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Abstract: In order to explore the seasonal variation characteristics and chemical reactivity of VOCs in typical
areas of the Pear]l River Delta (PRD), the continuous observation of VOCs, NO, ,O; and PM;; was carried out at
Guangdong Atmospheric Supersite (GAS) in the four seasons of 2016, During the observation period,a total of 2 142
groups of valid data were obtained. The results showed that; (1) VOCs, « OH loss rate (Log), Ozone Formation
Potential (OFP) and Secondary Oragnic Aerosol Formation Potential (SOAFP) of VOCs had obvious seasonal
variation characteristics during the observation period. Loy of VOCs from large to small followed by spring,autumn,
summer and winter, while OFP and SOAFP of VOCs {rom large to small followed by spring, winter, autumn and
summer. The C2-C5 alkenes and BTEX contribution to Lgp and OFP in this region was respectively 85% , 82%.
BTEX contributed the most SOAFP in this region, and its contribution was between 97%-98%. (2) The diurnal
variations of VOCs,NO, and PM,; all reflected the morning and evening peaks. In the summer and autumn, the study
area belongs to the active region of photochemical reaction, and the local O; concentration mainly depended on the
emissions of its precursors at the upper wind and the reaction conditions during the transmission, (3) According to the
ratios of toluene to benzene, the observation site was greatly affected by the nearby industrial activities, and the
influence was more significant in winter and spring when the diffusion conditions were poor.
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Fig.1 The ratio of VOCs in four seasons and all year
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Table 2 Statistics ofcheL.icalactivityof\VOCsinfourseasonsanda l year
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Fig.2 The ratio of chemical activity of VOCs in four seasons and all year
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Fig.4 The scatter plot of volume concentrations of benzene and toluene in four seasons

J& AW SRl (AR IR S 2525 VOCsTEN
TR e RSB R N EME R (H [EEARY
NO - PMa2sF103ELAZRAK X FREAEZUMI S 7Y
VOCsFH ARG L B 5 5T =

B = VOCs NO-FIPM: s EAM{LIHY HZ5 k1
s B 2N B YA B T O31E
15 00/ 45 R FigE(E #AHEE T-%4Z= VOCSHINO:
AR AH O3 i 23X T B2 R B R SHFE 4 73
FER TR RS NS R EPEAIVOCS
FANO - VA HFEF = A2 KB HYO= . M EFS-fir T
RS HYHLI 57 O-J& =R T

k= VOCsHEAHHH AV IERE NO-f1
PM. 2B =& {4 8 00/=45VOCs NO-fi
PM..stH BlIEAE 5 FH T RS ERIiaTH AR e b
NG R SECSEIRE T MR 21 00454
DAKz4 00/E A5 HINO - FIPMesli§AH , M B e T
T HSRR 72 RIS RS MR HrE 5 44
TEAH X R FRFTE

U=t VOCs: NO - F1PM..sf1] H ik 5115
SZ g H L S I B 52 AF 9 AR EE SR
YI——2K 2 HIUZFEFR B BE B H 2 BRFE

-

= Bk ZEO3IE{E % .035VOCs NO- 1 ik
A (LS SAAEAE I AN KIS 4 B2 X
PRI R X EEE T W 5 e Ik
1EH KRR T2 BT B~ 1+, 25 H O3
HIEHE L BEHCAT 1 RUEIOSH A THE RO K
R AR AP A R B2
2.4 VOCsEFEFTTL/LAEVIER

VOCs 4153 F RIS ST (A5 R IR
JUSIDE T4 F SRR (R (/258 35 )

Mig>8+ o FH TRV ME A RE B AE Tl Az = e s
> ZEAE Y £ B RIFUEA LA R BRB TAE 2
X EFRE TAEYITRGE H R ZEEN TAETIH
[ IZ N IR DA FTENRIE e ol 2B = of

PRI Tl A RS /SR EE DI LE 2R BRICN R
BXCHRHAE T IR/ R 2R IZ S A2
BHI LA AR RN - F 4] i PR f
FIETE AR FEZFRE TGS TTREAYRRER AR E] MK
RNEF LT HF P R (BIFZE/ZR) IR
T2 o R WG JS A2 B AT TSR0 R
K, HAER BRY B s U B HH



¥ FE K-ARAMMREREANLEYREKRTRAZREEESETELRBE

B AE A AR ZE MR TG BB G AR P, #07 A2 A5 3R
SRR DB SR 2 M Tl A AR Y W S

3 & it

(1) 25 VOCs WK FEA W B =35 484k
FRIE . B e I IR I W 5 | v MR AR W Oh B
FELEHZE GREEERY A VOCs ik
JE R BURAR VO B 28 A2 K EE H 2wk
W B B KK B A5 B 5 S Rk
EHE 2RO E 42 FF 2, 24K
Wt JE FIOR 2 W 7 WA it 69 %4, 32 B A 1l IX 32 i
SR W Tk A =5 AN TE 8w B .

(2) %25 VOCs W) 1b2 BNt A7 76 B 8 1 22
FAARE . VOCs 1 Lon H R BVNMRIR B E 2.
®ZE B F K ZE; OFP #1 SOAFP i KRB /MMEIR N
B AEEHTE, R IR R R Y0
X Lon OFP B BTHR 430y 85%6.82% 5 2 R W f
SOAFP Wik K. 5 9746~98% .,

(3) PUZEH,VOCs,NO, fil PM, s 1 H ¥ F A8
P18 B et L g 0 IR G2 L /R Dy A TR B B AR R
Y—R AP R B 20 B AL RRE . W
Wk A5 B AE KOS AE B R B O Ak 2% KON TE BRIX,
Al O, ¥ B Z T B XU O B4R 9 1Y HE Bk
O R A% a1k 72 v 0 B 1

(4 AR B 2K /2K T, LI 3 p5, A7 BT T AL 3
MK HAEA F Y WA 52 i 5 5]
. FIEA B EN R RBE TES, 7
AEZSERBE TR T N BE G Y M Tl HE R B S

B,

CEd

(1] B2 ORmih AR K R Al (M. Jb 30 . 7 28 50
#2006,

[2] SHAO M,ZHANG Y H,ZENG L M, et al.Ground-level ozone
in the Pearl River Delta and the roles of VOC and NO, in its
production[ J].Journal of Environmental Management,2009,90
(1).512-518.

[3] TAYLOR O C.Importance of peroxyacetyl nitrate (PAN) as a
phytotoxic air pollutant[J].Journal of the Air Pollution Control
Association,1969,19(5) :347-351.

[4] SINGH H B,HERLTH D, O’ HARA D, et al.Relationship of
peroxyacetyl nitrate to active and total odd nitrogen at north-
ern high latitudes: influence of reservoir species on NO, and
03[ J].Journal of Geophysical Research,1992,97(D15):16523-
16530,

[5] CHUNG S H,SEINFELD J H.Global distribution and climate
forcing of carbonaceous aerosols[J].Journal of Geophysical Re-
search,2002,107(D19) ;4407-4440,

[6] SEINFELD J H, PANDIS S N. Atmospheric chemistry and
physics: from air pollution to climate change[ M].3rd ed. Hobo-
ken:John Wily & Sons Incorporation,2016.

[7] RAMANATHAN V,CRUTZEN P J,KIEHL ] T,et al. At-
mosphere aerosols, climate,and the hydrological cycle[]].Sci-
ence, 2001,294(5549).:2119-2124.

[8] LOUIEPKK,HO]J W K, TSANG R C W, et al. VOCs and
OVOCs distribution and control policy implications in Pearl
River Delta Region, China [ J ]. Atmospheric Environment,
2013,76(5):125-135.

[9] ZHANG Z,ZHANG Y L, WANG X M, et al. Spatiotemporal
patterns and source implications of aromatic hydrocarbons at
six rural sites across China’s developed coastal regions[]].
Journal of Geophysical Research Atmospheres,2016,121(11);
6669-6687.

[10] ZHANG Y L, WANG X M,ZHANG Z, et al.Sources of C2-
C4 alkenes, the most important ozone nonmethane hydrocar-
bon precursors in the Pearl River Delta region[J].Science of
the Total Environment,2015,502:236-245.

[11] WANG M,SHAO M,CHEN W T,et al. A temporally and
spatially resolved validation of emission inventories by meas-
urements of ambient volatile organic compounds in Beijing,
Chinal J]. Atmospheric Chemistry and Physics,2014,14(12) ;
5871-5891.

[12] LIL Y,XIE SD,ZENG L M,et al.Characteristics of volatile
organic compounds and their role in ground-level ozone for-
mation in the Beijing-Tianjin-Hebei region, China[]]. Atmos-
pheric Environment,2015,113:247-254.

[13] YUEDL,ZHONG L J,ZHANG T,et al.Pollution properties
of water-soluble secondary inorganic ions in atmospheric
PM,s in the Pearl River Delta region[]]. Aerosol and Air
Quality Research,2015,15(5):1737-1747.

[14] WANG M,ZENG L M,LU S H,et al.Development and vali-
dation of a cryogen-free automatic gas chromatograph system
(GC-MS/FID) for online measurements of volatile organic
compounds[ J]. Analytical Methods,2014,6(23) :9424-9434.

[1s5] R, BIF, k. FE MR AEI P VOCs H I1 #
(T3 3 Mg 5 7%, 2017, 9(1) : 4247,

[16] B35 . 2N A gy, .7 M B & VOCs X B & F SOA
AR E R BT L] P B R SR, 2018, 38(3) . 830-837.

[17] ATKINSON R,BAULCH D L,COX R A, et al.Evaluated ki-
netic and photochemical data for atmospheric chemistry, or-
ganic species: supplement V[, halogen species evaluation for
atmospheric chemistry[ J].Journal of Physical and Chemical
Reference Data,2000,29(2) :167-266.

[18] CARTER W P L.Development of ozone reactivity scales for
volatile organic compounds [ ] . Journal of Air and Waste
Management Association,1994,44(7).881-899,

[19] GROSJEAN D,SEINFELD ] H.Parameterization of the for-
mation potential of secondary organic aerosols[J]. Atmos-
pheric Environment,1989,23(8):1733-1747.

[20] GROSJEAN D.In situ organic aerosol format ion during a
smog episode estimated production and chemical functionality
[J].Atmospheric Environment,1992,26(6) :953-963.

[21] SPEH, THH . B8HFE, FIRL=AWHATE VOCs 1T
YR B 5 ML % = N vE M LT ). o = 3 3R R 2%, 2010, 30 (9) .
1153-1161.

(F#% 13 70

« 7 .



T RE Bk COTUBAERSUFES

AL HY IR 873 cm T AL/NTITR B AR B 0%, T BE S
CaCO; WTE WA K

3 & it

CaO 5 T & L T BOER 4. 15k
EKFERE CaO ¥R 0 EG ) 38 1 1K, R i 20 %6 1Y
CaO, 7GR E R T AL 1.5 h J5 & /KBRS 55.67%.
WM 20% CaO W+ 159,750 CRALA AP H,
Wi, O 63.28%, LHV 2 16.15 MJ/m®, 900
CTHRALE AP Hy =% &K, K 196.95 mL/g.
CaO 3 {2 #E & 0 Al F I 2 i ok 48 - AL RUR
CaO XA R CO, W4 R 1E F AT LLEK 3h 7K <
SEAL RN, By Ho Y78

S k-

[1] KUMAR A,JONES D, HANNA M A, et al. Thermochemical
biomass gasification;a review of the current status of the tech-
nology[ J].Energies, 2009,2(3) ;556-581.
[2] NIPATTUMMAKUL N,AHMED I [, KERDSUWAN S, et al.
Hydrogen and syngas production from sewage sludge via steam
gasification [ J ]. International Journal of Hydrogen Energy,
2010,35(21):11738-11745.
[3] REED G P,PATERSON N P,ZHUOQO Y, et al. Trace element
distribution in sewage sludge gasification: source and tempera-
ture effects[J].Energy & Fuels,2005,19(1);298-304.
[4] ARNOLDR A, HILL J M. Catalysts for gasification: a review
[J].Sustainable Energy & Fuels,2019(3):656-672.
(5] ZEmEmESRENLEAREFRERELN]AETLS
TR ,2013,34(5) 1 10-15.
[6] CHIANG K Y,LU C H,CHIEN K L.Enhanced energy effi-
ciency in gasification of paper-reject sludge by a mineral cata-
lyst[ J]. International Journal of Hydrogen Energy, 2011, 36
(21):14186-14194,
(7] =& .8 . EEFAYRMEEEKEIIATBEEARS
LRI FAERESEI L5 2019(10) . 34-36.
(8] HHVL. A% 5 (o fi 1 P ) & USRI B2 (DL AR L. A
e A2, 2018.
(9] BIXHE BREHR.ZH,F BN IS 05 e rl s %
oI AL & ,2018(9) :30-31.
(100 Z=FH, X0, 45, 55 AL 55 X R R A8 B A K 2 R S T0 SR 1
RE R G 4 AR ma LT ] R AL 4 2 4, 2015, 43 (9) 1 1038-
1043.

[11] 5 BB BRI S R 0 B Rl i 7= U &
W LT]. Y 5515 ,2018,40(11) :1234-1238.

[12] VEEB.DBeeE. BB .%.CaO B3 BT YL 5 T8 T 1L R A L
BFgE (V). 7] FE A BB 08, 2016, 34(3) . 462-468.

[13] R BN X B o) T marss (117
AL T,2018,45(13) :66-68.

[14] GB/T 28731—2012, [ {2 ¥y Btk Tk 7347 J5 3% [S].

[15] HUAN L,ZOU S.Liming pretreatment reduces sludge build-

up on the dryer wall during thermal drying[]J].Drying Tech-
nology,2012,30(14) ; 1563-1569.

[16] ZHAO B,WANG J,ZHU D, et al. Adsorption characteristics
of gas molecules (H,O, CO;, CO, CHy, and Hz) on CaO-
based catalysts during biomass thermal conversion with in Si-
tu CO; capture[ J].Catalysts,2019,9(9) ;757-766.

[17] DING W J,ZHANG X D, ZHAO B F, et al. TG-FTIR and
thermodynamic analysis of the herb residue pyrolysis with in-
situ COycapture using CaO catalyst[J].Journal of Analytical
and Applied Pyrolysis,2018,134(9) :389-394.

[18] HANAOKA T,YOSHIDA T,FUJIMOTO S, et al. Hydrogen
production from woody biomass by steam gasification using a
CO; sorbent[ J].Biomass and Bioenergy,2005,28(1) :63-68.

[19] BREJb. Bt g5 20 W R 22 3 SR = A i R S AL o &R P g
EEHFFE DR B A PR R, 2018,

[20] MENG F, YU J, TAHMASERBI A, et al. Characteristics of
chars from low-temperature pyrolysis of lignite[ J].Energy &
Fuels,2014,28(1) :275-284.

[21] GAIC,CHEN MTJ,LIU T T,et al.Gasification characteristics
of hydrochar and pyrochar derived from sewage sludge[]].
Energy,2016,113(15) :957-965.

[22] HLAVSOVA A,CORSARO A,RACLAVSKA H,et al. The
effects of varying CaQ content and rehydration treatment on
the composition, yield, and evolution of gaseous products from
the pyrolysis of sewage sludge[J].Journal of Analytical and
Applied Pyrolysis,2014,108(6) :160-169.

G 3 AR (R HE.2020-10-27)

B S S e B S e e e e SET CE

(E3#F 770

[22] JARE, BT BREE 5.3k = MINTH A PMes f1 Osi5 P 4R4E
B VOCs 4 53 skt 40 47 (71 3F 38 T2, 2020, 38 (1) 42-
47,92.

(23] EfEBRKIC. 24W. % LEHHRFERS VOCs X ZHRA
AUVE SR A B TURR BOR PR AT [T ] IR B R 2, 2013, 34 (2)
424-433.

[24] EHE,RIvGEE F FTYIRH VOCs B IR FHABEIK
A LT ). A E IR SR 2, 2014,34(10) : 2449-2457.

[25] ZHANG Y L, WANG X M, DONALD R B, et al. Aromatic
hydrocarbons as ozone precursors before and after outbreak of
the 2008 financial crisis in the Pearl River Delta region, south
China [ J]. Journal of Geophysical Research Atmospheres,
2012,117(15):1-16.

[26]  XIZE.ICEFBRVL = f YOOI R 1 HL W 0 1k 0 R Y8 BF 3¢
[D]JbxT  Jba R 2, 2007,

[27] RFE EIF iz, 55 P B R RS0 9 W00 o 79 %1 &)
BRSETHBIR L] 3 SRR 2 58, 2013, 38(11) . 63-
67.

[28] JOBSON B T,MCKEEN S A,PARRISH D D, et al. Trace gas
mixing ratio variability versus lifetime in the troposphere and
stratosphere; observations [ ] ]. Journal of Geophysical Re-
search Atmospheres,1999,104(D13):16091-16113.

mE. K F (R A E.2020-02-25)



