ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCLE




w % B3 $3T % S

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2016 4E 5 A 15 H

H K
2015 4E 12 AL STTT 25 S T V5 Yeast AT B 5 YL B HE RIS AL, «veveeerereeeeeereemmmmmnniiiii ettt
...................................................... %ﬁ@y@%y%%ygﬁ%y%;ﬁy%%yi E lJJ y$£ﬁ$’$§ﬂ§, Ef]/ﬁ)i{( 1593)
b5 APEC 1 8] A B0 2 S T TR V5 GL A AE J2 L «vvveeeememmreeeessnmitetee e e s sttt e e e st e e et e e e
............................................................... FIEW, TEY, e, EE R BEA MR, K, kR (1602)
FIH] SPAMS 237 L ST RBREL | AR LR IR LR 25 1 A LA BT TR A AT wveeervrveermmmmeeemmmeesniiiee e
..................................................................... TR XA M E Eew st X, R R, B S (1609)
22PN T P, V5 Y E B BB AT <+ vveeveeeemmmeemmmese e FHrL B R, T, EW, AHE(1619)
FCA T PRI A5 T PM, | IR T5 YK T ACTET - veveveveeeeeeeos WA, L R, KRR, 255 (1629)
Fh T S T R DU T LU S A TR B IR IE «+vveeeeeeeeeesessennnnmmnnnnnnns XEW, LW, EEF A, S IE(1639)
] T HE RS L (B KU ST JT BRI TEE ST woeeee ettt e e e s s e BRIE K (1646)
AT IR PSRRI HEHOK T AFAEIR  ooovveeeeeeoesseeees WA, K, ER, BRT, DB (1653)
ﬁﬁﬁﬁ%%*i%@@%*%&ﬂ%ﬁﬁ ................................................ E; ,%%‘%?, ? % % ’jﬁ\fﬂ: , Eé;{j&( 1662 )
CoCuMnO, JEAEMLSA ST VOCs FEPE B HE Sy 2f woveerveeeneeeens HHEA, DAL AR R R, S A A B 0 (1670)
AL TSR T B 30T 3T 112 . W S0 S R TEE B S FA veeemvveeemmmmmeemmme sttt
.................................................................. g)ﬁgg,gﬁ,ggﬂﬁ’%ﬁﬁj}%%;‘(yﬁ%%jljfgﬁ,ﬁ,%%( 1677)
BRI XA R R B2 A AR RRAE oo SWRE AL, FICKR, M, AR O, U (1685)
FUHSN-NO, 1 8 0-NO; /R EIE BRI FURIAEEICIE  «-eveeeereresrereresemeese e
................................................... BEE LEMR EEE, THF, o4&, HRR,RER, 720, E®E % (1692)
WYL 2 7R 2 T K S BRER 43 A o AIE S L MR R B AT - eeeeee oo ER L ABRE,RETH, ZEE,EET(1699)
I DX NS 7] b bR S TR R AL G RO +ovveevvennmennenmmnnnneeeeneeinniiinns BRi &, 8 AR LR, R R, AR £ (1707)
W e g X A VAT M AR P R R IR ST oE - i, Fa s a4 B8, & 0E, %, HEA, 24 K(1717)
S JEE ] [ BT 5 L) A A BR BIIITITIE v vvvvvvememmmmmmeeeeeeeee e e e e e s s s s W, A4 BHEA (1724)
UUKAE YRR A RIS G5A 2 T . AR A 5] eevvemmmenneeeen KT T, EEm,E4%, 287, EE#(1734)
I K PEREMRE S S MO IR oo A, A% RS, AR, £, 0, RS E, L, KR (1742)
ST B85 7K W LTS JeBAR B AU T oo IO, KB, B, D HOR R, B, B (1754)
G K 38 - e R TR T R e A SR ARy oo EEHCKREF, Uu, B4, 4 HH(1763)
& M B, I B R AR X K IR Z2 VR B A TS e HE 5 A XU - vvvevreremmeeem e
........................................................................... F{F\é’?‘,ﬁéifﬁ, B %jp_’%gi’%’%ﬁ ’—%—%ﬂ:’éfgé ( 1771 )
LYVLRR LB K F BB TR SRR B oo WA, EAE U, T KEI, R AR (1779)
ER UMY R /K TOC i BOE0AR 2 M7 - LA TR DR A Rl B R ] oeoeveveeeeeeoeees T GHE KT (1788)
T IR S B PO K TT 2 ZE A B Al B M PRI 25 eeeeeeeeeereeeesnsaantb bbbttt e e e e e e e e
..................... BRI, RI, XA R, E T O, RN B A, Ak, A, Bk, B = (1798)
J:F PCR-DGGE FHUFF B ( Bacteroides ) 16S rRNA A 7L T /K A 15 YL Wi/ ERAIFSE « LA EE PSR LU 0 T i Tl
/‘zf:éﬁjﬂfﬂ ........................................................................ ?ﬁ?[x,ﬁ%’?,?ﬁ@ﬁ,fﬁﬂfh,5%?5,755’7]‘)(%(1805)
IR SR T T P YA A A NS 2 AR AT R SR JE AT B LS AI AR - v vvvememmemmeee e et e e e et e e e e e
.................................................................. %’VE%,%’J‘EM ,é%ﬁ@,iﬁ/}i,ﬁa‘ié, gﬁﬁfﬁ’}’gi’ J_Hx_ﬂ( 1814)
%ﬁ(ﬁ’fhﬁ*ﬁ@;fﬁ%’fhﬁ*ﬁ*1&5”?%5@5‘:}1& ............................................. ;}J [/ﬁ ’ﬁ_\}% , % j] ’gsgj’(‘t , Fﬂ]‘%&.@( 1823 )
KA RAE EACT B PR O BRI S L IIBITE oveeeeeesseesnns ThE EHE Kk, BHF(1831)
%%%ﬂ:@(ﬁﬁﬂ(ﬁ*ﬁ*ﬁ] [ﬁ”{ﬁﬁm%iﬁkﬁggﬁu@% ...................................................... %%E , glﬁ/& ﬁﬁ , @' %( 1837 )
V5 KA IR DA AR - oveveeeeeoeseeeees A23 K UL, X3 B, 0 B (1845 )
HDTMA S 930 7 B K PSS I HERE I Z J1 2 -ooeveeeeesesems s BT, EH(1852)
THT TP 1 K A B I Bt B D B BRI T v eeee e e e e i HE, 2%—, HXE(18SS)
Tk Fe, O, BEMSTEIR-TE ST I IRIBIK T 25 FRIFTL «-vveereveerrremmesss e e, Fah, BMI(1864)
()BT SBR A JHE TV AT BRI JUERE o oveveeeeeeeeoeeeeecenns RN XIBLBT BRI, &R R B E (1873)
R IR 7 A HEAC T S A /N B HE CO, NSO HERIGE F BRI - eeeeeeeme e
........................................................................... ?Mﬂ]‘%,ﬁiﬁ,?}%%,%%,%ﬁ&,Zﬁﬁ%,lﬂéﬁ#%( 1880)
TS T X BT CH, SN OURBERAE -veeereeeseesessemseeccs BRE, Ky FHE EFH, 0 F(1801)
B URE AT P 5 1 FE LGS RN OHEBGI - ovvoeeveeneeesesecsine o L, T A, B (1900)
A SR 5 - AT LT AN RIS FTA0 FH P S B JELALZ] < v ee ettt et e e e e e
..................................................................... W T E,EN, AN, KA, REAE, R BEE(1908)
2B+ Bl XUV A AL ZS A S AR - RS, DR, B X B KO R KER, EEE(1915)
BEE 7 2O S0 K RS £ TR AR G WL K T 4 B B AR RFAERE I eeeemeeneeeeeeeneeees I, R 2 H B, P E (1923)
AC IR AR B 0 2 B 4 0 A R IE S AR AR AR IR, «oveeeeeeeeeeeeeeee s BAE, DAk, W B AT, 27 W (1931)
HERIE R X 4T 4 8 V5 Y RIS AT «oevvveneemmmmmnnneeeeennnniiinins X HEE IR, ER,H A (1938)
K TiO, X HIEHE L SRR SIE SRR FIM  cevveeneermmmnneenennen kA, EEF,REW,EEMW, KA, B, X (1946)
YK B AR A4 RS 7T e b HEH Cr( VD) BRI 2 v eeeeeemmmeeee e Az AT, B HIE(1953)
A T WU XA TR 05 T (0 34V T R Xof - S0 4 S IR (T I -+ vttt e e et e e e e e e e
.................................................................................... R, B3 Eie 2k B &g, A#(1960)
*ﬁﬁéﬁ@%%}iéﬂ*%ﬂﬁ@ﬁéﬁ({i |:f:1 E/‘J%Al‘iﬁzmﬁj ................................................... é,g\—@ , ﬁ@: , gﬁ ﬁﬁﬁ% , ;r%é?( 1968 )
BEBE ARG e R AARPRALEI AR AR ZE AT oo ERE ELME, BB E(1978)
e R AL AR X PR IR R PR s e ATE,EW,ELL %% Ry, ik, ETF, #A&K(1986)
TEREHTMETH I G HENC AR AU SCERFAE  wovverrrrerenmmmnnnnennenniiiiiins A EEK T A FRE,Rah, ZEF(1993)

(IR EEITIR G (1830)  (BRSERMA)ER NI (1977)  f5E.(1698,1851,1992)



537 4 5 57

Vol.37,No. 5
2016 45 H

May,2016

B
ENVIRONMENTAL SCIENCE

B R TR HE A5 e e R RUBG EA4 J E 3

PR , =gl

(MR R EZEBE, B T B E W E A%, 220 730000)

E . ¥ AERMOD 45784 7 FH {5 JXURS: - v, 7 1 VRHE 30T G P ik s IR DA 1%, T T 7 % T e ke i ek 7
Yy HE A AR T R R KURS:. LA 22 N TIT = D e T 7 SR IR B =l e 1B S-S T W AUREH) (PML, ) 'h 2 350542 (PAHSs )
FEL R AZRIF[ a] B (BaP) XN FIAEES | AN IR B0 A AL DF I 2 5% T A9 {at e IXURS: (A0 476 800 AU {8 RN JF 3088 Fa B 6 50
il , 256 22N T RAE sS4 PM, ' PAHSs (9 SEDUEHR , 204 =R ri T HEC PM,, ' PAHSs T BaP X} ATENTE IR 25 58 T 19 g R JXURS: 76
A AL A TTIR A, S5 IR T ST 5 PE BV AAERS TCOC , 5 B B) B A XU 2 500146 56 , SRz 191 0 BTk LE R B R, AR BUi /G
R+ F i sk L B0 XS E R K. Wl 5485007 i 0 EL BRI 0y 1 i TSk, %0 248 T 0T A [ DR HE a5 e
) i SR XS DA LA R AR5 i TN v B 358 RURS: R P

KB R RIS P s AERMOD #5581, 235548 32 W iE4

FESES. X820.4 XHEIFRIRE. A XEHS . 0250-3301(2016)05-1646-07 DOI: 10. 13227/j. hjkx. 2016.05. 007

Establishment of Method for Health Risk Assessment of Pollutants from Fixed

Sources
CHEN Qiang, WU Huan-bo

(Key Laboratory for Semi-Arid Climate Change of the Ministry of Education, College of Atmospheric Sciences, Lanzhou University,
Lanzhou 730000, China)

Abstract: A health risk assessment method of pollutants from fixed sources was developed by applying AERMOD model in the health
risk assessment. The method could directly forecast the health risks of toxic pollutants from source by some exposure pathway. Using
the established method, in combination with the data of sources and traditional health risk assessment method as well as the measured
data of PAHs in inhalation particle matter (PM,,) in Lanzhou, the health risk of polycyclic aromatic hydrocarbons (PAHs) and benzo
[a]pyrene (BaP) in PM, from the three fire power plants and the health risk of PAHs and BaP in PM,, at the receptor point by
inhalation exposure in heating and non-heating seasons was calculated, respectively. Then the contribution rates of the health risk
caused by the three fire power plants to the health risk at the receptor point were calculated. The results showed that the contribution
rates were not associated with sex and age, but were associated with time period and risk types. The contribution rates in the non-
heating seasons were greater than those in heating seasons, and the contribution rates of the carcinogenic risk index were greater than
those of the cancer risk value. The reliability of the established method was validated by comparing with the traditional method. This
method was applicable to health risk assessment of toxic pollutants from all fixed sources and environmental risk assessment of
environmental impact assessment.

Key words:fixed sources; health risk assessment method; AERMOD model; polycyclic aromatic hydrocarbons; environmental impact

assessment
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Table 1  Exposure frequency and time of different groups of people

" REHCEEF  RERGOE AL THRE

/dea”! ED/a A a] AT/d
<6 % 365 4 70 x 365
6~17 % 365 10 70 x 365
18 ~60 % 365 30 70 x 365
>60 % 365 40 70 x 365

LRI 52 I 73 PAHSs 257 3] & RID A5
TR B R SF S k[ 21 ], WLk 3.

HAE USEPA , M43 fa F 48 Bl 1 1, A
R N P A 5 5 — AT 4252 B B0 XU
{ER 10 7°, AT B0 K (E_ERR Ky 10 7422

2 SRIEHE

FRAE AR, 2= N T ZfRr ) PG [ ) A
H ) SA Al FH TR AR, A% R 10 301 RN A SR 1z 300 1) SR S
09K 37.59 x 10*, 187.94 x 10*, 93.97 x 10*
t-a”' F1 38.88 x 10*, 194.41 x 10*, 97.21 x 10*

tea”'.
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Table 2 Exposure respiratory rate and weight of different groups of people
P 5% kS
R (BW) /kg IR (IR ) /m® -d ! R (BW) /kg P (IR) /m? - d !
<6 % 12. 02 5.71 11. 65 5.85
6~17% 38. 80 11.78 35.72 11.36
18 ~60 % 60. 62 19. 02 53.50 14.17
>60 % 59.42 11.53 51.32 10. 36
*3 PAHs SEFERBIEERERER
Table 3  Reference dose and carcinogenic intensity coefficient of PAHs
F5 FFR RfD/mg- (kg-d) ~! F45 ZF SF/[ mg- (kg-d) ~'] !

1 NaP 8.57 x10~* 1 BaA 3.10x107!

2 Acy 3.00 x10 2 2 Chr 3.10x1073

3 Ace 3.00x10 2 3 BbF 3.10 x10 !

4 Flu 2.00 x 10 72 4 BkF 3.10 x10 2

5 Phe 1.50 x10 2 5 BaP 3.10

6 Ant 1.50 x10 ! 6 ledP 3.10x10 !

7 Flt 2.00 x 10 72 7 DahA 3.10

8 Pyr 1.50 x 1072

9 BghiP 1.50 x 1072
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Fig. 1 Normalization replaceable source profiles of PAHs

E1

in PM,, emitted from coal-fired power plants
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Table 4  Results of sources of carcinogenic risk or non-cancer risk in heating and non-heating seasons

5 SRIE AR E
: . i c| FERSE ik [ i| FiERaE
R (PAHs) 8. 004 40.018 20. 009 4.224 21. 120 10. 561
i) Ry (PAHs) 0.369 1. 847 0.923 0.195 0.975 0. 487
<6 R}y (BaP) 2.927 14. 635 7.317 1.545 7.724 3.862
4 (PAHs) 8. 461 42.302 21. 151 4. 465 22.325 11.163
i R} (PAHs) 0.390 1.952 0.976 0.206 1.030 0.515
Ry (BaP) 3.094 15. 470 7.735 1.633 8. 164 4.082
R (PAHs) 12.789 63. 941 31.971 6.749 33.746 16. 874
i) R} (PAHs) 0.590 2.951 1.475 0.311 1.557 0.779
6-17 R}y (BaP) 4.677 23.383 11. 692 2.468 12.341 6.171
R}, (PAHs) 13.396 66. 978 33. 489 7. 069 35.349 17. 675
s Ry (PAHs) 0.618 3.091 1.545 0.326 1.631 0.816
R} (BaP) 4.899 24. 494 12.247 2.585 12.927 6. 464
R (PAHs) 39. 649 198. 236 99.118 20.923 104. 623 52.314
i) Ry (PAHs) 1.830 9.148 4.574 0. 966 4.828 2.414
18 ~60 % R}y (BaP) 14. 500 72. 496 36.248 7.652 38.261 19. 131
R, (PAHs) 33.470 167. 342 83.671 17. 663 88.318 44. 161
4 Ry (PAHs) 1.545 7.722 3. 861 0.815 4.076 2.038
R}y (BaP) 12. 240 61.197 30. 599 6. 459 32.298 16. 150
R (PAHs) 32.695 163. 465 81.732 17.253 86.271 43.138
5 Ry (PAHs) 1.509 7.543 3.772 0. 796 3.981 1.991
RS, (BaP) 11.957 59.780 29. 890 6.310 31.550 15.776
>60 % Q

R (PAHs) 34.014 170. 059 85. 030 17. 949 89.752 44. 878
4 Ry (PAHs) 1.570 7.848 3.924 0.828 4.142 2.071
R}, (BaP) 12.439 62. 191 31. 096 6. 564 32.823 16.412

DRG: x107% Ry . x10 77

15000

10 000

HIA A bji/m

5000

0 5000 10 000 15 000 20 000 25000 30 000
IR A d7/m

BHAL: x 1072
B2 REE=XE] HH BaP £ RRZINT 6 5B &5 R BUE XK R FEL% E
Fig. 2 Contour graph of carcinogenic risk for less than 6 year old boys caused by breathing exposure

of BaP from the three power plants in heating season
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Table 5 Contributions of health risk caused by PAHs and BaP in PM, emitted from the three power plants
R i <6 % 6~17% 18 ~60 % >60 %
5 8 5 8 5 'y 5 Z
R¢(PAHs) 10-12 3.39 3.59 5.42 5.68 16. 82 14. 19 13.87 14. 43
R"(PAHs) 108 1.57 1. 65 2.50 2.62 7.76 6.55 6. 40 6. 66
R°(BaP) 1012 1.24 1.31 1.98 2.07 6.12 5.17 5.05 5.25
AER )

R°(PAHs) 1012 1.55 1. 64 2.48 2. 60 7.70 6.50 6.35 6. 60
R"(PAHs) 108 0.72 0.76 1.15 1.20 3.55 3.00 2.93 3.05
R°(BaP) 1012 0.57 0. 60 0.90 0.95 2.80 2.37 2.31 2.40
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Table 6 Largest contributions of health risk caused by PAHs and BaP in PM |, emitted from the three power plants

A B <6 % 6~17% 18 ~60 % >60 %
5% koY % koY 5 S 5 S
e
R°(PAHSs) 101 17.23 18.22 27. 54 28. 84 85.37 72.06 70. 39 73.23
R" (PAHs) 108 7.95 8. 41 12.71 13.31 39. 39 33.25 32.48 33.80
R°(BaP) 10°12 6.28 6. 64 10. 03 10. 51 3111 26.26 25.65 26. 68
JER

R°(PAHs) 10-12 10.07 10. 65 16. 10 16. 86 49.91 42.13 41.15 42.81
R" (PAHs) 108 4.65 4.91 7.43 7.78 23.03 19. 44 18.99 19.76
R°(BaP) 1012 3.68 3.89 5.87 6.15 18.21 15.37 15. 02 15. 62
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Table 7 Result of the health risk calculated using the traditional method

R sl iy <6 % 6~17 % 18 ~60 % >60 %

5 “ b S 5 “ b S

e
R°(PAHSs) 10-12 3.39 3.59 5.42 5.68 16.82 14.19 13.87 14.43
R"(PAHs) PR 1078 1.57 1.65 2.50 2.62 7.76 6.55 6.40 6.66
R*(BaP) 10-12 1.24 1.31 1.98 2.07 6.12 5.17 5.05 5.25
R°(PAHs) 10-"  17.23 18.22 27.54 28.84 85.37 72.06 70.39 73.23
R"( PAHs) (3600 m, 10700 m)  10°8 7.95 8.41 12.71 13.31 39.39 33.25 32.48 33.80
R*(BaP) 10-12 6.28 6.64 10.03 10.51 31.11 26.26 25.65 26.68
e

R°(PAHSs) 10-12 1.55 1.64 2.48 2.60 7.70 6.50 6.35 6.60
R"(PAHs) PR 10-8 0.72 0.76 1.15 1.20 3.55 3.00 2.93 3.05
R°(BaP) 10-12 0.57 0. 60 0.90 0.95 2.80 2.37 2.31 2.40
R°(PAHs) 10°2  10.07 10. 65 16. 10 16.86 49.91 42.13 41.15 42.81
R"(PAHs) (3600 m, 10700 m)  10-8 4.65 4.91 7.43 7.78 23.03 19.44 18.99 19.76
R°(BaP) 10-12 3.68 3.89 5.87 6.15 18.21 15.37 15.02 15.62
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Table 8 Health risk contribution at sampling site caused by PAHs and BaP in PM,; emitted from the three power plants

R i <6 % 6~17 % 18 ~60 % >60 %
5 & 5B & 5 ko 5 &
R
R°(PAHs) %o 0.000 5 0.0005 0.0005 0.0005 0.0005 0.0005 0.000 5 0.0005
R™(PAHs) %o 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300
R (BaP) %o 0. 000 2 0. 0002 0. 0002 0. 0002 0. 0002 0. 0002 0. 0002 0. 000 2
B[]

R°(PAHs) %o 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.001 2 0. 001 2
R™( PAHs) %o 0.1500 0.1500 0.1500 0.1500 0.1500 0.1500 0.1500 0.1500
R (BaP) %o 0.000 5 0.0005 0.0005 0.000 5 0.000 5 0.000 5 0.000 5 0.0005
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