of this cohort (Redmond, 1984), no excess risks were observed in workers with 20+ 
years of employment when compared with the U.S. population. This group of roughly 4,200 
workers is at least equal to the entire workforces at either Clydach or Kristiansand). The follow-
up study showed slight increased risks but no evidence for a duration-of-exposure response 
relationship when workers were still compared to the U.S. population. This led the authors to 
suspect that occupational exposures may not have played a role in these slight excess cancer 
deaths. This is why they did the analyses using local populations. 
 
Comparisons to local populations provide an effective way to control for geographical variations 
in background risk. For this very reason, the Clydach cohort has often been analyzed with 
respect to both local and national populations (Peto et al., 1984). For their local populations, 
Arena et al. used large and stable Standard Metropolitan Statistical Areas, many of which were 
anywhere from 1 to 4 million people. The worker cohorts comprised only about 0.2% of these 
local populations. So, while the use of local populations in assessing risks can some times be 
faulted when local populations are small and/or the occupational group of interest may 
constitute a large proportion of the local population, such was not the case here.  
 
We would, therefore suggest the following change: 
 

“Analyses of lung cancer mortality in terms of length of employment and time since first 
employment did not provide a positive association for any work area or for any subcohort 
defined by sex or race. Since there was no evidence of a duration of exposure-based 
response in lung cancer deaths when comparisons were made with the U.S. population, 
the data of the high nickel alloy producers were also compared with two other reference 
populations ─ a population in the proximity of the nickel plants (Table 5) and a steel 
worker cohort from a different study ─ in order to better control for factors that were not 
occupationally-related.” 

 
7.1.2 Soluble Nickel 
The first paragraph describing the Port Colborne electrolysis workers has a few inaccuracies 
that should be corrected. Although the reported exposure levels of soluble nickel in the Port 
Colborne and Kristiansand electrolysis operations differed somewhat (<0.3 vs. ≈1 mg/m3), the 
processes were known to be virtually identical (Doll, 1990; page 71). The revised Grimsrud et al. 
(2000) exposure matrix for Kristiansand brought the estimates of soluble nickel even closer to 
those at Port Colborne, lowering the estimated nickel concentrations in nearly all work areas by 
factors of 5-10 in the years prior to 1973 (when actual measurements began). One of the main 
differences between the two refineries had to do with the physical layout of the operations. The 
Kristiansand refinery utilized multi-story buildings that either abutted each other or were 
connected by covered tramways that linked process steps. This likely resulted in workers in the 
electrolysis department being exposed to substantial amounts of insoluble nickel. One way in 
which this would have occurred was via the loading and physical transfer of calcine (mostly 
insoluble nickel) from the roasting and smelting department (by wheelbarrow) to the copper 
leaching area, which was part of the electrolysis department, physically adjacent to the copper 
electrowinning and nickel electrolysis areas. In contrast, the Port Colborne electrolysis facility 
was in a completely separate building from the leaching, calcining, and sintering plants; as a 
consequence, electrolysis workers’ exposures to insoluble nickel were almost certainly much 



INC.

 

COMMENTS ON THE SCOEL/SUM/85 
RECOMMENDATION FOR NICKEL AND NICKEL 
COMPOUNDS 

 

Page 12 of 47 

lower there than at Kristiansand. The Doll report suggests that the difference in risks between 
Port Colborne and Kristiansand electrolysis workers may have been primarily due to in insoluble 
nickel exposures. 
 
The discussion of the “promotion effect” also requires some clarification.  Doll (1990) first 
discussed the increased cancer risk in long-term electrolysis workers who had short-term 
exposure to insoluble nickel in leaching, and calcining in terms of an “interaction effect,” this was 
“in keeping with the evidence from Clydach and Kristiansand that soluble nickel enhanced the 
respiratory cancer risks associated with exposure to other forms of nickel” (Doll, 1990, page 58).  
This “interaction effect hypothesis” for soluble and insoluble nickel compounds is also discussed 
by Doll (1990) on page 71, in explaining the differing risks between Port Colborne and 
Kristiansand electrolysis workers who were exposed to similar levels of soluble nickel but 
differing levels of insoluble nickel (low at Port Colborne, high at Kristiansand).   

 
Thus, a more accurate description of soluble-nickel related risks in these workers is suggested 
below: 
 

“There was no significantly increased lung cancer risk in the cohort of 2747 workers in 
the electrolysis department of the Port Colborne refinery (Ontario, Canada). The level of 
exposure to soluble nickel was estimated to be relatively low there, i.e. 0.25 mg/m3 (or 
0.4 mg/m3 as inhalable3) (compared to > 1 mg/m3 or > 1.6 mg/m3 as inhalable in 
Kristiansand electrolysis workers2).  However, the level of insoluble nickel exposure at 
Port Colborne was also believed to be lower than at Kristiansand, owing to Port 
Colborne’s electrolysis operations being run in a separate building, while Kristiansand’s 
electrolysis operations were physically adjacent to processes that generated insoluble 
nickel dusts. The only evidence of increased tumour incidence in Port Colborne 
electrolysis workers was in those who were also exposed to poorly soluble forms of 
nickel in the leaching, calcining, and sintering operations (Doll 1990). This result was 
interpreted by Doll et al. as “being in keeping with evidence from Clydach and 
Kristiansand that soluble nickel enhanced the respiratory cancer risks associated with 
exposure to other forms of nickel.”  

 
The third paragraph of the section on Kristiansand leaves out some important details. As 
previously mentioned, due to the physical layout, the nickel exposures in Kristiansand workers 
were highly mixed, with correlations in cumulative exposures among nickel species ranging from 
0.46 to 0.71 (Grimsrud, 2002).  The exposure-response functions for individual nickel species 
estimated by Grimsrud et al. (2002) did not adjust for the effects of the remaining nickel species.  
Thus, when the Grimsrud et al. (2002) results are cited on page 31, paragraph 3, it is important 
to state that 1.6 mg Ni/m3 x years is the cumulative exposure level at which a significant 
increase in lung cancer incidence for water soluble nickel was observed in the presence of 
unknown levels of other nickel species.   
 
The estimated exposure-response functions in Grimsrud et al. (2002) are strongly supralinear, 
even at the lowest exposure levels, contradicting the mechanistic evidence that suggests 
sublinear exposure-response (SCOEL/SUM85; Goodman et al., 2009).  By contrast, the 
estimated exposure-response functions in Andersen et al. (1996) are sublinear to linear, which 
is more consistent with the mechanistic evidence. Andersen et al. (1996) also performed an 

                                                 
3 Based on Table 2-Average of Chlorine Leaching and Electrolysis factors. 
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analysis that adjusts the soluble nickel related-risk for oxidic nickel exposure In addition, and 
reported in that study that “smoking in combination with exposure to nickel seems to interact, 
creating an exceedingly high risk of lung cancer for workers who both smoked and were 
exposed to nickel.”  In fact, of the 200 lung cancer cases (out of 203) for which smoking 
information was available, 189 (≈95%) were smokers. 

 
If quantitative estimates of effect (and no effect) levels are to be provided in the document, it 
would be appropriate to show not only the Grimsrud et al. (2002) results but also those from the 
Andersen et al. (1996) study and the results from the Port Colborne electrolysis workers (Doll, 
1990). We suggest the following modifications to the text for your consideration: 
 

The Kristiansand workers were employed in the processing of sulfidic nickel matte, 
which included work areas such as roasting and smelting, with relatively high insoluble 
nickel exposures (>5 mg Ni/m3, or >11.5 mg Ni/m3 as inhalable4) and lower levels of 
soluble nickel exposure, as well as electrolytic nickel refining using sulphuric acid, where 
exposures were estimated to be mainly to high concentrations (> 1 mg/m3 or >1.6 mg 
Ni/m3 as inhalable5) of nickel sulfate and lower concentrations of other, poorly soluble 
nickel compounds.  The highest lung cancer risks occurred in electrolysis workers and 
the highest nasal cancer risks appeared to be in roasting and smelting workers (Doll, 
1990). A recent evaluation of the relation between nickel compounds and respiratory 
tumours in an extended group of persons who had worked in the nickel refinery in 
Kristiansand from 1916–1983 substantiated the indications of a carcinogenic effect of 
soluble nickel (Andersen et al. 1996).  A total of 1979 mortalities, 32 new cases of nasal 
cancer (standardised incidence ratio (SIR) 18.0; 95% confidence interval (CI) 12.3–25.4) 
and 203 new cases of lung cancer (SIR 3.0; 95% CI 2.6–3.4) were observed.  The 
study’s authors also indicated that there was an interaction for lung cancer between 
smoking and exposure to total nickel. The lung cancer risks of Kristiansand workers 
have been further analysed in a case control study with diagnoses occurring 1952-1995 
(Grimsrud et al., 2002). This study indicated that lung cancer risk appeared more 
strongly associated with soluble nickel exposure than with exposure to other nickel 
compounds, although soluble and insoluble nickel exposures were highly correlated and 
the exposure-response functions did not adjust for the effects of the remaining nickel 
species.  The data suggesting a role for soluble nickel in the carcinogenic process still 
seem to be convincing, but effects due to exposures to other forms of nickel and 
sulphuric acid cannot be completely ruled out for this plant either. The data are 
summarized in Table 6.” 

 
Please note that a few edits are needed in Table 6 of the SCOEL/SUM/85 document as shown 
below in red.

                                                 
4 Based on Table 2- Roasting and Smelting. 
5 Based on Table 2-Average of Chlorine Leaching and Electrolysis factors 
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SCOEL/SUM/85 Table 6: Relation of lung cancer incidence to the level of cumulative exposure to soluble nickela) (data from 

Andersen et al. 1996) 

Exposure range 
(mg Ni/m3) x years 

Mean exposure 
(mg Ni/m3) x years 

Cases of lung cancer 
(n) 

Adjusted RRb)  
 95% CI 

< 1 0.1 86 1.0 Reference 

1−4 2.3 36 1.2 0.8−1.9 

5−14 8.8 23 1.6 1.0−2.8 

> 15 28.9 55 3.1 2.1−4.8 
a) specification of nickel compounds not possible; b) adjusted for smoking, age, exposure to nickel oxide 
[Please note that the exposure metric used by Andersen et al. (1996) is mg Ni/m3 x years, but is reported 
in the tables as mg/m3 (see Andersen et al., 1996, page 710, para 3).]  
 
 
The description of the Harjavalta refinery results does not include several details that have 
substantial impacts on its utility in characterizing soluble nickel exposure-related risks. Prior to 
1973, the grinding and leaching operations were located at the end of the electrolysis hall. 
These operations generated substantial levels of insoluble nickel dust (with short-term peaks 
exceeding 2 mg Ni/m3).  According to Antilla et al. (1998), “these insoluble dusts spread to 
electrowinning part of the hall.”  In 1973, grinding and leaching operations were separated from 
the electrolysis hall; only after this point in time were workers in the electrolysis hall exposed 
almost exclusively to soluble nickel. All of the reported 4 nasal cancer cases and 6 lung cancer 
cases occurred in refinery workers who were hired well before 1973-1975, a period in which it is 
almost certain that they had some level of insoluble nickel exposure (TERA, 1999).   
 
The estimated average of presumed soluble exposure of 0.25 mg Ni/m3 (0.4 mg Ni/m3 
inhalable)6), that is cited (Anttila et al. 1998; Kiilunen et al., 1997) is based primarily on 
measurements in the tankhouses in the electrolysis hall during the period 1979-present. These 
levels do not reflect the largely insoluble exposures in the grinding and leaching areas that until 
1973 were in the electrolysis hall. Antilla et al. reports these as 0.2-0.4 mg Ni/m3 for grinding 
(inhalable7 0.5-0.9 mg Ni/m3) and 0.06-0.20 mg Ni/m3 (inhalable8 0.1-0.3 mg Ni/m3) for leaching.   
 
A suggested re-write that includes this information follows: 
 

“A cohort of employees of the Finnish nickel refinery in Harjavalta was examined in an 
extended follow-up of the study of Karjalainen et al. (1992) up to December 1995 (Anttila 
et al. 1998). There was an increase in respiratory cancer incidence in a cohort of 369 
workers with a total of 8794 person years in the electrolytic nickel refinery department 
between 1960 and 1995:  6 cases of lung cancer in workers with 20+ years latency (SIR 
3.38, 95% CI 1.24-7.36), and two cases of nasal cancers reported during the follow-up 
period.  Two other nasal cancers were also identified, one shortly after the closing of the 
follow-up period, and another with uncertain origin (nose or pharynx). There was also an 

                                                 
6 Conversion factor from Table 2, average of electrolysis and chlorine leaching factors. 
7 Conversion factor from Table 2, grinding factor. 
8 Conversion factor from Table 2, chlorine leaching factor 
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increased risk of stomach cancer (3 cases; SIR 4.98; 95% CI 1.62–11.6)  Until 1973 
grinding and leaching operations, which generated substantial levels of insoluble nickel, 
were in the same building where the electrolytic operations took place, resulting in co-
exposure to both soluble and insoluble nickel forms. Nearly all of the observed excess 
risk occurred in workers hired during this period of mixed nickel exposure. 
Measurements of soluble nickel during the period 1979-1981 averaged 0.40 mg Ni/m3 
(inhalable9), but measurements from the first 15 years of the refinery averaged 
inhalable9 0.80 mg Ni/m3.  Although the study’s authors suggest that soluble nickel was 
responsible for the risk the role of co-exposure to insoluble nickel forms with 
concentrations ranging between 0.06-0.4 mg/m3 (inhalable10 0.1-0.9 mg Ni/m3) cannot 
be dismissed. Smelter workers in the same plant with exposure to poorly soluble nickel 
compounds exerted an increased lung cancer incidence. “                                                                         

            
7.1.3 Sulfidic and oxidic nickel. 
The write-up on Clydach is clear.  However, we would suggest a change to the last sentence. 
Tests conducted on the effectiveness of the gauze masks in the 1970s showed efficiencies in 
the masks to range from 60 to 85%, depending on thickness. So, while the masks undoubtedly 
helped to reduce exposures in the calciners (where they were predominantly worn), they were 
not consistently worn there, nor were they worn in many other places of the refinery that also 
had high nickel exposures. Of likely greater impact on exposures were changes in the feed 
materials, with concomitant process changes that resulted from having to handle less sulfur, 
copper, and arsenic.  But these process changes occurred gradually over several decades, 
whereas the changes in feed occurred almost immediately (in the mid-1920s for arsenic and the 
early to mid-1930s for copper and sulfur). Thus, we would propose for consideration the 
following text change in the last sentence:   
 

“Due mainly to changes in the feed material, but also to the introduction of gauze masks 
in some areas of the refinery, workers hired in the 1930s had significantly lower cancer 
risks.  The elimination of high concentrations of arsenic, copper, and sulfur, and 
concomitant changes in equipment, resulted in changes in the mix of agents to which 
workers were exposed (mid 1920s-mid1930s), as well as reductions in dustiness starting 
in the mid-1930s and continuing into the 1960s.  Thus, those hired after 1940 showed 
little if any increased lung or nasal cancer risk (Doll 1990).” 

 
With respect to the summary paragraphs on human studies and conclusions drawn regarding 
soluble and metallic nickel, we would make a couple of points:   
 

1. Evidence for soluble nickel-related lung cancer risk is largely confined to the 
Kristiansand refinery workers. Although evidence in the Finnish workers is somewhat 
supportive, the degree of support is not convincing due to absence of evidence of dose-
response and concomitant exposure to other hazards, especially the lack of separation 
between work areas with soluble and insoluble nickel exposures (smelter and 
electrowinning) in the early years of refinery operation.  Most importantly, the complete 
absence of evidence of increased risk in Port Colborne electrolytic workers is 
inconsistent with the Kristiansand evidence,  

                                                 
9 Conversion factor from Table 2, average of electrolysis and chlorine leaching factors. 
10 Conversion factors from Table 2, leaching factor (low end of the range) and grinding factor (high end of 
the range). 
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2. It is important to note that Easton et al. discussed the uncertainty of their Clydach model 
and showed how it varied greatly under different scenarios. Moreover, they did not 
confirm a role for metallic nickel when the risk model they employed was actually tested 
against empirical data. They also note that the Doll study showed no evidence that 
metallic nickel was associated with the excess risks in the pre-1930 cohort when metallic 
nickel exposures would have been the highest.  As noted in the SCOEL/SUM 85, 
Grimsrud later confirmed what Doll (1990) found in its cross-classification analysis of 
Kristiansand, (i.e, there was no statistical evidence that metallic nickel played a role in 
the excess cancer risks seen at Kristiansand, after adjusting for the effect of other nickel 
exposure). Many studies done on nickel workers in other industry sectors where 
exposures to metallic nickel would also have occurred (some quite high) have shown no 
evidence of nickel-related increased risks of respiratory cancer (Sivulka, 2005; Sivulka 
and Seilkop, 2009). 

 
A suggested re-write for consideration is as follows: 
 

“Altogether, epidemiological evidence points towards a carcinogenic potential for water 
soluble nickel compounds. The available epidemiological evidence is unclear as to 
whether soluble nickel is a complete carcinogen or enhances risks of other nickel 
compounds.  The quantitative reevaluation of the Kristiansand cohort (Norway) 
(Grimsrud et al., 2002) gives the most substantial evidence that respiratory 
carcinogenicity is associated with water soluble nickel exposure.  There is some 
supportive evidence from the Harjavalta cohort (Finnland) (Antilla et al., 1998), but little, 
if any evidence in the Port Colborne electrolytic workers.   A reanalysis of the Clydach 
cohort (South Wales) (Easton et al., 1992) also suggests a possible role, but the authors 
conclude that the robustness of their findings is highly uncertain. Concerning the water 
insoluble nickel species, reevaluation of the Clydach cohort suggested that at least one 
insoluble nickel species (oxidic, sulfidic or metallic) contributed to cancer risk (Easton et 
al., 1992), but the attribution of risk, particularly to metallic nickel, was not supported by 
a cross-classification analysis of cumulative nickel exposures (Doll, 1990).  A general 
contribution, albeit not dose-dependent, of sulfidic and oxidic nickel species to cancer 
risk was also seen in the reevaluation of the Kristiansand cohort, while no impact on 
carcinogenicity was found for metallic nickel (Grimsrud et al., 2002).  In addition, studies 
of nickel workers in using-industry sectors and/or nickel-producing workers who were not 
involved in the processing of sulfide-containing ores, have shown no evidence of nickel-
related increased risks of respiratory cancer, even though exposures to metallic nickel 
were sometimes quite high (Sivulka, 2005; Sivulka and Seilkop, 2009).” 
 

7.2 Effects in experimental animals 
7.2.1 Nickel metal 
Inhalation: Regarding the presence of adrenal gland tumors in rats exposed to nickel metal 
powder via inhalation, please add the word “combined” before adenomas and carcinomas of 
adrenal cortex in the text shown below. The increases of adenomas and carcinomas by 
themselves were not significant.  Furthermore, Bomhard (1992) noted a wide variation in the 
percentage of control animals with spontaneous adrenal cortical adenomas in 30-month studies 
(0-30% in females). The 7.4% incidence of adrenal cortical adenoma among females in the 
present study falls within Bomhard’s historical range. 
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“There was, however, a significant exposure-related increase in pheochromocytomas of 
the adrenal medulla in male rats as well as a significant increase in combined adenomas 
and carcinoma of the adrenal cortex in female rats (Oller et al. 2008; see Table 7).”  

 
The SCOEL/SUM/85 notes that the significance of adrenal gland tumors for nickel 
carcinogenicity is questionable. These tumors were found in animals experiencing respiratory 
toxicity. In fact, statistical significant increases in pheochromocytomas (males) and combined 
adrenal cortex tumors (females) were only observed at the MTD (maximum tolerated dose) 
exposure level. Moreover, it would further help the reader if the SCOEL/SUM/85 would note that 
no adrenal gland tumors were found in another carcinogenicity study in rats (Heim et al., 2007) 
even though these rats had higher blood nickel levels than in the nickel metal study.  This 
indicates that adrenal tumors although related to the toxicity caused by nickel exposure, are not 
nickel-ion related.  
 
When comparing exposure levels in the rat inhalation study that did not result in tumors to the 
exposure levels experienced by workers, differences in PSD need to be taken into account.  An 
approach to do the extrapolation and calculate Human Equivalent Exposures is discussed in 
Appendix A.  In the case of respiratory tumors in bronchio-alveolar region of the lung, the 
deposited thoracic fraction would be of interest. For example, no respiratory tumors were 
observed at exposure levels up to 0.4 mg Nim3 (MMAD = 1.7 µm, GSD =   2.16) in the animal 
study which is equivalent to inhalable workplace exposures of 2.7-8.5 mg Ni/m3 based on 
equivalent deposited doses as described in Table 5 (below) and Appendix A, Table A.6. 

It could be worth noting in the text that previous animal inhalation studies with nickel metal 
powder in rats, mice, guinea pigs, and hamsters (Hueper, 1958; Hueper and Payne, 1962) have 
also been negative for respiratory tumor induction, even if they were not as conclusive as Oller 
et al (2008) because of their very high toxicity/design limitations.   
 
Intratracheal instillation study: Please see attached paper authored by Drs. G. Oberdörster and 
A. Oller on the comparison between the intratracheal and the inhalation studies with nickel 
metal powder (Appendix B). It is also worth noting that the latest ECHA Guidance document 
titled “Guidance on Classification, Packaging and Labelling” page 306 of module 2, includes the 
following text in support of assigning more weight to inhalation studies than to intratracheal 
instillation studies. 
 

“Most standard carcinogenicity studies use physiological routes of exposure for humans, 
namely inhalation, oral or dermal exposure. The findings from such routes are usually 
considered directly relevant for humans. Studies using these routes will generally take 
precedence over similar studies using other routes of exposure. Sometimes other non-
physiological routes are used, such as intra-muscular, sub-cutaneous, intra-peritoneal 
and intra-tracheal injections or instillations. Findings from studies using these routes may 
provide useful information but should be considered with caution. Usually dosing via 
these routes provides a high bolus dose which gives different toxicokinetics to normal 
routes and can lead to atypical indication of carcinogenicity. For instance, the high local 
concentration can lead to local tumours at the site of injection. These would not normally 
be considered reliable indications of carcinogenicity as they most likely arose from the 
abnormally high local concentration of the test substance and would lead to a lower 
category classification or no classification. Where findings are available from studies 
using standard routes and non-physiological routes, the former will generally take 
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precedence. Usually studies using non-standard routes provide supporting evidence 
only.” 

 
Conclusion: The conclusion for nickel metal could be modified to interpret the carcinogenicity 
data using a weight of evidence approach, taking the relevance of the various studies into 
account. On one hand, intraperitoneal injection studies which do not represent a physiological 
route of exposure and intratracheal instillation studies with higher than physiologically 
achievable levels gave positive results.  On the other hand, a thorough inhalation study 
(physiological route of exposure) was negative. No respiratory tumors were observed even at 
exposure levels equivalent to inhalable workplace exposures > 2.7 mg Ni/m3 when considering 
equivalent deposited thoracic fractions per unit of surface area (Table 5 below and Appendix A, 
Table A.6). The adrenal tumors seen in the inhalation study have been seen with other 
particulates in animals experiencing high respiratory toxicity or are within historical incidence 
levels. These tumors have not been seen in rats with higher blood nickel levels and are not 
therefore considered to be nickel ion-related.   

 
7.2.2 Soluble nickel(II) salts (nickel acetate, nickel sulfate) 
As mentioned above, please add the PSD information of the animal aerosols to the text. For 
your convenience Table 3 below shows the PSD for the exposure levels in rats relevant to the 
induction of respiratory tumors for the 4 nickel substances. 
 
 
Table 3: PSD Information for rat chronic inhalation studies with various nickel substances 

Substance 
Highest exposure level 

without increased 
tumor incidence (mg 

Ni/m3) 

Lowest exposure level 
with increased tumor 

incidence 
(mg Ni/m3) 

MMAD 
(µm) 

GSD 
(µm) 

Nickel Sulphate Hexahydrate 0.1  2.25 2.08 
Nickel Subsulfide  0.1 2.17 2.34 

Nickel Oxide  0.5 2.21 1.97 
Nickel Metal 0.4  1.70 2.16 

 
 
For comparison, typical PSD for workplaces are shown in Table 5 below. These measurements 
were taken at the Kristiansand refinery (Norway). 
 
 
Table 4: Workplace PSD Data (from J. Vincent as cited in Yu et al. 2001) 
Roasting and Smelting 
Measurement 1: MMAD = 61.22 µm; GSD = 3.52 (100%) 
Measurement 2: MMAD =46.4 µm; GSD = 2.75 (96%) & MMAD =42.45 µm; GSD = 17.4 (4%)  
Electrolysis 
Measurement 1: MMAD =34.18 µm; GSD = 3.39 (95%) & MMAD = 1.42 µm; GSD =2.89 (5%) 
Measurement 2: MMAD = 50.68 µm; GSD = 1.1 (68%) & MMAD = 10.21 µm; GSD = 2.27 (32%) 
 
 
Table 5 shows the equivalent workplace exposures considering the thoracic fraction as the key 
fraction for the bronchio-alveolar tumors observed in the rat studies with Ni subsulfide and nickel 
oxide. A typical inhalable workplace PSD is used in this example. Table 5 presents the data for 
the two substances that did not show increased respiratory tumors in the rat inhalation studies, 
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and Table 6 shows the results for the two substances that did show increased tumor incidence 
in the rat inhalation studies. 
 
 
Table 5: Human Equivalent Exposures to the Animal Exposure Levels at Which Respiratory Tumors Were NOT 

Observed 

Substance 
Highest exposure level 

without increased 
tumor incidence (mg 

Ni/m3) 

MMAD 
(µm) 

GSD 
 

Human  
Equivalent 

Exposure level Without 
Increased Tumor Incidence 

(mg Ni/m3)1 
Nickel Sulphate Hexahydrate 0.1 2.25 2.08 0.7-1.0 

Nickel Metal 0.4 1.70 2.16 2.7-8.5 
1. Based on deposition per unit of surface area for thoracic region of respiratory tract, using workplace PSD data from nickel 

refinery workplaces as described in Appendix A, Tables A.5, A.6. 
 
 
Table 6: Human Equivalent Exposures to the Animal Exposure Levels at Which Respiratory Tumors Were Observed 

Substance 
Lowest Exposure Level 
With Increased Tumor 

Incidence 
(mg Ni/m3) 

MMAD 
(µm) 

GSD 
 

Human  
Equivalent 

Exposure Level With 
Increased Tumor Incidence 

(mg Ni/m3)1 

 
Nickel Subsulfide 0.1 2.17 2.34 0.7-2.3 

Nickel Oxide 0.5 2.21 1.97 3.3-11.2 
1. Based on deposition per unit of surface area for thoracic region of respiratory tract, using workplace PSD data from nickel 

refinery workplaces as described in Appendix A, Table A.8, A.7. 
 
The differences in PSD of animal aerosols and of workplaces should be taken into consideration 
and the text below should be modified to note these differences. Using a model to calculate the 
particle deposition in rats and humans after inhalation, it can be calculated that humans 
exposed to 0.7-1.0 mg Ni/m3 of an inhalable workplace aerosol (e.g., electrolysis in the case of 
water soluble nickel) will have equivalent deposited doses in bronchio-alveolar region of the 
respiratory tract as rats exposed to 0.1 mg/m3.  Therefore, differences in exposure between 
animals and humans cannot explain the different cancer results.  In other words, the exposures 
tested in animals were equivalent to the human exposures in the workplace! 
A possible revision to the text is shown below: 
   

“Conclusion: The only animal inhalation study with a soluble nickel salt yielded negative 
results. The apparent contradiction with the epidemiological findings cannot be explained 
by differences in exposure levels, considering that the respiratory tract tumours among 
workers were recorded after exposures to about 0.25 mg nickel/m3 “ total” (0.5 mg 
nickel/m3 “inhalable) as soluble nickel, whereas the highest exposure in animal 
experiments without increased tumor incidence was equivalent to 0.7-1.0 mg Ni/m3 
inhalable (or 0.11 mg nickel/m3 respirable for rats or 0.22 mg nickel/m3 respirable for 
mice) as nickel sulphate. It was not possible to use higher exposure levels in animals 
because of severe local toxicity.” 

 
If effects in the extra-thoracic region (nose) had been identified as the most sensitive endpoint in 
the rodent chronic studies, a different outcome would have resulted. The human workplace 
exposures would have been lower than the rat exposure levels. In the case of nickel, the chronic 



INC.

 

COMMENTS ON THE SCOEL/SUM/85 
RECOMMENDATION FOR NICKEL AND NICKEL 
COMPOUNDS 

 

Page 20 of 47 

studies in rats or mice did not show adverse effects on the nose (toxicity and tumors) even at 
the MTD. This indicates that the LOAEC associated with the extra-thoracic effects (if any) must 
be higher than the exposure levels (deposited doses) achievable in these studies. 
 
It is surprising that the recent rat oral carcinogenicity study with nickel sulfate hexahydrate was 
not mentioned in the SCOEL doc. This study reported in Heim et al. (2007) demonstrated the 
lack of oral carcinogenicity of nickel sulfate even at exposure levels that resulted in several-fold 
higher blood nickel levels than controls for a lifetime and are a thousand-fold higher than human 
oral exposures. No increase in the target organ for nickel carcinogenicity (lung) tumors was 
observed in this study. These results are totally consistent with the negative results from 
inhalation studies and should be mentioned in this document. Please add the Heim et al results 
to SCOEL/SUM/85 Table 8. 
 
8. MODE OF ACTION 
The write-up for mode of action is logical and thorough. Nevertheless, we would appreciate a 
few clarifications that could otherwise lead to serious misunderstandings. For example, the text 
below indicates that the release of nickel (II) ion alone is the key factor for genotoxicity and 
cancer. 
  

“An integrating consideration of the relevant cellular and biochemical findings allows the 
conclusion that the release of nickel ions is responsible for the genotoxic and carcinogenic 
effects of all forms of nickel.” 

 
If the release of Ni (II) ion alone would be the main determinant of the genotoxic and 
carcinogenic effects, nickel sulphate hexahydrate and nickel chloride hexahydrate would be the 
most potent of the nickel substances to induce tumors in animals and to induce genotoxicity in 
vitro.  This is clearly not the case.  Rats exposed to equivalent nickel exposure of nickel 
subsulfide and nickel sulfate via inhalation had very different tumor outcomes (positive and 
negative, respectively).  Rats exposed orally to nickel sulfate and having nickel blood levels a 
hundred-fold above controls do not get tumors.  
 
Therefore, nickel release alone cannot explain the differences in tumor induction, but the nickel 
ion bioavailability model can.  We would suggest then that the above paragraph be modified as 
shown below.  
 

“An integrating consideration of the relevant cellular and biochemical findings allows the 
conclusion that the presence of nickel ions at target cellular sites is responsible for the 
genotoxic and carcinogenic effects of some11 forms of nickel.” 

 
Regarding metallic nickel particles and phagocytosis, it is important to note that although 
metallic nickel particles can be phagocytized by activated macrophages, the efficiency of other 
types of cells to phagocytize these particles is very low relative to the uptake of particles of 
compounds such as crystalline nickel sulfide or nickel subsulfide.  
 
The citation in the following text should be corrected.  

 
                                                 
11 Not all forms of nickel are carcinogenic; nickel metal is not a respiratory carcinogen (consistent 
negative results in animal and human studies) 
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“Thus, metallic (elemental) nickel was phagocytozed by alveolar macrophages of exposed 
rats (Johansson et al. 1980) and also in vitro by CHO cells (Costa and Mollenhauer 1980).” 

 
The cited paper by Costa and Mollenhauer 1980) does not include data on nickel metal.  There 
is a paper by Costa’s group (Costa et al., 1981) that includes data on phagocytosis of metallic 
nickel particles in CHO cells. The efficiency of uptake of metallic nickel particles was similar to 
that of amorphous nickel sulfide (non carcinogenic) and much lower than that of crystalline 
nickel sulfide or crystalline nickel subsulfide. Similarly, Costa’s group tested metallic nickel 
powder (4 µm particle size) for cell transformation in SHE cells and found that only 3% of 
transformants were detected over a range of concentrations up to 20 mg/l (LC50 = 1.3 mg/l). 
The authors concluded that metallic nickel powder did not induce significant cell transformation 
in SHE cells and related this outcome to the very poor cellular uptake via phagocytosis that was 
observed not just for metallic nickel particles but also for metallic particles of Co, Fe, Cr, Pb, Mn, 
and Mb (Costa et al., 1981). This should be noted in the SCOEL/SUM/85 since it provides a 
better understanding of why metallic nickel particles although capable of releasing nickel ions 
are not carcinogenic. These data fit with the nickel ion bioavailability model. 
 
The following paragraph is misleading and should be revised based on the comments provided 
above (Carcinogenicity–Soluble nickel section). The concentrations used in the NTP animal 
studies were indeed relevant to the human exposure! 
 

“However, in humans soluble nickel compounds appear to be stronger carcinogens as 
compared to less soluble and metallic species. This discrepancy is likely due to the high 
toxicity of readily soluble nickel compounds in animals, which did not allow the application of 
concentrations relevant for human exposure.” 

 
 
9. REPRODUCTIVE TOXICITY 
The section on reproductive toxicity reiterates the contents of the EU Risk Assessment on 
Nickel and Nickel Compounds.  However, that work is nearly 10-years old (new references were 
not added after ~2002).  In the intervening time a series of key studies of human reproductive 
toxicity were published by A. Vaktskjold et al.  These studies involved investigations of 
reproductive health of female nickel refinery workers in the Kola Peninsula of Russia. The nickel 
refineries in this region are the only places worldwide where enough female nickel refinery 
workers exist to perform an epidemiological survey of reproductive performance compared to 
nickel exposure. A first manuscript was written in 2006 by A. Vaktskjold et al. which described 
the results of a birth-registry-based study that was carried out to determine whether pregnant 
women employed in the nickel refineries were at elevated risk of delivering a male newborn with 
genital malformations. The malformations are viewed as sentinel effects for human reproductive 
toxicity.  No effect of maternal exposure to water-soluble nickel was observed for this outcome.  
 
In 2007, another manuscript from A. Vaktskjold et al. was published on the results of their 
further examination of the potential for reproductive impairment in nickel workers of the Kola 
Peninsula region of Russia.  This manuscript was titled: “Small-for-gestational-age newborns to 
female refinery workers exposed to nickel.” Intrauterine growth retardation is another sentinel 
effect for reproductive impairment in humans.  Observed incidences of this finding were not 
related to nickel exposures.   
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In 2008 a final two manuscripts were published from the examination of this cohort. They 
evaluated the correlation of spontaneous abortions and musculosketal defects in newborns of 
female refinery workers exposed to nickel. Spontaneous abortion was of particular concern 
given that it is the most analogous human pregnancy outcome to the observed reproductive 
impairment in laboratory rats (e.g., perinatal loss). No correlation of either of these effects with 
nickel exposures could be demonstrated.  
 
In each case evaluated by A. Vaktskjold et al. the manuscripts conclude that, “The study did not 
reveal a statistical association between maternal exposure to water-soluble Ni in early 
pregnancy and the risk of …….<the reported reproductive impairment>”. These are important 
results given that this cohort of women represents the only large group of women with 
significant exposure to nickel which could be identified globally.  Exposure was assessed not 
just based on air measurements but also based on urinary levels that are most relevant for 
reproductive outcomes. This research does not remove the possible existence of a reproductive 
hazard existing for humans since high nickel exposure never went through the last trimester of 
pregnancy.  However, the work by A. Vaktskjold et al. definitively shows that the risk of human 
reproductive impairment from nickel exposure, if any, is extremely low and was not manifested 
even in the most highly exposed (and relevant) cohort of workers which could be identified. 
  
10. BIOMONITORING 
It is clear that the main adverse effects of nickel in the workplace occur via inhalation and are 
limited to the respiratory tract.  The correlation between air and urinary nickel values has been a 
difficult issue because of the differential inhalation absorption rates of soluble and insoluble 
forms of nickel and because humans ingest a significant amount of nickel in their diet that is 
also reflected in their blood and urinary values. Smoking can further contribute as a non 
occupational source of nickel in urine.  Although it is generally agreed that urinary nickel 
monitoring cannot, and should never, replace air monitoring, there are some instances where 
biomonitoring studies can complement air monitoring data. For example, biomonitoring can help 
assess compliance with the used of personal protective equipment in very dusty areas.  
 
Biomonitoring of nickel cannot replace air monitoring but nickel concentrations in plasma or 
urine can serve as a very important Industrial Hygiene tool. They can provide for an early 
warning of unanticipated worker exposure once a baseline of biomonitoring data is established 
for a worker population 
 
Correlation between air levels and urinary levels for groups of individuals of Drexler and Greim 
(1994; 200412) seem appropriate and are consistent with those of Thomassen et al., (1999) and 
Werner et al. (1999a) and indicate that the water or lung solubility of various forms of nickel can 
differently affect nickel absorption.  Based on the data presented in the SCOEL/SUM/85 doc: 
 
• the equation for soluble nickel in air is:  Ni urine (µg/L) = 600 x [Ni air (mg/m3)] + 10 

 R2 =1 
 
• the equation for poorly soluble nickel in air is:  Ni urine (µg/L) = 75 x [Ni air (mg/m3)] + 7.5

 R2 =1  

                                                 
12 Only the 2004 reference is listed in the reference list. Since this publication is in German it may be 
useful to have a bit more information on the SCOEL/SUM/85 on how the data presented in the Tables 
was generated.  
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Solving these equations for urinary nickel values corresponding to the proposed OEL value of 
0.01 mg Ni/m3 yields 16 µg/L and 8.25 µg/L, for soluble and poorly soluble compounds, 
respectively.   
 
The actual calculated values of 16 µg/L and 8.25 µg/L, for soluble and poorly soluble, 
compounds respectively are quite different from the 10 µg/L (soluble) and 1.5 µg/L (poorly 
soluble) calculated in the SCOEL/SUM/85 doc based on a linear extrapolation from the lowest 
value rather than following the correlations presented in the SCOAEL/SUM 85 document. This 
should be corrected in the document. The recalculated values are more realistic since urinary 
nickel values in non exposed populations can easily range up to 10 µg/L, as shown in Table 9. 
 
Moreover, it must be noted that these models are designed to work with groups and not 
individuals.  Using these models and urine concentrations of nickel to predict individual 
exposures or as a limit value for enforcement of Occupational Exposure Limits presents 
problems.  For example, an examination of specific exposures and responses of four individuals 
in an electroplating shop by Tossavainen, et al. (1980) demonstrates that even in such a small 
sample errors occur in the predictive value of the modeled urine concentration equations (see 
Table 7).  Fully 50% of the predicted values were significantly wrong in opposite directions when 
applied to individuals instead of a population sample (see highlights in Table 7). 
 
Table 7: Concentrations of nickel in blood plasma and urine versus nickel in air for four subjects  

in an electroplating shop 

Mean measured concentrations during work-days 

In air In plasma In urine 
Predicted [Urine] 

Subject 

(mg/m3) (µg/L) (µg/L) (µg/L) 

Plasma : urine 
Ratio 

A 0.13 10.1 82 88 1:8 
B 0.14 10.9 77 92 1:7 
C 0.06 7.2 76 44 1:10 
D 0.04 3.1 34 32 1:11 

Tossavainen, et al. (1980) 
 
In addition, the data from Tossavainen, et al. (1980) demonstrates that the ratio of plasma to 
urine nickel concentrations ranges from 1:8 to 1:11 which is consistent with other reports 
(Patriarca et al. 1997). 
 
These actual measured correlations demonstrate an error in the SCOEL/SUM/85 doc where the 
relationship of plasma to urine nickel concentration is reversed (i.e., 8:1) instead of 1:8.  This 
should be corrected in the document. 
 
Whether these values are of use in an occupational setting is entirely related to the range of 
background nickel levels associated with non-occupational exposures in a relevant population.  
In this case, a relevant population sample would be derived from the geographic location around 
the industrial setting where the workers are exposed (i.e., where they live).  Examinations of 
such populations have been conducted by a number of researchers (see Table 8).  An average 
of the arithmetic means from Table 8 shows a mean unexposed population urine nickel value of 
3.1 µg/L.  However, the upper limits of the ranges for these populations are from 3.4 to 44 µg/L 
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of urine.  In addition, these high values are not outliers, in extreme northern regions of Norway 
(Tromso) with no industrial exposure to nickel, nearly 10% of the 302 people tested had nickel 
urine levels between 2.4 and 6 ug/L (Table 8).  When values are taken for non-occupationally 
exposed individuals who reside in refinery towns in Russia (Nikel and Zapolyarny, both on the 
Kola peninsula) nearly 5.7% of 696 people tested had urine nickel levels greater than 10 µg/L!  
Even in non-refinery towns (Apatity and Umba on the Kola Peninsula) unaffected by prevailing 
winds from refinery regions, 40% of the 240 people tested had nickel urine concentrations 
greater than 2.5 µg/L.  Clearly, lifestyle factors independent of occupational exposure play a 
critical role in the background level of nickel found in urine from various populations.   
 
Therefore, it is erroneous to assume that any divergence above a urinary nickel level of 1.5 µg/L 
is indicative of exceedance of an Occupational Exposure Limit of 0.01 mg/m3.  This should be 
modified in the SCOEL/SUM/85 doc as there are too many non-occupational factors that affect 
nickel levels in urine to make such a correlation. 
 
 
Table 8: Urinary concentrations of nickel in non-occupationally exposed individuals from diverse geographic samples  
Authors  Country  n  Mean ± SD 

(µg Ni/L) 
Range 

(µg Ni/L) 

Sunderman et al. (1986) United States  34 2.0 ± 1.5 0.5 – 6.0 

Kiilunen et al. (1987) Finland 299 4.18 10 

Minoia et al. (1990) Italy 878 0.9 0.1 – 3.9 

Lin et al. (1991) Taiwan 30 3.2 ± 1.7 1.2 – 7.8 

Andersen et al. (1978) Norway 15 2.3 ± 0.58 1.4 – 3.4 

Norway-Sor-Varanger 902 0.9 0.3 – 11 
(5.9% > 2.5) 

Norway-Tromso 302 1.4 0.3 – 6 
(8.9% > 2.5) 

Russia-Nikel  
(refinery city) 321 4.7 (10% > 10) 

Russia-Zapolyarny 
(refinery city) 375 2.7 (2.1% > 10) 

Russia-Apatity 220 2.6 0.3 – 17 
(38.6% > 2.5) 

Smith-Sivertsen et al. 
(1998) 

Russia-Umba 20 4.0 1.0 – 17 
(60% > 2.5) 

Taiwan 
(High Factory Density) 645 6.36 0.06 – 44.06 

Chang et al. (2006) Taiwan 
(Control) 120 4.75 0.67 – 23.44 

 
 
In considering these populations it must be recognized that non-occupational nickel exposure 
derives predominantly from oral exposure (EU-RAR 2008b; WHO 2005).  In this case, the 
resulting blood levels are related to systemic toxicity caused by nickel absorption and not the 
direct effect of nickel compounds on respiratory tissue.  In order to protect the public from 
systemic effects of nickel the World Health Organization (WHO) has established a Tolerable 
Daily Intake (TDI) for nickel of12 µg/kg/day (WHO, 2005). This value is based on the most 
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sensitive systemic endpoint: the exacerbation of existing dermatitis in nickel sensitized 
individuals after oral exposure to nickel in water (with fasting and previous nickel-deprived diet).  
In addition, this value was found to be protective for any possible adverse reproductive effects 
resulting from nickel exposure during a lifetime of exposure. It should also be noted that the TDI 
is not a threshold for effects, but is a level below which the International scientists who made up 
the WHO Expert panel believe that exposure causes no added risk. 
 
The WHO TDI raises the practical question of what plasma and urine levels would result from 
exposure at the TDI. A study by Patriarca (1997) demonstrated that an oral nickel intake of 10 
µg/kg/day would result in plasma nickel values of ~20 µg/L. Taking the conservative 1:8 ratio for 
plasma to urine concentrations it could be recommended that only when workers have urinary 
levels above those corresponding to exposure at the TDI (160 µg/L) should the source of the 
nickel in urine be evaluated.  Obviously, this will be relevant only for potential systemic effects of 
absorbed nickel and not for direct respiratory effects.  The establishment of the OEL and 
adherence to the OEL by industry will protect for respiratory effects. Finally, the level of nickel in 
urine should be most appropriately reported as µg Ni/g creatinine in order to standardize 
measurements and avoid urinary output impacts on the results presented. However, the 
available literature predominantly uses the more variable measure of µg Ni/L urine and hence 
that is what is reported herein. Further work needs to be done to refine and correlate these 
measures. 
 
 
11. RECOMMENDATION 
On page 30, the SCOEL/SUM document states; 
 

“With respect to animal studies in rats, mice, and hamsters, long-term inhalation studies 
revealed carcinogenicity in the lung and nasal cavities in case of poorly soluble nickel 
compounds (nickel oxide: 1.0 mg Ni/m3; nickel subsulfide: > 0.11 mg Ni/m3), but not in 
one inhalation study with water soluble nickel compounds.”  

 
Please delete the text in red since the NTP studies did not show appearance of nasal tumors 
following exposure to any of these nickel compounds. For example, the NTP report for nickel 
subsulfide states: “No evidence of chemical related increase in incidence of proliferative lesions 
in the nasal cavity of rats and mice exposed to any of the three nickel compounds tested.”  
Furthermore the report states: “In the nickel subsulfide studies there was no evidence of nasal 
sinus neoplasmas in either rats or mice.” Similar results were observed for the other nickel 
substances. These results suggest that the LOAEC associated with the extra-thoracic effects (if 
any) must occur above the exposure levels (deposited doses) achievable in these studies. 
  
Although the proposed single nickel OEL value of 0.01 mg Ni/m3 will be protective of workers’ 
health, this value was derived without taking into account differences in PSD between animal 
and human aerosols and differences in sampling efficiencies between old and new (inhalable) 
samplers. When these considerations are taken into account, higher values can be proposed, 
also based on the same data discussed in the SCOEL/SUM85 document that would be equally 
protective of workers’ health. In this section we discussed speciated nickel OELs that are based 
on protection from inflammatory effects in the lung and also protect against carcinogenicity, 
following the same approach used in the SCOEL/SUM 85 current recommendations,. When 
appropriate, we compare these values to existing speciated inhalable nickel standards. 
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Soluble Nickel. There are many difficulties and uncertainties in using epidemiological data to 
estimate levels (and types) of nickel exposure that correspond to increased respiratory cancer 
risk in nickel refinery workers, including absence of exposure measurements, inability to 
estimate and account for mixtures of different nickel forms, and the presence of and possible 
interactions with other potential confounding hazards. Nonetheless, as shown in Table 10, 
different cohorts of workers exposed to soluble nickel are, for the most part, reasonably 
consistent in suggesting that increased lung cancer risks occurs at inhalable nickel 
concentrations that are well above 0.1 mg Ni/m3. The exception to this is the estimate derived 
from the Kristiansand analysis performed by Grimsrud et al. (2002), which is lower than the rest 
of the results most likely due to (i) possible underestimation of nickel exposures in earlier years 
relative to those estimated by Doll et al. (1990) and Andersen et al. (1996), and (ii) a biologically 
implausible superlinear exposure-response function (Goodman et al., 2009). As mentioned in 
the SCOEL/SUM 85 doc, the Grimsrud estimate “…resembles a worst case estimate, since 
current evidence strongly suggest indirect mechanisms with sublinear dose-response 
relationships in the low concentration range.” 
 
Table 9: Comparison of Estimated Lung Cancer Effect Levels for Soluble Nickel 

Effect 
Level Cohort (Study) Estimated  Soluble 

Nickel Exposure2 

Adjustment for 
Exposure to 

Other 
Nickel Compounds 

After Adjustment 
for Duration of 

Exposure3 

After 
Adjustment to 

Inhalable Nickel 
Equivalent4 

Kristiansand 
(Grimsrud et al., 

2002) 
1.6 mg Ni/m3 x 

years (cumulative) None 0.04 mg Ni/m3 0.06 mg Ni/m3 

Kristiansand 
(Andersen et al., 

1996) 
8.1 Ni/m3 x years 

(cumulative) 

Adjusted for 
oxidic nickel 

exposure 
0.20 mg Ni/m3 0.32 mg Ni/m3 LOAEL1 

Harjavalta (Antilla et 
al., 1998) 

0.25 -0.5 mg Ni/m3 
(range of estimated 

averages) 
None 0.4 -0.8 mg NI/m3 0.4 -0.8 mg Ni/m3 

NOAEL5 
Port Colborne 

Electrolysis workers 
(Doll et al., 1990) 

0.15 mg Ni/m3 
(estimated 
average)6 

None 0.15 mg Ni/m3 0.24 mg Ni/m3 

1 Lowest observed adverse effect level: Lowest exposure level at which a statistically significant (p<0.05) increased 
risk was observed. 

2 The epidemiologically based exposure levels are expressed in “total’ nickel, as in the original publications.   
3 Cumulative exposure estimates from Kristiansand are divided by 40 years (assuming exposure over a full working 

career).  This is likely a conservative estimate, as most workers do not spend their entire careers in one occupation 
or workplace. In addition, the adjustment assumes linearity of response, i.e., risks associated with 1 year of 
exposure at 1.6 mg Ni/m3 are the same as those at 0.04 mg Ni/m3 for 40 years. 

4 Reflects the difference between inhalable and ‘total’ nickel measurements from IOM and 37-mm samplers. See 
Table 3.  

5 No observed adverse effect level. 
6 Estimated average based on concentrations reported as <0.3 mg Ni/m3 in electrolysis (general operations), and 1-3 

mg Ni/m3 in pumping anode slimes, anode scrap washing (Doll et al., 1990) 
 
Based on the data in Table 9, an inhalable OEL of 0.05 mg Ni/m3 would thus be adequately 
protective against increased respiratory cancer risks from soluble nickel exposure. This value 
would also protect against soluble nickel-related lung toxicity risks (pulmonary region), for which 
human equivalent NOAELs estimated from animal experiments are in the range of 0.18-0.25 mg 
Ni/m3 (Appendix A, Table A.5). This value represents a 2-fold reduction compared to the ACGIH 
inhalable TLVs for soluble nickel of 0.1 mg/m3 adopted as a regulatory standard in Canada 
(Ontario).   
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Nickel Subsulfide. For nickel subsulfide, the epidemiological data are not suitable for the 
reliable quantification of exposure-related respiratory cancer risks, as there are no documented 
occupational scenarios in which nickel subsulfide exposures were not mixed with substantial 
amounts of oxidic and/or soluble nickel.  Seilkop and Oller (2003, 2005) estimated OEL values 
for nickel subsulfide based on lung cancer data from the animal bioassay (NTP, 1996b) and the 
nonlinear, threshold-like response that was reported in DNA strand break data in rats exposed 
to nickel subsulfide for 13-weeks (Benson et al., 2000). Under the assumption that the DNA 
strand breaks reflected a practical threshold for tumor induction, they extrapolated a fitted 
statistical model to humans. The estimated human equivalent concentration associated with a 
no greater than 10-4 excess lung cancer risk was calculated to be in the range of inhalable 0.8-
2.8 mg Ni/m3 (95% confidence lower limits = 0.02-0.06 mg Ni/m3). The lower confidence limits 
for this nickel subsulfide estimate would be consistent with a value of 0.05 mg Ni/m3. An 
inhalable value of 0.05 mg Ni/m3 would also protect against nickel subsulfide-related lung 
toxicity risks (pulmonary region), for which human equivalent NOAELs estimated from animal 
experiments are in the range of 0.27-0.76 mg Ni/m3 (Appendix A, Table A.8). A value of 0.05 mg 
Ni/m3 represents a 2-fold reduction compared to the ACGIH inhalable TLVs for nickel subsulfide 
of 0.1 mg/m3 adopted as a regulatory standard in Canada (Ontario).   
 
Oxidic Nickel. Epidemiological and animal data strongly suggest a lesser degree of 
carcinogenic potency among some insoluble nickel compounds. In particular, there is 
substantial evidence in epidemiological studies that inhalable exposures to oxidic nickel (mixed 
with nickel metal) below approximately 1 mg Ni/m3 are not associated with increased lung 
cancer risk (Table 10). This is substantiated by animal-based carcinogenicity data for nickel 
oxide after differences in particle size distributions and deposition are taken into account 
(NOAEL human equivalent inhalable exposures of 3-11 mg Ni/m3, Appendix A, Table A.7).   
 
Table 10:  Estimated NOAELs for carcinogenicity of nickel oxide in nickel alloy workers and animal studies. 

Effect Level Cohort (Study) Type of Nickel 
Exposure1 

Estimated  Nickel 
Exposure1 

After 
Adjustment 
for Duration 
of Exposure2 

After Adjustment 
to Inhalable 

Nickel 
Equivalent3 

NOAEL Nickel Alloy Workers 
 (Arena et al., 1998)  

Oxide and 
Metal 

2 mg Ni/m3 
(estimated 95th percentile) 

 
0.65 mg Ni/m3 

(average) 

0.5 mg Ni/m3 1.2 mg Ni/m3 

NOAEL Animal Based Human 
Equivalent Oxide4 3.3-11.2 mg Ni/m3 Not needed 3.3-11.2 mg 

Ni/m3 
1 Expressed in “total’ nickel for the alloy workers (Sivulka and Seilkop, 2009); Animal exposures are human equivalent inhalable 

concentrations based on differences in particle size distributions in human workplaces and animal experiments, and 
physiological differences in lung deposition. See details in Appendix A. 

2 Seilkop and Sivulka (2009) 
3 Reflects the difference between inhalable and ‘total’ nickel measurements from IOM and 37mm samplers. See Table 7. 
4 NOAEL is for lung tumors (NTP, 1996a) 
   
Lack of adverse respiratory toxicity effects (pulmonary region) are expected in rats exposed to 
nickel oxide at NOAELs that are estimated as a third of the LOAEL values (nickel oxide, 0.5 mg 
Ni/m3 /3 =0.17 mg Ni/m3). Using the approach described in Appendix A, human equivalent 
inhalable exposures for the calculated animal NOAEL are in the range of 1.3-3.6 mg Ni/m3 for 
nickel oxide. An inhalable nickel OEL of 0.2 mg Ni/m3 for oxidic nickel would be protective of all 
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possible respiratory effects.  An inhalable nickel OEL of 0.2 mg Ni/m3 corresponds to ACGIH’s 
TLV (1998) for insoluble nickel compounds that has also been adopted as a regulatory standard 
in Canada (Ontario). 
 
Metallic nickel. An inhalable value of 0.20 mg Ni/m3 for metallic nickel is consistent with the 
lack of adverse respiratory toxicity effects (pulmonary region) expected in rats exposed to nickel 
metal at the calculated NOAEL of 0.033 mg Ni/m3 (estimated as a third of the LOAEL value for 
nickel metal of 0.1 mg Ni/m3). Using the approach described in Appendix A (Table A.6), human 
equivalent inhalable exposures for the calculated animal NOAEL are in the range of 0.25 – 0.75 
mg Ni/m3 for nickel metal. This value represents a 5-7.5-fold reduction from the inhalable 
metallic nickel occupational standards in Ontario (Canada) (1.0 mg/m3) and ACGIH (TLV = 1.5 
mg/m3), consistent with the toxicity results from the recent inhalation rat study. 
 
 
An inhalable value of 0.05 mg/m3 for soluble nickel would correspond to a urinary value of 40 
µg/L (< 1 µM), according to the correlations presented in the SCOEL/SUM 85 document. 
Similarly, an inhalable value of 0.2 mg/m3 for oxidic and metallic nickel would correspond to a 
urinary value of 22.5 µg/L (< 1µM).  These urinary values would correspond to plasma levels of 
5 µg/L (40/8, soluble) and 2.8 µg/L (22.5/8, insoluble), respectively, or 0.09 and 0.05 µM nickel, 
respectively. Therefore, both urinary and plasma values associated with the OELs proposed 
above are below DNA repair inhibitory concentrations in experimental systems in vitro.  The 
proposed values are also below the limits that can be derived based on possible systemic 
reproductive effects. 
 
In summary, when differences in PSD between animal and human aerosols and differences in 
sampling efficiencies are taken into account, the following inhalable OELs can be supported by 
both the human and animal respiratory carcinogenicity and toxicity data presented in the 
SCOEL/SUM 85: 0.05 mg Ni/m3 for soluble nickel and 0.05 mg Ni/m3 for sulfidic nickel, (5-fold 
above currently recommended value); 0.20 mg Ni/m3 for oxidic nickel and 0.20 mg Ni/m3 for 
metallic nickel (20-fold above the currently recommended value). 
 
 
11.1 Speciated OELs 
NiPERA has been a consistent proponent to establish separate OEL for the four main classes of 
nickel substances: soluble nickel, insoluble/oxidic nickel, metallic nickel, and sulfidic nickel. As 
noted in the SCOEL/SUM/85 document, the different chemical forms of nickel have different 
toxicological properties and/or potencies.  For example, in animal studies, soluble nickel carries 
the highest risk of non-malignant respiratory toxicity while nickel oxide carries the least. This is 
why setting speciated nickel OELs makes sense. Speciated OELs allows for revision of 
particular nickel standards as more data on hazard or risk assessment become available for that 
particular nickel substance. Speciated OELs allow worksites that do not have soluble or sulfidic 
nickel to comply with a higher exposure level, while still having the same level of worker 
protection. 
 
The establishment of four separate OELs is recommended here. This is the approach taken by 
ACGIH in 1998 in setting inhalable TLVs for four groups of nickel substances. This approach 
was later adopted for its regulatory nickel standards by Ontario (Canada).  At the very least, two 
occupational nickel standards could be set: one lower for soluble-sulfidic nickel and one higher 
for oxidic-metallic nickel. Applying the second step of the Zatka leaching method would allow 
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identification of soluble-sulfidic species, and therefore allow for easy compliance with speciated 
standards. 
 
Another valid approach to speciated OELs was proposed in Japan by the JOHS (Japan Society 
of Occupational Health), is to have one OEL for nickel refinery dust (based on nickel refinery 
cancer risks) and two non-refinery OELs (soluble and insoluble nickel compounds) that are 
based on non refinery cohorts and animal data.  
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Introduction 
 
Animals in inhalation toxicity/carcinogenicity experimentation are often exposed to particle size 
distributions (PSDs) that differ substantially from those to which humans are exposed in 
occupational environments.  As shown in Figure A.1, rats in the NTP nickel sulfate hexahydrate 
study (at a dose of 0.027 mg Ni/m3) were exposed to mostly respirable-size particles in a single 
peak PSD (mass median aerodynamic diameter MMAD=2.5 μm, geometric standard deviation 
GSD = 2.38; NTP, 1996a), while much of the two-peak mixture distribution for refinery workers 
engaged in an electrolysis processing area (MMAD1 = 50.68 μm, GSD1 = 1.10, γ1= 0.68 μm; 
MMAD2=10.21 μm, GSD2= 2.27, γ2= 0.32; Yu et al., 2001) is comprised of particles beyond the 
respirable limit (da≈10 μm).  As discussed in main comments, the workplace PSDs described in 
Yu et al. (2001) can be considered as representative of the majority of workplace exposures to 
various nickel substances in nickel producing and using industries.  Moreover, humans exposed 
in this occupational environment to the same airborne concentration levels as animals under 
experimental conditions will have a much smaller proportion of mass (and particles) deposited in 
their lungs.  Such wide disparities between animal and human occupational PSDs are common 
(as described in main comments and discussed further below).  In addition, due to 
physiological/anatomical differences, animals and humans have differing lung deposition 
fractions even when the PSDs to which they are exposed are the same (Table A.1).  Thus, in 
extrapolating experimental exposures in animals to those of humans in occupational 
environments, both differences in deposition rates and PSDs of aerosols must be taken into 
account.     
 
In the rat studies, the most sensitive effects of concern associated with a lifetime inhalation 
exposure to nickel substances are respiratory tumors (thoracic region of respiratory tract) or 
chronic inflammation/fibrosis (pulmonary region of the respiratory tract). Presumably, it is the 
deposited/retained doses in the respiratory tract regions that relate to these effects, provided 
that rats and humans react in a similar fashion.  In addition to deposition fractions, the 
dosimetric adjustment needs to consider any differences in length of exposure between rats and 
humans. For example, in the animal studies, rats were exposed for 6h/day, while workers are 
usually exposed to 8h/day. In the rat studies, the observed respiratory tract effects were 
associated with lifetime or almost lifetime exposures (2/2 years in Fischer rats; 2/2.5 years in 
Wistar rats) while workers are exposed to the OEL for less than a lifetime (approximately 40/75 
years).  These corrections need to be incorporated as well. 
 
Finally, the approach described here relates to dosimetric adjustments only and does not 
account for possible interspecies differences in sensitivity.  The approach described here is 
further elaborated in a manuscript written by A. Oller and G. Oberdörster that will be soon 
submitted for publication. 
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Figure A.1.  Comparison of Particle Size Distributions in a Rat Bioassay 
and an Electrolysis Workplace 

 
 
 
                                                      

                                                                                                                            ▬▬ Rat 
 

                                                                                                                                   ▬▬ Human 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table A.1.  Deposition Fractions in Rats and Humans 
Exposed to a Particle Size Distribution 

 with MMAD = 2.5 μm and GSD=2.38 
 

Respiratory Tract (RT) 
Region 1 

Rat Human 

Extra-Thoracic (ET) 0.485 0.642 
Tracheo-Bronchial (TB) 0.013 0.029 
Pulmonary/ Alveolar (P) 0.034 0.076 

Total (T) 0.532 0.747 
     1.The P and TB regions of the RT comprise the Thoracic region. 
 
Determining Human Occupational Exposure Concentrations Equivalent to those 
in Animal Experiments 
 
The goal is to estimate human occupational exposure concentrations that result in the same 
deposited mass of nickel per unit surface area of tissue as in animals under experimental 
exposure conditions, taking into account disparities in experimental and workplace PSDs and 
interspecies deposition differences.  The Multiple Path Particle Deposition model (MPPD 
Version 2.0 2002-2009©; Applied Research Associates; Asgharian et al., 1999) was used to 
obtain respiratory tract region deposition rates for rats and humans under varying PSD 
exposures.  The model was applied under the assumptions shown in Table A.2: 
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Table A.2.  Assumptions Used in Applying the Multiple Path Particle Deposition Model  
 

Model Parameters Rat Human 
o Model type Asymmetric Multiple Path 5-Lobar Yeh-Schum Model 
o Functional residual 

capacity 
4.0 cm3 3300 cm3 

o Upper respiratory tract 
volume 

0.42 cm3  50 cm3 

o Respiratory Frequency 102 min-1 20 min-1 
o Tidal volume 2.1 cm3 1024 cm3 (10 m3 for 8 h shift) 
o Inspiration fraction 0.5, no pause 0.5, no pause 
o Breathing type Nasal breathing Oro-nasal-normal augmenter 

(nasal breathing for <35.3 
L/min, oro-nasal for > 35.3 
L/min) 

o Inhalability adjustment yes yes 
o Length of exposure 6 hours/day lifetime (2/2 years 

or 2/2.5 years) 
8 hours/day for 40/75 year 
lifetime 

Surface area of respiratory 
tract regions 

  

o Extra-thoracic 18.5 cm2 105 cm2 
o Tracheo-brochiolar 35 cm2 3200 cm2 
o Pulmonary 4090 cm2 627000 cm2 
o Thoracic (Tracheo-

bronchiolar+ pulmonary) 
4125 cm2 630200 cm2 

 
Deposition fractions: 
  
The estimated deposition fractions for rats and humans exposed to different PSDs using the 
MPPD model under the assumptions described in Table A.2 are provided in Tables A.3 and A.4, 
respectively. 

 
Table A.3.  Nickel Deposition Fractions by Respiratory Tract Region in Rats Exposed 
to Nickel Compounds under Experimental Conditions 
 

Nickel Compound1 Particle Size Distribution2 ET TB P 
Nickel Sulfate Hexahydrate 
(0.027 mg Ni/m3) 
 Density=2.07 g/cm3 

MMAD=2.50, GSD= 2.38  0.485 0.013 0.034 

Nickel Sulfate Hexahydrate  
(0.11 mg Ni/m3)  
Density=2.07 g/cm3 

MMAD=2.25, GSD=2.08  0.512 0.014 0.034 

Nickel Metal (0.4 mg Ni/m3) 
Denisiy =8.9 g/cm3 

MMAD=1.70, GSD=2.16  
 

0.459 0.018 0.055 

Nickel Oxide (0.5 mg 
Ni/m3) Density=6.57 g/cm3 

MMAD=2.21, GSD=1.97 
 

0.527 0.017 0.041 

Nickel Subsulfide (0.1 mg 
Ni/m3) Density=5.87 g/cm3 

MMAD=2.17, GSD=2.3 
 

0.467 0.016 0.044 

1 NTP 1996a, Oller et al. (2008); NTP 1996b; NTP 1996c. 
2 MMAD = mass median aerodynamic diameter (μm); GSD=geometric standard deviation.
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Table A.4.  Nickel Deposition Fractions by Respiratory Tract Region in Humans Exposed Under Occupational Conditions 
Deposition Fraction3  

Nickel Compound 
 
Workplace 

 
Particle Size Distribution1,2 

ET TB P 
MMAD1=34.18, GSD1= 3.39,  γ1= 0.95 0.448 0.0034 0.007 Electrolysis 
MMAD2=1.42, GSD2= 2.89, γ2= 0.05 0.476 0.041 0.097 

MMAD1=50.68, GSD1= 1.10,  γ1= 0.68 0.133 1e-6 <1e-6 

Nickel Sulfate Hexahydrate 
Density=2.07 g/cm3 

Electrolysis 
MMAD2=10.21, GSD2= 2.27, γ2= 0.32 0.787 0.013 0.026 

Electrolysis MMAD1=34.18, GSD1= 3.39, γ1= 0.95 0.447 0.0036 0.007 
 MMAD2=1.42, GSD2= 2.89, γ2= 0.05 0.477 0.051 0.124 
Electrolysis MMAD1=50.68, GSD1= 1.10, γ1= 0.68 0.133 1e-6 <1e-6 
 MMAD2=10.21, GSD2= 2.27, γ2= 0.32 0.787 0.013 0.026 
Matte Grinding MMAD1=19.00, GSD1= 2.53,γ1= 0.94 0.584 0.0069 0.0086 
 MMAD2=3.79, GSD2= 1.10, γ2= 0.06 0.846 0.032 0.093 
Matte Grinding MMAD1=50.67, GSD1= 1.10, γ1= 0.68 0.133 1.4e-6 <1e-6 
 MMAD2=11.46, GSD2= 2.38, γ2= 0.32 0.749 0.012 0.022 
Roasting/Smelting MMAD1=46.40, GSD1= 2.75, γ1= 0.96 0.345 0.0015 0.0027 

 MMAD2=42.45, GSD2= 17.43, γ2= 0.04 0.430 0.0045 0.0077 
Roasting/Smelting MMAD1=61.20, GSD1= 3.52, γ1= 1.00 0.314 0.0018 0.0044 

Nickel Metal  
Density=8.90 g/cm3 

 MMAD2=50.90, GSD2= 3.01, γ2= 0.00 0.341 0.0016 0.0034 
Matte Grinding MMAD1=19.00, GSD1= 2.53,γ1= 0.94 0.584 0.0065 0.0082 
 MMAD2=3.79, GSD2= 1.10,γ2= 0.06 0.852 0.027 0.090 
Matte Grinding MMAD1=50.67, GSD1= 1.10, γ1= 0.68 0.133 1.4e-6 <1e-6 
 MMAD2=11.46, GSD2= 2.38, γ2= 0.32 0.750 0.011 0.022 
Roasting/Smelting MMAD1=46.40, GSD1= 2.75, γ1= 0.96 0.354 0.0014 0.0027 

 MMAD2=42.45, GSD2= 17.4a, γ2= 0.04 0.430 0.0041 0.0069 
Roasting/Smelting MMAD1=61.20, GSD1= 3.52, γ1= 1.00 0.314 0.0018 0.0044 

Nickel Oxide, 
Density=6.57 g/cm3 

 MMAD2=50.90, GSD2= 3.01, γ2= 0.00 0.342 0.0014 0.0033 
Matte Grinding MMAD1=19.00, GSD1= 2.53,γ1= 0.94 0.584 0.0065 0.0082 
 MMAD2=3.79, GSD2= 1.10,γ2= 0.06 0.853 0.027 0.090 
Matte Grinding MMAD1=50.67, GSD1= 1.10, γ1= 0.68 0.133 1.4e-6 <1e-6 
 MMAD2=11.46, GSD2= 2.38, γ2= 0.32 0.750 0.011 0.022 
Roasting/Smelting MMAD1=46.40, GSD1= 2.75, γ1= 0.96 0.354 0.0014 0.0027 

 MMAD2=42.45, GSD2= 17.43, γ2= 0.04 0.430 0.0040 0.0068 
Roasting/Smelting MMAD1=61.20, GSD1= 3.52, γ1= 1.00 0.314 0.0015 0.0043 

Nickel Subsulfide 
Density=5.7 g/cm3 

 MMAD2=50.90, GSD2= 3.01, γ2= 0.00 0.342 0.0014 0.0033 
1 MMADi = mass median aerodynamic diameter (μm); GSDi=geometric standard deviation; γi=mixing fraction. 
2 Yu et al., 2001.3 ET=extra-thoracic, TB = Tracheo-Bronchiolar, P= Pulmonary/Alveolar. 
3  GSD too large for MPPD program; used maximum GSD=5.  
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Method for Calculating Human Equivalent Concentrations: 
 
The deposited nickel mass, Dep(species, RT region) is obtained as: 
 
                  Dep(species, RT region) = Breaths/minute (species) x Exposure Period (in minutes)  

x Concentration x Deposition Fraction(species, region)  x Tidal Volume(species) 
 
To account for the proportion of lifetime over which the exposure occurred, the duration-
adjusted nickel mass (DepDA) is calculated as: 
 

  DepDA(species, RT region) 
 = Dep(species, RT region) x years of exposure/ expected lifetime years 

  
For humans, 

 years of exposure/ expected lifetime years = 40/75 = 0.53 
 

For Fischer rats in the nickel sulfate hexahydrate, nickel oxide, and nickel subsulfide bioassays, 
 

years of exposure/ expected lifetime years = 2/2 = 1 
 
For Wistar rats in the nickel metal bioassay, 

 
years of exposure/ expected lifetime years = 2/2.5 =0.8 

 
 
The scaled deposition (DepS) species, RT region) is the deposited mass/unit surface area for a 
given respiratory tract region [DepS(species, RT region)] and it is calculated as: 
 
               DepS (species, RT region) = DepDA(species, RT region)/surface area(RT region). 
 
Using the example of nickel sulphate hexahydrate, as shown in Table A.3 the alveolar 
deposition fraction in rats exposed to a PSD with MMAD=2.5 μm, GSD=2.38 is 0.034.  Thus, the 
deposited mass in the pulmonary region of rats exposed to 0.027 mg Ni/m3 for 6 hours (using 
the assumptions in Table A.2) is: 
 

DepDA (rat, pulmonary) = 102 breaths/minute x 360 minutes x 27 µg Ni/m3  
x 0.000001 m3/cm3 x 0.034 x 2.1 cm3/breath x 2 y/2 y = 0.071 μg Ni 
 

The deposition per unit surface area is: 
 

DepS (rat, alveolar) = 0.071μg Ni /4090 cm2 = 0.017 ng Ni/cm2 
 
Now we can calculate the human exposure that would result in the same deposition per unit 
surface area of nickel sulphate as calculated for the rat (0.017 ng Ni/cm2). This can be done in 3 
steps. 
 
Step 1. Consider how the deposited mass can be calculated in humans. For the example of 
nickel sulphate we selected the workplace exposure conditions found in electrolysis as 
representative of a workplace with predominant water soluble nickel exposures. For humans 
exposed to a two peak mixture of particle size distributions (MMAD1=34.18 μm, GSD1= 3.39, γ1= 
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0.95; MMAD2=1.42 μm, GSD2= 2.89, γ2= 0.05), the alveolar deposition fractions are 0.007 and 
0.097 for the two distributions, respectively (Table A.4).  Thus, using the assumptions in Table 
A.2, we can calculate the duration adjusted deposited nickel mass for a given exposure 
concentration (C in µg Ni/m3) as shown below. 
 

DepDA (human, pulmonary) = 20 breaths/minute x 480 minutes x C (in µg Ni/m3) 
x 0.000001 m3/cm3 x (0.007 x 0.95 + 0.097 x 0.05) x 1024 cm3/breath x 40 y/75 y= 

 
= 0.06029 x C µg Ni =  60.29 x C ng Ni 
 

Step 2. Consider how the deposited Ni mass (from nickel sulphate) per unit surface area can be 
calculated. In humans, the deposition per unit surface area is calculated as: 
 

DepS (human, pulmonary) = (60.29 x C x ng Ni) /627000 cm2 =  0.000096 x C (ng 
Ni/cm2). 

 
Step 3. Calculate the human equivalent concentration to the animal nickel sulphate exposure. 
The human equivalent concentration at which DepS (human, pulmonary) = DepS (rat, 
pulmonary) is obtained by solving the following equation for “C”: 
 

DepS (rat, pulmonary) = 0.017 ng/cm2 =  0.000096 x C x ng Ni/cm2 = DepS (human, 
pulmonary) 

 
 ↔  C = 0.017/0.000096 = 177.   
 

As noted in Step 1 above, C relates to concentration expressed in µg Ni/m3.  
 
Thus, the human equivalent concentration at which DepS (human, pulmonary) = DepS (rat, 
pulmonary) is calculated as C in µg Ni/m3 = 177 µg Ni/m3 ≈ 0.18 mg/m3, which is the first 
pulmonary entry in Table A.5.  
 
 
Estimated Human Equivalent Concentrations: 
 
The estimated human equivalent concentrations for NOAELs (no adverse effect levels) and 
LOAELs (lowest adverse effect levels) observed in animals under experimental conditions are 
provided for a variety of workplace PSDs in Tables A.5-A.8 for nickel sulfate hexahydrate, nickel 
metal, nickel oxide, and nickel subsulfide.  In some instances when NOAELs for respiratory 
toxicity effects were not observed in the animal studies, NOAELs were estimated from LOAELs 
by dividing by a factor of 3 (i.e., NOAEL= LOAEL/3).  In these cases, the human equivalent 
NOAEL concentrations reported in the main NIPERA comments and noted in Tables A.6, A.7 
and A.8 (footnotes), were estimated using the same approach as described above.  
 
From these tables we see that the thoracic and pulmonary human equivalent concentrations in 
nickel sulfate-related occupational workplaces are at least 6 times greater than those to which 
animals were exposed.  For nickel metal, nickel oxide, and nickel subsulfide-related workplaces, 
human equivalent exposure concentrations are on the order of 7-30 times higher than the 
experimental animal exposure concentrations.  
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Table A.5.  Human Equivalent Concentrations to Animal Exposures by Respiratory Tract Region 
Nickel Sulfate Hexahydrate (NOAEL for respiratory toxicity and NOAEL for tumor induction in rats) 

 
Rat Experimental Exposure1 Human Occupational Exposure 
Concentration 

(mg Ni/m3) 
Particle Size 
Distribution 

(μm) 

Work Area Particle Size Distribution2 

(μm) 
Region3 Deposition/ 

unit surface 
area 

(ng/cm2)4 

Human Equivalent 
Concentration 

(mg Ni/m3) 

ET 54.6 0.002 
TB 0.77 0.09 
P 0.017 0.18 

Electrolysis MMAD1=34.18, GSD1= 
3.39,  γ1= 0.95 

MMAD2=1.42, GSD2= 
2.89,  γ2= 0.05 Thoracic 0.024 0.17 

ET 54.6 0.003 
TB 0.77 0.11 
P 0.017 0.25 

0.027 
(NOAEL for 
respiratory 

toxicity) 

MMAD=2.50, 
GSD=2.38 Electrolysis MMAD1=50.68, GSD1= 

1.10,  γ1= 0.68 
MMAD2=10.21, GSD2= 

2.27, γ2= 0.32 Thoracic 0.024 0.23 
ET 235 0.01 
TB 3.4 0.39 
P 0.071 0.73 

Electrolysis MMAD1=34.18, GSD1= 
3.39,  γ1= 0.95 

MMAD2=1.42, GSD2= 
2.89,  γ2= 0.05 Thoracic 0.099 0.71 

ET 235 0.01 
TB 3.4 0.50 
P 0.071 1.01 

0.11 
(NOAELfor  

tumor induction 
= MTD)5 

 

MMAD=2.25, 
GSD=2.08 Electrolysis MMAD1=50.68, GSD1= 

1.10, γ1= 0.68 
MMAD2=10.21, GSD2= 

2.27, γ2= 0.32 Thoracic 0.099 0.95 
1 NTP 1996a. 
2 Yu et al., 2001. 
3 ET=extra-thoracic, TB = Tracheo-Bronchiolar, P= Pulmonary/Alveolar, Thoracic= TB+P. 
4  Equal to deposition/unit surface area in rat. 
5 MTD = Maximum Tolerated Dose. 
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Table A.6.  Human Equivalent Concentrations to Animal Exposures by Respiratory Tract Region 
Nickel Metal (NOAEL for tumor induction in rats) 

 
Rat Experimental Exposure1 Human Occupational Exposure 
Concentration 

(mg Ni/m3) 
Particle Size 
Distribution 

(μm) 

Work Area Particle Size Distribution 
(μm)2 

Region3 Deposition/ 
unit surface 

area 

(ng/cm2)4 

Human 
Equivalent 

Concentration 
(mg Ni/m3) 

ET 612 0.03 
TB 12.7 1.30 
P 0.33 3.00 

Electrolysis MMAD1=34.18, GSD1= 3.39, 
γ1= 0.95 

MMAD2=1.42, GSD2= 2.89, 
γ2= 0.05 Thoracic 0.44 2.73 

ET 612 0.04 
TB 12.7 1.86 
P 0.33 4.77 

Electrolysis MMAD1=50.68, GSD1= 1.10, 
γ1= 0.68 

MMAD2=10.21, GSD2= 2.27, 
γ2= 0.32 Thoracic 0.44 4.21 

ET 612 0.02 
TB 12.7 0.96 
P 0.33 3.11 

Matte Grinding MMAD1=19.00, GSD1= 2.53, 
γ1= 0.94 

MMAD2=3.79, GSD2= 1.10, 
γ2= 0.06 Thoracic 0.44 2.52 

ET 612 0.04 
TB 12.7 2.02 
P 0.33 5.63 

Matte Grinding MMAD1=50.67, GSD1= 1.10,  
γ1= 0.68 

MMAD2=11.46, GSD2= 2.38, 
 γ2= 0.32 Thoracic 0.44 4.82 

ET 612 0.03 
TB 12.7 4.78 
P 0.33 13.7 

Roasting/Smelting MMAD1=46.40, GSD1= 2.75, 
γ1= 0.96 

MMAD2=42.45, GSD2= 17.47, γ2= 
0.04 Thoracic 0.44 11.6 

ET 612 0.04 
TB 12.7 4.30 
P 0.33 9.02 

0.4 
(NOAEL for 

tumor induction 
=MTD5)6 

 
 
 
 
 
 

MMAD=1.70, 
GSD=2.16 

 
 
 
 
 

Roasting/Smelting MMAD1=61.20, GSD1= 3.52, 
γ1= 1.00 

MMAD2=50.90, GSD2= 3.01, 
γ2= 0.00 Thoracic 0.44 8.47 

1 Oller et al. (2008).     2 Yu et al., 2001. 3 ET=extra-thoracic, TB = Tracheo-Bronchiolar, P= Pulmonary/Alveolar, Thoracic= TB+P. 
4  Equal to deposition/unit surface area in rat.    5 MTD = Maximum Tolerated Dose.  
6  The Human equivalent concentrations to the NOAEL for respiratory toxicity effects (calculated value of 0.03 mg Ni/m3 based on a LOAEL of 0.1 mg Ni/m3 MMAD 

= 1.8 µm; GSD =2.4, divided by a factor of 3) can be calculated for the pulmonary fraction. The values range from 0.25 – 0.75 mg Ni/m3. 
7 GSD too large for MPPD program; used maximum GSD=5; human equivalent exposure is likely to be overestimated. Therefore, the human equivalent exposure 

values calculated based on this PSD measurement are not used in the NiPERA comments. 
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Table A.7.  Human Equivalent Concentrations to Animal Exposures by Respiratory Tract Region 

Nickel Oxide (NOAEL for tumor induction in rats) 
 
Rat Experimental Exposure1 Human Occupational Exposure 
Concentration 

(mg Ni/m3) 
Particle Size 
Distribution 

(μm) 

Work Area Particle Size Distribution 
(μm)2 

Region3 Deposition/ 
unit surface 

area 

(ng/cm2)4 

Human 
Equivalent 

Concentration 
(mg Ni/m3) 

ET 1098 0.04 
TB 18.7 1.53 
P 0.39 3.79 

Matte Grinding 
 

MMAD1=19.00, GSD1= 2.53, 
γ1= 0.94 

MMAD2=3.79, GSD2= 1.10, 
γ2= 0.06 Thoracic 0.54 3.31 

ET 1098 0.07 
TB 18.7 3.25 
P 0.39 6.57 

Matte Grinding MMAD1=50.67, GSD1= 1.10,  
γ1= 0.68 

MMAD2=11.46, GSD2= 2.38, 
 γ2= 0.32 Thoracic 0.54 6.17 

ET 1098 0.06 
TB 18.7 7.60 
P 0.39 16.12 

Roasting/Smelting MMAD1=46.40, GSD1= 2.75, 
γ1= 0.96 

MMAD2=42.45, GSD2= 17.46, γ2= 
0.04 Thoracic 0.54 14.91 

ET 1098 0.07 
TB 18.7 7.62 
P 0.39 10.75 

0.5 
(NOAEL for 

tumor 
induction; 
LOAEL for 
respiratory 
toxicity5) 

 
 
 
 
 
 

MMAD=2.21, 
GSD=1.97 

 
 
 
 
 

Roasting/Smelting MMAD1=61.20, GSD1= 3.52, 
γ1= 1.00 

MMAD2=50.90, GSD2= 3.01, 
γ2= 0.00 Thoracic 0.54 11.24 

1 NTP, 1996b.   ).     2 Yu et al., 2001. 
3  ET=extra-thoracic, TB = Tracheo-Bronchiolar, P= Pulmonary/Alveolar, Thoracic= TB+P. 
4 Equal to deposition/unit surface area in rat. 
5 The Human equivalent concentrations to the NOAEL for respiratory toxicity effects (calculated value of 0.17 mg Ni/m3 based on a LOAEL of 0.5 

mg Ni/m3/3) can be calculated for the pulmonary fraction. The values range from 1.3-3.6 mg Ni/m3. 
6 GSD too large for MPPD program; used maximum GSD=5; human equivalent exposure is likely to be overestimated. Therefore, the human 

equivalent exposure values calculated based on this PSD measurement are not used in the NiPERA comments. 
 



INC.

 

APPENDIX A TO NIPERA COMMENTS ON THE 
SCOEL/SUM/85 RECOMMENDATION FOR NICKEL AND 
NICKEL COMPOUNDS 

 

Page 42 of 47 

Table A.8.  Human Equivalent Concentrations to Animal Exposures by Respiratory Tract Region 
Nickel Subsulfide (LOAEL for tumor induction in rats) 

 
Rat Experimental Exposure1 Human Occupational Exposure 
Concentration 

(mg Ni/m3) 
Particle Size 
Distribution 

(μm) 

Work Area Particle Size Distribution 
(μm)2 

Region3 Deposition/ 
unit surface 

area 

(ng/cm2)4 

Human 
Equivalent 

Concentration 
(mg Ni/m3) 

ET 195 0.007 
TB 3.53 0.29 
P 0.083 0.81 

Matte Grinding 
 

MMAD1=19.00, GSD1= 2.53, 
γ1= 0.94 

MMAD2=3.79, GSD2= 1.10, 
γ2= 0.06 Thoracic 0.112 0.68 

ET 195 0.012 
TB 3.53 0.61 
P 0.083 1.41 

Matte Grinding MMAD1=50.67, GSD1= 1.10,  
γ1= 0.68 

MMAD2=11.46, GSD2= 2.38, 
 γ2= 0.32 Thoracic 0.112 1.28 

ET 195 0.011 
TB 3.53 1.34 
P 0.083 3.46 

Roasting/Smelting MMAD1=46.40, GSD1= 2.75, 
γ1= 0.96 

MMAD2=42.45, GSD2= 17.46, γ2= 
0.04 Thoracic 0.112 3.02 

ET 195 0.012 
TB 3.53 1.43 
P 0.083 2.31 

0.1 
(LOAEL for 

tumor 
induction; 
LOAEL for 
respiratory 
toxicity5) 

 
 
 
 
 
 
 

MMAD=2.17, 
GSD=2.34 

 
 
 
 
 

Roasting/Smelting MMAD1=61.20, GSD1= 3.52, 
γ1= 1.00 

MMAD2=50.90, GSD2= 3.01, 
γ2= 0.00 Thoracic 0.112 2.32 

1  NTP, 1996c.  ).     2 Yu et al., 2001.  
3  ET=extra-thoracic, TB = Tracheo-Bronchiolar, P= Pulmonary/Alveolar, Thoracic= TB+P. 
4  Equal to deposition/unit surface area in rat. 
5  The Human equivalent concentrations to the NOAEL for respiratory toxicity effects (calculated value of 0.03 mg Ni/m3 based on a LOAEL of 0.1 

mg Ni/m3/3) can be calculated for the pulmonary fraction. The values range from 0.27-0.76 mg Ni/m3. 
6  GSD too large for MPPD program; used maximum GSD=5; human equivalent exposure is likely to be overestimated. Therefore, the human 

equivalent exposure values calculated based on this PSD measurement are not used in the NiPERA comments. 
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