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Combination of PCA and PMF to apportion the sources of heavy metals in surface sedi-
ments from Lake Poyang during the wet season”

KUANG Huifen, HU Chunhua™ , WU Genlin & CHEN Miao
(Key Laboratory of Poyang Lake Environment and Resource Utilization, Ministry of Education, School of Resources Environ-

mental and Chemical Engineering, Nanchang University, Nanchang 330031, P.R.China)

Abstract: In order to identify the source of heavy metals and quantify their contributions, surface sediment of Lake Poyang during
the wet season were selected as the research object, and the contents of 14 heavy metals (V, Cr, Co, Ni, Cu, Zn, Sr, Mo, Cd,
Sh, W, Pb, Hg and As) were determined. The pollution and spatial distribution characteristics of 14 heavy metals were analyzed ,
and the principal component analysis (PCA) and positive definite matrix factorization ( PMF ) were applied to apportion the
sources of sediment heavy metals. The results showed that except for V and Cr, the average contents of Cd, Mo, Hg, Cu, Pb, Zn,
W, Sr, As, Ni, Co and Sb were 5.7, 2.2, 1.9, 1.8, 1.5, 1.5, 1.4, 1.3, 1.3, 1.2, 1.0 and 1.0 times of their respective soil
background values of Jiangxi Province. The exceeding rates of Cd, Hg, Cu, Mo, Pb, Sr and Zn were relatively high, there were
100% , 100% , 100% , 100% , 97% , 97% and 93% of sediment samples with higher Cd, Hg, Cu, Mo, Pb, Sr and Zn contents
than their respective soil background values of Jiangxi Province, respectively. And 51% of sediment samples had higher Cd con-
tents than the risk screening values for soil contamination of agricultural land. V, Cr, Co, Ni, Cu, Zn, Sr, Mo, Sh, W, Pb, Hg

and As were at unpolluted to minimal contamination levels, while Cd displayed moderate contamination level, closed to heavy con-
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tamination level. Overall, the pollution of Cd was relatively serious. The distribution of heavy metals had significant regional charac-
teristics. The spatial distributions of Cr, Cu, Zn, Sr, Pb, Hg and As were very similar, showing the high content values were clus-
tered near the river inlets of Ganjiang, Fuhe, Xinjiang, Raohe, while Co, Ni, Mo and Sb were obviously concentrated in the
southern of lake region, the northeast region and the Xiushui into the lake. The spatial variability of Cd and W was relatively large,
while the contents of V were relatively uniform. Source apportionment results of PCA and PMF indicated that the heavy metals in
surface sediments from Lake Poyang during the wet season were affected by four sources. Mining and industrial activities, tailings
and waste residue, agricultural activities were identified as the main anthropogenic sources for sediment heavy metals in this study
area, accounting for 38% , 28% and 19% of the total contribution, respectively. The remainder was the natural source, accounting
for 14% of total contribution.

Keywords : Principal component analysis; positive matrix factorization; Lake Poyang; sediment; heavy metal ; source apportion-

ment; wet season
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Fig.1 Distribution of sampling sites for the surface sediments in Lake Poyang
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Tab.1 Descriptive statistics of heavy metal contents in surface sediments of Lake Poyang during wet season

wom o TREIE e wn o wmeo omw 0 wem uer s
(mg/kg) (mykg) (k) RE% (B /% B wIEY A
v 59.3~104.0 79.3+9.4 78.8 12 98.5 2 0.69 — — —
Cr 20.0~77.8 43.3+9.9 42.1 23 45.8 38 0.79 300 1000 70.77
Co 11.2~21.3 15.1£2.5 15.0 17 14.6 52 0.88 — — —
Ni 18.1~38.3 25.3+4.7 24.9 19 21.5 76 0.99 100 — —
Cu 24.1~66.3 40.6+10.9 39.2 27 22.2 100 1.52 100 — 27.711
Zn 64.8~203.0 122.8+29.6 119.3 24 81.1 93 1.26 250 — 65.778
Sr 32.2~60.6 47.2+6.5 46.7 14 35.0% 97 1.15 — — —
Mo  0.506~2.610 1.230+0.57 1.117 46 0.500% 100 1.92 — — —
Cd  0.293~1.380  0.654+0.22 0.620 34 0.108 100 4.93 0.6 3.0 0.56
Sb 0.803~3.200 1.221+0.46 1.164 38 1.150% 28 0.87 — — —
W 3.58~21.10 7.86+3.53 7.20 45 5.28% 74 1.17 — — —
Pb 25.1~72.0 46.9+8.3 46.1 18 30.4 97 1.30 140 700 48.67
Hg  0.065~0.154  0.102+0.02 0.099 20 0.053 100 1.60 0.6 4.0 0.08
As 6.3~32.8 18.8+5.7 18.0 30 14.3 76 1.08 25 120 10.67
Zr 194 ~357 276+44 273 16 2374 75 — — — —
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A A T T e KBS P bR UE) (GB 15618 — 2018 , 4 FHl 19835 e KUK HE 1, 7K FEL, pH 6.5~7.5). 3) ( L HFF 5%
Rtk ¢ P 5T e UL P PR ME) (GB 15618— 2018, ¢ Fl 18375 e KU 5 I i, pH 6.5~7.5). 4) VT094 A J2 14
(1145 70 2 15 SHE 0 S AR P49 1.
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Fig.2 Spatial distribution of the contents of heavy metal in surface sediments of Lake Poyang during wet season
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Fig.3 Source profiles of heavy metals in sediments
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