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— Abstract—

Determination of Inorganic Mercury in Urine and Airborne by
Cold Vapor Atomic Absorption Spectrophotometry

Doe Suk Oh, Se Min Oh

Industrial Safety and Health Research Institute, Korea Industrial Safety Corporation

Inorganic mercury in urine and airborne was determined by cold vapor atomic

absorption spectrophotometry.

Detailed sampling methods and analytical results are as follows:

1. 100~200m! of urine for each person was taken in 250 ml borosilicate bottle and
K2S20s (0.1g/100ml urine) was added to prevent bacterial contamination. About 100l
air of workingplace was absorbed in 10ml of absorbing solution. Urine samples and
absorbing solution tubes were stored at 4°C. Dillution solution to prepare standard
solution used deionized water (D.W) for urine and absorbing solution (A.S) for air.

2. In this procedure detection limit was lng/ml and mercury contents of blank

reagent solution was 1~2ng/ml.

3. Calibration range was 0.02~0.1 #g/ml and in this range r.s.d for each calibration

curve in D.W and A.S and +£7.9% and £3.7%, respectively.

4. Repeatability (n=5 times, conc. 0.05 #g/ml) was £5.8%, in D.W. and +4.4% in

A.S, respectively.
5. Recovery for urine adding spiked concentration (0.05xg/ml) was about 90%.

6. Analytical result of samples was 1~139 #g/l in urine and ~0.127mg/m’ in air-

borne.

Key words © cold vapor atomic absorption spectrophotometer, elemental mercury cold

vapor, reduction vaporization
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1. 7171 & 717

B2 247 : ATAGO Uricon. Jap.

Atomic absorption spectrophotometer ; GBC-
902. Austr.

Printer ; EPSON LX-800, Jap.

Reactor : GBC HG 900

Quartz cell ; 15cm

Hollow cathode lamp ; Hg

2 AN <%

HgCl, ; Hayashi Pure Chemical Industries, Ltd,
Jap.

Potassium persulfate (pps), K2520s; BDH Che-
micals Ltd. Engl.

L-Cysteine. HCI; A 8&(F), Jap.

SnCly2H;0 ; Hayashi Pure Chemical Indus-
tries, Ltd, Jap.

CdCly; =3 88HF), Jap.

NaOH ; &3 &3 (F), Jap.

¢.H,80, :95% Shinyo Pure Chemicals Co, Ltd

KMnO, ; Kokusan Chemical, Ltd.

Hydroxylamine hydrocholoride, NH,OH « HCI;
gk F), Jap.

Storage reagent; Potassium persulfate

0.1g/100ml urine
Absorbing soln (As); KMnO.lg, D.W 50ml,

¢ H:50:5ml/D.W 100ml
Stock standard soln (S.S), Hg 1000 gg/ml ; Hg-
Cly 1.35g/1 1% HNO,,

3. BMTEA

Mercury lamp current 3mA
Wavelength 253.7nm
Slit width 0.5nm
Flow rate (N3) ca, 1l/min
Reaction time 90sec
Integration time 0.3sec

4, EMEX
B AMEE FHE 29 13 2
5 EME

1) w24

#FH71EEA wEx

22 10ml, Bole 10ml w28 718 A Fg
£ 41 3% Cysteine 89 Iml, & 5ml
( 5A gol 2, AFA BELH), 0% F
gl 1mlE 7Ighd AEHAA 10% SaCle—
CdCLE® 1ml ¥ 45% NaOH £ 3mlE W
#F grezol vl E & Hed o
vhe (vl )F AALEE

902
22 B2 294 277 237

£ 10% 8N 10ml,

do 12 rZ op



Nz cylinder - Reactor (50ml) Spectrophotometer Printer
Drain Hg vapor recovery

Fig. 1. diagram of the apparatus used for cold vapor determiation of mercury
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Table 1. Sensitivity (s) and detection limit (D.L) using working standard solution(0.0% pg/ml) in D.W and

absorbing solutton.

Niose, ST. conc. ST. Abs. S DL

N { #g/ml) { g/ml) (pg/ml)
D.W 0. 001 0,05 0. 094 0. 002 0.001
Absorbing soln 0. 001 0.05 0.126 0. 002 0.001

5=0.00436 XST. conc./ST. Abs.
DL.=2NXST. conc./ST. Abs.

Table 2. Mercury concentration in blank reagent test using D.W (a) and absorbing solution (b)

reagent+a {or b)

ST. soln (0.05 geg/ml) Mercury conc, pg/ml

No Noise, N
A A-N B B-A {A-N)/(B-A)X0.05
a—} 0.001 0. 005 0. 004 0.126 0.121 0.002
a—2 0.001 0. 003 0. 002 0.120 0.117 0.001
a—3 0.001 0. 003 0,002 0.126 0.123 0.001
b—1 0. 001 0.003 0. 002 0.187 0.164 0.001
h—2 0.001 0.007 0. 006 0.138 0.131 0. 002

Table 3. Relative standard deviation (r.s.d) of calibration curve for standard concentration (0.02, 0.05, 0.1 4

g/ml) in D.W. and absorbing solution.

solvent & Abs. DW Absorbing soln.
conc.{ ug/ml) SA SA-BL (SA-BL)/cone. SA SA-BL {SA-BL)/conc.
BL 0.05 — = 0. 003 =
0.02 (. 042 0. 037 1.85 0.052 0. 049 2.45
0.05 0. 099 0, 094 1.88 0.129 0.126 2.52
0.1 0. 167 0.162 1,62 0.237 0.234 2.34
x 1.78 2,44
a 0.14 0.09
rsd{%) +7.9 +3.7
Abs
Wele 2 ojvizh ok, 5,58
2. BAHAOIM| s 0
TAEAME FEEEES Smidl4l DW <
F54E 247 oml¥ wbgze A48 & 94X o
A% % 9§45 2ATge] me} 2Assn ol
o)m Noise(N)i= wh3A] 53 44 % H3 Aoy '
FHEGIT BEde (A, B) ANy ,
g F4% grolth EHAT DW L E40e A} eonc, { #g/ml}
£3 FAPANA T 1~ 2ng/m14 o0 7 o Py ‘0'1
EHAh 3 A #29 2o Fig. 2. Calibration curve for standard solutions
3. HaM (0.02, 0.05. 0.1 pg/ml)
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Table 4. Repeatability of standard solution (0.05 #g/ml) in D.W and absorbing solution

No D.W Absorbing soln. Rearks
+In uriné
Magel(1984):
1 0.121 0.165 4%{0.0 pg/ml)
2 0.117 0,149 Littlejohn(1976);
3 0.135 0.152 7.5% (0. 005 geg/ml)
4 0.11% 0.163 Lindstedt(1970);
5 0.125 0.159 7%0. 04 geg/ml)
*In air
NIOSH Manual{1984);
sr=0, 061
x 0.123 0.158
o 0,007 0. 007
rsd +5.8 +4.4
(%)
T8 RELNY F=740.02, 0.05 0.1 pg/ml ssium persulfate$} #&9 F=& ZZ 0

234 weh FFAE &

L02~0.1 pg/mlB S| A M Ado] 2
oA Aade tE rsds

IH +7.9%, FTdAA £3.7% ATt 9
= E 3% 39 28 2k

4. TN

Ry fat i

FEEFEEY 0,05 pg/mlE o] &3t A&s]A
2 A% rsd= DWAlAM L5.8%, B
Aol A £4.4% %) o Biaes T 49 £}

5 % :{'\._CI
B A A e #7e F2k2 22 borosilicate
el oF 300mlE AHFEG. AAE =8 258

stel shi3 dRge 2ATUol 4o Alge)

Aor, F& Lole potassium persulfateS 0.

1g/100ml, 0.05pg/mlEAE F 4CHFe] B
BaEA EAo Apgetgth. EAdH n FA

HAol e $&0] 79 A&HA @gkon 7)7
Ze] Feg ¥e n(0.05xg/ml)dME FEE

FEN(0.05 2g/mb) 3 WA ¢ 10%2A ZE
Heoh 3 Z#3e= E 59 7o

Hedh B4 W) o& Aty & 2 =g
2o F2E AT SFd e o BENAT
= #6-1 ¥ ®6-29) g},

N. & 2

FEE, Hadle YA 2 AgAAMe

&g A7 Yl B dd e 3aEs] 9

lg/100m! ¥ =2 7tste 4T WA zd nsly b2 (cold vapor atomic absorption spec-
mEAddez A o2 3 pota- trophotometry) 2 Al&8te] & @ Z7)Fe 27

Table 5. Recovery in urine

e D.W blank  Ursine blank ST. 0.05 peg/ml urine+0.05 gg/ml Recovery

1me

- (A) (B) C C-A D D-B (D-B)/(C-A)x100%

within 2 hr 0.003 0. 004 0,124 0.121 0.113 0,109 90.1

after 26 hr 0.003 0. 003 0,122 0.119 0.109 0,106 89,1

after 50 hr 0.002 0.003 0,113 0.111 0,100 0,98 88.2
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Table 6—1. Inorganic mercury conterts in uriue Table 6-2. Inorgnic mercury contents in Airborne

Mercury content Mercury content Mercury content Mercury content
Sample No. (el Sample No. (/) Sample No. (o] ample No. it
BK Industry P.U Industry Ul Ld PS Ltd
1 6 1 8 i 0.004 1 0.001
2 6 2 7 2 0.017 2 T
3 25 3 6 3 0.014 DJ Lud
4 7 4 15 4 0.012 1 -0.002
5 41 5 13 5 0.003 2 0.003
ORET Elec. 6 18 6 0.017 RRT Elec.
1 18 T 6 KD Glass ware it 0.002
2 22 8 4 1 0.043 2 0.003
3 15 9 8 ORET Elec. 3 0.074
4 17 10 11 1 0.051 4 0.075
5 27 11 13 2 0.082
6 11 12 23 3 0.016
7 32 13 9 4 0.024
8 31 14 15 5 0.046
9 71 15 14 6 0.035
10 33 16 6 7 0.037
11 28 17 7 8 0.027
12 62 NSD Co. 9 0.023
KD Glass ware 1 11 10 0.127
1 139 2 20 BK Chem Ltd
2 114 3 16 1 0.041
3 105 SE Lud 2 0.079
4 85 1 22 3 0.035
5 68 2 18 4 0.062
UI Gage 3 14 PU Industry
1 22 4 12 1 0.015
2 25 5 7 2 0.016
3 31 PS Lid 3 T
4 45 1 5 NSD Co.
5 45 2 1 il 0.016
6 7 3 2 2 0. 003
7 42 4 14 SE Lud
8 2% DJ Ltd 1 0.012
9 40 1 11 2 0.007
10 19 2 8 3 0.022
1 92 RKT Elec. 4 T
13 28 1 22 5 0. 006
14 86 2 47 6 0.005
15 9 3 13 Remarks : Mercury. as Hg-skin: TWA 0.05mg/m* (except alkyl
16 41 4 30 S50

Remarks : Threshold to patient: >30 gg/ml
a1, 37 F5Y 1mle ¥ dUAA &

T&& B4 10018 FJAA AHAF BF 4C Y22 23
BN 93] L& borosilicate® ol <F 100~ StHEA Ao AMEE AT B BAoA AL
200mlE HFF K,S,05(0.1g/100ml urine) & 7} W oz Az AlgE 2MZ dAE 1~139
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pg/ml(AE3A =58 d5F #1703 F7lF
2. >300pg/ml), F71FAME ~0.127Tmg/m’
(3l 8% 5 . =204 AH91-213. TWA 0.
05mg/ ) A &=

v pawdes x4 3739 see
Agaeld BT Wl 2N & Aok @

o2 #&& HIdte A disf RASH
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