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Emission Inventory of Anthropogenic VOCs and Its Contribution to Ozone

Formation in Shanxi Province

YAN Yu-long', PENG Lin'**”

(1. College of Environmental Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China; 2. School of
Environment and Chemical Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: Based on the activity levels, emission factors and composition characteristics of VOCs, which was obtained in statistic data
and references, the emission amount of anthropogenic VOCs in Shanxi province in 2013 was calculated, and the ozone formation
potential of VOCs was studied in this study. The results showed that the emission amount of anthropogenic VOCs in Shanxi province in
2013 was 723 700 t, with the major sector of the industrial emission and vehicle emission, accounting for 36. 47% and 24.28% of total
emission amount, respectively. Coke and chemicals production, the major emission source of VOCs in industrial emission, emitting
190 600 t and 38 800 t VOCs in 2013, accounting for 72.22% and 14. 72% of industrial emission, respectively. The emission amount
of ozone precursor VOCs was 435 900 t, and the total amount of ozone formation potential in Shanxi province in 2013 was 1 769 900 t.
The sources of the greatest contribution to total ozone were vehicle emission, combustion sources and industrial emission. The results
indicated that industrial emission was the major source of VOCs emission, which showed the simplification and heavy industrial
structure. The increasing numbers of vehicles led to the huge emission of VOCs in recent years. In conclusion, the main measure of
controlling the ozone pollution caused by VOCs emissions was controlling the VOCs emission from industrial emission and vehicle
emission.

Key words: VOCs; Shanxi Province; emission inventories; coal chemical industry; ozone formation potential

FERVEA LY (VOCs) X2 RAEDCIL
N EBERETAY, BES A P AL A . A
FEFEAT RN, B T 302 A ) B AR At — ks g
P rsAE 2 2 VOCs 1AW, tn1,3-T M
FAREA YR S E R S R E 15 YL,
SR NEFAAEEED . HlE AR VOCs BIHERE
JERFFEA S VOCs HeBE A3 | HERGAEALE 5
HRTEL. BET, REM VOCs 1k TIEFER
B Bk N2 ET FEERZm, &5
S ih i X R RE 5 YL TR, X VOCs (14 B 42 X )
TG YR S 5T S AR EAA B L Xt vocs

S EEZH 7 BOHERC TS, A H T 1% VOCs BYFRERL
JO7, R T fife XIS ) SR AR5 R IR AT H AP R4
2 VOCs HEcH B >

L P 48 S e A AR R A AR TR A, A
B, 1 & AR E Tl R IR, A IR T4
MR PRI 25 P VOCs WF 58 R B, HLsh A HEii . %
FRFE S | KRR R A TR A5 HE TG Sl T 2 05

S HHE . 2016-06-10;f&1THHA: 2016-06-28
ELTH.: BEKEARPAELSTIH (41173002, 41373008)
EEBA: ENIE (1986 ~) , B a5 A, BB TR
V59 K42, E-mail ; yanyulong@ yeah. net
# JHIHIK R A, E-mail; penglin6611@ 163. com



11 4] EIM R AT VA ACHE VOCs HERE B S Hoxh B 4B s stk 4087

2SRRI H AT L P AR IR VOCs
AR TR B2 ] AT 8 0 I, E 8 3l A7 7R 0 2R A
S AYFERARAY IR AT BT PO A R R
(9 VOCs ZH 053 A HE O K2 BR58 52 180 1 oK T, 3 AN
FIFH EFxE b ) VOCs HEOM B 57 B 40T 4.
ARTCHELL 2013 A g B UEAR | LLGETHAF 4 A1 SCHK A 19
B AT Sh B A B A, 455 N AL I 1
I FFAESEIRTE R S 794 BRI VOCs
HERCi BN F2 2 73 HECR: | FRAIFTEAS IR HE R IR
R TTER, DUYIO LIPS 48 59 VOCs 2 il $2 3t
RIS IRUREE G SREE T R 5 -8

1 #B5FEE

1.1 HEBOE Ak

PS5 L B ) AN [m] , A BF SR AR AR VOCs 1 HE
Rl A P b SRR b A o i g A
VU R A R L PR 1 VOCs AR TR 43R
BRGEUR . IR . Tl HEOR . B shii . WA
fithiz PR RN 8 R AR 16 TS K28, IR — /N X
VOCs MHERHEAT T 404k /NS A 5, BLAR & A7l
HERBOIE S T35 1.

X VOCs HEff & Ak 55 R FHHERBCR 2%, A5 54
v

E, = A, x EF, (1)
K E AR i 2809 VOCs HERL R ; A, RRISYLIE i
(35 B K5 EF, ARERHEEGE @ fHER 7.
L 1.1 #AnbmiEshK gt

(1) RBEIE ABEFE TP R IE 2250 A= W) o
BRGEFEAT BRI S, A BTk e 1 355 Bl 7K T SR AR
PEAAE Y = R A Y A e s
PELL ] A LA BRRHR B T B K N 4%
FAREH I o i, BLARBE R IR TSk 15 ]

(2) WRIME R v R v 3 Bk
SRRV & R R TR BRI
F TR T S0 R A 4% S AT % 4 [ 3 2% K
SRS RS T A R TR 04 S
FERRAF BN LG AT AR B )l FH
GBI T SCHR[ 13,18 ,19 ] i 3RHR

(3) TolrHERE Tl HEBOIER 97 sh K F 248
A7 ™ i 7 e BOR AL B R A
TFICHR[ 18 ~23].

(4)FEBhiE TGN RS B 53 18 B 7% B U5
FHEE AL SR, B SRR RS BRAK
B, HAVK A BRAGTE  ERIR SR TSR

AL AT B LA, P s 42 po Ay )
FIMLBI A PR AR A A7 g AR O A5 AR B
R ol = R AR LA A TREALAR. %2881
VOCs HEJCE A T 32 2038 1 35 46 19 ol i Y R AT
higA.

(5)MMAMEIBIR  ABFFE I S S RS A
W= AEA | s A B R T Y VOCs HEk
U8, W Bl K28 LU VS48 AR R I T 2 o, 4
Pk B SCHR[15].

(6) ERATRIR  FE R A U488 BAE A T
AR VOCs HEBL, A B 58 vh %t H G831 1935 3l K
FEEQFEAY R, RAEFFER A D
5[18].

1.1.2 ek HF i e

M B B R T voCs HERGE B
WFFE A, 2R A HE I R 3 A0 FH B9 e BR 5E 2 R ik
FE R HER - 8dE. i — 2006 3R E 0 HECE
BRAG O, A58 s WS B A5 T ) 52 B 1 490 1) T
PR, FR 1 AR A T 5% B 5% SR A AR 12
(R HEC R T B K 225 B A HE il PR 7 58 A ¢
TR (R 1).

1.2 REAFTIK VOCs 4521 73 HE il i B H R 480 AR Al
T

A v 4 B SE AR L K 2 5O
SN AR IR AR A G W BUERTER VOCs, &
29 Pl b a9, 10 R ke (& 2Py | 16 FhOF A
Jefb &, 3 ML AW . A RS 5 R
AR 58 B W SO R AEHTER VOCs, HE
TR IEIT

E, = E xP, (2)
K, B 5§ IR j LS YRR T
E, R5S i M VOCs RHERCE I, 0t PR
FRIE S j R L& 91E VOCs " HLH, % . VOCs 1)
ZH R HE A5 (TR ) JEFST VOCs 4% 20 70 HEik e ) T 2
ZH0. ARAE BT £ RS TPz S 8OR 5 4R B,
FORAETR V5 e U5 HERCSE D S Al 0% $5 0 5w A
. BT AR YR i e O A A TR SE PR
BLILRRRAE , 3525 T B A9 T5 QIR HEI VOCs
E@éﬂjﬁtt[(ﬁ,ll,ﬁ,ﬂ,zﬂ].

B TN [A) RAECRTEK VOCs 1b &4 2 8] i Ak 2%
N 2 S AR T BROHE X B AU AR L s ek LA
BRES. IS HER A AN A SLACRTIR VOCs fb
Pyxr LA B BT IR, A B 5T 0 P S AR A T 3
(ozone production potential, OFP) [ J7 ¥ 3k 11 ..



4088 7 R S 37 %
Fz1 ZHERIER VOCs HERE F kgt !
Table 1  VOCs emissions factors of various emission sources/kg-t ™'
17k Hel s R 2 Hel A ¥ Al Hel s PRERE = R HERR T
L R e TR ka2 9.74 AL SR L] 710
Ty 10.56 #2500 20
AR 10.30 g8l £ R 73.4
1 IR 0271 0. 15 A g B 7.17
Lol J{%m . 0.18 A iy 3 2.45
‘%ﬂ‘{m; ;_[28] 0.19 R3] 20°¢
L ZERI 6.51 55 2] 25.35¢
PN S 0.18* A ops e (31 ¢
s i [27) o Tl e A 0.38
Rl p ) 0. 000 44 . 0. 44°
6327 0.15 )
HeHusR e [27] LIS a 0.23
LB Cs 0.18 Ja(34]
2 TR gk e HL27] 0.6 o , 074
‘ﬁ%ﬂ{ﬂﬂ” 0.15 7J(()l:l$/:tF 7J(f)i[3l' 0.1
wAk A ) 6.51 kA MR Y 0.15
KR 0.18® ke 0.2
‘L’i%mf 0. 000 44° P g 1
S 127 7 0.15 T 40T 0. 8¢
EFORH PR 180 R g7 ) 1.2
S ToRL ) 580 T 4 (7] 6. 50
IRERTS & il o 12 479 s g 72 4 [37] 1.54
bR 2] 720 B e 0.8
VR EDRHbC A ) 800 A 9.5
e w2 196 i 18.3
o . e [29] TR 18.3
AR iﬁfﬁiﬁm] Zg L R P ) 1.16
KERH ek [27]
P 0.1
SEfl TA IR R ) 235 R o) 0.16
JEE K il 5 g Ak ) L0 670 . 2 3y [40) 0. 034
AL B e 62 D i ., , |
Fefi ek % =R L 1.74
- — — gy [40] 0.1
&AL A ™ 4 5 Y 2 A~
A g e PN Al 472 e R AR YR 40 0.11
2 2 R ) 114. 14 mIES 3.5¢
: ] Tk 120°
TALHRRL - s i@ﬂﬁ?ﬁﬂiﬁf‘“ 0.285" P L3
TH A 4 30 VETGIR o A L) 0.95
3 Al [ 6
i 430 LR (i) ) 500°
F TR A 0.025 FREVER] (Aeht) (0] 100°
Bpg 1200 2.2

1) LAF a FREAH mgem > b TR Fkg- 457" ¢ RN gL' d FRBLI g km ™' e FoRIBA g (Nra) 7!

AT .

OFP, = MIR, x E, (3)
X, OFP S i Bl 25 7 Ak 4 119 B A0 2E A
WEH(LL O, 1), 7 1 MIR, %5 @ Flib-& Wik
B RS L)L 0,/VOCs 3, g

2 HR5ITE

2.1 1LI7E4 2013 4E VOCs fHERE B
7G4 2013 4E A K YR VOCs HERL & R 72. 37

T3, S ZEHEOIR A HECRE B 5 el an il 1 s, T
AP HECR RS shil S 1L PG4 VOCs HE L H) Fe 2
PSS T8, 20 505 B VOCs HE i 1Y 36.47%
24. 28% 3 HUEIRBER AR A VR , BTk A I Y
SR RATE R A S A E IR, 5 A A E,
Pi4 2013 45 AR VOCs HERCE (72.37 T o) & T
2010 4EJLE T A M5 YL IR VOCs HECE: (39.8 1
t) 2011 AP I A SR Ry ¥ e IR VOCs HE &=
(48.2 77 t) ' KT 2010 VLA A RHUR VOCs HE



11 4] EIRE AR INPEA AR VOCs HEBORH B 8% O 5L DTk 4089

Bk (179.20 J7 1)) 2010 4EIT 9548 A i5 e I8
VOCs HEil & (250. 4 75 1) ™, 5 2010 4RI AN
T5YLIE VOCs HECE: (74,5 T3 ) “ARRY.

TikE 7
36.4?%

1.16%
Jo B A 9 U
5.34%

R

14.52%

Hk R
18.23%

El1 WEEET VOCs HERERT & EL 51
Fig. 1 Contribution of VOCs emission sources

by sectors in Shanxi Province

FEBE PR S A (B A E . A T
Fdb 224 5 A = SR HERCIR ) J& VOCs HEI i B i 1Y
Tl A7k, 2013 4F HE Ak &2 43 51 2419, 06 J7 tFl13. 88

T3, 0 5 Tl HE BT M HE R 5 72, 22% F
14.72% (% 2) , Horh R AE 7= SR 5 K VOCs B —
HERCIE, 5 VOCs HERCE R 22. 15% . B2 244 3¢ |
FUE R | KA PR AR A 7 i AR A HE R T
KE VOCs, FEHER R IIAE 1 J7 ¢ DL b IIPaA1E
h 3 A e A P R K B A8 ), 2013 A A AR 7=
WO 9076.82 71 t, i M AE & EH A E W
18.949% " g BEAL T ATk & 35, & E M
FH A = 0 Ak T R R 7= 9, 2013 4R DL
R R N 519. 80 J7 t, 2454 9.05% ; M
) FHY P R A R ARG TP B Y AR 7 = O 216 T
G204 E 7.529% YL 1L TE AR AR AR R A &R
LAY VOCs HERLH M 2. 46 J7 t A1 1.29 J7 t, /5
HERC By 3.40% F1 1. 78% . LhBEm A | Ak
=i AR AR A T HE OB R L P A FE B
VOCs HEBOE R 7 1L P82 LLE Tolk o F 89 7=k
HAE. BEAL TAT LB VOCs HEjik & 75 2 A Hifth
BRI TR R & B, X R T 1L 7 A R
Pk R AT

F£2 TAfTAEY VOCs HEFLTE & x 104 /1

Table 2 VOCs emissions inventory of different sections of industry x 104/t

ol HeMOR Hefoh: ol HeHCE Heoh:

EACL RIS 0.07 i TP A 0.07

N Yo % 2.46 TP il 1 0.01
i 1.29 KT 0.28
L2 0.14 A 9 19E-05

T LT S Tl 0.05 W 5 0.02
ik 0.09 2 pab 3 Wy e 0.05
52 235 s 0. 63 W B 0. 10
R 2TIE04 g KLk 0.53
SRR 0. 06 Rk FLUE A 7= 0.65
e 2 e 1. 00E-03 P 0.81
AR 0.01

YR 8% sl il e d 3 EHE O 9 38 R8sl IR %
U2 A2V A 2 A B T Y VOCs HE IR , HE ik
B R SR A 50. 74% F18.38% . R
Sl R B HE AR A M AL i HE A (4F
HECE 1,58 J7 v). I PE 4 3 SE 4 R A HL 30 2 4k
TG A, A 2000 4EAY 55. 01 J5 85K 3] 2013 4F
(19 317. 56 J3 i AF S8R RN 14. 449 " Py
K BT WL EHE R 5 Soh BT e ok, R
23 ST (JUHOR IR T BB 25 AR i) 15 B T AR K
FEM s BT PRI s Yl 1 () R R e R HE
Jit VOCs 15 28 19 U5 2 A= W TR e HE S, o A e U5 HE

SRR 76. 98% , S ELEE"C 7r 4 [ AU 5T LL B AH
— 3. AW BTRR e HE R Fe 32 R S R R N
AMEREE 2013 AEHEL VOCs 43 3358 7. 73 7
t 12,38 J7 t. AEWIBARY VOCs e HE R 2 R Y &
LR PR AR Hi X 1) i U 235 44 i A= 3% O 5%
M. LG4 1) F B EAEY O FOK , KRS FHAE
I IRANT Hi DX 4 58 o 51 VE b 3 48 AE 5 TP F R
W, BB, HL A PR HERC VOCs i SR IR HE L
Y 13, 14% , & VOCs 1Y 5 B8 o % e HE il ok
PR = R B A L P A Y &R — LR
A2 ERF,2013 4E 448 kT & ML AR 11 554. 8



4090 7N 35

B 37 %

Ht, RH A A264142 kW-h'" . BREHREE
K HH T A H 3 72 v i R 58 58 43, VOCs HE i
15 VOCs HER R B 2. 39% . % 548 R
e F2 B HE TR R A A iRk | A ARV R RN RN At
Tk A HERCIE 9 2013 48 HE R Y
17 A TEHECIR TP VOCs HE L 5 K 0
AW Tk BN G RE E FAE R AR HE R 1. 62
o113 .

R R WA T HE RO B A5 S 5 A S Z ] 1Y
25 EBCZHTEY 2000 4F | 2007 4EF1 2010 4FE X

WG4 VOCs HERE 50 0 58 5 A 58 47 5 e
(K3 PR). RS ZATHFIE i 200 22 B AR
TEBRBEIE | R FH A Tl HE A VOCs 2 1] 5 5
TZHMHSE. 1 A 8 HE R AR A it R — T
JEDA A 2000 41 2 2013 45 2 [A145 A 7 lk B 76 s 7K S
BB WRETE; 55— HEARWFIE R XTI 22
BFRE I ATE . A 2SR A, AN R T R b R v i AR T
FHRRRN | 4870 2505 e i A HE L, 25 8T AR IR
R AR WS A IF I 5 R RS A A R 1
VOCs HEjL.

®3 AR VOCs HiFE RS HEMATRAMTEE x 104/t

Table 3 Comparison of VOCs emission inventory in this study and other studies x 10*/t

O Tl Bl L
2000 4215 1 e IR TR ez iR RR R
4.2 2.4 8.7 6.7 0.6 0.6 23.2
2007 17 el Ak e He B 16T AU mibEE AN R o
19.79 5.95 2.8 8.3 1.72 5.84 44.39
2010 414 1 A G TR B ftefr Az — AR
14 4.5 18.7 13.5 0.4 — 51.1
—— WM TR Bahi WMAMEE RRAEEE kR
13.19 10.51 26.39 17.58 0.84 3.86 72.37
2.2 RAHTIK VOCs BYHRR S H R A8 A o HER B R YR S AF HERC LA R 3. 45 J7 1,

2013 AF1LPE A AR IEHE ) VOCs H & 58
FRAAHTIK VOCs fb5 3 37.99 7 t, 5 & VOCs
HE (Y 52. 499% . Horb BRBRIE | WFIE R . T
M HECIR . BB | TS I YR R AR T TR
(1) B HT AKX VOCs 1k & 9143 5l o 8.16, 3.24
12.25,13.70, 0.48 F10.16 Ji t, 539 5 % 4710l
VOCs HE it & ) 61.85% . 30.84% . 46.41% .
77.94% . 57.31% F 4. 14% . Bike . F5 R R
ERCEERAL A YN, o )t S R EETIK VOCs
[ 44. 49% . 29.98% F1120.58% (& 2). . ET
Bt . HARM OS50 A W RHE R e K& 9.

1,23- =R 3EH . iz

e 1 5 5%
) ——

2 E—

L — R
2 ] 4.95%, 29.98%
4 ]

I}IX |
ETH ]
# . . .|
0 1 2 3 4
HERAR Tt
B2 AR+ REAE VOCs
AR AT AL O

Fig. 2 Top 10 abundant ozone precursors VOCs species

and percentages of individual groups species

BRI IR | AV B AL ZEHEL.
2013 4F PG HE Y B AAHT B VOCs T 7= A= 1Y
OFP SHEN 143,46 J7 t, 506 it 1Y R 4 HITIK VOCs
A OFP 2R 3.78. TERARNTIK VOCs H = A= 11
OFP 1 J&ie . &R el ML L& W i = A=
) OFP 43 %) /5 OFP i & % 42.97% . 35.35% .
13.43% 1 8.25% (K 3). Hrh Wlem THAEA
BB MIR AE, B4V 0 2 19 M ke 2B i Y OFP 35 %)
7. 88, E T EHRFAL G W (6.30) | TS (4.45) Tk
JE(1.14). XFE OFP ik KAY & LM, H OFP
26.53 J7 t, i MBI 18.50% , Ho R T (16. 27

ETH

1,3, 5-=ZHIEH
1-T 4%

Ji), A~ H
-
W

1,2, 3-ZHEH
iiF'S

W

LA

0 5 10 15 20 25
OFP/ Ft
B3 OFPE=HERTHESEFEIK VOCs (L&Y

BEMENESWEE R LLB]
Fig. 3 Top 10 OFP producing ozone precursors VOCs

species and percentages of individual groups species



114 EIM R AT VA ACHE VOCs HERE B S Hoxh B 4B s stk 4091

T3 t,11.35% ), Hofh an o8 1,2, 3- = HI BL ORI
&AL A WXt B OFP sk IR K+ 5% (& 3).
4 AFAT A HERCR A OFP A oL, X
OFP BTk e KRR sl , A= i OFP ik % 57. 89
T t, %4 OFP Ay simkik 2 40. 35% . i THLsh 4K
A PRI M DX, L N T % R 1% 3k b DX
() BG5S R BT S oy 15 | S E . ke Rk i)
FLATEK VOCs 242 R OFP (5 5 OFP (1) 26. 43% Y
WEFB R, Hb 5 RS OFP SR Z A5
BRI BRI HE Y SLAACHTER VOCs 2B LY, OFP
O35k 31.24 J7 ¢ F12.93 U7 v BARAEWRIRBEHERL

R AERTIK VOCs AE LY OFP Bk (B HF 3k A 7E
PRAZEAR A B FE 1L X, X A 12 3 A 3k Tl DX 1) 2R
B A R, Tl HE Y B AATIR VOCs A=) OFP
IR 24.95 T3 v, Ho d A B HE RO R £ R A
(OFP 3K 3 23.56 J7 t, 5 Tk HE sk 4k B OFP By
65.81% ). —BRuE, oy (AR 26
AT AR T S 320, XTI T B 5% 2l ) 55 T K
ML AR HERIC . TSR HER . SRRt G B i
SN N1 277 3 N R s 2T V4 Y R 7 S0 /R Y RSN 1B /3
AEPRHE Y AR FTIK VOCs A2 i OFP 48 38 1
T3t IR = A A M 1o 5 | 4.

x4 BHEHESH R SEIIE VOCs B OFP £/ E x 10*/1

Table 4 OFP production of ozone precursors VOCs from individual emission source x 10/t

17k HEMCR OFP OFP &1t 1Tk HER OFP OFP &1t
L) BTk pe 31.24 pexin|4 0.03
L A= 2.93 fb2g i A = 5.47
ke TolkHejk 2.42 37.93 TZEmT 0.53 35.80
HEFRHETL 0.52 2541 0.00
A TG HER 0.82 Tl HEsK Ik 0.11
AR 1.09 il 0.19
IRERTS & 0.1 S kb B 0.26
N, ER R HETL 0.84 Ik A 0.03
V\?ﬂ
AL R Nilbes 1.15 9.72 WA 5.63
VN T S 2.92 FEIR A 23.56
L AL 2.80 B B 4 i 57.89 57.89
R 0.84 W W 147 147
A HERR A TS HERR 0.64 0.64
Ait 143. 46
2.3 AHEPENFSR BRI R 75 T A 5
AEXT I DY A 9 VOCs RO R SLRGTE
=A

VOCs A HECR A B B v, ol B2 ) BN i
PERIRER 24 O Sk PRI . ADF5E
SO R o €T R P E S B EP S0 W g i o [
o BitE HBE R B [ SOKF i 2 a0 o
FEbR” AT Ak B, A D BT AL B R U T AR S 5
(ST | AT 355 2l 7K P 0 A s P R R 3
QR T BRI ABENE . AW B AL
Bl R 2ok B T E AN AR ST , (B A
AP TSI EEORZE TR, HECE P A R

PR E PR 0 QR ARTIK VOCs T i
AN M. ARBFSE ) VOCs YR 3% R 8 T
W, E AN Z ST, 15 G TR HE R ST I VOCs
R SEPRIE BRI RE R TG sh A . AR | 584
ARSI S 2CHE ) VOCs 4 43 F7 1E 22 7 &
AT ke SRR E R 0 T BB T AN K
AL AT G A1, 18 75 B A STl A IR S

(1) P44y 2013 4 N Wi VOCs HE =298
72.37 T3 t, TV HERCE NS 2h I8 2 i 32 B2 00 A4 o
U8, 53 ) i & VOCs HEL & Y 36. 47% 1 24.28% .
Tl i R e A = R A 7 0 VOCs HE R B
T AT, HERCER 43 38 19. 06 7t F113.88 Jit. %
ShE e FEEHE RO R R K R B A )
LB 50. 74% F1 18. 38% .

(2) 58 FPRAAFTIK VOCs thE W A K R,
37.99 Jit, 5 &L VOCs HERCE 7 52.49% . Hipog |
ETRE . HARM OIS AE Y RHEE R RS
Y. HEGE S R R 2 HE R R B 3,45 J7 t,
FLAAHTIR VOCs HERCE 1 9. 08% .

(3) NMHERR PR ERTR VOCs FT = AE 1 OFP
MR 143,46 T3 1, % OFP stk KAILS 82
LIRSS 439 5 18.50% Fi 11. 35% 5 #8hiE
T HEBCIEHERL ) VOCs T 77 A 1 3R 480 A i v



4092 7 S - - 37 %
Ej(’ é—}}:‘]u E“EI\ OFP E]’»] 40.35% ?[:‘[[ 24.95% . Scientiae Circumstantiae, 2011, 31(2) ; 349-357.
N e L LI0] RO, AR, RIEBLS O R 1], R
(4) FREBSIRAT RS PR TA O AT PR
e B b B %2, 2006, 27(6) ; 1041-1045.
ﬂ_ké/‘J VOCs ﬂkﬁiifﬁ =i, *ILZjJ E%ﬁ H I;%E H kgj’i Song X Y, Xie S D. Development of vehicular emission inventory
T ML 4 VOCs HEi R B R Tl HEROE f % in China[J]. Environmental Sciences, 2006, 27 (6): 1041-
SR VOCs HEMUBE R FECT kR R A ;2‘;;% K S LA oG HE R
Y B, RiE4, . BRI VOCs HEBURRH
. P VE LB nE by = ’ ’ ’
JRGHE B, DATTT 22 X A5 3 PR i 5 4 5 R FALxE Oy g )], AEMME R 5E AR, 2009, 21(5) -
A8 SR TS G N sk Tl HE IR AL Sl B9 VOCs HE 54-57.
ﬁj{jﬁ%ﬂ?u LiJJ,FuQY, WuYM, et al. Characteristic of VOCs emission
52Tk from atmospheric arﬁaisour(-zes in Shanghai- and its cnnt‘ribulion to
) ) N hemicall O0,[J]. The Administration and Technique of Environmental
[1] Pn;}n Z{G, ‘l)Velss RF, Fraser P J, e;afi. Ad istory of chemically Monitoring, 2009, 21(5) : 54-57.
iatively i ses in air deduced from ALE/GAGE/ N R N . ) s ] —
and radiatively important gases in au.r educed from [12] ﬁ)%%, lz]ﬁﬁjz’ éﬂl‘lﬂﬁ , ,:g: iﬁﬁmgéﬁkﬁﬁ 1‘)”‘%‘{?
AGAGE [ J]. Journal of Geophysical Research: Atmospheres YRR ORI ]. KJEHE T K22224R . 2016, 47(3) ;
(1984-2012) , 2000, 105(D14) . 17751-17792. 331.336 ’ ’ '
[2] ?heng JY, Shao M’ Che W W, et al. Spem'ated VO(J. BIH'ISSIOH Wen YP, Yan Y L, Li L J, et al. Pollution characteristic and
inventory and spatial patterns of ozone formation potential in the source analysis of volatile organic compounds in summer in
Pearl River Delta, China [J]. Environmental Science & Taiyuan[ J]. Journal of Taiyuan University of Technology, 2016,
Technology, 2009, 43(22) . 8580-8586. 47(3): 331-336
[ 3] USEPA. Integrated risk information system [ EB/OL ]. [13] ERGHR. TESHES 2014 M), JE50: dE S R
Washington, DC; USEPA, 2014. http://www. epa. gov/iris/, #2014
2016-04-15. ) ) B ) National Statistics Bureau. China statistical yearbook: 2014
[4] ZBJ. FE AN VOCs HEHE 8 K AT Ml HEBCRRAE 43 B [M]. Beijing: China Statistics Press, 2014.
[D]. V%t PREARAHORE, 2013, (14 WHER, oh, B, 4. b A R RS
Gong F. Anthropogenic volatile organic compounds emission HERCRHIAS T 1], R HR, 2007, 52(15) : 1826-1831
inventory and characteristics [ D ]. Xi’an: Xi’an University of Cao G L, Zhang X Y, Wang Y Q, et al. Estimation of emissions
Architecture and Technology , 2013. from field burning of crop straw in China[J]. Chinese Science
[5] iu%m, ﬂ%&, 79,'3(‘[5{[5, SE. TR TR & A WL HE R Bulletin, 2008, 53(5) : 784-790.
TEHLAEENL[J]. ISR, 2008, 28(6) ; 496-500. [15]  EZGiR. PEAEES Y. 2014[M]. L5 P ES
LiuJ F, Zhao J, Li T T, et al. Establishment of Chinese A 2015.
anthropogenic  source  volatile organic  compounds emission National Statistics Bureau. China energy statistical yearbook :
inventory [ J |. China Environmental Science, 2008, 28 (6) : 2014[ M. Beijing: China Statistics Press, 2015.
496-500. [16]  ZeHE AL FRIE R IBH: ) 17 BLR B % WO [ 9], R,
[6 ] BEL I AR S HAT HLIE A SR B A R 2008, 29(1) s 1.5,
[D]. dbat: EHEKA:, 2009. Gong B F. Curret situation and development forecast of adhesive
Wei W. Study on current and future anthropogenic emissions of market in China mainland [ J]. Adhesion in China, 2008, 29
volatile organic compounds in China [ D ]. Beijing; Tsinghua (1) 1-5.
University,, 2009. [17] s, FEB, MR, 4 DU UK TS SR VOCs HER
(7] Vade&, B, R, & PEAZEDEAET AL TR HN SRS [ 1], BRI, 2013, 34(12) .
HEAHLY (NMVOC) HERLE B KA [J]. PIEREE, 2012, 4535-4542.
31(1) : 82-87. Han L., Wang X R, He M, et al. Inventory and Environmental
Fan C D, Wang X R, Wang Y Y, et al. Anthropogenic total Impact of VOCs Emission from the Typical Anthropogenic Sources
emissions and distribution of non-methane volatile organic in Sichuan Province [ J]. Environmental Science, 2013, 34
compounds in China[J]. Sichuan Environment, 2012, 31(1): (12) . 4535-4542.
82-87. (18] WIPEAGEIR. VG4 GEiTH4R%: 2014 M]. JEst. %
(871 B, L4 %, Wik, 55 2007 4F o [E oK b X A= 4 ST be T AL, 2014,
HeOs g i s (0], " E R BERL 24, 2011, 31(2) . 186- Statistics Bureau of Shanxi Province. Shanxi statistical yearbook :
194. 2014[ M]. Beijing: China Statistics Press, 2014.
Lu B, Kong S F, Han B, et al. Inventory of atmospheric [19] FEZE TS S, TEB TALAFL. 2014[M]. db&.
pollutants discharged from biomass burning in China continent in [E 52 TV AE %4t 2014.
2007[J]. China Environmental Science, 2011, 31(2): 186- China Light Industry Association. China light industry yearbook :
194. 2014[ M]. Beijing: China Light Industry Press, 2014.
(9] HEE, BPF, EH. P EAY RS RS T5 R HE O [20] HZEG R, PETA G HAEY . 2014[M]. L5t hESE

[J]. FRERL2A2AA, 2011, 31(2) : 349-357.
Tian HZ, Zhao D, Wang Y. Emission inventories of atmospheric

pollutants discharged from biomass burning in China[J]. Acta

iR, 2015.
National Statistics Bureau. China industry statistical yearbook ;

2014[ M]. Beijing: China Statistics Press, 2015.



EIRE AR INPEA AR VOCs HEBORH B 8% O 5L DTk

4093

[22]

[23]

[24]

[25]

[27]

[28]

[29]

[33]

o A R Tl A 2. T E AL Tk AR 2014
[M]. Jtat: PEHTERFL, 2015.

China Petroleum and Chemical Industry Association. China
chemical industry yearbook; 2014[ M]. Beijing: China National
Chemical Information Center, 2015.

PPERRRE Tk B 2e. i SRR T AR % 2014 [ M) B
ez Tolk i Rk, 2015,

China Coating Industrial Association. China paint and coatings
industry annual: 2014 M ]. Beijing: Chemical Industry Press,
2015.

P 2. PETEL A 2012-2013[ M. b5
BTk R, 2015.

China Alcoholic Drinks Association. Yearbook of China alcoholic
drinks industry; 2012-2013[ M]. Beijing; China Light Industry
Press, 2015.

WS R, R, THUY, A b E SR P 3h 4 HE
A ], PEFREREE, 2012, 32(9) : 1565-1573.

Yao Z L, Zhang M H, Wang X T, et al. Trends in vehicular
emissions in typical cities in China[J]. China Environmental
Science, 2012, 32(9) : 1565-1573.

Wei W, Wang S X, Chatani S, et al. Emission and speciation of

I

non-methane volatile organic compounds from anthropogenic
sources in China [ J]. Atmospheric Environment, 2008, 42
(20) : 4976-4988.

Wang S X, Wei W, Du L, et al. Characteristics of gaseous
pollutants from biofuel-stoves in rural China[J]. Atmospheric
Environment, 2009, 43(27) . 4148-4154.

Bo Y, Cai H, Xie S D. Spatial and temporal variation of
historical anthropogenic NMVOCs emission inventories in China
[J]. Atmospheric Chemistry and Physics, 2008, 8(23) ; 7297-
7316.

Zhang Y S, Shao M, Lin Y, et al.

carbonaceous pollutants from biomass burning in the Pearl River

Emission inventory of

Delta Region, China[ J]. Atmospheric Environment, 2013, 76 .
189-199.

B, EAH, MU o EWORY R R A LY
HEBOH S ROk R aH B [ 1], PR, 2009, 30
(10) . 2809-2815.

Wei W, Wang S X, Hao J M. Estimation and forecast of volatile
organic compounds emitted from paint uses in China [ J].
Environmental Science, 2009, 30(10) ; 2809-2815.

RFM, 50, AR, & BRIL =M TE L VOC ik
AR HERC B L)), i EERE R, 2011, 31(2) ¢ 195-
201.

YuY F, LuQ, Zheng J Y, et al. VOC emission inventory and
its uncertainty from the key VOC-related industries in the Pearl
River Delta Region[ J]. China Environmental Science, 2011, 31
(2):195-201.

USEPA. Emissions factors & AP 42. Compilation of air pollutant
emission factors [ EB/OL]. Washington, DC; USEPA, 2010.
http: www. Epa. gov/ttn/chief/ap42/.

HER, sohR, SRINEE, A b E X RO A K
SRR )], BRER, 2011, 56(3) : 261-268.
Cao G L, Zhang X Y, Gong S L, et al. Emission inventories of
primary particles and pollutant gases for China [ J]. Chinese
Science Bulletin, 2011, 56(8) ;. 781-788.

MR, mAUE, XIFR, . FRE T vocs HEs kA

[41]

[42]

[43]

BRI RHERT S [J]. P EFERE, 2012, 32(1) ; 48-
55.

Chen Y, Ye D Q, Liu X, et al

Source tracing and

characteristics of industrial VOCs emissions in China[ J]. China
Environmental Science, 2012, 32(1) ; 48-55.
Klimont Z, Streets D G, Gupta S, et al. Anthropogenic

emissions of non-methane volatile organic compounds in China
[J]. Atmospheric Environment, 2002, 36(8) ; 1309-1322.
BB, BB, FRK, S TR AR IR R AT P HE
HOE L], FREERIERTSE, 2014, 27(2) : 120-126.

Xia S J, Zhao Q Y, Li B, et al. Anthropogenic Source VOCs
Emission Inventory of Jiangsu Province [ J]. Research of
Environmental Sciences, 2014, 27(2) : 120-126.

FEEE, BRI, &8, Hal A IS ak s
SITPYERIBORBIIELT]. 53, 2010, 59(2) ; 128-133.
Wang Y J, Huang T Y, Jin L J. Control of volatile organic
compound and hazardous air pollutant emission of foundry
industry[ J]. Foundry, 2010, 59(2) : 128-133.

BRAE , HZAAR. R TR HEBORR AL 3 4 HE i R 9
(1], AEsORpA i ( FAAREIR) |, 2010, 46(3) : 319-326.
Cai H, Xie S D. Determination of emission factors from motor
vehicles under different emission standards in china[J]. Acta
Scientiarum Naturalium Universitatis Pekinensis, 2010, 46 (3) :
319-326.

Streets D G, Bond T C, Carmichael G R, et al. An inventory of
gaseous and primary aerosol emissions in Asia in the year 2000
[J]. Journal of Geophysical Research; Atmospheres ( 1984-
2012), 2003, 108(D21) . 8809.

JeT. EELAEIT VOCs HECRF DRSS [ R]. bt
[RI K2, 2010.

WG, WEY, Ewdg. P EnhG voC HEHS G LR K
FEHI[)]. B, 2006, 27(8) : 1473-1478.

Shen M J, Hao J] M, Wang L. T. VOC emission situation and
control measures of gas station in China [ J]. Environmental
Science, 2006, 27(8) ; 1473-1478.

EEA. EMEP/EEA air pollutant emission inventory guidebook
[EB/OL]. http://www. eea.
eea-emission-inventory-guidebook-2009/.
USEPA. PAMS:
chapter 4, PAMS: enhanced ozone & precursor monitoring[ R J.
Washington, DC: USEPA, 1996.

Hsu Y K, Divita F, Dom J. SPECIATE 4. 4.
database development documentation [ M ]. Washington, DC.
Office
Protection Agency, 2014.

He QS, Yan Y L, Li HY, et al. Characteristics and reactivity

europa. eu/publications/emep-

enhanced ozone & precursor monitoring:

speciation

of Research and Development, US Environmental

of volatile organic compounds from non-coal emission sources in
China[ J]. Atmospheric Environment, 2015, 115; 153-162.
Carter W P L. SAPRC atmospheric chemical mechanisms and
VOC reactivity scales| OB/EL]. 2010. www. cerl. ucr. edu/ ~
carter/SAPRC.

BREAT, AR, REEAE. R AP (VOCs) HERCE L
ISP UE R ()], R SAR, 2014, 34(9) : 2179-
2187.

Mo Z W, Shao M, Lu S H. Review on volatile organic
compounds (VOCs) source profiles measured in China[ J]. Acta
Scientiae Circumstantiae, 2014, 34(9) . 2179-2187.



HUANJING KEXUE Vol.37  No. 1l

Environmental Science (monthly) Nov. 15, 2016

CONTENTS

Air Pollutant Emission Inventory and Impact of Typical Industries on PM, s in Chengde +erveeeeseseremsesnsinniiniiiinen CHEN Guo-lei, ZHOU Ying, CHENG Shui-yuan, et al. (4069 )
Pollution Characteristics and Emission Coefficient of Volatile Organic Compounds from Woodwork-making Industry in Zhejiang Province «+-++++++++++ YAO Yi, WANG Zhe-ming, HE Zhi-qiao, et al. (4080 )
YAN Yu-long, PENG Lin ( 4086 )
++ GAO Song, CUI Hu-xiong, FU Qing-yan, et al. (4094 )

Emission Inventory of Anthropogenic VOCs and Tts Contribution to Ozone Formation in Shanxi Province
Characteristics and Source Apportionment of VOCs of High Pollution Process at Chemical Industrial Area in Winter of China

Study and Application of Test Method for VOCs Emission Factor of Refueling in Service Station «+++-+ssessesueessssnsnsimneninsinienennes HUANG Yu-hu, CHANG Yao-ging, REN Bi-gi, et al. (4103)
NH; Emission Characteristics in Landfill Sites in Beljing «++v+eeerreeeesrerenrsssnmennsins e CUI Tong, LI Jin-xiang, YANG Yan-yan, et al. (4110)
Inventory and Characteristics of Anthropogenic Ammonia Emission in Xi%am «««+««ssesseesseserensessnienensnninininin e SU Hang, YAN Dong-jie, HUANG Xue-min, et al. (4117 )
Pollution Characteristics of Non-methane Hydrocarbons During Winter and Summer in Foshan City «+e+eeeeeresrereeresemenensinenensen ZHOU Xue-ming, XIANG Ping, DUAN Jing-chun, et al. (4124 )

7HAO Meng-xue, WU Lin, FANG Xiao-zhen, et al. (4133)
++ YUAN Lei, LI Wen-zhou, CHEN Wen-wei et al. (4142 )
Microbial Activity in Bioaerosols in Winter at the Coastal Region of Qingdao MENG Xiang-bin, LI Meng-zhe, LI Hong-tao, et al. (4147)
Molecular and Carbon Isotopic Compositions of n-Alkanoic Acids in Smoke from Maize Straw Combustion ««+«++«+sssessesserseresemeneneninenenenininncnnens LIU Gang, SUN Li-na, XU Hui, et al. (4156 )
Gas Transfer Velocity of CH, at Extremely Low Wind Speeds «+«+xtesessererserernsennesinscnnssnse s ZHANG Cheng, LU Xin-biao, LONG Li, et al. ( 4162 )
Spectral Characteristics of Chromophoric Dissolved Organic Matter (DOM) from a Typical Reservoir Lake from Inland of Three Gorges Reservoir Areas: In the View of Riparian Ecosystem Analysis
CHEN Xue-shuang, JIANG Tao, LU Song, et al. (4168 )
++ CHEN Shi-wen, YUAN Xu-yin,JIN Jing et al. (4179 )
...................................................................................................................................................... ZHANG Chun-hua, HUANG Ting-lin, FANG Kai-ki, et al. ( 4187)
Characteristics of Organic Phosphorus Fractions in the Sediments of the Black Water Aggregation in Lake Taihu +-«+:+sveseeseesesseneeeenens DONG Dan-ping, ZHANG Ting-xi, ZHANG Ding-yu, et al. ( 4194)
Impacts of Multiple Disturbance on Migration and Transformation of Endogenous Phosphorus in Lake — «eoeeeveeessenermsisniisiiiniiininen CAI Shun-zhi, LI Da-peng, WANG Ren, et al. (4203 )

Water-soluble Inorganic Tons in the Road Ambient Atmospheric Particles of Tianjin

Characteristics of Nitrogen Deposition in Daiyun Mountain National Nature Reserve

Change of Soil Nitrogen Leaching with Summer Maize Growing Periods Under Plastic Film Mulched Cultivation in Danjiangkou Reservoir Area, China —««+sessesserseresemenensenemenennsinennennnnens

WANG Wei, YU Xing-xiu, HAN Qiang, ef al. (4212)

Nutrients Recovery on the Growth of Nitrogen and Phosphorus Starved Microcystis aeruginosa YUE Dong-mei, LI Jie, XIAO Lin (4220 )

Inactivation Efficiency and Mechanism of Three Dominant Fungal Spores in Drinking Groundwater by Chlorine «+-«+sxsseseeseererenserseenencnenens WEN Gang, ZHU Hong, HUANG Ting-lin, et al. (4228 )
)
)

Effect of Water Treatment Process on the Bacterial Multidrug Resistance in Drinking Water +««+«+«+esseseersensesesensnenniinininsinensneiens MA Xiao-lin, LU Yang, WANG Yu, et al. (4235
Characteristics of Disinfection By-products and Genotoxicity During Drinking Water Disinfection with Potassium Monopersulfate Compound Powder +++++ AO Xiu-wei, LI Hao-jie, LIU Wen-jun, et al. (4241

Heterogeneous Activation of Peroxymonosulfate with Three-dimensional Ordered Mesoporous Co40,, for the Degradation of Rhodamine B +++++++- FENG Shan-fang, DENG Si-ping, DU Jia-wen, et al. (4247 )

Enhanced Mitigation of Membrane Fouling by Regulations on Floc Morphology in Electrocoagulation =«+«+:«+stssessesssessenemsssinennsenenns ZHAO Kai, YANG Chun-feng, SUN Jing-qiu, et al. (4255)
Effect of Initial pH on Nitrogen Removal Performance and N,O Emission of a Sequencing Balch CANON Reaclor ++vesveveeeeressesnevsnenennes FU Kun-ming, WANG Hui-fang, SU Xue-ying, et al. (4261 )
Operational Characteristics of the Simultaneous Nitrogen and Phosphorus Removal and Removal of Phthalate Esters by Three-dimensional Biofilm-electrode Coupled with Iron/Sulfur Reactor — ++++++++
.................................................................................................................................................................. ZHANG Ya,HAO Rui-xia, XU Peng-cheng, et l. (4268)
Phosphorus Removal Mechanism of Sulfur/Sponge Iron Composite Fillers Based on Denitrification —«+s«seeseereeressserenenmnieneneninennen FAN Jun-hui, HAO Rui-xia, LI Meng, et al. (4275)

Optimization of Denitrifying Phosphorus Removal Performance Based on ABR-MBR Combined Process * CHENG Chao-yang, ZHAO Shi-hui, LU Liang, et al. (4282)
Effect of Moderate and Room Temperature on Nitrogen Removal in PN-ANAMMOX Process YUAN Yan,ZHU Liang ( 4289 )
Influence of Biological Activated Carbon on Simultaneous Nitrification and Denitrification in Inflow with Different C/N Ratiog «+seseeeveeeeeeeresnees CUI Yan-rui, QIU Xin, ZHANG Qing-rong, et al. (429 )
Biotransformation of Nitrate to Nitrogen Gas Driven by ANAMMOX Microbes via Zero-valent Iron Under Anaerobic Conditions «+++++++++++++++ ZHOU Jian, WANYAN De-qing, HUANG Yong, et al. (4302)
A Comparative Study on Performance of an Intermittent Aeration SBR and a Traditional SBR for Treatment of Digested Piggery Wastewater —+++++ DONG Bao-gang, SONG Xiao-yan, LIU Rui, et al. (4309 )
Biological Pre-treatment of Surplus Sludge Using the Protease-secreting Bacteria +++++tveeeseessssvsssssssnsnnisniiniiniisnisi e HE Pin-jing, WANG Ying, HU Jie, et al. (4317)
Transfer and Fate of Polybrominated Diphenyl Ethers in an Electrical Equipment Dismantling Area Using a Multimedia Fugacity Model + XUE Nan-dong, CHEN Xuan-yu, YANG Bing, et al. (4326)
Distribution Characteristics of Polycyclic Aromatic Hydrocarbons in Environmental Media in Nanning City — «++e+seeeseeseereesssenenenenenienenennincneisnenne MIAO Ying, KONG Xiang-sheng ( 4333 )
PBDEs Levels in House Dust and Human Exposure to PBDEs via Dust Ingestion in Hangzhou «++:teveeseeeeesessiesninsinininienen JIN Man-tong, TENG Dan-dan, ZHENG Yan-xia, et al. ( 4341)
Evaluating Biochar-Water Sorption Coefficients of Pharmaceutically Active Compounds by Using a Linear Free Energy Relationghip — «+eereeseesesereressinicnieneinienen WANG Jia-yi, BI Er-ping ( 4349 )
Characteristics of Bacterial Communities in Surface-flow Constructed Wetlands ««+++++++reesersrsssreensninmmimiiii WEI Jia-ming, CUI Li-juan, LI Wei, et al. (4357)
Community Structure and Activity Analysis of the Nitrifiers in Raw Sewage of Wastewater Treatment Plants «++vereeeseerereeresimeneniininenen YU Li-fang, DU Qian-ian, FU Xue-tao, et al. (4366 )
Effects of Fertilization on Soil Microbial Abundance and Community Structure at DNA and ¢cDNA Levels in Paddy Soils + WANG Cong, WU Ne, HOU Hai-jun, et al. (4372)
Effects of Bisphenol A on Characteristics of Paddy Soil Microbial Community Under Different Cultural Conditions ++ LIU Chang, HUANG Ya-dan, ZHANG Ying, et al. (4380 )
Identification of a Facultative Bacterium Strain with the Ability to Methylate Mercury Under Both Aerobic and Anaerobic Conditions —«+++* TAO Lan-lan, XIANG Yu-ping, WANG Ding-yong, et al. (4389 )
Distribution Characteristics of Antibiotic Resistance Genes in Vegetable Soils in Befjing «+++seseeseevssserensennienenenninnensinenens ZHANG Lan-he, WANG Jia-jia, HA Xue-jiao, et al. (4395)
Distribution Characteristics of Antibiotic Resistance Genes in Sika Deer Famm —+veeeerssssssrsessnsnsnisniminmiin HUANG Fu-yi, AN Xin-li, CHEN Qing-lin, et al. (4402 )

Comparation of Toxic Effect of Silicious Mineral Dusts on Lung Epithelial A549 Cells
Fffect of Adding Compound Adsorbent on Phenanthrene and Cr( VI) Absorption by Lou Soil -

HUO Ting-ting, DONG Fa-qin, DENG Jian-jun, et al. (4410 )
+ LI Wen-bin, MENG Zhao-fu, WU Qiong, et al. (4419)

Effect of Biochar on Adsorption Behavior of Nonylphenol onto Loess Soil in Northwest China ++«+«+sxeseserssersesssmseneneneniencneennes ZHANG Zhen-guo, JIANG Yu-feng, MU Zhong-feng, et al. (4428 )
Soil Respiration in Response to Different Ridge/Furrow Ratios and Its Relationship with Soil Moisture and Temperature Under Ridge-Furrow Planting Patterns = «+«+xeseesserseeeesenenssnenenennes
............................................................................................................................................................ WANG Chang-jiang, SHI Cheng-xiao, FENG Fan, et al. (4437)

Effects of Straw in Combination with Reducing Fertilization Rate on Soil Nutrients and Enzyme Activity in the Paddy-Vegetable Rotation Soils «+++++- HUANG Rong, GAO Ming, WAN Yi-lin, et al. (4446 )



(MEFRZFENFE 6 RmBEE

£ & BA
BIES: B RE BN

=
A

AN
=

%OE. (REREEHT)
3 \ uy -
TEVL EAR EUE EZZE HON B OoE LEE
= 2y Y7 3k =
FOKE KEE N s w0 RS ARE
RHEA B 2R R ORI Bk E W &
W ¥ N N V=3
WO B R W N W W B
-
w o a3 ENVIRONMENTAL SCIENCE
( HUANJING KEXUE) (Monthly Started in 1976)
(HH 1976 4E8 HAIH)
20164E11 H1SH %373% 114 Vol.37 No.11 Nov. 15, 2016
F & TEPER Superintended by Chinese Academy of Sciences
* i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e B (UBHEENFE) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
WOk o 2% IR OB 2% R Protection
* B OB School of Environment, Tsinghua University
. BAREAE) G E RS E:ll:::;-in o b ilI;IAEd"Itinic?iB d of Envi tal Sci (HUANJING
L0l 2871 {2548 ( T D DL B y e Editorial Board of Environmental Science >
18 5, R4 : 100085 ) KEXUE) _
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1§E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn Fi-mail : hjlx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn hitp . //swww. hjkx. ac. cn
H KR 44 3 " & m Published by Science Press
LBt 5 Mo AR AL i 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
BN R 23T dvsdbAkenil)— Printed by Beijing Bei Lin Printing House
% 1T 4% 4 & K i Distributed by Science Press
FE 35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT 1 & 2ELHARER)S Domestic All Local Post Offices in China
EShE&IT  HE EPRE A S E R RA T Foreign China International Book Trading Corporation ( Guoji
(b5t 399 f54) Shudian) ,P. 0. Box 399, Beijing 100044 , China
—erim  ISSN  0250-3301 s b O
nEHS ——————— X
RERETS: 1805 x EREZ RS 2-821
B A E fir:120.00 T ESEZITRS: M 205

BRSNS FET



	前
	页面提取自－环境科学2016年1-12期封面
	页面提取自－hjkx1611




