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Simultaneous Microdetermination of Heavy Metals in Sea Water

by Atomic Absorption Spectrophotometry (11

Yoshiji Tomura
Shoji Motomura
Kimihiko Yada
Yoshio Kataoka

A method was proposed for the simultaneous micro-determination of heavy metals in sea water by atomic

absorption spectrophotometry. This method is connected with solvent extraction and stripping of dithizonates

as pre-concentration to bring the concentration to the working range of the sensitivity of the apparatus.

Here, a study of simultaneous ditermination of lead, cadmium and zinc is presented as the second report

of the series. The results of this study is as follows : The sensitivity is 0.005 ppm for Pb, 0.0005 ppm for

Cd and 0.0005 ppm for Zn in a sample solution. The standard deviations for 0.1 ppm of Pb, 0.01 ppm of

Cd and 0.01 ppm of Zn are about 0.0005 ppm, 0.0003 ppm and 0.0005 ppm, respectively.

The determina-

tion is interfered by Fe and Mn (co-existing 1 mg or more) and phosphoric ion (10 mg or more). The re-

covery of the added Pb, Cd and Zn in sea water and marine sediments test solution is satisfactry for practi-

cal purposes. Also the analytical results of real sea water and marine sediments are shown.
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PERODHEA L, FSOBOEMENERC X »TE
DEHMEZFEND, BEDO I WOWERLYED Z LT
%‘I‘C@"Cﬁ%—f Do

2. HBEBEHBIUHE

(1% &

FR Tl b o LR —DEEAFA L1,

(2) &

SMERERWE : PO(NOs)2 #flVvT Pb & LT 10002g/
ml OE¥EFERWAIEN L, DECHUREORIER
BB Lic, CERRE IN)

J1 R 3 MEEERE : CdSO,-8H,0 #Av-T Cd &L
C 1000pg/ml DEHRFRAZ(FR L, LEISCER
DB A TR Lic, CHREE TN)

TESMERERSWR © ZnSO,-7TH0 % AT Zn & LT 1000
pg/ml DR Y (R L, HEWIGU R RE DB
KRR YRABMLL, (EMEEIN)

I VIEALRERIE - 25/ v 100mg & PaIEALR
FeBhL, TYESTHER (2%) B IUEMER
(1+1) THECRONEERER L, R EEIRE
YT R LRE 500ml hiH Licb D%
R s L, (ZDFREBEHLHBICERLCS DDWR
YeEE (600mp, 10mm cell) BB XL 1 THotco VF
VOB TRIERE A0.6 X103 nbHETLE, 20D
B DT R 100mg/l Lin5.)
TUEZTHER (1410) 7 V/E=TK (28%) Lif
K1 I00AEHTRE L,

T VEET VBT A (20%) : (NH,),HCH50,
100 g Zofdik 500mf i Lo

IEREEE (IN) & (Sp, gr, 1.18) - TR IXL
I Niesd X5 K CHRRLE,

3. RERMEFZE
HisR T~ Pb B Big(FA BRI FIR L L,

4. RR, HRELIUVEER

(1) BEFERAAE

(1) HTE#ERY

LM Ph : 2833A°, Cd : 2288A°, Zn : 2138A°%
SR Lico HILFED lpg/ml BEERIK 2 AE » TrhZEfath
SYTEROFE, TXF L VESREDOKE, ~—F
~E &%, RN YFANIC TofFR Fig 1
BXO Fig 2w@mLic s vy 7EiR, g,
N—F—ER LI F N SRR T A RS EITE &
AXHELL, FROL=THROMELML, S 7RIV

SVHROEE & 1770 5 RN Tl RES 5 &4
T&tc, Table 1 XD PIE &L RLIc, £DFFT
K15 ETHEOBETRIEE L, S/N2 ¥ 5.2 2 KE
WEE (BHBRS Tt#EbTE, Bkt Pb:0.05
PPM, Cd :0.005 PPM, Zn:0.005 PPM T# -7,
(2) HEHHEOTHS

T eF L v—2257 L — AhTEF{LE i Ph, Cd,
Zn OFEFHRICRE C BT D kL 5 e ho
T Tt Pb, Cd, Zn 30 k0 lpg/ml LT

Relative absorbance
=

6 8 10 17 14

Lamp current, mA

Fig. 1 Effect of lamp current for atomic
absorbance
A: Lead, B: Cadmium, C: Zinc

Relative absorbance
3
S

(3)
s

1)

2.5 3.0 35 4.0
Acetylene flow rate, £/min
Fig. 2 Effect of flow rate of acetylene
and air for atomic absorbance
A: Lead, B: Cadmium, C: Zinc
Air flow rate (1): 12.0 1/min
(2): 13.0 I/min
(3): 14.0 1/min
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Table 1 Working condition for lead, cad-
miun and zinc

wave length

lead 2833A°

cadmium | 2288A°

; zinc 2138A°
! lamp current 8 mA

slite width 0.18mm

- i ‘
gégi?llér‘ie and flow-rate of | 0.5kg/cme, 3.50/min
pressure and flow-rate of

alr

2.8kg/cm2, 140/min

| burner head setting | 5 mm

Fh BRI 50pug/ml, fibe Mn, Co, Ni, Sn, Cr, Mg
% 50pg/mi, Fe % 100ug/ml, NaCl % 1000ug/mfi ¥
T, EbRYFV Y, MERRE, NHCL 7o BT
VES LARBENL T, AE LIERTI, ERNO

BEORE L ThbERINLICBE OREIIIAAZ %A
BDORIEI 5Tz, LI ST, TROOHENEL
Th, TORELANTHITE, MADTEELIE L
i,

(3) MRED¥
WA ER T 52 L0 b, HEOEELES
JigET Cd, Zn DRETRIEE~DOHFEY Tz, D
R Fig. 3 )R L@ Y, Figho Pb B4 & A
12 Cd X0 Zn &4 MBS0, 1~2. 0N E i
FBOTIREIT—ETH - 10, FRUUTOEREETC
REENRH TV ET Lico Zn 34 EREEBEENMEL &
HHEOECHEY R LI, (Zn lpg/ml wxtL i
AFE0.OIN L 1.0N & iz DWW T B2 LR~ & =
% Fig 4 @RLc X 5% Zn 130. 01N DIEE I 354
THHIOKEE & DITREIME T Lz, 202 E b
BREMMEN & Zn (37 T ZRBECIRE T 5 O TLLiou
EBbhb,) Lichis T Pb, Cd, Zn kb 1c % OEEHER
E I NOREW A X 5 ik ing, WhiH&
INDOEBERYFER T2 L eE L,

00" A OO o
B L) < b
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2 c O iD=
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E
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Concentration of Hel, N
Fig. 3 Effect of concentration of hydrochloric acid for atomic absorbance
A: Lead, B: Cadmium, C: Zinc

o) fe) (1)
[#]
%CLH““““““ﬁwuﬁﬁﬁhﬁﬂhﬁm

1 2 3
Time, hour
Fig. 4 Effect of Hcl for The stability of
standrd solution of Zinc (1 PPM)
(1) in 1.0 N Hel (2) in 0.01 N Hel

Relative absorbance

(4) HREBOEKZM

R FBEG I 313 5 B ERR O ERRET I O I g
D77 4V, EEFEOME, RfTROR, N~ -
~y FOBEERY OSh LuvRIERD B, AEETO
Pb, Cd, Zn oW THF LRk, Fig 5 Wi
LB EVEREEC -5 TEThLOREROER
HIRIFTH - 1o

[2) #iH& LUHHE

(1) pH OFE

Pb, Cd, Zn # [T B0 F#E pH K2 F~

C5)




6 | RPEEERTRIRS H15% A 15 (197D

%tobic 3.0 ERIBMERCH - TKED pH ZELS
BT L, X Sl Lm0 B % R % filE
L, BEE» bIHEREL L LD, TOMKR, Fig. 61
SELTE D, Ao Pb oB& LR Cd, Zn 3R
pH 8.5~9.0 I\ TR KO E LR L7,

(2) HHEEK

# 10mg/0 DV F /v LRERE X > T Cd,

200} B
150|-
c
£
=3
=
.o
[}
=
2
3
S 100/-
50
A
1 L 1 i
0.5 1.0 1.5 2.0

lead, cadmium and zinc, ug/mé
Fig. 5 Calibration curve
A Lead (rec. sens. 5mV), B: Cad-
mium (10mV), C: Zinc (20 mV)
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Fig. 6 Effect of PH for extraction of lead,

cadmium and zinc

A: Lead, B: Cadmium, C: Zinc

Zn DD 10pg NEMCHFET S BEARL LR
B s i T B fod e B iR B AR R
Fig. 7 R L= b, Cd (hii@o Pb Fa LR 2
EC, Zn THEENMEL 3 ~ 4 ROIHRIFLSBET
Hotco UL, Pb, Cd, Zn 50 k0 0pg MIEFT
HIERESR bR bR SEac it T 5 b, IFR
WS HE OB EABETH - Tco SHULVF Y /Hk
HRAEOTRRBLC LB LD EEL b,

(3) CFJy U REORE

10pg oo Pb, Cd, Zn »RAEHEINTH L EDOVF
M LR BREROBE I L Trh bohiiRoZE
{ba T~ fokEE Fig. 8 WRLic X dweyF/ VIRED
EOUTEGE, 1 EoMEBERIER X DmtR L
foo UFY v OIELRECHT D ERECIREDSD
h, # 100mg/l ©vF /v EELRIEFIK & - T10
pg Fon Ph, Cd, Zn O M #4778 » TR TIL,

< 100} B .
é / A

‘§ C

%

5

(]

£

eb

A 501

_‘

1 2 3 4 5
Number of extractions

Fig. 7 Effect of number of extractions

A: Lead (10 gg), B: Cadmium (5 pg),

C: Zinc (b pug)

1001

Percent extraction, %

0207 30 50 70 100
Concentration of dithizone, mg/#

Fig. 8 Effect of the concentration of dithi-

zone for extraction

A: Lead, B: Cadmium, C: Zinc
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RFRISNIRC L 2 R OBEEREORNEE (5 2#H) 7

3EOMHIERIET Pb, Cd, Zn Jticig & A S 100% i
S, FBEORMCTEMIERUSN D T v A2 &
THERPFET D THAH 5 bEEITE bzl
DOHHVARETH D Z LoV I NI, L LEED X
Wk, BEIhHRIBUT R SO B LR EB O
BB ETITIS LR L ->TMbD o ENTE T,
(4) WHECH T2 RELEDE

MEE T Z L X o C LR ERED Boird
L, *OMELRER & il RN IE o SRt o
Kied JFTEEY 1, Pb, Cd, Zn kD kD 10ug
—oWCiINESY T NIERE Sml w—g & LTk
REBY LI RT, FOE Table 2R/ LEED,

Table 2 Effect of volume of carbontetra-
chloride for stripping

PEALEFREA 5ml 25 50ml B L LT3 1 @EoDH%
MHERILB LA EELTHBL TH oTce 2D EMND
Wikt & 5e 4 T 7e 5 it 2 B R E TS TH
BT LMD DRI, Lo LirshERL - o5k
OEEOKRHBECHET S GUiBEE 8T & ihh
RO BITGROBREIME T %) o, Pb, Cd, Zn
PR (lpg DUT) OFEFRSEREERFEL LBl Lo
DIRFED Y 2 B LIHRA TH - oo

(5) HHECRLETHEA A OHELZOMKRE

DF T AR U B, DR
¥ Table 3 \/RLIck 51T, B4 2 Tk Poy3” 2310
mg LA AT EHHERBMET Ui, B4 A Tig
A B IMYORE ¥ CHEFRIIR I e ol L
MU Xt Fe & Mo o3t Cd ooy
VR PIET S 2 EARE SR TRD, 2o % b

Vol. of Percent of stripping L= AL TAREREIC Fe & Mo 23T 5546
| MHET Iy K

Ccl‘ i Pb cd | 7n XThDPPETH-ThH Pb, Cb, Zn LY }Tﬁl&ﬂgﬁ &T

e ! - = . Lo 2T Fe w2 7F &L TULLIERAVWBRA
| % % | % ) . —

5 85 87 87 T UEET = A ick A Fig 9 wiRL

10 } 90 | 86 90 b, Fe-Mn 0 %0 1000pg Fo0 #FE* CLlIhESY

20 ‘ 86 86 97 OB = LN T e,

o 85 81 (6) mHOTEY

0 | 82 86 83

% ‘ o o3 o 109 Nacl %¥ 100mf = Pb % 0 55 20pg, Cp, Zn
o 02 b 10pg BRI Inz I BERRC 7 = VST v

100 ol2) A B,C
o4

3

-

9

%

2

i8]

S 50}

9

a %)

1 " L " PO T 1 & T | 1 i M 1
—I— 5 10 50100 5001000

Mn and Fe, ug

Fig. 9 Duplicate interference of Mn and Fe for extraction
(1) A: Lead (10 p¢g), B: Cadmium (5 pg), C: Zinc (5pug)
(2) (NH4)2HCBH5O7 (20%) 5m{ added
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Table 3 Effect of co-existing elements for
extraction of lead, cadmiun and zinc

Ele. addea Fb (&) | Cd (ug) | Zn (#g) !
'“e“‘_““g){added!found'added;fonudiaddedifoundi

4.8

Nog~| 1.4' 5 2.5, 2.4 2.5 i 2.6 |

| # | 14 5 50 25 25 25| 2.6|
#» | 140 5 4.9 25. 24 25 2.5|

1 ' | |

Soe2-| 1.8] 5 | 5.0 2.5, 2.6 2.5 2.6
» | 18] s | 48525\24;2612ﬁ‘
v | 180! 5 | 48} 25 24 25| 2.4
Pog-| 1.7 5 | 4.9| 251 2.5 2.5 2.5 |
vl 1T 5 4z 2.5 2.2 25524!
” ]nm 5 4.1, 2.5' 1.8 2.5, 2.2
Fe [0.1] 10 9.8, 5 47 5 | 5.2|
” 1,10 /102 5 | 4.8 5 150E
” 100 10 | 9.8, 5 4.6 5 SJi
Mn | 0.1 10 , 97| 5 501 5 isa‘
Co | 0.1 10 1 98/ 5 | 50| 5 | 5.3
Ni | 0.1 10 Muo‘s 5.0 5 isz‘
X

<

.2

?m. 8 8 8 8

5

£ 80}

o

5

a8 :[:

5 10 15 20

lead, cadmium and zinc taken, ug

Fig. 10 Quantitative extractionsZof lead,
cadmium and zinc
—@— Lead, —X— Cadmium,
—()— Zinc

= A%z, pH 8.5 Ly 7/ Rk
EHRENMEL S ETEREL, MihHE 2 BT, Th
YETHREGHEL, BOROOHRMECSTHEERY
BEHENDD LDRER, Fig 10 Rl X 5 it
RITIREF 100 Bt o EEHIED TRIFTH
Ste TOT EMD, EEOHHTCY - Tid Pb, Cd, Zn
DERERC L 5 BUEOFHFBRIGRIE L DB ER S KD
THRETHZENTEDZ L HMER L

5. RKEEEHRFE

1) 300ml S e — MeRRHAR Y MME L D, WEY
# 100ml L3 %,
2) 7 VBT VESY LERG Sml iz, TV

=7 R L ERswe X v pH % pH RAERHE 6 -
78.0~9. 0BT %,

3) v vmE bRFERR Sml Rz T55RIRE
51, T 5, ThaPUEtKEBOREBIHEL S
FCEREL, hHLPELRFEBE B0 300ml ¥
— MefED S,

4) -k RFEE e I NG 5.0ml %0z T5
SREHRE 5 U, Wit %, Zhw 2 mfTinvaiihhh
WrEDT, RFEEUECHT S,

5) EFEALHEL Pb, Cd, Zn DI, TV 7B IV
SPHER ) D B2 4. (1JOW)DEMTTIR, FAD
R I CTRERZFRLER T %o

6) R¥re 577757 A MILTITIRWHHIET %,

6. REHRBOFHRER

KOG E UTEEOKE L O¥RA L,
ORI A T L = b DIeoWT, FHIEINERD
=8 Table 4 2 b F O EEMOEREME LR DIHIC,
BEGHC LD 2 EEELER L, TRy Table
5 R Lz, RRWEOFTEL, WA OWLTIRNR
Qv UCHERE Sml R hnx T2 e iR L, wak
(5 Ao T Licnig 100ml Z4oHneftlic.
HEIRIC O\ Tk 100° C T # 5 Bl itk X7 3AR0g
# 500ml ¥ —H—ic& b, $iAk 40ml, FEEE 40me,
Bl 20ml A inz T 1 RE B S R, SR
# (5B) ®ffio Tl nikk 250ml OAXTZ
Z G, e AR TERYAbL, 20 25ml
O LT Tk, MR Zo (IREOBLFEH
I ahcSutod, MK 1l % 10ml

Table 4 Reoovery of lead, cadmium and
zinc added to sea water and marine
sediments test solution

Sample | Pb (ug) | Cd (we) | Zn (pe)
i (taken) added!found | addedillfound addedl‘:found
Sea Water : a ' N
(100m) 0| 0.5 | 0 ! 0.0 0 1 3.8
” 50| 5.3| 2.5| 2.6 2.5 6.1
" 10.0 | 10.2| 5.0 4.9 5.0/ 8.2
Sea Water [ [ |
C100m) 0| 0.6 0| 0.0 0 \ 3.0
” 50| 5.5 5.0 5.3|10.0 | 14.2
” 10.0 | 10.0 | 10.0 | 10.4 © 20.0 | 22.1
Marine Se- | ! | ! | [
diments(1g)| 0| 182 0/ 03 0! 105
” 5.0(17.8 5.0 5.0 25.0| 142
p 10.0 | 22.4 1 10.0 | 9.8 150.0 | 168
1 ! |
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Table 5 Analytical results of lead, cadmiun
and zinc in sea water and marine
sediments

Sample Pb (PPM) Cd (PPM) Zn (PPM)
| S—1 0.004 0.001 ' 0.035
' 0.007 0.000 | 0.034
S—o 0.005 0.000 | 0.020
< 0.005 0.000 0.023 |
E—1 0.005 0.000 | 0.027 |
, 0.004 0.000 | 0.033
Sea Mater !
E_ 9 0.003 | 0.000 | 0.738
0.007 | 0.000 . 0.750
- 0.003 | 0.000 | 0.025
0.004 | 0.000 | 0.029
N 0.005 0.001 | 0.022
{ 0.007 0.000 | 0.025
A | 120 | 0.23 97
Mari | 13.5 | 0.18 ‘ 103
o | 035 116
. 12.3 ] . i
' Sediments{ B C12.7 037 125
(dry base) 390 | o124 196
L C 2o 1.16 ‘ 202

ART7 AT AT I NERTHNL b ORI &
Lo

7. ¥ E B

1) RBEIKEBRYED HTh e FEL BEhs
Pb, Cd, Zn #[ERIC REERTE S Kk LTKE
BT & > THEARIIETH 5o RAKE 100ml
et U CRRIBIR R s Lz Pb 0.5pg, Cd 0.05¢g,
Zn 0.05pg L\ W5 D THETH D, ThHILERDIE
KPR OBEOHEED 1 o1 Pb 0.003 PPM, Cd
0.0001 PPM, Zn 0.01 PPM %%, LihisT
Pb, Cd woun ik, AEORHEBRRIZR BNy 7

9

9

TV NDELDRRE . L LBIERRE L |
sEd bz Pb 0.1 PPM, Cd 0.01 PPM o sktic
U THEARBITE G DRREAYH LT\ 5,

2) [A—ABBIRIC X% R L & Pd 0.1 PPM,
Cd 0.01 PPM, Zn 0.01 PPM oOyfEicds\ T EEHE
R R/dy ofE2HHEE LT Pd 0.004 PPM, Cd
0.0003 PPM, Zn 0.0005 PPM k\\ 5 &R 5 -

THRHBROWPBETH D,
3) RpohEAS F & LT Fe-Mn 2336 LT Img
Lk, Pog3™ »% 10mg MU E, HFETAHGILDF

VURHBAHEI R, KOEREY Y2 5,
4) REDOGHREME, WKE» 0 Tl HEKRA
WK, BRI L CESERETH D,

L, ARORTMEE et KAt FFn, B
O HT BABITO RIELE LT, Hric Cd oS
%, In DT ARBEAOBREEZHNESRO R AL
LOBRICIRTEET HLER D B,

5) SrHpT ARefelv RAEBE A BT 5 BERE BlE L
T, #1EfHT Pd, Cd, Zn 2RI EES RS,

X B
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