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Abstract: Drug production consumes a large amount of raw materials and is recognized as a “ high-pollution, high-energy-
consumption” industry. In consideration of the small amount of emission inventory research in the pharmaceutical industry, firstly,
based on the actual monitoring data and production information of typical antibiotic enterprises, the emission factors of various volatile
organic compounds (VOCs) were determined using the field measurement method. Then, combined with the activity level information
of antibiotics from A to G plant in the same park, the emission factor method was used to calculate and obtain the emissions of each
plant, and an emission list was established. Uncertainty analysis of the list was carried out using the Monte Carlo method. Finally, the
CALPUFF model was used to simulate the environmental impact range of the A-G plants in spring, summer, autumn, and winter. The
results showed that the total VOCs emission factor in the production of antibiotic enterprises was 6 655. 61 g+t~ , and the crystallization
process emission factor was the largest, at 3603.476 g-t™'. The A to G plants produce 6655.610, 7454.283, 998.342,
11 980. 098, 4 492. 537, 42 462.792, and 18 302. 928 kg, respectively, of VOCs each year for the production of antibiotics, and the
four substances with the largest emissions are butyl acetate, n-butanol, n-hexane, and acetone, respectively. Through the verification
of the Monte Carlo model for plant A, it was found that the emissions of plant A basically presented as a lognormal distribution, and the
uncertainty of 95% confidence interval was ( - 60.62% , 131.78% ), which was within the acceptable range. Through CALPUFF
simulation, the diffusion direction and range of VOCs were found to be different in each season, and an aggregation phenomenon occurs
in summer.

Key words ; emission inventory; emission factor( EF) ; antibiotic enterprise; uncertainty; impact range simulation
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VOCs FES R SUMMA R AE- = 2% ¥ B Tk
5-SMOE/ TRRE (GC/MS) A3kt HEAT R AL AN
Ay 0 5G HE £5 G () SUMMA R (Pl B JE 28 B
B (b)) B BRA AR LAY Resetk TO-Can %5 S
DSRAEERE) | RAESIRG FEFE LR FREES , 10 5% R AR
W5 | SRREHb 5 R A]. AR R 4 S5 ] S 06 %
HEAT 43T B SUMMA SR AL A FE S HEAT =904 B
T4 f5 , H GC/MS Ko kE i, BRI 45 T ™= A4
TS YR A S B T A Ry i i G Rl 22 AU
ey A BRA R A 7= B A TT24- 7 GCMS 2 7E4L
XA BIF AT 48 5 R DY AT AL
1.2 HEOH i i

B UL HE O B g Ok R 4 R A iR
WD T5E | T5 e g A e | AR Iz vk A i A

TR o WA 4 S B T B AR Y
YU A A OCTE R G BN S AR A B A [ 1
JIr s SECEAT MR 25 S0k HERCR -1k BOAR AR E A
HHER A 25 St KRB R AR PR |
Iz PRE R DR AR AT e 2435 FHHE I ik
gl HERCE B, A SGEBUN LA SUAE R Sk ry ™
i A T A KA T A AR, X 1 ZyiER
A (SE) T G ) BEFTORAE, DL B KR
BITHEE & VOCs Y i HEE 55 R 5 456
BT IESIKCE S R HECR T A5 5
BT HE R, SRR B XA AROT RO R
AR W) AR
L2.1 HEs R

HERC A F- ( emission factor, EF) | 5 $L7I T /5 A=



5252 2D b2

B 40 %

PRGAETR A AL i (B S5 ) B 2R 1Y
15 YL ) 228 2R i ¥ PRt ) Rl U 198 Bk A% et B R 283 ik
BHHEHEE RS RS R . AR S %
HA ATl A HER A g R EE AR R 4
v HERCA T A () R
c; x Q; x 107
EF, = + (1)
X EF N WAE j TP IHEUN gt 50, 00
PIRTE j TP W HEROR B, mg-m 5 Q, bR HEIRAS
T 7 TRMHERE, m-h~' B R B i ] 19 7= g,
t-h ' AR HLSBORE WL 1.
1.2.2  ESIAKCEIHE
T S KR8 AE— 2 I (R Y L P DR A 5 i
X HRIUR S5 44 (AW 48 VOCs) HEL
OB A P B BTG sh i . P=HE B = P/t, = bk
R /AR fR] . A S AORE DL 1.
#1 BUERMNERES

Table 1 Parameter name and value information table

BRI BRATR 1T A
0 G5 TS A o | WK
QG R 6000/ ) / fr
Ae ATk 1500047/ g7 ¥ pe!
Qe TeRE LR HEROR I 120000 |/ m¥h st
G (SR Fik Z i y d
b Etmesn Pl 0)
g b/ AT o) [ Fn
| Py TAR PR R 1000 1
L aPF By AR 1120 ==
Py CT HUERMAE 150 t
P, DITHUERMEE 1800 t
Py B YU EME 675 ¢
Pg  FJ HUAERNE R 6380 t

1.2.3  HEEAE Ik
AR AR I A (2) R

E, = AxtxEF, x |1 —(%)]x10'3 (2)

XA E N i WIRAE j LR MAEHECE ke s A i 2)
IR st R st ) 8 o — AN A8 &, ARG ¢ A i
], 467 920 hit; EF, N HECHE F, g+t 7' s ER S H I
R % . AR ZE VOC YA TR it A B 1 45
PEFEATRAE, MR IR BERT R AR, B ER LKA T %
JE. AN B BEETR A, S0 0 SR TG e
1.3 SERRREE T

il E— R4 A B Al VOCs HEJ G 5, A% %
FEIL BBt A Z 25470l VOCs B HERL JE A1 0L,
AP 1200 40 75 e T 2A 501 L R 5 B o o S TR IR FR X
Sk, 1T AT DA Rk i 2541k vOCs 1 HERL. 4%

T 5 G il il F2 P, 2 AT sk e b A7 A W R 25 |
BEALIR 2 | BB = LA BRI R MR LR
WE R 2 R TR B AT AN v

X B N S PRI, A4 B E AT B
R R T DA AN 5 M R AL 3 TR o 28 ARBTESE
HEH Crystal Ball Ak 354 T Monte Carlo ZU{E A ,
B T A B2 I A BT 25 40 A, B T35 30
IR LA IR T Al G B A R
R +30% 5 HERH R A AT it ST
MV G e | HESUR L PR RE SRR BRI RN
T, B AT RN 2R ARG ERE, AR
IS EOT AR TR EHZ S HE RO ST 4 K A HOR
A Bk £80% .
1.4 FREERZMAE I A B

CALPUFF A7 A] F e A5 48375 Y Y MTL o K )
JUT TR B B> AL AR AL T
XN A~ BHAER] MFRTE, ﬁﬁlﬂﬂiﬂﬂ i
14,70 R AR L R
B . PR H R B0 6 £ L ABPUFR
BRI R A £ F TREWOCs & B IS, Jf 20 47
VOCs 1AL, & AL

o CALPUFE HUR (i Hodit LAk HRE045 457 T
puie O h TR | R PR s %
BRI B s RSB B Hoh | TR B
- b A S SR AR AR [ AR b T 4 BHR fi
2015 - ul &5k 53697 B EELIR A &5k 53693
(Rt TS G 5 , b T R A4 7 T, 43 1k —
4365 d BEK 24 h BUXUE], KU =i, TEKIR
FECC) | AHAHREE (% ) . =R BE ( km) AR
SR (hPa) 5 28 R BAE M 2015 4F I HFm as <
SRAE, = BREAE 5 T, 4y BN —4F 365 d 1K
08:00 F120:00 f<JE (hPa) | BSHLEE (m) | iR
(°C) . BEAREE(C) ., WM. CALPUFF 4
PR 1 VOC HERCHE A 54 1A HE R
Bk LAAEHE RS ]

2 GRS

2.1 HESE KA RS VOCs e BE K-S 240 7 E

P W 2 SR T R T R R R R R K
ZE5M CO,, VOCs e BRI, PRt Al 152 1 T2 B G
VOCs HEC. HA T E 25 4ey) i (BUZY R &
A VOCs ¥ HERKTF 0. 05% B8 ) e % o b dn &
2 s, INHETAL, 4% T F 25 Y9 i3 R 4R
TESANIE T EE, Kok — iy ioe b Z b A 7
U el RS Ao i I T E I E e 1 ) By e e 8
4% 60 Flt VOCs, &K Ry Z R T iR FE T B e S A R



12 3

P . A Al VOCs HERCTH 5 K5 e FELA 4

5253

Y i #rp 5254 0, NO, . -OHFIHOE K
A8 Rk RN e i K LA A O R, 100 2
Fh =55y, 18 AR % A7 T)F VOCs #)
BREREH 73 A LA 7 KK, RN EFR . bk
AR Ml B | RS AITR .

Eaf e E T

ETRE
39.29%

v Fz-2- Iﬁ
Lis%  3-EEREL
007% |

ZBRTH YR )
58.36% i

IETH
32.42%

ZW TN i
L 6491% 0.48%

TR
ZET R -
y 39.25% 0?;‘;"3,{, l-—HE 2

0.10%

0.07%

ﬁiﬂ?;fjih
p L2224 g
2kt

0.05%

ETHE O
59.80% 0.24%

2 SIFEESRMRESL
Fig. 2 Ratio of major pollutants in each process

2.2 VOCs HEjik N+ K HE il i

MR (1) AT 4% TR R R A VOCs ¥ 5
(HER 7, TR B0 W2 2. ] A AN B
KA T 2RBER VOCs HE A F (Pt ZRIT, T
[F]) 416 655. 61 g-t~', 45 T.J¥ VOCs HEil A F MK
MR I 45 f TP > T TP > 45 8 RHEX
b X R B B 4 B 3 603,476, 1.853.215 Al
1198.919 g-t ™' #&APUAERA =i b, 49 5l
KFFRE ., bk, )R, ke B 2 BR
B HE R 7 4 W) A 28.871, 79.821, 17.607
7.510, 2732.437 , 37.280 H13752.084 g+t~ mHE
LR F 16 655. 6 g-t ', Hir BRI G 2R T R AN
FEe iy OE T BEHE AR - B OR, 435 3 748. 388
got ' HI2732.437 oot HARFIIFHRIE | eks
PRI | s Ha TR A v 3R] i K ) 0 I 3 i) s Y

K2 HBIEVOCs YRMHEME T /gt !

Table 2 Emission factors of VOCs in each process/g-t ™!

Gy fEER TRIF 4

HFEE 10.316 8. 040 10.515  28.871
FS 0.075 0.432 0.471  0.978
LIPS 6. 801 4.826 4.463  16.090
K- 0. 054 0. 000 0.000  0.054
i) - Ff 2 1.189 0.874 1.901  3.964
4B- 2K 0. 867 1.128 2.316 4.311
Vv S 0.714 0. 164 1.339 2.218
LGP 0. 189 0.173 0.000  0.362
S 0. 092 0. 035 0.026  0.153
1,3, 5-=H% 0. 300 0.373 0.000  0.673
1,2,4-=H% 0.035 0.035 0.000  0.069
72.032 3.672 4.117  79.821
[Esd 0.249 0.083 0.346  0.677
ETHE 0. 494 0.674 0.791 1. 959
Sk 0. 089 0.378 0.095  0.562
EE 0.012  0.000 _ 0.000 0.012
22T [(10.046  0.000 026 0.262
23-THUETE: | 0.000  0.270%.5 00134 0.283
2-@%@&%‘%—-" 04418 0. 548 0. 592 1.558
wke g L0067 0197 04829 | 1093
s ) 3456 0.207 | 40.000 3663
Feg e L 6750 0.8 Lp0.562 (67175
WOESRGE o ¢ 070580 0.088 0.0091 | 0.154
sicke/ T Jodn o000 0.000 ez
2-MIECHE | ) 0.000  0.026 [ 0000, 07026
2,347 %%Bc}s% 10706 0.076  “F0,173 " 0,955
e | 0.121 0. 059 0.492 57 0. 672
$%_¥ﬁfﬂi}%‘¢ 0.002 0. 009 0.000  0.011
2-H S Pkt 0. 161 0. 062 0.000  0.223
3-H g 0. 000 0.162 0.000  0.162
EEAWS 2.070 8.434 7.102  17.607
TR A 0.104 0.276 0.518  0.899
} ;;%?i 0. 194 0. 403 0. 829 1. 426
S b 0.134 0.268 0.458  0.859
AN 0.107 0. 209 0.117  0.433
ALK 0. 000 0.021 0.000  0.021
— G = 0.035 0.263 0.376  0.673
1,1- 5 0.058 0.361 0.164  0.583
o T Ay v 0. 000 0. 048 0.000  0.048
RN 0.165 0.781 0. 605 1.551
AT 0.115 4.330 0. 665 5.111
O e Y 0. 005 0. 000 0.000  0.005
1,1,1-=5ht 0.010 0. 000 0.000  0.010
1,2- 25Ok 0.023 0.052 0.989  1.064
Py LAk 0.041 0. 085 0.000  0.126
1,2- 5% 0. 069 0. 463 0.752 1.284
1,1,2,2-0U& 2% 0.112 0.335 0.743 1. 190
TEHE 0.257 0.295 0.747  1.300
=R 0.010 0.107 0.000  0.118
Wi-1,2-—FZH%  0.000 0.026 0.099  0.125
- 1,3- Wi 0.423 0.111 0.000  0.533
-1,3- A 0.210 0. 000 0.039  0.249
3.038 2.589 1.884  7.510
KN 0. 141 0.026 0.000  0.166
BEa 0.253 0.156 0.311 0.720




5254 7 S - 40 %
gk 2 25 B R HE R A1 TP HERCN AR 22 A 2
i G SER FRTE A FEEAE 3 A TIFIHEIN FRA LR Z.

-2-THs 1.261 0. 871 0.298 2.430 . T w S = TR
T 0.247 0. 404 0.389 1. 040 .
M- 2- T 4 0.226 0. 358 0.592 1.175 -
e 0.104 0. 181 0. 168 0. 454 o
o . Bl
- 2- % d 0.115 0.181 0.125 0. 422 )
o 0. 000 0. 368 0. 000 0. 368 e
1,3-T 4% 0. 691 0. 043 0. 000 0.734 ik
HES 1164.554  467.618 1100.265 2732.437 LES
ETE 1164.554  467.618 1100.265 2732.437 LES
[iTES 17.259 13. 636 6. 385 37.280 0 20 40 b 60 80 100
TR 17.259  13.636 6.385  37.280
Pig s 2334.205  694.931  722.948 3752.084 B3 &IFTE VOCs fkHEMEF &L
LR L Tig 2.544 0.314 0. 838 3. 696 Fig. 3 Ratio of emission factors of different VOCs in each process
W T T 2331.662 694.616  722.110 3748.388
% T J¥ EF 3603.476 1198.919 1853.215 6655.61 R (2) , BT3RS B HER R 5 B A A

CVIECKE, AR, -

2-T 4 FIA .

H13% 2 {5 R4 TR AR VOCs R HER A

T PRI 3. PSS BRSOk R R HE TR
R F e T 35 45 5 Ty, ﬁﬁ,u\ﬁtﬁﬂzl%ﬂﬁ
62.21% . 46.30% , 40.45% Fil 90 249% @%*E’ﬂ*

~G T ARG S A B 15 3 [F] — TJkIEV\] A
~GJ T EE voes% ﬁlfﬁﬁlg,ﬁjr‘%‘a AT
HI,A.B.[C.D.E, F%ncftiifﬁf#i%/‘ﬁ
7= A VGCS 6655, 610, 7454.283 #998.342,
11 980. 0_98f 4 482 537. 42 462' 792/

18 302. 928 kg,,\EPﬁFﬁi i e R i 4 ﬁrf%ﬁ/ﬁw\
KL PR E T mamumn

HE_Tr%%nﬂ%Tr%ﬁtml%ﬁemﬁrg m..-‘- A1)

af""'~F T EE VOCs %Eiﬂ’]ﬁﬁﬁis/kg ]

Tab}eS Emls@ajf;l_s of major VOCs from, A toﬁ plant/kg h

j 3 d -

@

Ak AT 'EF J Bn D BT I
e . 16.09% &8 021 2.414 28. 962 10.861 . 102. 656 44.248
: Hftﬁ * 4 T oose o0l a0 0.097 0.037 0.345 0. 149
e g 3.964 4440 T 0.595 7.135 2.676 25.291 10. 901
L% 2.218 2.484 0.333 3.992 1.497 14. 148 6. 098
i TH 1.959 2.194 0.294 3.526 1.322 12. 496 5.386
3- L A 3.663 4.103 0.550 6.594 2.473 23.372 10. 074
ECE 67.175 75.236 10.076 120.915 45.343 428.576 184.731
XA 1.551 1.737 0.233 2.791 1.047 9.893 4.264
AR b 5.111 5.724 0.767 9.200 3.450 32. 607 14. 055
1,2- R 1.064 1.192 0. 160 1.915 0.718 6.789 2.926
JZ-2-THs 2.430 2.722 0.365 4.375 1.641 15. 506 6. 684
IET 2732.437 3.060. 330 409. 866 4918.387 1.844. 395 17 432. 949 7514.202
P 37.280 41.753 5.592 67. 104 25. 164 237. 846 102. 520
ZRRZ 3.696 4.140 0.554 6.653 2.495 23.582 10. 165
TG 3748.388 4198.194 562.258 6747. 098 2530.162  23914.713  10308.066
Hoplo 5 28.530 31.954 4.280 51.354 19.258 182. 022 78.458
B VOCs 6 655. 610 7454.283 998. 342 11 980. 098 4492.537  42462.792  18302.928
2.3 AHAEPES 7035. 53 kg, FLHIRIE 6178. 76 kg Wi, 45 s, HE

VEE A ) HECR AR 1.3 W R AOAREE T
J7% iz FH Crystal Ball 47 Monta Carlo F4U T3 A5
LYK H 43 51 10000, 50 000 A1 100 000, >4 ik F|
100 000K A 25 SR A Al L AT E , A4S AL UL IE] 4
figd. WE4A[FEH AT VOCs HERCERIEA X1 4L
IER . S E A VOCs HE i &S 2 N

TR TR A T VOCs HECR 95% By 815 X ]
S (2770.58, 16 307. 04 ) , ASHfy 52 MM ( —60. 62%
131.78% ), 90% (% & {5 X [\ A (3219.24,
13579.54) , AHfETER ( -54.24% ,93.01% ).
2.4 CALPUFF BRI &5

R4 CALPUFF BERIBLHIEE R mT & th 15 449



29°00" 29725 29°50"  29°75"  30°00° 30°25'° 30°50'E 297000 29725 29°50"  29°75"  30°00° 30°25" 30°50'E

(L HE R BY B B, B pgom 3
5 CALPUFF {REURHIRE &R

Fig. 5 Simulation concentration results using the CALPUFF model

12 11 s, Fid Bl VOCs HERTHY 2 K5 i Bl 40 5255
~ 1300
~ 1200
- 1100
0.01 — 1000
\ — 900
— 1’2‘16‘ Hﬁﬂ:ﬁ -1 g00
g — T HE 200 g
7.5% = 16 307.04) -1 600
/ 05% — 13 579.54 A 500
= 703553
/ =6 178.7 - 400
1 300
/[{2.3%=277758 1 200
— 100
0 71y | I L I | v'.1@\”.‘\"'1“‘ 0
2000 4000 6000 8 000 10 000 12 000 14000 16 000
E AR R kg
P P 2 SR EAE BE SF T 5 IR E A B R X R R T A T
B4 ARMEZRT VOCs BHIMERHEEEMLER
Fig. 4 Simulation results of uncertainty in total emissions of VOCs in antibiotic enterprises .
%4 Monta Carlo ;‘%a’%?%ﬁ‘]i%iziﬁ%}iﬁ%%ﬁttr . if'""".;. .-H
i 4
Table 4  Comparison of inventory uncertainty results obtainefd by Monta Caﬁlo method g |,.l’ -
Ll R kg ™ | .\ / \
EAE /% ':'?d‘:\‘ =k J,f/lﬁ /%
P b st 1| Rdoun Iy
95 7035.53 [ f f %tns. 76 2770.58 V F il 1'1267. 04 * _}gbq::..r{ 13178
h | ' ¥ f ’ X i = '
90 / [ 7035.53 | | 6178764 3219/24  © W 13579054 -54. 247293, 01
- 7 ' T W7l 7 5 & F r i —
J 42°17 42°17
" N N
42°15 42°15
B
W 42012 B 4212 f
) WA g™
42°10' 42010
6000.00
5000.00
42°07 42°07"
4000.00
4205 B il EY 3 4p705 WSS ALy : 3000.00
29°00°  29°25' 29°50'  29°75'  30°00' 30°25' 30°50'E 29°00° 29°25' 29°50°  29°75'  30°00° 30°25° 30°50'E
2000.00
42017 42017
N N 1500.00
42°15' 42°15 1000.00
| 500.00
o + o jr
42°12 42°12 200.00
100.00
42°10" 42°10
Lk
42°07 42°07
42°05' B 42005 B

BpANRE BER L B H YRS S AR, B Ak SRR B, T Qe RS A
1,47 F11 AVEORSLRH Bk B AR HAKRIY KU G, {59 1 4 BUE F e/ P 2k

J& f



5256 7D b2

B 40 &

KOy EKMEEIAET H, H6432 pg-m ;& FP 1
JEE B A, S B /N, S/ MECH BLZE 11 AL R
1524 pg-m ™. G55 EHE A0, IS RMY LS
WU S5 6. B (4 ) AT AR R, 15 ey 1) 74
A6y T BT B K TS e R AR 22 (7 A
KU B/, 75 et I SR AR IR 1 P ] 45
B P /L, B0 XGRS A
CALPUFF Z3Hr a] e o T 5 2 X A8/ IN ik L 1) 5 K
ZE(11 H) PU )RRV R RGZ G 5, 15 9% 4 [ Y ] 45
BIA P8 42 (1 1) EZORPEILR, 15 Y M AR
FA 7 04 B 00 95 3% K. CALPUFF 5 70 A 4] 45 o
e s fiR.

R A AR 285 SR mT A5 T S M I A 7 1) T
PR ST v B B KAE A4 743 pg-m ™, Fe /)
{E M1 723 Mg-m_’%,fﬁlsslzi/&]ﬁ%?EﬁﬂZ 884 ug-m_3,
SERR WG K 768.0 ~6 012, 8 pgem >, SZFR W IS
YIH M3 354.7 pg-m ™. ﬁ%ﬂiﬁlﬂ%d\?'i%ﬂﬁ?ﬂﬂ
{EL, 437 I A 7T Rl 2 B X P I A7 76 oAt VOCs HE ik
Al WA RS RN T 7 RPTE 4l A %
HE A5 Y Al X PR 2 SR L, DR G A
SN TSR VN

LA =
4 F g P &
A i {
3 -
f ¥

-

\ g.1>§eﬂa;$~zmuiz,ﬁ;%;ﬁ%sua’%%ﬁiwféﬁ
B VOCs 4k BeBE T (LB Hy T IR

6655061 @+t~ 45 TR VOCs HEi R,
H3603. 476 g-t s AW, FEE P 2 8 T R A
s rf (9 0 T B HE R F K, 43 il R 3 748. 388
g+t 12 732.437 gt

(2) FHHERCN Pk 153 A ~ G T B4R =ik
R0 9 7" 4 6655.610, 7454.283, 998.342
11 980. 098 . 4 492. 537 , 42 462. 792118 302. 928 kg
VOCs, HrrHE i e R R 4 FP KR o 1R T
P . IE T EE, IE e AN PR

() Fi Z A= B VOC Wi 5(H 4 %
RATGHY) 4 5% (2018 4F) ) hILH Y LA 2 Fi,
R A A = S e

(4)A HTAEZET VOCs HEBUE ¥ 95% A5 X (7]
HIAHRENE N ( -60.62% ,131.78% ) ,90% &5 X
6] B AT S PR R (= 54.24% ,93.01% ) , &b T 7] 43
Z Y.

(5) i3 CALPUFF B4LLA] 1, 45 2= 95 VOCs §”
B VR BOE B AN A, 2 2 3 e o R
LML, 454 CALPUFF 237 ol 2 i T 5 2 XUk
BN L.

Bt AR L RAE TAE i db A BHE R

B TR U e R, TR s 2R

S0k

[ 1] van Berlo D, Albrecht C, Knaapen A M, et al. Comparative
evaluation of the effects of short-term inhalation exposure to diesel
engine exhaust on rat lung and Brain [ J ]. Archives of
Toxicology, 2010, 84(7) : 553-562.

[2] LuQ, Zheng J Y, Ye S Q, et al. Emission trends and source
characteristics of SO, , NO_, PM,; and VOCs in the Pearl River
Delta region from 2000 to 2009 [ J ]. Atmospheric Environment,
2013, 76 11-20.

[ 3] Derwent R G, Jenkin M E, Passant N R, et al. Reactivity-based
strategies for photochemical ozone control in Europe [ J].
Environmental Science & Policy, 2007, 10(5) . 445-453.

[ 4] Piccot SD, Watson J J, Jones ] W. A global inventory of volatile
organic compound emissions from anthropogenic sources [ J ].
Journal of Geophysical Research, 1992, 97(D9) . 9897-9912.

[ 5] Ohara T, Akimoto H, Kurokawa J, et al. An Asian emission
inventory of anthropogenic emission sources for the period 1980-
2020 [ J]. Atmospheric Chemistry and VPh}'/si(‘,'é‘.]jiscussinns,
2007, 7(3) : 6843+ 6902. " F

[6] Slreets' D G, Bond TjC, Carmichael G R,,et'-a_’l‘_.".An_.invemory of
gaseous and primary aerosol emissions in As].a' in .}hg Jyear 2000
[J] ml Journal of Gdlophysical Research .,._.--'200%;.-,'"' 108..( D21):
8809. L ‘ < &

(7] BN, ERSae, MR, %5 Fe B CKHIBSER MR DL R
REHHEICT B LT BREERL Y, 2017, 38(3) . 8452854
Lia"T'nllg'S( M--, Zhar}g J N, Chen X F, et.al. Re:{cti\?ityﬂﬁlilsed
anthropogenic | VOCs ‘emission inventory in~ China [—r"f 1.
Bivigfimental Sciene, 2017, 38(3) ; 8454854,

[ 8] @&, BiAL, W, S5 A< = i DX ORI T B 8% 5h
PUBCR 5 B s 5[], BEFRL, 2017, 38(7):
2738-2746. “

Lu J, Huang C, Hu Q Y, et al. Air pollutant emission inventory
of non-road machineries in typical cities in eastern China[ J].
Environmental Science, 2017, 38(7) : 2738-2746.

[9] OulJM, Zheng J Y, Li R R, et al. Speciated OVOC and VOC
emission inventories and their implications for reactivity-based
ozone control strategy in the Pearl River Delta region, ChinalJ].
Science of the Total Environment, 2015, 530-531 . 393-402.

[10] Wang Q L, Li S J, Dong M L, et al. VOCs emission
characteristics and priority control analysis based on VOCs
emission inventories and ozone formation potentials in Zhoushan
[J]. Atmospheric Environment, 2018, 182, 234-241.

(1] ERE, 2k IPEE AR VOCs HEBO B R R R AR
JRTTHR[J]. FBERL, 2016, 37(11) ; 4086-4093.

Yan Y L, Peng L. Emission inventory of anthropogenic VOCs
and its contribution to ozone formation in Shanxi Province[ ] ].
Environmental Science, 2016, 37(11) ; 4086-4093.

[12] EEAE, X, &EKH. TIRE A RIR VOCs HERHE 8 & I
Xt B TR )], BREERLE, 2018, 39(2) : 592-599.
Xia S J, Liu Q, Zhao Q Y.

anthropogenically sourced VOCs and its contribution to ozone

Emission inventory of

formation in Jiangsu Province [ J ]. Environmental Science,
2018, 39(2) : 592-599.

[13] 99, B, S50, 55, BUM T T VOCs HEROHE B 5 HEi
FRAE[T]. BREERI2Y:, 2018, 39(2) ; 533-542.
Lu B, Huang C, Lu Q, et al. Emission inventory and pollution
characteristics of industrial VOCs in Hangzhou, China [ J].
Environmental Science, 2018, 39(2) : 533-542.

[14] BESE, WIEE, 20000, &5, duaussli @l oo GEM X)) i



i

" 207

[,21._1

X'Jﬂ Aﬁiﬁ&ﬁi&{é IR L Kﬁm%ﬁ#ﬂ(%

12 14 Vv . BrA R Ak VOCs HECTE B M3 R A 40 5257
Ui VOCs HEMIT L) ]. FR5ERkEE, 2018, 39(2) : 618-625. [D]. dbT: A EE ke (dEst) , 2016.
Huang Y H, Hu W, Li B B, et al. VOCs emission inventory of [22] W0, W, 2R, % th/NEAE RS NO, HEBH +
service stations in a subcenter (Tongzhou District) of the city of H‘Jﬁﬁﬁ[]] IEERFAAEST, 2009, 22(11) : 1263-1268.
Beijing [ J ]. Environmental Science, 2018, 39 (2). 618- Yao Z M, Teng Y, Li J, et al. NO_ emission factors from
625. medium and small layer burning boilers firing soft coal [ J].
[15] XBFEE, @EY, TRE, 5. LR d Sk vocs Hijik Research of Environmental Sciences, 2009, 22 (11): 1263-
TR ATk MO HI[T]. BREERLEE, 2018, 39(10): 1268.
4408-4413. [23]  #hyiizs, ASE#, HEM, 5. j(w(? W HETCIR T B AT
Deng Z Y, Gao M P, Wang Q W, et al. Research and SEMERES T REMGT[T]. FIER2AP5T, 2007,
application of the technical method for the compilation of VOCs 20(4): 15-20.
emission inventories from architectural coatings in Beijing[J]. Zhong L J, Zheng J Y, Louie P, et al. Quantitative uncertainty
Environmental Science, 2018, 39(10) ; 4408-4413. analysis in air pollutant emission inventories: methodology and
[16] Belr, BRaEL ) FEKIR, 25, FUEsiib XAl is 9 case study[ J]. Research of Environmental Sciences, 2007, 20
HERCWS B B PM, BB [)]. BREERL2E, 2018, 39(4): (4): 15-20.
1445-1454. [24] #R8, T4, MEW. PEAIR VOC HERTE S E 1
Duan W J, Lang J L, Cheng S Y, et al. Air pollutant emission MR 1], BEERl, 2011, 32(2) : 305-312.
inventory from iron and steel industry in the Beijing-Tianjin- Wei W, Wang S X, Hao ] M. Uncertainty analysis of emission
Hebei region and its impact on PM,s [ J]. Environmental inventory for volatile organic compounds from anthropogenic
Science, 2018, 39(4) ; 1445-1454. sources in China[ J]. Environmental Science, 291,1, 32(2):
[17] fAide, AR, S8k, 45 SUHBEH ATl G B 43 40 305-312. . " ol
FHROE IR [T]. hEFER, 2015, 35(8): [25] NS S/NED, R, % ARG IRR W&Mﬁﬁ?ﬁﬁﬁ
2554-2560. : R ESERF T[T ] IRERE AR 2018 3876) : 2167-
Bo X, Zhao C L, Wu T, et al. Emission inven}hqg'-with high 2178, i~ —
temporal and spatial resolution of steel industry in’-the Beijing- Blan'Y H Fan' X k Li C, et al. A” %P(’t?f ha%ed emission
Tianjin-Hebei Region[ J]. China Endlmnmenlal bcwnce 2015, mventory andfs “uncertainty from non-road miobile _machi‘nery in
35(8) : 2554-2560. — Guangdong Provi ce, Chlna[]} Acta Scientiae Cirgumstantiae ,
(184 TE, %iﬂ?, BEIRIE, S Jhaﬁi%ﬁ ikﬁcmﬁ,iig%ﬁls 2018, 38(6): 2167- 2113 A
y 3 ﬁk{ﬁ$ﬁﬁ9ﬁ [AJ. BL: 2013 ﬂlﬂlﬂfﬁﬂ#%ﬁ'&aﬁizm [26] 1%%% Bzﬁiijz Bk % CALPUFE. N Vﬁﬂ%’”ﬂ;ﬂjﬁ
L RCBEB)[C). B R EB RS L 2013 SRR pMIET, 2018, 46(3) ; 20-22.
[19] %ﬂi&:ﬁ?}j‘é% AR w%fﬁﬁff[M] (ﬁ%m Yang X, Duan ic L, Zhang J J, el al Resedreh and
A Hﬁ) Jumt . R EEFREIRL S 2003/ .J ] appl‘catlon of CALPUFE atmospheric diffusion mé’éﬂe] [J1]
%ﬁ T B I VOCs ﬁkﬁkﬁﬁ'&ﬁikﬁmfch 6%“19? Guangzhou Chemical Industry, 2018, 46(3) ; 20-22.
u ¥ Ib]. gﬁ;« ﬁmﬁ%—f’“ﬂ&ka 2018, i [27] ALHEW]. AERMOD 1 CALPUFF 4% Fi1 T 5 i Hl X 28 05 e

BEBCR A% EUAFFE] D], WeRa . INARIME RS, 2013.



HUANJING KEXUE Vol.40  No.

12

Environmental Science (monthly) Dec. 15, 2019

CONTENTS

Concentration Characteristics and Assessment of Model-Predicted Results of PM, 5 in the Beijing-Tianjin-Hebei Region in Autumn and Winter «:seeseseesesreesiensnmnniiins
............................................................................................................................................................... ZHU Yuan-yuan, GAO Yu-xiao, LIU Bing, et dl.
Chemical Composition Characteristics and Source Apportionment of PM, 5 During the Heating Period of 2016-2017 in the Eastern Part of the North China Plain ««+seeseeeererrenssrsenennenens
""""" ZHANG Yi-qin, WANG Jie, GAO Jian, et al.

Change in Characteristics of Pollution Gas and Water-soluble Tons at Different Development Stages of Haze «++vereeveeseereneesesiencneenns WANG Zhen-bin, LIU An-kang, LU Wen, et al.
Exposure Levels, Sources, and Health Risks of Heavy Metal Components of PM, 5 in Housewives in Rural Shanghai ««+«+seresseseeeseees LUO Ran-ran, DAI Hai-xia, ZHANG Yun-hui, et al.
Measuring the Condensable Particle Matter from a Stationary Source +-++st-eesessseresssnsssssnensnisniininn e JIANG Jing-kun, DENG Jian-guo, WANG Gang, et al.
Volatile Organic Compound Emission Characteristics of Furniture Manufacturing Enterprises and the Influence on the Atmospheric Environment ««+«+seeressererrseeressennesinneinecnnnnnes
++ ZHANG Jia-ni, ZENG Chun-ling, LIU Rui-yuan, et al.

VOCs Emission Inventory and Impact Range Simulation of Antibiotic Enterprises —+«+eresresesrerrsrsensnmeinncnnnnne e ZHU Tao, LU Yi-rong, BIAN Wen-jing, et al.
Effects of Vehicle Emissions on Heavy Metals and Polycyclic Aromatic Hydrocarbons Pollution in Road Dust in Xinxiang — +«toeeereereereeeseseene LI Qi-lu, WU Jin-tao, ZHANG Ying, et al.
Pollution Characteristics and Exposure Risk Assessment of Perfluoroalkyl Substances in Road Dust, Chengdu »«+«ssesseseereeesesnenens FANG Shu-hong, ZHU He-xiang, YE Zhi-xiang, et al.
Characteristics of Stable Isotopes and Analysis of Water Vapor Sources of Precipitation at the Northern Slope of the Qilian Mountains *+++* ZHANG Bai-juan, LI Zong-xing, WANG Yu, et al.
Occurrence Characteristics and Risk Assessment of Antibiotics in Source Water of the Nanjing Reach of the Yangtze River ««++-+-+ FENG Meng-juan, ZHANG Qin, SONG Ning-hui, et al.
Effects of Different Coagulants on Co-manganese Oxides Filter Media for Removing Ammonium and Manganese from Surface Water in Summer and Autumn w+veeoveereersenemesinnennenens
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" CHENG Li-jie, HUNAG Ting-lin, CHENG Ya, et al.
Disinfection By-products and the Relevant Health Risk in the Water Supply System in H City of Zhejiang Province -+ +=++= LIU Jun-ping, YU Jian-quan, LI Qing-song, et al.
Absorption and Fluorescence Spectra of Dissolved Organic Matter in Rivers of the Three Gorges Reservoir Area Under the Background of Urbanization «+++++s+-+- CHEN Zhao-yu, LI Si-yue
Characteristics of Chromophoric Dissolved Organic Matter (CDOM) in Natural Rivers of Western Sichuan Plateau +«+s+ereseerererssnnnnennen LIU Yan-yang, SUN Hui, LIU Chen, et al.
Characteristics of Nitrogen and Phosphorus Losses and Runoff in a Typical Purple Soil Watershed in the Three Gorges Reservoir Area «+«+«sesressessesssssienensiinininiininisinenee

CAO Rui-xia, LIU Jing, DENG Kai-kai, et al.

Responses of Riverine Phosphorus Exports to Land Use and Hydrological Regime in the Jiulong River Watershed - HUANG Ya-ling, TANG Li, HUANG Jin-liang, et al.
Effects of Land Use Types at Different Spatial Scales on Water Quality in Poyang Lake Wetland — «+reerererereeeremennesinneinnscnnes FANG Na, LIU Ling-ling, YOU Qing-hui, et al.
Environmental Significance of Phosphorus Fractions of Phytoplankton-and Macrophyte-Dominated Zones in Tathu Lake ««veseeereeeereeees GENG Xue, WEN Shuai-long, SUN Pei-rong, et al.
Spatial Distribution and Pollution Evaluation of Carbon, Nitrogen, and Phosphorus in Sediments of Zhushan Bay at Taihu Lake -++e+e+--: FANG Jia-qi, QI Chuang, ZHANG Xin-hou, et al.
Effect of Rainfall Intensity on the Content of Nitrogen and Phosphorus Components in Plateau Areas: A Case Study of the Fengyu River Watershed =~ «rvereereereerreenssiennesinncnnienens
- LI Xiao-hong, LEI Qiu-liang, ZHOU Jiao-gen, et al.

Water Purification Effect and Saline-alkali Tolerance Improvement Mechanism of Suaeda salsa in the Estuary Area «oeeoeeesesrereseesesienene WU Dan, SUN Ping, CHEN Guang-lin, et al.
Concentration-dependent Accumulation and Translocation of PFASs by Wetland Plant Alisma orientale »+++++:+++erseseeeseserenesiencnennens WANG Tuan-tuan, LI Bei-bei, WANG Sai, et al.
Occurrence of Denitrifying Dephosphatation in a Hybrid Constructed Wetland System and lts Stability =~ -++vereoveeeresreerenesisnnesnnencns LIU Bing, ZHENG Yu-ming, LI Qing-fei, et al.
Comparison of the Control of Sedimentary Phosphorus Release Using Zirconium-, Lanthanum-, and Lanthanum/Zirconium-Modified Zeolites as Sediment Amendments »++++:+++ssesseeresreresnenees
.................................................................................................................................................................. LIU Ting, ZHAO Yu-ying, LIN Jian-wei, et al.

Effect of Biochar Structure on Adsorption Characteristics of Ammonia Nitrogen ««+«-«+sssesesrersrresrerssensnns st CHEN Mei, WANG Fang, ZHANG De-li, et al.
Effect of Dissolved Oxygen on Partial Nitrification of Suspended and Attached Growth Systems — =«+sreresreesseenmssiennesinsnneseene WANG Si-yu, LIU Ling-jie, WANG Fen, et al.
Effects of Different Intermittent Aeration Strategies on the Start-up of SNAD Process «+++ RIS ++ LI Dong, LIU Zhi-cheng, XU Gui-da, et al.
Operational Performance and Microbiological Characteristics of an Iron-Salt Denitrification Reactor in Co-substrate Mode -«+:+seereeseeveeeseen WANG Ru, LIU Meng-yu, LIU Bing-yin, et al.
Effect of Step Aeration on a Municipal Sewage Aerobic Granular Sludge System — «ereeesresrersssssnesmneniniii e LI Dong, WEI Zi-qing, LAO Hui-mei, et al.
Improvement of the Dewaterability of Excess Activated Sludge with Mixed Yeasts by Degrading Extracellular Polymeric Substances «+++-+++++:++ YU Xin-yi, XIANG Jin-hao, LIU Ying, et al.
Influence of Land Use Change on Ecosystem Service Value Based on GEE in the Beijing-Tianjin-Hebei Region from 1998 to 2018 «+++-+-+-- LOU Pei-ging, FU Bo-lin, LIN Xing-chen, et al.
Assessment of Soil Quality in Coastal Tidal Flat Reclamation Areas Based on MDS-TOPSIS Model ++ XIE Xue-feng, PU Li-jie, ZHU Ming, et al.
Effect of Increasing Tidewater Inundation on Porewater Geochemistries and CO, and CH, Effluxes in the Tidal Freshwater Marshes of the Minjiang River Estuary, Southeast China ~ ++++++++++
LI Jing, HUANG Jia-fang, LUO Min, et al.

Methane Emission Characteristics and Its Influencing Factors over Aquaculture Ponds «+-veeeeveresesenensssnsinnennininneienns WANG Jiao, XIAO Wei, ZHANG Xiu-fang, et al.
Effect of Fertilization on Soil Respiration and Its Temperature Sensitivity in a Sorghum Field =~ +eeoveseereerersssmenemennininnen YAN Jun-xia, ZHANG Yuan, JIAO Xiao-yan
Land Safety Zoning Method in High-Selenium and High-Cadmium Areas «+-eeesseseereeseeesennens WANG Rui, HOU Wan-ling, LI Yu-tong, et al.
Remediation Effects of Different Composite Materials on Cadmium-Contaminated Farmland Soil = +++eeeorerereerseenennensinnsennenens CHEN Shu-lan, XU Chen-yang, GENG Zeng-chao, et al.
Hydrocalumite Passivation Effect and Mechanism on Heavy Metals in Different Cd-Contaminated Farmland Soils +«+s+esseseeereereresneneneneeee WU Qiu-mei, LIU Gang, WANG Hui-feng, et al.
Effects of Different Land Use Types on Microbial Community Diversity in the Shizishan Mining Area «+ereereresrseseresernesinscsnnenenens HUANG Jian, ZHU Xu-yan, LU Jin, et al.
Effects of Conversion of Forest to Arable Land on the Abundance and Structure of the cbbL-Harboring Bacterial Community in Albic Soil of the Hilly Region of Northeast China ««+:e+seeereeseee
........................................................................................................................................................................... WANG Rui, WU Xian, LI Gang, et al.
Thoughts on and Construction of a Risk Management and Control System for Contaminated Sites in the Guangdong-Hong Kong-Macao Greater Bay Area +«+-eteeerrereesenvsisnenennincnennenes
................................................................................................................................................... CHANG Chun-ying, DONG Min-gang, DENG Yi-tong, et dl.
Visualized Quantitative Research of Soil Pollution in the Guangdong-Hong Kong-Macao Greater Bay Area «+-+++++ seeeeeeeess ZHANG Ning, ZHANG Sheng, YANG Hai-chao, et al.
Characteristics and Environmental Impacts of Materials Stored in Municipal Solid Waste Landfills; A Case Study of the Guangdong-Hong Kong-Macao Greater Bay Area «+:+esverseeresseresnenees
............................................................................................................................................................ MA Shi-jun, ZHOU Chuan-bin, YANG Guang, e al.
Heavy Metal Contamination and Migration in Correspondence of an Electroplating Site on the Hilly Lands of the Guangdong-Hong Kong-Macau Greater Bay Area, China «+:+esvesreeresrereseenees

HOU Wen-juan, GONG Xing, ZHAN Ze-bo, et al.

............................................................................................................................................................ DENG Yi-rong, LU Hai-jian, DONG Min-gang, et dl.
Immobilization Impact of Goethite-Fulvic Acid Composites on Ph-Cd Contaminated Soil «++++xeseseereereseersssminsinnienenniinnnenenenne LIU Qian-jun, LI Xiang, ZHOU Yang-mei, et al.
Mobilization of Heavy Metals in a Soil-Plant System and Risk Assessment in the Dabaoshan Mine Area, Guangdong Province, China «+»+++ CHEN Jie-yi, LIU Guang-bo, CUI Jin-li, et al.
Calculation of the Soil Risk Control Value through a Hydrus-1D Model for Groundwater Protection ««+:«+s«ssssstssssssssssenseenesininnsnnicnensineniens LIN Ting, LUO Fei, ZHU Yan, et al.

H\DEX HUA]\JINC KEXUE CONTENTS 2019’\'01 40 ..................................................................................................................................................................



	1
	20191207
	2

