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Biological monitoring of workers exposed to dichloromethane,
using head-space gas chromatography
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Abstract

A biological monitoring method for urinary dichloromethane (DCM) has been developed by using head-space gas
chromatography with FID detection. The calibration curve is linear in a wide range of DCM levels between 0.01 and 2 mg/1.
The recovery rate is almost 100% and within-run coefficients of variation are 2.9-3.7%. A highly significant correlation is
found between exposure levels and urinary concentrations of DCM. Determination of urine DCM by this method has many
advantages such as sample storage, no need for correction of urine concentration, absence of gender difference and also no

confounding effect of glutathione $-transferase T1 polymorphism.

© 2002 Elsevier Science B.V. All rights reserved.

Keywords: Dichloromethane

1. Introduction

Dichloromethane (DCM) is widely used as an
industrial solvent in activities such as paint stripping,
food processing, and agriculture. The use of DCM is
increasing as a replacement solvent for 1,1,1-tri-
chloroethane as its production ceases. The solvent,
chlorinated hydrocarbon is known to be toxic to the
central nervous system at high exposure levels [1].
Carcinogenicity of DCM has been also reported in
mouse lung and liver [2] and there is suspected
carcinogenicity in human liver and kidney [3]. As
much as 70% of inhaled DCM is absorbed by the
pulmonary route. Of the absorbed DCM, 25-34% is
excreted as a metabolite, CO, and less than 5% is
eliminated unchanged in the expired air [4}.

*Corresponding author. Tel.: +81-3-3742-7301; fax: +81-3-
3743-9082.

E-mail address: opc@msabiglobe.ne.jp (T, Sakai).

DCM is metabolized in two alternative ways. The
substance can be transformed by means of cyto-
plasmic enzyme, glutathione S-transferase (GST)
with glutathione as a co-factor into formaldehyde
[4], which is suspected to be a potentially genotoxic
intermediate [5]. The GST isoform which is respon-
sible for the transformation is primary GSTT1
(GST01) and may be GSTM1 to a small extent [5].
The oxidative transformation of DCM takes place via
the microsomal enzyme, cytochrome P450 2E1
(CYP2E1) [4]. A deletion polymorphism of human
GSTT1 results in total loss of activity towards DCM
in vitro [3]. Polymorphisms of CYP2E1 in 5'-flank-
ing region base have also been known to alter the
metabolic rate of xenobiotic compounds in human
[6].

The end products of DCM metabolism in humans
are carbon monoxide, carbon dioxide, formic acid,
and inorganic chloride. Carbon monoxide binding to
Hb (COHb) has been proposed as a biological

1570-0232/02/$ - see front matter © 2002 Elsevier Science B.V. All rights reserved,
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monitoring index [4]. However, difficulties occur in
distinguishing the COHD levels due to the occupa-
tional exposure to DCM, from those caused by
smoking.

The aim of this study is to examine the possibility
of biological monitoring of DCM in urine, using
head-space gas chromatography (HS-GC). The con-
founding effects of physiological and genetic factors
on the urinary DCM levels are also investigated.

2. Experimental
2.1. Chemicals

Carbon disulfide was obtained from Wako (Osaka,
Japan), and DCM was from Tokyo Kasei Kogyo
(Tokyo, Japan),

2.2. Biological materials

Subjects were 95 workers (50 men and 45 women)
with occupational exposure to DCM in a printing
factory. DCM was used for washing the printing
machine and removing ink. Spot urine was collected
at the end of the afternoon shift. In addition, spot
urine samples were also collected continuously
throughout the work shift and thereafter until the
following moming from some workers who con-
tinued to work after the dinner break.

More than 50 ml of urine were voided into a
disposable sample cup made of paper. Air levels of
DCM in the room were decreased as low as possible
to avoid DCM contamination into urine. Utine was
transferred into and filled up a 16-ml glass tube
(screw-cupped with a Teflon septum) as soon as
possible (within 1 min) after sampling. Pure water
instead of urine was used to test that the cup and
tube were free of DCM. Thus these materials were
not sources of DCM contamination.

The urine samples were kept in a refrigerator until
analyses which were mostly carried out on the
sampling day or on the following day at the latest.
Some of the urine samples were analyzed 4 days
after sampling to examine the effect of sample
storage on the urinary DCM levels.

2.3, HS-GC determination

Urnary DCM was determined by GC equipped
with a flame ionization detector (GC-FID) using
head-space gas method. A 1-ml sample of urine
sample was put into a 20-ml head-space GC vial
(Perkin-Elmer, Notfolk, CT, USA). After the vial
was kept at 60°C for 30 min (thermostat time),
head-space gas was injected into GC-FID (Model
GC-17A, Shimadzu, Kyoto, Japan) connected to an
automnated head-space air sampler (Model HS-40,
Perkin-Elmer), whose pressurized, injection and
withdrawal times were set at 3, 0.1, and 0.5 min,
respectively. The capillary column used was DB-624
(60 m long, 0.32 mm LD., 1-um film thickness;
J&W Scientific, Folson, CA, USA). Injector and
detector temperature were set at 200 and 250°C,
respectively. The column temperature was pro-
grammed from 60 to 180°C at 10°C/min. He gas was
used as the carrier at a constant pressure of 0.13
MPa.

Before and after the determination of a series of
samples (usvally more than 30 bottles corresponding
to 10-20-h intervals), three bottles of standard (2
mg/l in distilled water) were used for calibration.
The levels of both standards were not significantly
different.

2.4. Air sampling and GC determinarion

The time-weighted average (TWA) concentration
of DCM vapor in the breathing zone of individual
workers was measured by a diffusible sampling
method, using 3M personal monitoring badges
(#3500 or #3520, 3M, Tokyo, Japan). The badge
was attached to the worker’s collar during the
afternoon work shift. The absorbed DCM was ex-
tracted immediately after sampling, with 1.5 ml of
carbon disulfide from the carbon felt of the badge.
For the determination of DCM, 1 ul of the extract
was injected into GC~FID (Mode! G3000, Hitachi,
Tokyo, Japan). The capillary column (TC-WAX, 100
m long, 0.53 mm LD., 1.0-um film thickness; GL
Science, Tokyo, Japan) was used for the analysis of
DCM. Injector and detector temperatures were set at
150 and 180°C, respectively. The column tempera-
ture was programmed to be 50°C for the initial 10
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min, then increased from 50 to 100°C at 2°C/min.
He gas was used as the carrier at a flow-rate of 7
ml/min.

2.5. PCR and polymorphism

Venous blood was collected with EDTA-2K from
42 workers for the extraction of genomic DNA. The
study procedure was explained to all workers and
their informed consent was obtained. Genomic DNA
was isolated from blood samples (0.5 ml) by a DNA
extractor kit (Wako, Osaka, Japan). CYP2ElL poly-
morphism (¢l and ¢2 alleles) and null type GSTT1
and GSTM1 were determined by the method of
Hayashi et al. [7] and Kempkes et al. [8], respective-
ly, using PCR. The DNA amplification was carried
out using a Thermal Cycler (Omuni gene, Hybaid,
Teddington, Middlesex, UK).

3. Results
3.1. HS-GC detection

HS-GC detection of DCM in urine from workers
is shown in Fig. 1. In the urine from workers
exposed te the solvent, the DCM peak appears at
~5.75 min and is clearly separated from other
components of head-space gas, such as acetone. At

DCM

et

peetre

........
.......

R
S MRertre e
rat
.
.

4.0 5.0 . 6.0 (min)

Fig. 1. Head-space gas chromatograms of DCM. (a) Distilled
water, (b) control urine, (c) exposed urine, and (d) standard DCM
in distilled water (0.5 mg/1).

the DCM retention time, no or little peak is found in
urine from a control subject and distilled water
{(DW). Increasing amounts of DCM added to urine
and DW show a straight line from 0.01 to 2 mg/!
(Fig. 2). The both lines are exactly coincident,
indicating that the rate of recovery is constant in a
wide range of DCM concentrations. Recovery rates
of DCM added to control urine (0.6 mg/l) were
99.8+5.3% (n=10). The detection limit was ~0.01
mg/l (S/N=2). When 0.5 and 0.05 mg/]l of DCM
were added to control urine, within-run coefficients
of varation (CV) were 2.9 and 3.7% (n=10),
respectively.

3.2. Urinary DCM

Fig. 3 shows the DCM concentrations before and
after storage of urine for 4 days, when the urine from
workers was examined on the sampling day and 4
days later. If the urine is fills more than 95% of the
volume of a glass tube (screw-capped and Teflon-
sealed) and stored at 4°C, urine can be stored at least
for 4 days with little loss of DCM levels.

There is no DCM peak in the control subjects not
exposed to the solvent, although trace amount of
DCM (less than 0.01-0.02 mg/l) might be detected
in some subjects. Urinary DCM increases rapidly

3000

2000

Area

1000

DCM (mg/I) .

Fig. 2. Calibration curves for DCM in distilled water (DW) and
urine from a non-exposed subject. SD is shown in triplicate
Mmeasurements.
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o
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4 days after sampling

0 0.3 0.6
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Fig. 3. Relationship of urinary DCM levels (mg/1) determined
before and after storage of urine for 4 days at 4°C,

with the start of exposure to DCM in the moming
shift and decreases immediately during the lunch and
dinner breaks (Fig. 4). The biological half time of
DCM excretion is calculated to be 210-400 min
from the diminishing curves of three workers after
work until the following morning,

0.8
A
En N ," R
—~0.4 't' Y- %\\
3 . N
a a
1y, Az~ A

& |

L] 10 15 20 25 30 35
Time (Hours)

Fig. 4. Time course of urinary DCM levels of three workers
during and after exposure to DCM. Bold lines indicate exposure
time.

1.2

0.6

Urine DCM (mg/1)

0 150 300
Air DCM (ppm)

Fig. 5. Relationships between urinary and air DCM levels: y=
0.0037x+0.0545 (n=96, r=0.924).

3.3, Correlation of urinary DCM versus exposure

Highly significant correlations are found between
exposure levels and urinary concentrations of DCM
(Fig. 5 and Table 1). There is no significant differ-
ence between gender in the correlation (Fig. 4B,C).
Both the slope and intercept are similar in male and
female workers. Correlation coefficients of urinary
DCM versus personal exposure levels are not im-
proved by correction with specific gravity or
creatinine (Table 1).

Even if the workers are divided into two groups
with or without GSTT1 gene, correlations of expo-
sure levels versus urinary DCM are not significantly
different from each other (Fig. 6). Because the
numbers of workers GSTM1 positive are éxtremely
small in comparison with null type GSTMI1, differ-
ences in the GSTM! polymorphism could not be
clearly determined in the present examination. When
the workers are divided into two groups by CYP2E!
genotype, the slope of regression equation of the
workers with c2 allele is slightly lower than that of
¢1 homozygous workers. However, the difference is
not significant.
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Table 1
Correlation equations of urinary DCM versus air DCM levels
] ¥ a b r

Total mg/1 0.0037 0.0545 0.924

(n=9%) mg/1 (SG) 0.0032 0.0725 0.690
mg/g (Cr) 0.0029 0.0655 0.671

Male mg/1 0.0038 0.0442 0.887

{(n=50) mg/1 (SG) 0.0028 0.0652 0.611
mgl/g (Cn) 0.0021 0.0744 0.430

Female meg/l 0.0036 0.0680 0.941

(n=45) mg/l (8G) 0.0032 0.0980 0.712
mg/g (Cr) 0.0031 0.0864 0.751

¥y =ax+b (x, ppm), Cr, creatinine; SG, specific gravity.

1.2 - -
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Fig. 6. Relationships between urinary DCM and air DCM levels.
(A) Workers with GSTT1: y=0.0039x+0.0308 (n =21, r=0.963),
(B) workers without GSTTL: y=0.0036x+0.0557 (n=21, r=
0.831), (C) workers without CYP2EL ¢2 allele: y=0.0039x+
0.0364 (n=28, r=0.940), and (D) workers with CYP2E] ¢2
allele: y =0.0034x+0.0621 (n=14, r=0.904),

4. Discussion

The present study has shown that urinary DCM
can be simply determined by HS-GC with FID
detection. The detection limit of urinary DCM was
found to be 0.01 mg/l. The method was sifficiently
accurate to detect solvent exposure, since the urinary
concentration of DCM corresponding to threshold
limit values (TLV) of 50 ppm [9] was estimated to
be 0.24 mg/l from the equation in Fig. 5. Although
trace or small amounts of DCM were detected in
some control subjects, the levels were near or less
than the detection limit (0.01 mg/l), which was
almost 1/10 of DCM levels of the workers exposed
to the TLV level.

In the present study, good correlations between
urinary and exposure levels of DCM were obtained
(Fig. 5). The comelation coefficient in the total was
high at 0.924, which was compatible with that
reported by Ukai et al. (r=0.865) [10]. They ex-
amined 61 workers (46 men and 15 women) exposed
to DCM, and reported the correlation equation of
y=0.00372x+0.0173, between TWA concentration
of DCM (x, ppm) during a 4-h afternoon shift and
DCM in the urine {y, mg/1) at the end of the shift.
These correlations were nearly same as that found in
the present study. Ghittori et al. reported a significant
relationship between urinary and air DCM levels
[11], although the correlation equation is different
from the present one and also from that of Ukai et al.
(10].

Correlation of urinary DCM versus personal expo-
sure levels is not only improved but also rather
decreased by correction with specific gravity or
creatinine (Table 1), indicating that spot urine should
be useful for the evaluation of DCM exposure
without any correction. In the data of Ukai et al.
[10], correlation was not improved by correction.
Lessened correlation following correction with spe-
cific gravity or creatinine was reported in many kinds
of solvent exposure, such as methanol [12}, methyl-
ethylketone [13], acetone [14], and toluene [15]). In
toluene exposure, correlation of hippuric acid versus
exposure level was improved, although correction of
urinary toluene did not improve the correlation [16].
In general, solvent excretion in urine may not be
affected by water balance, although the metabolites
may be. '
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DiVincenzo and Kaplan [4] reported the time
course of DCM in blood of volunteers after cessation
of exposure, indicating two or more phase of de-
crease. For 2 h after exposure, DCM in blood
decreased very sharply but thereafter the decrease
© was slower. From this, two or three phases in the
decrease of DCM in urine can be presumed. In the
present study, however, we could not collect the
urine from the workers, because they worked over-
time uatil 10 p.m. It was very difficult to collect
urine at midnight from the actual workers. If we
have the chance to collect urine consecutively after a
work-shift, we would like to try further to obtain
more precise data on the many-phase decrease of
urinary DCM.

The presence or absence of GSTT1 gene had no
effect on urinary excretion of DCM (Fig. 6). The
finding confirms that the GST route seems only to
become important at doses above the saturation
levels of the p-450 route (more than 500 ppm) [1].
The exposure levels of workers in the present study
were less than 300 ppm. However workers with
CYP2EI c2 allele showed slightly lower slope of the
correlation compared with the c1 homozygous work-
ers, although the difference was not significant. The
slightly lower slope of correlation of urinary versus
air DCM may be due to the fact that the ¢2 allele
shows a greater transcriptional rate, protein level,
and enzyme activity {6], compared to the c1 allele.
The differences in excretion of DCM into urine
between the cl/¢2 polymorphism should be further
examined at low exposure levels Jess than 500 ppm
of DCM.

5. Conclusions

For the biological menitoring of workers exposed
to DCM, simple determination of urinary DCM has

many advantages such as sample storage, no need for
the comection ‘of urine concentration, absence of
gender difference and also no confounding effect of
GSTT1 polymorphism.
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Abstract

The chjectives of this study were to develop the simple method of datermining lead in plasma (PbP), whole
blood (PbB), and urine (PbU) by inductively coupled plasma mass spectrometry (ICP-MS), and to examine the re-
lationships among the three indices of lead exposure. Venous blood treated with heparin and spot urine was col-
lected from 69 male lead workers. For ICP-MS analyses, plasma, whoele blood, and urine were diluted 5, 50, and 80-
fold, with nitric acid solution, respectively. PbP, PbB, PbU were also detarmined by the method of atomic absorp-
tion spectrometry (AAS). PbB and PbU determined by ICP-MS were close to those by AAS, however, PbP levels by
AAS were more than 2-times higher than those by ICP-MS. PbP and PbU levels logarithmically increased with ele-
vating PbB. A linear relationship was found between PbP and PbU. PbP, PbB and PbU were simply measured by
ICP-MS, and the logarithmic or linear relationships were found among those indices.

(JJOMT, 51 : 560—57, 2003)

—Key words —
Lead, Plasma, ICP-MS

Introduction

In blood, more than 98% of the lead are found in blood cells'®. Plasma lead (PbP) has an important role in lead
metabolism, where it is the active center of the body lead pool, although the concentration is very low levels. PbP
is equilibrates with the extra-cellular peol and is directly involved in all the movements of lead among the different
biological compartments”. Thus, lead in plasma circulates in the body, affects the body lead burden and causes the
toxicity of lead in some soft tissuies, such as bone marrow, kidney brain and so on. _

The levels of PbP are sharply elevated with a sudden intake or acute exposure to lead and rapidly diminished
by time elapse from it”, indicating that PbP is an index for very recnt exposure®. The chelatable lead excreted in
urine (MPbU) is considered to be an excellent measue of potentially toxic fraction of the body lead burden®, and
usually determination in urine collected for 24 hs after calcium disodium ethylenediamine tetraacetic acid (Ca
EDTA) administration®. Recently, Sakai et al”. have report that PbP concentration at 2 hs after the start of CaED-
TA injection (MPbP) is well correlated with the amount of lead excreted in urine for 24 hs thereafter, and is a use-
ful measure for the chelatable lead.

Thus, PbP as well as MPbU are very impotrant indices of lead as exposure, distribution, and health risk. How-
ever, the concentration of lead in plasma or serum is not routinely measured, so far. One of the main reasons is the
very low conecentration of PbP, which is difficult to determine by atomic absorption spectrometry (AAS). In the
AAS techniques, it needs troublesome procedures of chelation and extraction”, which might result in contamina-
tion of samples with exogenous lead.

Recently, a highly sensitive instrument, inductively coupled plasma mass spectrometry (ICP-MS), has been in-
troduced for the measurement of lead in plasma or in serum®'”, Lead in whole blood (PbB) and in urine (PbU)
can be also determined by ICP-MS more exactly than AAS®® ™2~ |

The aim of the present study is to establish the ICP-MS method for the determination of PbP, PbB, and PuU
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in lead workers. We have also investigated the relationships among the three indices of lead exposure, using ICP-
MS.

Materials and Methods

The subjects were 69 male lead workers (25-61 years old, mean 43 years). They were employed in a battery
smelter and a glass factory. Venous blood (n=69) and spot urine (n=49) were collected during their physical ex-
amination. Urine was collected in acid washed polypropylene cups. Venous blood was drawn from the cubital vein
into an evacuated and heparinised 5 ml tube (Terumo, Tokyo, Japan). Plasma was separated by centrifugation (10
min, 1,200 g ) within 30 min after the sampling and transferred into acid washed polypropylene tubes. The samples
of blood, plasma, and urine were stored at —20°C. The analysis was carried out within 3 months after sampling.

Standard solutions containing a single element (1,000 mg/) of lead and bismuth were purchased from Wako
Pure Chemicals {Osaka, Japan). Ultra pure nitric acid (Tama Pure AA-10) was purchased from Tama Chemicals
(Kawasaki, Japan). Distilled pure water (DW) was prepared by filtration of distilled water through a Millipore-Q
system (Millipore Japan, Tokyo, Japan). :

For preparation of sample of solutions for ICP-MS determination, whole blood (30 ul) was hemolyzed with
270ul of DW, then well mixed with 1.2 ml of nitric acid (0.15 N). Plasma (300 pl) was well mixd with 1.2 ml of nitric
acid (0.15 N). Plasma (300 ml) was well mixed with 1.2ml of nitric acid (0.15 N). Thirty microliter of bismuth ni-
trate (500 pg/l) was added to each sample as an internal standard. In the same way, 30 ! of urite was well mixed
with 2.4 ro] of the nitric acid and 50 pl of the bismuth solution was added to each sample.

ICP-MS (Model PMS-2,000, Yokogawa Analytical Systems, Tokyo, Japan) was used for the analysis of lead in
the sample solutions. The operating conditions were as follows : RF power 1.2 kW, plasma gas 14 I/min, auxiliary
gas 11/min, carrier gas 0.98 I/min, and sample uptake rate 0.4 ml/min, respectively. The selected isotopes *Pb and
**Bi were monitored at three points per peak. The dwell time was 10 ms/point for both Pb and Bi. They were
scanned 50 times in a determination. One sample was determined 3 times and total analytical time was 9.6 second.
The average of five replications was used for calculations. The instrument was calibrated against spiked plasma
(+10 and +20 pg/1), whole blood (+500 and +1,000 ug/1} and urine (+100 and +200 ug/I) samples.

In all 69 workers, the lwvels of PbP were determined by the method of ICP-MS. For the comparison, 19 out of
69 lead workers were determined by the method of DeSilva®, using graphite furnace AAS (Model Z-8,000, Hitachi,
Tokyo, Japan). For the corparison, PbB was also measured by both ICP-MS and graphite furnace AAS in 53 out of
69. PbU was determined by ICP-MS in 49 lead workers. In 15 workers of them, PbU was analyzed by the method of
Ushio et al'. using flame AAS (Model Z-8,000, Hitachi, Tokyo, Japan) for the comparison. For the external quality
control of PbB determination, our laboratory was involved in the Quality Control Program conducted by the Na-
tional Federation of Industrial Health Organizations, with the support of Ministry of Labor, Japan. PbU was cor-
rected for creatinine concentrations. Creatine was determined by the method of Jaffe with the “Creatinine Deter-
mination Kit” of Wako Pure Chericals {Osaka, Japan).

Results

Fig. 1 shows the calibration curves of PbP, PbB and PbU in ICP-MS analyses, indicating ICP-MS has a wide dy-
namic range in every determination. In the method of ICP-MS, the recovery rate of PbP was 105.9 + 4.3%, when 10
ug/1of Pb was added to 20 plasma samples (PbP range : 0.34-17.18 pg/1). The mean recovery rate of PbB was 100.0
x 1.2% when 500 pg/1 of Pb was added to 12 blood samples (PbB range : 42~679 pg/1). In the same way, the re-
covery of PbU was 101.5 + 2.2% when 200 pg/1 of Pb was added to 8 urine samples (PbU range : 7.3~200.8 ug/1,
creatinine concentration range : 48.9~193.9 mg/dl).

Table 1 indicates the comparison of mean and range of PbP, PbB and PbU determined by ICP-MS and AAS.
Fig. 2 shows the comparison of PbB, PbP, and PbU by the two methods, ICP-MS and AAS. PbB values determined
by ICP-MS are well correlated with those by AAS. The PbB values of two methods zre almost the same (Table 1).

Although, PbU levels determined by ICP-MS are slightly high in comparison with those by AAS, the correlation
coefficient of PbU levels by both the methods is also high (r=0.934). This indicates that PbU measurements by both
the methods can be comparable. The mean levels of PbP measured by AAS are more than 2-times higher than those
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Fig. 1 Calibration curves of PbP (A}, PbB (B), and Pbl (C}. Lead was added to DW or sample.
{A) DW : y=0.013x+0.004 (r=0.999). Plasma : y=0.014x+0.007 {r=0.899).

The mean recovery rate of PbP was 105.8 %, when 0.5 to 20 pg/l of lead were added to plasma sample {Original PbP level : 0.57 pg/l).
(B) DW : y=0.001x+0.018 (r=1.00). Blood : y=0.001x+0.061 (r=1.00).
The rean recovery rate of PbB was 100.89%, when 250 to 1,500 ug/l of lead were added to blood sample (Orignal PbB level : 42 ug/l).
(C) DW : y=0.001x+0.025 {r=1.00). Urine : y=0. 001x+0.154 (r=1.00).

The mean recovery rate of PbB was 100.0 %, when 25 to 2,500 pg/l of lead were added to urine sample (Original PLU levels : 102.9 ugA, Creati-
nine level : 100.2 mg/dl).

by ICP-MS (Table 1). Each PbP level measured by AAS was also apparantly higher (max 9 times) than that by ICP-
MS. The difference in both the rmethods is more evident especially in low PbP levels.

Fig. 3 shows the relationships among PbB, PbP and PbU, which were determined by ICP-MS (Table 1, first
raw). Fig. 8 (A) shows the relationship between PbB and PbU  (n=53). PbP levels logarithmically increase with el-
evating PbB levels. The correlation coefficient was as high as 0.933. Fig. 3 (B) shows the relationship between PbB
and PbU (n=49). PbU levels are also logarithmically increased with elevating PbB levels. The correlation coefficient
(r=0.817) was slightly higher than that calculated in a linear correlation mode (r=0.765). although the difference
was not significant. Figure 3 (C) shows the relationship between PbU and PbP (n=49). A linear relationship
(r=0.657) is found between PbP and PbU. The correlation coefficient was almost the same as that calculated in a
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Fig. 2 Compariscn of lead determinations by ICP-MS (x) and AAS
(¥) methods.
(A) PbP : y=141x+3.4 (r=0.699, n=19)
(B) PbB: y=1.006x+7.89 (r=0.987, n=53)
(C) PbU : y=0.836x+12.5 (r=0.934, n=15)

logarithmic mode (r=0.656).
Discussion

In the present study, three kinds of indices of lead exposure (PbP, PbB, and PbU) could be simply determined
by ICP-MS. For the analysis of plasma, whole blood, and urine, samples were diluted 5, 50 and 80-fold, with nitric
acid solution, respectively. Each value of exposure indices was compared by two methods, ICP-MS and AAS
(Fig. 2, Table 1. One of the advantages for ICP-MS determination was of a wide range of linearity in the calibration
curves (Fig. 1) as compared with AAS, where dynamic range was narrow. Another advantage for ICP-MS determi-
nation was of simple procedure and 2lso high sensitivity, which enabled us to determine very low levels of PbP,
without complicated and time consuming pretreatment.

Previously we have to determine PbP by graphite furnace AAS after solvent extraction of plasma lead chelat-
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Table 1 Comparison of the methods of ICP-MS and AAS for measurement of
PbP, PbB. and PbU

Analytical methods

Kind of indices N
ICP-MS AAS
PP {(pg/M 19 267 = 134 (0.58—5.32) 719 £ 271 (32—125)
59 1.87 £ 2.26 (0.25—17.18}
PbB (ug/l) 53 270 = 183 (32—724) 2764 = 186 (50—608)
PbU (ug/D 15 095.7 £ 449 (24.2—2008) 925 + 414 (261—175.9)
49 47.4 * 42.6 (7.3—200.8)
Mean * SD (range)
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Fig. 8. Relationships among three exposure indices determined by ICP-MS.
(A) PoP (y) vs. PbB (x) : y=0.392e (r=0.933, n=53).
(B} PbU (¥) vs. PbB (x) : y=11.78¢ 0.0035x (r=0.817, n=49),
(C) PoP (v} vs. PbU (x) : y=0.219x+0.481 (r=0.657, n=49).
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ed with ammounium pyrrolidinedithiocarbamate (APDC)®. The procedure included so many steps and chemicals
which mighe cause the contamination of samples with exogenous lead. Acutually PbP levels measured by AAS were
much higher than those by ICP-MS. It might be attributable to the contamination of lead during the chelating and
extraction procedure befor introducing the sample into AAS. The differences in PbP levels between two methods
were especially large at low PbP levels, where the lead contamination might be more obviously observed.

On the contrary, the PbB levels by ICP-MS were almost the same as those by AAS (Fig. 2). The fact indicated
that both the methods were useful for the routine analysis. The values of Pblf by ICP-MS were also identical to
those by AAS. However, it should be further confirmed the exact relationship between PbU levels by two analytical
methods in a larger numbers of samples. Thus, ICP-MS method will be used widely in future because the analytical
procedure is sirapler than by AAS.

Using ICP—MS, Schiitz et al”. reported the ratio of PbP/PbB increased with increasing PbB, in other words,
there was a logarithmic relationship between PbB and PbP. Our result (Fig. 3) also showed that PbP levels loga-
rithmically increased with elevating PbB. Based on the correlation equation in the present study, the PbP level cor-
responding to PbB levels of 400 ug/1 was calculated to be about 1.9 ug/l. The PbP level corresponding to PbB of
400 pg/1 was close to that in the report by Schiitz et al®. from whose data it was calcuated to be about 2.2 ug/1.

PbP is considered to be “biologically active lead” and it is in the equilibrium with the extra-cellular pool of
every tissue or organ”. The concentration of PbP and serum lead (PbS) has been shown to be very low, usually less
than 1% of that PbB, but those percentage are increased with rising lead level'®, Moreover, Bergdahl et al'™” , who
were in the same study group of Schiitz, further studied the relationship among PbP, PbB, and bone lead, and re-
ported again positive correlation not only between the ratio of PbP/PbB and bone lead, but also between that and
PbB. By the correlation equation'”, the PbP level corresponding to PbB level of 400 pg/1is calculated to be about
6.7 ug 1. The value is 2~3 times higher than those by the data in the present study (1.9 pg/l) and by Schiitz et al
(2.2 pg/1*. Thus, the data in the present study supported the Schiitz, although the bone lead was not determined
in the present study.

Since 90% or more of lead in an adults is found in bone and the biological half time of lead in bone is very long
(more than several years), it has been considered that bone lead is an important index for internal exposure to
lead, but not for external lead exposure'. PbP is an index for very recent external exposure®, might be more di-
rectly related to PbU rather than PbB. To examine the relationship between external and internal exposure, it is
necessary to examine the relationship among PbP, PbB, and alse PbU other than bone lead. In the present study,
we demonstrated the relationships among the three exposure indices which could be determined by ICP-MS.

Hirata et al." reported the relationship among PbF, PbB, and PbU using AAS. They found a linear relationship
between PbP and PbU and the present data agreed with them. The PbP level corresponding to 100 ug/1 of PbU was
reportedly be 3.8 pg/l in their workers, although the level was 2.7 ug/g Cre in our present date. They also report-
ed a liner correlation between PbB and PbP or PbU. In the present study, however, a logarithmic relationship was
found between PbB and PbP or PbU. Logarithmic relationship between PbB amd PbP are also reported by Schiitz
et al.? and Bergdahl et al.". Furthermore, the PbP level (4.5 pg/1) corresponding to the PbB level of 400 pg/1in the
study of Hirata et al.'"® is 2-times higher than those of Schiitz et al. (2.2 pg/1)®, Bergdahl et al (2.1 pg/1)'® and ours
(1.9 pg/1). In the same way, the PbU level (89 pg/1) at the PbB levels of 400 # g/1 in their study'™® was also 2-times
higher than those in ours (48 pg/gCre, Fig. 3). These disagreements might be due to the differences in the method
of determination (AAS) and in the levels of lead exposure (PbB : 308-1,020 pug/1) in their study.

The relationships among three exposure indices were examined in the present study, using ICP-MS, where the
sample was simply diluted, Thus the ICP-MS method was indicated to be useful for the determination of three ex-
posure indices and therefore for the examination of the body lead burden.
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FEOEREE Hv 7, ABEOME-LHLAIIZIEMIIQ
Y A5 4 (Millipore) (& 2HKEMEALL,

S0 EBELE (16mD) WWRImlE L b, FREpEE
WHEELTm-XDA, pXDARK (#2ppm) 0.1ml &
EE02ml A T L {RAML, 05MER LA, KA
#, SNOKERLF P v 4B Iml M & CBAL,
VrFnrz—FremlEFMAT205MEE 3L,
S5HMOHALFEE (3000rpm) #HILEESRL, EF
BUCEMNTIBNESEIR LA, SvE PV Y500 TIEE
L,HFBA % 25 100 2 55 CiRi S T 1 RRINZ L TDA,
XDA#FHEMR{LLA. ChEFEESHETRBEELT
P 200 ICHERL, GCMSIZEAHIEICHL
7=,

Haraz b5 7 (GC) ITIXBEGC17TAF AW
=, BT LAIR]EWHODBS (30m, WE0N3IZmm) *
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HBES GCMSIZER AT Y Y4 YT 2— FRBEHBONE 155

HHL, #rFh1lplx A7) 9 PLATEALL &
FARTMRISOCTIFRFOR, EFIOTTHIEL,
FIR2B0CTISARIEL. BESWE (MS) 2I2E
HEQP5050A ®EH, 41 ¥ —72—AREIX280TCT
HbH. WEIREA D ILES + L (nagative ion

chemical ionization : NCI)} 124 03B{R41 & Bl (se-

lective ion monitoring : SIM) %{To7:. EKRHAIZ4
V7Y vy EEHLA. XDAOFHHEMEIEIm/z =508,
TDADFHEAEE L Tidm/z =494 % & REL /-

v R

FFVLFNI—FVIZLE D TDAOHBEIZRIZ
THHED pHOBEE XA L7202, HBORIICmMmE 2
TAATOEERFLA. H1ICHKSBEOR (B
2ml) (H A OBOKEIEF )T LBHE (10N) &K
PE2mlE LB LA THBLARKD, GCMS2
9= P EOTDAY - HROELER T, RIZENL
7= TDA OB T, ABEEEF F Y A (10N) #t16ml,
KOAmI DB EFBRIF VWY =7 HFE Lo £ T
N—F I EMATHHEOR ($71mD) KSNOK
Bk b)) ABERImlEMABZEELS, TDAR
AICEML 2GS RHOBEN GO R, —F, K
DRIZTDAZBRML THEERTTo A & T AEINEIZE
WA LI, TROLOFERLY, RBREOCRIEISIZER
HEHFEMELAWLIEE LA, FmbiEaic s
ERALCLESAS, HHEEMNMET LA

SARICEI L7 26-TDA L 24 TDADKRER %
Y. HEfiE TDADXDA (REMEHEME) o+ 5
KTahh, TDAOREIHG LTRIFRESREE®RL
720 E2BRAEBRBWBEORESRTSHY, R
LRELEREN RO

H3i23% D TDA & 2# ) XDA O HFBAEE4D 4
Froruw M FARRYT, AEERME, Bidfigs
DEQZOT S A THD, TDA IHOEEROKR
BIZiET_Tm/z=4M4 2 MET 21, 34, 26, 24-
OB T 5720, FRNEFTRTHS, XDA2TE
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10N RREF M2 AR (mD
"B TDAMMMZBI BT A% VLR

OFEEEm/2=508%H\v, YEHLHIRREE LT
Bwa I tATETHL. TDAFEAOEEREMNE,
26-TDAH 744, 24TDART6HTHB, HANKE
HEMBE DR, TDAH100ppb, XDA X 200ppb T
5. EBOEFRERIZIZSA-TDARED LT, 26-
TDADBREIX52ug/], 24TDAEOSug/ITH 5.

H4ix TDAERS (BRER) RREFRTEHE (HB
) 9B P2VWTRDPTDABREONERRERT. B
HIRAIZ01ug/ITHE. REEO26-TDAOHEAK
0.1~285 (F19195) wg/l, 24 TDAIX0~51 (F
079) ug/l, HEBEOS HL88D26-TDA, 24 TDAR
ERHERAUTCHY, 120228 01ug/lThHo
7.
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CRESNTVD. BRELHEESTR, 24TDIE
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