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Evaluating the absorption efficiency and measurement interference of
wet rotating denuder for sulfur dioxide
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Abstract Utilizing Marga 1S together with API 100E and Thermo 43i to simultaneously measure
sulfur dioxide (SO,) concentration in ambient air and standard gas respectively, we evaluated the
absorption efficiency of SO, by wet rotating denuder and its measurement interference. Atmospheric

SO, concentration in Nanjing in 2017 measured by API 100E and Marga 1S were (17.1+7.7) pg'm?
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and (9.6+5.9) pg-m” respectively, with Marga 1S 43.8% lower than API 100E. When atmospheric
SO, concentration was below 25 pg'm~ monitored by API 100E, Marga 1S had a large relative
deviation from API 100E. Marga 1S measurenments in ambient air were closest to API 100E in
autumn and winter, and lower in summer. While measuring standard gas, Marga 1S had a high
correlation of 0.999 with Thermo 431. However its measurement were still lower than Thermo 431, as
was stated by the measurements in ambient air. The absorption efficiency of wet rotating denuder for
SO, was 82.1%—91.7%, gradually.increased with SO, concentration and tended to stabilize near
60 pg-m>. At high SO, concentration, the SO;  residual ratio in the particulate state was
0.43%—1.34%. Therefore high SO, concentration had little effect on the measurment of particulate
SO;” component.

Keywords Marga 1S, wet rotating denuder, sulfur dioxide, absorption efficiency.
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SO FINOFIAT AN [F] T B 9 f 2511180, SR A WIF 9% 32 B4 v T J00KE 4 241 43 [B] 1) U X, 68 A7 OF 5% 4 X
AT YW I XS TAE, [R) i ke = 38 2XiE 5 1 T 2 (WRD, 7828 5 i (U0 F ) XS5 e
WA ST, R FE 2 B - S R B 1) < A

AH5E I H Marga 1S A1 API 100E il 5 (1) 2017 45 FREE KA SO, Wil el , P4k AS [R1 00 8 7 vk i 22
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1 #MBLE5 7 (Materials and methods)

1.1 SEEGHT AL

2018 4F 7 F 17—19 H 9:00—20:00 #47 1 A 3 d By 2l 50 56, S 40 b 5 67 T VLT3 44 R 5t 1l
JRUJE PG 7 5 S22 PN . SIS K T 22 VBT . Metrohm 1 Applikon 2 ) S [G) A1 (8 75 28 AR 4H 23 K
S WE AL Marga 1S(LA R & FR Marga 1S) F13€ [E 2€ BR K /A 7] Thermo 43i Z 41 SO, 43 Hr A (LLF &
FR Thermo 43i) . Marga 1S | FH 44 Rl A3 e 47 #5014 0t 19 AS [R) ok 52 30 43 5, 38 2o 1 =X e 3 b 2%
(WRD) >k R 4E NH;, HNO,, HNO;, HCL, SO, FJE w75 44 W, 10 e s i i #5 /& Marga 1S ILEES
PRIAAZ BB, KO FE AW IE e , (A5 Tk 2 T I i — 23 V0 I i W A AR s S e e 2 Y S
S B RS (SIAC) WAL, UKL 76 2 1 A28 VR A PR 058 T K, B ok B8 0 3% vkl & Ca?',
Mg*. NH;, Na', K, SO, NO;. CIFE/K ¥ 1, oA Hh FR 2351024 0.09. 0.06. 0.05, 0.05. 0.09. 0.04,
0.05. 0.01 pg-m™. {X#§ LA LiBr by P bRiB AR, TR 20 BE30 1 h. Thermo 431 32 8238 8 55 41 %¢
AT SO, M, AR B0k i BR M 0.5%10°(5 min SE2FE] ), AN 26 E APT 100E — 846545
MrACCLLR @ FR AP 100E) X g 552 T BR 5545 3, SO, #EAT T A A — 47 A LN, Hm) a2 J5 3 Ok 48 Al ik,
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Thermo 43i 1 API 100E {143l £ Ji7 B 1) 2% [ AR 44y 1%
1.2 SEE Tk

A S B AR AN A 1 TR, e IR0 19.8%10° 1) SO, bRl SAAIE A Sabio 24 R A= 77 1Y
4010 AV BEAL SARFE BERHEAN, X L HEAT— G B, — G0 BRSO B 40 301 hy 25%10°, 40107, 50107,
100x10° (AR50, S &0 5 L, B B G 10 SO, A S & dBil AR BN, 5 1:5—1:7 A
) HL BT — R B, B BRSSO, B B JE H7E 14.4—73.8 pg-m™ Z [i]. Marga 1S Fl Thermo 43i [A] A}
AT B R AR R RR IS 1Y SO, B/, ZAYSRH 55 s HE =S
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Fig.1 Schematic of SO, absorption efficiency

1.3 Bl ms s il

Marga 1S Wi il 4 BN BRESRE 5 2 AR LiBr, F LA P B4 A7 A9 Ra 5 v LI 309 /a], Br A1 Li %&
ARAEFAHI£10% NIF3). LAk, Marga 1S {UEF N EB B A bRk, B0 3 A~ 75 XA P9 38 0 25 - 5 A
e A7 B0 5 I0TIE , 56 E 7 V0B Tk B A B 43531 A 50, 100, 150, 250 pg L, BN E R 6 K. FHRC 55
[ Merck 23 7 42 7= bR VE VA U, 0 B 4 1000 mg-L'. Marga 1S SO Ay SIS SR & 2(a) fizR, M
KRB r 7 0.9991, BEFEHR 1.002, 25 15 W BE BRE % B2 25/ T 4.2 pg L. Thermo 431 SO, M43 & 45 L 4
K 2(b), RFL B 0. 75%107°, 150x107, 225%107, 300x10°, 400x10°, A58 Z % r Hy 0.9998, &l K N
1.003, FARF S BRI KE 2% FE /N T 1.8x10°, f76 (A2 ARBTG5 444 (SO,. NO,. 05, CO)ELL H 3
W ZR G4 AR KA J7 7k ) (HI654—2013) S5 ifEZEK
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Fig.2 The calibration results of Marga(a)and Thermo 43i(b)

2 R 5306 (Results and discussion)
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i, WL (] API 100E 1 Marga 1S 84 £4 i 331 326 . €] 3 J& API 100E Fl1 Marga X} 2017 4R ¢
T 23 R SO, W 25 SR 1y H 224k, NIl 3 ] LU i, API 100E Fil Marga W5l i SO, 72 1k 4 34
FeA—3, Horh APT 100E Il & 25 5 1 H ¥ (E S Bl A F 2—45 pg-m?, ¥{A K (17.1£7.7) pg'm?, Marga
IR 5 S 1 H BE S A T 0.6—32.7 ng-m? Z 8], ¥I{E A (9.6£5.9) ng-m?, Marga A4 {E % API 100E
ik 43.8%.

B3 2017 4F R Rl R 2R SO, W AE L
Fig.3 Diurnal variations of SO, in Nanjing in 2017

M 4(a) BT LAF H, APT 100E F1 Marga H YA (B AH X 15 22 (10 91 % o0 Al A 2 IE 00 A, Bem 3028
H-44.7%, FRiER 2 o H 49.7%. API 100E F1 Marga % 3155255 SO, Wi il 45 5 (9 40 56 1t 18] 4(b) FFw,
Vel v I R PR R 45 2 AT e 8, R X 5% 25 1 T 0R0 JR BHUR o O 8 28 SRS TS 4 9 (SO, NOs. O3,
CO) 2% F 3 Wil 2 58 F5 AR B SR KA I 754 ) (HI654—2013) 32 3] 1 28 4058 6 1 (API 100E) B i EL
{B, Marga I 25 5 g SEOU AR, B Gn=X (1) .
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AR RZE = x 100% (D
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Fig.4 Frequency distribution of relative error between Marga and API 100E monitoring results (a) and Scatter plot (b)

API 100E #1 Marga H 418 B AH G R BLAF, AHOC R AL r 4 0.84, I R -1.29, RN 0.64, JLE REL
R RHRAR T R 45 B 4% 2016 4F LEXFZ5 5 | 2009 4E1 Fl 2011 4R 3¢ [F 31 0) & (USEPA) FREE £ A AIE
(Environmental Technology Verification, ETV) 5 H i) 25 5, BARILEZ5 36 1 Fiow, tb7h24 API 100E
W SO, HeFER T 25 pg-m™ i, API 100E F1 Marga F R X 1R 22 55K
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%1 Marga #l API 100E ZVE#IE 250
Table 1 Marga and API 100E linear fitting parameters

% EH R B ETV200945 251 ¥ E B ETV201 1425120 ENIE
2R ETV2009 report of EPA ETV2011 report of EPA This study
Parameters Margal Marga2 Margal Marga2 2016 2017
R 0.79 0.78 0.962 0.890 0.66 0.64
FRHE 0.36 0.34 0.498 0.437 1.06 -1.29
R 0.88 0.86 0.979 0.982 0.70 0.70

M API 100E Fll Marga SO, Z= i i EIR A (K 5), #FGB—5 A) . EZFE(6—8 H) . #kFEO—11 1)
FA&ZE(1, 2,12 ) BILRER R B 43510 0.87. 0.84, 0.80 i1 0.87, LA TEAHXT B 4f, 2545 430 A 1 Ak
REMIK T SEA T S>EFST>HEZE, kA7 Marga Il E 4585 API 100E ¢ 41T, B 2 Marga Il &
g5 RARAR, — J7 11X 1 BEJ2 i T Marga Al API 100E /U4 24 5% B 22 Ff 7 v 8 v W 000 &4 S 1 o 0 138 AT
2, {H i T Marga 1 API 100E B9 T/EJRFRANE. XFF Marga 11 & , 155 8 &, SO, 76K G W B i
JFEBEAR. 17 APL 100E () T-/E Uk 28 A9 ik, I S SO, 43 F RIS Jin, & & SO, 43 FiR 1l
FEAS MRS fin 21 5K B LT BF5Y B, AN SOE IR SO, e A3l (TR N 50 °C, BRI ik i) 22
S P A5 T o i3 A 0 75 1 SO, 1 M 285 RAF A — 28 W 22 o5 — J7 I, B =0 RV 8 A1 R 4T,
SO, e FE AR, AN [H) 96 B2 BB B2 Marga %t SO, B WS URAFAE 22 5, 4 AR X A R W BE SO, i
sk R T R TR

50~ %= Spring 50 F# Summer
. 40 =0.74x-5.26 o~ I y=0.49x—0.17
= R*=0.75 g R=0.69
g30r 7=0.87 2301 =0.84
s f S Ot
g 20 g 20}
=7 = |

10k 10F

0 1 L 1 1 1 1 1 1 0 I i) 1 1 1 1 1 1 ]

1 1 17
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50

API 100E/(ng-m™) API 100E/(ug-m™)
50 #kZ Autumn 50 A&Z% Winter
~ 4T 1=0.86-2.80 ~Aor 1=0.81x-3.27
=l R*=0.63 '5 R*=0.75
& 301 r=0.80 & 301 =087
3 7 s 7
g 20k g 20}
s =i
10F 10
L B \,
0 L 1 1 1 1 1 1 1 ] 0 IA%I 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
API 100E/(pg-m™) API 100E/(ug-m™)
| . N Temperature/C
0 9 18 26 35

5 N[FZ=T5 Marga 1 API 100E X Lt i &1
Fig.5 Scatter plot of Marga and API 100E in different seasons

2.2 WRHER AR AT SO, Ak
KR5S 7% K E IR E (USEPA) X Marga 35 AR NIE 775, # F Thermo 43i 1 Marga [] 25 i
17 SO, W, M1+ 58 077 4n =k 2 .

x 100% 2
i3
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K, p R PR X SR AR 25 Cozy i Marga H ST 1Y SO, #JEE (pg'm™) ; Cpye W Thermo 431 15
M) SO, MYV (pg-m™);

[l 6 2 Thermo 431 Fil Marga X SO, FrfE AT FLHLA ], 455 75 Marga 1 Thermo 431 FAHIC H
Hr R 0.999, M SRR AR, B Marga 55 Thermo 431 (125 fh il $4 S A — 2. AF35N 0.93, #HE N -1.49,
Marga 40 2 25 AR I, ASHF 5T 0 B9 RFRA T 2011 4F 32 B 4 35 (USEPA) M55 £ R AGEDT H 25 5 2>
B8], 15 T 2009 4F A A EZS J0 2,

80
y=0.93x-1.49

70 R*=0.997

60 r=0.999

SO,-Marga/(ug-m™)

1 1 1 1 J
0 10 20 30 40 50 60 70 80
SO,-Thermo 43i/(ug-m~>)

6 Marga Fil Thermo 43i fYXF HLHILA &
Fig.6 Scatter plots of SO, concentration between Marga and Thermo 43i
L Thermo 431 M SO, ¥k B2 B AR bR, DI e H% ¥ 1l e % SO, By WS A g AL AR, 231 1
P 2 T8 Tl 2 X S [ RE SO, ARG £, HARGNIE 7 fizs. AAIEL 7 W LU M, BSR4 A
2 B 75 ol 28 R TR b 4 1 7 R N y=-4x 107X + 0.0048x + 0.7624, AH X R H r K 0.9765. XF 1 F
14.4—73.8 pg-m> WY SO,, Fi e FE 7 Thgs X R RCR N 82.1%—91.7%, M SO, e & i 7t
T, W 2 R T 2 (R W AT R T T R, 60 g BRI I ISOBCRAE 91.0% ZE 7 TRaAE .

96% ‘s
Y=—4X 1075x*+0.0048x+0.7624
94% I R?=0.9536
=0.9765
. 929% ..'.. ............ ®
5 i
3 90% [
L Ol
§ 88% r .'.".".
5 86% [
3
< 4%
82% [ L
Gl
0 20 40 60 80

SO,-Thermo 43i/(ug-m=)
B 7 WU v i A X AN A1V SO, A M3 il £k
Fig.7 Absorption efficiency of wet rotating denuder for different concentrations of SO,

F BT IR 0 13 AR T Marga X SO, 173U 3, 455k 88.2%+4.8%, 11K
TARGRAE AT SEAE R — T3 T A] REE R T AR R AR A S AT R T g, ELIN R R R A i e v B
FAET SO, MM SRR, FE B i ik BE VI Bl A 1 171.4—1428.6 pg-m™, AR E (92 5 8 KR
B BEJE ] (14.4—73.8 ng-m™); 75— J7 [ Al BE St FARMFFE (1) Marga B 281 2kia 55 5 4F, (L8N
PN T R B ) 7 A B A L B A RVSTE, A AR N R B S BORT A K 2R A2 k.

2.3 SO, i &4 4T

S A A N R LLOULIN s ok g 1) W AT felE AR K, AR T IRCRAE AU 45 2R, URG-9000B 1
B SOL e BE 73 Sl s i 1 25% A1 64%, 7 s LI B4 W S48 5 mmol- L' H,0,, URG-9000B 137
TE A BEGE s Wu 2817 HEXE T URG-9000B IR A 7 ¥4 H SO HU A5 R, 1 SO, Mk JE 45 1F T, A7 1
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SOy = Al IR, Ry it — PR AN R BE SO, X 28 VS ST SR I W A i (STAC) By S M FE FE , AR S 56 4
Mr T RE) SO, ¥ BEBREE T Bk AR SOZ . NO; . NHjVK AR i, ARl 8 s, 45 R IR, SO, k&
M 14.4 pg-m? F+Er 2] 73.8 pg-m? A, SO, NO;, NHIAYAS LI B 73 518 0.19. 0.002, -0.01 pg-m?, &k
K, WA SO, M EE TS, SO MV BE 2 BT 35 A 4, (H TR 155, = v BE 1 SO, XTNOS FINH 52
M AR 8 3, NOS VR B2 7K T F-Fa, NH; IR S U T B 5 BB A5 02 0 Wa S5 070 ) & SR s
ANTA], 33X A fEJ& B T A S5 Marga (9 35 1 25 o Ji€ 7% B0, WSOV HoO, R BE 4 1 mmol-L, URG-
9000B 1147 e 5 A - R 784, W WAL 0 53] SR i K FNAS N T 5 mmol- L HyO, RO 2K, A 440 3 FIN & 7 7
fAlE—E S

08
o O NOj y=5.55X107*x+0.037
’ 0 SO} y=0.0034x+0.259
06 A NHIy=—9.57X1075x+0.030 o
e 05t
el
= 04t
st
5 03
=T @
45 02f
72 I o o
orp & Q
o o 8 4 A
~0.1 L 1 1 1 1 1 |
10 20 30 40 50 60 70

SO,-Thermol 43i/(ug-m—)

B8 AR AN SO, HY MR it 2%
Fig.8 Absorption efficiency curves of wet rotating denuder for different concentrations of SO,

K2 T ARTE SO, ¥ FEIS SO AR B8R, 25 R 7R SO, WKETE 14.4—73.8 pug-m™ JE I, RAE
PRBLUR 1 m? Ok 45 1 SO 5E B4 R A T 0.43%—1.34% Z i), Hivh SO, #e BE B, SO 5% 8 R ik 5
SO, ik % 73.8 pg-m™ i}, HFE B A 0.43%, FLMAK L SO,(14.4 pg-m™) 5% B RAK 0.91 4> 73 45, KW
TR VR B 1 SO, MXS UKL T 149 SO, 4 I I 43 AT 52 M A8/ HeAh SO, FEAR IR P 4% B i, P RESE Hh
TARHEE IS HOR T AN A8 MR P A

F 2 AIH SO, eI S0 5k B &R

Table 2 SO:™ residue efficiency at different SO, concentrations

SO, #e &/ (ug'm™) 14.4 26.8 342 54.4 73.8
SOZ e/ (pgm™) 0.29 0.35 0.41 0.49 0.48
FE B R I% 1.34 0.87 0.80 0.60 0.43

3 2512 (Conclusion)

(1) 38 3 B 7 (3 1 A Ao ek [ I T 2017 45 50T 85 45 /<, SO, Hidt APT 100E H #41H
AT 2—45 pg-m?, B K (17.147.7) pg-m>, Marga H ¥{EEFE/ T 0.6—32.7 pg-m™ Z[6], BI{E K
(9.6+5.9 ) ug'm>, Marga (1) ¥ {5 % API 100 {Ik 43.8%, — 3 #5250 r g 0.84, # I HJy-1.29, &R Ny
0.64; >4 API 100E Wil SO, ¥ A% T 25 ug'm™ i, API 100E F1 Marga 1S (1) AH X} 1% 22 8k, Bk . 4 25
Marga il 5 2555 5 API 100E f o #23, 2% Marga Il 2 45 S w IK.

(2) BT AT & M, Marga Fll Thermo 431 AYAHIC R L o4 0.999, AH I 4T, Marga B I
S5 RARAR, 58 2 W45 R 4518 — B0 1B AL H AR X SO, ISR 82.1%—91.7%, T3k
KRR A 88.2%+4.8%, Pl SO, Vi B % i T 5 , 1 3 e 2 Vs Tl 198 W LR 8 8 T 1, 60 pg-m® 3T
SRR TR

(3)SO, HeFE M 14.4 pg-m™ FhiEr 5] 73.8 pg-m? B, SOk & 5L 80 T a3, (B TH i 0583 , van vk 38 1)
SO, X NO,HINH 1 5% Wi 3 AN 8 3, NOS I e B /K Vs 11 Fa, NHIW e 3 2 BUE 60~ B, Uk
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SO 5& B %N 0.43%—1.34%. SO, A 73.8 pg-m™ i, HH% B3R K 0.43%, [IRIK E SO,(14.4 pg-m™) A 5%
SR 0.91 /T 488 SR Y SO, LUK IVRLYI IS OZ ) W 4B A
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