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 OE: RAZHGRE, &R EXEg ., REVInINRERHe)EML 1 AR He XSHIRLL, LIRSNE He EA05 53100 3% (m/m)ih
SERGFT | SRSERUKRERGFTAE W) T (A WL BRE | X Lo A AR R HLRHE PR KRS 7 2 & Hg 7ER8 R G B AL 52
GERRW 3 PN R i S AR R TOKRERS R, BT 4 He WL AREK He AR NI A—8, 575 {xIRAHE,
THSERSFE . S 2T RS TG FT A= ) ROR AL B R KRS =0 BT 17.6% . 33.0% F139.9%. 5 He XHRAMILG, Wi TR 268 7 13 He
BRI R, et T R SR (MeHg) AR AL, #2055 TREK BOR(THe) M & 42 R4, (RS K THe 1 MeHg 1Y & & 43 B T 34.5%
H130.3%; THTMEEREFFREAR T 139 He RAEMIARCE, 61T 139 He LS RERUKA X Hg a4, Bk THe Fl MeHg A9
HARIEART 34.6% F136.2%; HiF/KREREFT A BRI T 8¢ He AW ARIEFIREK THe M4 R4, Rk THg M1 MeHg 1)
R BIANT 46.9% M 48.4%, UL, 78 Hg V5 4F8 b N IS G S, T BRat K RERS FT A ) s A SRS AT, AR B4R
TR R AR Rk He BB AR E AR
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Effects of Three Kinds of Organic Materials on Mercury Methylation in Paddy Soil and

Mercury Accumulation in Brown Rice

DU Shuyang'*, DING Changfeng'?, WANG Xingxiang'*"

(1 CAS Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In this study, pot experiments were conducted with a blank control (CK), a mercury (Hg) control prepared by adding
exogenous Hg in soil over one month-long aging, and three organic material treatments including rape straw, pig manure and rice straw
biochar at a dosage of 3% (m/m) to Hg-amended soil aged as the Hg control, respectively. The effects of application of different organic
materials were compared on rice yield and Hg migration and transformation in paddy field system. The results showed that the
application of the three kinds of organic materials significantly increased rice yield, but the effects on Hg methylation in soil and Hg
accumulation in brown rice were not consistent. Compared with the blank control, rice yield was increased by 17.6%, 33.0% and 39.9%
under the treatments of rape straws, pig manure and rice straw biochar, respectively. Compared with the Hg control, the application of
pig manure increased the bioavailability of Hg in soil and promoted methylmercury (MeHg) production and the bioaccumulation factor
of total mercury (THg) in brown rice, with the concentrations of THg and MeHg in brown rice being increased by 34.5% and 30.3%,
respectively. However, the application of rape straws reduced Hg bioavailability in soil and inhibited the methylation of Hg in soil and
the bioaccumulation of Hg in brown rice, with the concentrations of THg and MeHg in brown rice being decreased by 34.6% and 36.2%,
respectively. Hg bioavailability in soil and the bioaccumulation factor of THg in brown rice were decreased by applying rice straw
biochar, and THg and MeHg content in brown rice were decreased by 46.9% and 48.4%, respectively. Therefore, application of rice
straw biochar and rape straw is potential measure to achieve the dual effects of increasing rice yield and preventing Hg accumulation in
brown rice in Hg contaminated paddy fields, while pig manure is not recommended.

Key words: Rape straw; Pig manure; Biochar; Methylmercury
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R(Hg) & —Fxt \RM@ AT i E SRR, B
B ZHERFEAYE, #5EeTE ez 1, B
HNJE, Hg AT LU AL EE M B 5 ) FH 5k (MeHg)
F i NS R o A R GENE S — R Rk (R b A
BRG, AR AL B T R 73R
B T 4 He HIE AR, HOKREX MeHg
15 4B T ICHLR (IHg), Zhang %8BV 90RE K Xt
MeHg B9 & % 2 5UE THg 1Y 800 fi5. ARF5TEM, &%
BURK S P E Bl R Hg BR800 F2ha a0, H ik,
WA 3 He WML RUKREFL R He, X Fift
— ik He 5 ebttiie 2 5 2 FEAR, i
FWELEAAELEE L,

FEKAEAE =, Bt AL Y AR = - e
F1, KRR, i s r=m ) A okbia i
A 585 2B W 0 A, A R i - S A L
M, RO R RS MRS AR I SR A, A
FITFAE A . SR, i A WL B X FE I R 48 He
TERE AL AR FH A2 HOR IR AN FP S A 520 9T R,
TR FERGFFIA v 3% MeHg 1942 iURIZK RS He 1Y
RS pNECIRBL, HiH 6% RIEEE, Rk
Hg(THg) Y & FH 85 T 29 35%, 17 Shu 25U OF5y 2281,
) A 3t 1% ~ 4%m/m) YRR, el
BRBEARAE KX MeHg 1 & 42 o (A ML i F X 1
8 Hg W ALt B RUK R & 5 Hg R2F2R A 5200 1 it =
R, HEZ AL A W

MRREIERL He 15 YRS A LRI A A28
AR TIMSERGAT . JE SRR RS AT AW ik 3
FAHLIRL, FRASFA LY 158 He H AL AN
Fek Hg BAERISLI, LI He 15 Y B A Bk B
LR R IR LR35

1 #MREIE

1.1 it

TETT PG4 T VT IX XK U R 4 0~ 20 om
JEFEH R R 4, A= IR T TS R BRA)
FRARCUMR R 45) 13 2 mm G €5 o (RIS EGHS 43+ 39 F
JE it 0.149 mm G T AL IR B 2, 3%
HARAE T I 5 T vk 22 b g 2 0 el
2005 ), Horh 3 pH FHHLAZEIE,, CEC
FH TR BN E , A BT o T4 A B R 0 4 Tk —
ZERVENE , AU B RR L - £ TR AR R 1 EL 3k
e, HAE 50 4.56. 16.5 cmol/kg., 22.6 g/kg.
35.8 mg/kg, HHAAHIYPEHEBUS SRS FE . T

WEFEHUKRERG AT AW e, ISR AT . SR BVE A
TEPUJEEEL, KSR AT A M T 1 = R A W T
FORRHA IR, A HLP R AL N 1 R

x1 BUHHERMER

Table 1  Basic properties of organic materials tested
erid MSREEFT dE KRR A B
AHLF(g/kg) 428 358 527
2% (g/kg) 3.10 23.9 12.6
JCHLIK (mg/kg) 0.002 0.021 -

TE: BERE RT3, — FoRRil, A LR
kK MeHg,

1.2 REigit

¥ 5 kg YR ABDRLEE e IR E A RO
1 mg/kg)TRINAMIE He(LA HeCl Wk e sy, I
MIKZE 3 2 ~ 3 cm WK &AL 30 d kR Fd,
B J5 17) Hg Ab38 A -8 s in 3 M dLet, whnd
Y10 3%(m/m, VAT ). gt 5 k. O
FIXFIR(CK), ANEINSNE Heg FIAHLIRL; @E g
I8 He (AR IAHLRL, B He %R (Hg); G
SN Hg FIIMSERS AT (Hg+RS), TSRS FF M iErE, 5
2 em KIFHER ; @HMAMNE He F5E 35 (Hg+M);
®WINFNE Hg MY Fik (Hg+BC)o A0 3 1
B WIEIWIEHE S HE 5], ARSL iR iRk
&R 30 d, BfJERAE AL S T KA ALK
(DOC)., +3 THg 1 MeHg A& .

AT KR S A 22 S B RS R A o (P KA
WFFERT . h E R B % 5 & B AW F s ekl 7R
BN F =R KERRER, 2EFHTY
123.1 d). HH 30% H,O, ¥z /K FGF ¥ 15 min J5,
TE 25°C RIS 251 F IRl 24 h, KBRS K
PP TR AG A ZE 24 h, BEJS P BkE AR KR
R HIAR SR T T E . FHHWERE
30 d AR BRI S A, B 3 08, B2 Bk
FERHT— JE ) g4 I AR : N 0.20 g/kg(JR
%), P,0Os 0.15 g/kg(CaH,PO,H,0), K,O 0.20
g/kg(KCl), JFRAE HHERE T2 +3%h DOC, THg
Il MeHg B 7t A KREE B WRFREK, frkRE
B ORI 5 P, FRAE-50°C R T 5 B e B 1
I % K&K H THe Al MeHg 1Y & 1 .

1.3 MEEREFE

13 DOC Ay 2 2% TS50 i FRELS g
it FE, A 25 ml #4AiKFTEHMEA, 230 t/min
P%% 1 h,4 000 r/min #.0> 10 min, 35S 0.45 pm
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UERE, I TOC-Vepn H B HTAL (S, HA, i iliFR
40.005 g/kg)I 7 JE i A HLEK % 1

3RS THg 9 E 2% GB/T 22105.1—2008
ChRBERR oK. B BRI E —R 720tk
551 R TR E ) U MERRFRER 0.25 ¢
IR T, A 10 ml(1+D) ERER G
% fEIR=3 1 B TKIE, FBAUKHR—R),
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Rk 0.005 ng/g, T I[EHIE .,

BEK THg (9IES% GB 5009.17—2014 { £/ %%
SEGRRIE B ETR BRI E ), 1 e 2%
BHHMEEDRIEAT), BRI 0.25 g ZEA R AR AR
BHTRWURLIGNE , AR (P44 ml 123
R, WHMA 3 ml 30%(V/V)H0,(th4k4l), w5 N,
e EANFHIMIEGTHAMAR, 140 CHMF T 4ERE 4 h;
RN G, BHRIR R B B O E S, FIRJR
FHOEEETH(CVAFS, AF-610D2, Jbatdbsrsmfl T
SRR w]INE T v THg 199 5

R KRR S MeHg AYINE 2% B B4R
B3  FRBGE AR S BT 15 ml B0, A 2 ml
A AW (m/m =1 : 4), WHERAG 8 T1E
RIS F I 4 h, AN 60°C . 250 r/min;
PREEZS, FE 5 IS #5020 min, 4 000 r/min,
25 C); LWL & oSN, HEE
Brooks Rand MERX 4 H gl JE R /M AL (K H BR A
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+HETHg & i (ug/ke)
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b E

0.028 ng/kg)M5E .

K FH AR UEY) R (GBWO7445) FI K bR i) i
(GBW10049)E~ THg BYBTHERE M, IR 5551k
93% ~ 105%. 97% ~ 103%. i T [ i JohE K MeHg
BRI T, MeHg [T 45 R ik FHUTFR Wb 40 5
(ERM-CC580), H: RIS Ky 99% ~ 105%.

1.4 HHELE

Bk Hg(t335 THg Fl MeHg)iK) & 4 2 500] il iof
LI /N i =

BCF,, = Herice

soil

A Hgie #AAEKT He B9S2 (ug/ke); Hgoon 3
AT He 5 B (ug/ke). A AREKAIT % He
T AR — 2L

JH Excel 2013 #4780 8R40, SigmaPlot 14.0
PR, A ST R F Pearson 32, 255 W 31k
S3HT R LSD 5.

2 ZERE4SWH

2.1 AR LIERFELNEID

5 He XFREAEL, 3G IL R A siis 3
THg &, HARLHET 13 MeHg FHE2Z5 T
F(P<0.05, K1), JHEISAE T - MeHg &5
T T 31.7%, MRS A KA RS A AR 4 B b 24
T 44 MeHg 2 FF% T 20.3% 1 44.5%. CK . Hg.
Hg+RS. Hg+M fil Hg+BC 4hF + 3 MeHg L4435
M 3.14%. 3.79%. 2.85%. 4.85% Fll2.08%.
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+HEMeHg & 1 (ng/ke)
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(FE 5 ANl /NG 1) 3 7 Ab B R 24 5 0 3% (P<0.05), T [])

1 T E4&ETLIE THg (A)F1 MeHg (B)HE &
Fig.1  THg (A) and MeHg (B) concentrations in soils under different treatments

it A R R 2R A ALY , 3% DOC &aih
BEF(F 2A), 5 Hg XFIRAHLL, MSERSFFRUK REFS
Y B A FE R 13 DOC S: M T 12.2%

M 27.1%, WA T £ DOC Fi& LT
14.1%.4 M0 Hg 2 ) + 3 DOC & i 5 11 MeHg
H R E TE A S (R?=0.991, P<0.01, n=4)(& 2B).
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201 20fr
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Fig. 2 DOC concentrations in soils under different treatments after 30d-decomposition (A) and their relationship between
MeHg/THg ratio in soil(B)

2.2 AURLRMXKFEFEMBARSENZIN

XX CK 5 Hg X M8 (Hg) b BN /KR 1 7= it
A 25 25 5, it P DL A BT 25 4 1
KA hE . 525 FIXTIRAR LE, TSRS AT . JEFERIK
SR A A 0 o o ()it P 4 ol B2 s K R = e 17.6%
33.0% £ 39.9%( 3).

100
ab a
Ii T
be
80 | T
= d cd
& 60
g
40t
ESS
20 -
0
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Jhrti]
3 FARAAETKEHN~E
Fig.3  Rice yields under different treatments

5 CK Ab#AH L, Hg XF R A HL R BE A RS
Kk THg I MeHg & & . Z 85 (& 4). 5 Hg X HEAH
te, AEA P BB REOK THe fl MeHg 7% &4
M T RS, Hih, JAMEEMROK THg i
MeHg 843 MIFHE T 34.5% 1 30.3%, MHSERSFF
FKFEREFFAE P 5o it P TR K Heg it TR, I
o THg & FFET 34.6% F146.9%, MeHg &t F
FT 36.2% F148.4%. Hg, Hg+RS, Hg+M Hl Hg+BC
AEBE R BEK MeHg (5 THg &350 98.5%.96.1% .
95.4% £ 95.8%.

Hg 8 KA YR B R KT THe A4
£ Z 8 (BCF) K/MNMERF & Hg+BC<Hg+RS<Hg<Hg+
M, 5 Hg XJHEAHLL, TSRS AR RS AL P iR b
HMREK THg 19E 5 R EU IR 38.3% Fl1 47.4%,
MAGFEAL I TRk THe WS 4E R He 4B
30.0%(& 5A). K&K MeHg & 5 REINMEF N
Hg+RS<Hg+ BC~Hg+M~Hg, 5 Hg XfIéAHLL, =2
FEFFALFE K MeHg 19 4 REUFHIK 20.1%, 5%
FEHFUK RS AT AR o oAb BER 23 50 R B 1.06% Al
7.00%(&l 5B).

3 itig
3.1 BAHYRT L ERBENAENE

3 FE PRI £3E DOC & & B2
BT REES, £ MeHg S EMMZ 2B ER.
13 DOC 1E R H e A& Rk i — AP, AT
PAA R 3 Ab AN B B A e R i IR iR e S e
Hg JE i Hg-DOC & & Wkt 11 Hg W AEYIA R
PEUST a3 A B 4R = T 15 DOC i, et
T 3 He Wb B AT . E AT R, oAl
Hg 5 DOC E AW Ui 8 5y i i, 5 i
AR & A He BRI U2 KRS AS A AR 4
o HAT R IR . FLIREE & RS, T i I
B 1 rh Hg 907 AORFEIR -3 He BAEYIA AL
Pk, i 1% MeHg 19774, MIMFEAEH He 75
Je RS 2220 IR AT R A EE R, AT E
JE T e AR P AR R AR, 3 He 5
MG NERE N E AW, ML T HiEh He
EEYIARE, #E—2PRIR T 3 MeHg 1Y & 2.
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Fig. 4 THg (A) and MeHg (B) concentrations in brown rice under different treatments
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Fig. 5 BCFs of THg (A) and MeHg (B) in brown rice under different treatments
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