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[757%] 2014—2018 EBE 11 B 1s BEXRE3IH 158 (RBEZE) S8 10—-16 8, ERE
MERIVNFEFE AR TIUR A AR IRERE PM,s M, FEXRF 145d, REAGES
HEERENEEEENEEFRTERR PV, FERE, FAEREASEFERRIE
7% (IcP-Mms) 1Ml 12 & B 5RERBITRIKE, BIEE (Sb). 18 (A). 5 (As). T (Be). &
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[455] 2014—2018 FFRY 5 RBEZEH, PM,s HIIREREMIR I 2.00x10% 1.79x10% 2.05x10%
1.14x10% 1.19x10%pg:m*, Pb BY I E R E MR 3.41x107 1.44x107 1.31x10™ 5.22x102%
8.49x107 pg'm?, 5 GB 3095—2012 (I RS RERA) LLER, PM,s BIREITIBAT, Pb T
BIRENAR ; s REENEESEERE BREREMKIR S 9.21x107 8.15x107, 5.61x107
3.58x107, 4.49x10 ug:-m*, 43 5 &5 PM,s 5 2 7K FE 89 0.46%. 0.46%. 0.27% 0.31%. 0.38%.
2017 . 2018 EREZEPM, RERENEESXETERERERERIMTRESR. £
J& Pb. Mn. Hg B9 5 RBEEZFIEHE X (HQ) SEREK IR /9 4.00x10%~2.08x10", 4.00x10*~
8.77x1072, 4.00x10*~7.98x107%, 1.00x10%~3.18x107% 1.00x10*~5.77x107%, HQY /N F1; &
MEREZEPbFENHAER K, MR Z, Hgix/\o EEE AsS5FE Cd. Cr NiBI5 PR
= /9 BUE X B SE EHK R 9 2.20x107~1.68x10%, 1.30x107~3.20x10°, 8.00x10°~3.51x10°,
5.00x10°~2.82x10°, 3.00x10°~1.70x10° ; 2014 £ 2015 &£ R BEZ= = £ M BUE XS IR F 7
Cr>As>Cd>Ni, EERF) As>Cr>Cd>Ni, As. CriIFIEEER, Nim/)\. EBE5XERBIHE
BHFENRRERKNRA, REZMRZ, FVFRN.
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Health risk assessment of metals and metalloids in PM, s during heating season from 2014 to
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gang’ (1.Environmental Health Monitoring and Evaluation Institute, Hebei Provincial Center for
Disease Control and Prevention, Shijiazhuang, Hebei 050021, China; 2.Environmental Health
Monitoring and Evaluation Institute, Baoding Center for Disease Prevention and Control, Baoding,
Hebei 071000, China)

Abstract:

[Background] Among the 72 large and medium-sized cities monitored in China, the air pollution
of Baoding is still high, and the pollution of PM,5 in heating season is more serious than that in
non-heating season.

[Objective] This assessment focuses on the health risks of metals and metalloids in PM,s during
heating season in Baoding, aiming to provide scientific evidence for air pollution control.
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[Methods] During the heating season (15 November to 15 next March) from 2014 to 2018, PM,s samples were collected on the roof of a
four-storey school building of Lekai Primary School in Baoding City from 10 to 16 every month, totaling 145d. The concentration of PM,
was calculated by weight difference before and after sampling and sampling volume of quartz fiber filter membrane. The concentrations
of 12 metals and metalloids were determined by inductively coupled plasma mass spectrometry (ICP-MS), including antimony (Sb),
aluminum (Al), arsenic (As), beryllium (Be), cadmium (Cd), chromium (Cr), mercury (Hg), lead (Pb), manganese (Mn), nickel (Ni), selenium
(Se), and thallium (Tl). The non-carcinogenic risks of metals (Pb, Hg, and Mn) and the carcinogenic risks of metals and metalloids (As, Cd,
Cr, and Ni) were evaluated by the health risk assessment model for inhalation exposure.

[Results] The daily average concentrations of PM, in the five heating periods from 2014 through 2018 were 2.00x10%, 1.79x10?, 2.05x10?,
1.14x10% and 1.19x10%ug-m? respectively, all above the national secondary standard limit of Ambient Air Quality Standards (GB 3095—
2012). The daily average concentrations of Pb were 3.41x10, 1.44x107, 1.31x10™, 5.22x107?, and 8.49x102 ug-m?, respectively, all within
the national secondary standard limit (GB 3095—2012). The total concentrations of metals and metalloids were 9.21x10*, 8.15x10%,
5.61x107, 3.58x107, and 4.49x10™" pg-m?, accounting for 0.46%, 0.46%, 0.27%, 0.31%, and 0.38% of the concentration of PM, s respectively.
The concentrations of PM,s and metals and metalloids in the heating periods of 2017 and 2018 were lower than those in the other three
heating periods. The hazard quotients (HQs) of Pb, Mn, and Hg in the five heating periods were 4.00x10*-2.08x10", 4.00x10*-8.77x107, 4.00x10™*-
7.98x107, 1.00x10%-3.18x107, and 1.00x10*-5.77x107, respectively, all below 1. Pb generated the highest HQ, followed by Mn and then
Hg. The carcinogenic risks (R) of As, Cd, Cr, and Ni in the five heating periods were 2.20x107-1.68x10, 1.30x107-3.20x10°, 8.00x10%-
3.51x107%, 5.00x10%-2.82x107°, and 3.00x10%-1.70x10°, respectively. From 2014 to 2015, the order of carcinogenic risk was Cr>As>Cd>Ni,
and in the other heating periods, it was As>Cr>Cd>Ni; the ranks of As and Cr was slightly different, and Ni was always at the bottom. The
health risks of metals and metalloids to adult men was the highest, followed by adult women and then adolescents.

[Conclusion] In Baoding during heating periods, the non-carcinogenic risks of Pb, Mn, and Hg and the carcinogenic risk of Ni are
acceptable; metalloid As and metals Cr and Cd may pose potential carcinogenic risks; both carcinogenic and non-carcinogenic risks of the
selected elements show a downward trend over time.

Keywords: heating period; fine particulate matter; metal; metalloid; health risk assessment
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HANANE, SEAKE I8 EPERFF A B W 41515,
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PREFEPRISIERRE, R—IRERAMEREZEYF
KF0.04mg, HEEEBEK ; URRIFELRIVTFLY
BIENEEMNERE, BMERNEREBRNERETFR
FEH. 2) EEE5EERERE | RARAHLIER L
PM.s PHERBHIXEEM D EEE ZIEMLIER, &£
EHBRENBRBEEFE FARIZNY (inductively
coupled plasma mass spectrometer, ICP-MS) AE}&HA,
KRR BE. BTN BESFIE, BUATIER
FHNEBRF, @B FRERRHNBIEN, FIGNIR
BREALLHITO B XN F—ENRMEL, RIERSE
MEH NN E FHALIEL. B mPEEM
KERBTENARESRIENR 2 EIRKIEL, @i
SERENEERRRNESEGRT L2MEESEERET
%= B9 K E, Sb. Al As. Be. Cd. Cr. Hg. Pb. Mn. Nis
Se. TIBYH H PR 7% 79 0.02. 1.80. 0.10. 0.02. 0.005.
0.42. 0.02. 0.05. 0.43. 0.40. 0.05. 0.02ng-m>,
122 BEENMITHE PMs FRERSXERFESR
MR RFHNANE, SYAKERT —ENREREE.
F/EPb. Hg. Mn BB BB, K2R AAS5ERE
Cd. Cre Ni BBEBURE s RZF US EPA HEFF R IF IR
ERBREXITEERY, {70 Pm, FREGIEERE
BNUARBBEMNNEESEXEEN 6175 ) LES
D EB M. REZM T ERIEBUE XA BUE
XUBz,

ADD= (CxIRXEFXED) /BWxAT (1)

LADD= (CxIRXEFXED) /BWxAT (2)

X (D). 2) P:AD—FHEVWRERNBEIYRE
& 7 £ (average daily dose) , mg- (kg-d) %o LADD—
REY R AL B R E T Z (life average daily
dose), mg: (kgd) H% C—FT /R H 52 Y B R E

(concentration) , mg:m* ; IR— FEIR & (inhalation rates) ,

m*d? ; EF— 2 EINZE (exposure frequency) , d-F*;
ED— % 5= $F 42 BY |8) (exposure duration) , £ ; BW—
{KXE (body weight) , kg ; AT— T FEEEET[E] (average
contact time) , d ¥/,

XTI, UIEBRRNBENRETE
ADD 5 & ZE JRE (reference concentration, RfC) AYLL
{B3R3R7 | HQ=ADD/RfC 3)

IH : HO— BEZEE (hazard quotient) , TR 3E
BENK, T2 ; HQ<1, FFBURNRRME, TR
RERBERE, EBERTEFEFTRRNDEH
B ;HQ>1, REBNEBILHE, ATE~EIFER

RN, #MEBK, NEEX, RfC—EBTERSIE
EHRENOHNRABBESERE, mg (kg'd)

X FEEML, UBEYRNALEBYRETIE
LADD 5 Bl fI Z [A F (carcinogenic slope factor, SF)
HISRFRE RN © R=LADDXSF ()

N R— BN (risk) , RINABEERE
=R, BFU—EHEAOHMBESZRENNME
BRR, TEPN ; R<1x10°, RN A BT ZZHX
KI5 RILTF 1x10°~1x10* Z 8], RNFEEBTERK
BEXFG ; R>1x10*, RN B BEXY A B = B X,
WEBKA, XREK, SF— SR BIERERT,
(mg-kg™d?) %o
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Table 1 Exposure assessment model parameters

_ _ e RETY  RET

O s B i

ED/a AT/d AT/d

6~8% 10.2 365 6 27.5 365x10 365x70
9~11% 1335 365 6 38.3 365x18 365x70
1214 % 13.8 365 14 51.3 365x18 365x70
1517 % 14.4 365 14 57.0 365x18 365x70
ARESE M 18.7 365 30 71.4 365%30 365x70
ARELME 151 365 30 63.0 365x30 365x70

*2 ER5XERRICS5SFEY

Table 2 RfC and SF values of metals and metalloids

HE FERER
ERSRER RfC/ [Tfﬁrfd) il SF/g[Z({fw?l:g_’ 5; 1
As — 20.07
cd = 8.40
Cr - 56.00
Ni - 1.19
Pb 4.30x10" —
Hg 1.00x10™ =
Mn 3.00x10" -

1.3 RIERHK
REDHE 6 NEEHETSSREENLL, R
INEFRERIR AT SNy E R —4, Fra Slng
HEHPM,s B REEATIIERNREE LT PM,s
REFIYKFE, EHRITFIRLK, 2014—2018 FFF
1NBERXREIR (RERF) WRAT B Pm,s B
EIRERBER R D™ PM,s RE T, AL, ¥
2014—2018 FBFE 11 BERE3IA (RBEZE) et
PM,s IR ES R AT NG Pm, s B39 KELLER
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BARFYE1.07, EARIERE, ¥ RE/NF 2014—
2018 FH/F 11 BERE3 B 5 MEEZH PM, s KEF
ERB5XEEBREYIFLL1.07, URTETH KT,
1.4 FiIrESH

EXCEL 2007 JEIZ#IEZE, SPSS 21.0 R FHITHIT
D PMos REMERB S KRB REZESHEKRI,
TERMIEDS D70, KA Kruskal-Wallis H I #HITHIT
D, M ELEFE Bonferroni & 5 M8 7K a=0.05

2 #R
2.1 PMs RERSEERKRE

5GB 3095—2012 (IR =R BE &N PM,s B
YIRE Z A5 A& (75 ug-m?® ) ELEE DY, 2014—2018 £
RE M REZ PM, s FIIKREIIBIR, 2016 FXKES
BIEHEAK (1.67). ST REFTERBSXEE LR
E 5 31 &5 PM,s 7R FE 19 0.46%. 0.46%. 0.27%. 0.31%.
0.38%. Pb FIKEIIRKTF GB 3095—2012 {(IFIRTS

FAEtTRE) Pb ZFIIRE (1.00 ugm?) FEFIIRE
(0.50pg-m3)o

£2 Kruskal-Wallis H1238, 5 N REEZ PM, s JREH
TREREXESRREEREARITFEEN (P<0.05), &
Bonferroni AFMILLER, Bk 2014 F£5 2015 . 2017 &
52018 FEXREZEPM, REMEBESXERBRKEER
BEFITEENIN (P>0.05) , HRFEMREEEZHHEZ
BIFREERIEARITFERNX (P<0.05), &K 3,
2.2 ERE5XEENRERNITi,
221 ZEAFFENG RETS NEBEZPb. Mn.
He =EMIERE AR HQ/NTF 1, RIBABEEEZY
BRFEFEFTRRNNEE, MPRSEMRAER
E, 2014—2016 FXBERZF Hg ERIHQ IR 2017 £,
2018 FE =AM HQE. ST REZPb~ENHQR
K, MnR Z, Hg & /N0 Pb. Mn. Hg XTI B% & B M ™=
EHEBEXC HQORK, REXERZ, BLVFR
o ILER 4o

&3 20142018 FREMHREEPM, s REDERESXEERE (V)
Table 3 Metal and metalloid concentrations in PM, s during heating seasons of 2014—2018 in Baoding (M)

EA{] (Unit) : pug:m?

=30

(%l I% p
2014 2015 2016 2017 2018
PM2s 2.00x10° 1.79x10° 2.05x10° 1.14x10° 1.19x10° 20.56 <0.001
Sb 1.79x10° 8.31x10” 9.36x10” 8.54x10” 5.90x10° 47.41 <0.001
Al 4.18x10" 5.46x10" 3.36x10" 2.40x10™ 2.88x10™ 31.62 <0.001
As 3.74x10° 1.42x10° 1.56x10” 1.25x10” 7.54x10° 46.44 <0.001
Be 1.30x10"* 1.30x10" 5.00x10° 3.00x10° 2.00x10” 85.10 <0.001
cd 7.06x10° 3.72x10° 4.48x10° 2.30x10° 2.21x10° 58.61 <0.001
cr 1.52x10° 1.03x10° 4.21x10” 2.17x10° 2.32x10° 126.83 <0.001
Hg 3.60x10" 3.70x10" 3.50x10" 8.00x10° 8.00x10° 93.09 <0.001
Pb 3.41x10" 1.44x10" 1.31x10™ 5.22x10” 8.49x10” 93.72 <0.001
Mn 6.12x10” 7.53x10°7 4.80x10” 3.34x10” 5.12x10” 26.42 <0.001
Ni 6.09x10° 3.63x10° 2.13x10° 1.49x10° 1.10x10° 103.49 <0.001
Se 1.47x10° 7.67x10° 8.65x10° 4.42x10° 4.51x10” 68.39 <0.001
Tl 2.85x10° 1.38x10° 1.41x10° 4.10x10* 7.70x10™ 106.7 <0.001
SE5XEEEIT 9.21x10™ 8.15x10™ 5.61x10" 3.58x10" 4.49x10™ 58.39 <0.001
&b /% 0.46 0.46 0.27 0.31 0.38 - -
= 7 = 1A
R4 20142018 FREMHREZE PM,s PEREIEBUENIE (HQ)
Table 4 Non-carcinogenic risks (HQ) of metals and metalloids in PM, s during heating seasons of 2014—2018 in Baoding
BA{i] (Unit) : x107
A 2014 4 2015 4F 2016 4F 2017 4 2018 &
Pb Hg Mn Pb Hg Mn Pb Hg Mn Pb Hg Mn Pb Hg Mn
6~8 % 17.71 0.08 4.54 7.45 0.08 5.59 6.78 0.08 3.56 2.70 0.02 2.48 439 0.02 3.80
9~11% 9.32 0.04 2.41 3.93 0.04 2.95 3.58 0.04 1.88 1.43 0.01 1.31 2.32 0.01 2.01
12714 % 16.06 0.08 427 7.01 0.08 5.25 6.37 0.07 3.35 2.54 0.02 2.33 4.13 0.02 3.57
15717 % 15.61 0.07 4.01 6.58 0.07 4.93 5.99 0.07 3.14 2.39 0.02 2.19 3.88 0.02 3.35
RAELME 19.11 0.09 4.89 8.03 0.09 6.02 7.30 0.08 3.83 2.91 0.02 2.67 473 0.02 4.09
RES M 20.80 0.09 5.34 8.77 0.10 6.57 7.98 0.09 4.19 3.18 0.02 2.92 5.17 0.02 4.47
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222 ®ESXEEBHENKR FREMSNRES
NiXIFRE ABE £ RIG/NTF 1x10°, A ABEAIES
IR B2 K Fo Asy CrXTERE ABERYBUE KB R Y TE
1x10°~1x10* 2 |8], FEEBERIBE XL, Cd 3B 5
B, ZLEEBE N RE 1x10°~1x10* Z |8], F1E
BENBUEXI ; mXt6~17 %) LES D ENBUEX
CIERRERARERABEERAXE, RFEEBEN

B X AN AT 12 B KU PL 7K TF o

As. Cr. Cd« NiXY R B M= £ EBUE X QR &
K, RFEZHRZ, BVFER/N. 2014F 52015 FF
B REASZMK A Cr>As>Cd>Ni, HERFIEZE As>Cr>Cd
>Ni, As. CrBYRINFFEEEZES, Cd. NiEYIE—3K, Ni
HIR £/)V ILER S,

&5 2014—2018 FRETRIES PM,s FEESX S BBRENRK (R)
Table 5 Carcinogenic risks (R) of metals and metalloids in PM,s during heating seasons of 2014—2018 in Baoding

BA{T (Unit) : x10°

2014 5 2015 & 2016 &£ 2017 & 2018 &

ABE As Cd Cr Ni As Cd Cr Ni As Cd Cr Ni As Cd Cr Ni As Cd Cr Ni
6~8 % 2391 1.89 27.02 0.23 9.06 099 2316 0.14 995 123 751 0.08 7.98 0.61 3.86 0.06 481 059 413 0.04
9~M11 % 2274 179 2569 0.22 8.61 094 2202 0.13 9.46 114 7.12 0.08 7.58 0.58 3.67 0.05 457 056 3.93 0.03
12~14% 4043 3.19 4578 039 1533 1.68 39.24 0.23 1683 202 1273 014 13.50 1.04 654 0.09 8.14 099 6.99 0.07
15717 % 37.90 3.01 4298 0.37 14.43 158 36.84 0.22 15.82 191 1191 0.13 1273 0.98 6.14 0.09 7.65 0.94 6.56 0.06
REXRME 7711 6.09 87.78 0.74 2932 321 7524 044 3223 387 2420 026 2581 198 1254 0.18 155 1.91 1333 0.13
RESEM 8430 6.66 9541 0.81 3207 3.51 8178 049 3510 422 26.53 029 2823 217 1363 023 17.04 2.08 14.63 0.15
3 itie t, 5 VERN), SEREEETARER K, X

REMS MREZPM, PEESXETBRESH
i HEErM, PEBEREBRELLR : tR™
2014 FE ALRE, Z M 2015 F As. CdIRE, BB
2017 FF Al CriRkfE, REEE T 2016 F 12 HE 2017 F
1B AL Hg. Mn  Ni. THRES S TRBRETERE
MR RE el s BRTE T 2017 £, 2018 FERBEZEE PM,s
EEBEXEBRERHERINRBESMR, XrIfES5RF
EMERWM TR, ZLER. BRANG. BIERE.
WRIRERIPEE. XFPREFRER L. (REM AR
Friasfl) A thETKISRHATERE X 1,

RE™ 5 P REZ PM,s FEJE Pb. Mn. Hg P4
BIIEBUENXFS HQ/VF 1, R 3f BRI AN RE
READRFEETESSIEIFRENLHRAR
BESERERC, EAEZEERN, X3MEEN®
RKEBBSEKERCCINF I Hg>Mn>Pb, TIEENE
BREIRF A Po>Mn>Hg, RIBAT (2) AJX0, Pb =
EHHQER A, MnRZ, He &/ SR TEFRRINA
Pb S RIIRRAIE, AsFl cr IBUEXFE RIS TF Cd.
NiBYR, NiBIR A, SN, RN, EBHTLE
—H v, SRETESLERB K, X5£%
B As &8 cd. Cr. NiBYBURRI R E F sFaIRF 7
As>Cr>Cd>Ni, As Ml cr BV ASRESTF Cd. NiBXo

I EE Pb. Mn. Hg. Cr. Cd. Ni5 X £ B
AsXTRRF BMFENREXRRA, HAANREFELZ

ABES B MY IR EM LI IRE X 3 RAEE
FRK, REZMRZ, BVERINEX,
RARTNRKRESPM, PEEBELXEEEBEMN
BOBY, FEELUTEREM © (1) RESIKEETE SR
FheX, RiERERNEH 10—16 B ; (2) ABEHEY
—EBNBRBEEATSF Y, ZARBEARINK
EMAER,; 3) BEEXEBSHMARER, 467
RBHABRESHSEUSEPAKEEREE ; (4) K855
LY FEEBLEMIREH NN, NI O EELIE,
Rk FEEEHAANG, IETBEERRANELTHEKE
BAKSERY ™, ZIRARR DT EWEREEHE
BRXF, AtEREE—TIRE, RE@ESIEINE
RINRIER ) Kigpdiel. BBEEREHE, B2
EHITEN PM, s PEB SR ERBTRMT R RN,
Rk, 2014—2018 FRE M REZPM,s FEE
Pb. Mn. Hg =4 BYEEURE RN A0 Ni 7= 4 B B R L
EAESHINEKER, XEBAsURER Cr. (dF
ERBENSBUZMN, BRAE EETRES, WHBARE
BT R HEEITZ B, BAREBEESNEE, RN
58 As. Cr. Cd. Niv PbAEX BRI SEMHIRNES,
RS A B RERE,

SE 3k
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www.jeom.org



1088 #5445 5J2 &% | Journal of Environmental and Occupational Medicine | 2020, 37(11)

of atmospheric emissions of Hg, As, and Se from coal
combustion in China, 1980—2007 [J] . Atmos Chem Phys,
2010, 10 (23) : 11905-11919.

[2] EFR. REDMRTSREBWN REMEERZ S [D] . 4R
E AR AR, 2014,

[3] X8, 1275, iKEl, F. (REHARSRIHEM BT IE
R L] IFMRERIFT, 2020, 33 (2) © 260-270.

[4] BWAAR, KR E, IR REDAKISEEKFZENT
Mo mFIEIAR L] . RIS R, 2018, 30 (8) : 162-
163.

[5] #iR. RETAKSEMFRD M REARIN L] . IR
5%, 2017, 29 (3) : 92, 96.

[ 6] EPA. Integrated risk information system [EB/OL] . (2005-03-
08) [2020-02-27] . http://www.epa.gov/iris/.

[7] HU X, ZHANG Y, DING Z, et al. Bioaccessibility and health
risk of arsenic and heavy metals (Cd, Co, Cr, Cu, Ni, Pb,
Zn and Mn) in TSP and PM,;s in Nanjing, China [J] . Atmos
Environ, 2012, 57 : 146-152.

[8] B/h\il. FEABZRBESHFM (HASE) (M]. LR . &
EIRR AR, 2013 © 14, 26, 759.

(9] BFE, B/in. PEABZRSHFM ULES 6017
%) Ml dbR : PEFIEHARE, 2016 : 26, 855.

[10] FBEE=SFREAFE © GB 3095—2012 [S] . bR : FREF
HRIF AR, 2016,

[11] FFEX, XFH, K, F. EREEPMPERTE
REFHERSRR M D] . IRIERIE, 2017, 38 (3) : 876-
883.

[12] ZRE, Kis, YR, F. ZMHESPMs PHHEE
MEERBRENFTULL D] MEREFRRE, 2017,
7 (2) : 90-94.

[13] =¥, B, KE, F. BEMELERSPM THRS
ZURHE R R IR AR (1] . IR IR AL, 2019, 38 (8) : 1891-
1898.

[14] XIZHF], ZER, FHKIE, F. EHUEZEKIPM, s FE

Brir@EXKTEN L] . MBS ES, 2018, 35
(7) : 602-606.

[15] mEK. RETREBIK=H KEREAIT K5 R
mESENDEEHMRZE (] //2018 FEIFIERZF

FaRERAFERRUXE (F2%5) . 58 : REFER

FE=, FEFERFF %, 2018 : 151-155.

[16] (RE T A5 FBEZEA [N]. RE BIR, 2017-01-23
(A03) .

[17] &7, Tk, 5448, F. RIKSPM, FEEETH
FHE R BENPTEN ] . SEAMBRES, 2019, 26 (7) :
781-785.

(18] =8, Bk, TR, F. [TINKKPMsFEERETS
FERREXFITEN L] . MRS @ERTE, 2016, 33 (5) :
421-424.

[19] JH, FHLH, LLIEE, F. TTILAMXAS PM,s P&
ERISRHEREREXITN L] . FEAHTE, 2018,
34 (4) : 574-576.

[20] FF, #MR1Z, KIF, F. REDEIFIE KRS PM,s
BERENBREX K PM, s SRIEDH L] . MATBFES,
2019, 46 (16) : 2914-2920.

[21] BrSR . BRNTETEE R PM,s 55 2K F K SRR 6 55
[D] . %M R T K%, 2019.

[22] =X, EMHEE, B/\WE, &F. FIEREXQIFNFRY

TRENEXEBESH D] MESRERE, 2012, 29
(2) :118-123.

(23] H5E. FIEDAER [M] . 8hR. bR : ARDEHARAL,
2017 : 77.

[24] BREIE, BHEBE, B85, & NGB AHIFZAMENRN
TRPPM s I RBREZ S L] . EATPBRES,
2014, 21 (12) : 1412-1415.

[25] EAEE, &X47T, FE&, F. ERNTS PM,s BRI 24 T
BEIce-MSUE ] . FEAH T4, 2016, 32 (11) :
1580-1583.

(EURIE TR ; REGE  TIER)

www.jeom.org



