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Effect of straw returning with different lengths on mercury methylation
in paddy soil and methylmercury accumulation in rice plants

ZHANG Dingxi' SUN Tao" WANG Yongmin'>"* LI Guangzhi'

DONG Yudan' TANG Zhenya' YIN Deliang' WANG Dingyong'”

(1. College of Resources and Environment, Southwest University, Chongging, 400715, China;
2. Chongqing Key Laboratory of Agricultural Resources and Environment, Chongqing, 400715, China)

Abstract; To explore a reasonable straw returning pattern to alleviate the methylmercury ( MeHg)
exposure risk' in paddy ecosystems, pot experiments were conducted in this study by adding rice
straw with three different lengths (5 c¢m, 2 ¢m and pulverized rice straw) into paddy soil. The
methylation of mercury (Hg) in soil and MeHg distribution in rice plants were investigated during
the whole growing period of paddy. The results showed that rice straw returning could promote soil
Hg methylation and increase the MeHg levels in rice. The length of straw for returning to field could

influence the net MeHg production. The longer straw (5 ¢cm) showed a prolonged promotion for Hg
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methylation in paddy soil, resulting in higher MeHg concentrations in soil at later growth stage and
increased MeHg accumulation in rice. The pulverized rice straw could bring about a MeHg increase
in soil in a shorter incubation time, however, MeHg concentrations in soil decreased at later growth
stage, which further made a lower rice MeHg compared to other treatments with 5 cm and 2 cm
straw. Therefore, it is clear from this study that straw smashing before returning to field could
alleviate the methylmercury (MeHg) exposure risk of rice induced by straw returning.

Keywords : mercury, straw returning, methylation, rice, accumulation.

FEARIE A AR B AR B Z —  2ERA I —F RN D RIRDR Oy B FeE R 5 b R
RER A7 [ 22— , 2017 AFF FE R A A A7 A 240 o5 T 5807 88 4 309%. T [ ) /R R A e 2 22 LUK 3t
(077 AT HEE , R s S A8 A AT A TR S B T M 9K (Hg ) F SRR B BRIE. AT 6 T, H
JE—METEIERE B R | PO (MeHg ) SUZ HFRMERUR AL S K FEXT MeHg A7 1R 35049 5 4R RE /), 1 H.
FERBERK P, MeHg ¥ I35 180 mg-ke ™ A WFFT W], KA £ H B ok T BPG p 7R 51X
Ji R MeHg 288 1 F 2 A IR SRS 1 R 55 Hg (L AR MeHg & 4 HLA 2258 .

FURT, AR Z 28 B0 R T R 58 H 5% 5% XU [R) e LA % ok B R AR AL ] Sl T & 1T &R e it
FEHT RIS T — R B, AR IURR X MeHg 15 4288 71 5 Hh BRI 1000 fi5 22450, £32/K
TR MeHg 11 BRI 4545 R, A WF9E & BURS FF A I 22 (R VERE LA P Hg 119 FH AL RS FF
i FH—TJ7 TRUINSE DR A IR B I, 73— J7 TR AT 8 gk o e RO A DL e 58235 FR D0 R DL /Ny
FAVURRE  HOA SRR S 0 39 v A= ) T A MR 1 35 &k 36 mT IR He FRSSAL AR 2
FEFFIE H [RIREA I FAEK MeHg (& 4R, 13 MeHg A SBash 7K A AR R 1) WM, BE T 4% 58 |k A7 28 A bk
RIRIFBAL , IEAE BRI T Rk A8 7 1 ORI MeHg A7 et T i85, 1R 1T 448 o L 8 XU

FEAT I FIAE Sy 24 5 1 3830 T A0 P — TR b ST 98 7 5, 2 24 iy 2 el ) — > R A 7
F ARG, T EEAERDK A 7 5 AT IK 144000 I 1A 7= 1 MIRDR K294 1.35 WA FFgiad i) ar
WA E A R BORS A0 T8 H P AR ERE B b T AL 505 1 R AT ik BN RIS 3R 58 A2 1Y
RATG YR FERARHA R PR IR ) 30 R gDk 15 1 NE ) | oleste LRV E R AR R AR
e O BT, R A G 07 AR AR 7 AR T2 AR 3R R RS FER 4 B R
IV 3535 FH (O [ B s b 11 ) . T ARSI B8 0 5 A L 8 b (9 8 i R AP e — I 25 50 A
Tl A WL i AR B AR R G R A L K R AN R A IR K A AR A T X — 84k
bR RS 1 R S8 Hg A SEAGIE B IR A J2& 75 AT AE AN ™ B2 MEU RS AT PO R OK AR 57 BIaly o B 22 55 Ak 4
FIIABERL A 1 A5 F T A s TH RS A1 AT AN [R] 1 Ak B, 7 o) AR A T v i) A s ], 32k i 2
Frad F A IR K MeHg RBUNRCR 7 (HIX— [BBESE H Ak v s =

AR S AR e 1) SR A A [ BE B RS AT, T /KA A [ A 30, %o = SRR RS AL AR A
[FIZHENH) Hg FEAT 00T IR RAEIZAAT PRI R G He BIEReHe 1L, I LA T 480 30 b PRAE I, 35 5]
RS AT X AR TH H 15 331 R 1) MeHg % # KUK (19 H A9, [R] It [ 1% MeHig 5% 85 XURS: 42 (it k2
M.

1 ##E5 71 (Materials and methods)

1.1 Akt

FEHRIAE T 2017 4E 5 H 10 H & 8 H 20 H 787 pg K27 558 0 1 I8 7 55 AR5 £ Wl 326 b 14 3
AT K REAR A A5 B 1 43 A0 B A R R AR T an &1 1 i,

HE IR R 20 FR VDR 21 55 60 8 DA R I R B T A 45 (B KRS £, LB AR I B OR (THg ) Al
H LR (MeHg) & HEANER 1 Fom K REAHRET 1 A1 RN -4, AZRRT BB, o 2 mm W, SR )5
PARES T T 230N 5 mg S465K (HeCl,) (150 mg JRZE (100 mg i BEFRES (100 mg SALE (1 LGS n &R 5
Hg Afb2# AR R R SIS |, 0B AR S0 SR ( AR 250 mm K 25 em; BEAEA 6 kg +
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Fig.1 Growth periods of rice and corresponding temperature variation

TKFERE AT Ay [ 58 56 0, 1 i Ml P - 4T B KRS A A SO R ORAF 1 F%5 #F ( THg: 3.66 pg - kg™'; MeHg:
1.30 pg-kg™") , 8 BY IR B LA BR300 A5 BIGBEZ9.5 em 2 em RV ACRIOFSFE R HA T T+
20 g FEFFAYBS IR AN RS BERS RS I 2 DA b 4k 38 IR IR AT B 5 In A F 7K (THg: 2.8 ng-L7';
MeHg:0.02 ng- L") GE7#E . Loy ACIRFS #2810 K5 FF Ry AL E A7 R0 03 A B ( Hhy TR RERE AR & A Kt
MR ZR , JOIk e R RE , 25 1 3 S2 v B8 st | DT 1A K 0Tk R s (0 SR Bk 11, BT e ik R iy
AAR) T 2017 4E 5 1 10 HREREE KRS i (iAo B0 &) Bk 2= A 1 2 v

F 1 PR HEA IR A B b HOoR

Table 1 _Physicochemical properties of soil and the Hg levels in soil and straw

- FHES A kg B HLAELH I %
Bk :
js:/fic pH CEC/ Organic matter/ Mechanical components ( Tl’ig/_l : ( MCI:g{I)
01 € . .
v (emol-kg™)  (g'kg™)  >025mm  <0.02mm  <0.002mm PP neke
i 4.6 18.65 10.5 2.7 28.3 13.5 76.35 0.09

1.2 SRR T MOoRAE ik

ARG HE 4 AL BTN S em 2 em FUBSREAL R RS FF LA AS GRS FF (0% BR2H 4K
FRIEN S em .2 em FARFN CK.

F2017 45 A 10 H , a0 L B & KL, AR 4k 3 MR AE KA A K i I an A PR K5 i
IKIRES WK IR BEARERAE 5 em 2247 I DL PRk RERIF 52 T e BR K RS A= 4 i Rl 43 1) 8 3 A K 30 A A i A
KA 2 DEBOR KR, TOKFUR M (BH)5 10 d £4) S EE GRTFWIG 50 d Z24) KW (438
W5 25 d 247 AR (RIS 7 d 24 GHESIU (AR S 30 d A2 ) DL RSE U (ESR B 10 d
KA ) R AR LIERUKFERE i A TR0 T HERE AR 0—20 em TIEFES ARG L RIS A B 4%,
[F] BB DA SR B 2 N SR KRR, - 00 /K RS AR F2e BRI A1 AL 43 AR 25 ik R 5 RRE K (TR 2R 30D
SEA) B KU G e A A 348 ST BRIV L, PR [] S 56 % iF T Ab B
1.3 FESOHT

R SR TR VR TR AL (FD-1A-50 , Jb 5T 1R A AR A PR A w], dE5T) 60 CF G R TS,
FHISEGHFES R, 35 0. 150 mm H 5, T8 v 8 OR A7 5 . 38 800K (THg ) SR [ R SRR 3 2l R
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(DMA-80, Milestone , Italy ) #EFT1 52 ; -3 MeHg 2 M8 35 [E EPA1630 A vfE 5 k>, 2R FH il i B0 I 4 7
WIRHE, S P B BOIELE A KA 2 AL SR SAH 5 -2 IR 72961 (GC-CVAFS) 17l 22

IRFERE S AN F AL AR RER R THL(-60 °C ) #EEV dR T 5, B BS 5 3 0.1 mm FLARIH. K
45 24141 MeHg R H] KOH/CH, OH ¥ Wi £ B, I 45 5 7K A & Ak 45 3 SO 233518 T 28 6 1k (GC-
CVAFS) I 5E.

1.4 Bl

5 NGB X R D ) P S 8 L350 0 A 7B e A B BV R AR 30% (V/V) I H B FR VA =
24 h, wPPEIETE S IR P 500 °C FAREE 40 min, AR5 76 M v TAE 5 ¥ UG 600 rb B IR 00 1 o4
g4t , /K R 4E/K (Millpore , 18.2 MQ-cm) .

TR AR R 28 (RIS AT IR0 AR 9 B 0E 47 5 45 . TH 0 22 T FH AR o4 S5l GBW07428
(GSS-14, UJ1| b+ 3% THg = 89.0+4.0 ng-¢™") , MICE K 95%—105%. MeHg I 5 T FH B E 4 5t by
TORT-2( Lobster hepatopancreas, MeHg=152.0+13.0 ng-g™") , A HEY) T INAR [FICR 90%=—110%. 55 51,
SE A3 FE AN FE S & BN ALK 0.5%—6.2% , AT REAHN bR MR 22 (RSD) <8% (n=3).

2 R 5118 (Results and discussion)
2.1 3 He A fLARE

11 2a PN, FEREANKAEAE KR, 4540 B + 18 TH B IR EEA 0 T — o R B 1 T B R 34 4%
T, BANFE AT A G, THe W B RRRAIRRE BE 258 T CK 4, EE PR IAJG A HLB RES 45 5 + 4%
i Hg 72— D7 TS T Hg A2 R RE 1, 73— 75 AR ARTT o) AR PRI A SS9 5 8% (n 1) K<
AIRERL) -
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M 2b H AT Y B INRS AT IS KRR AR I Y -3 MeHg & 2 0 I, T2 il TS AT
figpsst R BRI SR AR A T W R T B MeHg A RETE R R B R R T A
i, 13 MeHg Ve 228 {0 AR T THe (] 2b) , Bl % RS FF7E 338 b i B A i 1) 10 B0 7 S s J5 1 e
B e IR AR RS A AL B4 145 MeHg $52 5 B RAH, SRS AKUOE 2 em FT S em AR PRAT.CK 41
BB ISR RAEZER] B TN MeHg WA, 252 PON/KAR L R R i, BRI AR A 73 D8 )
Pt 7 AR B L PR E Y A TG PR B T SRR P He 18, 2 CK AP - MeHg & 5 T
i Y ABAE KRR A K E 0, ASTRI AL BRG] 4 HE r MeHg e B3 52 B0 T — 2 FR A9 [, — 5 1 AT Fh i
A T A HERS | T3P RS AT AL RE RSB T =, AR TIOA MILBT R ARG, S B0 FY B g A il ) A1 EAE AT
JIRBEAC, 53 SRR A B3 I 0 8 3R B i i SR A 8 7, S8 e rh B 219 MeHg FEBEE F7 9 BT
PRI SO e 7 ZR K AR AR R L B A SRR I R MR SRS AT RE 6% W25 (e JF 1 P MeHg [T itk &2
AN, ELIBEAE I 18] A 4RERS | AN TR BE BORS AT BT 7 A i S 3800 A [) K R RS AT Hh S A Z IR LR (41
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R FAAERRER 78 F SR PRA rP e L AR 12 P RS T 04 M e 2 — > 2 2% 1 ) TR kAR B 4K
(A ikt 7, 52 F BRSNS A R LR e 0 iR A R 3 FH ISR RS FE RN DA KGR
TREEAF2) L rh RN B MRS R A 1) — > L DR 3 RS FR A R/, TS s A 5 e A Bz o A |
S I D00 53 i A RS AT /N PSR TR | 5 4 398 190 422 fioh TR BB S, B2 ) ) B A 2 | g
figp s R AR AR R 0 R RS, VR —FhARRR IR b A S R G, B ISR R T 3Rk B I I
PRI, — 5 THTRS P MG Ao A v S R I T R 420, I DR SRR B (TR 10, (2 F Hg AL 5 55—
TET RS S A R A 140 A LT, Sy - 496 g FP AR 7 0 2 A UL RCUR ) O L 7= 2 1 it P A LT
(DOM ) A Bl F - 338 v FY BE SR e Wik A ] B 7 v, S T 2 A 2 TR A PRkt s kTG e FH - 4% Hg
FR AR A P 0 S i 7 15 | A A2 608 %) SRR T AR 8 LA b 285 SR R0, X il AR R A 7 AN ] B ) 4 B Ak 3 T 4
Fli T3 FHOGS A FH 38 b Hg FREAR B B R4 T LA B2 AR 22 I 8], A ACIR A A3 BB 123 MeHg WA H
AR [EE/ i
I MeHg %)% 15 THg ¥ B2 Y LU ( MeHg/ THg ) i 5 BNy Je {4 - 4 Hg TRSLALRE 1 B9 — 4>
FEERR YRR AL 43 He HIL0AE S 5 H 8 h MeHg 145 i Wk B A5 (b i AR — 80, il T+ 45
W THg B2 IR BE#/N (25%—33% ) , MeHg/ THg 1478 Ak fa 3 3 B A2 4 33 v B LR Uk BE Y AR TR 52
I, 50 3% MeHg & PN RTE— & B2 F i ag 13 Hg W R ARE ) 72 (B DAIEL 3 Al & i 7EK
FEAE KA (BT ALIET)  ANEIAL B R 3 He B9 H IEALRE T R B RS2 cm>5 em>CKLJF A AT fiE 2
i FEKAFAS AT A N, 5 Sl T AR 22 | T A T30 b, T K R T IR i 1 7 3R P B . DOM
FZ XTI He R A P2 R4 Pt 8 B I Ak R A ORI L8 He 19 I EEERE ST .5 em>2 em
SEIARSCK, W] UH PR T REFT A9 BB it e e it | IR 1% R o ) U S0 BHA B 84 1o 1] by
TR ERAETR 523 B ATE KRS A A, RS AP B K b 304, + 48 H (1 364k R 1 5 RE AR 45
BRI IKP-
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2.2 IKFERRAS LA MeHg 90 A AR

HIZK FEAR BB MeHg 14 J57 e 32 3413 [T (18] 4 ) RTRL, 8 SRS A B2 ) K REAR B MeHg 6 B2 2 T
CK 41, U6 3 RS FF A WS N BE A% (12 (5 /K R AR &6 MeHg 119 B8 FUAS W] 4 B b K RE AR MeHg 19 312
AL AR 5 h MeHg 7R AT ARABA AR 3, AR IR A B0 1 JEE TR A 2 52 R AR 350 MeHlg fi RV JEE 1
BUITR] ST A B, R BT 13 v MeHg 549 M AT BRIV v 5 o v e J3E B J3E 25 T 7™ A A i sl W AL, e A
RS TR VR A 0 ST DR 4 b MeHg 1) Wk B2 R L 42 3 ] 42252 Wi 7K R AR S MeHg

A
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IKFELHLU MeHg e A AN AR B2 (R 3G 0, FLAR b 3455 25 b 3 v + 3 MeHg 5 55 (1928 Fb 280 e FH s
FFAE B S5 maRE oK b MeHg (195 &, Horp 5 om REFFE AL P REK MeHg & Sfm 76 LA Bihigh B &
I, AN [ B A T 8 v 1) fie i TR ), L ) = 398 KK R MR ' MeHg 1 AR k. RIS, 7 FF 65 £
RO A Y 0 AR AR AERRUR , 38 ] R ) BT 3R | [ 52 M 2 RS AR 1) A 4 e Ak 24 1)
T T Ao Ao i v BB 7 45 S A BRF () P RS B AR DR R BT 3R, S B K R I A 1 i KRS AP 2 0
AFGF e 0 BsF 1) JE3 e, VE FH B R L ASRE A, BB T ) A e /K R AR AR 19 2 R B 1 VR . R I, K
FRALFRTS 2] b B R A%+ HE He H A DL K K R AR bR A K A BUEE R R VR T, S BORE K
MeHg 1) 7% 5 5.
2.3 JKFEHEARALLZ MeHg 11 5 R 5L

L2 T IKRER LR MeHg A & 45 250 ( BAFs = & 4 20 MeHg Ji 2 4 /%5 W + 3% b MeHg
R I v ) P MZ R AT, R (R A B ZH K RS AR 25 RIRG 72 MeHg (9 BAF's Bifi 25 A5 4 B U9 A9 4 0
LSS T RS I 1 TR S Rk MeHg 19 BAFs WU BERS K A4 28 2 B 1 T i #a %t 76 4 Kk 7 i
1 KRR ZEFN A AR e R S N, 7675 SR W 0T 70 R 0 A T H AR R R PR N KR AT R
MeHg 2 Bifl 25 5 32400 1 1) WAL 2 o B AHA7 A AS ) 2E 40 v 40 | DR] sk /I e A 78 300 i A R i) P 3 A < o
MeHg & f2 7= — 2 B4 W BEVE FL AR, KRG AR ik AR BN S | /K R WA () 7B 3R 9 I LA B RT3 G A7
FERR 25 LSS P A SR IR ) R OR AT G RS 1T 3 BOK RS S AZE SIS KA AR 2K RSE Y
BAFs # T N R, M FEK T MeHg 1Y BAFs KM T (3042

F®2 KRS ALUT MeHg 195 42 R ( BAFs)
Table 2 MeHg BAFs of different rice tissues

e K e st i % o e ok
Growth period Experimental treatments Roots Stems Leaves Shells Rice
CK 14109 5.06 3.09
. 5 cm 10.40 8.35 5.24
BEH
2 em 12.10 7.16 6.20
EN 9.77 5.69 4.34
CK 12.34 6.88 5.39
\ 5 cm 13.15 6.58 5.82
P
2 em 11.40 5.96 4.34
BN 8.63 4.01 2.91
CK 12.38 6.13 5.49
5 em 12.09 4.96 6.49
it
2 cm 9.97 4.59 2.86
IEN 8.28 4.16 2.79
CK 8.65 6.43 3.90
5 cm 11.05 3.95 4.06
M
2 cm 9.20 3.69 2.22
EN 7.53 3.15 2.55
CK 7.80 4.34 2.92 3.63 7.55
. 5 em 9.99 3.40 2.56 3.74 9.49
X
2 em 11.30 3.54 2.19 3.68 8.69
IS 7.82 3.36 351 5.30 9.15
CK 8.27 4.54 2.80 6.29 12.69
5 em 6.57 2.69 2.23 4.66 12.24
SER
2 cm 12.31 3.14 2.53 6.24 16.13

PN 7.65 3.45 3.68 7.43 14.56
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3 %5 ( Conclusion)

FEATAAS INAE 25 4 = - Hg (9 EALRE ST, I HOANTRN BE ARG AT Xt 38 Hg W IEARAE S L BOK
REAELAR AN [R1 2L 4 R R A1 )R R AS [ RS AP RS BOR X 38 Hg W REAR R fie VR It Bl X B0k
AR AR A ST B RO PP R o 55 v RO AR RS AT B 7 L k[ Ay U i vy 4 M PP B o 35 i (EL 5 AR
BUAR, FBEERIIRE R H IR 5 B AT AR AL B Rk, R AT 3 T RS AR 54T B e Ak B, AT 3k 2 B I
FEFFIE 3 WA FEK MeHg % 88 XU H Y.
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