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Abstract ; Total 109 precipitation samples were collected in north suburb of Nanjing from March to June
2011.1In order to investigate the chemistry characteristics of precipitation ,the concentration of water-sol-
uble ions were analyzed and the air mass sources of precipitation were also discussed using the back
trajectory model.Results show that the precipitation is mainly controlled by southern and northern air
masses,and the concentrations of major ions from precipitation of northern air masses are higher than
those from southern.The sea salt tracer method and the correlation analysis indicate that NO, and SO,>
are mainly from coal burning, industrial emissions and vehicle exhaust emissions.Ca*" and Cl” mainly
derive from crustal and marine sources, respectively. K*and Mg”" are both from marine and terrestrial
sources , while the terrestrial contribution of Mg is dominant,and the impact of marine on K*is lower
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than on Mg>*.Due to the scavenging process, the concentrations of different ions and the enrichment

factors of main ions in the early period of precipitation are higher than those in the whole period of pre-

cipitation, which are attributed to the main contribution of local pollution sources.

Key words ; precipitation chemistry ;back trajectory ;sea salt tracer method ; correlation analysis
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Fig.1 The 48 h back trajectoris of precipitation from March to June 2011(a,b and c represent the trajectories at

500,1 000 and 1 500 m altitude from March to May, respectively;d, e and f represent the trajectories at
500,1 000 and 1 500 m altitude in June,respectively )
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Table 1 The average volume-weighted concentrations of main ions in precipitation of different air masses in the industrial estate lo-
cated on north bank of the Yangtze River,Nanjing peq * L
i} [ Na* NH,* K* Ca?* Mg?* F~ cl- NO,~ NO;~ S0,42"
2011-03-20  1.73/1.59 29.44/25.03 1.35/1.15  40.13/26.04 5.21/3.65 1.92/1.80  5.55/4.05 0.75/0.86 12.17/8.24  55.11/42.88
2011-03-21  4.12/2.93 34.12/20.58 1.58/1.17 14.18/16. 31 2.74/4.69  4.82/5.13  5.84/5.10 2.10/1.62  5.73/7.74 51.86/37.42
2011-03-22  0.26/0.26  0.98/0.98 0. 14/0. 14 1.22/1.22 0.37/0.37  0.21/0.21 0.37/0.37  0.01/0.02  0.91/0.91 1.47/1.47
2011-04-02  1.25/1.25 2.28/2.28 0.72/0.72  26.66/26.66  3.30/3.30 1.08/1.08  2.61/2.61 0.29/0.42  5.33/5.33 18.79/18.79
2011-04-03  0.91/0.91  2.34/2.34  0.57/0.57  21.12/21.12  2.54/2.54 1.10/1.10 1.36/1.36  0.17/0.24  2.77/2.77 8.37/8.37
2011-04-15  3.53/3.68 10.64/13.13 2.46/2.43 34.95/37.12  4.56/4.53 1.74/2.42  3.88/4.03 2.8/4.22 8.74/9. 65 37.49/36. 61
2011-04-22  0.74/0.74  2.48/2.48 0.51/0.51 10. 64/10. 64 1.31/1.31 0.52/0.52 0.96/0.96  0.12/0.18  2.33/2.33 10.22/10. 22
2011-04-27  1.10/1.10 1.03/1.03  0.41/0.41 4.80/4. 80 0.93/70.93  0.23/0.23 1.02/1.02  0.15/0.21 1.69/1. 69 4.63/4.63
2011-05-02  6.32/2.24  12.50/7.70 2.63/1.30 65.48/28.06 8.87/3.49  2.81/1.53  8.42/2.91 5.36/1.37  20.16/5.8 54.14/19. 18
2011-05-03  2.32/2.32  6.29/6.29 1.09/1.09  4.94/4.94  0.99/0.99 1.36/1.36 2.14/2.14 0.82/1.19 1.37/1.37 10. 88/10. 88
2011-05-10 44.56/10.07 17.90/17.96 16.38/4.53 532.79/108.93 55.07/12.72 24.97/7.65 58.03/11.74 235.45/21.52 93.29/17.22 1140.87/173. 34
2011-05-22  19.40/11.73 43.96/26.59 13.95/8.53 373.81/227.19 41.67/25.06 19.26/12.66 47.16/27.74 87.30/47.20 145.39/82.36 605. 58/276. 04
2011-05-23  0.25/0.25 1.67/1.67  0.13/0.13 6.53/6.53 0.45/0.45 0.42/0.42  0.41/0.41 0.0170.02  0.82/0.82 4.00/4.00
2011-06-25  3.05/9.54 21.19/15.15 1.52/6.98  5.07/20.64  1.36/1.67 5.06/4.73 3.82/5.32 1.50/31.41 3.03/6.96  31.81/25.75
e <Al
6.40/3.47 13.34/10.23 3.10/2.12  81.59/38.59  9.24/4.69  4.68/2.92 10.11/4.98 24.06/7.89 21.7/10.94 145.37/47. 83
KT
it ] Na* NH,* K* Ca?* Mg?* F~ Cl- NO,~ NO;~ S0,
2011-03-19  0.92/0.92  3.97/3.97  0.63/0.63 16.37/16.37 1.85/1.85 0.71/0.71 2.02/2.02  0.24/0.28  3.77/3.77 17.66/17. 66
2011-04-06  0.89/0.57  5.85/4.66  0.39/0.29  8.21/6.45 1.13/1.00  0.66/0.59  1.25/0.98  0.15/0.08 1.97/1.83 12.67/9.32
2011-06-04  0.54/0.54 1.34/1.34  0.61/0. 61 21.06/21.06  0.83/0.83 0.89/0.89  3.49/3.49 0.14/0.16  5.24/5.24 18.14/18. 14
2011-06-09  3.08/2.90 24.45/18.30 9.09/5.43 147.22/74.27 16.58/5.74 7.84/4.56 29.24/15.8 11.81/7.61 26.45/17.94 112.74/63.19
2011-06-10  0.83/1.16  4.57/16.70  0.90/3.99 5.25/8.07 0.60/1.53 1.06/1.35 2.06/8.43  0.32/2.24 1.5/5.04 8.47/17.32
2011-06-14  0.47/0.39  2.74/3.03  0.63/0.65 16.31/13.85 2.52/2.27 1.29/1.44  2.78/2.26 0.12/0.12  4.47/3.24 13.21/14. 58
2011-06-17  8.96/1.77 65.08/29.17 10.94/1.81 271.03/33.79 46.58/7.10 24.70/5.81 33.02/6.71 41.36/1.55 52.58/10.09 398.67/74.08
2011-06-18  0.72/4.98 18.49/33.33 0/6.49 3.45/36. 19 1.11/74.85  5.11/6.21 3.34/7.54 0/15.61 2.57/11.09 27.31/71. 69
2011-06-21  0.64/1.44  6.67/3.95  0.62/1.90 12.97/20. 05 1.92/2.70 1.67/1.21 2.66/2.75 0.17/1.32  3.23/2.43 22.91/24. 42
2011-06-23  0.08/0.08  0.49/0.49  0.10/0. 10 3.30/3.30 0.36/0.36  0.18/0.18  0.28/0.28 0/0 0.48/0. 48 2.52/2.52
2011-06-24  2.92/1.47 10.56/8.54 2.16/0.83 142.96/25.99 15.82/2.74 6.72/3.86  6.86/2.98  2.66/0.59 12.28/2.46  53.04/15.76
[y Rl
1.82/1.47 13.11/11.23 2.37/2.07  58.92/23.58  8.12/2.82 4.62/2.44 7.91/4.84 5.18/2.69 10.41/5.78 62.48/29. 88
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Table 2 Comparisons between marine and non-marine contributions of different ions in the whole and initial precipitation from May

to June 2011 %

E 451 Cl /Na* SO,* /Na* NO; /Na* K*/Na* Mg* /Na* Ca®/Na*

K ) 1. 167 0. 125 0. 00002 0.022 0.227 0. 044

Wik He il (b5 1.435 13.775 3.151 0. 610 1.351 11.113

Ey 1.200 110. 200 157573. 200 27.700 6. 000 252. 600

Xsr 81. 300 0. 900 0. 001 3. 600 16. 800 0. 400

SRR Xnssr 18.700 99. 100 99. 999 96. 400 83.200 99. 600
Wik He i (R <) 3.281 20. 259 3.921 1.402 1. 909 15.988

Ey 2. 800 162. 100 196051. 200 63. 700 8. 400 363. 400

Xsr 35. 600 0. 600 0. 0005 1. 600 11. 900 0. 300

Xnssr 64. 400 99. 400 99. 9995 98. 400 88. 100 99. 700

K H A 1. 167 0. 125 0. 000 02 0. 022 0.227 0. 044

Wi 7K Ho o (AL I ) 1.581 22.730 3.392 0. 485 1.445 12.758

Ey 1. 400 181. 800 169 615. 800 22.100 6. 400 290. 000

Xsp 73. 800 0. 500 0. 001 4.500 15. 700 0. 300

BIIRE K Xnsse 26.200 99. 500 99. 999 95. 500 84. 300 99. 700
WK H B (FE =) 4.340 34.285 5.713 1.301 4. 455 32.330

Ey 3.700 274.300 28 5640. 500 59. 100 19. 600 734. 800

Xsr 26. 900 0. 400 0. 0004 1. 700 5.100 0. 100

Xnssr 73. 100 99. 600 99. 9996 98. 300 94. 900 99. 900
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15. 7% (#1HAREIK) 1 16. 8% (A [&K) |, 1 77 H [
KR 5. 1% (FIHIREK ) AT 11, 9% (JEfEK) o e
KB, AT SRR K Mg™ 52 365 P 1) 52 Wi 4 X 4
KB ABIFKR Mg® 8k A RER TR, 4
FW GRS R K Hp Mg® #5 A STk, ELRG VR STk
KPR TTHR , 3 5 R THAE (2010) P BFFE 25 51
— 3, MR BEK KR STk (R T o )i
ERVEFB 4> H ) e Mg® B, A 2 Ak <A
SO A 23 A AR 5 4 B BRI R 58 s 1) v 3 L
i, P K S22 PR IR AR 2K T Mg™

M 2 Al UL, w0 R K 4% B T I R R
(K'BRAM) = F BBk, R BRIk K o KA s G
WIS BR AR . HeP m ok B SO,7 (NO;”
I Ca® {1 & 4 22 K00 = T K Hrop 1 8 F 1
LRE,RWI KA SO, NO, Fdg2bis Yt Ry ™

o TR KR At LA B vk B2 T
1%, B HSE BRAE AN B, PR e Rk i)
RRBOTA = T BRI

2.3.2  FEAKESFAOCANE A

34 g T Rt Tl X 3—6 J
B AR HIBRK B A A OC R 5. R 3 AT, b
D55 AR KBS b Na* F1 C17 Kl C1, Mg™ 1 CI7
HIAHSCPE @ T 8 A5 By 99% 1 i & Tk 46, HL
FHOC 2 B0 I8 15 T R AR I, 251 [ 9 A G R 4K
(F4), X UL K BIFE K K Mg* | Na' il
CI" H ALY SRR, B 7K WY fob 32 ¥ 7 1 520, 3 5
MR TR 45 1e — 8 Jb ] EIRE K KT
1 Ca™ (r=0.790) ,Mg” il Ca** (r=0.993) iy 4%
Mo TR E Rk KT Ca™ (r=0. 655) ,Mg™
M Ca® (r=0.778) WA, i Ca™ J& FE A boc
JLE, B S E KT KR Mg™ 52 #5785 1)
AR R il )

Bk Ca™ 5 Mg®, Ca™ 5 K" HA T 1o M
K, FBHIX 3 g+ 2Ok A R LIS A
WFR. SO,” 5 NO,™ fHI St B i, 2 33X i
BB AR R IR ELZERE K o B AL P BT
NIRRT B SO, Fil NO, H A 3[R iy HE A
Ca™ 43 4| 5 NO,”, SO,” . CI', F, Mg” 4} 5l 5
NO,” SO, .CI" .F ,K'4%5 NO,” .SO,” .ClI" \F
Z AR R AR, AT RE 2 TR A R Ak
244y H,SO, . HNO, FI HCI W fff 7£ & Ca Mg K
SRR AL 4 43 0 UKL ) 2R T 0T R AR OV, PR =
T % PR B B 2K 3 B ( Pandis et al., 19925
Chandra et al.,2005) , Safai et al. (2004) 70} 5% [4
IKAEZ 2 IR, KA SO, RE W B R kL
Wy ik 50k [ 3 A4 4340 Ca®t Mg™ fiT K
o S A AL /0 0 Na™ O o 358 R sk 4
A3 A il UGS 1) 47 2B 3 AR, 2RI XU A 1 1
P bRk A2 A B 2AE F] (Khemani et al., 1985;
Casado et al., 1992) , A fifi [j& /K tP iy NO,™ . SO,> |
CI' F RZ L&A, F M SO, F Al
NO,™,Cl 1 NO, ™, Cl" I SO,* i #H & P4 &, i B
Rk BRI CU 20k B T REBEATA ZE R <Ak
S5 NORURRYFEI . NH, "5 NO,™ SO, > 1A et 4
B, A AT RE AR B A AE



F 49 A, F T AR RRAE R 479
#3 ASEARBEKETFENEXRE
Table 3 Correlation coefficients among different ions in precipitation of northern air masses
Na* NH,* K* Ca** Mg F cr NO,~ S0, >
Na* 1..000 0. 689" 0. 966" 0. 794" 0.781" 0.910" 0.835" 0.721" 0. 829"
NH,* 1..000 0.672" 0. 634? 0.678" 0.782" 0.715" 0. 630% 0.693"
K* 1. 000 0.790" 0. 763" 0.881" 0.843" 0.774Y 0.789"
Ca** 1. 000 0.993" 0.916" 0.982" 0.963" 0.983"
Mg?* 1. 000 0.933Y 0.983" 0. 956" 0.986"
F~ 1. 000 0.959" 0.884" 0.942"
cr 1. 000 0.975" 0.975"
NO, "~ 1. 000 0.922"
S0, > 1. 000
TR+ 1) Fmai i 8 5 B2y 99% 1t i B MG 3% 5 2) 3R i@ it A5 B2 95% 1) i 2 PEARR 36
Fx4 BASEAREKBEFEMNEXRY
Table 4 Correlation coefficients among different ions in precipitation of southern air masses
Na* NH,* K* Ca* Mg** F~ cr NO;~ 50,>
Na* 1..000 0. 833" 0. 889" 0. 6652 0.691% 0.830" 0.634% 0.724% 0.822"
NH,* 1. 000 0.786" 0.543 0.823" 0.897" 0. 654 0.722% 0.900"
K* 1. 000 0. 655% 0. 590 0. 670? 0.831" 0.787" 0.731%
Ca® 1. 000 0.778" 0.717% 0.851" 0.925" 0.771"
Mg?* 1. 000 0.907" 0.676% 0.803" 0.943"
F~ 1. 000 0. 623 0. 746" 0.909"
cr 1. 000 0. 929" 0.715%
NO,~ 1. 000 0. 868"
S0, > 1. 000

TE 1) FoRidid B A5 B 99% i W PG EG 5 2) SRn i@ i B N 95% 1Y W TR 4G

2.4 FHitbiEXTpEKEFHIEN

FU A0 3 8 K R B K R B VR B T R B, It
Jr BB R BB K B TR B BRI 1.2~
3.0 i, mE 7 SRR K v, 00 R 7K o R R
IR 1. 1~2. 9 %5 J 3 K Hp s 1 BE I v T
R R IR . AT ABFIE4E S, B K KRR I
LA A 5 935 B A (RS 55,2009 5 B K46,
2011) , Jf H B 7K (38 e AR TR R b 0k e 3
THMEZEFERNZ— (Chate et al., 2003;
Chaloulakoua et al.,2005) . #J4I[4K Hr s 25 1 5 1
W RE B KB R B B, I 7K X B 5 R R is e
= T P 2 BRAE FH R, R K B iR e o B
E RGBT, KI5 R LG, = T b
VR FE G 8 7K H B8 W B 1) R MR U 355 , BB /K v 8 1
WG, 5 BUR B K 88 vk BE AR TR R K
Ve B VR A AT 2B, R A A I K R R Y

B R B T B K B, X e i ) 0
TRAF R T YL 0355 B A P 4

B 2 Ay 8 7K B vk i ) Y AR Al e 3,
Hr,5 H 2 H ¥ Air Pollution Index ( API) 85030 T} =
307, S BREGIN RV G, UL RS, AT I
W R KO SR s e T B R . S H 2 H
KK A TR LLA W0 K T 4% B VR B2 3
A, TR B B R A TS Yo (A TS G R
R)) =T ok 2 B A A0, Bl A o /K ok R 1) i
17, KB PR BB WG, 6 H 25 HEFKP &8
FHRPE AL, KB A5 7E 100 peq - LT LA,
rh [ B RS A AP TN, % H R S AU
R, Jr s T5 LR | B K RS Y1) 0T R SR 4
%, S B B 1 BRI
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Fig.2 Temporal variations of concentrations of main ions in precipitation on (a,b)2 May and (c,d)25 June 2011
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