Journal of the Korean Chemical Swciety
195, Vol 39 No. 3
Printed in the Republic of Korea I:.l_|-

M

[ B4

E2t AR Z9| £7| Priority Pollutants M2y 451

KB - EHE - FTR
PFapstd A MY
(1994. 1. 26 A$)

The Determination of Inorganic Priority Pollutants in Soil

Tae-Ho Ahn, Hyuk-Hee Lee, and Sueg-Geun Lee*
Chemical Analysis Division, Korea Research Institute of Chemsical Technology,
Daejeon 305-606, Korea
(Received January 26, 1994)

by e 2 QAR 7], 73U, EF B 2
AZNE Fog TR 5 o e +Hed
A gubg's 0]Ze] EPA fPelA o E
@2 EFole xe]7} k. EPA nFRI(SW-846)<l]
e Bk 2 7)€ o] $-53k2 EPA 3050
wol| 4] AASSH ICPE 4% Alge Axelubge
w8 Fa ot olghe @ FALATHAIEY
Ho| My EYHS 2 FF3t o), 7
Zagche g eg9idd AR} FEAE A
wol| o ¥l32 Fu qlev] 24 APy Cd,
Cu, As9) Algdete AN ¥ Aok 224 F
A gl ) olzteddor A= P o
ge I FeAe) ni$ Acin & 4 glo, nEhy
Y o4 EYS FAEH AL ANREN E
T g YHe|r}

FA gAY Eoflo] AR o7
o Foll Eol ¥ F71 priority pollutantsE
F2alo] Ags}r) A4 A7 FTHARE) &
Zxguiy 9 AapdE 4l o) g3k sle A3
olek, z2ju} o] uhfe oYM EL A EARE
EQog HAHD AHolm Iy Eokd 53}
oAle Fel7t sloh =4 8ok B8 14 F7]E9]
Asole VAP sl AMdw] Fo] gL
223 ¥ o pH58~6.39) g FExUE AAL
7| S2AA YY) £ AUYEe FA% e
Aoz AtgdEch 2y I EF 2 A

#Ho)go) FF AEHA F3UHY Ty I
HAH A7k A2 ol FoA 2} ¢z e AA
o)ry. mpeb EPA 30504719 ®|g Fal EA
el A8l At Ag52 de A7 EFYAEeY
of £&AHuye) A84E Adshedd & 9
2] E-3xo] 9rt

& dvdAde B AR R A3l ey
5 329 L AL4-3lod EPACA 21 A% 37) priority
pollutants o) 4] asbestosE A2l 14F 9] F7]
RS s AlkE A 1352 77
A& AASS} HG-AASE F2 o] 43t Aakslgle
o, A9 AL g ¥3l7] 43 ICP/MS(Induc-
tively Coupled Plasma Mass Spectrometer)& o}
23 BAT 2] #3sigch Al £4E A7E

CFRAEWES] S e ol &3l

a4 #

L e v

2 ool Lg% Eoke Environmental Resou-
rce Associates! #|E(Cat. No. BMD-57: Inorganic
blank soil standard)2-2 <fzb, A4k, 22lw ZF
T2 103] o] F&3ld FIHES AAY F A}
§3k4ct 419} 2ol EH| & blank soil€ EPA 3050
Hell o} &3 F AAS, HG-AAS, ICP/MSZ2
A ZAE vy ZE Q40 HEYA o319

—224—



Eo} Alg 9| £7| Priority Pollutants Ry A+ 225

Ze dehich, AEA oz 23 L FAe)
712 ¢]# Environmental Resource Associates®l
certified soil{Cat. No. PPS-46)& AM&-3}%ir).

£ JFol A AHEgE AAS 9 HG-AAS+ Perkin-
Elmerl 2380 Atomic Absorption Spectrophotome-
ter ¥ MHS-10 Mercury Hydride System-& A&
sgem ICP/MSE VG Elementaldt PQ I
PLUSE AH-3tgich Algt ¥4l Shimadzu UV-
21005} CorningAl pH meter model 130-2- A}&-3}
Gth AAS % HG-AASS| 4232 717] AFAL
FAsh= IFF A4 gsion] ICP/MS 2424
L e

» Forward power: 1300 W

» Reflected power: <10W

* Ar cool gas flow: 13{/min

* Ar auxilliary gas flow: 0.6!/min

» Ar nebuliser gas flow: 0.70!/min

» Sampling depth: 12 mm
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EES8Ye| =M. Aok AL 1339] F)4
28] 74 AAS ¥AE 94 AldrichAF 1000 ppm
MA4Re Azl U TSR, el
ICP/MS 2464 SPEXA} 100 ppm 34 EF 8
A& 005~02ppme] FA FEPHNE 27 34
st 2R3tk

Algre] & EFH-& 1000 ppme] A& =g}
24 3 AU A% 001~10ppme HH R,
o] A4 005~20 ppme] HHER 45y
Ap-&-8todc}

E2AIRO =X, AAS I ICP/MS #4 & E<
AlEE 100 ppme] EL49 50mLE 33 50g2
m2] AZN blank ko] 77t Y7 F o5}
e ZpA Wi e 2 ARA)H A sk ARA
gl (Method 1) W 259 7hdgholr] 3~44
4 AAE) 7FdR F 1052 5T 9] 2 BoljA) 447k
Axsga, FH4 fMethod 2)& rotary eva-
poratorE AHg-3td E& F4AR F 4% FF
2 2P &4 GA 286 A X7 x4
Actk AR wh(Method 3)2 23 EF 4]
A7k A BEF 647t shaking S Fo] FHA W
Wil T o AzAFLeH, WA gy
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(Method 4)2 £3-8-4& 73l 244]7F A2
F 8 AA oD Fda zAskq.

Aok 44 kX & blank soil# certified soil
Zbz} 40 goll 2% FAEREF 49 20 mLE 7l
Q71 eg grE F Algte] 1000 ppm A A4
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o},
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7Fedt 3 A 24 F AYsl e
g s E AANR L vl B 3A] Gk

Sh, As, Se, Hg= HG-AASE Fefsloiclh Y
A2 1% NaOH 4o Zof F A% 3% NaBH,
gl A3l o ERAEE 25kg/om® ¢
o) Arg AME-slolc) Sb, As, Sed AL 2=
11.5L/min, oM 25 L/ming] #5058 AlL
Rom Hgel 7+t v&FE Jda2 243

Be, Cr, Ni, Cu, Zn, As, Se, Cd, Sb, Tl, Pb=
ICP/MSE. A3iglen, Hge 71 &347} Alslo
st gk Age RE4YF B e
Clmg| ooz FA|EAe] Erls3le] Aepsiz]
sEstet. EAuh e JukHQl ICP/MS 24w o}
gom Ykl A2 FHYUAY Am/2)F 7}
3 g A R 2R Table 1] vehligic). o) 2
Zn%} Cde W 537} gl Ao A=Y Asw)
Seel At AYY WHE U Nz dFA
stk Ase] % dubAERl (A ()P ACle)
vl g RS FHo) Ci Eabolgal ArClel
TAL AN QASA 4 A7) vl £3E
FutetA =el Seoll i3 And] WeEle XA}
HAHA7]71= ¥EH Nig)] A %% sample cones}
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Tabie 1. [sotopes used for ICP/MS determination and
possible interfering ions

Element Mass (m/z) Abundance Interference
As 75 100 ArCl*t
Be 9 100 -

Cd 111 12.86 MoO~

Cr 52 83.76 ArC*, ArO*
Cu 65 3091 -

Ni 58 67.76 Ni* from Cone
Pb 208 52.38 -

Sb 121 57.25 -

Se 78 2361 Ar;?

Tl 205 70.50 -

Zn 66 2781 S:*, 80;*

e, Ael $E, 223 #4700 wet Ye)A)
e el g e,

Corrected arsenic signal=(m/z 75 signal)
—(313) (m/z 77 signal)
+(253) (m/z 82 signal)
o))

WFEEEE A4 A8 S S S8l A2
EA4ul7t 100% 77 LA4E Aok & A
Hollxe 23m/z) 1158 In& AHg-3led ICP/MS9)
sHQl A A7]2] A7k al g B B
9t

Alekel 9] EAE W7 EFAHNYHS o2
AAtg MBS o9 3Pz EA ik

[<EL g gt

ZHE EYARS 4. EYARAA priority
pollutants Y42 Ak 7FsAd= 2xas #d
A& 22317 $l3te EPAA AR 1459 7|
priority pollutants& U2 blank Efo) H7}aled
Aggals AFE Y 7R Yo R EGAEE
zA e, F FEUF FFEEY) A
EPA 305022 F&3}] AAS % ICP/MSE &
M3lgir). AAS % ICP/MSE 247 2F f49) ¥
EAE s Y AL M(simple linear regres-
sion analysisyell 2]zlic) Y9ie] Ex9o} I
T 9409 Feot H3E A" gl glen,

Table 2. Analytical results of inorganic priority pollu-
tants in spiked soil samples by EPA 3050 method
and AAS method

Mean recovery® (%) MDL?

ethod Method Method Method (ug/g)
I x 3 &

Cd 85 (26) 86 (06) 91 (29 102 42) 05
Cr 81 (08) 95 (52) 101 (76) 9% (3.7) 5
Cu 83 (06) 8 21) 90 40) 86 (23) 2
Ni 95 (06) 95 (1.0) 103 (1.7) 99 (30) 4
Pb 59 (38) 94 (72) 94 (4.0) 100 (63) 10
Zn 80 (15) 85 (15) 94 (4.0) 91 (21) 05

Element

*Mean value from three measurements for Method 1~3
and from six measurements for Method 4. Values in
parentheses are percent relative standard deviations,
*Method detection limit is the minimum concentration
that can be measured with 99% confidence that the con-
centration is greater than zero.'® ‘Described in Experi-
mental section.

Ak 3dA =(correlation coefficient)?} & 944 7
Sl oj3 0.9984%c} & o2 yelyte)

ZA¥ A &E EPA 30504 o) oo} 2 A4% A3E
AASE Table 20ll, ICP/MSE Table 3¢ vJehyc)
7t 3gE ) 3482 Method 45 A 9)stne 2zt
33 bR &3 PP AFolny Method 49
35 63 WHE 323 A9 Hajolr), Table 22
AAS EAAS} Table 39 Sba} Ses WP
ICP/MS #4734 Abyee & Jpee v
ebdich. AAS methodt 91%, 28]x ICP/MS me-
thode 93%2] BF3]4&2 el

AAS 9 HG-AAS ¥4Zx} ZFoA] Sb3} Sed
s AAAe] glsden, Hget Ao A
Ag?] 7%= AEUA 13t AHE el Table
20 2 ZARE BuEA) gsich Tadble 39 Sbd
Seel 39-= ICP/MS 24743 3589 AR
e A2 Hol FMuMitic: AExAe) AN
el o B2 -FA7} ode AoE AlEEy, Yy
ENES dedle v gL a7 92 Heg
Az}, AAZ Table 39) Sedt She] R4 ARE
B Sed) 7% Method 404 o} £& 3488
BojFe], She] 44 Method 1, Method 29 22
RSD 3to] Method 3, Method 42 Z4-2 ] B
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Table 3. Analytical results of inorganic priority pollutants in spiked soil samples by EPA 3050 method and

ICP/MS method

Mean recovery® (%)

Element MDL! (ug/®)
Method 1 Method 2 Method ¥ Method 4
As 113 4.7 114 (18.6) 123 (149 109 (7.1) 0.80
Be 115 (11.1) 132 (17.6) 129 4.7) 106 (84) 1.8
Cd 82 32) 86 (29) 88 4.5) 98 4.3) 0.08
Cr 71 29 73 (5.1) 80 (1.3 103 4.9) 0.20
Cu 104 (2.5) 101 (3.8) 107 (5.2) 90 33 0.19
Ni 91 4.0) 86 (5.2} 94 (1.7) 99 (5.3) 0.15
Pb 82 8.0 96 (1.0} 105 (6.7) 81 (6.8) 0.05
Sh 139 (146) 55 (40) 52 (26) 74 (94) 0.02
Se 49 (132) 55 (26.7) 47 (13.9) 103 (4.6} 46
Tl 98 (4.2) 90 2.1} 97 (64) 83 (6.2) 0.05
Zn 101 (1.0 104 (6.0) 107 (6.2) 96 (6.9) 0.25

‘Mean value from three measurements for Method 1~3 and from six measurements for Method 4. Values
in parentheses are percent relative standard deviations. *Method detection limit is the minimum concentration
that can be measured with 99% confidence that the concentration is greater than zero.'” ‘Described in Experimen-

tal section.

RSD 3g ¥egEr)

Table 29} 3& w3 B Ay H2 dY{
YL got daHos Hpga YAl
Method 4l A Rt5-~31A) vebyte). 33 RSD ghe]
AASZE 30, ICP/MS>7) 612 vjel} AASZ) @A
A o] M5 el Method detection li-
mitE AAS method+ 0.5~ 10 pg/ge) W4le] 2lon
ICP/MS method: Bed} Se®] F 14§ A)2)3dd
0.05~0.8 pg/g F4 AU AASHc= ICP/MS?}
v|gk EAje] fo)aly, 3yl S AHg}
o AE2PAE o $E F lon Ju|gk £
7Fe3lc}. Bed HEA139 njstgle] Eo} method
detection limit7} EA vielygel Sed Ar,*, 1ejiL
Ase ArCle] <3322 method detection limit7}
ulzy ¥A Jebdch

2R A B4 AR £ AT Table 40l
Yeldoh Al § 83 97142 vhEo] Al
L8 Yoy ¥ FAs .2, blank soilo] Y718l
ZARE MEE Aglel ol AH FFe] HA| Wk
20} certified soilol AH7lgt Alme 2gedo] <4
el $ov) 95 gl Azg ¥edFqt ¢
AL Agte) o] BtA#l blank soildlAles A=
2o 2F HAe] = v certified soil®?] 7
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Table 4. Analytical results of cyanide in spiked soil
samples extracted by the test method offered by mi-
nistry of environment in Korea

Mean recovery” (%)

Soil sample Electrode Colorimetric
method method

Blank soil -t —*

Certified soil 67 (2.5) 82 44)

¢Mean value from four measurements. Values in pa-
rentheses are percent relative standard deviations.
*Not detected.

S Algto| &7 AE-E o) F 7 UE Y7} E§o
5 o) Alqleo] & <bA3VA]7}7]) wFql Reg A
ZA%c}, AP e vl & 3ree B
qF0) AAAdHAN S AFYol <zt $AEA
epytel,

REARS 24 5 F2Hs 7 9wy
712 918 v|=-2] Environmental Resource Asso-
ciates®} certified soil2 FA3}oict. AAS % HG-
AAS, 2]z ICP/MS2l ¥-MZANE Table 54 v}
ehlisich EPA 549 7% 98%9] He3vgd
Boj ut¥os wtEy oyt A5 A%ony, 4
Z1EFHAEPET SIS A8 HFS)
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Table 5. Analytical results of inorganic priority pollutants in certified soil sampies by AAS, HG-AAS, and ICP/MS

method

Mean recovery® (%)

Element Spiked amount (ug/g) Extraction Method 1* Extraction Method 2°
AAS and HG-AAS ICP/MS AAS and HG-AAS ICP/MS

Ag 881 22 (0 -t -4 —<

As 15 78 (84) 115 (0.6) 17 ©2) 1.3 (05)
Be 8.77 ~¢ 120 (6.4) — 68  (8.0)
Cd 791 110 (O 106 (2.6) 99 (7.2) 106 (5.3)
Cr 6.62 124 (1.5) 114 (4.0) - 046 (0.08)
Cu 348 115 (2.9) 98 (2.1) 16 (1.9) 29 (3.8)
Hg 2.59 77 (1) - 75 (7.4) —*

Ni 16.8 101 (1.8) 144 (4.0) 74 09 83 (5.2
Pb 10.1 105 (5.0) 50 (16.6) —d 22 0.7
Sb 298 35 {4.3) 76 (5.5) 32 02) 53 (1.0}
Se 7.35 29 (8.1) 103 (3.8) 046 (0.04) 1.9 (09
Ti 7.71 - 59 (17.6) —* 15 (3.2}
Zn 246 111 (2.4) 102 (2.0) 51 (1.8) 93 2.0)

“Mean value from three measurements. Values in parentheses are percent relative standard deviations. *Extrac-
tion Method 1 is EPA 3050 method and Extraction Method 2 is the test method offered by Ministry of Environ-

ment in Korea, ‘Not determined. “Not detected.

8ol 42%= Cd, Hg, Ni, Zn 59 ¥ 448
Aste F2 oL 358 2ol EPA 3249
74$-5 AAS methodell A Sb, As, Se, Ag2l 3]5&ol
ol W] RA7} e AL epdow, ICP/MS
methodol| 4= Sb, Tl, Pbi= 23S 34$gg Mo|n
ale}, Sb, As, Se?] 7% AAS methode} ICP/MS
method?] 5 ZA7E vlws] 29 As?} Sed 24
whgol] FaAlvl sl&E deld T, She AR
Zaubfo] 471 e Heg A7=,

EPA 3050l ale} 333 o2 Pauygus
N @ HG-AASY} 79%2] BaHsd3 1% 37
AR EZHALE, AASYT 111%9] AF3ee 23
%2 B ) REAXNE, 28] ICP/MS7) 9%
B3 5#7 59%2 HEANEEAAE Lo o}
HG-AAS®] 7% Ag=9} AUsd A7) sde
AL g ey,

A7 e Qs et B L o
7t R 3te] AASE P-A & Alesilen) 2 AAE
Table 6 vJepic). Sbhe njELAE A #fF7)
A8 BELAH A8 FFFerl daegA 1
%7k HAY ¥ Ao, Asel A Soe G4t

Table 6. Analytical results of several inorganic priority
pollutants in certified soil samples by modified EPA
method

Element Spiked amount  Mean recovery” (%)

(ng/e) EPA  Modified EPA
Method Method®
Ag 8481 22 O 125 (16)
As 15 78 B84 93 (64)
Sb 2.98 55 4.3) 67 (4.3)
Se 735 29 (9.1) 77 (23)

°Mean value from three measurements. Values in pa-
rentheses are percent relative standard deviations.
*Made to 1% HCI solution for Sb measurement. As
was extracted by HCl only. Se was analyzed by stan-
dard addition method. Ag was analyzed by cyanogen
iodide addition method in EPA 7760A method.

Lgrnt 253 A deg W AU} ok
A& & 7 sUsdch Sed) A% s & wl=ig
22 3 ZFE HhEE AHeslen S
o] H4A| FrlEe A & AUk Ag: EPA
7760%0 9] cyanogen iodide addition method& A}
48l Mg ARE Ik Sedt Agel A=
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HygL o] Hglond Aol gojzle @A
& Bgen Sb, Se §& &l 67, 77%E o
28g of Bl A7/l v oY HoE 47
R}

ZAERoE W/ FRAAYPIYEY LA
£ 32 E8A oM w2 A7 sle A=
vehth ey £ |79 43 A 3= blank soil
ARERF Wi ge] wlmA B3bshx] o2 A9 A
olug A &S] A¥sh= o7} 9ld AR
Azt wepd B QAL AN 29 Fo ¥
Rl MY R FY AFE AW Fol ey
olg# TAHZIE FolA ¥4 Wxst A &
sludgeol] #¥ AT wWasin glc)

£ 97E HrleAs BgaPAE ATl
o] %617 Q7 U¥olel, ATl e A=Y
ek,

el 8 2 8
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