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Overestimation of Ammonium and its Relation to Ion Balance in Fine Dust

(PM,5) According to the Denuder Installation
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When collecting air samples for analyzing the ionic components of fine dust, a (+) error may occur because
gaseous precursors react with each other on the filter surface to form particles. To remove NO,, SO,, HNO;,
HNO,, and NH; which may cause these errors, a denuder must be installed in front of the sampling port. How-
ever, with the extensive use of sequential samplers that automatically replaces filters once every 24 h, the use of
denuders is decreasing. In this study, the effect of denuder installation was analyzed by operating a sampler simul-
taneously with and without a denuder on 279 samples collected from Gwangjin, Seoul. It was confirmed that the
NH," concentration of the sampler equipped with a denuder was 13.4%~26.9% less than that of the sampler with-
out the denuder when the fine particle concentration was less than 30 pg/m?>. Further, less nitrate and sulfate were
detected when the denuder was installed. However, their levels were not as low as that of NH,". This is likely
because nitrate and sulfate are collected in a form bound to water soluble organic carbon particles and then eluted
to add anions to lower the ion balance. In addition, when the denuder was not installed, the ion balance value was
higher than that with the denuder installed, which was attributed to the partial neutralization of negative ions by
gaseous ammonia. Therefore, to determine whether an error occurs during the experiment, the ion balance should
be carefully maintained.

Key words: PM, 5, denuder, ion balance, ammonium, nitrate, sulfate, WSOC

.M E graph)S ©]8-3l] Zo] X
o] AE(Na’, NH,", K', Ca¥', M5 8F& &
o}~tﬂ

& Ak Qekels

o 7rd

(NOy, SO, NH,"5)¢} ©-4F(EC, OC)e]t}.)

=4

8 %
w7k $71eke oleRel W

Atk 2 FeAME, el vigo] B 7kl Alksld & gR
o] ZuAHA] Fgo] v Z71sPA, A & L

o o— e “?“on]— ]’10}7}‘]:]]7] 'é‘oﬂ
E 37} 2718 o) 7= F IC(Ion chromato-

"To whom correspondence should be addressed.

Tel: 82-2-6490-2871, Fax: 82-82-2-6490-5468, E-mail: h_kim@uos.ac.kr

J(CI, NOy, SO,>)%

]2 zU‘\J.Oi §]—/\]-Oﬂ OI-D.E—O:IO] 7}7<]— = u]?
o]e-& 717} NOy, SO,, NH,

< 8 ATAZ Bl 4 (D7)
g0 2 F=2 OH gulZo) oste] dilat glor
H}ﬂéﬁ&ﬂ“ﬂ*@”ﬂﬂ”q

=
A& w= 4 (62 Z°] Ammonium sulfate= %H‘i 53



O (Denuderyd2h ool uke: ZwAIRA] (PM, 5)

SlEA]EE kR Uoprt #1538 wi= 4 (73 2ol Ammo-
nium bisulfate’} FJETh dEUol= ALk} it
BT Agslal, SSAA dRE sk 7HE 8%k
Ze)/d 7k2=o|th

K

.

NO,+OH:+M — HNO;+M
(k=2.8 x 10" cm®molecule™'s'at 27°C) (1)

HNO;+ NH; = NH,/NO;(Ammonium nitrate)  (2)

A71M M vkl A3 FolshA] e oliAl F,

SO,+OH: +M — HOSO, +M

(k=1.6 x 102 cm’molecule’'s at 27°C) 3)
HOSO, + 0,— HO, + SO @)
SO;+H,0+M — H,SO,+M ®)

H,SO,+ 2NH; — (NH,),SO,
(Ammonium sulfate) ©6)

H,SO,+NH; = NH,HSO,(Ammonium bisulfate)
™)

AP 2 EAfshs ol ol ool 4
ez ok Aejolmz, F a5 FRviel ol
&2 (lon Balance, IB)EX #4778 ¢] 2443& 7tst
2 3TESD FolEH o (Fol T ol T
ghel 10] Hejof k= AdE 2A= 1B7F 15 ®ol
HojupR, 40l LAt de Aom At

(0]:0 % o} 2k '6‘1—)
o] & W& *(Jon Banance) = = =

Sol & o 3

O

[Na* J+[NH, ]+ [K ] +[Ca’"]
2299 18.04 39.01 20.04
_ 2-
[CI]+INO; 1+[SO} ]
35.45 62.00 48.03

®)

o2l AlgEA o] FYFHEE BE o] o
WE Z4o] olFol7l 7] W] Yzt At
1] 2 & 1 Aoltk. 1Be] 18 W] 74

T w7k o) ¥zl A7 A7 101

Table 1. Allowable ranges for R, in different concentrations
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8% ks A Bon 53
DenuderS @‘]6}% 735 us 01% W2 gro] v
B Bes & k. o, AR AR g Het
G Denuders F2eE 74 2012 0.16 peg/m’,
ko] 0.15 peq/m’)A 2, Denuders A2 sHA] e
A9 201 0.17 peg/m?, GOl 0.17 peg/m’SZ FH]
1 Hidxy= 19 7RIt ol AR ZHAH
Aol E2FFE o] 9] o] ¥R oo} HA| Hitol| wH]|
?‘*Ol 2] &3] wfZolrt.
]E"ﬂ 3t Ht o] WA %}% DenuderZ
% 0.89, A=A 9 A9 09701t} ©]
ZHAHA] 0] AR B &
o S8E A, e SAHEA &3 A=
«1 |8kt o, 2uARA] Fert =
7F 19 7R E AL Hol %
FoiF oz o1 gl F
t}, o] W ~7} 1S5 Hlo
", HCOy, COy* 59 mIEAst At
& FS 59 o] wWHx e g
o o] o]¢] &= w3

i

rZi
N}

L
ol 2k
X oﬁ,

\

0

F

)

Mo rr o
Xz

o
[

o2
S
flo
o
0
(3
O

rlo
o,
o
O
o
e o
[
1>

o ol
o

=y

=

e

)

X0 off
!

N

»

i
)

B

kd

o

K
ey
&
¥

e
o
o
R
A%
ofs
'TJ

)
o
3
to
ol
A%
do rir
o

Ho
3
ol
o
N
E=
Mo

1 SJstel ZolRAE
o]& Wy A u FQa o] L E I

Table 20 ZFAHA] F& 77+ @ o] Welxg}
FEAAE JERIQLTh Denuder 3% oj3tol] BAIgl0]
T 4G 2R AFEAE o WHx go] Hold
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PM, ; Cone. De-IB Non-De-1B No. of
. (Std. Dev.)  (Std. Dev.)  samples(n)
0 02) 30
10~20 pg/m’ (8:5(3)) (8:?% 32
20-30 pg/m’ (g:?g) ((]):83) 40
30~40 ug/m’ (8:33) ((1):8% 1
WSO o 00 8
o Gog 006 6




104 PEE - aD -
™, 10 gg/m’® ©|5ke] o= Hat 0.749F 0.89714]
sobAth, 78 ARRE o 048 Z1%e)E S,
30 pug/m* 774 DenuderE X314 o= 74971 ©]
& W2 glo] T 2], o) DenuderE AA3H4] ok

739 ofo]e =3 dJEQ] Na', NH4+, K*, Ca 2+ Mg2+
S 9% 478 T Q4o AZAA Sl A
A 23 TP TR wheslel e R
24 Jol e ATFL USL InlFitt. AT Na',
K*, Ca®’, Mg>52] 0|58 Denuder F= o4
e e 2elE HolA] b=, ofxo] Aol
7¥27go] oh7] wiiZoll Denuder AlATFEZ ] ok

3 ABHOR ol WYl PP AL St of
ek, Wb Denuders X34 9 3§ ghmvio}

Phert AARA S ZYREIA NH,'E B
Fole-g ATeh AL A2 olo] G2} ol
Q9] olsh AAHAAGT 2 5 2k
S, Table 39l &% 77 B8 FQ ol29] HF
< Denuder 42 Aol thslo] 28] ‘3-%
o g HlE= eI =, ftel 100% v
Denuders AzFsle] x#3F o]29] Zro] ©] 2R Ao
t}. o]fl A7 kY AT-EZEC] Denuderdl & ﬂoﬁ
Eqoi AN 23} NGl s Hgo] A

A2 ol ASS ¢ ]3“:]'
Denuders A&ehs 739 ZuAHA F% 30 pg/m’

mo A FEFANH, N2 vl A wolxh &
2FI(NOy), 4t (S0,7) IA R FI(NH, )R-
PR FE HAA] =
o ot s k) s

ol
i
2
@3

fu
o
=

Y

Lﬁi
we,
rlo

B

AAHA] 3%
golA rLjolr} Inletoﬂ $1AI5= Denuderol] &2t
AA == FEo] ZA Rt & o
ok, A Ghe] A dEad A9EA &
2 YA Felo] vhE FEdol o™, Denuderol 4]

AARA B3 ZHEL IS FHD 5 ek o9

fo] Kele]
MME =
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