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Ąǭ 
    ŖÏā¨Ģ�ɄȩȫË�ĤĻųƩɲș*ųȉĢÃ-ɧțñv¾ɲǉŧōť

ŖÏ�Ţ�sÕaŸÛɂɔơƊǫɐŖØɲ�įōĦɁȔɋ¶ɠěaŸŖÏā¨

(River dust)Ÿȅɲ>�ȡÊŋǚ¸ƧĤŦ�ƊFÚv¾�ĨƔƢƎƊŮþǷŧō

ťɄȖ�Å¸Ƨā¨�ȩȫËğɐȪǻ4{Ā4ɓǙƈɠɌǚǙƈɠɌ�ĨƔƢ

ýĺĘĦŮ 103× 6ģ 9Ęǘ 6ģ 12Ę�103× 9ģ 29Ęǘ 10ģ 2Ę{ 103

× 11ģ 24Ęǘ 11ģ 27Ęɲýĺ�ɫŮɏĭƾ(Îȧ�Îǎȧ1{�¡ȧƊ�

ÅɲĈɍč½�:¿½V¬¨�{æƯ�ȩȫË�¨��ȩȫË1�¨�ýɍ 5

ƟȩȫËŨÙ(Pb, Ni, Cr, As, Cd)ɲň�č½�:¿bdĖ�Ɵ��8ǃýɍƏ�

ɔơ¨�ɲ1ūƱjâȩȪ4ƪ½V¨�ȩȪɲǉæƯ�ȩȫË½Vežɒɕý

ĺ�ɲ½¬i>žɨŝȪýĺ�ýɍ�1ćUŷ��Uŷ�ğɐɚŷƩĀ4ğɐ

lȪɲğɐĦɁbŮğɐ[×(�ÅÇ¸ĦɁ){ğɐtY×XƟë©ɲ�ežǢ

�uǅĹĆŘ�ɑČÙbĬƘ¼�ŖÏā¨�ÃĖ·Ƨáɖġ°� �́ƹĮɟƜ

)ƟȫËňĘğɐlȪ�ćUȘã°Ė�UȘãɲv¾ûĐǻ4�ȁĜğɐ[×

òtY×ƋÅĖ 1ɲǙƈɠɌnƿƋǟ� 10-6~10-4ɁɲŮ�ÿ~ǙƈɠɌ�ɑČ

ÙbĬƹĮɟƜɲÃĖğɐ[×ɲğɐɚŷ(EF)ÃĖ HIġŮƏɃ(r=0.5)ɲ]ĿŮ

ɧȩ�´ɳǉ¨��ȰȫË(Cr)ÃĖ CRġŮƏɃ(r=0.5)�ÃĖğɐ 18×ɲſê

ÃĖɧȩ(BW)ÃĖ HI ġŮƏɃ(r=0.5)ɲ±êiŮğɐɚŷ(EF)ɳǉ¨��Ȱȫ

Ë(Cr)ÃĖ CRġŮƏɃ(r=0.5)� 

   �Łɲ(Î�Îǎ{�¡�s�·Ƨ��Å[×ĦɁɲŻǘğɐĖŖÏā¨

� 18×�Ƌ��ÿ~ɠɌƬ�Vɲ�ĢÃFÚțñ�ǜċï� 

 

Ƀȶµ: River dust, Heavy metal, Health risk assessment, Monte Carlo Simulation 
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ƨ�Ʀ� jǴ 

1.1ƔƢoĻ 

    ŧōťŖÏ�Ţ�sÕaŸÛɂɔơƊǫɐŖØɲ�įōĦɁȔɋ¶ɠěa

ŸŖÏā¨(River dust)Ÿȅɲ>�ȡÊŋǚ¸ƧĤŦ�ƊFÚv¾�ğɐ�ðŞ

æƯ�ĢáɖƣŌ�ȉɲ>ǐǯÙɅ9�¬ɲ"ĢțñǺ­ƄƅɲƯãÅĖ 10µm 

(PM10)�ðŞæƯ�ȚȞɬ��ǉȝUǏǒɲǉƯãÅĖ 2.5µm (PM2.5)�ðŞæ

ƯĢŒơĖǍŚ�Kuo et al. (2010)ƔƢûaā¨�ɨŨÙðŞæƯ(PM10{ PM2.5)

�Ģ�ɄǺ­ȩȫË�ĤĻų�ȨêæƯɲș*ųȉĢÃ-ɧțñv¾ɲěìė

ǆŮÅ·ɲɀĦğɐĖðŞæƯ��KÃ��ưƻțñv¾ɲ"ĢªnèǦƫƄ

ƅƊɠɌ��ŖÏā¨'2ɚǀƊƉżÃ�ŬƣŌ�ȉțñáɖɲÞȊ%źAǄ

(źAǄɲ2009)�Ǻ­ƔƢ-�ƊɃŜ(ȥƩɲ2010ɳ ĭƩɲ2007)� 

 

1.2ƔƢƎƊ 

    ĨƔƢƎƊŮþǷŧōťɄȖ�Å¸Ƨā¨�ȩȫËğɐȪǻ4{Ā4ɓ

ǙƈɠɌǚǙƈɠɌ� 
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ƨ(Ʀ�đŶ�ɞ 

2.1ā¨/ƶ 

    ā¨ûŖÏ�Ţ�sÕĤɔơÛɂɮɐƊŖØɲ�įōĦÕĢaŸ#įƊś

ŕɲn�Īɯ¶ɠƊ�ø�ǉțñ�ŧōť�Ţ�ȉ1ɗÍǚīÍŮ�ǭƸñɲ

ɗÍĜŒơÍ�ɛƯġƵƊ�Ɵɲǉ�ȉɩĎɲÀěǩühɲĜŧōťÖ Ŕh

şÙ{śƓŽȪ°Ė]0ŝ£Ɗ�ǭx��ƁĪr¶ɠ?ǗĝɲǂÆ°Ưãƛƒ

ǮǤƊǫɐŖØɲ]ƵÅɛƯěǩßɠ�Ǭɲțñ°Ō�ƊðŞæƯ(PM10 {

PM2.5)ŨÙȞɨ�Kuo et al. (2014)ûaƁĘšƥšä� PM10ŨÙ>125 µg/m3ɲi

¼ǇǽĘŮŖÏā¨'2Ę� 

    ŖÏā¨Ģ�ɄȩȫË�ĤĻų�ȨêæƯɲǉŖØ¨��ɨȪ��ŇOƳ

³Ƚ�Ȳ�Ȯ�ȸ�ȵƩɲ{]0ĢÃ-ɧțñv¾�OƳ³Ȼ�Ȱ�Ɩ�ȹƩɲ

iƠŉêȫË� 

 

2.2v¾Ⱦ¼ 

    ȐɧƸǁƴơȞȪĤŉȫË�ÄǙèǦƫƄƅɲ�áɖƝƼưƻɲÃ-ɝ^

Ĥ¥�ƤȄ�Ǚƈ=ž�ā¨�ȩȫËÃ-ɧv¾³Ǩ�ôƜɲƖ(As)�sbŮ

ĤĻƖ{ŰĻƖ�LƖ�)LƖɲ1ŰĻƖŉêßɲ�ŉêĜ�LƖ>)LƖɲ 

Duker et al. (2005); Lin et al. (2008)ûağɐĖƖƊ-ɧv¾púèǖƄƅ�ɨǦ

«�Ǎƈ�Ǒƈ�ƌǕƈ�jcǔƈ�SƃĻg�țñ·ƧĞmɊƙ�ůǓƅƩ

Ʃ�ƼŪȤÐĶÉ(2006)ûaɀĝɁğɐ��Ȱ(Cr)Ɗź©��ǐĢǾƉƈƆ(³

Ǎƈ)�ȹ(Cd)�-ɧ�ǭơǣĖǑ{ǋ�ɲĜțñèǦƫƄƅƊvɌ�´ɲɪ

(2008)ûaȞȪƊȹǐȝUɥȉǚȤbȮ,Ăɲ>ɥɦȑqȄ¢ɲÄǙɥöòń

+ɲòÞȊƇƇƅ�Dirk(2012)ûaȻ(Ni)ĢÃ-ɧțñÿǳêƌǕŭòĜǍƈƩ

ƅȄ��¿ź©ŉų�è(2019)ƔƢaȯ(Pb)Ɗŉê�ǭĜáɖñ-{·ƧƊƝ

Ƽưƻɲ�·ƧŊñ-ĠÀěȯ�ŉɲ�Ů0CƊƝƼưƻȢ�Ɖǌ� 
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Ǩ��ȩȫËÃ-ɧ�ǐ�v¾ 

ȫË Ã-ɧ�v¾ zǈđŶ 

Ű Ļ Ɩ

(Inorganic As) 

èǖƄƅ�ɨǦ«�Ǎƈ�Ǒƈ�ƌ

Ǖƈ�jcǔƈ�SƃĻg�țñ·

ƧĞmɊƙ�ůǓƅ 

 Duker et al. (2005); Lin et al. (2008) 

Ȱ(Cr) Ǎƈ�~ǒƈ�ɬ�ƈ ƼŪȤÐĶÉ(2006) 

ȹ(Cd) ƇƇƅ�ɨǦ«�èǊĵ§ ƼŪȤÐĶÉ(2006) 

Ȼ(Ni) ȞČêƌǕŭ�Ǎƈ�ɬ�ƈ ƼŪȤÐĶÉ(2006)�Dirk(2012) 

ȯ(Pb) ɨǦ«Ɔ, Ǒǖ{żŅ�»ăJ ƼŪȤÐĶÉ(2006)��¿ź©ŉų�

è(2019) 

 

2.3lȪ|ïǻ4 

    IARC(International Agency for Research on Cancer){ USEPA(United States 

Environmental Protection Agency)Ƌ¼Ǉ%�Ɵq�ųǙƈêbɝɲbñ)°ɝɲ

³Ǩ(ôƜ�IARCÂq�ųǙƈêbŮ Group 1�2A�2B�3�4ƲɲGroup 1Ů

Ƙ¼ŮǙƈ�´ɲĤPȌŝǧƅ¸ȂąɟƜŮ-ɧǙƈųɲ³Ɩ(As)�Ȱ(Cr)�

ȹ(Cd)�Ȼ(Ni)ɲGroup 2AŮķĤ�ǐŮǙƈ�´ɲŝǧƅ¸ȂąĤɆò�Ȍɲ

6oųÁɣȂąPbɲ³ȯ(Pb)�USEPAÂq�ųǙƈêbŮ Group A�B(B1�

B2)�C�D�EɲGroup AĤȌ¯ȂąɟƜq�ųĤǙƈêɲ]0ǨȫËŮƖ(As)�

Ȱ(Cr)�Ȼ(Ni)ɲGroup B1�-ɝƊŝƅȇĒĤɆɲŮ-ɧ�ǐǙƈųɲ]0Ǩ

ȫËĤȹ(Cd)ɲGroup B2ǂ -ɧŝƅȇĒ,6oųŉêȇĒȌ¯ɟƜĤǙƈêɲ

0ǨȫËĤȯ(Pb)� 

    ɓǙƈɠɌǻ4Õž RfD(Reference Oral Dose (mg/kg-day))Ɓ=zǈɠɌD�

ǉǙƈɠɌǻ4iž SF(Slope factor (kg-day/mg))=Ůǻ4Aą�Ǩ�Ů)Ɵȫ

Ë(ŰĻƖ�Ȱ�ȹ�Ȼ�ȯ)�ćU{�UzǈlȪ(RfD){ēŷ�´(SF)� 
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Ǩ(�Ǚƈêbɝ (IARC, 2019; USEPA; 2019) 

ŃɝƲd(IARC) ŃɝǿĚ ȫËƟɝ 

1Ʋ: Ƙ¼ŮǙƈ�´ ŝǧƅ¸ȂąPb Ɩ (As)�)LȰ

(Cr)�ȹ (Cd)�Ȼ

(Ni) 

2AƲ: ķĤ�ǐŮǙƈ�´ ŝǧƅ¸ȂąĤɆò�Ȍɲ6oųÁɣȂ

ąPb 

ȯ(Pb) 

2BƲ: �ǐŮǙƈ�´ ŝǧƅ¸ȂąĤɆɲ�oųÁɣȂąĤɆ

ò�Ȍ 

- 

3Ʋ: ŰŘŃɝŮǙƈ�´ ŝǧƅ¸Ȃą�Ȍɲ�oųÁɣȂą-�

ȌòŰŘŃU]0ɝd 

- 

4Ʋ: ķĤ�ǐŮɓǙƈ�´ -ɝ{oų ľǂǙƈêòŝǧƅ¸Ȃą

�Ȍɲ�oųǙƈêľǂ 

- 

bɝ(USEPA) ŃɝǿĚ ȫËƟɝ 

Group A: -ɧǙƈų ĤȌ¯ȂąɟƜq�ųĤǙƈê Ɩ (As)�)LȰ

(Cr)�Ȼ(Ni)  

Group B1: -ɧ�ǐǙƈų -ɝƊŝƅȇĒĤɆ ȹ(Cd) 

Group B2: -ɧ�ǐǙƈų ǂ -ɧŝƅȇĒɲoųŉêȇĒȌ¯ɟ

ƜĤǙƈê 

ȯ(Pb) 

Group C: -ɧƂ5Ǚƈų ǂ -ɧŝƅȇĒɲoųŉêȇĒĤɆ  

Group D: ŰŘbɝĜ�Ǚƈ ŰȌ¯-ɧ{oųŉêȇĒ  

Group E: ɓ-ɧǙƈų ǘÆĤXƟºďoųŉêǼɣòÃXƟo

ųEǼɣ ĜɈêƹĮɲ��ŝƅ�ĜŰ

ɟǠƄƅƍǧŷ 
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Ǩ��-ɧ�ÿ~zǈlȪ 

 

2.4ğɐǻ4ǚɠɌŴêq 

  Ǩ�Ů[ƭȪš��?ţ�ȩȫË�ŨÙǶƪ]ɠɌƊđŶɲLi et al. (2014)

Ĉɍ 2005-2012×��ƚs¨��ȩȫËŨÙȇĒɲ�Ƕƪ�ƟȩȫËƊǙƈ{

ɓǙƈɠɌ�ƎƊŮǻ4ƚs¨��ô�ȩȫËÃ-ɧƊFÚɠɌ{ȬÃǽsŵ

ŗƺ%ź©ƫŹÜȃ�Yang et al. (2018) Ĉɍ�� 402BÐĶ�s{ 1041Bȕ

Ķ�s¨��ȩȫËŨÙɲǶƪ)Ɵ�ǭŎı�ȩȫËȯ�ȹ�ŏ�Ȱ�ƖÃñ

-{·ƧƊáɖ�Sharafi et al. (2019) ƔƢ3ĥƮɡ��ƟȩȫË(ȯ�ȹ�Ɩ)�

ȪɲǶƪǙƈ{ɓǙƈƊɠɌ�Xu et al. (2020) >žȗȏƔƢȀĲ���s PM1�

PM2.5�PM10�ô�Ʉ�ȩȫË{]ŨÙɲǶƪ�Ɵ��ğɐȘã(ćU��U�

ƌǕÿǳ)ƊɠɌ�Rehman et al. (2020) ƔƢǶkåù�ŲƊ�Ɵ��ɝ¢(:¹�

Ȏȣ�ÐĶs)¨�ĺĨ�Ƙ¼ 13 ƟĤŉȫËƊŐıŴç{]ƏɃTƧƊFÚ

ȫË RfDing RfDinh SF zǈđŶ 

Ɩ(As) 3.00×10-4 3.00×10-4 1.50 Li et al. (2014)ɳYang et al. 

(2018)ɳSharafi et al. (2019)ɳ

Rehman et al. (2020) 

Ȱ(Cr) 3.00×10-3 2.86×10-5 4.20 Li et al. (2014)ɳYang et al. 

(2018)ɳSharafi et al. (2019)ɳ

Rehman et al. (2020) 

ȹ(Cd) 1.00×10-3 1.00×10-3 6.30 Li et al. (2014)ɳYang et al. 

(2018)ɳSharafi et al. (2019)ɳ

Rehman et al. (2020) 

Ȼ(Ni) 2.00×10-2 2.06×10-2 8.40×10-1 Li et al. (2014)ɳYang et al. 

(2018)ɳSharafi et al. (2019)ɳ

Rehman et al. (2020) 

ȯ(Pb) 3.50×10-3 3.52×10-3 8.50×10-3 Li et al. (2014)ɳYang et al. 

(2018)ɳSharafi et al. (2019)ɳ

Rehman et al. (2020) 
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ɠɌǻ4ɲƉŸĺĨ�ƊȰɲȹɲȱɲȻɲȳ�ȯƊÖ ŨÙȠɨĖNǺƊɆD�

Cui et al. (2020) ��ÌÒÒ�èĈɍ% 162 B�Ǩ¨�ĺ�ɲšȪ%YƟȩȫ

Ë(Ɩ�ȹ�ŏ�ȯ�Ȱ�ȱ�ȳ�Ȼ)ƊŨÙɲ%ǲ�ÌÒ�Ǩ¨��ȩȫËŐ

ı{FÚɠɌ�TƧ�ñ-ƊɓǙƈɠɌ(HI)ŮƖ>ȯ>Ȱ>ȹ>ȳ>Ȼ>ȱ>ŏɲ�

TƧƊɓǙƈɠɌ(HI)ɨĖñ-� 
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Ǩ����đŶ�ğɐǻ4ǚɠɌȪq 

đŶ þǷȩȫË ğɐȪǻ4 Ǚƈ{ɓǙƈǻ4 

Li et al. 

(2014) 

ȯ�ȹ�

ŏ�Ɩ�

ȱ�ȳ�Ȼ 

"#$I =
's×)*+×,-×,.

/0×12
  

"#$D =
's×)1×1-×1/)×,-×,.

/0×12
  

4567 = "#$ × 89 

:; =
1.*

+<.
  

:$ = ∑:; 

Yang et 

al. (2018) 

ȯ�ȹ�

ŏ�Ȱ�Ɩ 

"#$ing =
's×*+s×,-×,.

/0×12
  

"#$dermal =
's×)1×1-×1/)×,-×,.

/0×12
  

GH4 = "#$ × 89 

:; =
1.*

+<.
  

:$ = ∑:; 

Sharafi et 

al. (2019) 

ȯ�ȹ�Ɩ I#$ =
,-×,.×*+×J'

/0×12
  $GH4 = I#$ × H89 

K:;HL	NO	"6 =
,.*

+<.HL	NO	"6

  

K:;PQ =
,.*

2.*PQ
  

KK:; = K:;HL + K:;"6	 +

K:;PQ  

Xu et al. 

(2020) 

ȯ�ȹ�

ŏ�Ȱ�

Ɩ�ȵ�Ȼ 

H#$ =
'×*+×,-×,.×'-

/0×12
  

IH =
'×,2×,-×,.

12S
   

#"# =
'×)1×1/)×,-×,.×'-

/0×12
  

H4 = H#$ × 89N = $T4 ×

IH = #"# × U
)-V

W*1/)
X  

:; =
'.*

+<.V
= ,'

+<'Y×Z[[[
= .1.

+<.V×W*1/)
 

Rehman 

et al. 

(2020) 

ȯ�ȹ�

Ȱ�Ɩ�

Ȼ�ȱ�

ȷ�ȭ�ȳ 

\#$Ing =
'×+Ing×,-×,.×'-

/0×12
  

\#$Inh =
'×+Inh×,-×,.

^,-×/0×12
  

\#$Der =
'×)1×'-×1-×1/-×,-×,.

/0×12
  

H4$ = \#$ × 89 

:; =
J.*

+<.
  

:$ = ∑:; 

Cui et al. 

 (2020) 

ȯ�ȹ�

ŏ�Ȱ�

Ɩ�Ȼ�

ȱ�ȳ 

"##ing =
'×*S_+×,-×,.×'-

/0×12
  

"##inh =
'×*S`+×,-×,.

/0×12×^,-
  

"##derm =
'×,-×,.×)a×)1×1/)×'-

/0×12
  

R = LADD × H89 

:; =
1..

+<.
  

:$ = ∑HQ 

G"##inh =
'×,-

12×^,-
× U

*S`+child×,.child

/0child

+
*S`+adult×,.adult

/0adult

X  
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ƨ�Ʀ�ĩĒǚĕŘ 

3.1ƔƢ�ɫ�Ãȅ{ĝɁ 

    ĨƔƢ�sŮɏĭƾ~ŧōťŖÏā¨áɖƊȧȺɲbdĜ���(Îȧ

(n=12)�Îǎȧ(n=18){�¡ȧ(n=6)ɲƔƢÃȅŮ�Å��)�[×Ʋ�·Ƨɲ

ýĺĝɁb�ĿɲbdŮ 103× 6ģ 9Ęǘ 6ģ 12Ę�103× 9ģ 29Ęǘ 10

ģ 2Ę{ 103× 11ģ 24Ęǘ 11ģ 27Ę� 

 
��� ƔƢ�ɫ 

 

3.2 ýĺĕŘ 

3.2.1 ¨��ȩȫË 

    ¨��ȩȫËƊýĺ�ɫŮ¸ĳč½½V{·Ƨ:¿½Vɲôšä�ȫË\

Ĥ 15Ɵɲpú Fe, Al, Ca, Mn, Ti, Pb, Cu, Ni, Cd, As, Co, V, Zn�ýĺŝƞ³�(

ôƜ�Ƌž�¨�ýɍ¨�ɲň�č½ò:¿bdĖ�B��8ǃýɍƏ�ɔơ

�¨�ɲ1ūƱjâȩȪ?4ƪ½V¨�ȆǞȪ� 
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3.2.2 PM10�ȩȫË 

    PM10 �ȩȫËýĺ�ɫŮ¸ĳč½½V¬1{·Ƨ:¿½V¬ɲýĺŝƞ

³�(ôƜɲýĺjQEĳŀǥŹɲ`ȝǧýĺ�½VðŞæƯĜ1ɒɕýĺ�

(Airpump SPP 25GA, Techno Takssuki)ýĺɲÂM�ĉǃĖč½V�Ȝÿ PM10�

PEM ýĺəýɍ PM10�½¬i1ɨŝȪýĺ�(Tish, Model IP10 Mass Flow 

Controlled System G25A SN 1532, Spring House, PA, USA)ýɍɲýĺɨÙŮ 1Z

Èɲ1Ł|ï½¬ğɐɨÙ� 
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3.3 ɠɌĀ4ǶƪĕŘ  

3.3.1ğɐë©ǰk 

    ĨǶƀƊğɐë©Ǝjǰk³Ǩ)ôƜɲbŮğɐ 6×{ğɐ 18×ƊƟë

©ɲğɐŨÙƋŮ 103×�Ŀýĺ�ƹĮ�:¿{č½½VÖ ŨÙɲÂ:¿{

č½ğɐŨÙAąnĽÖ (:¿ 16Åĝ�č½ 8Åĝ)EŮǶƪȇĒ� 

    Ǩ[Ůğɐ�´zĐȓUǚbÓzĐǨɲćUŷAűğɐ�´õ_ǰ¼ôǵ

¼ɲğɐ[×�ćUŷŮ 60 mg/dayɲğɐ 18×Ů 65.8 mg/dayɲ�Uŷ�ɧȩ

izǈ�Ŭ�ǛŋƑğɐàƽƊȇĒAą×ɭbÓ=nĽÖ ɲğɐ[×��U

ŷſêŮ 7.04 m3/dayɲ±êŮ 6.29 m3/dayɲɧȩŮ 32.33ZĔɳğɐ 18×��

UŷſêŮ 7.89 m3/dayɲ±êŮ 7.13 m3/dayɲſêɧȩÖ Ů 34.77ZĔɲ±ê

Ö Ů 31.62ZĔ�ğɐɚŷizǈźAǄŖÏā¨šƥƻǶȇĒɲǡɍå 2015-

2019 ×ǇȈšƥǚęRšƥ�×�ƉżŖÏā¨�ɚŷEǶƪâɲôäa?Ɗ

ĐDŮ 10±� 

Ǩ)�ğɐë©ǰkǨ 

  ë©� ë©( (ǈîzĐ�Ƙ¼ê) 

ğɐŨÙ ď�Ȟy�ĿýĺƊÖ ŨÙ=Ů

Aąɰ103 × 6 ģ 9 Ęǘ 103 × 11

ģ 27 Ęŧōťýĺ�ôšä�ŖÏ

ā¨�ȩȫËŨÙɱ 

ď�Ȟy�ĿýĺƊġ°Ũ

Ù�ġÅŨÙǚĸŤÑ=ŮA

ąɰ103× 6ģ 9Ęǘ 103×

11ģ 27Ęŧōťýĺ�ôš

ä�ŖÏā¨�ȩȫËŨÙɱ 

'2ĘƉ

żɚŷ 

ň×Ɗā¨'2ĘÖ Ɖż±Đ=

Ůğɐ±ĐAą 

ɘ4ğɐĦɁň×Ɗā¨'

2Ęġ°Ɖż±Đ�ġÅƉż

±Đ=Ůğɐ±ĐAą 

ğɐĦɁ �Å¸ƧÇ¸ɉņ:6× ¸Ƨaż~°¸j:18× 

ğɐ�ɫ č½½V�¿ó½V č½½V�¿ó½V 
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Ǩ[�ğɐ�´zĐȓUǚbÓzĐǨ 

zĐ ĐD(6×) ĐD(18×) �8 bÓ zǈđŶ 

ćUŷ

(IngR) 
60 65.8 mg/day 

ÃĐÕí

bÓ 

USEPA 

EXPOSURE 

FACTORS 

HANDBOOK 

2017 

�Uŷ

(InhR) 

7.04a(M) 

±=6.29a(F) 

ſ=7.89a(M) 

±=7.13a(F) 
m3/day 

ÃĐÕí

bÓ 

�Ŭ�Ǜŋ

Ƒğɐàƽ 

ɧȩ

(BW) 
32.33±7.61 

34.77�14.47 

(M) 

31.62�6.91 (F) 

kg ÕíbÓ 
�Ŭ�Ǜŋ

Ƒğɐàƽ 

ğɐĦɁ

(ED) 
6 18 year   

ğɐɚŷ

(EF) 
10±8.08b 

10±8.08b 

MAX=18 

min=3 

days/year �ǱbÓ 
ǧĊɇźA

Ǆ 

ɓǙƈ�

Ö ĝɁ

(ATN) 

6×365 18×365 days  

Li et al. 

(2014)     

Yang et al. 

(2018) 

Ǚƈ�Ö

 ĝɁ

(AT) 

70×365 70×365 days  

Li et al. 

(2014)     

Yang et al. 

(2018) 

a:>ž�Ŭ�ǛŋƑğɐàƽȇĒEnĽÖ  

b:AźAǄŖÏā¨šƥƻǶȇĒǶƪň×ā¨'2ĘÖ Ɖż±Đɲ=Ůğɐ

±ĐAą 
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3.3.2ɠɌǻ4 

ADD (Average Daily Dose)ŮňĘÖ ğɐlȪ(mg/kg-day)ɲĨƔƢǈîć

U(ZÝ 1){�UȘã(ZÝ 2)ɲADDing{ ADDinhbdĜ¨�{æƯ�Ɗȩȫ

ËňĘğɐȪ�C(Concentration)Ůā¨�ȩȫËŨÙ(ng/m3)ɲIngR(Ingestion Rate)

Ů¨�ćUŷ(mg/day)ɲInhR(Inhalation rate) Ů�Uŷ(m3/day)ɲEF(Exposure 

Frequency)Ůğɐɚŷ (day/year)ɲED(Exposure Duration)ŮğɐĦɁ (year)ɲ 

BW(Body Weight)Ů·Ƨɧȩ(kg)ɲAT(Average exposure time)ŮğɐĝɁ(day)ɲ

ǉ LADD(Lifelong Average Daily Exposure Dose)ŮƷȐÖ ğɐlȪ(mg/kg-day)ɲ

�ĺǈîćU(ZÝ 4){�UȘã(ZÝ 5) 

"##ing − dust =
'×*S_+×,-×,.

/0×12
  (1) 

"##inh− air =
'×*S`+×,-×,.

/0×12
  (2) 

G"##ink =
'×*S_+×,-×,.

/0×12
  (3) 

G"##inh =
'×*S`+×,-×,.

/0×12
  (4) 

 

3.3.3ɓǙƈċï 

HQ(Hazard Quotient)ĜňĘÖ ğɐȪ(ADD)ǚzǈlȪ(RfD)�ŊD(ZÝ

5)ɲŮv¾�Đɲž?ǻ4ɓǙƈɠɌ�HI(Hazard Index)Ů��Șã�v¾�Đ

ônƿǉäƊv¾ûĐɲRfD(Reference dose)ŮȩȫË�zǈlȪ(mg/kg-day)�

Ɓ HQò HI<1ɲ0ǨğɐÅĖzǈlȪɲɘĦÂ�ĢÃ-ɧțñv¾ɲƁ HQò

HI>1ĝɲÂĢÃ-ɧțñv¾ɠɌ(Chen et al., 2020)�  

 

:; =
1..

+<.
  (5) 

:$ = ∑HQ (6) 

 

3.3.4Ǚƈċï 

    CRŮǙƈɠɌ(ZÝ 7)ɲSF(Slope Factor)Ůēŷ�´(kg-day/mg)ɲƁ CR>10−4

Ů��ÿ~�ɠɌɳ CR/Ė 10-6� 10-4�ɁǨƜ�ÿ~ò�ÀéƊǙƈɠɌɳ

ǝ CR<10-6iǨƜœĤĚɟƊFÚv¾(Men et al., 2018)� 

CR = LADD × 89 (7) 
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3.4Ǣ�uǅĹĆŘǚɑČÙbĬ 

    ĨƔƢ>ž Crystal ball �ƊǢ�uǅĹĆŘ{ɑČÙbĬ�Ǣ�uǅĹĆ

Ř(Monte Carlo Simulation)ež$Đ}ĺ (Random Sampling)ĹĆ?ǲőĐ¸�

ɜɲȪqɠɌǻ4�Ɗ�Ƙ¼ê�ǉɑČÙbĬiǐƘ¼ÃƹĮáɖġ°Ɗ�´

Ů<� 

  



17 
 

ƨ�Ʀ�ƹĮǚǷȁ 

4.1ýĺŨÙŊȒ 

4.1.1¨��ȩȫË 

    Ǩ�Ů¨��ýĺôä�ȩȫËɲýĺ�ɫŮ(Î�Îǎ{�¡�¸ĳ{

:¿½Vɲ�ýĺôä�)ȫË�ɲ��s�ÎǎƊȩȫËŨÙ�ȪȒ]0�

sɨɲǉ]�ȿ(Ni)ƊŨÙ;ġɨɲ�¸ĳ½V{:¿VbdŮ 41.13µg/m2�

27.93µg/m2� 

Ǩ��¨��ȩȫËŨÙǨ(µg/m2, mean±SD) 

(Î 

 Pb Ni Cr As Cd 

¸ĳ½V 3.63±2.40 15.63±9.63 14.37±7.02 1.30±0.66 0.10±0.06 

:¿½V 3.93±3.06 17.63±10.80 13.60±3.92 1.23±0.62 0.13±0.06 

Îǎ 

¸ĳ½V 8.57±3.28 41.13±9.94 20.47±9.82 2.47±1.13 0.17±0.06 

:¿½V 4.03±2.45 27.93±18.08 17.20±11.05 1.47±0.81 0.13±0.06 

�¡ 

¸ĳ½V 5.07±3.69 21.00±7.60 15.20±7.37 0.70±0.48 0.13±0.06 

:¿½V 4.30±2.27 18.73±7.78 12.13±7.27 0.73±0.49 NDa 

    a:NDŮħHš 

 

4.1.2æƯ�ȩȫËŨÙ 

    ǨYŮæƯ�ȩȫËŨÙɲýĺɫǚ¨��ȩȫËƏ���B�s=ý

ĺɲ��s��ĺ1ÎǎŨÙŮġɨɲ]�ȯ(Pb)ǚȿ(Ni)���sô;ŨÙġ

ɨɲ�?ĜȰ(Cr)ɲġâĜƖ(As){ȹ(Cd)� 
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ǨY�æƯ�ȩȫËŨÙ(ng/m3, mean±SD) 

(Î 

 Pb Ni Cr As Cd 

ĘɁ½¬ 22.20±7.57 28.43±7.04 8.53±1.77 3.30±1.12 0.93±0.35 

®Ɂ½¬ 17.57±5.92 22.87±7.65 6.37±3.54 3.33±1.02 0.63±0.22 

¸ĳ½V 23.03±13.39 21.0±10.65 30.73±15.35 2.93±1.43 0.53±0.29 

:¿½V 21.30±11.33 19.17±7.94 26.10±12.66 3.50±1.43 0.63±0.64 

Îǎ 

ĘɁ½¬ 19.17±7.16 36.73±4.36 10.50±8.87 3.20±0.90 1.00±0.31 

®Ɂ½¬ 19.70±6.62 23.80±10.75 6.37±1.58 3.37±1.05 0.73±0.14 

¸ĳ½V 25.00±11.88 26.23±12.57 26.23±12.57 2.40±0.93 0.50±0.46 

:¿½V 21.50±10.73 20.23±11.88 21.60±14.38 3.70±1.33 0.57±0.69 

�¡ 

ĘɁ½¬ 19.03±5.34 27.60±15.03 8.83±5.23 2.97±0.81 0.90±0.24 

®Ɂ½¬ 16.20±3.33 20.37±5.77 6.10±2.15 3.33±0.55 0,60±0.14 

¸ĳ½V 27.93±11.64 23.40±8.47 36.90±9.26 2.30±1.26 0.77±0.40 

:¿½V 19.73±9.48 19.00±7.11 19.00±4.70 3.53±1.26 0.40±0.06 
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4.2ğɐ[×ɓǙƈċï 

    ğɐ[×�ɓǙƈċïƊƹĮ³Ǩ ôƜɲňĘÖ ğɐlȪ�ćUȘãĚ

ɟ°Ė�UȘãɲ1(Î�sſêȯŮ@ɲćUȘã�ňĘğɐlȪŮ 4.58×10-

6 mg/kg/dayɲǉ�UȘãŮ 1.31×10-7~1.17×10-7 mg/kg/dayɲǨtŮğɐ[×�v

¾ûĐ�Ƭ�ɲpúġ°�ġÅ{Ö Dɲ��s�v¾ûĐƋ1Ȱġɨɲ/Ė

10-3~10-1Ɂ���{��ŮežǢ�uǅĹĆŘȍaƊćU��UƊv¾�Đɲ

� A�BbdŮ(Î�sſê{±ê�v¾�Đɲ� C�DŮÎǎ�sſê{±

êv¾�Đɲ� D�EŮ�¡�sſê{±êv¾�Đ�1ćUȘã�v¾�Đ

?ǿɲ(Î�sƖ{Ȱ�v¾�ĐƬ�Ûřɲǟ` 10-4f 10-3�Ɂɲv¾Ȓ]0

ȫËɨɲÎǎǚ�¡iĜȻǚȰɲ6ƉżĻŷƋ�ɨ�ǉ�UȘã�v¾�Đɲ

Ȱ�v¾�ĐƊƬ�Ȓ]0ȫËÛřɲv¾ĻŷȒɨɲ6ƉżĻŷ9ɲǉƖ�Ȼ�

ȯ�ȹƊƬ�Ƌǟ� 10-5f 10-4Ɂ��)Ův¾ûĐɲ� A�BbdŮ(Î�s

ſê{±êɲ� C�DŮÎǎ�sſê{±êɲ� D�EŮ�¡�sſê{±ê�

��s�ȁſ±Ƌ1Ȱv¾ġɨɲ6v¾ûĐƋÅĖ 1ɲ{ÃFÚ�țñv¾� 
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(Î 

 ADD ing-dust 
(mg/kg-day) 

ADDinh-air 

(mg/kg-day) 
HQing HQinh 

 M F M F M F M F 

Pb 4.58�10-6 4.58�10-6 1.31�10-7 1.17�10-7 1.31�10-3 1.31�10-3 3.71�10-5 3.31�10-5 
Ni 2.29�10-5 2.29�10-5 1.73�10-7 1.55�10-7 1.14�10-3 1.14�10-3 8.41�10-6 7.52�10-6 
Cr 1.83�10-5 1.83�10-5 2.18�10-7 1.95�10-7 6.10�10-3 6.10�10-3 7.63�10-3 6.81�10-3 
As 1.53�10-6 1.53�10-6 2.34�10-8 2.09�10-8 5.08�10-3 5.08�10-3 7.81�10-5 6.98�10-5 
Cd 6.63�10-7 6.63�10-7 4.47�10-9 3.99�10-9 6.63�10-4 6.63�10-4 4.47�10-6 3.99�10-6 

Îǎ 

Pb 5.59�10-6 5.59�10-6 1.35�10-7 1.21�10-7 1.60�10-3 1.60�10-3 3.84�10-5 3.43�10-5 
Ni 2.95�10-5 2.95�10-5 1.79�10-7 1.60�10-7 8.43�10-3 8.43�10-3 8.68�10-6 7.76�10-6 
Cr 1.12�10-5 1.12�10-5 2.21�10-7 1.97�10-7 3.20�10-3 3.20�10-3 7.71�10-3 6.89�10-3 
As 1.02�10-5 1.02�10-5 2.78�10-8 2.48�10-7 2.91�10-4 2.91�10-4 9.26�10-5 8.28�10-5 
Cd ND* ND* 4.67�10-9 4.17�10-9 ND* ND* 4.67�10-6 4.17�10-6 

�¡ 

Pb 5.08�10-6 5.08�10-6 1.34�10-7 1.20�10-7 1.45�10-3 1.45�10-3 3.81�10-5 3.40�10-5 
Ni 1.98�10-5 1.98�10-5 7.56�10-8 6.75�10-8 5.67�10-3 5.67�10-3 3.67�10-6 3.28�10-6 
Cr 1.63�10-5 1.63�10-5 7.56�10-8 6.75�10-8 4.65�10-3 4.65�10-3 2.64�10-3 2.36�10-3 
As 1.02�10-6 1.02�10-6 1.41�10-8 1.26�10-8 2.91�10-4 2.91�10-4 4.68�10-5 4.19�10-5 
Cd ND* ND* 3.18�10-9 2.84�10-9 ND* ND* 3.18�10-6 2.84�10-6 

Ǩ �ğɐ[×ɓǙƈċï 

*ND:ǨƜŰȇĒ 
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(Î�
� Min* Mean* MAX* 
 M F M F M F 

Pb 1.33�10-4 1.36�10-4 1.34�10-3 1.34�10-3 1.08�10-2 1.25�10-2 
Ni 1.53�10-4 1.55�10-4 1.15�10-3 1.15�10-3 1.11�10-2 8.11�10-3 
Cr 2.01�10-3 1.70�10-3 1.37�10-2 1.29�10-2 1.04�10-1 1.12�10-1 
As 5.92�10-4 6.23�10-4 5.16�10-3 5.15�10-3 5.28�10-2 4.14�10-2 
Cd 1.30�10-5 1.14�10-5 6.67�10-4 6.67�10-4 1.23�10-2 1.54�10-2 

Îǎ 
Pb 6.79�10-5 6.81�10-5 1.64�10-3 1.63�10-3 2.05�10-2 2.34�10-2 
Ni 6.24�10-4 6.54�10-4 8.43�10-3 8.43�10-3 1.01�10-1 7.07�10-2 
Cr 1.17�10-3 1.27�10-3 1.09�10-2 1.01�10-2 1.12�10-1 8.49�10-2 
As 4.26�10-5 4.81�10-5 3.83�10-4 3.73�10-4 4.42�10-3 3.37�10-3 
Cd 4.67�10-6 4.17�10-6 4.67�10-6 4.17�10-6 4.67�10-6 4.17�10-6 

�¡ 
Pb 2.92�10-4 3.04�10-4 1.49�10-3 1.49�10-3 1.16�10-2 8.75�10-3 
Ni 4.12�10-4 3.98�10-4 5.67�10-3 5.67�10-3 5.15�10-2 4.06�10-2 
Cr 8.53�10-4 8.64�10-4 7.29�10-3 7.01�10-3 5.66�10-2 5.01�10-2 
As 1.71�10-5 2.57�10-5 3.37�10-4 3.32�10-4 3.32�10-3 3.44�10-3 
Cd 4.67�10-6 4.17�10-6 4.67�10-6 4.17�10-6 4.67�10-6 4.17�10-6 

Ǩt�ğɐ[×v¾ûĐ(HI) 

*Min:ǨƜġÅD 
*Mean:Ö D 
*MAX:ġ°D 
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0

500

1000

1500

2000

2500

3000

3500

4000

1.45E-04 4.99E-03 9.83E-03 1.47E-02

HQing Pb M Erlun

HQing Ni M Erlun

HQing Cr M Erlun

HQing Cd M Erlun

HQing As M Erlun

40%

35%

30%

25%

20%

15%

10%

5%

0%

1.45�10-4 4.99�10-3 9.83�10-3 1.47�10-2

0

500

1000

1500

2000

2500

3000

3500

4000

1.44E-04 4.96E-03 9.78E-03 1.46E-02

HQing Pb F Erlun

HQing Ni F Erlun

HQing Cr F Erlun

HQing Cd F Erlun

HQing As F Erlun

1.45�10-4 4.99�10-3 9.83�10-3 1.47�10-2

40%

35%

30%

25%

20%

15%

10%

5%

0%

0

1000

2000

3000

4000

5000

6000

1.32E-04 4.38E-03 8.63E-03 1.29E-02

HQing Pb F Gukeng

HQing Ni F Gukeng

HQing Cr F Gukeng

HQing As F Gukeng

60%

50%

40%

30%

20%

10%

0%

1.32�10-4 4.38�10-3 8.63�10-3 1.29�10-2
0

1000

2000

3000

4000

5000

6000

1.32E-04 4.45E-03 8.77E-03 1.31E-02

HQing Pb M Gukeng

HQing Ni M Gukeng

HQing Cr M Gukeng

HQing As M Gukeng

1.32�10-4 4.45�10-3 8.77�10-3 1.31�10-2

60%

50%

40%

30%

20%

10%

0%

0

1000

2000

3000

4000

5000

6000

7000

2.02E-04 6.65E-03 1.31E-02 1.96E-02

HQing Pb F Lunbei

HQing Ni F Lunbei

HQing Cr F Lunbei

HQing As F Lunbei

2.02�10-4 6.65�10-3 1.31�10-3 1.96�10-2

70%

60%

50%

40%

30%

20%

10%

0%
0

1000

2000

3000

4000

5000

6000

7000

2.06E-04 6.70E-03 1.32E-02 1.97E-02

HQing Pb M Lunbei

HQing Ni M Lunbei

HQing Cr M Lunbei

HQing As M Lunbei

2.06�10-4 6.70�10-3 1.32�10-3 1.97�10-2

70%

60%

50%

40%

30%

20%

10%

0%

A B
 

C D 

E F 

Ļ 
ŷ 

v¾�Đ 



23 
 

 
 
���ğɐ[×��UȘãv¾�Đ(HQinh) 
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4.3ğɐ[×Ǚƈċï�

����Ǩt�Ůğɐ[×�Ǚƈċïɲ1ƷżÖ ğɐlȪ?ƐɲćUȘã°Ė�

UȘãɲ1(Î�sſêȯŮ@ɲćUȘãƊƷżÖ ğɐlȪŮ 3.92×10-7 

mg/kg-dayɲǉ�UȘãŮ 1.12�10-8 mg/kg-dayɲ�B�sƊȻ{Ȱ�ǙƈɠɌƋ

/Ė ���
������ɁɲŮ�ÿ~�ɠɌ��[ŮǢ�uǅĹĆŘĹĆâƊ�ɲ� ��

�bdŮ(Îſê{±êǙƈɠɌ�ɲ� 
�� ŮÎǎſê{±êɲ� ���Ů�

¡�ſê�±ê�å��"�ĚɟƐa��sƊȰƬ�Ûř°Ė ���
ɲȻƬ�Ɏ

�ŊȻ?ƊÛɲw"ȦȋȞ ���
ɲ6XȫËƉżĻŷ�ɨɲȦ� ������Ɂɲ]

ɢȫËɎƉżĻŷɨwŰǙƈɠɌ�ďɧ?ǿɲÃ�Å¸ƧǉǴɲğɐĖŖÏā

¨�ȩȫËƊɠɌ��ÿ~Ƭ�V��
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 LADDing-dust 
(mg/kg-day) 

LADDinh-air 
(mg/kg-day) CR-min CR-Mean CR-MAX 

� �� �� �� �� �� �� �� �� �� ��

Pb 3.92×10-7 3.92×10-7 1.12×10-8 1.00×10-8 3.39×10-10 3.48×10-10 3.43×10-9 3.42×10-9 2.75×10-8 3.19×10-8 
Ni 1.96×10-6 1.96×10-6 1.49×10-8 1.33×10-8 2.21×10-7 2.24×10-7 1.66×10-6 1.66×10-9 1.60×10-5 1.17×10-5 
Cr 1.57×10-6 1.57×10-6 1.87×10-8 1.67×10-8 4.03×10-7 5.27×10-7 6.67×10-6 6.66×10-6 7.33×10-5 5.48×10-5 
As 1.31×10-7 1.31×10-7 2.01×10-9 1.79×10-9 2.28×10-8 2.40×10-8 1.99×10-7 1.99×10-7 2.04×10-6 1.60×10-6 
Cd 5.68×10-8 5.68×10-8 3.83×10-10 3.42×10-10 7.02×10-9 6.15×10-9 3.60×10-7 3.60×10-7 6.66×10-6 8.34×10-6 

���

Pb 4.79×10-7 4.79×10-7 1.16×10-8 1.04×10-8 1.73×10-10 1.74×10-10 4.17×10-9 4.16×10-9 5.22×10-8 5.97×10-8 
Ni 2.53×10-7 2.53×10-6 1.53×10-8 1.37×10-8 1.68×10-7 1.66×10-7 2.14×10-6 2.13×10-6 2.55×10-5 1.79×10-5 
Cr 9.59×10-7 9.59×10-7 1.89×10-8 1.69×10-8 3.33×10-7 2.73×10-7 4.11×10-6 4.10×10-6 5.39×10-5 4.52×10-5 
As 8.72×10-8 8.72×10-8 2.38×10-9 2.13×10-9 1.22×10-8 1.14×10-8 1.34×10-7 1.34×10-7 1.87×10-6 1.43×10-6 
Cd ND* ND* 4.00×10-10 3.57×10-10 8.24×10-11 6.95×10-11 2.52×10-9 2.25×10-9 4.79×10-8 3.33×10-8 


��

Pb 4.36×10-7 4.36×10-7 1.15×10-8 1.03×10-8 7.46×10-10 7.77×10-10 3.80×10-9 3.79×10-9 2.95×10-8 2.23×10-8 
Ni 1.70×10-6 1.70×10-6 6.48×10-9 5.79×10-9 1.05×10-7 1.01×10-7 1.43×10-6 1.43×10-6 1.30×10-5 1.02×10-5 
Cr 1.39×10-6 1.39×10-6 6.48×10-9 5.79×10-9 5.25×10-7 3.80×10-7 5.88×10-6 5.88×10-6 5.14×10-5 5.97×10-5 
As 8.72×10-8 8.72×10-8 1.20×10-9 1.08×10-9 5.49×10-9 6.62×10-9 1.33×10-7 1.32×10-7 1.39×10-6 1.45×10-6 
Cd ND* ND* 2.73×10-10 2.44×10-10 3.02×10-11 2.38×10-11 1.72×10-9 1.54×10-9 5.77×10-8 6.09×10-8 

 
 

�	���������� 

*ND:�����; Min:�����; Mean:���; MAX:�
� 
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4.4^� 18G���tWO 
    ^� 18 G���tWO<�&�Q{£�^��GN9x-£V��Kv

g\F6^�"�)(>0Yw:[/��K�-e��BrM�m�£V��

Kg\F6^�"�m4.67�10-6 mg/kg-day£�/��K m1.36�10-7 mg/kg-day¤

V��K(>0Ym 1.33�10-3£/��Km 3.86�10-5£�&�m^�&�G�(

>RY£$._@��_:�)F6�£�B	��(>RY_¢£~2�4 10-
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�B 

 ADD ing-dust 
(mg/kg-day) 

ADDinh-air 

(mg/kg-day) HQing HQinh 
 M F M F M F M F 

Pb 4.67�10-6 5.13�10-6 1.36�10-7 1.35�10-7 1.33�10-3 1.47�10-3 3.86�10-5 3.84�10-5 
Ni 2.33�10-5 2.57�10-5 1.81�10-7 1.79�10-7 1.17�10-3 1.28�10-3 8.77�10-6 8.71�10-6 
Cr 1.87�10-5 2.05�10-5 2.27�10-7 2.26�10-7 6.22�10-3 6.84�10-3 7.95�10-3 7.90�10-3 
As 1.56�10-6 1.71�10-6 2.44�10-8 2.43�10-8 5.18�10-3 5.70�10-3 8.14�10-5 8.09�10-5 
Cd 6.76�10-7 7.43�10-7 4.65�10-9 4.62�10-9 6.76�10-4 7.43�10-3 4.65�10-6 4.62�10-6 

B� 
Pb 5.70�10-6 6.27�10-6 1.41�10-7 1.40�10-7 1.63�10-3 1.79�10-3 4.00�10-5 3.98�10-5 
Ni 3.01�10-5 3.31�10-5 1.86�10-7 1.85�10-7 8.59�10-3 9.45�10-3 9.05�10-6 8.99�10-6 
Cr 1.14�10-5 1.25�10-5 2.30�10-7 2.28�10-7 3.26�10-3 3.58�10-3 8.04�10-3 7.99�10-3 
As 1.04�10-6 1.14�10-6 2.90�10-8 2.88�10-8 2.96�10-4 3.26�10-4 9.65�10-5 9.59�10-5 
Cd ND* ND* 4.86�10-9 4.83�10-9 ND* ND* 4.86�10-6 4.83�10-6 

+7 
Pb 5.18�10-6 5.70�10-6 1.40�10-7 1.39�10-7 1.48�10-3 1.63�10-3 3.97�10-5 3.94�10-5 
Ni 2.02�10-5 2.22�10-5 7.87�10-8 7.83�10-8 5.78�10-3 6.35�10-3 3.82�10-6 3.80�10-6 
Cr 1.66�10-5 1.82�10-5 7.87�10-8 7.83�10-8 4.74�10-3 5.21�10-3 2.75�10-3 2.74�10-3 
As 1.04�10-6 1.14�10-6 1.46�10-8 1.46�10-8 2.96�10-4 3.26�10-4 4.88�10-5 4.85�10-5 
Cd ND* ND* 3.32�10-9 3.29�10-9 ND* ND* 3.32�10-6 3.29�10-6 

*ND:�{n�Z 
 

�&��^� 18G�tWO 
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�&��^� 18G���tWO 
�B�

� Min Mean MAX 
 M F M F M F 

Pb 8.35�10-5 9.17�10-5 1.37�10-3 1.50�10-3 4.40�10-2 1.30�10-2 
Ni 5.59�10-4 1.74�10-4 1.18�10-3 1.29�10-3 5.27�10-2 1.44�10-2 
Cr 6.14�10-3 1.59�10-3 1.42�10-2 1.47�10-2 7.07�10-1 1.32�10-1 
As 3.38�10-4 7.91�10-4 5.27�10-3 5.78�10-3 3.73�10-2 4.40�10-2 
Cd 1.40�10-5 1.31�10-5 6.80�10-4 7.48�10-4 4.32�10-2 1.14�10-2 

B� 
Pb 2.49�10-5 9.43�10-5 1.67�10-3 1.83�10-3 1.43�10-2 1.94�10-2 
Ni 1.35�10-4 9.23�10-4 8.60�10-3 9.46�10-3 2.87�10-2 6.69�10-2 
Cr 8.54�10-3 1.74�10-3 1.13�10-2 1.16�10-2 7.22�10-2 9.46�10-2 
As 1.57�10-5 5.67�10-5 3.93�10-4 4.22�10-4 1.41�10-3 3.77�10-3 
Cd 4.67�10-6 4.17�10-6 4.67�10-6 4.17�10-6 4.67�10-6 4.17�10-6 

+7 
Pb 1.01�10-4 3.14�10-4 1.52�10-3 1.67�10-3 1.13�10-2 1.03�10-2 
Ni 5.96�10-4 6.27�10-4 5.78�10-3 6.36�10-3 5.50�10-2 8.43�10-2 
Cr 5.49�10-3 1.09�10-3 7.49�10-3 7.95�10-3 2.91�10-2 7.21�10-2 
As 2.26�10-5 2.51�10-5 3.45�10-4 3.74�10-4 1.33�10-3 2.77�10-3 
Cd 4.67�10-6 4.17�10-6 4.67�10-6 4.17�10-4 4.67�10-6 4.17�10-6 

 
 

Min:m_@� 
Mean:F6� 
MAX:_:� 
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3��^� 18G�V��K(>0Y(HQing) 
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 3��^� 18G�/��K(>0Y(HQinh) 
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�� 

 LADDing-dust 
(mg/kg-day) 

LADDinh-air 
(mg/kg-day) CR-min CR-Mean CR-MAX 

 M F M F M F M F M F 
Pb 4.00×10-7 4.40×10-7 1.17×10-8 1.16×10-8 2.13×10-10 2.34×10-9 3.50×10-9 3.84×10-9 1.12×10-8 3.33×10-8 
Ni 2.00×10-6 2.20×10-6 1.55×10-8 1.54×10-8 8.06×10-7 2.51×10-7 1.69×10-6 1.86×10-6 7.59×10-5 2.08×10-5 
Cr 1.60×10-6 1.76×10-6 1.95×10-8 1.94×10-8 3.49×10-7 6.05×10-7 6.80×10-6 7.47×10-6 3.23×10-5 7.82×10-5 
As 1.33×10-7 1.47×10-7 2.09×10-9 2.08×10-9 1.30×10-8 3.05×10-8 2.03×10-7 2.23×10-7 1.44×10-6 1.70×10-6 
Cd 5.79×10-8 6.37×10-8 3.99×10-10 3.96×10-10 7.58×10-9 7.07×10-9 3.67×10-7 4.04×10-7 2.33×10-6 6.14×10-6 

�� 
Pb 4.89×10-7 5.38×10-7 1.21×10-8 1.20×10-8 6.35×10-10 2.41×10-10 4.26×10-9 4.67×10-9 3.66×10-8 4.96×10-8 
Ni 2.58×10-6 2.83×10-6 1.60×10-8 1.59×10-8 3.41×10-7 2.41×10-7 2.18×10-6 2.39×10-6 7.28×10-5 1.69×10-5 
Cr 9.78×10-7 1.08×10-6 1.97×10-8 1.96×10-8 1.49×10-7 2.46×10-7 4.19×10-6 4.60×10-6 3.42×10-5 6.07×10-5 
As 8.89×10-8 9.77×10-8 2.48×10-9 2.47×10-9 5.67×10-9 6.63×10-9 1.37×10-7 1.50×10-7 4.21×10-6 1.23×10-6 
Cd ND* ND* 4.17×10-10 4.14×10-10 7.03×10-11 5.09×10-11 2.63×10-9 2.61×10-9 1.51×10-8 4.59×10-8 

�	 
Pb 4.44×10-7 4.89×10-7 1.20×10-8 1.19×10-8 2.57×10-10 8.01×10-10 3.88×10-9 4.25×10-9 2.88×10-8 2.62×10-8 
Ni 1.73×10-6 1.91×10-6 6.75×10-9 6.71×10-9 1.51×10-7 1.64×10-7 1.46×10-6 1.61×10-6 1.39×10-5 2.12×10-5 
Cr 1.42×10-6 1.56×10-6 6.75×10-9 6.71×10-9 6.36×10-7 5.41×10-7 6.00×10-6 6.60×10-6 2.35×10-5 7.77×10-5 
As 8.89×10-8 9.77×10-8 1.26×10-9 1.25×10-9 9.10×10-10 7.46×10-10 1.35×10-7 1.48E×10-7 5.18×10-8 2.95×10-8 
Cd ND* ND* 2.84×10-10 2.82×10-10 1.50×10-11 9.45×10-11 1.79×10-9 1.78E×10-9 7.29×10-8 2.27×10-8 

 
 *ND:�����; Min:���; Mean:
��; MAX:�
� 
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4.6.1rÕ�R�ÖjS"{ 

    5'��×¶�i^�ÖjS"{Þ5 A�B�
L8&�Z+@ZÞ5 C�

D�L²8&�Z+@ZÞ5 E�F�-:8&��Z+@ZÞHorÕ�R×

¶�i^Þ�Á8&+Z#Þ��rÕÚ��t
¼WØ2BÞ�?¨ 40-50%Þ

!�qÝÊÞ
L8&(5'�� A�B)¦��;6	�ÍÌKÞL²+-:8&

(5 C�D�E�F)¦�$q;6	�ÎÌK�5'
�¶�i^�ÖjS"{Þ
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�ÝÊÞ¦�©
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