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[ Abstract] The wastes discharge from rapidly developing heavy metal-related enterprises resulted in serious
soil heavy metal pollution, threatening agricultural production, biodiversity and human health. The response of
complex and diverse soil ecosystem to the toxic effects of heavy metal pollution varied variously, which makes it
extremely difficult to determine the risk threshold for soil ecological risk assessment, leading to difficulties in
effectively implementing soil ecological risk assessment. This paper explored simple and effective methods for
ecological risk assessment based on the different reference values. This paper reviewed domestic and foreign
literature on soil heavy metal ecotoxicology, 5% hazardous concentration (HCs) and 10% inhibitory effect
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concentration (ECjo) of heavy metals on barley were collected; and 20 soils with different pollution levels around
20 heavy metal-related enterprises in Guangdong were collected. The risk quotient of 20 sampled soils were
calculated based on the different risk thresholds respectively including risk screening value of paddy field and non-
paddy field in GB15618-2018, HCs and ECi¢ values of barley above. At the same time, the potential ecological risk
index of 20 sampled soils were calculated with background value and risk screening value in GB15618-2018
respectively. The main results are as follows: The soil ecotoxicological results of some heavy metals and As were
reviewed and explored in soil ecological evaluation. The four risk quotients and the two potential ecological risk
values of 20 samples showed significant correlation. Using HC5 of heavy metals and EC10 of barley as reference
thresholds to calculate their risk quotient and background value and risk screening value as reference ratios to
calculate potential risk index, the proportion of extremely high risk in 20 samples was 40%, 35%, 75% and 45%,
respectively. In the case of widespread pollution, the potential ecological risk index value calculated by using
background value as a reference is high, which greatly increases the scope and cost of ecological risk control of heavy
metal pollution. In the case that HC5 of pollutants is difficult to obtain, the soil risk quotient is calculated by using
barley EC10 as the reference ratio and multiplied by 4 times. The soil risk quotient of single element is defined as
slight risk, medium risk, strong risk and extremely strong risk according to <1, 1-2, 2-4 and >4 respectively, which
can be used for relatively more refined ecological risk assessment. This study shows that barley EC10 can be used as

a risk threshold for preliminary soil ecological risk assessment and the basis to screen soil priority control pollutants

for heavy metal-related enterprises.
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Py &R HC5 JUTEE Sk RS &R HC5 JUMFI5ME STk
1 K 0.53 (£03%) 1.20 G+ 0.80 (14D 8 29-219 90.59 [18]
2 i@ 0.59-3.57 1.48 [1sp 38.00-217.00 107.89 [18]

1.91-5.25 3.17 [14]24) 38.00-217.00 107.89 [18]
B 4.10-11.30 6.81 [14]14) 38.30-262.20 139.37 [18]
4 A 3.65-36.04 15.40 [18] 9  HY  44.79-189.10 102.37 [18]
5 i 7.90-38.90 23.00 [18] 51.10-153.00 107.41 [18]
13.10-51.90 27.04 [18] 116.30-398.70 261.33 [18]
6 b 23.20 23.20 [18]
14.55-55.12 28.25 [18]
7 & 6.50-218.80 53.39 [18]
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IR B | | 0.78-917 (ECi0) 129-2378 (ECso) [18]
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. .
e & HHUR - —_— SCHR
1 4 0.6-8.1 0.2-5.4 13-25 [18]
2 B (VD 1.7-75.1 6.5-726.2

0.18-3.33 [18]

3 % (1D 41.2-1086.8 143.6-22943.6
1.19-5.97 21.4-82.58 39.9-96.6 [18]
4 ) 1.03-7.41 8-2372 29.4-1215.9 [18]
1.03-7.38 10-896 14.6-2902.2 [18]
5 & 1.38-9.14 13-255 23.9-424.3 [18]
1.03-7.38 37.1-3914 94.0-13914.8 [18]
6 24 1.03-7.38 18.5-1618.7 27.0-5754.7 [18]
1.03-7.38 105-629 323.9-385.7 [18]
1.03-7.38 158-2977 183.3-6433.2 [18]
7 i 1.03-3.14 25.3-170.2 93.4-206.2 [18]
1.03-7.41 34.8-715 127.8-366.5 [18]
8 e 1.03-4.24 38.4-741.2 56.1-2367.7 [18]
1.03-4.24 121-516 182.5-1648.3 [18]
424 378 3387 [18]
9 h 0.33-5.47 201-2506 531.5-7662.5 [18]
0.80-5.47 221-3164 1044.5-4868.5 [18]
10 4 1.03-4.31 262.64-3301.7 385.9-7277.5 [18]
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20 N EIERE R A ERAL R RN EE R S AR 4
Fims SRS E R E SR S EERRR,
FAEE pH AN B & A BH B 1 A e = 4y i
3.79~8.32. 1.25~57.44 g-kg! 1 3.91~18.87 cmol-kg"
', Pb. Cd. Cu. Zn I Ni &5 51 26.87~2146.36
mg kg 0.13~63.36 mg-kg'. 4.14~3463.83 mg-kg'.
36.34~10665.07 mg-kg™! 1 13.87~702.35 mg-kg !

FEdl 17 #1119 (1) Cd & 5453 7l =i 63.36 F149.59
mg-kg', FEdh 7 FIFES 9 [ Cd SRR, 1E 20
mg-kg! A FEM 9 K Pb S E&HE, #2100
mg-kg', FES 1 FIEES 7 1 Pb S REIRZ, AN

717.23 mg-kg! F1629.37 mg-kg'; KM 17 (A1 Cu
Al Zn & B HFIE 3463.83 mg-kg! Al 10665mg-kg
s BERL 14 B9 NI BrER AL 702.35 mgke!, T
BYU R Ni & 28T S0mg-kg .

20 ASTHERE S E 4 P R A ' ORI R
Cd<Ni<Pb<Cu <Zn, H-FIE7 74 9.07 mg-kg!.
65.95 mg-kg'. 288.63 mg-kg!. 4488 mg-kg!
1357.61 mg-kg!.

H Pb.Cd. Cu.Zn.Ni 1738 5 &5 518 1.69.
1.93. 1.88. 1.84 fi12.28, #iJ@ iR, WiF A
FI AR R B S RV R AR R ER, ETX
RSPk g R R TR 3BT PR

x4 HBRBUMRNESRESE

HeEETE (mgkgh

. BRWUE pH AHLUE SOM (gkg')  PHEFARHE CEC (cmol-kg™) B )
HiPb #Cd #1Cu 4FZn NI
FE 1 3.79 57.44 18.87 71723 970 45227 2066.84 24.14
B2 4.30 42.85 10.22 3457 0.13 1059 3634 13.87
B3 4.72 7.37 3.91 2732 137 29281 108.73 2731
B 4 4.95 23.29 8.55 100.33 0.44 2698 11938 2223
¥t 5 5.12 9.19 6.66 4491 118 31.14 132.84 50.58
¥ 6 5.59 9.98 7.45 38.64 0.15 3407 6482 5320
¥ 7 5.75 33.48 8.84 629.37 1931 44534 316437 19.46
B8 5.90 39.46 9.72 23221 1.02 1077 428.06 2545
B9 6.45 29.02 13.54 214636 21.77 151.76 2167.21 35.88
FE 10 6.54 10.79 3.37 3633 201 36431 14244 3756
FE 11 6.71 7.55 5.00 4897 030 298.12 103229 73.55
Bt 12 6.95 10.17 4.19 3799 1.03 414 4841 1992
FE 13 7.12 34.96 5.21 264.18 279 1396.57 708.56 4532
Ff 14 7.30 25.69 11.09 486.90 0.64 167329 1306.39 702.35
¥t 15 7.52 14.01 12.62 2730 051 1221 8248 2401
¥t 16 7.60 20.14 5.34 7039 172 2450 22873 28.52
B 17 7.74 1.25 9.51 17732 63.36 3463.83 10665.07 38.97
FE 18 7.81 21.09 4.58 2687 024 1070 9591 1922
Ff 19 7.95 2271 7.92 467.63 49.59 217.10 4321.62 27.17
¥E 20 8.32 3.51 13.62 15770 421 5554 231.78 3037
B 22 487.43 17.48 843.16 2494.11 150.48
FHIME 288.63 9.07 448.80 1357.61 65.95
5 R A 169 193 1.88 1.84 228
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23 AT ARRBEM A EGAES NG N4

X IR AT KRS B T IR ATHE T, A
7l e USSR =7, BT R 2 B ANFERE L IY
AN ) SR A 8, KSR 1. XU 2.
AR 3 FHRSIRE 4 I B AR R B e 18
(1.09) « ¥ 18 (0.94) . #£ 2 (1.29) FIFf 2 (0.32) ,
{EHFE 2 TERGR 1. KSR 2 I0TE 8 Al TR R
BV, 250 1.55. 1.49. Ff 18 1 XU pe A 11 S
PRI ] e pH ARG T, 7 € R IZEBR B i & Ak I
T3 RS bR E GRAT) ) (GB15618-2018)
RS FIBUEE S, FEOT G KR ER DN R
BT USRS 2 RS 3 R RURSE RS 4 1 o v XU
FEXIONEE 17 (177.04. 150.33. 263.21. 73.70) . %
FES RS 1. B RE 24 XSRS 3 AU 4 19
B8 1.1~177. 0.9~150. 1.3~263 1 0.3~74.
AFEZ BT R 4 AR RN e R
A< 2<ABE R 1<K 3, K HCs ERERS

AR}

XS #4 Risk quotient

AR 2 LR T B0 1R AU R A A v » 72 BA K Z2 EC10 i
Z AR ) 2.20~4.33 1% SR FH 7K B AT EZK H A XU i
T EAARR) 2 AR i, K2 HCS
N2 LI A T 57~85%, WX AN4h kB TR x
TR 11 IR T B A L ™ 245 3

PAHCS 2 AR THE AR B, BN T 4%<1
1-2, 2-4 F1>4 53 558 XORBRROARE . a3, 5
A AR A2 ], 5 AN on R WA%<S5. 5-10 10-20
AI>20 7353l 58 SCHERROARE . H S U 5 AU
B A . A HOs 1B A R S BT
A 7 A LAKZE BEC10 S LUE R 2.20~4.33 %,
FrUAFRAT T KZE EC10 1tHE RIS AB P *4 %, 4%
<5. 5-10. 10-20 F1>20 435l € SCNEBRRUARS . H 45
RS SRR B AR g . 20 AN IR S
DL HCS FILAKZEE EC10 N2 AR TR AR 800 ARG
HH SR DR e XS AR 5 XS 2R3 i PRI A 2550 il
e 8. 2. 2 H18, 6. 3. 4 F1 7t

—— KL Risk quotient 1 —@— KKiF2 Risk quotient 2
A F&FT3 Risk quotient 3

v A& R4 Risk quotient 4 -

> e
|

g

B2 IREEmEIXEE

LA 7K FE B RS 0 S (RN ) AR 8 W o () - 3 1S
SOETFHE 20 AN RS 5 ANt R CHESO i
FEAEZS KBS 8 BUE RL23 71 14~3382 F141~14952,
W8 KT Bl RS e, W] 3 Frs. Hakanson

(1980) #& 1) RI 73 HbrdEA RI<150 CRMAS

AR+ 150<RI<<300 (HEEAZSARE) « 300<RI<
600 (BRZIA A5 KUK « RI=600 (R 38 A4 25 KUK

{H2 RI 50 bR B 1% 25 R 5 Y Fp R &,
PEAR S AT 7T BTt 0175 G R NS, B 4y
TAERAT I . AR S G @B (201D $2i
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LI 2 B R 508 5 e 2 LR VA

IR HE VAT R 2 . B SR PE Hakanson 55—
PO FIRAE (150D FRLA 8 Fiim Y (1) 2 P 3. 51
Bl (133) 19 257 RE M B R EH RI 2 {H
(1.13) ;5 SRJEH eor B PR B R 50 R 732 fi ofe
DAAHRSE 5 P 4@ s vhm B R B E (460 FF
B A7 B0 A5 B AR B L 56— 20 RI /- R PRMA
(51.98=50) 5 HABL 1) 5 G A 73— 24y
RAETe 2 193], Pt LR E 15 304 KU 20 B PE A b
A RIKS0 A AR, S0<RI<<100 M+
A AR, 100<RI<<200 5 24 A& KU, RI>200 K
AR 3 A 25 XU

Yo BT R S (0 o b AT 0 ), 20 13k
FEat R, DA s (i A0 RS i 8 (8 2 LB T
(R LR A 25 XU P $00{E. PERTI AT PERI2 FHAR MR o
PP DR i XU AR i RS 25 Sl B it AN 200 )
AN 1. 2. 2 F115 (RI216~14952) , 4. 3. 4F19
(R1208~3383) , DATHE8 SRS LAl B 5 XU
PN IR T H B, S R E 3
T 15000,

2.4 A XM A

X RS RS  WE A AR A KU VP Ak R K HE kAT
i 7 IR 2 S AR SNE A3 M (3R SO RN S ARL AR S 0 HT

HHEE 5 R, 8 JRURG: 7 R 85 0 A 25 XU i 50 7
AR ARG, WSR3 HXESR 1. KBRS
2. KGR 4, WAEAESKISTEE RIT LI EAS K
B i 2 RI2 B 2 A 2 25 A0 G, AHOC R %053 18 0.937.
0.925. 0.950. 0.896 1 0.896, XK 4 5 XK 1.
ABSTE 2+ KRS 3, WETEA S XU T 4 PERIL A%
TEAERRIGTRE RI2 WA AR A, KR
3R 0.977. 0.961. 0.950. 0.929 F1 0.926, KK
F 4 5 e KU 1 AH O R B = T U 3 A
R o pH I BRI AR DGR 2 B mT T, RS R AR AR A
BHABABEAAN BB WA EH B R, H
FSEMEIE ] 0.996 (P=0.000, P<0.050) . #AJiAA
AN TSRS A, (HE R %R
BEAS VARG 7 V1 8 AH L RS 73 b e, 15 tHAECH
TRERfR ) IR VT A1t 245

3 g

Hakanson & fEA S KSR E0E 2 HATH TE S
Ja i G B A RS VA B 22 1K) 77 (HAKANSON,
1980; SHIetal., 2023; D%, 2011; Kl
45, 2023; TEENESE, 2022; RS, 2022; ZHENG
etal,, 2020; ZEUKZE, 2022; PIMfILE, 2022) , H
XA T VEAE N A R R A7 AE 2 5 T8 ) 1) R

—m— HTEAEIBEIEEN Potential ecological risk index 1

— —8— JE/LEFENETE 2 Potential ecological risk index 2
@
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x5 HBREBFREXMES

Bl BT 1 RQ RS 2 RQy KGR 3 RQs MG T 4 RQq TETE A MG HEEL 1 RIp B AEAE SIS Fa 5 2 RI,
AR 1 RQ, 1
KB 2 RQ2 .989** 1
KT 3 RQ3 937** .925%* 1
KT 4 RQy 977** 961** .950%* 1
BIEESHARTES 1R, .949%* .925** .896** .929%* 1
BIEES KRS 2RI, 953%* .964** .896** .929%* 892%* 1
o 7R 0.01 A (RURD , MKHERE.

—REMERBENTE, IFHEE R
ZHAE 124, B TiMn/Zn N 1. V/Cr AN 2.
Cu/Ni/Co/Pb N 5. As N 10. Cd >4 30. Hg A 40
(HAKANSON, 1980; #4355, 2008) ; ZHENG
etal. (2020) WEMMFERECN 1, HEFRZ T
FWMEERECNMIE; H— 4, £S5 RS
JBAEE M EAEL T, Uy REMS it ER
TELE RS R By, RORIG I 1 RS 8 42 1) 3 Bl AN
A . ZEUKEE (2022) 53 70K ) GB15618-2018 HHi
SE T 7K FE XU 7 32 (LR S AL S 2 ARG L AR
Y5717 M 7 R SKAR A Ak 3% 1) Cds Hg Ass
Cr. Niv Cu. Zn fl Pb #HATASKE T, 2RE
NN TT R I RSB 5 A 0.36-7.12 1 1.35-69.17,
DAE 3T S NI AL S RSN S LU R, LR
A PG R KBS TR (A S UAE Y 3.75-9.71 fi5. 2
IS (2022) ff 1 S v 5 VG R X R AR
KX 1 SHYEE X ) Pb A1 Cd T34 74 KU 15 507>
WIEIE 2095.05 F1 3658.50. SR, AHEFTH LA
GB15618-2018 =il 1 ={E 7K FH f RIS i iz (i A
REWRE LY SMEHER Cdy Niv Cuy Zn H
Pb K EASHIGTEEE RI 7008 14~3382 A
41~14952, Ja#&E ERIHE I 2.92-4.42 £5, 10 HJ5 ¥ &
FMEERL 15000, 3% 5A0E I 320 A sRA A
KA, 4 ZH 17 SHERER) PERL 43708 408.2 Al
14951.7 # /&M om A= 45 U, RS 254 3 X 51, 15

J5i# PERIE /2 A 36.63 1%, J5 & LUAT & K 145435,

Fah, TR S X PR UL, B s
AU

AR AL GB15618-2018 FRHILE I XU
e (JEKHEAKED) « HCs FIRZE K ECio1E R

- 10 -

BEPEBUETHE T 4 NIRRT (risk quotient,  RQ)

I M CARS T B ) AR RS I SEE NS
AR 2 AR TSR A AR S RS VRS P 2. 2% AU 7
TRV AR 2 RS 8 H M P A7 AE BB AR G, R
FKZZ BCo S LA THE I RS R B 5 e 3 X
B ps A 2 PRI AE AR S XS F8 2 A 5C R 0570
0.977. 0.961. 0.950. 0.929. 0.929. L\ HCS5 figZtl
EIFER B, SN TCRE<1. 12, 2-4 fI>4 43
E SO « 8 AU o 8 R Al o XSG 2%
Wil 5 ANTCENMFE<S. 5-10. 10-20 F1>20 43515 X
NERARRGE « F A KU B KU AR o XU 2 )
N HCs 1E AR 25 XU 2 AR 58 A XU i 2 BA K 32
EC10 & At 2.20~4.33 1%, FrLAIRATK K Z
EC10 TFE I XE R *4 f5, FF3%<5. 5-105 10-20
AI>20 7390l 58 SUNERRURRSE . HRS R 55 XU

AR RS o b IRV A A A B AR PEAG 25 SR [A)
R ERAZS B O 4 SR 17 SFE RQ4 Tfe
PL41%Ja, 230N 5.68 Al 483.12, JKUKZ5E4% 7 il N
WA RS AR B A, 22 AR W . 20 AN HIERE
m . BLHCS FBLKZE EC10 A T E R
DAL H R R i RS AR e PRI 2 3 A o A4
HEEAR N 40%. 10%-. 10%F1 40%, 30%- 15%-

20%F1 35%, EUEGEET. DL A-3E T S A XS ik
HASHE T REE SRS EUE RIT AT RI2
RO < H A XU+ i XL AT AR B JRU G 2% ) A
AN B AN 5% 10% 10%F1 75%,  20%-
15%- 20%1 45%, PLHIEH SEAZ RS 2R
S RS R o bR FLB VAN 1.67-2.14 %, 1
KFHEFIERIENGE R BT LB AR S R TR L
TEVEAR ) S A A2 2 U e K TR I 45 . AE
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HC5 MELLGAFHIE LT, HKZE EC10 fEAZHE
THE R Te 4 B4R, BRI ER
AR <1 1-24 2-4 Fi>4 539558 SONBERUR
HR A IR i XU« B XU 31 s AT DAEAT ARG B
R AR () A 28 RS T Al o SR SR BELAFF 58 HoAth o o
IKFERbF R ZEFIRRAR K ) ECro, VBN ITAN
B AT AT PEAIE 5

4 £5ip

(1) HCs MIKZE ECo JUMIMERRK 5 £
AERSTIEROR, B B BRAE A S FE PR AR LI

(2) AWF7EH 43 HILL GB15618-2018 HHIE )
KBS E CIEZKEAFIKED  HCs FKZE R ECho
YEREHEBRE T T 4 DB R (risk quotient, RQ),
A3 UL RS TR B | AR R I SR NS
2 LU TR AR SRS R EG 4 AN
P AN 2 ANTERAEAEAS KU FE BOM 9 2 B A G . SRR
# EC1o S LB THE I XS B 5 H e 3 PO
F 2 P LE A RS TR A A DG R R 0977
0.961. 0.950. 0.929. 0.929.

FEI5 Qe b B I oL, R A S
THE A S SR B A =, KORHE I 7 H 4
JaB 5 e A 2 DA A 4 (03 BRI A o TR V5 I
HCS5 MELRAF SN, FKZE EC10 fEAZS A
THEXR T 4 (5 4ER, BRI ER
KBS R TE<1y 1-24 2-4 F>4 3558 SN |
PR AR R XU o B XU 25, T DAEAT ARG B
FE ARAL R A 25 RSP

SE 0
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