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Abstract

To evaluate worker’s exposure to mixed solvents, equations for the calculation of the biolog-
ical hazard index, which is defined as biological levels tolerable for exposure to mixture, were
developed. When biological levels of exposure indicators were not affected by coexposure, rules
similar to those for airborne monitoring could be applied. Namely, when the components had
additive effects, the biological hazard index was calculated from the concentration of urinary
metabolites or parent solvents, by an equation which was essentially similar to the equation for the
calculation of the hazard index. In the present study, the confidence limits of the biological hazard
index and predictive limits for individual specimens were calculated. These equations could be
used under the condition that the uptake, metabolism and elimination of solvents were practically
unaffected by coexposure. When urinary metabolites or solvents of some components of a mixed
solvent alone were determined and those of the remaining components were not determined, the
concentration of urinary metabolites or solvents of remaining components were estimated from
the airborne concentration of the other components.
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To evaluate worker’s exposure to mixed sol-
vents, equations for the calculation of the biolog-
ical hazard index, which is defined as biological
levels tolerable for exposure to mixture, were
developed. When biological levels of exposure indi-
cators were not affected by coexposure, rules
similar to those for airborne monitoring could be
applied. Namely, when the components had addi-
tive effects, the biological hazard index was cal-
culated from the concentration of urinary meta-
bolites or parent solvents, by an equation which
was essentially similar to the equation for the
calculation of the hazard index. In the present
study, the confidence limits of the biological
hazard index and predictive limits for individual
specimens were calculated. These equations
could be used under the condition that the up-
take, metabolism and elimination of solvents
were practically unaffected by coexposure. When
urinary metabolites or solvents of some compo-
nents of a mixed solvent alone were determined
and those of the remaining components were not
determined, the concentration of urinary meta-
bolites or solvents of remaining components were
estimated from the airborne concentration of
the other components.

Key words: evaluation, coexposure, organic solvents,
urinary metabolites, content ranges

I n the workplace, exposure to mixed solvents is more
common than exposure to a single solvent. Thus,
there is a need for a method to estimate and evaluate the
health risk of workers exposed to mixed solvents by

monitoring urinary metabolites or parent solvents.
In 1970, Ogata et al (1) proposed a method for the
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evaluation of mixed exposure of volunteers to toluene and
m-xylene by analyzing the urinary metabolites, hippuric
acid and m-methyl hippuric acid. Currently, Ogata et dl.
(2-5) have developed an equation for evaluating exposure
of workers to mixed solvents by analyzing metabolites in
urine and proposed a “biological hazard index” (biol. haz.
index) under the assumption that compounds have no
cross effect on concentrations of urinary metabolites or
parent solvents. The biol. haz. index indicates biological
levels for tolerable exposure to solvent mixtures.
Following this, Ogata et al. reported a method of
evaluation of exposure to solvents from the urinary
excretions of workers coexposed to toluene, xylenes and
methyl isobutyl ketone (6). In order to evaluate the
overexposure to mixed solvents, considering personal
differences in metabolic rates, calculations of the biol.
haz. index and its ranges is necessary. With this in mind,
the confidence limits of the mean and predictive limits for
individual specimens of urinary excretions (metabolites
and solvents) are described in the present paper. In a
mixture containing many kinds of solvents in such
materials as thinners, determination of the urinary excre-
tions derived from all components of the mixed solvents
are difficult, because critical methods of evaluating the
urinary excretion of all solvents have not been developed
and the biological exposure index (BEI) of their urinary
excretion has not yet been reported. For evaluation of
exposure to mixed solvents in such cases, a method has
been devised to complement of the analysis of concentra-
tion of urinary excretions of undetermined components
using the airborne concentration of these components.

% Correspondence should be addressed to the Department
of Public Health, Okayama University Medical School,
Okayama 700, Japan or 3-8 Kounanchou 1 Choume, Oka-
yama City, Okayama, 700, Japan.
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Materials and Methods

The biol. haz. index was calculated by an equation
based on the equation for the “hazard index” (haz. index)
using airborne concentrations by the American Confer-
ence of Governmental Industrial Hygienist (ACGIH) (7).

The relationship was studied between concentrations
of toluene or xylene in the air and hippuric acid or methyl-
hippuric acid in the urine of subjects exposed to toluene or
xylene (8). The number of subjects exposed to toluene
was 84 and those exposed to xylene numbered 19 while
the numbers of control subjects not exposed to any
solvents was 84.

Subjects exposed to single solvents of toluene or
xylene were classified into several groups on the basis of
exposure to solvents, and their urinary hippuric acid or
methylhippuric acid were determined. In each group, the
mean value, confidence limits of the mean and predictive
limits of the individual samples were calculated.

Regression lines were plotted to the means, to the
confidence limits of the means and to the predictive limits
of individual specimens of each group, according to the
group mean method of Weisbrot (9) under the assumption
that the relationship between concentrations of solvents in
the air and those of metabolites in the urine is linear for
relatively low air concentrations of solvents. The symbols
of each of the parameters are listed in Table 1 as de-
scribed later.

The standard values and examples used in the evalua-
tion of exposure to mixed solvents of toluene or xylene
were taken from the author’s reports (8) of 1986 and of
(1) 1970 with some modifications. Both reports described
the relationship between concentrations of toluene or
xylene in the air and hippuric acid and methylhippuric acid
in the urine.

Statistical analyses were carried out with Lotus 1, 2,
3 software.

Results

The Regression Line and Its Confidence Lim-
its and the Predictive Limits of Individual
Specimens

To describe the relationship between concentrations of
toluene or xylene in the air and hippuric acid or methyl
hippuric acid in the urine, regression lines were plotted
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connecting the means, confidence limits of the means,
and predictive limits of individual samples according to the
group mean method of Weisbrot (8). Namely, subjects
exposed to a single solvent of toluene or xylene were
classified into several groups on the basis of similar
exposure to solvents, and their urinary hippuric acid or
methylhippuric acid were determined. In each group, the
mean value, 97.5 % upper or 2.5 % lower confidence limit
of the mean and 97.5 % upper or 2.5 % lower predictive
limits of the individual samples were calculated.

The definitions of parameters are listed in Table 1.

Regression lines were plotted by connecting the
means, the confidence limits of means and the predictive
limits of individual specimens of each group. The 97.5 %
upper confidence limits of mean and upper 97.5 % predic-
tive limits of individual specimens of metabolites corre-
sponding the subjects exposed to the threshold limit

Table | A list of the symbols of the concentrations of excretions
in the urine of subjects exposed to ith solvents

Concentrations of urinary excretions of an ith solvent: UEC,
The mean concentration: MC

ECM,: MC of UEC, from specimens

BCM;: background concentrations for ECM;

ECMnyvi: MC of UEC; corresponding to 7LV -TWA,

BCM 7. background concentrations for ECM .y

The upper 97.5% predictive limit of concentrations (UPL):
ECUL;: UPL of UEC; from specimens

BCUL;: background concentrations for ECUL;

ECUL v UPL of UEC, corresponding to TLV-TWA,
BCUL1.i: background concentrations for ECUL v,

The lower 2.5% predictive limit of a concentration (LPL):
ECLL;: LPL of UEC; from specimens

BCLL;: background concentrations for ECLL;

ECLLry: LPL of UEC; corresponding to TLYV-TWA,
BCLL v background concentrations for ECLL v

The upper 37.5% confidence limit of the mean of the concentrations
(ucLm)

ECULM;: UCLM of UEC; from specimens

BCULM;: background concentrations for ECULM;

ECULM .y UCLM of UEC; corresponding to TLV-TWA;

BCULM r.v: background concentrations for ECULM 7.y

The lower 2.5% confidence limit of the mean of the concentrations
(LCLM)

ECLLM;: LCLM of UEC from specimens

BCLLM;: background concentrations of ECLLM,

ECLLMnyu: LCLM of UEC corresponding to TLV-TWA;

BCLLM v background concentration for ECLLM r.y,

Unit: HA; g/g creatinine and MHA; g/g creatinine.
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Table 2  Pertinent data to be used for calculation of equations
A-1. Standard values
Solvent-metabolite TLY* BEI ECM 1y, ECULM 71y, ECUL7v; BCrv; BCULM 7.y, BCUL s
T-HA 50 — 1.26 1.51 1.85 0.2t 0.41 0.65
100 2.5 2.31 2.61 3.05 0.21 0.41 0.65
X-MHA 100 1.5 2.10 2.40 2.80 0 0 0
Sol-Met TLY ECLLMTLV[ ECLLTLvl- BCLLMTLVi BCLLTLV{
T-HA 50 1.0l 0.67 0.01 -0.23
100 2.01 |.57 0.01 -0.23
X-MHA 100 1.8 I.4 0 0

% = Present threshold limit value (TLV) of toluene is 50ppm and 7LV of xylene is 100ppm. Symbols are listed in Table I.

A-2. Regression equations

Regression equations between solvent concentrations in air (x, ppm) and concentrations in urine (y, g/g creatinine) with correlation coefficient

(r) or standard deviation (SD).

I. For toluene (xr) and hippuric acid (ys) systems;

Case Regression equation & Corr. coeff.
Mean yw =021 +0.02ixr r=0.99
Upper 97.5% confidence limit of mean yuwe = 0.41 +0.022xr r=10.99
Upper 97.5% predictive limit of specimens yuz = 0.66 + 0.024x;y r=10.98

2. For xylene (xv) and methylhippuric acid (yw:) systems;

Case Regression equation & SD
Mean YMHE = 0.021xx SD = 0.0005
Upper 97.5% confidence limit of mean ywnz = 0.024xx  SD = 0.0014
Upper 97.5% predictive limit of specimens ywns = 0.028x  SD = 0.0042
B. Specimens

Solvent-metabolite C; ECM; ECULM; ECUL; BC, BCULM,; BCUL;
T-HA 67 [.41 2.00 2.70 0.25 0.30 0.41
X-MHA 83 1.91 2.19 3.10 0 0 0

Unit: airborne concentrations; ppm and metabolite concenrations; g/g creatinine.
Data used in B. Specimens were obtained from Ref (1), Ogata et a/., 1870.

value-time weighted average (TLV-TWA) of solvents
and the subjects not exposed were calculated, which as
listed in Table 2A. These values obtained from volunteers
coexposed to 83 ppm toluene and 67 ppm xylene are listed
in Table 2B as specimen. As for the relationship between
concentration of toluene in the air and hippuric acid in the
urine, regression lines were plotted to the means, to the
confidence limits of means and to the predictive limits of
individual specimens of each group as shown in Fig. 1.
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Airborne Concentrations Tolerable for Expo-
sure to Mixture

According to the ACGIH proposal (7), workplace air
containing multiple organic vapors was evaluated with the
sum of fractions as follows:
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in which C; denotes the airborne concentration of the ith
component and 7°L V; denotes the 7L V- TWA for the
same component. The symbol of K denotes the haz.
index. If the K value exceeds 1, the workplace is deemed
to exceed the exposure threshold for the mixed vapors.

Equations Derived from Group Means and
from Predictive and Confidence Intervals of
Each Group for Evaluation of Mixed Expo-
sure

A. All Components in the Mixture are Bio-
logically Determined
1. When biological levels are tolerable for
exposure to mixture

In order to set up the following equations for this case,
the interaction of mixture components should have no
effect on the biological levels of urinary metabolites and
parents solvents (excretions).

a. Equations made from group means

@ Calculation was made under assump-
tion that the background of the standard
and the specimens was not different. We
calculated the average concentration of hippuric acid (as a
metabolite) in the urine of the worker’s group classified by
exposure concentrations of toluene (as a solvent) in the
breathing zone. A regression line was plotted between the
concentration of toluene in the breathing zone air and
average concentrations of urinary hippuric acid described
above (Fig. 1A).

In Fig. 1A, ECM; and BCM7.v; denote the mean
concentrations of excretions of an ith solvent in the urine
and that of its background concentration of the hippuric
acid in test groups, respectively, and the symbol
ECMrivi denotes the mean concentration of urinary
excretions corresponding to 7L V. In addition, the
author used the symbol BCM7z.vi, to indicate the back-
ground concentration of hippuric acid in the group calcu-
lating ECM1v: as described later. In order to evaluate
the extent of exposure for subjects exposed to mixed
solvents from their urinary excretions, the following
equation was formulated.

En,(ECM i— BCM;)/(ECMr1vi— BCM.)

P L L L R R R R R R R R R R

where ECM; and BCM: denote the mean concentrations
of excretions of an ith solvent in the urine and that of its
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background concentration of the individual excrete,
respectively. The symbols ECMrv; and BCM; denote
the mean concentration of urinary excretions correspond-
ing to TL V; and that of its background concentration in
Fig. 1A. The K3” denotes the biol. haz. index-3. The
ECMz1vi in [1-2] can be replaced by the biological
exposure index of ith solvent (BEI), because the BET
is defined as the level of industrial chemicals in biological
specimens of workers exposed to chemicals in the same
concentration as 7L V-TWA. Therefore, we can for-
mulate the following equation [1-3] from equation [1-2]:

3\ (ECM,— BCM:)/(BEI— BCM))

where K3 denotes biol. haz. index-4.

Equation [1-2] indicates that (ECM;—BCM.)/
(ECMrivi— BCM;) is additive, if the interaction of
mixture component have no effect on biological levels of
urinary determinants (5). The relationship between haz.
index (K) and biol. haz. index-3 or biol. haz. index-4
(Ks” or Kg") is as follows: The significance of Kz”
related to K is shown in Fig. 1A, When data of the
crossing point of C: (exposure concentration of an ith
solvent) and £C; of a test worker lie on the standard
regression line for the ith solvent passing through the
crossing point of 7L V; and ECMr.vi and the point of
BCM; on the ordinate, C; is proportional to (EC:
—BC,) and TLYV; is proportional to (ECMrwvi
— BCM,) in the same ratio. When the equations of C;
= kz(ECMz*BCMz) and TLI/Z = kl,(ECMTLVi
—BCM,) or TLV; = k/(BEI;— BC;) are calculated
provisionally, %; = %, was obtained and the value of
1/k; or 1/k; indicates the slope of the regression line.
Namely, when data from test workers are on the regres-
sion line described above, %; = %;" and in such cases the
following equation is formulated.

Ci/ TLV; = (ECM:— BCM?)/(ECM1vi — BCM.)
[1-4]

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

For estimating [1-4], it is desirable that the above
crossing point lies on the regression line described above
or, at least, in the confidence range of the group mean
described later. In the equation [1-4], ECMr.vi can be
replaced by BEI; because BEI represents the level of
determinants which are mostly to be observed in the
specimens collected from healthy workers with inhalation
exposure to the 7L Vs as described above. Then
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concentrations were determined.
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TLV LV Explanation of the symbols is contained in Table I.

A The relationship between ¢/ TLV and (ECM-BCM)/(ECM.y~BCM).

ECM 1, is the concentration of hippuric acid corresponding to 50ppm TLV of toluene.

ECM+,, is mean concentration of hippuric acid corresponding to 50ppm TLV of toluene.

ECM. is mean concentration of hippuric acid corresponding to 100ppm TLV” (used till 1991) of toluene.

B The relationship between ¢/ TLV and (ECUL-BCUL)/(ECULny-BCUL).

ECUL 7y is the 97.5% upper predictive limit of individual sample of concentration of hippuric acid corresponding 50ppm TLV of toluene.
ECUL~ is the 97.5% upper predictive limit of individual sample of concentration of hippuric acid corresponding 100ppm TLV’ of toluene.
DC (cut off toluene concentration, which is used to discriminate exposure from nonexposure at a 2.5% level of eror) on abscissa showed 45
ppm, suggesting that hippuric acid could be useful for urinary biological monitoring of 50ppm 7LV of toluene.

C  The relationship between ¢/ TLV and (ECULM-BCULM)/(ECULM 1.y - BCULM).
ECULM7. is the 97.5% upper confidence limit of the mean of concentration of hippuric acid corresponding to 50ppm TLV of toluene.
ECULM=~., is the 97.5% upper confidence limit of the mean of concentration of hippuric acid corresponding to 100ppm TLV’ of toluene.

' o o ' - . The following equation of [1-6] or [1-7] was
Ci/ TLV: = (ECM:— BCM.)/(BEL — BC.) derived from the equations [1-2] and [1-4] or the

............................................... [1_5] equations [1_3] and [1_5] " ich ideal case described
is obtained. above.
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K = K/ ceerreemee [1*6]
or

K = Kp7 creerervemi [1,7]’

where the coefficient of Kz” or K5 stands for the biol.
haz. index and is equal to /X (haz. index) in the equation
[1-1] which is the standard condition described above.
To maintain occupational safety, the coefficient of K" or
K3 calculated from individual data of urinary determi-
nants or mean values of determinants of groups surveyed
should be equal to or smaller than 1. When the coefficient
of Kz” or Kg” exceeds 1, the cause of the excessive
values must be investigated and proper action must be
taken to reduce the exposure.

@ Calculation made under the assump-

tion that the background of the standard
and the specimens is different. In the equations
[1-4] and [1-5], the equation was formulated under the
assumption that background concentration of BCM; is
almost equal to BCMrrv: or BCMgrr:. However, there
are cases in which the background levels of urinary
hippuric acid in specimens (BCM;) and those in the
standard (BCMrrv: or BCMger:) are not completely the
same value as shown in Table 3 described later, because
hippuric acid is derived from toluene inhaled and benzoic
acid in food eaten.
Therefore, the background level of BCMpge; or
BCM.v; is inserted into the equation [1-4] or [1-5].
Thus, the value of ECM,~-BCM; is changed into
ECMzvi-BCMr.vi in the equation [1-4] or [1-5]
and the following equations were formulated, in which the
increase in concentration of urinary excretions solely
derived from increased concentration of solvent exposure
(slopes of regression lines) was used for calculation. In
these cases, the equation [1-8] or [1-9] is formulated
as follows:

3 (ECMi~ BCM)/( ECMiuyi—~ BCMru)

= J(p e [1—8]
or

21 (ECM:— BCM,)/( BEI;— BCMis1)

s J(p e [1_9],

where Ky and K3 are biol. haz. index-1 and biol. haz.
index-2, respectively.

In the equations [1-8] and [1-9] only increased
amounts of excretions according to increased amounts of
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solvent (slope of regression line) were taken in calculation.
The relationship between haz. index (K) and biol.

haz. index (K3 or Kg') is as follows:

In a similar manner to formulate [ 1-10] from [1-6], the

following equations of

K = Ks

were obtained when data of the crossing point of C; and
EC: of a test worker lie on the standard regression line
for the ith solvent

The K5 and K5" were used in the sample calculation
described later.

b. Equation derived from upper 97.5%
predictive limits of individual samples in a
group of subjects exposed to similar concen-
trations

@ Calculation made under the assump-
tion that the background of the standard
and the specimens is not different. The
regression line between the concentrations of toluene and
the upper or lower predictive limits of individual speci-
mens of hippuric acid concentrations in the groups is
shown in Fig. 1B. In this figure, the symbols of
ECUL; and BCUL; denote the upper 97.5 % predic-
tive limit of concentrations of individual excretions of ith
solvent in the urine and the upper 97.5 % predictive limit
of the background concentration of the individual excre-
tion, respectively, and the symbols of ECUL rrv: and
BCUL; denote the upper 97.5 % predictive limit of the
concentration of urinary excretion corresponding to 7LV
and the upper 97.5 % predictive limit of the background
concentration of urinary excrete corresponding to 7L V5.
If the mixture components have additive effects,

n

I(ECULZ-—BCULi)/(ECULTLvl-—BCULi)
[2-1]

1=

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

is formulated as in the case of the equation [1-2].

The relationship between K and K5 is as follows:
When the crossing point of C; (exposure concentration of
ith solvent) and ECUL; lies on the regression line
passing through the crossing point of 7LV, and
ECUL r1v: and the point of BCUL; on the ordinate as
shown in Fig. 1B, namely, in the range where C; is
proportional to ECUL,~BCUL; and TLV; is pro-
portional to ECULzvi~ BCUL; in the same ratio,
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Ci:= ks (ECUL;—BCUL;) and TLV; =
ks (ECUL r1vi— BCUL;), where 1/k: is the slope of
the regression line in Fig. 1B. Then (ECUL;
— BCUL,)/(ECULmvi— BCUL,) = C:/ TLV.,
and the following equation [2-2] can be derived:

n

g(ECUL — BCUL.)/(ECUL r.vi— BCUL)

i=1

= 121 Cif TL Vi wvrevrrererensscanianiienns [2_2]

Then the equation

is derived from the equations [2-1] and [2-2].
The value of the coefficient of K3” was calculated from
the means of specimens and standards using the equation
[1-4]. On the other hand, the value of the coefficient of
Kuis was obtained from the 97.5% upper predictive
limits of concentrations of determinants in the individual
urine of specimens and standards using the equation [2-
2]. Practical evaluation of Kys" in exposure to mixed
solvent is described in the sample calculation.

® Calculation made under the assump-
tion that background levels of the standard
and the specimens are different.  The following
equation [2-4] is derived from [2-2] in a similar manner
in which the equation of [1-10] is derived from the
equation [1-6] in the case of that BCUL. and
BCUL 11v; are not the same.

3 (ECUL:~ BCUL)/(ECUL i~ BCULmy:)

— LB ttereereereeeteesessesesiisiiiiiiinieies [2_4]
or

;n(ECULz BCUL)/(ECUL 11vi— BCUL 11v:)

— écl/ L Vyeveeesoneernessneesnniinnnenieinin. [2_5]’

where BCUL riv: is the predictive limit of the back-
ground concentration of the urinary excrete when the
standard regression line is plotted.

Then the equation,

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

was obtained when data of the crossing point of C: and
ECUL; of a test worker lies on the regression line made
from the upper 97.5 % predictive limit of specimens for
the ith solvent.
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c. Equations derived from the lower 2.5 %
predictive limit
Under assumption that the background of the standard
and the specimens is different, the following equation [2
~7] can be derived in a manner similar to that used for
derivation of the equation [2-4].

é(ECLLi— BCLL:)/(ECLLwvi— BCLL 11v:)

The definitions of the symbols of ECLL: BCLL,,
ECLLry; and BCLL 11y, are described in Table 1.

The relationship between K and Kirs is as follows:
When a crossing point of C; and ECLL; lies on the
regression line passing through the crossing point of
TLV: and ECLL,; and BCLL: on the ordinate,
namely, in the range where C; is proportional to
ECLL;-BCLL; ad TLYV; corresponds to
ECLLTLVz'_BCLLi (Fig. 1B),

=é(ECLL — BCLL)/(ECLL 11vi— BCLL 11:)
— gcl/ L Veeereaneanerensieneinniinininiia, [2—8}.
Then the equation,

K = Kppp cveevrereererersneseseenenanii [2491

is derived from the equations [2-4] and [2-5].

It would be possible to use Ki.5 as one means of
screening workers exposed to K of solvent mixture from
urinary excretions, because Kirs is a coefficient of the
lower 2.5 % predictive limit of concentrations of individual
metabolites or parent solvents. In actual practice detailed
explanation will be given in near future.

d. Equations derived from upper 97.5%
confidence limit of the mean of each group

@ Calculation was carried out under the
assumption that the background levels of the
standard and the specimens are not different.
Then following equation [3-1] can be derived. The
regression line between the concentration of toluene and
the upper or lower confidence limits of the mean lines of
hippuric acids in the groups is shown in Fig. 1C. In Fig.
1C, symbols ECULM; and BCULM; denote the
upper 97.5 % confidence limit of the mean of the concen-
trations of solvent excretions in the urine of subjects
exposed to the ith solvent and the upper 97.5%
confidence limit of the mean of the concentrations of
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subjects not exposed to the ith solvent, respectively. The
symbols ECULMyiv: and BCULM7zvi denote the
upper 97.5% confidence limit of the mean concentration
of the urinary metabolites or solvents of subjects exposed
to TLV; and upper 97.5% confidence limit of those
unexposed to the ith solvent. Then the following equation

of

2 (ECULM:— BCULM,)/(ECULMv:
_BCULMZ) — KULMB/ ...........................

is formulated as in the equation [2-1].

The relationship between K and Kyrus’ is as follows:
When a point indicating C; and £CULM; obtained from
a worker lies on the regression line passing through the
point of TLV; and ECULMr.v; and the point of
BCUILM:; is on the ordinate, namely in the range where
C; is proportional to FCULM,— BCULM;, and
TUYV; is proportional to FCULM r1vi— BCULM; in
the same ratio (Fig. 1C), then the equations C; = k;
(ECULM;-BCULM,) and TLV:= ks (ECULMv:
— BCULM,), where 1/ ks is the slope of the regression
line in Fig. 1C, are obtained. Therefore, the following
equation,

S ECULM:— BCULM,)/(ECULM 1
—BCULM;) = éij/TLVi .................. [3-2]

is derived. ]
Thus, the following equation [3-3] is obtained from [3
-1] and [3-2].

K = KULMB,

@ Calculation was made under the assump-
tion that the background of the standard
and the specimens is different. The following
equation [ 3-4] is derived from [2-2] in a similar manner
to which the equation of [1-10] is derived from equation
[1-4] considering the case that BCUL; and
BCUL rrv: are not the same. In the above case,

S\ (ECULM,~ BCULM)/(ECULMzs,

_BCULMTLW) == g rerrereerereeeeeeeenens [3_4]
or

21 (ECULM,— BCULM,)}( ECULMsy:
*BCULMTLW) — écz-/TL | ZZ/BETTRTRPRTPR -[3~5]
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is derived, where BCUL 11v: is the predictive limit of the
background concentration of the urinary excrete when the
standard regression line is plotted.

Then the following equation of

is obtained when data of the crossing point of C; and
ECUL,; of a test worker lie on the regression line made
from the upper 97.5 % predictive limit of specimens for
the ith solvent.

e. Equation derived from the lower 2.5 %
confidence limit of the mean.

Calculation was made under the assumption that
background of the standard and the specimens is different.
In a manner similar to that for the derivation of equation
[3-1], the following equation [3-7] is obtained.

SYECLLM:~ BCLLM,)/(ECLLMz»,
— BCLLMzv;) = Kpppp »oreerverreremrenrnnees

The relationship between K and K rus is as follows:

When a point indicating C: and ECL LM, lies on the
regression line passing through the point of 7L V; and
ECLLMivi and BCLLM; are on the ordinate, the

following equation is formulated.

z:l (ECLLM,— BCLLM:)/(ECLLMzv:
'BCLLMTLV:‘) = écz/TLVz """""""" [3*8]

Then the equation [3-9] is obtained from the equation |3
-7] and [3-8].

was obtained.

2. Comparison between the haz. index (K)
and the biol. haz. index (Kz), when biologi-
cal levels of exposure are not affected by the
coexposure.

In the case that K is higher than K3, or K is higher
than Kurms, the following equation [4-1] or [4-2] is
derived from the equation [1-6] or [1-7] for the group
mean

2 CJTLV: > 2 (ECMi— BCM)/(ECMz1v:
— BCM.v) [4-1]

or
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S CJTLV. > 3(ECM:~ BCM,)/(BEIL
—~ BCMszr)

In the equation [4-1] or [4-2] was formulated, ethanol
intake several hours prior to or just before inhalation
exposure to organic solvents and/or effect of wearing
mask on workers exposure should be checked.

In the case that the equation of [4-1] is formulated, the
following equation of [4-3] should be tested.

When the symbol ECLL;, indicating the lower 2.5 %
predictive limit of the concentration of urinary determi-
nants, was used instead of ECM;, equation [4-3] is
derived.

SYCTLV; > SWECLL— BCLL)/(ECLL 1y
“BCLLTLVZ') ....................................... [4,3]
Equation [4-1] is derived from ECM; of the group

means of urinary determinants of solvents, and the equa-
tion [4-3] is derived from ECLL; of the lower 95 %
predictive limit of the concentration of urinary determi-
nants. Therefore, equation [4-1] is based on the com-
parison of C: with ECM;, and equation [4-3] is based
on the comparison of C; with ECLL.. On the other
hand, equation [4-3] can also be derived from equation
[2-7].

In the cases that K is lower than K5 or K is lower
than Kyzus, the following [4-4] equation is derived from
equation [1-6] and the [4-5] equation is derived from
equation [1-7].

2 CJTLV, < z (ECMy— BCM)/(ECM1y:

_BCMTLVz’> ....................................... [4,4]
and

21 CJTLV: > zl (ECM:— BCM.)/(BEIs1:
_BCBEH) .......................................... [4_5]

On the contrary, microsomal enzyme activity induced by
chronic alcohol intake, or dermal absorption is considered
in equations [4-4] and [4-5].

When the symbol ECUL;, indicating the lower 2.5
% predictive limit of the concentration of urinary determi-
nants, was used instead of £CM, in equation [4-4], the
following equation is derived:
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Fig. 2 Relationship between the K value and the K values in

workers exposed to solvent mixture.

Symbol 4p: Data described in the sample calculation based on the
average value of urinary biological monitoring of subjects exposed to
mixed solvents of 67ppm toluene and 83ppm xylene. K value was
2.17 and K g value was 2.01 (Table 3-1). The value was obtained from
the sample calculation.

(N Ke> 1 (I, -1, 11-2):

A worker on different occasions exceeds the BE/. The cause of the
excessive values must be investigated and proper action should be
taken to reduce exposure.

(2) K> 1 (-1, 1-2, m:

The value exceeds the TLV, which indicates airborne concentrations
of solvents under which nearly all workers will be without adverse
effects.

(3) Ks> K (I, II-1, IV-1):

Presence of dermal absorption or extra occupational exposure should
be considered.

@) Ks< K (-2, 1, IV-2):

Effect of a protecting mask on worker's exposure or ethanol intake
several hours prior to exposure to solvents should be considered.

In this case, the value of K>/ and K >/, and K is slightly higher
than Ks.
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SYCITLV, < $(ECUL.~ BCUL)/(ECUL 1
— BOUL i) creeeeemremenminesnn [4-6]

On the other hand, equation [4-6] can also be derived
from equation [2-5].

Fig. 2 shows the K and Kp values for workers
exposed to a mixed solvent and the cases of X = 1, K

<1, Ks=1 Ks <1, K> Kpand K < K;.

B. Only Some of All Kinds of Mixtures are
Biologically Determined

Equations for complement of concentrations of un-
determined exposure indicators are formulated. =~ When
the concentrations of urinary metabolites or parent sol-
vents of some solvents in a mixed solvent are not
measured, the following equation can be used for evalua-
tion of exposure to all solvents under the assumption that
the compounds have no effect on the concentration of
urinary metabolites or parent solvents.

In n class solvents, when the concentration of urinary
metabolites or parent solvents derived from m class
solvents are measured and the concentration of urinary
determinants from remaining n-m class solvents are not
measured, following equations [5-1]~ [5-10] are useful
for evaluation of mixed exposure.

@ The ratio of the airborne concentra-
tion C to TLV is used instead of the concen-
tration of urinary metabolites or parents
solvents to biological exposure indices for the
remaining n-m class solvents. When the all
components (number #) are composed of 7/ components
(number ) and % components (number of w2+ 1 to #),
the next equation is formulated.

SWECM,— BCM.)/( BEL— BCMjex)
= {ECM;~ BCM,)/(BEL~ BCMse1)
+k=%+lck/TLVk ................................. [5-1],

where the symbol of % indicats #-m class compounds in
which concentration of the urinary metabolites or parent
solvents has not been determined. Therefore, % is differ-
ent from K of the haz. index.

@ The ratio of urinary concentration of
metabolites or parents solvents to BEIs is used
for complementation of undetermined sol-
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vents. The equations [5-2]~[5-10] described
below can be useful as an complementary method for
undetermined biological exposure indicators of solvents.

The ratio of remaining solvents is estimated under the
assumption that the relationship between each concentra-
tion of remaining solvents in the air and that of the
metabolite or solvent in the urine produced a linear
equation.

z: (ECM,— BCM,)/(BEIL~ BCMser:)

= SWEC,~ BC)/(BEL—-BC)+ 3\ (ECM,
— BCM,.)/(BEL,— BCMggyy) -+-++vwevenreeeees [5-2]

From the equation of

S CITLY, = i (ECM,— BCM,)/( BEI,
— BCMGs1;)
and

3 GJTLV.— 3 (ECMy— BCM.)/(BEL
*BCMBEUQ) ....................................... [5_4L

the next equation of [5-5] is derived from equations [5
-3] and [5-4].

ﬁlcj/TL Vi "H Co/TLV,

=m

ﬁl (ECM;— BCM,)/( BEL,— BCMaz1,):

J

S' (ECMy— BCM,) /(BEIL— BCMse1)

=m+

&
~

From equations [5-2] and [5-5], the following equation

31 (ECM;— BCM.)/(BEL ~ BCMps1)

= 3(ECM;~ BC))/(BEL~ BCa)

%(, 3 CWTLVi+ 3 CITLV) = 2 CITLY,
................................................ [5-6]

is derived.

The values of biol. haz. index were obtained from the
following equation [5-7] or [5-8]:

10
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21 (ECM,— BCM)/(ECMayi— BCMzyv?)

= g e [5_7]
or

SY(ECM,— BCM)/(BEI— BCser)

== g e [5*8]

is calculated by the equation of
SHECM:— BCM:)[(ECMrvi— BCMa )

Xféz Ci/TLV:i= ici/TLVj .................. [5-9]

or

3

\(ECM;— BCM;)/(BEL;—~ BChe1;)

J

® The m class of solvents out of n class
of all solvents are used for evaluation, and
the ratios of the concentrations of m solvents
to their TLVs are compared with the ratios
of urinary excretions to their BEIs.

i} C,/TLV; > ﬁl (ECM,;— BCM,)/(ECM,

_BCTLVj) .......................................... [6*1]
or

SYC/TLV, > $(ECM;~ BCM,)/(BEI

— BCappy) woreerereeeeeeeneene [6-2]

In equation [6-1] or [6-2], ethanol intake several hours
prior to exposure or just before inhalation of exposure to
organic solvents should be taken into consideration as
desribed in equation [4-1] or [4-2].

_21 C;/TLV; < ZI(ECM,' — BCM,)/(BEI,

J= J=

_BCBEIj) .......................................... [6‘3]

In the equation [6-3], the presence of dermal absorption
of solvents and/or airway absorption of solvents passed
through a mask is considered.

ZI C,/TLV; > ZI(ECLLj— BCLL;)/(ECLLrv;
_BCLLTLVJ.) ....................................... [6"4]

Namely X > Ki.» should be checked when equation [6
-1] or [6-2] holds.
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é C,JTLV; < é(ECULj—BCUL) HECUL 11v;
— BCUL qpy;) veerereerrrereesenssenrssnn, (6-5)

Namely KX < Kuyis should be checked when equation [6
-3] holds.

Equation [6-1] is based on the comparison of the
ambient concentrations of solvents, C;, with the mean
concentration of urinary determinants, £CM;. On the
other hand, equation [6-4] is based on the comparison of
C: with the lower 2.5% predictive limit of individual
specimens of ECLL;, and equation [6-5] is based on
the comparison of C; with ECUL;. Therefore, per-
sonal differences in the concentration of urinary determi-
nants are taken into consideration in equations | 6-4] and

[6-5].
Sample Calculation

In previous report (1), Ogata et al. described the
urinary excretion of hippuric acids and m-methy! hippuric
acids in persons coexposed to vapors of toluene and
m-xylene. The report also indicated the minimum effect of
coexposure on excretion rates of metabolites. The values
described in the report are listed in Table 2B. The values
in Table 2B were substituted into the equations [1-1],
[1-2] and [1-3], and the following biol. haz. index was
calculated.

For calculation, the BET value of hippuric acid for 50
ppm toluene has not been documented. Therefore, for
calculation, the author used equations based on a TLV
of 50 ppm toluene and 100 ppm xylene. Those based on a
TLV of 100ppm toluene and 100ppm xylene were
expressed in equations in square brackets as follows:
A. Haz. Index (K)

The haz. index was calculated by equation [1-1] as
follows:

(83/100) + (67/50) = 2.17
[(83/100) + (67/100) = 1.50]

B. Biol. Haz. Index (Ksz)

The biol. haz. index was calculated by equations [1-
2] and [1-3] as shown in Table 3-1. The average values
of metabolite concentrations in the urine of a group of
specimens, ECMrrv:, and BEI were used for calcula-
tion.

From equation [1-2], using £CM7.v; as a standard

11
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Table 3  Equation for the evaluation of mixed exposure to organic solvents by their urinary metabolites

|. Values obtained from equations calculating means of mixed exposure

n @ (a) (b) ()
c? T® c/T ECM© ECM, BEI® BE] a/b ECM v ECMry; a/c
-BCM 4 -BCM ge 2 -BCMy,?
T-HA 67 50 1.34 .41 [.16 ne ne ne |.26 1.05 1.10
T-HA * 67 100 0.67 (.41 I.16 2.50 2.29 0.51 2.31 2.10 0.55
X-MHA 83 100 0.83 1.91 1.91 1.50 1.50 1.27 2.10 2.10 0.91
Total 2.17 ne 2.01
|.50% 1.78 % |.46 %
(K) (Kg&) (Ks)

: Average concentrations in breathing zone air of workers (ppm).

» TLV-TWA.

. Average concentrations in urinary excretions of i solvent (HA and MHA).

: °BCMsg;, and °BCMrv;: The values were 0.25, 0.21 and 0.21, respectively, and symbols indicating background levels are £CM,,
ECMogei;, and ECM 1y,

¢ : Biological exposure indices.

f : Concentrations of urinary excretions corresponding to the TLV of our previous report (8).

T = toluene, X = xylene, HA = hippuric acid and MHA — methylhippuric acid.

These symbols are described in Table Il

* Calculation was made under the assumption that 7LV was 00 ppm.

Unit: (1) and (2), ppm; (a) (b) and (c), g/g creatinine.

The equations used were [1-1] for ¢/T, [1-2] for (a/b) and [1-3] for (a/c).

ne: not examined.

ISURESTIN Y

2. Values obtained from equations calculating upper confidence and upper predictive limits for mixed solvents

I} The upper confidence for mean (K uius)

(d) (e) d/e
ECULM, BCULM; ECULM, ECULM 1y, BCULM 1.y, ECULM v,
-BCULM; -BCULM nv,
T-HA 2.00 0.30 1.70 151 0.4 (.10 1.55
T-HA % 2.00 0.30 1.70 2.62 0.41 2.2 0.77
X-MHA 2.19 0.00 2.19 2.40 0.00 2.40 091
2.06
1.69 %
(KULME)

The equation used is [3-1] for d/e. Symbols are described in Table I.

2) The upper predictive limit for individual specimens (K u.s)

(f) (8)
ECUL, BULL; ECUL, ECUL7v; BCUL v, ECULmy; f/g
-BULL; -BCULny;
T-HA 2.10 0.41 2.29 |.85 0.65 1.20 1.91
T-HA * 2.70 0.41 2.29 3.05 0.65 2.40 0.95
X-MHA 3.10 0.00 3.10 2.80 2.80 2.80 |11
3.02
2.06%
(K us)
The equation used is [2-4] for f/g. To be continued.
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Table 3-2

3) The lower confidence limit of mean (K .ius)

Evaluation of Exposure to Mixed Solvents 191

(h)

(i)

ECLLM, BCLLM, ECLLM, ECLLM .y, BCLLM1y, ECLLM .y, h/i
-BCLLM; -BCLLM 7y,
T-HA 0.82 0.20 0.62 1.01 0.0! 1.00 0.62
T-HA % 0.82 0.20 0.62 2.01 0.01 2.00 0.31
X-MHA 1.63 0.00 1.63 1.80 0.00 1.80 0.91
Total 1.563
1.22 %
. (KLLMB)
The equation used is [3-4] for h/i.
4) The lower predictive limit for individual specimens (K ..s)
() (1 i/l
ECLL; BCLL, ECLL; ECLLry, BCLL vy, ECLL7y;
-BCLL; ~BCLLrv;
T-HA 0.12 0.09 0.03 0.67 -0.23 0.90 0.03
T-HA % 0.12 0.09 0.03 1.57 -0.23 1.80 0.02
X-MHA 0.72 0.00 0.72 1.40 0.00 1.40 0.51
Total 0.54
0.53 %
(Kve8)

The equation used is [2-6] for j/I.

Ks was (141 — 0.25)/(1.26 — 0.21) + 1.91/2.10 = 2.01
and Ks'  was [(141— 0.25)/(2.31 — 0.21) + 191/
2.10 = 1.46].

From equation [1-3], using BEI as a standard

the equation of [(1.41 — 0.25)/(2.5— 0.21) + 1.91/15 =
1.78] was obtained.

To maintain occupational safety, the values of the
coefficient of K3” and K3 obtained from equations [1-
2] and [1-3] should be equal to or less than the K value.

In this instance, the values K and K5 exceed 1,
therefore, the cause of the excessive values must be
investigated and proper action should be taken to reduce
the exposure to mixed solvents.
C. Confidence and Predictive Limits of Con-
centrations of Urinary Determinants from
Specimens

When ECUML,; and BCUML: of specimens
shown in Table 2B and the standard exposure listed in
Table 2A were substituted into equation [3-1], the 97.5
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% upper confidence limit of mean (Kurms) was calculated
as shown in Table 3-2, 1).

2.00 — 0.30)/(1.51 — 0.41) + 2.19/2.40 = 2.46
[(2.00 — 0.30)/(2.62 — 0.41) + 2.19/2.40 = 1.69]

These data indicate that the upper 97.5 % predictive limit
of the mean of this instance also exceeds 1.

When ECUL; and BCUL; of specimens (Table
2B) and the standard exposure listed in Table 2A were
substituted into equation [2-4], the 97.5 % upper predic-
tive limit of individual specimens (Ky.5) was calculated as

shown in Table 3-2, 2).

(2.70 — 0.41)/(1.85 — 0.65) + 3.10/2.80 = 3.02
[(2.70 — 0.41)/(3.10 — 0.65) + 3.10/2.80 = 2.06]

The data indicate that the upper 97.5 % predictive limit of
individual specimens of this instances also exceeds 1
referred to the standard exposure listed in Table 2A. The
975% lower confidence limit of mean (Krrms) was
calculated to be 1.53 and [1.22] using the similar method
to calculation of Kyrus and the results are shown in Table

13



Acta Medica Okayama, Vol. 51 [1997], Iss. 4, Art. 2

192 Ocata

3-2, 3). The 97.5% lower predictive limit of individual
specimens (K:s) was calculated to be 0.54 and [0.53]
using the similar method to calculation of K5 and the
results are shown in Table 3-2, 4).

D. Comparison of One Datum in a Specimen
with the Standard Group

The other methods of comparison are as follows: The
values of the coefficient of Kz (2.01) exceed 1 as de-
scribed above which suggests that the Kz values calcu-
lated from the mean value of a group of specimens were
larger than the Kz values of standard. Then, the com-
parison of mean value of examples with the upper 97.5 %
predictive limit of individual specimens of the standard
was taken into consideration.

When a datum of 1.41g/g er of hippuric acid and 1.91
g/g cr of methyl hippuric acid obtained from the mean
value of a group of specimens was substituted into
ECULM; in equation [3-1;, the next equation of
(1.41 — 0.30)/(1.51 — 0.41) + 1.91/2.4 — 1.81 was calcu-
lated. The value of 1.81 of Kurus for exposure to 7LV
of 50ppm toluene and 100 ppm xylene was obtained.
When the above datum of specimens was substituted into
ECUL; in equation [2-4], the next equation of (1.41 —
0.41)/(1.85 — 0.65) + 1.91/2.8 — 151 was calculated.
The value of 1.51 of Kuis for exposure to 7LV of 50
ppm toluene and 100 ppm xylene was obtained.

The values of Kuims and Kyis indicate that the mean
values exceed not only the mean or upper 97.5%
confidence limit of the mean but also the upper 97.5 %
predictive limit of the individual samples of the standard
value for both a TLV of 50 ppm toluene and 100 ppm
xylene.

When the above datum of specimens was substituted
into ECLLM; of equation [3-7], (1.41—0.20)/
(1.01 — 0.01) + 1.91/1.8 = 2.27. The value of 2.27 of
Ki1us for exposure to a TLV of 50ppm toluene and
100 ppm xylene was obtained.

When the above datum of specimens was substituted
into ECLL; of equation [2-7], (1.41 — 0.09)/(0.67 +
0.23) + 1.91/1.4 = 2.83. The value of 2.83 of K..5 for
exposure to a 7LV of 50ppm toluene and 100 ppm
xylene was obtained

In this case, the relationship of Kirs > Kiims >
Kurus > Kurs was obtained.

A K15 (2.83) of a worker described above exceeds 1,
and the value exceeds the 97.5 % predictive range of the
standard samples from workers exposed to 7LV of 50
ppm toluene and 100ppm xylene. Therefore, a K15 is
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useful for screening workers exposed to 7LV of mixed
solvents taking individual differences into account. In this
case, the KL g should not exceed 1.
E. Complementary Method

When some data for confidence and predictive limits of
specimens are lacking, the background data of the stan-
dard value can be useful as an appropriate values. When
the concentrations of methyl hippuric acids but not
hippuric acid are vailable as factors for equations [1-2]
and [1-3], the complementary method can be used
substituting the appropriate values from Table 2A and B
into equations [5-9] and [5-10]. When ECMry; in

equation [5-9] was used,
(1.91/2.1) ¥ (83/100 + 67/50)/(83/100) = 2.37

was obtained. The value from equation [1-2] was 2.01.
When 100 ppm toluene was used as a 7LV,

[(1.91/2.1) X (83/100 + 67/100)/(83/100) = 1.64]

was obtained. The value from equation [1-2] was 1.46.
When BEI; for a TLV of 100ppm toluene in

equation (35) was used, Kz" was
[(1.91/1.5) X (83/100 + 67/100)/(83/100) = 2.30]
The value from equation [1-3] was 1.78.

Discussion

There have been reports that the numbers of work-
shops using mixed solvents in Japan are relatively large.
For example, Mori et al. (11) reported that the number
of workshops using mixed solvents accounts for 79.2 %
of the 237 workshops in the Kyushu district. Their
report suggested that many organic solvents are used in
mixture in Japan.

In order to evaluate mixed exposure, individual meta-
bolic differences taken into accout, the confidence and
predictive lines should be straight by the present method.
However, in our previous report (6), the regression lines
were plotted by the method of Snedecor and Cochran
(10). Using this method the lines we plotted for the
confidence lines of the regression line and predictive lines
of individual samples were not straight. Therefore, we
used the values in our another previous paper (8) instead
of the report (6). In the present paper, regression line,
confidence lines and predictive lines were straight,
because these lines were depicted by the method of
Weisbrot (9). His method is as follows: Workers were
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classified into several groups by their exposure concentra-
tion. In each group, the mean value, confidence limits of
the mean and predictive limits of individual samples were
calculated and the straight lines were drawn by the least
square method from the mean, confidence limits of the
mean and predictive limits of the individual samples of
each group.

The equations in the present paper were made under
the assumption that uptake, distribution, metabolism and
elimination are not affected by coexposure. These condi-
tions are usually met at low exposure, showing the values
of the haz, ind. (%) are not much greater than 1, rather
than longer duration of exposure. In the report describing
volunteers’ exposure to 50ppm toluene and 40ppm
xylene, equivalent to 1.4 of the 4 and 1.3 of the K5 value,
did not alter urinary concentrations of both solvent by
Tardiff et al. (13), which is descrbed later.

Currently, the 7LV of toluene has been changed
from 100ppm to 50ppm, however, BEIs of urinry
hippuric acid, o-cresol and toluene have not been
documented. Therefore, 7L Vs for toluene of 50ppm
and 100 ppm were used in this study.

In the present study, urinary hippuric acids were used
as biological determinants of toluene exposure. The cut-
off value, which is used to discriminate the exposure
from the non-exposure, was 43ppm (Fig. 1B) for hippur-
ic acids (with a 2.5 % level of error) which is below the
current 7LV of 50ppm toluene. Moreover, o-cresol is
one of the metabolites whose background value is not
affected food intake though it is affected by tobacco
smoking. The Kz value of hippuric acids was 0.35
evaluated by hippuric acid and was 0.42 evaluated by
o-cresol, the former being slightly lower than the latter.
Therefore, we used hippuric acid as the major determi-
nant. The use of urinary toluene as a determinant for
evaluation will be reported in the future.

As to the metabolic rates of mixed solvents from the
pharmacokinetic point of view, two factors should be
taken into consideration. One is the instance in which
little interaction of the metabolic rates of components is
observed in workers exposed to mixed organic solvents
(1, 12, 13) and the other is when marked mutual effects
are observed on the metabolic rates in workers exposed to
mixed solvents containing two or more components (13-
15). In these cases, use of the adjustment factor “f” was
described by the author and others (2-5).

A study made by Ogata et al (1) considered the
former case in which volunteers were coexposed to a
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vapor of 67 ppm toluene and 83ppm m-xylene for 3h in
an artificial exposure chamber and their urinary hippuric
acid and m-methylhippuric acid were determined. The
results suggested that simultaneous exposure did not alter
the rates of excretion of both metabolites from those for
Separate exposure.

Kawai et al (12) monitored urinary metabolites of
workers exposed to a mixture of 11.0ppm toluene, 7.1
ppm styrene and 32.6 ppm methanol and reported that no
change in metabolism was induced by combined exposure
at these low exposure levels,

Ogata et al. (6) examined the concentrations of uri-
nary hippuric acid, m-methylhippuric acid and methyl
isobutyl ketone at the end of shift in the urine of workers
who had been exposed to 15.2ppm toluene, 13.9ppm
xylenes and 16.7 ppm methyl isobutyl ketone (6). Regres-
sion equations were set up between the ambient concentra-
tions of each compound in a mixed solvent to which
workers were simultaneously exposed and the urinary
concentration of the metabolites or parent solvents corre-
sponding to the solvent to which they were exposed. The
values of the slopes and intercepts of these equations
obtained were not significantly different from the corre-
sponding values of regression equations for the three
groups of workers, each of which was exposed to only
one of the solvents. These results indicated that each
component had a minimal pharmacokinetic effect on the
concentrations of urinary metabolites or solvents of the
other solvents.

Recently, Tardif et al. (13) showed that simultaneous
exposure to 50ppm toluene and 40 ppm xylene for 7h in
a controlled exposure chamber did not produce any inter-
actions on the concentrations of the solvents themselves in
blood and exhaled air as well as in the urinary concentra-
tions of hippuric acid and methylhippuric acid. Then the
K values was calculated to be 1.4 and Kz value was to
be 1.3. The same authors (13) also showed that simulta-
neous exposure to 95ppm toluene and 80 ppm xylene (2.7
of K value) for 4h did affect the concentration of parent
solvents in blood and in exhaled air; there was a signifi-
cant delay in the urinary excretion of the hippuric acid but
not of the m-methylhippuric acid. These results indicate
that there is a threshold level below which metabolic
interaction of solvents does not occur, indicating that
interaction among mixed components is dependent on
concentrations of mixed solvents rather than duration of
exposure. These four reports suggest that mutual meta-
bolic interactions among multiple components of solvents
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is not likely to occur in humans who are exposed to
mixtures such as toluene and xylene, or toluene, xylene
and methanol (12) in lower concentration ranges than
those reported in the above studies.

In the present report, the author has reported a basic
method for the evaluation of biological monitoring of a
mixed exposure. The methods for calculation of the biol.
haz. index and its ranges are described. When the con-
centrations of some metabolites and/or solvents in urine
are not determined, a complementary method using their
airborne concentrations is also described.

Therefore, its application is limited to those cases in
which the kinds of solvents and the concentration range of
those solvents have been reported.

A more generalized application of the equation will be
reported after further experimental and field data have
been taken into account.
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