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Abstract; In order to understand the potential environmental and health risks of mercury in rice-fish coculture sys-
tems at natural high geologic background areas, we collected soil, rice and fish samples from two Karst areas
(Danzhai and Majiang) , and three non-Karstic areas ( Congjiang, Rongjiang and Jinping) in southeast Guizhou
Province, and the total mercury (THg) and methylmercury ( MeHg) concentrations in these samples were meas-
ured. The environmental pollution risk of mercury in soil was evaluated by geoaccumulation index and potential eco-
logical risk index, and health risks for residents of different age groups were estimated based on rice and fish MeHg
data. Results showed that soil THg and MeHg concentrations in Karst soils were higher than those in non-Karstic ar-
eas, while the ratio of MeHg to THg in Karst area, which represents mercury methylation potential, was lower than
in the non Karst areas. 28% of paddy soil samples from Karst regions exceeded the domestic safety threshold values
of soil THg for rice production (0.65 mg-kg™" ), and 37% of them exceeded the risk control standard of soil THg in
agricultural paddy field (0.50 mg-kg™'), while none of soil samples from non-Karstic areas exceeded the a bove
standards. The ecological risk assessment of soil showed that higher mercury pollution level and ecological hazard
occurred in the Karst area. The levels of THg in rice were (5.15+4.19) ng-g™' and (3.43+0.87) ng-g”™', and fish
MeHg were (32.80+23.05) ng-g ' and (11.77+7.08) ng-g~" in the Karst and non-Karstic regions, respectively.
The mean rice THg and fish MeHg concentrations in the Karst region were higher than those in the non-Karstic r
egion, however, lower bioconcentration factor (BCF) in rice samples. The THg in rice and MeHg in fish from all
the samples, including Karst and non-Karst, were below the national food safety limits, which were 0.02 mg-kg™
for rice THg and 0.5 mg-kg™" for fish MeHg. Dietary risk assessment indicated that the HQ via “rice + fish” ¢
onsumption pattern was higher for residents and decreased with age. The HQ in females was higher than in males,
but overall HQ<1, suggesting that there is no mercury exposure risk to the population. Overall, the results showed
that the whole risk level in the rice-fish coculture system from geological high background area was low.

Keywords: mercury; rice-fish coculture system; risk assessment; high geological background area
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1 ##l5 7% (Materials and methods)
1.1 FEAER 53R

FBAU A . Brooks rand Moble I 54X ( Brooks
Rand , 35 [# ) ; Milli-Q # 4l /K L ( Merck , #2[H ) ; FDU-
2110 R R TH#AHL(EYELA,, HAS) |

FZIRF]: 1 mg-L™' GBW(E)080124 K ILE
VW 1HE ) o 1 mg- L MeHg T Y 5 WL ( Brooks
Rand, 2 ) ;KR 25 AL 2 4l KBrO, #1435 #7 4l KBr
(Sigma Aldrich) , T.Z# 4li¥k HNO, ¥ HCl ¥& H,
S0, ,/r#r4li KOH CuSO, K,Cr,0, FeSO, AP IE K
(EZ %W, B, E) ; L9 sl NH, OH - HC1 #l
SnCl,( Kermel , X, HEH)
1.2 MR S

W 2R B AR YR N A T B N A AR e 3
SV AT R 2 KU e, A H RREF RIS 1063 ~1 778.4
h, RSN 16.3~20.3 C |, AF R 78 730.7 ~
1 137.5 mm,, it B0 R FEIH FR 7K A2 DXV £ 7K
FERiRE R R 9% (0 4R 008 TR R A [ AR S H%
HECHb T AP A £ 2R SR IO, T 2019 4FF1 2023 45
TR B A v T R s X PR YT L (M) PR E B
(DZ) FEVE IR X PV T B (RY) T E (CT) 5
FRE(JP) RE T (n=128) FFK(n=120) FIFFEIE

A RAER
Sampling sites

5% FH Guiyan,
2 yang MJ

fi(n=64)FF i, REKRFE S BBAEJE L M g b, 75
T AR+ SRR S B AR AP G508 I SR =
SRAE SR I 1,

HHERE AR AR TR, oy A 10 H 100
H 1200 H /4 Je e X T € 1+ 458 pH AT PLET R
R, FEOKAE R E T 35 CHt R EpTR R
Ja TR ST | AL R A5 2 K PRI S 2 4
N NI = 2 N E 2 N Y VS Y SRR TRy Nk
KR, HARGNF AR ITBCE UL 42U A H 3
48, -20 CHRURIRAFHIT THg F MeHg I E .

1.3 BEEAHT
1.3.1 3R s 2

3% pH {5155 #% PHS-3E pH #4700 2
FREL 2 ¢ 10 H BEEFE S E T 15 mL BR0E 1, A
5 mL M4k, ESRZ S FIRTS S min, FHE 1 h, I
WERY pH T2 B35, A L S R 4
fe-AM A
1.3.2 THg Ml MeHg &

e THg & & W 2 fif % R 7 2¢ 0t ik
(CVAFS) , 43 BIFREL 0.2000 ~0.3000 g fF Ak THE8L
0.5000 g =47 A f0 e A HE A T IR T %, 2R )5 FH BrCl
VAL, SnCL I RIA i, 42 0K 55 s 48, e 1l
CVAFS I 720 4 HERE i THg I 2 75 FR L 0
2000 g Ze Ay HIERE S I EKIER 3 h, RHFIMA
BrCl 81k, SnCL i Ji , £ 7R 55 % 4, J5 i F CVAFS
s

29°0'0"N
28°0'0"N
27°0'0"N

J

A DZ B
A RJ

A 26°0'0"N

AC)
0 55 110 220 km 23°00°N
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1 RERSHE
4 :MJ . DZ RJ,CI #1 JP 43 B 7m BRILE FF2E R AETL R AT BB
Fig. 1 Map of sampling sites

Note: MJ, DZ, RJ, CJ and JP represent respectively Majiang, Danzhai, Rongjiang, Congjiang and Jinping County.
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B fl MeHg 75 520 52 i 1A €633 4 Ji 1 2¢
J63: (GC-CVAFS) , FREL 0.2500 g 2247 K AETF 50
mlL B0 Bl i TG WLV 700 2K B2 B MeHg,
2K M & FE Ab-Tenax & £ J5 >k Fl GC-CVAFS
B REEEREZIFRI 0.5000 g, BRI 5 60 C
alivp K eSS, KA IR JE # ] GC-CVAFS 3:1
FE0.2000 g ZE A7 - HERE S IR HNO, 1
TR RS W AT AL R, 27K A AL G 42
i ] GC-CVAFS 3 52
1.4 PEOY L
1.4.1 M RBHEHE

K18 Bl 2 22 Muller 42 HY A4 L 2 FHTE Bk
(geoaccumulation index, I, ) WAL 35K TE YK 1%

geo

DT A K Sl B s A

158,
X €, T3 Hg WM REVR I B, 7 B 1.5
NBAGER T 1, AT Y 7 D 354:<0,0~ 1,1
~2,2~33~4,4~5FI>5 MR RE fwh
JE R R IR TS G
1.4.2 WA B TR B0

i Ffl Hakanson #HE 7 B9 W 76 A 75 KU 8 %0k
( potential ecological risk index, E,) PFAl 357K 15 Y%
S fEERE  AXWT .,

C,

E =—XT!
C,
K. CoONFESY He M SEMNREE ;) S BHE; TR
Hg BEPEM R Z40, N 40, E 30 5 %544 . <40 40 ~
80.80~160,160~320 F1>320, 3 HI4C 520 45

l.,= log, (

o ARG AR R A S
143 AWEERE

W) 5 4 280 ( bioconcentration factor, BCF) JH
DU R 3 b SR i W e SRR AR Y A
KGRI A g bR e AR, Al

BCF .
C

K. € C 4 R RE R RN N A He 75
BCF {E R F WK B He RE 78RR
1.4.4  SRIE 258 WU PEAG

Ji BB AR AL f R R K MeHg %% 88 AU 2R
2008 AFEH A T A 41 SV 1 B2 R PP A AL 3
=R/ W/ (1

. EDI( estimated daily intake ) NERAEH MeHg
A (pg-kg™ -d™) 5 € 5T X IERE AL i RITRS K
MeHg %12 (ng-g ') ;IR (daily intake rate) A J& AL
MK HBEAE (g-d™") ; BW (body weight) A J& K
PR (kg) , o i A ANRTK IR A1 BW (1 E0HE
SIE < Fa R IR 5 RRIR B0 0 4 2 (2002
AE) 7 Xu S RS A 1,
K FHXUBS: 75 ( hazard quotient, HQ) K3/~ MeHg
e M AEBUE XK, AT
HQ=EDI/RfD
#H . RfD (oral reference dose) J& MeHg H Z& 5% 5%
FlH, R 0.1 pg-kg -d B HOQ< 1, R A A
KA AL A7 AE AR B0 (XU, 5 47 HQ>1, R B
B R AR FNRE AL 471 = B0 £l e KR | &5

®1 FRERRERGREMEKRBENE
Table 1 Body weight and daily intake rate (IR) of fish and rice for different ages group
P PR DU kg i HEARY (g-d™") KHEAR (g-d™)
Ages Body weight/kg IR of fish/(g-d™") IR of rice/(g-d™")
5 Male % Female 5 Male % Female 5 Male % Female
2~4 14.1 13.5 13.8 14.3 117 115
4~7 18.2 17.6 12.7 13.8 155 138
7~11 26.0 25.1 15.6 17.1 199 183
11~14 36.2 36.4 17.1 21.4 230 206
14~18 50.6 47.8 19.0 23.8 266 208
18~30 62.5 52.9 24.3 27.3 267 225
30~45 64.4 55.7 23.8 29.4 273 240
45~60 62.7 56.6 24.0 28.2 272 235
60~70 60.5 53.5 21.4 25.1 236 209
>70 57.3 49.8 16.3 19.0 223 193
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RSO KBS
1.5 Frmdsiil 55 Hr

I A R AT RS HE) o [l i 5
TTHEf THe Ml MeHg & 12 9 450 . A [FIRE it
FHAS [a] (4 45 v 490 . f80 THg I 52 35 FH A 1E 4 5
TORT-3, + 3 FIAE K THg I 5 43 591 30 A5 v 4 o
GBW07405 1 GBW10020 ; fa Flfei >k MeHg U 2 1% F
FrUEY) R TORT-3, 433 MeHg 1 5 {6 A v 49 J5 3]
MY ERM CC580, [A]—FEdh #E4T 3 W4T
FE R 2E<10% . AN [ b5 HEY) I 225 (8 FN e 25
W2,

BT A o 4S50 R AT 080 22 S v 23 A, P<0.05 4
FMEAKFE R A Are Mapl10.8 F1 Origin 21 #4647
Ve, HAYEHE 2 H1{# F Microsoft Excel 2016,

2 ZR 5738 (Results and discussion)
2.1 EHEHEPE ISR 43 AR FRAE

+- 58 pH AU HLT 2 A 1 38 v Rk AR A A
YRR EE N R, W58 X RG34 R84 pH
IR (5.62+0.28) AR ALTE Ll 4.64~6.32, 155
Rk 4, HoA w0 e X 418 pH SFI(E R S
54, AL TG g 4.64 ~5.98 , A0 T M X 4 872

TR B SPSS 20.0 B PEHEATBOE Go it 4y (60 575, KRN 5.12~6.32( K 3) ,2 X8

F2 THRRAYRSEZEMNELR (HBATEE)

Table 2 Reference values and measured values of standard reference materials ( mean+SD)

B/ (ng-g™")

MEME/ (ng-g™")

MES:
RIS YR H Reference values/(ng-g™") Measured values/(ng-g™")
Standard reference : - - - -
materials Matrix Bk 3R Bk 3R
THg MeHg THg MeHg
TORT-3 e AR HFIBER Lobster hepatopancreas 292422 137+12 267£10 130+9
GBW07405 LTI Soil 290+40 - 303=8 -
GBW10020 HIAEIT Citrus leaves 150+20 - 149+10 -
ERM CC580 W YUY Estuarine sediment - 75+4 - 84+4

x3 BHEERZPLEMORRSE (DY ATEE) R TEBEUER
Table 3 Hg concentration in soil and rice (mean=SD) and soil physicochemical
properties in rice-fish coculture system

43 Soil

K Rice

X [ HHLB (g-kg™")
. BK/(ng-g! FR/ (ngeg™)  BK/(ng-g™! K/ (ng-g!
Location pH Organic matter/ (g-kg™") A/ (ngg X ) IR/ (ng gl ) K/ (ng gl ) R/ (g gl )
THg/(ng+g™) MeHg/(ng-g™ ) THg/(ng-g" ) MeHg/(ng-g™)
DZ-SC 5.74+0.13 81.26+14.20 740.4+242.2 0.70+0.27 7.08+4.79 3.14+3.15
DZ-BT 5.28+0.23 100.96+21.30 127.5+28.7 0.18+0.11 2.54+0.82 0.95+0.27
RILE (M]) 5.10~5.90% 6~20° 413.7+50.9 3.19+0.78 - -
MR (C)) 5.69+0.19 75.09+15.36 97.4x14.1 0.23+0.18 3.43+0.87 1.07+0.45
WL E (R)) 6.12+0.18 6~30° 94.7+14.1 1.10+0.16 - -
A IP) <5.5b 6~30° 90~110* - - -
W ST i X
5.54+0.27 87.79+19.83 464.7+353.1 0.49+0.43 5.15+4.19 2.20+2.58
Karst areas
g R X
FRESTS 5.75+0.23 75.09+15.36 96.7+14.8 0.24+0.20 3.43+0.87 1.07+0.45

Non-Karstic areas
HSHER(DZ) R T 2 MAFFTE, 405 A DZ-SC Al DZ-BT; DA R A e brifi 22, o B PR S 2800 R g kg™, R & 5 007 H ng-
g (AT 5« -7 R BRI s & BR SR IR T SN A B T B R AR PR DA ) 5 7 AN b7 4051 1 3 i 2 8 38 i 45 1)
IS

Note ; Danzhai County ( DZ) collected from two different villages and coded DZ-SC and DZ-BT respectively; above data were performed as mean+standard

deviation and organic matter and mercury concentration showed in units of g-kg™! and ng-g™' (dry weight) , respectively; “-" represented missing data;
“ *” data originated from geochemical investigation and evaluation of cultivated land quality in Guizhou Province; “ a” and “b” were cited from Huang

et al'®) and Tong et al®”) | respectively.
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e HH 3 pH 7745 B35 25 7% (P<0.001) , X 5FEA]
T A TATL (B 0T i 1X 3 pH 5 Tl g
Hi DX 398 ) O 58 A A R AR i 2 DX S8k 5T 43 A T4
D AT R A RS AU A K A H = f
W, TR pR T - SR A A R R T, T AR YR
AR | S B0 3R X+ 4 pH BRI T RS
SRR X, AR AN AR I e kb X - A AL
53500 87.79 g-kg ' 1 75.09 g-kg ™", T A K ke
AR S YIE N 83.56 g-kg ™', AELTL N
43.20~128.54 g-kg™' 3z = T U0 M 4 5 T A L
JF(35.28 g-kg™ )T IR S RE KR AAT K,
LIRS B 38 THe % 5227 o 64.3~ 1
086.1 ng-g ', FIIME N 329.7 ng-g™ , i T HINE +
BORTSAE . T A RAE S Th 2 23% 1 - HEFE A
I T [ AR T b A HE T G AU A5 5 AR fE (GB 15618—
2018) ok H 7 75 G4 XU 45 4% (8 ( pH < 6.5, Hg : 0.50
mg-kg™') o AR IRIRE KRG A 1 R % 4 [ E
FrifE (GB/T 36869—2018), + 3 #fE S 8 br R H
18%, 45 X3 1 MeHg & 5 A2 fH MR FN /NNy
MJ(3.19 ng-g™')>RJ(1.10 ng-g™' ) >DZ-SC(0 .70 ng
g7)>CJ(0.23 ng-g™') >DZ-BT(0.18 ng-g™' ), +
HErp MeHg/THg ( MeHg% ) 38 & FH >f i i 1 18 F 3
fhie 1o Es , £5 X3k 158 b MeHg% 2 38 RI>MJ>CJ
>DZ-BT>DZ-SC, 3 RJ + 3 H 540 RE ) 5o, DZ-
SC WAEAbRE 1 i 55 . W et IX. +3% THg % &1
BIE R 464.7 ng-g™' , JUHETE 79.9~1 086.1 ng-g™',
MeHg & 8 F3{E A 0.49 ng-g~', T FITE 0.04~2.90
ng-g ' TR WS 7 b X+ 3€ THe Al MeHg 4351 Ay
(96.7+14.1) ng-g 'F1(0.24+0.20) ng-g ' (F3) %%
PRI T 5PN 280 W B DX I A b e X, 3 5R S 1)
{H(530 ng-g™' )™, (EHAFCH M, BRI X 35K
W ST AR b X - S A e S e b DX B T e )R
T (E, (A AT 3R LERR ) (3916.0.13%) 21
BTG & (M5 .0.26%) (P<0.01) , 72 Bwg s
b5 S DX S AR A T R AR B

SRR, AR Y pH EASH] TR 3L
2.2 HEORMEE RSN

ISt HHOR S SHE A S A, B R T R
(1)t R AR BRI AR A 2 B PR 0, 25 SR I35 4,
2.2.1 M EREBEEEGE

WFFEIX R R ARAR R (1, ) B A R -
1.36~2.72 ,SF-¥{E M 0.33 44K E T 15 Ytk 45
FEr A 39.34% K i Ak T B 28 b B35 LR 60.
66% 1 H AL T ICT5 IR, ANFHIX 3K 1,
BB N = 2K HEF o DZ-SC>MJ>DZ-BT>CJ >
RJ, = DZ-SC F1 M) 3% 1, SFHE S 54T 2~3
A1 ~2, J& 0w B AT b B T GRS Ay 3 MbIX
T P <0, BEBTEX 3 A X AL T
TGYORA, BHEABOIRES R AP, BLAh, w5 e X +
SR W SR L DA S 1 1, R TR X
HERTG YK &
2.2.2  WTEASIRE R Hok

HFFEIX 445 Hg 15 P e A S TR B (E, ) 22
LB RN 23.36 ~394.93 , SF-F{H A 119.90, A5 XU
R, b FRAESGF P AN EMEA
AfeFE W F 530 A 28.91% . 31.25% Fil 3
5.16%, AFIMIX oK ESF-YEH & 28 DZ-
SC>MJ>DZ-BT>CJ>RJ, HH i 2 S HbIX + 58 E {4
TRMEADEE DZ-BT A TS aE, Hax 2
AL IX AL TR AR G F . BRI S, B R b X
+3E E AR 169.00, F AR AR L X+ 35 E (E
i 4.8 £, Ab TR AR A fEE
2.2.3 2 PPN A R

Hiy SR FEHE B0 R 7 AR S XU 48 B0 34 R e
IR YRR R RS AR B, H T 3 AN
], B PPN 4 R AR 22 57 REEEOL G A
R NG S RZ M, T a5 GV R F 6 PR )5
M) , L4t S G R AR 9 X3 e R R B TG YIRS
M A SR EOL S R Bon RS
&R R TR SRT YR A i TR

F4 FRRFERTEREMRREL(L,,) MBEESKEER (L) FHE

Table 4 The mean geoaccumulation index (/,,,) and potential ecological risk index (E,)

for Hg in different sampling sites

155 Index DZ-SC DZ-BT MJ CJ RJ
1 2.08 -0.40 1.51 -0.78 -0.82
E, 269.23 46.43 171.27 35.43 34.45
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PRI, FET A A A BT 2 B KU, D E 2
5% Y 2 W W e e X A | TR b X e
T e R VG e KO R AE A fG 5 R B
2.3 FOROK & B RHE

FFEIX Ak THe & AR 1.17 ~17.91
ng-g” AN 4.58 ng- o KT IR E TG
PR 5 i (GB 2762—2022) #i4 1A ( THg: 20 ng -
g™ RIENEAE 3 He BRSSO T, Rt R
GATH AT UK R RAE = R K . 45 XA R
) MeHg 7 &8 M B A DZ-SC(3.14 ng-g™' ) >CJ
(1.07 ng-g™") >DZ-BT(0.95 ng-g™") , 54K ke S £
Herh MeHg ¥k 5 AR fb i A FE AR — 2, F5 K MeHg &
bl 3 MeHg 3401 T, 2 8 £ 3% MeHg /245
K MeHg B 2Bl UE T e 5 1 X R #0464 &R
SRR Y THg Fil MeHg 25 349065051 0 (5.15+
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Fig. 2 Box plots of THg and MeHg bioconcentration factor ( BCF) values in different zones
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Table 5 The basic information of fish in study area
SRR i K/ em Rift/ g AEI oy
Location Fish species Body length/cm Weight/g Age Feeding-habits
it fo 2~3 21T
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W SR X i fh 2~3 A1
G DZ-BT 18.9+1.7 183.341.4 A T_ﬁﬁ
Karst areas Carp 2~3 months Omnivorous
kel 2~3 A1
MJ 22.9+9.7 435.0+£328.9 / Tﬁﬁ
Carp 2~3 months Omnivorous
it 2~3 Atk
cJ 18.2+1.8 167.8+52.9 A T_ﬁw
Carp 2~3 months Omnivorous
Hrrph X ki) 2~3 A etk
ngﬁm,ﬂh RJ 22.6:2.3 254.2468.7 A T_ﬁﬁr
Non-Karstic areas Carp 2~3 months Omnivorous
ki) 2~3 Y
JP 14.9+£2.3 102.3+48.4 J ' ﬁlﬁ
Carp 2~3 months Omnivorous
b ~ T
@ el w1 X ® A T A TS
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e, | !
B 5e 120[F | C125%75% Se s T L 25%~T5%
2 | WMk 222 e L MR
Wi g 100l ! Min-Max Wi sol| o ! Min~Max
& § = b — gk Median & é 8 ! — ik Median
=gz 80+ A 1 o {H Mean = 3 g | {8 Mean
o o = ' I o= 40Ll* . ° |
WET Ty, 60f | Sl S I
on — 7 1 on O oo - |
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Fig. 3 THg and MeHg concentration in fish
Note: DZ-SC and DZ-BT represented two different villages in Danzhai County and coded MJ, CJ, RJ and JP are

from Majiang, Congjiang, Rongjiang and Jinping County, respectively.
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THg I MeHg & #4351 4 (50.76£33.83) ng-g™' Fl
(23.27£20.50) ng-g ' ARTF PP ARICFREIE K
& (THg:61.0 ng+g™'; MeHg:45.5 ng-g )" {H
TR 7 A RS AL fF- 24 5k JK P (THg: 18.21
ng-g™') o EERMNA I AK I [ R e 2S£
KA, h 2~3 HIRREIEf THe & 25
AT S T A P SR Y g X

ki b X (4 RS 46 f THe & & /ﬂt«al%ljj 16.35 ~
139.80 ng-g ', FH{E A 69.57 ng-g™', MeHg 7% &
AL IEFE N 6.33~84.35 ng-g”', FHIME K 32.80 ng-
g, FEARPE TR X ARG AE £/ THg A1 MeHg 75 143
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