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Abstract Researches of the chemical characteristics of fog-water developed rapidly in China since 1980. Observation, sampling
and analysis have been done in the cities, on the alps and by the seas. Studies of the acidity of cloud-fog water and the source of
acid fog at each place have been done. The basic characteristics of fog water chemical composition also been detected. In many
compositive fog observations, there explored the related factors of fog-water chemical characteristics from the continuous fog-
water collection, and studied the primary factors which affect the concentration of the fog water chemical composition. The pa-
per summarized the main studies of fog-water chemical characteristics in China during the last 30 years. Fog-water sampling
and analysis have made marked progress. The cloud-fog water chemical composition and acidity were confirmed in many cities
and mountain areas. Many efficacious works have been done about the source of the chemical composition. The studies show
that the cloud-fog water in many of Chinese cities and mountain areas have been acidified. Fog-water was polluted with high ion
concentrations, which would jeopardize people’s health. As a result, it’s very urgent to control pollutant discharge, raise the
vegetation cover rate, and improve ecological environment.

Key words Chemical characteristics of fog-water, pH value, lIon concentration, Air pollution
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Table 1  The fog-water chemical compositions in some regions (unit: pmol/D
X EE N pH K+ Ca2* Na* Mg?*  NHf F- Cl- SO§-  NOy

BTG KB4 . 1989) 1987.4- 5 31 6.01 64.82 185.12 961.74  65.07  291.54 / 954.42  205.27  166.92
L CT 224 . 1991) 1987.4 60 5.36 14.45 106.45  18.90  12.58  323.07 9.10  25.61 219.89  73.48
SRR RRK L0812 16 6.25  386.96 / 424.53 / 5506.65 957.89 1432.72 4352.49  343.17
PR RIK (B R4, 1992) 16 6.71 15. 86 / 70.03 / 2691.24 668.42 565.59 2679.58 217.22
TR (BT, 1996) 19841990 182 4,39 1019.90 3685.40 1486.40 1482.70 3307.50 1063.9 2062.30 6450.00 991.60
i £ (B4, 1995)  1988—1991 28 5.19 1.3% 25.2%  2.6%  1.5% 69.4%  4.8%  2.6% 91.0% 1.6%
g (A4, 1999) 19931995 80 6.02  510.00 6610.00 1760.00 3050.00 1630.00 550.00 480.00 8650.00 2530.00
) 2006 2 6.24  997.44 2669.66 6133.10 4154.67 873.68 4918.20 9900.06 5453.15

Jb 5 L E 44, 2009)
1999 3 5.48 1303. 50 1171.24 551.83  260.52 24485.86 482.81 3794.08 9062.74 6238.24
SURCGE TS, 1992) 198812 6 32.48 / 44.80 /  577.61 123.16 133.15 298.77  43.22
R (RILT 5%, 1996) 1993, 34 5 3.61 91.05 148.79 343.88  53.16 468.51  28.84 213.98 39523  256.61
T U1 494 S — 4 6.32  773.30 518.80 238.30 134.90 3211.00 2734.00 794.00 1113.00 115.00
BT CR I, 2000) 8 8.34  320.10 784.10  31.90  32.40  28.30 258.20 100.40 330.50  32.50
R U4 S B 1L 1999 21 6.10  186.80 255.00  65.10  10.70 1299.80  78.60 104.50 662.50  250.00
(5% 3.4, 2004) 2001 36 5.20  102.70 818.30  55.50  26.00  82.10 7.30 9.10  687.90 8.30
B e e 1L Gl , ; , , P ; ) ,
S 2005 2003.3—5 4 6.35 39.39  86.08 /  55.53 / / 287.73 717.26 121,92
o (5505 . 2008) 2005. 2—3 3 5.65 1071.00 11391.00 7716.00 1523.00 5106.00 1553.00 11840.00 20727.00 13884.00
HE R (R4, 2008) 2006. 12 13 5.63  375.10 1508.4 2566.30  144.0 9485.5  539.5  993.7 5634.4 1567.3
% Whitetop Mt. 1997 552 3.63 2.93  10.275  14.24  3.895  210.83 /  25.75 328.85 155.89

(Anderson,et al, 1999)
szZ:jl:C,H;OOO) 1997 56 4.30 11.50 34.5  65.00 9.75 669 54 248.5 481
# [l Dackwanreung 2002 216 4.70 11.70  36.00 77.70  13.15  211.7 82.9 101.85  128.1

(Kim, et al, 2006)

N:FERRE # 19881991 4F b3 1 BRI 45 B3 FAH X T BH (91D 85 F BB BE 5/« A0 A6 I BR AR sl ]
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Table 2 The total ion, cation and anion concentrations and the ratios of the relational ion

concentrations of fog-water in some regions (unit: pmol/D)

X 0 > bk > - S+ /%-  Nas/Cl- NH7 /Ca* SO~ /> - SOi- /NOg  SO;- /F-
FHILCBE R WS, 1989) 1987.5 2894. 90 1568. 29 1326. 61 1.18 1.01 1.57 0.15 1.23
PFOLCT B %%, 1991 1987. 4 803. 53 475.45 328. 08 1.45 0.74 3.03 0. 67 2.99 24.16
EMETRRK L0812 13404.41  6318.14  7086.27 0.89 0.30 / 0.61 12. 68 4.54
e E RIX (3 T A4, 1992) 6907. 94 2777.13 4130. 81 0.67 0.12 0.65 12. 34 4.01
FPETAEL, 1096) 19841990 21549.70  10981.90  10567. 80 1.04 0.72 0.90 0.61 6.50 6.06
g (B4, 1999) 1993—1995  25770.00 13560.00  12210.00 111 3.67 0.25 0.71 3.42 15.73

] 2006 35099.96  13954.87  21145.09 0.66 1.25 / 0.47 1.82 11.33
Jb 5 L R 44, 2000)

1999 47350.82  27772.95  19577.87 1.42 0.15 20. 91 0.46 1.45 18.77
SRR, 1992) 198,12 1253.19 654. 89 598. 30 1.09 0.34 0.50 6.91 2.43
B HT CRIZT A%, 1996)  1993.3—4 2000.05  1105.39 894. 66 1.24 1.61 3.15 0. 44 1.54 13.70
T UL 4 5 L0971 9632.30  4876.30  4756.00 1.03 0.30 6.19 0.23 9.68 0.41
B R, 2000) 1918.40  1196.80 721. 60 1.66 0.32 0.04 0.46 10. 17 28
U4 KT 1L 1999 2913.00  1817.40  1095.60 1.66 0.62 5.10 0. 60 2.65 8. 43
(53,48, 2004) 2001 1797.20  1084. 60 712. 60 1.52 6.10 0.10 0.97 82.88 94. 23
B 5 R 1 Gt Uy . ,
2005 2003.3—5 1307. 91 181,00  1126.91 0.16 / / 0. 64 5. 88
I R 5%, 2008) 2005.2—3 74811.00  26807.00  48004. 00 0.56 0.65 0.45 0.43 1. 49 13.35
M BT (A4, 2008) 2006. 12 22814.20  14079.30  8734.90 1.61 2.58 6.29 0.65 3.59 10. 44
R Whitetop M. 1997 752.66  242.17  510.49 0.47 0.55 20.52 0.64 2.11
(Anderson,et al, 1999)
T%VzZianl:ll:C,mZOOO) 1997 1573. 25 789.75 783.50 1.01 1.20 19. 39 0.32 0.52
# [H Dackwanreung 2002 663. 10 350. 25 312. 85 1.12 0.94 5. 88 0.33 0. 80
(Kim,et al, 2006)
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Table 3 The acidity of cloud-fog water in some mountainous regions

bR D 1 T T FEA S
AL 1982—1983 6.99 6.20—7.60 15
DU i gk i 19841985 4,64 3.77—7.50 86
e A 1L 1986.5—6 4.54 4.20—5. 56 19
YLPG ) Il 1987.5 5.36 60
JTRIEF 1986. 3 4,37 24

1987. 3 4.53 6
T rE A 1 1988.3 4. 08 31

1989. 3 4.33 19
I NPT 1988. 3 4. 64
JUREE LI 1988. 3 4.24 24
e g Ll 1988 5.75

1989 6.19

2003 3.78 49
7 2R I 1998.12-1999. 1 6.11 21

2001, 2—3 5. 20 3.46—7.10 36
BRI 2003.3—5 6.35 5.82—6. 78

2007.3.15—4. 22 3.68 2.69—7.64 36
IR ZE 2007. 6. 15—7. 20 4. 06 3.04—6. 88 58

2008.10.15—11. 29 3.81 3.32—4.29 16
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Table 4 The contents of the soluble composition in the aerosol particles (<C2.1 pm)

(the averaged values over the samples collected in December 2007)

F- Cl- SO3~ Ca?* K* Mg2* Na*
BT o (ug/m?) 0,23 2.26 16. 83 7.33 1.34 1.89 2.60
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Table 5 The chemical compositions of fog-waters and raindrops in some regions of China (unit: pmol/D
5 pH > K* Ca?* Na* Mg?* NH/ F- Cl- SOi~ NO3
ol 1987 TR K 4.94 160. 6 19.8 10.7 4.4 1.4 66. 9 9 11.6 33.2 11.7
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Fig.1 Temporal series of the fog-water pH

value and Ca?* /> value in Nanjing,

24 = 27 Dec 2006
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Fig. 2

Temporal evolutions of the air pollutants of SO, , NO, and PM10 (a) and the fog-water ion concentrations

of total ions, SOi~ and NO; (b) in the northern suburb of Nanjing during 25 — 27 December 2006
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