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Fig. 1 The main production process and sampling location of the enterprises
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Fig. 2 PAMs emission characteristics at different points of pharmaceutical enterprise A and B
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&1 A B~ @, AR RSLIES XK PAMS 5T 5 i SEEE 2%
Table 1 Products, raw and auxiliary materials, waste gas treatment methods and the proportion of the top five species of PAMS
in enterprise A and B

P bR BRI b PAMS I FE N SHIF X ﬁfmy
PAMs
PG (D-o- 34 ke (24.05%) . SB_H2(16.66%) . [
W) . B, 7- RTO Al P (15.79%), 2K(6.26%). MK  5.08
ADCA (7-823 %2 (5.30%)
KSR fbE .
WAL AE R ) SR HISE (24.03% ) B (22:46% )\ [
DHPG (D544 RTO A2 T (2125%) . 2K (926%) . 3-HIHE 403
Ham) . W Bk (3.15% )
ke (89.92% ). 2,2-—HIHET ke
QBGOSR Bl (1.96% )+ 13,5- =W (1.22%) . EETH 110
(0.73%.) . #2.0#0.73% )
e MR | T — kbt (79.82% ) . L#(3.10%) . 1,3,5-—H
O S L o e RS B2 R0 )\ R (152%) L 22 HOETRE 1
0 TR . AAZE R (1.46% )
N e (25.23% ) . X 2% (14.58%) | 1E
e YA 211 i
FFRLAAHR, X BS Tt (11.10%) . 1,24-=H 2 (6.40%). 0.69

= -
B A5 1,2,3-=H# (5.48% )

FCkE (87.26%) . 27 (1.95%) | 2,2-—
. ek ( %) « L (1.95%) H

SRR BB = KB f (1.73%) . IEThE (0.96%) . 1,3,5-= .
SENERE Ak B B — B+ — oKk B3 HThE ( /)m;g(?;;oﬁ) % ) 1.54

e (84.34% ) . 2,2-—HHT
B+ GRS B4 (2.90%) . M (1.42%) | [A)/%F 2 0.74
(1.38%) . IETHE (1.28%)

ke (21.65% ) « IETHE (14.62%) | IECkE
B6 (13.79%) . IE+=48 (12.67%) . IE+—¥ 1.73
(9.08% )

Faf ] LAk BEEF . KRR

EITR LR, T
e AT i

P SR SARUE AR FR RSB R s ST BRI Bl — 5
P, F RS bR

R2 A BEFTHDES KRR

Table 2 Table of bifurcation coefficients among component spectrums of enterprise A and B

j S e
TRE
A2 A3 A4 A5 A6 B1 B2 B3 B4 B5 B6
Al 0.5 0.5 0.7 0.6 0.7 0.6 0.7 0.7
A2 0.5 0.7 0.6 0.6 0.6 0.6 0.6
A3 0.3 0.7 0.6 0.7
A4 0.8 0.6 0.6
A5 0.7
B2 0.5
B3 0.5 04
B4 0.4 0.5 0.4 0.8
BS5 0.7 0.8 0.7 0.7 0.2

B7 0.8 0.8 0.8 0.8 0.7 0.7
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SRR S R B, TR A5 5 AR Al e i 2 IR W A 22 Bk . IR, 7R A Ml R ik
AR IR 78 5375 R R T 22 S MR AR B AR, LAk VOCs A 2H U HE 0 BE AR AL, AR A7 4121
PR AT IR X7 A A A Ml R A U

22 HIHITEE IR VOCs HE 2 S HEME F

WRIEAHLHRORE , 456 M HFE S E. B @ AT | A 5 AR =, e 2l A
AR s S AR AR T2 AR S A VOCs MR . HE R f S PR AT I E] A
X VOCs i i AT 5, WK (2).

Ermz = (Q; X ¢; X T; X 107) @)
K Epya I TEAALHW B VOC, HEME, ta's O N i DAL H B K&,
m*h's ¢, A A D HER VOC, R WK, mgm™s T 5 A AU H s AT
[, ha',

MG Tl T BB A2k . VOC, HECA AL 2 . XTI 4L 4045 #0719 HFC A9 7T 5 32 AR 4l
SCHR (291 H B9 THEE T 8, SRR S B i T S A b o L BVHRE R, — 35 A4 2 ol £9 8
i o HERGEBRVATE SR, AT AR S A . WAL (3).

EF =E;/Cx10° 3)
A EF J VOCHFN T, gkg's E Ml e VOC HFIE, ta's C A4 ™
o, ta'c MR 3P, AN EHRKE R
L17tat, HEOA T8 136 gkg ! Hp i T4 - ®3 SIAEI A BE VOC, 3T HIKE RAKET
M R 3, B A Y 80.34%; B AL Table 3 Sub-link VOCs emissions and emission factors of
SEHE R Y 30.83 tal, HERCH T 175 gkg pharmaceutical enterprise A and B

Loy y / N . SRR (ta S HET A kg
HEVOC HEME BRI THAR MR A EH gy 0 () SRR (ke )

T e R B SRR, 4 5 H 35.819% i R B G N
19.46%, B BEAK . T & kg m ke, WEREEK 00 287 0.05 0.15
RO, X RS N T R g AR 003 6 0.03 0.34
Mo AERPPRMOR O, S, ke REER 0 e e 0
GULVHE G A7 AT RORAE s 46 2k e g PRI 00 s 007 0.63
S O Y VOC, 1 TEAAL 0.94 5.49 1.09 0.31
IR, B B Aol B kg RAERE 1.56 - 0.09
B AL AT, g PR b7 s e 1w
YR R

RAYE AL B WY 2 Al i HE R T S A B 25 4T ok 2 A B s b Y T X HE R T R
1.56g'kg !, JHEFEE (430 gkg HPY Y 1/276; A ZHOU %5 BU (i fF 58 8 (550 grkg ™) #9 1/353; 4 SCHik
[32] HWFSEME (21.54 gt ') 19 /14, 3l bk 22 S 0 2 R U2 Al 0P A= 7= i R A HE O A T e & T
AR, FEIRT VOC, MHE#R .

2.3 FEIALIEIE MEXT PAMSs 28 43 8905 L 3 R
AR e A B 0 R SO TP T e 0 HE O S n] T H IR PAMSs YR BRI IR, K (4),
_ (G,~n - Goy OinCin = QourCout
n= G -~

1 =
in ) X 00% ( Qin Cin

) x 100% 4
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fHR 0 IR RS . AL A2 A HHE AR 5 KA PAMSs 4153430k 98 80 e A 4R — RS 4303
SHETC R 19 24.05% F1 24.03%. RTO % AS[E] PAMs 4 43 B Ab BRACR 45 w5 , Wi —E 2% 5,
ek 30 O e 2,2,4- = 1 BL e A A AR A S B fe b i OR L TRl SRR | 1,2,3- = TR
b FEACR I HE T 100%, 10 5 B ke 1,2,4-— F L2819 4b B (98.44%) HHX T 5 B IK. RTO Xf 4%
2% PAMSs A BRI 3 SRR ORI e . ke . beke . 5 E R, EHA A TR RTER P, W (
VU 25 Tk #5 & A LR B AR TE ) B Cluve8 Tolkiede . A e . B 25 w5470k
BEERWAY R ARG ) P95, RTO Z&Hl 2547k VOCs A BRI AR, Hyh FEAOR T ik
95% L I, X SRR RMTE
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H 2025 =
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i [ | w “ml| ||
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RIS S e ”C“ESS [} ST ] PAMSsfh %
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& < 4 R PAMSZH /3 L Bk Bk
o I3 o
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Fig. 3 VOCs type, VOCs concentration and removal efficiency before and after RTO treatment in enterprise A

il 25 4ol A 19UV Ol S 7K B it A BE AT R 9 PAMSs 2 73 ¥k B A A R Ak BSR4 IAT 4
A, ER R EEAE 0 B R B . UV G KB XA [ PAMSs 25 73 (9 2k 30 3 R B R A1 24
18 95.0% LA b, b BURRY L BR 3 R e Ak, O 94.28%, X IE A+ R i B BRSO e, HR R
100% . “UVIGSAK BT %28 PAMs Ab FRACR I m BURARUCOR e ke . D7/ ke ke, SR
PO TAR R T A

il 25 4 b B A Ve BE I I+ R e B AL BRET . S5 Y PAMSs 20 43k B 2 AL A BRACR AN 4] 5
Fron, BT EREEAE 0 0 BRI oR F1 M o <V BRI IR+ 1 3¢ W B X6 AN ] PAMSs 2H 73 F) Kb 3RS0 A 45
K255 X428 PAMs A BRI i BRAR YO B | Beke . 7l e . Mk X B 2Rl Tis ik
BeX 2245y VOC, BEATIIT I, 254y A sa PR/, 7 herb ik . WoR . WIS BE T
BORBI ALy, XD Y Al Ak PRACR B R B IR P il T ke A A S i 2517k PAMSs FiF
LR, DR P A R R R, AR B AR A

TE i 25 4l A, RTO X4 PAMs ¥ Fft (1) b B8 2 < Oy 98.44%~100%, PAMs Ak B 25 Oy
99.62%; 7K W ik +UV It % 7 XF 45 PAMSs ¥ Bl (1 4k 21 8% R 0 94.28%~100%, PAMs 4k B &% K 3y
99.26%. FEHI Al B, VR BEHIGE I+ 1k 2 IR B0 45 PAMSs #9114 BZSCR O 41.12%~100%,
PAMs 4b BIZ %K 99.09%. il 254l A, B ) PAMs., NMHC bR U5 4.
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Fig. 4 VOCs type, VOCs concentration and removal efficiency before and after UV photo-oxygen and water spray treatment in
enterprise A
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Fig. 5 VOCs type, VOCs concentration and removal efficiency before and after condensation+spray-+activated carbon
adsorption treatment in enterprise B
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Table 4 PAMSs and NMHC treatment efficiencies of pharmaceutical enterprise A and B
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Comparison of emission characteristics and treatment technologies of VOCs in
typical pharmaceutical enterprises
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Abstract In order to obtain VOCs (Volatile Organic Compounds) emission characteristics of different
products in different processes of pharmaceutical industries, and to evaluate the impact of different treatment
technologies on VOCs emission, two typical pharmaceutical enterprises in Zibo City, Shandong Province were
taken as the research objects.in this study. VOCs samples of different processes and different treatment
technologies were collected and analyzed and the similarity of photochemical assessment monitoring stations
(PAMs) source spectra of different emission stages were compared using the divergence coefficient method. The
overall emission of VOCs was characterized by non-methane hydrocarbon (NMHC) The emission factors of
pharmaceutical industry were calculated by means of field measurement. The effects of different waste gas
treatment technologies on VOCs emissions were evaluated by using the index of purification efficiency. The
results showed that the average VOCs emission factor of typical enterprise A and B in Zibo pharmaceutical
industry was 1.56-g'kg™', which was 1/ 276 of the limit value of Technical Guide for Compilation of
Atmospheric Voc ~Source Emission Inventory. There were significant differences in PAMs emission
characteristics among different processes. Aromatic hydrocarbons and alkane were the main PAMs discharged
by fermentation enterprises. After RTO treatment, the proportion of aromatic hydrocarbon species increased
from 49% to 58%, while the proportion of other species decreased. However, after water spraying +UV
photooxygen treatment, the proportion of alkane species decreased from 75% to 69%, and the proportion of
other species increased. The PAMs discharged by chemical synthesis enterprises were mainly alkanes, and the
proportion of each species had almost no change after the treatment of condensation, water spraying +UV
photooxygen and activated carbon adsorption. Different treatment technologies have different purification
efficiency for different kinds of PAMs. UV photooxygen + water spray is more suitable for the removal of
VOCs and odor in sewage stations, and RTO is more suitable for the removal of VOCs with higher
concentration.

Keywords pharmaceutical industry; volatile organic compounds; emission characteristics; emission factor;

purification efficiency
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