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Regional Variance and Its Influencing Factors in Deriving Standard Values of Organic Pollutants in Soil :

A Case Study Based on Human Health Risk Assessment Modeling Approach
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Abstract: Researches and foreign standards clearly illustrated that standards for some organic pollutants in soil varied largely due to regional
factors. The current standards of soil environmental quality in China haven’t included many organic pollutants yet, and the revision of stan—
dards is under discussion. Naphthalene is one of the kinds of all 16 prior PAHs, which is more frequently detected and heavily polluted in
contaminated site monitoring. In this study, 13 kinds of typical soil samples from different areas in China were taken, and the maximum toler—
able values with an acceptable risk of hazard quotient of 1 for naphthalene in these soils were derived based on RBCA model. Regional vari—
ances of the maximum tolerable values for Naphthalene in these soils were discussed. The results showed that, the maximum tolerable values
of naphthalene in soils from different areas differed significantly. The range of maximum tolerable values for naphthalene in residential land
use was from 370 to 1 400 mg-kg™, and was from 610 to 4 100 mg-kg™ for industrial land use. The maximum tolerable values of naphthalene
in different areas varied from 3.8 to 6.7 times. Soil texture and organic matter content were the two main factors which influence the maximum
tolerable value of naphthalene. The maximum tolerable values of naphthalene firstly increased as the increases of content of clayey particles
in soil, and remain unchanged or decreased slightly when the content of clayey particles increased to a certain extent. The maximum tolerable
values of naphthalene also increased with the increase of organic matter content in soil, except for some circumstances, the maximum tolera—
ble values of naphthalene went to a peak value and then keep stable when organic matter content in soil reached a certain level. These results
indicated that the soil environmental quality standards of some organic pollutants may have a large regional variation, and this variation
should be taken into account during development and revision of the soil environmental quality standards in China.
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Figure 1 Geological distribution of 13 typical soil types used
in this study
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Table 1 Main characters of 13 typical soil types in

China and local climate characteristics

L . Yy TR/
W5 Aty TEW LM SOM/%  pH SHEC emea’

o KEL KFEELE 072 7.69 7 15
HAR O B: HEKLE 238 672 3 50
Jex e+ wEE+d 113 7280 117 6231
Beri  #4t BEkE 164 759 85 45.16
R Wt REEELE 1200 7.02 145 60
HR %6+ Kt 113 726 18 120
Wi KFEE KRELE 185 681 169 150
Wirg 4 K+ 174 500 166 135
AN A Kt 081  6.39 18 164
H At Kt 262 761 154  160.6
IR W+ wEkEL 128 821 123 6528
Wt Wt UKL 138 812 115 65
BIpr Bt Kt 574  7.04 3 50

O 00 NN N Lt AW N -

_ e =
w N = O

_ THQXRfDouxBWxATx365 d-a”
RBSL o™ s DA XMxRA Fx 10 kg rmg ™ (2

_ THOXRfCyuxAT,
RBSLows= iy FDx(V F+PEF) (3)

_ THOXRfCuuixAT,x365 d-a”
RBSLIndour_ EFxEDx VF'sesp (4)

1 1 .
RBSLom. YRBSLL. (5)

%)% : RBSL $55:T XUK: i -3 hp it , mg kg™
THQ 15 BArIEBUR G ER , TEN; RD IS EH &,
mg-kg™-d”, B fz Bk filiR R T MRS 508 A
B, BHEHSBERERAZOBARRETHEWE;RC
(Reference concentration) F§ZHZWE ,mg-m>; THhx
Oral .Dermal ., Outdoor . Indoor }% Inhal 43 Bl TR Z O
AR B IMRA VBN RA SRR ARR;
BW 5% IKE &, kg; AT, 35 F-Xg0fE] (JEBUEYIR),
a;EF 8 R ,d-a™;ED fE R FE FFEL 0T H] a5 1R,
18 HIEFE AR E  mg-d ' RBAF $5 4= Wy X5 1 e X
T, RN ;SA R IR BRI, om?-d 7 M 35 1 3E
JR R i R 7, mg - em?; RAF, 48 R IR W 7, o &
M VF, 8 L IE-= A HF , mg-m>-air/mg-kg™'-
soil; PEF 18 kL 9 HE X B F , mg *m *—air/mg -kg ' -
soil; VF,, ¥§ 13- T 2 B # & B ¥, mg *m > -air/
mg-kg"-soil,
122 BHEEE

PN I v g = N R Al i R B )
TR, P R A A B R GRR . R

RBSLy,=(

FEEIRA BA EEREERERALYEN
M=, BB RN BB RBRNBA L OFA
R kfly =X, P GRS N AN E SN A B
J5 1 o
1.2.3 MERISCHBE

B MRS BN S BN (32 1), RBCA 1
RMASERUEERAYSH RBER T HHES
B4, A RSEORE FESH F A 22,
W T2 E N R MSE, R E EINMEE
FHRBAEEL RBCA MR (H 2R HEFSHCRH
EEIMER 1998 4EATRIBEED, ATH:32 19 B AR A
Bk E AR EBRERERST 1.
1.2.4 HEAVEHI 7

AR, B HIEERSE G SO, e
BH(EAYSH BBENTHFHEES RS ) &R
Fr—8 HE 13 Frfiil + s 2 s IR R B
ISR SE Rl 2 B IR S 5035 1), The 3
b A B B FRAE R B R R e, AR ER
FARIZECR BHME , JEX BRI R R LA A S50
17 B e ARAbHE, AnrE BT o3 4 38 o b A S A o
B pH Si—i R 7, BHUR S EIRE RL.5%(BUEE 1
B3 13 Fp AL & B I E T UE ) s ZEDFST
TR S BN K pH Si—RE N 7,
TR A AR RE T AR £ BIRR BB (3R 1 A
13 Fifr - A0 b2 R0 g + Rkl L&), B
RS P SRS TR AL X S5,

2 HFREWE

21 EFEANARTIERENESREGELER
FRE 13 b T X I A 3 2 R0 Tk I 3 28 A4
WEAETT RS R ILE 2, R 2 ]I, Tk s ZE R
Vo BB ik v T o, 3 5 [ N AN AR e R
KB FELE R — B2 3 AN R XIS G 1 b
ZRBK, BT RPN R ERR, LS
4 P ERME AR, ALK HIE PR R R EE R
B T3k 3.8~6.7 4. Fe i FRAE AR (b A =2 F
k7 370~1 400 mg-kg™, Tl FiH#1 % 610~4 100mg-kg ™,
RGBS AT I A 5 ) - 3 B v PR A A B K AR
FEER G INE R BEE WKFNE B 24 LR EE
WAE 5 A E R o X 2 A i 28 A A O - AR v (B F
T HE(E 3), HE 30H, EiMEEFmZEN L
A RARHEIE S 0.6~182 mg kg™, Tl FIIZRHIb5
HEVE EY 22~8 000 mg-kg™'s G RULBIARBIFAGE



5529 B3 2 SR R R 273
42000 1600 )
3900 A= | afEE M e o
36001 [ Tl ik . 14001 o
REE . 1200 °
£ 3500 . ¥
& 2100} | & 800t
& 1800 . o3 8
E i I I
" TOET T - LI
L ;f '2 ] ;f ] i; ; I % z z ? ? ? ? 200k o
wWhgBBRBBAAL AN DD R L -
HHHHHHHHKHHHH H H H H 4 H H H H
EEEERESN & & € E ¥ = D R D K K K F F
B ERKEXYEREEH R E A LSO~ oG-S
kE I = B JdHd @8 B KRN . S EE
B2 EREGHHRE 13 Al HiRhENESRE asoop -
Figure 2 Maximum tolerable concentrations of Naphthalene 40001 ’ i
calculated by models in 13 typical soils T 3500
2 3000} o
g 25001
10 000 |- e |
ool [ TR 2, ool . s
ERR i ® 13500] .
7, 00001 [ FEg AR A H 1000k °
o 4000 ORISR sool. ° ° o
g 2000% ., o9 9 L
B a0l H H H 4 4 4 H H H
= D R D OB o B F P o
H 600 B LG G-
400 1 ® OE R £ R &
L e[ O HEBIAERL . MU Z (SOM=1.5%) @ 13 Fhsl+ 3
CEREEE LEREHE 4 RS S L R R RO R
® R E = ® R E = Figure 4 Impact of soil texture on maximum tolerable values of

B 3 ARRLEREEMERIEXZREEX T RITEER LR
Figure 3 Comparison among results from this study and standards

in other countries (regions)

Fi%y - 438 R 2% 110 i v IR L5 Al ) b HE 19 22 AL Y
ARG A —EREHEE,
2.2 3% Bt I EE AR A O R M

HRAE 3% EHA 54 81222 (American Society for
Testing and Materials, ASTM ) 5& T 338 i i 9 325, K
IO+ A+ AR+ AP T
Kb S 1 RV R S BORS  FRG -3k 9 Fh s
4 SR T ARG AT 25 Ml 2 v A [ 48 o X
ZRB) T IEBREME R

il 4 "I W, 7 D A M BRI 3 5 — €
B4 1T (pH=7,S0M=1.5% , 73 5 R L &
0, FEIFEMERIE S TR A BT IEAR
KRR, REENFNX A —EW . FEE TR
H AR , A AL I =T 2800 3 v
LA B, BV FEE 14 B Ak , ZR bR HE(E 56

Naphthalene in soil

R, HB T Bk B — R O T N
BOBRORG L, Tolb AR B0 + ), 2509 bR LR
R B A T e o X EER N 2SR TR 2 )
B (EREHCN 2x102>107), IS S B BRE T
FEANKR B BB, AR K, K& TR/ L
HEPRUE = A BRARIRRE , T2 D AR B ik
e AR S X R AR HEBUE R AR/

WEE SRR M3 T ORfo: &5 B ) , 3350
ZRIC R, DRI, A T R R BRI XU, A
BUE AT BB LTI 8 . MR I SE P2 B0t R iR
13 7ofr i 700 3 X+ 398 6 o L o - 39 i ) 2% f ke
B, WMEA A A F R E R X
TIEERBRERE 2 2R R RN, BR T LR
Sb, 32 B AU B LA G (R R, In4F
PR BB LI TS
ey b v FRAEIBUE A 2R i T R AR [
MR EN HESH (BRI LR



274 W RES SRAMER KRN RIBT LA DL R PRI A A DX 3022 5 B HL S e R R

201042 A

KR FRREEM L ERRBBERE )NER,
T F B0 YL 7E + AR 8] S BE A R) , 328 T 52 1
TR , B 25 e s FRAEL A BBUE . Bt AR R
AR BEAR M L2805 = BRE 2= R w7l
ik 420~2 600 mg-kg™ (43 A% i T 2 A b A Tl
),
23 TEBHRSEXNTIRENRIT

RIESCHR, AYUR S EEARLEFZREKR,
RAE 20% 0L (Candesx +) AR 2 0.5% (4n—
SepiBE AP 1), RELEREAGIE SRR
FELE HAE 5%LAT 2, MR4ER 1 a1, AP ST B3R
[ 13 Fh AR PR & R RETE 0.72%~5.74%
Z I8l B 5 B T IR N B S A LR & B X
Z5M A MERUE I . 7E IR VU AR R
AR 55 1 (A2 R AR AR, E pH=T, [T
G SR RS+ i A R AL R S50, 3
ZRNA SR ERUEREE AL & B A3 g e, 5
AEIFHARXR UG —HUER F 2R 5 35
MRS 0L, B REE A AL & B3, £ 3ExT

1600

afEE M

1400
~ 1200}
vy
5 1000}
K
& soof °
3
& 600f
H 400

200

% 1 2 3 4 5 6
HHURER%

asoop

aooof DT
. 3500}
£ 3000}
i I
£ 2500F
14% 2000 f
ﬁﬁ 1500

1000_'

500

% 1 2 3 4 5 6
HHUR A R%

-O- BiIZE R . SOM BE E (1)
O B . SOM EER L) @ 13 FpsAl 3

5 TEANRSEN LIRFIRAR R
Figure 5 Impact of SOM on soil standard of Naphthalene

ZRAY MR R P 5, A T R R B A XU, P vE A
ATREPILTT R SE . SRR, R
KL, HEA YRS B INE —E R E (1.5%4£H )
IS, 55 el PR L A HBUIELAS P BB LB 35 2 90 46 o i 34
n, 2 2 A E S BRI fr gt — 2258
SEERZEOT R AT 13 Tt B X 4 39 A bR B E
Y SRR B AR A T B AR REA Y & AL S
B RIE B A R A9 R 2 e e FR(EL 2 e i
AJ % 830~1 190 mg- kg™ (73 A% L FFE I AN Tolk
FiHL)

3 #ig

(DAEBUEEER R 1 B BHERXEKE T, 2T
MR E A ZE ) TR AR A P 28 M R
FEAE TG Bl A 370~1 400 mg-kg™, Tl F b BRA8 35 FEl A
610~4 100 mg-kg™ o ARETK -5 FHoAth [l 5 s b X Y
RASRHEIE A Y

QARMX HIEF RN ERREZRBE, A
[ b IX. A 38 rp 2% ) o v PRMB 22 7 B = T 3k 3.8~6.7
£ RGN T HLEH L5 G i IR BERR IR
{B3Z X IR 53 A 2 SR, FERR B T T 1 R 7538
LA,

(3) -39 S5 b F0 ML B 2 5 Ml e s R BB 1) 7R
P EEER, FEE TR S A3, &5 R
HEBUEH K, B3 —E R E R R S A P
FEE AV S RGN, R EREEE G,
BWARLERT , AVUES ' INE— R E G &
i FRME# TR E . IR A AR & B X 2800 1 3
I EEAREBUE RS2 P B8 £ 2 5 A L5 Y7 1
H IR AT R 2R

SE 30K :

[ ARES. LHEFRIF L RHGYBTIAX R [J]. TR, 2007(1):
35-38.
LIN Yu-—suo. Soil environment safety and the measures of pollution pre—
vention[J]. Environmental Protection,2007(1):35-38.

21X B, RO, BRBEE, 4. Wi -HAEURB AR E LR RBIX
TP ERERIY . EEEHR (ARBIENRD), 2003, 42(6):
856-860.
LIU Hui, ZHU You—feng, XU Xiao—bai, et al. Preliminary estimation of
volatile organic compounds in soils from Beijing suburban by purge—
and—trap/GC/MS [J]. Journal of FUDAN University (Natural Science),
2003, 42(6) : 856-860.

[B1EW4E, FJE 2. BTEX RFRIRT A SASEH [J]. A5%NE,
2008, 27(4):632-638.



F29BH 2 M

A -

E 275

FAN Ya—wei, ZHOU Qi-xing. Research advances on environmental be—
havior and ecological toxicology of BTEX[]]. Chinese Journal of Ecology,
2008, 27(4):632-638.

(4 BER, = B, T/NR, 5. L R RO - 3 o5 R 28 Y

TEYSIRBLLI]. AR FREAR Y, 2000, 19(2):93-95.
YANG Guo—dong, WU Tao, MA Xiao—dong, et al. Determination and e—
valuation of aromatic pollutants in the cultivated soils surrounding a
coal gasification plant [J]. Agro—Environmental Protection, 2000, 19
(2):93-95.

[5) &g =, RIS, Bk W, 5. TIESFHI IR MR EITEMm]. 2R
ER2E 58, 2007, 32(6):54-57.

LI Jian—san, WU Zu—yu, CHEN Bin, et al. Environmental site assess—
ment for brown —field redevelopment [J]. Environmental Science and
Management, 2007, 32(6):54-57.

[6] 20 e, MRS, B IR, 46 B ib T XA YIS P RIEL].
FAhZEHR, 2001, 17(4) . 87- 96.

LI Ling-bo, LIN Da-quan, ZENG Xiang-dong, et al. Characterization of
organic contamination at a petrochemical site [J]. Acta Petrolei Siniga
(Petroleum Processing Section ), 2001, 17(4) :87- 96.

1R & FRE B 75 #rim e mEiiit ] AL
AR, 2006, 17(2):331-334.

CHAO Lei, ZHOU Qi-xing, CHEN Su. An approach to the establish—
ment of remediation standards for contaminated soils[J]. Chinese Journal
of Applied Ecology, 2006, 17(2):331-334.
(8] EEI, Bk B, R #%, % LR REESHEHSMERR L. B
Frahds R ERETT IR L5, 2005, 42(1): 666-673.
WANG Guo—qing, LUO Yong-ming, SONG Jing, et al. Study on soil en—
vironmental quality guidelines and standards I . International trend and
suggestions for amendment in China [J]. Acta Pedologica Sinica, 2005,
42(1):666-673.
(9] EAIH, Bk . 6T RS YAOMER 3 ZHTMAAR BN £
DR IREE A, 2006, 22 (1):87-90.
XIA Jia—qi, LUO Yong—ming. Definition and three evaluation guidelines
of soil contamination [J]. Journal of Ecology and Rural Environment,
2006, 22 (1):87-90.
[10] 261, Bk B, 5k #%, 46, LR R s SE Shnvprsr 1.
5 Y T HEAO R KR TAGL)]. 3R, 2006, 43(1):143-149.
LI Zhi-bo, LUO Yong-ming, SONG Jing, et al. Study on soil environ—
mental quality guidelines and standards Il . Health risk assessment of
polluted soils[J]. A cta Pedologica Sinica, 2006, 43(1) : 143-149.

(1] R 2. BH BB r i@ R R R ). BAAES%
%, 2004, 15(2) :316-320.
ZHOU Qi—xing. Methodology of enacting standards for remediation of
contaminated soils [J]. Chinese Journal of Applied Ecology, 2004, 15
(2):316-320.

(121 Bf 48, XG4, 257 3. 5 it £ S XU S v (AR 2 5 30
RSN AKSCHBR TR2 15T, 2006(2) : 84-88.
CHEN Hua, LIU Zhi-quan, LI Guang—he. A study of the establishment
and evaluation method of the soil risk guideline of contaminated sites
[J]. Hydrogeology and Engineering Geology, 2006(2 ) : 84-88.

[13] SRR, 2280, SR =, 5. S FRBE PPA vho o o L ) AL 5
[J]. 355 5 R & J8, 2008(1):22-24.

ZANG Zhen-yuan, LI Pei—zhong, SONG Yun, et al. A study on stan—
dard applications in site environmental assessment|J]. Environment and
Sustainable Development, 2008(1):22-24.

[14) Beede, R %, £ B, 55 DA P st oy s
SEBTFN. FR5ETE S S BIIR, 2007, 29 (1):70-73.

DUAN Hua-bo, HUANG Qi—fei, WANG Qi, et al. Methodology for en—
acting pollution control standard of organic pollutants for contaminated
soils[J]. Environmental Pollution and Control, 2007, 29 (1):70-73.

[15] CCME (Canadian Council of Minister of the Environment ). Canadian
Soil Quality Guidelines for the Protection of Environmental and Human
Health, Summary tables, update 2004.

[16] NZME(Ministry for the Environment, New Zealand ). Guideline for As—
sessing and Managing Petroleum Hydrocarbon Contaminated Sites in
New Zealand, Ministry for the Environment, New Zealand, August
1999.

[17]1 EA (The Environment Agency ). Soil Guideline Values for Ethyl ben—
zene Contamination, Science Report SGVs 16, December 2004.

[18) EXZ, [EMIR, BUK'T, 5. REM AR LA F2ER + e rh 235
F5 A& BERFAELT). HIEBTSY, 2003, 22(3):360-365.

WANG Xue—jun, REN Li-ran, DAI Yong—ning, et al. Contents of PAH
compounds in different types of soils in Tianjin area [J]. Geographical
Research, 2003, 22(3) :360-365.

[19] ARFUFT, 2= 2, XVEM, . FRIL=AWRE L P HZITE
H AR, 2007, 16(6) : 1683-1687.

YU Li-li, LI Jun, LIU Guo-qing, et al. Polycyclic aromatic hydrocar—
bons in surface soils of the Pearl River Delta, south China [J]. Ecology
and Environment, 2007, 16(6) : 1683-1687.

[20] #5 X, TERAM, #o WU, 4F. BRYL= AU R Ko ly - e v 235

IR AR A RE RIS RORIR (). SRR, 2007, 28(10):
2350-2354.
YANG Guo-yi, ZHANG Tian-bin, GAO Shu-tao, et al. Source and
distribution characteristics of polycyclic aromatic hydrocarbons in agri—
cultural soils in the Pearl River Delta|J]. Environmental Science, 2007,
28(10):2350-2354.

[21] USEPA (U. S. Environmental Protection Agency ). Toxicological review
of naphthalene, In Support of Summary Information on the Integrated
Risk Information System (IRIS). Washington, DC. August 1998.

[22) Bt /N, BB, 55, e A e S PR B R CHC N

W] A FRERLEE2E R, 2007, 26(5):1952-1957.
LUO Qi-shi, LI Xiao—ping, GENG Chun-nii, et al. Derivation of soil
guideline values and their application in management and remediation
of contaminate urban land in Shanghai[J]. Journal of A gro—Environmens
Science, 2007, 26(5):1952-1957.

[23] iZUME, B =&, BKFOR, %5, RBCA #l CLEA RAIER BSR4

Gy IR XU ITH o B EE L) FRIERLEERTST, 2009, 22 (2):
241-247.
SHI Lie-yan, CAO Yun-zhe, ZHANG Jing-lai, et al. Comparison of
application of RBCA and CLEA model for health risk assessment of a
heavy metal contaminated site[J]. Research of Environmental Sciences,
2009, 22(2):241-247.

[24] SRAHFE. 232z M]. JUmt: sRE AR H e, 1983.

ZHU Zu—xiang. Soil[M]. Beijing: Chinese Agriculture Press, 1983.



