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Mercury Pollution in Dryland Sml ‘and Evaluation of Malze Safety Productlon in

Guizhou Provmce f & Py ‘ v

MA Li- jun ZHOU Lang SONG Bo' " WANG Fo- peng : ZHANG.Yun-ma WU Yong's v N

(L. Cﬂllege of En\'lronment Smence and Engineering, Guilin/ Umverm of Iefhnologv Guilin 541004, Chlﬁa 2. Co]laborall\;ﬁ Inncvatlon Center for Water Polluuon C(mfcrof
and Wfater Safety Cua;a’ntee in Karst Area, Guilin Uniiversity of Teuhno ogy, Guilin 541004, China; 3. Coﬂege of Karth Scignces, Guilin University of Tedmo]ogy, Guﬂ‘m
541004, China) | ' /) 4 -

Abstract; Gaizhou Province.is the province with the ldrgegt Hg producnon and reserves in China, and' maize is the second largest! grain crop in Guizhou Proviffe. It is
necessary to 1ﬂent1fy the staus of soil Hg content in Guizhou Province and eyaluate the safely of maize production. A total of 990 soil-maize samples and 270 single soil samples
were collected in the giin maize- prodU( ing areas to determine soil pH,' catior exc_ba-lfge capacity (CEC), and organic matter content (SOM), as well as Hg content in soil
and méize! The results showed that the pH of dryland soil in Guizhou Pfovitice ranged from 3.93 10 9. 82, the geometric mean of  (SOM) was 27.5 g-kg ™", and the
geometric niean of CEC was 11.7 emol+kg ™", Soil w(Hg) ranged from 0. 005 to 686 mg+kg ™", the geometric mean was 0. 632 mg+kg ™", and the over-standard rate was
7.22% . “Among them, the soil Hg pollution in Tongren was the most prominent, with the exceedance rate of 21. 3% . At the county level , Danzhai County, Qiandongnan Miao
and Dong Autonomous Prefecture, and Tongren City Wanshan District and Bijiang District had high exceedance rates of Hg. According to the Limit of Pollutants in Food
according to National Standards for Food Safety (GB 2762-2017), the exceedance rate of Hg content in maize grains was 1. 11%, and the exceedance points were mainly
distributed around industrial and mining activity areas such as Wanshan District in Tongren City and Xixiu District in Anshun City. According to the results, there was serious
soil Hg pollution in Guizhou Province. On the whole, maize can be safely planted, but it is necessary to pay close attention to the Hg content in grains and the Hg exposure
risk of residents around industrial and mining areas.

Key words: Guizhou; dryland soil; corn; mercury pollution; food security
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Fig. 1 Distribution of sampling sites in Guizhou Province
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samples in various cities of Guizhou Province
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Table 1  Basic characteristics of mercury content in dryland soil in Guizhou Province
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Table 2 Basic characteristic statistics of available mercury content in dryland soil of Guizhou Province

TREK A Sl AR « bRt U3 EFT LR Wﬁ Wufg )
/gkg™! /gkg ! /pgkg ! B3 /% (B ) (R ECFA) o
BT 147 0.120 ~8.28 0.597 =0. 756 0. 430 1.27 0. 061 7.55 0.329 0. 000
Ee AT 286 0.060 ~4. 88 0. 623 +0. 499 0. 501 0. 80 0.072 4.50 -0.472 0. 000
ST 106 0.075~13.7 0.928 +1.42 0. 623 1.53 0.075 7.35 -0.117 0. 000
ANEKT 55 0.220 ~0.985 0.511 =0.222 0. 465 0.43 0.139 0.51 -0.016 1. 000
AR 56 0.895~3.56 1.63 0. 573 1.54 0.35 0. 636 1.40 0. 341 0. 001
Ll 99 0.185~2.54 0. 887 +0. 437 0.779 0. 49 0.171 1.01 -0.744 0. 000
PR 188 0.160 ~3.63 0. 840 =0. 590 0. 700 0. 70 0. 080 2.49 0.193 0. 000
B3 i 163 0. 141 ~126 2.23 +£9. 84 1.31 4,42 0. 106 12. 4 2.00 0. 000
b 5%aT) 160 0.215~1.72 0.611 =0.298 0. 544 0.49 0.184 1.03 -0.098 0. 000
FME 1260 0. 060 ~ 126 0.945 £3. 63 0. 654 3.84 0.104 32.7 0. 067 0. 000

1) N FR RPN 2) HREAR AR B8 3 5 0K K 50K
2.3 4 Hg V5 Y PRA Ko I8 A HEAE
TE1 260D THERAE R AT 91 A i A7+ He

S TR 1 XU A AR UE (GB 15618-
2018) H Y XURS: I B0, A5 B AR RN 7. 22% . N F&
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e
¥

3 ] JHR AT Sk A e ™ EE I ML IX R b R R TR
22.70% ; R R 5t PHTT, AR R 11.32% 5 B4R
FMHLIX DL 8. 93% MR bR R A7 J& 55 =, 3 b X ¥
H Hg W FFRIG 0, N U B #5035 5 o, N R i shat
RS T BOL He & 5@ b 0y I I 2 —. it
YA S BT AR 9 E 48 pH R, 2 5.5 < pH <
6.5 W AHE A pH ¥ [, o AS A AR R Ak, N
5.64%. Gabriel %5 W5 £ W, 24 + HE4b TR 5
PFF, 13 pH Thim, 3EXF Hg A b g 8
M AT RE ST, 15 pH Fhi, R HEXT He
(T B B pH Fh = i R R T LY 5.5 < pH <
6.5, Hg 76 T4 (RS HE 1 345 , % [ 76 - 498 rp
(1) He J8/0 , AR Z A Bl 2 B AIK.

PEE 3 A1, 1 26040 R3ERFE &SP, JC He 15 4%
R 92.78%, B Y 4. 13%, BTG 4 5
0.56% , P IETS YL 5 0. 79% , B JET5 YL b 1.75% . 45
Ao N Tl o A5 A e AR B R 0, Te s e ks
FETG e A E B TAE T LG s X, TS
Yo i AR AERE ST A5 I B (3 v 1 5 HE) 4
T ILIX VTR B S (K 3 h 2 SHE) | 5t
BHTT W AR T AN PHEL (18] 3 rp 3 5 HE) | S A M
FERL (K3 a SHE) , LIF T+ 3 He 75 e de
PR BT N A2 He V5 S TG sh A
HERR, Tk A = f v = A4 i Ko He —
BB A FEANZ S, K Y He E AT, § 30 1
Hg 7;5%[21,22].

®3 ETRBMEESRMNE R T Hg & 28HFER"

Table 3 Excess mercury situation of dryland soil in Guizhou Province based on risk screening value e - - |
- MR/ % . | (ot B
e N pH<5.5 5.5<pH<6.5 6.5 <pH<7.5 pH>7.5 ik /Tﬁ/qi
LW 147 0 { 49 L2 [ 17, 86 . 43y
B 286 21.43 “ 6.25 10.00 | & N 10 4% | §
ST 106 o p 10000 9.09/ 4 W74 1832~ &
ALk /55 o [ EN s 2.86 y uy -&:’82‘“‘)‘? t
BARMM 560 0 WIWE »4 6. 90 o 37.50° 893" ) &
T U o | W/ /' o v f o & 0=
W | 188 2008 & " 4 230" . 1 4 sk L4 &
g 163 s B S 395"53 3445 ..I": w420.27 22 ¥
A T60 o | V[ J .00 4005 1 112 188 S
A 260 738 " W '5.64 ) 7.59 7 7.49 7.22
1>ﬁ%§2$éuzﬁ b B VAT 0 S50y 5300 3 - DRSS, 80 S 8536 123 A L BT (0050 O A~ B 5 0 7. 32% 5 2) N R
peadm 74 y =

s/ HWT .

. ™ h;- e
7o ol

B T B

W Tl
8k Tl
{ezETlk
e Tl
760 &I Tl
o 458
o FRE"
a HHT
2

T H W 5 YR BB A A 20

o =1(1169)
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Fig. 3 Distribution of Hg single factor pollution index of dryland soil in Guizhou Province

WE— RN, S A+ 55 XU A 15 b v
(GB 15618-2018 ) H A% XU 4 il {8, A4~ 71 J7 1L X

BB R ZE AT 35 52. 17% (3% 4) , BT X 1 AR
5 H35.00% 5 B K M N P L 10 00 b R
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Table 4 Based on the risk control value, soil Hg content in dry land at county level in Guizhou Province exceedes the standard

. HARAEES L/ % SRR

FHEIX N p.<1 1<P,<2 2<P,<3 3<P,<5 P;>5 /%
G B T B 36 97.22 2.78 0 0 0 2.78
HeTAy T 68 97. 06 2.94 0 0 0 2.94
Hymgiae i 28 92.86 3.57 3.57 0 0 7.14
BHATIF A 34 91.18 2.94 0 2.94 2.94 8.82
SR L 44 90.91 2.27 2.27 2.27 2.27 9.09
TR M P E R 11 54.55 18.18 0 18.18 9.09 45.45
H T LXK 40 65. 00 10. 00 7.50 12.50 5. 00 35.00
H T T X 23 47.83 17.39 4.35 8.70 21.74 52.17
S IR, 8 75. 00 0 0 25.00 0 25.00

1) RN A E XAFTE-E RHERFOL; 2) N FoR R4

45. 45% , 7] Wk 3 AN B IXM 5, P43 He 1544
PRI 1O 3

FIF ArcGIS 10. 2 Bk Kriging i {7224l 5t
N B S 398 He S fiiil e (&1 4) . R IAE T8
P S B X, R R 8 H 5 b e (2 2
TSR BT T ) HBIX ot 4 He WP

& 4

2.4 FOKKFHL Hg & i o0 B S e A 7 1PA
TN Hg & 2 500 B8 £ 6 R BUE 28 43
i R U E RN, Gt 45 5 an sk 5 s, 990
AFKRMEM A 11 ASHE S R 7 2 K
HE BT RIR ) (GB 2762-2017) BIFRMA [ 4+
Y o (Hg) AMEE T 20 wg-kg ™' 1, 4350 & iTT 4
BT LA BAREMN LA B A
3 NAE ST 1A, SRR 1. 1%, Be i
FrsSAASAA — A B B R AP o (Hg) =i {E H
92.6 pg-kg ™', B2 il (R T A AR ME) (GB 13078-

5, T AR RIS+ SR Kk g R 75
BRIEITAIE 40 4 2 L R AR B R
R ARRRRE" HOH I T 4L 3
BN, R PR 1 5 T B A
LR R R S A 2 T T
TS FORGRE: Hy AT A, )

o W Tk

® Hlgk Tk

= 2Tk

= M Tk

a Ao Tk

EE: 10

W AR

& B

& PERT

TSP R He & BRI A 2 CRERA 4D

AR A(914)
o hAEAFRIES)
& hEFRCAE(65)
o LR RLE(S)
PR S
eHg)mgke™"
m =05

0.5-1.0

1.0-2.0
m 20-30
- 0=3.0

b

RN ARt E Hg S EFHN
Fig. 4 Prediction of Hg content in dryland soil of Guizhou Province

2017) 4 Hg FRAE (100 pg-kg™") s H U2
AT FIAR AT, KPR o (Hg) B 20 k8 T
66.7.53.6 H183.3 png-kg ™", Mt BRIE 5 ~8 fi5; B
MR ST A RL o (Hg) B 40 9l R 25.7
pg-kg T 27,2 wg-kg T W T S A BRI
Pl s JCRE 2 R RE T AR BR ) (GB 13078-
2017) & He FRAA. P LA BFFRL He & 540 1 B
X, F KA 1B B A AE — 2 1 RUBS: e LA S il
B, AR T K 1 2 4 e

MR 45 b DX AT RL He B JUAT 3 4H, & WAT R
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oo 44 %

Hg 5 ifAn , (EH T | B A o JH R 28 0T 728 55 2R
BEGRT 1,8 T AL 5K, n] KA [R] 3t DOFF L
Hg & 22 5% K. 455 FPRL Hg & f A8 25 (8] b /Y 734
(K 5) , AlHUFFRL Hg &t bR A7 B0 32 2800 A 140
AT L D22 T P 5 X 45 T8 Ml 37 3l DX
AN FPAL o (Hg) 7515 ~20 pg-kg ™' Z A B G2 A
44, BT T AT XS R A

Bk E, 720 ~60 pg-kg ™' Z A S A T
A, FHEGAG TN VG 75 X A SRR B
MMELE,; KT 60 pg-kg™ W SMIH 4 4, £%
G3AT TN P4 55 DRI A= 177 1 X 3 28 4 X 4
ARG HRIE BN e rT eI 7 TR LTS 3+
B Y0 IX S MO B K H & i B bR 9 AT BE T
BK.

£S5 SMEERIFH Hg & BHHE

Table 5 Characteristics of Hg content in maize grains in Guizhou Province

I el ’A‘w/,*‘_*\(‘ 2 [ SE A (i . AT R
TR D BlENES | AR +71:/T 2% ILH?*:’{{IH AERLZ HPRR
/ug-kg /pg-kg /ng-kg /%
TN 123 0. 981 ~66.7 5.52 £6.70 4.50 1.21 3.25
i 221 1.46 ~92.6 6.36 £6.29 5.57 0. 989 0.452
SR 83 2.26 ~11. 1 4.94+1.52 4.75 0.308 0
ANEKT 27 3.16 ~6.83 4.99 +0.878 4.91 0.176 0
AR M 41 1.58 ~53.6 5.57 +7.84 4.35 1.41 2.44
Erea 86 4.71 ~25.7 8.04 +2.69 7.74 0.334 116
2V e M 156 0.196 ~9.98 3.67 +1.84 3.15 ~. 0.500 D
o
Lol il 129 0.0943 ~83.3 6.66£9.64 4.49 1.46 ’z"g :
pegvanil 124 0.786 ~27.2 5.80£3.20 5.0y == 0.552 91'780
BN 990 0.0043~92.6 7576 +5.73 4.7 & | 0.996 iY 2
e N r 5 | ¥ -
1) N R RBE SN ] o - “?.;a
e J 4 s : ,-
N
A
- o WL Tk
i Rarsd o T
(o T ? = LTk
: ﬁ'ﬂ ik -y o BRT
| 7 & HEHELIE
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. - S ] 5ﬁﬁ]|~
. iR w
. o EERT
HAiii AW A 2 : = h‘ ;
. il FoRFFRHe & B (RS ED
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e
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A B 4

a(Hg)/mg-kg™!

= =(.005(474)

= 0,005-0.010(467)
0.010-0,015(34)

= 0,015-0,020(4)

A,

i, S E 0.02-0.04(6)
: 4 0.04-0.06(1)
y 4 0.06-0.08(2)
i A =008(2)
100 km

B5 SMEEXH Hg SESH

Fig. 5 Distribution of mercury content in maize grains in Guizhou Province

2.5 Tk Hg &5 R AR bRASCME T
Wit 6 Al M, 15 Heg & &5 pH, SOM Al
CEC Z [H] ik 8] & F K F (P <0.05, F ),
Huljev' ™! Fl Kerndorff %:"*" % M Hg 5 Ji& 58 Bk (1)
SEAERE pH TR M REAG, pH Bk, IR B
N B 3 pH FEE P, o (SOM) LA
HN27.5 g-kg ™', AT WL BN 45 509 [ He BE
T RARGEA PN He (902 B B8 24K B N 9 1
5 pH A1 SOM 928 Fe Ik, W& fb R H b e i, B 7

R B T8 pH AU T B AR m M, SOM 7 4 1 IX.
B, W AR B AR RN 18, Wi W] T X

TIEA R He 5 pH A SOM ¥4 & 2 i Af
X AE—EJC N, 13 pH X Hg B 0% BF- e 0 i 72
MR, pH B9 T S B 5 e A 2 i Y 1 H AT
TGN, L PE B Y BE 0 3 5 A0+ ER LTS
Hg M48GRe 38, Roe T, AT
AEAT, dE W S8 e He BRI R R
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TEB AT A3 5= 8 133 pH Sk B 35 208 He
i, HHEARE He 5 CEC ¥ R MG, i 24

AR AGRILRE s B i, 2 B R A RE S
BES  RE AR B bR e 32 T R a0

®6 FBTMEEREXRHY

Table 6  Correlation coefficient of each measurement index

pH In SOM In CEC In THg In AHg
In SOM -0.112*
In CEC 0.360 ** 0.368 *
In THg 0. 066 * 0.136™ 0.095 **
In AHg -0.044 ™ -0.072* -0.382* 0.141*
In GHg 0. 026 0. 037 0.073 " -0.016 -0. 009

1) =% F/R P<0.01, %= %R P<0.05

M T AEA RO H AR 5 4% B CEC, R
ULFFRL Hg 5 55 HABTE An A7 78 35 AR G, PR kg
R HR i A SR AS [6) 8 B 2 20 09 7 0 R S0 A5 K L
Hg & &5 1 e WUR AR BRI PR 0 A, i 26 7 AT
T TEA R B R T FFRL He & 415 138 Hy
BB EEMIE(P<0.05), 5 EHAKE

A BEAR U R AE T KRR WU He BE T HY 9555 5
%8 Al 024 6. 5<pH <7.5 I ¥k Hg & &
H5EANE He S EER B EMKE(P<0.01);
M CEC KT 10 emol-kg ™" i, 4L Hg 5 + 4 Hg
S E MK (P <0.05) 3 X TR G SOM ¥
K Hg 55+ 9 Hg Al HEA 208 He 295055 i

Hg AR T BEACHE, W00, L HE He i %t | y
£7 PN Hp SESLEETUSRRRESH | | v 4
Table 7 Partigl correlatio;; analysis between Hg content in g;ai11s and-Soil" indexes . i o __,-’"’
et B 't 7 | pH ~ /lnsom WCEC ¥ 4 I THg fn AHg
7~ pH N | T 7B oo 0dbos & 0.078 * “0.008 I
S msom S 4 07029/ ' 4 - 0.001 - ¥ o790 o f
l€ec = [ GHg | 0,019, = C oo — { : %,0.080° =0.007%
In THg L ol g 17 0.044 0.0 + -0.030

#In AHg 04021 0. 045 0.013 0.084 ™ —

D) ERINPL0. 01, He: B0, 055 2) TERIFESHCR , JoKBPRL b & HEXPEC 1l 5 45 0005 b A T8, A0 pHL R0 il 2 B 224
HOPE LTGRO LT A R A HIEREON 0. 048

®8 TESETHH H EB5 TEESTUSHRMAXME"

Table 8 Correlation between grain Hg content and soil indexes under different classifications

S N 2N pH In SOM In CEC In THg In AHg
pH<5.5 86 0. 047 -0.076 -0.021 -0.059 0.013
5.5 <pH<6.5 166 In GHg 0. 098 -0.028 0.021 -0.113 0.058
6.5 <pH<7.5 353 -0.049 0. 059 0.018 0. 064 0.137*
pH>7.5 385 -0.031 0.091 0.159 -0.059 -0.083
CEC<10 280 0. 031 0. 027 0.022 0.015 -0.005
10 < CEC <20 480 In GHg -0.387* 0. 049 -0. 146 * 0.277* 0.010
CEC >20 230 0.025 -0.064 -0.198 ** -0.135" -0.018
w(SOM) <2 163 -0.056 0. 034 -0.004 -0. 145 -0.052
2 <w(SOM) <3 380 In GHg 0. 057 -0.009 -0.026 0.030 -0.011
3 <w(SOM) <4 307 -0.067 0.152* 0.161* 0.051 0.033
w(SOM) >4 140 0.233 * -0.335* 0.192* -0. 165 -0.028

1) W5 86 A+ HEkE A pH<S5. 5, HXFR 1) FORFE iy He & B2 BG5S pH BIAHE RECH 0.047; # FIR P <0.01, * F/R P <0.05;
2) CECHLA Hemol kg ™', w(SOM) BN N g kg ™' 5 3) N RnFEARLE

B AN A Ml o3 A7 5 D0 R, Tl A 7 2 S B

3 itig e xS v g . o ‘ =
B Hg 153809 E 2. SR | BYERR MRS AT R

I Heg AR5 O A AR AN IR, A
SRUFAR A LB i SRR (AN B ST
W) s NRWIREEAA QR EaE ., AR
IRV =AY B AR 3 RIE 4% 4 He

TR P AT A T i sl 2377 4R R ) & Hg IR i
FPK , T BURH P He & 8 AR, K o (Hg) AT A
1.06 mg-kg ™', JK/K p(Hg) Al 351 000 mg-L~"1* )
J 1 i R HE R, K B S HE SRS AT R, AR i
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3% He 1542, Y RE & He JRK A MR 2
W XOKAE RS He 1559, A58 Bos M He 5 X
2R I A A2 WP R K B 52, H p (Hg) Al ik
10 pg- L',

KA Hg BT IRV 13 He Aﬂﬁﬁﬂﬁ;‘t_
BRI 2 —. KA Hg MRS EE R
JLE Hg, IHMHAA He %n%ﬁ*“* Hg, Frﬂi%TLL
TR U I -1 He & k5 T 55 %0
FRREIALRT, 3% He &= '37(1‘ Hg &5 B3 E
A M E B B0HR 0. 741, WA KRHE Y R B, KK
He SR TV ARG i 72 3 £577. FRE 4
Bl E 1Y He 30 o] B R ok, — O i &+
LSRN 3 PR RR He 2 A B o ER
TR Y 1 He B a2 3 AN ) 4
ST X ) T A e I RN AR ) R X A Lk
ATEIE S 10a J5, 87 X R 2 158 m RS He B
F5#i3510 500 ng- (m*+h) =" H—Jr R L
WPk He®* B BOR EUE H , BRI b2 K7 He
W EA DI RIS He Bl E S + 0 He &
G R SR 5 S LE MG “W%ﬂ~@rﬂm
i%{ﬁ xS LA g R A 520 2y

Y- it%%i%zﬁ i Hg x%ﬁé&#ﬁ%ﬁ
T 19 He 4, 2 SEORMIIA M 1Y Hg
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YRR ES B SE, RINE RS
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RGN, FORVE ML E EAEY, HXT He 19
KT Cd. Ni, Pb fil Zn S H4EICLER ) Greger
B9 S PR N 3R Y Hg i) L E 358407 1F
b FEARAE (0. 17% ~2.5% ) , X ik — 45 B ARk oRL
Hg & AR 0 AT BE, R« MR R R A 15 00
BUAY FZ A

R F - RS BT Y Hyg 228 #J2 K AFRL Hg
Er AR E BRI RS I & B T K
MRS WA Hg, 90.95% 434 T M A v, 7. 09%
OIATAEZET AU 1.96% A TR 6(a) ], H
Y R He TR E 5 KR He WRE 2 B 3% 0F
AR (R* =0.995) , Cui 251 AYBIF5Y & L E K M+
B He, 98% L L #F R B AEAR &R, i A M -
BB He i WA 2% [l 6(b) ] MMRAE KA E
(14 AR P 2R e ) T 4 R T )RR RS, E T A
KR Hg W TRAFRE He &8 i) EE N &K,
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*4}39’3}_

B+ T A 5 T RRERL Hy & RO R
SRR LSS P 4 o R RPRCER B %
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Fig. 6 Distribution of mercury in maize root, stem, and leaf
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2£0.25%

0.30%

(2) 13 w(Hg) }0.632 mg-kg ™", w(Hg H%L
)R 0.654 pg-kg ™", T A M A 38 RURS A A5

(GB 15618-2018) H i) JXUG: 0 e {EL, 5% 4 5 s+
SERES Hg BFR RN 7.22% ; RE I K16 b X
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i%@r“ Hg 15 4L 8 00 16 BYEE Tl M X (22 it

7, BT AE VU g M) WAFAE A [R] F2 BE Hg 75 G
T BEAG T X AT He B AR

(3) EAHHFL (Hg) 4. 77 ng-kg ', FET(E
A E AR E R TS e R ) (CB 2762-
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