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—Abstract—
Determination of Lead in Urine by Atomic Absorption Spectrophotometry
Nam Won Paik, Bock Sang Yoon and Kyou Chull Chung

Department of Preventive Medicine and Biostatistics, Catholic Medical College, Seoul, Korea

(Chairman: Prof. Kyu Sang Cho)

Determination of lead in urine is important in industrial hygiene and toxicology. Dithizone method |
has been principally used for the determination of lead in urine, which gives accurate results in skilful
hands but is usually complex and time-consuming.

Atomic absorption spectrophotometry is a new simple method and several procedures have been
described. However, the influences of pH and the presence of chelating agents during treatment of

‘ lead poisoning are not clear. The purpose of this study was to find out the effect of pH and chelating
agents on the determination of lead using Shimadzu atomic absorption/flame spectrophotometer, model
- AA-610.

The results obtained were as follows: .

1. The atomic absorption spectrophotometry(AAS) could be applied without prior acid digestion to
specimens in the absence of chelating agents. The absorbance at 2,170 A, though more sensitive, was
more noisy electronically, Therefore, we selected the wavelength of 2,833 A plus scale expansion.

2. The optimal pH was in the range from 2 to 3.

.3. The sensitivity was 0.075 pg/ml/% and detection limit was about 0.2 pg/ml.

4. In the presence of EDTA, lead could not be completely determined without prior acid digestion.

5. On specimens from patients receiving penicillamine therapy, a comparison was made between
the values obtained with dithizone method and AAS method with prior acid digestion. The results

of comparison showed a very good agreement.

* 2 A¥d o]&% Shimadzu atomic absorption/flame spectrophotometer, modelvAA-610, Nippon Denshi Ka-
gaku recorder U-126MN % Hitachi spectrophotometer, model 101 5-& <3 OTCA(Overseas Technical
Cooperation Agency) 9] 1z o3 A9,
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4% qo Fet A%zE dehle $2T A
solsh. @9 401 B4 »vh g = dee d
Ao st o5 4 MAHY Foleld Kehoeb (1972)
o nze e 85 o el4%e A3E8E 20~100
pg/1(3 T2 30 pg/D)ol . $1E &A= 200 pg/l 2t 2 3t
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A TFRAD, 1968).
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1. 7l >

1) Shimadzu atomic absorption/flame spectropho—
tometer, model AA-610

2) Nippon Denshi Kagaku recorder, U-125MN

3) Hitachi spectrophotometer, model 101

2. HAERIIY =3

1) =4 :2,834

2) lamp current: 10 mA
3 slit width: 0.1 mm

4) air pressure: 1.5kg/cm?
5

6) acetylene pressure: 0.4 kg/cm?

~

air flow: 10!//min

7y acetylene flow: 2.9!/min
8) scale expansion: 10—9.5
9) chart speed: 20 mm/min
10) response: 2

11) AA zero: 3.5—6.5

8 Al o

2E A7) FL 3B5%HNO, $oo) ¥u
& F FFa4z AR Ay

1) 2% (w/v) ammonium pyrrolidine dithiocarba—
mate (APDC): A}&& mjwte} =4 3ic).

2) methyl isobutyl ketone (MIBK):

FYe} Fol MIBK 8} Z548 2119 vl g2 9320
22 EUE T 1082 A5 +3¢ 2t v
2 MIBKZ=b #] %=t

3) 10% (v/v) triton X-100 4

4) 1.5M calcium chloride &<

5 ZFEHY

Pb(NOy), 320 mg & 3 &3] % Fste] mess flask o]
Y3 0.5% HNO; €98 s}5te 500 ml F4 744 2S5
Y (£Y 1mli= Pb 400 pg o &) F3v)).

6) TFA : 919 FELQAAN FFH4E shstd 20080
2 348929 1mle Pb 2ugel slgie}).

7) 3N-HNO, £

8) C-NH,0H

9) calcium disodium ethylene diamine tetra-acetate
(EDTA)

10) 33t : C-HNO,9} C-H,S0, & 5:29 v &g &
et

1) £4A4 : &7 =]2] GN-HCl & 25 m! & ¢
A 24A 7 S 24 E AF sl YA nastd.

147 "=

4. ME =

o3 471 W oz AYPsled AHAE
=39+t

{A¥ 1> dithizone ¥

USPHS ¥ (Keenan, et al.,® 1963) ¢ & -8319 ox
model 101& 4}

Az ¢a A

712 = Hitachi spectrophotometer,
234}
AY 2 HFAA T AR AAEFRY ¢
Selander $} Cramer® (1968)¢] wg A &3lg=h
AE D IAFAA & ST AR FRY
@ 3N-HNO,; %3 C-NH,OH & s}-&354 pHE
2.0~7.02.2 £A%ch. '
® 5%9 0.0, 1.5, 3.0, 6.0, 12.0, 18.0, 24.0, ¥
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AR 4T FHEE A
A¥EE 474 0.0,
2 2.0 pg/ml o 3%

30.0ml & 7247 544
o 30ml 2 gtep(e] FFEALY
0.1, 0.2, 0.4, 0.8 1.2, L6,
teh).

® AAE 44 0ml & &

@ AL AL 29 E
10% triton X-10084 1 m! 2} 2% APDC &9
7Fsta. A gt

® MIBK 5ml & 75tz 2
A4 2057F AA -2 gk

® MIBK 2% A4 4x§371¢ FFA2

(A8 4> EDTA o w5l & wAst7] $i3k A9 ¢

A D9 @3¢ ARE A 20ml o 5o
1.5M CaCl; € 0.6 m! & 7bgeh. = 99 A=
AL CAH A} 2ol

4 P

4

1. 2ZF HEMHol =M

1) dithizone ¥ ol ¢ 3}e] A 520 pm ol 4] v] 4 5} o]
Qe & ABAdL o 134 Zoket

2) (AF Do uile] sl YAFAHow oA
2,833A0 4] é)ﬁf& 25 AgAe 27 29 Asgkch

2. saol2sz(pl)e 4

0.667 pg/ml ] A& 9T AA-E AH&sted pH 2~7
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Fig. 1. Standard curve for lead obtained by dithi-
zone method (5ml! of dithizone solution was

used),
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Concentrotion of lead in sample , ug/mt

. Standard curve for lead obtained by atomic
absorption spectrophotometric method (5 m!

of MIBK was used).
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Fig. 8. Effect of pH on the " determination of lead
in sample without EDTA (Pb concentration

of sample was 0.667 pg/mi).

o s WA (38 Do) wow 4% BB A%
pHol e a9 sl4g& 23 33 2ok

3. EDTA B =gt ZHooisel $40 2550 o

oo B8

0.667 pg/ml o] 2 THF ARL A3t AF

459 e wjoz EDTA ¢ CaCl, &4& 7ista
pH 2~7¢] W3lel 4 oo #48e §4% A% =2

B 4sh 2o AA L A%l
4. Dithizone ¥ 1} RXIZRIY Q| ATHRH

5% Assta e 49 &
< g AAH &t

Penicillamine o 2 1%
w8 #3le] dithizone oz o

— 379 —



8

% Recovery

e

pH

Fig. 4. Effect of pH on the determination of lead
in sample with EDTA (Pb concentration of
sample was 0. 667 ug/ml).
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Fig. 5. Comparison of dithizone and atomic absorp-

tion methods for determination of lead in

urine.

F4L AR QAFIPAY o2 F AL 4]
Zte] ARAAS & A% 29 59 B HAHA
o WA

y=0.7524+76.35 A3 474 y= AFFHo 2R

gt 9F 9 B (pg/l)ola, = dithizone W oz &

g 8F 9 FE(ue/D)E e
1 &

1. 39 Ad )

AAFRE o 4T 99 EAL 2,1704, 2,8334,
4 4,057.8A B4 AATS gobz musel Yo}
1,067.8 A ol 4 = ZE} 7S wolq AEH A Bz Y
om ZFz 2,170A 3 -2,83A ¢ Agdm 3w

2,170A 4 Rxst o] Eomz wo| o] &¥ctz 3
S (REFHIF TH %>, 1972).

E AGA A WAL A gl 2,170A ¢ A% F
e o gl gigle, a0 2,833 Adl A & 2
= 2170A A8 JAx ot Al Eskeh
aelpz B AL 2,834 % 4dHsd 2E A
F& AAsgh

2. 3F AFAFH A=

28 29 BF AFAL ¥FL AL 108z
sl wE Zloleh o714 FEE nw 0.075 68/
ml/% = A Selander &+ Cramer® (1968) 7} ».3.8ra} 8§l
£ 0.02pg/ml/%u e} v]S gkow] ol E A
A A48T QAFFA Al A% Helztn 429
ool ® v AEE b FANEeEE 0.2/
ml(Z 200 pg/D 015t A TR AN A &
A 4 Q9w n5E d¢ ¥ AR 4824
R EIE

3. pHE 4% .

Selander $} Cramer® (1968) = APDC 2} MIBK 2 &
% 352 o AP A5 pHe ¥¥E 2.5~4.52%
w33y vt
2 Ao EDTA & z8alx @& HAe A%
23 314 Hi= Hlg o] pH 2~3¢] AW zA -
96% o149 d& ARTE 4 AP pH 3 o] el A=
A9 g AR Fas7] AAste pH ¢4 o] A A
 oF Ao 90% ol skt A #E Sl

aeleg d& A%FE W AAe A4 pHE 2~3
AE gF I

4. EDTA ¢ o &

dFE0 2 8H 243 EDTA, BAL @ penicillam-
ine 52| chelate A} 9Fo] 22l x5 gl om o] chelateA]
e 7o) A o] Asvh. vl =z o] 3k chelate
Aokt AgE 9 A Aoz PN E =
Aol W83l &84 Qvt. =8y Zinterhofer &7
(1971) & 3 A 7= £33 A& 4 &3ta EDTAs
A¢d 94¢ AFT 5 Aok aagen, B o T
AE olel HAL Az 28 PP HEsle] nghel.
2= ek Catts 7}sta pHE <F 5.53 =Ado
24 EDTA S A¢d 9& 100% 284548 4+ o
I oetgot, £ APAFAdAA L 27 404 nE= ule}
7ol pH 2~79] WUl 4 85% olsle 4Auke 7 F
T+ gtk .

o] 712 EDTA ¢} 43}9] chelate § 47 4 (pK=18. 2)
7} EDTA 9} Ca**3}e] chelate A3 A 5 (pK=10.6) n
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vt 2=z EDTA9 odg 94z Hed 4 97«
Tolztz AZEH o] EAE #AsH] HAsldEs go
2 0% BI9E AT ol FlAok & Holvh. 29
232 chelate A2k dF %9 AzA = 283 A9,
85 A AFFud = vt S desivin
A 7tg o

o] & Z£937] ¢35l penicillamine & =] 84 2 A}
43tn At AHREe] 44g dAez dithizone Y3}
34 & ANAAFSELE 445 98 A5
ARDAE 2 A 27 504 Bz vl o] Wi &
o3t ARAAE ehl ek

5. triton X o] og

chelate 2]k 414stx e A5, 34T 4
25l A gk woll = triton X & AF&3 oF o} o]
W Fol AFe) 2d8e] Yo Al sl A9
27} el El =2 triton X & Y75t Al 7o Alzet
23 3k7] )3 Aelch

mlo A pr

= | 2

AAFHE L o] &5t £F A& A Bt
g 7hx] Adxtell st AT A oo Fe AR
£ 4=k

1. %4 2,170 A =} 2,833A ¢] o] delelgc

2. 2 AxEFEF7L Qe A A== 0.075 pg/mi/ %
2A - dgtemzw 9% AFE 0.2p8/ml 0|5}t

LW 74%%¥71 iﬂﬂg’m.

5. 4¢ 9 el A3 AFR pHE 2~39
CEPES
4 43S A2A 24 chelate Akg Ag3he 4%

9 85 Qd%e BT ool YAFPEL 2=

#8342 4 Fe4 g9
5. penicillamine & A}-&3}%=
AR L AR Yx§FF4 3} dithizone ¥ o7
3 w¢ fol dAWAE wych
6. chelate X k& 2143t & =) triton X & 4}
$gozd IsA9 e A2 4 At 1:
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