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PDE A.2.1
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IPCS, 2009; US EPA, 2004 PDE

PDE

PDE

 

 

1 X 3 X NOAEL 1.1 

mg/kg/day F1 F5 5 10 5 1 1 1

PDE  

 

PDE 1.1 mg/kg/day 50 kg / (5 10 5 1 1) 220 µg/day 

 

F2 10 2

1 TK 1

1 3.16 5 1 1

TK 1.58 1 5 TK 1

F2 1

X  

 

1.1 mg/kg/day 50 kg / (5 (1.6 3.16) 5 1 1) 440 µg/day 

 

400 μg/day  
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Z MRL 0.02 

mg/kg/day PDE 1

4 3 1 5

MRL PDE 1000 μg/day

 

 

0.02 mg/kg/day 50 kg / 1/3.16 3.16 mg/day 

 

3000 μg/day  
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2 L PDE

2L
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ACGIH American Conference of Governmental Industrial Hygienists  

 

 

ATSDR Agency for Toxic Substances and Disease Registry  

 

 

CEC Commission of the European Community  

 

 

CFR Code of Federal Regulations  

 

 

Change Management  

ICH Q10  

 

CICAD Concise International Chemical Assessment Documents  

WHO  

 

Container Closure System  

ICH Q1A  

 

Control Strategy  

ICH Q10  

 

Control Threshold  

PDE

PDE 30%  

 

Daily Dose  

1  

 

EFSA European Food Safety Agency  

 

 

EHC Environmental Health Criteria  

IPCS, WHO  

 

EU SCOEL European Scientific Committee on Occupational Exposure Limits  

 

 

EU SEG European Union Scientific Expert Group  

 

 

Herbal Products  
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IARC International Agency for Research on Cancer  

 

 

Inhalation Unit Risk  

1 µg/L 1 µg/m3

2×10-6/µg/L 1 L 1 µg

100 2

 

 

IPCS International Programme for Chemical Safety  

 

 

IUPAC International Union of Pure and Applied Chemistry  

 

 

IRIS Integrated Risk Information System, United States Environmental Protection Agency  

 

 

Lowest-Observed-Adverse-Effect Level, LOAEL  

IUPAC  

 

Limit of Quantitation, LOQ  

ICH Q2  

 

Lowest-Observed-Effect Level, LOEL  

 

 

Modifying Factor  

ICH Q3C Safety Factor  

 

Minimal Risk Level, MRL  

ATSDR  

 

NAS National Academy of Science  

 

 

No-Observed-Adverse-Effect Level, NOAEL  

 

 

No-Observed-Effect Level, NOEL  
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NTP National Toxicology Program  

 

 

OEHHA Office of Environmental Health Hazard Assessment  

 

 

OELV Occupational Exposure Limit Value  

 

 

OSHA Occupational Safety and Health Administration  

 

 

PEL Permitted Exposure Limit  

 

 

Permitted Daily Exposure, PDE  

1  

 

Product Life-cycle  

ICH Q9  

 

Quality  

ICH Q6A

ICH Q9  

 

Quality Risk Management  

ICH Q9  

 

Quality System  

ICH Q9  

 

Risk  

ISO/IEC Guide 51 ICH Q9  

 

Risk Acceptance  

ISO Guide 73  

 

Risk Analysis  

ICH Q9  

 

Risk Assessment  

ICH Q9  

 

Risk Control  

ISO Guide 73  

 

Risk Identification  

ICH Q9  
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Risk Management  

ICH Q9  

 

Safety  

IPCS, 

2004  

 

Safety Assessment  

IPCS, 2004  

 

Safety Factor  

NOAEL

acceptable daily intake tolerable daily intake

IPCS, 2004  

 

Severity  

ICH Q9  

 

Threshold Limit Value, TLV  

ACGIH

1 1 7 8 40

TWA IUPAC  

 

Time Weighted Average, TWA  

ACGIH 1 8 40

IUPAC  

 

URF Unit Risk Factor  

 

 

US DoL United States Department of Labor  

 

 

US EPA United States Environmental Protection Agency  

 

 

WHO World Health Organization  
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1  

Pharmacopeial Forum, Nov-Dec, 1989 IPCS

IPCS, 1994 PDE

US EPA IRIS US FDA US FDA, 2000

PDE

PDE MRL MRL

1:100000 PDE

3 PDE

 

  

PDE NO(A)EL LO(A)EL

 

 

PDE NO(A)EL /[F1 F2 F3 F4 F5] (A.1.1) 

 

PDE NO(A)EL NO(A)EL

LO(A)EL

IPCS, 1994

 

 

 

F1  

F1 1  

F1 5  

F1 12  

F1 2  

F1 2.5  

F1 3  

F1 10  

F1

S  

 

S kM0.67 (A.1.2) 

 

M k 10 A.1.2

A.1.1  

F2 10  

10 10

 

F3  

1 7

F3 1  

F3 1  

6 3.5 F3 2  

3 2 F3 5  

F3 10  



  

 

20 

 

9 2  

F4

 

F4 1  

F4 5  

F4 5  

F4 10  

F5 NOEL  

NOEL F5=1  

NOAEL F5=1 5  

LOEL F5 5 10  

LOAEL F5=10  

 

NOAEL NOEL

PDE

PDE NOAEL F5 1  

 

50 kg

60 kg 70 kg

50 kg PDE

PDE PDE

 

 

A.1.1 Tvermoes 2014

NOAEL 1 mg /day

PDE  

 

PDE 1 mg/day /[1 10 2 1 1] 0.05 mg/day 50 µg/day 

 

 

F1 1  

F2 10  

90 F3 2  

F4 1  

NOAEL F5 1  

 

A.1.1  

 

 425 g  43 L/day 

 330 g  1440 L/day 

 28 g  430 L/day 

 30 g  28,800 L/day 

 500 g  9,000 L/day 

 2.5 kg  1,150 L/day 

 4 kg  5 mL/day 

 11.5 kg  30 mL/day 

 290 L/day  30 g/day 
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2 PDE  

A.2.1 1 

 

 2 PDE  

µg/day 

PDE

µg/day 

PDE

µg/day 

Cd 1 5 2 3 

Pb 1 5 5 5 

As 1 15 15 2 

Hg 1 30 3 1 

Co 2A 50 5 3 

V 2A 100 10 1 

Ni 2A 200 20 5 

Tl 2B 8 8 8 

Au 2B 100 100 1 

Pd 2B 100 10 1 

Ir 2B 100 10 1 

Os 2B 100 10 1 

Rh 2B 100 10 1 

Ru 2B 100 10 1 

Se 2B 150 80 130 

Ag 2B 150 10 7 

Pt 2B 100 10 1 

Li 3 550 250 25 

Sb 3 1200 90 20 

Ba 3 1400 700 300 

Mo 3 3000 1500 10 

Cu 3 3000 300 30 

Sn 3 6000 600 60 

Cr 3 11000 1100 3 
1 PDE µg/day 3

PDE

PDE 1 2

10 PDE 1 10 PDE

1 2

PDE  
2 4  
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A.2.2 1  

 

1

10 g

1

A.2.1  

 

   

µg/g 

 

µg/g 

 

µg/g 

Cd 1 0.5 0.2 0.3 

Pb 1 0.5 0.5 0.5 

As 1 1.5 1.5 0.2 

Hg 1 3 0.3 0.1 

Co 2A 5 0.5 0.3 

V 2A 10 1 0.1 

Ni 2A 20 2 0.5 

Tl 2B 0.8 0.8 0.8 

Au 2B 10 10 0.1 

Pd 2B 10 1 0.1 

Ir 2B 10 1 0.1 

Os 2B 10 1 0.1 

Rh 2B 10 1 0.1 

Ru 2B 10 1 0.1 

Se 2B 15 8 13 

Ag 2B 15 1 0.7 

Pt 2B 10 1 0.1 

Li 3 55 25 2.5 

Sb 3 120 9 2 

Ba 3 140 70 30 

Mo 3 300 150 1 

Cu 3 300 30 3 

Sn 3 600 60 6 

Cr 3 1100 110 0.3 

 



  

 

24 

 

3  

 

 

PDE  

Sb  

    

PDE µg/day  1200 94 22 

 

 

 

Sb

+3 +5

2 3

APT

PET

ATSDR, 1992 APT

WHO, 2003  

 

 

 

APT S9 NTP, 

1992 (+3)

WHO, 2003

Lynch et al., 1999

NTP, 1992

Newton 1994

12 12

Newton et al., 1994; WHO, 2003  

 

PDE  

 

Schroeder et al., 1968; Schroeder et al., 1970; Poon et al., 1998 NTP

APT 14 APT

NTP, 1992 Lynch Poon

1998 0.5 500 ppm APT 90

NOAEL 50 ppm

Lynch et al., 1999 Schroeder 1970

NOAEL 50 ppm 6.0 mg/kg/day

PDE  

 

1 F1 F5 PDE
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PDE 6000 µg/kg/day 50 kg / (5 10 5 1 1) 1200 µg/day 

 

PDE  

 

PDE

NOAEL 3.0 mg APT/kg/day 1.1 mg/kg/day

90 APT 6 mg/kg

NTP, 1992  

 

1 F1 F5 3

PDE  

 

PDE 1100 µg/kg/day 3 day/7 wk 50 kg / (5 10 5 1 1) 94 µg/day 

 

PDE  

 

0.25 1.08 4.92 23.46 mg/m3 13

Newton et al., 1994 NOAEL 1.08 mg/m3 PDE

Sb 83%

0.06 0.51 4.5 mg/m3 1

1

 

 

1 F1 F5 PDE

 

 

 
0.9 mg/m3 6 hr/day 5 day/wk 

 
0.16 mg/m3 

0.00016 mg/L 
24 hr/day 7 day/wk 1000 L/m3 

 

1  
0.00016 mg/L 290 L/day 

0.11 mg/kg/day 
0.425 kg 

 

PDE 0.11 mg/kg/day 50 kg / (5 10 5 1 1) 0.022 mg/day 22 µg/day 

 

 

 
ATSDR. Toxicological profile for antimony and compounds. Agency for Toxic Substances and Disease 

Registry, Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 1992. 
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toxicity of antimony trioxide in the rat. Fundam Appl Toxicol 1994;22:561-76. 
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U.S. Department of Health and Human Services, Research Triangle Park, NC. 1992; NTP Toxicity Report 

Series No. 11. 
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day exposure via drinking water. Food Chem Toxicol 1998;36:20–35. 
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PDE  

As  

    

PDE µg/day   15 15 1.9 

 

 

 

As

 

 

 

 

Group 1; IARC, 2012  

 

Meharg and Raab, 2010  

 

Schuhmacher-Wolz et al., 

2009

ATSDR, 2007; IARC, 2012; EU EFSA, 2009; WHO, 2011; US EPA, 2010  

 

IARC, 2012; Schuhmacher-Wolz et al., 2009; US EPA, 2007

0.02 mg/kg/day

0.0004 0.01 mg/kg/day

ATSDR, 2007 LOEL NOEL

ATSDR, 2007

Chen et 

al., 2005; Hsu et al., 2013; Ahsan and Steinmaus, 2013  

 

1000 µg/L 40,000

US EPA, 2010 <100

200 µg/L Chu and Crawford-Brown, 2006, 2007; 

Mink et al., 2008 Schuhmacher-Wolz 2009  

 

 μg/m3 0.0043 2

US EPA US EPA, 2007 US EPA

US EPA URF URF 
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μg/m3 0.0015 URF 1/100,000

0.067 μg/m3 Erraguntla et al., 2012  

 

PDE  

 

PDE

ATSDR MRL US EPA 0.0003 mg/kg/day ATSDR, 2007; US EPA 

2007; EU EFSA, 2009 15 μg/day ATSDR MRL

PDE WHO, 2011  

 

PDE 0.0003 mg/kg/day 50 kg 0.015 mg/day 15 µg/day 

 

MRL  

 

PDE  

 

95%

6 95% Zheng 

et al. 2002 PDE PDE  

 

PDE 15 µg/day 

 

PDE  

 

PDE

URF

Erraguntla 2012

1:100000 PDE  

 

PDE 0.067 µg/m3 / 1000 L/m3 28800 L/day 1.9 µg/day 

 

PDE Erraguntla 2012 URF
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PDE   

Ba  

    

PDE µg/day  1460 730 343 

 

 

 

Ba

Ba(2+)

Ba(2+)

ATSDR, 2007  

 

 

 

NTP, 1994

WHO, 2004

CICAD, 2001  

 

PDE  

 

2 7.3 mg/L

0.1 mg/L

WHO, 2004

NOAEL 7.3 mg/L 2 L/day PDE

 

 

PDE 14.6 mg/day / (1 10 1 1 1) 1.46 mg/day=1460 µg/day 

 

PDE  

 

20% 60% ATSDR, 2007

PDE 2 PDE

3.1  

 

PDE 1460 µg/day / 2 730 µg/day 

 

PDE  

 

US DoL, 2013

TWA 0.5 mg/m3  
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1 F1 F5 PDE

 

 

 
500 µg/m3 8 hr/day 5 day/wk 

 
119 µg/m3 

0.119 µg/L 
24 hr/day 7 day/wk 1000 L/m3 

 

 
0.119 µg/L 28800 L/day 

68.6 µg/kg/day 
50 kg 

 

PDE 68.6 µg/kg/day 50 kg / (1 10 1 1 1) 343 µg/day 

 

 

 
ATSDR. Toxicological profile for barium and barium compounds. Agency for Toxic Substances and Disease 

Registry, Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2007. 
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432. 
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WHO. Barium in drinking-water: Background document for development of WHO guidelines for drinking-
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PDE  

Cd  

    

PDE μg/day  5.0 1.7 3.4 

 

 

 

Cd

ATSDR, 2012

+2

 

 

 

 

Group 1; IARC, 2012

 

 

Buchet et al., 1990

ATSDR, 2012  

 

IARC, 

2012; NTP, 1995 ATSDR 2012

 0.0018/μg/m3 US EPA

1992

5 µg/m3

Cadmium OSHA, 2004  

 

PDE  

 

Buchet et al., 1990

ATSDR, 2012

PDE ATSDR

MRL 0.1 μg/kg PDE WHO

0.003 mg/L/day WHO, 2011  

 

PDE 0.1 μg/kg/day 50 kg 5.0 μg/day 

 

MRL  
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PDE  

 

0.6 mg/kg 5 12 7

Prozialeck et al., 2009

LOAEL 0.6 mg/kg

PDE 0 1 2 4 8 16 32 

µmol/kg 72

16 µmol/kg Waalkes et al., 1999

1 F1-F5 5

7 PDE  

 

PDE  
0.6 mg/kg 5 day/wk 50 kg / (5 10 5 5 10) 

1.7 μg/day 
7day/wk 

 

F4 5 PDE

LOAEL F5 10  

 

PDE  

 

5 µg/m3  

1 F1-F5 PDE

 

 

 
5μg/m3 8 hr/d 5 d/wk 

 
1.19μg/m3 

 0.00119μg/L 
24hr/d 7d/wk 1000L/m3 

 

1   
0.00119μg/L×28800L 

0.685μg/kg 
50 kg 

 

 

PDE 0.685μg/kg 50kg/(1 10 1 1 1) 3.43μg/day 

 

F4 1 PDE PEL F4

 

 

 

 

ATSDR. Toxicological profile of cadmium. Agency for Toxic Substances and Disease Registry, Public 

Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2012. 
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PDE  

Cr  

    

PDE µg/day  10700 1070 2.9 

 

 

 

Cr Cr(0)

Cr(2+) Cr(3+) Cr(6+) Cr(2+)

Cr(6+) CrO4
2-

Cr2O7
2- Cr(3+)

Anderson, 1993, 1995

Cr(6+)

Cr(6+) Cr(0) Cr(3+)

Cr(3+)

Cr(6+) Cr(6+)

Cr(6+)

 

 

 

 

5% Cr2O3 1468 mg/kg/day

Anderson et al., 1997

Cr(3+) 15 mg/kg/day

1.5 mg/kg/day Cr(3+)

US EPA, 1998  

 

 

 

PDE  

 

2000 10000 50000 ppm Cr(3+) 2

NTP, 2010

460 mg/kg

Cr(3+) NOAEL 90 mg/kg 11.9% Cr III 10.7 

mg/kg/day

1 F1 F5

PDE  

 

PDE 10.7 mg/kg/day 50 kg / (5 10 1 1 1) 10.7 mg/day 

 

PDE  

 

Cr(3+) 0.05 

μg/kg/day 15 μg/kg Moukazel, 2009
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PDE

10% ATSDR, 

2012 PDE 10 PDE

3.1 PDE

 

 

PDE 10700 µg/day / 10 1070 µg/day 

 

PDE  

 

Derelenko 1999 Cr(3+) 13 1 6 5

LOAEL 17 mg/m3 3 mg Cr(3+)/m3

Cr(3+) 13

MRL 0.1 μg/m3 PDE

ATSDR, 2012  

 

PDE =0.0001 mg/m3 / 1000 L/m3 28800 L/day 2.9 µg/day 

 

MRL  
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PDE  

Co  

    

PDE µg/day  50 5.0 2.9 

 

 

 

Co

B12

1 11 µg ATSDR, 2004 B12

0.7 2.4 μg/day NAS, 2010 0.03 0.1 μg

 

 

 

 

IARC 2006 Co(2+)

Group 2B

in vitro

in vivo NTP

NTP, 2013

US EPA, 2000

ATSDR, 

2004

ATSDR, 2004; IARC, 2006  

 

PDE  

 

PDE 150 mg 22

1 mg/kg/day; WHO, 2006; ATSDR, 2004 1 mg/day

CoCl2 88 90 10 5 5

Tvermoes et al., 2014 PDE

NOAEL 1 mg/day 1 F1 F5

PDE  

 

PDE 1 mg/day / (1 10 2 1 1) 0.05 mg/day 50 µg/day 

 

PDE F3 2  

 

PDE  

 

18 97% ATSDR, 2004

PDE 10

PDE 3.1

PDE  

 

PDE 50 µg/day / 10 5.0 µg/day 
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PDE  

 

Co(2+)

Group 2B  

 

MRL

MRL PDE WHO, 2006 PDE

MRL 0.1 µg/m3 ATSDR, 2004  

 

PDE 0.0001 mg/ m3 /1000 L/m3 28800 L/day 2.9 µg/day 

 

MRL  
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PDE  

Cu  

    

PDE µg/day  3400 340 34 

 

 

 

Cu 11 1 2 (1+) (2+)

 

 

 

 

Araya et al., 2003  

 

PDE  

 

8-

IPCS, 1998

500 8000 ppm 13

NOEL 1000 ppm 2000 ppm

NOEL 1000 ppm 64 mg CuSO4/kg/day

17 mg/kg/day Hébert et al., 1993; IPCS, 1998 1

F1 F5 PDE  

 

PDE 17 mg/kg/day 50 kg / (5 10 5 1 1) 3400 µg/day 

 

PDE  

 

PDE

30% 40% Wapnir, 1998

30% 40%

PDE 10 PDE 3.1

PDE  

 

PDE 3400 µg/d / 10 340 µg/day 

 

PDE  

 

MRL

ATSDR, 2004 PDE 100

PDE 3.1  

 

PDE 3400 µg/day / 100 34 µg/day 
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PDE  

Au  

    

PDE µg/day  134 134 1.3 

 

 

 

Au +1 +5 1 3

L-Au+

L Telles, 1998

(1+)

 

 

 

 

1 (1+) Au-S

30 mg/day 1 60 mg/day 1

10 30 mg/day 2

Abraham and Himmel, 1997  

 

Payne and Saunders, 1978 Lee et al., 1965

Payne and Arena, 1978

1 (1+)

PDE  

 

PDE

Au(3+)

(3+)

(3+) Au(en)Cl2 Cl
3+

32.2 mg/kg 14

Ahmed et al., 2012  

 

PDE  

 

(3+)

PDE 1 F1

F5 PDE  

 

PDE 32.2 mg/kg 50 kg / (12 10 10 1 10) 134 µg/day 

 

PDE LOAEL F5

10  
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PDE  

 

50 mg 95%

Blocka et al., 1986 2 mg/kg

70% Melethil and Schoepp, 1987

PDE

PDE PDE  

 

PDE 134 µg/day 

 

PDE  

 

PDE 100

PDE 3.1  

 

PDE 134 µg/day / 100 1.34 µg/day 
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PDE   

Pb  

    

PDE µg/day  5.0 5.0 5.0 

 

 

 

Pb 2

ATSDR, 2007  

 

 

 

1 2 

μg/dL 100% US EPA, 

2009 PDE PDE

 

 

PDE  

 

5 μg/dL

NTP, 2011  

US EPA Integrated Exposure Uptake Biokinetic (IEUBK) Model, 1994 100%

0 7 0 82 5 μg/day

1 2 μg/dL US EPA, 2007, 2009  

 

PDE 5.0 µg/day 

 

PDE  

 

PDE

PDE  

 

PDE  5.0 µg/day 

 

PDE  

 

PDE

PDE  

 

PDE  5.0 µg/day 
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PDE  

Li  

    

PDE µg/day  560 280 25 

 

 

 

Li

+1  

 

 

 

0.6 1 mmol/L Grandjean and Aubry, 2009

McKnight et al., 2012 300 600 mg 1 3 4

US FDA, 2011

 

 

PDE  

 

PDE

300 mg 56 mg

PDE  

 

PDE 56 mg/day / (1 10 1 1 10) 0.56 mg/day 560 µg/day 

 

PDE LOAEL 1/3 F5 10

 

 

PDE  

 

PDE

85% Grandjean and Aubry, 2009 PDE

2 PDE 3.1  

 

PDE 560 µg/day / 2 280 µg/day 

 

PDE  

 

0.6 1.9 mg/m3 4 8 , 5 1 6

Johansson et al., 1988

PDE

1 F1 F5 PDE
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1.9 mg/m3 6 hr/day 5 day/wk 

 
0.34 mg/m3 

0.00034 mg/L 
24 hr/day 7day/wk 1000 L/m3 

 

 
0.00034 mg/L 1440 L/day 

122.04 µg/kg/day 
4 kg 

 

PDE 122.4 µg/kg/day 50 kg / (2.5 10 10 1 1) 25 µg/day 
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PDE  

Hg  

    

PDE µg/day  30 3.0 1.2 

 

 

 

Hg

3

PDE  

 

 

 

IARC

Group 3; IARC, 1997  

 

Shimada et al., 2005  

 

PDE  

 

HgCl2 2 NTP

2

0.312 5 mg HgCl2/kg/5d/wk 6

0.625 mg/kg

0.625 mg/kg

JECFA JECFA, 2011 6 NTP, 1993

BMDL10 0.06 mg/kg/day 5

1 F1

F5 PDE  

 

PDE 0.06 mg/kg/day 50 kg / (5 10 2 1 1) 0.03 mg/day 30 µg/day 

 

6 2

F4 1 BMDL10 NOAEL Sargent et al., 2013 F5 1

 

 

PDE  

 

10 30%

ATSDR, 1999 PDE 10

PDE 3.1  
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PDE 30 µg/day / 10 3.0 µg/day 

 

PDE  

 

TWA 14 20 μg/m3 US 

EPA, 1995; EU SCOEL, 2007 14 μg/m3

Ngim et al., 1992 TWA LOAEL

1 F1 F5

PDE  

 

 
14 µg/m3 8 hr/day 6 day/wk 

 
4 µg/m3 

0.004 µg/L 
24 hr/day 7 day/wk 1000 L/m3 

 

 
0.004 µg/L 28800 L/day 

2.30 µg/kg/day 
50 kg 

 

PDE 2.30 µg/kg 50 kg / (1 10 1 1 10) 1.2 µg/day 

 

PDE LOAEL

F5 10  
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US EPA. Mercuric chloride (HgCl2) (CASRN 7487-94-7). Integrated Risk Information System (IRIS). 1995. 

 



  

 

50 

 

 

 

PDE  

Mo  

    

PDE µg/day  3400 1700 11 

 

 

 

Mo +4 +6

MoO4
2- K+

NH4
+ Ca2+

0.1 10 mg/kg MoO2 MoS2

Bi-Mo Fe-Mo

 

 

100 µg/day 600 µg/day

EC Scientific Committee on Food, 2000

Abumrad et al., 1981  

 

 

 

NTP, 1997

RIVM RIVM, 

2001 IARC US EPA

 

 

PDE  

 

GLP 90

60 mg/kg/day

2

Murray et al., 2014

60

NOAEL 17 mg/kg/day

1 F1 F5

PDE  

 

PDE 17 mg/kg 50 kg / (5 10 5 1 1) 3.4 mg/day 3400 µg/day 

 

PDE  

 

Vyskocil Viau 1999 28 77%

Turnland 2005 90%

PDE 2

3.1  
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PDE= 3400 µg/day / 2 1700 µg/day 

 

PDE  

 

NTP, 1997

NAS, 2000

0 10 30 100 mg/m3 3/50 6/50 8/49 15/49

2.6×10-5/μg/m3

NAS, 2000 1:100000 PDE

 

 

PDE  
1 10-5 

0.38 µg/m3 
2.6 10-5 /µg/m3 

 

PDE 0.38 µg/m3 / 1000 L/m3 28800 L/day 10.9 µg/day 

 

PDE
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PDE  

Ni  

    

PDE µg/day  220 22 6.0 

 

 

 

Ni 10 0 +1 +2 +3

+2

ATSDR, 

2005

1% 38%

Stockmann-Juvala et al., 2013; NTP, 2006 100 300 µg/day

US EPA, 1996  

 

 

 

IARC 2012

Heim et al., 2007

ATSDR, 2005; EU EFSA, 2005 US 

EPA US EPA, 2012

ATSDR, 2005

IARC 2012 Group 1  

 

Nielsen et al., 

1999 US EPA, 1996

ATSDR, 2005 NiSO4

NiO

Benson, 1995

Schaumlöffel, 2012  

 

PDE  

 

10 30 50 mg/kg/day 2

0

105 103

30 50 mg/kg/day Heim et al., 

2007 LOAEL 10 mg/kg/day 2.2 mg/kg/day 1

F1 F5 PDE  
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PDE 2.2 mg/kg/day 50 kg / (5 10 1 1 10) 0.22 mg/day 220 µg/day 

 

PDE LOAEL F5 10  

 

PDE  

 

29 40%

Patriarca et al., 1997

1 2 23%

Nielsen et al., 1999

PDE 10

PDE 3.1  

 

PDE 220 µg/day / 10 22 µg/day 

 

PDE  

 

PDE

2 Wehner et al., 1984

NTP, 2006

NTP, 2006 Oller et al., 

2008

1 F1 F5 NOAEL 

0.5 mg/m3 PDE  

 

 
0.5 mg/m3 6 hr/day 5 day/wk 

 
0.089 mg/m3 

0.000089 mg/L 
24 hr/day 7 d/wk 1000 L/m3 

 

 
0.000089 mg/L 290 L/day 

0.060 mg/kg/day 
0.425 kg 

 

PDE 0.060 mg/kg/day 50 kg / (5 10 1 10 1) 6.0 µg/day 

 

F4 10
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PDE  

Pd  

    

PDE µg/day  100 10 1.0 

 

 

 

Pd

Pd(0) Pd(2+) Pd(4+) 3

 

 

 

 

10 100 250 ng/mL 90

Iavicoli et al., 2010

in vitro

SOS

IPCS, 2002; Kielhorn et al., 2002

 

 

PDE  

 

NOAEL 0.8 1.5 mg/kg/day

(2+) 1.2 mg/kg/day

Schroeder and Mitchner, 1971; IPCS, 2002

1

F1 F5 LOEL 1.2 mg/kg/day PDE

 

 

PDE 1.2 mg/kg/day 50 kg / (12 10 1 1 5) 0.1 mg/day 100 µg/day 

 

PDE LOEL F5 5  

 

PDE  

 

PDE

(2+) PdCl2

3 4 0.5%

5% 40

5% 20%
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IPCS, 2002

PDE 10 PDE

3.1  

 

PDE 100 µg/day / 10 10 µg/day 

 

PDE  

 

PDE

100 PDE 3.1  

 

PDE 100 µg/day / 100 1.0 µg/day 

 

 

 

Iavicoli I, Bocca B, Fontana L, Caimi S, Bergamaschi A, Alimonti A. Distribution and elimination of 

palladium in rats after 90-day oral administration. Toxicol Ind Health 2010;26: 

 

IPCS. Palladium. Environmental Health Criteria 226. International Programme on Chemical Safety. World 

Health Organization, Geneva. 2002. 

 

Kielhorn J, Melver C, Keller D, Mangelsdorf I. Palladium – a review of exposure and effects to human health. 

Int J Hyg Environ Health 2002;205:417-432. 

 

Schroeder HA, Mitchener M. Scandium, chromium (VI), gallium, yttrium, rhodium, palladium, indium in 

mice: Effects on growth and life span. J Nutr 1971;101:1431-8. 
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PDE  

Pt  

    

PDE µg/day  108 10.8 1.4 

 

 

 

Pt 8

8

6

+2 +4 Pt(2+) 4

[Pt (H2O)4]2+ Pt(4+)

 

 

 

 

US EPA, 2009  

 

US EPA, 2009

IPCS, 1991

Merget et al., 2001

US EPA, 2009; EU SCOEL, 

2011 IPCS, 1991; US EPA, 2009; Arts et 

al., 2006 US EPA, 2009; Merget et al., 2000; Caverley et al., 1995

 

 

PDE  

 

PtCl2 PtCl4 4

PtCl2

50 mg/ kg PtCl4 4

Reichlmayr-Lais et al., 1992

PDE 1

F1 F5 NOAEL 10 mg/ kg 28

4.1 mg 0.146 mg/day PDE

35 g 235 g

 135 g  

 

0.146 mg/day / 0.135 kg = 1.08 mg/kg/day 

 

PDE 1.08 mg/kg/day×50 kg / (5×10×10×1×1) 108 µg/day 

 

PDE  



  

 

58 

 

 

1% Pt 42~60% US EPA, 2009

PDE 10 PDE 3.1

 

 

PDE 108 µg/day / 10 10.8 µg/day 

 

PDE  

 

Biagini et al., 1983

Pepys et al., 1972; Pickering, 1972; Merget et al., 2000; Cristaudo et al., 2007

US EPA 1977; 2009 EU SCOEL, 

2011

EU SCOEL

US DoL 2013 2 

µg/m3 1 F1 F5

PDE  

 

 
2 µg/m3 8 hr/day 5 day/wk 

 
0.48 µg/m3 

0.00048 µg/L 
24 hr/day 7 day/wk 1000 L/m3 

 

 
0.00048 µg/L 28800 L/day 

0.27 µg/kg/day 
50 kg 

 

PDE 0.27 µg/kg/day 50 kg / (1 10 1 1 1) 1.4 µg/day 
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PDE  

Ir Os Rh Ru  

    

PDE µg/day  100 10 1.0 

 

 

 

PGE

PGE

Goossens et al., 2011

LD50 PDE

RuO4

OsO4 Gaylarde and Sarkany, 1968; Swartzendruber et al., 

1995 PGE PGE

Wiseman and Zereini, 2009  

 

PGE PDE

PDE

PGE  

 

 

 

  

o (3+) 24

DNA

2 DNA Iavicoli et al., 2012  

o Wistar (3+)

0 0.019 0.19 1.9 9.5 19 µg/day 90

Iavicoli et al., 2011 0.19 µg/day

PDE

 

 

  

o Luttrell and Giles, 2007

McLaughlin et al., 1946  

o OsO4

US DoL, 1978; Luttrell and Giles, 2007  

o PEL TWA 0.002 

mg/m3 US DoL, 2013  

 

  

o Rh K2RhCl5 (NH4)3RhCl6 Bünger et 

al., 1996

(3+) 2 24

DNA

Iavicoli et al., 2012 RhCl3
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DNA Migliore et al., 

2002  

o 

5 ppm

Schroeder and 

Mitchener, 1971  

o Rh PEL TWA 0.1 mg/m3

Rh PEL TWA 0.001 mg/m3 US DoL, 2013  

 

  

o Ru TA98 TA100 in vitro

Monti-Bragadin et al., 1975; Yasbin et al., 1980; 

Benkli et al., 2009  

o 4%

200 Furchner et 

al., 1971  
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PDE  

Se  

    

PDE µg/day  170 85 135 

 

 

 

Se

4 -2 0 +4 +6

tRNA

Ru-Se

 

 

 

 

IARC 3

1987

NTP, 1980 US EPA B2

US EPA, 2002 D

 

 

ATSDR, 2003

400 µg/day WHO, 2011

ATSDR, 2003  

 

PDE  

 

NOAEL 3 mg/kg/day

1.7 mg/kg/day NTP, 1980

IARC, 1999

ATSDR, 2003 PDE MRL 5 µg/kg/day

ATSDR 2003 1 F1 F5

PDE  

 

PDE 1.7 mg/kg/day 50 kg / (5 10 1 10 1) 170 µg/day 

 

F4 10  

 

PDE  
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80%

ATSDR, 2003 80%

PDE 2 PDE

3.1  

 

PDE 170 µg/day / 2 85 µg/day 

 

PDE  

 

0.2 mg/m3 US DoL, 2013

EU SEG  0.07 mg/m3 EU SEG, 1992

EU SEG OEL

US DoL OEL

1 F1 F5 PDE

 

 

 
0.2 mg/m3 8 hr/day 5 day/wk 

 
0.048 mg/m3 

0.000048 mg/L 
24 hr/day 7 day/wk 1000 L/m3 

 

 
0.000048 mg/L 28800 L/day 

0.028 mg/kg/day 
50 kg 

 

PDE 0.027 mg/kg/day 50 kg / (1 10 1 1 1)=0.135 mg/day =135 µg/day 

 

 

 

ATSDR. Toxicological profile for selenium. Agency for Toxic Substances and Disease Registry, Public 

Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2003. 

 

EU SEG. Recommendation from the Scientific Expert Group on Occupation Exposure Limits for Hydrogen 

selenide. European Union Scientific Expert Group. 1992;SEG/SUM/22C 

 
IARC. Overall evaluations of carcinogenicity: An update of IARC monographs volumes 1 to 42. Monographs 
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Health Organization, Lyon.1987;Suppl 7. 
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WHO. Selenium in Drinking-water; Background document for development of WHO Guidelines for 

Drinking-water Quality. World Health Organization, Geneva. 2011. WHO/HSE/WSH/10.01/14 
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PDE  

Ag  

    

PDE µg/day  167 14 7.0 

 

 

 

Ag +1 +2

10 100 μg/kg

 

 

 

 

ATSDR, 1990  

 

Hymowitz and Eckholdt, 1996

ATSDR, 1990  

 

PDE  

 

0.015% 0.9 g/ 32.14 mg/kg 64% 125

Rungby and Danscher, 

1984

1 mg/kg

Rungby and Danscher, 1983 PDE  5 

µg/kg/day US EPA 2003 1 F1 F5

PDE  

 

PDE 20 mg/kg 50 kg / (12 10 5 1 10) 167 µg/day 

 

PDE LOAEL F5

10  

 

PDE  

 

US EPA 2003

2 9 LOAEL 0.014 

mg/kg/day 1 F1 F5

PDE  

 

PDE 0.014 mg/kg/day 50 kg / (1 10 1 1 5) 14 µg/day 
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LOEL F5

5  

 

PDE  

 

TLV 0.01 mg/m3 US DoL 2013

1 F1 F5 PDE

 

 

 
0.01 mg/m3 8 hr/day 5 day/wk 

 
0.0024 mg/m3 

0.00000238 mg/L 
24 hr/day 7 day/wk 1000 L/m3 

 

 
0.0000024 mg/L 28800 L/day 

0.0014 mg/kg/day 
50 kg 

 

PDE 0.0014 mg/kg 50 kg / (1 10 1 1 1)=0.007 mg/day 7.0 µg/day 

 

 

 

ATSDR. Toxicological Profile for Silver. Agency for Toxic Substances and Disease Registry, Public Health 

Service, U.S. Department of Health and Human Services, Atlanta, GA. 1990. 

 

Hymowitz N, Eckholt H. Effects of a 2.5-mg silver acetate lozenge on initial and long-term smoking cessation. 

Prev Med 1996;25:537-46. 
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Rungby J, Danscher G. Localization of exogenous silver in brain and spinal cord of silver exposed rats. Acta 

Neuropathol 1983;60(1-2):92-98. 

 

US DoL (OHSA). 29 CRF 1910.1000 Table Z-1. Limits for air contaminants. U.S. Department of Labor. 

2013. 

 

US EPA. Silver (CASRN 7440-22-4). Integrated Risk Information System (IRIS). 2003. 
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PDE  

Tl  

     

PDE µg/day  8.0 8.0 8.0 

 

 

 

Tl +1 +3

1 K+

(3+)

(3+)

ATSDR, 1992  

 

 

 

US EPA, 1992; US EPA, 2009

Moore et al., 1993  

 

PDE  

 

90

NOAEL 0.04 mg/kg OEHHA, 1999; 

US EPA, 2009 NOAEL 0.04 mg/kg

PDE  

 

1 F1 F5 PDE

 

 

PDE 0.04 mg/kg/day 50 kg / (5 10 5 1 1) 0.008 mg/day 8.0 µg/day 

 

PDE  

 

>80% US EPA, 2009

PDE PDE  

 

PDE 8.0 µg/day 

 

PDE  

 

US EPA

US EPA, 2009

IPCS, 1996

PDE PDE  
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PDE 8.0 µg/day 

 

 

 
ATSDR. Toxicological profile for thallium. Agency for Toxic Substances and Disease Registry, Public 

Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 1992. 

 

IPCS. Thallium and thallium salts: health and safety guide. International Programme on Chemical Safety, 

World Health Organization, Geneva, 1996. Health and Safety Guide No. 102. 

 

Moore D, House I, Dixon A. Thallium poisoning. Br Med J 1993;306:1527-1529. 

 

OEHHA. Public health goal for thallium in drinking water. Office of Environmental Health Hazard 

Assessment, Berkeley and Sacramento, CA. 1999. 

 

US EPA. Drinking water criteria document for thallium. Health and Ecological Criteria Division; Office of 

Science and Technology; Office of Water; U.S. Environmental Protection Agency, Washington DC, 1992. 

 

US EPA. Toxicological review of thallium and compounds (CAS No. 7440-28-0). Integrated Risk 

Information System (IRIS). 2009. EPA/635/R-08/001F 
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PDE  

Sn  

    

PDE µg/day  6400 640 64 

 

 

 

Sn +2 +4

1 Sn 10 µg

(2+)

PVC

 

 

 

 

in vivo

in vitro

CICAD, 

2005 2

NTP, 1982  

 

PDE  

 

PDE NOAEL 150 ppm 32 mg/kg/day

ATSDR, 2005 90

500 ppm

de Groot et al., 1973 NTP 13 NTP, 1982

de Groot

PDE

de Groot NTP

1 F1 F5 PDE

 

 

PDE 32 mg/kg/day 50 kg / (5 10 5 1 1) 6.4 mg/day 6400 µg/day 

 

PDE  

 

PDE

5%

ATSDR, 2005 PDE 10 PDE

3.1  

 

PDE 6400 µg/day / 10 640 µg/day 

 

PDE  
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PDE

TLV 2 mg/m3; US DoL, 

2013 MRL ATSDR 2005; EU 

SCOEL 2003 PDE PDE

100 PDE 3.1  

 

PDE 6400 µg/day / 100 64 µg/day 

 

 

 
ATSDR. Toxicological profile for tin and tin compounds. Agency for Toxic Substances and Disease Registry, 

Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2005. 

 

CICAD. Tin and inorganic compounds. Concise International Chemical Assessment Document. World 

Health Organization, Geneva, 2005. Document 65. 

 

de Groot AP, Feron V, Til H. Short-term toxicity studies on some salts and oxides of tin in rats. Food Cos 

Toxicol 1973;11:19-30. 

 

EU SCOEL. Recommendation from the scientific committee on occupational exposure limits for tin and 

inorganic tin compounds. European Union Scientific Committee on Occupational Exposure Limits. 

2003;SCOEL/SUM/97. 

 
NTP. Technical report on the carcinogenesis bioassay of stannous chloride (CAS NO. 7772-99-8) in F344/N 

and B6C3F1/N mice (feed study). National Toxicology Program. U.S. Department of Health and Human 

Services. 1982; Technical Report Series No. 231. 

 

US DoL (OHSA). 29 CRF 1910.1000 Table Z-1. Limits for air contaminants. U.S. Department of Labor. 

2013. 
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PDE  

V  

    

PDE µg/day  120 12 1.2 

 

 

 

V -1 0 +2 +3 +4

+5 VO3
- VO2

+

10 60 µg/day

140 µg/day

2 µg/L

 

 

 

 

ATSDR, 2012

Group 2B; IARC, 2012  

 

PDE  

 

12

0.12 0.19 mg 6 12

ATSDR, 2012

NOAEL 0.12 mg/kg/day

PDE 1 F1 F5

PDE  

 

PDE 0.12 mg/kg/day 50 kg / (1 10 5 1 1) 0.12 mg/day 120 µg/day 

 

PDE  

 

PDE

1% 10% ATSDR, 2012 PDE

10 PDE 3.1

 

 

PDE 120 µg/day / 10 12 µg/day 

 

PDE  

 

2 PDE

0.5 

mg/m3 Ress et al., 2003
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PDE 100

PDE 3.1  

 

PDE 120 µg/day / 100 1.2 µg/day 

 

 

 
ATSDR. Toxicological profile for vanadium. Agency for Toxic Substances and Disease Registry, Public 

Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2012. 

 

IARC. Arsenic, metals, fibres, and dusts: a review of human carcinogens. Monographs on the Evaluation of 

Carcinogenic Risks to Humans. International Agency for Research on Cancer, World Health Organization, 

Lyon. 2012;100C. 

 

Ress NB, Chou BJ, Renne RA, Dill JA, Miller RA, Roycroft JH, et al. Carcinogenicity of inhaled vanadium 

pentoxide in F344/N rats and B6C3F1 mice. Toxicol Sci 2003;74(2):287-96. 
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4  

PDE  

 

1 10 g

 

 

9 1 8 A.4.1 

 2.5 g 10 g

A.2.2 1

9

A.2.2

A.4.2 

A.2.2

2.5 g A.4.2

 

 

PDE

PDE  

 

A.4.1  

 

 g  

 0.200 

MCC  1.100 

 0.450 

 0.350 

 0.265 

 0.035 

HPMC  
0.060 

 0.025 

 0.015 

 2.500 
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A.4.2 A.2.2 10 g

 

 

 
µg/g  

Pb As Cd Hg Pd V Ni 

 0.5 1.5 0.5 3 10 10 20 

MCC 0.5 1.5 0.5 3 10 10 20 

 0.5 1.5 0.5 3 10 10 20 

 0.5 1.5 0.5 3 10 10 20 

 0.5 1.5 0.5 3 10 10 20 

 0.5 1.5 0.5 

3 

10 

10 20 

HPMC 0.5 1.5 0.5 3 10 10 20 

 0.5 1.5 0.5 3 10 10 20 

 0.5 1.5 0.5 3 10 10 20 

µg  1.25 3.75 1.25 7.5 25 25 50 

PDE µg  5 15 5 30 100 100 200 

 

 

2a

 

 

1 9 1 8

A.4.1 2.5 g

2a 9

A.2.1 PDE 1  

 

A.4.3

2.5 g

A.4.3  

 

PDE

PDE  

 

1 2a 2a 4

10 g 2.5 g
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A.4.3  

 

 
µg/g  

Pb As Cd Hg Pd V Ni 

 2 6 2 12 40 40 80 

MCC 2 6 2 12 40 40 80 

 2 6 2 12 40 40 80 

 2 6 2 12 40 40 80 

 2 6 2 12 40 40 80 

 

2 6 2 12 40 40 80 

HPMC 2 6 2 12 40 40 80 

 2 6 2 12 40 40 80 

 2 6 2 12 40 40 80 

µg  5 15 5 30 100 100 200 

PDE µg  5 15 5 30 100 100 200 

 

 

2b

 

 

1 2a 9 1 8

A.4.1 2.5 g

2b

5.5

 

 

A.4.4 µg/g  

 

 
µg/g  

Pb As Cd Hg Pd V Ni 

 <LoQ 0.5 <LoQ <LoQ 20 <LoQ 50 

MCC 0.1 0.1 0.1 0.1 * <LoQ <LoQ 

 0.1 0.1 0.1 0.1 * <LoQ <LoQ 

 1 1 1 1 * 10 5 

 0.1 0.1 0.1 0.1 * <LoQ <LoQ 

 
0.5 0.5 0.5 0.5 * <LoQ  0.5 

HPMC 0.1 0.1 0.1 0.1 * <LoQ <LoQ 

 20 1 1 1 * 1 <LoQ 

 10 10 10 10 * 2000 50 

* Pd

 

 

A.4.4

 A.4.5

PDE

A.4.1
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(2) PDE

A.4.5 A.4.1  

 

A.4.5  

 

 
 µg/g  

Pb As Cd Hg Pd V Ni 

 <LoQ 5  <LoQ  <LoQ 500 <LoQ 750 

MCC 0.5 5 1 5 * <LoQ <LoQ 

 0.5 5 1 5 * <LoQ <LoQ 

 5 5 5 35 * 70 80 

 0.5 5 1 5 * <LoQ   <LoQ 

 
5 10 5 125 * <LoQ * 100 

HPMC 2.5 5 1 5 * <LoQ <LoQ 

 50 40 10 35 * 20 <LoQ 

 50 100 50 200 * 5000 1200 

* Pd

 

 

 

3  

1 2a 2b 9 1 8

2.5 g

 (1) PDE

PDE  

 

A.4.6   

 

  µg/g  

 g  Pb As Cd Hg Pd V Ni 

 2.5 2 6 2 12 40 40 80 

µg  5 15 5 30 100 100 200 
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4 9 1

8 2.5 g

 

 

5

1

 

 

A.4.7  

 

  

  

 

  

 Pd Ni As Ni  

MCC  As Cd Hg Pb   

  As Cd Hg Pb   

  As Cd Hg Pb V Ni  

  As Cd Hg Pb   

 

 
 As Cd Hg Pb Ni  

HPMC  As Cd Hg Pb   

  As Cd Hg Pb V  

  As Cd Hg Pb V Ni  

 

7

3

A.4.8
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A.4.8  

 

g  

 (µg/g) µg  

Pb As Cd Hg Pd V Ni Pb As Cd Hg Pd V Ni 

 0.2 <LoQ 0.5 <LoQ <LoQ 20 <LoQ 50 0 0.1 0 0 4 0 10 

MCC 1.1 0.1 0.1 0.1 0.1 * <LoQ <LoQ 0.11 0.11 0.11 0.11 0 0 0 

 0.45 0.1 0.1 0.1 0.1 * <LoQ <LoQ 0.045 0.045 0.045 0.045 0 0 0 

 0.35 1 1 1 1 * 10 5 0.35 0.35 0.35 0.35 0 3.5 1.75 

 0.265 0.1 0.1 0.1 0.1 * <LoQ <LoQ 0.0265 0.0265 0.0265 0.0265 0 0 0 

 

 
0.035 0.5 0.5 0.5 0.5 * <LoQ 0.5 0.0175 0.0175 0.0175 0.0175 0 0 0.0175 

HPMC 0.06 0.1 0.1 0.1 0.1 * <LoQ <LoQ 0.006 0.006 0.006 0.006 0 0 0 

 0.025 20 1 1 1 * 1 <LoQ 0.5 0.025 0.025 0.025 0 0.025 0 

 0.015 10 10 10 10 * 400 50 0.15 0.15 0.15 0.15 0 6 0.75 

 2.5g - 1.2 g 0.8 g 0.7 g 0.7 g 4 g 9.5 g 12.5 g 

* Pd  

 

A.4.8

 

 

A.4.9  

 

1

 

2

 

3

 

4
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5  

6  

7

PDE 30%  

8 5 7

 

 

 

 1 2 3 4 5 6 7 8 

 

 

   µg   

  

As  
 

  0.8  4.5 
 

Cd  
 

  0.7  1.5 
 

Hg  
 

  0.7  9 
 

Pb  
 

  1.2  1.5 
 

Pd     4.0  30 
 

Ni  
3

 
  12.5  60 

 

V  
3

 
  9.5  30 

 


