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2010 Survey to ldentify the Characteristics of Automotive Shredder Residue
(Summary)

1. Purpose
Use of rare metals in automobiles is increasing in accordance with the following trends:

increasing the number of parts where high tensile steel sheets and resins are used for the
purpose of weight reduction that would lead to the improvement in fuel efficiency, adoption
of electronic components to provide more sophisticated electronic control, and increasing
the number of hybrid vehicles. In addition, automobile manufacturers have been making
efforts for the realization of environment-conscious design, a reduction in the use of lead,
mercury, etc. The purpose of this task is to grasp how the efforts in the design and
manufacturing phases exert influence on the composition of automotive shredder residue
(hereafter called “ASR™).

2. Outline of the Survey

A survey to Identify and Analyze the Characteristics of ASR was conducted as follows:
i) Acquiring end-of-life vehicles

The use of environmentally hazardous substances started to decrease around 1996 to
2000. We acquired 70 end-of-life vehicles (hereafter called “ELVs”) that were
manufactured before 1996 (hereafter called “ELVs before 1996”) and 70 ELVs that were
manufactured after 2000 (hereafter called “ELVs after 2000"), from which we collected
automotive parts that contain environmentally hazardous substances, such as lead and
mercury. Only city cars and standard-sized passenger cars were surveyed. We took
models and displacement into consideration when choosing cars.

ii) Disassembling and shredding ELVs

The collected ELVs were disassembled according to the standard procedure of auto
dismantlers. Before disassembly, parts designated for recovery (airbags, etc.) as well as
parts for pre-collection (lead batteries, tires, oil waste, liquid waste, etc.) were removed,
and a list of chassis numbers and removed parts of the ELVs subject to disassembly was
made.

ELVs transferred from the dismantlers (hereafter called “ELVs subject to shredder”) were
shredded by specialist shredders. Thus, ASR from ELVs before 1996 and ASR from ELVs
after 2000 were collected.

iii) Collecting ASR
ASR from ELVs before 1996 and after 2000 was sampled at the designated collection
site in the ASR recycling facility. Five samples from each year model category were
required for ASR analysis and five samples with a particle diameter less than 5 mm
(hereafter called “ASR fine particle samples”) from each year model category were
required separately.



iv) Analyzing ASR
The ASR samples as explained in (iii) above were dried, screened, selected, roughly
crushed, mixed, reduced, minutely shuddered, and adjusted in other ways before analysis.
The ASR fine particle samples as explained in iii) above were also adjusted according to
the above method. Each sample was analyzed in terms of physical composition, three
components, lower heating value, heavy metals, brominated flame retardants, etc.

3. Results of ASR Analysis
1) About the Results of ASR Composition Classification

i) Results of composition classification
The ratio of plastics (rigid plastics in the main) was higher by aproximately 5 persents of
total plastics amount on average in the ELVs after 2000 than in the ELVs before 1996. For
other components, no major difference was observed between the two model-year
categories. It is presumed this was due to weight saving of the vehicles and the change in
the materials used.

ii) Results of three-component survey
When we compare the three components in the ELVs before 1996 and after 2000, both
have almost the same ratio: 0.6 to 1.2% for water, 30.4 to 30.7% for ash and 68.5 to 68.7%
for combustible content on average. The lower heating value was 24,780 to 26,000 kJ/kg
on average and no significant difference was observed between the two model year
categories.

2) About the Results of ASR Composition Analysis
i) Results of heavy metals, etc. analysis

We compared the ASR samples of ELVs before 1996 and after 2000. No major
difference was observed between the two model-year categories in any of the following
environmentally hazardous substances: less than the determination limit (0.05 mg/kg) to
0.05 mg/kg for mercury (T-Hg) and less than the determination limit (1 mg/kg) to 1 mg/kg
for cadmium (Cd) on average. For lead which is also an environmentally hazardous
substance, the ELVs after 2000 showed a slightly lower value (350 mg/kg) than the ELVs
before 1996 (550 mg/kg). As for rare metals, titanium (Ti) in the ELVs both before 1996 and
after 2000 were more than 3,000 mg/kg, while barium (Ba) used in the ELVs after 2000 and
antimony (Sb) used in the ELVs before 1996 were more than 1,000 mg/kg and 600mg/kg,
respectively. The content of other metals were lower than the above three.

We compared ASR fine particle samples of ELVs before 1996 and after 2000. As in the
ASR mixed samples, Pb showed a slightly higher value for ELVs before 1996; with 760 to
1,200 mg/kg for Pb, which is an environmentally hazardous substance, less than the
determination limit to 0.07 mg/kg for T-Hg and 2 mg/kg for Cd. For rare metals, both
contained more than 7,000 mg/kg for Ti, and the ELVs after 2000 contained more than
1,000 mg/kg for Ba, while the content of other metals was lower.



Regardless of the model year categories of cars, ASR fine particle samples showed
higher values for many analysis items than the ASR samples.

For reference purposes only, qualitative and semi-quantitative analyses by fluorescent
X-ray were executed for the metallic fragments of some ASR samples. It was confirmed
that some metal fragments of ELVs before 1996 contained high levels of lead.

ii) Results of PBDE analysis

As for brominated flame retardants, the content of PBDE contained in the ELVs before
1996 was 200 to 618 ppm. It is higher than the content in the ELVs after 2000, which was
39 to 190ppm. Most of PBDE was isomeric substances of nona-BDE and deca-BDE

The mixed ASR sample showed higher value of PBDE than the fine particle sample (<5
mm). It is assumed that more PBDE was contained in the ASR samples which size was
above 5 mm.

As PBDE, concentration of HBCD contained in ASR of the ELVs before 1996 ranged 11
tol8 ppm more higher than the ELVs after 2000, which is less than 8 ppm.

And PBB in the ELVs both after 1996 and before 2000 were less than the determination
limit (1 ppm).

4. Summary
In the ASR composition classification, the ratio of plastics (rigid plastics in the main)

showed an increasing tendency with 28.0% for ELVs before 1996 and 33.4% for after 2000.
It is presumed this was due to weight saving of the vehicles and the change in the
materials used.

As for lead, which is an environmentally hazardous substance, the survey result this
year showed lower values than the survey in the past. When we compared lead in the ELVs
before 1996 and after 2000, the value of the ELVs after 2000 was slightly lower.
Considering the fact that the content of lead was lower in this survey than in the past as a
whole, the volume of lead transferred in ASR can be reduced to some extent if the parts
with high levels of lead are appropriately removed in ELVs dismantling process.

Recently, the use of rare metals in automobiles is increasing in accordance with the
following trends: an increasing number of parts where high tensile steel sheets and resins
are used for the purpose of weight reduction leading to an improvement in the fuel
efficiency of automobiles, adoption of electronic components to provide more sophisticated
electronic control, and an increasing number of hybrid vehicles. From the results of the
content analysis, however, no major increase or decrease from past survey results was
observed for both ELVs before 1996 and after 2000, with some exceptions (Ti content
showed high values like 3,000 mg/kg).

Among all car components, magnets may be attached to or mixed into ferrous metals,
which were collected in the magnetic selection process when shredded, and rare metals
originating from magnets (neodymium, dysprosium, etc.) may be included in such ferrous
metals. These kinds of substances besides ASR also need to be checked in order to grasp
the total content of rare metals.

Vi



As for the use of rare metals and hazardous substances in automobile components,
changes were only observed in some items in this survey for the ASR of ELVs currently
available on the market. When more electrified cars become available in the ELVs market,
the characteristics of ASR may change.

It is necessary to get more information on usage of brominated flame retardants, and to
performe analysis and survey, because the investigation on brominated flame retardants
contained in ASR is very limited.

The survey on ASR characteristics needs to be continued to accelerate the efforts to
reduce the use of environmentally hazardous substances by automobile manufacturers,
etc., resulting in actual reductions and to reveal the use of rare metals that are not
currently grasped.

vii
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2-1-1
20 = 17 2 16 2
11
JIS K 0060 1992
JIS K 0060 2
34kg 31kg
Cd,Cr,Pb,As,Se, T-Hg,Aq, pH,R-Hg,T-Hg,Cd,Pb,Cr¢,Cr,
Al,Au,B,Ba,Ca,Co,Cu,Dy,Ga,Ge,In,K, | As,CN,Se,F,B,Cu,Zn,Sh,Al,Be,Si,CI
Mn,Mg,Mo,Na,Nb,Nd,Ni,Pd,Pt,Rh,Sb, R-Hg,T-Hg,Cd,Pb,Cr®,Cr,As,
Si,Sm,Sn,Sr,Ta, Tb,Ti,V,Zn,Zr,W,Br CN,Se,F,B,Cu,Zn,Sb,Al,Be,Si,Cl",
*1 20
21 3
*2 17
18 3
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52 70 x 0.25
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1,500cc 36 1,500cc 70
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ASR
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1997
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1996
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1,500cc 33 70 20 x 0.65
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2-3-1(1) (2)
2-3-2
12 70
50
20 70 1,500cc 1,500cc
12
12
12
2-3-1(D)

— 20 0 20 20 0 20

1,500 cc 15 35 25 12 5 17

1,500 cc 25 15 18 33

35 35 70 47 23 70

2-3-1(2) 12

— 20 0 20 20 0 20

1,500 cc 15 35 17 17 0 17

1,500 cc 33 21 12 33

35 35 70 58 12 70

2-3-2
12

0 17 17 24.3 0 4 4 5.7
2 4 6 8.6 0 3 3 4.3
0 18 18 25.7 0 20 20 28.6
0 4 4 5.7 0 3 3 4.3
2 0 2 2.9 6 9 15 21.4
8 0 8 11.4 6 5 11 15.7
4 7 11 15.7 1 6 7 10.0
4 0 4 5.7 7 0 7 10.0
20 50 70 100.0 20 50 70 100.0
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0.1819 x 11.078




2-3-1 4

1,500cc
1,500cc 1,500cc 1,000kg
1,600kg 1,400kg 1,400kg
2-3-1
*1
Ne cc kg kg -~ “(kg)
1 5 | KK3 123571 1 660 670 670 111
2 7 | L502S 013930 1 660 680 680 113
3 3 | CN21S | 214644 1 660 610 590 96
4 7 | KK3 254591 1 660 670 670 111
5 7 | CT21S | 260768 1 660 750 760 127
6 6 | CT21S | 224681 1 660 760 760 127
7 8 | CV21S | 203646 1 660 810 810 136
8 5 | L300S 048625 1 660 680 670 111
9 8 | Jws3 2163711 1 660 660 670 88
10 8 | HA11S | 199268 1 660 650 630 104
11 7 | KW3 092736 1 660 640 640 105
12 8 | L600S 075919 1 660 750 760 127
13 7 | Jw3 2113514 1 660 670 670 88
14 8 | KK3 346313 1 660 700 690 114
15 R 8 | CT21S | 497482 1 660 740 740 124
16 R 7 | CT21S | 294337 1 660 740 760 127
17 7 | H31A 0287930 1 660 670 670 111
18 6 | L200S 917638 1 660 690 640 105
19 7 | H31A 0283712 1 660 690 690 114
20 5 | CN22S | 759676 1 660 640 650 107
20 0 13,870 | 13,820 2,246

*1

*2

*3 P.8




2-3-2

1,500cc
No = ASR
cc kg kg “(kg)
21 6 | EL41 0196037 1 1,300 920 840 142
22 7 | K11 314685 1 1,000 770 828 140
23 7 | RFNB14 | 223971 1 1,500 | 1,220 | 1,083 186
24 8 | DW3W | 110522 1 1,300 980 940 160
25 7 | EL51 0064013 1 1,300 880 900 153
26 7 | FN15 033074 1 1,500 | 1,080 | 1,083 186
27 8 | BHA3P | 301817 1,300 | 1,070 | 1,030 176
28 7 | EP82 0559222 1 1,300 820 740 124
29 8 | HK11 165858 1 1,000 840 828 140
30 7 | EL51 0026174 1,300 910 840 142
31 7 | EL53 0107510 1,300 950 930 158
32 8 | K11 499266 1 1,000 880 828 140
33 8 | RFNB14 | 234355 1 1,500 | 1,220 | 1,233 213
34 7 GF1 008406 1 1,500 1,100 1,110 191
35 7 | EL51 0058886 1,300 920 900 153
36 8 | EL51 0151972 1,300 930 900 153
37 7 | EP82 0572937 1 1,300 830 780 131
12 16,320 | 15,793 2,688
*1
*2
*3 P.8

-10 -




2-3-3

1,500cc 1,400kg
No = ASR
cc kg kg “(kg)
38 5 | HC34 | 029524 1| 2,000| 1,310 | 1,462 255
40 7 | GVBW | 406038 1 1,800 | 1,250 | 1,280 222
44 4 | VvCcVv10 | 0110570 1| 3,000| 1,280 1,530 267
45 7 | AT191 | 0020984 1| 1,800 | 1,120 | 1,090 187
46 7 | A32 103991 1| 2,000| 1,320 1,335 232
47 6 | VCV1l | 0028590 1| 2,500| 1,000 1,510 264
48 7 | BG5 092298 1 2,000 | 1,300 | 1,420 247
49 7 | GX90 3127581 1| 2,000| 1,260 | 1,290 224
50 7 | CE4 1102065 1| 2,000| 1,290 1,300 225
51 7 ST195 0057119 1 2,000 1,370 1,350 234
52 5 | BF3 060011 1 2,000 | 1,270 | 1,280 222
53 6 MAS5 1007708 1 1,800 1,130 1,150 198
54 8 | BG3 015849 1 1,800 | 1,280 | 1,290 224
55 7 | GF8 013547 1 2,000 | 1,230 | 1,290 224
57 5 | ST191 | 0046010 1 2,000 | 1,230 | 1,240 214
58 8 | EL2 1008965 1 2,000 | 1,200 | 1,190 205
59 7 PR11 007342 1 1,800 1,090 1,077 185
60 5 | HC34 | 023505 1| 2,000| 1,100 | 1,462 255
61 7 | CE1 1605134 1 2,200 | 1,300 | 1,400 244
66 7 | Gvew | 411421 1 1,800 | 1,270 | 1,300 225
67 3 | EC33 003672 1| 2,500| 1,270 | 1,345 234
68 5 | ECR33 | 011057 1| 2,500| 1,390 | 1,365 237
69 8 |ST191 | 6009075 1 2,000 | 1,220 | 1,240 214
11 12 28,570 | 30,196 5,238
*1
*2
*3 P.8
2-3-4
1,500cc 1,400kg
No *1 ASR
cc kg kg “(kg)
39 7 | PY33 702339 1| 3,000| 1,520 | 1,563 273
41 5 | BG5 006031 1 2,000 | 1,450 | 1,460 254
42 6 | PY32 810296 1| 3,000| 1,600 | 1,599 280
43 6 | BG5 044426 1 2,000 | 1,480 | 1,440 251
56 3 | Gx81 6360945 1| 2,000]| 1,400 | 1,310 227
62 3 | PY32 201901 1| 3,000| 1,600 | 1,599 280
63 2 | GS130 | 722914 1 2,000 | 1,610 | 1,420 247
64 8 | WHC34 | 000253 1| 2,000| 1,400 | 1,564 273
65 7 PM11 001678 1 2,000 1,400 1,406 245
70 5 | PBY32 | 606327 1| 3,000| 1,620 | 1,599 280
4 6 15,080 | 14,960 2,610
*1
*2
*3 P.8

-11 -




12

12 2-3-5 8
1,500cc 1,500cc
1,500cc 1,400kg 1,400kg
2-3-5 12
*1 *2
N cc kg kg -~ “(kg)
1 12 | L7008 0094742 1 660 690 690 114
2 12 | HA12S | 135438 1 660 690 680 113
3 15 | L250V | 0002787 1 660 720 700 91
4 BJ 13 | H42A 0538620 1 660 820 820 138
5 12 | HN11S | 660632 1 660 800 800 134
6 12 | L900S 0156512 1 660 820 820 138
7 12 | H42v 0403135 1 660 710 690 90
8 14 | H47V 0502065 1 660 750 810 103
9 12 | HA12V | 210059 1 660 640 630 83
10 12 | H42v 0237266 1 660 710 690 90
11 14 | L710V | 0013060 1 660 760 740 95
12 13 | H42v 0404776 1 660 730 690 90
13 12 | H42v 0241021 1 660 710 690 90
14 12 | L700V | 0069383 1 660 700 690 90
15 12 | HN21S | 632979 1 660 760 740 124
16 12 | L900S 0136342 1 660 850 830 140
17 12 | RA2 067283 1 660 930 920 156
18 13 | HA12V | 1867283 1 660 650 690 90
19 R 12 | MC11S | 723106 1 660 790 770 129
20 13 | L700V | 016190 1 660 710 700 91
20 0 14,940 | 14,790 2,189

*1

*2

*3 P.8
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2-3-6 12
1,500cc
No = ASR
cc kg kg “(kg)
21 13 | AZ10 265929 1 1,300 990 997 170
22 12 | DW3W | 515583 1 1,300 970 980 167
23 13 | MA34s | 107944 1 1,300 970 960 164
24 13 | K11 974721 1 1,000 850 828 140
25 12 | MA63S | 127811 1 1,000 950 950 162
26 13 | AZ10 276569 1 1,300 990 997 170
27 12 | MA63S | 125560 1 1,000 910 920 156
28 12 | DW3W | 538133 1 1,300 980 980 167
29 12 | CQ2A | 0102744 1 1,500 | 1,200 | 1,190 205
30 13 | ANZ10 | 033768 1 1,300 | 1,090 997 170
31 14 | HT51S 722748 1 1,300 920 910 154
32 12 | MA63S | 109737 1 1,000 960 960 164
33 14 | AZ10 293074 1 1,300 990 997 170
34 12 | DW3W | 503833 1 1,300 | 1,000 980 167
35 13 | AZ10 271150 1 1,300 1,000 997 170
36 13 | GA4 1230389 1 1,500 | 1,080 | 1,080 185
37 13 | AK11 011740 1 1,300 890 828 140
17 — 16,740 16,551 2,821
*1
*2
*3 P.8

-13 -




2-3-7 12
1,500cc 1,400kg
No = ASR
cc kg kg “(kg)
39 12 | QU14 | 605319 1 1,800 | 1,270 | 1,209 209
40 13 | CF6 1300159 1 2,200 | 1,360 | 1,380 240
41 13 | WHNY11 | 251377 1 1,800 1,340 1,181 204
42 13 | EATA | 0501491 1 2,000 | 1,260 | 1,290 224
44 14 | CS5W | 0302801 1 1,800 | 1,250 | 1,270 220
45 12 | F36A 0500287 1 3,000 | 1,360 | 1,570 275
46 13 | w11l 501612 1 1,800 | 1,310 | 1,320 229
49 13 | EL2 1307523 1 2,000 | 1,220 | 1,250 216
50 12 | EATA | 0402828 1 2,000 | 1,270 | 1,290 224
51 13 | QU14 | 610408 1 1,800 | 1,160 | 1,209 209
52 12 | WQP11 | 245855 1 1,800 | 1,330 | 1,262 218
53 12 | GF6 052921 1 1,800 | 1,180 | 1,180 204
54 12 | QU14 | 023383 1 1,800 | 1,150 | 1,209 209
55 12 | HNU14 115925 1 2,000 1,340 1,209 209
56 12 | ST215 | 3044335 1 2,000 | 1,340 | 1,330 231
58 12 | QP11 260180 1 1,800 | 1,200 | 1,282 222
59 12 | JZX100 | 6088846 1 2,500 | 1,390 | 1,410 245
60 13 | QU14 | 613265 1 1,800 | 1,200 | 1,209 209
61 12 | EATW | 0400712 1 2,000 | 1,340 | 1,350 234
62 13 | CS5W | 0302994 1 1,800 | 1,250 | 1,270 220
63 12 | PW11 | 012896 1 2,000 | 1,360 | 1,320 229
64 12 | SV50 0052670 1 2,000 | 1,350 | 1,380 240
65 12 | WQP11 | 243535 1 1,800 | 1,320 | 1,262 218
67 13 | ST215 | 6014168 1 2,000 | 1,260 | 1,240 214
68 12 | HC35 | 079616 1 2,000 | 1,380 | 1,422 248
70 13 | CS5W | 0017548 1 1,800 | 1,230 | 1,300 225
15 11 — 33,420 | 33,604 5,825
*1
*2
*3 P.8
2-3-8 12
1,500cc 1,400kg
No = ASR
cc kg kg “(kg)
38 13 | BH5 187113 1 2,000 | 1,520 | 1,530 267
43 13 | BH5 143715 1 2,000 1,500 1,510 264
47 12 | F31A 0403681 1 2,500 1,470 1,480 258
48 13 | WHC34 | 035858 1 2,000 | 1,450 | 1,564 273
57 13 | BH9 054036 1 2,500 | 1,520 | 1,490 260
66 12 | BH5 112520 1 2,000 | 1,430 | 1,430 249
69 12 | BH5 086848 1 2,000 | 1,440 | 1,460 254
6 1 — 10,330 | 10,464 1,825
*1
*2
*3 P.8
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2-4-1

12
2-4-2
2-4-3
2-4-1
*1
*2
12
*1
*2
2-4-2 12

Ne kg kg kg

1,500cc 29 12 1,200 1,190 35
46 13 1,310 1,320 41
53 12 1,180 1,180 40
55 12 1,340 1,209 40

1,500cc 1,400kg
56 12 1,340 1,330 36
64 12 1,350 1,380 36
68 12 1,380 1,422 36
ASR 2-3-6 7
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2-4-3(1)

N kg kg
4 7 670 670
1,500cc 21 6 920 840
1,400kg 40 7 1,250 1,280
1,500cc
1,400kg 63 W 2 1,610 1,420
ASR 2-3-1 4
2-4-3(2) 12
Ne Kg Kg
— 14 12 700 690
1,500cc 34 12 1,000 980
1,400kg 49 13 1,220 1,250
1,500cc
1,400kg 48 13 1,450 1,564
ASR 2-3-5 8
2-4-4
70 73,840kg
1,055kg 31,660kg 452.3kg
12 70 75,430kg
1,076kg 41,720kg 596.0kg
12
1.6 21.0kg
10.1 143.7kg
10
2-4-4
12
22 8 25 26 22 11 16
20 [ 1 73,840 kg [ 1 75,430 kg
[ ] 31,660 kg [ ] 41,720 kg
[ ] 1,055 kg/ [ ] 1,076 kg/
[ ] 452.3 kg/ [ ] 596.0 kg/
22 9 22
12 22 11 17
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2-4-1

Mix-
15mm
L 5 > |  Mix-ASR
> > — ASR

|—;—P 15mm

> > ASR
|—-—> ASR
2-4-1
2-4-5
31.6 8.6 12
41.7 10.3
2-4-5
12
22 9 22 22 11 17
70 31,660 kg 41,720 kg
452.3 kg/ 596.0 kg/
8,630 kg 10,290 kg
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12

21 2.1.7
Mix- 15mm
2-5-1
2-5-1
10 x 10
30 50cm
JIS K 0060
20 30kg
Mix- 15mm
2-5-1 Mix- 15mm
2-5-1
12
kg kg
Mix- 1,840 21.3 3,050 29.6
2,690 31.2 2,510 24.4
15mm 1,540 17.8 1,740 16.9
1,580 18.3 2,020 19.6
980 11.4 970 9.4
8,630 100.0 10,290 100.0
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2-5-2

8,630kg 123.3kg/ 12
10,290kg 147.0kg/
12,582kg 179.7kg/
12 12,660kg  180.9kg/
20 30
11.7
12 13.6
27.3 12
24.7
2-5-2
12
R 22 11 18
kg kg
8,630 - 10,290 -
| 123.3 - 147.0 -
12,582 - 12,660 -
| 179.7 - 180.9 -
73,840 - 75,430 -
| 1,054.9 - 1,077.6 -
/ - 11.7 - 13.6
31,660 - 41,720 -
| 452.3 - 596.0 -
/ - 27.3 - 24.7

-20 -




2-6-1

2-6-1

mm

mm

Cd, Cr, Pb, Al, Ba, Ca, Co, Cu, Mn, Mg, Mo, Ni, Sb, Sn, Sr, Ti, V, Zn, Zr, As,
Se, T-Hg, Ag, Au, Dy, Ga, Ge, Nb, Nd, Pd, Rh, Sm, Ta, Th, W, In, B, K, Na, Pt,
Si, Br

| [ | |e

<
<«

| | [ |

2-6-1
2-5-1 p.20
mm
10 20
J1S K 0060
ES . ()
|
| mm
| mm
| mm
| 1 mm mm 3009
| mm 3009
| 0.15mm 0.15mm 20 30
| 10 20
2-6-1
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2-6-2

2-6-2
mm
100
JIS 8813
H [kcal/kg] H[kcal/kg]x (100-W)/100
HI[kJ/kg] H [kcal/kg]-(9x h+W)/100x 600[kcal/kg]x 4,186[kJ/kcal]
W [ ] [ ]
2-6-3
2-6-2 3
21 2.1.8

Br
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2-6-3

B ICP -
Na
Mg
Al ICP ICP
Si
K
Ca
Ti ICP ICP
\% ICP ICP
Cr ICP ICP
Mn ICP ICP
Co ICP ICP
Ni ICP ICP
Cu ICP ICP
Zn ICP ICP
Ga ICP ICP
Ge ICP ICP
As ICP ICP
Se ICP ICP
Br - -
Sr ICP ICP
Zr ICP ICP
Nb ICP ICP
Mo ICP ICP
Rh ICP ICP
Pd ICP ICP
Ag ICP ICP
Cd ICP ICP
In ICP ICP
Sn ICP ICP
Sh ICP ICP
Ba ICP ICP
Nd ICP ICP
Sm ICP ICP
Tb ICP ICP
Dy ICP ICP
Ta ICP ICP
w ICP ICP
Pt ICP -
Au ICP ICP
T-Hg - -
Pb ICP ICP
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mL

mL

e |

10mL

|

| |

| HF

ICP

ICP

ICP

ICP

2-6-2
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_________________________

_________________________

ICP

o ||

2-6-3
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3-1-1 12

3-1-2
12 3-1-1
12
3-1-1
ASR ASR ASR ASR ASR ASR ASR

() () () () () () () () () C)y | Cy )| C)
13,163 29.6|10,157| 28.5(12,399| 26.7|10,745| 30.1| 8,900 25.2| 25.2| 30.1| 28.0
2,508 5.6| 1,727 4.8| 3,055 6.6 1,749 49| 2,264 6.4 4.8| 6.4 5.7
3,888 8.7| 4,255| 11.9| 4,755| 10.2| 3,370 9.5| 4,102 11.6| 8.7| 11.9| 10.4
4,313 9.7| 2,790 7.8| 4,399 9.5| 3,357 9.4 2,850 8.1 7.8] 9.7 8.9
15 0.0 10 0.0 16 0.0 7 0.0 18 0.1| 0.0 0.1 0.0
4,302 9.7| 4,029| 11.3| 4,853| 10.4| 3,430 9.6| 4,073| 11.5| 9.6| 11.5| 10.5
1,205 2.7 1,007 2.8| 1,402 3.0 1,028 2.9| 1,058 3.0 2.7 3.0 29
151 0.3 166 0.5 183 0.4 110 0.3 242 0.7] 03| 0.7 0.4
619 1.4 396 1.1 432 0.9 359 1.0 280 0.8| 0.8 1.4 1.0
3,330 7.5| 1,159 3.2| 1,716 3.7 2,324 6.5| 1,096 3.1 3.1| 75| 48
369 0.8 637 1.8 481 1.0 487 1.4 475 1.3 0.8] 1.8 1.3
2 0.0 5 0.0 14 0.0 32 0.1 30 0.1| 0.0 0.1 0.0
1,300 2.9| 1,040 2.9| 1,712 3.7 925 2.6| 1,216 3.4 26| 34| 31
106 0.2 57 0.2 84 0.2 82 0.2 54 0.2 0.2] 0.2 0.2
567 1.3] 1,162 3.3| 1,394 3.0] 1,001 2.8| 1,474 4.2 1.3] 4.2 2.9
mm 8,597| 19.3| 7,100| 19.9| 9,604| 20.7| 6,639| 18.6| 7,200| 20.4| 18.6| 20.7| 19.8
44,435| 99.7|35,697| 100.0|46,499| 100.0|35,645| 99.9|35,332| 100.1| - - 99.9
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3-1-2 12
ASR ASR ASR ASR ASR ASR ASR
() () () () () () () () () C)y ()Y [c)|C)
10,654 35.1]10,165| 33.5/10,007| 32.9| 9,317| 30.7|10,619| 35.0| 30.7| 35.1| 33.4
1,167 3.8| 1,535| 5.1| 1,837| 6.0 1,594| 5.2| 1,688| 5.6/ 3.8/ 6.0/ 5.1
2,425| 8.0| 2,149| 7.1| 2,670| 8.8| 3,155| 10.4| 2,982| 9.8 7.1| 10.4| 8.8
2,595| 8.5 2,250| 7.4| 2,088 6.9] 2,184| 7.2| 2,584| 85| 6.9| 85| 7.7
108| 0.4| 109| 0.4 83| 0.3] 117| o0.4| 102 03| 0.3 0.4| 0.4
3,044| 10.0| 3,908| 12.9| 3,718| 12.2| 3,785| 12.5| 3,468| 11.4| 10.0| 12.9| 11.8
121 0.4 115 0.4 100| 0.3 82| 0.3] 118 0.4| 03| 04| 04
398 1.3| 280 09| 338 1.1| 383 1.3| 384 1.3| 0.9 1.3] 1.2
409| 1.3| 309| 1.0| =245| 0.8 174 06| 340| 1.1| 0.6| 1.3] 1.0
2,246| 7.4| 2,455| 8.1| 1,691| 5.6| 2,019| 6.6/ 975| 3.2 3.2| 8.1| 6.2
245| 0.8 271| 0.9| 346 11| 286 0.9 281 09| 08| 1.1 0.9
o] 0.0 o| 0.0 o] 0.0 2| 0.0 o 0.0 0.0| 0.0 0.0
773| 25| 775 2.6| 786| 2.6| 844| 28| 873| 29| 25| 29| 27
79| 0.3 34 01 82| 0.3 85| 0.3 66| 0.2| 0.1| 0.3| 0.2
322| 11| 3e6| 1.2| 468 1.5/ 556 1.8 335 1.1 1.1| 1.8] 1.3
mm 5790| 19.1| 5,652| 18.6| 5,914| 19.5| 5,791| 19.1| 5,559| 18.3| 18.3| 19.5| 18.9
30,376| 100.0|30,373| 100.2|30,373| 99.9|30,374| 100.1|30,374| 100.0| - - [100.0
100%
B 5mm
90% -
80% :
70%
60% u
50% -
40% u
30% [ |
20 H 1
|

10% 1 —

0%

3-1-1
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3-1-3 3-1-2

4.8 6.2 1.4 1.7
1.3 2.9 10.7 12.7
3-1-3
22
20 “ 17 2 16 2
12
Ne Ne
() () () () () () () () () () () () ()| ) ()
25.2 30.1 28.0 30.7 35.1 33.4 25.3 30.2 27.7 23.5 43.0 32.6 22.2 37.6 30.3
4.8 6.4 5.7 3.8 6.0 5.1 5.7 5.3 5.5 2.0 9.0 3.3 1.9 6.4 3.9
8.7 11.9 10.4 7.1 10.4 8.8 6.5 7.1 6.8 4.7 12.0 8.1 5.2 16.8 9.7
7.8 9.7 8.9 6.9 8.5 7.7 8.8 7.7 8.2 4.7 13.1 8.2 3.3 12.2 7.5
0.0 0.1 0.0 0.3 0.4 0.4 0.2 0.1 0.1 0.0 1.9 0.3 0.0 0.6 0.1
9.6 11.5 10.5 10.0 12.9 11.8 8.0 7.1 7.6 4.9 17.9 8.9 3.1 12.0 7.0
2.7 3.0 2.9 0.3 0.4 0.4 1.0 1.6 1.3 1.5 2.7 2.0 0.4 3.7 1.2
0.3 0.7 0.4 0.9 1.3 1.2 0.4 0.4 0.4 0.0 1.1 0.3 0.0 4.0 1.4
0.8 1.4 1.0 0.6 1.3 1.0 0.1 4.0 1.6 0.0 3.3 1.2
1.9 1.8 1.8
3.1 7.5 4.8 3.2 8.1 6.2 0.5 3.9 1.4 0.8 2.8 1.7
0.8 1.8 1.3 0.8 1.1 0.9 0.0 0.0 0.0 0.0 0.8 0.2 0.0 0.3 0.1
0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.1 0.0 0.0 0.0
2.6 3.4 3.1 2.5 2.9 2.7 1.7 1.9 1.8 2.4 4.7 3.6 2.6 9.2 4.3
0.2 0.2 0.2 0.1 0.3 0.2 0.2 0.2 0.2 0.0 0.3 0.1 0.0 0.7 0.2
1.3 4.2 2.9 1.1 1.8 1.3 13.5 11.8 12.7 5.9 15.7 11.7 6.4 18.5 10.7
mm 18.6 20.7 19.8 18.3 19.5 18.9 26.9 24.9 25.9 8.9 24.3 17.6 10.4 36.6 20.7
- - 99.9 - - 100.0 - - 100.0 - - 100.0 - - 100.0
20 17 16
*1 20
21 3
*2 17
18 3
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100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

20
17
3-1-2
12
3-1-3
0.6 1.2

H22 H22 H20
H8 H12
20
21 3
18 3
12
30.4 30.7

H17

17
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12

H16

16

3-1-4
3-1-5

3-1-4

68.5 68.7
24,780 26,000kJ/Kg



3-1-4

ASR ASR
ASR ASR ASR ASR ASR
1.0 1.0 1.2 1.6 1.1 1.0 1.6 1.2
33.2 32.0 28.1 30.7 27.8 27.8 33.2 30.4
65.8 67.0 70.7 67.7 71.1 65.8 71.1 68.5
kJ/kg 24,400 26,800 24,600 27,500 26,900 24,400 27,500 26,000
3-1-5 12
ASR ASR
ASR ASR ASR ASR ASR
0.5 0.6 0.4 0.6 0.8 0.4 0.8 0.6
27.2 30.3 33.1 34.0 28.8 27.2 34.0 30.7
72.3 69.1 66.5 65.4 70.4 65.4 72.3 68.7
kJ/kg 25,600 24,300 24,500 24,500 25,000 24,300 25,600 24,780

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
H

H

H

H

H12

H12

H12

H12 H12

H12

ASR ASR ASR ASR ASR ASR ASR ASR ASR ASR ASR ASR

3-1-3

kd/kg

ASR

12

ASR

30,000

25,000

20,000

5,000

H

15,000 I
10,000 I

H

H

H

H12

H12 H12

H12

H12  H12

ASR ASR ASR ASR ASR ASR ASR ASR ASR ASR ASR ASR

3-1-4

ASR

-30 -
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ASR




3-1-6 3-1-5
30.4 30.7
16 17 30.5 33.9
24,780 26,000kJ/Kg
11,000 20,200kJ/kg 24,200 kJ/kg
0.6 1.2
3-1-6
22
20 “ 17 e 16 e
12
Ne Ne
1.0 1.6 1.2 0.4 0.8 0.6 1.4 1.8 1.6 3.3 14.9 7.2 3.5 27.1 9.7
27.8 33.2 30.4 27.2 34.0 30.7 69.0 55.0 62.0 17.6 50.4 33.9 22.6 38.1 30.5
65.8 71.1 68.5 65.4 72.3 68.7 30.0 44.0 37.0 45.5 73.2 59.8 41.4 73.4 59.8
KiZkg 24,400| 27,500| 26,000| 24,300| 25,600( 24,780 8,500( 13,000| 11,000| 14,300| 24,200( 20,200| 14,700( 23,600| 18,900
20 17 16
*1 20
21 3
*2 17
18 3
100% - kJ/kg
30,
0% . 0,000
80% u 25,000
70%
60% 20,000
50% 15,000
40%
30% 10,000
20%
5,000
10%
0% 0
H22  H22 H20 H17  H16 H22  H22 H20 H17 _ H16
H8  H12 +t * *2 H8  H12 1 2 2
20 17 16
*1 20
21 3
*2 17
18 3
3-1-5
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3-1-7(1)

mm 3-1-7(2) 12
3-1-8(1) 3-1-8(2)
12
T-Hg 0.05 mg/kg 0.05 mg/kg
Cd mg/kg mg/kg
Pb 12
350mg/kg 550 mg/kg
Ti 8 12
3,000 mg/kg Ba 12
1,000mg/kg Sb 600mg/kg
12
Pb 760 1,200mg/kg T-Hg
0.07mg/kg Cd mg/kg Pb
Ti 7,000mg/kg 12
Ba 1,000mg/kg
12
X
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3-1-7(1)

mg/kg
ASR ASR ASR ASR ASR ER
B 15 15 15 15 15 15 15
Na 740 1,100 1,200 670 820 910 1
Mg 8.300 8,000 6,600 8,500 7.700 7.800 1
Al 6,600 6,600 6,400 6,800 6,400 6,600 1
Si 58,000 63,000 56,000 58,000 64,000 60,000 1
K 1,700 1,500 1,400 1,800 1,800 1,600 1
Ca | 36,000 43,000 40,000 43,000 38,000 40,000 1
Ti 3.200 2,600 3.300 3,000 3,000 3,000 1
Y, 9 8 8 11 7 9 1
Cr 74 120 78 200 86 110 1
Mn 170 160 140 160 190 160 1
Co 8 7 7 10 14 9 1
Ni 120 130 140 170 180 150 1
Cu | 27,000 27,000 36,000 25.000 38,000 31,000 1
Zn 4.400 3.700 4.700 3.600 4.200 4.100 1
Ga 2 3 5 6 4 4 1
Ge 1 1 1 1 1 1 1
As 3 2 4 3 2 3 1
Se 1 1 1 1 1 1 1
Br 540 210 350 320 570 400 100
Sr 170 120 170 190 230 180 1
Zr 27 19 25 21 35 25 1
Nb 6 4 4 8 3 5 1
Mo 26 22 24 22 20 23 1
Rh 1 1 1 1 1 1
Pd 1 1 1 1 1 1
Ag 6 20 9 4 15 11 1
Cd 1 3 1 1 1 1 1
In 1 1 1 1 1 1 1
Sn 140 270 140 270 480 260 1
Sb 840 540 600 570 460 600 1
Ba 14 18 42 59 35 34 1
Nd 20 16 20 20 26 20 1
sm 1 1 2 1 1 1 1
Tb 1 1 1 1 1 1 1
Dy 1 1 1 1 1 1 1
Ta 1 1 1 1 1 1 1
W 1 2 1 2 3 2 1
Pt 1 1 1 1 1 1 1
Au 1 1 1 1 1 1 1
T-Hg 0.05 0.09 0.07 0.06 0.05 0.05 0.05
Pb 510 470 500 550 710 550 1
ASR  ASR
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3-1-7(2)

mm
mg/kg
mm ASR
ASR ASR ASR ASR ASR
B 180 120 170 150 150 150 15
Na 910 800 670 880 770 810 1
Mg 11,000 14,000 14,000 13,000 14,000 13,000 1
Al 16,000 15,000 16,000 16,000 16,000 16,000 1
Si 150,000 160,000 160,000 160,000 150,000 160,000 1
K 3,500 4,300 4,300 4,100 4,600 4,200 1
Ca 59,000 56,000 67,000 58,000 67,000 61,000 1
Ti 7,700 7,400 6,600 8,200 7,700 7,500 1
\Y 24 21 22 23 25 23 1
Cr 260 310 150 280 170 230 1
Mn 700 590 580 490 580 590 1
Co 18 230 210 260 17 150 1
Ni 430 490 270 380 2,700 850 1
Cu 15,000 17,000 19,000 18,000 12,000 16,000 1
Zn 11,000 9,800 13,000 11,000 18,000 13,000 1
Ga 6 10 6 13 6 8 1
Ge 3 3 3 3 3 3 1
As 4 9 7 7 5 6 1
Se 1 1 1 1 1 1 1
Br 190 110 300 120 180 180 100
Sr 370 490 400 430 470 430 1
Zr 54 75 64 65 100 72 1
Nb 15 18 17 26 14 18 1
Mo 55 37 1,200 2,000 72 670 1
Rh 1 1 1 1 1 1 1
Pd 1 1 1 2 1 1 1
Ag 16 39 28 35 23 28 1
Cd 1 2 3 2 2 2 1
In 1 1 2 3 1 1 1
Sn 330 460 690 930 470 580 1
Sh 120 110 130 120 140 120 1
Ba 48 130 54 140 48 84 1
Nd 72 98 100 120 93 97 1
Sm 4 3 4 12 3 5 1
Tb 1 1 1 1 1 1 1
Dy 1 1 1 3 1 1 1
Ta 1 8 9 7 1 5 1
W 11 580 460 690 22 350 1
Pt 1 1 1 1 1 1 1
Au 2 1 6 1 1 2 1
T-Hg 0.10 0.17 0.05 0.05 0.05 0.07 0.05
Pb 860 1,200 1,200 1,500 1,000 1,200 1
ASR ASR
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3-1-8(1) 12
mg/kg
ASR ASR ASR ASR ASR ER
B 110 140 83 150 100 120 15
Na 1,200 1,200 1,300 1,300 1,100 1,200 1
Mg 8,800 9,500 10,000 9,000 9,600 9,400 1
Al 13,000 11,000 11,000 11,000 13,000 12,000 1
Si 80,000 67,000 66,000 67,000 61,000 68,000 1
K 1,600 1,800 1,600 2.100 1,600 1,700 1
Ca | 30,000 31,000 30,000 34,000 26,000 30,000 1
Ti 3.600 3.500 4,000 2.800 2.200 3.200 1
Y, 6 6 6 6 5 6 1
Cr 180 180 200 210 180 190 1
Mn 150 150 170 190 140 160 1
Co 28 30 37 32 29 31 1
Ni 180 400 190 180 160 220 1
Cu | 20,000 14,000 18,000 20,000 27,000 20,000 1
Zn 2.700 3.400 3.800 4100 3.000 3.400 1
Ga 4 4 4 5 4 4 1
Ge 1 1 1 1 1 1 1
As 3 2 4 3 5 3 1
Se 2 2 2 2 2 2 1
Br 240 290 380 450 400 350 100
Sr 160 180 170 230 140 180 1
Zr 42 36 59 51 35 45 1
Nb 4 4 5 4 4 4 1
Mo 28 23 27 27 19 25 1
Rh 1 1 1 1 1 1 1
Pd 1 1 1 1 1 1 1
Ag 6 11 4 8 22 10 1
Cd 1 1 1 2 1 1 1
In 1 1 1 1 8 2 1
Sn 120 130 110 100 270 150 1
Sb 230 260 270 270 270 260 1
Ba 1,400 1,500 1,000 2.900 1,200 1,600 1
Nd 120 120 120 170 120 130 1
sm 5 5 6 5 4 5 1
Tb 1 1 1 1 1 1 1
Dy 1 1 1 1 1 1 1
Ta 1 1 4 1 1 1 1
W 13 6 8 7 11 9 1
Pt 1 1 1 1 1 1 1
Au 1 1 4 1 1 1 1
T-Hg 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Pb 330 380 420 330 300 350 1
ASR  ASR
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3-1-8(2) 12
mm
mg/kg
mm ASR
ASR ASR ASR ASR ASR
B 140 130 130 120 100 120 15
Na 5,100 5,400 2,900 3,000 4,100 4,100 1
Mg 15,000 16,000 17,000 15,000 15,000 16,000 1
Al 15,000 15,000 16,000 17,000 14,000 15,000 1
Si 190,000 200,000 200,000 200,000 200,000 200,000 1
K 4,700 4,900 5,000 4,800 4,400 4,800 1
Ca 22,000 20,000 25,000 25,000 22,000 23,000 1
Ti 9,400 8,600 8,500 7,400 7,600 8,300 1
\Y 22 23 20 19 19 21 1
Cr 120 99 150 150 170 140 1
Mn 700 680 610 510 610 620 1
Co 110 110 100 81 180 120 1
Ni 160 430 170 730 850 470 1
Cu 8,700 7,900 7,900 11,000 9,000 8,900 1
Zn 6,800 6,400 7,300 5,600 6,600 6,500 1
Ga 15 14 15 15 13 14 1
Ge 6 5 6 5 6 6 1
As 8 8 8 8 8 8 1
Se 1 1 1 1 1 1 1
Br 120 140 190 180 170 160 100
Sr 430 330 550 450 400 430 1
Zr 160 130 120 140 130 140 1
Nb 15 14 14 12 15 14 1
Mo 220 250 130 120 160 180 1
Rh 1 1 1 1 1 1 1
Pd 7 1 1 1 3 2 1
Ag 34 93 36 50 48 52 1
Cd 2 2 2 1 1 2 1
In 1 1 2 1 1 1 1
Sn 300 320 430 340 260 330 1
Sh 140 130 180 110 130 140 1
Ba 1,400 1,200 1,500 1,600 1,700 1,500 1
Nd 460 420 440 480 410 440 1
Sm 30 15 20 15 35 23 1
Tb 1 1 1 1 1 1 1
Dy 2 2 2 2 1 2 1
Ta 6 3 2 36 77 25 1
W 310 170 220 96 150 190 1
Pt 1 1 1 1 1 1 1
Au 1 1 1 2 5 2 1
T-Hg 0.05 0.05 0.07 0.05 0.05 0.05 0.05
Pb 820 840 850 690 620 760 1
ASR ASR
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3-1-9

Pb 350 550
mg/kg 1,700 1,800mg/kg T-Hg
0.05mg/kg 0.05mg/kg 0.82 1.3mg/kg Cd
mg/kg mg/kg 5.1 mg/kg
Br 350 400mg/kg 20 500mg/kg

Ti 3,000mg/kg
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3-1-9

mg/kg
22 20 17 16
12 “ *2 -
Ne Ne

B 15 15 15 83 150 120 740 680 710 150 460 310 75 510| -
Na 670 1,200 910| 1,100| 1,300| 1,200| 6,500| 5,600| 6,100 - - - - - -
Mg | 6,600| 8,500| 7,800 8,800| 10,000| 9,400| 12,000| 9,600| 11,000| - - - - - -
Al 6,400 | 6,800 | 6,600 11,000 | 13,000 | 12,000 | 17,000 | 15,000 | 16,000 | 3,000 | 10,000 | 6,700 | 4,000| 9,700| -
Si | 56,000 | 64,000 | 60,000 | 61,000 | 80,000 | 68,000 | 60,000 [110,000| 85,000 | 14,000 | 39,000 | 28,000 | 14,000 | 32,000 | -
K 1,400 1,800| 1,600| 1,600 2,100| 1,700 960 760 900| - - - - - -
Ca | 36,000 | 43,000 | 40,000 | 26,000 | 34,000 | 30,000 | 51,000 | 45,000 | 48,000| - - - - - -
Ti 2,600| 3,300| 3,000| 2,200 4,000| 3,200| 5,300| 4,500| 4,900 - - - - - -
\Y 7 11 9 5 6 6 17 16 17| - - - - - -
Cr 74 200 110 180 210 190 1,000| 1,300 1,200 100 720 310 100| 1,300 -
Mn 140 190 160 140 190 160 880 610 700| - - - - - -
Co 7 14 9 28 37 31 34 30 32| - - - - - -
Ni 120 180 150 160 400 220 460 410 400| - - - - - -
Cu | 25,000 38,000 | 31,000 | 14,000 | 27,000 | 20,000 | 2,500| 2,700 | 2,600 | 23,000 | 56,000 | 35,000 | 21,000 | 84,000| -
Zn 3,600| 4,700| 4,100| 2,700| 4100| 3,400| 7,800| 7,100| 7,500 4,700| 20,000| 7,400| 4,100| 7,600| -
Ga 2 6 4 4 5 4 5 4 50 - - - - - -
Ge 1 1 1 1 1 1 1 1 1l - - - - - -
As 2 4 3 2 5 3 26 16 20 0.5 1| o0.67 0.5 0.9 -
Se 1 1 1 2 2 2 0.1 0.1 0.1 0.5 0.5 05| - - -
Br 210 570 400 240 450 350 420 520 500| - - - - - -
Sr 120 230 180 140 230 180 710 610 700| - - - - - -
zr 19 35 25 35 59 45 220 140 200| - - - - - -
Nb 3 8 5 4 5 4 10 9 10| - - - - - -
Mo 20 26 23 19 28 25 55 37 46| - - - - - -
Rh 1 1 1 1 1 1 1 1 1l - - - - - -
Pd 1 1 1 1 1 1 13 8 11| - - - - - -
Ag 4 20 11 4 22 10 15 12 10| - - - - - -
cd 1 3 1 1 2 1 10 6 8 2.1 13 5.1 2.1 14| -
In 1 1 1 1 8 2 2 1 2] - - - - - -
Sn 140 480 260 100 270 150 400 310 400| - - - - - -
Sb 460 840 600 230 270 260 260 270 300 0.5 32 16 0.5 17| -
Ba 14 59 34| 1,000| 2,900 1,600| 1,500 780| 1,100 - - - - - -
Nd 16 26 20 120 170 130 18 9 14| - - - - - -
Sm 1 2 1 4 6 5 2 2 2] - - - - - -
Tb 1 1 1 1 1 1 1 1 1l - - - - - -
Dy 1 1 1 1 1 1 1 1 1l - - - - - -
Ta 1 1 1 1 4 1 2 55 29| - - - - - -
w 1 3 2 6 13 9 21 5 13| - - - - - -
Pt 1 1 1 1 1 1 1 1 1l - - - - - -
Au 1 1 1 1 4 1 1 7 4] - - - - - -
T-Hg| 0.05| 0.09| 0.05| 0.05| 0.05| 0.05| 0.98| 0.65| 0.82| 0.12 11 1.3| 0.036 20| -
Pb 470 710 550 300 420 350 | 2,200 1,400| 1,800 880 | 6,500 1,700 910| 3,600 -

1 ASR ASR

2 20 17 16

*1 20

21 3
*2 17
18 3
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3-2-1

Ti 3,000mg/kg Ba 12
1,500mg/kg Sh 600mg/kg
Ba Sb
Ti 3,000mg/kg
mg/kg
5,000 B H17
B H20
4,000 H22
B H22
3,000 |
2,000
1,000 | -I
Ll L, all

B Ti

*1

*2

3-2-1

VvV Cr

20
21

17
18

Mn Co Ni

3

3

ASR

Ga Ge Se Sr

ASR
20

Zr Nb Mo Pd In Sb Ba Nd Sm Tb Dy Ta W Pt

17

-39 -

16

%2
1

H8

H12



ma/kg
1,800

1,500
1,200
900
600

300

3-2-2

12
Br 350 400mg/kg Cd mg/kg mg/kg
Pb T-Hg Pb
350 550mg/kg T-Hg 0.05mg/kg 0.05mg/kg
550mg/kg 12 350mg/kg
12
X
Pb
Br 350 400mg/kg 20
500mg/kg 350
550mg/kg 1,700 1,800mg/kg T-Hg
0.05mg/kg 0.05mg/kg 0.82
1.3mg/kg Cd mg/kg mg/kg 5.1
mg/kg
Pb T-Hg
ma/kg
10
B H17 *2
B H20 *t
H22 H8
EH22 H12
T-Hg
ASR  ASR
20 17 16
*1 20
21 3
*2 17
18 3
3-2-2

- 40 -



JIS K 0060

12

12
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3,000mg/kg

12

28.0

12

12
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12

33.4

Ti



10
11
12
13
14
15
16
17
18
19
20

12
12
12
12
12
12
12
12
12
12

4-1-1

10

10

10

20

IEC 62321

IEC 62321

a
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B

Y

10



10¢g

(100 mL)
100
100 mL
mL
100 mL
n- 100 mL
PBDE,PBB 50 p L
HBCD mL
PBDE PBB __HBCD
PBDE 10 PBB 4 HBCD
6,8,10 13C M g/mL
ng 100 500ng/mL 10
ML 20 u L
n_
- MS
u 10 p
2
4-1-1 , ,

- 44 -

100 ng
100p L



618ppm

12

mm

mm
4-2-2(2)
12

10
mm

4-2-2(1)

39 190ppm

ppm

ppm
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4-2-1(2)

4-2-1(1)

mm

ppm

12

12

11 18ppm

200



4-2-1(1)

H8 H8 H8 H8 H8
ASR ASR ASR ASR ASR
ppm
MoBDE <1 <1 <1 <1 <1 1
DiBDE <1 <1 <1 <1 <1 1
TrBDE <1 <1 <1 <1 <1 1
TeBDE <1 <1 <1 <1 <1 1
PBDE PeBDE <1 <1 <1 <1 <1 1
HxBDE <1 <1 <1 <1 <1 1
HpBDE <1 <1 <1 <1 <1 1
OcBDE <1 <1 <1 <1 <1 1
NoBDE 18 10 24 28 20 1
DeBDE 430 190 440 590 380 1
MoBB <1 <1 <1 <1 <1 1
DiBB <1 <1 <1 <1 <1 1
TrBB <1 <1 <1 <1 <1 1
TeBB <1 <1 <1 <1 <1 1
PBB PeBB <1 <1 <1 <1 <1 1
HxBB <1 <1 <1 <1 <1 1
HpBB <1 <1 <1 <1 <1 1
OcBB <1 <1 <1 <1 <1 1
NoBB <1 <1 <1 <1 <1 1
DeBB <1 <1 <1 <1 <1 1
o 3 5 6 5 5 2
HBCD B <2 <2 <2 <2 <2 2
Y 8 11 12 11 11 2
4-2-1(2) mm
H8 H8 H8 H8 H8
ASR ASR ASR ASR ASR
ppm
MoBDE <1 <1 <1 <1 <1 1
DiBDE <1 <1 <1 <1 <1 1
TrBDE <1 <1 <1 <1 <1 1
TeBDE <1 <1 <1 <1 <1 1
PBDE PeBDE <1 <1 <1 <1 <1 1
HxBDE <1 <1 <1 <1 <1 1
HpBDE <1 <1 <1 <1 <1 1
OcBDE <1 <1 <1 <1 <1 1
NoBDE 4 7 6 4 3 1
DeBDE 76 110 120 90 65 1
MoBB <1 <1 <1 <1 2 1
DiBB <1 <1 <1 <1 <1 1
TrBB <1 <1 <1 <1 <1 1
TeBB <1 <1 <1 <1 <1 1
PBB PeBB <1 <1 <1 <1 <1 1
HxBB <1 <1 <1 <1 <1 1
HpBB <1 <1 <1 <1 <1 1
OcBB <1 <1 <1 <1 <1 1
NoBB <1 <1 <1 <1 <1 1
DeBB <1 <1 <1 <1 <1 1
a 2 3 <2 <2 2 2
HBCD B <2 <2 <2 <2 <2 2
y 4 5 2 2 2 2
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4-2-2(1) 12
H12 H12 H12 H12 H12
ASR ASR ASR ASR ASR
ppm
MoBDE <1 <1 <1 <1 <1 1
DiBDE <1 <1 <1 <1 <1 1
TrBDE <1 <1 <1 <1 <1 1
TeBDE <1 <1 <1 <1 <1 1
PBDE PeBDE <1 <1 <1 <1 <1 1
HxBDE 2 <1 <1 <1 <1 1
HpBDE <1 <1 <1 <1 <1 1
OcBDE <1 <1 <1 <1 <1 1
NoBDE 2 9 4 10 7 1
DeBDE 37 170 86 180 140 1
MoBB <1 <1 <1 <1 <1 1
DiBB <1 <1 <1 <1 <1 1
TrBB <1 <1 <1 <1 <1 1
TeBB <1 <1 <1 <1 <1 1
PBB PeBB <1 <1 <1 <1 <1 1
HxBB <1 <1 <1 <1 <1 1
HpBB <1 <1 <1 <1 <1 1
OcBB <1 <1 <1 <1 <1 1
NoBB <1 <1 <1 <1 <1 1
DeBB <1 <1 <1 <1 <1 1
a <2 <2 <2 <2 <2 2
HBCD B <2 <2 <2 <2 <2 2
% 3 <2 <2 8 <2 2
4-2-2(2) 12 mm
H12 H12 H12 H12 H12
ASR ASR ASR ASR ASR
ppm

MoBDE <1 <1 <1 <1 <1 1
DiBDE <1 <1 <1 <1 <1 1
TrBDE <1 <1 <1 <1 <1 1
TeBDE <1 <1 <1 <1 <1 1
PBDE PeBDE <1 <1 <1 <1 <1 1
HxBDE <1 <1 <1 <1 <1 1
HpBDE <1 <1 <1 <1 <1 1
OcBDE <1 <1 <1 <1 <1 1
NoBDE 4 2 3 <1 3 1
DeBDE 76 51 49 31 52 1
MoBB <1 <1 <1 <1 <1 1
DiBB <1 <1 <1 <1 <1 1
TrBB <1 <1 <1 <1 <1 1
TeBB <1 <1 <1 <1 <1 1
PBB PeBB <1 <1 <1 <1 <1 1
HxBB <1 <1 <1 <1 <1 1
HpBB <1 <1 <1 <1 <1 1
OcBB <1 <1 <1 <1 <1 1
NoBB <1 <1 <1 <1 <1 1
DeBB <1 <1 <1 <1 <1 1
a <2 <2 <2 <2 <2 2
HBCD B <2 <2 <2 <2 <2 2
y <2 <2 <2 <2 <2 2
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ppm

12



