
 

 

 

 

 

Graduate Institute of Environmental Engineering 

College of Engineering 

National Taiwan University 

Master Thesis 

 

(PM2.5)  

Health Risk Assessment of  

Fine Particulate Matter (PM2.5) in Taiwan 

 

 

  

Pei-San Lee 

 

  

Advisor: Hwong-Wen Ma, Ph.D. 

 

  103 7  

July 2014 



 

 

 



 

 

 

 

 

 

 

R01 305

 

 

 

  

 

 



 

I 

 

 

(Health Risk Assessment)

 

(Fine Particulate Matter PM2.5)

PM2.5

(Group 1)  

PM2.5 2.5

PM2.5

PM2.5

 

PM2.5

PM2.5

PM2.5

PM2.5

 

PM2.5

PM2.5 PM2.5

PM2.5  

 

PM2.5



 

II 

 

Abstract 

Health risk assessment is a vastly applied subject in the field of environmental 

management. It can be described as a process to estimate the nature and probability of 

adverse health effects of the receptors. There are four main steps in health risk assessment: 

hazard identification, dose response assessment, exposure assessment and risk 

characterization,  

Fine particulate matter (PM2.5) is a widely studied air pollutant in environmental 

research. There are many studies that pointed out the association between PM2.5 exposure 

and several health endpoints, including a variety of respiratory diseases, cardiovascular 

diseases, and even to cause death. The WHO has classified it as Group 1 carcinogen. The 

United Steates is the first country to establish the regulatory standards for PM2.5. 

PM2.5 is an air pollutant which is in particulate form, its chemical speciation is quite 

complicated, consists of elemental carbon, organic carbon, sulfate, nitrate, ammonium, 

heavy metals, PAHs and else. Differs from simple chemical hazards, its complicated 

characteristic makes it harder to evaluate the risk of PM2.5. To date, there are several 

different risk assessment methods of this pollutant, and there is a need to put all these 

approaches in discussion in order to make a better understanding, to achieve the 

discrepancies among them, and finally to establish conclusions and recommendations as 

the feedback to regulatory considerations. 

In this study, all available risk assessment methods of PM2.5 were collected and 

discussed. The details of these approaches and the discrepancies among them were 

provided. Furthermore, a risk assessment study of the chemical species of PM2.5 was 

performed. Finally, several conclusions and recommendations were given in order to 

provide some insight for decision makers. 

 

Keywords: Fine Particulate Matter, PM2.5, Health Risk Assessment, Chemical 

Composition, Risk Management
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2.2.3  
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2.2.4  

(Primary)
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2- 2

 

(MSC, 2001) 
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2.2.5  

 

Community 

Multi-scale Air Quality Model( CMAQ)

2007

38.8% 35.1% 28.5% 38.4% 28.3% 52.5%

2 5 8 10 36.8%

38.5% 11.11% 42.5% 2011) 2-2
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2- 2 PM2.5  

PM2.5 

 

2007  

 

2007

( g/m
3
) 

(A) 

( g/m
3
)

(B) 

( g/m
3
)

(A)-(B) 

(%) 

(A)-(B)/(A)*100

 28.8 17.7 11.2 38.8 

 31.2 20.2 10.9 35.1 

 40.9 29.2 11.7 28.5 

 35.0 21.6 13.4 38.4 

 44.8 32.2 12.7 28.3 

 18.2 8.6 9.6 52.5 

 34.3 22.5 11.8 34.4 

2  56.8 35.9 20.9 36.8 

5  40.3 24.8 15.5 38.5 

8  18.0 16.7 1.1 11.11 

10  21.8 12.6 9.3 42.5 

(2011)  
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2.3  

2.3.1  

(World Health Organization, WHO)

(International Agency for Research on Cancer, IARC)

2013

10 IARC (outdoor air pollutant)

(particulate matter) (Group 1) (

)

(IARC 2013)  

(respirable 

particles) National Air Pollution Control 

Administration

10 m 

2~5 m 10 %

20~30 % 2 m 

National Air Pollution Control Administration, 1969 1998
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0.1~5 m

 



 

15 

 

1998  

1.  

  

2.

PAHs

 

3.

 

 

(1982)   

1.

  

2.

  

3.   

 

(1992) As Cd Cr Pb

(SO2)

1996  



 

16 

 

2.3.2  

1970 1980

1990

(Harvard Six Cities) (American Cancer Society, ACS)

(prospective cohort studies)

 

(Dockery et al., 1993; Pope et al., 1995; Krewski et al., 2000; 

Frampton et al. 2000; Harrison and Yin, 2000; Pope et al., 2002, WHO, 2006)

2- 3 PM2.5  
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(WHO, 2004) Pope and Dockery (2012)
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Schwartz, 1993 

 

 Burnett et al., 1997; 
Thurston et al., 1994, 
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Lin et al., 2002; 
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Ito, 2003; 
Moolgavkar, 2003; 
Burnett et al., 1999 

 Burnett et al., 1999; 
Ito, 2003 

 
Burnett et al., 1997; 
Moolgavkar, 2003; 
Moolgavkar, 2000 

 Burnett et al., 1999; 
Ito, 2003 

 Ito, 2003 
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  Norris et al., 1999 

BenMAP  
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2- 4

 

Dockery Harvard 6 Cities 

PM2.5

PM2.5

(Dockery et al., 1993)  

Peng

(Peng 

et al., 2008) Levy PM2.5 (
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(Levy et al., 2012)  
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2.3.4  

PM2.5 (Health Impacts) PM2.5

(Dockery et al., 1993 Laden et al., 2006 Peng et al., 2008; Levy et al., 

2012)  
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2.4  

1.  

1980

PM2.5

1987 (National Ambient Air Quality 

Standard, NAAQS) 1997 PM2.5 1998

(PM research center) Clean Air Fine Particle Implementation 

Rule PM2.5  

NAAQS PM2.5 (The American Cancer Society, 

ACS) (Harvard Six Cities study)

(Dockery et al, 1993; Pope et al, 1995; Krewski, 2000; Pope et al, 2002 )

24 98 39 g/m3

30-35 g/m3

30-35 g/m3 24

21.0 17.7 18.0 g/m3

24

14.5-15.0 g/m3 15.0 g/m3

12 g/m3  

 

2. WHO 

2006 Air Quality Guidelines Global Update 2005

Air quality guidelines (AQG) PM PM2.5

Harvard Six Cities ACS study

PM2.5 95%

PM10 PM2.5/PM10 0.5 WHO
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3.  

(Clean Air for Europe, CAFÉ) PM2.5

2010 25 g/m3 2015 (Average 

Exposure Indicator, AEI) 20μg/m 2010 2020 PM2.5

15%~20% 2020 PM2.5 20μg/m³ 18μg/m³

2020 PM2.5 59% 2000  

 

4.  

1996 PM2.5 2012 PM2.5

 

2- 6 PM2.5  

 24  
( g/m3) 

 
( g/m3) 

 35 12 
   

 75 35 
 50 25 
 37.5 15 
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 - 25 

 30 - 
 25 8 
 35 15 
 75 35 
 35 15 
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2.5  

(Health Risk Assessment)

 

“A human health risk assessment is the process to estimate the nature and 

probability of adverse health effects in humans who may be exposed to chemicals in 

contaminated environmental media, now or in the future.” (U.S. EPA’s websites) 

2- 3 2- 4  

 

2- 3  

( NRC, 1983) 
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(National Research Council of the National Academy of Sciences, NRC-NAS)

(Hazard Identification) (Dose-response Assessment)

(Exposure Assessment) (Risk Characterization) 2- 4 (NRC, 

1983)  
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2- 7  
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2.5.1  PM2.5  

1.  

(Risk Factor)

(observational)

2013  

ECHA, 2013  

1. (analytical epidemiology studies)  

2. (descriptive or correlation epidemiology studies) 

3. (case reports) 

4. ( ) (justified cases controlled studies in  

human volunteers) 

(biological effect markers)

(early signs of chronic effects) (disease occurrence) (mortality)

(meta-analysis)

. 

(Cohort studies) (Cross-

sectional) (Case-control) (Time-series Analysis)

(risk factor)



 

35 

 

Harvard 

Six Cities study (Dockery et al. 1993) ACS study (Pope et al. 1995; Pope et al. 2002)

 

-

(Concentration-Response Function, CRF) (no-effects threshold)

 

(bias) (confounding factors)

(statistical power)

 

2.  PM2.5  

2010

(Quantitative Health Risk Assessment for Particulate Matter, 2010)

(Air Quality 

Information) - (Concentration-Response Function)

(Baseline Health Effects Incidence Rate)  

1. PM2.5

(Policy Relevant Background, PRB)  

2. - PM2.5 (Health 

Endpoint) PM2.5  

3.

PM2.5

PM2.5  
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- (WHO 

Europe, 2006)

PM2.5  

PM2.5 PM2.5

PM2.5 -

PM2.5  

-  

- (Concentration-Response function, CRF) PM2.5

PM2.5

PM2.5

- (Exposure-Response Function, ERF)  

PM2.5 -

(linear model) (log-linear model) Poisson 

regression) (logistic model)(US EPA, 2010) -

 

1. (linear model) 

 

 

 

x PM2.5  

y PM2.5 x ( ) 

,  

0 1
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PM2.5 x y  

2. (log-linear model) 

 

 

  

 

 

B x=0  

 PM 2.5  

 

 

 

 

 

x0 PM2.5  

x1 PM2.5  

y0 PM2.5  

y1 PM2.5  

x PM2.5 (x0 - x1) 

y PM2.5  
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3. (logistic model) 

 

 

 

 

 

2- 8 PM2.5  

2- 8  PM2.5 -  

-    

   

 
 

  

  
 

 

 

 

PM2.5 (Relative Risk, RR)

x1 x0 y1 y0

x  

US EPA, 2010 PM2.5
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WHO PM2.5 (Environmental burden of disease, EBD)

(Relative Risk, RR) (Attributable Fraction, AF

(Impact Fraction, IF)) (expected number of deaths)

(WHO, 2004)  

(Relative Risk, RR) 

US EPA, 2010 WHO, 2004

2- 9  

2- 9  WHO  

    
(95% )   

   
0.15515 

(0.0562, 0.2541) 

>30

 

Pope et al. 

(2002); 

R Burnett 

    
0.23218 

(0.08563, 0.37873)

>30

 

Pope et al. 

(2002); 

R Burnett 

( WHO, 2004) 

x  PM2.5  ( g/m3) 

x0  PM2.5  ( g/m3) 

US EPA WHO PM2.5

2- 10  
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2- 10  US EPA WHO  

   

  US EPA,2010 

  WHO,2004 

 

(Attributable Fraction, AF) 

 

Pi  i  

RRi  i  

 

/ ( Pi 1 )

 

 

AF ( ) PM2.5  

 

(expected number of deaths) 

 

E  PM2.5  

B  ( ) 

   

P   
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3.  PM2.5  

Pope PM2.5 10 g/m3

4% 6% 8%

(Pope et al., 2002) PM2.5 10

g/m3 17%

(Jerrett et al., 2005)  

2- 11 PM2.5

2- 12 PM2.5

Dockery et al. (1993); Pope et al. (1995); Pope et al. (2002)

 

2 (2007-2009 ) PM2.5

25~30 g/m3 PM2.5

PM2.5 18 g/m3 28 g/m3

 8% PM2.5

2000

2008 PM2.5

PM2.5 25 g/m3 7% ( 2001)  

PM2.5 10 g/m3

(total non-accidental mortality) 2.4% case-

crossover 14 (1994-2007 ) 65

(Chan and Ng, 2011)
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2- 6 2- 12 PM2.5

(Dockery et al., 1993; Pope et al., 1995; Pope et al., 2002)  

 
2- 6  PM2.5  

Dockery et al. (1993) 
Pope et al. (1995) 
Pope et al. (2002) 
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2- 6 Dockery et al. (1993)

PM2.5

PM2.5 ( g/m3)  

2- 6 Pope et al. (1995) 151 552,138

PM2.5

PM2.5 ( g/m3)

 

2- 6 Pope et al. (2002) PM2.5

10 g/m3 4% 6%

8% PM2.5 ( g/m3)  

2- 6 PM2.5

PM2.5

PM2.5

PM2.5

PM2.5
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2.5.2  PM2.5  

1.  PM2.5  

PM2.5

PAHs PM2.5 Park 

et al., 2008 Wu et al., 2009 Hu et al., 2012 Betha et al., 2012  

(Cancer Risk) (Hazard Quotient)

 

(carcinogenic) (non-carcinogenic)

 

 

(1)  

(Hazard Identification)

 

2- 13



 

48 

 

2- 13  

   
 

International Chemical Safety Cards   
Screeening Information Datasets for 
High Production Volume Chemicals   

WHO Recommended Classification of 
Pesticides by Hazard   

UN Recommendations for the Transport 
of Dangerous Goods    

IARC monographs   
Hazardous Substances Data Bank   
European Chemical Substances 
Information System   

EU Classification and Labelling System   
International Chemical Control Toolkit   

WHO, 2010  

(2)  

(Dose Response Assessment)

 

 

 

(tumor)

(Linearized multistage model)

(Slope Factor, SF) (Unit Risk, UR)
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SF  (Slope Factor) ( g/ kg-day)-1 

UR  (Unit Risk) ( g/m3)-1 

BW  (kg) 

IR  (m3/day) 

 

 

(threshold dose) (Reference Dose) (Reference 

Concentration)  

: 

 

RfD  (mg/kg-day) 

RfC  (mg/m3) 

IR  (m3/day) 

BW  (kg) 

(Integrated Risk 

Information System, IRIS) (The Risk Assessment 

Information System, RAIS) 2- 14  

 

 

 



 

50 

 

2- 14  

 

 

(Integrated Risk Information System, IRIS)  

 

(The Risk Assessment Information System, RAIS) 

 

(WHO Concise International Chemical Assessment Documents WHO 
CICAD WHO Environmental Health Criteria, WHO EHC)  

 

(Provisional Peer Reviewed Toxicity Values, PPRTVs) 

 

(Agency for Toxic Substance and Disease Registry, ATSDR) 

(Minimal Risk Level, MRL)  

 

(Health Effect Assessment Summary Table , HEAST)  

 

(California Environmental Protection Agency, CalEPA) 

 

(3)  

(Exposure Assessment)

 

(inhalation) (ingestion) (dermal 

contact)
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(intake) (uptake)

( )

(inhalation) (eating) (drinking)

(dermal contact)

(potential dose) (internal dose)

 

 

 

(4)  

(Risk Characterization)
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2.  PM2.5  

PM2.5

As, Cd  Cr  Pb  Ni

PM2.5

 

2- 15 PM2.5 Greene and Morris, 

2006; Park et al., 2008; Díaz and Dominguez, 2009

PM2.5 Taner et al., 2013  

As Cd Cr Co Ni

>10-6 >1
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2.5.3   

(Toxicological Risk) PM2.5

 

 

 

Hertz-Picciotto

(Hertz-Picciotto, 1995)

(Sielken and Stevenson, 1997)

(bias)

(confounding factors) (statistical power)  

(European Centre for Ecotoxicology and 

Toxicology of Chemicals, ECETOC) (wood dust)

(ECETOC, 2009) WHO PM10

(WHO, 2010)  
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Nachman et al. / (paradigm)

Di-butyl phthalate methylmercury

(Nachman et al., 2011)  

Adami et al (Biological Plausibility)

(Adami et al., 2011)

(James et al., 2014)  

(TSP, SO2, NO2, CO)

(mortality) (morbidity)

(Liu, 2013)  

(Dockery et al., 1993)

PM2.5 PM2.5

PM2.5

PM2.5  

PM2.5

PM2.5  

(Weight of Evidence)

(Hertz-Picciotto, 1995 Adami et al., 

2011)  
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2-7

 

 
(Adami et al., 2011) 

2-7 
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2.5.4 PM2.5  

PM2.5 PM2.5

PM2.5

 

 

 

(Unit Risk) (Greene and 

Morris, 2006) PM2.5

PM2.5

( g/m3)  

Greene and Morris 1999-2004 PM2.5

PM2.5 0.008 risk/ gm-3 Pope et 

al.(2002) 10 g/m3 PM2.5 8%  

 

  

   

 

Ri  

ADDpot (Average Daily Dose) 
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C PM2.5 ( g/m3) 

IR (m3/ ) 

ED ( ) 

BW (kg) 

AT ( ) 

SF (Slope Factor of Inhalation)  

 

POP risk  

POP exposed  

 

 

Oliveira PM2.5

PM2.5

(Oliveira et al., 2012)  

Oliveira PM2.5

(Risk 

Quotient) 2.07 2- 17 (Diesel 

Particulate Matter, DPM) (5 g/m3)

PM2.5  

Díaz and Rosa Dominguez (2009)

PM2.5 2- 17 Oliveira

(Minimum Risk Level, MRL)
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MRL 6.50x10-2 mg/m3 NAAQS PM2.5

=65 g/m3  

PM2.5 (Potential Dose)

PM2.5 PM2.5 (Risk 

Quotient, RQ)  

 

 

I ( g/kg-day) 

C PM 2.5  ( g/m3) 

IR  (m3/ ) 

ED  ( ) 

EF  ( / )  

ET  ( / ) 

a  

r  

AT  ( ) 

BW (kg) 

 

 

RQ :  

I  : ( g/kg-day) 

RfD : ( g/kg-day) 
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2. 6  

PM2.5  

1. PM2.5  

2.

 

3.

 

4.  

5.

( SOX O3)

 

PM2.5

PM2.5
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3.1 PM2.5  

PM2.5 2.2.2

2.3.3 PM2.5

PM2.5  

PM2.5

 

3-1 PM2.5

PM2.5

 

3-1  PM2.5  

 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00

(
g/

m
3 )

PM2.5 ( g/m3)

TC EC OC NH4+ NO3- SO42-
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3-2 PM2.5 11

11 Al As Ba Cd Co Cr Mn Ni Pb Se

V 3-2 11 3-1

 

3-2  PM2.5  

0

0.5

1

1.5

2

2.5

0 20 40 60 80 100 120 140 160

(
g/

m
3)

PM2.5 ( g/m3)

Al

As

Ba

Cd

Co

Cr

Mn

Ni

Pb

Se

V
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3.2  PM2.5

3.1 PM2.5

PM2.5  

1. PM2.5

 

2.

 

3.

PM2.5

 

 

(1)  

2- 13

PM2.5  

2.2.2 PM2.5

PAHs
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(2)  

PM2.5 PM2.5

27 11 Al

As Ba Cd Co Cr Mn Ni Pb Se V 11

3- 1  

3- 1  PM2.5  

  

 

  

-  

(m3/μg) 

 

-  

(mg/m3) 

Al  - 5.00E-03 PPRTV 

As  4.30E-03 1.50E-05 IRIS,CalEPA 

Ba  - 5.00E-04 HEAST 

Cd  1.80E-03 1.00E-05 IRIS,ATSDR 

Co  9.00E-03 6.00E-06 PPRTV 

Cr  8.40E-02 1.00E-04 IRIS 

Mn  - 5.00E-05 IRIS 

Ni  2.40E-04 1.40E-05 IRIS,CalEPA 

Pb  1.20E-05 - CalEPA 

Se  -- 2.00E-02 CalEPA 

V  - 1.00E-04 ATSDR 

 (Unit Risk) 

(Reference Concentration) 

( ) 

 

Dockery PM2.5
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(3)  

11 PM2.5

 

 

 

Ci ( g/m3) 

ED  ( ) 

EF  ( / )  

ET  ( / ) 

AT  ( ) 

30 65

3- 2  

3- 2  

 ED 

( ) 

 

EF 

( / ) 

 

ET 

( / ) 

 

AT 

( ) 

  

30  

65  
35 365 24 613200 613200 
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(4)  

 

 

10-6 10-4 10-6

 

 

 

CR (Cancer Risk) ( ) 

EC (Exposure Concentration) ( g/m3) 

UR (Unit Risk) ( g/m3)-1 

 

Hazard Quotient HQ

 

 

 

HQ (Hazard Quotient)( ) 

EC (Exposure Concentration) ( g/m3) 

RfC ( g/m3) 

 

 

HQ>1  

HQ<1  
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4.1 PM2.5  

PM2.5

 

1. PM2.5  

2. PM2.5  

PM2.5

 

PM2.5

PM2.5

 

PM2.5

PM2.5

(US EPA, 1983)

 

 

PM2.5

PM2.5
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PM2.5

PM2.5  

PM2.5

WHO PM2.5

(US EPA, 2010; WHO 2006) 2.4

 

PM2.5

4- 1

4- 2  

4- 1  PM2.5  

     

 

  

 

 

 

 

 

 

 
 

 

( ) 

 

 

 

 

  
 

 

( ) 
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4.2  PM2.5  

4.2.1  PM2.5  

2- 6 PM2.5 PM2.5

2.5.1 PM2.5

PM2.5

 

PM2.5

PM2.5  

 

4.2.2 PM2.5  

68 PM2.5

3- 2 PM2.5

 

 

(1)  

68 PM2.5

 

68 65

10-6 37 1 4.50E-03 10-6

4,500 7.45E+00 1 7.45  
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4-1 PM2.5

PM2.5 ( g/m3)

 

 

4-1  

4-1 PM2.5 =12.92 g/m3 144.1 g/m3

=4.50E-03 =4.44E-08 =1.82E-04

=7.45E+00 =7.41E-02 =1.97E+00  

PM2.5 =65.21 g/m3

(4.50E-3) Cr PM2.5

=131.4 g/m3 (7.45E+00)

Ni  

PM2.5

2- 6  

 

7.14E-02

1.07E+00

2.07E+00

3.07E+00

4.07E+00

5.07E+00

6.07E+00

7.07E+00

8.07E+00

4.44E-08

5.00E-04

1.00E-03

1.50E-03

2.00E-03

2.50E-03

3.00E-03

3.50E-03

4.00E-03

4.50E-03

5.00E-03

0 20 40 60 80 100 120 140 160
PM2.5 ( g/m3)
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(2)  

PM2.5

 

 

4-2 PM2.5

PM2.5 ( g/m3)

( g/m3)

 

 

4-2 PM2.5  

4-2 Pb PM2.5

=65.21 g/m3 (4.50E-3) Cr

0.00E+00
5.00E-04
1.00E-03
1.50E-03
2.00E-03
2.50E-03
3.00E-03
3.50E-03
4.00E-03
4.50E-03
5.00E-03
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0.5
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0.8

0.9

0 50 100 150

(
g/

m
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PM2.5 ( g/m3)

PM2.5

As

Cd

Co

Cr

Ni

Pb
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4-3 PM2.5

PM2.5 ( g/m3)

( g/m3)

 

 

4-3 PM2.5  

4-3 Al PM2.5

=131.4 g/m3 (7.45E+00) Ni

0.00E+00

1.00E+00

2.00E+00

3.00E+00

4.00E+00

5.00E+00

6.00E+00

7.00E+00
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PM2.5 ( g/m3)
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V
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(3)  

4-2 Pb

PM2.5 =65.21 g/m3 Cr

(4.50E-3) 4-3 Al

PM2.5

=131.4 g/m3 Ni (7.45E+00)  

 

 

 

11 6 4-4

6 m3/μg

4-4 Cr > Co > As > Cd > Ni > Pb

 

4-4  

1.20E-05

2.40E-04

1.80E-03

4.30E-03

9.00E-03

8.40E-02

Pb

Ni

Cd

As

Co

Cr

(m3/μg)
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68 (μg/m3) 6

4-5 4-5

Pb Ni Cr Co Cd As  

 

4-5  

 

68

6 4-6 4-

6 Pb Ni Cr Co Cd As  

 

4-6  

As
2.87%

Cd
1.77% Co

10.66%

Cr
16.67%

Ni
19.78%

Pb
48.26%

As
5.77% Cd

1.44%

Co
38.13%Cr

52.31%

Ni
2.10%

Pb
0.26%
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4-5 4-6 Pb (48.26%)

Pb 0.26%  

Cr (52.31%) 16.67% Co

10.66% 38.13%  

Cr Co  

 

 

 

11 10

4-7 10

mg/m3 4-7 Co > Cd > Ni > As > Mn 

> Cr> V > Ba > Al > Se  

 

4-7  

 

 

 

1.67E+05

1.00E+05

7.14E+04

6.67E+04

2.00E+04

1.00E+04

1.00E+04

2.00E+03

2.00E+02

5.00E+01

Co

Cd

Ni

As

Mn

Cr

V

Ba

Al

Se

1/
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68 (μg/m3) 10

4-8

Al > Se > Ni > V > Cr> Mn > Co > Ba > As > Cd  

 
4-8  

 

68

10 4-9

4-9 Co Ni Mn

As Cd V Al Cr Ba Se  

 
4-9  

Al
65.47%

As
0.82%

Ba
2.35%

Cd
0.50%

Co
3.02%

Cr
4.73%

Mn
4.20%

Ni
5.61%

Se
8.34%

V
4.95%

-

Al
1.24%

As
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