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Abstract; To anGStlgdte' the characteristics dnd-fsoufces Uf Aissolved heavy metals in preupltdtlon of Taiyuan, 61 preupltdtlon sdmples"".
were collected usmg an, automated dry andwetl sampler from 2013 1o 2015 during summﬁtlme Th@ ¢oncentrations of 12 dissolved*heavy
metals were detected using ICP-MS, and wet depgsition fluxes and sources were analyzed. The results showed that the pH ranged*from
4. 34 10 7 95, \with azvolume-weighted mean of 5.37. The mean concentration of the dissolved heavy metals was 236. 931 pg-L™'
withy 4 range of 66. 324 to 1029.212 pg+L~! #Zn and Fe were the major components, together accou‘ntlng for 53.39% of the total
(oncentratlon% Tﬁe wet deposition fluxes of the 12 drssolved hezfvy metals reached 1.735 mg-(m’-d) ~'. The enrichment factors of
Ba, Cu, Sr Zn, Asy Cd, and Pb were all in excess of 100, suggesting that these metals were seriously influenced by anthropogenic
activitied: Results from positive matrix factorization ( PMF ) indicated that steel smelting emissions, coal combustion, vehicle
emissions, and crustal dusts were the major sources of heavy metals in the precipitation of Taiyuan City, with average contributions of
38.34% , 23.06% , 20.45% , and 18. 15% , respectively. According to backward trajectory analysis, air masses from the southwest
and southeast directions contributed the most to precipitation during summer in Taiyuan, with percentages of 38 and 35, respectively.
The southern industrial areas located in the Yuncheng-Linfen-Jinzhong and Jincheng-Changzhi-Jinzhong regions should be paid more
attention.

Key words; Taiyuan; precipitation; heavy metals; positive matrix factorization (PMF) ; backward trajectory
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Table 1 Heavy metal concentrations and wet deposition fluxes in the precipitation during summers of 2013-2015 in Taiyuan City
. W/ gL ik i/ mg- (m?+d) !
TR 2013 4 2014 4F 2015 4F FEE 2013 4 2014 4F 2015 4F F-HMH
Al 29.456 16.912 12.937 19. 768 0. 286 0.199 0.185 0.223
Cr 2.047 1.177 0.931 1.385 0.010 0.012 0.008 0.010
Mn 35. 536 20.922 13.828 23.429 0.148 0. 180 0.107 0..145
Fe 81. 869 54. 428 53.112 63. 136 0.389 0.516 0.398 - “'o 434
Ni 2.911 2. 491 1. 502 2.301 0.013 0.025 0.012 0 ot7
Cu 4.321 2.277 2.305 2.968 0.020 £ 0.021 0.018 0. 020
Zn 112. 307 45.292 32,439 63. 346 0.853/ 0.3604 0.306 Q%m“
As 2. 100 1.419 2. 136 1.885 0.009 6:013 0.014 < 0.012 &
S 27133 14.998 | 14778, ~—16.968 0.09 " o2l 0.075 gt
—€d “ 0,325 0.291/ [ sy 0/239% &7 0.285 0.008 % 200,003 & 0.002 0.002 )
" Ba 52,319 23.484) W [dsgsTse 40,440 0.247/ 0.206 “  0.344 0.266
L Pb ~ | fos 0.688 F | 0,507 ¥/ #1020 0.011 5 . 0.006 0. 007 0.008
A 346,242 184.325 | /180.227, 236. 931 2/068 " | 1. 662 1. 475 1.7354
w
227 E‘/\EHTIET‘WCCF#E #0.801(Cr). E’f%@mﬁ%_gﬁ%tﬂkszé}%

Ele/TTiUEFﬁ 2013 ~2015 EE%%J@P
%%ui E%ﬁﬂ&EMﬁLE.EﬁE%&M
Rof 3 o 7 3] [ /K SR (R S T, 12 o R 4 8 U e o i
e {E B AE 2013 45 6 H 20 H, 35 %] 18.133
SR JE 2015 4F 9 H 11 H, ik %
7.569 mg-(m’-d) ~", B K FEK &5 B ik 26. 15
mm F143. 60 mm; JURFE 2 E AR 2015 4F 6
H 22 H UM 0.043 mg-(m*-d) -, FEKE K 0. 16
mm. AHFFE T4 AT IR S Rk R OE
FHOG (D3 2), FHOC R B 0.387 (Mn) 75 fk 5]

mg-(mz'd)

ISR
w2 HiA

WL, P R BLIEA E (K 2). 2014 £ 9 A
16 H [ /K 2 & ik 21.07 mm, 0 [ & 4 1.398
mg-(m’-d) ' M 7E 2014 4£ 9 H 23 H, [FEKERH
11.87 mm, BT @B T 9 H 16 H, ik 3
4.175 mg+(m’-d) ~', EZHF 2014 49 23 HE
SEHWEET O A 16 H. o, mREA BT K5
T5 QeI 1, X R A 4 A W BRAE T, ACF SR
W 4 R B DR 5 X 2 A C (R =
-0.323,P <0.1) (%£2), 5uim o4 % —
E&LMJ.

®2 EERBETNMEESKKE, EERREMRENHEXRY
Table 2 Correlations of heavy metal wet deposition fluxes with precipitation amount, heavy metal concentrations and wind speed
IR STk
HH
Al Cr Mn Fe Ni Cu Zn As Sr Cd Ba Pb

78 0.402* 0.801" 0.387" 0.786" 0.753" 0.624" 0.461" 0.543" 0.476" 0.465" 0.727"  0.435"
He L 0.705* 0.178 ~ 0.211  0.318  0.217  0.195  0.682* 0.326  0.127  0.295 0.276  0.476"
Mg -0.312* -0.297* -0.310* -0.270 -0.302 -0.291 -0.329* -0.289* -0.331" -0.229 -0.257 -0.327*

1) # = R P<0.01, = F/R P<0.05
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Table 3 Contribution of pH and wet deposition fluxes of heavy metals in precipitation
from air masses of four typical transport pathways/mg- (m?-d) ~
T R (i3] At [i'E]4
it Tk % i ik TRk % i ik T/ % i TR/ %
Al 0. 269 33.85 0.304 38.35 0. 094 11.83 0. 127 15.97
Cr 0. 009 26. 49 0.012 34. 89 0. 006 16. 17 0. 008 22.45
Mn 0. 179 33.81 0. 137 25.95 0.114 21.62 0. 098 18.62
Fe 0. 457 27.79 0. 506 30.77 0. 360 21.89 0.321 19. 54
Ni 0. 021 34.09 0.016 26.07 0.011 18.23 0.014 21.61
Cu 0. 024 33.83 0.019 26. 43 0.013 17.97 0.016 21.76
Zn 0.427 26.13 0. 650 39.83 0.219 13. 44 0.336 20. 60
As 0.014 28.92 0.020 40. 30 0.007 14. 41 0. 008 16.37
Sr 0. 097 28.05 0. 099 28. 69 0. 082 23.72 0. 068 19. 54
Cd 0. 003 35.90 0. 002 27.15 0. 001 17.17 0. 002 19.77
Ba 0.274 27. 80 0. 403 40. 86 0. 123 12. 50 0. 186 18.83
Pb 0.011 41.17 0. 008 29.04 0. 003 11.30 0. 005 18.49
Rk UL/ IR 21 23 5 12
(%K 3/ mm 178. 35 201. 16 56. 05 94. 66
pH 5.07 5.58 6.12 5.96
- p i ""‘ =1 JF v
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