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Abstract: Volatile organic compounds( VOCs ) are important precursors of ozone and secondary organic aerosol. The effect of industrial
emissions on ambient VOC concentrations in the Jiangbei Industrial Zone in Nanjing was evaluated using the ambient VOCs
measurements taken at Nanjing University of Information Science and Technology ( NUIST) during March 2017. The monitoring data
showed that the sum of 92 measured VOCs (TVOCs) ranged from 10. 3 x 10 ™ t0 200. 5 x 10 °. Some VOC species, such as ethylene,
propene, benzene, styrene, and dichloromethane had abnormally high values. Positive matrix factorization model (PMF) was used to
identify the main sources of VOCs. The results showed that industrial emissions on average accounted for 50.0% of TVOCs, while
petrochemical industry, chemical industry, and paints & solvents use accounted for 14. 9% , 19.3% and 15. 8% , respectively. During
a VOC pollution episode, the contribution of industrial emissions reached 74. 9% . The direction of industrial sources was determined
by combining the wind speed and wind direction data.

Key words : volatile organic compounds( VOCs) ; industrial emission; source analysis; PMF; Nanjing

TEKAIG Yz R0 & A5 YRR, DIR on Cancer, IARC) ¥l A —2EE0m . K H VOCs
SA(Oy) MR AR WS B Ml H g2 SRIRIE AR, MOk B BEAR (— W), BT L
B ¥ R VYEAR WL (volatile organic compounds,

VOCS)%ZSEﬁWﬂC F2 N B G ey 2 — g#ﬁaﬁﬁ: 201%77.38-3%; EiTHEA: 2017-11-05 o

- . e S s £WH: FZRALRRAELTH (41505113) 5 1LI94A AR e
RSV (05) M YA HLUH B (secondary organic 0 ] (BR0150896 )+ LR 20 SR
aerosol, SOA) W EEE RS E . B AN, FBAY VOCs HEF (16DZ1204606 ) 5 [ 3R BEGR 1 IR TTR TR 45 75 e

B 5 B TR T A S0 5 S S S H (CX201510(C))
LT AEHE L, W A2 AR WIS ) 0 8L, R A
. . VOCs 754445l , E-mail:306938144@ qq. com
FR¥EEAE W 98 MLAY (International Agency for Research * ETEW?%ZTE-mail;wangmingmelon@ 163. com



494 7

B 39 %

G RO AR S UG Ao AT R R
ﬂfﬁ%l&m%mmmvmhigmkﬁ%”.

[l N A BIF Y K AN [R] b X R VOCs YR T
HAEBF 2. Wang 255 XF Jb 51 K< VOCs He i
W R, HLEhGAHCHERL (44. 2% ) & o dE )
HERCI. 117 5 R AR b DX A Ay 5 Rl 5 K 8 7 f 3
Mz —, HRS VOCs FZR [ A ikl ffk 1.4
Tl Y, BBk ZE Ik 49% ~85% . Liu 2517 X2
YL =AU B X RS VOCs SRIRRTSE LB, okl
FE RS (32. 9% ) R B L HEROR , R A
MZE R SHE (30.6% ). Mo 251 3 K = ff 3k i
VOCs RIEWFFE & B, Tl HEk (A 1k b T AR AR
Tolk) 53] VOCs HELAY 50. 0% . 76 Tl B 4EHLIX
] 52 43 Tl HEROW KR VOCs BYFE I, T
AR I R

T KA VOCs fh gl 2 4%, AN [R5 16
ZESEK, % VOCs R I8 ok TR KPR K. HE
T ERE A SZ AR R 2 B ETE A VOCs SRR
D7k HE RO B S 3 A i 4 AR T (emission
factor, EF) F1E 2l 7K V- (activity ) Z0H 11558 3017

VOCs flFfCE , TiiAZ R BIRZ ST 7T HE O ST

fERT s, I:ﬁETEyJZI:E/J%{'ﬂ %ﬁEﬂéﬁﬁﬁ OC_g.f’ﬁ’J
8, Eﬁﬁ%"fﬁ El’.IxﬁW‘%ﬁ”ﬁ%%ﬁ EP;@T
( chemifal #ass balance, CMB ), ay }in G *ﬁ
(prlnmpal component analysis, PCA) iFﬂIEﬁQ%éF—lF.
?{z*f( positive matrlx faetorization , PMF) %:‘F CMB
B AT VOCs %ﬂ?ﬁ?*ﬁﬁﬁ%ﬂ?ﬁiﬁm ( source
profile ) Pl J_Fﬁﬂ:ﬁ' VOCs IG5 A — & F Al iy
DXCIBR. PMF 32 0 s i S 50 a4 33075 G 5
ZH AN PREE M BE B DTk, JCHGE T VOCs R

S22 M HLUR I PR R A A 52 Ry L X
Dumanoglu %% %f + B H Tl X VOCs #E 17 PMF
NIRRT, 5 Tl A VOCs HER Y 51 90% , HL3)
HhiB10% . AWESE i ST ATEAL Tolk DXl 25 34
VOCs V5 2%, i HLIEIE ) TR Rk, &
SRABFSE 25 i T — 28 VOCs I35, (B AR
Sl R A AT, ISR T PME 1R A BiF
FER AR AT A

KL= A OR R E 225t rhol, W Tl

R, T HMFTE R TALA A IR 5 B VOCs HE
B 69% ~T19% 1 R HLT A T = A v
W, RS TR Z A AT B A AT
A TR R T YA Tl HE R KR VOCs

2, AHFSEAESZ Tolk X 52 1 RS 5t 15 B TR R

Pl TR IE 1A A B VOGs &, A T
VOCs W K AL ~# 41 R, FI ] PMF #5855 1 fiff A
VOCs SR, IR X 45 LR A — 22 U T
MR FEEE T

1 BRI

L1 RAFEH S FRAL A A]

J TR I T Tk X VOCs 75 G4 AF Jz Hok
U8, AHRFEAEAE TR 5 Tl HERC S A9 7T Tk X
BHEAR R T oRFES. ST ol B TR R#
(118.71°E, 32.21°N) , REEE R ML 3 m. ¥l s
ZR 1] BE B S IH B 24 800 m, BEES TN AR N
1.5 km. FfE R SALIZ 2 km BN TALX, {4
R AL T ARALmZ 10 km 2T A 1L,
WO R, MR 2 5 km S ELA LR BTk
F A RAF (R ) R AR
(“FEAR”) S AR 2 2 ke 2 T TV b
FARACT. R N AT flﬂiﬂiﬁériléfn
km JEREHTIF R IX, WG4, Hﬂﬁhﬁ%fﬂk
(K1), 55k, jJTﬁHEiIikﬁFﬁﬁm VOCs E’J%ﬂl,uir
AW @}? PR I7g VLR X 3 T /\Xﬂi’:’lﬁ
(118.61°B4 32. 039N),, ﬁ’ﬁémr“a:;ﬂﬁﬁé’] 15 ‘my
ﬂlﬁi/]lb%d %Hﬁﬁﬁji’d&/ﬁﬂﬁﬁ

Tﬁﬁjué”ﬁxm sk 2017 4% 3 6 30 A,
ﬁéﬁﬂ:if*ﬁl'ﬂjﬂ 07.00, &2 h R—HEN, !r%
SRR T ASFE S, NI SR B[R] 4351 Sk 0700 ~
09:00, 09:00 ~ 11;00,11:00 ~13:00, 1300 ~
15:00, 15:00 ~ 17:00, 17:00 ~19:00, 19:00 ~
21.:00. REEMHMRE], SEFT 3 d(2017 4F93 H7 H .3
A 15 0.3 A 18 B) X UG E T R M 2R
FEAREE. RAEEWIRIA R TORHE R, KA R) XU
H1~8mes™', FIHREH 2.4 m-s™", FIHRE N
10.3°C. P11 g i 1 SRAE A 1] SO 3000 sty 50 ) XU B
B, AT LA H R AT =2 LA KRR KUk 2.
1.2 REETTE

ABIFFE R Y N BE D' - 28 5 fe Ao A 1) AN 5 4
(3.2 L, Entech, USA)RELZSHEM. TERFERTHT A
HEREAY (Entech 3100, USA) % ASES N HE ST 15 1k,
FhEAS (NS <6. 67 Pa Bl 50 mTorr) %5 1. Rkt
IFTEANEEANE | 222 2 PR AL 425 T SR A 3 3K ( CS2100E,
Entech, USA)#H 7 2RURFE, SRAERTEI N 2 h.
1.3 SR ESONE

ANEFEPFERFESE NG T 24 h N 2% 2 L % gt
115307, ASBIEGER T 4 B i 28 S b o K2 Fn il

."‘.



2 BHES . T PMF s T HEBON KAFE R HE WL (VOCs ) B2 LR Ll VAL Tolk X A 4] 495
. = g S p ITUIRECH. PMF *ﬁﬁﬂfgxsfr%ﬁﬁ?f
3 9 - B 5E BE w,; HAR KB B/ IMEL Q, m 1 e 23 53] S R
ﬁ? PR, g,=0, f,=0, u, >0, HHEAXWT .
E;}Eu e T Zglf;y
reg P
Lk X
LTRSS | \ PMF BB B w, AR
A u; = +/(EF xc)” + (0.5 + MDL)> (¢ > MDL)
mmwﬁ TR /N T 5T MDL B, AR N .
u; = 5/6 x MDL (¢ < MDL)
X, ¢ HHREEE, EF (error fraction ) U 1R 24

B1 RERUMEREAILSGERE

Fig. 1 Map of sampling sites and surrounding industrial parks

T IR =M 03 BIR 2 vl 3 [ 2 18 R A k1

A HLI PO AR W 2 48 TH-300B. 1% &R 58 NS
BRI, PR LR A 3 e APV o K B AR TR
FHEBF( - 150°C) , fERTHEI VOCs Bl fili T ik
. SEHCRFES , BRI 110°C, ff VOCs fi
B EL R 8 AR ST 70T, | Herh— B L

I ) ] PLOT FE(ALO,/KC, 0.53 musipx 15 cm)ﬁi”

ﬁﬁ% *Umakmﬂmﬁ%#(’ﬂ'%&(ﬂame lomzatlon
detector, FIDIIEAFAGI C2 ~ C5 WIS E LW B
JE4Y B PLOT E (ALO,/KCL /15 m ¥ 0.32
mm. 4 ( R )@FFJ%{EE;&%QHH*E--“
msmmxmeﬁ% I FH D T R 5
('mass §p‘éctr0metei MS) #;ill C5 ~ C10 Fik 4k &
Yy, W, %4 B A DB-624 (30 m x 0.25
mm) A AR AT FR A 0.001 x 1077 ~ 0. 026 x
1077, K% 0.8% ~6.1% , ZGHHARJFRE 20
VU I T A o RN T PRIE (QA/QC) T UL STk
[14]. ABF7EIEME T 92 F vOCs, Hrp 145 28
FPbess . 11 MG IR 17 B35 &R . LM 35 il
R4z

1.4 PMF fxsd

PMF #& %Y J2 5% 5 34 f& & ( US Environmental

Protection Agency, EPA) J& A i) I A A 760 | 5
B o, A3 R R TR B g, I ‘?%;fé%?lﬁﬁiéa\f%%ﬁﬁ?ﬁ
Fis e NIREFE, THRARWT .

P
x; = Zgikfkj tey
k=1

P, o, Fon AR AT RREE g, BN kA
P i BERD B TTHR 5 £, R b AR j 4 Y

B, ABRTE R EF (R A8 52 T 2% 1R 3 (R ALY
HEHE (0. 8% ~6.1% ) , HASE IRV R T HAL
HIX Y —LE PMF R IR AT BT 52 F EF S50 1B B
fE 1 EF B84 10% . MDL( method.détection
1mmﬁhmm,@ﬂ%§ﬁ%§ﬁmmﬁﬁmﬁ
R, BHERE 7 UK, TR T A R A S A
T2z, 3 Lh{E99% E%FD&HB@%#%@U{E
(3.14), IﬁHEIEJJC@t[IM S 7

2 %"j‘l‘h’* 2

2.1 VOCsHeJ¥ 7J<%EJJ41J6 ZH A #
fé/\xfwll VA TR R 15 Al 11 92 A VOC§_ A
ﬁ\(TVOCs)E’J{Z%V{E@(Mﬁ 5980 1E 10.3 X107

o ~200.5 x 1077, SFHE N (34.3 £28.8) x 1077, ¥

FEW SRR K. TVOCs R Be ke, Mde. 2.
J5 A AR I T SAE 4 5 (14.3 £13.8) x
1077, (3.6 £4.0) x10™°, (1.7 £1.1) x 1077,
(4.6 £7.0) x 10°HI(10.1 £9.1) x107°, 4> 5 &
41.6% . 10.5% . 5.1% . 13.4% F129.3%.

TE [R5 LI B (6], VT3 X B B e | e
W TF IR N AR S B 2 Ry (10,2 =
3.9) x10™°, (2.2 +1.3) x10™°, (1.3 £0.3) x
1077, (1.4£1.2) x10°F1(6.8 £2.4) x107°, 4}
WEH45.8% . 9.9% . 5.7% . 8.2% F130.3%. B4
R Ru S bLRE . ke, OB, TR KRR
SERMESY R (12.0 £6.4) x107°, (3.2 £3.4) x
1077, (1.1 £0.4) x107°, (4.1 £5.3) x 10’ Al
(8.2 +£6.5) x 1077, 433l it 42.1% | 11.2%
3.9% . 14.3% F128.5%.

AWFFE) VOCs ¥ FE/NTHE 2011 ~ 2012 474
HLAR VOCs BIURIIHe . R T VOCs He
HKVFHA —E 2R, ma e Tk K KA



496 7N 35

ZHR(1. 7 x10 )T LiEE T IR (3.5 x107°) ,
R RR B ) ALY R AL Eh R S HE U
FERTG YRRz —" M5 E TR,
FLAL TP X R 2R (2.2 x 10 7)) M BE R T 6
17(0.5 x1072)M0 2K 350 [ Tk A 56 P HE K
VLR 5TVTAL 2 Tl VOCs HERZ M4 K.

P2 Fhde T WYL 4% VOCs 20 534k B /K- Y
SERE S RO, MW RTLUE R4 VOCs 414y
WX E & TR 8, A 22 Pl P3E s
AR T 2, FERE-EKRE, HEHE,
IR C6 LA L kike, oo SR TR O ot e B -
PS5 TP 80 HU B Sk 23 F1 9, BB IX 28 VOCs
Gy BEATAE SR T B 455 o vl o 8 s VR A ) s
B, FAARAY Tolb = AN JEORE A SRR b
U, w12 Wk Se 2 4y T RESZ 2 1 i Tl HE Y
L.

R T B2 PP Tl HE RO R {5 A 8 VOCs
WREE RS, LT 4 RV VOCs A15%, AR
B/ %k 2NN, Gt o Hovie B %

SYRTEEAE , I 5 % BR A 0 T 0 4 R AT O (I
30
. (ﬂ)i
25 .
Fa - AR PII047 X 107
E — - - RfEE Rrh 0,51 X 1070
20 |4
t
1
. "
% 15 L!
= t
10 F}
5k
0 JH‘I Mm Q0 m ["IH
0 1 2 3 4 5 6 7 8
k
p Lo (d) Z4%
10 -
M === A HAUFHIE1.53 X 1077
g b — - o= AR E .45 X 107
2
: o
4 -~
i Wlom ol
0 1
0 2 4 6 8 10
HeHEX 1070

B 39 %
8F 1, - 25
O‘,-“'

6
= g G J
2 4+ 3 -
BT % TP

[ ]
lux 8 4
00, .-

o %%®

Oﬁﬂ | | | |

0 1 2 3 4

<107

E2 VOCs B4 iRE (R4 FHESh I SE

Fig. 2 Scatter plots of average and median

values of mixing ratios of VOCs

3). W 3 AT LU, i 4 AL A0 v RO 5
A DA RIS, 8T XA ke
OHCE 53 SIZST SR A R 1 90% | 70%4783% A
85% . XTI ARl VOCs 21409 3 HE 7 I

I
14 " (b) i/ & A
I
2 f g e RRACTHE0.18 X 107 g
| - MR E0.10 X100
0 b |
g ko -
x :
E Ll
6 -
a H||E
2 L[|
0 E 1 |-|T
0 02 0.4 0.6
25y
:_ (c) ﬁﬁ?
¢
20 4
]
§i|  ===-- o B EH{0.33 X 1077
s LY = - MK 0.30X 107
Sk
£ O0f
10 Hf
i
M
s |k
.
t rl-h
o L 111 . 000 n0f
o 1 2 3 4 5 6 7

e e % 1070

3 4 8 VOCs HAoMRE (FROE) MESHEFE

Fig. 3 Frequency distribution of four VOCs species mixing ratios



2 4 [Z]=E

FT PMF SAL Tl HEBOW R AHE A EA P (VOCs ) BN - AR 5TV TAE Tl DX S i

497

B, GRIT R 45 R B AE R 5 Rk s vk B B e T
XtHE (P <0.05) , PR X 26 26 43 ] RS2 21 A
Tl HEBA 5 .
2.2 A VOCs 41501 H AR (L ERE

KA VOCs HeBE i i ) AR AL RFAIE 32 < 5 4%
GHRZRREAE) | by 50 g HE o 5 2 K 2%
SR . R R SR [R] VOCs 213 Y H A8 Ak 4
TEAAER I R 22 5. K 4 JRR e s ol s X
FHY 6 AR VOCs 43 (L, M, THHE, &
R ARFNEC %) 19 H AR FLRRAE. X il ) 3 9 4
AL AR RN, M, TNGE, AR RAIEC L2
T AR A A 7 EOR RN Tolk 7= 5. A Hal L
B, ZHHE AR R AR B U AL S W
PRAE 07 :00 ~09 .00 F119:00 ~21:00, MifE 13:00 ~
1500 11500 ~17.00 ¥ EHAM. 73 H, HEHE
N5, H R R A Koy = 1077
em’ « (molecule+s) =" ], Jefb2Fad B 1 52 M58 /)N.
ZINZRS LR B AR RE M 32 2R BAE R A
) R0 278 B O SO0 LIRS s 250 e T 1R
X I B 3 Y H AR CRRE, ik 2k
(ZU“EI’JEl”’rﬂciﬁxiﬂl_ﬁli—'mf“%ﬂﬁkﬁiﬁﬁﬂﬁ
M. h?%)%'mﬁ?ﬁﬁ Ak 42 % VOGs EMU“'? ,‘é&’%

/:-

FUZ R TR, 5. 2 FEEOR A LB
TR, 247E 0700 ~09:00 F119:00
~21.00, lTLTEMWW% MR 4 m oK,

KAHFIZEERAR, AFT iy, Hiks
e BERE . 247E 13,00 ~ 15.00 F115.00 ~ 1700,

11 N A N R L T B L S N v R 1 =T =10 %
Ther, ARTFOBEP 8, ik e T i Bk
FERAR. BRI R H AR LA S Z UL, (HIL
£ 07:00 ~09:00 MRS T 19:00 ~ 2100 1 i
R NS, CHRAE 07 :00 ~09:00 BYIE M 2.5,

B TAE 1900 ~21:00 AY 1.6, BB HE 2 F 4
K. FEREENLZ) EHE O 58 T R B, b/ Sy
PIEAE 1.6 iﬁtﬁﬂﬂiiﬁﬂﬁﬂé% HOHFER T e —
X [&’?Txiumzﬂiﬁ RN, R 3Z F] LPG i
S H AR AR . ahﬁd%r“ﬁﬁrmﬁﬁ)ﬁ 09:00
~11:00, H/FMWRIE 565 (17:00 ~21;007) 145
B2 SIF R %, A (0.01 x10 #1001 x

107) . % (0.2¢ 107\~ 32.8 x 10°) HiE O %%
(0.02x10° %2 7 %107) Mk B «alﬂfﬁzﬁﬁ’rjﬁ

(ﬁﬁwmﬁﬁjﬂtﬁf)ﬂ“ 09:00 ~ 11:00% 17,00/~

19:001 09 . .00 1100, BE{E A A 4T 7 2, 10
km E%Eﬁﬁﬂc ’%?B%’%#ﬁ& vﬁffﬁ]?’lﬁ"‘

N HRA Lﬁ)’z*ﬂ?‘ﬂi&ﬁ]‘ 35 Y 7(,1:;1 kmm@ﬂz%{tﬂk Zﬁﬁ AR ZJ:ﬂIEEE %E
4 10F 4 4
10
ir 8r |
=S 3 o o 8 43 -
T s 6t = 2 =
X ~ & @ &
ﬁ NI AlaN ' 4 N
0 P ¥l 6 1 o lL_L
23888288 8 8 g8 8888 &8 8 g
g o9 v 5 & g g -2 2t 23 $
1117113 122232323 Z
S 2 S 2 & S 2 S 2 S 2 € € 2 =
= & = eow = 5 = & = &ow = & =
= & = = = = = = & = = = = = =)
4 4
20 4 16 | 1.0}
14 |
0.8
. I5F 13 = 12 3. 2 13 =
5 s Lot = 30_6- =
X = X X
w10} & Q_” % % £
® ) /Cz N e[ A2 N HOA“\ 12N
51 Wk o :kh T 4 02 ‘Hﬁ
0 == _t_,:T:. ----- I—Iﬂr—l—\] 0 |—I—|‘|—‘I—'|‘l_‘i’_| |—I—|1 0 Ruini 1
= (=T =] = = = = = = = = = = = = = = = = =
S & S & & & S S & S & & € 3 S S 2 & & S
e —_— o vy ~ = — 8 — g} wy ~ L=l — = o vy ~ L= —_—
S = = s = =] e~ B B I B ~ S = = s = o4
i ! 1 ! ! I i ! ! i ! ! i ! { I ! ! ! 1
E 8 E 8 8 8 B E 8 E 8 8 E B g E 8 8 8 &
5§ g2 8 8 € & 5 g2 8 8 £ & g B
t (o’clock) 1 (o'clock) 1 (o'clock)

El 4 REHBEZHR, 2.
Fig. 4

ke, 88X, FMECKRRERNFHHETUEHE

Diurnal variations of acetylene, ethylene, propane, benzene, chlorobenzene, and n-hexane



498 7N 35

B 39 %

b ACTAT D R E OB A i, AT BESZ B X L8 T
AP IR B, X428 VOCs 41405 2 H i) B AR A7 7E
i 25 5.

2.3 PMF BEEUSRHT

ARWFFLEG 5T Tl & VOCs 41 53 B B2 7K
| PERERVE DA SR 30 Tl A 953 8 A 1 L. B
B VOCs A FEMRLL (S/N) B KT 3.5, 4560
TR R TR e, AR I e A 43 1)t H
FELAY Tl ™ b AECRE. SR S T 26 iR
VOCs d51, 45 12 Fikeks | 6 Fiifde . 24, 6
FEREL I Fh 4. H A PMF BORLHEAT VOCs
G SEHT.

KFEEE T Q(true) F1 Q (theoretical ) 11 HLAE R
B PMF M 28 Q (true ) /Q ( theoretical ) B
HFE LR WNE 5 B, Q(true)/Q (theoretical )
FEA Bl PR B 3 S AR IR L. PR AR
e E LT PMF AT 45 21 A% B 2 Y AT i
BEEORHE PMF BN 8. &0 $8 5 oI
T, HEFE LM AR, N TR
WA SRR A T L KR, PMF
AT 925 T R T,

7.0

Pt A

6.5

6.0

5.5

5.0

O(true)/Q(theoretical)

4.5

4.0

3.5 o 1 L 1 1

8
5 Q(true)/Q( theoretical ) FEE FH AT X &R
Fig. 5 The Q(true)/Q( theoretical ) values as a function
of factor number in PMF
PMF @t it 5 4~ R9 A 4 sekRe i an &l 6 fie
. Hrh ) B8R84 VOCs 453 7E Al — 1~ A
TR BT & L, DTERAR R 2 R X [ —Fh
VOCs 2173 iR e JEE (AR TRk
P a hoRF S B R, S8 X
Tk FEAR A T2 LR R IR I R 3
G, KR e A B A 7 il B JURE, X A
Moy WAL T AT VOCs BB B R BN 2, 1%
RO “ AR TR . I b X S RN A vk B 1Y
Bk IR, 30K 37. 9% R 71, 6% , Mk A kAT

O e T AR 3 A S 2| SR AT ) S
F e b2 LI F a MR b B 24, C3 ~C5
el AR DT s T A -, XS
BLBh 4 B SR I 7 2 45 58 3 HE R R A e
P T v o Sl HERE” . 7 d e ~
C8 &l FE M4, I I 2 Uk BRI M 45 &
(TSR T, B R R oA < 0 e AR i ) 68
E”. HF e TR OKE, WEEM M & m, &
TERNRE B KRS (NG) FE AL A7 30 < (LPG)
P EEA | LR AR B BT
FENX LA R AR, 52 33 Al
s> KR T e SR8 “ NG Al LPG
i + RS + 5 SR

40F -
W Fafe T 100
30 O . 1%
E=] » TiilikR +160 s
20 !
X o ! 140 F;,
] =
B 10| et . ﬂ— o 120
0 FT'QM.M e . Y e 0
25 100
H-fb-fi Ll
i 20 . 80 -
st 160
x ,
= 10 . J40 F;
= 5Helal . * ¢ + 120 a
o ‘lHJu-lo or1el Lo * *Pleleleme |
2 MR T A5B HROH 1100
o 20F 180
& 15t * 60 =
* + * 5
?:: 10} 0, .. A 140 &=
"!E-{ 5 - . T‘ . . 20 Hg
0 Lea ﬂ._ﬂ ™ R0 T M Y
25F - - 11
o [ AR M 00
i o0
?; 15} *Te 60 é
= 10f . . a0 iz
= St |ef® * - .t 420
* *

M e N R L SO
;‘5’ [P Fe-NGRILPGTER + HARE + TP he G 7100
S| 80
=20 {‘— . 0 S
& 15| 5
® ol . o140 B
E 10 | - . e
0 | J - P 1 0
EEEEE RSN E NS R R MR R ER
NERRHSA-HA&UONERRREN ENEENE
ERERE SIS S L (ARAE 31

EE OF o= o %

6 PMF EF# VOCs (L ZHRHHE
Fig. 6 Profiles of five factors resolved by the PMF model and

the distributions of species among these factors

SAILMIE] B A5 Al 5 T HEROAH /Y
TG R PEXT VOCs e BE AT 5Tk A 50. 0% , Hip
ARIR AL TR LA K v A 751 et FH R A BTk 430 ok
14.9% . 19.3% £ 15. 8% . =i HEHCIH 6 sT#k 5



2 4 [Z]=E

T PMF AL Tl HEROW RS A PEA DL (VOCs ) 3

VA . AR LT VAL Tl X A 4] 499

21.2% , NG fl LPG fHFH + #ABE + 15 &5 IR A 51
ki 28. 7% . AW S5 RRHKET #E 2011 ~2012
X T ILRBEZE VOCs 5 Tl AH &R IR ) iF 7
G5 (59% ) B LR

HE—25 FA T R A Rl s, AU BE A VOCs SR U
2R, 763 H 18 H, K PAUR KR ZR LKA
RS Kl A e Tl X R AU, R AR Kl s 5 T
ME ARSI HE AT VOCs ¥ BE 19 BTk &1 38 74. 9% , H
LA R R T EHEROIR (41. 6% ), Ak
JEAVE TR TTHR T 33.3% . 1% IR S Tl HEROH o6
TRISZM{h 40% 2247, NG I LPG ffi ] + Jhke +
AR — - STER =5 3k 34.3% . IXJEAh
A% Tk . M55 VOCs LHAMEVERAR, TE RS
T, I AR R H A . e 53 ah
WRGBHA7TH. 3H15H), NnLIARERNE, F
{E R 5 T AR5 51K 54. 3% F139. 7% , Xf
WSS AR 3 31K 36. 1% F1117.3% .
2.4 KGRI VOCs 2 T B 52 )

h T ik %fﬁiﬁm%mwmﬁﬂxﬁwm

(a) L T

270

P50 e A7 K3 28 VOCs FUSEIR , ASBIF5E 45 G XU KL
43 T 4 ZEHERCIR X VOCs ¥ BE A %) 5T R 7E A [)
i bR, BT R TR A4k, 2
HERCIR LA K Ak RS 70 4 YR T VOCs & JBE 1) AF X
BTk (% ) FEAS ] RUE AR Y 22 5.

MIE T Rl LUE H, AR VOCs HEAk s
TTHRRAFAE 225, S5 A NECRE (K 1) AT H1, SRAEE
HAMRI A = R A LR AR R, m AR Rk s AL e T
MR U], KA S TVHEBGE M. 7EK 7 (a)
o, AR TR B BT Rk % i R S BUAE D AL T 1) FIR AR
A, FEfE R S AdE A 2 km MBI TOLIX, f551k
TR T, TERZRZS S km NESILZE AL, 1

it Tl b EE A = kL £’ 7(b)
o, AR Y DT R e ) D B AR AR B AR
W, RILMHZ 10 km 7 AL, BHTESREA
S, S5 X IR A AT, 20 PR S A
BRA e R T LI T . (EP 7 (o i
HERCIR ) 51 ﬁ%ﬁﬁmmﬂfﬁﬁm?ﬁ ﬁﬁﬁ
m%&mmmﬁmﬁﬁﬂﬁlshm%?qﬁ% i

(b) FifLiE

100
2
=3

g0 i
Fog
z

60 =
=
®

0 ¢
o
z

20 E
=
o

0

(d) kb ) 4 PR 3

100
2
=3

g0 i
Fog
z

60 =
=
®

0 ¢
o
z

20 E
=
o

0

E7 VOCs kiR KK EE
Fig. 7 Rose plots of VOCs sources



500 I A 39 %
lhiiff;j(jt Z'_‘IZI 7 ( d) IZP /%*/I,ﬁﬂ{ﬁ.nu{ﬁmﬁﬂ/]iﬁk [5] Wang G, Cheng SY, Wei W, et al. Characteristics and source
¢ tionment of VOCs in the suburban area of Beijing, China
ek N T 242 km appor 2
ilﬁjﬁ _ g.ll JLT;;EILJ Hj /;Fltl#‘:]‘ ILJ /] ET [J]. Atmospheric Pollution Research, 2016, 7(4); 711-724.
%Tl“{‘ ’ @?ﬁ‘%ﬂ&\ Z&*’l‘ lﬂﬂ %{/\ N I}H{;]:‘:Tj?/fj‘ [ 6] Buzcu-Guven B, Fraser M P. Comparison of VOC emissions
A R /ﬁ\?’f Tkt 78 ':F' ﬁ[ﬁ fjﬁ Hj AR ZIK N H % f;(:f inventory data with source apportionment results for Houston, TX
Z\.[30,31] J]. Atmospheric Environment, 2008, 42(20) ; 5032-5043.
VOCs 41437 LJ] (20)
[7] LiuY, Shao M, Fu L L, et al. Source profiles of volatile organic
3 i compounds ( VOCs) measured in China; Part I[ J]. Atmospheric
Environment, 2008 , 42(25) : 6247-6260.
(1)2017 55'5 3 H TH‘?RFH{:E:“ZIJ[&E ,Mg W [8] MoZ W, Shao M, Lu S H, et al. Characterization of non-
sthane hydrocarbons and their sources in an industrialized
jfi =) =V A3 met y
$H VOCs ﬁunlﬂf ]}1;)? Z'Kﬁﬂ: \1:MU‘J 92 ;Fﬂp coastal city, Yangtze River Delta, China[J]. Science of the
VOCs, 28 Fifedd . 11 FatE . 17 M5 &R, L8 Total Environment, 2017, 593-594; 641-653.
135 *EIJ rﬁffﬁié j(/%“ TVOCs %‘{E?ﬁlﬂ ( MK?FE%@) [ 9] EPA-CMBS8.2. Users manual [ EB/OL]. https://www. epa.
- - N N /scram/ chemical-mass-balance-cmb-model, 2016-11-18.
£10.3 x 107" ~200. 5 x 10 *Z [i], -3 34.3 B ’
T 0 le ’ q: /jﬁj‘j( [10] Dumanoglu Y, Kara M, Altiok H, et al. Spatial and seasonal
+28. 8) x107". variation and source apportionment of volatile organic compounds
(2) iﬁﬂ'éﬁ,i‘l‘ﬁ*ﬁ‘ ﬁf}m‘ﬁﬁix 4442#5:7‘ ﬂeﬂ /f’t (VOCs) in a heavily industrialized region [ J]. Atmospheric
}:;(T:(:Féﬂ (WJZZIJ Zxk% I—ﬁj}?ﬁ }IE KZ}% Environment, 2014, 98. 168-178.
. [11] Huang C, Chen C H, Li L, er al. Emission inventory of
k]l:#) ﬁr%ﬁ E/J '_J{E 2 §IJ lljj““ﬂ i1 T‘“!‘ﬂlg anthropogenic air pollutants and VOC species=in the Yangtze
ginhAln River Delta~region, | China [ J]. Atmospheric Q}remlstry and
(3);]{1“5’5] PMF /ﬁﬁﬁ:*ﬁ*ﬁ%u ﬂ}%'ﬂﬂ—ri{lﬁkﬁi Physics, 2011, 11(9) : 4105-4120. e =
. 12]  Fu X, Wang S X, Zhao B et al. Emission 1nve,1°1[0ry(-_pf primary
A =i /\
E’JJ’Z‘@}( ’ ﬁ?*ﬁ HJI 5 % >IN LJF‘ E{JC{}? ( 14 9% ) N pollutants and chemical spleclauon in 2010 for'the ¥5ngtze Rlver
4’[3:':%( 19. 3% ) N K\*’I'%n{*;q‘”ﬁﬁﬁﬁ( 15. 8% ) m Delta reglon, Ch}na[” . Atmospheric EnVlronment, 2k01'3 4 __70
BZEHERCIR (21.29% ) LK NG H1 LPG ] + k% 9-50F o ¥ N .
jbE o [13] An]J L Zhu ‘Wang H L “et al. Characteristics angd’ source,,
18 1 8.77% T
I 1§ %LF_‘( 2 ¢ ) I:j J-k ﬁ"F }?j%: ﬁﬁ d'? rlj‘ dpp()I‘llOIlmGHt of VOd‘s medsured in an industrial- ared oi L
50. O% imﬁﬁ{éﬂj‘&’ Eiﬁﬁpﬁi*ﬁiﬁﬂﬁ,ﬁlﬁ] Ndn]lng‘, eZamgtze Rmer Delta, China [ J ]. s Atmolspherl(,
- 74 9% . | [ thIronm i, 2014, 97. 206 214.
(4)%I/}?E’lﬁ'@(%:mﬁﬂjﬂ?ﬂﬁj[ﬁﬁ%%ﬂ{ﬁ [14] degM ZengLM Lu S H, et al. Development and Vallddll()ﬂ
‘ of a cryogen-free automatic gas chromatograph system ( GC-MS/
4 P :
;Fﬂm xﬁj}ﬂzllk E T‘%‘jﬂé T%Iﬂ[@fj"f’tl FID) for online measurements of volatile organic compounds| J].
Ay HE R VOCs S AR TR (T Analytical Methods, 2014, 6(23) ; 9424-9434.
f}l—[lifl‘lﬂi,m E/J;[J—_‘jtﬁm %%Eﬂ: :JZ]?‘ Eﬂ;ﬁ'%iﬁf [15] Yuan B, Shao M, de Gouw J, et al. Volatile organic compounds
(VOCs) in urban air; how chemistry affects the interpretation of
P E I . A2 24 ] :
Eﬂ: E‘/ r] XﬁﬁFﬁiﬁE’] ﬁkimﬁj J Hj }JL‘T positive matrix factorization ( PMF) analysis [ J]. Journal of
- / YA N
lj—i,m E’J?F\fﬂ H X szj+:ﬁ’3)ﬁ[%} ”ﬂ; %*4%[”&)!' ﬁﬁﬁq Geophysical Research: Atmospheres, 2012, 117 ( D24 ).
R Tk 6t B, AR YR 24302
s = /ﬂ [16] Chen W T, Shao M, Lu S H, et al. Understanding primary and
%F(J %:{/\ A {/\ ’fTJ_k n secondary sources of ambient carbonyl compounds in Beijing
S 30k using the PMF model [ J]. Atmospheric Chemistry and Physics,
[ 1] AR R SR B8 R 47 3. 2015 4F oy [ 2R 455 0k B0 2 4 2014, 14(6) : 3047-3062.
[EB/OL]. http://www. zhb. gov. en/gkml/hbb/qt/201606/ [17] %R, dM, T, % Baidbti RS VOCs AR fLAE K
120160602_353138. htm, 2015-06-02. KIESHHTLT]. BEERLAE, 2014, 35(12)  4454-4464.
[2] R, skimfii, AR RS M]. (). dt AnJ L, Zhu B, Wang H L, et al. Characteristics and source
o EAEEUE B, 2006. apportionment of volatile organic compounds ( VOCs) in the
Tang X Y, Zhang Y H, Shao M. Atmospheric environmental northern suburb of Nanjing[ J]. Environmental Science, 2014,
chemistry (2rd ed. ) [ M]. Beijing: Higher Education Press, 35(12) ; 4454-4464.
2006, (18] ELIW, BRKUT, B0, . TR A
[ 3] Seinfeld J H. Pandis S N. Atmospheric chemistry and physics: [8] RASHE KA N RAFIE[T]. FREERL 22244, 2010,
from air pollution to climate change (2nd ed. )[ M]. Hoboken: 30(9): 1749-1757.
Wiley-Interscience , 2006. Wang H L, Chen C H, Huang C, et al. Characterization of
[4] GuoH, Lee SC, Chan L Y, et al. Risk assessment of exposure volatile organic compounds ( VOCs) around the Chinese Spring

to volatile organic compounds in different indoor environments

[J]. Environmental Research, 2004, 94(1) . 57-66.

Festival and International Labour Day in the urban area of

Shanghai, China[ J]. Acta Scientiae Circumstantiae, 2010, 30



RS HET PMF AL Tl HRHON R PEA PP (VOCs ) B2 « LIRS UL Tl X D f6i) 501

[20]

[23]

241

source

(9): 1749-1757.

TR, BRI, BIRE, 45, HITLHFEFERTVOCs TG HAHT
Fe RSB ]. FEERE, 2015, 36(1) : 11-17.

Xu H, Zhang H, Xing Z Y, et al. Pollution characteristics and
ozone formation potential of ambient VOCs in winter and spring in
Xiamen[ J]. Environmental Science, 2015, 36(1): 11-17.
THEBE, 2R, AN, AF. LRRIX E B RS T RA

BHEERIGEMRER[T]. BERADIR, 2012, 25
(10) : 1092-1098.
Wang Y T, Li W, Zhang X L, et al. Relationship between

atmospheric boundary layer and air pollution in summer stable
weather in the Beijing urban area[ J]. Research of Environmental
Sciences, 2012, 25(10) 1092-1098

HEE, Rk, XA, . B ETTHLh 4R VOCs M5 3
FHIE 'ﬁ@%ﬂl‘ﬂ%m[ﬂ. TE R, 2016, 36 (10)
3118-3125.

Zhang Q J, Wu L, Liu MY, et al. Pollution characteristics and

health risk assessment of VOCs from vehicle exhaust in Nanjing,

China[ J]. China Environmental Science, 2016, 36(10) ; 3118-
3125.

Aucott M L, McCulloch A, Graedel T E, et al. Anthropogenic
emissions of trichloromethane ( chloroform, CHCl; ) and

chlorodifluoromethane ( HCFC-22) ; reactive chlorine~&missions
inventory[ J]. Journal of Geophysical Research: Almof_:pﬁbres,
1999, 104 (D7) . 8405-8415. ]

Cai CJ, Geng F H, Tie X X, et al. Chd;aclerislicsuﬂand source

apportionment Of'l“VOCG measured in S.haﬁghai China [T 1.

.-'7Xtm05phenc Envlronmenl 2010, 44(38) 5005 5()14 ¥ -”“"--‘

i

Jobson B, T Berknwﬂz C M, Kuster W C? 3 LH

Texa:s

}‘Erdm‘i“a.rbon

of J;hc
Journal of Geop_hys;cal stea’rch

Atmospheres 2004 109(D24) : D24305.

slgadtures “in  Houston, 1nﬂuence
gt

petrochemical indil%try [J].

[25]'.- Wel W, Cheng‘S Y Li G H, et al. Characterl%uc% of - volatlle

[27]

(28]

[29]

[30]

[31]

organic compounds ( VOCs) emitted from a petroleum refinery in
Beijing, China[J]. 358-
366.

Zhang Y L, Wang X M, Zhang Z, et al. Species profiles and

normalized reactivity of volatile organic compounds from gasoline

Atmospheric Environment, 2014, 89

evaporation in China[ J]. Atmospheric Environment, 2013, 79
110-118.

Yuan B, Shao M, Lu S H, et al. Source profiles of volatile
organic compounds associated with solvent use in Beijing, China
[J]. Aumospheric Environment, 2010, 44 (15); 1919-
1926.

R, IV, ARME SF KL R BRI VOCs W EEE{L
FEAEBORIRAHTLI]. HBERLE, 2016, 37(9) : 3308-3314.
Wu F K, Sun J, Yu Y,
sources analysis of atmospheric volatile organic compounds in

2016,

et al. Variation characteristics and

Changbai mountain station[ J]. Environmental Science,
37(9) : 3308-3314.

Atkinson R, Baulch D L, Cox R A, et al. Evaluated kinetic and
photochemical data for atmospheric chemistry: volume II-gas
phase reactions of organic species [ J ], Atmo@pheric Chemistry
and Physics, 2006, 6(11) : 3625-4055. . .
HHb, WEE. FEBRETIL VOCs 55 %‘ﬁé},ﬁfﬂ
TH, 2017, 35(5) 82-86.

Hong Q, Chang H H. Pellution characteristics analys;yof-’\/ 0Cs

emitted fiom!‘ furniture painting industry [ J/].

Iﬁn

P;i{vuonmenta]

Englneqnng, 20]n7 35(5) 82-86. X .,""' _.:"‘

SCRER, R UN BEEE, . KT RO T R 2
muﬁﬁ Vogs ﬁtﬁﬁc SAERT]. HREFLE, 2015, 36 (6) -

1944- 1951 = P R w

Mo Z W, Niu| H, La S H,

chara(ten its of volatile organic compounds ( VOCs) from, __palnt

China[J].

et al. Process- bdb(:‘d emlsslon

1ndustly in the degtzc River Delta, Envirefimental

Science’, 2015, 36(6) : 1944-1951.



HUANJING KEXUE Vol.39  No.2

Environmental Science ( monthly) Feb. 15, 2018

CONTENTS

Pref FTe SRR T T P T T T T T PP P PP PP P TIPSR RSPRIN

VOCs Emission from Motor Vehicles in China and Its lmpa(‘t on the Atmosphelic Environment

)
Source Analysw of Volatile Organic Compounds in the Nanjing Industrial Area and Evaluation of Their Contribution to Ozone ZHANG Yu-xin, AN Jun lin, WANG Jun-xiu, ct al. ( )
0zone Formation Potential and Priority Species of VOCs in an Industrial Park +-«eseoeerrerreesemensminenssnininne * WU Lei-dan, WANG Xiu-yan, YANG Wen, et al. ( 511 )
Characteristics and Source Apportionment of VOCs of a Petrochemical Industrial Park During Autumn in China -+ HU Tian-peng, LI Gang, MAO Yao, et al. ( 517 )
Characteristics of VOCs Pollution in the Winter Atmosphere of a Typical Petrochemical Industry Park «+:eoeeeveeeeeseereesneiniens MAO Yao, LI Gang, HU Tian-peng, et al. ( 525 )
Emission Inventory and Pollution Characteristics of Industrial VOCs in Hangzhou, China LU Bin, HUANG Cheng, LU Qing, et al. ( 533 )
Industrial VOCs Emission in Qinhuangdao -+ HU Xiao-yu, LIU Hang, WANG Nai-yu, et al. ( 543 )
Pollution Characteristics and Emission Coefficient of Volatile Organic Compounds from Auto/motorcycle Parts & Accessories Manufacturing in Zhejiang Provinge «+«eeeseesesresrerseesennennenes
...................................................................................................................................................... YANG Zhong-ping, WANG Zhe-ming, HE Zhi-giao, et al. ( 551 )
Stench Sources and Impact Analysis in Automobile Making SHI Tian-li, ZHANG Wei-xia, CHEN Xiao-fang, et al. ( 557 )
Pollution Characteristics and Health Risk Assessment of VOCs Fugitively Emitted from Typical Brewers GAO Zhan-qi, HU Guan-jiu, WANG Hui, et al. ( 567 )
Pollution Characteristics and Health Risk Assessment of Atmospheric VOCs in Chengdu «+s«+ssssesseesssemensenimnensininiisincne LI You-ping, TANG Ya, FAN Zhong-yu, et al. ( 576 )

Indoor Formaldehyde and Benzene Series in Shanghai Residences and Their Associations with Building Characteristics and Lifestyle Behaviors «+«+eseesserseseresienensinininiininsnnn

.......................................................................................................................................... JIANG Qiao-yun, LIU Ping-ping, WANG Xue-ying, et al. ( 583 )
Emission Tnventory of Anthropogenically Sourced VOCs and Its Contribution to Ozone Formation in Jiangsu Province «+-e+xeeesessesvesssenenvsnsienennes XIA Si-jia, LIU Qian, ZHAO Qiu-yue ( 592 )
Emission Inventory of Anthropogenic VOCs in Jiangmen Cily = +eveeereesessssssemssmimmineninnii e CHEN Xiao-fang, ZHANG Wei-xia, CHEN Bing-xu, et al. ( 600 )
Emissions, Chemical Composition, and Spatial and Temporal Allocation of the BVOCs in the Yangtze River Delta Region in 2014 LIU Yan, LI Li, AN Jing-yu, et al. ( 608 )
VOCs Emission Inventory of Service Stations in a Subcenter (Tongzhou District) of the City of Beijing —«+eressereresssrersssnnsenissininnnn HUANG Yu-hu, HU Wei, LI Bei-bei, et al. ( 618 )
Pollutant Emissions from Diesel Buses Fueled with Waste Cooking Oil Based Biodiesel -+ + HU Zhi-yuan, LIN Biao-qi, HUANG Cheng, et al. ( 626 )
Treatment of the Waste Gas Containing Methyl tert-Butyl Ether via a Biotrickling Filter +««+ereeseeererenersinienenenninennens CHU Qi-ying, YAO Lu-lu, LU Xiong-biao, et al. ( 633 )
Composite CYOCs Removal in a Combined System of Nonthermal Plasma and a Biotrickling Filter -+ GUO Hai-gian, MIAO Jing-jing, JIANG Li-ying, et al. ( 640 )
Pollution Characteristics and Health Risk Assessment of Volatile Organic Compounds (VOCs) and Semi-volatile Organic Compounds (SVOCs) in Qiantang River's Hangzhou Section During a

Water Odor Pollution Event +=+ CHEN Feng, TANG Fang-liang, XU Jian-fen, e al. ( 648 )
Occurrence and Spatial Distribution of Volatile Organic Compounds in Urhan Drinking Water Distribution Systems «++«+«sseseeseereereseenee XU Mei-jia, WANG Hai-liang, LI Chun-mei, et al. ( 655 )
Health Risk Assessment of Volatile Organic Compounds for Different Commuting Modes «-+++++++++sxsseeueees TONG Rui-peng, ZHANG Lei ( 663 )
Source Analysis and Environmental Health Risk Assessment of VOCs in Furniture Manufacturing TONG Rui-peng, ZHANG Lei, YANG Xiao-yi, et al. ( 672)
Spatio-temporal Distribution Characteristics of PM, 5 and Spatio-temporal Variation Characteristics of the Relationship Between PM, 5 and PM; g in Beijing «+veesveeeeseseresensinsncninnenee

.................................................................................................................................................................. YANG Wen-tao, YAO Shi-gi, DENG Min, et al. ( 684 )
Quantification of Methane Ebullition Flux from Small Ponds Using the Inverted-Funnel Method — ++«+s+sssseeseesessessenmsiensnennincninnens ZHANG Xiu-fang, XTAO Wei, ZHANG Mi, et al. ( 691 )

Contamination Levels and Exposure Risk via Drinking Water from Perfluoroalkyl Acids in Seven Major Drainage Basing of China «+««+«+sssessereersensenessneneninimniensninininssise
WANG Xin-xuan, ZHANG Hong, WANG Yan-ping, et al. ( 703 )
Spatio-temporal Distribution and Source Apportionment of Nitrogen in Rivers of Tieling -+ YANG Li-biao, LEI Kun, QIAO Fei, et al. ( 711 )

Characteristics of Chromophoric Dissolved Organic Matter (CDOM) in Rivers of Western Sichuan Plateau Based on EEM-PARAFAC Analysis «+v+eerereerereressnsmssnsnninniiiiininene
..................................................................................................................................................................... LIU Yan-yang, QIN Ji-hong, LIU Chen, et al. ( 720 )
Assessment of Heavy Metal Pollution and Human Health Risk of Surface Waters in the City of Ningho, China =«+ssseeesesesssenssesennennens XU Mei-juan, BAO Bo, CHEN Chun-yan, et al. ( 729 )
WU Lei, LIU Gui-jian, ZHOU Chun-cai, et al. ( 738 )

Spatial Distribution, Sources and Bioavailability of Heavy Metals in the Surface Sediments of Longjiang River, Southern China «+«xssereeeerererensenenienenennineneinis e
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" LAN Xiao-long, NING Zeng ping, XIAO Qing-xiang, et al. ( 748 )
Mechanism on Enhanced Nitrogen Removal in Municipal Secondary Effluent via Internal-Electrolysis Constructed Wetlands at Low Temperature in Winter +- :
++ ZHENG Xiao-ying, ZHU Xing, WANG Ju, et al. ( 758 )
Dynamic Replenishment Process of Nutrients in Tributary of Channel Reservoir - -+ XU Ya-gian, XU Piao, YANG Zheng-jian, et al. ( 765 )
)
)

Temporal-spatial Distribution and Pollution Assessment of Dissolved Heavy Metals in Chaohu Lake

Effect of the Rainfall on Extinction of Cyanobacteria Bloom and Its Mechanism Analysis «++++++ + LIU Xin-yuan, SONG Lin-xu, JI Dao-bin, et al. ( 774
Relationship Between Macrophyte Communities and Macroinvertebrate Communities in an Urban Stream *+ QU Xiao-dong, YU Yang, ZHANG Min, et al. ( 783

Characteristics of Nitrogen and Phosphorus Output in Runoff and Rainfall Runoff in Lanlingxi Watershed, Three Gorges Reservoir Area «-«+s«ssereessereseserenemenenenisnininennsininennne
............................................................................................................................................................ ZHANG Lin, HUANG Zhi-lin, XIAO Wen-fa, et al. ( 792
ZHAO Peng, HE Jiang-tao, WANG Man-li, et al. ( 800
++= TAO Hua-giang, SHAO Dong-hai, ZHANG Chao, et al. ( 811
: KONG Yan, ZHUANG Yuan, SHI Bao-you, et al. ( 819

Screening Method of Priority Control Pollutants in Groundwater Based on Contamination Assessment
Effect of Sulfur to Quartz Sand Ratios on the Removal of High-Concentration Perchlorate in Packed-Bed Reactors
Adsorption of Methylene Blue and Cu( II') by Activated Carbon/Macromolecule Composite Hydrogel
Adsorption Performance and Mechanism of HZ0@ SGH for the Removal of Fluoride from Aqueous Solution
Mechanism of MgO/GAC Catalyzed Ozonation of Organic Compounds
Ozonation Characteristics of Low Coagulability Organic Matter from the Secondary Effluent of WWTPs
Quantitative Analysis of Dominant Pollutants in Secondary Effluent via Dye Probe Technology -+
Lab-scale ANAMMOX Process in a Wastewater Treatment Plant
Effect of Aeration Rate on Shortcut Nitrification Recovery in Intermittent Aeration Mode
Effect of Aerobic/Phosphorus Granules on Start-up of Partial Nitrification Granular Sludge
Microbial Communities and Sludge Specific Resistance in Two SBRs Treating Leachate
Sources and Risk Assessment of Polycyclic Aromatic Hydrocarbons from the Urhanization Process of Topsoil

)
)
)
)
MA Fu-zhen, ZHOU Shao-gi, LIU Ze-jun, et al. ( 828 )
XU Shan-shan, LIN Cun-wang, DING Ya-lei, et al. ( )
HOU Rui, JIN Xin, JIN Peng-kang, et al. ( 844 )

MENG Xiao-rong, WANG Cong-hui, WANG Lei, et al. ( )
LI Dong, ZHAO Shi-xun, WANG Jun-an, et al. ( 859 )
LIU Hong, NAN Yan-hin, LI Hui, et al. ( 865 )
)

)

)

)

)

)

)

)

LI Dong, GUO Yue-zhou, CAO Mei-zhong, et al. ( 872

CAI Li-yun, HUANG Ze-bin, XU Zi-wei, et al.
+ YAO Hong, ZHANG Shi-chao, LIU Ming-li, et al.

(

(
Spatial Variability and Contamination of Arsenic in Soils of Xijiang River Basin -+ + LIU Chang, SONG Bo, ZHANG Yun-xia, et al. (
Characterization of Phosphorus in Urban Surface Soils in Kaifeng City and Iis Risk of Loss - +++ BAI Xiu-ling, MA Jian-hua, SUN Yan-Li, et al. ( 909
Distribution Characteristics and Health Risk Assessment of Heavy Metals in a Soil-Rice System in an E-waste Dismantling Area YIN Yi-meng, ZHAO Wei-tuwo, HUANG Ting, et al. (
Residue Levels and Health Risk Assessment of Organochlorine Pesticides in Rice from Shanghai «-«+eseseereereeesemenensinenenennnens MENG Yuan, LIU Cui-cui, QIU Yan-ling, et al. (
Effects of Tetracycline Antibiotics on Growth and Characteristics of Enrichment and Transformation in Two Vegetables +++++++++++=+++« CHI Sun-lin, WANG Wei-zhong, XU Wei-hong, et al. (
Bioavailability of Silicon Fertilizer Coupled Water Management on Soil Bioavailability and Cumulative Control of Rice in Compound Contaminated Paddy Soils «+:+sseseeseereserersenesenennsn

......................................................................................................................................................... 11 Yuan-xing-lu, YE Chang-cheng, LIU Yu-ling, et al. ( 944 )
Liver and Kidney Function of E-waste Dismantling Workers and Potential Influencing Factors ««+-«+sessesrerrereeemenennenininenenninnenns YAN Xiao, LI Shu-yuan, WANG Mei-huan, et al. ( 953 )



	封面目录
	封面-1
	中文目录


