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Comparative study of Zn-toxicity thresholds in 16 Chinese soils as determined by different bioassay endpoints and
its predicted models. CHEN Shi-bao’, LIN Lei, WEI Wei, LIU Ji-fang, MA Yi-bing (National Soil Fertility and Fertilizer
Effects Long-term Monitoring Network, Institute of Agricultural Resources and Regional Planning, Chinese Academy of
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Abstract: The toxicity thresholds (EC,, x=10,50, the effective concentration causing 10% and half inhibition) of Zn in
sixteen Chinese soils were determined using log-logistic distribution models with four different toxicity bioassay
endpoints, i.e., the potential nitrification rate (PNR) test, the barley root elongation assay (BRE), tomato (TGT) and bok
choy (BGT) phytotoxicity test respectively, the quantitative relationship between the EC, of Zn in soils and the main
physic-chemical (e.g. pH, CEC and org-C etc) was also quantitatively measured, and the toxicity based predicted models
of Zn in soils were developed. The results indicated that toxicity thresholds of Zn varied significantly among the different
bioassay endpoints. The toxicity thresholds of EC;, of bok choy growth toxicity, barley root elongation, tomato growth
toxicity and potential nitrification rate test were 322, 356, 336 }& 297mg/kg, respectively, the lowest EC;, was observed
with potential nitrification rate test while the highest with barley root elongation test. The determined ECs, of the same
order of bioassay endpoints were 846, 1471, 1160 and 768mg/kg respectively. In general, the sensitivity of the bioassay
endpoints followed the order of: the potential nitrification rate test> tomato phytotoxicity test > bok choy phytotoxicity
test> the barley root elongation test, while the test stability reversed. The result implied that the microbe were the most
sensitive organism responded to the Zn toxicity and the tomato was the most sensitive plant among the tested crops. In
terms of the applicability, the ECs, values were more sensitive than that of ECyy, while the larger variation coefficient was
observed with ECyq test. The pH value was the most important factor affecting the bioavailability of Zn in soils; the
environmental risk can be well predicted by the normalization models developed on the pH, CEC and organic carbon
contents of the soils.
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(PEAT S BERF A

1 MR57EE

Ak R
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Table 1 Basic physic-chemical properties of the soil tested
5 KA 2T ek pH f(CaCly)  BI& FacHci(cmol /kg)  AHLIK(%) Fhio %) SH(mgke)
1 pisam| Tl 41 48 4.12 8.75 1.51 66.1 57.4
2 AISBH 213 4.54 7.47 0.87 46.1 75.6
3 a2y wet 5.36 33.62 3.03 40.4 53.5
4 =X KRG+ 6.40 19.31 1.42 412 90.6
5 B IKFE L 6.72 12.84 2.46 38.9 119.3
6 ER K 7.02 2231 0.99 27.3 106.8
7 Il KFE+ 725 8.33 1.47 25.3 33.6
8 Rili Tt 7.27 22.72 428 19.9 68.9
9 I 2% R 7.29 22.71 2.66 37.1 442
10 AT L 7.31 28.82 2.17 44.6 62.8
11 VEE 4i8 -t 7.49 11.72 1.00 21.4 53.8
12 Wz Yt 7.56 8.46 0.62 27.5 56.5
13 Y it 7.61 6.36 0.60 10.1 33.8
14 HEIMN iR 7.65 8.51 1.57 16.3 445
15 i1 Rt 7.71 8.08 1.02 19.6 56.3
16 18N LI 7.78 8.33 0.69 17.6 46.6
1.3 Hdhiab e ong =y N2 N 1)
3 Zn R LEAHALIEZE(PNR) R 52 M AR X xm

P OBEAT T

APy S KCl R R mLym Ay 30 5 1 5
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100—-k '100-%" a

}exp[d InX/c]

2y & 2 MR AR R AR, Y050 A 3 5k
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1.4

geit ot

FT A7 S5 A0 34K Excel 2007 FUBr Ak
ZEVE(LSD ) HEAT AN [F] Ab B[R] (1) 2 35 1k 07 22 93
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Fig.2 Toxicity thresholds (ECs,EC;) and its 95% confidence interval of Zn (mg/kg) in soils determined by different toxicity
test endpoints
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LEANFIRRPIF AR BN 2257, L ECyo R151, A
NS RZE PELLA B LI A ) A 4y
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Fig.3 Comparison of toxicity thresholds (EC50, EC10,
mg/kg) of Zn in soils and its x% confidence interval as
determined by different test endpoints
<A KAEAR/ME; T 10%~90% H 43 L0 25%~75% H 43 bt — i, o 8

2.2 AN[FIFEEE BN 5E T VA IR U S AR S
221 RURtEESR AFEEEINUT R UK

2 SRt BRI o A B T AR S KURS PR B
FEAEA (Rt AT T BB ARHE S, S
DURR 725 R RBUR I s Sk ] — - 3 v R R AS
[) F5 PR 7 VI 7 ) EC(x=10 Y 50 25) i K/
7 5% BC, AR/ IN 1) W 122 3R 7 0% Ak AN sk
Kok 4 POARFRIAR 5 AE 16 Fp 38 sR v
ECso~ ECyo MU PERIAT T WL WF 50 45 B3R
WIL,PNR Wl 5E 1) ECyo {533 72.2%,66.7% 1
66.7% 1) T IR AN TR . /N E SRS
ZUATEE I T INE 1K) ECyo {E 11T 5 ECso B 1T 5, AN
DR 7 VR 7 e 5 R (BBURR A E 40 R AN [
AR - SRS R AH R R B2 1) EC, W
K/MEHD,PNR VEAE 100% 1358 LR A2 ARk
TR, 93.8% 358 LU G 20 Al 1 MR W s VA UER A
87.5% 1) T8 L /N 171 SRl e 4 AUk, i b mT DA

W7, 77 1398 Zn FE0E AR 2 P AN R BRI
T3 VA (B AFAE 8 35 1 22 e 1 RS A ) a7 v
Hh LT AN [ # ZK S (BC) 1) (0 SR AN AH 7],
JLHLL ECso Wl 45 FERUH T EC o, MIAEF -
NIRRT BC10(10% A3 R IR ) 10 4%
FH S 4 3 55 1 AN [) AU i 5 11 B 35 o o ik of
B R KPS R AN R B PE I ECso 55 ECyo
) SEEAT AH T2 el o v ) B v U 2 S
HE I 5P A58 oI A v 2 AR D ) L A
1M 5, AN AR 7 VRS G 38 b Zn B0 R MY 1)
TR (R M B E. EC, lAE 3 ) I+ 35
TAEPI(PNR)> P £LA> /N 1 38> K22 . i U ] 4T,
£ B 4 FORFEIIER 59, -3 PNR VA2 1
Zn B S BUB IR 7 V2%, T /0 1 S W) ) - 458
Zn V5 G e S UK R AR ) .

222 HHMWES ARWEAL SR S
V5 G R B XS PR 10 1 S N T P
AT 4 PR FIINR 550t 16 FlAS 7] (1) 145
I 7 B AL 1T S4B K B 1) AR S R/
WL 25T RN 4 FlAS [ 28 550300 5 11
ECso *F-3IE KNG - K MR A K> 78 40 fili A=
K>/ SR K> R A A0 T8 % (PNR), 3 1, PNR
JIENE R ECso M 5 R ZZ A A VG £ AT
AP I S 1R & Rk 21 I 2 1 22 5 (P<0.05), 1T
BET 16 Bl 1338 EC 5o R 19728 5 1 /N3 UL AH 525
ANTAIIR K 052 1) EC o T3 E /NI K
SE 45 AR PRI T 5 ECso [E2E L.

*2 TENRLSHEHFERERETRRAL
Table 2 Comparison of different mean toxicity thresholds

(ECs0,EC1,mg/kg) and the variation coefficient

Glikse s ECw THIME ECsoZeit ECyo Y9 ECo %S

(mg/kg) R (mg/kg) g

e LI 768 a 0.562 297 a 0.735
UNEP RS 846 ab 0.390 322a 0.451
JIEARITERIS 1160 b 0.385 336a 0.443
KERBEK 1471 ¢ 0.351 356 a 0.422

TE AR 5% KT B AT S 22 VA (LSDI%) AT 2 T EL R
S IFAT TP BN 2R 22 57 B 75 (P<0.05)

TIEN XS 4 FHANRIEE A AT VA IR I (A
F 78 R A DR 7 OO IR 28 R AE AR TS e
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B AR S R BN RO BEAT T O WP R
W 3), ARGV AR PENSU - K2 AR
P> PG 20 A A K> FI S ZE IKSPNR, 7T UL PNR
T IEAE R JERE il [ 5 2 A2 R & AR AR,BR T Zn
TIPS, PNR I 5 i b BE 57 52 1) - et it &
PRI DR 1 A8 FCA DR 3 (1 R

%3 FREMKESE 16 WAL AN EIehFE
Table 3 Determined indexes of the different test

endpoints of Zn in the 16 unamended soils

AL R NASRE A KRR
[mgN/(kg-d)] P (g/d) YE@HE)  (cm)
B/ME 0.67 0.10 0.15 8.85
EEPN: 10.63 0.35 0.46 18.84
TEME 6.85 0.21 0.31 13.78
Fadd A1 2.2 33 3.7 3.8

ARG, A A (PNR) VL X B 5 14 LE L
by = S5 R A T bR B R UK IX A AR 2 5T P
WU Broos £SO T 5 Pk A b
ST W) - 38 5 R P RO T - A A A >
U5 3 WP IR > A A A R R ] U1 > 28 s 3
P (24,48h Ji WP IR > S Al NP I 5 1 RSALUAHF 9 &5
AR T LSRR AL A 0BRGP A
2 UL i, AR b A AR AT R A
PR R AEATI AR B B N T o -+ 3 rh & g v
e (R W0 5 AR 10200 e S R b R R R A
e, AFLE HVAS B A Rk e 45 R 1 W A T 4 )R
AR S RS PN AR ) VAN 8 b i e R
PR TRAEAT A SR DG OC 2R, RIVRBURS R 8 vy, AR

A AR RR A A B — 2B 2 R
Ji A A — o 1) R R, DR Ik VPN 2 R
PR R 1 2 RPNk Oy v, 9 B R ¢
AR S ORI AN A ) 5 B 4 22 s R IX A
A R T A T I HERA DA VS e H I G R
ES YR
2.3 RS I ) 0GR KL
o AR Y

o e b g b R G R B 1 R
JTUIA] (1) G 28 S LRSI S kAT v G - 458 5 B
R PR At 38 e A R 7325 1) Zn 75
PEBME S T2 g (1% pH {EH,CEC, 7
BLBIEE) IR IAH DM 4 AR (R 4),pH {25
M) - S8 5 P o) (i Ay R I PR 33X S T
RLEs AR A 22 N 22 TE I8 A5 [H] U 5 Rl 45 SR
A LUE 3% pH EAE HLIK(Org—C)nf LMR L
b FROU A PR 25 R (AR (1 A S, T AR )RR T
RERMKARTS ECso BB R 92.2%H1 ECyo
PRI AR S (1) 86.2 %, [FIFEARFE T+ LI AL I 2
[f] ECso M1 EC o BEHL ) 89.3% K 71.1%[KIAL 5, 1Mt
BT/ S AR W) 53 ) A 85.9% M1 73%, TU 4T
FiliAE ARG N 79.3%F1 84.4%. 76+ 3 pH {H AN
HHLIR(Org—C) R HERt F, 14 hn -+ 1% CEC figts (e A
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Table 4 Statistical analysis of soil properties affecting toxicity thresholds of Zn in soils (partial correlation coefficients

and predicted models)

MR A pH 14 Org—C CEC YoE R B R
141k PNR(#=16)
Log(ECso)~Zn 0.678%* 0.59* 0.369NS
Log(ECs0)-Zn=0.166pH+0.1680rg-C+1.42 R*=0.893
Log(EC19)-Zn 0.565* 0.573* 0.411NS
Log(EC 0)-Zn=0.174pH+0.1960rg-C+0.86 R*=0.717
Log(EC 0)-Zn=0.174pH+0.180rg—C+0.003CEC+0.84 R*=0.721
NEFAEK (n=16)
Log(ECs0)-Zn 0.714% 0.518* 0.375NS
Log(ECs0)-Zn=0.134pH+0.1150rg-C+1.79 R*=0.859
Log(ECsp)~Zn=0.134pH+0.1030rg-C+0.002CEC+1.78 R’=0.864




5 Bt a5 BT A [RIGR 26 pi 1) - S 2 Pk o (i A Tt A 7Y 929
gk 4
WAL pH {f Org—C CEC YT RH R
Log(ECi0)~Zn 0.733* 0.366NS 0.410NS
Log(ECp)~Zn=0.208pH+0.1320rg—C+0.802 R*=0.730
Log(EC19)-Zn=0.211pH+0.0630rg-C+0.012CEC+0.718 R*=0.793
LR (n=16)
Log(ECso)~Zn 0.841%%* 0.2INS 0.268NS
Log(ECsp)~Zn=1.17pH+0.0640rg-C+1.76 R*=0.793
Log(ECs)-Zn=1.171pH+0.0230rg-C+0.007CEC~+1.71 R*=0.835
Log(EC 0)-Zn 0.828%%* 0.316%* 0.234NS
Log(EC19)-Zn=0.184pH+0.0950rg—C+1.07 R*=0.844
Log(ECyy)-Zn=0.184pH+0.0810rg-C+0.002CEC+1.05 R*=0.848
KERMK (n=16)
Log(ECso)-Zn 0.928™" 0.156NS 0.089NS
Log(ECsg)=0.16pH+0.0470rg-C+1.96 R*=0.922
Log(EC10)-Zn 0.729%* 0.501% 0.467NS
Log(EC p)= 0.15pH+0.1250rg-C+1.26 R*=0.862
Log(EC )= 0.154pH-+0.0850rg-C+0.007CEC+1.21 R*=0.904

FEckEx P<0.001;%* P<0.01;* P< 0.05;NS AN 5 2%
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