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Study on emissions from typical cooking catering restaurant and electrostatic
purification efficiency evaluation based on field testing
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(1. Beijing Municipal Research Institute of Environmental Protection, Beijing 100037, China; 2. National Urban Environmental
Pollution Control Engineering Research Center, Beijing 100037, China; 3. Beijing Key Laboratory of Urban Atmospheric
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Abstract: In order to understand the effect of electrostatic purification technology on cooking fume and its vartiations with
operating time, this study selected a typical restaurant for the exhaust gas purification transformation, and tested the concentrations of
particulates, non-methane total hydrocarbons (NMHC) and VOCs components before and after purification. The results showed that
the purification efficiency of the electrostatic purification equipment for particulates varied from 55.7% to 97.3%, and the average
purification efficiency was 85.9% under regular cleaning and maintenance. The average emission concentration of particulates after
electrostatic purification was 4.0 mg/m®. The concentration of particulates after purification could stably meet the standard emission
limit value. The purification efficiency of electrostatic equipment for NMHC was unstable, and the overall purification efficiency
was less than 25%. The average emission concentration of NMHC after electrostatic purification was 26.0 mg/m®, which still
exceeded the emission standard requirement. Electrostatic purification technology was not effective for removing NMHC, the other
NMHC purification equipment was needed. The purification efficiency for each component was different. That was because the
ozone generated by thestaticelectricity had differentoxidation capabilities fordifferenttypes of VOCs. Itrequired moreresearchinthe future.

Keywords: restaurant; particulates; non-methane Hydrocarbons (NMHC); electrostatic purification equipment;
purification efficiency
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HIRTAEAHD), HEekE ML GDX-502 @4 F 2L
sk g EURHRY (5 EE, K 3 m, NAR 3 mm; SEHEN
AR Jot Ak 3 3 Sk S SRR (3 A, AR T m, Y
& 3 mm; EM-300 /N AE 3 RAE AN s TD20 $R15 B
A (H 7 8 5E); QP2020 Ultra <R €033/ 5 1515 AL
(AA ) . Mok RERUR R4S, B E R 08
it~, CarbopackC+Carbopack B+Carboxen1000D f92H
AR
1.3 EHAFR

e %R A B O 0 I B 11:30 ~ 13:30
1 18:00 ~ 20:00 AT RAE, FEHT L BEF A £ (W HIT
Uity P11 it 141 LA BRI R SRARE, SRAE 11 (R 152 8 W A
CERYO KRG Y HEbRE: DB11/1488—2018 )
PAH DG BER o S PEAT v Ak 15 & 1 1 AL SR B 8
B8] B 28 Ak, LS 1 4 40 %5 Ak 158 4 350K 1 5
Wi, ASHF G AEGE ST 4 1~ IS 8 051 5k 4 Fn
NMHC HERHR B g A B A AL e i v, 2
PRIAS E IR T %8, WLk 1.
1.4 HERESHH

Wik #) . NMHC 1 VOCs 2H 43 [7] B[] s %
FE o ORI R S R AR, REEF T A S IR
8 ROE Uk Py 1 0 s F 28R 3 2% . DB1U/T
1485—2017 )" FRUESEAT, B R SLRAE 15 min, i
SERAE 3 AEEAEN 140, B3 RS X 1R
FIREE R . NMHC R AE S B (R e 15 YLl R <
ERAYYBREE R4S HI732—2014) bRifE
HEAT, FANEE G SRAE 15 min, SREEARBIN 10 L, #4E
KA 3AFESL, DL 3 SRR AL A IR AR SR I 2
o NMHC #9538 5 ok (e T Qe i B, Hidbe
FHEH B SR AT AR (35 HI38—2017),



98 BB 948 &
%1 BRSLEETNNRERRNS R oo, WML ML —o BURESIEE | o
t MR H r?i 2(8) N ETIRER BRAES
R R HINMHC E 50 60 ﬁ
N N 40 40 55
AR R &30 y
20 20 &
EAIBS WA ) FINMHC 0% o
21K WRA) . NMHCHIVOCs414y A i i e e
EXIPN ki . NMHCHIVOCs4 4 B 1 EEIEESULEEBR YRR E R SR
SFA6K WA Ve TETE 4 D H WA E R &5 R, e fl
EET0K ORI 4 HINMHC OB ) 10 Wk B A2 AT L R 8.8 ~ 83.6 mg/m?, ~F-
FHABN WA e Y14 40.0 mg/m?, KT 3CHK [8] A [9] H 4% 28 R W
TR k) B S HE RO B . 1T UL, R S B IR B TR
107K R4 FINMHC AV b 2 5T B L HE ARG Uk 90 e FE AR i, 43
108K WA VR AT b B R RO R ARTE G HE bR i ) 2
FANES Tk ) FINMHC FILE 1 R 5.0 mg/m? A HECRR A, 12 & 0N it
114K OB FINMHC B S Y HE A, WA A g .

VOCs 243 1R J5 1 [7] NMHC, Hg &2 734t
TS B V5 YLl R S R A ML I ]
AFTRZ BFF - R 50 B /AR 3% - B i k. HI734—2014 )1
FRUEDEAT . IR AE ) VOCs AR i 2% 0] 52 56
% )5, 76 8 h N ] EM-300 /)N i 18 3 R A 2 LU
50 mL/min AP R SRR Sl A N2 CarbopackC+
Carbopack B+Carboxen1000D FZH-& W FfH4 10 min,
TR, B A SR BIHS 28 SORE (i B T A S
FTRE AT o 58 AT AR o 9 I8 43 ) Sk H e vp
22 F VOCs 148 (%45 | FLIR £ BE fbn (i
L) | R H S {247 ( Dr.Ehrenstorfer GmbH) FiI TO-
15 IA 47X (2518 Linda, FIEIE A 29 F),

BB A — AT IR 200 C, A
5 30 mL/min, f#FATETE] 5 min, BBFRAERE-25 C,
i BT R B 280 °C, f# AT INFE] 5 min, 15 i 2% U6
200 °C. {Aifsactt: (aifkkE DB-5MS, 60.0 mx0.32 mmx
1.0 pm; 2N AR, W 1.5 mL/min, 739 L
50.0; PEFE TR 200 °C, F2 P FHE: PIGRTEEE 35
{A%F 5 min, P4 6 °C/min FHEZ 140 °C, F5LA 15 °C/min
THEZE 220 C, 18:4F 3 min, JRi% &M TS
I8, LR 70 eV, 2R, FHHEE: 35 ~ 300 u,
FIHGE E N 1.44 scan/s. PUZLATHREE 150 °C; &1
TR 200 °C, BRI 280 °C.

2 FERMTTL

21 BRIIROHER R R LR S
105 6t o HlE 11 B 38 45 v A I UK 4 G e
ARk, WAL 1,

HHEE 11 KGR OR vk E e 1%, A 8.8 mg/m’,
8 A T A 3K B ], S G Y B I D
b SR AAR ) A DO AR G IO, AT AL v T AR 4 HE
TR 37 R AL BER I IR A K. b
YIRS ETERTA 1.4 ~ 7.1 mg/m’® S 4.0mg/m’,
BRES 70 RiFAb 5 i FUR 0 HE RO R 7.1 mg/m?
R HE S BRAB A, e Ath 03 st i) v £ S A SR 4
W AR T HE OB o 12 Hh 14 Ah 18 4 1) o2 FH X
WURLY) I A ROR 3, IR A b 2 38 vk T 45
EH B,

FERURL AR T, BGE R 4 D H N E
S0 BRSO 3 R A5 L 1 T 15 A XU 49 1) 1 A 8
BAMYIEFEH 55.7% ~97.3%, THREGNECE S 85.9%.
AL 1R, Hibaciimm, ik 97.3%, 565 11 X
HFALROR AR S Y R e e B B IR AH G . BR R
11 RAb, 1285 s v Al i 48 X U4 ) v A R R AR
TE 83.5% LA Lo ZEL IR FESS 46 K55 71 KM
55107 KAl g b e a8 ) v fb i s 17 %
LI BE, AT LA AE 4 A I BRI 1]
SEWIE VR A S SR LA e

Sk it — 25 DA A 15 4508 T R TR A T
AR B IO ORE A e AL A R IR A1 100 ) 5 ), AR
WFIEAESS 70 R IR & B s HE O bR, 26
71 Ring i R Lbig vk, B 1 nlAL i UEaT
Je VAT A8 X AR T 40 B v Al AR S R s, F
84.2% F+ 7 94.4% JiAv, PR REAE I8 BB A% IE L
FEFHERCREE R . AT UL, S B B TS DR 43 0T g
AL TR B LRI 1 e 22 OC J 2 ARl AN 10T



52 3

3 A% TSRS YR T HE L A AR 99

B ES R s 4R A 1A H
2.2 NMHC ByHER B s SR 3 17

10368 D HE 1 L R AR J5 NMHC 9k
FEARAE, DLIE 2,

60 MELHT ML NMHCHLAR o

o} 160
; 140
540 1o §
g M
0 30f 10 ®
= RS ]
__20\—
Ezo- *®
Z {-40
10f 10
0

HIR IR 21K H31K HT0K H11LXK H114K N
B2 EmiEESLEi/E NMHC fRE RIS LR

FERLRE 4 N F DA E BRI 25 S, A
NMHC ¥ B A2 L Ja R 19.7 ~ 55.7 mg/m’, ~F-3%
HERCHE A 30.3 mg/m?, k)5 NMHC Y3 228k
JL R 18.1 ~ 49.7 mg/m’ EH4{H A 26.0 mg/m®, K
F3CHk [8] A1 [9] 43 R NMHC B9 HERCHK B,
PR T A B YOl KRS G Y HE bR oE )P
FLAE I NMHC 10.0 mg/m® fOHERCFRAE, 7T WL iZ &k
A2 NMHC 575 JHEAL, %% VOCs i
b

FE NMHC #HEasc T, Fid iz NMHC
I AERCR AR K, 25403 [ —68.8% ~ 67.6%,
B T 2R AR 1 RIS NMHC # b R i
67.6% 2.4, HoAth B[]0 £5 () 1 AL 3 R 35 <25%,
L ORI 2 —68.8%., 1 UL, T g b 5 &
X NMHC 5 fb 5CR AR R Fa a2, A B R 98 K
NMHC &, 47 B KM i NMHC AHERL, 438
HR R AT REA LR LA

(1) biti 25 i FEL V3 A0 150 4% B9 8 P S 30 7E AR AR 1
REN 2, FAhi A vl e kB L AER, 5
HABIHYRYZ

(2) AT B 515 Yo (0 HEOA B 20 4 . XL IR
AR AL UL R L A A AR R R e T VR A i R
AR OC. AT R, F b a8 i L B e
Ay A B4R G e 5 E YR R A A A XU AR AL A
KR F R A 15 A B T e B T ek v i e
PR IE BB T, BRI AE R far L
SR Je B A B ) LA AR, DA T 2 B3 e 0 R
I i Vi 2R g o B =0 A S N S
A A B, — )y T — S8 KA T 45 R A L
Wy nl BEAE IE B 88 TR R Wi ok a1k 43 /N 43
THIY, SEAEW e s R T, B — s
S AT RERE R e A AR, AR N R 2 5Ky

TR RN AR A, BRI ) AT
B A ), 25 VOCs KA S i v e, |
W T ROV AL 2%, BAK BN 177 ) 32 LA I
VOCs 41 43 Fl 0 3 3k 3l 45 2% 4452 ), A T g 0 i
AN A LRI T NMHC B9k, tnT f
WIS AL 23 i B CO, F1 HLO, [ T NMHC A9 #e
BE o BARAE TIATRE , HER TS YW BE 4L 45
DA T S AR A, PR L v 1 28 6 NMHC
LR AR R

A, F vOCs dl4rdEw £, BUA Ik &%
AL eI i rh R 4320 43, AR VOCs 41434
HA W, A A REAETE— 51 VOCs 273484k 77 firk il
B 2 B4 53, X HB o 4153 7E R H e il i
A R, 2 NMHC F+5 .
2.3 VOCs AHTHoH

R T i L A B 5 ELR VOCs 443 i
AR, AT RRE L T o 2 d Bl i 4T VOCs
WO KA. 26 21 KAER 31 Kiff e 194k
HIJE VOCs Y2 70 B B o e84k, DLIET 3.

Keke wH e < 5B AR A - SRR « RS mRAKS

100 — — —_—
90+

80|

70+

§60- . 1
i® 50+
2 40} —

it B

20+

10_ | ] -

HALRT “ibiE HALRT wifE
EVADN EXIPN

B3 FREE ARG ESLEE VOCs B4 LTk

X 2 KA VOCs #I4f He B A 22 R Ky
5 683 il 5 328 pg/m?, (H4L 43 #4 AH 22 5 K. 4
21 KA A i VOCs 2H4r LABESS . )iz,
77 KR M 25 R 32, W B 4300l 2 367, 1 259,
1248 F1607 pg/m’, fiLAM5I1H 41.6% . 22.2% ., 22.0%
1 10.7%, 15 SR LY 96.4%; T4 31 K514k
HiI¥ VOCs 4153 ARSI, D5 B4 | I i e e hy
T, WM 1476, 1241, 1119 F1968 pg/m?, 51
PR 27.7%. 23.3%. 21.0% F 18.2%, 4 5y B
[ 90.2% 2 YR T B ke ) HE O BE A o AR
— 3, RUIFH IR EBIRHEL VOCs B R i HE
A Ao 55 21 RO B R AR 2SR i AR AR
55 31 RIFWREEACH 319 F1 129 pg/m?, M4 21 K
W 13.5% F110.2%. 55 31 KA EEHE A
YRR RIIF BRI, 055 21 R 7 1 184 pg/m’,
AL, BARAL VOCs BILH 2 22278, ARl A
] T2 N IAS2H 2 2H BRI FE 344 i 25 5



100 IREE LR R

548 3

AN [i) Bsf o] g Pl B A VAR T S VOCs 21 43 e e
AL, WKL 4,

—he =l =R Ee
2500 BEE K =R =k *ﬁ?ﬁﬁ(mﬁ_6000

£2 000} P oeo:
g 14000 3,
21500} ey
R 130003

1000 120008
o >
> 500r 11000 °
Q
O ikar | B | Afil | Bibs |
21K XD N

B4 FEAEEEIEESLHIE VOCs H5 RIREEL

P AT AR RCR T L 55 21 Rig i & xf &
B 3 AR B B A 31 Rk &kt 32
B A AR . A 21 RIFALIE AT 54 VOCs
WRE . D5 IR TS | BRI AR 1 v AR
351K 78.8%. 71.0%. 50.2%. 86.3% F1 93.7%, i
55 31 REAL A X B VOCs Mk . BERRZE | 5 7%
12 BRI AR I L RCR ST 3R 42.7% , 47.6% .
14.9%. 53.3% F1-95.7%. 5 31 KHER ) F 24155
IS e SR A AR 51 0 R 61.2% F1 64.6%, 1T 5
21 KX 2 415 HEBARMR, Ak AR AR 4351
F—42.8% il 33.2%. W] UL, 2 WA 6] 2 434k
ROR2E AR K o o M SRR ] B 2 AN R Fl 2 1
VOCs 5 5L AAUFIFRHE [ H 3k 1 520 3 F A ]2, Jf:
H R R IE [ i R R 4 5 i A s b A
VEREME o 2 YR 00 A5 A AR S8 A AR ], R 5
AMREELL N VOCs 243 EANTR], AN[A] VOCs %4k
O BRE FE A= TR, IR BOS bR 1) 22 5
AL

3 #Hig

(1) ASHIF 5 16 B A TR A Ml 5 b i AT 20 ¥
G 8.8 ~ 83.6 mg/m’, XL 40.0 mg/m’;
FALTT NMHC ¥ B AR A FE R 19.7 ~ 55.7 mg/m’,
S 2 HERT R E A 30.3 mg/m?, ¥l T (LT E
R AT Y W HE RS o ) B UKL 4 Fl NMHC HE
JCRRAE, 28 TR Al 2 50 4 Fl NMHC 75 e HE
B, R T XA

(2) AW 15 YN I e s 2 AR Al ) HE T
PEAT PR EFASIN, 45 S U i rh v A S UK 0 P e
AATERE R 1.4 ~ 7.1 mg/m’ SEE R 4.0 mg/m?, 35
FIHEBObREZL R § gk 5 NMHC Y AR 1k
TN 18.1 ~ 49.7 mg/m?, F-HI{E N 26.0 mg/m?, 1/
A I HERbR I ZER, 5 2 Hofth VOCs b i &

A REIR B HERObRIEEK

(3) AAF 5 % i el o i FRL AL R A 16 A T 4 N H
A A A AL ROR MR DN, 8 el v T 18 4 X b,
WAL SRS ALIE BB 55.7% ~ 97.3%, -2 ¥4k,
RN 85.9%, 32 I H e Ak 15 £ Xt UL 4 i Ak
BCR AT, 22 WIS VR 4E b BB B AR VR L SCR R,
b5 R I BB AR TR

(4) ¥ AL £ X% NMHC 19930 R A Fa
FEANHAR, AF AL —68.8% ~ 67.6%, W ARFLAL
AT 25%. X VOCs 5541 5 i A R i il ik A&
M, £ R AR ZE R R, XEES
SR A M HE I ARG B U B, 7 A s Y
W B 4 o AN DA R i v Ak TR A v e
TR 7= A ) SRS G, T — o .

s

(1] ki, EIm A T VOCs R MHECRIE K AL ALY
[D]. dext: LRIk, 2020.

(2] EfEF7, E0, 3R B E O K5 YL 8 85 X 55T
(0], BRBRHE, 2019, 32(5): 48 — 53.

[3] LEE C H, YANG S F, PENG C Y, et al. The precancerous effect
of emitted cooking oil fumes on precursor lesions of cervical
cancer[J]. International Journal of Cancer, 2010, 127(4): 932 —
41.

(4] EFH, w9, R, 55 U 5 A B R A
(0], SREERIEEI ST, 2012, 25(12): 1359 — 1363.

(5138, B £ 7 MR b AR T G0 B R 238 5T 52
ST (0], Ak TAYHE, 2016(10): 115 - 117.

(6] A1, WAL Jb AT R IR HE AL B RFAE K X AL
BTN [I]. SRETRIE, 2007, 28(11): 2620 — 2625.

[7] HE W Q, SHI A J, SHAO X, et al. Insights into the comprehensive
characteristics of volatile organic compounds from multiple
cooking emissions and aftertreatment control technologies
application[J]. Atmospheric Environment, 2020, 240(2020) :
117646.

(8] A7 ¥, ERER, %, 55, Jbmt i ST AR IR Al RIS Y HE
HCREAE [T]. RBERE#, 2020, 41(5): 2050 — 2056.

(9] PhS—, Frmim, PR, 55, bt i ol s B W HEUREAE
(7], 3R8R1E, 2020, 36(5): 1523 — 1529.

[10] 5K, SZAK, 250088, 45 AR IR AR T PM, 5 AL~ 4153 FRAE

(3], FEERIEISE, 2016, 29(2): 183 — 191,

[11] E2rmm, Fmsl, Bmor, 4. AT AUk (PM, 5) HETX
DNSET5 6 VAR ) L], FREERL%, 2018, 39(5): 1971 —
1977.

(12] &, F AR, 22 R AR 4 %0 K BR80T o 2 (]
P EIRE PR 24, 2007C1D: 31 - 33.

[13] JEI &M%, COFs Xof 200 O A AA453 47 K% R 42k A QI B AL il g
FL[D]. AN : FRARERIRAE, 2015.

[14] JBUR S, =2 M 38 A BRI A ML) T e R e B LA R XL
BrpPAn [D]. 220 22 K2, 2018.

[15] YIN Z H, LI H, CUI Z G, et al. Polymorphisms in pre-miRNA
genes and cooking oil fume exposure as well as their interaction


https://doi.org/10.3969/j.issn.1674-4829.2019.05.010
https://doi.org/10.3969/j.issn.1008-4800.2016.10.064
https://doi.org/10.3321/j.issn:0250-3301.2007.11.037
https://doi.org/10.3969/j.issn.1000-6486.2007.01.011
https://doi.org/10.3969/j.issn.1674-4829.2019.05.010
https://doi.org/10.3969/j.issn.1008-4800.2016.10.064
https://doi.org/10.3321/j.issn:0250-3301.2007.11.037
https://doi.org/10.3969/j.issn.1000-6486.2007.01.011

55 2 3] (OVRED

A BTSN RIS IR T HE L i L AR 101

on the risk of lung cancer in a Chinese nonsmoking female
population[J]. Onco Targets and Therapy, 2016, 2016(9): 395 —
401.

(16] DERIN, Zh 212, FERE T, S5 AR 5 e B R A B AR BT
PER LT BT, 2017, 37(3): 20 - 23.

(17] 204K, AR 2, 200, AR R 05 Y B Hodr b B R
J (1], mJifeT, 2018, 21(1): 13 - 16.

(18] sk, BRIRYE, sk A, 4. BRI HECRIE S AL BRI
BERE[)]. PREETAE, 2020, 38(1): 37 —41.

(191 rh EPREE AP 5l Bp 2. a4k 38 7™ i A diE{= &L [EB/OL].
[2020-10-20]. http://www.caepi.org.cn/epasp/website/webgl/web
glController/toCprzSearch?dwmc=&zsbh=&cpmc.

[20] JEAT i PR AR R, ALATTH B BRI 5. Bl s
YR E: DB11/1488—2018[S/OL]. (2018-01-22)[2020-10-
20]. http://sthjj.beijing.gov.cn/bjhrb/resource/cms/2018/01/2018
012214300944367.pdf.

(217 Jb 5Tl B B AR W B Ry A RO Ry 0 U e T TR E vk
DB11/T 1485—2017[S/OL]. (2017-12-28)[2020-10-20]. http://
sthjj.beijing.gov.cn/bjhrb/resource/cms/2017/12/20171228133004

90092.pdf.

(22] FEFRAEEORIFE. [ V5 YR IR S R DL R AT
HJ732 —2014[S/OL]. (2015-01-15)[2020-10-20]. http://www.
mee.gov.cn/ywgz/fgbz/bz/bzwb/jctfbz/201501/W0201501155650
34743613 .pdf.

(23] EIGABE LRI, [EE i YL Ii Sk, el o S Al
AR 0 3% 1 HI38—2017[S/OL]. (2018-01-08)[2020-10-20].
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201801/W020
180108566316243797.pdf.

(24] EZRIASERIPHR. B 5 Y IR S R A AL I [ A
W B -0 B /<A 2335 - B 353 - HI734—2014[S/OL]. (2018-
01-08)[2020-10-20] .http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/
jcffbz/201501/W020150115570838820656.pdf.

[25] Mgk, KA, BT, 55, BRSNS AR U SR 5T
(3], o R, 2011C12): 42 — 45,

(26] M1k, XVRAS. Fe AT uEAS A SL AU SIS oT (7], BRE 25 0,
2003, 33(6): 20 — 22.

(27] REZ248, sKamfin, HRAE, 45, KA EA: (M. 5 2 IR Jbat: &
HHE AR, 2006: 156 — 175.

(EEEZE W)
STIR, B 22 BRAS B X BE2 B A L &
pH 178 A T 22 3K W 4 EE2 A W10 52 e, Y 7K
T pH by v P Qi R 1 B, T B AR B 4, pH=5.6 J2
HA AR B pHo 4 pH &5 T M, b 22 2R Fff
EE2 MIRCEA W W TR

P 22 BRI BEE2 YRR BEE EE2 WA L 1Y
Fh e =, 24 EE2 F) 4R e B i — e VR FE R, fh
TAL LUK B 1 R RRAR, (A5 R 223K it EE2 f250%
ELETAN N

W 22 Bk Xt EE2 19 W B A A L >4 2 5E 3k %t
EE2 FFR LM R oK 1k B, REAN KU e K IR T P 5
K B B A AR FHIE i —FeOH 5 EE2 7 A= W i 47 5
MYTE 4, 24 pH> 6.5 I, BRME 44 K 0K AY 3R TH 4 1
FL A, 5 2R 114 1E FL ] P9 A 22 BROFH B 22 [ 7 A e
W51, Bt 5 W Hsf () ) B 4,y F B 22 Bk 5 i il
PR SIURE P i EL I 5 | RS e VR, 84 1 22 BRI fF
(1) EE2 Bl kA R R ATORE DA W2 BRI 4 1 R, il
PR ZZBRNT BE2 (W B RCR B 8 T %

& E X H

(1) X%, Ehe, i), 46, M s 22k Y3 X 4R B B9 [ 5 AL Ak g
[J] VTR =24 (A SRR, 2007, 28(5): 446 — 449.

[2] KAUSHIK P, MALIK A. Fungal dye decolourization: recent
advances and future potential [J]. Environment International, 2009,
35: 127 — 141.

[3] TASTAN BE, ERTUGRUL S, DONMEZ G. Effective bioremoval

of reactive dye and heavy metals by Aspergillus versicolor[J].
Bioresource Technology, 2010, 101(3): 870 — 876.
[4] TUNGITTIPLAKORN W, COHEN C, LION L W. Engineered
polymeric nanoparticles for bioremediation of hydrophobic
contaminants[J]. Environmental Science & Technology, 2005,
39(5): 1354 — 1358.
[5] HU J, LO IMC, CHEN G. Comparative study of various magnetic
nanoparticles for Cr(VI) removal[J]. Separation & Purification
Technology, 2007, 56(3): 249 — 256.
[6] JJEMBA P K. Excretion and ecotoxicity of pharmaceutical and
personal care products in the environment[J]. Ecotoxicology and
Environmental Safety, 2006, 63(1): 113 — 130.
[7] CALDWELL D J, MASTROCCO F, HUTCHINSON T H, et al.
Derivation of an aquatic predicted no-effect concentration for the
synthetic hormone, 17 alpha-ethinyl estradiol [J]. Environmengtal
Science & Technology, 2008, 42(19): 7046 — 7054.
[8] WANG J N, LI A, YANG J X, et al. Mycelial pellet as the biomass
carrier for semi-continuous production of bioflocculant[J]. RSC
Advances, 2013, 3(40): 18414 — 18423.
(9] Ehysk, JAGRNE, SRHIH, 55, WEVETG P A o b H B RE (1]
MR BE Tl K224, 2016, 48(2): 50 — 56.
[10] FE BT, 2524, B UL, 55 FURLIT P B 2 Bk b iR Y
WEATIE 0], ARt Al K224, 2014, 40(4): 607 — 612,

(117 Bk fid. 2256500 X b 22 3R A BOPEARF 5% (D). SR FH: 1077 K 2%,
2012.

(120 ARIEZL, FACHR, XUPRTR, 5. 526 B 22 3R LA 2y W BB £
WoE (V). L5 5 TR, 2018, 35(5): 59 — 62.

(130 B30T A 22 3k A Wy 260 0 1 g e B R 3 A 1 K Ak B AR R BT 9T
(D], WA/RIE: MR Tl R, 2011.

[14] 5KARL. FesO, MEPEGIKAL T XS TS b & W i e BV M5
[D]. Kb HIRIER A, 2012.

(151 Xpk, EAE, 3O, 55 FEIRAERE TR 9 KoK b AR I ff K
PEBERAE [J]. TRER AL, 2007, 38(7): 1074 — 1077.


https://doi.org/10.3969/j.issn.1672-4887.2018.01.004
http://www.caepi.org.cn/epasp/website/webgl/webglController/toCprzSearch?dwmc=&#38;zsbh=&#38;cpmc
http://www.caepi.org.cn/epasp/website/webgl/webglController/toCprzSearch?dwmc=&#38;zsbh=&#38;cpmc
http://sthjj.beijing.gov.cn/bjhrb/resource/cms/2018/01/2018012214300944367.pdf
http://sthjj.beijing.gov.cn/bjhrb/resource/cms/2018/01/2018012214300944367.pdf
http://sthjj.beijing.gov.cn/bjhrb/resource/cms/2017/12/2017122813300490092.pdf
http://sthjj.beijing.gov.cn/bjhrb/resource/cms/2017/12/2017122813300490092.pdf
http://sthjj.beijing.gov.cn/bjhrb/resource/cms/2017/12/2017122813300490092.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201501/W020150115565034743613.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201501/W020150115565034743613.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201501/W020150115565034743613.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201801/W020180108566316243797.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201801/W020180108566316243797.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201501/W020150115570838820656.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201501/W020150115570838820656.pdf
https://doi.org/10.3969/j.issn.1006-5377.2011.12.013
https://doi.org/10.3969/j.issn.1002-8501.2003.06.006
https://doi.org/10.3969/j.issn.1672-4887.2018.01.004
http://www.caepi.org.cn/epasp/website/webgl/webglController/toCprzSearch?dwmc=&#38;zsbh=&#38;cpmc
http://www.caepi.org.cn/epasp/website/webgl/webglController/toCprzSearch?dwmc=&#38;zsbh=&#38;cpmc
http://sthjj.beijing.gov.cn/bjhrb/resource/cms/2018/01/2018012214300944367.pdf
http://sthjj.beijing.gov.cn/bjhrb/resource/cms/2018/01/2018012214300944367.pdf
http://sthjj.beijing.gov.cn/bjhrb/resource/cms/2017/12/2017122813300490092.pdf
http://sthjj.beijing.gov.cn/bjhrb/resource/cms/2017/12/2017122813300490092.pdf
http://sthjj.beijing.gov.cn/bjhrb/resource/cms/2017/12/2017122813300490092.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201501/W020150115565034743613.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201501/W020150115565034743613.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201501/W020150115565034743613.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201801/W020180108566316243797.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201801/W020180108566316243797.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201501/W020150115570838820656.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201501/W020150115570838820656.pdf
https://doi.org/10.3969/j.issn.1006-5377.2011.12.013
https://doi.org/10.3969/j.issn.1002-8501.2003.06.006
https://doi.org/10.3969/j.issn.1672-4887.2018.01.004
http://www.caepi.org.cn/epasp/website/webgl/webglController/toCprzSearch?dwmc=&#38;zsbh=&#38;cpmc
http://www.caepi.org.cn/epasp/website/webgl/webglController/toCprzSearch?dwmc=&#38;zsbh=&#38;cpmc
http://sthjj.beijing.gov.cn/bjhrb/resource/cms/2018/01/2018012214300944367.pdf
http://sthjj.beijing.gov.cn/bjhrb/resource/cms/2018/01/2018012214300944367.pdf
http://sthjj.beijing.gov.cn/bjhrb/resource/cms/2017/12/2017122813300490092.pdf
http://sthjj.beijing.gov.cn/bjhrb/resource/cms/2017/12/2017122813300490092.pdf
http://sthjj.beijing.gov.cn/bjhrb/resource/cms/2017/12/2017122813300490092.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201501/W020150115565034743613.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201501/W020150115565034743613.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201501/W020150115565034743613.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201801/W020180108566316243797.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201801/W020180108566316243797.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201501/W020150115570838820656.pdf
http://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201501/W020150115570838820656.pdf
https://doi.org/10.3969/j.issn.1006-5377.2011.12.013
https://doi.org/10.3969/j.issn.1002-8501.2003.06.006
https://doi.org/10.1016/j.envint.2008.05.010
https://doi.org/10.1016/j.biortech.2009.08.099
https://doi.org/10.1016/j.ecoenv.2004.11.011
https://doi.org/10.1016/j.ecoenv.2004.11.011
https://doi.org/10.1039/c3ra41725e
https://doi.org/10.1039/c3ra41725e
https://doi.org/10.11918/j.issn.0367-6234.2016.02.009
https://doi.org/10.3969/j.issn.1672-5425.2018.05.013
https://doi.org/10.3321/j.issn:1001-9731.2007.07.010
https://doi.org/10.1016/j.envint.2008.05.010
https://doi.org/10.1016/j.biortech.2009.08.099
https://doi.org/10.1016/j.ecoenv.2004.11.011
https://doi.org/10.1016/j.ecoenv.2004.11.011
https://doi.org/10.1039/c3ra41725e
https://doi.org/10.1039/c3ra41725e
https://doi.org/10.11918/j.issn.0367-6234.2016.02.009
https://doi.org/10.3969/j.issn.1672-5425.2018.05.013
https://doi.org/10.3321/j.issn:1001-9731.2007.07.010
https://doi.org/10.1016/j.envint.2008.05.010
https://doi.org/10.1016/j.envint.2008.05.010
https://doi.org/10.1016/j.biortech.2009.08.099
https://doi.org/10.1016/j.ecoenv.2004.11.011
https://doi.org/10.1016/j.ecoenv.2004.11.011
https://doi.org/10.1039/c3ra41725e
https://doi.org/10.1039/c3ra41725e
https://doi.org/10.11918/j.issn.0367-6234.2016.02.009
https://doi.org/10.3969/j.issn.1672-5425.2018.05.013
https://doi.org/10.3321/j.issn:1001-9731.2007.07.010
https://doi.org/10.1016/j.biortech.2009.08.099
https://doi.org/10.1016/j.ecoenv.2004.11.011
https://doi.org/10.1016/j.ecoenv.2004.11.011
https://doi.org/10.1039/c3ra41725e
https://doi.org/10.1039/c3ra41725e
https://doi.org/10.11918/j.issn.0367-6234.2016.02.009
https://doi.org/10.3969/j.issn.1672-5425.2018.05.013
https://doi.org/10.3321/j.issn:1001-9731.2007.07.010

	1 材料与方法
	1.1 餐馆现场情况介绍
	1.2 设备与材料
	1.3 采样方案
	1.4 样品采集与分析

	2 结果和讨论
	2.1 颗粒物的排放及净化效率分析
	2.2 NMHC的排放及净化效率分析
	2.3 VOCs组分变化分析

	3 结论

