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Abstract: Four major mung bean growing areas, Tailai County, Dumeng County, Longjiang County, and Daqing County, in Heilongjiang
Province were studied to investigate the soil heavy metal pollution in the major mung bean producing areas in the province. Soil samples were
obtained at 0~20 cm below the ground surface to determine the pH values, organic matter contents, and heavy metal contents. Risk assessments

E[BEEW

FEWER, A, W M, 55 SR A8 2 57 X A o T YR i S AR A KU PP At 1] B B i AH2,2021,37(10):308-316

REN Xiao-yu, LIANG Meng-ting, CAO Dong-mei, et al. Pollution characteristics and ecological risks of soil heavy metals in major mung
bean producing areas in Heilongjiang province of China [J]. Modern Food Science and Technology, 2021, 37(10): 308-316

WisEHA: 2021-01-09

HETH: ERESHEIHRIBIE (2018YFE0206300) ; Zkia KRR 4 MG T s AR B REIZTIE (2018YFE0206300-10) ; AT &S RIERIRE (2
#E£[2018]4 B)

TEEEN: EBER(1995-), %, EEMEARE, ARAE: BRRRESERE, Email: 2359875313€qq. com

BREE: EEE0969-), &, #L, BE, RAE: RERMISHERE, E-mail: cacdong30188sina. com; HENENIEE: KEA (1966-), B, #
+, #iR, HRAE: KERMIS5RERSE, E-mail: byndzd @126 com

308



MK EmBHL

for seven heavy metals, namely, copper, zinc, cadmium, lead, chromium, arsenic, and nickel, in soil were carried out using the Nemero

Modern Food Science and Technology 2021, Vol.37, No.10

comprehensive pollution index and the potential ecological risk index. In the calculations of these indices, the background values were adopted
from the national soil environmental quality/agricultural land soil pollution risk control standard (trial) (GB 15618-2018). The results indicated
slight soil heavy metal pollution levels in the major mung bean producing areas in Heilongjiang. For the soil at 0~20 cm, the average pH value is
8.04, indicating that the soil is slightly alkaline. The average organic matter content is 2.21%, and the contents of copper, zinc, cadmium, lead,
chromium, arsenic, and nickel are 4.40~25.88, 27.16~66.97, 0.06~0.19, 11.36~19.19, 11.63~69.95, 10.46~58.92, and 7.03~33.63 mg/kg. In
particular, the arsenic content exceeds the screening value stipulated by the national standard. The comprehensive pollution index values range
from 0.98 to 1.24, suggesting a slight pollution level. The comprehensive potential ecological risk index values range from 20.03 to 23.95. They
are much lower than 80, indicating that the potential ecological harm is slight.

Key words: soil; heavy metals; correlation analysis; risk assessment
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Table 1 Information about the geographical origin of mung bean samples
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Table 2 Soil Microwave digestion apparatus
FB I E)/min AREFE E)/min RE/C HE/W

1 10 4 120 1600
2 8 4 160 1600
3 5 25 185 1600
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Table 3 ICP-MS Instrument operating parameters

AR HAE AR HAE AR £ 3
RF %% 1550 W He A& 4.3 mL/min i HAEX, AR AERAP/A)
EBFAAE  150Lmin AHSE4F 0.1 mL/min IR 3
AR 09L/min  RAEFEE 8.0 mm T HRARH 3
FAE AL 099 L/min  RAFELER UK AR 1.0mm V] <1%
FAE R 2°¢C IR UM A2 0.4 mm A <%
LB RAER 0.10 1/s RAAEX, ARFE - -
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Table 4 Background values of heavy metal elements in soil

TEBAE Cu

Zn Cd Pb Cr As Ni

GB 15618-2018 (pH>7.5) (mg/kg) 100

300 0.60 170 250 25 190
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Table 5 Soil heavy metal pollution evaluation grade standard
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Table 6 Physical and chemical properties of soil

AL pH AR EE%
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Table 7 Soil heavy metal detection value
Rk 4K R&AKMi/(mgkg) ®AMA/mgke) FIEHAREE/(mgke) EFEE%

Cu 25.88 4.40 8.93+3.81 42.62
Zn 66.97 27.16 44.94+10.91 24.29
cd 0.19 0.06 0.10:0.03 26.46

® Tk

%f;’ ;‘E Pb 19.19 11.36 16.75+1.57 9.37
Cr 69.95 11.63 29.58+14.47 48.90
As 58.92 10.46 37.87+13.78 36.40
Ni 33.63 7.03 16.13+7.04 43.63

8 TR REHRESRNIE
Table 8 Soil heavy metal detection values in different study areas

iR 4K JkMi/mgke) RAMA/(mgke) PHEHAFEE/(ngke) EFEE%

Cu 25.88 4.40 9.16+5.59 61.01
Zn 61.64 28.59 44.99+10.76 2391
Cd 0.14 0.06 0.09+0.02 2240
kB Pb 18.90 15.46 17.38+1.10 6.34
Cr 69.95 16.75 35.04+20.15 57.52
As 46.76 10.46 34.03+11.38 33.43
Ni 33.63 843 17.96+9.45 52.64
pEa Cu 12.40 4.45 7.46+2.86 38.29
Zn 56.71 32.66 43.75+8.05 18.40
BT
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Cd 0.16 0.07 0.10£0.02 23.02

Pb 17.96 15.36 16.69+0.71 4.22

Cr 32.53 11.63 20.24+7.14 35.25

As 54.59 15.63 43.07+15.16 35.19

Ni 18.39 7.03 11.57+3.82 33.02

Cu 11.72 8.71 10.02+0.97 9.72

Zn 66.97 33.12 51.19+£12.93 25.25

Cd 0.19 0.07 0.12+0.04 30.58

p pa: R Pb 19.19 11.36 16.23+£2.53 15.59

Cr 51.46 26.55 34.93£7.75 22.17

As 58.92 15.03 35.22+15.90 45.14

Ni 28.50 15.18 19.81+4.19 21.14

Cu 12.95 8.11 10.60+2.58 24.37

Zn 39.71 27.16 33.2845.16 15.50

Cd 0.12 0.09 0.100.01 13.06

KK Pb 17.77 14.15 16.06+1.91 11.87

Cr 36.84 22.18 29.81£7.65 25.66

As 47.12 30.59 39.75+7.69 19.36

Ni 20.31 12.32 16.46+3.98 24.17

R EGREES oH. BHURAIEXM
Table 9 The correlation between heavy metal content and pH and organic matter
Cu Zn cd Pb Cr As Ni pH  HAUR

Cu 1 0.42%%* 0.31%* 0.24 0.55%* -0.27 0.59** 0.11%* -0.03
Zn 1 0.75%%  0.54**  0.41** 0.18 0.46** -0.17 -0.34
Cd 1 0.32% 0.17 0.11 0.23 0.03* -0.32
Pb 1 0.35%* 0.29 0.35% -0.03 -0.17
Cr 1 -0.20 0.99** 0.05 -0.06
As 1 -0.24 -0.30 -0.16
Ni 1 0.10* -0.03
pH 1 0.51

AR 1

VE: PRRTARKASE 001 K PFERE; *RTAIRALE 0.05 KFLERE,

23 L1RESRE. pH AN Z A B4 X %

il
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Cr-Ni 7£ 0.01 /KF B2 IEMSE, MRMEE; Cu-Cd.
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R 10 IRXBEFEEEFHMEBREETEER
Table 10 Single factor and comprehensive pollution index and comprehensive pollution grade in the study area

AR FRT R A  aEREs FRER
Cu Zn Cd Pb Cr As Ni
Z}i‘*% 0.09 0.15 0.15 0.10 0.14 136 0.09 0.98 %g-ﬁk(‘
M2 007 0.15 0.17 0.10 0.08 1.72 0.06 1.24 B2
o LB 0.10 0.17 020 0.10 0.14 141 0.10 1.02 YR
;3 0.11 0.11 0.17 0.09 0.12 1.5 0.09 1.15 BE TS

11 MRXESBBEESREIEB R FRITMN
Table 11 Potential ecological risk index and grade evaluation of heavy metals in the study area

M B RFHELERAFREK 4%\?5&95 P ——
Cu Zn Cd Pb Cr As Ni ELRH
AZkE 046 015 455 051 028 1361 047 20.03 2373
AEEL 037 015 525 049 016 1723 030 23.95 273
AiTE 050 017 605 048 028 14.09 052 22.09 273
KK 053 011 524 047 024 1590 043 292 273

RIEAIR (D (2) THEASH IR FERF X
HERND GEETS RPN R, W3k 10 Frr. $H
TR EOPN 4 R R, DU FLHLIX -3 Cu.
Zn. Cd. Pb. Cr Al Ni JGE PR 15 Jeda 2fE3
T 1, As TR BB F5 A 8UEa Rl 1~2, Ui
XYM AL X A 52 %] Cus Zn. Cds Pb. Cr A1 Ni
TCRMNG Y, M2 BTG RIVREG Y. SRET5%4H
BN G R o 0, IR SR SR A s e
FEIA 0.98~1.24, K DU T IX Z5 575 YAR AT LG
B SRATS AR B NRIT RS B> KPS T B>
kB, RUFTEIX TR E SR B RS Gk T
242 BHEASNEIREITN

A A (3D tHE A HPUANAS R BT F X 5w
WIEASEFIMNGER, WE 11 firn. NEGERIBTEE
AR fEEFRE RUE, WA T IX 2R IR TEAERS
fEERBECEA 20.03~23.95, /T 80, BLAAWIFT
X tigrh E SR R RIS A S e H . Mg
BIEE A SRGFERE TR, DU AL IX 25578
TEAEZS KBS FE B /NR Y A S B> KRS >4
K, HoZokE RUERIK, ASGFEERIK,
SEEI RUER &, BT 80, HILIXFhLEE,
AR FUNZER B R T s &7 X, HEESRTS
Yo, GEEITEASfEE UK.

#hig

WX 4% pH “FIEN 8.04, R RECHN
2.88%, AHLEEFHMEN 221%, BREEN
40.81%. FFCHLIX 458 2 G501, TIEAHLTE S BB
AR, BARE, ArRESHRX L+
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