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A pretreatment method of Al, Mn, Fe, Ni, Cu, Zn, Mo, Cd, Pb, and U in seawater has been
investigated using the solid phase extraction column packed with polyamino-polycarboxylic acid
type chelating resin. The dependence of pH on the recovery differed in each analytes.
However, all analytes were simultaneously extracted at pH 5.5. Hence the optimum condition
was decided at pH 5.5. Na, K, Ca, and Mg, which are major components in the seawater were
not extracted at pH 7 and below. After the column was cleaned with 10 ml of pure water, the
optimum concentration of nitric acid as eluate was 3 M. The analytes concentration in stan-
dard reference materials (Seawater NRC-CNRC, CASS4) pretreated by the presented method
was measured with the ion source mass spectrometer and the analytical values were well agreed
with the certified values and the reference values without the interference of major components.
Moreover, in the analysis of the analytes in the coastal sea water sample, a high recovery of 93 ~
107% was obtained.

Keywords : polyamino-polycarboxylic acid type resin; matrix removal; seawater; solid phase
extraction ; heavy metal.
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T A2 EmAN (MIP/MS) #HEBEXFH LA, &8, =
NoD7I9 X344 Y IFERSHEBE CHNICEOER %
TIBIE, GaZWE#ETLEE LTHWS, AEiIEBD
T2 T VISR SN RERN LGB T - 72

2:2 BERUVEMEHEHS A
0.1 M BT ¥ &= LREEN: BIRLEROKAR
HEEBR7 » E= v AREERZ Z CTHEALZF L — M

KAGAKU Vol. 55 (2006)
FREARH 7 7 2@ L, BROLZZb0z/MA L.

RAEERR - MEREE: SPEX B0 tHEAEHE
BRERAV., RERHBROARL, Ho5»LOMWET
TS LR EFAOBIER 100 ml A X7 7 A 32
10 ml DMK L BB 0.1 ml Z/ML7:. RISHEHTE
BWOBEEIZE DL IICSPEX BE cRRGEEBRR
XSTC-331 (KILFERE 10 mg/D) ZHEERML, 100 ml
WERLTHEALZ. &b, LEICSLTNa, K, Mg,
Ca OB FALFBEF B A AR (1000 mg/1) %
WL CTEEERE AL/

AR B BRCERETFRESITH Ga BB R
(1000 mg/1) % 0.1% FEEREHR CEEMRL THW .

BEHEAKRE: NaCl (B b2 8UERRAIE) % 127 g,
Mg(NOs),-6H,O (IR L BAEMAIE) % 80g, KNO;
(MR B BRIE) % 6.7g, CaCly (MARILERIER
HAE) £93gVrHEL, MUKISTHER, WK 1ml 2R
MUABEICHAEAVWCEELZ 11E LA ZOBRED
SR BET L0, BEEET ¥ T ABEHER
20ml ML, pH % 5.5 ¥k, TITHAL
¥l — MEREMMB Y T A IEBE L THEEE T 7.
C OB A REEEK 5 BB (Na; 5%, Mg; 0.5%,
K; 0.25%, Ca; 0.25%) & L7z, fERTABIIMMAIZTS
FEZHR L THW.

#ik . Millipore B Milli-Q SP VOC (JLiEHT 182 M Q
cm PLE) THBLKEZHW .

ZOMORIE: FRRUSORIEILBE M AR Y O
MAEEFROV VWL OF[HH L7

EEEHEONEILIZ S 210007 ) — R FHTH
v, BEOEHEIIOVTY, HHTEOHEERIEI L%
WX SIS EE L.

EAME A 5 4 HuNA T2 09— X8MoBHAEE
#1525  NOBIAS CHELATE-PAl % Fiv 7z, FEH#HIRIZH
KEDBHNZILER ) e FuF I 2527y L—1, &BH
REREIEA Y CHBE T F LY YT I L SRS AT
5. BHEFEEIL 240 mg, KMAERII CuBET0.25
mmol/g, B FEIX 45~90um TH 5.

2-3 EEEHREFIR

F L — MEREMAME Y 5 4 F BT REOBRERIE
% Fig. 11279, ¥ L — MHEEMEMML A 72127 &
Y% 10ml, SMASEE# 10 ml, #K% 20 ml DNEIZEHR
L, ¥L— MIROWEHEEITo 72, BICEET 5 AFRHAW
DpH EFA—ERBLHIC01MBERET Y E=Y 40 pH
EFREL, COBRIOm #@BLT, IrT4a=y
TERAITo7z. RIZ, pHREET - -FBHERZMIE - B
JE¥5Z k%< PAPCEI XL — MEHERRE AL S 5 4 1CH
SRl L, REFOHWTEOMMET 7. HA%E 10
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Cleaning

Acetone , 10 ml
3M HNO,, 10 ml
pure water, 20 mi

Conditioning

0.1M CH,COONH,, 10 ml

Fig. 1

~20ml@BEL, FL—MIFO®REE2IT-7. FOH%,
SMIE 2~5ml CHIRIL-ERA 4 V2B S,
BHRZEELLE, ICP/MS H 5\ id MIP/MS IZTH
M HE %2 BE L7,

2:4 SIEE

M Lo FE2EMT 20010, HREEYE
(NRC-CNRC, CASS4) %i#rL7z. 7., ERXBEL
THIRB KR DR RIROBAK L G L7z AiEE LT
BE 1% L2 L) ICHELRML, 4707 x—
T RRREEIC T 2 MBS L L 2%, FLE 0.45 um
DFT7ar7 40y —TiF@ L7 FEAEMEREICE, B
T YR AREETR L A 500 ml 126 LT 10 ml R0
L, 7YEZTKEHCTEHEERD pH %55 fF31L127%
3 XL CEMEMmE A TS 7.

3 MRLES

3-1 ERHHEEOFEERE pH DRE

¥ L — MEREMHEE S T 28T 5 RARHER O pH
&, EROBERIIYEELG 25, £ZT, pHZ 275
10 $ TELS B/ KILRIRED 10 g/l OBEBEHRL,
FMHH 2T, RS TERHBICL D RHSER
EEOEINEL 7oy bL, &kl pH W LA, &b,
pH 3EERT » E=7 A& IR, WRET7 Y E=7 Tl
¥ /2. ZZTIlXAl, Mn, Fe, Ni, Cu, Zn, Mo, Cd,
Pb, Uk, RERKEGHTHEOELY M) v 7 ALK
Tdh b Na, Mg, K, Call oW TRE #1707, FTLED
HREEHIHET 5 pH WEHZMET LR % Fig. 21~
2.3 IR L7z, PAPCRIF L — MEHRE MMM H 5 413

WIt, 1WA, @A, HLE o PAPCEIF L — MEEEAMAIMM A 7 4 % B 2K iE &R 50 135

Sample

CH,COONH,
pH adjusting by HNO; or NH,OH

Chelating resin

Washing

pure water, 10~20 ml

Elution

3M HNOg, 2~5 ml

Volume make up

Measurement

Pretreatment procedure for extracting metals in water sample

THIZ L o THRT 5 pH fHBA R L 5o TV /2%, BB X
£ pHb5~7 2B VT Al, Mn, Fe, Ni, Cu, Zn,
Mo, Cd, Pb, U Z[{RZHIRT 2 2 LAMHN LB o7,
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HTEICEST, INHDR MY Y I ARG E TR
T&2b0EEZT. DBEOERTILHALO pH % 5.5
TS LB 2Ty Ce e L.
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Fig. 2-1 Dependence of recovery for elements on pH
of standard solution
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Fig. 2-2 Dependence of recovery for elements on pH
of standard solution

OZn; &AMo;[1Cd; @Pb; AU

1922 ERL, WiENTA A+ DERDP DR VIERIC
DWTHEZIT-7. Thbb, FLKREL 10pg/1 &
L7z pH % 5.5 fHEICH#ER, L — MEJREAMAM
WMh s ACHARETHERECTERL CEBICHELTHRL 2.
KIS, AT ATHREINEBOBRRE LTHY 20
DEEH 0~3M LELEET, BHETOBMITEDM
WEERD. BHEE Fig. 3ITRLA. 2B, HWITE
OBEHICHVLHEEOFRIZ 2mI TH Y, FHEITMA
EFHOWTEZE% 10ml & LCHIE L7z, WERIRESMEWS
Hid, wTFhorxEd ¥ L — MEREARESY 74050
BHEPD L, BEMMETSH -7z, HRIBEZ S <
5L, HNEIHELRY, SM TRIRTOTHRIZOW
T90~100% DRI ZENELBLILHFTEL. 2O
BRSPS, UBOEBRTREHRICHV 2 WRIEEORKEZ
3M & L7, pH % 55 IZFbE T 2TV, REMH
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Fig. 2-3 Dependence of recovery for elements on pH
of standard solution
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Fig. 3 Dependence of recovery for elements on con-
centration of nitric acid as eluate

THRTEZ B L TEONZ HIEOFRME I 5%
BEThol. %b, HIRITLIERBTHDOREZ 100 pg/l
LRSI E D Ao REE.

3-3 ERHEICSE T IHERFOTHEORE

3:3'1 NaRU CaDEE WHAKPOERLSTLETD
% Na, Ca2HHIXEOBEMIMHICRIZTTHEIIOWTHR
FL72. NaDTFHIZoWTIE, HIEF M) 7L EHEEET
FU T AZBGCTHRE L7, Fig. 41 28kF MY A% H
WCHREHLARRE AL 2B, STREEL 10ug/1
EL7BHICIERE# 0~10% O Na 2 fF 8872, Al
Mn, Fe, Ni, Cu, Zn, Mo, Cd, Pb, UIZDWTHEL
72%% Mn DA OITEEIX Nad10% RELZHBETLE
BHICEINT A Z EHTE. Mn DOHEIE, Na gD
Bl eBE, EEINET T 2MEMEH B LT
7z, —7, WEEF MY v AEHOTIRERBROBRE AT
o572l A, Mn bMOIEE L FAARIC Na iR 10% H4F
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Fig. 4 Dependence of recovery for elements on con-
centration of sodium

Recovery, %

Fig. 5 Dependence of recovery for elements on con-
centration of calcium

TIBWTLERMICERENDL 2 L5007z, DK
Wiz, LT MU T ATREZIT-HEI1Z, SEOEL
WA A HERPICHET A EN S, Mn I A A
CHEEERZIERL, WIRBESHESNZ D EE R
B, NaDBEEN1% Ok &, EWA+ VBEEY
15% L% 5bh, ZOREDEHA + VIBETIE Mn D
EER IR S Z eho T,

RICHTEE S E LTHEIEA Vo a2 v, RFEDE
BE CalETO0~1% FTEMASEL ZDOKILEDOE
MEETHFF LA &b, BELATHEOREINaDE X
LRI 10 ug/l TIro 7z, #iR% Fig. 51 L72Z. 1%
D CaBETIZBNTDH, AlE Mo ZBRWVWALE L DILEHET
90% LLEORNEKREBL I ENTEL., &8, #HALA
VMO CaiBE (0.05%) (ZBVTiX, WTFhomHIZEWw
TH90~100% BEORHLEINELRT I EFHLD
Lot

3-3-2 HELBEKEEICH (T 5 EIEOHKRE PAPC
BEL— MEEEARLY S 5 L 2 KRB ORI EH

Na conc., %

YWor, WA, HW, FL . PAPCEF L — MEIEEATL S 7 4 2 Hv 2 @K HE SR 137
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Fig. 6-1 Dependence of recovery for elements on pH
of artificial seawater
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Fig. 6-2 Dependence of recovery for elements on pH
of artificial seawater

OZn; AMo;[JCd; @Pb; AU

T B4 75T, BfEiEKE VT HMICE O REHH
pH ZHaE L7z, T TWk Al Mn, Fe, Ni, Cu, Zn,
Mo, Cd, Pb, U ZiBEA 10 ug/l & %% X ) [CHEEHEK
WL, B E T THEEE RO L I EICL DR
FLl7z. EREORIKRE Fig. 61, 621" L7%. H
N#F25100% BEL % 5 pH #lRE, WThDOTHEICHEW
THEERBROBE LB L TR BB X Tho
2%, pH 5.5 fHE CIRBEROBE L FEI 2 THRE L
TEOTRTHUIIT 100% ONRELERLIC. %5, IDA
ML — MR EZ HV2254E, KO Mn O BINEAME
TT2I e WMEINTVEYYON, ZHIZHEATO Ca,
Mg & Mn O F L — MIRIZH T 5 RIFFFFESEUL T
5720, ¥FL— MERKEICHEGPEI > TWwa I EHERA
ExhTwa® —7%, PAPCEIF L — MEIETIX, Mn
DOEILEANTIE 100% & 720, Mn OHEREEICERT S
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Fig. 7 Fig. 7 Effect of washing solution volume on
residual ratio of matrix elements

&, DABID b ENIFERERLE., /2, SHOE
BRCiE, BRI A U b5 1.6% BERFET
A%, Mn OFRFISHEL 5 X Lh o7z, Mo IIFE#ERR
ZHWIRE T, pHSMZIZHEWTH BUUF A REF T
B o775, HEREAKTIX pH 6 fHEE T LA ERERIICEIL
ENhdorz, TROOERELY, HBAKLALVOENT k
Uy 7 A ECERBOWUEICBNTY, pH % 5511k
WS L TRIFAMMBAMTR B L E X 2.
FTITHEMBERICRE~ MY v 7 ZATGEOBEEICEH L TR
HEiTo7. T&bb, pHbLLIIHE L HEEREKRE
ZATACEB LRI, SREAE LCRERT 2EMAKD
BEEZTHILREG L. 208, BB CEBERME
2TV, AT A X DEH L Na, Mg, K, Ca DIREZH
L7, ZOMBEE Fig. TR, StEdEmato
Na, Mg, K, Ca DREZEEHEKFOEITLEOMEIRE
EFHWCHRLAELZRLZODTH S, @HKE 5ml @
WS %72 CTHERED 1/10000 BEE TINS5 OTHE
DREETITHZENTE, 256 ml BLETIE Na, Mg, K
Ca & ¥t ug/1 DA —%— (FIHERED 1/100000 F£E)
DBEELZD, < M) v 7 ATEL HUTEEO S HI TR
BIZAIThNTVE I LGz, 22 Tid, JIEERET
NOX M) v 7 ATRORABEZZER LT, FEMMBHE
&, MAK10~20ml #HVCTF L — MREZHRBE TS S
e/

4 BEEMEDIH

NOBIAS CHELATE-PA] % F\ C#E K IE# Y E NRC*
CNRC CASS-4 Sea Water % B L B L, ICP/MS K& O}
MIP/MS |2 THETHE DG 21T 572, Table 1 IZ5H#s
RERLE. &d, BFEFL— MIREAME S 5 2102
X0 50 fEBEMEEIT 572, Cd & PhIZOWTIZFR MR, S
DBENFHHECTHH L FHRTELD, 50 BREZ M
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Table 1 Analytical results of trace elements in stan-
dard reference material (NRC CNRC CASS-
4) (n=3)
Element Analytical_‘falue/ Certified _vlalue /
ugl ugl
Mn 2.68 = 0.14 2.78 £0.19
Fe 0.697 = 0.018 0.713 = 0.058
Ni 0.319 = 0.012 0.314 = 0.030
Cu 0.550 £ 0.023 0.592 = 0.055
Zn 0.8377 £ 0.037 0.381 + 0.057
Mo 8.42 = 0.49 8.78 £ 0.86
cd? 0.023 = 0.006 0.026 = 0.003
Pb? 0.007 £ 0.001 0.0098 + 0.0036
U 2.83 + 0.005 (3.0)”

a) These elements were measured at a 50-fold concentration
The others were measured at a 10-fold concentration
b) Reference value

factor.
factor.

Table 2 Analytical results of trace elements in seawa-
ter (Oharai) (n = 3)

Analytical value/ Reference'” / Recovery”,
Element -1 -1 or
ugl ng kg %
Al 2.79 = 0.09 30 96.7
Mn 0.117 £ 0.034 20 94.6
Fe 0.761 £ 0.123 30 105.5
Ni 0.216 £ 0.015 480 100.6
Cu 0.245 + 0.019 150 100.3
Zn 3.849 + (0.428 350 107.3
Mo 9.71 = 0.40 10000 94.6
Cd 0.050 = 0.021 70 95.7
Pb 0.081 + 0.008 2.7 98.4
U 2.98 £ 0.09 3200 93.4

All elements were measured at a 10-fold concentration factor.
a) Recoverys were calculated from the solution which added
1 ug/1 standard solution in samples.

EL, ZOMDOTEIZOWTIE 50 FBEEL 5 BICHR
LTokizefioZz. WTFNOTEDGAHE S A EE X <
—HLTW2IERs, MYy 7 ARGHDIER IR
KAFHIBNCH, JHEMAT L B AN MV Tk &4
ZFBZ LBl GHTEIENTRETH - 7.

5 EHABOHH

KRB KA IR O K % AR 5% B v CRiLEE L o#r
L7z, £7:, BAMZOEEBHZ Z oA L TR
KaRdz, #EE Table 212R L7z, #FHE 100 ml 2

R LTHBRIml ZRAT, ¥4 707 2—THRRESD

T2oEmEsEL, ILE0ASum DT IT Y T4V
—TiFBL7. pHZ55LICHEL, 50ml ZF L —
MEFEEAL A T LB L2 SR & iRk, WERIC
THEMNSECTEES 5ml & L, 1015EHE2T-7-. B85
NIAER R FEOTCRBE E B L2825, Mo,
U ZIZIZFBRDBEETH - 1225, TOMOITHFILCHIC
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ERTEVWOIEIE bR i, S iTo 72K
REVIBEROLDOTH Y, BRI LOEEBIZL > THN
BB oz 2. B, 0L XOBREERARE
DOEHIE, Mo, Cd, UIBWTRAMEIZBVTEHRL
EHRHTEE (30) ®001ug/1UTTho7z. T,
Pb DIBMEZRREREIZOWVWTIE, THICHEONAHED
50% R BIABEENH 7. THITRILE»SHEE T
DM EORBEHROAHEE LHERLHM L, ERTHHE
CIRREEE L TENL CREZRBREOTHEEML,
S EZRIEL 7. FOMOTEIITHED 5~10% &
BEThHor. LHoT, RHTREZERT 57201213
BEEPHEETL8E, REISOFERLY T
ERHHIEHPRHRENS. B, REBOSHTHEIZENE
POBETRBRMEEZZLI LTI TRD .
AR L THETLEL Lug/113% 5 X IRML
TIERMENREREZTo 72, WTFROTHRICB W TH EIE
12100+10% &%, Bon-HRIIRETH- 7.

INSDOKEL,S, TITHRITL/ZZPAPCEIFL — MY
FREAMM Y 5 213, REHIEBIZETNET VL) &R,
TUH) THERBOBREHRIELTEY, I A
VIEEBROWEEBC ICP BTSSR E, FHrRtk
EEEH 2 LB EB OB L TIRHTRRTSH S
ZENWLME R 5T
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