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Abstract: By the monitoring and chemical analysis of wet deposition at Liuxihe, Guangzhou, 106 rainwater samples with
rainfall depth from 0.7 mm to 268. 6 mm were collected and tested during the studying period from June of 2006 to May of
2008. The concentration of some major ions in the precipitation, their seasonal variation, material marine sources and ion
balance were studied and discussed in this paper. The main conclusions and understandings were expatiated as followings
(1) There were no obvious point pollutant sources in Liuxihe region and its surrounding area, but acidic precipitation
accounts for 69.5% of its total, so it was suggested that acid rain is still a serious problem in this region and the pollutants
in rainwater mainly comes from the middle-distance transmission from the northern and southern polluting areas. For
example, the largest NO, concentration of rainwater in summer and autumn may be a result of more transport of NO_ by
typhoon and other ocean currents from southern polluting areas of the Pear River Delta to the this region. (2) The annual
averaged ion concentration of F~, Cl~, NO, , NO, , PO, SO.™, NH,", Ca’*, Mg’", K", Na* and AI’* in rainwater
in this region was 3. 76, 22.80, 0.45, 25.22, 0.86, 62.9, 41.5, 35.77, 2.93, 5.45, 14.8 and 0. 943 peqL ™"
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respectively. And there was a relation of power function between rainfall depth and ion concentration in single rainfall
events, i.e. the ion concentration increased with decreasing rainfall depth. (3) The acidity of rainwater in Liuxihe was
mainly caused by SO}~ , NO, and Cl ', and the acidity is mainly neutralized by the main cations (NH,", Ca’*, K*, and

so on) with higher neutralization factor; The amount of strong acid entering rainwater in the site is 2. 053 keq hm > a™",

the amount neutralized by the cation of NH,", Ca’", K*, Mg’*, AI’" was 0. 865, 0.745, 0. 114, 0.061, 0. 020 keq
hm * a™' respectively. (4) There was a significant monthly and seasonal fluctuation for the ion concentration; the acidic
rain mainly appeared in rainy season; while the acidity of rainwater was low in dry season. Such a variation pattern was
contrary to those in Beijing and Chongqing. (5) Supposing all Na in rainwater comes from ocean source, the calculation of
marine contribution to the component of precipitation indicated that the vast majority of Mg’ and part of C1”(80.07% ) ,
S0? " (2.91% ), Ca** (1.86% ), K (6.19% ) were from ocean sources, and the ocean sources of F~, NO, was very low

and can be ignored.

Key Words: Liuxihe; acid rain; chemical composition; ocean source
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500 Y FE P RIEEPMRECK 1), AFRBARATERZ <50 (pea/) < £60%
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BHABI MRS TP a2 AR 2, 5 70T el =2
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Table 2 Difference of ion balance in rainwater at Liuxihe o o °o

EFTE BB W E} 400 - yCat=0.86055 An + 11.764

Difference of ion balance Samples Rate( % ) g’ 300 - R'=08253 n=106

(S Ca/ T An) <1+0.05 23 21.8 2

1£0.05 < (X Ca/ T An) <120.10 7 6.6 ﬁ 200 1

1+0.10< (X Cat/ Y An) <1 £0.15 10 9.4 % 100 -

1+0.15<(XCat/ Y An) <1x0.20 10 9.4 = &8

1+0.20<( X Cat/ Y An) <1 £0.25 17 16.0 0 0 l(I)O 200 3(1)0 4(I)0 560

1£0.25 < (3Cat/ T An) <1+0.30 21 19.8 WIBF BT AN (eq L™

(XCat/Y An) >1+0.30 18 17.0

it Toud o6 00 B2 VORI T BRI T R R A
Fig. 2 Linear regression of ¥, Cations versus Y, Anion for all rainwater
sample at Liuxihe

3.3 HTm

7 3 B TR K & BB R ME . B G b X [ T B ER A, B IR R
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®3 RBAERA(F)KFEKE(mm) IHENFHEFRE (n.eql™")

Table 3 Monthly (seasonal) rainfall and volume-weighted concentration of ions in wet deposition at Liuxihe

H ¥} Month/ Rk

% Season Rain pH F- cl- NO; NO; POj~ SO}~ NHS Ca®* Mg+ K* Na* AP
1 88.1 5.64 9.07 39.8 0.09 10.3 0.48 91.0 70.8 6.93 0.34 6.09 8.30 0.044
2 73.8 5.66 4.42 46.4 0.28 23.50 1.65 84.4 70.9 24.32 3.68 5.98 30.7 0.523
3 87.3 5.51 1.71 23.6 0.18 41.4 0.81 80.9 73.7 13.20 2.04 3.69 17.4 0.413
4 248.6 5.25 3.44 19.6 0.19 16.41 0.49 75.5 42.2 20.71 2.20 3.71 10.5 1.049
5 345.4 4.83 3.39 22.1 0.27 28.34 0.45 52.6 34.4 32.67 3.44 7.14 12.1 1.233
6 378.8 5.28 2.54 16.7 0.44 19.22 1.30 56.7 35.2 26.68 3.08 4.28 15.9 0.406
7 368.9 5.74 4.08 25.9 0.55 36.3 0.03 57.7 38.8 62.42 3.59 7.77 23.4 1.203
8 234.8 499 3.58 17.0 1.40 21.3 1.56 55.4 23.9 58.9 3.49 515 9.25 1.942
9 123.6 5.42 5.55 19.4 0.22 31.0 2.44 64.2 47.9 354 2,09 4.8 7.18 0.150
10 53.2  4.29 6.63 26.4 0.00 48.9 0.77 83.8 74.6 15.39 1.65 3.26 16.4 1.600
11 35.6 5.51 2.18 13.8 0.00 5.21 0.22 37.8 17.5 8.32 534 1.69 11.2 0.573
12 45.8 591 2.31 40.0 0.41 2.59 1.42 71.2 51.9 45.84 0.89 3.07 14.0 0.500
# Spring 681.3 5.07 3.19 21.4 0.23 25.66 0.51 64.6 42.3 25.81 2.81 5.45 12.2 1.061
¥ Summer 982.5 5.39 3.37 20.2 0.71 26.1 0.8 56.8 33.9 47.79 3.37 5.79 17.1 1.072
# Autumn 212.4 5.15 5.25 20.2 0.13 31.2 1.65 64.7 49.5 25.85 2.53 3.93 10.2 0.584
4 Winter 207.7 5.71 5.93 42.2 0.23 13.29 1.11 84.3 66.7 21.69 1.65 5.39 17.5 0.315
4E Yearly 2083.9 5.29 3.76 22.80 0.45 25.22 0.86 62.9 41.5 35.77 2.93 5.45 14.8 0.943

BB F AR FERE AT -

()H" Wik, WEHREEL, HRWAR T RERIALZHI,E£7 Al pH EMHEXNE S (B HT
WBEARNS /D) X VR 2 f TR R S (B R BV B 102 s RS YR BOR, BF 55 35 1] (2006 ~
2008)7 AH ZIKE ARG A Z (11“ KAEMI” | “ Prapiroon” | “ Bilis” 4§ ) 1 5%, 76 & XUFN . 58 B PERE K H 1Y
PR R4 5 I T AR, pHL {E AR X 2

(2)F" FAHPF SEERAEFEZE/N(3.19 peq L7 3.37 peq L) s MFAEBKEL TR BE B
(5.25peq L' #15.93peq L71)

(3)C1"  Cl" JLFEBRAZEM S ER K.

(4)NO,  FIHHEZFH (0. Tlpeq L71) FKFH/N(0. 13peq L) FIRFRL

(5)NO;  RIUHAZENO; FER/N(13.29peq L), HAMF T BB . X T REULHI IR NO;
FER B NO HEBE KR BREE = A X, B 5 B (L & WA XU ) #8 NO f&4 2 i =5
HEZ M 2E N5 BETN Y% T, R MR K NO, &K,

(6)S0;™  Fi/kH S0, SERIHEFH/IN(56.8peq L) AFHK(84. 3peq L") MR, BEHT I
W7KH 07~ RAFREE R A FALH Tk X i SO, f&45i

(7)NH; TAHHEERRKHBIELZ(66.7 peq L7') , F/MEIERZE(33.9peq L7')

(8)Ca®* 5 NO; HUAEARML, /K PEBEMKE Ca*' TEE AFNHER/D, X 2K W R E
ZHKEN/KP NO; FEA,Ca® 5 NO, A EEE RH, EEKENIKERMER (R RRE) %
FAHRIE 44 X NOH A X 38 b 25 Y [R] B, 48 22 1 Ca 7 R AR

()M M AP HEFEUMKKEEER.

(10)K* FI Na* FIRINEK IR/

(11)PO;” HEEHS/N KELFERIFES
3.5 BEAKALEERT R EER AT

A SO A K R B T 4 RS R R 56 SCR IR T A SR A R B Mgk f Nat [ CLT F
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SOi‘ NO; \Mg“ K Ca®t Bk EE 451k 456.5.536.0.0. 068 .56.2.0.011.111.1.10. 0.20. Smeq L'
PEVRXTBEST A TR A Tk RN 4 FiR . Mg®" FERIETHFIENR ; e B 7 80.07% 9 C1~ 6. 19%
K" .2.91% K SO, .1.86% K Ca’* ~ 3 HIGEESN ,F~ \NO; (AL " 3 [ BB FTRR AR/, JLF#E <0. 1% ;
i H SRR KR B A T/, R2Z IR SR (B Mg A1) 548 Solling b K BF 5T 45 AL, B 7E B
B4 H Na IR HFPERT , Solling 1 [X F4 /K JTME #f C1. Mg K .S, Ca F)¥EEEA IR HLA1 251 K 81% 47% 8% 8% Fl
3% BRUGFPEVRAN Bt PR A HEROR K F R Y S BRI, AR I A R Be HE R i SO, NO,, 3R
B 3 R KR H1E BIR R R R R SIE S KRS . TR Z A 6 48 Bk K TR S TR Y A AR B
P, FEARBIR H , 1 PEIRARRE & AL Al B SRR /)N B RiTIE Ea R 3
x4 REBEURKPFTEBEFHEERRAREREEERET

Table 4 The percent of monthly marine contribution to the composition of rainwater and yearly enrichment factors ( EFs) of major ions with

respect to seawater at Liuxihe

A ¥} Month F (%) Cl~ (%) NO; (%) SO~ (%) Ca®* (%) Mg* (%) K*(%) AP (%)

1 14x1073 24.41 1.9x10°3 1.12 5.38 100 2.98 4.6 x1073

2 103 x 10 3 77.21 8.4x1073 4.47 5.66 100 11.2 1.4x1073

3 152 x10 73 86.09 4.0x10°? 2.65 5.92 100 10.3 1.0x1073

4 45x1073 62.34 3.4x1073 1.71 2.27 100 6.18 0.2x10"3

5 54 x1073 78.09 3.8x1073 2.84 1.67 86 3.76 0.2x1073

6 94 x10 3 100 7.2x1073 3.45 2.68 100 10.6 1.0x1073

7 86 x10 3 100 2.7x1073 4.99 1.68 100 6.61 0.5x1073

8 39 x10 3 64.15 1.0x10"3 2.05 0.71 65 3.97 0.1x10"3

9 19x103 43.23 0.6x1073 1.38 0.91 84 3.24 1.2x1073

10 37 x10 3 72.66 3.6 x1073 2.41 4.78 100 11.0 0.2x10"3

11 76 x10 73 94.61 9.4x1073 3.63 6.02 100 14.5 0.5x1073

12 90 x 10 3 50.43 13x10°3 2.42 1.37 100 10.0 0.7 x103

4E Year 59 x103 80.07 2.8x1073 2.91 1.86 100 6.19 0.4x1073
BEENTF EFs 1691 1.25 35609 34.4 53.7 0.81 16.2 261425

4 itig

4.1 TFRZKHIBREH A

HTFRAR B A 1222 20 Rk R AT BB T2 A1 ( T An) S5 HY SMGFHE T2 Al X Cat) f
% (peq) KIFE o BI BRI = X An - X Cat, B

IR ={[ SO; ] +[ NOsJ+[ Cl" ]} —{[ Ca®" ] +[ Mg ] +[ Na"]+[ K] +[ NH, ]}

WABFHE T BEREE (pAi) i SO, Al NO; )& BFTHE,pAi = - Log([ SO; ] +[ NO; 1), HisL
Pl pH (2R G HMEREE , 5 i EURG M IV IR BE s R B A 2200, R o, I 75 Hh i 1 Mk R
JEAATR/KBREE , 25 T RS AP E R T R s R A A Bk s ot MR 8 1) % o o T LA ot
FHIE TR AR AT PR . B R BFIE AEIE R O, O B T ERW W EE M, PR T
(neutralization factor, NF ) FHUI F AR B (X HEOGER K FHE FIL# )

X
NF_ =
* 803 +NO; +Cl-

M5 AIE HNH, \Na* #1 Ca”* f s RIE FHK, T Mg™* 38/, 3Rl 22 i3 Ca®* \Na* Rl NH, (922
EAETE T HEMEF. BB, &8 T MEFUAR R, dLsT, Tang 24 Y S mK$
Bk Ca®" #1I NH, S EmSM Mg AR LE,

FADTEAG H KRR AR A AP ER AR, AN X KUK BBR BEAE TR, AR R K TR
HR R N D T B T 7 A Y 3 B 50 BR IR AR 1) 28 A L9, AT AR Rk o el i R A B TR A ( P58 PR R AR PR %
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) BRBRAREE SRR H BRI, AR B TR Ca NH, B T s o, 3F f L 7T 58
BEA &R P B T 76 2 vh b B AU Tk 5 AFA/K FR iR CL/Na Ho 5 5 T3 7K B X BEAE AT 40, MK i CL oo
RO REPESEBYORERS, BT A B BB FEEK TR 1) Na #0E5K B WK IR I8 R 3 MY
SEUHCHR , 15 4 ORI K IO o 38 PR AR I K LR IS T n (B0 (2 6) o BRI /K UL H 3R
B 2.053 keq hm ™ a™! \NH, .Ca®* K" Mg** Al ZEFRMBR T A vh HE EEMEA, K E 25 h
0.865.0.745.0. 114.,0.061 0. 020 keq hm 2 a ™", {12, K7 [F1 3t 1K 6 7Kk R URL A 8008 A L 81 O 25 4L , 3 26
BT 8 ppAE I STRR B LR AR 0BG, QIR RR T2 (0 M 3O A k)5 52 O MR, HOR MM R R
TTH 4 152 , %% B ES T B8 0 P STRRRI LB % A B K81k, S Solling 3K I 7K T F 3R MR T B
H1.9 keq hm ™2 a™" 4359k Ca>* NH, A" Mg’* \Fe " FIHABZE why b #0730 86 B BS 7 (28 vh & 43 31
£0.50.0.35.0.12.0.08.0.03 F10.02 keq hm?a',

x5 REASAFMKNH  MEEMRBFHRMETF

Table 5 Monthly H* in rainwater and neutralization factors of main cations at Liuxihe

4 Month H* . 11 A F Neutralization factor
. eqL NH; Ca®* Mg?* K* Na*
1 2.29 0.50 0.05 0.002 0.04 0.06
2 2.19 0.46 0.16 0.024 0.04 0.20
3 3.09 0.50 0.09 0.014 0.03 0.12
4 5.62 0.36 0.18 0.019 0.03 0.09
5 14.79 0.27 0.26 0.027 0.06 0.10
6 5.25 0.40 0.30 0.035 0.05 0.18
7 1.82 0.33 0.52 0.030 0.07 0.20
8 10.23 0.25 0.61 0.036 0.05 0.10
9 3.80 0.45 0.33 0.020 0.05 0.07
10 51.29 0.54 0.11 0.012 0.02 0.12
11 3.09 0.17 0.08 0.052 0.02 0.11
12 1.23 0.64 0.57 0.011 0.04 0.17
4E Year 5.13 0.37 0.32 0.026 0.05 0.13
®6 HAFAPHERBRERHEBEAEAETEFHHE (keghm 2 a™")
Table 6 Amount of strong acid entering rainwater and neutralized by different cations (keq hm~2 a~!)
Wi H Item VRN Liuxihe #4# Huangpu *
T HoR R e A R 1.052803~ +0.526N0; + 7.126S03~ +1.168NO; +
Amount of strong acid entering rainwater. 0.475C1- =2.053 0.678Cl- =8.972
W7k H TR H* %08 Amount of H* in rainwater 0.107 0.342
T;fuzﬂgfgfgolfsi?ﬁl;ﬁ;ﬁmﬁm in rainwater 1.946 8.630
NH; 0. 865 1.124
Ca?* 0.745 5.232
K* 0.114 0.263
Mg?* 0.061 0.912
AP+ 0.020 0.511
Hi4x Others 0.141 0.588

« T IRAMEE R & F YR Non-published data from corresponding author

4.2 fbEFHSS5REKERXR
BroEds ) :40% ~80% HINE TG BS Tt BLAE B S5 i 2mm [T ; 38 35 [ R TR W IR 5T , K 2 %504 i SRkt
HIRE KA B, B T HY WREESD , Hifthfb 22 4> SR K B I 6 RE AR . ABF5R/E AR 1045 2 (&
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3), RI  FEKBBOR, B TR BN, RZ TR K BAIFOK P T EERREE R . KWEB KK
WK 1 5 T BB/ R K SR AR LL , TR, E/INFT B /N R T 78 28 Hh 45 B I RT R , WT DA AR A5 R %
AU IR B AW B, T LR [k B g i, FK P TR L i B . BRI, I R Rk P g

FWREELNZER.

1200 10000 -
1000 —
5 B ) =676.16x- 03408 =

g 800 € R2=04515 n=92 g 1000 |
ES B =
B 5
A A
Z Z

] R 100 -
M N
" =
=

0 | ! ! | ! | 10 1 1 L J
0 50 100 150 200 250 300 0.1 1 10 100 1000
i & Rainfall (mm) 1g[Fi & Rainfall (mm)]

B3 SR S T R A R B R R

Fig. 3 The power function correlation between rainfall and sum of ion concentration at Liuxihe

5 #ig

(1) PRk FE LA SO, \NO; \NH, (Cl™ #l Ca®* B F & B RN FEFIE, FE/KEFY pH ER
5.29; BT 7K 2 b7 S FEK B 69. 5% , Rz X BRI RIS AR B . B F IR R/ SRk B 2R R ECR
R, BEKBENMNMBETFESER,RZ, 52K,

(2) BRI IAEFH F~ CL \NO; \NO; \PO;™ \SO;™ \NH; \Ca’* \Mg”* \K* Na' I A" BF¥REE 43 51
3.76.22.80.0.45.25.22.0.86.62.9.41.5.35.77.2.93.5.45 14. 8peq-L ' F1 0. 943 peq-L ",

(3) Fk HP R BE £k B SO;™ \NO, il C1™ &7, Fi/KERBE £ 24 NH, \Ca®* S M opfE A, Hop
A TR, FIRMTFEK TR P IRERER RN 2. 053 keq hm ™ a™" \NH," \Ca®" \K* \Mg"" AI'* {yuh & 4351y
0.865.0.745.0.114.0.061.0.020 keq hm > a™",

(4) PR REAKALE B A MBS, RN FEE P TWE, MR EMKRERMN, XMER LR
MBI o SOF JLPFEAZENI/KH A& BB AN, R KEE Lok A FALHRE Tk X /) SO, FimiE g
Wt Tk NO;, S ERAEFMTE S BEK (& XNEEEIMIE NO &4 2ILH) FRHME

(5) F7K H L2 B RO TR TR AT S - 46 K43 Na * \Mg™* (1™ FI 4y SO; ™ (2.91% ) (Ca®* (1.86% ) K*
(6.19% ) 3k B T, M F - \NO; (AL 5k BRI TTRR IR R /N, 7T AZBEA T
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