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Abstract:  Objective Polycyclic aromatic hydrocarbons (PAHs) have carcinogenic, teratogenic, and mutagenic effects, and soil
PAH pollution has become a world-wide problem. However, ecological soil screening and controlling levels (Eco-SSCLs) for
PAHs in China have not yet been established. Thus, soil ecological security risk assessment is still unsubstantiated. Method

Here, we systematically investigated the research outcomes in related fields at home and aboard, and screened out 248 toxicity
data (Effect concentration;g, EC,q and No observed effect concentration, NOEC) of 16 pri-control PAHs listed in USEPA. The
species sensitivity distributions were developed by a series of cumulative distribution functions, and were successfully used to

derive soil environmental criteria of each PAH (PAH-SEC) for ecological security under different land use types. Result The
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PAH-SEC values under different land use types were 1.00-10.60 mgkg' (natural reserve and agricultural land),
1.03-25.44 mg'kg ' (parkland), 1.12-51.00 mg-kg '(residential land), 1.20-68.41 mgkg ' (commercial service and industrial
land). Conclusion The results can provide data support for the formulation of soil environmental quality standards for ecological
security, and offer bases for ecological risk assessment of PAHs polluted soil.

Key words: Soil; Polycyclic aromatic hydrocarbons; Species sensitivity distribution; Soil environmental criteria for eco-security
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T4 Yo ) JL A7 3] 1 45 R A i 2 OG v  98 EIR B AR
1125 (USEPA ) ©24% 16 Fh PAHs S AR SE45 V5 YL
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Table 1 Structure and properties of 16 USEPA PAHs

Syt K FHER
£ AN
PAHs CAS Molecular Water solubility/ LogKow Henry’s constant/
Structural formula
weight (pgL™") ( Pa:m*mol ')
B 91-2-3 128.17 31900 3.34 50.4
Naphthalene
jis 208-96-8 15220 9 16 100 3.55 1.9
Acenaphthylene OO
CAE 83-32-9 154.21 P 4160 3.92 13.9
Acenaphthene OO

Fluorene

Vil 86-73-7 166.22 O

O 1 880 4.18 8.7
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PAHs CAS Molecular Water solubility/ LogKow Henry’s constant/
Structural formula
weight (pgl™") ( Pa:m*mol ™)
EH 85-01-8 178.23 O 1034 4.50 3.8
Phenanthrene ’O
Jco 120-12-7 178.23 OCO 47 4.68 5.0
Anthracene
4 129-00-0 202.25 “ 124 4.96 1.2
Pyrene OO
W 206-44-0 202.25 O 227 5.18 1.1
Fluoranthene OQO
I [a]E 56-55-3 228.29 ‘ 10.21 5.91 0.47
Benzo[a]anthracene OOO
I [a]tE 50-32-8 252.31 “ 1.50 6.13 0.06
Benzo[a]pyrene OOO
)il 218-01-9 228.29 “ 1.61 5.81 0.24
Chrysene OO
I [K]FE 207-08-9 252.31 ‘ 0.93 6.11 0.06
Benzo[k]fluoranthene OOO
I [bIKE 205-99-2 252.31 O 1.28 6.12 0.07
Benzo[b]fluoranthene O0.0
#If g, h, il4E Benzo  191-24-2 276.33 O‘ 0.31 6.22 0.03
[g, h, i]perylene O‘O
—ZJf[a, h]E Dibenz 53-70-3 278.35 O 0.91 6.55 0.03
[a, h]anthracene OO‘
BiFE[1, 2, 3-cd]ié 193-39-5 276.33 0.19 6.58 0.03

Indeno[1, 2, 3-cd]pyrene
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FrRifE HIEAPER A pH = 6.5, HHEA ML ( Soil
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AP
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RS A SR W IR LB S i a I b R pH
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Table 2 Cumulative distribution function for SSD curve

4 BRI
Name Function
1
y= %
Burr III [ ( b)”]
1+ —
X
y=d (4 —4)
Logistic [x r
1+ —
Xo
1
Log-logisti - “
og-logistic 1+[ g j
xX-y
X “
Weibull *[;)
y=1+e
r a
Gamma = X/ﬁ( )
I'(a)
Inx+
Log-normal —KD( nxa- 'uj
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fimetaria ), WEPEEFEIEJE 1~76 mg-kg . % A AR R Mk
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PEBIETE B 2 1 ~947 mgkg', T Uk E N
258.65 mg'kg ', HARF &M (Eisenia fetida) 7¢
JIF A SZ AR ol v BRI A

BB AE AR A AE . B RUR I [a] 28 = FP
PAHs, fE RNk, H. E¥ PAHs g8, #F5T
PAHs #PEHE 5 4t - e R b M R e & . &l 3
fn, HEHE 3% pH 53E (r=0.360, P =0.009),
EE (r=0.379, P=0.006) FfIZEIH[a]ltE (r=0.611,
P =0.005) Ay#EEMERCHE 2 W] WA IEAHDG, X AT RS
PR BB 123 pH 25104 T PAHs MYAYIA 2L
PE, BIFERRME P AN PAHs YR EEE n] 51 A
PR ) FEMERON , DT T 45 3 1Y EC,o/NOEC
%, SOM & 53E (r=10.323, P=0.015). i (=
0.060, P=10.672 ) FIZE I [a]tE (r=0.412, P=0.079 )
BHIEMX, WREEZEF N SOM HFaE#Es,

11.69%

4.44%

12.1%

7.66%
2.42%

[ % Naphthalene [l —%(J&& Acenaphthene [ %j Fluorene [ iF Phenanthrene [ #{ Anthracene
I £ Pyrene [ ¢ Fluoranthene [T #53%[a]/# Benzo[a]anthracene [_] #<FF[a]i’ Benzo[a]pyrene

K1 ASCERP ST PAHS TEIE R &

Fig. 1 Volume of PAHs toxicity data collected from the literature
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Fig. 3 Relationship between toxicity data of phenanthrene, pyrene and benzo[a]pyrene and soil properties
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Fig. 4 Species sensitivity distribution curves of PAHs in soil
% 3 Burr ITI # Logistic 22! %} PAHs ST E M ERIE
Table 3 Goodness-of-fit test of Burr III and Logistic models for PAHs toxicity data
SSD 43 A 1 #4 L
PAHSs Reduced Chi-Sqr R?
SSD distribution model Equation
S Burr I 0.001 0.987 -
N y=0.958+— 088
Naphthalene Logistic 0.001 0.991 1+ (x/1.232)
yiA Burr 111 0.014 0.800 1
y= 1.08010.830
Acenaphthylene Logistic 0.028 0.600 (1+(0.202/x)"77)
—EUE Burr III 0.033 0.542 ~0.593
y=0878+ ————
Acenaphthene Logistic 0.010 0.800 1+(x/1.439)
% Burr 111 0.002 0.979 0911
y=0966+———
Fluorene Logistic 0.002 0.979 L+ (x/1.416)™
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SSD 4 At 7Y E
PAHSs Reduced Chi-Sqr R?
SSD distribution model Equation
El3 Burr 111 0.001 0.989 _
y=0.942+ 095 =5
Phenanthrene Logistic 0.001 0.991 1+(x/1.500)
& Burr 111 0.004 0.998 _
y=75295+ %
Anthracene Logistic 0.004 0.998 1+(x/5049.234)™
(3 Burr III 0.001 0.999 1
Pyrene Logistic 0.002 0.975 (1+(0.207/x)>77)0722
L
P Burr III 0.002 0.981 _
y=1.076+ %
Fluoranthene Logistic 0.002 0.981 1+ (x/1.918)™
HIf[a]E Burr 111 0.005 0.998 1
= 38.172+0.015
Benzo[a]anthracene Logistic 0.006 0.997 (1+(4.495/x) )
. Burr IIT 0.002 0.981 ~1.998
K If-[a]EE Benzo[a]pyrene y=1954+————
Logistic 0.001 0.986 1+ (x/3.440)
T Burr I1I 0.002 0.992 _
y=225.442 +7225'350l =
Chrysene Logistic 0.001 0.995 1+ (x/78.303)"
I [K]7E B Burr I11 0.001 0.998 _
168,708 4 IS8T
Benzo[k]fluoranthene Logistic 0.001 0.998 1+(x/3201.247)"
HKIF[b]9E Burr I11 0.001 0.998 _
168,708 41867
Benzo[b]fluoranthene Logistic 0.001 0.998 1+(x/3201.247)™
#Jf[g, h, i] Burr 111 0.002 0.992 225.350
y=2254424 — =
3t Benzo[g, h, i]perylene Logistic 0.001 0.995 1+ (x/78.303)"
I [a, h] Burr I1I 0.002 0.981 ~1.998
y=1954+—————
T Dibenz[a, hlanthracene Logistic 0.001 0.986 1+(x/3.440)"
BliIf[1, 2, 3-cd]iE Burr 111 0.001 0.998 _
y= 168.708 + — 108657 ___ 5
Indeno[l, 2, 3-cd]pyrene Logistic 0.001 0.998 1+(x/3201.247)"

1 : Reduced Chi-Sqr 7~ K 5, R? /R 14 JE . Note: Reduced Chi-Sqr represents the chi-square test and R represents goodness

of fit.

USEPA #% PAH AR 720 (p) T HC (1) fH
Nk 4 fis, HARR S R F b 1 3 v 45 PAH (1

A S FEUETEE R 1.00~10.60 mg-kg "5 23 @l Hb 4 458
Hi4% PAH A SIEETE Y 1.03~25.44 mgkg 5 1
EHM DL PAH WASHMELREY 1,12~
51.00 mg-kg ' AR K Tl A 3 4 PAH AR
BIEMETEFN 1.20~68.41 mgkg' . FLLFE HIFEE
FHHb 7 R A B WIS, % PAH 1Y - HE PR 5% SL
ERSAE —E N m. #5004 PAH JLEES
SrFIFIEEZ R ER (B S ) PAZ bl Iy 58
JB, 4 PAH AYAEZS 4 4 R IR HE 50 AU

LPEMAMERER (r=0309, P=0.245), X5

R ML, bk i AR
3 1 ®

30 AAER&SRETERBEEERR

KR E FX AT I T R, H
7E 20 thed 70 AR 22 R T (RIS ), B
Je AR W 52 38 A SE L 4 S P27, USEPA #E 2000
MR, EREAR T (R REEE: 5R), Xatii%
TR RS 5 B LA i AR AT T
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Table 4 Soil environmental criteria for ecological safety of each PAH in different land use types
M A E R IEE Soil environmental criteria for ecological safety/ ( mg-kg™)
IR HAR R b A (HCs ) 23 F b 5 AR K Tl FH . (HCso)
PAHs fEE M (HCy)
Ring number Natural reserve and (HCy) Commercial service and
Residential land
agricultural land Parkland industrial land
i3 #* 4.34 8.53 13.60 16.60
Low ring Naphthalene
(<4) JiA 1.00 1.03 1.12 1.20
Acenaphthylene
ZEUE 1.00 1.04 18.05 23.10
Acenaphthene
% 6.14 13.01 20.84 25.53
Fluorene
5 10.60 17.62 27.98 35.11
Phenanthrene
h3 2.28 5.47 25.99 66.21
Anthracene
TR [ 8.61 12.65 19.03 23.86
Medium ring Pyrene
(=4) D3 8.67 25.44 51.00 68.41
Fluoranthene
ESIHEY ) 1.05 1.80 7.59 20.38
Benzo[a]anthracene
T 1.22 1.97 4.31 6.02
Chrysene
¥ High AT [a]h 2.36 6.32 23.04 46.02
ring Benzo[a]pyrene
(>4) I [b]FR 1.06 1.61 4.65 8.80
Benzene[b]fluoranthene
I [k 9 A 1.06 1.61 4.65 8.80
Benzene[k]fluoranthene
#7f(g, h, idE 1.22 1.97 431 6.02
Benzo[g, h, i]perylene
ZoJf[a, hIE 2.36 6.32 23.04 46.02
Dibenz[a, h]anthracene
EigfF(1, 2, 3-cd]iE 1.06 1.61 4.65 8.80

Indeno[1, 2, 3-cd]pyrene

¥ : HCs. HCa. HCyo Al HCso 4333 7R 5% . 20% . 40%H1 50%4) 7 32 2 15 F B A9 B . Note: HCs, HCyo, HCy and HCs represent

concentrations at which 5%, 20%, 40% and 50% of species are endangered, respectively.
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Fig. 5 Relationship between soil environmental criteria for
ecological safety and ring number of each PAH in the parkland

AMUAHT, JFHR T T T AR A KU AR 0 - 0 e (10
INE RIS 1996 FRA TS5
Yyl LI AR A B TN, K R
YR A2 (A M . FE AR/ BE b R b
UL ), 246 FAE G ORI Al HE R R 3 B
BEpiE), 5 [ M T 2004 4EIE R K A ( S0
T AE AR [ A S KU T TP R ), JE kil kR T
— 4 5 XU (R G A B 5T 415 0 for 22 4
P« 25 (B3 R BR335SR FH 5 A 28 AU 1) 3 20
358 O S s TR R VA 17 A0 = 9 1 35 e R B DL R S
T BRI B R, 4G HARE . 1730 {E A
A THEZ A ERER, RES T 2018 F XA
CHERREE e A b+ 585 Y WS B s brife (3R
37))( GB/T 15618—2018 ) BHHI ( + IR T 4
BT M s e KR A AR e (4T )) (GB/T
36600—2018 ), I HY T JRURS: 0 356 115 1T XURS: 45 48 1L
FAOMEAS, LA I AS ] 3 G RURS: 43 26530, 4 i e 1
T A 25 240 4 RS B vME B A ST TAE . Ao I
F PAHs SR Z S (b A+ 5875 YL XU
EEARIE ) 1Y KRS 0 BE A AH T, JIF BH iy 57 S 1)
AfEPE. AR 22 R Mg, i, (b
T G RS A AR ) B — IR S Ml O
F%) JRUI 575 60843901} 490 mg-kg ' HT 1 293 mgkg ',
AR 100 541

G A B L PR IEOL, TEA AR 4 RS
WEHE 70k IR TN, Xt R A A £

YRR RERE B, BB | AR A RURS 2800 X (B IR A
FIRGNE X 18] HE R0, (B SSD ik iy FH i 2 il 4 /b
15 G OV B R R - v R A SRR RN 0
DL S B AR b 10% N BN,
B MR R, S A S B AR S
FEHE I 16.17 mgkg ' F1 2.43 mgkg!; LA 15%
F14) i ] A B o R A RPN, AR R AR S
FEHEST 5 9.26 mg-kg ! Al 11.53 mgkg ', HAHFS
FrAg B E(E AR Y .
32 AR eTEREEAESHAIRBEESW
A A A IR IR B B MEHE S 0 i AR
H B2 AR W BCE Sk . R B LA RS
FEFA 20, AT BEVR T B SR IAEE 5 Ye oy 2
KPS, BT, W5l AZRER Y BRI
PR FEAR LM T B TP AT e . SRR R
PURT DL 5 58 3 A2 R 2 85 IR — a2 18 R 38 A8 A A OC
X, EADLSE PR i P B, I DUAR 5 2R BU( Coefficient
of variation, CV ) FI{E b7 M A0 2% 85 S HE A1 2
PERFE R, Qin R THT 5 000 IKF4FF
TR 8 B PAHs F M EHs FI 2 85 B 1 CV 1A
g5, 8 Fh PAHs BMEHIEN CV K, N
1.14~6.92, 1 S PR 2 #8819 CV {2k 0.28~0.36,
AT UL O 0 AN S 1 T R A S XU S
HEHE S AT B MR R ZORTR . R RIS h
PAHs A= 45 % 4 IR B 5Lk 0 AN o e M, AP )
AR T E B 3 A R RORORL SR SR, 1S
PAHs #EPEBE I REA &, FRARRE AR Bl A iy ok
MR E Y T IR PR B A MER IR, TR e 4k
PE 7803 7% 8T TR I i A 7 W R AH AR T
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7 PR PERE . 3 pH A0 SOM S &4y 53k B
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Logistic #8153 5804 T 16 Ft US PAHs 114 Ff fU%
oA 2k, S AN 7 20F 4 PAH 11
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