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Ozone Generation Potential and Highly Contributing Substances of NM()CS

from Landfill Working Face | - #

LI Hao', LIU Yan-jun®, CHEN Tan®, YAN Qit-he', DAI Hui-xiang', WANG Hong-tao'* , LU Wen-]mg

(1. School of Environment, Tsinghua Univefsity, Beij{ng 100084, Chinaj 2. Chinege Researbh "‘Academy of Environmental SC,IPY.IC(‘S
Beijing 100012, Chma 31 College of Life and Env1r0nmental Suence Minzu Uniyersity of Ching, Beijing 100081, China)

Abstract; Non- méthane organic compounds (NMOC&) apﬂ ma]or ozone precursers’ in ’atmospherlc phot()(hemloal reactions. The'
workmg face of* a landfll] is a significant source of Pﬁ/ 1t1ve NMOC emissions. In oxder to (ontr(')}| tropospheric ozone /poltation, it ig™
necessary to miniize NMOCs, and this requlres identifice dthn “of contributing substd es. | In“this, atudy gas samples.were collected
from the worklng face—~of a landfill and analyzed Th?lr ozone’ formation potentlal Was Jalculated using the propylene-equiyalent
concentration method.and the maximum infreflenfal reactiyity method. In total, 36 kindssof substances|met the standard for detection

=3 awith total concentration greatest

frequﬁncy And (oncentrdtlon The averagelannual concentration of NMOCs was about 10 000 pg-m
in summer. Concéntratlon% of materials were s folloWs ; nygenated compounds > sulfur compounds > halogenated hydrocarbons >
benzénd' sgfies > hydrocarbons. Based on the results of the two calculation methods, ethanol, m-xylene, propylene, ethyl acetate, and
n-pentané were found to be significant ozone formation contributors across the whole year. The pattern for spring was similar.
Contributors to high ozone formation were ethanol, 1-butene, toluene, cyclohexane, and styrene in summer and spring, while ethanol
contributed very significantly in winter. The propylene-equivalent concentration method was found to be more suitable for estimating
ozone formation potential from the working face.

Key words: landfill; working face; non-methane organic compounds ( NMOCs ) ; ozone formation potential; highly contributing

substances

AR, BEA IS SR AL P R AN, 2016 3. L, HEIERIGEL HTE NMOCs Y 8 2024 41
SEA AR TG B T EAL AL BRIk 1. 97 42 1, Hith BRSO
DA 11914 t, 295 60.4% . R MK NMOCs J& R A EZ A FIAY, AR, 16
BEET PN, DA R R A E ik ab s XNRET, NMOCs 5 R AMW TG IR & Tl &k
ﬁﬁ.iﬁﬁmﬂiﬁﬁﬁﬁmﬁﬁkiﬁﬁﬁﬁ SRR A A R AR R R G T
, Horp AR B b 5 ML W (non-methane  organic mz—, ,Jf'{?r$ﬂﬁh‘%§&3§£ﬂtﬂ fx"?x(iﬁ
compounds NMOCs) S 9% & ARAK, B H &m0 K=MK, SRR R AUR T PM, 5 19725 305 495

A, BRSO BN R R IR B 2018-02-08; 1E1iT HHA: 2018-03-14

HELWE ., HERPA % AT BHIF£ 351 (201509055 )
B OPrER RIS R E SR Al L EEBN: 2521993 ~), B, WM, EBHFIEH E R E R

15 | jﬂﬁ% }_‘% KRB SRR Y S HER %ﬁ%ﬂfﬁﬂ‘ %I #, E-mail: li-h15 @ mails. tsinghua.

edu. cn

Eﬁfﬂfﬁ: }?—% LJF‘ JHS it %5‘3 /z:\ E: :J:% éi @J iﬁiﬁﬁ % ij‘ * {FVEH , E-mail ; htwang@ tsinghua. edu. cn



9 1

25U, BURL L NMOCs 5L s 5 0% 5 et I

4071

TERR = fHbIX , SAUR B SIsy P
EWEW%H%NWES B A L A Y
X5 BRI X 2 A AU Tk ES 5PN
$%F””%ﬂ%ﬁ%ﬂmﬁﬁiﬁﬁﬁﬁﬁ&
it 7 A Y R AR BT B e I g b BRBR R AR
WFSE T Az 3 b e ME A it NMOCs 480 AE v 3%,
Kumar %2 BF 58 7 446 15 W) HE 0 o 78 vh 7= A Y
NMOCs SL4A g, (A2, X FA TG bR i )
X —HE ) NMOCs JCA 2R R, H A4 ¢
WFFE. AR SCLAILET BT 55 T AR 36 b R LR 3 M 1), W
I A 736 7 3 S 3 M T DU 2% NMOCs I Rh 2 5 &
i, TSR NMOCs 19 58 A v 5, U & 4F

Ko #5257 i RAA A TRk o, ) T SR R
W A A
1 #RESHFE
L1 FERCRESHN
K FH B A AR 01U RAE 5 R S SARRE Rk

B E R IDHE (3.2 L) A (50 em x50 ém x 50
em) BIFEAMHG A, ad AR T . A — R
RIS O RE OHERAN R B, T TR A 3 TS

SRR § SR OB OEP S

aW%%ﬁW%ﬁ%@V@ﬁﬁﬁ%ﬂ ﬁm*
NMMb%@V IR *%ﬁﬂﬁﬂﬂ

WEM ] 5 %ﬁﬁWm%%ﬁwﬂ%m 546485,
PRI $an%§ﬂkm§%ﬂ*ﬁzw
ﬁ#ﬁ@%ﬁﬂfunmq1mzﬁ HIKRAET
AFATFE.

KA B RE i i e AT IR IR R R vk 46, 1
ANFE S HEREIAREIN 400 mL, 383 = A BhE % 255
(Entench7100, USA) #E47 Wi 45, Tk 46 19 <A KR
il DL AR 535 1 (GG Agilent7890C, USA; MS
Agilent5975C, USA) 43 #Hr. <A 3% 4 R A DB-5
ms(60 m x0.32 mm x 1.0 wm)#:, FHERFEH N
3 N T (1 R DX (). LA TR R 4 o e A
T BAS5 C-min " AYHF M 35°CTHE] 150°C, S5 LA
15 °C -min " B9 3 F M 150°C T+ 2] 220°C, BE )5 78
220°C & £F 7 min. #H S (He) Wi =~ 1.5

mL-min "', TR PE ARG I A% 4 43 35 V0 BB R R 15
~300 m/z, HLESHLEE 70 eV. L& Wi H

Ui IS TR 55 AR o ) Lo 001, B I - 26
[ EPA HfEXE B AL 65 i) it A A ¥ i (TO- 15
toxic organic Spectra Gases Inc. USA) brag. Ity
0,10x107",20 x1077, 40 x 10 ”iX 4 MR LY

.-#'

PRAE , FREEILEMERIC R R® =0. 99, HFUEE 5
AT SE M AE RUSAE I 2S FURE R, 25 FURE A 0 51
PRI <0. 1 x 1077, AT Ik, EHE
%Eifk/\gj—{ [26, 27]
1.2 A4 RERGTA

NMOCs XJ 5% it 2 H Ot b 2 5L AR A RS BT ik
FH 5 NMOCs 53 [ i3 (-OH) Al NO, 5
A XY NMOCs RAA A LIS IS ik R 8 A
FRIE R S N T (LM ) | SRRSO M e T Tk
(PEC 3% ) Flds K86 & 5 3k (MIR 3% ) 467, H
t, LR PEC ¥R JFCEAMIR], J5 2 A i LA
IR ERAY DT SRS SR H] PEC A MIR
SELIN IR

PEC JEIHA AN .

K" x ¢,
PEC =

KOH <1>
ﬁ¢Pmﬁ%ﬁNwmm#mﬁ%&ﬁuuq
CyHy i1, TR D)we pge-m ™5 K A iZF NMGC 5
- OH 14 )2 o7 3¢ $mﬁ:ﬁéﬂcﬁNwmmﬂE,
Kmﬁﬁ%ﬁcmmﬁf E%ﬁtﬁ

pgem
v R ! P
MR%ﬁ%ﬁﬁ J L
/lore = & x Mk L F
T%(mnémmm¢% m%%#%@%,

waem ;e I i (OTREE, pgom s MIR, ¥R
i AR R e S N T R A, TR

PEC il it 48 NMOCs 5 - OHf= A i 48, [ i %
(ORE F7 oK ek AR A RO B, T el (0 BT 2 o) 4
{HZ0% T NMOCs 7E RSB Wbz, T MIR 32500
18 NMOCs 78 KA I— RGN, T H 5
SR TR, B AT H RTIA B 2 NMOCs B
2R, A R TR TE AN Z e

2 HFR5IHE

2.1 AR NMOCs 45 51 &

AL MER (3, 4.5 ), HF(6.7.8
) k&9, 10,11 A) &Z=(12, 1,2 ) X5
Z A ANZE IR Loyl e SR 44 46,
37, 36 F L. KBl LS R S AL S | 1k
RIE. RRY ., B &S Gy (B, T,
Tk | MR, B AF 5 KIS PR T A AR IR K T
50% H RS (> 1 pge-m ™) [ NMOC 413 1 Fr
7, 336 B, WiEmE AT 8 B, kLR Bl 2K
2P 11 A SEAE S 3 MRS EAL G 6 i



4072 I A - - 39 %
F1 BURHEAE NMOCs £ 45K ERRNYR
Table 1  Substances contributing highly to NMOCs in the working face of the landfill throughout the year
LiES FEF NMOCs P
ey ECKE, Bbe, P, BRCke, BNk, 2-HIREILE | 3-HIEEIE | 1- T4
W TAWEE, 1,2-Z&%E, FREONIT | 1,2-— 4t =W be . WA LM . =% LM . FREONI2
ES ) PR 2R T PR AR IR 13- 50K 4-ZEMOR 1 450K 1,2,4-= K 1,3,5-S 08 RO R
EEAEY B B St 7 SN 71 7 G AR A
ARG W, CRROTE, N, 2-TH, P | PR O M

2425 I 7 AE ) T NMOCs kAR fb an A 1
PN, AAESE B ELELI0 000 wg-m A4, HE
BESHES>EFE>AFNBYE. EFRKE,
BRI VR B IG BR, 428 NMOCs 74k &
BKHESER , M4 2245 20 ok B 5 i 241K
YA FORE BT OGTE BY K2R el T A i
JERIRRESEEY > SHAEY > ki UE > KR

RPN S8 A, SRR, SO
wr, B A EEORE T &Y i
(AN Acsi i) B ARE, SRIRA R, 255 5= 5h,
MR NI EE e, FEE IR R, RPNk
FERAK; KR . AR A S AL A 0 e 5
15, 55 3% WaDNASE o5, B RE MR 1T 7 A — 52 B 3.
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Yy > e S AL G Y I T 3 A TR R Y ﬁu&Mm%ﬁW%mﬁ‘%%ﬁﬁﬁﬁﬁ%%
NMOCs Fp2fe K i BEAR AR B2 b B OO REH TR, I%Eﬁﬁ%%iﬂ@ﬂ@w

3 B B SR R R L

FRMAEY FERET YR
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Table 2 Concentration of NMOCs across seasnns/jug:'m’3 -l f ,'r
5 H KO0l MR, s Yl 35 4
EC ke 5.200 "1.240 | < 81455 JND ¥ L 2452 V4. 28
Bt , 6. 760 Loy 7 FF #7588 ND 6.1 7.87 4
Pk A 01 26,300 11,660 / 47 2 70.01 26. 40 J 30.33 ND
AR < 1726.000 4 1.2507 = 20.46 233.35 1419 ND
1Es . 3.8 - 1B1GF B S ATND . ¥ 4 536 19 126. 49 *
2- Wb ~.50.225 50623 y ND 50423 Tl 232 3.36,
3-FRJE kb 21.475 82 ND 21.48 15.005 4.63 4
ETHE |/ 121.987 5 | 314 ND 21.99 1.20 ND
MR 0/45 o g |_~CLg 371.51 70.81 9.49
1,2- 5P ke 0.776 04290 . = 81 1793. 61 9.89 33.85
FREONI1 / NA NA £ 73,51 ND 73.23 13.57
1 2-2E 0.253 0.210 52.29 126. 96 ND 1.71
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PUS 2 NA NA 10.23 12.23 21.58 408. 85
=R L 2.344 NA 4.57 12.23 1.22 ND
FREON12 NA NA 2.7 ND 3.54 1.73
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2-T 1R 1.22 NA ND 1707. 89 1084.76 25.50
SRR 5.129 2.700 297. 84 ND 27.09 ND
R £ I Tk 6. 200 3.200 2.58 ND 2.47 ND

1)NA RIS HL, ND FoRBAR BN BT, T IR
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Table 3 Ozone formation potential of NMOCs in the working face ( PEC method)/wg-m =3
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ECkE 16. 12 ND 485 0. 85 A F
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[k 70.01 426,40 30.33 | ND 4. 25
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TR ND- 12.04 77.47 ~1 18 | W g
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Table 4  Ozone formation potential of NMOCs in the working face ( MIR method)/pg-m ~3
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