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Characterization and Health Risk of Heavy Metals in PM2 5 from Road Fugltlve Dust

in Five Cities of Yunnan PrOVmce g .

HAN Xin-yu', GUO Jin- yuan SHI Jian-wu®" |, 11 Dmg shuan% WANC Yi-ming”, NING ng L W
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Abstract: In order fo stud\ the contents, sources, and health rlsk of PM i road fugitive dust in Yunnan rdgd fugitive dust kamples were collected from Tive typlcal Cities
including Kunming, Baoshan, Wenshan, Zhaotong, and Yo, PamLuldt matter resuspension technology jwas “used to levitate the dust gamples and collect PM, . Fight hedw
métals 1nclud1rlg chtomium(Cr) , manganese (Mn) , nickel (Ni), (‘opper (Cu) zine (Zn) , selenium (As) cadmium (Cd), and lead (Pb) in PM, 5 were detected using
ICP-MS, Thé results showed that the contents of Cr, Ni, Cu, Zn,' and Ph in- iad Aigitive dust seriously exceeded the background values of Yunnan soil. The enrichment
factors showed that mOst of the heavy metals in PM,  of road fugitive dustin<fhe fm—: cities of Yunnan were moderately enriched and strongly enriched, which were greatly
influenced by human activities. The results of comrelation analysis and principal component analysis showed that the heavy metals in PM, s of road fugitive dust in Yunnan were
all affected by soil and traffic sources. The other sources varied greatly in different cities; Kunming was affected by iron and steel melting sources, Baoshan and Yuxi were
affected by non-ferrous metal smelting sources, and Zhaotong was affected by coal sources. Health risk analysis showed that Cr, Pb, and As in road fugitive dust PM, s had
non-carcinogenic risk in children in Kunming, Yuxi, and Zhaotong, respectively, and Cr in Kunming also had a lifetime carcinogenic risk.

Key words: road fugitive dust; heavy metals; Yunnan; health risk; PM,
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Table 1  Information of road fugitive dust collection

sites in five cities of Yunnan
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Fig. 1 Locations and spatial distributions of the sampling sites for road fugitive dust in five cities of Yunnan
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Pb 3.50E-03 3.52E-03 5.25E-04 —

1) —" R BA SR H R
3 HER5E

3.1 EEE SRR

4 fron, B fRID, Sl B R A
PM,, 1 8 T 4 J& 0 5 Bk 4Nk 1694.41
1.865. 69, 2332.06, 3 986. 69F12 293. 68 mg :’ﬂg-‘.
BRESHATITAG Mn, As. Cd I8 71 ) Mn Y45 88 i
ZF LS RN, B T 4R ) T A
4 B KTREb B KR L g T b

22 PM, 1 Mn, Ni A1 Pb (1) 7 & P35 2 & 1 rp
TRIM AN 2% Dhaka 25 [ AT .

TIEE 4 PM, 71 Pb SR B ER TE4 P
HAITT , Zn A1 Cd M &R A 3 . R T
AR A T &k R & A K= Pb,
Zn flCd JUE™ M ERIE AL PM, P4 E S
JE AT e EE TR, R WE R4 PM, b Cr Fl Ni
SR, M E SR & B0 L s A S WOl Cr
NI B Y 44. 5% F120. 96% , Cr Y& g T
Al 4 BT, AR E TN R EN
Lublin"*" 1 Dhaka'** 45 8 Ti7 1 #238 , 36 9 B W 7 3
B&4 24> Cr A1 Ni 32 S AR XT3 50 0% 43 Jg 15 Y. Wil
WL PM, TS EE BN S RA N ZHEAE +
S SLHM 3.33 ~98. 21 £, X 7] g 5 MR 38 24 4%k
JRETE B G, TRRIGETE 3 227 2 B e (1 A T 42 )
JCE N Cr, Niy As ACd 25 Sl AL i
Btk PM, (MG Al Zn & EBCES, T AEAS b i
B2 1 R AL B 2 R 2 S A, 1
1, SCFIZE R AN S5 A 7 e e g
-5 AN [ i DXl SR 5 7 2 S O, TR iy 3
HIRTHARYE .y & £
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3 Table 4 Héqt%r metals in PM, 5 from road fugitive dust/mg+kg ™" -
. [ g R Sl [ : ARFH i
7 ‘ : - —
% | "Rl g A il AXE— 7w Lublin "7 FHe207 3 18T 430197 Dhaka 22 f}f&?ﬁ
Cr' 754009 +111.37 =84.02 +5.30  109.35£65.37 138.09 +53.70  284.68 +£109.48  46.40 — 167.95 122.50 144.30 65.20
Mn 321.66 +498.58 720.50 £86.62 777.75 +266.66 1387.27 £518.37 469.16 £108.27 ~ —  630.00 482.30 475.90 261.50  626.00
Ni  112.90£160.92 51.36 +3.33  52.04+18.47 188.25+186.56 141.51 £66.66 ~ — 82.00 62.28 76.60 37.00  42.50
Cu  66.07+12.26 574.37+77.13 830.36£563.65 153.80+48.76 323.52+260.15 81.60  626.00 205.80 238.70 49.70  46.30
Zn 386.20 £584.82 334.07 +116.05 423.63 +137.01 650.32 +228.02 743.41 +£383.18 241.10 811.00 672.85 415.90 239.20 89.70
As  3.18+1.74  28.06+8.28  36.52:40.27  29.2114.02  61.55 £46.45 — — 32,93 2830 8.10 18.40
Cd  0.010.01 0.88 £0.23 2.46 +0.92 10.96 £8.09  21.41£13.73  5.10 240 2,03 2.00 11.60 0.218
Pb 50.30+98.18  72.43+15.16  99.95+26.47 1428.79 +1019.52 248.44 +72.24  44.10 131.00 7.00 59.8 19.00 40. 60
Ay 683300+ 58695.00+  61315.00+ 81426.00 = 47238.00 + B B - B B 88 100,00
2454.00 10102.00 14213.00 12522.00 13 502.00
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Fig. 2 Enrichment factors of heavy metals in PM, g

from road fugitive dust of five cities

RIS, (T SPSS A (24.0) JEAT 42 Ja =2 ]
AL S
HIIE 3 BT, 7 R T 4 4 PM, tf:_,"f’:r-Ni\
Mn-Ni, Mn-Cu, Mn 7n. Mn-Pb Nl—l.Pb Ni- Gu wa
Cu 1 Zn-Pb zfﬁétljﬁa%*ﬁaé %%HEE'QED%JEE%%Q;
IMH¢MEﬁﬁﬁrzﬁAﬁ%ﬁ£%& Pk
PM; 3 Mn H§-EF ﬂEHE 10, H Md @%{ﬁ?i&ﬁ%
B Vi TR0 T B Crl 5 % IR 4R

USSR AU e i B s Nifb P T )
AR AL, L CofE N 320 lg I e bt

o,y Cr Ml Ni= % 'ﬁﬁwﬁﬁﬂl_ﬁniﬁaé““
%@i@%ﬂ%ﬁfﬁfﬁéﬁﬁmmﬁt 8 B, Zn AL
FETRERA T, WAE MR EB B IR ETER;
Cu MENANZE R B bR R PETT R s Ph AE BRI EL
PRI RS RTE R, Ni B4R O S8l 4 SRR
TR RIAR Y SR WE A A Ni| Cu, Zn
N Ph LB 75 5 ey HE R A 06 R
EWE R4 PM, R B 4 )8 2552 I N
BRIV BRI N S 38 Y5 52 ).

B PM, 1 Cr, Mn, Ni, Zn, As FlI
Pb i) EF 7£ 1 ~10 Z[a],Cu Fl Cd B EF 7£ 10 ~ 100
ZIa]. Cr-Ni, Cr-As, Mn-Zn, Mn-Cd ., Mn-Pb | Ni-As,
Zn-Cd ., Zn-Pb 1 Cd-Pb 5 B H W& A 6. SCilifr
AR AR R EH X 22—, A Bk 1 Hb
M FLiK646 967. 7 hm®, H. Cr. Ni Fll As 7E 2 g 1 X
W HA WA AR A g R PE ) Cu. Zn, Cd T P J2
YRR R X A RS Yo i 4 )R ) Zn, Cu F1 P
AL V5 Y PR AR E T Y, EE SRR |
PLBl AR | SR R 42 | Aﬂzﬁ‘iﬁwﬂiﬁﬂﬂ%ﬂiﬁ
PERAT RS R, ST s PM, R R
ol T U w1 S E I g TR B v T

IEAHSE, Cd F1 Pb ) EF 7£ 10 ~ 100 ZJa]; Cr, Ni
Mn, Zn, Cu 1 As Z 8] 2 i Z IEAH X, Cr, Ni, M
Zn. Cu F1 As 1y EF 7£ 1 ~ 10 Z[8]. Cd #1 Pb F
A OEBIRHAFES; G, Ni, Mn Fl As ER
R IX W EL A R G R R R PER ) Cu M, Zn
Al As Z B SCHE RECR T 0. 85, ﬁ%ﬂ%ﬂa HAs
I Mn 7E—E R _FORIET 3 TR M
15 H R ) SRR R A RIRA T R KI5
iy, H Cu F1 Zn J2HLBh 4275 Y py LR oo 2 Y
BRI, FETTE 520 PM, h Y 4R 325857 145
TR A 04 8 R R R AR A 538 TR S M.

HHAE B 428 PM, ' Cr, Mn, Ni fil As B EF
fE1~10 Z i, Cu, Zn Fl Pb EﬁEFf10~IOOZ
], Cd 1 EF AT 100.'As #1 Cd 5 7&%2@3&
AR Per-n I Pb-Cu Z 1] r >0.'6 Eﬂﬁ E
A SEHE T TC;r Mn [ F1IN ZI@IE%E*&% %Eﬁ
Cr. Mn Fl Ni %Eﬁﬂ/ﬁr& uﬂ@imwmﬁik%ﬁ

B T Gr ~Ni 'Mn I Cn fﬁﬂﬂﬁﬁﬂﬂiﬂ%ﬁii
t#u%ﬁ““ g’%lﬁ%ﬁa‘*ﬁmﬁrlﬁbﬁéﬁg
%&i&%ﬂ?ﬁfﬂm M TERR I 1% 2 EPHQ/*FKi Cr,

1 Cd T 408 A DTS N e ) 2 %m:
iy Ccd EEHRH W% SIEIRIR KT8 A 7 A B
P TG A T R AL TR E AL K %
ek 2z —, B i BRI — 5 L], B i T
2019 4F & RAE IR I A & (AR ERET) S 106.9
Tt 5 AREE I AERY 13.85% . Cu, Zn 11 Pb 1F
MBI AT YRR T 3R B0 3Rl TG YA k.

PRI, B 3 T 3 2 PMZﬂJE’JiéEEEXi%%
TR, SRR RN A2 3 PR R

3.2.3  FERST

R T 2D F AN [R] 3k T T B A T AR Y
KR, X AN [ 388 T 4 R AT 3 AR 43 ok TR A
BT H T Min I As 7 45 30T R A B AR T R0
INTF 10, EEZ A RIEZ M, BT Cr, Ni, Cu,
Zn, Cd 1 Pb #47 ER3 00T ¥ =/ 4 T PM,,
HRE AT 4l i AR SPSS 24. 0 HEAT F 443
BT, IE 2T % Je A9 B o e (L3R 5) .

EUITIE 44 PM, s ThE 5w AT 315 2 1
T, Bit 2 0 87.368% . N1 1 f 7 £ K
55. 068% , i 4 J& 2 ff £ = (1924 Niy Cu, Zn F
Pb,EF 7£ 10 ~ 100 Z ], &M B w4 455 A 56
PESHTHIE, 7 1 sl is > W 2 gy
2574 32.300% , 43 &8 A A = 1 Cr A1 Cd, Cd
W EF 76 1 ~ 10 Z ], RICH R L FERET



6 R TG, B S I E A PM, A O i A SRR AU 3469
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Mn Mn -025 -049 -0.0081 -0.24 -0.089 -0.50 Mn Mn 0.051 026 091 -025 093 0.88
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Table 5 Principal analysis of PM, 5 heavy metals in road fugitive dust of four cities in Yunnan
ol B pall LS A iE
‘ HT 1 EES) EES! EES) CES ¥ 2 ¥ 1 EES)
Cr 0. 141 0. 940 -0.076 0.981 0. 864 —-0. 045 0. 853 -0.476
Ni 0. 858 0.492 0. 061 0.993 0.772 -0.182 0. 886 -0.360
Cu 0. 960 -0.024 0. 609 -0.402 0.812 0. 462 0.434 0. 565
Zn 0.733 —-0. 306 0.955 0.153 0. 865 0. 255 0.043 0. 890
Cd -0.374 0.761 0.916 -0.208 0.052 0. 986 0. 847 0.235
Pb 0.974 -0.139 0.986 0.134 0.036 0. 986 0. 440 0.735
FHIEAE 3.312 1.938 3.125 2.162 3.067 1.945 2. 608 1.811
fHRETIT /% 55.068 32.300 52.250 36.033 51.120 32.410 49.471 31.323
Rt 2/ % 55. 068 87.368 52.250 88. 283 51. 120 83.531 49. 471 80. 794
KMO/Bartlet 0. 526/0. 000 0. 559/0. 000 0. 506/0. 000 0. 503/0. 000

(KMO >0. 50, Bartlett <0.05)
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+HEYR; Cr {9 EF #8100, #H IR 4. Cr &
BERBAA L A E SN T
HR T 2 Sy IR A Bt SR 5.
SCII T B A5 2R PM, o T 4 A AR bT AR AS
T, Bt 722 9 88.283% . N1 1 ft BT £ K
52.250% , 43 J& B A BUR S B Zn, Cu, Cd F
Pb, Cu 1 Cd (¥ EF 7£ 10 ~ 100 =[], L H H h i &

2/\

45 7n F1Pb [ EF 7€ 1 ~ 10 Z [0 R MR E T
G M T AN S R TR, W T 1 jﬂﬁﬁi
S B HRIE A E R HT 2 ff R T2k 36.033%,
AR AR Cr FINi, EF £ 1 ~10 2
], R B AR 45 6w R R (AU DG 43
Br, T2 3.

FEATIE ML PM, s D E SR BHRE 2 4



3470 EZN b}

oo 44 %

T, Bit 2 0 83.531%. N1 1 BT £ K
51.120% , # 4 @ B AU i 19 4 Cr, Cu Fl Zn, EF
FE1~10 Z 0], IR, A 1 8 5%
P KT 2 R 250 32. 410% , T 43 & a0 B v
1k Cd 1 Pb, EF 1£ 10 ~ 100 Z 8], £ Kb e
£.Cd M Pb SEEAOLBIGEE A X, A 604
JEIRHRAE R A KEM Cd A Pb S &R T
RO A E TR E R TR, F T 2
A ARG TR,

W38 T 1B B4 20 PM,, s Y 4 s R AT 3RS 2 A
Ty, Bt 7220 80.794% . N1 1 M BT 1
49. 471% , 8 43 J& 2 A BB 1 2 Cr, Ni #il Cd, Cr
I Ni B9 EF 75 1 ~ 10 Z[8], 1 Cd /9 EF &5 100, 45
BAHCHE TS I FERY, HF 1 8 H IR
FRIGEIR. DR 2 ff R 7 220 31. 323% , T 4 @ 2 oy
BURTEIN Zn F1 Ph, EF 78 10 ~ 100 Z [6], K K
TR E 4. 45 :.*Haéf%ﬁﬁ%n;?%l%ﬁ%%% l%
2 MRS,

3.3 {@BRAKIES
3.3.1  AREUE AR

SR T A S fﬁﬁ’@{

KEFET. }MF'T%H 3 i JL 2 i ol KU Eﬁ%%
R L AR S >ﬂ?%ﬁﬂ&/\ F Iﬁliﬁfﬁ
HQ%.E HI 1Y 57.49% ~96. 5% LEEU%JLEHEZ;&%?FLB%
iy R A 7 3 PR A AP A
FEERAERIUN PR il > 1% > P AT

T HO,. o5 HI 33, 1% ~64. 4% , LR E 4

Ja AR SR A A R RS
RAE AW L —8e.

I TH 4 JE 1 AR B0 AU EE NI
EE > B > EE > e > il B, AR, X
w, BRI EE K7L PV, P E 4R ILEAEE
T XU (EL (HI) 4351 R 3.36E + 00, 1.22E + 00,
1.59E +00 . 4. 14E +00 F12. 93E +00. 5 3l i 1 %
Pk PM, 4 e )L AR Bom SR A (HI) t’JE
if 1. 00E +00. BT, EETABRET ) Cr, P
A As XL HA B B A FEE0E KU, kX 3 ﬁl@
SRR AR BUE AR, TR BT Cr
E B R fi v 428 v A 47 7 R 50 XU . X i AE Aok
Yo, B R, Scil, EEMEE 8 FhE 4R K

HI 235 }.5.62E = 01, 1.95E = 01, 2.57E - 01 ,

6.42E 01 F1'5. 31E - 01. JLE T 5% i) HE 73
KT 5. 98 6,26 6.'19 . 6.45 5. 52 E’f’ih‘?ﬁ
4@ 1R B0 R | 5 ﬁim}tiﬂ&ﬁﬁmﬁﬁﬂj@?
TN LTI e BV, 78 4 T R P o
o, LB A K IR 2, T 5 i B
&, .lﬂﬁﬁi}ﬁﬁj__“ﬁﬁgl_ﬁimﬁwmﬁ-ﬁ,E‘iﬁﬂgﬁ
SWmﬁ%EMﬁ%%mmb%F

Brit =z b, %%ﬁiﬂﬁ,ﬁﬁ/\ﬁﬂkﬁﬁmﬁﬁ
R N T L T
FEFYRTTE R i 25 b s e A S 4t
SNGEEE SR/, WAL Mo, Cu 1 As B9AESL
9ot XU AR R 1. 00E — 02, H AR B KUK /K - 5
AN E EARRE 2K I 2 52 1 KU

B IR A . X — 2%

®6 PM, HESRIFBERE(JLE)

Table 6 Non-carcinogenic risk of heavy metals in PM, 5 ( child)

B I H Cr Mn Ni Cu Zn As cd Pb
HQ,, 1.65E+00 4.60E-02 3.71E-02 1.18£-02 8.20E-03 6.98E-02 5.20E-05 9.46E -02
0] HQ,, 3.30E-03 2.81E-03 7.06E-07 2.07E-07 1.61E-07 1.33E-06 9.84E-10 1.80E-06
HQumma ~ 1.40E+00 1.94E-02 2.32E-03 6.11E-04 7.15E-04 2.87E-03 1.46E-05 1.06E -02
HI 3.05E+00 6.82E-02 3.94E-02 1.18E-02 8.92E-03 7.27E-02 6.66E-05 1.05E -01
HQ,,, 1.82E-01 1.02E-01 1.69E-02 1.02E-01 6.97E-03 6.17E-01 5.71E-03  1.36E-01
ot HQ,,, 3.60E-04 6.27E-03 3.20E-07 1.79E-06 1.37E-07 1.16E-05 1.08E-07  2.58E -06
HQuma  2.55E-02 7.23E-03 1.75E-04 8.83E-04 1.01E-04 4.20E-03 1.60E-03 2.53E-03
HI 2.08E-01 1.15E-01 1.71E-02 1.03E-01 7.07E-03 6.21E-01 7.31E-03 1.39E-01
HQ,,, 2.40E-01 1.10E-01 1.71E-02 1.48E-01 9.00E-03 8.00E-01 1.61E—-02 1.88E-01
ot HQ,,, 4.76E-04 6.77E-03 3.24E-07 2.59E-06 1.76E-07 1.52E-05 3.06E-07  3.56E -06
HQuma  3.36E-02 7.78E-03 1.77E-04 1.27E-03 1.30E-04 5.47E-03 1.52E-03  3.50E -03
HI 2.74E-01 1.24E-01 1.73E-02 1.49E-01 9.13E-03 8.06E-01 1.76E-02 1.92E-01
HQ,, 3.03E-01 1.96E-01 6.19E-02 2.73E-02 1.38E-02 6.40E-01 7.21E-02  2.68E +00
iz HQ,,, 6.01E-04 1.21E-02 1.17E-06 4.79E-07 2.70E-07 1.20E-05 1.36E-06 5.08E -05
HQuma ~ 4.24E-02 1.39E-02 6.42E-04 2.78E-04 2.00E-04 4.37E-03 2.02E-02 5.01E-02
HI 3.46E-01 2.22E-01 6.25E-02 2.76E-02 1.40E-02 6.44E-01 9.23E-02  2.73E +00
HQ,,, 6.24E-01 6.62E-02 4.65E-02 5.75E-02 1.58E-02 1.35E+00 1.41E-01 4.67E-01
o HQ,,, 1.24E-03 4.09E-03 8.81E-07 8.10E-07 3.09E-07 2.55E-05 2.67E-06 8.84E -06
HQuoma  8.74E-02 4.19E-03 4.82E-04 5.84E-04 2.28E-04 9.21E-03 3.94E-02 8.71E-03
HI 7.13E-01 7.45E-02 4.70E-02 5.81E-02 1.60E-02 1.36E+00 1.80E-01  4.76E-01
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Table 7 Non-carcinogenic risk of heavy metals in PM, 5 (adult)
W mH Cr Mn Ni Cu Zn As Cd Pb
HQ;,, 1.77E-01 4.87E-03 3.98E-03 2.25E-04 8.78E-04 3.47E-03 5.57E-06 1.01E-02
B HQ;,, 2.82E-03 2.41E-03 6.04E-07 3.16E-08 1.38E-07 1.13E-06 8.43E-10 1.54E-06
HQ e rmal 3.53E-01 4.91E-03 7.90E-05 5.88E-04 1.81E-04 6.77E-04 2.22E-05 2.69E -03
HI 5.30E-01 1.22E-02 6.14E-04 8.13E-04 1.06E-03 4.15E-03 2.78E-05 1.28E -02
HQ, 1.9SE-02 1.09E-02 1.81E-03 1.09E-02 7.48E-04 6.59E-02 6.12E-04 1.46E-02
il HOQ;., 3.11E-04 5.39E-03 2.75E-07 1.54E-06 1.17E-07 1.00E-05 9.29E-08 2.21E-06
HOQ germal 3.89E-02 1.10E-02 2.67E-04 1.58E-03 1.54E-04 6.41E-03 2.44E-03 3.88E-03
HI 5.87E-02 2.73E-02 2.08E-03 1.25E-02 9.02E-04 7.23E-02 3.05E-03 1.85E -02
HQ; 2.57E-02 1.18E-02 1.83E-03 1.58E-02 9.63E-04 8.58E-02 1.73E-03 2.01E-02
il HQ;.. 4.09E-04 5.82E-03 2.79E-07 2.22E-06 1.51E-07 1.30E-05 2.63E-07 3.06E-06
HOQ jermal 5012E-02  1.19E-02 2.71E-04 2.29E-03 1.98E-04 8.34E-03 6.90E-03 5.35E-03
HI 7.73E-02 2.95E-02 2.10E-03 1.81E-02 1.16E-03 9.42E-02 8.63E-03 2.55E-02
HQ,,. 3.25E-02 2. 10E-02 6.64E-03 2.93E-03 1.40E-03 6.87E-02 7.73E-03  2.88E-01
EE HQ,.. 5.17E-04 1.04E-02 1.0l1E-06 4.11E-07 2.32E-07 1.04E-05 1.17E-06 4.37E-05
HOQ jermal 6.47TE-02 2.12E-02 9.80E-04 4.24E-04 3.04E-04 6.67E-03 3.08E-02 7.65E-02
HI 9.77E-02 5.26E-02 7.62E-03 3.35E-03 1.70E-03 7.54E-02 3.85E-02 3.65L -0l
HQ;,, 6.69E-02 7.08E-03 4.99E-03 6.16E-03 1.69E -03 1.;45E—01 1.51E #02° 5 AO0E =02
i HQ;.. 1.O7TE-03 3.51E-03 7.57E-07 8.64E-07 2.65E-07 2.20E-05 2.29E —06s “7 60E.=06
HOQ germal 1.33E-01  7.17E-03  7,36E-04 8.91E-04 3.48E-04~ 1.41E-02 6.02E -02 I 33E.- 02
HI 2.01E-01 1.78E-02 S593E-03 7.05£-03 2. 04}1, 703 159K -01 7. 53E—02_,--"' 613'.5)13 02
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4 Table 8 Lifetime exposure doses and lifetime carcinogenic risk values of heavy metals of road fugitive dust in the five cities
i WA Cr Ni As cd it
ELH LADD/mg- (kg-d) ! 3.57E -08 5.34E -09 1.50E - 10 3.74E - 13 4. 10E -08
R 1. 50E - 06 4.49E -09 2.27E -09 2.39E -12 1.51E -06
Bl LADD/mg- (kg-d) ~! 3.93E -09 2.43E -09 1.33E-09 4. 11E-11 7.73E -09
R 1. 65E - 07 2.04E -09 2.01E -08 2.63E -10 1.87E -07
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R 6. 13E - 07 6. 09E -09 4.77E -08 6.91E -09 6.74E -07
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