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An Analytical Technique Conforming to
Drinking Water Quality Standards (1)

—ICP method for metal analysis—
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The ministerial ordinance concerning water quality standards based on the Waterworks
Law was reviewed in 1992, and the revised ordinance went into effect in December 1993.
The new ordinance has increased analysis items and requires analytical techniques with high
precision. To comply with the new requirement for more precise analysis, a study was made
on the newly introduced ICP method for metal analysis. The method enables simultaneous
analysis of many items with an accuracy on the order of /8.
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hicHmLbxgbriodici, BFFEA774 5%~ (WUT,
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~SORSREE A D 2 ENATBETH b,
2. ERAHE
2. 1 B
SBERERW - FCMET RO
BT REER 1000 mg/e
T R MGRE ELZv—F
2. 2 HEEBRUBNESRH
e [CP A 2—BTFILEG)E SPSI500VR
USN CETAC TECHNOLOGIES INC. #I
U-5000AT

BESY : BAKHSH 1.3kW
AR 7IXTTX 18 ¢/min
A= 0.2 g/min
¥ % V7~ 1.0¢/min
2= H R 10 ¢/min

(Al; 167.080 nm 5= )
F y v 3= H 2 13 ¢/min
(Na; 589.592 nm #I%ER;:)
PFRT P —FEE

Na 18 mm
B, Mg, Ca 4 mm
F DA 10 mm
ARZY o F 20 pm
Hoxv o b 30 pm

2. 3 MERZE

HlE s BBEMEL Vv TH B Z LD, USN-ICP &
IR E LTFFLWw, Al Mo, Zn, Cd, Pb, Ni, Mn, Fe,
Cr, Cu #XECRRFCHEIRE Lice —F, USNIZF I 2
EUOAETERINTWB LD, FNHOME L W IEHST
HrEZBND B B Na igonwTit, BEDx 774
¥R THIE Lz, XBE, KEKPEENSBCSE
xhsb Mg R Ca imonwTh 3794 F 3 THIEL
720

FEEFE, USNETIE, REEAROER&HIET
DA v PV VLA (YY) & B NEEELE TIT - 720
—H, 7T A Y ~ETIEHEREREC TT - 72,

BIAHELE, USNETR, HEHCEBLY /v BROY 2%
MU7-%, A UBSEET -7z 2774 ¥~k T,
THRD HRIL, SEETh s -7,
3 H#E
3. 1 BEELEZRORBRREI

AR % % FI\~C, Pb, Cd, Cu, Fe, Mn, Zn, Al
Ni (B4 #5700 Cr, Mo [BAE#ER A1 mg/e, B,
Mg, Ca, Na BEAE#ER S 10mg/e BErb L i
ML/, Zhh, ZEEORAEEFRBROKEKRELLLE
2~4ARKR LI, CO/RLD, 60~7T0BEBBCE W
THREELZED BT, ChbDESEERRKIZ, &
HHMC BN THREREETS - 720
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Fig. 2 Change on Standing (1)

Standard solution : 1 mg/ ¢
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Standard solution : 10 mg/ ¢
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Fig. 8 Remaining effect of standard solution (1) —B, Na, Mg, Ca—.
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= < o
0.0001F X 4 & 2mg/ 4
Ni Mn Fe Cr C_q = Rixe: 29/ HNO,
B T 01 i g ~ 10mg/ ¢
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Fig. 6 Calibration curve (2). Elapsed time  [min]
BIR EMpOAEY—(2 —B—
100 10 Fig. 9 Remaining effect of standard solution (2) —B—.
€t T
) = £ 2 X TETR
E 1F Pl S Table 2 Minimum quantitation limit
= = ' Wavelength | Minimum | cv. | Water quality
= 0.1F 1001 = Item | (nm)g !quantitation limit, (5/)' {standarXm/lO
G T Z i (mg/0) 9 (mg/0)
[ - a a i i
£ o L B Mg Ca N 1 o0t 2 Pb | 220.353 ‘ 0.01 | 6.6 | 0.005
ol o Cr 267.716 | 0.002 | 4.3 | 0.005
0.01 003 01 03 1 3 10 30 Cd ‘ 214. 438 [ 0. 001 3.0 ‘ 0.001
Cu ' 324.754 | 0.005 | 6.1 ! 0.10
Concentration [mg/ £ ] Fe 259.940 ! 0.001 i 6.5 ‘ 0.03
Mn ‘ 257. 610 0. 001 1.6 0. 005
BTH 7@%%’@(3) Zn | 213.856 i 0. 001 i 7.7 | 0.10
Fig. 7 Calibration curve (3). Al 167. 080 0. 001 8.1 ‘ 0.02
396.152 | 0.01 11.7 !
Ni 231.604 | 0. 002 6.4 | 0.001
Al i@ DWTix, 167.080nm 2EEE Ch 545, B Mo i 202. 030 0.002 8.0 | 0.007
DGREOMIE kT, Fe SomeRopezs B Mm | ow | a8 ow
DRI & > T id, ‘ X Mg 279.553 | 0.02 0.6 ) 30
LT LM Bz, 396.152nm T PEA T - 72, Ca 393.366 . 0.02 0.8 (as hardness)
ERTRIE, 3ELEBEOWTY ¥ 7'V 48/ HES Na 589.592 | i | 48 | 2
n, BREOCI/I0MEXHBRE L. LaL, Pb it Niicown C.V.: coefficient of variation

Tid, EEEIEETSLDD1/10ED REILE S N
D7t TNHBIDWTIH, 7V~ 2av X —[EFRIEEEL:
EDBEROTHATD By, Tinik, BIABEE L CEELTW
ICP ST BE TEY X DI FHF L 0LERS 5,
3.4 XxEY-—PA

A7 T4V -EKTHET B84, B Na, Mg icow<,

BEAND 22 Y = REWD BN, 2TV —FREr A
U7co 10 mg/e EHEERIER, 77 ~ 74K (E#tik) %§l
EL, 77 Y I7KOBEV~)vECRLBEELHELES
BiR L7z,
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Fig. 10 Comparison between ICP and AAS (1).
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Fig. 11 Comparison between ICP and AAS (2).
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Table 3 Dissolution from the decomposition vessels

Glass vessel (mg/£)

| Teflon vessel ‘¥ (my

Tem | (@=5) | sy 0
Pb <0.01 <0.0001
Cr | <0.002 i <0.0001
Cd <0.001 | —

Cu | <0.005 <0. 0001
Fe | <0.001 <0.0001
Mn <0.001 | <0. 0001
Zn | <0.001 ‘ —
Al 0. 004 <0.0001

Ni <0.002 <0. 0001
Mo | <0. 002 <0. 0001

Na | — <0.0001

(x) JCP-mass spectrometry

£ 4 x X
Table 4 Recovery rate
| Quality of ° Addition Mesured |Recovery
Item ; raw water :—standard solution— value . rate
| (mg/&) (mg/&) _(mg/0) ! (%)
Pb | <o0.01 | 0.02 0.02 ‘ 100
G <0.002 0.020 0.018 . 90
Cd | <0.001 ! 0.005 0.006 | 120
Cu | <0.005 0. 020 0.020 | 100
Fe 0.201 0.100 0.304 | 103
Mn | 0.032 0. 020 0.052 | 100
Zn 0.003 0.020 0.022 | 9
Al 1 0073 0.100 0.165 | 92
Ni | <0.002 ! 0. 020 0.019 | 95
Mo | 0.002 | 0. 020 0.021 | 95
B <0.02 0.10 0.11 110

1

3. 5 EOREEBMSOBHRAEER

B BIBE BN 72D, BRAREE DGR D DOELR
BT o fro BROMEASRE, F 7 RAEE 77 v vERE AW
7o Aok, A, BROBEUKC THSET - B, A
BRI V72,

H T RREHCONTIL, BHKE0 me A PRI L, ATALE
%50 me e Licts, ICPRTHER T 777
VREICOWTIE, TR B a TN L AR UBE AT - 72
%, ICPIXYEXBIERETHD I CPHENTEERL
THIEAEFT - 720

GEAEIFRT L O, FTAFBTE, Al 2F
#{c0.004 mg/e FxE xhtz, Alik, Na, Si, B xRk
I H T ADERSNTH DI, BERNLOBEMUTEHD &%E
bbb,

e, FruvABEACEE A& AEEERET
0.0001 mg/eLl FTHhotee ZHUK, I CPHHTHIT S
£ eBOFEETEOI/I0LIT TS -7

X BT, BAMRBREREIT)RBCOWTE, 7 AR
# FAL~ % & 0.001 mg/g gD Al D HAERD Hivic,

bk, EEEO Al KOWTiE, 77 R YART
MR AT, 77 W Y S0 BRERRC T ER L
L, Blaithbrdiudsadinna ¥ -7,
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LIEBRE K 3mg/e) BT, EERRIMEINERS
Tol. HRE B4R RLAL i, ElERKRE 0.005~
0.1 mg/e ML 7-Fs DEUREIZI0~120 % Th H, &&E
TOWTRFARNRAELN, ZhboHEIR+4ER
BB HAIRET® - 720
3. 7T BFEFWEHREZEDLEE
T, EFPFDOFe X' Mn# I CPgE, 45—
DORBHETH BDRTEIHEE CHELIT, 75
DEHEETT - 720 HREZEI0R, BMRCTT L5, B
FhatiBia R LR L 5 ZREBDONAN 5 T2,
4. HEIL®
ICPHER L2, &BOFABMICE VT, ROKEES
15, KEZKEBEKOHDTWC I N TEHERAFE TS - 70
@ FRBREEGHT, 22BORBRAEIATEETS 720
® USN-ICPE®ETIE, Yv 7N ug/ OIEEEE
UL, Pb & Ni & oW ED1/10E45H R
T5H &Rk 5 7,
® BOMRE, 77 AHORBEALA~BE Al OBEHMR
BOBNDHID, 77 u yEOBISEREY 505
EReH DI & - 1
@ RKFEHT, EEEERRMUAFER, 100 % 35 < O
N4 1872, F7=, Fe & Mn 2o\ CETEIEICE
HBEREDZRIIED BN/ = 120
S8, TN ORI E I HIMEE/L T L & 2ig,
EREETEETE h - B o T, giaEe LT

AT BAEL, R TEE TJ 3 FERORMEIT) TET

BB, Fie, B, Na iz onTd 77w vEEA W
BILHEEDORET 21T 5 FRETH b,
C 9 U

TKIEKOKEREDORBE LZRSN S L 51K, Fani
DELSBRLBRBEDKICONT, L0 0WEr L vy
BFCRIEL, FFMTA2EHMNERIND LI AT
2o TNHD=—~XLIHZ B2, KEHEERINT
SIECTHIEA#TT-> T E3hiT, 4% &4 DT
DRFHITOHEENEZZEH L T LEMRDS 5,

EHIET, ZOL5REBEY VvOLSICREWTIE, )
B, e fT) 2R CENWEBOEHE, BER
OTBROBRRRETEBAT AT RIE A DS, 25 ET
S 8 CRESZ L T s el hud 72 B 7l
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