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Effects of cations and pH in nutrient solution on zinc toxicity to
rice ( Oryza sativa) root elongation by the biotic ligand model

LI Xiaomin ' HU Ying '™* HUANG Yizong * LIU Yunxia' LlJi'

(1. Research Center for Eco-environmental Sciences, Chinese Academy of Sciences, Beijing, 100085, China;

2. Agro-Environmental Protection Institute, Ministry of Agriculture, Tianjin, 300191, China)

Abstract: Acute toxicity of zinc (Zn) to rice (Oryza sativa) root elongation was investigated by
changing the pH value and major cation (Ca**, Mg™, Na* and K) concentrations to develop an
appropriate biotic ligand model ( BLM) in solution culture. The results showed that the toxicity of
Zn** was reduced with increasing avtivities of Ca”*, Mg”*and H*, while the avtivities of Na” and K*
did not significantly affect the Zn®" toxicity. The toxicity could be explained mainly by Zn** binding to
a biotic ligand (BL) at pH from 4.5 to 6.0 and by the joint toxicity of Zn** and ZnOH" at pH from
6.5 to 8.0. According to the biotic ligand model ( BLM) concept, the conditional stability constants
for the binding of Zn**, ZnOH*, Ca®, Mg*" and H" to the BL were lgK,, =4.97, 12K, o5 =5.30,
lgK 5. =2.96, 1gKy, 5 =3.30 and IgKy, =5.21, respectively. It was calculated that on average 73%
of BL sites were occupied by Zn*" when the rice root elongation was inhibited by 50% (f;,=73%).
On the basis of these estimated parameters, the BLM developed in this study could predict ECs,
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within a factor of 2 of the observed ECy,. It was implicated that Zn-BLM could predict reliably the
toxicity of Zn to rice.

Keywords : biotic ligand model, cations, pH, rice, Zn.

BEA Tl AR AT A Y T A i, - 8BTS 3L © U8 AN 25 Z A BREE ).ty 07 7 T R NG
“ SR R AHEAR 250 ] K5 K REE S T B B g Zn V5 Yk DU [R) R BE PR & 0 | AR T M
B4 AR SR RURS: X 2 T A RV L e 72 AN [ e 199 - v ) i < J AT 0 , 25 2R W A T
K IR R bR, Zn BORBAR R I 22.2% , Zn TE TS Y G AOBAR R 8.4% " B £ T 5 K EIR
X 38 Zn e B2 R RARIERY 9.3 57 el i R T XA ) e A S S R 2 LA
P AR A TR 0 R E B R R S g R A v R s A Zn WEEAE 5.0—
25 mmol - L', S35 K REARARAUAE A BE T, MM AIARAE K BAR B AR R M e R 2 —, ) 1248
i T2S&HA T, BA T4 SIS FAEH], B4 & Bt et 25 35 AR (. 75 44 +
S R AT REIE I YRR AR AN DT A A4 fdt B 1 1 1 3

3 AR IR R A B 4 ) 7 1 O 2 S A PR U s o R 2 AT R R AR
IS KB IR Z — , F LR AR A KR DL e — 2 A I A S B S5 HF RE AR 4
PPOT b S G 15 S X A AR WL A (biotic ligand model , BLM) RIS i 26 P Ak 240 1
BT ALy 2O RPN 4 0 A W R AR IR L ARGE FR A R T ) A e S
TAEAEYRNAE R T AEWAL S 258 A L B -BC PR (M-BL) |, 24 M=BL FRER B — & IR, 4 Jm 227 A A
PEEtE e AR R TE Pl B IS AR R A JE A 1 % SR IR M R R B KR R g A
PIRCAAR S 4 Jm B PR 105G FR | 0T 47 O 38 W 9 0 P T Il AR ARG, AT &2 J 1 Sy ity b 71 0 TG A A A
( Terrestrial biotic ligand model ,tBLM ) ) _[ifi iy A= 49y Fic A RS 280 f54) 2 A4 5 2 FL /K o 8 4 T R 32 1 s A1
OB T HAYEER RN, 564 SR 4 8 A9 a2 TR 48 2 3 it - ALK O R o, 7 A i T A
R, 0] DA 1 A0 - S FL R K %) 7K B S 56 WU EE 4 8 0 A W v Y A AT 5 el K 8 S I 5T A
X“J’ﬁiﬁﬁ%(Lactuca sativa) Fll K#E ( Hordeum vulgare) 2 W) Bk s I FH A= ) T AR A A0 9 47 F00) R Y
LM K B S EG ST S P Mg KT AT PAZE Co FI1 Ni Xif K2 (U8RI Ardestani 25611V BIF 58 45 JR %
B ZEFTA ) H A IR R G, B0 Ca® BYHE B v LIFRIR B 4 )8 Cu X8k 3L ( Folsomia candida) HEETE.
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1 #8577 ( Material and methods)

L1 St

MRS L B S 41, Ca 41 Mg 41 Na 41 K 41R1 pH 41. % pH 4141, FoAb 2 i pH E35 98 =
5.50, BRI RERI A 6 MR FEREEERT 1 A28 AR AN PER T 3 AN R A TIRIENRES %
HEFLBRK A5 B TR MR A A S rh H At R 2 AW B IR EL DR AR AE , AR 3 R 2B AR AL DA e
X PEEEVE R R BRI 1.

SEHON CaCly 2H,0(43#Hr4l) \MeSO,TH,O (4% 4k) NaCl(Highl) KC1(fighksl) (ZnSO,7H,0
(Peghsl) A2 8 1K, B 1 mol - L' HC ¥E TR LA Sz 2-( N-NSHEMK ) Z AR ( MES, 2-[ N-morpholino ]
ethane sulfonic acid) (pH<7) 5 3-( N-R#k) PN iR ( MOPS, 3-Morpholinopropanesulfonic acid) (pH=7) I
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Table 1 Compositions and concentrations of the test media used in the various bioassay sets

s o BB e BE Y ]
Wit AR HE (mmol - L") Fl pH 5 FAMRALA (mmol - L") 1 pH e -
Concentration range of Zinc/
Treatments Different concentrations and pH Background solution composition and pH 0
(pmol-L7")
Mg: 0.05 K. 0.08
Ca 0.2,1.2.5.10 Na: 2.5 pH: 5.50 0.,10.,50,100,200,500,1000
Ca: 0.2 K: 0.08
Mg 0.05.0.2,0.5.1.2 Na: 2.5 pH: 5.50 0,10,50,100,200,500 1000
Ca: 0.2 K. 0.08
Na 2.5.5.7.5.10.15 Mg: 0.05 pH: 5.50 0.,10.,50,100,200,500,1000
Ca: 0.2 Na: 2.5
K 0.08.2.5.5.7.5.10 Mg: 0.05 pH: 5.50 0,10,50,100,200,500 1000
Ca: 0.2 Na: 2.5
pH 455.0,55.6.0,6.5.7.0.7.5.8.0 Mg: 0.05 K. 0.08 0410.,50,100,200,500,1000

1.2 FEPESE

FEYAR AR AN R0 2 18 1SO bR (11269-1) 2 KRS Rh-2R FHYTVE K RO 09 “ #RFIEE 157, 3k
TR R N— B K FE TR T 280 10% AUEUK T RE 10 min 2588 TR me T4 5 B Fh 7 07 B A 12 1
TEARM R TR LA SR 5 B TR R 28 °C B FRA H & 2548 h Z G PR iR 29 0.5 cm (/KRG , K il
FRARBNEEFERE P IR 500 mL (32100 TR LIRS E R 0.5 em HEA R 19 H (A
WA b, BSR4 R K R AR A A B ] PR 25 A PR AT IR S I E AR R
FREHE A 16 h, 2 28 °C ;M AT 8 b TEE A 25 C KRt ivA R 2 d B4 1 I AEK 4 d TS
Dt B A AR A A X BRI AR M B 43 L (NREARBR A2 (1) 7158

NRE 5 100% 1
=—X
NRE ? (D)

c

3 NRE (net root elongation) 27~ 1% A A 4 d P 7K A AR A AR XS T IRAL B 1 0 [ (% ) s NRE,
JE TR TR T ERA TP AR (em) NRE A 25 X BRI B AR MK (em) .

WP Zn™  Ca®™ Mg™ Na ™5 K" i1k & F ICP-OES( Optima 8300 DV ; PerkinElmer, USA){l5E ,
pH fE 4] pH 1+ (FE20; METTER TOLEDO) Wli5E , 43 J& 251 B3 B R/ NHDE 255381 H Visual MINTEQ 3.0
AL
1.3 Bl i b S bt

Ca Mg Na K Fl pHAR[6] 5 841 BC, R AR (2) e iHaE >

a
y=1+exp (bx(lgx—IgECs,) (2)

Ry FORMIT T IR A K REARHK B 20 FE (NRE, %) ,x 28 A/ Zn™ BYI5 B (umol - L") | ECy, 7R
FHECXT RRAL, S0 2 A /K R AR AZ 2 509% 301 ) F B Zn® 36 BE (pmol - L7') L a b HLA 4L

S RO B Zn® 1B BL R, 23 BRI RSO0 B Hormesis 00, X EC5, R A (3)

e

)= 100 « (a+bx) | (3)

b x )
1+(142 - — « ECy) * |
(922 6y) - ()

o,y FORAH XS BRA, SEB A AR AR M B 43 L6 (%), 3o A Zn® (936 BE (wmol - L7') | ECy,
FR 50% /KR AZ BB A9 A 1 Zo® 36 BE (wmol - L") a b Fl ¢ 4G W EL AN, U280 b 1
95% E A5 X [ EYI KT 0 i, A4 A B35 1% Hormesis 200 , 75 W Hormesis 00 A i 2% .

A= AR T LA A s PR S R S N [ TBL] (mol - L71) | ZEARWFSE 1 Ca® \Mg®* Na® K* K H*
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Alfigss 5 Zn 7RS4 AL TBL AT DARIR A
[TBL] =[ ZnBL]+Y MBL+[ BL] (4)
A, [ZnBL] 378 A H1 Zn® -BL 2B E (mol - L) ; [ MBL] 3RR 2 538 4+ B85 T M -BL 46 5 Wik
JE (mol - L™") ; [ BL] /R EA B A I FCARIR B (mol - L71)
FEAAT BH S F M FIECAR 2% A SO 3k B A s, A7 DU 7R
Ky =[M" ][ BL]=[ MBL] (5)
R Ky 278 P B T 5248 MR & P2 (Lomol ) 5 [ M™ ] 26 S5 A WU AR %500 B B BS 138
&, Fban Ca™ Mg™ Na* KA H (mol-L™") ,n+FRHEF N (n=182) ;[ BL] FRERHLE AW
B AR B (mol < L") .
YRR H i Zn® G5 A R b B ECAR B EL B £, TTHILA R A030R
[ ZHBL] KanL [ Zn** :|

W TTBL] 14K, [ 70 ]+ 3 Kyy [ M ] (6)
2 50% Y2 Bl 233 (6) mT AR E A LU R R L,
EC50(ZH2+) = L (1+ZKMBL[ ]) (7)

(1 fSO)KZ nBL
A EC(Zn*") FoR KRR Z B 50% M I B9 8 1 Zn® B35 BE(umol- L) ; 4, 7 K FEAR fif 1<
3] 50% NI 5 Zn 255 BURCHA b7 SRS B o).

2 5 5418 (Results and discussion)

2.1 PHES TR H e 0 A B 7 M A5 i

FE Ca Mg Na K #l pH 45 5 2505005 8 rf, K REARITI S Bl Zn W5 6 52 1) 38 I i BRI, = VR 32
48 Zn SNKFE = A B, T 2 0 ARG (BT 1) AR 2 SE B0 AR $i logistic B Hormesis A2 HEL A
R ARIBHE Ful H W R T B ECy(Zn”") K 95% B 15 X [a], 48] EC,, /Y25 5 H i 1SD ik
SYHT (% 2)  FRES T AT, bt 25 PH S T ORE A48 T, LIK R AR SR 5 0 F R Zn™ B 705 BE 1Y
ECy,(Zn>) (25 AL Bl 43 5k Ca® 4H 41.24—156.04 pmol - L™ £R PRI T 3.78 15, Me™ 41 62.33—
159.34 pmol - L™ PEE TN T 25645 (&) 2a, 2b, 3¢ 2) 1E pH SZER 4 pH {1 4.5 B THE £ 6.0 i,
H* 3% B B A, EC o (Zn? ME L 271.78 umol - L7 i FEAKE 68.51 wmol - L7 (&l 2e, % 2).

R 2 AT B E KK AR B SEE EC,(Zn™)

Table 2. Compositions of test media used in 5 sets and observed ECy,(Zn*") values for rice root elongation

i g e/ (mmol - L71) A pH ECyy(Z0")/ 95%9_’9ﬁ1§1§|‘ﬂ
Test Composition Concentration/ ( mmol - L") (pmol L) 95% (:onﬁdence? lmterval/
and pH (pmol-L71)
0.05 mmol - L™ Mg** 0.2 41.24* 9.43—73.04
2.5 mmol-L™! Na* 1 78.27% 42.10—109.44
Ca 0.08 mmol - L™" K* 2 92.39% 7.80—176.99
pH 5.50 5 120.04" 7.46—232.63
10 156.04¢ 24.42—284.6
0.2 mmol-L~" Ca®* 0.05 62.33° 5.98—118.68
2.5 mmol-L™' Na* 0.2 74.39° 39.27—109.52
Mg 0.08 mmol-L~' K* 0.5 92.02° 70.52—113.52
pH 5.50 1 128.51" 94.78—162.23
2 159.34" 78.86—239.81
0.2 mmol - L' Ca®* 2.5 44.76* 21.60—67.93
0.05 mmol - L™ Mg** 5 50.69° 36.20—65.18
Na 0.08 mmol- L™ K* 7.5 50.40* 15.91—84.89

pH 5.50 10 52.83¢ 27.91—71.74
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S -y)
e qU W/ (mmol - L") Al pH {} ECy(702*)/ 95%5_’9:511? l_XI‘Eﬂ
Test Composition Concentration/ ( mmol - L") ( Mmo[.L’l ) 95% (:onfldencei interval/

and pH (pmol -L7")

15 55.46* 28.43—82.49

0.2 mmol-L™" Ca? 0.08 51.18° 15.71—86.64

0.05 mmol - L™ Mg?* 2.5 53.74* 21.47—86.00
K 2.5 mmol-L™" Na* 5 51.69* 14.55—88.83
pH 5.50 7.5 49.79* 11.86—87.73

10 52.41° 36.75—68.07

0.2 mmol-L™' Ca® 4.5 271.78% 152.92—390.64

0.05 mmol - L™" Mg 5.0 141.40" 116.26—166.55

2.5 mmol-L™! Na* 5.5 110.62" 56.05—165.20

pH 0.08 mmol-L™" K* 6.0 68.51¢ 32.24—104.79
6.5 47.12¢ 21.99—72.24
7.0 44.29¢ 20.71-67.87

7.5 40.68¢ 25.61—55.75

8.0 36.43° 10:61--62.24

T AR AL 22 5743 T 07154 LSD &, Spss 20 BRI SEIE, EPEKF-H9 95%.

Note: differences between the groups were tested by the analysis of LSD through Spss 20, and the level of significance was 95%.

120 120
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100 + 02 100
x 1 + 0.05
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20 20
x *
0 0 | | | | |
0 200 400 600 800 1000 0 200 400 600 800 1000
Zn activity/(umol-L™") Zn activity/(umol-L™")
120 120 ™
Na*/(mmol-L™") K*/(mmol-L™")
100 -
P 100 . 008
NEX 3 x 25
80 ( A
S * 10 N *
S e |5 o .
o o
Z Z
0 | | | | |
0 200 400 600 800 1000 0 200 400 600 800 1000
Zn activity/(umol-L") Zn activity/(umol-L™")

SO E O %P X+ -
PN T
SDUNOUNOUnOWn

NRE/%

0 200 400 600 800 1000
Zn activity/(umol-L™")

Bl1 Ca®™ Mg™ Na' K"Fl pH AbBrfr KRR iR S B0 22 I A 570 o 2000, 1 2

Fig.1 Dose-response curves between rice root elongation and Zn** activity under the Ca>, Mg*, Na*, K" and pH treatment
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Fig.2 The linear relationship between ECSO(ZH%) for rice root elongation and the activities of Ca®™ , Mg*", Na*, K* and H"

AR A O B AR R F T w6024 2 4 S 1K) EC, 1 Bl 2 55l DX (00 8 36 32 0 4 i v 36 m , 9% EL G
IR W E AN OCRE IR 2% x5 4 8 AR st A M ER e SR E SRS R YA
SN A YR Il Zo® 5T Ca™ Mg™ (Na® K" F1 H* 2Z 8] 59 £ Pk 43 A1 o] 0, 3 2 384 0
Ca® Mg Fl H' 35 FEXI AT LAV ZE Zn XK FEAR AR A9 350, =35 20T AT KRR 4 i A 61 Zn 09424
BEVE TTHS AN Na™F1 K 935 B2 EC,(Zn*" ) (IR R A B MM (1 2¢ A1 2d, 3R 2) , I B0 Na®
i K IFARRRI N Zn XK AE R EEE.

WFFE L5 R FIATE 2340 Ca™ Mg F1 H B35 BE W] AAE— @ P2 LA B 408 Zn XK REAR MK Y
BEPE SIS RAE Z AT R P A S, EPKER LI Ca™ Mg Fl H I BE 3 N BE S Ik 5% Zn*
Xt KZ ( Hordeum vulgare) BRI FEE  Pedler 253 1 /K 55 7 sUWF 5T 2 B Mg™ B3 175 2 119 348 Jin e 1K
Zn™ XF/NAE (Triticum aestivum) T N (Rahanus sativus ) BIFEPE.Ca®™ Mg™ Fl H* B 1 AT DLUsi 22 i
&)@ Zn XAEY R FEE BT LI G 2R E & JEm X AE WS, LT ENTRE SR T 4 8 Ca A1 Ni XF K
TR LT A AR, AT LA T 4 Cd X 3 A e 0] A BB SR ST Na AT K X KRS A
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BH 27X 25 4 (0 B B B0 R VR T A ML, 1 22 SOk P LR S0 1 0, Wang 261000k, BHES T8
0 18 P 57 PRI RIS B A AR AR 40 2 v e 4 8y ek 600k ) DT O /0 o 6 i 88— 7 B8 T 10 9% 5,
4R R R K, B B S 7 i (LA S5 R s Mk B A5 2R T — S R B 7, Y e s T1EH T8
st B S -t T 3 e 4 o g 3 0 A A A k) ) 4 i 7 . Rogers 25U B 9T & BUAE SR BE P 1Y
THOLT , F eI P> 9 [RIE 2 RSO Ca™ B 1. 1, A SO ) A B SR DS SR 0L R, 2445
To R FHES AR, A2 4 N AT 56 T 4 T WA 10 25 TR A 258 25 52 B M. Chou 255 F 9 38 1 52
PCR 25 BB, 76 Mg™ FEAE AL B | 5 Cd™ WRIOAH B BER] OsIRT1 | OsZIP1 F OsZIP3 [F) 3235 103
T8 Mg AL, Mg™ IAEAERRAR T 15 Cd™ WIS G i (R 1 3 3K
2.2 pH XFEFI A REME I S )

ZARE R P REIE S S ME pH AR I AR 1] Zn B 38628 ST 84 AT REXT K R AR (K 7 A 5
M. 7€ pH (B} 4.5—6.5 BT IR EEAAEIRE N A R T Zn™ , & i 790% ; SR 1 78 pH
{E R 6.5—8.0 B, pH (AR fL Al A Zn ZEKI IR TR & K AE AR Ak, Zn® 11 B -1 B BT IR = 73.63%
ZnHCO; BRI, ZnOH" Al ZnCO,(aq) #H5 TE A 16 BB W in (&l 3) , {H & ZaHCO; Fl ZnCO,
(aq) £ pH<7.5 BHRIE AR (E/NF 107 mol - L) AT LAZIE AT, RAT 45 A28 ZnOH" FIEAS B 4Y EE
i 0.03% 38 HN 2 7.19% , 3 FEEAE pH=6.5 I} T 107 mol - L™". R AE pH SL5 5, ZnOH ' &4 7] REXF 7K
FEAR = A B PR M — 2 A TS ARl A W e AR B8 A SR ZnOH X6 KRG 1 v 7= A s vk i i, R4
1/EC5,(Zn™ ) Fll ZnOH* /Zn* Wi Z [ N/ 1% AT RAF R 2tk X R ARYE R4 v & 1 7E pH {E R 6.5 5] 8.0
B 5 2 (B AP R AP IS R (R =0.89) , BRI L 1T LI B, ZnOH* X4l ¥ K REAR A & BT — e 1 5
PECE 4 FIAs 1) L, 7548 pH(4.5—6.0) 548 T, F B EZn™ PP AR HT 5 Zn™ 77 Az 58 i il L
B 7E = pH(6.5—8.0) &5 F T, ILAT H XK FE AR K B R4 FH L7 0 0, Zn* Tl ZnOH ™ J2& 23
FIEA HEFE pH (Eh 6.5—8.0 B EC4,(Zn™ ) WA & B HERAR , X & F Zn™ M pH 6.5 119 93.72% % %
pH 8.0 1) 73.63% , AR R 3 151 15 20.09% ; 5 1 Al ZnOH* M 0.29% 38 2 7.19% , B4 K M8 BE AL K 6.9% (1]
3) . HA FEIE A AN ZnCO,(aq) A1 ZnHCO; 5295 13% , X R 43 & BEIE 25 X /K A8 19 A= W 25 PR AR AR,
AN X KRR AR = A 30 ) D A 5 pH BRSBTSt /K R AR A KR B A Y & A2 25 Zn™ 1 ZnOH™
) B 2 NS BR B BEAR 2 80% , BT LA /K AFARAN 4 2 2 Y 35 M I o 2 14, B EC (8 R &35 1 AR
(Kl 2e,522).

100 0.030

pH 6.5-8.0
- 90 y=0.047x+0.022
S 0028 p289
2
3 [ +
2% -zt & 0026
8 —o—ZnHCO; é
) 703 —4—7nCO05(aq) U%
P —»—ZnOH" @ 0.024
<o =
<
5 S5r
3 { 0.022
o
= ]
Uy \ . Y 1 ! | ! . | 0.020 L1 ! ! ! ! | 1 |
40 45 50 55 60 65 70 75 80 85 0 0.02 0.04 006 008 010 0.12 0.14
pH ZnOH"*/Zn?*
B3 AIAl pH fH(4.5—8.0) &0 F i 4 {¥ pH6.5—8.0 {HZ&F T, ZnOH" /Zn™ (Y LL{H
Zn BN AL 5 1/EC,(Zn™) Z MIMLIERIE K5

Fig.3 Variation of Zn species (% distribution)
in the pH range of 4.5 to 8.0

Fig.4 The fitted linear relationship between ZnOH"/Zn*
ratio and 1/EC4(Zn**) in the pH range of 6.5—8.0

—HLCK, pH M98 A 5 A8 P 10 AE R 0 % B 4w A A W a1 S EURE O TR S B AR K IR pHL 2%
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Fig.5 Linear relationship between the ratio of the biotic ligand sites oceupied by Zn (f, )

and the logit of the percent rice root elongation

4 R 5 A 4 YA RSP 4 i RRE ) o 2 AN (] 22 3] S5 R AR 5 LA K A AR A A g 1 X ¢
AL IR Zn K PBHES F5 A W B 2 A et 5 DA kST AR SR S R L i 45 R
AR (2 3) . F2ERE BT Cu XK M EE RS Cu™CuOH FI Mg™ 194 e AR 45 5 - 4505%
BA 1gK 1. = 6.57 12K yorp, = 7-03 1gKy 5 =3.00; 1 Luo A5 S WFFTIY Cu XoF/INZZ 1) 30 14 46 4 115 3 4K
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Table 3 Binding constants for Zn and other cations in organisms. The 1gK values are in L-mol™

2% TKFE (AHT5E) K13 et 3 28]
Oryza sativa Hordeum vulgare Spinacia oleracea Lactuca sativa

1eKz,p1 4.97 4.06 8.7 4.0

lgK cup1, 2.96 1.99 — —

1K ygp1, 3.30 3.72 — —
1gKyp1, 5.21 4.27 5.8 —
lgKyamr, \ — — —

lgK g1, — 2.62 — —

1gK (other species) 5.30(ZnOH*) 5.15(ZnHCO3) — —

Js0 0.73 0.38 — 0.42

WEAR AN ] PR AE P Fh 206 AS ] ) B 4 s M i U B A AR R i 22 57 R MK 32 31 50% 11 )
i, A Co™ 85 A AR 5 AR LB R 66% 2 5 /N2 NI TG B2 43.6% ) HE M Be AR A7 a5 Cu™ BT (48
KA RRABR 32 5] S0% M [ B Zo™ 45 A B ARG LB 38% " A5 30 T B2 429% 14 P e i
PLEBE Zn HHEY AT K AR K SZ 5] S0% M Zn™ T3 ZL45A 73% WA WYl AR AL A5, , B KA
HRZAXT Zn (85 T (0 32 P, o id I o 45 A 0 1) 2 1A FH DR P 1) 25 S5 T AS TR) AS SR B F o T
AT BH B SXOANTA] pH (B2 T /Y Zn XK FEAR AR A 350 ARAS 1 00 20 S 808, ARAS X0 4 J5 4R
YIBCARARL E5 5 T B HEA 8500 228 K v AL
2.4 EC, AR T

HRAE bR S Hd S AR W B ARRERY A 20 (10) 00 43 8 XK BRI 1 EC 4o (Zn®) A4 TR0NIE 5
SEMME Y ECyo(Zn®") LA, T AT AR AE SR 2 A5 0% A8 Ak BB N (1B 6) |, T0NE 5 S50 1L 1Y
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Fig.6 Linear fitting relationship between the predicted and observed ECy,(Zn®*) based onthe BLM
developed in the present study. The solid line represents the curve of y=x, and the dashed lines indicate a factor

of 2 between observed and predicted ECg,( Zn™) values
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