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Substance Flow Analysis of Nickel for Risk Assessment of Nickel and Nickel Compounds in Japan

Kiyotaka TSUNEMI and Hideki WADA

Synopsis : Nickel compounds have been suspected of causing cancer in humans through inhalation exposure, therefore nickel compounds were specified

as priority chemicals of hazardous air pollutants together with volatile organic compounds in 1997 in Japan. Thus, in this study, substance

flow of nickel was analyzed from production, shipment and disposal, and the amount of domestic supply, gross additions to stock and waste

generation were estimated from 1970 to 2015 in order to conduct risk assessment of nickel and nickel compounds. Additionally, sensitivity

analysis was conducted in order to identify the effect to the substance flow of nickel associated with variation of uncertain parameters.

As a result, the amount of domestic waste generation was estimated 200 thousand tons per year in 2015 as much as the amount of domestic

supply. However, the amount of recovery would be increased as the improvement of rate of recovery, and the amount of incineration and

landfill in 2015 would be half as much as those in 2002. Therefore, the emission of nickel into the air will decrease 4 tons per year in 2015,

Furthermore, the amount of incineration was largely varied by the factors of the way of municipal waste treatment and future trend of domes-

tic supply of other products. Thus, it was interpreted that the amount of incineration of other products should be estimated in consideration of

interval analysis.

Key words : nickel and nickel compounds; substance flow analysis; sensitivity analysis; risk assessment.
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Table 1. Parameters of nickel containing product categories for estimation of domestic supply and future trend.

Product Category Estimation of Domestic Supply Estimation of Future Trend

Allocation of Supply-Demand Statistics (Japan Stainless
Steel Association) by Iron & Steel Statistics under
consideration of Trade Statistics (Ni rate 8%)

Cr-Ni stainless steel for

. 20% decrease of the present [the same as the present]
construction

Cr-Ni stainless steel for

. . . i ditto
industrial machinery ditto !
Cr-Ni stainl teel fi .
[NI staimess steet for The same as the present [20% decrease of the present]
home appliances
-Ni stainl 1 e .
Cr-Ni stainless §tee o Lditto 20% decrease of the present [the same as the present]
fixture and furniture
Cr-Ni stainl 1 fc .
T-NIS m. ess steel for ditto The same as the present [20% decrease of the present]
transportation
2Ni stai fi R
Cr-Ni stainless steel for ditto ditto

other use

Iron & Steel Statistics (classified by regions and demands)
(Ni rate 9%)

Industrial Rare Metals (Ni rate 42%)

Other special steel ditto

42% Ni alloy for lead
frame

36% Ni invar for
shadow mask

The same as the present [10% decrease and increase of the present]

Metal Economics Research Institute, Japan (amount of Ni

was estimated)

Mining, Non-ferrous metals, and Products Statistics (amount

of Ni was estimated)

Ni alloy ditto

NiCd battery Ma'chinery Statistics under consideration of Trade Statistics
(Ni rate 18%)

ditto (Ni rate 39%) ditto

The same as the present [20% decrease of the present]

Magnetic material The same as the present [10% decrease and increase of the present]

The same as the present [10% decrease and increase of the present]

Exponential extrapolation by the recent data

INiIMH battery for
igeneral uses

(NiMH battery for Multiplying the electric car sales (Japan Automobile .
. . . . ) 1 the rec
vehicles Research Institute) by the weight of a NIMH battery (Ni rate Lienear extrapolation by the recent data
Plating Mining, Non-ferrous metals, and Products Statistics (amount 20% decrease of the present [extrapolation - the present]

of Ni was estimated)

Catalyst ditto

Multiplying the coin supply (Japan Mint) by the weight of a
coin and the Ni rate (8% for new 500yen, 25% for others)
Others ditto (amount of Ni was estimated) 20% decrease of the present [extrapolation - the present]
(Note) Descriptions and values with parenthesis [ ] mean the end-points of inputs to the sensitivity analysis.

The same as the present [10% decrease and increase of the present]

Coin Exponential extrapolation by the recent data
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Table 2.
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Expected lifetime of nickel containing products.

Product Category

Average Year for Use

O-year | 2-3 years

5 years

10 years | 10-20 years | more than 20 years

Cr-Ni stainless steel for

. 20%
construction

80%

Cr-Ni stainless steel for

20%
industrial machinery °

0%
(60~20)

40%
(20~60)

Cr-Ni stainless steel for home

) 20%
appliances

80%

Cr-Ni stainless steel for

0,
fixture and furniture 20%

80%

Cr-Ni stainless steel for

. 20%
transportation

80%

Cr-Ni stainless steel for other
use

20%

40%
(20~60)

40%
(60~20)

Other special steel 20%

80%

42% Ni alloy for lead frame 50% 7.5%

30%

12.5%

36% Ni invar for shadow 30%

70%

20%

Magnetic material (10~20)

40%
(25~60)

40%
(65~20)

Ni alloy 20%

40%
(20~60)

40%
(60~20)

INiCd battery 50% (0)

25% (50)

25% (50)

NiMH battery for general 50% (0)

25% (50)

25% (50)

[INiMH battery for vehicles

100%

Plating 30%

35%
(25~45)

35%
(45~25)

Catalyst 30% 70%

Coin

100%

50%
Others ;

(75~25)

50%
(25~75%)

(Note) Descriptions and values with parenthesis mean the end-points of inputs to the sensitivity analysis.

FHBREO D &6 1 EIFEE LA 3 5 W REME A R &
NTWBZenb, AF Y VABERERERIZOVWTZ,
1022 18D & RIAAE, B> EB LU ZOMIZDN
Tk, BAEOKRRER A2 KL T, 10F%IC 2845
CIRE L=, FESOBIRIZOWTIE, S8 B
BEEOLPHINBZDT, B CHRT 2 LIREL
77,
2.2 EEE, HhAbvIBOHTESE
REMSHFERS AL, WAHBMORG&E 5T 558
RS HWONE A TG EFERLZ, HES 912k
T AEBEH DO AT BT T A TG /HIE 22085
A= B EFHEOTRATERTIENTE B,

)]

ZZT, WL FHERERy, OREDOBAFERyFIZE
B BRERERE, rd7 vy B, p3ERFRS MO
DX ERTINGA—=ETH 5, &6ICHIESLIZMAHE
Bz OWTHEAELE3.0~40% L, BEMSEHERS A2
PEHEHEROAIZL>TRHRBRTEBI L EHONPEL
2o TZTEbE35& LT,

BREFERAEE MO & 2FE I Eh - BRD 5 54

W, (y)=1—exp

B SREELRANTE, ThEREFEL L, &7z,

Hih2 by 2BRIZOESE LTEHELEZ, FERKTD
FEFERERICOWTIR, ZEEKREEESEXFIIET

51

57:012, BB aREIC s 55850, 22T,
Table 2D & 5 ¥ —F 2I3ERO » 73 —IZHEHFR %
N E R,

2.3 BEEYNEEOHTESE
BEBOMBEFEIZONT, BET— & 78056 —F -
FEFEILEE % Table 3, BREWLHLILZE % Table 4D & 5 IZH
ELUT. 72, BREVWRHANCES AXPHLEZ LT ORE
AR L, 27, BRAOBEOEEEEL, iFT —
AVDOHH - BEFET - 2Ol E LT20% EREL 7,
KT, — BT AIEHGERIZ 36T BHES A PR O M &
AR 7 — 2 79 HERE L, 1990 4 DUAT 13050 S48 B
LESEEEANOBITERIET, 199026444 F2 0
WIS L BNT T 4 2 —~OBITERET, 20024F LI
BT T 4N =TT RTIBITTEEREL 2, EHIT,
FEEERORFEOL, BEONE M2 1 um & 10 ym
220D -0 BH BV L EZFRL T, BEOJIEER,
BREER, NI 74 LZ—DHEREZNFN30%,
90%, 99% & e L7z,

2.4 REREMMF

KRB AEEMD S 535 A — 4 BEBMETH >
72728, 285 4 — ZEDEAIZ K BERANDOHE 4 KE 5
WTHELZ, =y 7LD 227Gl CEE=4) v
F— 2y @D TRFOHRIR S 2002F 25 H L T5F
ETHY, »ORFROFHEE REBDZBEPHD, 72K
KRNSOy FLIRARCH S D 5 D®REAKIZEKS b
fRFE) Z 2 REREY X2 4 FETH7-0I10, 2002F &

629 I



MG $%&E@ Tetsu-to-Hagané Vol 92 (2006) No. 10

Table 3. Ratio of municipal/industrial waste of nickel containing product categories.

Product Category Ratio of Municipal/Industrial Waste
Municipal Waste Industrial Waste

Cr-Ni stainless steel for construction 100%)
Cr-Ni stainless steel for industrial machinery 100%
Cr-Ni stainless steel for home appliances 80% 20%
Cr-Ni stainless steel for fixture and furniture 100%)
Cr-Ni stainless steel for transportation 100%
Cr-Ni stainless steel for other use 100%
Other special steel 100%
42% Ni alloy for lead frame 20% 80%, including production loss|
36% Ni invar for shadow mask 70% 30%, including production loss
Magnetic material 80% 20%
Ni alloy 100%)
INiCd battery 100%

INiMH battery for general uses 100%

NiMH battery for vehicles 100%)
Plating 100%

Catalyst 100%
Coin 100%
Others 100%

(Note) Descriptions and values with parenthesis mean the end-points of inputs to the sensitivity analysis.
MSW: Municipal Solid Waste, ISW: Industrial Solid Waste, JFY: Japanese Fiscal Year

Table 4. Parameters of waste treatment of nickel containing products.

Product Category Ration in Waste Management
Material Recovery Incineration Landfill

Cr-Ni stainless steel for

. 100%)|
construction
FJr-Nl s.tamless Fteel for 100%
industrial machinery
g;ﬁ;z:‘:s“less steel for home |, 530, of 15w 100% of MSW
Cr-Ni stainless §teel for 100%
fixture and furniture
Cr-Ni stam}ess steel for 100%
transportation
Cr-Ni stainless steel for other 100%
use
Other special steel 100%)|

30% of MSW: after 2003 JFY

Remaining of Material R« i i .
60% (50) of ISW before 2000 JFY, emaining of Material Recovery in MSW will be crashed

42% Ni alloy for lead frame 75% (70) in 2001-2004 JFY, 80% 'Aﬁ'er crashed, 40% (30-50) of the residues will be Remaining
(75) after 2005 JFY incinerated.
36% Ni invar for shadow 100% of ISW 100% of MSW
mask 100% of MSW after 2001 JEY before 2000 JFY
88% of MSW will be crashed and
Magnetic material recovered. 12% of MSW will be incinerated. Remaining
100% of ISW.
Ni alloy 100%)|
12% and 88% of Remaining of Material Recovery in MSW
NiCd battery Extrapolation of the recent data X;LEZ::;;ZT?Z? :?; O‘i?:)s)hzgt;e:f::it:i‘:::lsy.vvi]l be Remaining
incinerated.
NiMH battery for general uses 0%]ditto Remaining
NiMH battery for vehicles 100%
Plating f:ff;fgsw will be crashed and |, 50, ¢\ 1S W will be incinerated. f;smv?‘“‘“g of
Catalyst 70% 30%)
Coin 100%)
12% and 88% of Remaining of Material Recovery in MSW
Others will be incinerated and crashed respectively. Remaining of
After crashed, 40% (30-50) of the residues will be MSW
incinerated.

(Note) Descriptions and values with parenthesis mean the end-points of inputs to the sensitivity analysis.
MSW: Municipal Solid Waste, ISW: Industrial Solid Waste, JFY: Japanese Fiscal Year
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Fig. 1. Change in the nickel amount of (a) domestic supply, (b) waste generation, (c) gross additions to stock classified by product

categories.
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Table 5. The result of sensitivity analysis.

Target function Input of interest Distribution | Variation
Factor Product category %) (%)

The amount of incineration The way of municipal waste treatment Others -86 ~ 86 17.3
in 2002 The way of municipal waste treatment 42% Ni alloy for lead frame =29 ~ 29 58
The way of municipal waste treatment NiMH battery for general uses -27 ~ 27 5.4

The distribution of expected lifetime of product _ [Others -21 ~ 21 4.1

The distribution of expected lifetime of product _ |NiMH battery for general uses =27 ~ 00 2.7

The amount of landfill in 2002 |The distribution of expected lifetime of product  |Others -10 ~ 1.0 20
The amount of incineration The amount of domestic supply Others -368 ~ 94 46.2
in 2015 The way of municipal waste treatment Others 97 ~ 97 194
The way of municipal waste treatment 42% Ni alloy for lead frame -49 ~ 49 9.8

The amount of domestic supply 42% Ni alloy for lead frame -16 ~ 1.6 3.2

The distribution of expected lifetime of product _ [NiMH battery for general uses 00 ~ 29 29

The way of municipal waste treatment NiMH battery for general uses -12 ~ 12 24

The amount of landfill in 2015  [The amount of domestic supply Others -114 ~ 29 14.3
The amount of domestic supply Cr—Ni stainless steel for home appliances 48 ~ 00 48

The amount of domestic supply 42% Ni alloy for lead frame 12 ~ 1.2 2.4

Steel
Cr-Ni stainless steel

Scrap 179.5

825 Other special steel

Nickel metal | 134
[ a2% Nial!oyforleadframe |

36.7
[36% Ni invar for shadow maskl Incineration
747 . 12 2 Final | Domestic
— Domestic Magnetlc matenal products Waste
Oxide nickel supply demand ti
2336 generation
271 Ni alloy 181.9
Nickel powder Domestic Landfil
97 230.0 i
: 2.0
Nickel sulfate Plating
29 4.3
Catalyst (Unit: 1000 ton-nickel/year)
29

3.0
i —— —_—
Refinery and import Production

Use Waste treatment

Fig. 5. Substance flow of nickel in fiscal year 2002.
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