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Chemical Characteristics and Source Assessment of Rainwater at Shenyang
ZHANG Lin-jing' , ZHANG Xiu-ying', JIANG Hong'?, ZHANG Qing-xin’

(1. International Institute for Earth System Science, Nanjing University, Nanjing 210023, China; 2. State Key Laboratory of
Subtropical Forest Science & Zhejiang Provincial Key Laboratory of Carbon Cycling in Forest Ecosystems and Carbon Sequestration,
Zhejiang Agriculture and Forestry University, Hangzhou 311300, China; 3. Liaoning Environmental Monitoring Center, Shenyang
110031, China)

Abstract: To understand the origin and chemical characteristics of precipitation in Shenyang, about 25 rainwater samples were
collected in 2007. The pH of samples varied from 4. 89 to 8. 02, with the volume-weighted average of 6. 89. The results showed that
the concentration of the sum of anions and cations in Shenyang was higher than those in southern cities such as Hangzhou, whereas the
acidification of rainwater was not very serious in Shenyang. The volume-weighted average concentrations of SO}~ and C1~ were 330. 00
peq-L~" and 85.05 peq-L~", with the percent contribution to anions of 60. 32% and 15.55% , respectively. Ca’* and NH," were the
main cations with contribution of 49. 51% and 29. 78% , respectively. The seasonal variations of ions showed that the concentrations
were higher in autumn and winter than in spring and summer. Investigations of fractional acidity (FA ), neutralization factors ( NF),
and correlation coefficients among ionic constituents indicated that high pH values were controlled by the neutralization caused by the
alkaline materials but not by the absence of acidic materials. Results of NF indicated that NH, and Ca** were the dominant
neutralization substances. Calculation of enrichment factors for rainwater components relative to soil and seawater indicated that SO}
and NO; were mostly attributed by the anthropogenic activities, 53. 1% of Cl~ originated from sea sources, and NH,” and K" came
from the soils and human activities.

Key words : rainwater; chemical composition; fractional acidity; enrichment factor; Shenyang

T T 2 ) B0 B B T s ) ™ B A 5% ) A, % [
PR TR AR EL o5 ) AR Y 409 |, WA 2 BRI v A
JEEZIEE 3 KR IX . 19 fih20 40 4548, T2
b2 R A S 2 T DA 2 i T X PR TR IR 4
BRI R A I T 1872 4E4R HH “ TR 7 3 — A&
PE2 HEE 20 T4 40 4R B N 4E T 2K
TRk 1] R 25 T T 0 Ay R S8 K I A T 5, TR TR 3
GA GRS E 2 e

FEK B 22 e AR W B N T, %2 B
SRAITFE AN Sl 3 [R5 i), 2 3 A K 1S9
SRR ) IR AR FH A 45 3R &% 200 i s

PRI IR A 8 A, PR R K i A 27 i o) fiE
1 SRR SR BERFAE M5 YR L. 2 iy —
KK AL o BB TS R W K rb B9 B o 52
e YORHIRBEAN 3 98 L3R A SE 2 R
BT K RS A R S0;T B, HE T
H PR AN R A e g T DXL AL, o A [R]
DX R W O AL A (5], R3S A [] M X e 7K 8 140

WimHH: 2012-08-30; fEITHHA: 2012-11-05
ELWH: EHEARPAELSTIH (41101315,41171324)
EE R AT SRARER (1990 ~ ) 22, BB AR, FZER ST T5 10 RAER
158 ), E-mail ; yayalinjing@ 126. com
# I R N, E-mail ; jianghong_china@ hotmail. com



2082 2N 5%

B 34 45

IR B T (¥ T AL i B T

ReE 7 ) Al 2 2 B DR i X B T /J?KIEJ
ﬁ‘ﬁTﬂ (U3 H AT 1k, 0 T R 07 R R XA
IKAGEA L BE TS LA 22, T AR L Ml DX B F 5 45 /0
iﬁﬁ%ﬁﬁ?jtl&EﬂijﬁE’mﬂ Co 3k 3 24 FH T 2007
AR 1~ 12 H AR 0 R 2 Az b XA K
P B TN, LR G S R R, I A Ak T Y
KK A2 dUREA T HE AR

1 HARKIBREEESH

1.1 A5 XA

WEHTT (41.8N° | 123.4°E) il THE S, M T
rb 2R i X RS L“f%‘tiﬂﬁ B DISEJR R 3
it | FeB S PE AR HK, 0] | VAT TSk IR 4
BEN. tePHT 1.3 ﬁknf ,’ﬁﬁ@/ﬂ%#{mﬂjﬁ
Bt 4R SRAE - 29 ~36°C Z [A], 3R
8.3°C. ZAEF-HRE/KE 500 mm. 27 K, FEK
BOMAET 2R, 2R .
1.2 REEFIGHT ik

AHIFE 2R FH P BH T T 3% W20 A9 A 2007 4F 1 ~
12 H 3L 25 K 0 WA s . B KRR S LA 24 h
JoR eI, A 1 d A LIRBE RN R, A9 — A
FEAIE. AL JLRREM () , LK 17709 .00
~H 177 09:00 FIFERT (F5) o — A FE. #2R
FERSHCE G 2 h YA H BB B9 B RN, 000 57 RICKs A A7
58 B TR R

SR & FH 0 T 3R 2 S AR AR R 7K R .
R /K ML i S B 53 BG4 it FH F S S84SRI pHL Y
Sy K AL R 2 (EC) 5 pH E, HARREK
FEfD T 0.45 pum A9 TECFL 8 BE ( Millipore ) 3 3%, 35 98
Je WRE S e AT 3R IR BB RMIR , 72 3 ~ 5°C I vk AR
HRAE. KRR A BT R FH I R bR o 43 B 1k k1 B
W Hrik. iS5 % (EC), pH {Exﬂiﬁﬁm/’f,
SO;” . NO; | ClI™ | FRHBE T A5 Na™ |
Ca®* | Mg”" SR 7 W Wi 43 e 6 3 ik NH; K H
YRR .
1.3 H¥Eiia

T GRUE O S, B R S A B R
fﬁ%‘ﬁﬂﬁ@ﬁﬁﬁﬁ”ﬁml FARMIEYHI/T 165-2004 Fsk

AT, IS5 b E PR W Ik 21 2 A AL

K REERES 4%, 5 EC (A1 pH ST 211
Ay BT E DU B 2 S ER 2 S 1, RS 10 /\frinu
—25 130T, 5 B8 T BR AR S MR . B
JEEN E — U SR AE B ek 8 S B 1 2 R 25

Sy BRI S v FE 2
PR B

I3 IS 25— L i T 2 0 R 7K a0 I ) o 2
"*uﬂﬂ?aﬁ AT DA BN o 15 5L DA R I ) o 2
FrIaetEMEEG R, XE T2 M5 HE 72 M
PEATAI AT, W 1 s, P el LU H H e
R R IEARE, R® = 0,969, 43 Hr B8 vl 55, 0
> BT M D B TR 1. 15 KWLM
B T2 T T, SRR B & Tk 4
ATREE I FEA DM E COy™ |, HCO;, BT LLKA L
1% 2 -4 1 LY.

6000

BEAN K TF A% T3 M Ji

y=1.030x- 1122
5000 - R = 0.969 .

BF B85 A e JiE (peq L
g 3

b2
=
=
=

1000

L 1 1 '
0 1 000 2000 3000 4000 5000
FH 87 B i fpeq L

E1 BAMEEFRIREMEXEST

Fig. 1 Relationships between the sum of cations and anions
S IA
2 ZWHIE

2.1 FHRFER EE RN R R

At 3k K 4 Hb X, B K R B 3 B 5 R
H,S0, Al HNO, 512, i@ %44 SO;~ Ml NO; fEh &
BEERE T M RREE (FA) 2 PP K iR B
IR E 89— 55, K H Balasubramanian 251" $2 1H
A

[H"]
[S0;"] + [NO5]
XL THT T, [S03 ], [NO; ] kst o s F A vk i
BAN weq L. #F FA =1, £ W] SO2° Hl NO;
77 A R a7 R B i Bk 4y Jo

R R (NF ) J2& PP e 7K 4 B 42 J53 v /i
— B, B Possanzini 251 $ B9 A SRR

FA =

WL
[5O3 ] + [NO; ]
A, X BB T X, R

peq-L7".
2.2 EERK



6 1 SRARERAE . VL BH T R oK Al 2 o3 B R B A 2083

RAMATE T, BERRB(ER) HHH TR
FIREK T IC 2RI BT, 88 DL Na* V4l v
RIRMHEERNE S T, UL Ca® ME N RIS TRt
Rk EEEFOEERE . BERYGE
uRg N O M R R IR /D e
7] B 75 0% B EE A1) L (B 7 C FOR TR AN T 24
B B ERBIE AT

([X]/[Na" J) imer
e = ([XT/7INa™ 1) e

X1/[Ca™ 1) i
EFSOH — (I: J I: a :I)rdmwaler

aaaaa

Ko X JEREK TP AR TR B 7. K X/Na*t H )
Z: 18 Keene %" (136 7K B4 B4, 1 X/Ca®”
He i 2 B Taylor:m FA HlL 5 B 0 S
QAR 22 L A At IR SRR ) TR, RAUREIK
S T2 0 1) SR R IR AL T K I AT, A A X
TEAAR TG 3. AT R 2 2R E BE
IR HOR RIS IR AR B, THE AR A (SSF) | 5 A/
F XA (CF) ARG 3l (AF) B X TR .
([X]/[Na" ]) ineaier
([X]/[Na™]) ine
([X1/0Ca™ 1) imatr
([X1/[Ca" 1) prine
AF(%) =100 — SSF(% ) - CF(% )
A, X/Na* ]2 B8 Keene 451 1% 43 7K 0% 2 51
¥, 3 X/Ca®* e 2 IR Taylor' 7! () #1525 4>
o
2.3 JEHER L
IR RS KA E —E B ] N 932 3 %
12 PEIE AT LA oK S BRI A Sinis e, AF
FEHR IS [ [ SR R A9 oD a8 SRS 5
% (NOAA) ) HYSPLIT #iili#515 Version 4. 8 FEZk 5
PURFR K B J5 HEARAPIE , I e i ik ) 4 E  os
FRUfER RIEHR , ZEMHRF[A] 4 24 b, B b BE A1 500 m.

3 H#REITiE

3.1 pH {H5KKME T4
R W & A pH A B{E an B2 B 7 , pH H ${E 11

SSF(%) = 100 x

CF(% ) = 100 x

SR 5. 74 ~7.65, KT 5.6, UE B L BH T K
KB FFEA T4 mE. NPT LA pH [HEE
o, AT 430 717 L 6. 84, (B
3.4 5H,8%.6.7.8A), k&A%, K&
KOEBIE A 9 M 6.46 . 6.07. (FkZ.9, 10, 11
A, &%.12,1.2 A). EFRNKERFKERRK
BERE KRR M T, S 30 pH HAS . A& 2R
KA BB R AIRBE i SO, A1 NO, B HE IR K3, fif
pH {HFEAL. [FHF pH {E 5 KK & 1 B 8] 5 51 A8
PRI+ A 58 4 — 2, HAH S LA 0. 102, f b o] Al
R K B X T 7K pH (A — 22 1 52, {5 5 2 45
PR 2% LRI /E 45 51

—Oo— Rkt
80 - —u— pH

=)
=

7k it /mm
/
/
<
l/.

20} \- 16

O\
0 1 1 L L)
— i) 2] = W =] - o0 = — o~
[ [ [ [ [ = = = [ [ [
=] < =] = =] =1 < (=] (=] (=] =]
A (H-H)

E 2 pH{EFMMEKERHEREES

Fig. 2 Monthly variations of pH and precipitation

Rk B PH B 0 5 i, BN S AY pH 341
P SR e ULER 1. AR R Bk s
TR KK N S0 > Ca®" > NH, >Cl™ >
NO; >Mg’* >F~ >Na* >K*. SO;” fl Ca** J= T %
S, W Zf b 23RBS 19 36% ~70% , 1
1 55%. SO~ Al Cl™ & EZ A E 7, W2 InACE
PIE 43 9K 330. 00 weq-L ™" Fl 85.95 weq-L~", H
XF TCHLI B+ S TRk 43 0 R 60. 32% F1 15.55%
HHENO; MF; Ca* FINH, 2 FEHE T,
TN ACOE 445 43 591 4 291. 17 weq-L ™" 1 175. 13
peq L1 X TCHLIH B S i BTk 73 51 49. 51%
F129.78% , HkJ& Mg>* | Na™ I K ™.

F1 BARAEBFHRIEMTEMN pH FHEREEFLHEEFHLLE)

Table 1 ~ Volume-weighted mean lonic concentrations and their relative ratios to total ions

[ S03- NO; F- cl- Na* K* Ca?* Mg? * NH; pH
P/ peq-L ™! 330. 00 73.89 58.12 85. 05 39.91 15. 04 291.17 66. 86 175. 13 6.89
S BB T % 29.07 6.51 5.12 7.49 3.52 1.33 25. 65 5.89 15.43
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Table 3 Correlation coefficients among ionic constituents in wet precipitation

S03- NO; F- cl- NH, Ca?* Mg?* Na* K*
S03- 1 0.0134  0.9078** 0.8960** 0.9321** 0.7531°* 0.8540"* 0.8322*"*  0.6588""
NO; 1 0.340 1 0.3597 0.0749 0.5603*  0.4309 0. 4612 0.5212*
F- 1 0.9775** 0.9399** 0.8196** 0.9157** 0.9307**  0.7956**
cl- 1 0.8834** 0.8741°* 0.9655** 0.9799**  0.8888""
NH; 1 0.6540** 0.7737** 0.7907**  0.6145*"
Ca?* 1 0.9235** 0.9170**  0.8267*"
Mg?* 1 0.9881"*  0.9149**
Na* 1 0.9339*"
K* 1

1) # # FIRTE 0. 01 K R WFMN,; » FRIRTE 0. 05 /K b WEHMR
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Table 4  Enrichment factor of precipitation samples relative to sea and soil
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