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Characteristics and sources apportionment of sour odor in activated
carbon filter of indoor air purifier

OI Xuekui' YU Tao*™? WANG Xinxin' ™ QU Jingming' JIA Kai'
ZHANG Tingting' LIU Yanju'
(1. Beijing Center for Physical and Chemical Analysis, Beijing, 100094, China; 2. Beihang University, Beijing, 100091, China;
3. Wuhan Second Ship Design and Research Institute, Wuhan, 430205, China)

Abstract  Air purifier will produce a strong sour odor after a period of use, which will seriously
affect the use experience of consumers. In order to investigate the cause and source of the sour odor,
this study first adopted sensory grade evaluation to obtain the characteristics of the filter samples
with sour odor. Then, a variety of instruments such as gas chromatography-mass spectrometry and
ion chromatography were further used to analyze the filter samples from the perspective of sour odor,
and the correlation analysis was carried out by combining sensory grade scores. Results showed that
small molecular organic acids, mainly acetic acid, may be the main contributors to the odor of
activated carbon filter. According to the literature investigation, it can be inferred that the source is
probably from the removal of the surface carboxyl group of activated carbon, the degradation of
commonly used catalysts and the catalytic oxidation in the process of use. In addition, trace

compounds with a low olfactory threshold may also be one of the important odor contributors. On the
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basis of the experimental study, the potential odor sources and formation pathways of activated
carbon filter were identified, in order to provide scientific reference for improving the production
process of activated carbon filter and preventing and controlling odor.

Keywords air purifier, filter, sour odor, characteristics, source apportionment.
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1 #MBL5 7 (Materials and methods)

L1 kg
T 06 H ) 0 I 0 ) SR AN [ B 35 1 0 Ao IS A AR 5 346 M R TR P o, 8O A9 R il PR A 0
PR, PR 5 FNHROA A IE 3, AR B NS B0 I58 T (08 o AR e Pt A . A S 380 o 6 4 7 1 1
B AU = T IR R A S 4. B AL ank 1 P,
R AFEISERYEEBIE FIRE dh

Table 1 Different types of activated carbon filter samples

Fdh i > N RGBS e JE T st R 0
Sample number Type of activated carbon Product type Modified or not Used glue or not Usage condition

1 7 peHEALTH ERINTS v i !

2 Hdilie ERINTS P & 61 H

3 MBS+ A ERINTS P 2 6~ H
A B+ AL N3 2 2 61 H

5 Hdilie ERINTS P & 6 H

6 A% ERINTS P P RAEH

7 Pl N3 P P AL

8 TS EZINTS P P AR

9 Htili ERINTS i 2 61~ H

10 Sl e JERINS 6~ H

Ji
i
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gk 1
e RN e SR Pyl AT
Sample number Type of activated carbon Product type Modified or not Used glue or not Usage condition
11 HB5EHR Fe A 2 2 6/~
12 HR5EHR R A 2 2 6~ H
13 WresR Je A JE I 61/
14 H5Es Je A P 2 6~
15 HR5EHR R A 2 2 6~ H
16 WresR Je A 2 2 AR AT
17 H5Es Je A JE 2 FKAHH
18 HR5EHR R A JE 2 RAEH
19 sl RN 2 ) 61/
20 P B GERIN(3 i 7 6~
21 BB (RRINT 2 ) 61~H
22 WresR ERINTS 7 & 61~H
23 P B GERIN(q b 2 6~
24 P B GERINS = 2 61

1.2 Rk
12,1 SREE I

TEH 10 LA AR, PEL5E g B R H A 2 088 AR N B E TR A (6 A th+4 2 54,
Z: WK 158 A5 (R I 5% 7 10100 A 2 T 00 3 A e U D) S B A R B AR AT T PR A, SR BE 43 0—5 1 6 N4
e, ARYE 0 FRORTCMR R, 1 T A UG, ANEE, 2 F/n 55 IR S, 3 28 /m Bt 31 B I i iR R
B, 4 FRonIBGE B RS IRZU A IR LB, 5 R B B R 00 1 R SRR FT 43 B0 MR P B3 ) (] — A e
[ 3K, 3 AR A 2 IR E I A BE S FH R AT
122 SARERE-FUE S 50

K1 7890A/5975C S A (418 - B AX (22 [F Agilent 2 7)) X W v 945 & VB LY HEAT 705, K
TRl I 4t S N T S B R S L, SEI AR AR R 14 mP RS IREE AR (P [ ROl B2 BE AR B Tl B 5T
JIE) R EA T B 1 308 I i ] — 2 R g v, DU R XU TR v fb 28 — BBt )5, 7R ik
1A 2R 48 37 25 SR FE S (36 [H Gilian IAQ—Pro—I1), i Tenax—TA W ffl4& (3 [ CAMSCO) K%
H AR SR, SRR I 3 200 mL-min !, SRAERTE] 20 min. SREESEEEIS, W ATD—35 A8 B 256 &
(=18 Perkin Elmer 2 R ) X W BRHAS HEAT AR B, SR 5 28 A S0AH (03385 B354 o0

PBE B A5 1k BE SRS BRI IR A] 2 ming BRI 225 °C; ABHIZRIREE 230 °C; — 20 Wi FfHEEE 80 °C; — 2 i
BRFASS [E] 5 ming ¥ BFIRBE-30 °C 2 290 °C (TR 40 C-s7'); GBS IR 2 min; /303 HE 10 ¢ 1.

TS S A1 HE: HP—VOC (60 mx0.32 mmx1.8 pm) ; & JF THR WG4 1R 45 °C, {£ 84 2 min,
5 C-min' F+ & 250 °C, £ 5 min; 25 M &4l He <, i & 1 mL-min ™",

JE i A5 EL B TR, T REHE 70 eV, BT IR 230 °C, PUMRFFREE 150 °C, fEHZ iz 280 C,
FH 5 3 il : 45—450 amu.
123 Bk air s

K 1CS2000 5 7t 1% (32 & Dionex 2 7)) X 24 A~ & v 1 = 2K 1 B 8 7 AL LR 4 T
TN . HERR AR U R e B FURCIR R A S g, BT/ INVEERR R, A 50 mL KB KRR A HL 12 h, $2
BURZ: 0.45 pm WK RUER I IE, FEI. Je B A ke 5, 1 S8 b S8R /3 B 5, BRI 2 g BORiRE &L,
A 20 mL B FK, s R IE L.

B B 7 I3k 45 8 . @0 3% 4 B 5 . ASI4A 4 mmx250 mmy; i %% % : 30 mmol-L™' KOH; ¥ i# :
1.0 mL-min"; $H #5 LI : 59 mA; SEREARL: 25 ulL.
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WL Ak &5 1F . 0 3% A B 5. AS11-HC 4 mmx250 mm; #k % ¥ : 5 mmol-L™" KOH; ¥ i .
1.2 mL-min"'; $ ] #5 L 0E: 223 mA; FERRIARFH. 25 pL.

A3 BIEC I 5 AN R B B S 1 (CI. NO,™. NO5~, SO F1 PO,>, B F A (04 I8 K i 7B bt
W) A VLR (PR, 4R INIR . TR AZLAR, Jbnt | R ERHE A R 7D IR A AR iE R R
G, FABRUEVES W R 5 v 4 41 53 (%) W TR 55 0 B2 Bt AR b o il £k, 11580 [0 U5 0 R RRE G 3R 280, AR B2 1
TR G bR MRV VRS W A 8 O R 3 A, 1 LA S/N=3 31530 1 4% B B - R MILIR At B JC LB B A %
FE1>0.9995, A HLIR >0.9993. 5 Fl 1 &5+ A k5 i FR A 0.03—0.08 pg-mL™", 5 FA HILER A4 Hi BR K
0.02—0.07 ug-mL™".

1.2.4 pH{EAMHT

B s g BESTH S0 mL 2B F/KIR D, B 12 h J5 4 0.45 um AY/K RIEFE L BE. S8 pH (E A LI
4 PHS-3C pH i1 £ .

1.2.5  WAED ST

KA TF 10 mL K P& A= 3ER K R (W ECZY 1 mL R , 723540 25 08 X 09 i S e 47
5 emx5 em HFR b, FIJ ¥ 50 HE S Wk, P KR BY 1 5 AR 28 T4 il 43, AR F il AR 4 9 mL A=
FHERK P, R % . $ HE GB/T 18204.4—2013 A L7 r il A Wk 36 7 v 56 4 35853 AN A i 2L
A W RGN T V% A KORN B A 20,

2 5 545718 (Results and discussion)

2.1 RREE b

AT B SR 24 RS [R)2E BL A 6 P 5 0 ROAE i 20 AT T IRCEVEAY, PR 2 WY E W AETE SRR,
24 AFER Y RE SR IFR AN 1 s, B 1 RTLUE BT IUAE st o 8 S BB A7 78 S IR
50
45t
40+
351
30F
251

20 F

Sensory odor intensity

1.5}

1.0 |

05 F

0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Sample number
18 W AT EZ U SRR T A R 8
Fig.1 The Sensory evaluation results of the filter

[, S 1 25 B RCE UK S 8 R AR A AF AR IR 2R, X AN [R] S Y 1) 378 P 0 e i R4 T T Ak B,
iz H] SPSS HAF X B P> S 2B | SR AR IR | R R | e R LA S S A Al i
8 Wi F 11T T Spearman #HICHESM T, 45 R aN5% 2 Fros. il ad 3¢ 2 A LI Y, IR SR R/IN 55 6 1 e 6 1)
Je i Zead e | TR BN E | P A DR I A A R 3 R A A A A R e A LR SR TSR S,
T -5 2 73 A TR A 1) R 2 5 A P o P 30 A LA s B A O e b T LA 20 0, S ) B
ST FH 0958 P 5 D T B2 5 77 A TR SRR
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]2 UERRESAEIE S E 39 Spearman G F KL

Table 2 Spearman’s correlation coefficients between filters sample characteristics and sensory scores

e S HEfiE Sample characteristics JE 143 Sensory evaluation
A IR 0.558%*
BB5E 5 —0.042
i ¢ 0.042
FEAR 0.019
JehpAm -0.019
R 0.088
S -0.060
SRl it 0.559%*

#FHOCHETE0.01 B 57K 3. **Correlation is significant at 0.01 level.

22 SAHETE-FUE b

2 BEF T U [P A IR S R ] R 1 208 IR 14 4 5 P i 3 B, o S PR SR P LR IR L S
R AT I A 1) 8 R O (T B O A 2R 8 - PRI RS- AR C0 35 i 3 A 000 A 0 ) 85 I ] o % 0 —
P 22T AL NISTO8 AR 1% e KGR M, Kl Hh % e M il DE BC BE R T 80 AL &y, i ¢ ]
TR LA A Y (TVOC) M i, DL KR AEZS H A S W IOk AR (W B0 T /T T B — VOC /&
P, P AS SRR T 2R 4% VOCs B & B gE A7 AN 2 B 2. 7 1.2.2 98 OS82 1F T, FOR
(77 A HH B A 0.60 pg-m ™, SCERZE R ANEE 3 IR,

®3 FEREAILE YR ESR (ugm™)

Table 3 Determination results of the volatile organic compounds(pg-m™)

EY 15 25 3% 45 9% 1% 195 205
Compound Sample | Sample 2 Sample 3 Sample 4 Sample 9 Sample 11 Sample 19 Sample 20
WR ke 3.21 10.18 5.28 7.76 1.55
2-FJE ke 5.62 3.03 5.16 1.65 4.97
3-HHIE e 12.22 9.02 11.39 6.35 2.11 12.72
IEE ke 75.43 33.11 9.88 10.79 3471 8.33 53.19 36.25
woki 10.68 5.66 8.84 3.86 6.24 4.40
BebE 12.36 2.93 5.33
GiPS 17.58 11.41 8.55 2437 6.06 19.15 30.38
2R T e 2.33 3.16
X ] ZH R 9.32 6.76 3.15 2.10 8.31 4.88 1.55
EZNwAL] 3.95 0.98
o-JRM 7.19 8.52 2.63 2.13 1.86
3-CLE 471 1.26 221
AR 6.10 3.24 1.75
B¢ 3.35 7.28 438 3.16 2.44
ERAY 9.26 11.33 5.66 6.12 3.43

H13 3 T LUA Bl PGt B A VA B B B P A, EL ARk 260 32, X ) Jo ) M i (L
0B, WSO AR S R B SR T BN, by a8 P A o A A T A Y v R BE R A HILTS
e FF A8 7= A S R 1) S R TR I I vl T 7 A TR S S R ) Jor ) R B L I, LA A 3 25 R
R B D, I S U PR R O A AR RS DN 2. A, (HASEE RS2, SZRRTAGIN O 12, AR SL
HRORASE H 45 R PERR TR, 2 75 A 4 A R R T TR LA K HC T R A S A BT, (A i — 2B Pt A



i

3070 578

ke

3

41 &
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23.1 AP
I8 B — 2/ Ny A LR AT BB P BOR R AR B — R R, IO 24 AN SR AL & g
M2, OFR. WIR. TIRAMZFLIR 5 Fa HLIR & s AT 1 I, SEUe s Ranl&l 2 k.
7000 - “ 150
: TE4Butyric acid
6000 -1 ; N\ H FgFormic acid 145
HESEEEE [ /i Propionic acid i
s 7,3 Acetic acid 4.0
. 5000 L s FLERLactic acid {55
T?u '1: B K HSensory odor o
&o \
= 5 130 &
5 4000 5
g 125 §
= . 2
% 3000 NE 120 &
S
2000 T
X {10
1000 \
\ ) 105
\ \ i D
N o L N

7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Sample number

B2 AL e g5 R
Fig.2 Determination results of Organic Acids

i & 2 AT LLVE /NG A HLER 2RI R & 35 A7 7R, Horh CIRTECE WEr KT 2 iIRE S b &
N TR R, N A LR AR, ELARA s 2L R A6 R i, o1, 2R 2 %
PR B IR M, T IR E AR B, )20 ] W sk 6 8 24 AT g 2 8 I e SR Y R 2Tk, I it — 20 R
SPSS A XHEE AT 5 FA HLER XUE R (5 Fra HLIR Z M) Z (Bl HEAT A M (35 4).

x4 REAER S AR PR A AH
Table 4 Correlation between sensory odors and different organic acids
BESK R R TR i LR LR

Sensory odor Propionic acid Formic acid Butyric acid Acetic acid Lactic acid Total acid

ERR 1

R 0.709%* 1

R 0.097 0.046 1

TR 0.167 -0.107 —0.134 1

LR 0.751%%* 0.888 0.126 -0.115 1

FLIR -0.005 —0.063 —0.090 0.402 -0.011 1

SR 0.712%* 0.621%* 0.115 0.610%* 0.709%* 0.285 1

A CETE0.01 B (5 /KT T {83 **Correlation is significant at 0.01 level.

HIZ% 4 W LUA ), JEMIR R IR 8™ A FILER . LTR . IR Z 18] HAT R4 RYASCHE, MIZLIR M & &
RN RS LR NIRRT IR 3 M/ 7 IR 5 AR O, DA MG 20 i E3d 3 M i
. S5E 2 ATLUR Y, LR R /N T A HLIR AT RE R 16 M A i 0 7 AR R SRR A% 2 2R (B A
JE RS 25 SR S AN A LR B D, PRIk Pl v f g I A R A LR T 5 R R S R ™ A 1Y
APREPEE/ N, AT, IR A ML & Y R AR KA RE ), X5 ENTA KR A RALEH |
THT AR T B RE AT AR AT G, DRI, AT AR FFAKE B A2 b B, LA w8 136 P 5 e K ) BE R T A
PEEL R I B, 3 1 A SR T AU BE AT 1 22 /0 XA L W B 1 R A E S R4, Bl I AR 3R
PR S E RE AT B 0 AR A L ik W 248 5t AT ML P IR B A — ol 28 3 B ), AR
B, A RE RSO PR o UL, T AR 2 WA iR | i S S iR IR T | i m R Bk L R

Rt H



9 OT 27 2 45 38 N 23 S AR T 1R 2 D 0 P R S DR AR i B SR R At A 3071

AEEEATITIA L 5T 5 R T Boehm J# R2 15 X5 16 Pk SR 10 A0 & SR E RE AT EA T 1, 9 R B Ak ek
PR BTGP R R0 A R R SRR LY L 2845 DL 4 #r, mT A5 ) /N o1 DR 2 R s
DT R FEIE 5 7=, R S B8 R B SR e A (A3 A, b 208 R 2 0 A P 4t
BT I] A S AR F (R, WP RBTE BUR RS, Hyttinen 55 78 X0 122 firh 52 40 Ay 3 XAt U8 25 1) S 50
F I Z BT B FE A HURRTE 0 S AL =40 31, 53 A 2 foff FH — B2k ] 10 305 1 o 30 D) 7= A TR R S R 1Y)
JUEHEK I S

TiAh, GVRAE, HETTT N A SIS T e 22 2 T NS 2 AL S0 FE SR A TR Ak, DA T N oA Y R I 5
RO — 7 I, i R AR AR AR il B rh, SR T2 S B HLRR - A A W Ry JEUREE 39, 55k 6 JrURL
T ZARAR T P A B A 5K BR R PT BE /N A ALIR 1R IR 2 —. 53 AMEA AL R AL HILTS e ) ol 2
AT — S F IR | B2 DL LR S A DRI PP g = A e 91,
232 BHET. pH s irah i

R T B TCHLER MR B R R el 0 TR R R 0 P A R AE AR R, I B Tk BR T
24 ANFESL B B S PHAESEAT TN E, JF 5 I8CE SO Mr AT AR DGR 40T, S5 2R 1Al 3. 3£ 5 Fisk 6
7.

5000 = PO} 150
SO2/10
4500 - . 145
s NO;
4000 NN NO; 440
== ClI"
_ 3500 — S0k Sensory odor 7 33
5 3000 N N {30
£ E]
H = \ g
S 2500f g N 125 8
£ N z
£ E N 2
8 2000F £ N 120 2
g € < 3
S N NER
1500 | N | , NER 115
N . NER
\ NB
1ooo-§ N NN \ E {10
| NINE BN g
S0 1 | N FENIN Nl ™ Jos
. & . N | NN N
LANE D NNEIR R
olE Nl I < N E SN EE L s <YE G 0
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
Sample number
B3 BIEFEsR
Fig.3 Determination results of anion
x5 IREARGAF G T A
Table 5 Correlation between sensory odors and different anion
h—jx/—‘—»/: IE,\&*
RVEUR cr NO,” NO,~ SO.> PO, AT
Sensory odor Total ion
JRE SR 1
Cl 0.376 1
NO, -0.077 -0.072 1
NOs~ 0.347 -0.017 -0.194 1
S0,* 0.037 -0.103 -0.230 0.059 1
PO -0.378 —-0.301 -0.208 -0.220 -0.287 1
BT -0.315 -0.278 -0.316 -0.167 0.380 0.771™ 1

A OCHELE0.01 B 5 /KT 3. **Correlation is significant at 0.01 level.

HT1E] 3 AT LLFE SR R o B 5 AT RO AL S 1 e O AN [R] i Hh BSR4l AR SR 2 M
REBRGRS F 6), BYE RS TCHLRRAR B 1 S pH (ETC 12 AHOCHE, R U] TR R S R 2 i TEHLIR

)

al
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WRE =, WA W5 A B pH MR TN, AL Z T, BB 5 PO, # 1 ) pH HZ 8]
BT A AAH DG, BB PR 2 b B TEHLITES LA PO, B 108 ., IX 51K 3 B 1 (i A I E 45 R AH
—E, 5 —J7 A S W I PR pH EFIE PESOKRAR K P RS PO, B T & A E—E R LK .

®6 ARG EMR. BT pH R

Table 6 Correlation between sensory odour and total acid, total ion and pH value

BRI SRR BET pH{E
Sensory odor Total acid Total ion pH value
RE AR 1
BB 0.715" 1
BT -0.314 —-0.017 1
pHIH -0.073 -0.151 -0.617" 1

A SEMETE0.01 B 5 /K T 2 3. **Correlation is significant at 0.01 level.

2.4 YIS
ATE #2380 7 A TR B S R ] BB Pl T IO S B R B B AR YL AR
SRR AN [0 288 A0 3 P A D R, 3 S T 0 A R AT A W s R R RO RO R AT S
OrAT, IS RE R AT S AT, AR INER T P th 3R 7 T RUR Y, R UK S R BT
SO SR BE S5 AR, vl LAAHE I 376 A 0 D ) 130 P B S A o 4 192 2 1) STk /D (EL B A B i A T g2
KRR, AU & 0 S B B A T T PR R
RTOBEURT RERBOCE TH BA G

Table 7 Correlation between sensory odour and colony number and mold

A [ 358 BEH
Sensory odor Aerobic bacterial count Mould
R 1
RIS —0.234 1
B B 0.045 0.612" 1

A CETE0.01 B (5 7K T i3, **Correlation is significant at 0.01 level.

3 4518 (Conclusion)

ARSCH el A B E TR S IE M EE SRR FETT T Spearman AH ST, & B FH A A BE I, DA R S
TR T B 0 I LA 25 5 77 A TR B Sk i — 2 3l SR (L T L B (5 A 2 R AR B ik
(1) £ B2 X U8 IR A A A T 30T, 38 2 5 B E VP4 AR DG 43 B, T HR DA 2R R = /N A BILIR FT fig
S PR e U0 TN P L S AR 1) 2 2 DT R, I ELAR T BB IR T 305 e % T R L A1 I % i P A L 7 g o e
% B8 LA Rl e B v Ak AR Ak TOHLIR AR 25 | 16 P e 1) B R R B 200 TR 14 A X U D TR SR S AR 1) BT
BRSNS AEAS 48 002, 32 BRI 77 v, 1R 5 B Wl i) 00k 5 A0RE 0 1 4 7 Y Y R AH G, X R A
ML [ (AR P Tl i Ab & 1 T BB EE B2 1 PR DT ik 2 —. 1RSI 0 3k S S AR P ) o, 2 AR
FIFERT B 77 7. H AT X T 58 0 H A5 2 X0 e Ak 2 08 X R A 1 R A 1 R SO 2R A 7 A DG RR M A, AR T
SRV AE B R IR DB BGE R, DA A s 16 R 080 A2 7 T8 5 B iR RS R 2= 2 5 R 3.
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