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Cd2* : Cuz*: Zn2* : Mn2*=17.6:15.9: 16.4: 13.8 ng/
100cm3; TAN : 2.5%10~1 mol dm-3; pH : 7.6l;

EDTA : 1.0%10-3mol dm-3; Triton X-100: 1.0%;
Temp.: (1) 15°C, (2) 20°C, (3) 25°C, (4) 30°C

Fig. A Effect of temperature on the rate of ligand

substitutuion reaction
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Triton X-100:

Cd, Mn :5.0%x10-6 mol dm~3;
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1.0%
Fig. B Typical reaction curve for simultaneo-
us determination of Cd(I) and Mn(I)
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Table 1 Conditional rate constant of ligand
sudstitution reactions

Metal kopa (s71)
Cdz+ 15.5
Mn2+ 17.7
Znt* 0.8
Guz* 0.7
Co2* 1x10-3
Niz- 4% 10-4

1 Metal : 2.5%10-6 mol dm~3;
EDTA : 1.0X10-2 mol dm-3;
25°C; pH:7.60

TAN : 2.5X10-4 mol dm=3;
Triton X-100:1.0%; Temp. :

3:1-4 ZoHALOTRXLY
pH7.6125 W T—&4% TANSSME 2R L, # 1
IVLDERIEET BV V() D AF Y
THEREL, YAFVISRELTCTEF LT
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TEFNT MR L 2 TANSSMR O L B
LR AR 2R T,

B, TEFLUT XV IZEN BT e
P23 U TR L 2,

Table 2 Effect of acetylacetone on the
formation of TAN chelates

Absorbance (580 nm)

Metal
Absence of AA AA added

Cdz* 0.115 0.115
Cuz* 0.068 0.030
Zn2* 0.118 0.118
Niz+ 0.105 0.105
Co2* 0.078 0.078
Mn2+ 0.052 —

t Metal : 2.5x10-5 mol dm-3;  pH : 7.65;
mol dm~3;  Acetylacetone : 2,5% 10~2 mol dm-3

TAN : 2,5x 104
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log(EDTA), mol dm™3

(1) Cd2*:29.34g/100 cm3, TAN:2.5%10-4 mol dm=3;
(2) Cd2+:29.3pg/100cm3, TAN:1.0%10~4 moldm-3;
Triton X-100:1.0%; pH:7.60; Temp.:25°C; p=
0.1 mol dm-3

Fig. 1 Relation between conditional rate cons-
tant of ligand substitution reaction of
Cd (I)-TAN complex with EDTA and
EDTA concentration

T, L5 ﬂ%ﬁ~TKO%H$O{R
2
&
=
10p=
1 1
7.0 8.0 9.0

pH

Cd2+* : 29.3 pg/100 cm3; TAN : 2.5x 104 mol dm~3;
EDTA : 1.0x 103 mol dm~3; Triton X-100: 1.0%;
Temp. : 25°C; pH :7.3~8.7; p=0.1mol dm-?
Fig. 2 Relation between conditional rate con-
stant of ligand substitution reaction
of Cd (I)-TAN complex with EDTA
and pH

log kons, 571

i 1 1
—5 —4 —3

log (TAN), mol dm—3

Cd2* 1 29.3pg/100 cm3; EDTA : 1.0x10-% mol dm-3:
Triton X-100:1.0%; Temp. : 25°C; pH : 7.60;
#:=0.1mol dm-3

Fig. 3 Relation between conditional rate con-
stant of ligand substitution reaction
of Cd (II)-TAN complex with EDTA and
TAN concentration

3-1-8 REEHAOTE

REIE MR 7°( 1 ~ 4) % OFFE T, R
BILBEOEINIE-> Th TV T 5, 5%
P EOREGRE CIEEREDE TR S A S,

3:1-9 BEORE

REE L, mED LEIfRaET 5, 2720,
A RFIYLAERIEFig 4 1R & 510, KGR
(0. 3~1) FORI OB B AL O BARED 55 & SRR
Yo zash U, KB A LIET O TAN SR DR
EirROTHTIDOTEREIIREOEE 2R T L

WV,

Absorbance

0 1 1

0 0.5 1.0
Time, s

Cd2* : Cu2*: Zn2* : Mn2*=17.6:15.9:16.4 : 13.8ug/
100cm?; TAN : 2.5x10-*mol dm=3; pH : 7.61;
EDTA : 1.0X10-3 mol dm-3; Triton X-100:1.0%;
Temp.: (1) 15°C, (2) 20°C, (3) 25°C, (4) 30°C

Fig. 4 Effect of temperature on the rate of
ligand substitutuion reaction
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Table 3 Determination of Cd 2% in the presence
of Zn?¥ Cu?*tand Mn2+ T

(7)

EWT 54, EDTAL ORGOBEESH FIw A
SERICHE L TEAP I s VnAEDHEL 21
kSR (1) © TANSHADRFEEEE, # N 3 7 L4k
DRIGEIFEF U TH B0 EL52 5, Lp
U, pH 6 LLE TSR (D) 13kt & L T 7%
L, TANSERDERERE IR T/ha<L, 55
BFE T8 A ET 5, E- T, TAN%ZI 2
SRIDORBEEO pHE 5L L L, 5512 TAN
%mmi&%EUmzwﬁméwﬂuW"ﬁbﬁ
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3.1 -11T‘Jﬂwf;/,j\ﬁjzafgﬂ z, WEA A, V)
CEEAF Y, BEREA A v, REEEA A4V, I {tip
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Table 4 Effect of foreign ions on the deter-
mination of Cd 2+

Cd?* taken

Cd2+* found Error
(xg/100 cm?3) (rg/100 cm?) (%)
29.3 29.3 —
23.4 23.3 —0.4
20.5 20.3 —1.0
17.6 17.6 —
14.7 14.8 0.7
11.7 11.8 0.9
8.8 8.8 —
5.9 6.0 1.7
2.9 2.8 —3.4
1.5 1.6 6.7
1.2 1.1 —38.3
1 Zn2* (16.4pg), Cu2* (15.9pg), Mn2* (15.8 ug)
3-1-12 HESF. DOHE

MDOEEA + >~ RUBA 4 > OB E TN,
SMDER, 7O LRUTIVI = AIEBOS
TSR ER ST, BELEZ 2w, 2{H0
Bk, — v, I50F RUEME TAN & 5k %

Foreign ions Cd2* taken Cd2* found Error
(mg/100 cm3) (pg/100 cm3)  (pg/100 .m3) (%)
CH3COO- : 148 29.3 29.2 —0.3
Cl- 90 29.3 29.4 0.3
NO3- : 158 29.3 29.3 —
Cl04- 1 249 29.3 29.3 —
PO~ + 238 29.3 29.5 0.7
Br- 1 200 29.3 29.2 —0.3
I- 1317 29.3 29.3 —
t In the presence of Znz* (16.4pg), Cu2* (15.9 pg), Mn2+
(13.8pg)
3-1-13 # B3

&EA 4 v & TAN$E(K L U EDTAIZ & BT
FEBRRICETbELLE, GBRAA VILEDR
ISEEAFRLEBZZEEFIBLTH I L & HH
AORGRIZERT 3 FEZREL -, £, 58
BELZEET, vAF vV VBELRIBIZEISTX
DT, ERBEIHBD THE TH 3 P RE L8
TP RLENEFETH 3,

A NITLDOERHEIIEEMRG 2R ET 3%
EREERZEATIEACE, P FIYL(D)
A4 225 DERMASFOBESEEN K EWDT
(log ku,o = 8.557), SEMRERHE 5B T
ZECRFEETHD, RN TFEBRRKGIIES 5%

T8V, SRR FERKGERE * HVv 258
&@,éb#/biﬁétéﬁwwﬁkﬁﬂ&m
L FEIRG 21T bt 2 B OMA A b 41z
FORCHEZHETEZDT, HRIY LEx



(8)

2T RBARELPVTEL, MOSEA A v &4
BLETABAEILERNLHETH S 2 LIEERITEE
U8 BRI sd TACIE pH6. 76 125V THE
SR B4R L 2 W T TANSERIZ DWW THIE L
7 kobs S HBTE WA, $ (1) R V=y 7V
(M) SEHFIZ DV T BT % & TAN $51E O ko

I TACEHED ks @ 1 /1000 DFThbd. Gt
5T, RISEREDEERERY 10 DIIZIZIER
HEIL W32 &P sh, SEREOMESE
b1z & B REREDRIEATEETH 5 Z & A5
Fxhsz,

3-2 2-(2-FFJYINTI)-5-VAFNTI/~7 1/~ EEDTA
EDEMFERRECEZFMAY 28 (1) ORERNEE

3:2-1 &% =

FETR IR T CHWEZ2-(2-F7 /) N7T
SN-4-XF N7 2/ —W(TAC)R1-(2-F7
VYNTV)-2-F7 b=V (TAN) D#SKIZIH L
THDENVERBEI K E BED BVERZES
IR T % 3 TAM 219 ) $8{k % F§ W EEH & Rl
12, EDTAZ K BB T EBHRESO®E EE %2 FIR T
ZEDERBHEIZIOWTHRITL 7=,

TAMIZEE () LAz 2< &R A 4 v L8k
HEERT 220, DEHLTAX Vv SBELERE
TEZERERNFPHRIIEDTH 3, iokiFEs
BA % v & TAM & OFEERIC & A8 TAM &
EOETICERT 28R 2ET 3T D
5, Z ZCHETIE, HEvAX v k2 0tA
LTHDEEA + v O TAMEEROER Y TE 5 7
ZTEEIT B L [AERlC, TAMEEEAER T 3 &
L T B BRSPS EREMAR O S IT e L TE
, POMBOSEERDAEIERT AL IICL
ZOFERWIEI DL 7 — 5 B % L HIRT
%, lpg/50em3V EOHEHHIZERL ) 2E
N7=hHiEERAZL 72,

3-2-2 RE LBRUERFX

T AMAEH  FA-ELERRAMBEN—54 T
AM Z He st 3EE3E 4 4 v RmEEA Y b v
X -100 AW THEELL /-,

SIEA 4 v AEHEANR | REERE SR L 2 ki
AL THEL -, BEE, EDTAIZLSF L —
NEEETED 720

EDTAAW | B AFICHEOEDTAR
ANVZIERR LR 7,

pH#E@E A © =V b 7 #BEAl (1 X107 mol dm™3

VT AKEF FY YA+ 5 X107 2 mol dm?
B i)

ZDIOHE T TN CHROFERS & W7z,
X, RBEOBEMBITHV BRKIEA & VKRS S
DRI QR E CHRE LA D e AV,

BEE L RIGHEOHEEICIE 224 VTR A
1300842 kv SR 7O —BEEFW

3:2-3 EBRUHER

3:2-3-1 TAM##Ef

JEA 4 HEREEER Y b v X— 100 #7F T
1281 5 TAMEEKRERIZ DV TIHBRICIRE 2 H
B, pH 7 ~ 8 TREA(N), = (l), =¥
Lk (D), HEA(ID), (I RTH K37 A1)
DEER T TS, Table 5 12pH 7.6012H1F 5%
TAM $E& DRI RIEE & O € VIREFEH 2R

Table 5 Absorption maximum (A max) and molar

absorptivity (&) at Amax of TAM ch-
elates in nonionic surfactant (Triton

X-100)
Metal ions Amax/am ol 1(§1€i _namc)m_ .
Cu?* 563 54000
Zn?* 558 64000
Cdz* 560 48000
Nijz+ 560 66000
Fe2* 563 38000
Co?* 575 62000

M7+ :5.0x10-6 mol dm-3; TAM : 1.0X10-4mol dm-3;
Triton X-100; pH : 7.60

Lo 3ffingkn TAMSE A IZAEREE 2 /el
FERRRA (305 LIAN) ThEEEROERIC & 5§28
BERTE S,

3:2:3:2 TAMEERE EDTADKERFE

BRISEE

pH 6.8 ~ 8.0 12k A8 (1) RU=v v (D)
TAM $#{k & EDTA OFE FEIE G E 27
Fig. 5 DFER 2572, SRS ARORIGHES pH 7. 6
CEWTHBRAE 222Dl 9 7 LEERDR b

1.0%

"o



LOEEENZDpH TR AL L 5,

¥ 72, ZOZRMIIEIT B MOSEROD KIG LRI
Tadle 6127, Bl -BE#%1Th€ 3 pHILFig.
5 & Table 6 DFEER UEICHE & h Twb pH
& TAMSERE R OREE | & 5B RERTE
HPpHSU ETAIIMATIZL2EEL TT.60&
ED e

+ 3.0 -—2.0 +
= =
o -~
w K
- 2
: g
=
w0 200 4-308
- | 1

7.0 8.0

pH

Cu(II)-TAM with EDTA—Cu(lI) : 5.0%10-6 mol
dm=?, TAM : 3.46x10-* mol dm~3, EDTA : 2.0x
10-% mol dm-3, buffer : 5.0cm3/50cm3, p=0.1mol
dm=3; Ni(I[)-TAM with EDTA—Ni(II) : 5.0x
10~6 mol dm=3, TAM : 3,46%10-4 mol dm-3, EDTA :
2.0x1073 mol dm=3, buffer : 5.0 cm?/50 cms3, ©=0.1

mol dm-3
Fig. 5 Relation between conditional rate con-
stant of ligand substitution reactions

and pH at 25°C

Table 6 Half lives of ligand substitution reac-

(9)

RIGIEEEOERICEHRELS 220, L
L, $ TAMSERIZ DWW T2 TAMIEE O b 1c
fEAh TR TED 32, IBREIEDT 2EmH
RO 5L h58(I) DHEFENFE L TAM
PARBIEE L ABE, HOERMICHEYS 2
EBEND DB, FITHEE, NIV ARV
(DOvAFY FEEZN TR L AR, B
8, FFIVAICOVWTIR Y T VEBIZ XL 25T
(Table 7), $kizDWTIER_NVAF Y BT ¥
TZULERIML T TAM & DEEERERE D &
WER(ID 1SR T 3 HBEAEDTH 720 Wi
DHEL 7 AF Y FENCE 38 (1) Z OEED
TAM $50k ) 4 B s B OVBR i - 1B R 1
T AMEIIR SNV,

Table 7 Effect of citrate on the formation
of TAM chelates

Absorbance at 563 nm

Metal ions
Absence of citrate Citrate added
Cuz* 0.216 0.216
Ni2+ 0.264 0.264
Co2+* 0.248 0.248
Zn2* 0.255 0.000
Cd2+ 0.192 0.000

tion
Metal ions Half life
Cuz+ 1'ms
Cdz+ 10 ms
Zn2+ 30 ms
Niz+ 13 min
Co2+ 1

Mn* 2 5.0%10-6 mol dm-3 ; TAM : 1.0x 10-! mol dm-3 ; EDTA
1.0X10-3mol dm-3; pH:7.62; T=25C 3 p=0.1mol dm-3;
t The reaction does not proceed.

3-2-3:3 HKRIJL(I), BEM(I)RT

U (I)D<AX T

Table 6 DEEREIL, HEFHRITEELRE DA
K3 48RO RIS TY %2 O RS FFEIZ10ET
HEH5, HINEEBWTIASEEL A Vv 25
T A2 L LICHNAZDERSRETHE L
ERBET5, LAL, #F3I7ARUERO TAM
SERDEREHEIT 2w A% v SENHNUE, 1/100
LIPS AT § 2 SgEA O KIS 12 & 2Rk
BEERET S ZEICEVELIHOEENT
&, SATREOHEM L RIEREE OB EATEET
H5,

$ (1) — TAM$EK? EDTAIC & A B T Bk

M7+ 1 4,0xX10-6 mol dm=3; TAM :8.65%10-5 mol dm-3 ;
Citrate : 2.0X 1072 mol dm-3 ; pH : 7.60

3:-2-3-4 ® B 8
INEFTCHEBRBREZEIILT, ERBIELLUT
DEINTED =, 18 ug LITOH (M) % & A
WaRY), "XV IHEET »E 27 A100mg
EMABRE T3, KELFT M)y AUSEES
B AR TpH%E 6RIRICHE®EL 2%, 0.5
mol dm—3 D T U ERATE 2 emd FEIZ1.73X1073
mol dm™3 D TAMA (10% » V) b > X -~ 100Dk
B 10em® 22 3, pH 7.6 b 74EEH]
S5emd M 2 TAMEER 2R S 5, 7A# #50em®
DARAT FTAAIHELA 4 VEEE 0.1 mol dm 8
ZA 2R IIBIEREET MUY LR 27258, K
Ta&EH50em® &3 (AEA),

ZDEHRE2.0X1072 mol dm 3D EDTA /A
(pH7.60, 2% ") b > X—100, #=0.1 mol
dm ™3, BA#EB)LEZX by 770 -BEETES
LTRS¢, RIS 0.1 FH O3 E 563nm
Lol IR ET b RAE ST 5, BIED 114
z Fig. 6 \IR 7. KBHAHE 0.01 BRic4+3
SRR EZE(L A E TAM$E(R & EDTAO RS
&30 THS {Fig.6 (D} ZOKISITFHY
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HWRIGTH 5 72O RISHIAE O IR 7 EREIC
WMETEZVWEBAY»H 3D, EDTARZE £ 5w
B (pH 7.60, 2 % h Y b ¥ X-100, wn=20.1
moldm %) ZHEL, B AZA Ly 7 F7u—
BECEALRICH RO & % T 5

{Fig.6 (2)}, BUBHILREE 0.01 75k DR
DEE Fig.6 (1) RU(2) E0RD, 52U
Ko BERSSREERET 3, 4%, BR(IDO
BB A D (T B 720 TAM SRR E RS & - 141
2T (FE 25C DA, D% < L B305 L)
EDTA L ORIBEITh e 2 2 EHEEL L,

08} (2)

(1)

Absorbance

0 1 1

Reaction time, s

Solution A——Metal ions (pg/50 cm3) : Cu2* (17.86),
Ni2* (23.40), Cd2* (44.96), Zn®* (26.16), Fe?*
(23.40), Co2* (23.60), TAM :2.0%x10-% mol dm-3,
Triton X-100 : 2.0%, pH:7.60, £=0.1mol dm-3 ;
Solution B——(1) EDTA : 2.0x10-¢ mol dm~3, pH:
7.60, p=0.1mol dm-3, (2) EDTA:0mol dm-3,
pH :7.60, #=0.1mol dm-3; Solution A was mixed
with solution B by stopped-flow technique.
Fig. 6 Example of the absorbance change du-

ring the substitution reaction at 25 C

3-2-3:5 ARRHOMH
A3y A, B, &L, 1), =vr
WD) Bz b (1) & 3173 280 & & ©alkh
BfEY, 3-2-3 - 40EERECRVEOER
Table 8 Determination of Cu?*in the prese-
nce of Ni 2+, Cd 2+, Zn?2+, Fe?+and

RITOE S NzEEE % Table 8 127K 7, 140/50
em® LLEDEE L3 BLNDRETERTE 5,
EETRIZ0.4,49/50m TIDL & DEBRRZEN
T10%REL 2 5,

3:2:3:-6 HEIMFORE

ZifEA 4 v adp ey, HEEOHRBERML,
FOEBIIHT 2EFA 4+ v ORB LR, H
BFEEA 4 v ItDonTiE Table 9, B4 412D
WTlk Table 10DRERIES /= WThOERE
A4V HFRRLEBETHEL THLREII LV,
X, A4 1220w Ti310~2 mol doi3 F Tk
ERMEERSASAA VIBRWESh L W,
Table 9 Effect of foreign cations on the de-

termination of Cu 2+

Foreign ions Cu?* taken Cu?* found Error
(mg/50 cm?) (pg/50 cm®) (xg/50 cm?) (%)
Co?* : 0,25 34.34 34.42 0.2
Ni2* : 0.29 34.34 33.64 -2.0
Zn%*t : 1.30 34,34 35.00 1.9
Cdz* @ 2,25 34.34 33.56 —-2.2
Mn2*+: 1.13 34.34 34.11 —0.7
Fe2* : 5,58 34.34 34,33 —0.03

Table 10 Effect of foreign anions on the de-
termination of Cu 2+t

Foreign ions Cu?~ taken Cu?* found Error

(mg/50 cm?) (pg/30cm?)  (2g/30cm?) (%)
CH3;COO0- : 34,5 7.86 7.22 —1.8
NOg~ :31.0 7.86 7.80 ~0.8
cl- :17.8 7.86 8.00 1.8
Br- 1 40.0 7.86 7.97 1.4
I- :63.5 7.86 7.86 +0.0
SO, - 1 48.0 7.86 7.75 —-1.4

Co 2+
Cu2* taken Cu?* found Error
(2g/50 cm?) (ug/30 cm?) (%)
17.85 17.64 —1.1
15.88 15.87 —0.1
12.70 12.71 0.1
9.33 9.53 +0.0
8.93 9.07 1.6
7.23 7.16 -0.1
5.37 5.40 0.6
3.58 3.69 3.0
2.50 2.52 0.3
1.79 1.77 —1.1
1.07 1.07 +0.0
0.36 0.34 —-5.6

Niz* (11.70pg), Cd?* (22.48ug), Zn%* (13.08pg), Fe2* (11.17
pg), Co?* (11.80pg)

In the presence of Ni2* (11.70xg) and Co?* (11.80pg)

3-2-4 & &€

RIGEENZE 2 FIFAT 2 B8R, F/ 42D
DHERERLY A X Y SERERRIBICERTE 572
MG RECERTE 3ENBEP S5, L
L, ERICOEBEL-ARBEE 2E >&REA A
v ARET A, HAVEIRFERFEV0E
WD ETRSCE AIRE L & ME T 2 DIZHE A
BWELAREL, BRI h s GFREA 4D
SEAE R L AEETERFIOME ICER L TOEER
ENPKRELGABELEDD, HIATBEDT A
FYIBMRIIITIMBEND 5,

ARIETIRAW TAM$EA & EDTA & OFMT
BHREGICENTES (D, # 374 (1D sk
AR (I IZEVEE 23D/, X, #44 vik
— MRz FEAE WLEETH Y TAM 2 KEIZH



B AMREMEPH 2720, 2HOAX v S E G
Al Z0#F, 0 TAMEEk L EDTA 0%
VB FEBRRIGIC L 3R EL 2 EET 5D

(11

STEHOEESTREL 2D, BRI W THW/-#
MEDVEN LV dBO THELERKEE 2 -
=

3:3 1-(2-BEYYNWNTV)-2-F7 b= LEDTAORMBEBRRICEE %
FIBRTBAFIYL(L) EvH () DRBEE:

3:3-1 & &

FEBIIAVWARGE LT, #BFL— 0%
B K B FERKSIE W TN A RANnS 2 L
APTE 2, EELWLHEANOEE A + VIAFE
RBATELZE, BAA VvOREZZITIICN
Z &% CEAFERKGOME ®FIHT 55
RBUAIHHEEZ, HEOPDERKELIBEL /=99

KEIZEWTY, ZhETCILRE L 2 ERE L
FIFRICREF L — b OEML FEHRE S OEE DE
RFIALZZA 39 o () evy# v (1) DR
ERFEEMEL 72,

BRI T L)y (DB TERK
JGOEERXFIATA2EREZEAT 258, —i%
BIZZN6&EA + >~ O#EORIBIE, Ay 7N
70— TR T E 20T O R RS R
DHLDPFEZEVEDRAVIRGATRES N3, KE
BEEHHR & v PAN S5, B FB BRI D M
EWNELS, Aby TR 70 —ETEHTE 20
THARIVA(D~ > # v () O#EERIER
BICBLTWBREELALY, #RFIYL(L) &
7 v (1) O PANSEAD RIS L, 1343 8
ThH3-DEBTREIRTRETCH 72, L2,
PANSROEM FEHRRIGEE/LT v T Y 4 —
TV ESTEEREFEWT VEZTTUA YT
ThE3LA FITLERORBAT v EZTIC
L OBARIR A TRIEE AL, v
VRO RGO MR E HROFEREE IS E S
WREORIGERENELET L2 RWEL
51z, ZOZREIZENCEFESR(D, ()% &0
PANSMRDRSIZ, # KI VL RU~ v ik &
DX PITRIEEE NS, FHEUT AT Y
TEERITH R TLERIZEEL 20D, W
A4V EBEIOTRICEET A HEZRVAEL -,

3-3-2 HE HBRUEKRSE

PANAWG  ACEBEHREAE -5 1 b
PAN & x4 /= EHEASEELEE A 4 o (R RS

HARIM) b X-100% G L CELREIL 20

EDTABRH | BERLAEMHFICHFHROEDTA%
AIZEREL CHREL 72, BEILEREERTHY
Tx)Aru—u77y 7 TeigrELTEHL
— MHEEHETKRD 72,

T vEZT % pHEEEA] [ ELT VBT LARE
R 7-/KIEHRICIET v == 7R &I Z pH 8.8 &
L2bD &RV, BEE, HEHA 4 1200
T 2.0mol dmi3 & U7z, 2D pHAEE Al BERD
BBl LT vEST AL, pHAETT3
DTEAFEML /-,

7 RAEER] 0 0.05mol dni™® A TVEEF b
T LAIETRIZY) VEEZIUKEF MUY A &I Z pH
8.8 LD ER W,

ZFOMDORE | TNTHROFRHEZDE &
B e, F7-, REOFEUCHWKRIE - 257
v FELGUKELEEE CREELL Kk 2 Hn,

RIGEEREEE | 2= F v HiFHRA—4018
Aby 7T R7a—2EELBW, pHIZEES
SHM -20B Bl pH A — % —, DRRE, HAMRIX
BROBEE T ) — 209 BIGHEH A BV,
BEX VEDEE % —FEIEDD, N—r8IN
B - 22RTEBRIEHEARZ ) 2V TAREBEXE25
T& L7,

3:3:-3 EBRRUKE

3:3-3-1 PAN##FORGFERRELE

B

AUET N L= VEETREF I LR
PHBEHEE 2 WV 2HA R UELT v B Y b —
TYEZTRpHEFES 2BV ABAEII VT,
BHEESEA 4 v PAN#{AD EDTAIZ & 30T
BRSO FMREEH OB E & % Table 11
(RS o AVE% pHBERIZH VT v 227 »'7F
ALBZwWHEI FIva()owrHu (o
PANSA (A OB T B SHA 1L, SFEL TV T
HERSBIERIIEEL v, LAL, 7rES
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7% pHEEA & MW T v E=7 FRERPIZTHE
3 3354, PAN $8{KIE7 v E= 712 K 2%
RE223 50, ZOMBIEH P I L8EOHE
< v H VAL ) EECTEEAE St WV 2
BAMEOEEEHOLIIMNI0FELL D, WED
EERODTNERSARETH 5,

L, TYESTOBMMRIE Fig7IORLE
7 v DT RBEERIR Y k ops DRI, FILL
BEAIFIMEOEIMIIMED /7 F 3 7 A PANGEfE
DREAKBRIEEIC BT 2R EE DKL E(H F3
U L—T v 3 VRO S ER) & OBIR AR W
BaRToers, 7vED THEBRTRMILY
ESRINVCAERT B3 I A—T v 3 vk

o
12t
T m
T8
3
4 -
(2)
1
% 10 8.0 120
[ml/50 em3]
(1) Cd; (2) Mn; Cd, Mn : 5.0% 106 mol dm-%;

PAN : 2.0xX10-#mol dm~3; EDTA : 1.0x10-3 mol
dm-3; Triton X-100:1.09% ; pH :8.82

Fig. 7 Relation between kops and ammonia
buffer concentration

EDTA DB T BREEOEE IO TRE LT
LR T 3720 TH2LHEESN %,

B FEBRRIGICHWARY 73 /R ALK
VEEE RSHEE DORF 2 FNFER, WTROR
D7 I RYINRVESAVEESL S RIY
s e=wr Ay ()OHBERZBNE T 35
AITBEL 105D _E ORISEEERO iIdie &
NTWV 3%, EDTA 2B 235 5E 2 Tw %
T, BEEICECTEHENRT W £/, Table 11
DFEEREPSA I LD e~y (DS
&8 4 4 v O PANSERO K SEE L, o T/
X, MEOBERNERICHE L W LEHFT
Bxhil,

3-3-3-2 RISEEEpHOBR

HEIA(DERFT YAy () D PAN§ 4k
@ EDTAIC & AENFEWR e & pH O B (%
% Fig.81ZR T U VyB—R VR BEREZHV

Table 11 Conditional rate constants of ligand
substitution reaction with ammon-
ia buffer and phosphate-borax buff-
er

Phosphate-borax buffer Ammonia buffer

Metal ions

kops (571 kops (s71)

Cdz+ 0.30 11.40
Mn2* 0.40 1.13
Zn?* 0.03 0.03
Cu?+ ' 0.02 0.02
Hg2+ 0.06 No coloration
Niz* <10-5 <10-5
CoZ* <10-5 <10-5

Fe2+ <10-3 <10-5

Metal jons: 5.0x10-6 mol dm-3;
EDTA : 1.0x10-3 mol dm~3;
Temp. : 25°C

PAN : 2.0x10-* mol dm=-3;
Triton X-100:1.0 %; pH :8.82;

TRAITIE I E CRNARMFBIRKIEDBE
RIS, pH O_BF R RS E 298D + 5 48
mMERT. LAL, k7 v E=v6—7vEZ
T AR B R DA, pHD BRI W K
WEESWIC LR T %, < v # v (D RO RIG
12, pH ORI b0 12 K EEE AT RN+
fHIAFRH b B,

L2 {1)
T, 08
3
2 o4
(2) c O
oF 1 1
8.0 8.5 9.0
pH
(1) Gd; (2) Mn; Cd, Mn:5.0x10-6 mol dm-~3;

PAN : 2.0x10-4mol dm=3; EDTA : 1.0x10-3 mol
dm-3; Triton X-100:1.09%; pH 8.2~9.2 (0.4 mol

dm~3 ammonia buffer); Temp. : 25°C

Fig. 8 Relation between conditional rate con-
stant of ligand substitution reaction
of PAN complexes with EDTA and pH

3-3-3-3 EDTARELRIEREDCHRE

EDTARE L RGEE & DR E Fig. 9 1077,
#F3y L () EAORBIZEDTARE A7 1X1073
mol dm~2® £ TlE, EDTAEE DN HWHT0.5
KOBIE CRIGHEEE LML, 3 X103 mol dni 3
DI ETIZ EDTABE CEREGR L 2 2m 2R T,
7 v H v (ID)EERD ISz B W TIE, EDTARE
271 X107 3mol dm—2 Pl RizEWw TRIGEE T —
ELEAHEEERL



1.0+ o
0.6

0.21-

log kops (s71)

—0.2+

—0.6p

log[EDTA]
(1) Cd;  (2) Mn; Cd, Mn:5.0x10°6 mol dm=3;
PAN : 2.0x10-¢ mol dm=-3; pH :8.87; Temp.:25
°C; Triton X-100:1.0%

Fig. 9 Relation between kops and EDTA con-

centration

3-3-3- -4 PANRBELREEEOBHR
HRITL(D)RETw Ay (D) izxt UGN
WINT 2P AN DR & B -7 i G EEE DR
e Fig. 10 12RT, WTFhOHE S PANBE
DOHEINIRIGHEE 2ET 55, PANEEY
4 X1075 moldm™ LI ETlE~v > # VKD RIE
25 U TRICREVWRE 2R T, 20 &) LR
RO BRI O WG 1S E D < E R R

L2

0.8~

0.4

log ks (s71)
=
I

)

—04 =

—0.8p

—4.0 —3.0

log[PAN]
(1) Cd;  (2) Mn;  Cd, Mn:5.0%10-6 mol dm-7;
EDTA: 1.0x10-3mol dm-%;  pH :8.87;
25°C; Triton X-~100:1.0 %

Temp. :

Fig. 10 Relation between kobs and PAN con-
centration

BU7 73 vEROEREHIF 2 2 LI L2028
rEZL5N 3,

3-3-3-5 TEEHE

IhE COEBREREZRIC, HSETha 554
&L TpH #8.8, PAN RU'EDTA AR % 4.0X 10
“*moldm™®, 2.0X10moldm™ & L, ERIREL
PUFROEIIEDy ARIT LR Y H U H
TNTh28ug, l4ug LIT % & URABIAK &3
O, vy H Y E2MIEDAEDOBLEIT A3 L
CYEEFT NI YL W0mgh i A S ¢ 5, KERL
T MUY AIGEERM AR W TpH % 7 #1# 12
PEI L7215, 4 X102 mol dm™ D PANE R (£ ¥
J=N10% KUY b v X -100,10 %7K i75#)5 om®
iz 5%, pH8.8M7 v &= 7HEHEHIL0 em® HhN 2
PANSE K 2 4R & &, ZOEKE0em® X 27 F
ATIH LLR4£50em® &1 5 (BEA) . ATEA
& 2.0X107° mol dm™ @ EDTA 7AW (pH 8. 80, 1.0
% M) by X-100, EHEB) EEA Ny TR T
—EEBTCEALTRIBE¢ 3, KIGHHE% 0.5
MU 7. 5 MBI 0 35 554 nmiz &1 2 RS2,
PHIERTE ¥ 5,

HITERCHR L 7= RIGHIRD 1% Fig. 1112574

g
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¢
pird
i
s
g 1=
£ |<S
= |«
2
<
1 t 1
0 0.1 0.2 0.3 0.4 0.5
(1.5) (3.0) (4.5) (6.0) (7.5)
Time, s
Cd, Mn:5.0x10-S mol dm=3; PAN : 2.0% 10-4 mol
dm~3; EDTA :1.0x10-3 mol dm~3; Triton X-100:
1.0 %
Fig. 11 Typical reaction curve for simultaneous

determination of Cd (II) and Mn (II)

FIGHIG A2 51T 5 ROGEIEE 0. 3 WMo g%
RIEEZE b, 7 K37 4 PANSSR L < v 7 88
EO—EDEIBIZ L 2D Th B, KISHMHE 0.3
MLREIE~ v 7 R D B D RIGIZHED  ERREY
BB E SR 6N 5, fE-> T, ZOERBY
F RUSERR 0 10#ish U 725 & RIGB#AR: & okt
BEOELEE, FHELAH NI A PANS K O
BRETHIRBEPS I FIVLOERYIT I,
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RIGHEB X, < v 7V $HEORIS AT 5%
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LB, A RIVLARUY YA VRO RBICE
L TRIGEED/ &g (1D, $1(1) % & PAN
SR RIGIC & 250 TR D B IRGE O B AR
BLA RS N3, T, TOBEBMEES %4
& RFR I SOGERRIOICHISE U 7= i & RS BR A HROIR
KEDEISH FIvLEwyH YO PAN AN
BIEDOEEZRD, 51Tk IZRDED KIvL
PAN $#EDIESNE & DZEH 5 v 74 PAN 8k
TRYERE 23k, #Biar s~ H Y (0) DERAIT I,

ek () P HEFT 2354, U5 bigHEL Tw3
& O ITEEERORE AV E <1 AR U g5 I ZBERE

DRI THR AR R4 CIE I E 2 5
ZB5DT, kOB IGFEL & vk 5 FEH
81 10 5 LRI EDTA L ORIGEFT bt 5,
3-3-3:-6 ARIAHOM

HRID L, vy Ay OBRELELEASDYE
- AR A FEEIL, 3 - 3 - 3 - BOERBE
CREWA RIY L, Vv Ay OERBAITVWESL
FfERE Table 12 (2R ¥, EREAEIT £4 %L
NTH 5,

Table 12 Simultaneous determination of cadmium
(I) and manganese (I) in their mixtures.

Table 13 Effect of foreign ions on the determi-
nation of cadmium (I) and manganese (I)

. . Taken For
Poign fons  (ug/f0em)  Gefdoms)  Frr (9)
(mg/50 em?)t G Ma G Mn  Gd vm
Zn2+ 65.3 16.9 8.24 16.7 8.3 ~1.0 0.8
Niz+ 58.7 16.9 8.2¢4 16.9 8.7 0 —0.8
Cu* 65.4 16.9 8.24 6.6 8.19 —1.8 —0.6
Qo2+ 58.9 16.9 8.24 16.7 8.05 —1.2 —2.3
Fe2+ 55.8 16.9 8.24 16.6 8.3 —1.8 1.2
Hg?* 30.0 16.9 8.2¢ 16.9 8.43 0 2.3
CH;COO- 34.5} 16.9 8.24 16.8 8.48 —0.6 2.9
NO;-  31.0f 16.9 8.2¢ 169 8.5 0 3.6
Clo,-  49.7f 16.9 8.24 169 8.4 0 2.4
PO~ 47.5t 169 8.2¢ 169 8.21 0 —0.4
ar- 177 16,9 8.2¢ 167 832 —1.2 1.0
80,2~  48.0f 16.9 8.24 16.9 8.21 0 —0.4

%, RISHEE2FETI3EREOMAI R EN
TWb, Lad, JERICHELZFETHAIE 0
bod, WEBRELLABLNTH> TREDE
BELFEETH 5,
FEBFEOERELZHRRT 28WE &0 T
BIHEL, FLLTT Uy Yy 2BLTWS
BRI DFEAK T U—KABE KT DWT, ARERUE
FRAFEIZLVEREIT> 720 ER(Tablel4) »
SRTARSBRIIA FIwAPKBEERE WD,
KEOHFHTH 3 2 TREFERD20HLL L L
CHNEEDLIZEL o2, BbNMv
# v OEBMEIFEFRSEEBV—HERLTY
3,

Table 14 Determination of cadmium and mangan-
ese in mining waste water and its
treated water.

Present method Atomic absorption

Taken Found .,
(s8/50 cm?) (u8/50 ) Ervor (%)
—— —h ———
Cd Mn Cd Mn cd Mn

28.1 13.7 28.3 13.7 0.7 0
28.1 2.75 27.9 2.76 ~0.7 0.4
22.5 5.49 22.4 5.42 —~0.4 -1.3
16.9 8.24 17.0 8.21 0.6 —0.4
11.2 11.0 11.4 11.0 1.8 0
5.62 13.7 5.66 13.7 0.7 0
2.81 13.7 2.81 13.7 0 0
3-3-3-7 &FE(FOEE
3.3-3.6THAVAEHRERIIEESL Y

Bifgad, #FITL, TYAVOERIINT
ZTFEA A DB P/~ (Tableld)o WTRO
GRAFVLRTFLABETRELTLRENEL
Ve E77, B4 A 2129V TIEL 0X 10 mol dmi ®
FTCHEEBIALNEPo T,

3-3-4 # B

BELZEEHRIESN (D, 8, =v 7
(M), 2250 MIDRERUER(T, )4 E»H*EFL
THHEERERPY XX v FBREZ LICA NI T A
(M ewr#y () OERERBIZT I ZEHFT

(ppm) method (ppm)
N ’
Cd Mn Cd Mn
Waste water 0 631 0 648
Treated water 0 52.2 0 54.0

dikix, PAN $MEOB I FERKGIIHT 57
vEZT OEMSREEZFAL TV 3 RIEEY S
5, ZOBESREIL, bTPIZERT S FIVA
DT v 3 VvEMEAN PANSERIZ L L ThE ZRIG
HWEAREOZ L ICRERT 3 LIEE SN 5,



34 BIESHEEREHREZEICELSppb LN
WO o H ot BEROEERVBREE

3-4-1 % S

Aby T R7U—EIIEBRIBY 7 FIVERY
EUNIE L TS/NibaEd 3 HiES %, KISHEE
DELZFBTI2ESEA 4 Y OFHAEICHAEL,
ppb L N REOTS () vy A v (1) 2R E
ICBIE T A HEERET L o

R, FEEER ) b v X-10012 5
fEL21-(2-F7VYNTV)»-2-+7 b=
(TAN)$51£7 & EDTA & OFRf T B! ) T,
Table!bI1Z/R U =R HEER» S 2 E L D
1o, REREATCTAN EE#BK L THET 2
SBAA DI BARNIVLRGT VYAV E, R
UYKERIZTESS & RIFRIE OMEE ¢, Zh b2 HET
Brr0EECEERSETAH, oREA
FVIERIGAEL CBLSIHEL 4V,

ARITL, FIEN-(VFFHINEFRY)-7)
v (DTCO L > T AF v 7/ TED, Kk
Fflcv A F v 7 k. -7, DTCG #v A%
VOENERT 320D, RIGHEOZE LR
Table 15 Conditionalrate constants, kobs, of the

ligand substitution reactions between
TAN chelates and EDTA at pH 8.87

KEMZTLEEA50m®E T35, AliZpHB 87 O
2.0 X103 moldm™ » EDTAEK 0.4 %+ ) +
»X-100) #EHEL, WiEsE ALy FF70—%
2LV 25CTRIG &S, RALTEBRKIGIZES

590 nm DUESEEE DRI 2L 2508 T 5. HF oML
R 2 5 Fig 120260735 4 & 512, #ishEY
ZE D=y H Y RUEEOVEE G 50k
EiRD, b5, UDERLEZNENORERR
HOIREEA1E 2, ppb L AN OBMEBDER D
&, FBE 1Dl EEV0.01H 530,02/
F.S. O # Ry 2 2 8E 5 720 1 [al ol
E I S/N P ELERIZEETH 5 2 (Fig. 12,
1), RSy 7+ Vo0 LINE % 10 BfRET
ZIETHBI G/ 4 AR AHZE S S/N HE L
< ELEREFTREE 25, (Fig.12, T, I,
RIFEICH WA by 7RO — 88 (oA 5T
SIRA—401 5L UHEE) IEVIELEREA %
HmHICL, £, BRECLIVRIGY 7TV RS
LB EEEORAD I Y ba— Lk, BEHA
[FeEHRAORBIZE>TIT->TW3, £/, <
A 7023y ¥a—F—10kDHESE255 EF TOR
B2 7 FLDFRDE LINEAFTE 3,

and 25.0C
m
Metal ion kops 71 Metal jon kops (s71) o E
st
Mn2* 2.23%10 Cot* 4,405 10-+ £ = ]
cdz+ 7.96 Niz* <10-5 B = = .
Hg2* 9.16% 101 Fe2+ <10-5 f z o
Zn2* 3.87x10-1 Fe3* <10-5 gl g
Cuz* 3.66x 1071 S T
IS
Metal ion : 5.0x10-6 mol dm=3; TAN : 1.00X10-4 mol dm-3; =2 5
EDTA : 2.00% 10-% mol dm=-3% Triton X-100: 0.7 % o T
’ | I 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5
(0) (2) 4) (6) (8) (19

Ay 38~y AV DRREESF T EETH Y,
& 5 IZHOEE T 0.002~0.005 FREED /4 Xpi sy
AEAERIGY S FILE OEREEETS 2 &1
LU S/NILAEED 7= F£58, ppb LXLOTERE 7 >
By DFBERITEETH > 70

3:-4-2 TEBMHE

S0em®*D A X7 523 12v0 7y e
ELTH25 mUTEE UK EIRY, 20megn
DTCG, 2an®?2.20 X 10™° mol dm™ TAN 7k
#(10% b0 b X-100) &0 2 /2 7%, Kolthoff
DIEEHES em® %001 2 C pH % 8. 87 1ZFE5 L, 4

Reaction time, s

Solution A : Mn2*, 4.10x10-7 mol dm=-3, Zn2*, 4.02
%10~7 mol dm=3, TAN, 8.80%10-5 mol dm-3, Triton
X-100, 0.4 %; Solution B : EDTA, 2.00x 10-3 mol
dm=3, Triton X-100, 0.4 %; Gurve I : Original re-
action curve (reaction period of 0 to 0.5s); Curve II:
Accumulated for 10 times (reaction period of 0 to
0.5 s); Curve III : Accumulated for 10 times (reaction
period of O to 10s); The concentration of Mn2* and
Zn?* can be determined from the value of Ady, and
AAg,, respectively.

&

- 12 Typical reaction curves for the simul-
taneous determination of manganese and
zinc at pH 8.87 and 25.0C
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3.4-3 &8

AFEIZEAUL, 0.04pg LI ED< v v R UEESS
DEBNFTE L, A4 v ORELFENER,
Zyg e, anvh, (0, M, #, # I
L, g5, KEEG E1E 5 X10Tmol F CHELTY
EBEIFELLN, £725X10™%mol DE/LH, S
B, iR, BER, BEEELR KORRA 4 VLT
DERMBICHEELEZ 2V,

DTCG IZBEROIZHE - TAB L, oL
HRO: & L BETIG U 4 F i TR L CH W =,
FAKIZ18.0 MQem LI ED & D & Fiv 720

AEIC L O ALRTND & 3 FEEARRL K (Rik)
¥20% %, RU0.57ugD<w v H v & 0.65ug D
AWML 7= 01220 T, 2NFh 5 EER T
v Table16 IZRTFHE & BB R EH-, 2

DFERDPS, AFEIZY VA Y RUTLIZDOWTO
KA E LT OREEED DETHED DO
B OREEZERSWEEVZ 5,

KETHALEALy T F70—-3 7 F LD
W UBIEIC & 5 S/N o ki, &FFE CHRETL
T RIGHEE R RIAT 2 0B TN TIGATE,
TERDOGHTREREE 2 105 L s 32 L A
fFahd,

Table 16 Average of five determinations of
manganese and zinc in tap water.

Sample taken Added Found Found in tap c.v.
(em?) (r) (ug) water (ppb) (%)

40 Mn — 0.09 2.3 63.2

Zn — 1.64 41.0 3.1

40 Mn 0.57 0.66 2.3 16.1

Zn 0.65 2.10 36.3 4.6

4 . ATREVRIE RS O RME

THETICRF LA LVESEA 4 2l
FEHEHRERT 3720100, REHAEER OHE RE
REUET ANEN D B, BIETIEEL, BIRER
SR LTHEHAT A - 0EBH(T A bNY)
ICEEE L OEMEL, T FHEIREL KE X
DANBITHMTE 3EEREEL L, 220, &
921 3\ CHERISOEE £ CHERICHW TR -
FERD AR v 7R 7 0 — R EENEEE L =4 >~
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B0k OMREF v 7 L, DR EE
PO TEh, ERESERSIEE L L TOER
MEEE B 45 D BB O HAFKE &7\ (RBHISHEE) ,
X 5T EBORIEEE CH SR RO 2O DHE
EHEEIA %, BEL5ET &t /- (BBHIS6EE) o

ABERF S LOEELERL ZARLUTO®
NThsb,

a) AL & BEHAFAEEE, WEOHRETHS
BB A v REUER L RIGER L 2 BREF
(0. 001 ~0. 005%)) ViR & L 724k, WL IVIZEY
R, RBOREEDELERETI2HDTH
%o HIET ALERGIE ST £ o103
DRRRED AL BRI LI oA I T L,
¥ 7= ppbA —5—DFHEI DA, #D RIRGEEAL
LEBIIAERLE -TWVE /A ARG #ESTER
BIC L VWET AR TN, w471
IV ABBORMEBLTT S

W 2T hH 5,

b) EEEZNELT 3 05RO NE s LU
NEUERE NV T ORMA, F 2B OEEEm
D=, AERESE O & EmMERe b 2 X -
770

c) HHEBL L THVWAEASIZITEED N 7

MED < &L 3 %LU (HSRUEL %I, ek

DIFFFHATRECIE# DA 10 %TRE) 570

HIHER, BIRORTEMLEIT - /20
d) BEZ2 VP 1— 5 —Hlifl & UHRMEDB KL

TR 24T 9 L[ERRC, BRERIE O 720 B #fH

HEge 23 v /m /2, F—FITHLIZK Y

Y —HWEZEE L, BlESR, A

ERMFEL ST — % LRERIZITH & 285 %

EE Al ca A
e) AEEX, A4 MVEEOHIETERL,

FAEED VNI TOHEIERIT ) 2D EEH

BH12V/Sy 7)) —TEET 28D L, 2O

BFIBAT SNV AE A DT 5085 8

FEZ L,

PLEDSE 20 BE L 72 B8 OB & L U
451 Table 175 L Uf Fig 181277,

SEk L 2 RBONBEZERL, 212”7, £4&
AEBE IR VHE L 27— 7 0l & Fig MR,
A IIANE BBETHIIZLE AL HST, IhE
TOHORBEBELY, SHEBE L CIdEED BIF
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5. 2 MBRBICHOVLTOHEICHOMKRE

ARIFFLDORAERE Td 2 BHSCHEE Iz BT,
INETIZEREHAREL, &5 SEERBARIC
R 220D BEIMNZ 2388, &5 CIZRE
Table 18 Determination of cadmium and mangan

ese in mining waste water and its
treated water (1)

DKA method Atomic absorption

ppm) method (ppm)
Cd Mn Cd Mn
Waste water 0 631 0 648
Treated ater 0 52.2 0 54.0

Table 19 Determination of metal ions in mining
waste water and its treated water (I)

waste water

DKA method AA method ICP method
Zin ¢ ion 92.4 90.6 97.1
Manganese ion 77.3 77.9 88.0
Copper ion 0. 084 0.084 0
Cadmium ion 0.139 0.145

Treated water

DKA method AA method ICP method
Zinc ion 1.06 0.94 0. 60
Manganese ion 0.47 0.79 0.82
Copper ion 0 0 0
Cadmium ion 0 0 0
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Differential Kinetic Analysis of Heavy Metals in
Environmental Water

Saburo Ito, Toshio Ogata, Kensaku Haraguchi and
Koichi Nakagawa

This report describes the detail studies on the “Differential Kinetic Analysis of Heavy
Metals in Environmental Water” which was performed as a special research project of
Environmental Agency from 1978 to 1981 fiscal year. It consists of seven chapters and each
chapter describes as follows :

CHAPTER 1.
The current methods and problems in the determination of trace metal ions in
environmental water samples and the purposes of this research project are described.

. CHAPTER 2.
The principle of a new technique to determine heavy metal ion concentrations in water
samples is described.

CHAPTER 3.

. Some analytical methods of heavy metal ions in water samples based on the differential
kinetic analysis (DKA) method are described. The briefs of each method are as follows :

3—1. Determination of Cadmium (II) with the ligand substitution reaction between
1-(2-thiazolylazo)-2-naphthol complexes and EDTA.

A simple and rapid determination method of cadmium in the presence of other metal ions
such as zinc (1), copper (II), nickel (I} and cobalt (II) based on the difference of the rates of
the ligand substitution reaction between 1-(2-thiazolylazo)-2-naphthol (TAN) complex and
ethylenediamine-N, N, N', N -tetra acetate (EDTA) was studied. TAN and TAN complexes of
theése metal ions were solubilized by the addition of nonionic surfactant, Triton X-100, and the
stopped-flow technique was applied for the rate determination. Cadmium up to 3xg can be
determined even in the presence of Zn (II), Cu (II) and Mn (Il ) within the error of 4%. Ni (I,
Co (1), Fe (11, 1), Hg (1), Pb (1), Cr (1), Al (), S0,2~, HPO,2~, CHCOO™, I, Br anCl™
do not interfere.

3-2. Kinetic determination of copper (II) with the ligand substitution reaction between
2-(2-thiazolylazo)-5-dimethylaminophenol complex and EDTA.

A simple and rapid determination method of copper (1) in the presence of other metal ions
such as zinc (), cadmium (1), cobalt (II), nickel (1), manganese (II) and iron (II, Il ) based on
the difference in the rates of ligand substitution reaction between 2-(2-thiazolylazo)-5-
dimethylaminophenol (TAM) complexes and EDTA was studied. TAM and TAM complexes of
these metal ions were solubilized by the addition of nonionic surfactant, Triton X-100, and the
stopped-flow technique was applied for the rate determination. Copper (1) up to 1 # g/50cm® can
be determined even in the presence of Zn (1), Cd (II), Ni (I}, Co (1) and Fe (11, Ill) with the
error of less than 3%. The anion such as CH;COO™, NO;~, CI7, Br~, I and S0,4%~ do not
interfere.
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3-3. Kinetic method for simultaneous determination of cadmium (1) and manganese (11 )
by ligand substitution reaction between 1-(2-pyridylazo)-2-napthol chelates and EDTA.

Simultaneous kinetic determination of cadmium and manganese, on the basis on the
difference of the rate of ligand substitution reaction between 1-(2-pyridylazo)-2-naphthol (PAN)
chelate and EDTA in ammonia buffer solution, has been studied. Although the difference of the
rate of the ligand substitution reaction between cadmium chelate and manganese chelate is small in
the absence of ammonia, it becomes sufficiently large enough for simultaneous determination by
an addition of ammonia because of an acceleration of the reaction of cadmium chelate caused bya
catalytic effect of ammonia. PAN and its chelates were solubilized in water with nonionic
surfactant, Triton X-100, and with a small amount of methanol to measure the rate of the reaction
by a stopped-flow technique. The present method is free of interferences with other metal ions
and anions, and applicable for the determination of cadmium and manganese in mining and treated
water. ‘

3-b. Simultaneous kinetic determination of ppb levels of manganese and zinc with signal
accumulation of stopped-flow spectrophotometry.

This method of simultaneous determination of traces of Mn and Zn, based on the difference
of the rate of ligand substitution reaction between 1-(2-thiazolylazo)-2-naphthol (TAN) chelates
and EDTA, is simple and free of interferences from other metal ions and anions. The procedure is
as follows ; place a sample solution containing (0.04~2.5) x g of Mn and Zn in a 50cm? volumetric
flask, add 20mg of N—(dithiocarboxy)-glycine to mask Cd, Cu and Hg and 2cm?® of 2.0X 1072 mol
dm™® TAN solution (10% Triton X-100), adjust the pH to 8.9 with 5cm® of Kolthoff's buffer
solution and then dilute to the mark with water. The reaction is initiated by mixing this solution
with 2.0X107*mol dm™® EDTA solution (0.4% Triton X-100, pH 8.9) at 25°C using a
stopped-flow apparatus. The reaction is run ten times and the signals of these runs are
accumulated to improve the S/N. From the resultant curve Mn and Zn are determined graphically.
The method can be applied to the determination of Mn and Zn in tap water.

CHAPTER 4.

Layout and manufacture of a portable metal ion analyser for field works are described.

A compact and portable metal ion analyser was laid out and manufactured to utilize the new

analytical technique, i.e. the DKA method developed in this project, for field works to make it

possible to determine trace metal ions in environmental water samples as soon as they are

sampled. This apparatus is 43cm (W)X 30cm (H) X 30cm (D) in size and 13.5kg in weight. A

microcomputer was employed to controll the operations and to treat the obtained data. This

apparatus can be operated not only with a 100V A.C. line but also with a 13.2V D.C. battery as an

operation power. Therefore, this apparatus is compact and convenient enough to use at the

sampling fields. The ppb levels of metal ions in water samples can be determined by means of this
apparatus.

CHAPTER 5.
The determination of metal ion concentrations in water samples at the sampling fields is
described.
The DKA methods established in this project (see chapter 3) were utilized to determine
metal ion concentrations of some mining drainages and their treated water samples at the
sampling fields by means of a portable metal ion analyser (see chapter 4). It is concluded from the
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results that the technique established in this project is very powerful for practical use because of
its simplicity, rapidity, sensitivity and accuracy.

CHAPTER 6.
Basic studies to obtain theoretical approach for DKA method are described.

The kinetics and mechanisms of ligand substitution reactions in the presence of surfactant
micelles have been studied to obtain useful informations for theoretical approach to establish new
DKA analytical systems. Systematic rate data for some series of ligand substitution reactions such
as the relation between metal ions and the rate of the reactions, the relation between pairs of
leaving and incoming ligands and the reaction mechanisms were obtained. Moreover, basic
problems to develop a portable metal ion analyser have been made clear and solved. The results of
these studies not only played the important role to progress this project but also seemed to
contribute to the field of kinetic method of analysis.

CHAPTER 7.

The evaluation of the results of this research project is described.
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