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Abstract:

[Background] With the change of the national energy development layout, Qingyang has seen a
situation where oil exploitation and agriculture go hand in hand, which may lead to local soil
pollution if not taken seriously.

[Objective] To evaluate the distribution characteristics, possible sources, and ecological risks of
heavy metals in farmland soils around the main production areas of Changging Qilfield.

[Methods] A total of 60 farmland soil samples were collected from Zhengning County, Zhenyuan
County, and Qingcheng County of Qingyang City, and the contents of heavy metals such lead
(Pb), mercury (Hg), chromium (Cr), cadmium (Cd), and arsenic (As) in farmland soil were
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detected according to GB 15618-2018 Soil environmental quality —Risk control standard for soil contamination of agricultural land (on
trial). The soil background value of Gansu Province was used as the denominator in the calculation of pollution index, and the pollution
characteristics and ecological characteristics of selected five heavy metals in farmland soil were evaluated by single-factor pollution index
(P;), Nemerow comprehensive pollution index (Py), and potential ecological risk index.

The levels of Pb, As, and Hg in farmland soils around Changging Oilfield, the levels of Cr and Cd in Qingcheng County, and the
level of Cd in Zhengning County were higher than the corresponding soil background values of Gansu Province, but lower than the
national soil environmental quality standard. The single-factor pollution indexes (P;,) were: Hg, 2.14; Pb, 1.24; As, 1.13; Cr, 0.78; Cd, 0.67,
which indicated that Hg were graded as moderate pollution, Pb and As were slight pollution, and Cd and Cr were not polluted. The
Nemerow comprehensive pollution indexes (Py) were: Cr, 0.92; Cd, 1.08; As, 1.20; Pb, 1.68; Hg, 3.85, which indicated that Cr was graded
as no pollution, Cd, Pb and As were mild pollution, and Hg was severe pollution. The variation coefficients of Hg and Cd in Zhenyuan
County and that of Hg in Qingcheng County were 60.00%, 50.00%, and 50.00%, respectively, which were all greater than 50%, indicating
that the pollution of above heavy metals in the location was subject to human activities. The potential ecological risk indexes (E,) of Pb,
Cr, Cd, As, and Hg were 6.20, 1.55, 20.05, 11.28, and 81.64, respectively, indicating that Hg was graded as strong ecological risk, and the
other four heavy metals were mild ecological risk. The comprehensive potential ecological risk index (Rg) was 124.48. Combined with the
potential ecological risk index of Hg, the comprehensive potential ecological risk of the five heavy metals in local farmland soils was

considered to be at a strong ecological risk level.

Although the average values of selected five heavy metals in farmland soils surrounding the main production areas of
Changging Oilfield are qualified with the national soil environmental quality standards, they exceed corresponding soil background
values of Gansu Province, and there are signs of human influence and potential ecological risks of different degrees.

Qingyang City; farmland soil; heavy metal; spatial pollution characteristic; potential ecological risk assessment
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Table1 Determination methods and standards of pollutants
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Table 2 Grading standards of selected evaluation methods of
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21 KEHARDKRETIZRESERE SIS
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Table 3 Distribution of heavy metal contents and associated variations in farmland soils around Changging Oilfield
ELETRREBDE/ (mg-kg™) TREH/%
BEERETR [K3%(n=20) fAJR (n=20) 1ET(n=20) =831t(n=60)
. - = = Kig #HER ET &it
=IME BAE XEs =IME BAE XEs =IME BAE XEs =IME BAE XEs
Pb 21.00 38.00 24.60+4.01  7.00 23.00 1535¢3.98 2400 37.00 29.95#3.97  7.00 38.00 23.30£7.23 16.30 25.93 13.26 31.03
cr 3800 73.00 51.65+9.03 34.00 62.00 49.85:7.79 56.00 67.00 61.75+3.24 3400 73.00 54.424¢8.78 17.48 15.63 525 16.13
cd 0.05 0.6 0.09:0.03 001 008 004+0.02 005 014 0.11#0.02 001 016 0.08#0.04 33.33 50.00 18.18 50.00
As 14.00 16.00 1530+0.66 13.00 1500 13.35:0.59 13.00 15.00 14.00:0.46 13.00 16.00 14.22+0.99 431 442 329 6.96
He 0.014 0.09 0.04:0.02 002 010 005:0.03 002 006 0.04+0.01 001 009 0.04#0.02 50.00 60.00 25.00 50.00
x4 KKHARORATIZEEEEEETF SRIEHRESISRIEHN
Table 4 Single-factor pollution indexes and comprehensive pollution indexes of heavy metals in farmland soils
around Changging Oilfield
FR3i(n=20) AR (n=20) 1ET(n=20) &1t(n=60)
BEEBTR P; P; P; P;
Py Py Py Py
=ME BRAE B¥ BME BRAE B ®ME BRAE B =ME RAE B
Pb 1.12 2.02 131 170 0.37 1.22 0.82 1.04 1.28 1.97 159 179 0.37 2.02 124 168
cr 0.54 1.04 0.74  0.90 0.48 0.88 071 0.80 0.80 0.95 0.88 0.92 0.48 1.04 078 0.92
cd 0.43 1.38 077 112 0.09 0.69 033 0.54 0.43 1.21 091 1.07 0.09 1.38 0.67 1.08
As 1.11 1.27 121 124 1.03 1.19 1.06 1.13 0.11 1.19 111 115 0.11 1.27 113 1.20
He 0.50 4.50 1.85  3.44 1.00 5.00 260 3.98 1.00 3.00 2.00 255 0.50 5.00 2.14  3.85
x5 KEKHHRBAMRALIIESEEBELESXIRIEEH
Table 5 Potential ecological risk indexes of heavy metals in farmland soils around Changging Oilfield
- FRIf R T &ait
®ME  RAE 15 =ME  BKE E3E5¢ ®ME  RAE % ®ME  RAE 154
E, Pb 5.59 10.11 6.54 1.86 6.12 4.08 6.38 9.84 7.97 1.86 10.11 6.20
cr 1.08 2.08 1.47 0.97 1.77 1.42 1.60 1.91 1.76 0.97 2.08 1.55
cd 11.90 41.90 23.90 2.84 20.90 9.85 13.90 36.90 27.30 11.90 41.90 20.05
As 11.10 12.70 12.10 10.30 11.90 10.60 10.30 11.90 11.10 10.30 12.70 11.28
Hg 28.00 178.00 73.50 44.00 196.00 103.00 40.00 126.00 79.00 28.00 196.00 81.64
Ra 116.69 129.65 127.09 124.48
3 e EBE&ETHEHRESER HIBIMERETE, {8 Pb.
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He Fl As E=EXRHATIESEMESTHRATIEES
fE(4 57 18.80 mg/kg. 0.02 mg/kg A 12.60 mg/kg) ,
BRI ER LI o LIER L E 3 FHESERE
ERETR, —RBEAT, SR T ESERETERR
AR, RMETE D BRI, RAAIEEEARN
SEEEIY, AT R s MMESEHXRIE, AR
HESRHETTOW, ERET, HEE Hg. cd Al
KIE Hg SEENTRRBIIKRT 50%, 28T
F B ABEETRRIUINT 5%, EBFBLRE,
HRARETREESEANTEREYMNT 5%~33%2 18],
EPETR, ULERER=BEXRETIEH Hg # cd
ZAREDEMA, RIEEH TR EFRR, ZE
AlRE S KRB 2 ANEERE R T
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