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Characterization of Volatile Organic Compounds ( VOCs ) Emission from

Recycled Waste Polymethyl Methacrylate (PMMA ) Industry

WANG Zhe-ming', XU Zhi-rong' , YE Hong-yu', XU Ming-zhu', WANG Xiao-xing’

(1. Environmental Science Research and Design Institute of Zhejiang Province, Hangzhou 310007, China; 2. Hangzhou Huanbao Keji
CO. , Lud. , Hangzhou 310003, China)

Abstract: In the present study, the main source and characteristics of volatile organic compounds ( VOCs) released from recycled
waste polymethyl methacrylate (PMMA) in Zhejiang province was analyzed quantitatively and qualitatively. Based on those results, the
internationally recognized evaluation model of health risk assessment was adopted in the preliminary assessment of the health risk of
those VOCs. The results showed that methanol (MeOH) and methyl methacrylate (MMA) were the main pollutants. Emission from
part of enterprises exceeded the national standards in MeOH and MMA, especially for fugitive emissions of odor concentration.
Moreover, health risk value of fugitive emissions was very low and did not cause harm to human health. Additionally, to better
accelerate industrial upgrading and environment pollution treatment, the emission limits of MeOH, MMA and odor concentration were
suggested and the values of existing/new ( fugitive emission) limitations were 45/30 (0.5) mg-m >, 30/25(0.5) mg-m~’, and
1 000/800(20) , respectively.

Key words ; waste polymethyl methacrylate recycling industry; volatile organic compounds ( VOCs) ; methyl methacrylate ( MMA) ;

odor concentration; source profile; methanol
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Fig. 1 Production process and pollution discharge node in waste PMMA recycling industry
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Table 1  Description of the sampling sources
. A PR RERCE L7/ Pty ey s
ol 5 T Y T RERITR e einomttng
. FH MMA .3 000 198.3
F ol W R T FLAMA
H§ MMA ;2 500 26.5 5 o
ET X SRR 18 T, Al 32 R A B 5 56 e
HL MMA ;2 000 132.2 PERAHT )RR T HRBNT.
H Al S5 RERAHIR T K MMA ;1 800 19.1 2R TIF .
Bkt :900 — B R B — 7K B — 1 [0 i8] BHAA 28— 24 fi
. WS + BRI T — 5 | KL — 7K BB 2 — i
Ll S T L MMA :5 000 330.5 Bl [ HE e
A MMA ;4 500 47.7 T
; KRR S — H A R B — /K B 25 B — 1k 0] BE
A L MMA ;1 800 119.0 YR B AR — K IR A B — A P HE G
S 4l S5 REIRAHIR T H MMA ;1 500 15.9
ikt :600 —
F2 BNSWESBALHMRE, WEERREXREE /mg-m >
Table 2 Intentional emissions from waste PMMA recycling industry/mg-m ~3
e Yk o W0 AH I HRIE
7N
TARC RfD LDy (rat) oT F 4k H 4k LAl S 4l i EH
190%
MeOH — 0.5 1870 13.1~26840.0 22.3~131 1.27 ~4.03 <0.80% ~0.96 <0.80 803 2607
254
MA %k — 277 70 ~70 <0.04% <0.04% <0.04% <0.04% 20 357
MMA 328 1.4 7872  0.205~1.394 52.4 ~758 3~51.6 1~2.76 0.35~22.8 100% 4107
=y 5
kR 6 000/2 000
< — — — 5495 ~5495 1318 ~3090 309 ~741 132 ~234 9000/3 000
(TCER) 3000/1 000%

1) TARC K FEIFRIERERT I Hhts 5 3 2803 AR BUR E % R ID KA B R BUR A9 RID NS HHIH, me- (kg-d) ~', 51 H IRIS Fd& =5 LDy,
(rat) AR FELEICHE; OT FMSEEI{E (Odor Threshold) 125 2) N KI5 YL A HERARE (GB 16297-1996) HUgr I BRE ; 3) Mt ati KI5
PeWLR-G HOORME (DB 11/501-2007 ) Hogi IR BRAE ; 4) 8 TAE T % W R PO A2 Al MR fh2ih 3% K EK (GBZ 2. 1-2007 ) H B[] K- 2514
R (PC-TWA) 5 5) A 575 e HEbR E (GB 14554-93) BRAA; 6) A KT % 5L V5 e My HE B bR v (DB 12/-059-95) BRAA; 7) K3 [ EPA
OSHA PEL BRAE Y5 8) 36 [ IH 4 Lk ds e bl M R A BIBRAE , 51 F SCHR[ 14 ] 5 9) M ARTFAG H IR

B CREMONT LS BICHR[10] ; 76 B2 H g A
R L NI R P i 2 B TR 3 i 2 5O dE  ll
AU FIRE 5 1246 E97) (GBZ/T 160. 64-2004 ) %
L 5HIE ; RAWEN S (SR BT
M =S R A% ) (GB/T 14675-1993 ) SR 4E
5HmE. KRG EREM PN E TN R T
IR RS f 4oL SN

3 #R5itE

3.1 VOCs A L HERURAE

4 R IHA HLB 3 24 e P A Al A A U < HE
BN 2 PR,

M2 T LUE 4 KR IHA ML HS 246 1
AR HER RS P MA SR BT PR,
RIS BIE E HE . et Al 3 S AR HEL
WEEAFTER 0P s, Horh F Al R AR B de e
MeOH H1 MMA & £ 43l 7 i5 131 mg-m > il 758
mgem R i85 4955 S Ak B S HEBUR:

iR B2 AT, MeOH IR T4 HH T BR, MMA S AR AN
0.35 mg-m ~*, RAIKE BALN 132.

FOACTHR [ AT B b of, BR MA AT MMA 74 191 4%
i i TCHR PR HESD 4 ZA L HEBOKR < MeOH £
A3 AR e (R ATE G 25 A HE bR E) (GB
16297-1996 ) # G E K ; RAMERR F LM &
3 ] [ S b 4 O R 75 Y Wy RO bR ) (GB 14554-
93) IIBRMEESR. HF Al P9 MeOH A1 H Al R
SR BEANBESE A2l e I At A AR DG 5 i ) 2
R T SR R ARUE.

PRSI ARG TE 1 X [ SR o A B HE
TR JEE BRAEL AR 75 L PR 1, T AR USEPA Tlb 3R J55 55
B A 09 B 8% H A7 {8 ( multimedia environmental
goals, MEG). & 145 J& Hl ¥4 3% H #5 {8 ( ambient
MEG, AMEG) FHEH 3 58 H R 1H ( discharge MEG,
DMEG) . HAGF A0

AMEG,;; =0.01 x [(8 x5)/(24 x7)] x
BRI x 10° = BIFR{E x 10°/420 (ng - m™) (1)
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DMEG,,, = 45 x LDy, (pg+m™) (2)

Kb AH 2 B RRAE R 26 BB BA LRSI

(ACGIH) il & By 4= [|] 25 A VPR BEE R T 8 h B[]
IIACEY R mg-m ™~ ; LDy W2EEBEF| .

MRIEA (2) nIIHE 1 MA F MMA () HEL BT

R 4 B A 12.47 mgem T’ A 354.24

mgem . S BRHE R A AR L F Al Y
MMA FEEREAR SO, X AT RERZ T F kA T
SRS T AR F— S 5 i it .
3.2 VOCs TCHEHE R

%3 M4 RIRIHAYL IS4 F A Al A0
HAUESHEE L.

F3 BN REARHMERLRE HLE
Table 3 Fugitive emissions from waste PMMA recycling industry and HI evaluation
Ak 44 FR MeOH/mg-m ~3 MA/mg-m ~3 MMA/mg-m ~3 RSYRRE (L) HI/a™!
1 0.068 ~0. 14 <0.003" 0.02~0.6 33 ~87
1 . . -9 -7
F sl 2 <0.06 <0.003 0.03 ~0.26 29 ~45 6.32 x10 3.94 x10
3 <0.06 ~1.11 <0.003 7.46 ~15.8 49 ~93
> 0.18 0.0015 3.84 56 1.39x1077
1 <0.06 ~0.13 <0.003 0.02 ~0.06 34 ~40
~ - -8 _ -3
H 4l 2 <0.06 <0.003 0.04 ~0.09 40 ~54 2.53 x10 4.58 x10
3 <0.06 <0.003 0.18~1.12 28 ~59
HE 0.04 0.0015 0.27 41 3.54 %1078
1 <0.06 <0.003 0.83 ~1.21 15 ~35
- - - -8 _ -8
LAl 2 <0.06 ~0.28 <0.003 0.04~3.0 14 ~48 1.78 x 10 2.56 x10
3 <0.06 ~0.18 <0.003 0.29 ~0.89 21 ~45
¥E 0.08 0.0015 0.87 32 2.13x1078
1 <0.06 ~0.13 <0.003 0.27 ~0.55 30 ~80
. . -9 -8
Sl 2 <0.06 <0.003 0.31~0.85 26 ~49 4.61 x10 2.59 x10
3 <0.06 ~0.06 <0.003 0.51 ~0.89 19 ~41
HE 0.04 0.0015 0.54 40 1.24 x10°#
N 129
TR B AR HE oY — 20°) —

1) AR TR 2) AR TR BRI 1/2 Sk iy BRABUE S INETIT; 3) RIS YL GO #E (GB 16297-1996) TR FR{E; 4)
HACEH RIS R ZR A HEARHE (DB 11/501-2007 ) FRHTIRIRAL; 5) AR TS QAR HE (GB 14554-93) FRE

M3 hEH,4 ZAalld MeOH F1 MA )
FICH L HE WO FE AR, Horh MA 58 2T A HI R
11l MeOH 3T 70% Wi I 25 SRAR T 1 PR, oA e 14
WEHR 1.1 mg-m . 1 MMA W58 246 1, ek vk
FEH0.02 mg-m ™ B E AT I5 15. 8 mgem .
AN, W 4 ZA ) RICH SRS EN T 14 ~
93, - XUk A 42. 44, HIEE S TR E BT B9 HEBORR
7, MeOH 57 4=k 51 [ S AR 1 BRAE A 223K ARAN 1) 55,
PEAT B AL A T T Hb b R A A 2R 5 T B AR
U 246 K Z2 508 3 ) R R0 R T (A A oA BR A R, A
AT BT A ER.

AN B THEFRMER MA A1 MMA , AT AR 4 (R
SIGY ) 25 A HETObR vE TEAR) (RAR fa AR (R
fife) ) IR E TR LR R A AT bR . TR
mr.

InC, = 0.470 InC,. -3.595 (HHULEY) (3)
K, €, W EARE— B, mg-m ™5 Cy N
Tk 3 i A R R B A R, mg - m .

R 2 P aOEdRE 15 MA Fi MMA (93058
HAR R BRAE Sk 0.11 mg-m™ A1 0.24
mg-m . HEATHL 4 AL TR SUHERL Y MA 5
ZIRHR, T MMA (R B8 o br o, (A D BS
WEIMERF A 2R, W H Ak iy 2 AN a5, ek, i
AR A 2 (1) A3 H AMEG ,, , 12 18 25 [ 10 5 BR A1
i+, MA F1 MMA ) AMEGAH 43 %] & 0.083
mg-m " H10.977 mg-m . % MA FAHE PR (H £ ™
F VR T AL TR (FR 4 KA T 2UHE Y
MA HREERFA 2R, M A MMA f BAER TERS, (2
F A\ EA IS AMEG (AR 53EAE , Hax il B 4%
BIEAF A B3R, AR FR 43 507 v BE A A 88 1 iz Ak 55
FRAA.

3.3 VOCs it XU PEA

J FE I S HE % ST A AR R XU A R
FH 5% LB BURF A9 16 B A 45 BEAR R IR 2 18
TARC 195328 R G0 43 Ry Al SO KRS 2 2508
B EAY. AHIEGE H 3 FhREAE 15 YL W3 AR BU@E )
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JBT, 5 A SR FH AR B0 XU DEAN, 3 R DL 5 45 4L
(HI) FAE, H AT,

HI, = CDI/RfD, x 107° (4)
X, CDL B AR vocs K W H A &
mg- (kg-d) ' x107° 5 RED AHXF R ({5 1T 422
ZHSER BEKOF; RID, AHEFD VOCs 19575 7 4,
mg- (kg-d) ~', L 2.

R EN A I S B P IRGE AR A
N, K CDL BB A w0,

CDI, = ¢, x IR x ED x EF/(BW x AL) (5)
Ao e RHIEFP VOCs E/‘J}ﬁ%%ﬁﬁ,mg-mﬁ; IR MW
AZR &, m’ -d™"; ED NREEERE,d-a™"; EF K
FFENR a; BW NIRRT, kg; AL ¥ H
T, a.

HRAE SRR 0, FZEHz M VOCs A B3 R 4l i
T AT 52 A% BN, I TRk . 6
HRRA 30 a; & EE IR BR 2 1B H 9 IE 5 T
YERFIR](250 d) , 4% 8 h-d ' $158; WA E N
19 m*«d "2 SERRTE R 62. 7 kg S AR
70 a; AXF VOCs (9T R EUE 0. 6317, % & 5|
MA | AR EEAR TR B, BLC RID {E, R7EEM P
XA gt AR BOmE KR PE A 45 R a3k 3
7.

MF 3 AT 4 FA L A i To S HE UK R
XS IEA T 4.61 x10™° ~3.94 x10 7 a™' 2
[i] , 26V T [ o A 5 B 4 22 D 24 7 1 e K] 452
K5 %107 a™' (4570 a JFEE) 2 AR F 5 B ER
BeArdrJmy | of 22 S RIS S M A 1) e KT A2 K
F1x10 %™ (3570 a 3H58) ). X EWE R IDA
PILBY 38 S it P A 7= A JE A 8% A A B s 4
JIN. AHN R Z20 W6 B A Tk B 1 B0 A ) i B A
R 22 B B3R B TR A ) S A, LT i i
WRYFWRZRY) |, By R EACEA G SAE, i
HREXF A=A B AR
3.4 XEEITHOT AT AR ER G R

DA A B 45 SR 0 R TH AT DL B R S A A AT
W T 2R M LUE T EZ R MeOH Al MMA , H.
TCH LTS A 0 AR B ma A1, H 2 R <k
FES B E R bR AE. B, 76 #0517 br v il T on]
¥ MeOH , MMA FlEL SR BES RT3 Gl i A

TE 5 S Wy HE i FRABL 5 T, A S b 5 A7 M s v
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