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Abstract: During the process of deriving ecological thresholds for metals added to soils based on SSD (species
sensitivity distribution) principles, normalization of the ecotoxicity data with metal toxicity prediction models can e-
liminate the effect of soil property discrepancy. However, the available toxicity prediction models were based on lim-
ited species. Applicability of copper and nickel phytotoxicity prediction models of bok choy, tomato and barley to
other non-model higher plants was studied and the intra-species variability of the non-model plants' toxicity thresh-
olds before and after normalization was compared in this study. The probability of cross-species extrapolation of
phytotoxicity prediction models for nickel and copper added to soil was probed, and the application boundary of
the cross-species extrapolation was confirmed. The methodological issues for the development of copper and nickel
ecological thresholds in soil were solved. Results showed that the bok choy nickel phytotoxicity model could be
used to predict the toxicity thresholds for mustard and green chilli. After normalization the intra-species variability
coefficients of their toxicity threshold decreased from 1.18 and 125 to 031 and 006, respectively. However, the nickel
phytotoxicity models of bok choy, tomato and barley could not predict the toxicity thresholds for steam lettuce or
leaf lettuce accurately in the soil with pH <60. The ratio of measured toxicity threshold to the toxicity threshold cal-
culated with nickel phytotoxicity models ranged from 32 to 68. The bok choy copper phytotoxicity prediction model
could predict the toxicity thresholds for wheat, cucumber and green chilli more accurately than the tomato and bar-
ley models. The intra-species variability coefficient of cucumber toxicity threshold decreased from 0.83 to 0.14 after
normalization with tomato copper phytotoxicity prediction model. The barley copper phoyotoxicity model could be
used to predict and normalize the toxicity thresholds for rice, onion, mustard, cabbage and radish which intra-species
variability coefficients decreased significantly after normalization. All the results in this study provide quantitative
evidence to support cross-species extrapolation of copper and nickel phytotoxicity prediction models in soils.
Keywords: copper; nickel; phytotoxicity prediction model; cross-species extrapolation; higher plant
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Table 1 Screened copper and nickel toxicity
thresholds (EC,,) for higher plants and

corresponding soil properties

-1
1y pH 0C/% e . ECy/(mg-ke”)
(cmol-kg™) Ni Cu
Frsp el 53 0.87 75 13 22
Frapte 8.9 0.69 83 147 187
AR 53 0.87 75 12 35
AL 89 0.69 83 195 262
H 6.6 093 99 . 145
B s 40 1.10 118 49
By s 56 0.95 107 294
B sl 6.8 1.54 205 234
B sl 75 181 245 254
ol 8.1 1.02 255 295
R 8.4 031 23 477
e 20 55 1.00 18.1 56
e 20 755 1.50 23.6 132
R 8.4 030 21.1 83 -
Nz B 72 1.13 10 - 501
Nz B 84 116 74 . 435
VA P 49 149 59 - 40
AP 6.0 456 16.1 - 216
{37 23 49 1.49 59 - 54
o dal 6.0 456 16.1 - 234
AN 49 149 59 - 57
pia N 6.0 456 16.1 - 253
R 49 149 59 - 68
I Y 6.0 456 16.1 - 259
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AHUBE®™ LLEC,, BUAE 5 I 5 1 2 18] 7Y 5%
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Excel A0 3K fiff 28 471 42 PR D0 A6 4R 45 25 A 4 B X 1 A
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U M T S B0 AR T W I T A R AR R
BTN EC,, , an A1 /0N F 35 0% B 5 e 33000 A 280 (D,
3BT SR AE AR N A SRR Y R R R, A
RV N LogEC,, =0371pH +0.847Log0C-0.997 , Bl
2P Y 8 2B R R 5 ) 1 SR B 0 A A
AH TR, 1A R FH R R SR AR A 0 & B 45 4 Fib
Y S BC, 5 56 T A [m] 350 0 AR A 1550 ) 3 BC, 2
A7 H#, DAB a5 155 A ) 3000 05K o fl T SOk
43 EC, fH /0 FH R 14 95 % &1 X 18], il % 5 4 3



80 CEOE

P11 RS

rF AR AR P TR B 95% B A5 X 1A] A4 F- 24 1 (1.98)
R I AL (2 A% 19 722 £ 30 TR ) AR S 303000 25 SR o ff 2k 1%
FWTE G b L2 A5 09 728 Ak 70 PRl 5 e At Sk o R
13 FhnAs s

1) 0000 A TR 4 45 3 P S 1) BC s, fE I — FL 2]
R BT, & YR Y EC,, (B 3515 — 1k 2 v 4
(.45 /K 6 +) + HE 454 T B pH =7.0 .CEC =15 cmol
kg’ & OC =1.5%"", W7+ 37 pH =5.3,.0C =
0.87% .CEC =7.5 cmol- kg™ [ 381 EC,, A 13
mg kg™, W] FH /N S A5 R (4 18 2 500 0L 36 3) 4 3L
H— 46 2 b ¥+ AT OEC, = 13 x
177! 0 ST koS FORD UL i ) B K A5 Y L, gt 2
e, PR UAERRBEER, ITREAR

Z’l (ECSOSi-ECSOS )2

——— Hp EC,, W i A EC A — 1k
(n - 1) X (ECy, )

IR E LM N IME, ECy. N n A ECy, W F¥1H , n
Sz A B NERS B UE, R+
e R 1Y ECy, 28 8 PR WO B A I — b B AR 1 £
BEAF T ECy, N A 55 A8 5 22 B8/ 26 BH N A
SR, BE—fb b B —E B LIEBR T
BV 5 R

2
2.1

#5 B 5412 ( Results and discussion)

AR F 0 (7% o At e

L EC, 14 5 I F 5 0 2 1B =2 (] 119 15 22 °F- J7 il e
IN R YR G5AT, R Excel BRI K ff 3K 15 19 4% 9
ol Xk IO AN [ 5 Y ) #EE A % 2 A 3 BT . RIHTER 2

3 rf R[] 455 Y K HL 6 N Y T A R T S bR (R
), 38 o Sk BT 2 R AR S X A R Y EC,
T, A 0 2 O R A& 1R 2
JIE7R o XTI, R 22 04 3 7k 100 00 A5 74 R AR 4 b 11
W XF AR PR E D TS M SRy R, H
1B 55 D0 5 A LEABE R 43 59102 1.0 ~12.1.0 ~1.0.0.8
~10.1.0~14 F1 0.8 ~ 1.0 Z [8] ; i /]y 1 3% (1) 75 M 15
DUPASE TR X6 /N2 | B JTCORT 75 AR B M 30 D0 A0SR Jme £
EER /0N 13 A0 4 25 1 100 D0 A L i AT Log OC &
B MR Z W5 2B, - HE pH X TR A ) #
PERZ W B 2 FHAUA LogOC 2 B /N 1 3% A Al
I — b At A% ) b ) BC,, I, 2008 T 38 pH 1Y
SENR o R R R 5 /N HE I I TR 22 A B T T AR
Y FH T F0000 /)N 22 0% ] B P 1A A 0 (R 0
HAYHLAE A 0.7 ~ 1.2 17 P8 21 Al 40 4 1 990 3000 A6 75 Xof
I T A A B e (000 40k SR A, L A
550 5E A Y AR BE A3 B 1. F 12,

RO /I 1 3 A A 00 A TR B A e b U L
FITSEN EC,, AL, H T30 I AR 55 0 R 04 FL AR 23 30l 72
09 ~1.0 F10.6 ~1.0 Z[H,¥4bTF 2 {524 HZ
PR 5 T X T B S RN S X 2 AN AN L AR TN A
S PULLAG AR ZZ 3 b R i 1 B 1 50000 A5 780 of HL i
TR 22 78 pH < 6.0 Y R 1 A 458 v JH: 35 30 i 2
N S, S S A Y LB AE 3.2 B 6.8
) TS SR N AN S NI A R N7 O L
Py 7 P T AR R ) — AR R R T pH BRI Y R 1+ 4
) 5 28R 8 T ) 7 M B A BRI IR 2%

R2 MEAX BELAHMAZHRASHERMNEER" Z64 TRy ES SR (BE 68
Table 2 Intrinsic sensitivity (k values) for non-model species fitted by copper toxicity prediction models
from bok choy, tomato and barley
T A Y FEEOEM ME KR WA X &R OE L
N LogECs, =0.770LogOC +1913 2223 1788 2625 2061 2068 1831 1880  1.864
THLLMifE R LogECs, =0.167pH +0.667LogOC + 1257 0952 0881 1291 1071 0872 0921 0970 0955
KRERR LogECs, =0224pH +0.627Log OC +0.502Log CEC +0241 - 0023 - 0021 0380 0.92 -0087 0017 0063 0.050
£3 MAX BEIHMAEHESEFT NG L4 TRy ES SR (B8« H)
Table 3 Intrinsic sensitivity (k values) for non-model species fitted by nickel toxicity
prediction models from bok choy, tomato and barley
T A5 Y T H BT B
UNEES i LogEC=0371pH +0.847Log OC - 0.539 - 0997 - 0875 - 0432 - 0.801
Y £ A 5 Y LogEC =0425pH +0.571LogOC - 0.786 - 1522 - 1.400 - 0.825 - 1247
KA LAY LogEC =0366pH +0.824Log OC - 0.008 - 0957 - 0835 - 0389 - 0.761
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Correlation between the measured and predicted Cu EC,, values for different species
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Fig.2 Correlation between the measured and predicted Ni EC,, values for different species

22 FpgAE S

FI 2 2 F1 3 356 (0 A5 00 - W B 1 BC, (H 1A
—A4k %) pH=7.0,CEC =15 cmol * kg" & OC =1.5%
M4 T SRR, B /N T LA 6 A9 b
(R4 EC, 1 25 85 M 300 S 20 )5 — 4k J5 HRb 9 A8 S 1
2 BEAR (WL &L 3), Horb 2 R A2 A T 0 — 1k K
R 2L TR SRR N PR B EC, (BT, FE A Y
A S AR A B ., LU — AR S 9 Rl AR R 0.04
(FEZADZ 02657 3K%), 5 R EZ BRI T /K F VR0 A
SERNE N 0 A0SR A A Y 4 SR — B P A
PR X6 #5 JTCAR 4 (1) BC ., Fft P4 25 S5 1 R AR 380 i P
i, N 0.83 B A — 4k 5 B9 0.14 511 /INZ2 (4R 1) EC,,
Tt N A% S 28 00 — A0 J5 A BT B K, X T BB S /N R A
— AL B R AR B O 0.10)4R B 5 /INA 56, % 1E 5/
72 5 KA 2 FoRL Wy o) AR RLPE |, 3 FH DR 22 04 A6 38 XoF /)N
A BC, [HIFATIH—4k 5 5 BUR R EC,, Fh N 48 5 72
BRIV e W E L s N S BN ¥ N EA
Fili 3 A~y ol %) 0 5 1 00 S 80 X6 7 B EC, 1L 1) T8

TR, 35k V8 20 A B AR P 75 AL BC, 9 A — 1k

SN EE N F L EAR T :OE SRV NEIE7/ P
MR ECy, A — 4k )5, IF 2 5 75 BURh P 48 S 34 I & B
1%, EL/IN SRS 80 55 A B () o IR B A, 25
I AR TR O B R B A 4 R /N R Y T
TN RSP U9 — b 5 32 0 5 MG R 7 R e e
Z/NFSERIRIA — L )5, IF 3% 5 AR BC, fEH R N
AR SAE AT BN 1.18 F1 125 BEAKZE 031 1 0.06(40 1A 3
JRR)o 55 55 5 55 B R ER EC,, H 48 0 — b J5 HFh
PR SR B 42 AT R S R P - HE b R S A
PR B EC,, AR AT 56 45 A A5 A i 0 2R
S — A Ak 35T ) ol o A S 1 R IR AR
B 72 B B A P A TR R () AL A N

(1) PG 21 A 1) 4 25 PR B AL . T 00— fk 3R 35
L) e 5 P 1 1R

Q@)K 22 1 i 7 MR . T T oAt 6 A9 Fh OF
X NEE KRS PEAL LSRN R v A

OUNEE IO S 2 SN R E R ¥ s



82 £x B

w4 %8 &

LB TG EL 4 AW 0 B R R B A

w1k @/

KAk \ESEREE 1.4
s S Rt i S RAHIE oL

o RAEMAD  opRLIinE |,

1.0

]
H
W0.8 f 0.8
;“%(046 i B 0.6
“0.4 ® 0.4
0.2 0.2 I
b
0.0 0.0

AR LR

B3 P& WME(a)fiR (b)Y EC, WAL R,
Fig.3 Intra-species variability of EC,, values of
copper (a) and nickel (b) to various species before and

after normalizaiton

2.3 TR AR R Ao a] Sh a8

B BEAT AR R XL 20, B BC, A1, # ik
A EC,, 3 4 HPFIH T/ S PE LA AR 2 10 i m i
EC, I BB 1) =S HO R, & S8 53 2
3 HIA TR, FIFIZE 4 Fp gk 1 R A R 2 450 0 HE
O7 14 T AT SRR 15 A ()i 330 A ] 8 v ) 4 A1 B 1
EC, fH, -5 52 EC,, 4T LU, 45 R WIAT 4. BREETE
BIMEL A, bR pH oA 84 BB - 3 rh 5 53 2 1 1 T
DB R TSAE, pH 8.1 11 98 v 12 S 5 P B 1
PRI/ T S0 EL A, G A 490 7 ) 2 1 0L 0000 1
ANSEIMAE B FEAE 3 1 2 A5 AR FEL A B pH 2 5.3 (1
P P19 v T 232 194 ) 2 2 {000 (LR T S,
At 9y o 34 0 25 1 L 0 500 S5 00 {EL ) ER L4 7 2 4%
ALIEE N . AIEL 5 shal & H BR BB 5 BC, o, %%
PIRh A B BC, (22 08 1 B ) — b ) FL A g A8
SRR, LRGSR, R B U EC, B E
FR R 1 T ASE 2 o ) B ) 2 54X, T T b

R4 AEEWEME EC,F— L4 EETE A
EEK HE R K
Table 4 Prediction models used in the normalization
of EC,, values of copper and nickel to different plant

species and the corresponding intrinsic sensitivities
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EC,, values calculated with the selected models
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