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Abstract The hydroxyl radical (OH) is the main source of atmospheric oxidation capacity, which oxidizes the primary pol-
lutants into the secondary pollutants. Therefore, the measurements and characterization of source and sink of OH radical are
critical to understand the formation mechanism of regional secondary pollution. However, the removal routes of OH radical
still cannot be quantified accurately. OH radical reactivity can describe the OH total loss rate and the atmospheric oxidation,
thus playing an important role in the OH budget analysis. The OH radical reactivity is defined as the total pseudo first-order
rate coefficient for all atmospheric reactions of OH in an air parcel. It is challenging to accurately measure the OH radical
reactivity due to the high activity and short life of OH radical. In this paper, we summarized all kinds of measurement tech-
niques used in the field observations of OH radical reactivity, including Total OH Loss-rate Measurement (TOHLM), Laser
flash Photolysis-Laser Induced Fluorescence (LP-LIF), Chemical lonisation Mass Spectrometry (CIMS) and Comparative
Reactivity Method (CRM). The techniques were reviewed on the aspects of measurement principles, instrument modules, and
so on. Overall, LP-LIF is proposed to be the best technical approach. In addition, the measured OH radical reactivity and the
major scientific findings of corresponding measurement campaigns conducted in typical tropospheric conditions as urban,
forest and rural environments, etc. were outlined. The OH radical reactivity varies significantly in different conditions, rang-
ing from less than 10 per second to hundreds. Comparison of measured OH radical reactivity and the calculated or modeling
results reveals a significant missing reactivity, ranging from 20% to over 80% in some environments. Depending on the emis-
sion and pollution characteristics of the field observation sites, the sources of missing reactivity are generally attributed to the
undetected or unknown organic species, i.e. primary organic species, secondary organic species or a combination of both. The
accurate observation and the numerical modeling of the OH radical reactivity can provide a possibility for achieving numeri-
cal closure study of RO, radicals. Finally, we discussed the current research difficulties and possible new directions for future
studies of the OH radical reactivity.
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Figure 1 The research framework of this review
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Figure 2 The modules of OH reactivity direct measurement system

LP-LIF 777 OH H H#E R A R BN 266 nm = fE &
BOEHK T R EOLRE K O('D), O('DYRIKIR N4
i OH H %, B

0;+hv—0('D)+0, (R2)

O('D)+H,0—20H (R3)

MR BN (KA, TOHLM 7383 T4 i HE
SPAEEAR, Btz OH B R A5 5 8 4 B
SRy OH H HEEAERBNE A 145 B i R] (RP AR S ok
AR SONEI [T, AT 75 B0 AS [R] OREES [3] 1) OH I FH 2
WPE, FHEIA OH Rl SN I ] PR T2 980K &
OH F ik i g B 411 LP-LIF J7 VR sh s & 5
6 EARIE IR A 6 T AU 1L O T AR A — AN kb
IR, S SerER BN N Se A A — e B OH H 2%,
B J5 OH [ FH 2k BV B 22 bl 45 12 I B i o S5 3 YR R
SN, FREE A OH B HFE K 2ok 2 &
OH H W MG, %R OH KA JEAI S N it 5
& [A— . TOHLM Al LP-LIF J73%H OH [ %46
M RGO G966 RS LIF, LIF R4 2 I 5
A PRI BUT CIMS J7 R 1R N R BN T A
JE R ANASE A B 4 B OH [ ik, €& A
5 BRI )R 19 B R A RS, 0 AR 8 A P e [] 32
JASE] OH H f3k s M. &5k RS E TRtk
HETHEE N OH HmEN R4, HIFEEZEA
SO, 5 OH H 3 &M AR HyS0,, it & H,S0, K
A9 OH [ IR, &My TRt

SO,+OH+M—HSO;+M (R4)
SO;+H,0+M—H,S0,+M (R6)

AR HoSO, R 6181 NO, IHL#6 S, Bl o
WS FIE . HSO, , HF VLA 2] H,SO, WKE,
2753 OH H HIEIRIE.

iR =Ry E A OH H H IR I fe B0
VRS 2] OH A HHEFEGE %, Ry OH A 3 L = M
P, Epkth &&=

kou=—Aln(Soy)/At 4)
Horb Sou N OH H KRG 5, At NFUr [a).

SRR SRS A R E. -, =R
0 5 AE ARG 45 S Ik X B v, R X RS L
A MEEERCK, %, TOHLM 1 LP-LIF J7iZH L
T CIMS Jridokik, aipiElE OH H HEIR TS

http://sioc-journal.cn 615



¥ F R

FI) OH H H 3k i S S (19 77 1 FE A 2 B 1 I 2 BE i
Fz; 5=, TOHLM A CIMS J7 % OH H HEEEKHES
JEfR T Ee i, (RAEF7 A OH B B AL R 2 7= 2E
LM HO, HH%E, 78 NO W m i 2K HO, g3 X}
D SE R0, OB

H+0,—HO, (R7)

HO,+NO—OH+NO, (R8)

LP-LIF J7 xR R OG5 OH H i, HMAFAE
P A, H R EOCMER) OH B HIB: ™ R B, 26
VU, TOHLM 7595 75 T 3 shik bl s 1 B A5 21 2k
Mk, UL T LP-LIF J7ikoRkuf, S E 7 R 8IL,
HEAEE 2% 581, CIMS Jiikill Evu BB, —BoEH]
F 40 s UR IO SaG, S B8 e v i ) S
Fahbr e kAT S,

2.2 [EENEE

FER S5 2375 P32 (CRM) 2 A JiR B /o 2 < AN AF
E A A C NI P 1 25 EE ) 5 GEL 3 9 R, Pyrrole) il
NI 5 N AR SR E O H HIFE R A RS, 75
TN 73 Bl A IR B R, Al ke B
FEAS AL B Gas-Chromatograpy Mass-Spectrometry
(GC-MS). i FEF VU i1 Proton-Transfer-Reaction
Mass-Spectrometry (PTR-QMS)~ i F#45 %% K47 [a] i it
Proton-Transfer-Reaction ~ Time-of-Flight-Mass-Spectro-
metry (PTR-ToFMS) 2 < AH €4 % Ot M1 85 A% Il Gas-
Chromatographic  Photo-Ionization-Detector (GC-PID)
122020 OH [ i AR AR 184.9 nm BAME TR
K250, W MR PR, @it g ZF 2S5 M
IEL A 2 Lo o R B 1 7€ 2 L 5 o ) S FA B
FAIETEYI BTN OH B 2R [ B FE 4+ 58 &R, AT ]
B S5 5] OH H H & S ME.

ZITVEEEA I & 1 AR S AE = A [ B R AT 1,
FixC 1 A% OH H HZERL”, EIBGEANZ T
X2 ROTFAMA”, WIBAS YR —E &2 OH
H i B3 Oy “ TR, ENRINE A Z i
OH [ HHEAIAEL AL ARG =M AR T S )5
R Cv G GIIR AR RIATSEIN OH [ H 2k s [ B
PERIE, tHEAX

kon=(C3— C)/(C1— C3)*Cy*kx+on (5)

ZITERAL SAE T o0 OH B 2 1R FE AR itk
AT, TR)IS BRI A 5 23 B A s R e L AR S A 45207V
(R4 A 4P B TRIMER, SR, %07 VE A — s Rt
m H, AEm NO MBS R0 8, HR B I SN
K(R7)~ RFI/R. HITARIELEEENE HO, HH%
B0 OH H AR, B B aamd E it 5oy
FARHTEIE. H TS F M AR NO FHskie 7
RHATRE, BE50 AT SEME A FrEMIE, BRIANE T
i NO,, JuHEm NO &M P, %=, fEAStt

616  http://sioc-journal.cn

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

IR (P E S AP 25 A N ARAE— EOGAE, T RE2XY
THEIE FRIE — e s, BRI 1~3 2 fEi 2
TEA MRS SRR IR 261 R AT, DUSEHERRIL S e T
SE T 45 HLIE U AS RIS B8 =, IR 2 S A R
AR, A S SORB e Mg S 2k, HINE
TR S RN EAREZ R, 2 SFHELRNR
R THHBRMELEE S ST THNELES
LA i ZE, AIxT OH B H 2 & s S il 7 A
T, Aad b4 nT LLd {8 A Nafion & X £ 28 ST
T B M DUYRE IS FE O B G i 25 SR 3, 2B DY, %
TERRT R IR R IZRG T S S OH B I
NAUHE— RN, N TR, TS LU IR R A
T OH H &R, MAEENST, 2S5 MG 157
R, R Z SRR, sehrid 2 Hr A i B N
&M Pyrrole/OH b, —f7E 1.7 0 1~5 1 1 28], Tk
FAFFEA R R THE R, X SIS A5 R A F
T B B UE. I, B AT R @ 5] N B L
— O SO AR R o S B i R AT AR, I AL G
R B 25 AL B BRI B BN B IE AR IR LG, TR
HAFRM OH A H2 S S MM TIE MR IE, (H IR
) Sz PG B AE B R AT gt — B e

23 MEEARRLESEERT

OH F FH 2 5 s 0 St 77 9 P N ot R i [) 7)
PR RCIIPR . AR FE A Bk S 50 AT A, Ik 1
Frz~. H OH H B2 E A #8FF & LAk, OH H HAk & R
I P AN PR DR AR L X SR B 2 A =k, AR — T
LWL, CAEASRE vk be s, R — 77 v (Al )
EbXt ol 2013 4EEH ZE Zannoni 25PN T-Hh g 7 1 4T 10

& CRM A28 B LS SRS AN [R] 77325 18] i 1Dy b Xt
AR, 53518 2012 4EFKZE Hansen 512198 HLR K
23T R CRM AT LP-LIF EEXFSEEG, PAK 2015 42,2016
£E Fuchs 2518 [F 1 F) 5 0 78 Fir SAPHIR & 46 T
J& ) TOHLM. LP-LIF. CIMS F1 CRM J5 ¥ [ K2 b xof
SELG.

A — 77 VAR B 5 — IR U XS SR 2015 48 7 T
AT & CRM 88 P BB EL XSG, 78 iR
EEXHAI SEE6 R, PG CRM () OH [ H 38 5 s o Pl
R A B — B (e M e IR B E IR N
1, R* 4 0.75).

2012 4F 10 FJ CRM 1 LP-LIF J5 ¥ 8] i E ) Ay o —
VRIHIFRER) OH [ H 3 5 S5z 7 1 0 & 7 v bb o 52 56
IR bEX SERG 2 B/, WFFEE R CRM ¥E%F OH H H %
S NP EEA T B K 2 TR NO, 2644 R kAT, kiRt
XSRS R TERT CRM 72 B A BORBRER I 1 NO, 264 T i
17, Bz e i BB L Z —E TR T
CRM JE{E R NO, & F A IE T SEHL OH H &L ia
S RSP FIERA N . X 45 SRR B, CRM Fll LP-LIF 75

Acta Chim. Sinica 2019, 77, 613—624



1 F F ®R

nes
Al
BF

R1 OH [ HIE & SR & 7 i
Table 1 The summary of OH reactivity measurement methods

Method

Direct measurement method

Indirect measurement method

Specific methods Total OH Loss-rate Meas-

Laser Photolysis-Laser

Chemical Ionisation Mass Comparative Reactivity Method

urement Induced Fluorescence Spectrometry (CRM)
(TOHLM) (LP-LIF) (CIMS)
OH source the photolysis of H,O (g) the photolysis of O3 the photolysis of H,O (g) the photolysis of H,O (g)
Detectors LIF LIF CIMS PTR-MS/GC-PID
Time resolution/s 50~200 30~180 60~300 180~300
Detection limit/s ' 1 1 1 3~5
Uncertainties 10%~15% 10%~15% 3%~7% 15%~30%
Advantages (1) high OH radical yield, (1) the little interference, (1) high accuracy (1) high OH radical yield,
(2) direct and high accuracy (2) direct and high accuracy (2) well commercialized detector
Disadvantages (1) the interference at NO (1) low OH radical yield, (1) narrow measurement range, (1) the interference at NO condi-
condition, (2) high cost and complicated ~ (2) high cost and complicated tion
(2) high cost and complicated ~ operation operation
operation
Reference 7 11 13 12
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Table 2 OH reactivity measurements in different sites all over the world
Campaign Site Time Condition Instrument kown/ 57! kou missing REF
PROPHET 2000 Michigan, USA summer, 2000 forest TOHLM 1~12° 33% 27
PMTACS-NY New York, USA summer, 2002 forest TOHLM 5.6" agreed well 28
OP3 Borneo, Malaysian spring, 2008 forest TOHLM 29.1° 38% 26
GABRIEL Brownsberg, Suriname autumn, 2005 forest CRM 53° 65% 12
BFORM Hyytiala, Finland summer, 2008 forest CRM 9" 50.6% 29
X . (1) 58% (normal)
HUMPPA-COPEC 2010 Hyytiala, Finland summer, 2010 forest CRM 3~76" 22
(2) 89% (stressed)
BEACHON-SRMO08 Colorado, USA summer, 2008 forest LP-LIF 6.7° 29.5% 30
(1) 55.8% (6 m)
CABINEX Michigan, USA summer, 2009 forest TOHLM 3~33¢ (2) 51.7% (21 m) 15
(3)57.3% (31 m)
. b (1) agreed well (day)
CANOPEE Haute Provence, France  spring, 2014 forest CRM 24 . 24
(2) 50% (night)
SOS Nashville, USA summer, 1999 urban TOHLM 11° 29% 31
— Helsinki, Finland winter, 2016 semi-urban CRM 7.6 47% 32
PMTACS-NY2001 New York, America summer, 2001 urban TOHLM 19 within 10% 33
MCMA 2003 Mexico City, Mexico spring, 2003 urban TOHLM 20 30% 34
TEXAQS2000 Houston, USA summer, 2000 urban TOHLM 7~12° agreed well 35
TRAMP2006 Houston, USA summer, 2006 urban TOHLM 9~22¢ agreed well 35
— Tokyo, Japan 2003~2004 suburban LP-LIF 10~100  30% 11
— Tokyo, Japan summer, 2007 urban LP-LIF 10~55 29% 36
— Tokyo, Japan spring, 2009 suburban LP-LIF 10~35° 20% 37
— Tokyo, Japan summer, 2007 urban LP-LIF 33.4° 26.5% 38
— Tokyo, Japan autumn, 2009 urban LP-LIF 32.3° 34.7% 38
— Mainz, Germany summer, 2005 urban CRM 10.4" — 12
MEGAPOLI Paris, France winter, 2010 urban CRM 10~130° 54% 39
— Lille, France autumn, 2012 urban CRM, LP-LIF 70° agreed well 25
— Wangdu, China summer, 2014 urban LP-LIF 10~20" agreed well 40
— Pennsylvania, USA spring, 2002 rural TOHLM 6.1 — 41
TORCH-2 Weybourne, England spring, 2004 rural TOHLM 4.9 39% 14
CAREBeijing 2006 Yufa, China summer, 2006 rural LP-LIF 10~30" 67% 2
PRIDE-PRD Backgarden, China summer, 2006 rural LP-LIF 10~120 50% 16
DOMINO EI Arenosillo winter, 2008 rural CRM 3.5~84" — 42
HOxComp Jiilich, German summer, 2005 rural LP-LIF 8.8° 40% 43

“ The range of the measured reactivity during the whole campaign. * The mean of the measured reactivity during the whole campaign. ¢ The median of the measured

reactivity during the whole campaign.
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B3 OH H HiE:a SR A RIS AL w2 5 A
Figure 3 The distribution of different types of sites for OH reactivity
measurements

17 Wangdu, China

18 Huairou, China

19 Yufa, China

20 Michian, US

21 Rocky mountain, US

24 Haute Provence, France
25 Bukit Atur, Malaysia
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Figure 4 OH reactivity and calculated contributions in some typical sites all over the world (Here the contributions are calculated results, and the missing

reactivity is the difference between the measured and calculated reactivity)

“ Calculated contributions from 15:00-17:00 JST on August 20, 2003, ” calculated contributions towards the noontime OH reactivity, ¢ calculated contributions above

canopy, ¢ calculated contributions after 20 June, 2014
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