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( Soil Screening Levels, SSLs) 3.4 13,1997 , CCME 1996
USEPA \ y B[ a]P
[5] [6~ 8] (16, 17) Bla]P
1o ( ) .
( ) B[ a] P 18]
B[ a] P (14 B[ a] P
Lo B[ a] P
, ( Canadian Council of (2] 1
Ministers of the Environment, CCME) 191 9 B[a]P /
B[a] P
1 Bl a] P /

Table 1 List of intermational guidelnes/ standards avalable for soil B[ a] P quality

Concentration
Country/ State Name/ Land uses values Function/ Uses
(mg kg™ ")
[15,21, 2 01 (191 )
Federal Canada ! a7
/ a7
/ 01 s
1
[22]
/ 1
British Columbia, Canada / 10
122 1
Québec Province, Canada 10
(22 L2
/ 12
Ontario Province, Canada
/ 19
1
[18] 4
Australia 2
5
[20] 01
Q1
Denmark 1
[19 7
25
France 35 2,
[14] 1 —
Connecticut State, USA / 1 —
Q1
Q5
191 8
Flrida State, USA L2
L2
80
L2
17 16
Kansas State, USA 26
16
[0 033
Q78

Maryland State, USA 037




[a] 605

Concentration

Country/ State Name/ Land uses values Function/ Uses
(mg kg™ )
o 078
Mississippi State, USA 0. 083
02
12 02
Missouri State, USA a6
24
5 062 /
o / 2 34 /
New Moxico State, USA 2.4 /
o 066
0 66
New Jersey State, USA 100
(3 011
11
New York State, USA 0.061
6] 48
0 008 8
Wisconsin State, USA 039
1 , )
B[ a] P
/ B[ a]P 5
0.1 mg kg ', )
(British Columbia) 0.1 mg kg™ ', ,
1 mg kg™ !
, 10 [ 16,23,24]
0.008 8~ 1.2 mg kg ', 0.43 mg kg ', 22
0.42 mg ke g 0.7 mg kg_l;
I~ 4 mg ke ! / :
-1 ”
- 0.2- 2.6 mg kg, B[ a]P
1.05 mg kg™, 0.83 mg kg™ °;
l.4mg kg™ s 5mg kg~ ! |
. 8 >
) B[ a] P
[3]
B[a]P , 0.11~ 100 mg kg '
18. 0 mg kg™ ', 29.3 mg kg™ '; 23
(Ontario) 1999 6 (
0. 1~ 1 mg kg~ :
5 B[ a]P
2 9.1 mg kg™ "%
B[ a]P 5

2.1
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(104 d a ") (
3d 14, .

[3~5,16]
2
-1 4-1
3 B p (TCR,, mg kg™ " d™ )
a -1 -1
2] (TCRd, mg kg " d )
-1 4-1
(TCRi, mg kg "d™ ) (1) (2)
(3]
3.1 (3) . (D) (2 (3)
B[ a] P 3 2
FF X ED.x SIR. X C;  EF, X ED, % SIR, X C;
TCR BW. x 10° BW, x 10° "
o= AT.
EF. % ED. X AF, x SA.x G, x ABS  EF,x ED, x AF, x SA, x C, X ABS
+
TR BW. x 10° BWA x 10° 2
= AT,
EF. xED.x AIR. X C;  EF,Xx ED, X AIR, % C,
+
TCR BW. X PEF BW.x PEF (3)
" AT.
2 B[a]P
Table 2 Modeling parameters used in the calculation of soil B[ a] P threshold concentrat ons
L . Agricultural Residential Industrial
Code Parameter descriptions Units land land land
Cs Bl a]P Threshold concentrations for B[ a] P in soils mg kg™ ! - - -
TCR, Total exposure rate of contaminant via soil ingestion mg kg™!d~! - - -
TCR; Total exposure rate of contaninant via air inhaltion mg kg™ ' d~! - - -
TCR, Total exposure rate of contaminant via dermal contact mg kg™ ' d~ ! - - -
ED, Exposure duration for adults a 64 64 36
EF, Exposure Frequency for adults da! 365 365 250
ED, Exposure duration for children a 6 6 -
SIR Oral soil ingestion rate for children mg d” ! 200 200 -
BW. Average body weight for chidren kg 13 6 13. 6 -
SIR, Oral s0il ingestion rate for adults mg d” 1 150 100 100
BW, Average body weight for adults kg 60 60 60
SA, Total surface area of the skin for a child cm? 1593 RO -
AF. Skin soil adsorption density for chidren mg cm™ 2 0.2 a2 -
SA, Total surface area of the skin for an adult em? 4317 2657 2 657
AF, Skin soil adsorption density for adults mg em™ 2 0.2 0.07 0.2
ABS Skin absorption fador 0.13 0.13 Q13
AR, Air inhalation rate for children m d ! 10 10 -
AIR, Air inhalation rate for adults m’ d! 20 20 20
PEF Soil particle enission factor w’ kg ! L. 61E+ 09 L. 61E+ 09 L 61E+ ©
AT, Life time exposure d 25 550 25 550 25 550
250 da ! s
B[ a] P : (70 a) B[ a] P
70 4321, 7
36 a(25~ 60 ), , (1~ 6
B[a] P a) (7~ 64 a)
2
-1
365da , (USEPA, 1996; NMED, 2004)

B[ a] P
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: 70 a(25 550 d) !
, 0~ 6 4, (4)
[26]
13. 6 ke, B an B[a]P ,
60 kg, 163 cm 3
TCpo TCPu X ED. + TCPy, X ED, "
6127 em® 16 603 cm’( /m*= 0.023 9x ! AT.
/Cmo'4l7 X /kgo 5]7) 27 ) TCR. = (Cpr X Ol'(t+ Cps X Qsc) Xy X fa
pc=
26% ( 6%, BW.
6%, 4%7 10%) TCR.. = (Cperra‘l‘ Cps XQS&) X v X fa
pa= A
B[ a]P, 1 593 em? o ner e BW.
= X .
4317 av’ / / ’ " Io 77 p‘; Kow— 1 52)
_ . /7% loghow— L
16%( 6% 6% BCF,= 10 108
4%) B[ a] P, pr: Cex SDx P,/ Vy
980 an® 2 657 cm’ Po= (ZuX Vi) [ (Za XVt Zy X Vit ZX V)
Z,=S/'V,
: Zo= 1/(RXT)
3 1—1[3,21
10 20w’ 4 '3 2 Z.= Kyx Dx Z,/V,
(AF,  AF.) B[a]P Ka= Koe X foe:
(ABS) [3( SEF) , Cpo= BCF,X Cput+ Cdpx fdws
BCF, = [ 10(* =28 1 0.82] x [ 0.784
3.2 - -
x 10(~ 0-434% (bgKov= 178) 15 441
’ B[] P ’ Cap= TSPo X Dro X frs x Cs X [ fin/ ( Yy x fEi) ] x [ 1
a
- (1- exp[ - fEix te])/({EiX te) ]
3 B[ a]P b
Table 3 Model paraneters for calculaing B[ a] P exposure via consumption of contaminated veget abl es
Code Parameter definitions Unit Values
TCR, B[ a] P Total B[ a] P exposure rate via vegetable consumption mg kg~ 1d-1! -
TCR B[ a]P Total B[ a] P exposure rate via vegetable consumption for adults mg kg~ 1d-1! -
TCR B[ a] P Total B[ a] P exposure rate via vegetable consumption for children mg kg™ 1d™! -
Cpe B[ a] P B[ a] P concentration in oot vegetables mg kg™ ! -
Cos B[ a]P B[ a] P concentration in stem/ leafy vegetables mg kg™ ! -
Q.. Quantity of root vegetables consumed for adults kg d™! 01367
Qu Quantity of stem vegetables consumed for aduls kg d~! 01578
Q.. Quantity of root vegetables consumed for children kg d- 1 00748
Qe Quantity of stem vegetables consumed for children kg d! 00761
fv B[ a] P Proportion of contaninated vegetables in vegetable consumption 1
fa B[ a] P B[ a] P absorption wefficient of human bodies 1
BCF, Bioaccumulation coefficient of the roots of vegetables -
Copw B[ a] P B[ a] P concentration in soil pore water mglL-1! -
SD Soil bulk density kg dm™3 L5
w B[ a] P M ass proportion of B[ a] P in soil pore water -
W Volume fraction of soil pore water a2
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Code Parameter definitions Unit Values
7y B[ a]lP Fugacity constant of B[ a] P in water molm™ 3 Pa~!
S Solubility in water mol m- 3 6. 8BE 06
vV, Vapor pressure of pure substance Pa 1. 31E 08
Z, Fugacity onstant of B[a] P in air molm™3 Pa~!
R Air @mstant Pam?®mol™ ' K~ 8.3144
T Temperature K 298
Vv, Volume fraction of soil air 02
v, Volume fraction of il solid phase Q6
Z, Fugacity onstant of B[a] P in soil mol m™3 Pa™ !
K,. - Adjusted soitwater disribution factor (mol kg ]) (mol dm™ 2) -1 1.02E+ 06
foo Fraction organic catbon in soil ke kg~ ! 002
Koy - Octanokwater partitioning coeffi cient (mol dm™ 3) (mol dm™ 3) -1 2.24E+ 06

BCFs B[ a] P Boaccumulation coefficient of stem/ leafy vegetables
Cap B[ a] P B[ a] P concentration in stem/ leaf via dust deposition mg kg~ !
fdws - Ratio of dry weight: fresh weight for stem/ leafy vege ables ke kg ! 0.117
TSP, Patticle concentration in outdoor air mg m~3 0 07
D,, Deposition rate of particles in air md! 864
fis Proportion of soit bom particles in outdoor air dust Q5
fin Proportion of particles intercepted by aops Q4
Y, Crop yield kg m™ 2 028
fEi Flowering coefficient d-! 0.033
te Flowering duration d 180
H 3 [24] Parameter values liged in the Table 3 were cied fran the lierature [24]
(70 a) B[ a] P CCME B[ a]P
: 107 1 000 000 1
B[ a] P Bl a] P )4, 1077
B[a] P ’ [5, 12]
. . Bla]P
B[ a] P B[ a] P (TR) 10°° 1079, (5)
; B[ a]P (6) B[ a] P
s B[ a]P : TCR, x CSFo+ TCRgq %X CSFq+ TCR; x
B[a]P , CSFi+ CSFo x TCRp= TR (5)
B[ a] P B[a] P : TCR, x CSF,+ TCRy %
, B[ a] P CSFq+ TCR;x CSFi= TR (6)
B[ a] P ,TCR,: B[ a] P (mg kg "d™ 1y,
B[ a] P CSF,: B[a] P , 7.3
3.3 B[a]P (mg kg ' d™")” . TCRq: B[ a] P
B[ a] P ’ (mg kg~ ha 1) ; CSFg: B[ a] P
Bla]P .86 (mgks 'd ') TCR:
B[ a] P

B[ a] P

(mgkg 'd™'); CSFi:
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B[ a] P ,6.1 (mgkg "d™ ™Y B[ a] P (CSFy)
TCR,: B[a]P B[a]P /
(mg ke "d™ ) ;TR: B[ a] P 35 0. 12 3
. 3 B[ a] P
B[ a] P , 0° 10°
( CSF,) B[ a] P ( CSFi) Bla]P (4
4 B[ a]P
Table4 Soil B a]P threshold concentratiors at different cance risk levek
Bl a] P B[ a]P Threshold concentration for B[ a] P in soik (mg kg™ ')
Acceptable risk levels Agricultural land Residential land Indust rial land
10°3 0.282 0 632 1.479
10~ ¢ 0.028 0 063 0.148
L Y:H: , 4. 63E- (5,
4 B[ a] P 3
1986 GB5749 —85
. , B[a]P 0. 000 01 mg L™,
Bla] P CCME (%]
. B[ a] P ,
B[ a] P , (DAF) 20
Bla] P ,
/ ( 20 CCME
) B[ a] P ,
Bla]P ) 502" ,
. \ 20,
/ B[a]P .
, B[ a]P 0. 204 mg kg '
(WQG) ( DAF) B[a]P
(Co), - 5
Cyv= WQG x DAF (7)
, Gy B[a]P (mg L1 3 ,
WQG: B[ a] P / / , B[ a]P ,
0.000 Ol (mg L~ '); DAF: , 20 (USEPA, ,
1996) B[ a]P (1077
B[ a] P 1079, Bla] P
, B[ a] P 0.282  0.028 mg kg~ ',
B[a]P , 0.1~ 1 mgkg ' ; ,
B[ a] P , B[a]P 0632 0.063 mg
Bla]P (Cap) 1 ke ', 0.008 8~ 4 mg
S WVTﬂ 5 e o Hap
1.479  0.148 mg kg™,
5 Cawpt B[ a]P 0.2~ 5mg

(mg kg™ '); G B[ a]P (mg  fg !
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STUDY ON SOIL ENVIRONMENTAL QUALITY GUIDELINES AND STANDARDS
I\ SOIL BENZO[ A] PYRENE THRESHOLD CONCENTRATIONS BASED ON HUMAN
HEALTH RISK ASSESSMENT

4 1,2, 4t

Wang Guoging"** Luo Yongming Song Jing"**  Zhao Qiguo"? Xia Jiaqi®
(1 Key Laboratory of Soil Emwironment and Pollution Remediation, Institute of Soil Science, Chinese Academy o Sdences, Najing 210008, China)
(2 State Key Laboratory  Sustanable Agriculiure, Institute of Soil Science, CAS, Narjing 210008, China)
(3 Naying Institute  Erwirorment d Sciences, State Environmental Protection Adminisiration f PR China, Narjing 210042 China)
(4 Graduate School  the Chinese Academy o Sciences, Bejing 100039, China)

Abstract Human health risk assessment has been extensively employed to derive guidelines/ standards for soil environmerr
tal quality around the world. Various threshold values for Bezo[ a] pyrene (B[ a]P) concentration in soil for protection of human
health were introduced. Exposure scenarios and parameters of three different patterns of land use were defined to quantify health
risk of human exposure to soil B[ a] P. A humarrhealth-based methodology for deriving threshold values for B[ a] P concentration
in soils was proposed for the first time in China, which should be further used to derive threshold concentrations for other persis
tent organic pollutants. Four exposure pathways, 1. e. soil ingestion, dermal contact, soil mhalation, and consumption of contamr
nated vegeables, were considered in modeling for calculation. Threshold concentrations of B[ a] P at cancer risk levels of 1073
and 10~ ®, were lculated for agricultural, residential and industrial soils, respectively. Threshold values for Bl a]P concentration
in soil for protection of groundwater quality were also derived based on the guidelines/ standards for protection of groundwater
quality.

Key words Contaminated sites/ soil; B[ a]P; Soil quality; Guidelines/ standards; Risk assessment



