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Applicability of passive monitoring methods for atmospheric ozone and
its influencing factors
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Abstract Although ozone (O;) passive monitoring method has a long history of development and
application at home and abroad, its effectiveness for long-term use is still in question sometimes. In
three air quality monitoring sites in Beijing Urban Ecosystem Research Station from 2012 to 2017,
this study compared the O5 passive sampling analysis method and the active monitoring method (O;
analyzer online), the results are as follows: (1) There was a high linear correlation (+* > 0.95) between
the average concentrations of O; obtained by passive monitoring and active monitoring, no
significant difference in the slopes of the correlationship between the three sites and the whole

population, and not significantly influenced by meteorological conditions. (2) Effective sampling rate
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--a key parameter for estimating O; concentration for passive monitoring method, there was no
significant difference among the three monitoring sites; The maximum difference between the
average O concentration calculated by local sampling rate and from the active monitoring is less
than 10.1%. (3) The spatial variation of O; concentration among the three monitoring sites was
identical for both the passive monitoring method and the active monitoring method. Therefore,
corrected according to the ozone concentration observed by the active monitoring method, the
passive monitoring method can be well applied to the multi-point grid monitoring of regional
atmospheric O; pollution; Passive monitoring method provides an economic and reliable research
method for the study of ecological hazards of O pollution.

Keywords ozone, passive sampling method, effective sampling rate, spatial difference of

ozone.
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1 M¥5 773 (Materials and methods)

L1 Wb

AT 7 W I b g Ay P R B A IR T A A R G AR s 1 3 A s AR B I b R
I RN EE PSR S e s 78 R 0 RV = B T ES -8 0 7N R o s e [ S O I RPN LU 2N ST
TERB X, FLAT AN [] A4 30k T b 3 R 2 A< I R 3 2 S Ak bt e g el W T 467 1 2R IR X AR R A
PN P Ib T T A A el G b AR A (116°257397, 39°52/22"), HEik 24 54 m, B T FEBS 3 £ T1E 4
300 m, J AR 47 55 R 24 80%. A=A HhCs Wi 47 1 rp R4 Bt AR AR IR BE 5T b0 B N 25 A RS A%
THUHC i T AR BR 2 (116°20715”, 40°00'26"), ik 24 76 m, FEIb Jy [ H 25 22 8 3 18 XUE % 300 m, Hifth
J7 7] 2 FE W RN U R B MR R, AR T o R 50%; M 1Ly W I A5 A T 2 S X L 57 AR AR B PN G
HUBRAR R A: (116°16'43", 40°1635"), MK 588 m, MBS b 502 40 km, J& Y 5 A TR 4=
TR ARG [ R AR T, AT 355Kk 96% LA L. N3 3 AN Wa ki 2 3 AR N ZeAAE bl L Ao g
1.2 RS NIy vk
1.2.1  BAAP SRR 0% | DSOR IR ZS AR i

B B W R FH 22 B B 8 3 O SRAE S (Ogawa & Co. Inc., Pompano, FL, USA) . HEEA R B 7y
TH L RFERS AR 20 mm, 5 25 mm. 325 f AR AN A WIS | SR AE B XIS A 25 A . 7
WP A2 2 W S 5 B 2 — AWt B B B il I, 1 e B P B e AR AR L, S A 3 m A,
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SEIS TS B, e RE WU B G A - 45 B R IR 20 °C SRETR, KR EGE R R 21.8 mL-min ! 15, 7E
20 C &N 1 AARHERSE 1 mol BN 5 IRTRZ) S 24.45 L, A0 IR &1 8 5 K6
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B H RFE— IR BRRCRFERT, 1 567 52560 % ok AR TF B FH Y O3 WS R, D24 B HE i T 22 2%
TR AR, 1 ARAESS 1T P A2 %E 1 oKW, SR 5 R RFE AR AR 25 B I 25, i85
I W B Ay, 22 B B A1 W I S Hb 1) 7 4 BE N A B e L I SRAF R A AR I B 61 L BT[] R B R
UL, R 1A A TG BT 8RR, e b BT T W i Sl R A A

HY APE i WCEE B, K Bl RAE SR AR AR T % BB IR s RIS = G, S 2 4 C
UKFE B BHRAE T BEBIRAEER N O3 WRSRSE Jr 119 22 2 FLL LR B0, B E 8 v 1A & kAT . A6 5250
NP SCRAR B i FE P, AL UCRAE BB S 2SR SE R4S O W . Fir G SR AEAE i [R)
FHGAS [ s PR Y 2 d P9S8 RS 0 5 N PV AR L SR IR AL o A A SE B R A, A4
e B TR) A7 O R SRS BRI 5 5 7= A S T s . S Bl B v 1 84 2 X HR G S5 R i 1, 12
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1.2.2 SR Sl Wa I b 7 52 56 % 3B Bl k.

iz SR RE i, 7 2—3 d WA TR o a8 i . SE6 2 25 FURE U AT RE 76 A R) TR EE T 44

F i 24 BUR 212K ] Dionex 23 w8 4 2000i %Y 5 F €0 35 #E 47 22 1. SR & 43500 0.5 mol- L' Y

Na,CO;3 Fll NaHCO; ¥ Bie B PRI, 525033 2 FH /K o MIQ 27K A il 4% 1 FiL B2 18.2 MQ-em Y
afi 7K,

(1) IRV T

0.5 mol-L™' 1Y) Na,CO5 £} 9 mL, 0.5 mol-L™' NaHCO, £} 5 mL #4453 1 L (&b, F#Eaix
EAZRE 1L, 143 4.5 mmol-L™ ) Na,CO; 1 2.5 mol-L™" Y NaHCO; HJIR& VAR . F & NO; brife i ki
WCFRHL 1.371 g NaNO; W i 25 2 1 L 48 i, 45 21 1000 pg-g™ 79 NaNOs BEVE, 431 IR L 1., 0.4,
0.2, 0.08. 0.04 mL ) NaNO; & 45 2 100 mL 25 &A% 2] 10, 4. 2. 0.8, 0.4 pg-g' MIbRAEMZ&IE .

(2) FF S VAR A B

FHBSE T4 B B 8T 25 mL 1Y He a8 . B S b A 58I 10 mL A9 2K . PRIERRE F 58 4>
BEAFK . K L5 B AR R KU, DR UEZK T B P oK TR R L (8 K T B RS 15 min,
5 M BPTERE LA 90 BEL B SE SR, T 0.45 pm JE BRI R RRE SV TR B O E S L
TG, He HRAK 2 1, PR 2RI TR . SE00 %25 1L 18525 11 FE SV TR R L7 i B 1 B8 76
AT

(3) BT ik

i HE S5 2 2 20001 B 25 - 435 ELAARSRAE BT, SEAT IR GE R AR TE L T VR R g AT | (AR R
FE B R R R T HUT S AR A RS A AT 8 HE 20 B 30 min, B 1 AR BP9 IH AR
1 mL PIRGERE, 734 NOs VR JEE.
1.3 FEghlgik

AR AE L 3 50 Wa I SR T 1) % ) 2 I PR 3 ) 491 780 O 43 BT AS K6 0 5 15 Sy S8 A1 0l B ke BV AR 41 4
HMCZE ARG S B Oy WREE. AUAR I SRR <2.14 pg-m™ & 24 /NG, IS 1 DM H/NT
1%, FAR TR FR 0 pg-m™, Fe KRR 4280 pg-m s Wi 07 A 6] 20 s(10 s 35 B a] ) 3 2R T 20 B i +1%.
7—10 KA F] Thermo 49i-PS B (EAX K 491 KA 43 A AT Z s A sl A BC HE 5 S k. i ik A i 1Y)
WREHARG, HIAZERNITENLP A sh#: 5200 58 O3 Y BE/INIHE. AR H5 98 29 W D0 45 YR 1) SR AR B [ B
THE B 2h M AE 2 O5 F- Xk (A
14 FRERAEWIIRE ST

2012—2017 45 7E 34 Hb g — F RS W 1 42 b vk, LR B R E 0k 3 R FERE &Y 1264, T
2016 4F iy T 55 - 00 AN A 0 P 5 B0 AT 45 R HH B IR, e = O DU S . 2012 4R R g 1L A G 3 5 TR
At JR = B A Sl R R U0 I A W O B R AT S . SR AR ) R A B B A K S
(1.

R Oy FhWEIN . Blesh iy [ A5 WL s B

Table 1 O; Synchronous observation period of active monitoring and passive monitoring

Ay I B P A H— 2455/ A H) B BRAE AL
Year Times(start—end) Passive sampling times
2012% 0704—1206(1011—1206) 11(2)

2013 0614—1120 4

2014 0414—1030 6

2015 0413—1116 6

2017 0517—1128 7

TE: *201 245455 SN 23591 by 280 R ) el A0 A 285 o e sy i ek TR BE AR

Annotation: *In 2012, the periods and times of passive monitoring are shown in the Arboretum and Center, respectively.
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LB R AL T T 2R S RS ST 0 (CERN W E R S RS M4) M 201248 7 A 1 H )
2017 4F 12 A 30 HAEZAAE Y Il | Az 25 O Fgs L S0 3k A 3R B . A5 W SR PR A e B B R
ERAR T 0N : 7% 2= VAISALA 73 F] () HMP-155 %5 il 18 B2 A% J&% 4% ; MetOne 1 034-B XU XU ] 1% J i
W 1 & 5% JH 35 [E] Texas Electronics 38 TE-525MM H 3}- 2 f 4/ ; SR BT 22 Kipp &Zonen il ¥ 19 PQS-
1 6B A SR GHEIRES . CUV-5 AN 5 . CMP-6 SRS 148448 ; Campbell £ CR1000 /CR3000 %1
P R AL 2555 BORS AL A 5 14 B RAEAR A 10 /3B S — IR I
L6 BAEGIHHr

Xof T WE T AS B () O ¥R A, B S0 2 7 38 2 B s Y R PR AH D56 2R, 0 1) 6 4 38 ARUAN [) M 0 3 o )
O WM B HE MEATGE a0, S0 BT P 1 3h 0 3= 3l W T =22 1] A AR 56 5 R

HR A % 20 F1 32 SR A W I 25 SR A A OC R 88, # B (2 THE A RBCR A % CR( mL-min™"):

CP

A, CP HI CA 43l B s A E SIS T O3 ME (ug'm ™).
R T P BT R X o3 B 2 W I v R 5 e, T s T AR 2 R e Rl Y 491 AU R4 )

FrASCIN A5 25 S O Wi B2 (R B AR 32 3 W I v ) AV WE D ki (s AR BE L TR . XUk L B P RN | A
WA A A RIS, éﬁf TN T IR 5ARCRFE#E S CR B2,

SR 5 R B AT RCRAE R, =X () g K (2) Ay CR BAR, WA IR X ) FH A
BB WEI Y O3 W [CPR(pg'm™)]:

CPxCR
CA

Fb 458 A [8) 92 W I AN 3345 31 O Wk BEAELAE 3 AN Wi o5 22 10) 8 22 55, DEA 4 s W il e e o A
Os MR J3 25 [B] 43 A7 J7 T 1 ] S

HHagiit st ¥R R 157 (R4.0).

2 gEER '?Ij‘lb Results and discussion)

CPR = (3)

2.1 BEBFNE S W O W & (AR
TSRS IS B B O ¥ B 2 8] AT AR = A M AR OCHE (& 1), eSS 45 Wi 5, HAH
xR BI KT 0.95(P<0.0001).

EEd L]
" 0.9709 . R . P
Manash 0.985 . o
angshan ——

150k : - -2 .

0.9777 s
Center —— - o
”
L]

0.9532 s .

Arboretum

Passively monitored Oq/(pg-m‘})
)
[
I

W Site
o FHYE Arboretum
o .5 Center
* g [jManghsan

50

50 100

Actively monitored O5/(ug-m™)

1 3 W IFNRE S W AR B O e BE(EIAIAH OC G &

Fig.1 Correlation between O3 concentrations obtained by active monitoring and passive monitoring
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2.2 Oy Bl B W I A AT RORAF: 3 48 S 5 e [R 2

O B 3 Wa I (%) A5 350 R R o 4R AR S 44 Ky (24.3246.66 ) mL-min™', 3 /> W A #y bl . Ao FgE 1L 4
A2 (23.26+7.64) L-min', (25.694+7.33)mL -min"" F1(24.21+3.80) mL-min'. 3 /> Wil 5 2 8] A B 5 Sk
) %A e 2 R (] 2), X P IR TF RS BF ST TAE, o LASR F— 200 CR (H. ABF 5815 3 59 14
CR K T W W B A 7= T 58 28 W i 45 {1 18.09 mL-min ™. |~ 245 ) By 548 (8 32 %5 2 5L T Koutrakis 25017
i A B S5 2= I E B O5 MR %%#Hﬁﬂﬁﬁ%@ﬁﬂiﬁ%ﬁirﬁﬂ FUAE. 72 R — s SCE Koutrakis%f-;”]&ﬁ
BT H—EANUM A3 A CR A 29 mL-min!, K24 34 H 19 F1 CR {H 24.32 mL-min". {H4> 5]
CREIL T 50, X 156 B 4% 2l Wa i O ¥ B2 1% 22 YT B FE AR AR , (A A% 00 T o 25 IR Kl 5.
B, X CR (B 0 5 T 9056 28 48 1 18.09 mL-min™', BEHAESh W O Wk BE T, T3 5 Y
EXmpURIESE SiiZ a8 ﬁ%'ctﬂi&ﬁré CR, FHHL 7 PE CR #E4T O W B {8 4 1 7 44

50 -

IS
=)
T

CR/(mL-min™")
w
S
T

===

L 1 1 1
Arboretum Conter Mangshan All
Site

B2 5 M R A R
Fig.2 Effective sampling rate at each monitoring site
ety A BL(E 3), CR (A4S T3 ME I O e B i 2 35 SR 4R P A5G (P<0.005) , 1565 A AR
5t PAR W35 HUAHOC (P = 0.0128) . [H 528 R  WRE | SO LEMALAAE BBE LMK R,
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E501 7=0.082  P:0.0049
a0 o
2 301 " : e s e .
Sl % —— —ta ) 23 e % LI N
% 20 L ] . e ry - ° ° ® . 'll N ? e o R | S |
10 20 30
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é 501 #=0.022 P-0.0935 g 50 #=0.003 P:027
Fa0 Fa0 . . .
g 301 g 30 '_'-:.—‘.M‘_.;"I"“"ﬁ\.—"t'—-'
= = ° O .
%20_ 20 I 'lc ‘..'I ...l.:' .’I L
&)
3 30 40 50 60 70 80
Ta/C RH/%
DN * )*0636x+24.957 DN J=0.017x+27.035
= =
‘g ig L 7=0.008 P:0.5596 ‘g ig L rl 0.011  P:0.1682
23018 2 30
= 20 | | = 20 |
Q &}
0 05 1.0 15 2.0 25 100 200
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=50k . ®  3=0.019x+30.029 =50l y=-0211x+25.277
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Fao Faop .
230r E30F ;_Jﬁﬁ',;_'_._,._.*,__"-o
— = L]
%20 ! N | gzo o3 | e 1 ° ? °° 1
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Fig.3 Main influencing factors of effective sampling rate
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23 PARPIEIN ik O3 MREE{H LA

KA SCAG S CRAEAF I O3 VR EE, 5 R sl Ul 15 2] O, ¥R JE 22 1R /N(0.37%, Bl 4), Rl & rh
O RIE L P 3 1 O MR S-S5 08, WA WS I 7 Tk 1 22 5 /N T 3.2%. 28 SRR K IWAE I el , I FR 7 vk 25 57 0
10.1%. R 1 #2355 O BBl RAFET5 B AOKE B, 72 UEAT Oy e B Wi o A2 vy, 7 2 [] Bf 76— 2Ll 5 T i 2 30
TR 2l W I 7 1 [T ORI, R A5 b 77 P CR A, SR F 7 ME Y CR (B B S8 bR a8 R Oy VR EEAE. I AR
e, A — 2 3 T e fit 4 3l W I AR AT A9 O Vi B2 (B, 58 X0 AR 5% i) LU 358K 1 O 2 77 771 (1Y),
4 AOT40 A1 POD 451021, 1 HHUS T LRI = il 4 SR >4,
2.4 WEuk(E] O W E 25 5

FEBFFT A 3 A W sl v, O Vi B HLA B I 0 25 5 A8 UL D0 40 1), 3= 2 W 00 5 vk 49 310 Ay g 1L - 3
Oy W B2 LU AR 4 Bl R0 0 43 301l 1 35% 1 40%, B 20 W I 7 32245 30 A9 25 SR 43 0l 02 37% 1 41%. R, 4% 2
W 7 T DAERE R IESE 05 28 [l 43 A {0 (151 4).

a5
Monitoring method g ; g ;
R b b b 5
60 L Active monitor
Hy sk L ] i
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L] <
! 1
: I i
= i 3
cf; . 3 = o
I 40
2 Y :
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L ]
[ ) r |
X L X
2 L ry
P
iy X i
w0} _ b L
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Bl 4 RAShNAE S I EAE 3 WIS (s E L AR S O LD ARG O MR

Fig.4 Ozone concentrations measured by passive and active ozone monitoring methods at three monitoring sites in Beijing

3 %518 (Conclusion)

A AL R T AR A R STl Y 3 AL, T R 22 AR 1 O sl I I A0 =5 Bl 0 T ik %k EC UL,
S LRI 1245 B B 25 T Oy W B AT REF O ERAMEAR SCIC AR, U T RR 7 1276 ST Bk O5 Y B2 A2 A R |
HATIR S 09— Bk, R A SO A BOR B R SHL TH R I s sh a7 vk Oy WRBEEF3IME, 5 &
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