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Abstract: With the deepening of urbanization, increasing attention has been paid to the status quo and control of heavy
metal pollution in soil; however, identifying pollution sources is the premise of effective pollution control. Source analysis
has been widely used to evaluate heavy metals in environmental receptors. In this paper, the common methods and
principles of source analysis of soil heavy metals pollution in recent years are summarized, and a system combining various
methods is proposed. A typical farmland in the Pearl River Delta was selected as a case area. The results indicated that (1)
concentrations of Cd, Pb, Cu, Zn, and As in some soil samples were greater than the filter capacity of agricultural land
according to the Soil Environmental Quality of China, especially cadmium, which reached 60.1%; and (2) the

accumulation of heavy metals in soils was related to the overuse of fertilizers for industrial production, traffic pollution, and
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soil parent material. (3) The results of the correlation analysis implied that the r’values of Cd, Ni, Zn, and Hg were more
than 90% , and the r* values of other heavy metals were more than 60%, which indicates that there were significant
correlations between the values of the measured and predicted heavy metals. (4) The contribution rates of the sum of
transportation and agriculture to soil Pb accumulation through the PMF model and Pb stable isotope ratio method were 86.
0% and 84.8%, respectively. The contribution rates of agriculture to soil Cd through the PMF model and material flow
analysis were 86.7% and 79.7%, respectively. (5) The results indicate that the positive matrix factor, isotope ratio

analysis, and material flow analysis methods can be well combined to study the source of heavy metals in soil.

Key Words: farmland soils; heavy metals; positive matrix factorization; lead isotope; material flow analysis;

source apportionment
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Fig.1 Source appointment system of combining three methods
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Table 1 Main formulas for metal material flow analysis
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Table 3 Statistical summary of heavy metal concentration

it Statistical /( mg/kg) Cr Ni Cu Zn As cd Ph Hg
F-H4{H Average value 37.22 30.07 41.98 110.59 18.43 0.39 43.81 0.13
M HAE Maximum value 84.62 56.00 125.05 201.39 89.92 0.92 160.07 0.52
A5 ZH Coefficient of variation 49.65%  48.99%  48.12%  36.23%  64.62%  51.28% = 42.62% 69.23%
i E(H * Screening value * (pH<5.5) 150 60 50 200 40 0.3 70 1.3
i E(E * Screening value * (5.5<pH<6.5) 150 70 50 200 40 0.3 90 1.8
JHEMH * Screening value * (6.5<pH<7.5) 200 100 100 250 30 0.3 120 2.4
i BE(E * Screening value * (pH>7.5) 250 190 100 300 25 0.6 170 3.4

o t EPRIRE T A R M A TS Y R AT AR fE (1X47) (GB 15618—2018)

Cr.Ni Cu.Zn As Cd Pb 1 Hg X8>V 34 7 & 73 5l 24 37.22,30.07 ,41.98 ,110.59 ,18.43 ,0.39 . 43.81 ,0.13
mg/kg, XIS HHELUMIRYE N 3, pH (EXIE R 6.47 , Horb pH (/N T 5.5 BORE S FEH 24 4, 15 H 23.8% ; pH
BT 5.5-6.5 BIFES I 19 4, (5 H 18.1% 5 pH {H T 6.5-7.5 FE S IEA 44 4, (5 EE 41.9% ;pH {HKTF 7.5
BRI 18 A, i FE 17.2% 5 A T b A= 35875 Y AU 5 VE(EAH HE , Cd  Cu  As | Ph F7 7588 4 4R FH L 7 e (1 1Y
0L, HEAR A1 60.1% ,19.0% 8.5% 4.76% , HA TG R B RAR/N T-FrifE . MR M A LR T, Cr
Ni Cu.Zn As Cd Pb Fll Hg 78 5 RECIA K, 3R WISR)Z 115 468 v] RS2 31— 30 40 A IR A R 52

FFEIX N -3 Cd FIHRE R 0.39 me/ke, Fie KAEIA 0.92 mg/kg, M X3RN Cd BAE(EIL A 0.034 mg/
ke Cd RIZ X AR EEG YY), OGS T Cd 19 REGE S T BB AR, BEAE AR BUA O TR G
TR, ST I A6 8 2% Tolboxd 580 Z2 05 A TR, PRIk A SR 2 Fh 7 it Cd BRI A TR AT .
3.2 TR RE R IR il b 4 R R b

FIFH PMF BERIIEAT AT, LR A % A TUE IR L (S/N) |, Qo Qrvae B P ZEMAE R | 1B FT X E 1545 Fil
WA R IR K TTER AR LR 4,
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Table 4 Source contribution for different elements by positive matrix factorization

B TS/ (mg/kg) IRBTIRA /%
JCE Source component spectrum Source contribution rate/%

Hlement RES 2 T 3 K 4 RES 2 T 3 e
Cr 9.56 23.94 0.11 2.45 26.5 66.4 0.3 6.8
Ni 19.99 7.19 0.21 1.89 68.2 24.6 0.7 6.5
Cu 21.16 13.83 0.23 4.79 52.9 34.6 0.6 12.0
Zn 83.40 0.15 22.82 3.14 76.1 0.1 20.8 2.9
As 0.00 14.69 0.77 0.79 0.0 90.4 4.7 4.9
Cd 0.32 0.007 0.016 0.026 86.7 1.9 4.3 7.1
Pb 14.29 5.89 21.93 0.00 33.9 14.0 52.1 0.0
Hg 0.0001 0.0000 0.014 0.1123 0.1 0.0 11.1 88.8

Cd . Zn Ni Cu ,Pb 7EHF 1 45 50 AUk BE 8, AHT 78 R B2 BF 5 32 M A T - 398, O AR R A7 i 3 A 7 45
AV 15 B, E XTI AR 2540 B R A R 25 SR 3R BH , Cd  Ni \ Pb & 53538 i =i, e Cd P (145725 55 iz B 1
PR AR Y % ORAE SR (GBT23349-2009) . Cu Al Zn (AR B J2 28 S 25 3 A 06110200 | TR Shy 3 4G el
&8 HAE NI TE PR S BT S Ve E A Y TR S R A R R A 2 A R S AR Y
DS, T ECk 3R R AR E AR L TEDFSEIX Ak R AR R () BRI, K8 AL, A R A1 3)
YIFAE M & PR WENE S E R, F, HF 1@ ORI,

As Cr Ni 7EPR T 2 3 58 im0 kB A, FLDTikoR o 5 Rk 90.4% .66.4% 24.6% ., As 1) 32 BRI IE MK
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Rt ARIZ LI N e b i BB, L5 L HEWTN T 3 sl
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BINTF 15% , it L Hg AT 4 BBRIHIC R . %0F5E X He (9F1E M 0.13 me/kg, 15 5464 0.08 mg/kg' ™!,
HRIE /N T A FH IR EEA 1.3 mg/kg MIRRMA . Rt HEWTIR - 4 B 252 [ AR Se BRI Y2

3.3 SETHHRM R RE IF A R T o Bl o BE e M ok
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ABFTER AR b, £ 0 PD BRI 2 . )
Pb/™Pb ™ Pb/*" Ph . Pb/* Ph 4} 3 4 0.0527—0. £ sl oo gy
0541 1.1796—1.2057 2.0610—2.0027, #tAMZ W £ 2% .
SR A | LA % 117 % J2 L HEh Ph R U I B4 %:8%1'14 e
o LR R AR S e R Ve A 1 40 1 37 22 LA ' ‘ 200p1y207p ' '
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Pb isotopic composition and possible sources of samples

R5 FHERRMEERAMELE

Table 5 Lead isotope ratios of characteristic markers

FEAEFRIAY) Characteristic pollutants 204,206 206/207 208/206
AV IR Agricultural source 0.0517 1.2262 2.0099
A3 IR Traffic source ['?) 0.0552 1.1570 2.1116
75 Sludge 0.0548 1.1683 2.0948
AJFEAH Background value 0.0556 1.1454 2.1283

W S A S FRIERR IR B 5 A Matlab R2014b, 45 AN (9) RIS R . A 215 RE 5 AR
)5 Y ) Dk e, 45 AL LI 4,
P L 4 W] AN 5 RN A2 38 YR R 2 A 5 Yl Y R R UR, T3 i i A B RN B TS i 80% LA I
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