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Snow Influence on the Chemical Characteristics of Winter Precipitation
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ABSTRACT : To know the differences in ionic compositions in rain and snow as well as snow influence on the chemical characteristics
of winter precipitation, precipitation samples were collected by the wet-only automatic precipitation sampler in winter(November-February)
in the lksan located in the northwest of Chonbuk from 1995 to 2000. The samples were analyzed for concentrations of water-soluble ion
species, in addition to pH and clectrical conductivity. The mean pH of winter precipitation was 4.72. According to the type of winter pre-
cipitation, the mean pH of rain was 4.67 and lower than 5.05 in snow. The frequencies of pH below 5.0 in rain were about 73%, while
those in snow were about 30%. Snow contained 3 times higher concentrations of sea salt ion components originated from seawater than
did rain in winter, mainly CI, Na', and Mg™". Neglecting sea salt ion components, nss-SOs~ and NO; were important anions and NH,'

and nss-Ca™* were important cations in both of rain and snow. Concentrations of nss-SOs~ was 1.3 times higher in rain than in snow, while

those of nss-Ca™ and NO; were 1.5 and 1.3 times higher in snow, respectively. The mean equivalent concentration ratio of nss-SO;%/NOy
in winter precipitation were 2.4, which implied that the relative contribution of sulfuric and nitric acids to the precipitation acidity was
71% and 29%, respectively. The ratio in rain was 2.7 and higher than 1.5 in snow. These results suggest that the difference of NOs™ in rain
and snow could be due to the more effective scavenging of HNO: vapor than particulate sulfate or nitrate by snow. The lower ratio in
snow than rain is consistent with the measurement results of foreign other investigators and with scavenging theory of atmospherlc aerosols.
Although substantial nss-SO,” and NO; were observed in both of rain and snow, the corresponding presence of NH,', nss-Ca”" , nss-K* sug-
gested the 51gmﬁcant neutralization of rain and snow. Differences in chemical composition of non-sea salt ions and neutralizing capacity of
NH.', nss-Ca’’, and nss-K* between rain and snow could explain the acidity difference of rain and snow. Snow affected that winter pre-
cipitation could be less acidic due to its higher neutralizing capacity.
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2O : 2T BN o] 2R Aok ol ALH A4 BEH S nXE TS Fetsy] st AR JAR G4
1995478 20009747 -9 249 Eo] 7bd o) 11~1287 1-29 5 AEZFAAZTRE AHg 3] 7&#: e &
pHet A71d=% TJ8)a 84 o248 558 ﬁﬁo}%t}. AR Z9 B pHe 472019109, Ze] IHFH o wetAe
ZAGOHETG Z@6T1M e AHES JeATh pH 50 o|8ke] A pH H“g}*ﬂEh e BS %k 73%01912E1, %“é%
30%o] %lt} oG8 ¥ ZALE Bl W AhelA 71 st sl ol 28R =7t w4 vehged, 53 CI Na Mg
9 B 3 olde] vk AolE e slgrY AR Mé B et % W U“ °°]i°ﬂ*t nss- SO4 ¢ NO; 7+ 212
T ol SolAE N S nssCot 7t $HRY A0 BB, o1F nsS0rE 7 3-5-oll A 13HH 2 R Uk u, nss-Ca2+

NOso} B ZAelM 242 15eiek 130 £& T=8 Jeilnh ALd 34 5 nss-SO4 NOye| BFsrnE 2401902, oA
Be] AP hE HS0. 719 g0] 71%0] 2 1 YmiA7t HNOo| 98 RS guldeh. 25st A-AAE 727 275 158
YeR Q=8 o] RAE 4A29] SO, NOy Rt 7}*@}4 HNO7} A48oM ZEH o2 AASY fiEos 299 & 42 972
HIE QAL gom, PNl 2EY AFOlEIE & RFHE Ao vrhith QALY ASE A% ZH BF ns 807
S NO7E = - 9] mle@A A vlg) DF=R AFAYA, oo fhgets FLe) NH, nss-Ca”’, nss K™ So] Ao =y
FEAEel o] AY Fo) FaF EHor vehdth 18y Zest 7%4_01 1K) ol 2ded] o] a8ja LA ER AT ol
gy w ws}“ Zolel o] Zgol Md Fde) APt Fe Aoz yEstod, Ao 24 ALE 25 44
EE #3N7E 9FE s Ao SodHgn

FHO : AR A, B, B4, ABFE, nss-SOSNOy, S35

+ Corresponding author
E-mail: gukang@wkhc.ac.kr
Tel: 011-9629-7700 Fax: 063-840-1289

CiHEt A B Ot K| 20 12, 2007 1Y



114 239 A9 03 - AUE - 953 - B

LMEZ2

A7 9 W Jde FF7F H, F, 29 5o FHE
uHre] AgHOR Wels g Z(BEK, precipitation)2hil
ittt di71egELe] gy] Fol WEHE 1 dF = 29 %
Aol - AFHl /43 H(dry deposition)ste] A A =
At 3 JFEL FAT olEFsHEA 23 SYEZ(secon-
dary particulate matter)2 W EHO AN T &4 A3 (wet
depositiomyo] & 218, E, 59 5o Ax2 AARL
712 EEZY dEAHQ A AZZ(wet removal pathway)
A AHEEN, rain)¢ ZAES, snow)> H7] 59 7k
WA d71L9E2E AAse H71A 2-&(atmospheric
self-purification) ©.2¢] 9&& A, NEHY EFo}
FA T2E AYE L9ERL AAHA L JEFEN
e dge £ B ohvg Aol B4t o=
ARG JAE zdste Aoz g8l A

e e #3718 TES 3L dsstd 9g9EF
(adiabatic expansion)oll 2]&] ©|&HSE(EE) T 1 o
stz ¥4E o dYdHe FFCEMAN I HEh o
7] FAA ole@LE oJaE WE F7] Fo 2ol 4o
U Edgo] 4717 Adixe LAY dA4 mgAR] 82
sl(cloud condensation nuclei, CCN)o] B @ 3t}l? o7 2
Qe SAUY & TEol AT P9 2z} 719
29 Axol we} g2A Ao 7] ol EAE 849
L 2E NFDAHEHAL ), 2B s B HA
g YAt A7ZIYAL, ARA vyl 93] € Tt E
FeA Fol Atk wEAAAR olEHRLE olE YZEo)
7] KollA Wgo] B4 Afd= Yo Hash gt
ol Zo] FEUAEREH FHE A d AHL2 HAot
2(rain out)d} HYAjol(wash out)o]Eh= A)F FL(scaveng-
ing process)2.2 W7] F9 7ty 2 YAS LF9EDE A
Agth ot 7] Fo EAsHe LHEL FEH
WA gAM oz AL(in-cloud scavenging)stHA A A =
AE sty o]RL ¢4A 0.1~1.0 ume] YA AA &
FHoltt. Yok B WL o] 75 oH Y
7] o2 QolAWuA LdEAdT FE59 §F € F
A== Z(below-cloud scavenging)g ¢uj&dt®, 2 um H
2 42 AAN mAFot 84 Jtas TRV HE
o FFEAU B W0l wd S&dch TEoly ¥
o Moz Agax 2% AR AL 0.1 um 7B
£ Bee £5d o8 SaiEel 7 B4 ¥2an. 29
Aoz Adold FAW 29 BAe Aokes 940
ZA Qg AAR drlegEdol £FEH &g HSh
AxHANA EJE 25 & ¥ FEE A A
¥ Z4A dolxl & 4B% & A Hed
719 ABEE FE A4oke ZEd gt Aol Azt
oA Hi 719 & #Rlole Fgd o3 Ao
AA Qo g, ZEeid ofF g BF(AS
9, OIS 71384 2E5s L@ty HEFH oA 2

2ol to 1

R ot pe N R

J. of KSEE / Vol. 29, No. 1, January, 2007

E39 &3 = o, pHE 2= mE JFIE, 17
B % AF g 27l W 1 9y =4
19 ogd £XE o]F1 3lo), 2l g3 AAHe
SHAEAY &g A FFsste A2 4A &=
2 g4@A At aHY 349 L9495 ARG
prd

=
) 542 olsisked WS Fa9 AR/t 2 B opy

of
4
Y,
.L?L
Y
ro,
A
rg
2
>
fl
e
o
2
ofN
fo
ok
8
o
tio
N
N

I

o B
AW dr B SN o b

Bol| 259 setzdd did 4 2 AFA 454
B w588 gr|E et I e 1990

5 pHe} AVIAEEE "Rl F8 F84 ©
AR = Mo BAFLE o|FAAA HYlLH, X
A Agg FALR & A=A A9E Xl o9 A
oo dd Z49 AR dED v Ak g9
Age ol2zAge) dF A7/t BAFHOE o]FAHA
ZIUFo2RH ZAle dV|edEZ0] BAZY dFe
B3 Qe fEvHE A olEste A2 WAL 9
o] 2ol AAERT ofUH I LFFER ABFHE 2
49 gyel HAh 53, Mt A2 AHez F
ZU 5 Qs Ao A9 LA=T} FF TS Fst
A 2g Aoz dqgEa o BV R8Tt £4E 4
AER Y ZAY ol AN ¢ F&F AR}
& ZrRAREs
2 F3NA W&

w

4,

=
N,
fo

32
o
po)
oA
g
r)
Ho
s
o
iR
=2,
rir
fo N
lo
o

fo fo M f» it Jo
a o
oft
o
=

: N
o
ul
o
X,
9
ol
ok
N
>

etz o|Bdy] fEd A4 9%
<

o 8 W

3 &
i,
il
X
o
it
x
=0L_:‘
2
>
12
o

N 2
O

fo K rir

o
- =

N
oo =

)
<) l_o

Aol B Ao Hzdnh AN
259 AFE AT S g A7 n=2d &
AAREY TR FFUFL2REH FAY ol&d W
SYEAY AF Jtedol 7ME & AR A4 AR
o 238 Folu 7hEe Zd FAHA =T} 2 A
o2 vepgd, o132 AgH e o9 Ta% 54
A% A9 sl Aol TR fEoE FRHYE?
ojg} Zol AF AY AgH B F4H 542 24
g% FFE A g Aoz AAHY I ol
e Ave W uESE 2ol

nebA B ApoAMe dhbe FARY At HFEAY
of X YAIAGelA 1995378 200003744 61 T E
e ZrRAARE AHgEY 9389 dxHY IHe
9 7] 5 298 9 AAZE] B9 Y
g3 54& vla EMgegA ZHol AgH e 3
2 B4e nXEs 4TS FotetaA sl

k
(ol

ox.

E

o o

o



Fig. 1. Location of the sampling site on the Korean peninsula.
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Fig. 2. Wet-only automatic precipitation sampler and tipping
bucket rain gauge and installed on the rooftop of a
building on the campus of Wonkwang Health Science
College in the Iksan.
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Table 1. Sampling day and number of rain and snow samples in the Iksan

Year Rain Rain+Snow* Snow
Month(Sampling Date) Month{Sampling Date) Month(Sampling Date)
11 (7, 23)
. - 3
1995 12 (28) 4 11 (24) 1 12 (4-5, 24, 29-30)
1 (28) 1@
1996 11 (1, 4-5, 89, 17, 26-27) 9 li 83;3; 2 2(L 9 6
12 (17) i 12 (1, 4, 19-21)
; 82) 2) 1(1-2, 5, 6)
’ - 2(1 6
1997 11 (11-12, 14, 21-22, 24-26, 28-29) 1 12 &9 ! 1 Eﬁ) 11-12)
12 (6-8, 15) ’
11 (9, 16, 27)
: 6 20, 21, 22, 24 7
1998 12 (7, 18) 6 11 (23) 1 1(6, 8, 19, 20, 21, 22, 24)
oo |
1999 P 10 11 (24-28) 1 2(2, 20) 5
11 (8-11) 12 (19-20)
12 (6, 15)
12,5, 12-13, 22-23)
’ 0 1(7, 18-19 2
2000 2 (5-6) 5 7, )
No. of collected samples 39 6 29
No. of effective samples 39 - (2 =37 6-(=5 29 - - (1)# =21

* Dates with asterisk at lksan mean that rain sample was simultaneously collected with snow.

_ Underlined dates mean that rainfall of sample was lower than 0.5 mm.

# One sample collected on Jan. 19, 1998 was excluded by the balance check of electric conductivity

22| siM U MRIM HE

249 ey BE4g 6w grista, 4
*)1: o X 4FS Fostax el of
Jo] 7haot 11€%EH 1 9238 287X &
13}% g AZHe 2AE Hoddld A5 E F
A }@‘E} =S 259 ZAY 353 Bgde e AEs
Ao gA B AFHEdE AEITE o) 5o o
A 22 0.5 mm o]5te A ZF5A8Y BENAEE F
9} A4 gsty B g ol A= wg
AstA e Ro= AlgHo| Z¢ 27, 24 A, Fest
Aol 278 149 A&7 4 A7 gl A=At

(Table 1).
3.0
O Rain
+ Snow
o R+S
20} o
&
g
E
© °
& oot
: oo
go
" i’ . .
0.0 1.0 2.0
TA (meq/9)

3.0

ECobs (uS/cm)

BEMAEY A84 FEE AstY Al 627 ZFAEY
2] A(TO)H Fg012(TA)Y w=o tet o] 2P X(ion
balance) 2@ AZ|AEE ZFX(ECobs)?} A7AEEY
A XX (ECcal)ol] thdt A7[AEE W&HX(electric conductivity
balance)E AEIATE A7 AVNAEES] AAE o
2R B EAZFAZREH 7T 5 ow, I ey
%H@d#mﬂﬂﬂwﬁﬂw}ﬁqF%32°“W§ﬂ
A A AE AE FA EAEE FEIA(TOH F
o] 2TA)Y FEEE % A7|AEE 27X (ECobs)%} 741*&%1
(ECcal)d] EEE Uehd Aol o7]elA o]2¥E9 &
2 AAERE BXE F A 25 Avez d¥9 o
SHAE 2= Ao = JEth 2y 19989 1€ 19Q9

400
300 +
(o]
200 |
[e]
100 | %
+
0 . . .
0 100 200 300 400
ECcal (uS/cm)

Fig. 3. Ion balance and conductivity balance in winter precipitation samples in the Iksan.
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Table 2. Mean concentration of ions in precipitation samples in the Iksan

ECws NHs K'  Ca Mg" N F NO; NOy  sof o TC' T-A’

pH

uS/cm ueq/L meq/L

STD,

54 23 0.8 7.8 9.4 32.1 1.7 0.2 3.6 73 47.0 0.05 0.05

STD,, 0.10 5.5 10.1 1.2 10.6 4.8 16.5 13 0.3 6.3 18.0 202 0.04 0.04

STD,, 0.17 10.0 19.0 1.7 30.8 11.3 46.1 2.7 0.7 15.0 38.1 61.6 0.09 0.10
" T-C : Total concentration of cations
® T-A : Total concentration of anions
3 Winter : All precipitation samples collected during the sampling period
“R+S Precipitation samples that rain was simultaneously collected with snow
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Fig. 5. Content of anion and cation in winter precipitation in the Iksan.
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Table 3. Equivalent concentration ratios of ion components to
Na' in precipitation samples, sea water and Earth's

crust
CINa" K'Na" Mg"/Na* Ca"/Na" S0, /Na'
Winter  1.22 0.09 0.30 0.63 1.26
This  Rain 1.11 0.12 0.29 0.80 1.82
study  Snow 1.36 0.05 0.29 0.38 0.51
R+S 1.16 0.09 0.31 0.81 1.53
Sea water 1.16 0.02 0.23 0.04 0.12

Earth's crust 0.003 0.54 1.42 1.47 -
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Fig. 7. Relationship between major ions originated from the sea and Na' in rain and snow samples. The solid line, thin solid
line, and bold solid line mean regression line of rain, combined(R+S), and snow, respectively. The broken line means

sea salt slope in the sea.
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Table 4= ALR 725, Z9g 24 Fo EASE o]
AR BZA% EFCO% 1 7|9(SSPHE vehd Rolth
A7)el A 2 o] 2A B FEAFER} 19 FNeFE 2
FAe el Hu, 252 ot WAL IF ITS
BT LS oudith 7 o]2EE EFE A¥uw Na',
Mg™ 2 CI'e 249 AFPeo] Aol ZF A 1o
79 ALl 7 Aoz UEton, o] AL A&A)
AAAo) skl AHHTL A= AYHA S 9 A
2 AzZtgch wide Ca¥, KT 2 SO E AR BdA
27} 158, 45 2 10.58 Uepidon, 2459 A"
e E98 ADAA EXolE BEET 257t B
s 2~3u) ol EA Uehth £, o5 o]eArY B
27t G719 ool e A IF JFS BER
t o wE o ZAs 23 98 oudt 29s BAol
EAE NERS)E Z5s 34 F RE AR FFAQ
Agd B4 A $ASA Uebstch Table 4014 ALd
A5 F 9719 o LPRY & FEE 1961 peglolRe
o AA oleH Rl U sl o 41%0lQTh Tt 7
$ob Ao AP7IY ol eFRY FEE 77 129.89
4393 peq/LZA 3u) ool FolE vehhglom, AA o
SHE P HG7D ol eHEY gL A7 32%9)
59%2 2u] A FHolE Uehich o] RE ABEAYIZH

L

BEY 7198 F4E AL T 2ALY AEEL0] o] ol AdAer AgHolg:s ITHE AL UFINE EF

ok st B AFolME Na'E Algstgon, sj4d dg st FAo] Zert g dTe A Bx dss

7 ol E9 BFATenrichment factor; EF)$} d97|4& oo dt.

Table 4. Mean enrichment factors and sea salts fractions of ion components in precipitation samples
Ton Winter Rain Snow R+S

Component | EF  SSF(%) Conc.* | EF  SSF(%) Conc* | EF  SSF(%) Conc* | EF  SSF(%)  Conc.*

Ca® 15.8 6 3.1 20.0 5 2.1 9.5 11 6.8 20.2 5 33
K 4.5 22 1.5 6.0 17 1.0 2.7 37 3.4 4.6 22 1.6
Na' 1.0 100 76.3 1.0 100 51.5 1.0 100 171.0 1.0 100 822
ng 1.3 78 17.5 1.3 78 11.8 1.3 78 393 1.4 74 18.9
S04 10.5 10 9.2 15.2 7 6.2 43 23 20.5 12.7 8 9.9
Cr 1.0 95 88.5 1.0 100 572 1.2 85 198.3 1.0 100 95.3
Total 196.1 129.8 439.3 211.2

* Conc. : Sea salt concentration(peq/L) that could be emitted from sea water.
_ Underlined value means that the calculated SSF of 104 was replaced by theoretical maximum.
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