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Table2. Nickd Absorption in Humans via the Ingestion Route

Dose Carrier Fasting status | Ni inserum Effect on Nickel in Urine|] Absorption Reference
0.84-3.5 mg Ni (nickel . . o .
sulfate hexhydrate)/person | Water or food| Fasted Peak at 3 hr Peak EXCI’et.IOH with 3-9 | 27% n water; Sunderman et al., 1989

: hr, depending on dose | 0.7% in food
(12-50 Fg Ni/kg)
5.6 mg Ni (nickel sulfate Christensen and
hexhydrate)/person Capsule Not fasted Peak at 2.5 hr Maximumin 8 hr 5.7%* L agesson. 1981
(0.08 mg Ni/kg) agesson,
5.6 mg Ni (nickel
sulfate)/persont Tablet Not fasted N/A Increase after 1-2 days | 1.7%-2.2%* | Menneetal., 1978
(0.08 mg Ni/kg)
1 mg Ni (nickel sulfate
hexhydrate)/person Capsule Fasted No change at 3 hr Increase during 24 hr N/A Hindsen et al., 1994
(0.01 mg Ni/kg)
2.5mg Ni (nickel sulfate)
/person Capsule Fasted N/A N/A 12-32% Cronin et al., 1980
(0.036 mg Ni/kg)
12Fg Ni/kg (form not Water Fasted Peak at 1 hr Peak excretion within ~51 53 g Nielsen et al. 1999
specified) hr
2 Fg .Nllkg (form not Water Not Fasted Peak at 3 hr Peak excretion within ~5 2-3% Nielsen et al. 19
specified) hr
5mg Ni (nickel sulfate Water Fasted Peak at 3 hr
hexhydrate)/person Beverages Increase but less than in wat¢rN/A N/A Solomons et al., 1982
(0.07 mg Ni/kg)

Food No increase

* Asreanalyzed by Diamond et al., 1998

! Hydration state not reported

N/A = not available
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Table 3. Nickd Tissue Didribution in Rats After Inhdation Exposure or Intratrached Ingtillation

Dose or Concentration Time after Relative Tissue concentration of nickel Reference
exposure
Inhaation of 0, 0.8, 1.6, 3.3, 0 kidney > liver Benson, 1988
6.7 mg Ni/m? (NiSO,) for 12 Not found in lymph nodes, ovaries, testes
days
Intratrached indtillation of 1.27 | 35 min lung > kidney > heart, spleen, testes, liver, skin, bone, | Carvaho and Ziemer,
Fg Ni (NiCL) blood 1982
21 day lung > kidney
Intratrached injection of 5.9 Fg | 0.5 hr lung = mediadtina lymph nodes > kidney > ovaries> | Englishetd., 1981
Ni (NiCl) blood > femur > heart > adrenals > skin >pancreas >
duodenum > pituitary >liver > spleen
5.9 Fg Ni (NiO) 05hr lung = lymph nodes > heart > femur > duodenum >
kidney > pancreas > ovaries > gpleen > blood >
adrenals > skin > pituitary > liver
Intratrached injectionof 1 Fg, | 4,24,96 hr | High tissue concentrations: lung > trachea= larynx > | Medinsky et a., 1987
11 Fg Ni (NiSO,) urinary bladder > kidney
Low tissue concentrations: muscle, fat, bone, liver,
Intratrachedl injection of 106 Fg | 4, 24,96 hr | brain
(1800 nmoles) Ni
High tissue concentrations: lung > kidney > trachea =
larynx
Intratrachedl injection of 1000 | 6 hr & 24 hr | kidney > lung > adrend > liver > pancreas > spleen > | Clary, 1975
Fg Ni (NiCl) heart > testis
72 hr lung > kidney > adrend > spleen > testis > pancress

> liver > heart
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Table 4.

Nickd Tissue Digribution in Animals After Ingestion Exposure

Species | Dose Time after Nickd levelsin tissues Reference
exposure

Mouse 0.58 mg Ni/kg (NiClL,) 5to24 hr kidney > lung > liver, heart, serum, fat, pancreas, | Jasm and Tjalve, 1986

gadiric intubation eyes, spind cord, brain
Placentd and fetd tissues:

Pregnant | 0.58 mg Ni/kg (NiCl,) 24 hr placenta > kidney > heart > lung > liver > whole

mouse gastric intubation on gd 18 fetus > brain

Rat 10 mg Ni [NiSO,, NiCl,, 24 hr kidney > lung > liver, spleen, pancress, heart, Ishimatsu et d., 1995
Ni(NO,),] by gavage blood > brain

Mouse 0.58 mg Ni/kg (NiCl,) by 24 hr kidney > lung > peripherd nervous system, spind | Borg and Tjave ,1989
gadric intubation once daily cord, liver
for 7 days

Rats 100, 500, 1000 ppm Ni 0 kidney > heart, liver, testes, plasma Whanger, 1973
(nickel acetate) in food for 6
weeks

Mouse Dose3.0,3.5mg 4wk to 23wk | kidney > liver, blood Dieter et a. ,1988
Ni/day/mouse in weter for
180 days (5, 10 g/L nickel
sulfate)

Mouse 5 ppm NFr* (acetate or 0 gpleen > kidney, lung, liver, heart Schroeder et d., 1964
oxaate) in drinking water for
lifetime

Pregnant | 5 ppm Ni#* (acetate or 0 Increased nickel concentration in newborn

mouse oxdate) in drinking water for mouse
lifetime

Rat 2500 ppm Ni (NiSO,) in 0 kidney > fat > liver, bone Ambrose et d., 1976

food for 2 years
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Table5. Nickd Excretion from Rats After Intratrached Indtillation of Nickd Sdts

Species | Dose (Ni) Timeafter | Excretionin | HAf-Timefor Excretionin | Haf-Timefor Reference
exposure urine (%) Exceioninurine | feces (%) Excretion in Feces
(days) (hours) (Hours)
Rat 1.27Fg 1 72 N/R N/R Carvaho and Ziemer,
3 78.5 1982
21 96.5 3.4
Rat 5.9Fg 1 58 N/R <5 N/R English et d.,1981
3 61 <5
90 64 6.4
Rat 1Fg 4 54 23 31 14 Medinsky et d.,
11 Fg 56 12 26 12 1987
106 Fg 82 4.6 13 17

IN/R = Not reported
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Table6

. Exposure Edtimation in Epidemiology Studies Specifying Soluble Nicke

Source Population Selection criteria and exposure assessment Estimated workplace Estimated
levels, soluble Nit, mg/n? | workplace levels,
insoluble (mg/n¥)
Pang Ni Min employment 3 mos. in Ni plating; 0.010-0.080° None
eta., 1996 platers (U.K.) never worked with chromium.
Karjalainen Ni refinery Min employment 3 mos. Defined by period annual avg. subsulfide, <0.20
eta., 1992 Finland Outokumpu Oy | of employment and type of work. Primarily sol Ni, assulfatein <0.50
Harjavalta electrowinning; subsulfide form present when matteisground. | [0.26-0.76 tank house
Oxides not present. areas|
Anderson Ni refinery workers, Concentrations estimated by ‘ expert group’, and measurements | 0.50-2.0 in electrolysis
eta., 1996 Norway Kristianstad taken at one point in time (1973). Species assumed present in areas
respirable air in proportion to presencein material in work area.
Similar to Clydach process, but through 1978 handled some
substances that Clydach handled only up to 1929. Smelter
plant nearby.
ICNCM, 1990; Clydach WalesINCO Follow-up through 1985. Min 5 years employment. Based on 0.20-2.0 [“thru 1979"] 1-2inNi plant; 10
Easton process. Estimated concentrations extrapolated from recent Calciners, decrease over in Cu plant
etal., 1992 Nickel refinery conditions. Some percentage of nearly every department is time, 0.25-0.75
soluble Ni; highest is 30-40% in Ni sulfate plant; also high
oxidic but low sulfidic. Workers may have worked in other
departments.
ICNCM, 1990 Ontario, Port Colborne Worked >=6 months. 1950 thru 1984. At electrolytic <0.30 <0.70
electrolysisINCO workplaces, exposed to sol Ni <0.3 mg and <1.0 mg/n total. >1.0 anode tasks
Recently sol aslow as 0.20 mg
Ontario Mining, Concentrations of soluble somewhat comparable to None 0.25-1.0
smelting, and refining Kristiansand Norway but the later had 7 x higher insoluble,
which dropped to 2.5 x after 1987

! Different methods were used to estimate exposures at different workplaces, so these levels are only roughly comparable. In addition, levels vary with changes in procedures over time.
2 Estimated workplace concentrations based on contemporary exposure assessments, summarized in Table C-1. Concentrations in this study may be higher because they occurred during an

earlier time period.
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Table 7. Characteristics of Epidemiology Studies Specifying Soluble Nickel

Source Population Cohort size (Cases or Person Lung Nasal Stomach
Deaths) years
Pang et al., 1996 Ni 284 (99) 6928.6 RR none observed (<1 2.61(0.60-11.33)
platers (U.K.) 1.25(0.36-4.33)* expected)
Karjdaineneta., 1992 Ni refinery 369 (6) in refinery 6089 RR RR 4.3(0.5-16)
workers, [1339 (67) in smelter [27,130] 20(0.3-74) 53.8 (1.4-300)2
Finland and refinery]
Anderson et al., 1996 Ni refinery 4764 (1979) 125,000 RR RR overall 0.9(0.7-1.3)
workers, 3.1(2.1-4.8)° 18 (12.3-25.4)*
Kristiansand [highest sol Ni]
Norway 15(1.0-22) RR soluble only
[highest oxide} 2.7 (0.3-9-8)
ICNCM, 1990; Easton, et | Clydach, Wales | [Totd: 2524/1360] _ SMR® SMR SMR 71 (1930 entry,
a., 1992 INCO|[Ni [#Ni sulfate plant: not 333(108-776) 363 (99-931) total cohort)
sulfate plant] given]
SMRs~112 for entry 1 case post 1930 entry
after 1930
ICNCM, 1990 Ontario INCO 54,500 (298) 1950-1984 | SMR SMR 114 (65-185)
Sinter, leaching, 261 (220-336) 5073 (3282-7489)
calcining
ICNCM, 1990 Ontario. INCO (1608) NR SMR SMR 101 (84-121)
Electrolysis 110 (101-120) 142 (52-309)

! Exposed to Ni > 1yr. Relativerisk (RR) for mortality (paper also reports SMR), controlled for age, start year, follow-up, and exposure duration. Internal comparison

2 SIR, population of SW Finland as comparison. 1 case nasal cancer+2 cases after termination data; 2 lung cancer cases.

3 RRincidence for sol Ni, >15 mg/m3 cumulative exposure, from multivariate regression, adjusted for smoking habits, age, and Ni oxides. Estimated RR for 1-4 mg/m3 cumulative
exposurewas 1.2 (0.8-1.9). Exposure estimate based on process, per Archibald (1962) and ICNCM (1990); expert judgement estimates for 82 work areas .

4 SIR. Not adjusted for age, smoking, duration, or other exposures.

5 SMR, (reference is 100) for “hydrometal lurgy department >5 years exposed and <1 year in other high risk area. Before 1959. Copper plant risks were similar; plants had similar s
exposure but greater oxide exposure Source ICNCM, 1990
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Table 8. New Cases of Lung Cancer Among 4902 Mae Nickd Refinery Workers
by Cumulative Exposure to Nickel Compounds'.

Soluble nickd Cumulative Exposure to Oxidic Nickd (mg/n?)
compounds <1 1-4 5-14 $15 Tota

(mg/) 0? SIR3 @) SR @) SR @) SR @) SR
<1 40 | 1.8** 2 14 17 | 3.3** 33 | 29** 92 2.3%*

14 15 | 2.6** 13 18 2 2.0 5 4.6* 35 | 2.3*
5-14 3 4.3 10 2.2* 8 6.5%* 1 18 22 3.1*%*
$15 1 13.3 16 | 5.6** 27 | 8.2** 8 9.2%* 52 1.3%*
Totd 59 | 2.0** 41 | 2.6** 54 | 5.0** 47 |34** | 201 | 2.9**

!Adapted from Andersen et d. (1996) and additional information provided by Andersen.

20 = Obsearved number of cases.

3SR = Standardized incidence rtio.

* p<0.05
** p<0.01
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Table 9. Cancer Incidence Among Smelter and Refinery Workers (Anttilaet a., 1998)

Ovedl Risk Risk for 20 + Y ear Latency
Cohort Observed/ SIR (95% Cl) Observed/E SR (95% CI)
Exposed xposed
Lung Cancer
Unexposed Workers 13/10.7 1.22 (0.65 - 2.08) -- --
Exposed 21/15.1 1.39 (0.86 - 2.13) -- --
Nickel Workers
Smdter 15/10.8 1.39 (0.78 - 2.28) 13/6.5 2.00 (1.07 - 3.42)
Refinery* 6/2.3 2.61 (0.96 - 5.67) 6/1.8 3.38(1.24 - 7.36)
Nose and Nasal Sinuses
Unexposed Workers 0 0 -- --
Exposed 2/0.2 8.79 (1.06 - 31.7) -- --
Nickel Workers
Smelter 0 0 0 0
Refinery 2/0.05 41.1 (4.97 - 148) 2/0.03 67.1(8.12 - 242)

*Two of the 9x cases had dso worked in the smdlter
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Table 10. Comparison of Risk of Dying of Lung Cancer' at Different Levels of Cumulative Exposure to Soluble Nickel by
Different Levels of Combined Cumulative Exposure to Sulfidic and Oxidic Nickel in the Mond/inco (Clydach) Nickel

Refinery

Degrge (.)f SXPOSUre 1) ow exposureto soluble | High exposure to Differenceinthe SMR
tosulfidicand oxidic | ~."~ o

. : > | nickel soluble nickel values (P-value)
nickel, respectively

@] B SMR | O B SMR

Low, low 51 26.01 196 7 4.16 168 0.931
Low, high 18 514 350 30 387 776 0.024
High, low 8 125 638 1 0.15 658 0.999
High, high 32 6.34 505 28 236 1187 0.003

1From ICNCM (1990), Table 33. Includes all men with 15 or more years since first employment except those who worked
in general trades. O = observed number of deaths, E = expected number of deaths, SMR = standardized mortality ratio.
2 Low sulfidic nickel exposure = < 15 (mg Ni/m?) x years and high sulfidic nickel exposure = $15 (mg Ni/n¥) x years; low
oxidic nickel exposure = < 50 (mg Ni/n?) x years and high oxidic nickel exposure = $50 (mg Ni/m®) x years

3 Low soluble nickel exposure = <10 (mg Ni/n¥) x years.

“High soluble nickel exposure = $10 (mg Ni/m®) x years.

5 Based on the mortality rates for England and Wal es.

Table 11. Comparison of Risk of Dying of Lung Cancer'at Different Levels of Cumulative Exposure to Sulfidic Nickel by
Different Levels of Combined Cumulative Exposure to Oxidic and Soluble Nickel in the Mond/inco (Clydach) Nickel

Refinery

Degrgg of exposure Low exposure to sulfidic | High exposure to Differencein the SMR
to oxidic and soluble . S

) . nickel® sulfidic nickel* values (P-value)
nickel, respectively?

O B SMR 0] P SMR

Low, low 51 26.01 196 8 125 638 0.004
Low, high 7 4.16 168 1 015 657 0.388
High, low 18 514 350 32 6.34 505 0458
High, high 30 387 776 28 2.36 1187 0.265

1From ICNCM (1990), Table 34. Includes all men with 15 or more years since first employment except those who worked
in general trades. O = observed number of deaths, E = expected number of deaths, SMR = standardized mortality ratio

2 Low oxidic nickel exposure = < 50 (mg Ni/n¥) x years and high oxidic nickel exposure = $50 (mg Ni/m®) x years; low
soluble nickel exposure = < 10 (mg Ni/nm?®) x years and high soluble nickel exposure = $10 (mg Ni/m®) x years

3 Low sufidic nickel exposure = <15 (mg Ni/m®) x years.

4High sulfidic nickel exposure = $15 (mg Ni/m®) x years.

5 Based on the mortality rates for England and Wal es.
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Table 12. Comparison of Risk of Dying of Lung Cancer'at Different Levels of Cumulative Exposure to Oxidic Nickel by
Different Levels of Combined Cumulative Exposure to Sulfidic and Soluble Nickel in the Mond/INCO(Clydach) Nickel

Refinery

Degree of exposure
to sulfidic and Low exposure to oxidic High exposureto oxidic | Differenceinthe SMR
soluble nickel, nickel® nickel* values (P-value)
respectively?

@] =g SMR O P SMR
Low, low 51 26.01 196 18 514 350 0.100
Low, high 7 4.16 168 30 3.87 776 <0.001
High, low 8 125 638 32 6.34 505 0.839
High, high 1 015 658 28 2.36 1187 0841

1 From ICNCM (1990), Table 35. Includes all men with 15 or more years since first employment except those who worked
in general trades. O = observed number of deaths, E = expected humber of deaths, SMR = standardized mortality ratio.

2 Low sulfidic nickel exposure = < 15 (mg Ni/m?) x years and high sulfidic nickel exposure = $ 15 (mg Ni/m®) x years; low
soluble nickel exposure = < 10 (mg Ni/n¥) x years and high soluble nickel exposure = $ 10 (mg Ni/n?¥) x years

3 Low oxidic nickel exposure = <50 (mg Ni/m®) x years.

“High oxidic nickel exposure =$ 50 (mg Ni/nF) x years.

5 Based on the mortality rates for England and Wales.
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Table 13. Comparison of Risk of Dying of Nasal Cancer! at Different Levels of Cumulative Exposure to
Soluble Nickd by Different Levels of Combined Cumulative Exposure to Sulfidic and Oxidic Nickd in the

Mond/INCO (Clydach) Nickel Refinery.

Degree of Low exposure to soluble nickef | High exposure to soluble nicket Difference
exposure to in the O/E
aulfidic and values (p-
oxidic nickel, . . value)

) ively? 0 E O/E O E O/E

Low, low 7 0.166 42 3 0.025 120 0.284
Low, high 5 0.045 112 16 0.048 339 0.079
High, low 3 0.009 345 -- -- -- --

High, high 11 0.051 214 22 0.025 865 <0.001

! Includes @l men with 15 or more years since first employment except those who worked in general trades.
O = observed number of deaths, E = expected number of deaths, SMR = standardized mortality ratio.

2 Low sulfidic nickd exposure = < 15 (mg Ni/m?) x years and high sulfidic nickel exposure = $15 (mg
Ni/m?) x years; low oxidic nickel exposure = < 50 (mg Ni/n?) x years and high oxidic nickel exposure = $50
(mg Ni/m?) x years.

3 Low soluble nickel exposure = < 10 (mg Ni/m3) x years.

4 High soluble nickel exposure=$ 10 (mg Ni/n¥) x years.

5> Based on the mortality rates for England and Wales
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Table 14. Comparison of Risk of Dying of Nasal Cancer! at Different Levels of Cumulative Exposure to
Sulfidic Nickd by Different Levels of Combined Cumulative Exposure to Oxidic and Soluble Nickd in the
Mond/INCO (Clydach) Nickel Refinery.

Degree of Low exposure to sulfidic nickeP | High exposure to sulfidic nickel* Difference
exposure to in the O/E
oxidic and values (p-
soluble nickel, . . value)

) ively? 0 E O/E O E O/E

Low, low 7 0.166 42 3 0.009 345 0.001
Low, high 3 0.025 120 - - - -

High, low 5 0.045 112 11 0.051 214 0472
High, high 16 0.048 336 22 0.025 865 0.011

1 From ICNCM (1990), Table 38. Includes all men with 15 or more years since first employment except
those who worked in general trades. O = observed number of deaths, E = expected number of deaths, SMR
= gtandardized mortality ratio.

2 Low oxidic nickel exposure = < 50 (mg Ni/nm¥) x years and high oxidic nickel exposure = $50 (mg Ni/m®) x
years, low soluble nickel exposure = < 10 (mg Ni/m?®) x years and high soluble nickel exposure = $10 (mg
Ni/m?) x years.

3 Low sulfidic nickel exposure = < 15 (mg Ni/m3) x years.

4 High sulfidic nickel exposure= $ 15 (mg Ni/n¥) x years.

®> Based on the mortality rates for England and Wales
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Table 15. Effect of Exposure to 100 mg/L Nickel in Drinking Water on the Urinary Excretion of

Albumin, 3,-m, and Kidney Weight in Mae and Femde Rats

Relative
R vl N Pt A P el
(gkg)
Males 3 months Control 622 (216-2970) 5.15 (2.1-15.4) 593+ 0.08
Nickel 720 (132-2406) | 459 (1.7-15.1) 6.08+ 0.13
6 months Control 989 (194-11200) | 3.02 (0.2-24.7) 543+ 0.10
Nickel 2065 (448-5600) | 4.91 (0.6-17.4) 591+ 0.16°
Females | 3 months Control 202 (88-326) 0.52 (0.05-14.9) 6.12+0.23
Nickel 329 (115-1162) | 1.11 (0.23-6.60) 6.47 + 0.12
6 months Control 354 (114-1575) 0.55 (0.05-1.93) 6.52+0.12
Nickel 1319° (209-9600) | 0.87 (0.06-3.90) 6.78+0.11

! Adapted from Vyskocil et d., 1994
2 Data were evaluated by two way variance analysis and Bonferroni test

3 Geometric mean (range) of ten animals
4 Arithmetic mean = SEM of ten animas

"p<0.05 with respect to the matched controls
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Table 16. Concentrations and Aerosol Sizes of Nickel Compounds
Tested by NTP (1996a, 1996b, 1996¢)

Concentration

ggfrgfgﬁgg/ Species (mg/n?) Aerosol Size (Fm)
Compound Ni MMAD GSD
Nickel 0.12 003 |250+038 |238+027
ﬁjeg?y dete Rat 525 006 |224+026 |221+026
NiSO,"6H,0/ 05 011 [225+016 |208+017
NTP, 159%a 0.25 006 |234+021 |224+017
Mouse I 'g 011 [227+018 [207:013
1 022 |253+020 |202+015
Nickel Oxide 0.62 05 |[221+014 [197+008
E%STP’ Rat 125 10 |223+017 |189+036
25 20 |[221+016 [180:o011
125 10 |246+022 |187+009
Mouse 755 20 |242+013 |181+008
5 39 |255+016 |176+010
Nickel Rat 0.15 011 [217+03¢ |[234+039
ﬁ‘i’gm; 1 073 [218+t022 [191:012
1996¢ Mouse | 06 044 |224+031 |198+016
1.2 088 |225+016 |208+017
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Table 17. NonNeoplastic Lesionsin the NTP (1996a) Chronic Inhalation Bioassay of Nickd Sulfate Hexahydrate

Exposure Lung Lesions Bronchial Lymph Node ggfﬁte?z m
Species, | Conc. - - Y - — -
F | Soncamie | warotee | i | mans | S | i | Limteis | Moo |,
0 14/54 7/54 3/54 0/54 0/51 0/51 054
0.027 11/53 9/53 6/53 0/53 0/49 0/49 0/52
m’e 0056 42/53" 35/53" 35/53° | 12/53” 3/47 0/47 3/53
011 46/53" 48/53" 4353° | aus3” 10/52" 0/52 7/53”
0 14/52 9/52 8/52 1/52 2/50 0/50 0/51
Rat, 0027 13/53 10/53 7I53 0/53 1/52 0/52 1/52
femde | o056 49/53" 32/53" 45/53" | 2253 0/51 0/51 1/53
011 52/54" 45/54" 4954 | 4954 11/49" 0/49 /e
0 1/61 6/61 o/61 1/61 1/61 2146 0/46 o/6l
Mouse, | 0.056 2/61 /61 o/61 4/61 o/61 4149 0/49 o/6l
male 011 8/62' 35/62 0/62 19/62" 3/62 2145 8/45" 12/61"
022 20/61" 50161 42161 30/61" 17/61" 17/54" 30/54" 37/60"
0 1/61 7/61 o/61 0/61 o/61 15/50 2/50 361
Mouse, | 0056 7160 24/60 0/60 960~ 4/60 /54 0/54 2/59
femde | 19 14/60" 53/60" 11/60" 32/60" 16/60" 16/58 14/58" 1/60
022 40/60" 59/60" 45/60" 45/60" 39/60" 26/56" 37/56" 17/60™

" Significantly different (p#0.05) from the control group by the logistic regression test.

" Significantly different (p#0.01) from the control group by the logistic regression test.
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Table 18. Nonneoplastic Lesions of the Lung at the 7- and 15-Month Interim Sacrificesin NTP (1996a)

N P o e P LT
S (mg Ni/m?) | 7mg 15mo | 7mo | 15mo | 7mo | 15mo | 7mo | 15mo
'\Rﬁé 0 05 0/5 os | o5 - os | - 0/5
0.027 45 |us |ws |os |- o5 | - 0/
0.056 45 |us s+ s |- o5 | - 15
0.11 g5 | si5ex | si5ex | mmee | - o5 | - 4/5*
Rat, 0 os |25 |os |ws |- os |os |os
femde 75 0a7 o5 |os a5 [ws |- os |os |os
0.056 45 |45 |as |35 |- s |os |35
0.11 55 |55 | 55 | 55 | - 35 |25 |55
Mouse, | O os |os [os |os |- N o5 | o5
mde 170086 o5 |os |os |ws |- |- |os |os
0.11 os |os |ws |as |- N o5 | o5
0.22 o5 |45 |5 | s |- - o5 |35
Mouse, | O o5 |os [os [os |- N o5 | o5
femde 75 056 os |os |os |ws |- - o5 | os
0.11 os |os [ws a5 |- - o5 | o5
0.22 o5 | s | s | EEee |- - o5 | 55
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Table 19. Neoplagtic Lesonsin the NTP (1996a) Chronic Inhalation Bioassay of Nickd Sulfate

Hexahydrate

Exposure Lung Alveolar/Bronchiolar Tumors
Spedes, Sex ggg ili /n?) | Adenoma | Carcinoma gg:,%?nzor
Rat, mae 0 0/54 1/54 2/54°

0.03 0/53 0/53 0/53

0.06 0/53 1/53 1/53

0.11 2/53 1/53 3/53
Rat, femde 0 0/52 0/52 0/52

0.03 0/53 0/53 0/53

0.06 0/53 0/53 0/53

0.11 1/54 0/54 154
Mouse, mae 0 5/61 9/61 13/61

0.06 5/61 13/61 18/61

0.11 3/62 4162 7/62

0.22 5/61 3/61 8/61
Mouse, femde | O 3/61 4/61 7/61

0.06 3/60 3/60 6/60

0.11 2/60 9/60 10/60

0.22 0/60 2/60 2/60
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Table 20. Resultsof NTP (1996b) Chronic Inhalation Bioassay of Nickd Oxide

Nonneoplastic Lung Alveolar/Bronchiolar Tumors Bronchial
Exposure Lung Lesions! Lymph Node Adrenal Medulla Pheochromocytoma
Species, Sex| Conc. . - .
(mg Ni/n) | Chronic Alveolar Adenoma | Carcinoma Ade_noma40r Lymphoid Pigment Benign Malignant Benign or
inflammation pigment carcinoma hyperplasia malignant
Rat, male 1/545 27/54 0/54 27/54
! 28/54 4 4 2 2
0 85 Vs 054 0/ (p=0.062) 05 0rs (p=0.041) (p<0.001) (p=0.008)
05 53/53? 53/53? 1/53 0/53 1/53 7/513 45/512 24/52 0/52 24/52
6/53
1.0 53/53? 53/53? 3/53 3/53 _ 10/53? 51/53? 26/53 1/53 27/53
(p=0.054)
6/52 35/52
2. 22 22 2/52 2/52 4/52 18/52* 22 2/52
0 52/5 52/5 /5 /5 /5 8/5 51/5 32/5 (p=0.015) (p=0.027)
Rat, female 1/53 4/51
' 1 1 4 4
0 8/53 0/53 /53 0/53 (p=0.022) 1/49 0/49 (p<0.001)
05 52/53? 52/53? 0/53 0/53 0/53 5/50 43/50% 7/52
2 2 3 6/53 2 2
1.0 53/53 53/53 1/53 5/53 20/53 52/53 6/53
(p=0.053)
) ) ) ) 18/53
2.0 54/54 54/54 4/54 1/54 5/54 13/52 47/52
(p=0.001)
Mouse, 0 0/57 0/57 7157 4/57 9/57 5/45 0/45
male
1.0 21/672 65/67° 5/67 10/67 14/67 18/56° 55/562
20 34/662 66/66° 6/66 9/66 15/66 28/612 61/612
39 55/692 68/69° 11/69 6/69 14/69 33/622 60/622
Mouse, 0 7/64 0/64 2/64 4/64 6/64 14/54 0/54
femae
1.0 43/662 64/66° 4/66 11/66 15/66 37/632 58/632
' (p=0.043)
20 53/63? 61/63° 10/63® 4/63 12/63 40/59? 56/592
39 52/642 64/64? 3/64 5/64 8/64 44/622 60/622 -
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! Nonneoplastic lung lesions that were significantly (p#0.05 or #0.01) increased in addition to chronic active inflammation included alveolar proteinosis, bronchialization
and proteinosis (alveolus) in mice (both sexes) $1.25 mg Ni/n.
2 Significantly different (p#0.01) from the control group by the logistic regression test.

8 Significantly different (p#0.05) from the control group by the logistic regression test.

4 P-values for trend test given in parentheses next to control incidencesif p#0.05. P-values for pairwise comparison between an exposure group and controls given in
parentheses next to the exposure group if p#0.05.
5 Incidence of adenoma or carcinoma or sguamous cell carcinoma.




Table21. Resultsof NTP (1996¢) Chronic Inhaation Bioassay of Nickel Subsulfide

Nonneoplasti . .
clLung Lung Alveolar/Bronchiolar Tumors Eroc;r;:mal :ryTaZha glt?ﬁte?z i Adrenal Medulla Pheochromocytoma®
Specis, | EXPore00 | Lesons il g
Sex Lo i
(mg Ni /) ChTO”'C Carcinom | Adenomaor | Lym- Macro- ) . Benign or
active Adenoma . 4 . Atrophy Benign Malignant .
. . a carcinoma phoid phage malignant
inflammation
Reat, mae 0/53 13/53 0/53 14/53
0 9/53 0/53 0/53 (p=0.003) 5/52 /52 2/53 (p<0.001) (p<0.001) (p<0.001)
6/53 30/52 2/52 30/52
2 2 2
011 53/53 3/53 3/53 (p=0.020) 29/51 14/51 1/53 (p=0002) (p=0242) (p=0003)
> 3 3 11/53 > ) 37/53 11/53 42/53
0.73 51/53 6/53 7/53 (p=0.001) 34/53 28/53 9/528 (<0.001) (p=0002) (<0.001)
Rat, 2/53 2/53 3/53
femdle 0 7/53 2/53 0/53 (p=0.030) 11/50 0/50 0/53 (p<0.001) 1/53 (p<0.001)
6/53° 7/53 7/53
2
011 51/53 5/53 0/53 (p=0.142) 36/49° 16/49 0/53 (P=0.083) 0/53 (p=0.166)
9/53 36/53 36/53
2 2
0.73 51/53 5/53 4/53 (p=0.031) 36/50° 24/50° 16/52 (<0.001) 1/53 (9<0.001)
Mouse, 0 61 6/61 7/61 13/61 4/40 140 61
mele 044 52/50° 359 2/59 5/59 a3 | 4753 | 2759
0.88 53/58 2/58 4/58 6/58 49/54? 50/54° 55/59°
Mouse, 0 1/58 3/58 7/58 9/58 10/50 0/50 1/58
f
S Y 46/59 1/59 1/59 2/59 457 | awsr | 1wse
0.88 58/60° /60 2/60 3/60 52/59 47/59° 41/60°

! Nonneoplastic lung lesionsin addition to chronic inflammation that were significantly (p#0.01) increased included macrophage hyperplasiain rats (both sexes) at $0.11
mg Ni/n? and mice (both sexes) at $0.44 mg Ni/m3; fibrosisin rats (both sexes) at $0.11 mg Ni/n¥, male mice at 0.88 mg Ni/n? and female mice at $0.44 mg Ni/n¥; alveolar
proteinosisin rats (both sexes) at $0.11 mg/n? and mice (both sexes) at $0.44 mg/n¥, and bronchialization in mice (both sexes) at $0.44 mg Ni/n?.
2 Significantly different (p#0.01) from the control group by the logistic regression test.
3 Significantly different (p#0.05) from the control group by the logistic regression test.
4 P-values for trend test given in parentheses next to control incidencesif p#0.05. P-values for pairwise comparison between an exposure group and controls given in
parentheses next to the exposure group if p#0.05.
5 Incidence of adenoma or carcinoma or squamous cell carcinoma.
6 Other nasal lesionsincluded significantly (p#0.01) increased chronic active inflammation in female rats at 0.73 mg Ni/n¥; and acute inflammation and olfactory epithelium

degeneration in female mice at $0.44 mg Ni/n?.
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Table 22. Aerosol Size Measurements for the Rat and Mouse Chambers
in the Subchronic NTP (1996a) Study with Nickel Sulfate Hexahydrate

Target.Concmtrati on Target. Concentration x;fdyl\//rl;drll?: Geomgtric Standard
(mg NiSO,+6H,0/n?) | (mg Ni/m?) Diameter (Fm) Deviaion

0.12 0.027 231 21

0.25 0.056 211 2.7

0.5 0.11 3.08 29

1.0 0.22 181 2.2

2.0 0.45 201 2.0
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Table 23. Rdative Solubility and Injection-Site Tumorigenicity of Nickel Compounds in Rats

(Gilman, 1966)
Nickel Compound* 'Il\'llljr;n(?r?srllslzmber of ;ﬁm:a;ng
Sites®
Sulfate 0/54 0
Fluoride 3/36 17
Hydroxide 19/40 75
Monosuifide 0/28 0
Oxide 2/40 10
Subsulfide 22/40 85

! Compounds listed in order of decreasing water solubility.
2 Total number of tumors and total number of injection sites (combined animal data).
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Table24. Loca Tumor Responsesin Rats Exposed to
Soluble Nickel Compounds and Metallic Nickel by Intrgperitoned Injection
(Pott et al., 1989, 1990)

Exposure Totd Dose | Tumor
Compound Schedule! | (mgNi) Incidence?

Imix3 0 1/33
Sine

1ml x50 0 0/34
Nickel chloride'6H,O 1mgx50 | 50 4/323
Nickd sulfate'7H,0O 1mgx50 | 50 6/30°

1mgx25 |25 3/35
Nickel acetate'4H,O

1mgx50 |50 5/31*
Nickd carbonaté'4H,O | 1mgx25 | 25 1/35
Nickd hydroxide2H,0 | 1mgx50 | 50 3/33

6mgx 1 6 4/34°
Metdlic nicke 6mgx2 12 5/34°

1mgx25 | 25 25/35°

Y mg Ni x number of injections; compounds listed in order of decreasing water solubility

2 Combined incidences of abdominal mesotheliomas and sarcomas (incidences not reported for separate tumor types).
3 Significantly increased (p<0.05) compared to control group.

4 p<0.05 for positive dose-related trend.

5 P values not reported for tumor incidences for metallic nickel and nickel alloys.
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Table 25. Lung Tumor Responsein Strain A Mouse Intraperitoneal Bioassay of Nickel Acetate
(Stoner et d., 1976)

Tota Dose! (mg | Lung Tumor Incidencein | Mean No. Lung
Ni/kg) Surviving Mice Tumors/Mouse = SE.
0 7/19 (37%) 0.42+0.10

17 8/18 (44%) 0.67+0.16

42 7/14 (50%) 0.71+0.19

85 12/19 (63%)? 1.26 +0.29

Positive Control® | 18/18 (100%) 216+281

! Total dose administered in study, assuming doses were reported as nickel acetate tetrahydrate
2 Significantly increased (p<0.01) compared to vehicle control group.
3 Single dose of 20 mg urethane/mouse.

T23



Table 26. Kidney Tumor Incidencesin Rats Following Initiation with Nicke Acetate and Promotion with

Sodium Barbital (Kasprzak et d., 1990)

Incidences of Rend Corticd Tumorst

Group | Trestment . Adenoma or
Adenoma Adenocarcinoma )

Adenocarcinoma
1 Nickd Acetate 1/23 (1) 0/23 1/23 (1)
Nickd Acetate + ) )

2 Sodium Barbitd 13/24% (21) | 4/24 (4) 16/247 (25)

3 Sodium Barhbita 6/24 (9) 0/24 6/24 (9)

4 HHine 0/24 0/24 0/24

! Incidencesin rats surviving until first tumor was observed. Total number of tumorsin parentheses.
2 Significantly (P<0.002) higher incidence than Group 1 or combined Groups 1 and 3 using Fisher’ s Exact Test.
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Table 27. Tumor Incidencesin Offgpring of Rats Following Prenata Exposure to Nickel Acetate via
Maternal Intraperitoned Injection and Postnatal Exposure to Sodium Barbitdl
(Diwan et d., 1992)

Adenomeas or Carcinomas
Treatment Group* Sex
Kidney? Pituitary

Group 1A,Nicke M 0/17 9/17
Acetate F 0/16 5/16

M+F | 0/33 14/33 (p=0.012)°
Group 1B, M 8/15 (p=0.007)>* | 6/15
Nickd Acetate +
Sodium Barhital F 0/15 5/15
Group 2A, M 0/15 6/15
Nickd Acetate F 0/16 216

M+F | 0/31 14/31 (p=0.008)°
Group 2B, M 7/15 (p=0.012)%° | 7/15
Nicke Acetate +
Sodium Barbital F 0/15 6/15
Group 4A, M 0/15 1/15
Sodium Acetate = 0/16 716

M+F | 0/31 4/31
Group 4B, M 1/15 2/15
Sodium Acetate +
Sodium Barhita F 0/14 4/14

! See text for specific information on experimental design.

2 Adenomas or carcinomas of the renal cortex or pelvis.

3 Significant as compared with Group 4B males, Fisher’s Exact Test.
4 Group 1B had 15 tumorsin 8 affected males.

4 Group 2B had 10 tumorsin 7 affected males.

5 Significant as compared with Group 4A M+F, Fisher’ s Exact Test.
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Table 28. Summary of Studies Investigating Asthmagenic Effects of Nickel

o Response to e .
Cases | Occupational exposure ]Ic-lelasttorlcal bronchia Speift';?qn N'Ck.?.' l0E Reference
ures challenge pric specific g
Dermatitis | Sustained
1 Nickel eectroplating Asthma immediate Postive N/A McConnell et d., 1973
FEV1fal
: . Urticaria Immediate o ”
1 Nickel electroplating Aghma FEV1 fal Postive Postive Mao et d., 1982
: : Immediate and
1 g‘;‘:re'o/ Clgtﬁm' um Ashma | ddayed (35 | Negative Positive Novey et dl., 1983
paing hr) FEV1 fall
1 Nickel electroplating Asthma Late (3 hr) Negative negeative Mao et a., 1985
FEV1fal
3 Nickd catalyst plant Asthma N/A N/A N/A Davies, 1986
: . Immediate and
1 Nickel/zinc Ashma | ddlayed (6 hr) | Postive N/A Hong et 4., 1986
electroplating FEV1 fall

N/A = Not applicable; test not conducted.
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Table 29. Studies and Endpoints Considered as the Basis for the Nickel RfD

Study/ Specied Strain/ Route Duration Endpoint NOAEL/ BMDL,,

Nickel Species |Sex LOAEL (mg/kg/day)
(mg/kg/day)

Vyskocil et d., |Rat/ Wistar/ M&F  |Drinking water |6 months | Decreased glomerular None/ =t

1994/ NiSO,, function 6.9 (males)

Ambrose et al., |[Rat/ Feed 2 years Decreased body weight &1/ 11-58

1976/ Wistar/ M&F 80

NiSO,

American Rat/ Sprague Gavagel water |92 days Decreased body weight in  |5° (2.7) 1517

Biogenics Dawley/ M&F males, pneumonitisin both |35 (19) (Based on

Corporation, sexes decreased BW)

1988/

NiCl,

Dieter et al., Mouse/B6C3FL/F  |Drinking water |180days | Thymic atrophy, decreased |None/ -1

1988/NiSO, thymus weight 44

Smith et al., Rat/Long-Evans/ Drinking water  |2-gen repro | Increased pup death None/ -1

1993/NiCl, M&F 1.3 (equivocal)

1 No appropriate BMD was calculated for this study.
2The NOAEL and LOAEL were reported as 5 mg/kg/day and 50 mg/kg/day in the nickel RfD verified on 07/16/87, due to the use of ageneric food factor of
0.05, rather than the strain-specific value used for this assessment.
3 Assuming doses were reported in terms of nickel dose. The dosesin parentheses are the nickel dosesif the doses were reported in terms of nickel
chloride hexahydrate.
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Table 30. Endpoints Considered as the Basis for the Nickel RfC

Sex/Species | Duration Endpoint Region* NOAEL/ NOAEL (HEC)/ BMCL,,(HEC)
LOAEL LOAEL(HEC) (mg Ni/me)
(mg Ni/m?) (mg Ni/m?)

M rat Chronic  |Lung fibrosis PU 0.027/0.056 0.0021/0.0046 0.00172

Frat Chronic  |Lung fibross PU 0.027/0.056 0.0024/0.0052 0.0024

Frat Chronic  |Alvedlar proteinosis PU 0.027/0.056 0.0024/0.0052 0.0028

Frat Chronic  |Atrophy of olfactory ET 0.056/0.11 0.0019/0.0039 0.0025-0.0026
epitheium

M rat Chronic  |Atrophy of olfactory ET 0.056/0.11 0.0033/0.0068 0.0038-0.0043
epithelium

M rat Chronic  |Chronic active inflammation PU 0.027/0.056 0.0021/0.0046 0.0020

Frat Chronic  |Chronic active inflammation PU 0.027/0.056 0.0024/0.0052 0.0021

M rat Chronic | Macrophage hyperplasia PU 0.027/0.056 0.0021/0.0046 0.0012-0.0016

Frat Chronic  |Macrophage hyperplasia PU 0.027/0.056 0.0024/0.0052 0.0013-0.0019

F rat Subchronic | Atrophy of olfactory ET 0.11/0.22 0.0016/0.0036 0.00048
epitheium

Frat Subchronic  |Macrophage hyperplasia PU None/0.027 None/0.0027 =3

All datafrom NTP 1996a

1PU = pulmonary, ET = extrathoracic; TH = thoracic (pulmonary plus tracheobronchial)

2Used as the basis for the RfC

3Data not amenable to modeling because no information available on the shape of the concentration-response curve available
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