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APCS- MLR Comblned with PMF Model to Analyze théf Source of Metals in Sedlment

of )’{mglln Bay Suburban Wafershed Xiamen
SHEN, Chen- yu YAN Yu' YU Rui-lian" , HU Gong-ren'** CUI Jla‘h yong YAN Yan®, HUANG Hua-bin®

(1. Departmént of Environimental Science and Engineering, Huagiao Lnlwmlv, Xiamen 361021, China; 2. Key Laboratory of Environmental Monitoring, Fujian Province
University, Xiamen 361021, China; 3. Center of Analysis, Beijing Research Institute of Uranium Geology, Beijing 100029, China)

Abstract; The rapid development of urbanization, industrialization, and agricultural intensification has led to a continuous increase in the amount of metal discharged into
water bodies in the suburbs. In order to control the source of pollution in time, it is particularly important to formulate targeted risk mitigation measures to accurately identify
and quantify the source of metal pollution in sediments in a complex environment. In this study, the contents of 14 metal elements (Cd, Cu, Sr, Zn, U, Pb, Th, Ni, Be,
Co, Cr, Rb, V, and Mo) in the surface sediments of the Xinglin Bay watershed in Xiamen were analyzed and determined. Correlation analysis, cluster analysis, absolute
principal component-multiple linear regression (APCS-MLR), positive matrix factorization (PMF), and other methods were comprehensively used to identify pollution sources
and quantitatively analyze their contributions. The contents of most metal elements in the sediments of the water system in the suburbs exceeded the background value of the C-
layer soil of Xiamen City. The distribution patterns of various metals in different regions ( Xuxi, Zhuxi, Houxi, and Xinglin Bay) were different. The contents of Cr, Cu, Zn,
Mo, and Cd with large coefficients of variation in the surface sediments of the Zhuxi area were higher than those in other areas in flat and high water periods, with Cu and Cd
pollution being more serious. The enrichment factor results showed that the enrichment degree of metals in the overall regional sediments in the high water period was lower than
that in the flat water period, and the overall regional enrichment degree of Cu and Cd was significantly enriched in both periods. Correlation analysis, cluster analysis, and
principal component analysis showed that the sources of metal pollution in surface sediments of the water system in the suburb of Xinglin Bay were complex and mainly resulted
from human activities. Ni, Cu, Zn, and Pb were mainly derived from mining activities; Be, Rb, Th, and U were controlled by natural sources; Mo and Cr were mainly
derived from industrial activities; Co, V, and Sr were mainly derived from sea sources; and Cd was mainly affected by agricultural production. Combined with the APCS-MLR
and PMF model, the analysis results showed that the metal pollution sources in the surface sediments of the water system were jointly affected by these five sources. The
contribution rate of human emissions was relatively high, reaching 52.57%, with mining activities, industrial production, and agricultural activities contributing 17. 72%,
19.09%, and 15.77%, respectively. The contribution rate of natural input was 47. 43%), of which the contribution rates of natural sources and sea sources were 16. 73% and
30.7%, respectively.

Key words sediment; heavy metals; source analysis; positive matrix factorization (PMF) ; absolute principal component-multiple linear regression ( APCS-MLR )
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Table 2 Statistics of the heavy metal contents in sediments at the sampling sites during flat water period

THfi BRI
R (fs‘i) y :Eji) s ’fﬁ?) <1f~ *ﬁl‘i) B s RS RO UME EREP oV
Be 2.61 2.72 2.34 2.24 2.38 +0. 46 3.52 1.71 2.00 0.19
\% 71.82 35.8 55.4 80. 61 71.85 +25.34 138 27.4 57.6 0.35
Cr 28. 86 140. 5 50. 4 57.69 58.02 +38. 68 177 18.7 29.2 0. 67
Co 7.63 8.52 8. 81 10. 39 9.4 +3.28 19.7 6.25 7.60 0.35
Ni 17.3 26. 85 30. 15 23.77 23.13 +£10.3 45.4 11 13.0 0.45
Cu 67. 86 456. 8 89.7 64.38 105 £166. 03 820 21.3 11.8 1.58
Zn 198 757 287.5 198. 67 260. 14 £248. 58 1268 115 58.6 0.96
Rb 148. 6 142.5 139.5 121.43 131. 63 +24. 46 167 81.2 160.9 0.19
Sr 110. 08 110 109.5 110.57 110.3 £19.31 151 72.4 60. 90 0.18
Mo 2.68 6.94 3.13 4.32 4.07 £2.82 13.9 1.61 10. 20 0. 69
Cd 0.23 0.55 0.28 0.37 0.35 +0.36 1.79 0.13 0.032 1.03
Ph 53.72 98.3 67. 4 64.78 65.59 +18.99 131 45.7 56. 80 0.29
Th 60. 14 47. 35 31.85 39.7 44.55 +27.45 153 24.8 34.99 0.62
U 9.37 14.9 7.91 7.59 8.74 £2.88 16.2 4.31 10. 20 0.33

1) S RE(CV) TN, HARH ST A Fymg-kg ™' 455 A0 SR s
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Table 3 Statistics of the heavy metal contents in sediments at the sampling sites during high water period
I HEAR X I,

— Y- - = s

EE W 6T 6o o R mitedE2 RKB OROME WRE oV
Be 2.2 2.56 2.97 2.06 2.22 +0.52 3.89 1.42 2.00 0.24
\ 51.84 43.35 61.55 93. 88 75.98 +28.92 145 40.3 57.6 0.38
Cr 31.92 160 46. 45 52.27 57.13 +38. 16 196 18.4 29.2 0.67
Co 17.33 7.83 7.68 10. 68 11.71 £10. 17 55 4.85 7.60 0.87
Ni 19. 1 21.11 23.25 23.18 22.02+7.11 34.3 9.21 13.0 0.32
Cu 62. 14 354. 4 81 58.85 89. 89 +126.76 636 17.1 11.8 1.41
Zn 205 495.5 268 169.72 218.5 +140. 34 773 86.6 58.6 0.64
Rb 147 141 144.5 120. 11 130. 82 +23.34 163 79 160.9 0.18
Sr 93.42 93.85 112.5 124.94 113.29 +42. 88 273 48.1 60. 90 0.38
Mo 2.68 6.72 2.64 3.51 3.54+1.64 8.06 1.39 10. 20 0. 46
Cd 0.25 0.52 0.24 0.25 0.28 +0. 11 0.6 0.1 0.032 0.42
Ph 56.5 96. 65 53.25 61.12 62.65 +19.58 126 34.3 56. 80 0.31
Th 38.74 62.15 47.15 40. 4 42.72 £16. 61 93.1 21.3 34.99 0.39
U 8.1 15.7 8.11 7.11 8.26+2.9 18.4 5.3

10.20 _=0.35
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Fig. 2 Spatial distribution of enrichment factor (EF) of partial metals in sediments
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N _ ks
U JLHR
o — T T KT Ta—
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u |
n ]:'7 Cr 0.617  -0.014 0.666  0.103  -0.074
Pb Co 0. 053 0.192 0.039 -0.127 0. 698
Ci: Ni 0.677  -0.209 0.086 -0.431 0.374
Co Cu 0. 931 0. 141 0.093  0.057 -0.112
Sr Zn 0.933 0. 147 0.180  0.045 -0.018
1 1
o 03 10 Rb  -0.153 0. 862 0.038  0.198 0. 026
B P St -0.006 -0.096 0.113  0.003 0. 628
B4 EREEBREAR RS T RREN Moo 03600 =019 0.740 20,120 0.040
Fig. 4 Hierarchical cluster analysis results of metals Cd 0.013 0. 186 0. 661 0. 004 0. 180
in stream sediments of Xinglin Bay suburban watershed Ph 0.874 -0.026 0.180 0.134 0.082
Th 0.053  -0.029 -0.123  0.920 0. 003
EZRAT, Co F1 Sr MR T 0.6, Sr B3 2 it U 0.244 0.342 0.394  0.675  —0.331
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Fig. 5 Loading plot of metals in stream sediments of Xinglin Bay suburban watershed
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Table 5 Metal pollution source contribution ratios and estimated and observed data in sediments

Wig Tﬁ\kif’f'ﬁ%ﬁf El SRIUA mwﬁwﬁ /E:w)? FEIHE(EST)  SEI{E(OBS)  AliifE/ Sl e
WENR O 1) /% (W5Y2)/%  (W3)/%  (JNor4)/% /mg-kg ! /mg-kg ! (E/0)

Be 22.01 68. 66 2.03 7.31 2.30 2.30 1.00 0. 64
v 9.30 58.50 10.52 21.68 73.91 72.74 0.98 0.69
Cr 55.33 6.50 34. 15 4.02 57.57 57.60 1.00 0. 84
Co 6. 65 32.05 3.25 58.05 10. 56 10. 53 1.00 0.55
Ni 48.71 31.08 3.72 16. 48 22.57 22.03 0.98 0. 84
Cu 77. 40 12. 54 4.40 5.66 97. 44 98. 03 1.01 0.91
Zn 78.10 12.42 8.56 0.92 239.32 240. 29 1.00 0.93
Rb 14. 94 81.39 2.15 1.52 131.23 131.23 1.00 0. 81
Sr 2.07 15. 09 11.90 70. 94 111.79 110. 40 0.99 0.42
Mo 35.65 20. 08 41.87 2.40 3.80 3.80 1.00 0.72
cd 2.21 26. 86 56. 35 14.59 0.31 0.19 0.59 0.50
Ph 77. 62 8.92 9.08 4.38 64. 12 65. 38 1.02 0.82
Th 7.70 81. 82 10.22 0.26 43.63 43.63 1.00 0. 86
U 18. 94 49. 85 16. 21 14.99 8.50 8.38 0.99 0. 90

S 32.62 36. 13 15. 31 15. 94 — — — —
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Fig. 6 Contribution rate of each factor based on PMF

to the distribution of heavy metal contents in sediments
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Table 6 Source contribtions of heavy metals

in the sediment based on the PMF/ %

T H HW¥1 HW¥r2 WFr3 WF4s  BHFS
Be 9.85 13.35  18.82  12.00 45.98
v 4.01 39.05  28.74 0.00 28.20
Cr 23.94 35.31 6.51 19.70 14.55
Co 7.67 35.91 11.92 9.93 34.57
Ni 15.67 42.13 5.52 7.43 29.25
Cu 59.13 15. 56 0.00  16.14 9.17
Zn 40.55 11.98 9.21 17.57 20. 69
Rb 8.08 7.97  21.37  12.71 49.87
Sr 8. 60 21.81 15.96  12.46 41.17
Mo 13.72 7.66  13.08  43.42 22.12
cd 17.18 12.53 9.19  28.64 32.46
Pb 17.35 18.19  18.28  14.66 31.53
Th 9.75 5.84 42,10 9.66 32.65
U 12.55 0.00  33.48  16.41 37.57

EEBERE 17.72 19. 09 16.73 15.77 30. 70
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