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Abstract: [ Objective ] Establishing ecology-based soil heavy metal thresholds is critical for accurately assessing regional
ecological quality, managing contaminated sites effectively, and promoting the sustainable development of soil ecosystems. This
study aims to derive such thresholds for copper (Cu), zinc (Zn), lead (Pb), and cadmium (Cd) under different land use patterns by
integrating extensive ecotoxicological data and accounting for key soil properties. [ Method ] It was systematically compiled and
screened ecotoxicological data, yielding 118, 123, 61, and 100 valid entries for Cu, Zn, Pb, and Cd, respectively. The dataset
covered 29 terrestrial plant species, 4 terrestrial invertebrate species, and 10 soil ecological process indicators, with
accompanying soil properties including pH, clay content (CL), organic matter (OM), and cation exchange capacity (CEC). The
data were normalized, accounting for aging-leaching effects and soil property influences. Predictive models for 10% effect
concentration (EC;,) were developed based on soil properties. Species sensitivity distribution (SSD) was applied using weighted
average models derived from multiple best-fitting distribution functions to reduce uncertainty related to reliance on a single
distribution. [ Result ] The result revealed that (1) Soil pH was the primary factor influencing the ecotoxicity of the heavy metals,
with significantly higher thresholds observed in alkaline soils compared to acidic soils. (2) The order of ecotoxicity was Cd >>
Cu > Zn > Pb. (3) Thresholds varied substantially across land use types: agricultural land and protected natural areas showed the
lowest thresholds, reflecting the strictest ecological protection requirements. However, park and residential lands presented
intermediate values, while commercial & service and industrial & mining lands had the highest thresholds. (4) The derived
ecological thresholds based on land use and pH-specific categories differed notably from current standards in Europe and the
United States, mainly due to differences in derivation methods, ecological receptor coverage, protection levels, and incorporation
of soil properties. [ Conclusion ] This study compiled extensive ecotoxicological data for Cu, Zn, Pb, and Cd and developed
toxicity threshold prediction models incorporating key soil properties (pH, CL, OM, CEC) following aging-leaching
normalization and soil property normalization. The results provide a scientifically supported and practical framework for refining
soil environmental quality standards and support differentiated ecological risk management based on land use and soil properties.

Key words: Heavy metal; Soil ecological safety threshold; Species sensitivity distribution; Ecotoxicological data; Soil properties

THE N ER R ZE N RS, HAg
BUEEEEEE LRI EY PG £ER
Gi R 55 ThBe K 45 LA e NI AR B 1 nl Rkl
2014 4F A 1 € 4 3875 YR DR 2 A ) 8K,
S R BDR I B ARSI, H S Y&
SRR F . BE 2020 4F, 4 - HERREE XU 15 2]
RER, 215 YR SR HRIE ] 90% 4, 15
e Pz 2 F I ERIKF] 93%L) FP. SR, FRArE
JHLIX A T 4 S V5 e ) AR AR 2 L AR
FRAR A A A Ay . R A A R B IR
EARMERRL 22 H S AP Bl T R+ 4
JEAS L BEIT T, RS Y XU . AR
S it KU A5 4 L D) SE AR B - AR IS T AR A A O R
XFFIRAMEDE R FAESCH AR . FEERESE
LB pE A AR X,

A A5 A (B R R AR R R FE O R
(VS50 O O S w1 LB s R S Y e SR/ P
SRS RGOCHZ IR (kB . i
B HESh P A5 ) A e A W B = AR S AR A

TIENPRAE L IR AR IR ) AR AN R Y
BRI Rk S, EBR b, ZAE RS T AR
b A A PR B B R (R R . i, G
WORE A 2003 4FRZBLHS T HXTZF0 G R A
BI5GB L 3R 250 HE {H ( Eco-SSLs ), XM
Y LSETCAHESI Y . SR FLEh Y A TR A
B e PRI i i LR, B AR
PUEBREME S IIRE, BT LR EY MR
Pl e DR 22 A VR IR AE T gk -
e AR LR AR A 2 4, HA:
SRR B AOCEMY . LR HESY . Rk
W) BB, S A RO e R k. A L%
W R R R AP E AR LA R S S R A R T A A
TACREAR R TEESE

F [E 0 - HEPR BT EME 5 b vl AT I 2P T A
BRI, R A AR T SR E I A H
B UCR ARSI E RO LI IRR T2 TR
VAN = € =X7/ By VR 1 BT %S QA Rl il sk T el
CERfE), 4 1995 AR E 8 (1P i prif )

http://pedologica.issas.ac.cn



144 R[5S ST LA LM . B 4. FRBETR 99

(GB 15618-1995) Byl B 1 HAl. T4k, AH
FWFFEFFERA , =7 18] 5 55 TR
WH R H R G0 E 48 TR 5 LN 2 4 R (E A 5
R AR T 4, YIS TR AR Y
AESE  TEVEAL . ARifE 2, FRE 2018 AEFE A
T IR A S Y RS A T AR I - (AR T
A M g A A AR e (1T )) (GB
36600-2018 ) LA AARMEEEOR I M iZ.0 Bk, £ &
f L SR A A R I ST TS Y AU
HEHFYERREER; (HIERERE L1
ey e KU A AR i (3847 )) (GB 15618-2018 )
R R A, FRIRmREY A K S 5k
BERY TR, BRG T A M 39835 e g XU i 16
S5EHIE . SR, BATAREAE IR OR TR - R
IUF 3 A5 Sz R A A Bt B A AR A A
B HER M (Cu). 4 (Zn). #F (Pb)., 44
(Cd) A E &8 WA STFEERN, BF KRif
RUET FEMHEHFEAE, AESET HIEAS
A E 4R BB T EEIA . B ST A
A ZIRT 1z AR . BN, [T,
W, R FRERREY, KRE. ME E
Ko AKREEREIEY, USER ., 2503 F 50
FMEEAKEY), FEMARP RIS . A TR
B i B R S R R4 20 i A T HE B A e
Tl Rl Bk AE, HSOCHE A Rt TR A
21200 - e A AR R R R
It SR 1 s R G M S S Th R 2720 7R3
W ERBEMEERS, WA HURME 375 ( Species
sensitivity distribution, SSD ) B A#HES A
LA AR RO H O FEEA T RAESR
G AR A ZEXE YY) (IEA R ) SUsdEm
2SR TR RE TS Y B TR B, A0 10%
RN BE (ECio) 45, PNATG REa MR 50 1 1y A8
L, E LA A BRI A I R A
2k, FEmHER /& 3 e B ( Hazardous concentration,
HC, ), BIREBZRY (100-x ) %My FhAH ) 2 4 By 75 Y
YWRIEKY-. T, CAMEMERST &
Hehd . BE . RS E SRR EEP ),
SR, (1 P o 0 % 1 e o 2 Pk« 1%
TR, W opH. AHLE (OM) &, FHE
Tt (CEC) &, iy &4 R YA L
P, X A = A s R ) R, YEFYEE SSD

BEAUHT, ) B bR FE MR A T - ek B e — 1k Ab
B, R, AR E AR TIL, 25
BRI R FHAME S N = 4 & () O Rk, X T Rg
SIAB I HR2E: (1) SN I 090 46 75 P RN
WH TG b & R e E SR (2) £
B EE 4 Jm FHE T ol AMSEE T MIRRSEHE T,
AT 838 o Fh RN T A B R A Y . A LS b
J52 W FH [ S B JXURS: A 0 2 1) ) 4 I 2 A A AL
TR B AR o S5 B 5 T A T A HERT

AW B TE RGN E + 3 Cu.Zn Pb,
Cd WA ST 2F R | 80— LA A T B 3
JR2E 5, N & AR B A HEAMIR IR I T A
B 22 o FE TR IEJ5 Y e B st B 4, SR FH SSD Uy
b i N i e bz 1 W G SR R N E RS a5
OSPE R . TR R AR SS FH A T R )
THTARZAM I Cu, Zn, Pb, Cd HfEH., WF
I8 B SRBE oA PR A SR A HE BRI b o 1 B A
IT . XEAE AS PRIERG WETT AL A2 75 G b i AU A 42 4
HPEC AR 22K

1 e IHE

1.1 SHHERESHIE

AT 1 75 M B 32 B IR AL 4 SR I
U Web of Science ( http://www.isiknowledge.com ),
tho[E 0 R ( http://www.cnkinet ) . JT B4 &
( http://www.wanfangdata.com.cn ) 55, DA M & [ 4
B ECOTOX 4 7 # H £t 45 % ( https://cfpub.
epa.gov/ ecotox ) FINCHH L= HiJm (ECHA ) 1Y
= B gt — 4k % i 5 B 8 2 (TUCLID ) ( https:/
iuclid6.echa.europa.eu ) %,

AR BIER A A e R R R S 5 %o WAL 1Y
PEECHE AT IR e FAL B, RS2 T RE S e A= A A7
PR AR AR R 012 1 B 4 b sl SO B R
B, WAL DUN A AR AR AR R AR R T e 4
Fr: (1) BEAAEY) . GIEREY . SO ARG O)
PN A A, ERREYE . R RIS
By (2) HIETCEMESI Y . CdGus] . Bk i
A, EPEEAEAR . MR AR KRS R
(3) HIERAEYMBAY) F 200 ISR,
& FIEFIRAE R . IR AAE A

http://pedologica.issas.ac.cn



100 S T 63 %
A SRR R 0 U e DR 0 AR ST
O N IR Al 2 A b ) St B S ) (GB/T AF = 6—&+exp(0.00023xt)><
1032 PH)H (5)

21809-2008 ) (Al 24 P15 42 4 V1 il 6 v U )
( GB/T 31270-2014 ) WX AW G EH K R4 L
( Organization for Economic Cooperation and
OECD ) = [ Br 45 #E ft 4 A
( International Organization for Standardization, 1SO )
WUE B A SRR LSRG Bn i D7 16 2R AS s SCRR T2 sk IT
JEFEEIII R A, B E LN S8 L3 pH,
AHLBT (%) (OM/OC), CEC. Fiki (CL) & HAl
ZARIE A 0 AR E IR A R BEPE L R, TR TT
AR ) 2 -0 0 5 B A SR REME RO B EC,, U1 EC 05
PRSP AMIR IS I % N AR SRR SIS, A
TEAE TR Y B3 T JEPERON B i e 4%
I A W] — Rl AN R B IR U R
WA GRS B R/ — YA R ah A 24
ECo i, B FIME.
1.2 HiEEA—LAbE
12,1 BAMMEH—k e AT S [
(B SEBRTS Yy 22 5, i % SCHR A 5 T ) 3 4 g
AR 1] TR I A A P R U —fB 2= 360 d . I
— AT N SCHR R R I

(1) CcuP”: +Herp cu T (AF)
ﬁ%%ﬂﬂ H

Development ,

898 1 4oaxin@r) (1)

AF =100~ 100 TP 1

Kb, BN, do
+ 3 Cu BUMREEREF (LF) BUE N

pH<7: LF=0.169 pH —0.014 CEC +0.012 CL +0.056
(2)

pH 7~8.5: LF=1.087 pH + 0.041 CEC + 0.003
CL-0.734 6 (3)

pH>8.5: LF=6.917 pH + 0.263 9 CEC — 0.056 CL —
60.307 (4)

X, CEC NIHE FAHAE, cmol'kg™'; CL 4
TIEFR R A TR, %.

(2) znPY, 3P Zn 19 AF TN 7R R -

erfc/0.00023 x ¢ x100 —0.889 x OM

Lf, OM W EIAHE, gke's
4 Zn 1 LF BUEN -
pH<6.5: LF = 1.36 (6)
pH 6.5~7.5. LF = 1.51 (7)
pH>7.5. LF = 1.71 (8)

(3) P 43 Pb Y AF TR 7R K
AF =0.944 1g OC +2.483 1g CEC — 0.241  (9)
(4) cdBY. 3 Cd 1Y AF T 5 K

lg ( AF) =0.324 1g pH + 0.049 1g CEC + 0.11 OC
-0.0012 (10)

Kb, OC KA, gkg's
122 HIEHERIH 1k £ SSD EHLE AL
AR R B PE RN S PSR ECho)
s ZeZ i, AR E SeRIE L BIHEEN T
EC,o 5 X4+ 3 (pH, OC. CEC. CL Za]f)
EaH—b R, +5 pH LS ( HHEAE R
i R b A s G S S AR E (47 )) (GB
15618-2018 )Xl 73 J PUABHJE  sRARPE( pH < 5.5),
et (55<pH < 6.5), itk (6.5<pH < 7.5)
AuE (pH > 7.5 ), fE#ATIH—fLITFRER, BFX5
A pH B, e UK pH=5.0. 6.0, 7.0,
8.0; [AAY, CEC. OC &M CL ikt [ 70 & sm R
Mg —E 2, 25 E N 20 cmolkg ', 20 grkg !
1 25%.
1.3 & RHAYIZER

F Fl shinyssdtools ( version: 0.1.1; https:/
bcegov-env.shinyapps.io/ssdtools/ ) & RS, 1
FHEAEA /R T B4AT (Burr 11). XTEUE S50
( Log-Normal ). X %{# %5531 ( Log-Logistic ).
/RG340 (Weibull ) K A¥ 5345 ( Gamma ) 76 P 1
5 FhLA eRE ST 5 IH — 1k 2O R - AT Y

http://pedologica.issas.ac.cn



144 R[5S ST LA LM . B 4. FRBETR 101

ECo AT G, FFHI 218 AR -154 K55 ( Anderson-
Darling, AD ). /R 5L} 3% 5 - i K IR i 5% K 50
( Kolmogorov-Smirnov , KS ). 7 il {5 B & 7 N
(AIC), DUm-HrfE BHEN] ( BIC) I IE Y 28 1 15 &
HEN] (AICe ) #EATHLAREETFAT, SERAL G BB hr
A —A o A A0 BRI, 10 45 1E 2 A1 R
RO, e adar e TR 43 A R EOM BT 35 J5 16 43
AR, DL B AR D T — 0 A1 pR B AN
‘rfll-[%lo
1.4 TR KEEES

AWFFEMAE 1.3 HINECE Y e Ry e,
BARR BB KT HC,.. H, KRIF
RV BT R I AR S AR KO H bR LR AT 232 1 f
TR PE A X AR AR SR e AR FH LA 1 4R
TR HLE E T 95% 1Y A= AP PRI AR 25 2 R A5 2 AR 4
09 H AR K, R Y A 3 e R AR Sy R A
HCs; Ak FHHL R R H AR D ORT 80% 1 A= 25 Py il
AASERE, HATFNGEEREBRESN HCy; X T
JEAE R, BRAPIREBCE IR 60% 14 A= 25 A
AR, X G F R B B HCyo5 1TAEAS IR
PP SRARRT AR B R Ml R 55 AT b A T P i, HfR
AR R AERF S0%M A SRR AE S SRR, AN Y
f& F W A HC 590

2 4 R

21 TESERESHHEE

AHIFGE I i R GRS 5 0 L B 244k CuZn,
Pb. Cd PUFhEE 4 & 1A 2 S R PEEE 1 o 118
2k, 123 5. 61 401 100 5. FTRBU B0 24 1o o5
TOCsEIERA BT, 4245 pH. CL. OM Hl CEC,
HAGH R UFhE S BN A pH JE KK A
4.4~8.9 (Cu), 41~89 (Zn), 3.9~8.9 (Pb) Al
4.3~8.8( Cd ); CL Jitdat [ 7 &% =L IRl 3.9%~
66% (Cu), 10%~66% (Zn). 2.0%~66% (Pb)
M 6.7%~62% (Cd), ZEHFHK; OM IR H
1.0~14.9 gkg ' (Cu ). 0.03~7.4 gkg '(Zn ). 0.22~
14 g'kg' (Pb) F10.56~8.1 g'kg' (Cd); CEC il
RN 3.2~66 cmol-kg™' ( Cu ), 5.9~35.5 cmol-kg ™
(Zn),2.9~42 cmol'kg”' ( Pb ) 1 5.6~32.5 cmol-kg ™'
(Cd). BIEEEE T 29 FhlEAMY (AIEFM .

BN, BB, AL AR B IR AR ).
4 FhphiAJCEMESH Y (il Bhdy, ZRis] Zedy)
DL 10 T - 3 foE W 3 T 0 AR S R S 5 ( R
TWEPE L Rk RS . R M. o
AL ARG TEAE ). UL, AR AR ML
P A T TR Vu B R, R A T £
FURZ IR, R BHZER RS FAME R T A%
S TR 4R I E .

SR BN, REESEKHERNSE (9
PSR ) R FEPERE (ECy,) FEREES. U
Cd R, HXFFA . AINEASE . 250 AR A4 i
RN ECyo fie/MERMETF 1 mgkg™'; i Zn F1 Pb 1)
/N EC o W58 7E 80 H mekg ' B4, ¥E—H LU Cu
MIEEME RG] . /NSRRI EC,o Wl 13~
75 mg-kg !, MRFEMRMKI S 31~444 mgkg ',
O G 2 R R 25 S fE ki AR R L AR TCE HESh
o A AR A: W A 25 a2 T [ £

KT AR U2 R B, AEEN T
Bk IE—fk, %22 5 0T e FBUR— 10— BRI
DA RUEST o O S B AR AV M 52 i - 41 A8 11
AEEYE, ARBFRAE I — bt A rh S RS RIAF 5E R R
TR E SR w0 3, Mg i A R ARG o S
fit, #ROHERE . RARE, RIHAR 4L fid TR
HE 2 4 R A 9 A 2 ok R W) 43 00 2 S R AT IR — Ak A
(1),

22 BHHIEME

T SSD RIS 1A — 1k =R [R] 49 54 T 1Y
ECyy, #5377 A[E 43 pH &4 F Cu, Zn, Pb, Cd
B A BT R UM A th 2 (1 1), B s
{49 AN ] B3 €0 2 454 2 30 3k b 3 0 A B 280 44 R % i 3
PEREES BN A, JFdEst AD FI KS k5w
( P>0.05), H AIC il BIC K 3o L 4530r , F#E 4%
AP AR R B, ST S TR BE A A eR AN
POV 5 43 A AR, LA/ D B AR e T 5 — 4 A
PREAN T PERY, Bkdh, B pH Fhi, S EEE
YRR A B Wi A%, 83 Cu. Zn. Pb.
Cd PUFfBH &S 778 5 4 @ 00 B B (2 i T v, B
PPN TR
23 AELHFAAFRATETFESRENTIES

EEHE

mgk 2 fi, AR AT FETFAESR

http://pedologica.issas.ac.cn



102 S S 63 &
Fz1 LIEDE. . B BHESEUHEIEA—(LARE
Table 1 Normalization of ecotoxicity data for copper, zinc, lead and cadmium in soils
Yy i Cu ¢ Zn
hES
e H—Ak e Sk =78 Sk
Classification R? R?
Species type Normalization equation Reference Normalization equation Reference
[Hasti:L7] Hnsk lg ECio=0.157 pH+0.961 g 0.54 B 1214 19 BEC1y=0.277 pH + 0433 1gOM ~ 0.83 [0 13173738
Terrestrial plants ~ Solanaceae CEC +0.042 +0.612
RAEL EC,, = 80 CEC — 504 0.55 4 251 19 EClo=0.154 pH + 0.425 lgOM  0.66 (o- 1517
Poaceae +1.55
HMA  1gEC,,=0436pH+1.801g 032 O34 o EC, =0212pH-0.0561gOM 040 [0 1B1417:2
Other plant CL-3.82 +1.13 53-53]
families
fti2E T HES Y / ECj =13 CEC - 34.2 0.72 23241 g EC;p=0.217 pH+0.5721gOM  0.23 [22. 25261
Terrestrial +0.613
invertebrates
AR / lg EC1o=0.328 pH+0.9531g  0.65 27 1gEC,0=0.249 pH+0.3121gOM  0.50 0. 28301
Soil ecological CL-0.67 +0.976
processes
L/ PiES i Pb % cd
Al Classification b R SCHik LT R SCHik
Species type Normalization equation Reference Normalization equation Reference
i A= A 4 ikt g ECyp=0.25 pH + 1.39 0.58  [13-39400 lg EC( =0.479 pH — 2.65 0.73 (41
Terrestrial plants  Solanaceae
RAF lg EC1p=0.257 pH + 1.14 0.81 D40 447 10 BCy = 0463 pH+ 1.61 IgCL—  0.45 [a1. 48-52]
Poaceae 3.62
HAbR} lg ECyp = 0.246 pH + 1.53 0.40 [ 40357 g ECyy=0.534 pH + 1.62 0.34 - 18201
Other plant
families
i A= JCEHE S / lgEC1y=0375pH+1.051g  0.78 1 g ECiy=0.197 pH+0.677 lgOM  0.59 [58-601
Terrestrial CL-0.733 +0.599
invertebrates
T A SR / 1g ECyp = 0.41 pH + 0.475 0.51 (35 61-621 1g ECyp = 0.431 pH — 0.884 0.43 1521

Soil ecological

processes

TE: ECp, 10%0MWEE (mgkg'); CEC, PHEF2c#im (cmolkg'); CL, HEEFRTH A &H (%); OM, HHAHUR

S8 (gkg' ),

(% by mass ); OM, soil organic matter content ( g-kg ') .
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Note: ECj, 10% effect concentration ( mg-kg™' ); CEC, cation exchange capacity ( cmol'kg'); CL, soil clay content



114 Slalm . T ANL e . B 4. WBREMR 103
A gil — FERISEYY Average model ~ AF/RITEY3 45 Burr 111 - A% 37 Gamma
Distribution model - %48 /37 Log-Logistic XT%UI /37 Log-Normal - F3 73 /R /345 Weibull

§ 1007, " 1007 4 ’. 100y o E 1007

£ 80f pH<55 80 55<pH<65 ~ 80f 6.5<pH<75 ¢ 80t pH>75
. 5 / . .
B2 6ot 60 60} 60
= &
e 2 40} 40 40+ 40

20 20 20} 20

g, . . . . 4 . >

01 1 10 1001000 1 10 100 1000 10 100 1000 10 100 1000

HeJ¥ Concentration/(mg-kg™")

e Concentration/(mg-kg™")

2 100 ¢ 100 f) e
£ gol pH<55 g0l 5.5<pH<65 ;
S f
g S 60} 60
= =
w2 40f 40
g 20t 20
= & 57
S o : 0 :
10 100 1 000 30 100 300 1000
e Concentration/(mg-kg™) e Concentration/(mg-kg™)
< 1001 ;) 1007 ) .
2 g0} PHSSS g0} 55 <pH<65 ~
k) .
<
L eof 60
=&
=2 a0f 40
\ z 20
E F 20
: A
© 0 0
30 100 300 10003 000

)% Concentration/(mg-kg ™)

100 300 1 000 3 000
W) Concentration/(mg-kg™)

2 1001 ) 100} ) p

%“ g0} PH<55 g0l 5.5<pH<65 [
] (
L2 eof 60
= &
%2 40f 40

T 2

S b 20

g : -

S I— N

0.1 10 1000 01 1 10 100 1000

HeBE Concentration/(mg-kg ™)

&1

¢ Concentration/(mg-kg ™)

He)¥ Concentration/(mg-kg™)

100+

e Concentration/(mg-kg™)

100

2) o h)
80f 6.5<pH<75 yi 80t pH>7.5
60 . 60
401 40
201 20

0 30 160 300 10003000
¢ Concentration/(mg-kg™)

100. 300 1000 3 000
¥ Concentration/(mg-kg ™)

1007 1 . 1007
g0l 65 <pH<TS5 - g0} PH>7.5
60 60
40 40
20 20
0 - 0 -
100 1000 10000 100 1000 10000
Y Concentration/(mg-kg™)  #¢J# Concentration/(mg-kg™)
100} o) 100} )
80t 6.5<pH=75 80t pH>75
60 60
401 40
201 20
1 10 100 1000 i 10 100 1000

HeE Concentration/(mg-kg ™)

HeE Concentration/(mg-kg ™)

Fig. 1
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Species sensitivity distribution ( SSD ) curves based on the Cu (a-d ), Zn (e-h ), Pb (ii-1), and Cd ( m-p ) toxicity thresholds at different

soil pH
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68.0 mg'kg ', Pb: 23.5 mg'kg ', Cd: 0.079 mg-kg")
BB, Hras AN, WA E SR AN TR/

WK H: Cd>>Cu>2Zn>Pb, +HF|FH =Pk
4 A S AR KT A R s R (3 S8 1) S BEAR Ol

5 S0 580 (L 2 ULV OO FR 0 B A0 A - AR P LR AR AR
b BER B A, A A s 2 el A AR

MR 2 5 Rl AR 55 FH 3t AN T FH DR A S AR 4 i oRk
X TR, HEER . R, 3% pH X EEE

A RFERPEEEAE, sl g b O 5 A
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W g TridE . AR, L cd M6,
EP AT, R IRS A T A Cd
B (80 mgkg™' ) & iA A FH ML H SR AR b

(6.2mgkg™") AT 13 £i%5; WfEA SR BRI ™ b
(A FHHURT SR O N R, BlbE -4y cd BIfE
(18 mgkg™" ) B /EommRT: 135 (0.45 mg'kg™" ) (1 40 1%,

x2 ARLHFAARNTEFESRELILIE Cu. Zn. Pb. Cd HE

Table 2  Soil ecological safety threshold values of Cu, Zn, Pb, Cd under different land use types/ (mg-kg ")

+Hb R I pH < 55 55<pH < 6.5
Land use types Cu Zn Pb Cd Cu Zn Pb Cd
AN 7 AR PR b 23 99 147 0.45 31 127 279 1.5
Agricultural land and protected natural areas
7> el i b Parkland 39 134 264 23 58 189 509 8
JEAE F H2 Residential land 74 177 396 7.1 105 260 771 20
W AR 45 FH 4t A0 T FH b 102 201 470 10 136 299 918 29
Commercial & service land, industrial & mining land
+Hb R I 6.5<pH<75 pH>7.5
Land use types Cu Zn Pb Cd Cu Zn Pb Cd
AN 7 AR PR b 50 167 510 6.2 83 232 905 18
Agricultural land and protected natural areas
7 el H13ih, Parkland 95 271 974 26 151 406 1833 75
JE A Fi #2 Residential land 155 388 1523 59 233 601 2983 168
Tl AR 45 A0 T FH b 191 451 1833 80 281 706 3653 224

Commercial & service land, industrial & mining land

3 W ®

31 BETESLERLE Cul Zn, Pb, Cd HE

ERERLEZWEZR

AW ARG T TS Cu, Zn, Pb, Cd PYFf
4B I A S A PR B e RO A — A R FEHE
FEELET, REEA S TE- N e —
ey, Ho iRl g TAMNERINE &8 5 B
ST IEE A AE A S 2 s, WEE RIS
i 222705 R DU o A o s e v e i B
T (AET. HRRET. MRRETE) X4EY
ZARM PR T PR PY, B2 AL — Ak,
AN R 2 0T [6) 25 v i 5 4 T AU S AL N 5
TR RO T, RIS A PR

Wit 1 PRIk B eT TR
W4 E M AESTEEEA B ENREER. T
Cu, EC,,5+¥E pH., CEC fil CL & B3 FHX,

FW+HE pH Jh . CEC ikal CL ¥4 T
FEAIC Cu MR S LA S, X EZIAN
THEFRESE (1 Cu®) TR ZEmrE ST
W R A . DivE g, LI FER CEC Ml
CL B 3 rp ot 5y ol + 398 e (AR B [ 52 101, % Z,
pH 1 OM RHA SR EEEH KT, Zn 7R
A Kt R3S, 255 Y iR £ A A A Ak
UUUE, NI AR A R, - PLR A 5,
W Bt Zn fREJ), FLIE U/ Zn (R RR S 1 R
AL B RE), Xt T Pb 5 Cd, 5 Cu 24U,
— MO 4 pH THE, Pb 5 Cd WA BUEREAR,
OM FI CL Wy N4 BhF 3 78 - 4 v i) Wi o i
2, TR AR A A
32 ERMETFESLZEHLIE Cul Zn, Pb,

Cd HEMIEE

ARG T R A S £ pH 4
X# Cu, Zn, Pb, Cd EELLBEKRR (F 2)
HREEZRATIRE (R 3) FERELES. %2
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SEBRTHES L ASZERERE . RIKFE K
BRI

5 [ PR PR B R T TUART - B0k HE 5 A A O 3
( Eco-SSLs ), HAgP Y FTCHEMESN IR Cu BIE
(70~80 mgkg™") SARMFIT A M A RS b
O el b G R v+ BR(E (50 A 95 mgkg ') HEZL
FHIEIOYs fap 24 B L 45 () I K] A0 AR 358 3 % 0 [ 34 8%
F B RAER A SSD ik (A H B — S {E R % J8 11 pH
Oy, WA E Cd B EEBE N 12 mgkg ™", BF
1o TAHF ST A b R P - 9 ( 0.45 mgkg ™) 7,
TN R IR B 2 0 - 48 S B R4 4
JFHL, (HZmE 438 pH S2md . DL Cd R, HTolk
AN 22 mgke ', RTAMIE T H A
+IEFE 80 mgkg ™', H IGHLI W+ 3ERR B )
(EEP-AERE R

B[ R HCs #ES 19 Pb BI{H 35.6 mgkg ' HE
FETAFSE F AR RA M AR YE -3 (E 147 mgkg ™',
A AR R T X R R e A R Y i 98 E AT

Xif 5 28 /AL Bh W T R A AR S B A B 11
56 mgkg"', FAES A RN AE BHEL LY
4 1 25 7 B 2 RO A O

T A5 A5 N I T A S L A B ST
ik, HGE—MHIE RN ARTE . e N RILA
AR IR 2018 AR R AR A 5% 4+ HEPR B I ME
SEHAAE R (IERBE LR ). 2023 4F, FRAEIR RIS
SRAT CEE A AR R R R EF AR
FERE ), dar TR ORI R R T AR AN+
BRI . Ah, ENEERELE Cu. Zn,
Pb., Cd P& T AL ABEFF . Wl BdRIE . &
KK | SSD AMfEAIH R B0IF 4 F-B, #S7 THT K
FHHb A3 Cu. Zn. Pb Fl Cd AL HEE 3,
BEAL, A E XA R Oy oS 3 e
AN Cu Ml Cd MRS, [FIRAHES T 3T 2 e
LTk (EDTA) $EEUCS &Y Cd AL 4™, sk
T RV AR . B L ST — e i 25 5%
HREERA —E 2, HIALFR—REK,

K3 FERERETESLLHLIE Cu. Zn. Pb. Cd FHE

Table 3 Comparison of soil ecological safety threshold values of Cu, Zn, Pb, Cd with different countries

EP3 Yrfhe Ty + A 2 HJ{E Thresholds/ ( mg-kg ') T
Country Species type Land use types Cu Zn Pb cd Derivation method
FE %) / 70 160 120 32 REEE]I:D
USA THMESY) / 80 120 1700 140
B / 28 46 11 0.77
7L 34 / 49 79 56 0.36
Ik SN / Al b 63 250 70 14 HEFEMEE (5525 F 50
Canada / JeE A3 FH Hi /2 Bl 63 250 140 10 B
/ (NI EE 91 410 260 22
/ Tll 91 410 600 22
fif 2167 / / 60 210 490 12 YRR ( 50%fE
Holland FURE)
HEr / / 35.1 35.6 / 0.62  WIFMHURIES A (5%fE
UK TR )

33 MRERERE

i F BB Bk TR RO 88 . JER A Y (n
SOWAEY) ). mEREY) (SRR ) AT
HFRECONEZ , SEE IR EEN, AL
LRI B K2k A AR H 3R R B 10 5 5

O, A H A s R O 2 A S A R
(B I} 75 76 ARSI ST RE Rt b n A 58 36 A6 IE

PR MR BE T, EA RIS YE L Cd-Pb.,
Cu-Zn. Cd-As FE G XAEAE . ZF0E 4 )8 vl
B Hfar s A s R DT VE S5 O ek AE - e Kt e ) 5
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A=A, AT RE B R R AR W 52 AR B R
[, Sk B P R R L il K S
Wi T <53 Je 2 5 1S e IR S R AL, BE T L H AR
T AR A AR EE . AT PR A RSO
PN EECRA AW R (GET S ) M A Lk
IR CEETFHER ) PR Jrik . i A s Qe 5
PSS AR R R AT PO PR A, )2 LAk
Ay, (HEES BTG g LI TRRARE s S
BN R R 5 Y W R AR RO AT B 23 A, 9
e DK SR S, (R AU OGS Yo, T 25 &
2 TS WTREAR S 2 MR SR 3 ] 7170 5 B ot
AIEAR ORI SRR b, 855 2 &R S AR TR SE 8
BARHEATEIE, LSS BER R IR T L SE PR
(FARIERS

4 4 g

A5 i R GRS EE , 2 5IERE Cu Zn .
Pb. Cd MAESFHEHEE 118 4. 123 %, 61 &5
100 %%, 762 A0-WR PR RN 5 + 3 i e —fk LA 1,
S T R4 pH . BRI AP E TS
et OBV BT 00 7 1 (B U ABE Y 53— 20 1
FREURME AR, SR T I i o3 A R U AT 3
ALY, DRGSR — 3 A3 pR S 4 A S A
FEME, UL S A S AR i A
JEAE M R AR SS FH 5 T A5 A ] 4 A
AT, pH < 55.55<pH < 6.5.6.5<pH
< 7.5 X pH > 7.5 R EN LIRESEAERT S
AR =R
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