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Abstract: During the process of deriving ecological thresholds for metals added to soils based on SSD (species sensitiv—
ity distribution) principles, normalization of the ecotoxicity data with metal toxicity prediction models can eliminate the
effect of soil property discrepancy. However, the available toxicity prediction models were based on limited 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 thresholds 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 de—
creased from 1.18 and 125 to 0.31 and 0.06, 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 calculated with nickel phytotoxicity models ranged
from 32 to 6.8. The bok choy copper phytotoxicity prediction model could predict the toxicity thresholds for wheat,
cucumber and green chilli more accurately than the tomato and barley 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.
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Table 1 Screened copper and nickel toxicity
thresholds (EC.,) for higher plants and
corresponding soil properties
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Table 2 Intrinsic sensitivity (k values) for non-model species fitted by copper toxicity prediction models
from bok choy, tomato and barley

LogEC;, =0.770LogOC +1.913 2223 1788 2625 2061 2068 1831 1880 1.864
LogECs, =0.167pH +0.667LogOC +1.257 0952 0881 12901 1071 0872 0921 0970 0.955
LogECs, =0.224pH +0.627LogOC +0.502LogCEC +0.241 -0023 -0021 0380 0192 -0087 0017 0.063 0.050

3 . 16 ( k )
Table 3 Intrinsic sensitivity (k values) for non-model species fitted by nickel toxicity
prediction models from bok choy, tomato and barley

LogEC =0.371pH +0.847LogOC - 0539 -0997  -0875  -0432  -0801
LogEC =0.425pH +0.571LogOC - 0.786 -1522  -1400  -0825  -1247
LogEC =0.366pH +0.824LogOC - 0.008 -0957  -0835  -0389  -0761




81

1
1000 o NERCAE L 1000 o JoEME 1000 [y sy [LEAR [ i R
& L ,’ P bl *.If_t 25 0 . ol H;E .7 =
m {3 . 7 e o m i o
A¥ o LY ARk Pl A Ps
100 @i/ X Jie/ x 2100 -; 5]‘1‘ L e ~100 L@ .
= o/ ’ .’ S ok f ’ .7 i o/h % x® 7
E o7k S g +ipH % & oxe it
=~ +if B # ’ = a7 E +iH P ,’
= -, = ’
%0t Dar E w | e 710 f G
:‘, ~ ri = ot #r ; P Fa
% 1” ”’ = g ", ”J % r’J 1" <
Ed L4 s
1 l’ 1 1 i l £ £ 1 1 ] l " i i I
1 10 100 1000 1 10 100 1000 1 10 100 1000
LMECS0/(mgke') SEMECS0 (mgke!) % ECS0/(mg ke
1 ECs,
101 2
Fig. 1 Correlation between the measured and predicted Cu EC,, values for different species
00 hEREE s 100 KEHE o 0 WAOHMY
X Jfst S b e
* L ue, e e ~100 P 1,
=100 ® 5 A ~100 | ®@5 4 & PV i
= AR - Fad ’ ° -l? A i 2 ™ %: g ¢
? ’,’ o El, ’1’ - E 10 F ’t, 1’ .A
= i( l’ 4 = 1’ ‘A l-=;; ’ < I’*
For o400 BOL 4 L
= P ’ = i e 2 1T ’ 7
= o 7 = 2" ’ = P
= r 7 a =3 r s’ b Ve ¢
’ Ll 4
! 2 : : | - ; , 0 e " : A ;
1 10 100 1000 1 10 100 1000 0.1 1 10 100 1000
FMECS0/ (mg-kg!) Sl ECS0/(mg-kg") FMECS0/(mg-kg)
2 ECq
101 2
Fig. 2 Correlation between the measured and predicted Ni EC., values for different species
2.2 ECs °
2 3 EC,, N
pH =7.0.CEC =15 cmol ° kg4‘ OC=15% ECs,
(2] o 6
EC;,
( 3
AY A) A) ECSO Ecso
0. 118 125 031  0.06(
04( ) 0.26( ) N N )o EC,,
[26]
EC,, ECs °
083 0.14; EC,,
( 0.10) @) N
2 :
ECs , ECs 2) 6
A) 3 ~N N > Al ) il

ECs,

®)




82 8
4 1000
1.4 » Al —1k AN 14 w1 e/ -
- ® kA g%g}wfﬁﬂ i3 S AHT PETHL %100
1.0 &
# 0.8 2
0.6 oy
04 g1
=
b B
1
1 10 100 1000
3 (a) (b) ECy4 FLRECI0/ (mgkg)
Fig. 3 Intra-species variability of EC,, values of 4 -
copper (a) and nickel (b) to various species before and *
EC,,

after normalizaiton

23
EC,,
EC, 4 .
ECy, el 2
3 . 4
(k)
EG EC,, 4.
pH 84
pH 81
2 ; pH 5.3
2
. 5 EC,,
. ECy,
. ECy
4 EC,,

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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