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Abstract: Xuanwei and Fuyuan, located in Qujing, Yunnan province, were found as areas with the highest
lung cancer incidence worldwide. The relationships of the copper distribution and lung cancer incidence were
investigated in the areas with high lung cancer communes. Water, food, human plasma and lung tissue sam-
ples were collected and analyzed for the copper contents using microwave digestion-ICP-MS. The results
showed that fuel type is the most important factor influencing lung cancer occurrence. The total daily intake
of copper was lower than Recommended Dietary Allowance (RDA) in high lung cancer incidence areas. Cop-
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per concentrations in plasma samples from lung cancer patients were significantly higher than those in the
control samples. The concentrations of copper in lung cancer tissues were also higher than those in paracan-
cerous lung tissues and benign lung tissues. Ratio of Cu/Zn increased in both plasma and lung cancer tissue.
The results of Pearson multiple correlation analysis showed that there was a significant positive correlation
between Cu and Ni, Cu and Pb respectively, which indicated that these elements had synergism of anticarci-
nogenic effects or carcinogenesis. Cu and Fe, Cu and Zn were negatively correlated to each other. It indicated
that the elements had some effects of antagonism. The results of logistic regression showed that copper might
be the important factor for lung cancer occurrence.
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MiERAEEAREGMBRAOTHEMNEZ—,
EREILVHERENELBEEREXENE
fi, , EHAEEAMENZRRE—EE EFBES &
B B R R B RS TR AR BT E A, R R i
g EFBEREKR,. REZEARILHFBX R
LM RMBRAM X Z —, 5B E R% i
Fili 588 5 22, 24 4 B A LU R BE, R R I R
M AR RO R R BRSNS  EREAE
SHEEBR. HRENY, KHREERER
SPRSEFHERMEFEREANERERE, &
3k, BEE B BRI S E U RN SE T, i
WRE[SERAT R KE, (BRMEERKEM
RTRNRBERATY, WEREEERILRERK
HRT RENRTRERAE BEFR EL. WX
BURBKARNWERF XA BELRSME
MELE ERURBTHEX  AETRERATE
BAMRMK ENEERAERNIEM. R, BTN
BEMBURZAMEXETRERZL, BAHK
HTRSBREMREELENERNER, ELMHE
ERITSIRHERNAEREY,

AHRRARTRFAESRBENHE SN
HEEAHFR CUEESRTIRNEENEN
PR P 5 A5 RRTE A BT, 8 o %o i 4 FO e R AR R
Pok M FHREREG P Cu HFRIE, BT
Cu RESMBRENMEXE, HEREBEBRUK
it 988 ) 2 300 TR Bl 12 e SR AR R AR HE

1 #¥EF7% i% ( Materials and methods)
1.1 X2/

X %% : Agilent 75002 B L R A HF B FHEHE
{ (Agilent 24 7)), MARS-X ¥ IH % & 4 (CEM 24
&]), Milli-Q B4 7k ¥l Milli-pore 2 &), FD-1A-50 &
HEAETRWALRHEERZRMUBARLA),
BE T ERBEILRERIFSAERAAE),

B« S b 218 A S AL BR (b SR B2 BR),
0% SEAERE A, BLERLEARNERA
Al), ZTE RS HEE T A M (Agilent 2 7).

WEY B B R AR YR 4 LB R GBW
09131 (4 B i By = 2 Bl 2= Be 30 38 T AR I fr), B &
TRARHEY) E GBW (E)080193 4 fF(hE A RBHRE
MERN K EFEMBPT I R/ =35 Wik
BB, B R —RAn Y F KK GBW08502
bR EAEP BN S 0), BR— R EY FE /D
Z ¥ GBW 08503 (E % i 5 # 4 ¥y M Bg L 2 BF 5 BT )
12 FERATR¥EREE

2007 4, E-FEMBEHEXFART AT AR KM
BT AT R F VA A, AR 48 AR O R R R 4 A A
BHERR FETEN, RAZH B 42 K
HEBEL B A, I AKX 30 % ~79 # ¥ 1E
BR(AGFEIER L. F3hA O MBS T ER
HE)VAERAE., FAMRERTRERT T B
MXKWAMWERE RBARBNEE, TR
5 b, IX B MAT RO . WATIRF A ERBEFER
FOr PR FRBL R B AR BT VRW
HEEREURRESE,

13 KREMGRKERRE

HEERMERMESZXAKEXL 60 &
RE(BREX36 P BEK 24 /) , REBFRE 1
dFFZHEYAKK. ABHEE—-HRAENE, N
ERFESN ML HHN. B8 BAE KREIH . RHE
SRR, EREHEN 24 MA,BAEEH 1K
K, BB EAKTRENERS , REZRE S
BY,EREH LGB BIBASXNKKE,
RABlfE"WEFTALdFIENEY,ICRYRK
CRYNME AXTIREBABRICRYLSE,
BELRAMBOIBRE —-HA4RELFRRE B8 %
TRB8~-NhEHAKRERE, R THOEYH
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RAETRW.EREMBASXIZEYERE
HEBH, AREBBEIVERESITERAB KR,
AT HRPREFN,
14 IMFEHHRE

H = A B T s BB O B R &R, i

HIRAEIRE & X fos 88 X BA#E, EIER A

ARABHEBNEREBZE . EARELK 1 mL,
Sl FE A BE I 3% 95 4y, X IR A ML 3K 93 14, A
F ok 5hiE ZA0E, R -80 C KA NRT .
15 Flifg SR Sl s

HzEAMEERDIKE, ERAIEHLTH
FRAMEERERMEBNEEFAGUBRM A
HOERERR 14 FIEENIE BZFMEFHR
Hit 2 PREMSEE KM REE S, AT KSR
MBI, B8 CHKANRE. BEANEZ
BT, e BT E 0 S A UK AR R B, IR —RE R W A9 4H
MBI RE, BAUKRENE S, B EREFER, H—
WA B A4 LB LA, MAEEZRHE TR
PP REB TR 48 ~72 h FEHE , HERHRIFIET
FE, RABEHSERRERN,
1.6 BEME Ik

BUE BB I A TS8R - DU K AR R o, SR I3 BE
Mk AR K L ARR | i 3R RN Bt 4 4R B AT AT Ab
T, ICP-MS ¥R & A Cu % ZFp T R 17 Rl A
ST, AR BB S B TR S AR ISR B
FIAL A8 B3 0 8 21k DL SOk
17 QA/QC

ARRBATRFATAEBEAR,RATRE -
5 050 J5R B 45 1 AR % I G R R B ) i R A A T
Tk, AR S A B e S HE TR LA K B 40 i SE
g, %2 E 2 B R A B FKE PR 2 BT A R BEAT
BRI, RAEHTERFBPEH P LE—
HESHAFRERAFZE S, RAAE L ERTTHRA
BAKRNE, AEEZRE, HSHFEA TR
URBERNEE, R E R ESF T, 2 W
Ba , RANFEALERITRA, B REER R,

SR 4 1 Y8 0 i 28 8 BT 8 P Y AR VBB RL B R SR
L& 34— WP RT3 7= & B R IO BT AL BB AR
BEERE, B—XETEMOE, FREEBAELH
ZLWA Milli-Q Baik, ELSVRESNEN, HE
EinEYRE MERG R R RS E
R—FAREY ARG ER R Y /D ERE
FRAEY R, 3 MK A SRR B SR ST RS,

HEEEFE THRRIS N TIEMAEE 3 #ME
MELLTY AT B SO R, 25 B B3
BT 3%, Rt EFEFRME Ce ERANREBTEEA
EARREEMNETHRAKFE(CO /Ce” <1% M
Ce" /Ce " <3% ); Pl & # & Bif S FH 6% (Rh )1 8K (Re )T
WIR TR IE , LAMERE R BB AIE S EE ;&
KMEHEREERERRIF M MR, 8
MILR LM X REGET] 0999 UL, & 20 T4
i Z E 1 PR HEVS BOR B B AN AR BB
18 HiEabs

B8 BU¥E F A Access (3% &, i FH Excel ,SPSS
SREHTREN G20, RITRFAERE
FIF 25T |13 J7 8 4 4 28 B Z (8] 1 5% R Fn k47 T
W, RRAEZPTEMNEERNOST  BREEARY
B SRR P E VT HES. RAtREX%
SHEZERHETRERERR,p >005 RAXLEEFE
F,p<005 RAERBE, BTRKRBEEINEEE
FIAZM Logistic | I E , A A FBHTE
H47T Pearson XML

2 Z5 (Results)
21 WATRZERE

AR VE 2 o X 52 833 ABEATHIRE X &R A
A ; CT &2 IE Fii i 7 & PH 44 2% 763.08/10 77 , 1t
RAOREER 453.63/10 77, B L Z 5/, B4R
2R 482.78/10 J7(95% CI:410.08 ~ 550.49), % ¥ th 45 &K
387.98/10 J7(95% C1:326.71 ~449.24), B & il 124,
RRERENIRRERRHER . L8R 15
FE~25F, DAEREER, ERT.EREERF
RIRBRILT-RE 60 FFFF IR T M, M4 KFZ 60
SRR HRAR LA, K EE TR S U
H6OSULEFABH TR ABIBREREER
BB BT IR T B 2 TR R4 o5, iR & R I
T A REBE AT,

BRX 78.1% B B RN A EMERK,434%
HARKNMEEA AL ,31.1% MHEA S8 ,11.8% M
ERRTT ERK 788% B RN EHATHEERR
R ,269% B R FTHHEH BT ,23.1% HHEE %
BT 58% MEEA T . A S MERSE
RAFBRARKEXERAK EEEXKHIALT
IR EF WERXWEAFREA~BER. &
REXMT E ERmHERE X ERNOERET
ETREEE, @it Logistic EIFAERFEN,
MR EESREREAEINXR.
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BEXKMEBEAHENRERE., FERRA
il 98 BT 2R 5 i i O 25 ALk R Y 40 AR — B, O O
FH 2R B 2 1% % 53 i 98 5 1 S 8 n O B, BRI IR AR
WHEEN ZERR S BEEMWEINTEEHEAD,
ERERN Y, KI5 ot RI7E E AL X
BR EEET BREENREEABETERFT
£, BB TEREREB LA ENELKFHE, 4
Jit 88 7% BH 2R 84 75 1R 5 W RO fE AR A 7 LA
Tl ERBEEHB XK,
22 WEMHKS Cu WER
221 REMKAKRE S PHEBRE

FRUE R ICP-MS B X IR AR K EE A Y
Cu YR JE BEATIRE , 40 B G0 PO 4 W 15 BB 4L . T 359 1L
WEREMPAE, LR 1. SREAFBEKAKS
Cu HOBRMERRE 1 000 ng-mL" 48 E", tk K B9 Cu
HRIPEER,
222 Cu HEEAER

ZHREEAEBEHEYP Cu KEMTRSEI
BEY, BEARME CuKMERERBED,):

D, =c,-w-% (1)

KF:CHEKEF CORE,w AIRREMNREX

FEaYRB@EE), W A W, 5508 % TR,

EEYRRER(THE).
ZHRAKBARHKS Cu EMAKKETE
B, EEFRNRZ CuoWERKREED,):
D,= C,*V @)
A CoREAKS Co E,V IAENRER
WK SR,
HXKZBREOD)SHERERBEWD)Z M,
HELBREIMNE Cu HRBEERD):
D= D,+ D, 3)
HRMBLEKEMPTOKBFEHEEREA Cu
BRHBALRBHNGHERLEZ 2, Cu ZRYUBA
BEHHBEALEN 8% UL, REEWRAKEA
HEBLTENFERRE BRAXEREXHAZNE
BERBEXER@P>005). STFEHEHR¥LEHE Cu
BHEAREFRZMLERDA H20 mg-d" HE™,
BZHEABHE CuBAEREEARAR, Cu fEARAKNE
BEEMGILE UBRZHESIEAL, BERE,BH
KSR, R RGA Y, R A S BN R M
I, 3 B E A B AGE, A5 EFEL,
BE R GESERAME NS EE, FHik, 8
UHBEAARCKEL BENAEITRELYMA
BrERRA,

F1 KRMRAKERP Co REVEER

Table 1 Analytical results of copper concentration in drink and food samples
BAERK (n=36) BRER (n=24)
mE High lung cancer incidence area (n =36) Low lung cancer incidence area (n =24)
Item i E{E FHfE o 2 GAi:E W EE ¥y wERE iz {E
Range Mean  Standard deviation Median Range Mean  Standard deviation Median
%K /(ng-mL"
e ) 0.08 ~40.0 541 8.73 0.14~473 7.72 12.1 234
Water/(ng-mL™) :
W /(ng g
ke-g") 149 ~5.11 3.05 0.90 149 ~5.70 312 097 3.04
Food/(ng-g™)
F2 CuBBARGHER
Table 2 Analytical results of copper daily intake
HEK (n=36) EER (n=24)
mA High lung cancer incidence area (n =36) Low lung cancer incidence area (n =24) pfE
Item WEEE FH{E PR 2 A i EE FHME PR 2 AL p value
Range Mean Standard deviation Median Range Mean Standard deviation Median
&/(mg-d”
B i(me ) 024 ~162 0.74 034 0.74 0.16 ~ 147 0.72 037 0.66
Food/(mg-d™)
Bk Apg-d™)
004 ~34.1 5.13 8.04 1.50 0.10 ~49.6 47 103 0.67
Water/(jug +d™)
Bik/(mg-d")
024 ~163 0.75 034 0.74 0.19 ~147 0.72 0.36 0.67 0404

Total/(mg-d™)
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2.3 I Cu 5HEHEXMET
231 mEHCuREE

Cu 7EffiE 4 Fixd AR S BSE TR BHA
BARMEIT t B ,p 6 <001, RAZER 4B, BIf
EABESTYMEY, AR TFXMRENWEHRHE 718
~1387 ng-mL"™ , 5EHHHEER T,
232 3% A4 Logistic B

LA i 988 20 A0 xoF BB ZH A B L 3R P U SE 20 R T
E5BEY AL E, BH 5 AEKH Logistic BT

R, R A& H G B (Backward LR)X B 245 & #E 4T
BI, B4 Cu.Zn fl Se EATEHANTE, K 4.
B.SE.pH.ORER 95% CI%IENFE4, HEPE
RATA,Co WEIHRBBENEME,OREXTF 1,
Zn M Se WEIHRBK B H NRME.ORE/NT 1,4
Wald X*# % ,Cu & p {H/NF 001,Zn 1 Se # p {&
MATFo0s, RAEZRYAF R ENE, BRELSER
A7 ,Cu.Zn F1 Se HHiEMX, B Cu 5HXZE
EHXHED,

%3 MEAMMRAMNRS Cu ZRELR
Table 3 Comparison of copper content of plasma samples in lung cancer group and the control group

ng-mL"’
FEBA ¢ =95) xtRA ¢ =93)
mA Lung cancer group (n =95) Control group (n =93) t B pfE
Item WEE FiE R P E HEE FHHE IR E DA - t value p value
Range Mean Standard deviation Median Range Mean Standard deviation Median

m#

660 ~2 213 1275 280 1233 571 ~1 743 1023 210 991 7.00 <0.00

Blood plasma

F4 IEPFZBTESHEXRMIERYS Logistic B H 44
Table 4 Correlation between trace elements and lung cancer using multiple non-conditional logistic regression

_ . 95% B {5 X |
R BB EEREK IRHER pfE OR
95% Cl. for Exp(B)
Element af B S.E. p value OR value
TR Lower LR Upper

Cu 1 0.007 0.001 0.000 1.007 1.005 1010

Zn 1 - 0.004 0.002 0.027 0.996 0992 0.998

Se 1 - 0.031 0014 0.024 0970 0944 0.996

233 Pearson HXHRE

RALTAHRXESHTX Cu Zn 1 Se FEATHRK
S, ME S5, Cu 5 Zn B Pearson fHHEERHH
0.194, H X B E 1 B E K F/MTF 0.05(P=0.048),
VLB Cu M1 Zn ME K FRAGITEE L LHKAM
Xtk, US4 Cu/Zn HEK 95% EF XA LR
141 REHE R, &4 Co/Zn WEE FHMAER
LA 80 i, kb 84.2% (80/95), i Zn 5 Se.Cu

5 Se WARRABZIT#BEX EHHEXHE,
#5 Cu.Znf Se IS LAXMSH
Table 5 Multiple correlation analysis of Cu, Zn and Se

2 Cu Zn Se
Element
Pearson 1 - 0.194* - 0077
Cu » (Sig) .- 0.048 0256
Pearson - - 1 0059
Zn 7 (Sig) .- - o
S Pearson - - - - 1
¢ p (Sig) -

E:* RAp <005, AF G MR EDNERE).

Note: * p <0.05, significant difference(two-tailed test),

2.4 MART Cu SHEHERXEDT
241 MHLF Cu WEE

M14 I BRENNE ESMEEAL
CulESRAE 6, ZITEFRUEREME. EARY
EH. AR EREMPOME, RARSEENRE t K,
HBECGEMB BEMESHLRTRAREN
ER. BREY WEAE >EFHA > EF4HS,
HER+HEBEQP <001),
242 %1% Logistic |13

DI 20 RFTEERECENAERES
S| A% Logistic FIJF R , & Fe . Ni.Cu.Zn Ml
Pb AR T EHAFTEEP <0.05), LE 7, HF Ni.
CufPo B RNIE{E,ORE KT 1;Fe #l Zn K B
M8, OR E/NF 1,
243 Pearson HxMHHK

BHEHAD LR AMFEAFTEHXBITREK
B 1T Pearson HXHRE , ERIE 8, RPLER
BRTHTEERBAFASEITFEL LHHEXEQE
<0.05), X # Fe 1 Zn Ni fl Cu.Cu F1 Pb 2 B¥1F
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Table 6 Copper contents in lung cancer tissue, paracancerous lung tissue and benign lung tissue

ng-mL’
g Cu &£ 8/(ng-mL" ") Cu contents/(ng-mL" ')
2]
Samoh L ¥ B 4 HAKE Vi R 2 i {E pfE
ample
Sample number Range Mean Standard deviation Median p value
it 988 4 R
14 487 ~14.7 8.93 3.14 847
Lung cancer tissue
BEAHN
14 4.04 ~9.12 667 131 6.69 0.001
Paracancerous lung tissue
ERAR
14 3.09 ~1.12 547 097 552

Benign lung tissue

F7 MAKRRLTRESHMX AL Logistic {13 5 #
Table 7 Correlation between the elements and lung cancer using multiple conditional logistic regression

_ o 95% ® {5 X W]
TE B & EIAR# R plE OR
95% Cl. for Exp(B)
Element daf B S.E. p value OR value
TR Lower £ M Upper
Fe 1 - 0.703 0209 0.045 0495 0270 0920
Ni 1 0577 0290 0014 1.780 1.155 2.787
Cu 1 0.851 0.404 0.008 2341 1.102 5.781
Zn 1 - 1109 0.796 0.003 0330 0.003 0.673
Pb 1 0234 0253 0.032 1264 1.102 1.598

*8 MBAL/PSFHTEEXERRER
Table 8 Correlation coefficient between two individual
elements in terms of lung cancer tissue samples
FE

Element

Fe Ni Cu Zn Pb

Pearson 1000 - 0402° - 0474° 0517 - 0352

Fe

p (Sig.) 0034 0011 0005 0.066

Pearson 1000 0624°° -0394° 0355
Ni

p (Sig) 0000 0038 0.064

Pearson 1000 - 0396° 0416*
Cu

p (Sig) 0037 0028

Pearson 1000 -0234
Zn

p (Sig) 0232

Pearson 1.000
Pb

p (Sig.)

B kA p <005, RAGITEHAXEDRRBER);

** FR p <001, RH KT ¥ BEHXEGRRE).

Note: * p <005, significant difference (two-tailed test);

** p <001, exdtremely significant difference (two-tailed test).

X X R4 BN 0.517.0.624 1 0.416, Fe
Ni.Fe fl CuNifl Zn.Cu F1 Zn B R Z M, H
% AR 5K -0402.-0474 .-0394 F1-0396,

244 Cu/Zn W1E

XFMBEREME Cu Ml Zn TE,UR _E W
EHELSFEAMBZRAKXRAXMEAERE, [
EMARPHEERERED, KA TR RBER B
ESHAMEFEHRFH Cu/Zn LLEHITTHES
LO&RAE L,

L 2 .
b :4{ IA]I]g cancer fissue

5 g
2 Paracancerous lung tissue

r.\—i—-— IE #2121 Benign lung tissue

0.00 T ST (S | e
1 2 3 4 5 6 T 8
B il

.\HH)[I]H

9 10 11 12 13 14

1 WA BEMESALS Cu/Zn LLELEE
Fig.1 Comparison of Cu/Zn ratio of lung cancer tissues,

paracancerous lung tissues and benign lung tissues
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MRGREN, MBALAT Cu FBFARM Zn
EEBREME.Cu Ml Zn RERTZEBEX EHRHEX
#, Bl Cu/Zn Ho{E F+ 7534 5 1 88 58 & I K B9 4
TR IE A — B

3 itit ( Discussion)
31 MERTWREREER

HEmX AR ES, B . aE25/N BERRE
ERAFTRT. RAXERFERAEEMEE, BR
HHHEAR ST S8 RELT) %, Logistic
EF45trRE AEREERBRAABNHNXRE
BAXMEBRAHBENRKERENE, RERR W&
RSB REAERY S A B, LB
PR, BS5RME . P AEE FrE=US T
SREAEHBMEE, UEHREGEREH, EH@)
EARBHNBBUEAFTREMNBRRZEREE
WX, BZERREZSPREFEHFTRI, T
FELBARHEYRERRY™ . XTFYHME
5ESRMMABRL HRHARRELARERNEE
SR 5B Z R,

32 Cu WHREE

BERCGBEANTIERR, YHEBEEARXAH
Cu HHZBEBVYHMEN 075 mg-d” , KR KX K 0.73
mg-d , “EBRABEER HRTEHREERE
L4 B (RDA 20 mg-d', Cu ERNEALTNE
KR, ELUHMKBEFEARS AN TFARRE B
BOE RN -

33 Cu 1 Cu/Zn 5+ X

i ABEME S Cuo BEB T BAR, B
BEMALF Co WAHBRIENMBEAR > BFLA
B> FEEHAB, Logistic [EIFHHAN,Cu BHE
REMNEEEZWMER, IS E & iR aE+
Cu/Zn HWE¥IF &, Pearson HXHR K, Cu il Zn
ERRERHER,

Cu 7 i i o R fE HE A I ¥R, 80% 45 & JRL 1L
RAEEA, BELYELE AREE CALE.
REMEEABFI0ESHEANETYEZTEHE Cu,
EIRERAFEGEERT MFBRRBOERS,
LUkRaFMEN, MEAREAAEES SR L
FEBMAMBHRAP Cu TENFFH. I, Cu
RERMSESR, BEREELRM, P& Cu f
767 AT 488 00 3 T B4 7= A, ATT X 4 B AR 4R 5 ; A
R,EHENN Cu S BN EFHMFE AR R
WL AR TE R AP T Cu MHEM, ERER

Cu W= 300, HE W R >, BB kR cu S BB,
BEFREHRIELAMK.ERE.EHEMNE B
HHEE WEEEHESMERELE Cu F 8
AR, Cu 5 Zn ABAELE, ATEEHE
REZEERAELZER BRREEN, BERE
AR TR EHEEERER, BT Zn BEARK
DRUBTERZ— , BTRPETR BEERFSH
Zn EEFYARRT B —HERARPHEEE
THXERBAIBFE SN XBE, AHTIA
I, CuMZn MEBERMEX, BEAKNEEME
BH BA B TPEXR, BVEZAHRREAN
BT ITHT XFHEEREN, Ca BB ¥,
Zn )RR 2B M, Cu/Zn WEFA S, AHR
Wit — WA T X — W&, ##7R Cu/Zn L AW E
NFHBENEHECHEANRRERAEREEN
B,

SZLER, MEMR AR Cu HEAERRE &
BN AFRTRNBLAEARRRBUEBTRR
ABHERAKFE AR S BE—EBELRY
TN EBERG, KALMEN Cu/Zn H{H X5
BB MENAE —ENSEME,

B AR PEARAG RS TSI AREROF I L
H, AMEZAEUFERTG S RHNPC . EHENBE
R WA TE—ARER MUAFTE_ARER.ZRATAR
ER.FTREER . TR THFERREHF R L IRE W 535
EREABOZFAHBRHEIUARASEL B KERIG X
hEHRERAS,

BAEER T ZHF2(1961—) , %,k FAH, TEF,5R 5%
Balb g,

BEM:

[1] 2EMEBEHREIAZ.2EMEEC L, DER
ERBER R PEREATRE 2ERE=KIER
B g R 2 (M. db 50 AR T4 A3 R A,
2010:24 - 36

[2] Mumford JL, He X Z, Chapman R S, et al. Lung cancer
and indoor air pollution in XuanW ei, China [J]. Science,
1987, 23509): 217 - 220

[3] Mumford J L, Harris D B, Williams K, et al. Indoor air
sampling and mutagenicity studies of emissions from
unvented coal combustion [J]. Environmental Science
and Technology, 1987, 21(3): 308 - 311

(4] BARH, KN FAR S ZHEERTHERE
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[61]

[71]

[81]

(91

[10]

1]

(2]

03]

FEMLEPERFRIGRAKFHED] P EFRY
#l, 2010, 26(3): 1 -6
Lv J G, Zhang L L, Xu R J, et al. Assessment of Poly-
cyclic Aromatic Hydrocarbons (PAHs) level in Xuan-
wei and Fuyuan, Yunnan Province [J]. Environmental
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