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Soil analyses by ICP-MS (Review)
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Soil analyses by inductively coupled plasma mass spectrometry (ICP-MS) are reviewed. The
first half of the paper is devoted to the development of techniques applicable to soil analyses,
where diverse analytical parameters are carefully evaluated. However, the choice of soil samples
is somewhat arbitrary, and only a limited number of samples (mostly reference materials) are

examined.

In the second half, efforts are mostly concentrated on the introduction of reports,

where a large number of samples and/or very precious samples have been analyzed. Although
the analytical techniques used in these reports are not necessarily novel, valuable information
concerning such topics as background levels of elements in soils, chemical forms of elements in
soils and behavior of elements in soil ecosystems and the environment can be obtained. The
major topics discussed are total elemental analysis, analysis of radionuclides with long half-lives,
speciation, leaching techniques, and isotope ratio measurements.

Keywords : inductively coupled plasma mass spectrometry (ICP-MS) ; total analysis; radionuclides;
speciation; leaching techniques; isotope ratio measurement.
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Table 1 Applications of ICP-MS to soil analysis
Reference Samples, Techniques, and Elements

1 Seven Chinese reference soils, laser ablation,
30 elements.

2 Plants and soil, tracer technique, g,

3 Molten borax or pressed polyethylene disk,
laser ablation, 41 elements.

4 30 soil samples, feasibility test of laser ablation,
As, Ba, Cr, Pb.

5 Soil colloids, chemical and mineralogical
properties of soil particles up to 0.5 pm.

6 Review in general.

7 Soil leachates, combined with chromato-
graphy, Al, Mn, Fe, Ni, Cu, Zn, Cd, La.

8 Plants and soil, Mn, Co, Ni, Cu, Zn, As, Mo, Sr.

9 Reference soils, HF-HCIOy digestion,
comparison with photon activation analysis,
42 elements.

10 Various soils, HF-HCIO, digestion, comparison
with ICP-AES, Na, Mg, Al, Ca, Ti, Mn, Fe, Ni,
Cu, Zn, Pb. '
11 Various soils and standard reference materials,

HF-HCIO, digestion, 47 trace and ultra-trace
elements.
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RIE L o TRE»OEERARSH LT, TEFOR
FHETEEOMHERA TS, BFiH 2V IETHSOmR
HEfToTuhwnds, EERBORIEL IETRV—HER
L, RSD i3 0.8~4.8% T - 72",

Hall 54, @7 o—-HKEWREEE L OMAS
HHET, Bi, Sb, Se, Te DFMEDOHAELAA TS,
%8, Ge, Sn, Pbid/KEMYOERPERENHT TR
(HC12~4mol/l) Roniedh o720 TRE, HERIL .
As(V) BRI Se(IV) I2L B Te ~OKE LTFEVE DL
B, KIRET7A2NVE YBOBRMTERENL A R
Se(0) (BT H I E THBITETH >72. LELTHEBT
DHEETHL D SR8, sERfb2EE GBhA, KE,
T8, EWERE) PTOIhLTEOHFEHEH,ISEZD
L, BELTHRERTELLDEEZ SN,

Bernhard 513, ## % MEMEEKEH T 1100C THK
BT szTenur n# 4, Br, C, F) 2L,
% ICP-MS R US4 F > ra< b 75 7ETHHILTw
Y,

2:2:2 WHEHMHETROME  ICP-MS O T~ DR
REVISHFIO—2 L LT, REGRIUSEDTHHDH
5. HEREESHEMLENTFEILL o TIThTwnizds,
ICP-MS OBRED F R THREDIT ) HRE, Afl
HIBERTWAEZEXHLLERDY, BHERLDD
b5,

Tagami 513, ICP-MSIZL % MERUETY QRtkKk
CEH) o P Tc OGITEOBRE 2fT-> T 5. ARF%
DOE B BEHE R E AN R FE D OIZLLT Il
BICHRHT 5.

Te 3 Z O FARYN T X TREETH 5. F1CH R
AR LEV (21 HE) HHEO “Tcid, U ™ Pub b
DI BN H 6% LBV EH 5, EFHOFEMAH
WP TRERICHRB IR XSS, £/2, L0
KABRMEBREETHL 7+ —0VT 7 b " Tc ®tiEh

W BEAEET 5 A HRSIIEIC L 2 TIESHT 219

DOBBBELARVERARLIEICLY, ZOBBEOREDICE
FAEBIIOVTHRHEMZAILNTESL., TOMEIC
DWVTiE, chE CRETREREEREwLhTE. L
L, "Tch¥ g THL L, 1~2AMEED
BEEMUENLETHHI &, UTICBR5 &) IS8
HEOHEIC RS R VEYE ML —F—2hh o/l i
EnD, BEAYBETF— S PELR TR OODBHEIRT
HDH., —#IZ, FL—H—IlZ@EIRET, ""Tc RHRED
Re EMHVOLNTEL. LaL, P To &P 6 KM
LW, BELRSENLETHLIOIZL»PDbLT S
OB THBPKE» o7z, $72, Re XK TIED
BA, TcRERIW ML —ATELEVIRIEDH/LNT
Wiy, SHICKHL, BEERESGHThhE, HEEEFEE
BEY RO L —F—TH 2 ""Tc LM 61 H)
OFENTEEE 5. ICPMS 2L 5 P*Tc DEEDKRA »

MiE, @BV XL O P Tc % ICP-MS DIRE KT &4
ZUBREORTERBENOVEOBEBRIZ, 78 - RET 5
2k, @m/z=99 ICRERMNAEEZFFO Ru 2 22IRE
THILED2HTHA.

BONREROMBIRILUTOLBYTHS. HRD
PETCBBICIE P Te B RICEFATVWAZ &2, ML
—H— LRI EIHA L, 22T, 1AREL
AV LLEBRABE BT LT TA2ILI2LD,
STc DEUREEZ KD, T HFHEIUTOEB)THA.
1% 450C TIRILHE, Tc 2 {HELBETEIOSTHT S
72912 1000T THZk, Tc % 1L, HEH S, BRI
WET AL, KEBEETIHIZEZ-ELZRREIMRE O R, BT
FBREDELTHIENTE S, KIC, BEMAIICIDE
B 99 ICREMMAKEZFD Ru % Tc & 778, Tc & K&
WHICEHETS, ROTICPMSICEZAIE RS, H
10 5 O PE T, M TRAE X 0.05 ppt (0.03 mBq/ml
WCHRY) AR SN,

B, "Tc 2B LTIk HPLC # A7z il 5 o #i™,
B REE ICP-MS Z W CTOGHTIBI 2 &b 5™,

—7%, Hollenback & {3 HE D28 *'Th, U,
pu, YPu M RICFHOBBEAAT S, Ak zR
LI A IS4y TI7a—A4 Vs varid (FD) I
I B EAMEB 2T, by 7 ARG OO0 KE
ARERMD -ODBKEIT> TV 5. T O FI/ICP-MS
KIC & o THRIBBERIZ 20 X E XN, EROBIFILER
LY HRE, BATPOBREYORL LN EAIRSE
7z, FRMEHMEFERGETEIARTEETH - 72 *FPu &
Mpy DREFH ATHETH - 727,

2:2:3 ANV I— 3>  LEOSSFHTELNS
VWhHhWLEEEE, TEORKRNHEEEERTEERRE
LTATARTIEH A%, ZOFRZTCELE-HYR%E
e LAREP CORB LM T L 2 L0 RBERHEH



220 BUNSEKI
Bl v, IO OMERRO-DIZE, S8R
THERREN WD 5 HMFRT L D5, Thbb A
NRY L=y g VRS ELLS.

IRALER 2 SE A & B/, Z OLFEEO ST
X EFEROEVE ZA SO OSHTFE (RFEWZHIT
FEr7a< N7 sHWTHRIL, RWTERZEh
DOETHRIZEENE LR L THARMEEN # o8 HE T T
ERT HEETHE (hyphenated techniques) &9
Eil%kb. bbAA, BEOIRERHEOBRIEFRLE
MO ETEHEL OFEIFIHWTEETH 5%, ICP-MS
FEDROLITERRGATREN L BEERETH L 505
DTHEMNTH S, FIKBETHrORBRIEOA TS
TR EBEOMBESHTITIE, BES ICP-MS D
HAEDEBHVLNT WS,

—F, TEENLREPOSRABREOARY -V a Y
3% OBEHFAREHINTH 0, BEIIMLFHEDS
MEEEZ VI LBV, BELHWLRTVWA RIS
BORLLRELHCTHIR AT, 2OMHETL-T
TP OFERELEHET L, WHOLBEETEMNICESR
SN ANRY T~ 3 (operationally defined specia-
tion) EWVWIH T EIIhA.

TEEZEOFEFIZB VT, OB EREICIZEHK
ZHRBRHESBEORBEBARSAVONTEY, -0
RUETLICHBRPRLLI (VL Ry, Zhoo
FE, BRROLBEONE® ICPMS TIFB8) L T5 L
i3 OBEEL LB,

ZOMSKE L TRREL, ©HMBEPOFHNRT
FE M)y 7 ARG O FEET S -0 OB Z B
T%, @ICP-MS THHT 5 L&A, BRIZHEL
HIEBFEZERT S, OZ20FX»»5. LIPLOOD
T7A—FREROFRICL B 57— 5 L OBSEHFEL
%0, BRRATIROOFESEERE 2o T W5,

Hils 51X, Z20< 5 712 358 & OfAEGDET
T4 VTHERTBEOLBBRFOAIORARY -
8aryEiToTn5h., EBRO AIFEIZE A+ > B Ic R
Bashasd, ERYLEFHELAABRY S A 2ART
5. Al Fa xRy —id4 4+ v SHBREOENICR
VAFI—=WNAF Ly bEMZDI & THENTREE 2
o7, AREROGTREVA XHkro< 574
—/ICP-MS THRI L7z, B AL Hlle FOoFI 73
ST ARY T —OREIEFEFE L, 0BT EZ
LR H o7,

Woller 5%, BB+ VR f 7 uXRTHIT L E~A
raarky by s 2T 74 —=FFHNT, As(l),
As(V), Se(IV), Se(VI) DGITEORFEEITV, R#kkE
HRTIBOBRBEO G ~OIEHERA TS, KRHT
i PAs 1T B YAl DB E IR DN LD o 2. As

KAGAKU Vol. 49 (2000}
B se mMOBBMBIEZENREN 1 KT 4ng/ml TH -
72,

[EIB%IZ Thomas 5 iF, TEREETD As DAY T
—Yarr, 47 amail L /2% HPLC/ICP-MS
TRELTWS, B3 YEBTITY, B4 RS
ATAZ I —VERMLEY VEBEEHREZHVTO L
7z, BREIL 60 ~80% T, MINBARIEKFEFEE L 1~
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WHOANRY T — 3 v% HPLC R EME TR KENE
L DOMBAE LT TR L TV E,

2:2-4 BHIMMT  BEEGRFCHET L EEMRET
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FEEEIROON o7, LA LEHBTO UBER
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4 FEThOREFEL, BHATIALLEDOBREDNE
WIEZ D EDBL AL TVA I L EERL TR0
EzoNn7z. LaL, thoBMICHRT 261 RUHE
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Zzonl, KWWKTETIEI Y5 /4 PR Th, UD
BRI B - 72

% 7216 U < Yoshida 53, HAROHMD SERELL 72138,
WA R X ) a0ZERIBEDOTCEOTH 21T T
B, ST EBITLECIE 50, MWERLTF ) 2 TIiL25
THhot. FHRTETIE Zn, Pb, Cd, Bi, Sn, Sb A&
BBV PO Lo/, HEFTOER EHYIHE
RUOFx 7 aho&Er» o BITREEZEIT 2 &, LT
#% Th, U CRIFEIBAZEPHLNE R —H,
¥/ 21k Cu, Zn, Rb, Cd, Cs ZHEETHIEAREN
AR

Mermut Sit, ¥ A F2T7 > (HF+¥5) OTER TR
B TLEDOTHE2IToTw5b. Se UStoXETIE, £
DEeSEL TEONTEREOMICRIEOHBIED O
7o, Wt EEOLLWEEETIE, Zn, Cd, Pb BT
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BEBROERMEOZ L) OFRL D LEL 2o T/,
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S, HEPO MBI ATEOTHIATELEL
T, UEIZRRTELLIICHEFIIARIIERLS2H
5. LaL, COBERER ICPMS ZHWTS, £0E
BN CRICHSEE PO ETHLREBICRIET S
na. LA, ALKTEIESEOHA T A RO
HOfEEE LTHWORE ZEHh S, BAERALO T8
REBH AT ABYERECRVWEENRL Z LAY
LW,

Farago Hlt, 4 ¥V AHEHEOLBEL RITT 5 ER
DERTEBEBEBLAO PR T PdOFHZIT, TR
FROEEIX<0.80~40.1 ug/kg, 2.1~57.9ug/kg L\
AMEEBZ. PLOERIEILERDEVHHI TR Lo T
W7, FERCIME R R F O Pt O L ITV, FORE
BEESB TEMEE > ERETHERFE> KRATHHI L
PO E otz BEBUASTOPUEELL, KR,
EE, HiE, AMEE~NLBATAIRELRHEHBL TV
5,

Cubelic 5%, FHLZAXE NS 77477 v ELI2&
BLEIALFE L ICP-MS I X BPETIT-» T b, BT
BHOPCERIENY 77572 FED 0.5~ 0.8 mg/kg
6B 250 mg/kg DEFMNIZDH o 72, Pt/Rh il
DFNEFAMBFETH o7, BEETHEDOAN & ZHIRG, &
ook, BME, B~ WELZOBIK) Lo
B IZE B AR D S h /2,

® RHAMETEOR R Tagami &%, HAZ®LAH, L
7 KM HED O UTc Do 21TV, Vs Lok
BEHICET S "Tc 0EHOHRHERA TS, U h
SOMSEIZ L5 T/ Vs DEREEIE3.0x10 ' Th
BEENTWEOINL, HEPTOZENIE2.0~5.2 X
107~ KEL hoTWw., LdoT, “Tcid
Wios EFRRICKAHEORBICER SIS Z LMo
72, FOAHALEGER-oTWELDEZZLNT.
EBIoEE B REL YV ECEAO—DE LT, KX
HEBWT T/ Cs A 107205 107 DIF 7o~ L 8
L7z EEF5na™.

2:3:2 AN I—¥ar

® qbEESIR Geiszinger 5 13, TERUTIIAD
As DEEBRMLEMER M E2ToTnb, RT3
I A TiE 3.2~17.9 mg/kg, LT 50~79.7mg/kg (\»
THLEWY-D) Thot, EERBTEHIIXLIED
BHUCAHB IR Sk hr o/, HERVSHEERL/A-I I
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Table 2 Community of Reference (BCR) sequential extraction scheme for rare earth element (REE) fractionation in

soil

Phases

Procedure

B1: water soluble. exchangeable and
carbonate bound

B2: Fe-Mn oxide bound

B3: organic matter and sulfide bound

0.1 M CH5COOH, 20 ml, room temperature, shake for 16 h

0.1 M NH,OH.HCI (pH 2 with HNO3), 20 ml, room temperature, shake for 16 h
30% H,09, 5 ml, room temperature, 1 h, followed 85C, 1 h, occasional shake; add 5 ml

30% Hy0», 85C; add 1 M NH,OAc (pH 2 with HNOs) 25 ml, room temperature, shake 16 h

ApbiE Ay /7 —v-K (9:1) TAsfbEPEfmBL,
EEWE, KICHBRLTHA L RUBRA 4+ 05
ATHERFTo72. IIADLOFEELERe ZILEWIE
BLBEPLBETH- 0%, HERICRELBIIT( AR
HFETEDATHo7. TR IR AL YITLPETDH
D, YAFNT VY Y BOEELHETE .

Helgesen 5, As HHTEROEFR LB L AT As
O (=2 TV ¥) ~OWHKE (bicavailability) & A
I—3aryEEAF LB HPLC ZHWTHRETLTWwA.
ZUVVOEBRERTE TR ASBEIEL 2 HIT LK
T L7z, AsiBEEAT 400 mg/kg B 7z TR =0 Y ¥
B L7225, COFERPAsIZL Db DH, FERIZED
BNz Cu DiFEF (11~810mg/kg) 12X 5 HDNITHA
L d ol HEYREOKWEHIETIE 1 mmol/l Ca(NOs),
THHE X NS As i3 As(IID) > As(V) THo 7295, FHRED
BEWEBTEEOER L o7, AF ML L7 As X
TELDol. AsOZ Y I VI EARNEE, T4bD
AR 0.47% T - 727,

MUK BEIZLIZHERIEEIRIT, AsOAXRT T —
Ya vy RUMHBEOBRH Ng bIZL->TiThhTwa.
T v MERVRBRTIRTHREL AsI) (X 1.02~9.87%
THholzDIZH L, As(V) DF NI 0.26~2.98% ThH o 7.
BHEC LA MREOTH % BAITAKLT 1M HC
ErRALY, MECLZPEETHREL ORI, &
MBI S o 2.
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Radlinger 513, ICP-MS % HPLC L #lAHGbE LI L
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EFHRETOGHAETRTH - 245, 350 2 THKiE
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RL, BE L bEN TE] AT L HHL
72,

@ BEXBENERICELZIANYI-Y3> Libd
1%, BCR (Community Bureau of Reference) MRS 5
FHBIZHV (Table 2 2#) HEHOFH TFHTEOILEN
GAEATV, HEPAOTREOFME % 17> T b. WEIE
WIIARMEF v ER L ThHY, TEEFEILETEN
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EOMBEMED LNz, LML, WTEhOBESHIEWIC &
HRNEL FHTAIEL LTHVAICEHEE S Z 2 L
HSHIEE L 22,

Hall 513, 10 EEHOMBRILZH REERE (HERY
EERM RV C0@BEoTE LS E LTERMB
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La, Li, T, Pb R U DAL o TWw5. BRMHED
FM % Fig. 2 1RT.
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1.0 g sample

1.0 mo! I NaOAc | shake
pH 5.0 6hand 6 h
centrifuge - ———————p| AEC*

0.25 mol I NH,0H HC1 | 2 h and 0.5h
in 60°C
0.05 mol I'" HCH

centrifuge Am Fe ox*
1.0 mol 1" NH,0H HCI 3hand1.5h
in 90°C
25% HOAc
centriftuge ) Cry Fe ox*
KCIO, - HCI 90°C
HNO,
centrifuge —_—_— Sulfides and
organics
HF-HCIO,-HNO,
T N Residual
o (silicates)

Fig. 2 Schematic diagram of the sequential extrac-
tion procedure. (* for abbreviation, see text).
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