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Abstract: Hydroponics experiment was carried out to investigate iodine (iodide or iodate) uptake in celery and Chinese
cabbage. Iodine uptake in both plants increased rapidly within a short time treatment ( < 60 min) and then decreased
gradually. With low iodine concentration (0 — 0. 50 mg/L) treatments, characteristics reminiscent of Michaelis-Menten
kinetics was observed via relationship of concentration of iodate or iodate and the the iodine uptake rate. lodate uptake was
inhibited by oxidative phosphorylation inhibitor 2 ,4-dinitrophenol when the plants were treated with less than 0. 50 mg/L
iodate, whereas no significant inhibit was observed and the iodine uptake rate was linearly correlated to the iodine
concentration when iodate concentration was above 0. 50 mg/L, which suggested that plant can actively uptake iodate when
under low concentration. As compared to Chinese cabbage, celery showed a greater iodine uptake. The iodine content in
the vegetable edible parts increased in the first week then decreased as the iodine was added only once at the beginning,
whereas the iodine content of edible parts of vegetable increased constantly when continuously supplied with iodine. When
treated with low iodine concentration ( < 0.50 mg/L), iodine uptake in both plants were reduced by chlorine, but no
significant effect of chlorine on iodine uptake in the plants treated with high iodine concentration. The iodine accumulation

coefficient in both plant was decreased when the iodine concentration in the media increased. The iodine distribution in both
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plants was root > leaf > stem.

Key Words: vegetable; iodine; uptake dynamics; accumulation coefficient; IDD
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(Todine Deficiency Disorders,IDD) ““/ | [ jy4M g K BEBFIE B ZE M, B RTFR VK 4, 2ttt T4 [ & #6 4 IDD
FiAT, R4 16 L N2 BB Z B . REFFAS A IDD JEX A DK 4.25 12, EEM T A
RigAL SRR,

20 42 80 4ETF 4R , T E BUR R T 4 R & Al INALEh AR, B T RS o (BR7EZERSLER P
R 5 X R E A ZE B EG , T B R T A i i TEA LR 12 A R SE R b B #E R R R TR
A XU R P, DT 3 R RO R A A TR 07 o DR, BR T B AT, A SR S Rl
JRFAME TS X, e rp R PR AR s AL 5 58 i B BE R R AN UL D 2 B 5B R R K

SLERCUEH], E BAASM T , AMEPBLE) 80% LA R HHEWIMER &, BB MAEYE R & b BRI
DU J7 S A A F 43 R4 o BT NRIBFIE R B0, B T 1 S e e B iU D M & R 40, 300
Fiti A= AE ) B — 5 I ISR AR R B RE T , RS A TR I AMIER, A E A KIS h LS B S 5,
— SV LR A B B BN, 3 Ok TR A SR AL A R R R SR T T BN . R, A Mk, A
RARAE YR )RR R B Z RGEIBFST, R A R BRSEXT A [FE S /MRS AR B3 11 5 R e 55 T
TH BRIV IE R H o A SCLAV/N BRSBTS, 8 /K BT RGEE ST T 3X PRk S 7 AN ]
TEABL(T F1 10, ) By WSCRER R 30 J7 24, 3938 2 W0 I A (36 351 B2 C1™ XoF 8 S MR WS R g s e, 0 25 43 )
T BRSSO BB (32 3l MR MR 5k 3 I A % 5 S MR A B 5 A7 A A %o SR I R AR AL R WL 2) L BT
AT B EE SRS TR AR . B3R H W AT R AT BB Y, AMTE R GRS R ETR
R, E I, RABFF B SRS AS R SIS iy W SO LB A0 B ML, X X A fA B AR HMBL AN I B A2 7 4L Bl 16 TDD )
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1 #R5HEE

BRI /N SR 8 75 M 5 ( Brassica chinensis Linn. ) ; J732 G Fh o 35 .0 6 7 (Apium graveolens Linn. )
PIFIES BBLE (1 #0110, ) 23 H5E 8 5 SR A Nal 1 NalO, 387% .

KNSR F A S5C LA IRKH 15 min, B 1% S HARRFFEE 15 min, )5 BRKREZ kT
& 5 FETE TS b, BT 30°CHERIEFRAED . ¥rseM & 1% SmmmEdsE , A8 KRR
LB 20°C R FRAE P ERE . 2 80% /N SRAT R F R 25 A AR YRS EK 3 ~4 d DI
FEHABERE B 1) 172 Hoagland BRI, EFMARIILE 1. KT 2 FEHREIFHEBER . BRKE—H
W4 EREE R R BARBEAEEB P, RIEF240ESHE S, S5 H B RKEEFRI, Ha 5 H1/4F1/2

®1 EFRENASTRE

Table1 Components and concentrations of nutrient solution

%44} Macro-components ¥4 4) Micro-components
#f i, Components Y B Concentrations ( mmol/L) #f i}, Components Y% Concentrations( umol/L)
KNO,3 6.00 H3BO3 10.00
Ca(NO;), 3.50 MnSO, - H,0 0.50
KH, PO, 1.33 ZnS0, -7TH,0 0.50
MgSO, -7H, 0 0.50 CuSO0, -5H,0 0.20
KCl1 0.48 (NH,) Mo, 0, 0.01
Fe-EDTA 200
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Hoagland B AEF 3 d J5 , 2B FRBOELIE TR, S0 KB BURHA ] EribrdEr, NS R h 8 i Bk
XL ERBFRPYURIESR S d 5, #T U T IRIRA A,
1.1 o B %o B Aok e 1) 2

Bk BB 7 0.0.05.0.1.0.2.0.3.0.5.1.0.2.5.5.0.10.0 mg/L 3£ 10 4/~ ib 3, 3 (kEH , 763 L
BRBIR P BA 3 H/DEERRE, BT ATREAE T (25 £0.5)C, 6 71001k 3558 4 h 5 ,#MARE
F/KZE 3 LOAREDR) , e Bk &, T EBRScE 2
1.2 BB R 535 5R R OR R

F/NESRMT SR M TATN 3 LR, BE0EE 3 bR ARG REHE T M 10, AR EE
BOHATHE SR o IR A BE IR R BARBIR B 0. 1 mg/L AR BIVREE 5.0 mg/L, BN 3 IRER . BRE#H
—WREFRW, AT ERBM pH 5.5 £ 0.1,451F1,2,3,5,7,9,11,13,15 d BURE, FYREEAR 25 (it 41T,
FRTE, A 0. 59mm G FL , I e MR &3 LS &, THEE B S B el & . IRIB A 1 WOt 2283 5%
15 dfEXT G ( RESINE SRR RS SRS AR FRIEE ) |, EUB MR B SR B SRR HE R 1B 0L T 8k 7] B35
FEx BRI B 22 57
1.3 BE SR [R]85 i)

T 400 ml BEFRE P ABR K E 1 Bk, 2 BURAL(0. 2 mg/L) RIS (2. 5 mg/L) BiAEERVR B, 402 3 1K
EE 05T 10 min AN EHE SRR, FHT INAMEBLUE 3 SRl & R A REX E 2, R e S
WEFWEL AR EE SRR AR, 115 0 ~60 min f1 1 ~ 12 h Py BURIKGER ML, DL 1 Rt
HESERE IR (AR E SR B AR AN B8 45 BV ) DA X B[R] Bl 2 HEAE 10 ~ 60 min A1 1 ~ 12 h PEEFREH
BUOR B AR AL, 158 B SRR O R
1.4 ARIEHMHIFIA CL xR U (52 0

B FE B Yk B 4 0,0. 01,0.05,0.1,0.2, 0.3,0.5,1.0,2.5,5.0,10. 0 mg/L, 4> B 7 A4 40 41 551
(2,4-DNP 1 mmol/L) FI C1~ (IE¥ & FRMALNL ) H- 5 ARG # #1 C1- (B3R A K, S0, % KCl) i#
Xttt A 3 REE . BURIGRAEE 4 h J5 , e 5555 P U Mk B AR AL, THEE B SRR B MR SO 2R
1.5 Fpiriilze ik

/NESERAESE P LS BRI E S B R R - RS R AL 3h FvE o SR IP RS BRI SR A IR
KEAE
2 #R5ite
2.1 fHER S BURIGE R 1) 3h 221k

KRR I A5 SRR B, AR 3% B Ay I sk e e e B ] P T b T, 23k B B KA S5 BB ] S 4K T 2 7
REAR (& 1), B 1 ERTRAR ) ZERHR BE R (0.2 mg/L) , /NESERN TSR T i B #73 HI7E 40 min 1 60
min SABHAKME, 105 518 TRE, TR 10, B FRIFE 60 min KRR AMEF EWIFEK. FERREET (2.5
mg/L) ,/NEAZERIFERRIR I~ B3R 517E 1 h f12 h UG A R BB KME, R 10, MEE 1 h XBRKMEE
FFIR T B, X ULBHE SEXT AR BB —E FREE I, 3RS U G R R (LA e S ek P Il S &R 2K,
BRI E B, BN T 5 ANV B 2, BUH B S ROSOR IS far U R R R . BRI AR B I
WO HE 37 4 T AP B R BE , ZEARMR BE (0. 2 mg/L) T B S %o B A R A3k 8 LU 38 R MR B (2. 5 mg/L) 22/
BEBUEL T X —Ro B AFTESINEBRBCE R WA ERA BN ZER, EMREKETRIAN 10, >17, 1
BRI VRBE T MR BB 1™ R IBGE R 8 K F 105

B2 WS T AR B A T B S R B SR b R (R A sh A8 b . BRI HPRT DAE Y FERF SR L LAY
KT BEX B G R B SR E RS 1 INBUE LR IR 504 T BURISGE R LA —3B, HREL:
BERLIR AT B8 SR MRS ) 3 A B B A, T EL % 3060 A [T 285 S L g % A3k 238 3k B8 A KL Py B [ 43R 1)
B H XU TEE S5 IR A5 M T RS LU A R T8 X B AR R, /N B TSRl B3 & 2 W
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Fig.1 Dynamic variations of the uptake rate of iodine by vegetables after once exogenous iodine addition
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Fig.2 Dynamic variations of the uptake rate of iodine by vegetables at constant iodine concentration
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2.2 g S RS AT B 3 1 S RRAE

Bl 3 R T BB SR s OH A 5 SRR BE 2 (8] B 5 2, BT AT AR Y, /) 3 38 A0 S5 X T A R
AR AN IR R JBE A 4R =5 TSR 0, (R X T RFE S A BR , B AT B MOd R A7 7E I B i 22 57 , 7R IRV B2
T(<0.5 mg/L) , BHRERIA 105 FINOBCE R B & TxF I fRICE R, AR S WKE T (=0. Smg/L) , fit
BRI 1 BRCE R = T 105 o 7EMRBWREE T , 51 R Attg e A RE SRR R 2 5, 5 EN]
Xt 1A 105 WO AS S 5K o A AR AR OG5 3] 40 D B3 MR Ao 2 3 IR M BT , 78 IE 1Y)
T YR ITR KRG AT AR TA 2, SRR A B RIS TR & BB & TIER(ER , &
PR EH IR 5 AL, SR b X ST R RN AR IE R R o AR R R, ALk
0.01 ~0.5 mg/L {EREI N, /NEAZRAFIHXS 105 HRECE RS 10, WEEZ AKX R FFE Michaelis-Menten Az
JIEERL T EATN T AR R A AFF &K — B R TR BT (=0.5 mg/L) /N FERAF3
Xp 17 H1 10, B CE R 5k B2 2 18] S 3B 35 B ELARIEAE SRR (r=0. 997" )  RELH T BT K 9 3 iR
E(E3) .

o mIO;y
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Fig.3 Change of uptake rate with the different concentration of iodine

MR Michaelis 1 Menten $ H B B(E S0 30 ) 2 O ZEAS JRCH, A RAE B M AR B R — 15— RO B
R Z A S BKOT R K930 2% TR AT UL PR AR K™ .V =V, [S1/(K, + [ 1), o V Ry RE
IR (Y A0 M TSRS 38 ) 5 Ve N BRSO R 3R (R 2 B R R M) 5 K R R 4 U AN TR
MR M5 2R BRI 200, D 24 Al 7 T R R ) e R Bl 2R — 2 B IR U B 5 [ S 1 DA SR vk BE (A A 240 g &1k T
WIE T HIWRE) o RIRTERM TRV E SE R SDE I K E R R, @K 3 Al kY (105 ) WE
BARES , RADER SRV L RIELLR R RN — RN o FHEE YR BE R 5, S RLHE AN P R IE L
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Th, SBE R IR L 5 IR BE AR SN, i 2 Fe G S B, X BN A L e R M A, T AL, i SRt
(105 ) M 3R 5 e JBE 2 ] 938 A 56 R A6 0 R F2 3 OO AR S L 3h 7 22 R BEAS AL o PRI AR IR A5 1K
GERATLIUCY , 40 5 105 WRBEEAR T 0.5 mg/L i, B3N 105 Wl 3= B2 AUMHE ] ; S5 Bl BER T 0.5
mg/L, U FZ 52 AR QP R AN ZRE @ RF RN . ARIER 2, ool 105 My RIRICE HR (V,,.) KTF/NE
xR, /K fEFR AP TR WAHXE Sy , FEARRISNRBLARF T, 73R KB B AR T/ B3, R e SR e it
FMF T XIBOTR KRNI E S, bR UL/ B3 A 5 R R

F2 (RKEIO; (<0.5 mg/L) FHEMBUZ N EETESH
Table 2 Main dynamical parameters during iodine uptake at low iodate concentration ( < 0.5 mg/L)

B3 Vegetable V nax mg/ (plant-h) K., 1/K, R?
/NE3E Pakchoi 0.095 0.189 5.29 0.995
3% Celery 0.118 0.131 7.63 0.983

Bl 4 s TARBHMHIR 2,4- —FHEEARE (2,4-DNP) X SEiABR SR s R s SR 9200 . 2,4-DNP 2 A Lk
PRALARABIBEH , & RERBIR 5 SORL AR A B A9 Jo 1408 BE A T4 ) ATP A2 L, AR RIBCHRIIE 5 | 2 SbifAHh ATP KRB 7K
i BESR E SRR E ) ATP BB, AT 30 56 3Bl ™ o TAE IR TC R B Bl i TATRZ A&
25, HIAZABHD I AR h& 4 7T, R T ,2,4-DNP X/ SR AR 105 7= AT 1
TIVEFE , 1050 E 5 5 b L B P B e T S 3, T A SR 500 %/ R SRR SR MR i 1™ A R BA B B A0
Mo TERNRBR LT ,2,4-DNP XHHRERR R I 10, A1 17 BRI R SR B35 Xtk B T gk S IR &
105 HWl S RE BN Sha IARSE , ik — AR T SRR HMIRVR BE 105 AT REAFZE Esh I B o
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110 | 110 |-
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5
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g 1.00 | g%
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0 0.2 0.4 234567891011 0 02 04 1234567 891011
kb BEKE lodine level (mg/L)

B4 BRI (2,4-DNP) X P3G Sk bt 2 (R m
Fig.4 The effect on uptake rate with the addition of 2 ,4-DNP

ARXTIR O A2 = FSAin DNP G SR BoH 2/ K i DNP G Sk o
Relative uptake rate = the uptake rate with addition of 2 ,4-DNP/the uptake rate without 2 ,4-DNP

2.3 SR AE GBI B2 A L
WIS, B8 6 T LA th, ZEEAIE (0. 1 me/L) FETHIE (5.0 me/L) —WEBIARAE T , /NIRRT £

S BERFSHEK T dJEIT IR TGS MiFrSBBURRBEA T B & B B i R R B . 35
SeP AR T BRI AT & AR AL A SR R W B B v T — R B A T R S R S B 7 T A
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10, HBER; B7E R WK BERS (5 mg/L) B, BBk rh i) S BARZ A% 1.4 ~3.3 £, KR H T —REBR M
T, BRI P AR B2 A R SR 0 DR R WA T R PR, 65 75 T (AL SRR W Ay LB SR B /L , TG B 85 3 ]
HIRE , A B B N T 7 A A R RN, B A5 B S P B BB AL ) o B . FERPEE AR, i TR
HRABBESFLEA W 15 2 SR B K B, R I BB AR 28 DR 355 B SR X ILAR X 65 1y A I 3t 3, DA TR i 35 v L 5
Hefno MES,E 6 B AT LIE R, 5 SR s i BBk BE R B OB i T RIS 7E AR Sk B R A
Wi ; 50  HERE S T RIS B8 T 10, MRS & 5 Fr3e e B e BB 0 KT/ R o
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Fig.5 Dynamic variations of iodine content in edible part of vegetable after once exogenous iodine addition
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Fig.6 Dynamic variations of iodine content in edible part of vegetable at constant iodine concentration

LR A A H S MR R RN IR,/ BRI S B A R ZE AR 1.79 ~3.08 £
167 ~2.42 4%, H RS BBk B2 42 i AR b A 2 B R B2 i, AR RS Py L RS B 3 SR L1 B Y IR
BV BE SR R T o ARSI P BOIX A 0 FCARRAE 7T BB R AELAR B AR L B OB BRI AR R 0 4R
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Y FIAT LABH 1k 2 B B E A 3t B3040 R LR AN AR, i S R KRR o BRI BE B IR P LR B P 3
T EL AT 0t 9 O L 4 AR R B A 7 SR P B B P DR T ARG , 4 O Py A% i BB 5 Ak B vk 2
AR, R S RAR i AR, i e, 2R, I, B R BHIFHIR SRR R X B Bl e 5 )5
WACREST TR K. 10, A1 T BIF AR RIBUE , 7R (0. 1 mg/L) @Rt 105 B4 A T8 %
P CRIAR 2 5 TAE R R BE (5. 0 mg/L) R, SRl T RERFEEA S W BUR A (R 3) , 85 T MERR IR A
BERBZENEERBUIBER T 10, o R THEMAE T ERIN 10, K ESIRIKRES HEE, FEREE T
B BLLAPSI O £, BT T BB 242 E 105 /0, R BEA A Fd A ) R AR T 2 A IR A

R3 FEMBMEEHETELES 15d ERXBRBBEASH(BEERE)
Table 3 The distribution of iodine in different partion of vegetable after 15 days cultivation( AC)

105 I
BIRAAE {19733 YR {19733 273 3
Different parts of vegetable Low concentration High concentration Low concentration High concentration
(0.1 mg/L) (5 mg/L) (0.1 mg/L) (5 mg/L)
AR Root 101.2 +8.3 9.8+0.6 72.5 £4.4 32.1+1.8
/INEI3E Pakchoi SEAE Stem 34.3+2.1 4.02 0.3 23.5+1.5 13.3 +0.8
3EM Leaf 47.2£2.8 5.6 +0.4 36.2+1.9 16.9 +1.0
AR Root 132.6 +10.4 15.3+0.8 83.1 5.1 45.3+2.3
3% Celery 2% Stem 45.4 +£2.8 6.4+0.4 39.1+2.1 25.3 1.7
- Leaf 54.6 3.1 7.2 +0.4 45.2+£2.3 27.2 1.5

BRERE = RSB/ BN P BEE  Accumulation Conficient( AC) = iodine content in vegetable/iodine content in solution

2.6 GXTHRSE WAL R0

RRMEY M LFEERTR PSP RERC LRV RSO R B A B T @E T, &
A [ IR P A I — W R AR A R R, R RBR BT, S & AR g 53 X B A I MG R T 7 1y A e
BETR, X B S S B oz ks (181 7) , aniEl 7 B, MR BE 0. 1 mg/L ALBET , /NEFEXT I F 105 B9
RH R HIEAR T 26. 1% A0 11.2% X BLFF2RXT X AP A [FITE 258 i RO SRR T 19.2% 1 6. 0% o 1
BAXFRBG BRI , AT RE R i T R LA TR I B AR LA IR, 2R AR B G A R 32
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Fig.7 Dynamic variations of uptake rate with the addition of Cl~

FEXTRMCHR = Ushn Cl - RS BLIR Mod R/ K hn Cl - BRSEBUR Y# %  relative uptake rate = the uptake rate with C1~ added/the uptake rate
without C1~
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