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A review of environmental behavior in the measurement, adsorption,
and transformation of iodine in soil

DUAN Enzhe' WANG Min' MENG Luyao' WEN Caimei'
YAO Yijie' WANG Xiangxue' ™ JIN Jie*

(1. Department of Environmental Science and Engineering, North China Electric Power University, Baoding, 071003, China;
2. College of Environmental Science and Engineering, North China Electric Power University, Beijing, 102206, China)

Abstract Iodine is a non-metallic and necessary micronutrient for humans. Both iodine deficiency
and excessive intake may have adverse effects on human health. Investigating the content, form,
migration, and transformation of iodine in the soil environment is of great significance for human
health and understanding the biogeochemical behavior of iodine. In this review, we introduced the
content of iodine in soil and its influencing factors including geographical location, physical and
chemical properties of soil, organic matter, iron, manganese and aluminum oxides, vegetation, and so
on. The pretreatment and analysis methods of iodine in soil were summarized in recent years. The
environmental behaviors such as the adsorption and transformation of iodine in soil were discussed.
The correlation between soil's physiochemical properties and the adsorption behavior of inorganic
iodine in soil was analyzed through the principal component analysis biplot. The transformation of

iodine in soil includes redox reactions, organification, volatilization, biological metabolism, and plant
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root uptake. I, and HIO have been identified as the intermediate products of redox reactions, which
can combine with organic matter to form various kinds of organic iodine. Microbes and plant roots
can take up iodine from the soil and convert it into organic forms.

Keywords iodine, soil, adsorption, transformation.
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1 PSR R E R (Todine content in soil and its influencing facts)
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Table 1 Iodine content in different types of soils in China*!

ARl WY (mgkg™) ot =S5 MY (mgkg™) d el BY(mgkg™)
Soil type lodine Soil type lodine Soil type lodine
Az 7.06 A 235 #+ 1.63
B 5.56 i+ 2.14 EE 1.62
[Ggae 478 ORAE + 2.08 KAE L 1.56
ES RN 3.05 T 1.99 a1 133
el + 2.64 HEL 1.91 PRt 1.20
Bt 2.57 RS+ 1.80 i+ 1.17
i+ 2.46 By 1.67 TRt 1.07
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Fig.2 Iodine concentrations in soil components

(a. haplic chernozem, b. phaeozem, c. luvisol, d. cambisol) '
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2 TESBAYTFEEESRNE T (The form and measurement method of iodine in soil)
2.1 LEEPEAAEIES

TEAR KRR JE b, MAE 3 rh i 3 S Tl AR 7R R 28 A g b i) 3 2 27 B 28 i
R LS T AU LA, A AL AL TS nT A FLBUR e A A ALY 2 i T A AR AR A S e £
th— RN EALIE R 254G LR DTTE RS ) SO A K.

L5 e RURL A5 G5 1E — S, A8 UKL Y — M A 22 M o, i ik % S2 8 O 20, ] LUK B AN [R] 26 43 v
PRI, $EIGRA 5 25 WL 2. FEERT UM 40 A KA, AT A2 45 m | BkiR 2R 45 5281 5 4R
W EE G AL, E A LTSS & A R R, 5@ o3 A 18] 2 53R 2 MBS i 2 R, AR
KV S UK (<12.7%) , JEBE SRR ) SE AL &5 5 A5 B S A, X R ST S A I Rt A
HEHEAR (RN 3.1).

F2 LA USRI B H )

Table 2 Extraction conditions and proportion of iodine in each part of soill'® 22~ !

7 E/%
. R PR oH IRE/C Proportion

Iodine component Extract Temperature ik ke ik

KRS H,0 — 25 12.7 5.0—6.0 1.9—7.8

AT E A 1 mol'L™ NH4Ac-HAc 7 25/20 7.8 4.0—17.0 0.1—4.4
IR B 1 mol-L ™' NH,Ac-HAc¢ 5 25/20 43 4.0—5.0 1.1—6.6
YR YEEEL 0.04 mol-L ™! NH,OH-HCI 3 80 37.5 16.0—18.0 23.7—75.9
HIRIREE B3 5% TMAH 14 25 38.0—40.0 42387
HERAAS 5% TMAH 14 25 2 11.0—17.0 3.4—15.5
FRARTL 5% TMAH 14 90 6.8 — 22264

1 TMAH: DY F 35S 8RR —: R4 K. Note: TMAH: Tetramethylammonium hydroxide; —: Not mentioned.

2.2 BRI
A RLH FH D0 43 B 7 A A3 e G B L i ik e R A SR T R i vk (1CP-
AES) PN H S A 4 B F Ui vk (ICP-MS ) 20~ 2028730 1 X G 2R 9 O 1% (XRF) . 38 3 45 T3 3 4F
B 0 2 ) T A Ry i T A e e R R I A AT O R R R A O BT (it
22.2%) F ICP-MS( (i tt 66.7% ), & F R $2HUR 2 TMAH (5 H 62%).
F 3 MUETALELRTI )y R

Table 3 Summary of iodine pretreatment and measurement methods

, \ - pILE=RY -
ReE S Bt BT 2 o Kath R Sk
Sample  Analyte Sample preparation Extraction process . g LOD Reference
instrument
TR T P 555% TMAHIR A, 90 “CIHfi#3 h ICP-MS 0.04—0.23 pg-L [31]
i3y QAR /AN VA
e ST 55 FIKesar§00 )% )EKJUE — [33]
. o 55% TMAHBRIR A, 20 CT
e 1271 W 5, B 9% el T cems 0.01 pgL* [18]

BHEFEAE90 h
510 mol- L™ KOHIEWIRA, Ht46
o TH20.5 WE A D3y WA
+19£105 CHET oo !
. o s igogo = 10 MLKSHPOJIE(1:2, V1Y) AN
MY T AR ZFTE6S ;kﬁwmﬂlﬂﬂwﬁ RS 7 A BERSIR, 1] P50 A it — [34]
ol 10 mL KI(1.0%) . 5 mLJR/K
2 mLIG (45, ST
e S LB TKIRA, 10 EiERF
FIERT HPIFESO CF Al mL 5% EDTARI0.5 mLE/KIRE 84Nt
TG 4 CIRAE 4, TEILAL mL 0.1% KA it - [35]
| mLIG (58 AR, TR A
o= 0 YH A
B 8L/ | o T #”ﬁsﬁ? ; Z;’EPT(ZI%I;{I;“ FBEH b Ms 0.02—0.08 pg-L"' [36]

TIEAEY 1
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B 4 P TS o Kot ik
Sample  Analyte Sample preparation Extraction process . & LOD Reference
mstrument
. . TE90 CF HEBF/K. 1 mL 25%
£l 127 YT !
+4 I 103 CT¥54 h, % TMAHIEA3 h ICP-MS 0.032 gL [37]
" FEA 510 mL 5% TMAHIR S,
127 e B
it7] I IR B S0 CHKIA. Bl 1 ICP-MS — [38]
27 FEH 510 mL 5% TMAHIRA, i ICP-MS 0.07—0.89 pg-L"
R ———— — B0 CIWARS IR L RS, — [39]
1257 > SRR Ly 3.0 Bq
ICP-MSEH =
it 27 VORI, WES, -20 CHEFE FHTMAHEA R H Ut HPURFGHE — [40]
{(TQ ICP-MS)
FE 5 7KIR430 min, FIFW M
. A1 mL 5% EDTAFI0.5 mLIE/KIE 4MMeRs
e 2 i yA —
iR o TR 5 4, SRIF AL mL 0.1% KIFI it [41]
| mLGESE MR, TR 6
i o 0 H N _’\rl N 123 |
14 7] R, B4, BT 10% TMAHGEIEL, B/ A R ICP-MS —
1% [42]
IKHE 1271 0.22 pmyEGTL IERY 1% TMAH UL ICP-MS _
. 75 °C Rl FHMLR T4, BFBSJS 1 mL 25% TMAHAI10 mLH,05
127
Y ! FRAELEIAVAS B E90 °C Fififesh  [CP-MS/MS — [43]
N 1277 o - ICP-OES — [44]
T — KT, #4382 mm FHHNO- /M1
123 ICP-MS 0.018 pg-kg™ [45]
7 mL 67% HNO;#13 mL 30%
et/ 20 =70 °C, 200 Pal R THR72 h  H,O, SKE IR A, TEMOE X ICP-MS NG' [7]
Rl

E: TMAH: WU TR ARG EDTA: M OR; —: R AR K.
Note: TMAH: Tetramethylammonium hydroxide; EDTA: Ethylene Diamine Tetraacetic Acid; —: Not mentioned.

3 e 43 335478 (Environmental behavior of iodine in soil)
3.0 WAE LS A T

SR T ICAIL A W B A - S P AR AR A ) AR fi S SR A AL &R A AL AT
LSS AE IR 1 A, () B AR 1 AR A ) A A i M A e SR 1. MR 4 - S B P B N
X TC AL R B 4 i dhs CEL A LR (TOCY%) | JE 4 5t (HS%) | & /b A4 0 3% 1t (clay/sand/silt, %) |
AEC, CaCOs, pH Pk J& = 3EXT T LML B 5 i (mg-kg ™) ) PCA 43 #T J5 75 17 8UbR &1 (1] 3), #i7 kAR
FASHE, PR AR T, Wi Sk 2 R e A FRR IR AR R 2 8] OC 2R 1 DD R T 5 WL B A R B
F L BRR AR 1 I Sy, AT DL R ECA ALK (TOC) | & B8 BT (HS) A Ak + &% & 5 WM &R B IEM O, B
TOC 5 HS & it 5 T W B JeAILA Y &4 3 0 RAR DI, 10 pH B W B3O 5 B AH OC.

Clay_ :

® 9
silt%y
s

Label
# Loadings
® PC scores

PC1
3 EWr P E(PCA)
Fig.3 Principal component analysis diagram (PCA)
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FAT BRI B A . AR TR B 105348 J5 O IR AR (HIO) Aoy - (1) I, ANEEUE 19 HIO A1 1 ARXEAE
FLERK KR, 2 5 LA HLTCP B ZS A ALE (A . BVR . JRIR . I AR 28 55 ) ALt 2 &, fi gt
S5E RN L, PR AR B —A ML A L N R IO HA B SR 2L 45 A L Be g,
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RS HEBRZ T (SEC) iR IESE T U 5y 5K F R MAVURE &, S T 2A PSS A % R A R 58
AR AR B0, A BT ) S TR AN ] s 2 5% T X B R R 28R ZE R BR MR BT, HA IR IR 244 5 T FA,
X ARG T HA 95 B ECE & T FA.

- R B R AR BT 0 A At 2 (R SRS T ML A R B, 3 ek S 22 Ff A 9 A B 42 i
G353 T B (L 4) AT LAE SC RS -5 MR AR 10 W B 5 R0 T P 1) 5 i 2 E AH G TEHLIL S 4 IR Sk 45
B R A T AR SR RN, - S (A I AT AR AR T 9 5 £ H e A JE AL 2 A
TR BIGAEAE T LA FRURAR (38 )5, 724 5 T 5 HERUR 45 A 1 R L HIO A 1, Sipl B3R R
SBT3t 5 B A S R A [ R TR, 2 U — A EEAR A T S R W B i
J1 X R T A5 e

Label
# Loadings
® PC scores

PC1
B4 IR R pH R R A AR R AL 1A AR ) R 2 T

Fig.4 Figure of principal component analysis of iron and aluminum minerals, pH values and their adsorption data for

iodate and iodide ions in soil

FEHSRAMT, 45800 pH A EhCEUEIE B R A7)t 2 52 i LR £ 398 e g B RN G fb i L R
[F] ) pH A1 Eh I P85 o A BIUE A7 25 5, 7R 56 1Y pH {EL A1 Eh 2 0.6 mV LLR i), @iLfb ) 3208
A, BEEARET, BB N FEIE A [ 3 FE 4 4 E il es AR R 5 pH (1)
KT 90°, TEHLBLK Bt 1 398 pH % UIAH 3¢ HAR I b, FERR PRV W rh, - 36m™ 9 3 1 i ¥R 3 4 % B R
Tk, BRADAL A WX JC LA %) I BV 388 i, A2 T 3 JE LRI R W B[R] BsF, BRI pH (& 38
- 9 v e e 118 B S T SR 3 g, AR I MR X TE AL A R BRF T pHL A 3—4 Bk = 3 AL W ¥ RE T A
SRS 0 b I L R I, A ST AT T A R A A R e, S AL R PR AR R, PRk
ERAEAL WL B RE T B AR, 398X R A R o 2 o 2 RAEAIG.

- S A A 0 3 A R i s o R R R Sy U B R X T - 9 S Rk A A R ) L — R B
A o1 8 T T 1 1 7 A R GOIR A, R TO . T T ANV AT AE Y 3 RSO, T MR AT AR
I - S X6 T L5 ) R e e, T TR - 9 %o AL S ) W BRI B 55 (1D 5).
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Fig.5 Effect of the presence of laccase on iodine adsorption in soil
(a. forest soil, b. paddy soil )*”!
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HIO) (47 Ak 2 32 B BRI, W BRFA503R B ARR L 53 A, i ] A, 2 s M) = 3 0 B BBUSOR 9 TRL R, 76 HA R AL
MLAY 25 A5 R B, 4 d AR IBOBCRAL R 10 d B 60%, 105 FTE & A ML DTS 22 18] () AR B
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3.2 WfE PSR AL
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S B .

32,1 MEFERAR AL 5

TERA SRR TE 2T, AR AR 2 - 398 v ) — A RN Xt 25 1 (sl e i) 6 A i 1 el 3R AR W
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Fig.6 Concentration changes of iodide and iodate in soil solution®" !
(a, ¢: adding iodide; b, d: adding iodate )
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SR BRI AR RN 7L o SR A W i ) T ORE S AL SR AR i rEL M (T, A1 HIO),
SRALEML 2 5 A LR A S (K 7)), s fe st 1 s 576 5 b iy W B b B2k R e S AR ) 7 A
PR il A L S A W il HAT i Y SR AR RE ) . 2 VR R L BT B 1 ] e i 4 g A S Ak Wy il A AR A Tl L
Hefe e 1A Ak, 3 RE R pH (L) 12 4t R AL B 1 S AL,

p\ HHUR(OM)
1/HOI
actoperoxidase

B 7 TR L A A A A A

Fig.7 lodine ion oxidation process catalyzed by laccase and lactoperoxidase
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