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Abstract: [ Objective] Fluctuation in water levels has a significant influence on the bioavailability of zinc (Zn)
and its ecotoxicological impact. However, the effects of water regimes on Zn isotope fractionation and gene
expression, and the subsequent role of water management modulation on Zn uptake and transport in rice remain
timidly explored. Thus, this study aimed to elucidate the mechanisms controlling Zn mobilization and translocation
in a soil-rice system at the jointing stage under two contrasting water management regimes (flooding and drainage).

[ Method] A controlled pot experiment was conducted to investigate Zn isotope fractionation in soil pools, pore
water, and rice organs. Zn stable isotopes were measured across bulk soil, HCI- and CaClz-extractable fractions, iron
plaques on root surfaces, and pore water. Rice plants were sampled for roots, stems, leaves, and shoots, and gene
expression analyses of key Zn transporters were performed using quantitative real-time PCR. The genes included
OsZIP3, OsZIP4, OsZIP5, OsZIP7a, OsZIP8, OsZIP9, OsHMA2, OsHMA3, OsNAS3, OsNAATI, OsTOM2, and
OsYSL15. Tsotope fractionation values (A®Zn) were calculated between different soil and plant pools, and water
management effects were assessed. [Result] Zn isotope fractionation in soil exhibited similar patterns under both
water regimes. Relative to bulk soil, HCl-extractable and CaCl-extractable Zn and root-surface iron plaques were
enriched in heavier Zn isotopes, whereas pore water was enriched in lighter Zn isotopes. The mean fractionation
values were A®Znuci-soit = 0.40%o0 £ 0.05%0, A®Zncaci-soit = 0.45%0 £ 0.03%o, and A%Znpore water—soit = —0.095%o £
0.035%o. Zn uptake by rice plants displayed water-regime-dependent isotope fractionation. Specifically, under
flooding, A%Znrice-pore water = 0.16%o0 £ 0.09%o, whereas under drainage, A®Znrice—pore water = 0.06%0 £ 0.08%o. In
contrast, Zn translocation from roots to shoots (A%Znshoot-root = 0.32%0 to 0.36%0) and from stems to leaves
(A%®Znieat—stem = —0.11%0 to —0.09%0) was largely unaffected by water regime, suggesting that translocation
fractionation is less sensitive to water management. At the molecular level, flooding significantly upregulated root
expression of OsZIP5 and OsZIP9, responsible for Zn uptake, and OsNAATI, OsTOM?2, and OsYSL15, which
mediate the synthesis and secretion of deoxymugineic acid (DMA) and uptake of Zn-DMA complexes. Flooding
also increased OsHMA3 expression in roots, facilitating vacuolar sequestration of Zn, while concurrently
suppressing OsHMA?2 expression, which mediates root-to-shoot transport of Zn?*. Meanwhile, the expression of
root-to-shoot transporters OsZIP3, OsZIP4, OsZIP7a, and OsZIP8, as well as OsNAS3 involved in nicotianamine
synthesis, was modulated to maintain Zn homeostasis and promote xylem loading. These coordinated gene
expression patterns indicate that flooding enhances root absorption of Zn(II)-DMA and heavier Zn?" through specific
ZIP transporters and facilitates the translocation of both Zn(II)-nicotianamine (NA) complexes and Zn?* to shoots
via OsYSL15 and other dedicated transporters. [ Conclusion] The integration of Zn stable isotope fractionation with
gene expression data reveals that water management strongly influences Zn uptake and transport mechanisms in rice.
The results revealed that flooding promotes the preferential uptake of heavier Zn isotopes via DMA chelation and
ZIP-mediated pathways, enhances vacuolar Zn sequestration, and coordinates efficient root-to-shoot translocation.
However, drainage reduces isotopic fractionation during uptake but maintains root-to-shoot transport. This study
provides mechanistic insights into the water-regime-dependent regulation of Zn absorption and translocation,
highlighting the role of specific transporters and chelators in controlling Zn isotope fractionation and its movement
through the soil-rice system. Thus, these findings offer a foundational understanding for optimizing Zn nutrition in
rice under different water management strategies and can inform agronomic interventions aimed at improving
micronutrient use efficiency.
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BE (Zn) REYAEKMLFEMESFROR, Ba2 MRSy 5EEHE T, W
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ZHHED ALK BISSPUE RO SRR A . FRIE AR, H Zn SEALZETH
BRIV BSREA N 2 B, KR E BT, I A R hE R K
B AR AR KL 3 ) DGR B, TRR XS Zn TSR IUEAE I FRTH Zn IR SRR iE R
IEE A IESRE YW S sy S 2 2 S AU @ T = S Y WS E R NG AR Y S
PRARB-OL, IRNERR LI KFE RS Zn TR I2 I RE, RIREK Zn M E R EERT 12
ST, AT HL N AEVE IR, TR T REK Zn B IR B R B B S S S

IR R I8 Zn AR OCHR 2T . WK S BRI T IR AR FORES,
pH T+ 58 IR R AT R, (26E Zn2 5804, ARE ) KA WUR S5 4 53 kAR R
BUUTVE R L, M FRIRAE 2GS Zn S8, M, T30 7 Rgad <k, MHAIEE AL
FriE s pH FEAK, HISS T Zo MIEDEEA, B Res & &0l X gK - EERE Zn
ARME BN, AT EMKRE Zn = M. FB, KOEHEINRTEE KRG Zn TRIK
HIa M RN RIE, BEM R AR RN 3 Zn (WRISGE FE . KFEFREN Zn R EAE
FER LT B Zn2* DL K RIS Zo(ID)- TR EAR R 90 . Zn TERR N 28 3L AR 45 K 28 1 7L 0K
BN BB IS K ey b B R0, O R RIS SR (ZRT-IRT) K E 4 )8 ATP B 2K
KHELIZARA T ZRT-IRT 75 (U OsZIPS Al OsZIP9) VLR ARER-Hh b 3#iskis (45
OsZIP3OsZIP4OsZIP7a 1 OsZIP8), Ifij B4 J& ATP g0 3= SR Zn (07 B (OsHMA3)
S B KB B ig i (OsHMA2) 112, §t Zn 245K, OsZIP5 5 OsZIP9 ik i,
(et T Zn> R Py B IB1314); OsZIP4 ZE3E IR I AT ARt Zn [A149) B2 5 K 43 HE AL L FE A T
PAZRAR Zn B Z a0, B FONMRNT Zn B2 T-HLEI B 7 2, (H A 2 DUE ST R
AL 22 FRBRE R N 2 BL I RGUAT N -

Zn FE RIAL R 715 C O R KTE Zn RS B WL g ) T RD2 15160, sk %k
T, MEBEEBE Zn AR (A®Zn gimn—=0.04%0~0.09%0) , KRR Zn B W T
FEyhl, HATRee TR BE R IE . SRS EREHIIL LS & E Zn MM RO, TR 07T
H, SEEABHEEL, KBTS EEE Zn FME, X2 H TN Zn %S5
W57, Zn AR M ISR, BERIFA RN E 5 TR, SECEEHANE LR
AL ER (ASSZn s pasn=-0.26%0~-0.13%0) 101, X0 BEA AL E Y Zn [FIAL 2 5 H 40 A B fY)
B R FEILMN B R A TSR 2SS VE R, A Je ] 2 fE4E Ml 71« ZRT-IRT 288 Ak st 4%is
#H Zn FNLER, 1 OsHMA2 Wiz Zn RIS R B, FIREFFCNIER K-S B 7 T 135
IKFERGH Zn TS FHASHLEIZE T #FFU A

WL, ARFFIE TR, &4 Zn 2. BRI SERRNEES T, B
BVEK 5T T3 T, 3K Zn TR i HL R OB R & 1%, DU RKAE Zn 8
FER R PLE RS BB, HFNFEK Zn SRS BRI R 2 5%

1 #RES 5k

1.1 HIERHSZRIR

PERFEH IR A RE TR I X FEHEPHMEZE (0~20 cm) , IR TRRMELE,
HEABMUNETZECON: pH6.15, HIEAHLIR 26.1 gkg', PHEST22H#E 8.27 cmol kg, A
BE 168.20 mgkg'e AL AT ALEE, BIEEIFIL 5 mm 57 R 5 GRAF A

KR MmO E S, BHEE 44 EBBEREAR G5 10kg 188 , HiEdw
Tl R K A B, BIVEK (4R 5 em KE) FITET (RFEHIE S KE 75%, HEH
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FACHEEEAIK, BEHLEA/NT 182MQ-cm) AL, AL KN 4ERRK IR AR e 0. A~
ACERZE Sy T 3 AN, FRIRBENLIX A AR TR E N . TOKRERTT ] (BB ARJE 50D 1
Fi Rhizon FLER/KCKAEZS (Rhizosphere Research Products, CSS, fif=%) fE+& T 10 cm 4k
RAE T IEFLBRIK, RIS B AL IR 3R 5 B % /K 2 RE 3R K FEAEL A « /K 250 55 °C
MEFE T 48 h, FREE, - FH M % BY J) BYRE 5 IS UK o
1.2 HREBSSENHR
B 0.22 pm REEPE BT HE IFLIRAK, B TR T S8 I 28 R iRk 46 2 1)
KFH 0.1 mol- L CaCly AN 0.1 mol-L' HCI 43 AIFEHL LASKH 3% b 2 # 45 Zn SR PERT 12
A Zno $ROTTHIMRREER FH LR $HU7 5 (5 0.5 mol L' HCI VA AR A ik i 32
OB IR (CBER 30 min) , BEJS A 0.1 mol-L" HCI #%4H A 7 sUFEHEE IR, & FHRIR 46 BUH
091, FREUE & HIREUKRBALRE S, ARSI 3: 1 (b)) MIRERR, 1E 150 °C
%1% T Milestone MR TEME 248 (LS ETHOS UP, B AH)) [ 8 hi20), FE:HL BB T
150 °C R LA 2 Brbk B Ak 4 o L3R BE S 2 F £ K 130 °CIE AR 27 L 22 T 5 I £7K 130°C
MR UAESEENA R . T 5FA 1 mL RN 6 mol- L' HCl SE 2 . FT S iH MR o LM
e —BFATIE Zn FRREE, B—0H TG4 Zn itk kbEE .  FRSIG AR/ TS0k
= WHAT
FEM A Zn & 20052 4 H NexION 300X 7 H B & 25 5 T F % (X (PerkinElmer,
EED o SLIGHTH R I Wk & A B, DU R A FIAE R R Zn 10 S AL TR AROK
Vo BT TRV I REI FEY SR AR 4K, ZB4li/kok B Millipore 46 CHHBHZEA/NT 18.2
MQ-cm) -
1.3 Zn IR 574
22 A5 FORE f R FH B B A2 bt iF AG-MP-1M (Biod-Rad, 100 H~200 H, 3£E) it
frafith, BART7ES R Ly SRR TS b2 alib 5 MORE & 728 T 5 L 30 ems B A I s #5 )
NRHT o Zn R ZR AL Ak 0 BRYE T 05 1 = 8 1T oty TAE & B 5E Rk
Zn [AAL 2R EEAEAATE s RS X SR 1) 2 Bl R & 55 8 PR B4 (Thermo
Fisher Neptune Plus) LT . NRFEGESHE (“Zn {55 >3V/200 pg- L) FEZIE AR &
YR, SIS R R R B B A A AR AR XGE (SSBD) #HATINE . RNEE S T ELEE
3IAHTEL, BRECRAE 30 . KA. HOBUAREYI T (NISTSRM 27100 J% Zn [AIAL R
FrfE (IRMM 3702) 4i—Feiil 9% 200 pg L' 1) Zn ¥ QAT 2%+ , I frzEbm
UREE I AR AR I (2 5 hRifEImZE, 2SD) 7E 0.07%0 LAY « WIS Fr1EY) it BHVO-
2 F1 AGV-2 1] 8%Zn {73 51124 0.08%020.03%0 11 0.05%0+0.04%o0, 5 FoAh 5256 = Ok R A s —
L (8%Znprvo-2=0.03%0 = 0.04 %o, 5%Znacv2=0.00%o0 + 0.05%0) (22231, H.dt, QMR 5 4lith 5
BB N5 YK o] ZESARTE (4 10ng) , @K TR T Zn 58 (Sug) -
FEME Zn RN R AR 8%Zn RoR, 71 LL IRMM-3702 fE IR ES B, 1HE AR
WR:
(%7zn/%zn)
8%Zn=[ (%7n/%7n)
1.4 RNA 2BV S R
RAER T WK . 25/, L 50 ~100 mg ZKREHE S, 2R A VA% JE BT B R S
FH TRIzol X7 HEEUKFEFE M Y RNA. B 2 pg &L RNA, A& (Takara, HAR
#) £ cDNA. L cDNA AR, FIFH SYBR Premix Ex TaqTM Il (Takara, HART#HL)
HTE FRFE AR S 1 51 gk AT St 98 8 B IR G IR RE RO, (LR 1) o AN FR A A R
E/ASE 3 ANMEYFEESE . B, PUKRE OsActinl fE NN FRIER, PLHEKALFE Sy x B4,
K HH 2-08CH 5 ST T AL B B bR R A X Rk K

Bl 11X 1000%o0 (D

IRMM 3702
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Table 1 Target gene-specific primer

e NAEEIE? SR 1514
Functional Forward primer (5’-3) Reverse primer (5°-3")
gene
OsHMA2 CATAGTGAAGCTGCCTGAGAC GATCAAACGCATAGCAGCATCG
OsHMA3 TCCATCCAACCAAACCCGGAA TGCCAATGTCCTTCTGTTCCCA
OsNAS3 CGATGACTGCTTCCATCGCTTG GGCATGCATTCATGCATGACTGC
OsNAATI TAAGAGGATAATTGATTTGCTTAC CTGATCATTCCAATCCTAGTACAAT
OsYSLIS ACTGGTACCCTGCAAACATAC GCAATGATGCTTAGCAAGAAG
OsTOM?2 CACCATGGCTGAGCCGCCGGCGAC CTATT TGTATTGTTG AGGAA
OsZIP3 AAAAAGCAGGCTTCTCATCATCTTATTCCCTTCTAC AGAAAGCTGGGTCTGTGGTGTTAGCACAGTCGC
OsZIP4 GCGAAAGCAACAGTGATCATGGCGACTTTC GCAGCTCTTGGTTGCTCTGAAGATCTCATG
OsZIP5 CTGGAGCTGGGAGTGGTGGT ATGTCGACGAGCGCCATGTA
OsZIP7a CAGGTTCTACGAGGGGCAATCA CAAGTATCTGCGACACCACGAC
OsZIPS CTCCAGCTCGGCATCAACCT TAGGCAGGTGACCCCTCGAT
OsZIP9 CATCAGTTCTTCGAAGGGATAGG TGTGGTTAGCGAGAAGAAGATG

1.5 BIEGIT S

SKFH SPSS 22.0 BAFHEHT BN E T Z 08T (ANOVA) , [JEX Zn & 83T Tukey £
K, LLP<0.05 NREMWKFE. TEX Zn MOGERMX RIARZF O R EE (DUHRE) H
Duncan K 36i%3047 2 B LU, BE KN P<0.05.

2 4 B

2.1 HIEIKBREGEH ZnHEE
T3 HCI $2HUE 5 CaCly #2HUE Zn 40 5 B3RS 6.99%~7.44% 5 0.15%~0.22%
(R 2) o MBFHEKGE, JET 0B HCL RS CaCl $2EUE Zn /37042 m T 6.50%
H150.0%. FLER/K Zn WEEEWE K 575 T 403 T 7305079 0.13 mg L' A1 0.19 mg L', & F4bBE
fEHAEE T 46.15%. A, & TACBENRKREME Zn &5 (4.64~6.42 mg-kg!) BE/KALEE
(8.15~8.93 mg-kg") &AL,
IKFEREAR S Zn S BRI (39.43~44.95mg-kg!) >Z5 (37.10~42.64 mg-kg') >
M (24.62~27.23 mg-kg') o ETETHHL Zn SEIIMX ETFRKGE, X5 HCI.
CaCl, HEHUE ALK Zn S &Lt —5, RFVETAIEEE R S 3% Zn 106 R,
BEMRHE T KRR Zn AR
R2 ETSEKCETHESEESKEREAR I WS E

Table 2 The content of Zn in each soil reservoir and tissue of rice under drainage and flooding treatment

Zn ¥ 8 Zn content/(mg kg™)

IR R R

Soil and rice reservoir T oK
Drainage condition Flooding condition

3% Soil FRFRHE A HCI extract 15.89 +0.23 14.92 +0.58
SALESH LA CaCl, extract 0.48 +0.03 0.32£0.00

FLI/K Porewater/(mg' L") 0.19+0.01 0.13+0.01

I Tron plaque 5.53+0.89 8.54+0.39

JK# Rice R Root 44.95 +3.44 39.43+1.21
Z£ Stem 42.64 £2.58 37.10+3.18
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H Leaf 2723 +1.56 24.62+2.11
Hb 13 Shoot 32.81+3.01 29.14+3.82

2.2 Zn G Z4FE
THEEAEES Zn R RAN (8%Zn) FIERZE DT, HEERKICN CaCl, $REE
(0.24%0~0.30%0) + HCl F2HZ (0.22%0~0.23%0)  T3E (-0.18%0£0.05%0) (K1) , £
Bl Zn HAREE NG RSN M R E N E RN R EE. R, FLBKIIFEN AR (-
0.31%0~-0.24%0) N#T 3., MREHAN Zn FALRH B LIEEN 0.08%0~0.20%0, F:AH
AT CaClo $HUE Zn SRR+ Zn RIS RA R 0. BEAh, B TALEETF CaCl #2HLE. 4L
BRIK SRR BRI Zn [FA7 25 3505 = T-HE /K AR B
KRB AL Zn [FRIAL R RR (8%Zn) fFEREZE R, RIMANZE (-0.10%0~-0.05%0) > I
(-0.19%0~-0.16%0) >R (-0.51%0~-0.44%0) o [FII}, Z21T51G HEARFEARETE T 5K AL BE
T 8%6Zn s> 51 79-0.15%0%0.07%0 F1-0.19%0%0.07%0.  HE7K 4D FH TR 7K FE % ZH 2R 1) 896Zn 183
E T T AR, X5 I CaCly $REUES 5 FLBRK 45 AR R

04 -
V % Drainage condition

O #&JK Flooding condition
0.2 |- é

k: ; % ;
: .

1 1 1 1 1 1 1 1 1
T R A4 FLRROK B KkFE O R HhEER EF ot
RIS $2IS LS
Soil HCl CaCl, Pore Iron Whole Root Shoot Stem Leaf
extract extract water plaque plant
Znfif [

Reservoir of Zn

HOH HH

8%Z0/%o

|
S
o

K1 v T 5W KA bk R G 35 %Ak e 55 /KRS - LU 8%9Zn 18
Fig. 1 The §°Zn values of each soil reservoir and each tissue of rice in the soil-rice system under drainage and flooding treatment
2.3 EEFRIKHHE
S TABALE, MOKACEE 2 R T OKRERES T ZIP ZREE R, BES 5RO
B[N OsZIPS OsZIPI" 4, LL K OsTOM2 CRIAR BB S8 22 AR (DMAD SMF ) 82 DM OsNAATI
(25 DMA &0 245 OsYSLI5 (25 DMA-Zn WISCEE NARFRAI L ) 2
kAKF (B2
BEAb, FEETAEEEN OsHMA3 CF Zn $638 20D PO RE R FRAEKF T, 17 OsHMA2
(Zn FEARFTERREHED PORFRIE MR o X RUIE TARBEA R T Zn MRES M EAEGIE . 28
1M, KA HE AR5 T0Hs Zn WA TR 04 e ) OsZIP3PT), OsZIP4S), OsZIP7al)
Lo OsZIPSUASERE IR T- A0 EE o R KA BB et | OsNAS3 (47 51 & UM%
(NA) ) BIEERERIL.
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Relative expression of Zn uptake-related genes in rice

1.0 b= =5 - b S . = -
B 2] sese? T o) P ere® 363 RS S% R
S B S R R RS e R
b <X 5%%8 %% P PLXXE P<XXY R %%
oo 908 oo oS! e ot R B
(99%% (95%% (99%% (9%% 00 % (9%% 000% 000 %
B3 k] o o K RS K K
0.5 1A oy b oo 92000 333 R K
I 500! k] o o K o K K
oot oy b k33 900 k3 900 K
A% % 5%%8 0% %S XXX R P R R
o e o Rt R R S R
0.0 P3G PR P22 P [ P [ [

OSZIPS osZIP9 osTOMZ OSNAATI osY5L15 osZIPS osZIP4 osZIP7a osZIP8 osHMAZ OSHMAS osNASS
H:[H Gene FE[H Gene
E: RAMOIFEAR t T R EME R, *RORFAEREER (P<0.05) . Note: *, The significant differences determined
with the independent-samples t-test are indicated by * (P < 0.05).
K2 9T 5K A BT KRS 2 L2 3 R AR X R A &

Fig. 2 The relative expression levels of genes in various tissues of rice under drainage and flooding treatment
5 \/\
3 ﬁ &

3.1 HIE-RFTFEH Zn R R DE

HCl HE S S I 0K Zn RIS R 18E (A®Znpcres) A 0.40%0~0.41%o0, 155 T SCHR
FRIE 73 (0.23%0+0.04%0) B0, Horr, &+ 5K T Zn FALZE W EAILL, 351
N 0.40%0+0.05%0F1 0.41%00.05%0. 0.1 mol-L-' HCI HEER 57 7T B 122 75 fift - 338 vp 350 3 e ™
Yy, BB EE R Zn, NG LI ZMISEA R Zn B (53 Has . AL G
A AT Y30, T SEALIR R AL AT Zn2 RN B SRR Zn R
F (ASZn min=-0.29%0~-0.20%0) 5 1M PYELALAL SN S0 & S E ) Zn [FINLZ (AZn i
5m0=0.45%0~0.73%0) , LLUTE WAL BEANMD S EE QN S& SR Fe¥) , PLK
R BIR AR AE CUnBE R R A L = )\ TAR S 4D B2, T2k eh s e 45
G APAEE WAL 5 /S EAL AT BeSLRIAEAE, FLBC A Y A2 #2178 75 2 % 4% pH
LR RIRER, WA, A ARHSEENDE ST Zn MXT HIER I EEE N
AZn ggmpssa s +5=0.45%0~1.02%052) o K, AHFTEH ACZnpcr a1 SCHRE, TEEIRT HCI
FRPGE R, R TS Zn MR AN EF Zn, HJRECLVURCAIAFAER Zn A
*.

CaClL #E UGS T TR E LT HEN Zn [FAL R (A%Zncacn-+5=0.42%0~0.48%0) , LA
T 5HEKALFE R 20514 0.48%0+0.08%0F1 0.42%020.05%0. CaCly HHX 3 i B 25 128 #e gk
H A 38 b 5 R4 R Zn A1 08), CHRSE48 B2 Zn AL (ASZn paa—-
1.08%0+0.05%0) B4. AHFFH, A%Zncacn-15h 0.42%0~0.48%0, i HH CaCly HE U F2H FH &
T ISR T BE L4 G N T 5 . 8°°Znucr 5 8°°Zncacn BONELI, H -4 CaCl #2HUE Zn
i (0.32~0.48 mg-kg™) (N HCl #2HUZS Zn & (14.92~15.89 mg-kg™) ] 2.14%~3.02%
X —25 R, 13 CaClL 3 HGS Zn 1 fE EZRIE T HCH UGS (W A4 678 Zn)
HHE A R A R AR RN B A
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FLBR/K S L3582 8] () Zn [F67 25 7318 AZn sumr-169-0.13%0~-0.06%o0 - Arnold Z51 045
FUBRZK A Zn FBRIE T L IR B, 42 R 21 1) Ak 2 B M ek FE AR 3 ) 245
PR R, DRI B S T R, e SRR RN RAE LUK E S SR, AL T
IKAEFE CA®Zn sp-r5=-0.13%0%0.02%0) , ¥ T-ALBE T FLIR/K S 1452 (A Zn [FI67 2 7)1
AR (-0.06%0+0.04%0) o X5 RN —5, FHAyg T T FLER/KH Zn MR EESE N5
LA 2R T T AR I Zn R B ALk 391,

RGN SR FLBR KA I E Zn [BI67 R (AZn suamx=0.39%0~0.44%0) , W& K TF4EF
BRI WO P2 A B 2048 (ASSZn s 0in=0.28%0+0.01%0) o pH BIL B3R T Zn HILEIERS
FR BB (B AL PR B, AT dE S FRIAL R A T ) BRTESRAE T, Zn DL\ THAREC ALY
KA B F[Zn(H20)6 2 FE A E 2 THE L, ML T FLER K & R IFALZR (AZn s smr=-
0.3%0~-0.1%0) 5 TRIEZKME T, Zn STEMKREMR Y SR I SV Bk Shes &1, S8k
S R E AN 2R (AZn penms=0.29%0) 7 AHIFFLHRVE T 5K 135 pH 27l 4T 55 Pk
A, TRE TR R ERIEAR LT FLBUK B 42 HE Zn FA R AISE R ARREARETT DAVE /K FE
W Zn R AT RESE R Zn I 5WHE Zn JEINPER o T8 T4 F, MRERESIEN) Zn RIS R4
B (897Zn=0.2%00.05%0) 5 HCIl HEHES Zn (8%Zn=0.21%0+0.02%0) T/ E —8, WiHi%%
PETERIE R Zn ATAERIE T HCLHRERAS Zno RN, R TABE -3 HCL RIS Zn S &
T KACEE, RFERIE Zn & B CEEREAG  1X — IR 5 Ak 70 A BT 1« L
BE/K Zn IR FETH il SRR RS Zn LR 7 FAEE R, G RX — MR IR &
KA Zn (&R B ER S, SHKFESUE pH WISEETE R P MRS, XE
WREH KA, 138 HCLEREUES Zn ANBURE A FLBU/K IR T AR R, SBCEZ 1 Zn
SR TARRERNE . ek 2 R B 3 2 0 a3, SR B 458 Zn [FI7 25 . AH R HE,
HRFERIE AT BE 78 47K AE Zn WU SR, /K 53T A0 B R FLIUK ARG R A R
AL, 2354 0.44%0+0.06%0F1 0.39%0+0.07%o0, X 33E— 251t B 13- HR R B MR FL I 1 Zn B4k
e P iRl HLPASZ pH 2. [Rltk, PR A& AR R FLBR K11 Zn 97
BURIRRER S 1 Zn B PE, il mf .

3.2 KIERBLTEZ Zn AL E 5 1H

WK SV T 0B N ALBR K ZKFER R Zn FIAI 20 0ME (A%®Zn smmpenmx) 53 51N
0.16%00.09%05 0.06%0+0.08%0. 1% H{H 5 Arnold ZEOMRIE FTESE Zn 2544 F HIEE WS
IKFEAERR B3 TR S (ASSZn s aimnk=0.10%0~0.45%0) AL, {EMKT Zhong IR IE %,
BIAKFERNL Zn PRI IR R (ASZn kmmnamx=0.37%0£0.05%0) - HRTHF7EEM, KA
WU Zn FE BRI = 251848 — A Zn(I)-DMA &) (ASZnamp.z02"=0.30%00.07%0) I
ito 17 381, = ROKFEIE IS ZIP KRR B R R 22, =R R Zo? il B TEaE kA
FREROOL, [FIEF, HAFFEAEE, Zn AR SE S A ROT I Zn FIAL R ME (A®Zn g
te-ii=-0.49%0~-0.40%0) 1. FHI/KFEWIL Zn I TEALHIAEAL, HSZFLBRK Zn &R MR
MY, 4 FLRRK T Zn B EAREE, AKFEAR 56 R H A ) RIS A2 B Zn(1T)-DMA 28& P
W Zn, FEWIA T8 R EN Zn FIA2 R TE Zn SR LM, WIS FEERENE,
FEUR Zn RIS AR R E R0 100 351,

KA EE R K REHRER OsZIPS . OsZIP9 FE N FRIAHTETAHE 1. X ] G 5K b H T
FFLBK R Zn IR ERME (HE/K: 0.13£0.01 mg-L'; % T: 0.1940.01 mg-L1) 4550,
OsZIP5 Fl OsZIP9 FEZ 5 AXS Zn MR, HAK Zn M4 F ZHEREBMERLEEE L
WO, R, MK R KRR IED ZIP FGE A REsENt Zn MR, DLAMER R Zn
PERIA R . [FIR, FHECT TR, HEKAEEE S OsNAATI 5 OsTOM?2 Rk /KPR . X
RIREW KA FEE B T4 & 5 20 3% DMA, FF{EHE Zn(I)-DMA &4, BEE
5 R T2 E NAR R 1010361 5 B T /K AL BN 5 T AR R Zn? e SRR, ik T
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X Zn-DMA Wl #2 . [FIl), Zn )% @IS Zn(11)-DMA 2% RIS e 2s & 5 Zn [
MR, IXWAARRE T WK TARES Zn WU A2 1) Zn RN 2 0 TBRE R (A%Zn ook
=0.16%0+0.09%0) - AHFFE1F 2N I FIALZ M RLs R, Ko EESCE T /KFERIL Zn S5
R RRERE ;s HMEK AR BRI 58 | KFEREN Zn(I)-DMA 25510 2 ZIP FR s & At
Zn HIVIRC

3.3 R-h EEBREITILIE Zn B RS H

AR 2 I E Zn [FA7 2 E 4R (A%Zn e 1m1=0.32%0~0.36%0 ) %, 1X5 Zhong
SEOHRIE (A KB Zn AR A%Zn s emrcA 0.28%00.03%o FRIHE 7045 AR, (HE Weiss Z5110)
RIBH) Zn 78R R ETTI (A®Zn sy cims=-0.13%0~-0.26%0) AHJZ. FHAHEL, Zn 54k
TER N AT R Zn EARHS-Hh bR S T AR P A B K I R R R E (A%Zn g gn=-
0.36%0~-0.27%0) o HIBLIXFhEN G L KA 3% Zn G %0 AT PA AR AR -4 E 38 A Zn #EIE KL
O, A EAE) Zn A Z BRI E, Ui Zn MBI EHE 7 RERTES,
FERFIZE AR, WESEM) ZIP BEEE .. HA, ACZn wpe) LFASZ K5 E B

(HEKALFE: 0.32%00.07%0; T4 TALFE: 0.36%00.08%0) » 3X7% BH 7K 705 FRAS S A AR 51 25
BRI Zn #EiE IR

TEVETAEER, ARES OsHMA3 FERIFRIEARTHE K ALEE N, T OsHMA2 1315 4215

(B 2) o XIRPETAIART Zn MR EHFIE . SHAER, #RKLLE
OsHMA3 BB RIBKF, (EEARS A Zn B 2 M2 2 ahes (s SR, #Kab
HNARES OsZIP3 . OsZIP4 OsZIP5 . OsZIP7a~ OsZIP8 %5 7Z1P K[kl 58 i A% ¥4 T4 BE F i .
LB T HE K AREEA R Zn MARFREGIZ 2200 350 . S0, 51 Zn (254 T 8RR & OsHMA3
RN RIAY S ZIP ORI R RIE LR, B Zn $Z SARH Zn K2R, HA5E
SRR ZIP FEH Rk DR SR S A M E IS . X SR T KA EE MY ) Zn SR
AR T 75 TAEBRIEE S (R 2) o Ik, H/KARER R Zn MISE 24060 T ZIP L@ E Ais
MR, R T L E AR TR E SR Zn [FIf 3R .

AR T K FBHRIR OsNAS3 BHIFRIE, WA FIT NA 1IE#KR, HidE—DSHEs)
Zn(ID)-NA ZEMIER. SIEER, OsNAATI HFEWEE L, RE NA Al4k8: 0
DMA ¥4k, GRS Zn MIECALRE /T, AT Zn(1)-DMA 51120, fHRNH, OsYSLIS
Fik B, @i DMA A, 328858 Zn fUIEH07. Zn(I1)-NA 5 Zn(I)-DMA £ YSL
FFRFEF S T FE S 5KREANKEZZ5HP. BT NA 5 DMA B T4 6 E Zn
A7 2, S AR X AR R SR EE ) Zn AL R 17370, Zn fEAR-Hb_ ST Re i fE A,
B AP NA 5 DMA X T Zn [§4i2 o 5 2 E F 16181,

I A T 25350 & S5 Zn AL (AZn i_s=-0.11%0~-0.09%0) , FLo318 R EEART I
PR (AZn w_x=-0.41%0)  FEPNTER (A%Zn w_2=-0.37%0) ~ M (A®Zn w_2=-0.30%0) 1%,
DA K Caldelas SFBURIE P73 (A®Zn wumi—rimz=-0.2%0+0.1%0) L5 H . %L 2 1] §E 230
JIEE B HIR), 2 Zn RIS RAEZE NG AR RSN MR HE 2 Fr . Moynier S5HORF 5T 7T
TH ASZn i 20em-2=-0.19%0, A%Zn it s0em 2=-0.55%0, BE— L Ui Zn MZEFIH IS HLHI
BUAEER) Zo? TN KIE R E, MAFRAZEEMNIE A, HiFEihgm
K, BFEMREERDE.

4 45

IR ETER 3 Zn HALHIREMIA IR : V& TAC PR R i 1 RIS LUK Zn
TE, HJLPANE Zn MR R R 5 KA EE S 7 LBUK Zn KA HEMRT R S
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FEP IR R R, RIS B3 T OKAERER ZIP & @5, OsNAATI. OsTOM2
OsYSL15 F:R33E R Zn AR ES I3 B3I I R I 40 PR B L AN 32K 43 B
(R KA BRI T Zn> &L J8 8 0 AR ) B30 is . DIk, V7K AR T 358 T AR R0t
Zn?" il it L g B USR] DMA-Zn 25U, DSR4t b 35 ) v S AN ) iz il 1
AR T Zn WU M D FE R ) RE K Zn [T 207N T /K /3 B3 S /KFEHR T 1 Zn
Wi s A SHLE, AR K M E B SR EKAE Zn E IR IR LR T OCHEAE B R A TR 4
WA -
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