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Spatial distribution pattern and sources of metal pollutants in farmland soils near a phosphorus chemical
industrial zone

YANG Guang"?, TANG Xiangyu"*", GUAN Zhuo', CUI Junfang', CHENG Jianhua’

(1. Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610299, China; 2. University of Chinese
Academy of Sciences, Beijing 100049, China; 3. State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou
311300, China)

Abstract: Identifying spatial distribution characteristics, ecological risks, and pollutant sources in farmland soils near a phosphorus
chemical industrial zone is critical to pollution control and the safe utilization of contaminated farmland. Soil samples were obtained from
the downwind farmland of the phosphorus chemical industrial zone and evaluated for metal pollutant concentration and major pollutant
speciation. The degree of pollution in soil samples was evaluated using a pollution index and a potential ecological risk index. Source
apportionment of pollutants in soil samples was performed by positive matrix factorization (PMF). The results revealed that the primary
heavy metal pollutants in farmland soils were Cd and Zn, where Cd was the pollutant that seriously exceeded the standard. The closer the
soil sampling site was to the phosphorus chemical industrial zone, the greater the soil Cd contamination. The content of exchangeable Cd
declined rapidly as one moved away from the phosphorus chemical industrial zone, but residual Cd rose generally. The amounts of soil Cd
contamination and ecological risk at sampling points within 500 m of the phosphorus chemical industrial zone were relatively high.

Industrial pollution sources contributed 56.2% of Cd, with the highest soil contamination level, whereas atmospheric deposition and exhaust
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emission sources contributed 43.8%. Soil pollution in this study area was closely related to the phosphorus chemical industry. Therefore, it

is necessary to strengthen industrial pollution source control and comprehensive environmental management to ensure the safety of

agricultural production.

Keywords: soil; heavy metal; form; PMF model; source apportionment; spatial variation
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Figure 1 Sampling map of study area
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Table 1 Statistical characteristics of (heavy) metals in farmland soil

151 H Item Mn Cr Ni Cu Mo Cd Ph Vv Zn

f%/IMH Minimum/(mg-kg™) 303.89 65.89 28.94 22.09 0.58 0.43 24.01 96.68 89.96

5t K AH Maximum/(mg-kg™) 52922  93.45 40.03 44.77 1.50 4.05 41.24 12474 52493

FH{H Average/(mg-kg™) 43525  79.17 35.43 29.13 1.09 1.29 30.91 11143 16033

75 5 Z K Coefficient of variation/% 12.57 8.85 6.84 14.69 24.49 93.51 15.02 5.87 64.27

% £HH Background value/(mg-kg™) 657.00  79.00 32.60 34.10 1.00 0.08 30.90 96.00 86.50
DRSS B 126 AL — 150 70 50 — 0.3 90 — 200

Risk screening value/(mg-kg™) (5.5<pH<6.5)

TR B 126 (L — 200 100 100 — 0.3 120 — 250

Risk screening value/(mg-kg™) (6.5<pH<7.5)
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Figure 2 Contents of heavy metals in soil samples collected at different distances from the phosphorus chemical industrial zone (average
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Figure 3 Speciations of Cd in soil samples collected at different

distances from the phosphorus chemical industrial zone
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Table 2 Proportions of the number of sampling point at different pollution levels (%)

JE YL | B4R 5 YeAE R Single—factor pollution index VEAA TS
Pollution level vV T Ci Ni Cin Mo od Ph Mn Pollution load index
Jei5 4% Unpolluted 4.35 0 73.91 17.39 30.43 34.78 0 8.70 100 0
875 Y Slightly pollution 95.65 86.96 26.09 82.61 69.57 65.22 0 91.30 0 100
1 EF 5 4% Medium pollution 0 8.70 0 0 52.17 0 0 0
V59 Heavy pollution 0 4.34 0 0 47.83 0 0 0
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Figure 4 Single factor pollution indexes and comprehensive pollution indexes of soil samples collected at different distances from the

phosphorus chemical industrial area

R3 FRESKERHREFPEES L (%)

Table 3 Proportions of the number of sampling point at different ecological risk levels (%)

HEZS XU 2 Ecological risk level \ Zn Cr Ni Cu Mo cd Pb Mn RI

Bt 25 AU Slightly ecological risk 100 100 100 100 100 100 0 100 100 9.52

rfr 485 2 25 XU Medium ecological risk 0 0 0 0 0 0 0 0 0 71.43
B A A RS Stronger ecological risk 0 0 0 0 0 0 47.62 0 0 0

AR5 A 25 JXUBS: Strong ecological risk 0 0 0 0 0 0 33.33 0 0 19.05
M5 A A5 KBS Extremely strong ecological risk 0 0 0 0 0 0 19.05 0 0 —

HERF B K E /MKl €d Mo . Pb, Cu Ni.V.Zn,Cr,
Mn. HHr, Cd By 55005 78 A= 25 KUK 48 £3589 KT 80,
B TR AT AR SR A KBS GO, A 44 a5 Ak
A R A 2 RS i) 5 At 4 JE 70 28 A B0 A XU
FEE/NT 40, 40 FRRMUAE R RS ZU (£ 3) . B
DAV 2 4 SR AE 5 8 T 4 IR 25 A T e AR S KU
FEBUNT 150, Hodt 71.43% B9 RAR S AFTE P SR AR SR
K5, 19.05% )R AFE s AEAEAR s A= A8 AU o F R 4 7]
G VAR A A RS 8 5t 5 SR A A 7 B A AE IR A 56
Fo Cd YIS 76 JRUBS: 48 B0 5 il Ak T IX R 25 500
m 30 FB P 5% 5, 18 B0 I 800 Y SRAE: A 44 78 13 A3 Fl
N 7EFE §>500 m A RAE 5, 78 8035/ T 300, 7E 1R 25
4000 m 4k, FEREE 150 LR o LA WA 4 5 KU
e B 5 AR R 25 [ A8 AL R, P8 50 T 800 ) A5
PLITERERE AL 11X 500 m i Bl P, Bl 1 2 386 K (.
BT, 7E 4 000 m AR, AR Z 200 AT o b4h,s3
18 ST LR b Cd VB A A 25 RS 3 B AR AN ]
FH A5, 53 Fl 8 FIT7E 19 i 07 2600 T4 HH 5% i 2K
R TS s T — e B R SR,
T LA 5 W 2 2 I A BV A AR AR AU 48 Bl Ak A 22

1% WHART]

) (AR A SR P A 1 Cd 8 A A A IR 28
REAR AR

25 b N FH B DR 35 YR ORI BRI 7 A 2 AU
TREOF M I8 XA 1 3875 IR Bl i, ¥k B Cd 75
ey, o T AR BT R A RPN 5 2 45 2R
A —E 25 MRS 15 G458, A B R AE 5 Zn
15 YR ™ E 5 A BRIV TR A 285 KU 8 280, I T 5T
DAY SR A R Zn 5 G4 T AR R SRS . KA TS
YA PR, B IFIE X AL TR B2 5 g s SR T L AR i
T AE A= 25 XU 48 0, W5 X A7 A v A5 B AR 5 28001 Y
TR S XU o 32 TR Dy 95 e 0 i 48 B0 A S — Tl
A PN 7 v RO RA R i e 75 e xt
FRIGERY S, TR A 250G 3 48 B0 N 2 s TS
Qi HE A PR KU . I B 2 Y 2 1S YR DL R
S Y 22 53, TS A 4 5 AR 2588 B R R EA
)5 B o0t A= S R GE IR E S R o 5 RN TS
IO AT AT B A T AP 4
24 TEESIREREN

Pearson #H &V 70 By & B, BF 98 X L 5 v ZF o0
RZIMETEAR SN, B R N 1E 5 7R , Cd 5 Zn Mg £
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Table 4 Potential risk indexes of soil samples collected at different distances from the phosphorus chemical industrial area
HEES RL TETE A A F 84U Potential ecological risk index .
Distance/m  Point position v T Cr Ni Cm Mo Cd Pb Mn

20 sl 2.31 2.21 1.99 5.32 5.66 14.66 823.85 7.69 0.70 864.38
s2 2.05 1.59 1.69 4.95 4.81 14.38 789.17 6.13 0.60 825.38
s3 1.93 1.48 1.76 5.18 4.06 22.25 227.05 4.62 0.73 269.07
500 s4 2.19 5.30 2.03 5.65 8.23 19.06 640.41 7.23 0.66 690.76
s6 2.04 7.14 1.84 5.45 4.51 15.94 867.71 5.46 0.53 910.64
s8 2.18 1.66 1.61 4.65 4.73 17.19 146.80 4.90 0.75 184.47
1 000 s5 2.39 2.75 1.96 5.56 5.62 21.47 225.78 7.39 0.58 273.50
s7 2.36 1.69 2.04 5.64 5.44 24.72 131.56 5.84 0.65 179.93
s9 2.25 1.42 1.74 5.11 5.19 14.74 117.38 5.44 0.70 153.97
1500 s10 2.33 1.43 1.77 5.39 5.44 18.17 111.43 5.67 0.66 152.29
s13 2.22 1.62 1.83 5.28 5.08 13.48 137.37 5.73 0.58 173.20
sl4 2.49 3.18 2.17 5.92 6.19 23.35 242.42 7.93 0.52 294.18
2 000 sl 2.05 1.22 1.53 4.28 5.26 15.71 91.73 5.44 0.54 127.75
s12 2.30 1.79 1.92 5.26 5.69 9.48 164.59 6.41 0.61 198.04
sl5 2.23 2.29 1.74 5.18 4.95 16.64 213.00 5.97 0.69 252.69
3000 sl6 2.22 1.76 1.97 541 5.50 22.93 201.26 5.79 0.55 247.38
s18 2.20 1.45 1.83 5.26 4.83 18.54 181.20 5.28 0.69 221.28
s21 2.25 1.34 1.78 5.01 5.77 12.22 98.67 6.03 0.43 133.52
4000 s17 2.35 1.68 1.89 5.30 5.42 20.65 148.93 6.09 0.59 192.91
s19 2.16 1.56 1.66 4.73 5.44 21.94 110.21 5.38 0.67 153.75
s20 2.18 1.26 2.03 5.57 4.66 20.36 113.05 4.98 0.59 154.68

I Average value 2.22 2.18 1.85 5.24 5.36 17.99 275.41 5.97 0.62 —

A (P<0.01) , FHOC R A5 0.60 F10.57 5 Ni
K. Cr. V& 8 A5 (P<0.01) , #1562 50551 0
0.56.0.91,0.54; Cr 55 Pb, Fe, V & i 2 1F 4 3¢ (P<
0.01) , FH X ZR 5053514 0.63.0.58..0.62; Pb 5 Fe .Cu.V
LW 35 IE A 5% (P<0.001) , A ¢ R 5043 5 0.67.
0.68.0.68; Fe 15 V Al Ti £ # B 25 1E AH 5 (P<0.001) ,
FSE R B350 0.88.,0.72.0.715;Ca 5 V AL Ti 52 8 2
FAHIE(P<0.01) , AHIC R B39 -0.62.—-0.80,-0.74.
HA B M CTER G R AT RERIEAI A, Cd 5 Zn J2 %
DX AR Y B 4 HAR DG HERGR , Ui R IR PR TR
AT RER A ] A AR 5 AR s AL Fe (TiV S50 AH
Ketkdm , a8 &Moo, BEH BT B4R 2
TN A

it PMF R T, B 240 4 R, Q(robust)
/N, TR L (SIN) B KT 5, KB4 5% 22 kb
T=3~3 Z[a], 45 RIS TTRRAR AN 6 s o

A7 3 %5 0K Al Fe Ti V1 GTHRR A=, 4
14 37.8% .35.1% .38.0% .37.1% , %} # 43 J& JLZ Cu,
Pb Ni.Cr.Zn [ TTRRZFE WL &, 4390 43.4% .43.0%

33.0%.34.8% .36.0%, FL Al . Fe . Ti.V {75 5 2 ¥
15, 53 591 h 14.46% . 15.02% . 6.84% . 8.58% , 3¢ I ixX 14&
TCRAEM R XA RN 5] AME TR AR . B,
PRI 3 B o 3B il

K F- 2 X Cd A1 Zn 1) 53 Bk 2 45 5, 20 1 R 56.2%
H145.9% , X HAth 70 2 19 BT ik R #H A 2 20%, 156 HH
R FRIE R Cd A Zn BRI R 7 1245 1 SRk
RIA— B AR 5 R A R BR8P Cd N Zn
FAMSRIESIA (R 1), B .Cd &8 bl 58 TIX
AR PR T R (K1 2) o IZIXIRE A Tl & 559
PR ST K B, B ANV JIC TR R Cd A Zn 1) F5 12
AR, V51 Cd & &5 123 mg- kg, %M
X Bk Ty 2, = A Kt a B w9, gk A F
WS B R ) Cd Zn  Cu Ph &80 LR AE A 4R
FErp 2 KR IE R Wz SR R S AN T
B AETE R IERUK R AW R4 B Cd i
IS R BN LA AR fe K R, 1
7 2 MR T

K7 4 XFHERIC K Ca Mg K P A TTRAR AL , 70
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Figure 6 Results of PMF source analysis for soil pollutants

6 TIEITHRWE PMF IRFENTEE R

Contribution

ik

Contribution

DTk A

Al
Contribution

Contribution

Vel sy Sicio kil 426558 108
S § £ « 5 & & 3 = 2 = 3 o £ £ 2 o
o[ IR T
Zn | 0.60 | Zn 0.8
Ni Ni *
0.6
K| 048 0.56 K
C 091 | 0.70 )
' o L 0.4
Pb | 0.45 049 | 0.65 | 0.63 | pp
Fe 0.52 ] 062|058 067 | Fe r0.2
Cu 0.46 | 0.68 | 0.52 | Cu
-0
\4 0.54 1 0.57 | 0.62 | 0.68 | 0.88 | 0.45 vV
Al 0.60 [ 0.72| 051 | 085 | Al L 02
Ti 0.54 1 0.71 | 0.51 | 0.81 | 0.93 Ti
L 0.4
Ca ~0.62 [-0.80 |-0.74 | Ca
P
P -0.6
Mn 049 | 077 | Mn
Mg | 057 | 0.44 ~0.59 |-0.55 | 0.85 044 | Mg -0.8
Mo Mo
-1.0
*:E0.05 7K B2 % 4E 0.01 KOF @ 2 5+ . 4£ 0.001 K- | B2
*:significant at 0.05 level ; **:significant at 0.01 level ; ***:significant at 0.001 level.
B 5 LETEY Pearson XD WTLER
Figure 5 Results of Pearson correlation analysis for soil pollutants
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