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( honeycomb denuderfilter system)
( Pall @47 mm PTEF) .

1 ( Pall @47 mm Nylon) HCl  HNO,
NH;. 19 .
AIM URG-9000B  MARGA ADI2080  PM,
PM, . : PM,
PM, ( S0, HNO, NH,)
1517
(1) s AIM ( Parallel Denuder) ; MARGA ( Wet Rotating Denuder) .
(2) T AIM Dionex 1CS-1000 TonPac AG14A
0.08 mmol*L " Na,CO; +0. 10 mmol+L " NaHCO, IonPac CSI2A
20 mmol * L™ ( MSA) ; .
MARGA Metrosep A Supp 10( 75/4.0) 7.00 mmol * L~
Na,CO, + 8. 00 mmol * L' NaHCO, Metrosep C4 ( 100/4. 0)
32 mmol*L ™" HNO, ; LiBr
( Thermo) SO, S0, . S0,
Sabio
4010 S0, SO, AIM
1.3
—4C . 10 mL ( Milli-Q
Gradient Millipore Company ) 60 min . 0.2 wum  PTFE
( 13JPO20AN ADVANTEC) Dionex 1CS-1000 .NH, .
NO;  SO;~ 0.005.0.005 0.01 mg*L"~' 5% .
2
2.1 AIM MARGA
AIM  MARGA L h
(24 h) . ( Reduced major axis regression RMA ) .
1. AIM —-4.44%—0.96%
MARGA  -0.90%—9.63% .
2 AIM.MARGA PM,. NH,.NO; SO;~ S0,
16 AIM MARGA 10 23 .
NH, \NO,  SO;~ 2.22—8.43 pgem ’.0.87—6.06 pgem " 5.15—
20.57 pgem > 24 h 4.78.3.18  12.64 pgem ™’ AIM 4.62.2.95
13.94 pgem > MARGA 4.81.4.89  12.90 pgem ™. AIM
SO;~ 10.3%  NO, NH, 7.2%  3.2%.MARGA NH,  SO;~
5% NO; 54% .

S0, 10.60 pgem ™ 144 pgem .
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1 AIM MARGA
Table 1 Calibration for ICs of AIM and MARGA
AIM-Cs MARGA-Cs
/( pmem~3)
/(pgem ™) 1% /( pgem~?) 1%
0.25 0.25 0.07 0.27 8.01
S0;~ 0.90 0.86 -4.44 0.95 5.48
1.50 1.45 -3.37 1.63 8.36
0.25 0.24 -2.54 0.27 9.63
NOs 0.60 0.59 -1.65 0.61 1.86
1.00 1.01 0.96 1.03 2.79
NH, 1.42 1.39 -2.33 1.41 -0.90
= - )/ x 100%
2 AIM.MARGA PM,, NH;.NO; SO;~ S0,
Table 2  Statistics of NH; NO; and SO} concentrations measured by AIM  MARGA and filter-based
methods as well as SO, concentration in ambient
AIM/( pgem ~3) MARGA/( pgem~?) /( pgem ) S0,
NH/ NO;y S0;~ NH/ NO; S0;~ NH/ NO; S0;~ /(ume+m~?)
4.62 2.95 13.94 4.81 4.89 12.90 4.78 3.18 12. 64 10. 60
1.88 0.89 7.08 1.96 1.24 5.98 2.22 0.87 5.15 0.19
8.15 5.34 23.04 8.65 7.82 22.74 8.43 6.06 20.57 144
: NH; \NO; SO}~ 24h SO, 1h
2.2 AIM N
2.2.1 AIM
1(a) A(b) 1(¢) AIM NH; .NO; SO~ 1( a)
1( b) NH, NO; AIM NH,
( Rz) 0.9%4 1.00 NO; 0.92 0.91. AIM  PM,, NH;
NO; SO;”  1(¢) AIM
R =0.75 =1.16 AIM 16%. AIM SO;~
10 10 30
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Fig.1 Scatter plots of the measurement data between AIM and filter-based method
in Hong Kong for (a) NH,; (b) NO; and (¢) SO}~
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0.52). SO,
3 AIM S0, (pgem™)
Table 3  Statistics of SO~ concentrations obtained from the AIM and filter methods and SO,
concentrations at different sites ( ugem )
=1.28 R* =0.67 =1.64 R*=0.52 =0.99 R*=0.88 =1.16 R*=0.75
AIM 23.1 1.1 140.2 19.31 0.89 68.48 22.92 0.01 74.67 14.16 4.40 42.45
15.8 3.6 53.3 10.30 3.06 18.79 20.97 1.22 41.78 12.64 5.15 20.57
S0, 56.6 5.0 409.5 40.29 199.51 21.15 — 199.97 10.41 2.29 50.23
SO, SO,.NH,; HNO,
! 2 99% 5 mmol * L™' H, 0,
5 mmol*L. "' H,0, +5 mmol*L "' NaOH 2 AIM
1h S0, SO,
PM, 5 SO;"  PM,5  SO;°
SO;”
( >18.2 MQ*cm) .
AIM 25% 64% R 0.7 S0,
SO, 80 pgem "  SO;~ SO, 26 pgem ™
2 -
SO,
5 mmol*L."' H,0,. 2 AIM
S0, 2 AIM SO;”
SO, 21 pgem™’
53 wgem . 5 mmol+L "' H,0, SO,
30~ /
P& =116 B*=0.75 L7
251 I
. ’
7
20k %
E - /
& 0o’
= % .7
% 15 s
= ., 20 2
= 4 g
=1 lOk B
< < 15 2
. /
se 7 10 g
’ [}
s 5 @9
0 v 1 1 1 | 1 ]
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JERAE SO/ (ugrm™)
2 AIM ( SO, )
Fig.2 Scatter plots of sulfate concentiations between AIM and the filter-based method in Hong Kong
SO;~ SO, SO;” SO;~
) . . SO;~
15.80.10.30.20.97 12.64 I.Lg'm_3
SO, 40 pgem™> 57 pgem . SO,
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AIM
2.2.3 AIM
S0,
SO, (1 Lemin~") (2 Lemin™") AIM
8 h AIM ) 3 ASO;" AIM SO;”
S0, S0;~
3( a) SO, S0;° . S0, 110 pgem™
ASO;~ S0, SO, 40 pgem > ASO;~ 6 pgem > SO,
105 pgem™  ASO;" 25 pgem SO;~ .
3(h) AIM 5 mmol*L.”" H,0, +5 mmol+L.~' NaOH
S0;” S0, 50 pgem ™’ SO, >50 pgem ™ SO;~
SO, 140 ugem™>  ASO;" 14 pgem . 5 mmol+L."" H,0, +5 mmol+L. "' NaOH
S0, 50 pgem ™’ S0,
S0;~
S0,
5 mmol*L ™" H,0, +5 mmol*L ™" NaOH 3(c) . S0,
130.200 260 pgem ASO;~
S0, S0,
30 30 1.0 B B,
(a) #B Ak (b) 5 mmol-L™' NaOH+5 mmol-L™' H,0, (¢) 5 mmol-L™! NaOH+5 mmol-L™! H,0,
25k . o 5l M
N _05F
= 20+ ‘.E 20 '
2 15k = 1sp = o0l e ¢ .
< o < or . <
¢ -05F
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® [ ]
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Fig.3 Sulfate production by introducing SO, to AIM’ s denuder
2.3 MARGA
4 N ( USEPA) ( Environmental Technology Verification
ETV) H ® MARGA PM,,. 4
SO;~ NH, (SO; . R* =0. 89—0. 994 =0.84—1.02;
NH, : R* =0.67—0.96 =0.82—1.04) NO; (R*=0.91
=0. 89) NO; (R*=0.19—0.79 =0.40—2.43) .
NO; 2009
MARGA NO; (R> =0.19—0.24 =0.40—0. 48) 2011
MARG NO; (R*=0.77—0.79 =1.73—2.48).
SO;” NH; NO;

4  MARGA NH, \NO;  SO;- ) 4
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NH, SO;~ (NH; : R* =0.96 =1.06;S0; : R* =0.96 =
1.02) MARGA  NH, SO;~ AIM SO,
. MARGA SO, . MARGA NO;
4(b) R =0.74 = 1. 42. MARGA NO;
4.89 pgem ™ 3.18 pgem ™’ 42%. ETV 2011
HNO, NO;
MARGA
4 MARGA
Table 4 Comparison of the results between MARGA and filter-based method
R R R
ETV 2009 3
MARGA 1 MARGA 2
S0%- 0.92 0.68 0.91 0.87 0.63 0.89 S0;~ 0.999 0.55 0.958
NO5 0.48 0.19 0.24 0.40 0.25 0.19 NO5 1.23 0.88 0.741
NH, 0.82 0.08 0.67 0.85 0.21 0.68 NH, 1.04 0.06 0.957
ETV 2011 # "
MARGA 1 MARGA 2
S0%- 1.02 0.3 0.995 0.986 0.22 0.994 S0%- 0.84 0.24 0.98
NO5y 2.48 -0.15 0.774 1.73 -0.05 0.786 NO; 0.89 0.51 0.91
NH/ 1.02 -0.23 0.959 0.993 -0.25 0.958 NH, 0.88 -0.25 0.83
PM,,.
10 - p 10~ ’, 30 ’
(a) B1H =106 R™=0.96 , (b) gl =142 R=0.74 R (c) #43 =102 R>=0.96 L’
% 7 , 7’ 251 . s
—~ 81 ’ ’ — 81 . b ’ N . 7
‘ 4 T ’ T ’
= ‘ = . ’ g 20 4
ENTS b7 s A 2 -’
= ' - L St o
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é *y ’ é * 14 ’ é 10~ oy ’
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4 . Id ’
4 d Fd
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4 MARGA (a) NH, .(b) NO; (c)S0;~
Fig.4 Scatter plots of the ineasural concentrations between the MARGA and filter-based method
in Hong Kong for (a) NH,” (b) NO; and (¢) SO;~
URG ( AIM URG-9000B)
PM,, NH, NO; NH,’ 0.94 1.00 NO;
0.92 0.91.AIM  SO;~
SO, . 5 mmol*L""H,0, +5 mmol+L"'NaOH

SO,(260 pgem ™)
( ECN) . Metrohm  Applikon
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Evaluation of SO}~ NO, and NH,” measurements using

ambient PM, . realtime monitoring instruments

#

YUAN Chao'* WANG Tao'* GAO Xiaomei'? NIE Wei'?
Peter K. K. LOUIE’ XU Zheng'* WANG Wenxing'

(1. Environment Research Institute of Shandong University Jinan 250100 China; 2. Department of Civil and
Environmental Engineering Hong Kong Polytechnic University Hong Kong China; 3. Environmental Protection Department

The Government of the Hong Kong Special Administrative Region Hong Kong China)

ABSTRACT

Field studies were conducted in Hong Kong to assess two different real-time techniques for measuring
SO;~ NO, and NH, in PM, by comparison with a honeycomb denuder filterpack system. An ambient ion
monitor ( AIM  URG9000B) showed good performance for NO; and NH, but obvious overestimation for
SO;”~  which was attributed to the positive interference by high ambient SO, concentrations which could not be
totally eliminated in the parallel denuder. To overcome this problem a series of experiments were conducted
which lead to an improved system including two denuders working in series and with the use of a new denuder
liquid (5 mmol*L ™" H,0, +5 mmol*L "' NaOH) . The new system could absorb high concentration of SO,
(‘even up to 260 wg*m ) so that the SO; measurement results would not be affected. Another monitor for
measuring aerosols and gases ( MARGA Model ADI 2080) developed by ECN  Metrohm and Applikon was
also evaluated. MARGA showed excellent performance for the measurements of SO; ™ and NH,” but exhibited
high NO; measurement results. The accuracy of NO; measurements should be evaluated further. This study
demonstrated the need for evaluating new measurement techniques in different atmospheric environments to
determine the accuracy and precision of the measurements.

Keywords: real4ime measurements of PM, ; ionic compositions AIM MARGA NH, NO, SO; .



