SAREAN T BB A22d (H43) 291~302, 2019

Journal of Environmental Analysis, Health and Toxicology

DOLI: https://doi.org/10.36278/jeaht.22.4.291

EY S5 HAAISHE JiMol 248k A7
- ICP-AESH0|| 2|8t £E2F Cd B4 ZHYEH -

A Study on the Improvement of Soil Heavy Metal Analysis Methods
Interference Correction in Soil Cd Analysis by ICP-AES Method
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This study was conducted to select the most accurate measurement wavelengths for Cd analysis by examining the
cause and extent of interferences in the analytical values for Cd using 183 soil samples, standards, and certified soil
samples. In the test for interference effects in Cd standard solution, the accuracies of measurement for the Cd stan-
dard solution and the certified reference material (CRM) with high Fe concentration were 116~385% and 110~172%
at 226.5 and 214.4 nm, respectively. However, the accuracies at 228.8 nm were 92~95% and 95~98%, respectively,
which satisfied the target value of quality control. In a dilution test for interference correction, when the 0.05 mg/L
Cd standard solution was diluted 100 times, interference corrections for Fe and As were observed at 214.4 and 228.8
nm, but not at 226.5 nm. These results suggest that it is necessary to revise the method for soil pollution testing with
ICP-AES analysis of soil heavy metals to obtain reliable results by compensating for the disadvantage of the inter-
ference effect of Cd. Therefore, Cd wavelengths should be revised to compensate for the shortcomings due to Cd

interference effects and obtain reliable analysis results.
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2.1. Z=AChA

2.1.1. A¢F

T4 B8NS Merck KGaAAl A& (Frankfiut,
Germany)?] ICP EFE 100 mgLE TLF=0 w
2} gAste] AME3IaL, AEE Feo] 7HY 23 A9
S 93 mE=gAL Accustandardrl A|F(USA, New
Haven)?] ICP ¥F8 10,000 mgLE 345to] AR
SHATE. 8]Adl] AM8-E 2542 Sartorius AF2] Arium
Pro(Germany, Goettingen)ydH]Z A|ZH 18 MQ-cm ©]

2.12. AFET=Z (CRM)

CRME =9 BAMARS] BAM-Ul12a, NICEM(X]&
et A HEF-57]719)elA A=g NICE-RM-
HM-02 239 EYS ARSI on, g3z gt
01%7kS Table 13} 7t}

2.13. B9 R

EWEE 2017 EFOFTEZAL TS S8l A
HE RE, TE 9 AE i AR 183718 EYS
AT R7IE Wt F F 100 mesh® A AE3}
o B4 A EE Az

22. EY & S35EY

22.1. A2l Wy

EFOAFTHNEZIFE ES 07400.2b FE5F A=A
Z 2} 2w A aksg 533 (metals-inductively  coupled
plasma-atomic emission spectrometry)ol] e} B Al
F 3g% 0.001 g7KA A&l #Hsted Garhardt EBL-
C(German, Bonn) EAAE]7H]2] 250 mL ¥He-87]
off ¥ ik RS 3:1(FTFE )R sl dF4Y
Zba o 2 FE3519tE 30°ColA 2A417E, 80°ColA 24
7t 59 vk 3 FZ9& Whatman No. 40 oA 2
o=3tal 0.5M FAke 2 100 mL F-o]EEfaTe] ®A
7HA] A A g8 o2 ARSI

222. 717134

Agilent TechnologiesArF2] 5110(Malaysia, Penang) &2
ICP-AESE AME-gF #4271 Table 29F 232, 43}
A BEYoHdTAANGEY e g5 240

Table 1. Given concentrations of metals in the two certified reference material

Certified value (mg/kg)

CRM No.
As Cd Cu Ni Pb Zn
BAM-Ul12a 10.3 4.12 75.5 10.1 198 198
NICE-RM-HM-02 8.56 3.92 31.7 9.86 415 656
Table 2. Instrumental parameters for the ICP-AES analysis
Description Condition Dscription Condition
RF power 1.20 kw Uptake delay 20 sec
Nebulizer gas flow 0.7 L/min Nebulizer Concentric Type
Plasma gas flow 12.0 L/min Spray Chamber Cyclonic spray
Auxiliary gas flow 1.0 L/min Detector CCD
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Table 3. Selected spectral lines for metals

Detection Wavelength nm

Elements
1st Wavelength 2d Wavelength 3th Wavelength
Cu 324.754 219.960 327.396, 224.700
Pb 220.353 216.999 224.688, 283.306
Ni 231.604 221.647 216.555, 232.003
As 193.696 188.979 197.198
Zn 213.856 206.200 202.548
Cd 226.502 214.438 228.802
O 2 Table 33} 7t} 3. 43 ¢ na
223, E4AA] ArAe| AT 3.1. £ Sa50 ZHHE Wit
Ardes EFLATENT/IEAM g3t ICP-AES 3.1 B S5 2 eaete] A 97t
o] &= Zé FAA S wEsle] AleulEA] F (Reagent 20173 EUQ el ZAL 1837 B N8 FE&%
blank)ell EF8NE H73E A8 TS EM)8k, 2+ S ICP-AES #4143+ Table 59 YFERNITE EA|

FEE 9 Xé-*%,L_‘E(Accuracy), A% (Precision), 353 89| Cd #4234 #1243 Cd1(226.5 nm)S Bt
(Limit of Quantification)g AFg3sIAth A= B4 2.51(0.97~5.35) mgkg, A2=4 97 Cd2(214.4 nm)S
A= 7F 32 AN AZAFERY) 7S 098 B it 0.77(0.24~1.76) mgkg, 71EIEA 34 Cd3(228.8 nm)
o} 7jo} 3k, ZFAIFRF)S] ANEFHAE 20% B & HF 021(0~1.39) mgkg= A 1E2H 94 5= oy
o} Hojof sh, FdE= FHETZHATE 30% ol 7IEEAIE] s oF 120) Hro] AfolE e
olH], = 70~130% °HE ke F=d] H3x3E vk ol A gho] Aol AJS Ak flsl &
< Table 49} o] BT RSt B el dFE = F e 7P tEAHS Fe, A
A

Table 4. Results of quality assurance and quality control for ICP-AES in mg/kg

As Cd Cu Ni Pb Zn
193.696 226.502 214.439 228.802 324.754 231.604 220.353 213.857
Spike Conc. (mg/kg) 1.667 0.667 0.667 0.667 1.667 0.667 0.667 1.667
Ave.(mg/kg) 1.6567 0.6281 0.6343 0.6248 1.6424 0.7062 0.6738 1.719
SD 0.0425 0.0033 0.0037 0.0050 0.0063 0.0229 0.0049 0.0071
Precision(%) 0.5 0.2 0.3 0.4 0.3 0.4 2.7 0.3
Accuracy(%) 103.1 107.9 107.6 104.5 106.5 108.4 109.4 105.2
LOQ(mg/kg) 0.425 0.033 0.037 0.050 0.063 0.229 0.049 0.071
LOQ(mg/kg)? 1.50 0.10 0.10 0.10 1.0 0.4 1.5 1.0
Calibration. range 3.33~33.33 mg/kg
Linearity(rz) 0.99987 0.99992 0.99989 0.99994 0.99984 0.99992 0.99991 0.99990

Quality control target value

Table 5. Heavy metal concentrations in actual soil specimen

Concentration (mg/kg) (n=183)

As Cd1 Cd2 Cd3 Cu Ni Pb Zn Fe Al
193.696 226.502 214.439 228.802 324.754 231.604 220.353 213.857 238.204 396.152
Ave. 3.7 2.51 0.77 0.21 334 10.4 23.7 93.9 31,637 19,182
Max. 31.9 5.35 1.76 1.39 163.3 499 203.1 593.5 68,163 42,690

Min. 0.0 0.97 0.24 0.00 2.6 0.0 4.6 19.1 12,971 4,496
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Table 6. Correlation of heavy metals in actual soil specimens (n=183)
cdr’ cd2™ cd3t™ Cu As Pb Zn Ni Fe Al
cdr” 1
cd2™ 0.85 1
cd3™ 0.29 0.73 1
Cu 0.17 0.33 0.40 1
As 0.16 0.17 0.19 0.19 1
Pb 0.08 0.23 0.34 0.52 0.36 1
Zn 0.08 0.20 0.25 0.33 0.15 0.44 1
Ni 0.19 0.21 0.17 0.11 0.35 0.04 0.03 1
Fe 0.94 0.68 0.04 0.07 0.11 -0.01 0.00 0.14 1
Al 0.62 0.39 -0.05 -0.09 0.07 -0.10 -0.08 0.11 0.67 1
Cd1":226.502 nm, Cd2™":214.439 nm, Cd3"™": 228.802 nm
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Fig. 1. Comparison of Fe and Cdl concentration in actual soil specimen. (Unit :

mg/kg)
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Table 7. Concentrations of standard solution with increasing concentration of iron at various wavelengths (Unit : mg/L)
(rSn"l};/jl?) Wavelength(nm) Fe 0 Fe 500(Accuracy) Fe 1000(Accuracy) Fe 2000(Accuracy)
1st(226.5) 0.0522 0.0833(159.6) 0.1156(221.5) 0.2011(385.2)
OC(;j 5 2nd(214.4) 0.0520 0.0603(116.0) 0.0705(135.6) 0.1095(210.6)
3th(228.8) 0.0510 0.0487(95.5) 0.0471(92.4) 0.0485(95.1)
151(226.5) 0.1048 0.1365(130.2) 0.1689(161.2) 0.2340(223.3)
((;CII 2nd(214.4) 0.1058 0.1137(107.5) 0.1230(116.3) 0.1422(134.4)
3th(228.8) 0.1029 0.1007(97.9) 0.0987(95.9) 0.0965(93.8)
1st(226.5) 0.2108 0.2383(113.0) 0.2649(125.7) 0.3181(150.9)
(?g 2nd(214.4) 0.2120 0.2154(101.6) 0.2198(103.7) 0.2252(106.2)
3th(228.8) 0.2053 0.2017(98.2) 0.1988(96.8) 0.1894(92.3)
1st(226.5) 0.5282 0.5424(102.7) 0.5630(106.6) 0.6011(113.8)
g;l 2nd(214.4) 0.5338 0.5203(97.5) 0.5186(97.2) 0.5097(95.5)
3th(228.8) 0.5178 0.5061(97.7) 0.5043(97.4) 0.4817(93.0)
151(226.5) 1.0494 1.0378(98.9) 1.0419(99.3) 1.1156(106.3)
?g 2nd(214.4) 1.054 1.0151(96.3) 0.9992(94.8) 0.9699(92.0)
3th(228.8) 1.0289 1.0102(98.2) 0.9908(96.3) 1.0418(101.3)
1st(226.5) 2.0678 2.0150(97.4) 2.0001(96.7) 1.9695(95.2)
zcg 2nd(214.4) 2.0874 2.0002(95.8) 1.9557(93.7) 1.9801(89.5)
3th(228.8) 2.0412 1.9971(97.8) 1.9801(97.0) 1.924(94.3)

oo, FE Fes 7Kg 0.05, 0.1, 02mg/L A
FTE Cd 23892 A 1574 974(226.5 nm) #1257
3742144 nm)AllA] B FE Fe 091 F589 oy
A=t 130~385%= =A Uel, 7ElEg sl
(228.8 nm)¥F EE FEHSOA Fe] 7HE9E] Sl=
Ao R ZAME T

Feo] 5% 500 mgLEHL3EFE) Y W Cd &
=& 0.05 mg/Le] EH A= A5 978(226.5 nm)
% 160%, A2E 3742144 1m) FE= 116%= 7
MeFs g1k, 71e54 9d(228.8 nm)Rt 78
T 96%% 7Hdol gle Ao g Yehdt) od ¥589)
0.1 mg/Le] E4Azk= A 12498226.5 nm) =
130%, A2ZA 342144 nm) AL 107%= 0.05 mg/
L Cd #5891y 7Hdddo] A& o= JepT

Feo] ¥EF% 1,000 mgLFHATEsE) o  Cd
EFEY 0.05mgle] EXZAE A5 973(226.5
nm) FE= 222%, A2E5A T E2144mm)S FE=
136% 2 Fe 3<%5% 500 mg/Le] Z$-Ro}t Fgw=r}
S7Fhke Aoz yeldth ¢d 2589 0.1 mg/Le]
A= A 1243832265 nm) FEE 161%, A2
=493 2144 nm)yS = 116%= Cd I8 7
7t F7VETE Fedl 7M1 ae] A2 Zo= YERt

Fe 3&%% 2,000 mgLEANTEFE) 4 W Cd &

T84 0.05mg/Le] 735 A1SH7HF(226.5 nm)ol| A

Mz o

e

AYE 385%= 7HE w2 PSS HERIITE Cd
89 02mgL, 0.5mgle] 25 HEE 151%, 114%
Metazzt ke Cd $27t HoHdaE 793

b b
e F

B
ol

}9Th = Table 7, Fig. 2004 UERd Hlel 73]
L7t B ETE, ¥ Feo] ¥R 5575
&7t SRR Fedl TMI9d R S7lshe o=
et

Ve EY 5 Cd WiAHEEE e 0.18 mgkg
0.005 mg/L)2 1AY EYLASH7154 mgke)e] oF
4.5%2] F=Eola?) 2017d AEA Y EYL Al zAL
A3l Cd FEE 0.24~1.77 mg/kg(0.053 mg/L) =
o7 ve w52 EAsk] Wi Feoll et 7MY
3o] £ A 124 3(226.5 nm) A 22872144 nm)
2 EYAES Cd 24 fgez APsA] = A
Z dEY 3] Al 154 94(226.5 nmyellA Cd 35
A 0.05 mg/L= Fe2] HU &%= 2,000 mg/L A
HATANME 02011 mg/LZ 2F 4] o] =A] YER:
ok old3 #MAHE 1Y EdedsdEs 2%
5 4 mg/kg(0.12 mg/L)°]3k Cd Al5e] 7
ol whe} =7 Jept 149 EGed
7158 2kle wAEHE 48 T due As
n] gy,

EPA 6010d Method®= Cd #1274 3°4(226.5 nm)
of thet 7T HAE AEE Fe 1,000 mg/L 341

2w

% oo

o
T

o
5

1
A
oA ol
& rff
oN

o % 1



296 gpel - Rk - AP
0.25 0.30
—4—Cd 226.5 nm Cd 0.05 N —#=Cd 226.5 nm Cd 0.1
020 |—
- - 025 |—
i —@—Cd 214.4 nm S == Cd 214.4 nm
£ ==fr—Cd 228.8 nm 3 /
Eo.15 T 020 |- —#=Cd2288nm
5 7~ i _
o010 -E 0.15
g EA—/ 8 *A———I—’/‘
8 s
0.05 * - 'S 8 o010 e r riy Y
0.00 T 0.05
Feo Fe500 Fe1000 Fe2000 Fe O Fe 500 Fe 1000 Fe 2000
0.40 0.70
—4=—Cd 226.5 nm Cd 0.2 —4—Cd 226.5 nm Cd 0.5
- 035 |— ~ 065 |—
S 035 8- Cd 214.4 nm % ~fi~Cd 214.4 nm
% 030 | =#=Cd228.8nm Pt -E' 060 |— =#=Cd228.8nm =
2 // 2 /
= =
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Fig. 2. Concentrations of Cd in the standard solutions with increasing concentration of Fe at various wavelengths.

Cd 100 mg/L ] ZHIFEE F 0.0
uH) 3k 79 Eks =
e TANTEE w3
ISO 22036 Annex
917] wjEo] EckEol BAREL Fe Y4 ujst 7+
Aol AlzZge AAERA] Eskal Q).

3.13. Q1% XFEZ] Fe 7H4] 933 H7}

o= 2 (CRMpP] T 7H] J2 @kleb] €
EoRIZFZEA BAM-Ul12a%} NICE-RM-HM-02
A & ztzte] Al8d Fe 3= F&=7F 0, 500,
1,000 2 2,000 mg/L7} H=5 F908l] FF Fe ¥=
Z 7t WE ICP-AES #494¥ Cd #4435
Table 87} Fig. 30| VFERAATE.

BAM-Ul12a A 52| Fe 7Mi9%F SRIAUAA7 Fe

5 =
FUA 2 Alme] AT ] SH P 244

[e3

(
==

it

(Unit : mg/L)

7] 34E0] 90.6~97.4%% Hlwd & FI=E
ERQIth. NICERRM AlEE Al124 34(226.5 nm)el
*1 A5t thel A= 132%= =] JeplITh o)A

2 Cd FFEY 0.1 mg/L AFolA FFE Fe 500 mg/L
01 S BAAS 130.8%2 FE}=9 fAEIERE
NICERM CRM A A8 oF 500 mg/L %=2] Feol
Mﬂo} 01‘— 74_& zz—]zsl— 011;]_

A 124 93(226.5 nm)2 #2274 34214.4 nm)el| A
Feo] #5557}t 57182 BAM-Ul12a%} NICE-RM
CRMS] Cd ¥4 47k= Feg FYUsHA 94 AR diH
AE=It 217%= =A UERT(Table 8, Fig. 3) ©]

AL Cd FFEZ 0.1 mgLe] Fe M9 AFA
Bt 223%= Ve el fARRE 0% L}E}
Wk A124953226.5 nm) 02 E4%¥ CRM A&

Fe 7Hd¢] FFO=E Q5o 29 ol =& %:_-i
ENEE ZAS ¢ 4 ok BAM-Ul12a9t NICE-RM
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Table 8. Concentrations of Cd in certified reference material with increasing concentration of Fe at various wavelengths

(Unit : mg/L)
. Fe 0* Fe 500 Fe 1,000 Fe 2,000
Wavelength(nm) Certified values (Accuracy) (Accuracy) (Accuracy) (Accuracy)
1st(226.5) 0.1204(97.4) 0.1557(129.3)  0.1901(157.9)  0.2600(215.9)
CRM-BAM 2nd(214.4) 0.1236 0.112(90.6) 0.1229(109.7)  0.1327(118.5)  0.1549(138.3)
3th(228.8) 0.1164(94.2) 0.1145(98.4) 0.1143(98.2) 0.1111(95.4)
1st(226.5) 0.1556(132.3)  0.2036(130.8)  0.2452(157.6)  0.3374(216.8)
CRM-NICE-RM 2nd(214.4) 0.1176 0.1256(106.8)  0.1372(109.2)  0.1442(114.8)  0.1649(131.3)
3th(228.8) 0.1217(103.5) 0.1206(99.1) 0.1164(95.6) 0.1141(93.8)

*CRM Al & AA| o] Fe 947} 243 CRM-BAM Al 29| Z$ °F 210 mg/L Fe 82l

04 - 04 -
CRM-BAM CRM-NICE-RMO02

—$==226.502nm ——226.502nm
=03 ~—214.439nm =03 || =W=214.439nm /
? 228.802nm ? 228.802nm
s §
g 02 202 4
5 g =
[ [
§ ,_—_ﬂ———'——_.—--/‘. § "———‘-'____.,.——-—""—'
8 o1 — A S o1 — e e

oA : o
FeO Fe500 Fe 1000 Fe 2000 FeO Fe500 Fe 1000 Fe 2000

Fig. 3. Concentrations of Cd in CRM in soil with increasing concentration of Fe at various wavelengths. (Unit : mg/L)

B5 A2 542144 nmelA Fe 7H] J3R Al1S 3.14. Cd B899 As 7H] 93 7t

A 914(226.5 nm) HH] 2 Hou} Feo] 75%(2,000 Feo] 7H93o] ¢l 7IEEA 94(228.8 nm) .=
mg/L)Z AT 739 AE=71 131~138%= S7HFEe]l  Cd 44 ESE3HAIE71IE 1SO 22036 FFAE
w2} AEE Cd AlEel ek ZHMIRAS RieA] aas] o] 55 35 74 As] 1Mol ig A
ofep & ZAo® Atgdrh vHH Z[EEg9Pd(2288nm)  FS FASIITE A oR EYAE] As EEFE
AN E BEEN AFoae} 7o) 3 Fe w57F £ 20173 B GAEIZRAL 73 Ha oF 3.74(0~31.9)

7l % g%l e AR yeisth mgkg®= °15 7I7IEAEER BF Al 9F 0.11 mgL
Table 9. Concentrations of Cd standard solutions with increasing concentrations of As at various wavelengths
(Unit : mg/L)
STD (mg/L) Wavelength(nm) As 0 As 0.1(Accuracy) As 1.0(Accuracy) As 3.0(Accuracy)

1st(226.5) 0.0514 0.0536(104.3) 0.0543(105.6) 0.0543(105.6)
0?(;15 2nd(214.4) 0.0516 0.0537(104.1) 0.0545((105.6) 0.0541((104.8)
3th(228.8) 0.0509 0.0530(104.1) 0.0629(123.6) 0.0822(161.5)
15t(226.5) 0.1057 0.1061(100.4) 0.1063(100.6) 0.1084(102.6)
(?_? 2nd(214.4) 0.1057 0.1057(100.0) 0.1063(100.6) 0.1078(102.0)
3th(228.8) 0.1035 0.1035(100.0) 0.1126(108.8) 0.1339(129.4)
1st(226.5) 0.2149 0.2145(99.8) 0.2137(99.4) 0.2159(100.5)
(():(21 2nd(214.4) 0.2139 0.2138(100.0) 0.2139(100.0) 0.2131(99.6)
3th(228.8) 0.2097 0.2076(99.0) 0.2164(103.2) 0.2379(113.4)
1st(226.5) 0.5560 0.5495(98.8) 0.5484(98.6) 0.5485(98.7)
g‘; 2nd(214.4) 0.5525 0.5479(99.2) 0.5442(98.5) 0.5457(98.8)
3th(228.8) 0.5334 0.5290(99.2) 0.5348(100.3) 0.5564(104.3)
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Fig. 4. Accuracy of a 0.05 mg/L standard solution of Cd with increasing concentration of Fe or As at various wavelengths.

(Unit : %)

Table 10. Concentrations of Cd standard solution with increasing concentration of Fe at various wavelengths (Unit : mg/L)

STD Fe 0 Fe 1,000, As 1
(mg/L) Wavelengh(nm) As 0 x5 x10 %100
(Accuracy) (Accuracy) (Accuracy) (Accuracy)
1st(226.5) 0.0522 0.1174(224.9)  0.1216(233.0)  0.1225(234.7)  0.1270(243.3)
OC(?S 2nd(214.4) 0.0520 0.0710(136.5)  0.0731(140.6)  0.0741(142.5)  0.0531(102.1)
3th(228.8) 0.0493 0.0626(127.0)  0.0653(132.4)  0.0652(132.2)  0.0505(102.4)
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Fig. 5. Spectral results for Cd according to dilution method for each wavelength.
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Table 11. Concentrations of Cd in certified reference material with a standard—addition method of increasing concentration of

Fe at various wavelengths (Unit : mg/L)

Wavelength(nm) Certified values Fe 0 Fe 500 Fe 1,000 Fe 2,000

(mg/L) (Accuracy) (Accuracy) (Accuracy) (Accuracy)

1st(226.5) 0.1204(97.4) 0.1621(134.6)  0.2549(227.6)  0.2521(216.6)

CRM-BAM 2nd(214.4) 0.1236 0.1120(90.6) 0.1415(117.5)  0.1730(154.5)  0.1738(149.3)

3th(228.8) 0.1164(94.2) 0.1244(103.3)  0.1312(117.1)  0.1255(107.8)

1st(226.5) 0.1556(132.3)  0.2339(150.3)  0.2652(211.1)  0.3785(311.0)

CRM-NICE-RM  2nd(214.4) 0.1176 0.1256(106.8)  0.1562(100.4)  0.1725(137.3)  0.2125(174.6)
3th(228.8) 0.1217(103.5) 0.1270(99.1) 0.1245(95.6) 0.1178(93.8)




EY Tu5 AP Aol A3 A7 - ICP-AESHe] 23 % Cd 2419

HdRA - 301

Table 12. Concentrations of Cd in certified reference material with internal standard calibration, while increasing the

concentration of Fe at various wavelengths (Unit : mg/L)
. Fe 0 Fe 500 Fe 1,000 Fe 2,000
Wavelength(nm) - Certified value (Accuracy) (Accuracy) (Accuracy) (Accuracy)
1st(226.5) 0.1221(98.7)  0.1574(128.9)  0.1941(159.0)  0.2715(222.4)
RM-BAM 2nd(214.4) 0.1236 0.1121(90.7) 0.1210(107.9)  0.1312(117.0)  0.1508(134.5)
3th(228.8) 0.1198(96.9) 0.1188(99.2) 0.1185(98.9) 0.1198(100.0)
d 1st(226.5) 0.1049(95.3)  0.1360(129.6)  0.1707(162.7)  0.2392(228.0)
(():] 2nd(214.4) 0.1000 0.1051(95.1) 0.1106(105.2)  0.1212(115.3)  0.1402(133.4)
' 3th(228.8) 0.1031(97.0) 0.1006(97.6) 0.0993(96.3) 0.0951(92.2)
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