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Table 1  Statistics of major elements, carbon, sulfur and other elements contents in the surface sediments from Anning area
e Si0,  ALO;  CaO TFe,0; K0 MgO MnO Nay0 P05  TiO, S al C  AKAMR T U Se
PN
. (%) (%) (B) (%) (%) (%) (%) (%) (%) (%) (%) (nge) (%) (ng/'e) (ng/e) (pg/'e) (ng/e)
SEASE 57.08 11.14 556 8% 1.70 1.47 023 012 1.33 0.9 024 91.13 3.51 10.38  11.75 4.78 1.10
R 60.28 10.87 3.8 7.25 1.6l .23 0.15 0.07 071 0.80 0.09 60.00 2.83 6.55 10.85 4.26  0.46
S SoNER 79.81 28.67 28.28 53.69 3.3 400 0.8 043 11.02 3.97 173 326.00 11.20 62.60 29.50 11.80 6.02
f/IME 21.66 3.5 0.14 3% 063 022 002 00 013 03 002 330 027 3.10 5.70  1.36 0.12
R ES 0.23 04 1.15 09 045 051 09 092 149 071 L79 0.8 0.8 1.13 0.4 053 1.28
Frp ) 50.93 19.75 221 476 275 222 0.08 0.8 0.176 0.751 0.3 160 - 500 11 3.2 0.6
HE 2 EKRTIH 475.00
. 65.40 12.60 2.00 430 240 130 0.08 1.40 0.13 0.64 - - - e 11.40  2.40 -
YR (B3
IKFRIUR 527
’:Plillﬂﬂji J(? {;Z 6.9 13.80 1.10 48 23 1.10 0.10 0.60 0.14 077 0.03 71.00 1.69 % 13.30  3.50 0.33
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Table 2 Statistics of heavy metal contents in the surface sediments from Anning area
Ni Cu Zn As Cd Hg Pb Cr
Krim i 5
(pe/g) (pe/g) (pe/sg) (pe/sg) (pe/sg) (pe/s) (pg/g)  (ng/e)
SEHE 48.81 69.97 495.83 27.46 1.14 0.47 126.36 94.72
EREIVR ¢ 46. 60 47.30 225.50 20.70 0.54 0.17 107.00 87.85
SoN ! 97.00 298.00 5068. 00 113.00 7.31 3.61 566.00  186.00
/MY 17.80 22.00 69.70 6.28 0.07 0.02 24.30 55.70
A5 5 2L 0.37 0.92 1.88 0.78 1.51 1.60 0.83 0.32
T e 125 95.00 57.00 80. 00 6.60 0.30 0.04 20.00 100. 00
HE 4 EKZTUEYICZE SRR 23.00 20.00 67.00 9.00 0.13 0.03 23.00 54.00
PR K R ITRW G E ) 29.00 25.00 81.00 13.10 0.23 0.075 32.30 67.00
JEBAME T KT 0 ~ Smie] 39.90 72.76 176. 88 31.30 1.00 0.18 66.79 77.78
L AN AL 7K ] 0 ~ Sml3) 48.76 127.87 553.57 44.79 12.32 0.83 115.50 89.51
5 S R kg ) 56.75 129.90 164. 80 - - - 51.88 108.28
P 5 G A K 7 52.68 147.93 272.08 - - - 65.25 94.05
R VL g B Y - 80.00 239.00 146.20 4.52 - 101.00 150.00
KT b 2 i e 1) 34.52 42.92 98.93 6.71 0.76 - 35.41 78.77
=i % 41 42.80 58.80 148.50 12.30 0.90 0.12 53.10 103.20
AR BL Wep DR 27.00 27.34 121.00 6.72 0.99 0.19 32.03 76.53
VTR s g 2 23.00 24.98 97.00 10. 14 0.79 0.09 29.37 55.36
MR/ eiRA Nl 43.00 48.95 261.00 11.84 1.48 0.19 47.16 100. 07
U YT 358 4 1y 40 - 35.23 108.78 8.87 0.33 0.04 37.64 84.69
DR VT3 3 S 4 v/ g v 140 - 18.69 127. 64 5.79 0.71 0.04 98.69 67.89
W VL3 S gehy iy 40 - 27.58 137.15 6.74 0.51 0.07 37.03 76.06
DR T3 ek g gy 4] - 47.43 141.00 6.78 0.59 0.14 34.93  250.30
YT 775 A 71 140 - 29.05 199.00 7.05 0.83 0.09 64. 88 86.73
W YL 37 Sk A e v 407 - 34.68 710.71 18.12 4.58 0.24 - 136. 66
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Fig. 1 Sampling sites (No.1 —29) and distribution of Y, PAHs contents in the surface sediments from Anning area
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Table 3 Statistics of Y, PAHs concentrations in the surface sediments from Anning area

Ry A b e e sl i R 2%
SR LAY - ZWTIEE I (ng/g) - o R InARAE [l
M LREITR I5ON e/ MA (ng/g) (%)
%% Nap 164. 4 37.5 2555.2 0.0 2.9 5.00 71.3
TR Acy 278.0 4.5 7595.2 0.0 5.0 2.00 75.1
i Ace 106. 4 9.2 2406.7 0.0 4.1 2.00 80.0
% Flu 213.4 31.3 4508. 4 3.7 3.8 2.00 79.3
i3 Phe 1693.3 166.3 40645. 8 40.3 4.4 5.00 70. 8
hd Ant 420.5 7.6 11444. 1 0.0 5.0 2.00 75.5
e Fla 4081.3 134.2 112033.4 16.6 5.0 5.00 89.8
i Pyr 3124.8 77.3 86287.4 6.1 5.0 2.00 94.8
I a] | BaA 1961.2 34.5 54526.6 1.9 5.1 2.00 95.5
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HH[g,h,i]dE BghiP 1017.7 39.8 27088. 1 0.0 4.8 2.00 98.7
2~3 / 2875.9 256.5 69155.4 43.9 4.4 - -
4 5 / 10497.8 270.7 289326. 1 27.4 5.0 - -
5~6 3 / 7482.3 239.3 201700. 2 3.2 4.9 - -
16 LB AT S PAHs 20856. 0 850.2 560181.7 84.9 4.9 - -
" = FORITIEAR W R B
0.7 BE L5 FE 4 B R 20.69% . 13. 79% . 10. 34% Fil
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“ - Lot 8. 41, Ji T OB FE L B KUK Cu 19 Eq, = 4. 40 ~
90.05 0 005 0.0 015 020 025 59.60, 47y 13.99,90% L) I J& F A0 842 35,
Ant/(Ant+Phe) W Zn 11 Ej, =0.86 ~62.57, 73 6. 12,90% L) I
B2 2o KOk BDUEW PAHs Sl b J& TR OB S X s As 1Y 'y, =14.38 ~258.78,
Fig.2  Identification of the sources of PAHs in the surface SEA ok 62. 88 JE TP ARV AE AR S AR ; Cd 1Y ELd =

sediments from Anning area

15. 82, M H - 9. 07; Ni fiy I, = —49. 90 ~
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-0.89;Hg (4 1, = - 30. 84 ~10. 74, F- {5 K
-2.07;Pb {1, = -=5.29 ~16.73 ,F-I{H 4 0. 94,
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Table 4 Heavy metal ecological risk assessment results based on geoaccumulation index in the surface sediments from Anning area

EEJFELER 2R pREE LY R A HA 5 Y TG Y CENEREE EREEl JEE G Y
c FERAN L 21 0 4 1 0 0 3
' SREEEE (%) 72.41 0 13.79 3.45 0 0 10.34
\i FE A5 14 1 5 2 2 1 4
! ARERBOE (%) 48.28 3.45 17.24 6.90 6.90 3.45 13.79
RSB 7 7 4 4 3 1 3
Cu SREERE (%) 24.14 24. 14 13.79 13.79 10.34 3.45 10.34
p AL 5 14 6 3 0 0 1
" BEEBOE (%) 17.24 48.28 20.69 10. 34 0 0 3.45
A TR 12 7 0 0 3 1 6
s SREEROE (%) 41.38 24.14 0 0 10.34 3.45 20.69
o RES AN 10 12 5 0 0 0 2
‘ ARERBUE (%) 34.48 41.38 17. 24 0 0 0 6.90
" FE A5 13 12 2 0 1 0 1
& SREEBUE (%) 44.83 41.38 6.90 0 3.45 0 3.45
- AL 5 17 4 1 0 0 2
ERE SR (%) 17.24 58.62 13.79 3.45 0 0 6.90
MR AR [ T e A AR 5 BPHIOK RT3 518 A UG VEOr 45 5
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%;&gﬁii%@@ [ et s Table 5  Evaluation results of the ecological risk of ¥ PAHs
b | | based on SQGs in the surface sediments from Anning
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" E275:75
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B3 g2 HhX Ok RO E 4 m i e XU D 45 5 P Fla | 600 5100 | 25 3 1
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Pollution Distribution Characteristics and Ecological Risk Assessment of
Heavy Metals and Polycyclic Aromatic Hydrocarbons in the River
Sediments in Anning, Yunnan Province

FAN Chen —zi' , LIU Yong — bing' , ZHAO Wen —bo', LIU Cheng — hai' , YUAN Ji — hai' ,
GUO Wei' , HAO Nai - xuan’®
(1. National Research Center for Geoanalysis; Key Laboratory of Micro — and Element Forms Analysis, China
Geological Survey, Beijing 100037, China;
2. School of Materials Science and Technology, China University of Geosciences (Beijing) , Beijing 100083, China)

HIGHLIGHTS

(1) The heavy metals in Anning sediments exhibit high concentrations and are unevenly distributed, and Cd, Hg,
and As have high ecological risks.

(2) The average content of polycyclic aromatic hydrocarbons ( PAHs) in the sediments is high, and the combustion
of petroleum fuels is the main source.

(3) The potential risks of pollutants are concentrated in the vicinity of iron and steel, chemicals industries, and

other factories that mine along the Tanglangchuang River.
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ABSTRACT

BACKGROUND: Anning is an important industrial and mining city in the upper reaches of the Yangtze River
Economic Belt. It is a fulcrum for economic development and ecological civilization construction in the Central
Yunnan New Area. The investigation of geochemical water system sediments and hydrogeology in the Anning area
was last performed in the 1970s and the 1980s. In recent years, the impact of human production and life on the
ecological environment remains unclear.

OBJECTIVES: Surface sediment samples from the Anning area were investigated to reveal their pollution status,
spatial distribution characteristics, and potential ecological risks of river sediments.

METHODS: X - ray fluorescence spectroscopy, inductively coupled plasma optical mass spectrometry, gas
chromatography — mass spectrometry, and other methods were used to systematically analyze the contents and
distribution characteristics of major elements, trace elements, and 16 priority — controlled PAHs. Geoaccumulation
index, Hankanson ecological risk index, and sediment quality criteria were used to assess the ecological risk of
eight typical heavy metals (As, Cd, Cr, Cu, Ni, Zn, Pb, and Hg) and PAHs.

RESULTS: Results showed that the heavy metal content in the river sediments from the Anning area was higher
than the background values of the national and southern rivers. The spatial distributions of the heavy metals were
highly variable and uneven. Additionally, Cd, Hg, and Ad showed medium to severe potential ecological risks.
The average content of Y, PAHs was 20856ng/g, and the detection rate of the 16 monomers was ~100% . The
overall ecological risk of PAHs was low, and their main sources were petrochemical industry and combustion of
petroleum fuels. The major risks of pollutants in the river sediments of the Anning area were mainly concentrated in
the vicinity of steel plants and chemical factories in the Tanglangchuan River.

CONCLUSIONS:: This research provides a scientific basis for local governments to strengthen key industrial point

source pollution control, and reduce and control industrial sewage discharge.

KEY WORDS: Anning area; surface sediments; heavy metals; PAHs; X — ray fluorescence spectrometry;

inductively coupled plasma — mass spectrometry; gas chromatography — mass spectrometry; ecological risk
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