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Abstract: Althouth species sensitivity distribution has been applied widely in deriving water ecological quality criteria , its application for
soils is seldom. In this paper, nickel toxicity threshold of 17 species based on Chinese soils were fitted with different cumulative probability
distribution functions. The result showed that BurrIll fitted better than other functions in the X axis direction and Y axis with lower cumula—
tive frequency. Utilization of nickel ecotoxicity regression models in the establishment of species sensitivity distribution curves could correct
the difference of soil properties and reflect the species sensitivity difference better. It was more robust scientifically to normalize toxicity
threshold with ecotoxicity regression models compared with that without normalization. On the basis of nickel ecotoxicity regression models
the species sensitivity distribution curves in four representative scenarios of Chinese soils were fitted with Burr Ill. The nickel soil ecological
thresholds were derived from the species sensitivity distribution curves, they were 6.5, 47.5, 218.8 mg added Ni-kg™ soil and 120.3 mg added
Ni-kg™ soil for acidic, neutral, alkaline non—calcareous and calcareous soils, respectively.
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Table 1 Toxicity data for 17 Chinese species

LYy TS pH 0C/% CEC/cmol kg™ ECy/mg-kg™

Q67" R 4.9~8.9 0.6~4.3 6.4~33.6 1795(34~3 105)

i 22 R 8.9 0.7 8.3 209( KHEE)

PN L i TR 6.4~8.2 0.7~5.7 2.9~38.7 123.9(72.6~247.1, K #H¥k)
KF R 4.9~8.9 0.6~4.3 6.4~33.6 387.0(8.0~2 372.0)
IF3 i 5.3-8.9 0.7-0.9 7.5~8.3 21.8(9.0~53.0, RWk)
P L7/ 8.9 0.7 8.3 64.0 R HBE)

Fh YR 5.3~8.9 0.7~0.9 7.5~8.3 15.2(7.0~33.0, KWLk )
IKAH i 6.7 1.6 14.9 106.0(HkEE)
BED YR 5.5~8.4 — 18.1~23.6 42.5(28.0~66.0, KW BE)

e W 4.0~8.4 0.3~2.4 10.7~25.5 58.6(17.2~107.1, k)
FHLLA EYE 4.9~8.9 0.6~4.3 6.4~33.6 174.0(9.2~2 102.0)
YINSE3 HErE 4.9~8.9 0.6~4.3 6.4~33.6 108.4(6.4~856.0)

INEE AW 6.9 1.4 — 200.3(RMBE)
e YR 5 1.2 11.7 43.67(FWUE)

T YR 6.7 14 19.3 51.1
Fok= i 6.9 2.8 16.0 153.3(RMuE)

GG par SIN° 4.9~8.9 0.6~4.3 6.4-33.6 313.9(0.2~2 397.4)

a. R P RS H pH OCCEHLEKR) \CEC(FHE F3c#e i ) o ik 1 ATE RN (B, ECoo LULATIYE (ECiminECume JERFR , RIKBEIEE LY
BEE SR X A TR VAL T, A RAR BT ECOMZE T BE 8. EC.o BURBRIFHATHISNYSR A T WY& R " B &7

b.Q67 AFI & Vibrio—qinghaiensis( Q67 )BT B EE BISFSLTY
¢.SIN(Substrate induced nitrification ) L% SAELIER

®2 AF U7 MR RE— LN EYEEDRER

Table 2 Ecotoxicity regression models used for normalization for Chinese soils for 17 species or processes

YL BRI (REL ) R
[EEAR N7 i1 lg ECy = 0.413 pH - 0.819 0.710
INEE S B R IR AR R HSE 1g ECp = 0.325 pH + 0.284 OC - 0.8159 0.695
KFE NEFEK IKFE lg ECy = 0.429 pH + 0.211 OC - 0.894 0.648
B (Q67) lg ECy = 0.411 pH + 0.033 CEC - 0.942¢ 0.870
HREFIHIL lg ECyo = 0.565 pH + 0.283 OC — 2.247" 0.347
T B M5 Ig ECy = 0.132 pH + 0.011 CEC + 1.211° 0.753

a. BHYHIRREEME FRIE. bAIFEMERE"H B RS A MG, oF RECEHR S EEDE B Hla

B REUE, FIAZTEE Bis 130 pH F1 0C Y
ZEE T AR A AR T — 3] — R
T o BH—YFAE R R LR T B ZA ECh
fHE, GBS E B 5%, WA R0 84 ECy HFTIE
—fk, BUH—FLJE ECi BJLMIISEAE A 815
_"ﬂﬁ ECIO {Eo
14 hETEHARES

13 pH . [HE 7] 22 # & (CEC, cmol -kg™) VK
T & & (Clay, %) X AHLE & 2 (OM, %)% 1
&R ICE AW A RN/ B R R R
HE 17 MR AR H SR 59 pH.CEC., K5+

. ABKRSE (0C,%) fENAZR, @i
SPSS17.0 B fF#EAT K- R0 Hr LUs E v [ £
B HLTITE R

2 HFREWE

2.1 SSD &R EAIRIE

Bt SSD ik itz , &M E T AR S
G T, K E EPA RS PEA #3248 A Log-
normal , W F S AHT PG 22 R A Burrll . X5 FHU&
J5 VR HLECRIRIF Yt — BT A Burrll
Log—normal , Log—logistic, Weibull &% Gamma 5 # & F



GRIE-C L.

& A W OB OB % % R 95

BRET IS T ERYE (B 1) ik B Sl R+
R SSD k. M 1 YRR 13 SSD &k mT
BH, 7EY # 40% LA TYEE A, Burrlll \Log-normal ,
Log-logistic 3 ™ REELGROREAT , 7E Y Bl 60%L) |
DX IR A R BN B BRI . HoAt =28 138159 SSD ff
LG RME TP, 7E BRI/ T S0%IEE N,
Weibull,Gamma B3 1f BRELAI LSRR B2 T
AR 5% BFBERTTE XA HCs {8, X
07 GRED LSS R Oy B, BOF IR — 1L E
i) ECyo (H-5 38 18 B E A 19 ECyo (E1H5E X RhJ7 1)
B934 77 f2 iR 22 (Root mean standard error, RMSE ) D) Fb
BHAEE .

120r — — - Burr Il
Log-normal

Log-logistic > Y
o Weibull

—--— Gamma

—_

(=3

(=]
T

& [o:) [=2]
(=] (=] (=]
T T

Cummulative frequency/%

[\%)
(=]
T

(=]
f".\
1\
o

0 1 10 100 1 000 10 000
ECo/mg Ni-kg™ soil

1 Bt TR ARE S R EHISH SSD HiLk
Figure 1 SSD curves fitted by different distribution functions in
acidic soil
MR 3 AIE ), TERR P FIAR I - i i Burr T
WA THE R RMSE B/, KIS BOR&AE, A
AR SRR s T AE PP A AR 0
H Weibull 1 &RCR B AE , {H HAEBR M FIgs 4 1 3 v

PERRE2E, 5 Bur IS LEMZ . Log-logistic
BRETE Pk I P LS BOR BT B HAE S 5 3 2K 4
P E R B E , Log—normal & 4 28 T RIS
RORIEE LR EHIE 5 Rk BOE Z TS E (Y 4l
BUMNEE AL LR (B 1) & X #if RMSE {5 1L
BEER, B Burr A7 7 48 SSD R RN

T ERPIF] RS 7] 43 A5 oK B -5 T4 T B R PR
KA SSD £ B 45 Y Burr TG BCR B AR
gh ) RTAESERSA , Burr 2 —FhEH RIGH =
ZHUAE, AT TGRS Log-normal 55 ZFh43 15
HIEHER,

22 A—ERT—LHI SSD B L&

G3A0HE 17 MR R R A BR A R 2 Y
BAH—463)] pH 2y 5.7.8.5 /9 3 L, 31X 3 F
+ 3/ CEC F1 OC {E43- 3134 20 cmol <kg™ F1 1%
FIARIE— FIH— L BIR R 28 13 4R ECy
it Burr #5857 SSD gk, £ R 2 i, 5§
FKIG—46 i) SSD thkAH LY, BRME K ¥ 3811 SSD
MR AR Z , B HCs (EERIH—4k i HCs fH/), gt
13 rh SSD thkm AR , HCs (H#GR , R4
B E W RUSAR BB > P i SR 18,
X5 ZHH R IRENRAER R pH 1 E P
B BIEZ AL pH 58 B BE PR 25 R
—3(, Smolders SF> | FI 5 F BRI + A Yy F I
RV B RO 5 A — L B A 3P A e i
(eCEC) 4 5 cmol -kg™ A1 35 cmol -kg™ )+ S
T SSD #iZk, R FEHH,eCEC 24 5 cmol -kg™ A1 35
cmol-kg™ #9-- 5 SSD fZk 3 917 F KI5 —{k, SSD fy
LIZEAPIN, SAREERED.. NE 2 IRATEH

R 3 FREBHISHEEX L

Table 3 Accuracy of different distribution functions

- — MRtk 3 Rl et et AR+
7}
RMSE® HF RMSE HeP RMSE HF RMSE HF
Burrll Flx)= b . 107 1 937.0 3 238.0 1 1 .000.0 4
[1+()]
Log—normal Fx)=®( ﬁc‘“— ) 64.7 4 1.898.0 5 358.0 3 994.0 3
F( x)=+
Log-logistic 1B e 144.8 5 4279 2 3291.6 5 1384.0 5
=y
Weibull Flx )=1_e'<%>' 36.0 3 134.1 1 736.6 4 680.6 1
Gamma F(x)= r"r’(o(t‘)") 222 2 11776 4 343.9 2 863.2 2

T FURYIFD ECy (H S W6 REBIME TS A iR iR
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YEF (SIN) A% pH(<5.0) 55 BE 52 ™, ZERR 14 + 3
H SIN BeUak i 76 Hofth 3 b £ 3 Fh 35 40 T p S5 4500URR
TR . LRI S BORE M S B e T A Y B
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i) ECy 43714 20 mg-kg™ F1 37 mg-kg™ , LT F il
FE (TEAMNEG AR ) Hr A5 B, 5458 # SIN
FERR M 4 PR R 45 R — B

M 2 H A B 4% SSD HIZ T B S, PHLTAAN
KREHNFHEGRRE, H EC, [AEREM P
+ A5 A 18.0 mg -kg™! Al 120.5 mg -kg™.28.9
mg-kg™ 1 266.4 mg-kg™, B % LI RE ECy B
4k, HAE I B AL T Rooney %25 T RR M + 3k
ERITE LA KL pH N 5.1 F1 7.0 B T3 AR
HIBEIEBIE (FGLLA ECy i 42 mg-kg™ F1 250 mg-kg™ |
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HR TS HCs B B B2 5000 K40 ok B F X4
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P+ R A R 50 HGs {54 5 R 6.5.47.5,
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K, AR 1458 pH (38K, HC; BRI B3GR, X F
MRS HC (B2 A M R A FFE— 05T
3848 HC, {8 Rl 3981 5 B (B AR A 0 25 SR thud B
SEPRAT I B B 114 - SR TR AR 5 1) A 25 R AR b B

3 #ig

(1) 3@ 1d % Burr I | Log—normal | Log—logistic .

R4 PELEMS 4 FHARES

Table 4 Four representative scenarios of Chinese soils

st 23 pH CEC/cmol -kg™ 0C/% Clay/% HC/mg kg™
[icdcan 5.0 10 1.0 55 6.7
o+ (KRR 7.0 15 15 35 475
W+ 75 25 3.0 35 218.8
AREL 8.5 10 1.0 20 120.3
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Figure 3 SSD curves in four representative scenarios of Chinese soils
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