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DETERMINATION OF TRIMETHYLSELENONIUM

ION 1IN

URINE BY GRAPHITE FURNACE ATOMIC ABSORPTION

SPECTROMETRY

NORITAKA

OYAMADA

Ibaraki Prefectural Institute of Health, 4—1 , Atago—cho, Mito, Ibaraki .

Summary

Determination of trimethylselenonium ion
absorption spectrometry

(TMSe) in urine by graphite furnace atomic
(GFAA) was studied. It is necessary to separate TMSe from

other selenium compounds in urine and to inorganic selenium completely without any loss of
selenium , so that ion exchange column chromatograph and pressure decomposition technique
were applied prior to the analysis by GFAA. The proposed method could determined TMSe in
urine with a recovery of 82—102% , and with a variation coefficient of 3.7—6.2%.

Trimethylselenonium ion [(CH3)3Se : T
MSelwas reported as metabolite of selenium
by Byard et al}'zln these reports, they applied
the tracer technique by using 75Se to measure
required special handling technique, so it is
necessary to establish a simple and widely usa-
ble accurate analytical method for clarification
of pharmacokinetics of selenium in biological
milieu. In previous paper, we have reported the
method for the determination of total selenium
in biological materials by a combined with oxy-
gen flask combustion methood, solvent ex-
traction, nickel matrix effect and graphite 34
furnace atomic absorption spectrometry (GFAA)
However, TMSe could not be decomposed com-
pletely to inorganic selenium with oxygen flask
combustion method. Because the volatile seleni-
um compounds ( E, g. dimethylselenide) were
partly yielded simultaneously with inorganic se-
lehium, result in, TMSe could not be tr-
apped quantitatively with absorbing solution
as an inorganic selenium ion. For the a-
voidance of volatilization of selenium com-

" pounds and for complete digestion of organic

selenium compounds at digestive process,the
pressure decomposition technique was applied
prior to the analysis by GFAA. In this
result, the sample could be decomposed com-
pletely without any losses of selenium by
The separation of TMSe

from other selenium compounds in urine was

volatilization,

carried out by ion-exchange column chromato-
graphy prior to the application of pressure
decomposition technique. And the total se-
lenium was determined after digestion of

urine directly without treatment of ion-ex-
chage column chromatography. The proposed
method could be determined TMSe in human
urine with a recovery of 82-102% (n=5),
and with a variation coefficient of 3.7-6.2
%, and the total selenium in urine with a

recovery of 94-101% (n=5), and with a
variation coefficient of 3.7-6.7% . De-
tection limits of the TMSe in urine was 1.0ng
/ml
/ml

and that of total selenium was 0.5ng



EXPERIMENTAL

Reagents

All solutions were prepared from dis-

tilled water and analytical grade reagents
[except the standard selenium (IV) and
trimethylselenonium solution].

Standard selenium ( IV ) solution,
1000ppm. Prepared and further diluted with dis-
tilled water to give concentration of 0.1, 0.05,
0.03 and 0.01ppm before use.

Standard trimethylselenonium (TMSe)
1000ppm. TMSe was synthesized
from dimethylselenide by the procedure of
Wynne.> Prepared by dissolving 128.6mg of
trimethylselenonium chloride in distilled

solution,

water and diluting to 1000ml. An aliquot of
this solution is diluted with distilled water
to give concentration of 0.1, 0.05 0.03
and 0.02ppm before use.

Nickel solution, 0.1%, Prepared by dis-
solving 4.96g of nickel nitrate hexahydrate
in 1000ml of distilled water.

Dithizone solution,0.02 %.
dissolving 20mg of refined dithizone in 100ml
of carbon tetrachloride.

Cation-exchange resin. Dowex bOW-X 8,
converted into the hydrogen form by treatment

Prepared by

with hydrochloric acid.
Hydroxylamine hydrochloride solution,20%

Appartus

Hitachi Model 170 — 50 atomic absorption
spectometer, equipped with a Hitachi Model
HFA heated graphite atomizer and a deuterium
A Hitachi

Model 056 recorder (10mV range) was used

backgroundcorrector, was used.

to record peak-heights. A Jintan 50yl micro-
syringe was used for injecting test tolutions
into the graphite furnace. A Finnpipett 5— 5Qul
micropipette was used for injecting nickel solu-
tions into the grahite furnace,

Pressure decomposition vessel, obtained

from Uniseal.
Instrument setting : The 196, 3nm selenium
resoance line was used. The line source was a
Hamamtsu selenium hollow-cathod lamp oper-
ated at 8 mA. Background correction was
used for all measurements, Control settings
on the HFA were experimentally optimized and
provided the following drying, ashing and atom-
izing times and temperatures : dry at 100°for
30sec, ash at 600°for 30sec,

2400°for 8 sec. Argon was used as the fur-

atomize at
nace purgegas at a flow-rate 0.81  min.

Procedure

Separation of TMSe : 5 — 10ml of urine
was placed on an ion-exchange column (1x
920cm) contained Dowex 50W-X 8 (H™) resin
suspend in IN NH, OH. The column was
washed with 50ml each of IN NH, OH,
distilled water, and HCl (0.05, 0.1, 0.5,
1.0 and 4 N). The TMSe was eluted in
4 N HCl fraction and the frist 5 ml of
the eluant was discarded then 40ml was col-
lected as TMSe fraction A 1 0 ml aliquot
of the TMSe fraction was transferred into the
pressure decomposition vessel and heated for
80min at 200°in a muffle furnce.
After cooling the vessel in water, 2 ml of
20% hydroxylamine hydrochloride added to
the decomposed solution and boiled for 10min.
Then the solution was cooled to room temper-
ature, The digested solution was transferred
to separatory funnel and was added HCI to
be adjusted with ca 4 N of HCI concen-
tration. The selenium ion in the solution was
extracted with 1 mlof 0.02% dithizone in
carbon tetrachloride.
1 ml of
urine was taken into a pressure decomposition

Determination of total selenium :

vessel containing 5 ml of 5 N HNQ3and
heated for 80min at 200°. Hydrochloric acid



was added to the digested solution to be adjusted
with ca. 4 Nof HCI concetration and the se-
lenium was extracted with dithizone in carbon
terachloride.

Analysis of selenium : 20 # 1 aliquots of
the extract were injected into the graphite
furnace with microsyringe. The carbon tetra-
chloride was evaporated by heating for 20 sec at
100°. Then was added 50 # 1 of 0.1% nickel so-
lution to the residue and the selenium was de-
termined according to the operating conditions
shown in Table 1.

Table 1 Operating condition

: Hitachi model 170—50
atomic absorption spec-
trometer, with deu-
terium background cor-

HFA
flameless atomizer

: Hamamatsu hollow
cathod lamp of Se

Equipment

rector, the

Light source

Lamp current : 8mA
Wavelenght : 196.3nm
Ar gas : 0.81,/min
Drying : 100°C, 30s
Ashing :600°C, 30s
Atomizing : 2400°C, 8s

RESULTS AND DISCUSSION

Separation of TMSe from urine
In order to determine TMSe, it is necessary to
separate TMSe from other selenium compounds
Ge. Se03— “and SeQ’ ") in urine, so the ion-
exchange chromatograph method was adapted.
TMSe was existed as cation form in urine, so
TMSe is absorpted with cationexchange resin and
is eluted with hydrochloric acid, so be able to

separate from other selenium compounds. The

separation of TMSe by column chromato-
graphy on Dowex 50W-X 8 resin was attempt
ed. Figure 1 shows the elutiom curve of
TMSe by column chromatography on Dowex
50W — X 8 The column was eluted
with 50ml each of IN NH OH, dis-
tilled water and hydrochloric acid ( 0.05,
0.1, 0.5, 1.0 and 4 N). TMSe was eluted
with 4 N HCl and the frist 5 ml of the
eluant was discarded and then 40ml was col-
lected as TMSe fraction. The recovery
and the repeatability of TMSe with 4 N
HCl were examined. Satisfactory
were obtained that the recovery values were

85 —~ 98 %, and the variation. coefficient were
3.5—4.7% when the amount of 0.1 — 1.0 x g

resin,

results

of TMSe were added to the ione-exchange
column, )
0.4 _
=03 L
o 2
+o
w)
=021
-
01 |
1 1 " 1 " 3
10 20 30 L0 50
LN HCI Effluent, mi
Fig. 1 Elution curve of TMSet by

column chromatography on Dowex
50W—X8 resin.

The column was washed with IN
NH, OH, distiled water, and
HC1 (0.05, 0.1, 0.5, 1.0N),
TMSet was eluted with 4 N
HCL

Column size : 1.0ecm x 20cm

; TMSe™ taken : 1.0 g



Interference

Some cation (Cu, Ag, Hg and Bi) of
over 10ppm show the same behavior as the se-
lenium at the extraction process with dithi-
zone and these cation suppress the selenium
absorbance at atomizing stage of selenium.
But each concentration of these cation in
urine are very low level range (under 1,0ppm),
so the suppression of selenium absorbance
does not be occurred by these coexisting
materials

Decomposition of TMSe

For extraction of selenium quantitatively
with dithizone carbon tetrachloride, it 1is
necessary to decompose TMSe to SeOg ™~
or SeOZ_. But the application of acid di-
gestion and oxygen flask combustion method
could not be obtained quantitative recovery
of TMSe (below 40%) in comparison with
corresponding quantities of standard inor- .
ganic selenium. This reason attribute to
the formation of volatile compounds like as
dimethylselenide and methylselende during
acid digestion or oxygen flask combustion
process of TMSe. Therefore, it is necessary a new
method to decompose TMSe quantitatively that
to use closed system equiment. In this reason, we
attempted the thermal decomposition method
using pressure decomposition vessel.
To
suitable condition for the thermal decompo-
sition of TMSe in 4 N hydrochloric acid,
obtained from ionexchange chromatography, so

Decomposition tempereture : obtain

suitable decomposition temperature was ex-
amined used by a muffle furnace, Figure 2
shows the relationship between recovery of
The
recovery were obtained above 95 % at the
temperature higher than 170% Then the decom-
position was done at 200°by a muffle furnace.

TMSe and decomposition temperature.
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Relationship betwween recovery
of TMSe and decompnsitiom
temperature.

TMSe into the
pressure decomposition vessel
containing 10ml of 4 N HCI

and heated for 80min

]
160 200

was taken

(TMSe : 2.0ng)
50 60 70 80 90
Time min

Relationship between recovery
of TMSe
time
TMSe into the
pressure decompositiom vessel
containing 10ml of 4 N HCl
and heated at 200°C

(TMSe : 2.0ng)

and decomposition

was taken



Table 2

Recovery of trimethylselenoium ions in human urine

Sample TMSe™ added ng Found ng Mean ng Recovery % C.V. %
0 14.5,16,0.15.7
18.5,16.2 16.2 9.0
15.6 30.0,31.2,26.7
1 ml 29.5,30.8 29.6 85.9 6.0
31.2 44.5,42.5,42.5
46.6,47.0 44.6 91.0 4.8

Decomposition time : Figure 3 shows the
TMSe

and TMSe and decomposition time at 200°.

relationship between recovery of
In this result, the recovery were obtained
about 96% at the time longer than 70min, so
the reaction time was decided for 80min.

Recovery test of TMSe

TMSe which was one of urinary selenium
metabolite was decomposed completely without
any volatilization losses of selenium by
using pressure decomposition vessel after
separation of TMSe from other selenium
compounds with cation-exchange resin on
Dowex 50W — X 8. Then the selenium in
the decomposed solution was extracted with
dithizone carbon tetrachloride and could be
determined accurately by graphite furnace
atomic absorption spectrometry. Table 2
shows the analytical results of TMSe in
human urine, the recovery were 85.9~91.0%
and a varition coefficient was 4.8~9.0%.

Determinatio of total selenium
the
total selenium in urine was examined by

Pretreatment for determination of

using the pressure decomposition vessel
When decomposition of urine was carried out
directly as same condition as decomposition
of TMSe described above, the value of re-
covery test shows extremely low under 11%.
This reason was presumed as follows, when urine
was digested directly under the same con-
TMSe, the HCl medium could
not have sufficient ability of decomposition

of selenium compounds in urine,

dition as

Therefore

the digestive ability was examined under
medium of nitric acid. Figure 4 shows the
relationship between recovery of selenium
and concentration of nitric acid as medium.
Quantitative digestion was obtained above
2 N of nitric acid. In this results, the
concentration of nitric acid in the digestiv-
e vessel was made at an acidity of about 4 —
5N at digestive process for determination

100
< 80 -
[
wy
S 60 L
>
®
3
o 40
n
201
i 1 ] ! ] J
05 1 2 3 4 5
Concentration of HNO3. N
Fig. 4  Relationship between recovery

of selenium and concentration of
nitric acid. Se and 1.0mlof urine
was taken into the pressure decom-

position vessel and heated for 80min
at 200°C



Table 3

Recovery of selenium in human urine

Sample Se added ng Found ng Mean ng Recovery % C.V. %
0 62,58,59
56, 65 60 6.7
50 106,113,104,
1 ml 106,105 107 94.0 3.7
100 154,156,166
16.5,165 161 101.0 3.7
Table4 Determination of selenium compounds in human urine
Sample Total — Se TMSet Sample Total — Se TMSe+
(No) (ppb) (ppb) (No.) (ppb) (ppb)
Male 1 42.9 4.2 Female 1 23.5 7.7
2 32.4 3.9 2 19.6 8.3
3 34.3 4.0 3 43.1 9.4
g 104,1 36.6 4 38.6 4.8
5 26.9 12.6 5X 138.5 26.9

*Urine was collected after luncheon.
of total selenium.

Recovery test of total selenium from urine
The recovery value shows 94—101%, and
a variation 37— 6.7 %
(Table 3) using by proposed method. On
the other hand, when the same sample were
digested with nitric acid and hydrogen per-
oxied using conventional method of wet
digestion, the recovery value were 80% and
a variation coefficient was below 11% . The
proposed method, the nitric acid digestion

coefficient was

combined pressure decomposition vessel, may
be digested quantitatively and could beavoided
volatilization losses of selenium so it could
be determined accurately.
Application to the sample analysis

The results for the of

TMSe and total selenium in each of five

determination

normal adult males and females are shown in

Table 4 . collected before
lunch, male No.4 and female No.5 urine were
collected after lunch. As a result, total
selenium in urine were 19.6 — 138.5ppb and

Urine was

TMSe were 3.9 — 36.6ppb. It was evidence
that TMSe was one of the selenium me-
tabolites and was excreted in urine and e-
quivalent 6.3—30.1% of total urinary se-
lenium.

In the proposed method, detection limits
of TMSe in urine was 1.0ng,/ml and total
selenium was 0.5ng,/mlL
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in ENVIRONMENTAL
SAMPLES
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ABSTRACT

Vanadium concentration in environmental samples has been measured by a new method which we

have been developed for the determination of traces of vanadium in biological samples. As a

results, it was found that traces of vanadium in environment could be measured with high sensi-

tivity and selectivity even small amounts of sample by using proposed method. Furthermore,

trace vanadium level in human blood, urine and hair has been investigated by this method.

As a results, vanadium level in blood was a mean of 0.7 ng/ml, that in urine was less than
0.2 ng/ml and that in hair was the range of 5.0—155.0 ngg.

INTRODUCTION

Vanadium is of biological interest, it oc-
cures as a trace element in plants and ani-
mals, But the role of vanadium in biologi-
cal system is not well know. While vanadi-
um has been universally found in fossil fuels such
as coal and petroleum, often in high concen-
trations, and it has been changed into vanadi-
oxide by burning of fossil fuels. A part of vanadi-
um oxide is released in the atmosphere as particu-
lates matters, and so the environmental pollution

by vanadium is apprehended. Vanadium is
also used industrially as raw materials of
special steel, special glass, pigment and so
on, As vanadium dust is harmful to humans,
Japan Association of Industrial Health recom-
mend the permissble concentration of 0.5mg,
as dust of vanadium pentoxide in the workplace
atmosphere. In order to assess the vanadium-
exposed degrees of workers, in general, vanadi-
um concentrations in blood, urine and hair are

measured.

On the other hand, the determination of
traces of vanadium in environmental and bio-
logical samples is difficult conventional methods
such as spectrophotometric method, flame atomic
absorption spectrometric method and emission
spectral analysis. Because spectrophotometric
and flame atomic absorption spectrometric
methods do not have the sufficient sensitivity
for determination of traces of vanadium, and
emission spectral analysis has the problem as
for selectivity.

Previously, we have been developed a new
reagent, N— cinnamoyl — N — (2,3 — xylyl) —
hydroxylamine (CXA), as a sensitive and
selective chelating reagent for vanadium,
and reported a method for determination of
traces of vanadium in biological samples by
a combined CXA extraction and carbon furnace
atomic absorption spectrometry with an atomizer
coated with pyrolytic graphite 1.2)

In this report, above mentioned method
has been applied for monitoring of vanadium



concentration in environment. To grasp the accu-
rate trace vanadium level range in normal human

blood, urine and hair as index of industrial ex-

posure to vanadium, furthermore, the concentration
of vanadium in blood of 108 persons, urine of 50
persons and hair of 261 persons have been measured

by this method.

EXPERIMENTAL

Reagent,

All the reagents used were analytical grade,
and water was used doubly distilled one.

Standard vanadium solution, 1,000ppm.
Prepared immediately before use, by dissolv-
ing 1.148g of ammonium metavanadate in a
minium quantity of ammonia solution and di-
luting to 500ml with water.

Potassium permanganate solution, O 02M.

CXA solution,0.1% in carbon tetrachloride.

Apparatus,

A Hitachi Model 170—50 atomic-absorption
spectrometer, equipped with a Hitachi Model GA
— 2 heated-graphite atomizer and a deuterium

background-corrector, was used. A Hitachi Model

056 rcorder (10—mV range) was used to record
peakheights. A Jintan 50 ul micro-syringe was
used for injecting test solutions into the carbon
tube.

Instrument The 318.4 nm
vanadium resonance line was used. The line-
source was a Hitachi vanadium hollow-
cathode lamp operated at 10mA. Background
correction was used for all measurements.
Control settings on the GA — 2 were ex-
perimentally optimized and provided the
following drying, ashing and atomizing con-

ditions : dry by raising the current from 0
to 25A at 1 A sec (final tempereture ca.

100D, ash at 150 A (ca. 1850) for 20 sec,
atomize at 300 A (ca. 2800) for 10 sec.
Argon was used as the furnace purge-gas at

settings.

a flow-rate of 2.6 1.,/min.

Procedure,
Atmosphere :
After the atmospheric particulates were col-

Pre-treatment of samples.

lected on a glass fiver filter by a high
volume air sampler, a glass fiver filter was
divided by eight. A piece of divided filter
was taken conical beaker, and then was added
the mixture solutions of nitric acid and
perchloric acid. To elute the vanadium from a
glass fiver filter, the mixture solutions were
heated about 1 hour. The eluate was transferred
to Kjeldahl flask and was concentrated to white
fumes of perchloric acid. After the hot solutions
were cooled at room temperature, the solutions
were transferred to volumetric flask, and then
diluted to 100 ml with water. Water sample : 50
ml of sample was decomposed with nitric and
perchloric acid, and decomposed solution was
concentrated to white fumes of perchloric acid,
Blood and urine : 10 ml of blood or 50 ml of
urine was digested with nitric and perchloric acid,
and digested solution was concentrated to white
fumes of perchloric acid. Hair : The hair was
cutted about 3 — 5 mm length and washed with
neutral detergents, followed by water. 0.5g of
washed hair was treated as those of blood and
urine.

Preparation of test solution. The decom-
diluted
with water and transferred to a separatory
directly
taken ca. 20— 40ml from volumetric flask,
and transferred to a separatory funnel).

posed or digested solutions were

funnel ( Atmospheric sample was

To keep the vanadium in the quinquevalent
state, 0.02M potassium permangante solution
was drop by drop until a pink reagent colour

persisted for 5 min, and then 1ml of CXA

solution in carbon tetrachloride was added,
followed by ca. 20— 40ml of concentrated
hydrochloric acid (to give a concentration
of ca. 6M in the resulting solution).



The funnel was immediately shaken for 3
min and the vanadium extracted into carbon
tetrachloride phase.

Analysis. Aliquots of the extract (20x1)
were injected into carbon tube with a micro-
syringe, and the vanadium was determined.

RESULTS AND DISCUSSION

Vanadium concentration in environmental
samples

In general, the most widely used method
for determination of vanadium in water
samples, such as underground, river and sea

water, is spectrophotometric method. But
this method is not suitable for routine a-
nalysis, because volumes of samples for de-
termination of low concentration of vanadium
in water samples are required 234)— 201 5,)
While proposed method is more accurate and
sensitive than such a method, so volumes of
samples for determination can be decreased
(ca. 50ml). Hence, it is considered that
proposed method is useful one for routine
analysis of vanadium in water samples.
Analytical results of water samples analyz-
ed by the proposed method are shown in
Table 1.

Table 1 - Vanadium concentration in natural and sea water samples

Sampling points

Vanadium concentration ( pg,1)

Underground water

Toride city No. 1 2.0

2 2.8

3 1.8

4 0.6

5 6.0

Daigo town No. 1 3.1

2 0.3

Takahagi city 0.4

Kitaibaraki city 0.1

Hitachi city 0.3
River water

Tone rivber No.1 (Tone town, Ibaraki prefecture) 1.5

2 (Sakae town, Chiba prefecture) 4.3

Shin river  (Katsuta city) 1.1

Hayato river (Katsuta city) 1.5

Sea water

No.1 (0.5 km off the coast of Tokaki) 0.5

2 ( 2 km off the coast of Tokaki) 0.9

3 ( 2 km off the coast of Nakaminato) 0.3

4 (4 km off the coast of Nakaminato) 0.5

5 ( 2 km off the coast of QOarai) 0.2




Table2 Analytical results of vanadium in atmosphere

Sampling points Vanadium content (ug/m’)

Proposed rne1:hod>'< Flame method

Kashima town (A) 0.003 0.01<
(B) 0.018 0.019
C) 0.009 0.01 <
Mito city (A) 0.027 0.030
(B) 0.006 0.01 <
Hitachi city 0.019 —
Tsuchiura city 0.017 0.01<
Shimodate city 0.010 0.01<

*Flameless atomic absorption spectrometric method
*>kFlame atomic absorption spectrometric method; Detection limit of this
method was 0,01 ug/nd.

Table3 The recovery of vanadium in atmosphere and sea water

Sample Vanadium added( p#g) Found( ug) Mean( #g) Recovery(%) C.V.(%)
Atmosphere 2w’ 0 0.037, 0.036, 0.037  0.037 1.9
0.037, 0.038
95,0
0.02 0.055, 0.056, 0.056 0.056 1.3
0.056, 0.057
Sea water 50ml 0 0.065, 0.071, 0.071 0.069 4.8
0.073, 0.067
95.0
0.02 0.092, 0.092, 0.084  0.088 AT
0.084, 0.090

To determine vanadium in atmosphere by are in good agreement with date analyzed by
flame atomic absorption spectrometric:method, flame atomic absorption spectrometric method.

volumes of samples are required 5004, Table 3 shows the recovery of 0.02ug
However proposed method is sufficient a vanadium to 2m3 of atmosphere and 50ml of
volume of 10m for determination. Table 2  sea water. The recovery was 95.0% and
shows the analytical results of atmospheric relative standard deviation was as low as 5

samples analyzed by proposed method, which % .



Table4 Relationship between vanadium content in atmosphere and traffic volume

Sampling points

X
Vanadium content (g g/ m")

Traffic volume
(passaged numbers of car/ 12 hours)

Mito city @.9) 0.017 * 0.006>’<>!<>|< 23,925
Mito city (B) 0.010 = 0.004 14,013
Kashima town (B) 0.008 £ 0.005 16,020
Tsuchiura city 0.013 £ 0.005 18,359
Shimodate city 0.008 £ 0.004 13,557

* Yearly average: N=12 (twelve-month)

k> Yearly average: N= 2 (spring and autumn)

ok Mean(N=12) = 8S.D.

Relationship between vanadium concentration
in atmosphere and traffic volume

Table 4 shows the relationship between
yearly average of vanadium concentration in
atmosphere and that of traffic volume at
each sampling point. Traffic volume are
yearly average of passaged numbers of car dur-
ing 12 hours. There were correlation between
vanadium concentration in atmosphere and
traffic volum ¢=0.932, p<0.01), hence it
may be drawn the conclution that vanadium
concentration in atmosphere are influenced
by traffic volume, in other words, the
volumes of exhaust gases from car.

Vanadium concentration in human blood

Table 5 shows the analytical results of
vanadium in blood of 108 persons. Vanadium
concentrations in male blood of 64 persons
were the range of 0.1—1.5ng, ml and that

Tableb Vanadium concentration in blood

Sex Male Female
Number of subjects 64 44
Minimum (ng,/ml) 0.1 0.1
Maximum (ng,/ml 1.5 1.8
Mean (ng/ml) 0.7 0.7
S. D. 0.3 0.4

in female blood of 44 persons were the range
of 0.1—1.8 ng/ml. Mean value of vanadium
in blood of 108 persons was 0.7 ng,”ml.
Schroeder et al 6) reported higher concentra-
tions of 0.23 g/ ml, and Butt et al7’)

reported the value of 0.126 wg, ml The

data analyzed by present method are very low
in comparison with these data analyzed by
emission spectral method. While Allen et al.8)
reported a mean of 0.8 ng/ml vanadium using
radiochemical neutron activation analysis,
which is in excellent agreement with present
results,
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Fig. 1 shows the cumulative frequency distri-
bution of vanadium concentrations in blood on
the logarithmic probability papar. From this
graph, the distribution of vanadium in blood are
considered logarithmic normal distribution.

There were no statistically significant differ-
ence at p<0.05 comparison between vanadium
concentrations of male blood and that of female
blood.

Vanadium concentration in human urine

Table 6 shows the analytical results of
vanadium in urine of 50 persons. Vanadium
was detected from 13 samples, and was not
detected from 37 samples (0.1 pg,/1 :11
samples, 0.2 g1t 2 samples ; detection
limit : less than 0.1 g, 1). Christian9)
reported the range of 0.004 —0.048ppm in
using the catalytic method. While Watanabel0)
and Usutanill) reported the value of 6 xg,1
in using the spectrophotometric method. The
present data are, as well as the case of blood,
very low in comparison with these data. This
difference is considered that catalitic and
spectrophotometric methods are not so specific

for vanadium as present method.

Table6 Vanadium concentration in urine

Vanadium concentration Number of subjects

Cpg/D Male Female
N. D. 19 18
0.1 4 7
0.2 2 0

N.D. : lessthan 0.1 g1

Vanadium concentration in human hair
Table 7 shows the results for the analy-

sis of hair of 261 persons. Vanadium concen-
trations in male hair of 130 persons were
the range of 5.0—155.0ng/g and that of
female hair of 131 persons were the range of
7.8 — 118.8ng,”g. Mean of 261

persons was 48.9ng/g. As for the congen—
12

value

tration of vanadium in hair, Takeuchi
reported the range of 81— 478ng g (68
persons), and Ohmori et al® reported 4-—
93 ng g (45 persons). These data were ana-
lyzed by neutron activation analysis, which
were in good agreement with present data.

Table 7 Vanadium concentration in hair
Sex Male Female
Number of subjects 130 131
Minimum (ng/'g) 5.0 7.8
Maximum (ng/g) 155.0 118.8
Mean (ng/g) 53.6 44.2

28.5 22.8

S.D.

Table 8 shows the vanadium concentration
in hair by age. There were no statistical-
ly significant difference at p<0.05 compari-
son between age groups.

Table8 Distribution of vanadium
concentration in hair by age

Age group  Vanadium concentration (ng/g)
Male Femele

-19yr 365.6 £ 21.1(21)742.0 £ 25.8(20)
20-29 52.0 = 27.1(21) 60.0 £ 22.5(27)
30-39 57.1 £ 21.3(22) 40.5 * 22.6(21)
40-49 58,6+ 26.9(23) 37.3 * 21.7(22)
50-59 57.5 + 20,9(21) 43.7 + 18.9(21)
60-69 60.0 = 37.0(22) 37.3 * 17.5(20)

*kMean * S.D. (number of subjects)



Fig. 2 shows the cumnlative frequency
distribntion of 'vanadium concentra tion in hair

T. Araki: Bunseki kagaku, 24, 206
(1975)

on the logarithmic probability papar. The dotted 4) T, Kiriyama and R. Kuroda : Anal.

line, A and B were linear, so it is considered
that the distribution of vanadium in hair show

approximately logarithmic normal distribution.
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There were no statistically significant
difference at p<<0.01 comparison between va-
nadium concentrations of male hair and that °
of female hair.
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Table 1 Viable Count of Samples

10* 10° 10° 10" 10® 10° 10"

(Sam
Viable 5 9 2 ples)
Count (7) 18 (9
Thermost- 3 5 5 3
ability Vi-
able C. 20 @) (9 s @2 @
Saprophy 5 9 2
tik Viable (7 18 (9
C.

Table 2 Viable Count of Sample
Saprophyte were Positive

Viable co-|Thermosta |Saprophytic

No. | unt (8) |bility Viab-|Viable count
e count(/®) e

1 10° 10 10°

2 10° 10¢ 10°

3 10° 108 10°

4 10° 108 108

5 10° 107 10°

6 10° 108 10°

7 10° 107 10°

8 10° 10° 108

9 10° 108 108

10 10° 10° 10°

11 10% 107 10"

12 10" 10° 10"

13 10° 107 10°

14 10° 10° 10°

15 10° 10° 10°

16 10° 107 10°

2. MEOEESLULE
S0M R 16M A S MET £ 08 L7 FhA L
i, 1BEIS I HEAE ST &Y, 8
Bt EH TS 1 ~20% TH -7z, (Tabled)
BRERIICE, Micrococcus ONBESAE MR &
L, 2EDI0HBIcY -5 5 mENSTRE ST

Joo (Tabled)% D, FAEEE RIS DBacillus
BD&E, Lactobacillus, Staphylococcus,Ps
eudomonas®&t 7 FE39 #E A8 L 72,

Table 3 Radio of B.natto and Saprophyte
Bacteriolgical Species

Fished B.natto |Saproph- |{Bacteriolog
" | swaie ne (LSS
%) %)
1 44 40 91.00 | 4 ( 9.0) |Micrococcus
Lactobacillus
2 27 26 963) | 1 ( 3D |Lactobacillus
3 25 22 (889 | 3 (11.1) |Micrococcus
4 89 80 899) | 9 (101) |Micrococcus
5 15 14 ©33)| 1 ( 6.7 |Staphylococcus
6 5 4 800)] 1 (20.0) |Micrococcus
7 9 8 889 | 1 (11D |Lactobacillus
8 74 73.(986) | 1 ( 14 |Staphylococcus
9 44 |37 @41 | 7 (159 |B.pumilus
10 22 20 900 | 2 10.0) |B.pumilus
11 11 9 818 | 2 (182 |B.pumilus
Pseudomonas
12 78 75 (962)| 3 ( 38 |B.subtilis
13 12 11 1D | 1 ( 83) |B.megaterium
14 36 35 Q72| 1 ( 28 |B.megaterium
15 97 96 90 | 1 ( 1.0) |[Micrococcus
16 73 72 986)] 1 ( 14) |Pseudomonas

Table 4 Classification and Detected Count of

Saprophyte

Bacteriological Count of Samples

Species
(Samples) %)
Micrococcus 5 (1o
Lactobacillus 3 C 6
Staphylococcus 2 )
Pseudomonas 2 (D
B. pumilus 3 ¢ &
B.megaterium 2 (o
B.subtilis (biotin. 1 2
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Table 5 Biological properties of Genus

Bacillus
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E + - - 4+ +
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Studies on Clostridium perfringens isolated from
feces of school children and junior high school

student,

Takahisa KAMIYA, kazunori

YAMAMOTO, Michihiko KOMURO

Shigeko KAKEFUDA, Ritsuko MURAKAMI , Katsumi TAKAI

Ibaraki Prefectual
4—1, Atago—cho, Mito ,Ibaraki
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Table 1 Recovery of Clostridium
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Table 2 Distribution of Isolates by Hobbs’

perfringens Serological Type
Heated | Not . Hobbs® Serological Type
Tot
heated | [0 Condition 1 ToTaTyTs[6]7]8]o i ididduT
40 65 83
Common |7 16.38)| = @64%) |+ -337% Heated
8 246 246 246
8 o T — (49 2 12| | l2] |1} [1]2] |4]1]35
o L —_ Q) {—— <, i
L oose o “23% % 654%) % ®85% Strains)
@ |School 33 50 69
g P 1 171992 0599 |- =358%) NotHeated
£ | children | 193 193 193
S [T g 15 » = (79 1]4 31|70
Q, —_ —_ 0, — .
& |Sehodl 1T @25%) 79 @05% 79 @68%) Strains)
51 82 106
— —_— (2 —
Total 272(188%) o 30.1% 272(39.0%) Tot al
(129 20 1314] 12| (1] (1|1 [7]|2|10
Strains)




Table 3 Comparison of Sporulation in

Table 4 Enterotoxin Production of the

D.S and Carlos medium Isolates
Order of Spore counts
i Medium Positi i
Medium 0 1102 10°| 10*] 10°| 10°) 107 ositive | Negative
3 125
. . D.S medi —_— —_—
DS m. g 1y 18 |25 (37 |23 | 5 i 128 128
(128 Strains) Carlos 3 124
(lcze;rslc;s rin.,) 21113 16 |26173]16 medium 127 127
rains
Table 5 Comparison of Enterotoxin Producing Strains
No of Hobbs’ Heat
No. Medium Spores Serotyps resistant Feces Ent
(/mb) (g /mb)
1 D.S m. 4.3x10° U. T + Common >100
Carlos m.| 4.1x10° Uu. T + Common >100
2 D. S m. 4.3%10° U. T - Common >100
Carlos m. 1.5%X10° U. T - Common >100
3 D.S m 45x10° Uu. T - Common 0.004
4 Carlos m. 2.0x10 u. T - Common 0.032
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Hygieric chemical Studies of Ground water in Ibaraki
Prefecture (IX)
Ground water in South Eest Area of Ibaraki Prefecture,

Michiko NAKATA, Tokihiro SASAMOTO, Yuji NEMOTO
Yaeko SUZUKI, Kyoko KUBOTA, kaoru KATSUMURA
Mamoru SAITO.

Ibaraki Prefectural Institute of Health.
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# 4 Kk B O #E
L ] oM~ | Sl R

= ®Cc) 187 ~ 292 245 291
* #®CC ) | 150 ~ 195 165 0.97

pH 6.7 ~ 87 761 050
A (R D 0 ~ 30 378 6.15
i % (D 0 ~ 10 - -
# % B E W (ppm) [102 ~326 189.1 5747
fud i B (uyfem) [114 ~430 234.9 8288

N Hi—N (ppm) 001~ 036 0.04 0.12

N O:~N (ppm) 0.00~ 002 - -
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13230ppmTdH 5, FAEDT 320~ 25ppm % & ~

JIEREA T ERL TS,

Bl A A 13 0 ~42ppm DEFH T, Tl 88
ppmTH %, 364214 (513%) BRIRHTH
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Ty BeA A VIETXTRRETH 50
WVel-+08 HUDat4gY, FPhIDLAAY

AU 44 30.56 ~9. 2ppmDFFET, I
H1E13237ppmTH 5. 5 ppmPl EOHEHIE L
EAERT &DIiE, N10 (6.7ppm) , No27 (5.4
ppm) , No32 (9.2ppm) D 3HALN, EEA
Ei33. 0ppmlI T TH 5,

T vE=THER, BHREER,

BRER A A&



_EOKE e SRR G N N0 O ey T Ui

o ) (B  (BO) (ppm) (#s/cm) (ppm) (ppm) (PPM) (PPM) (PPm)
1 233 166 7.8 3 0 129 151 002 000 0 31 56.0
2 192 175 81 0 0 179 219 002 000 25 25 3385
3 21.8 164 81 0 0 182 204 001 000 41 19 410
4 187 156 69 0 0 155 153 001 000 38 22 3090
5 156 72 0 0 118 137 002 000 15 31 340
6 153 81 1 0 177 227 002 000 04 22 720
7 177 80 2 0 167 199 002 000 26 25 345
8 1566 720 0 228 278 001 001 61 28 460
9 205 195 87 4 0 128 137 002 000 0 2.8 390
10 267 165 7.7 3 0 170 216 028 000 0 41 830
11 245 174 80 7 0 157 197 036 000 02 51 780
12 262 164 78 0 0 225 292 000 000 38 32 815
13 270 156 84 3 0 130 158 004 000 O 16 585
14 292 165 87 3 0 151 168 012 000 0 382 710
15 285 165 83 3 0 220 246 000 000 07 2.8 500
16 280 165 74 2 0 114 148 000 000 05 19 56.0
17 272 170 67 0 0 237 289 000 000 57 2.2 385
18 245 154 74 0 0 134 173 000 000 1.0 25 605
19 240 156 7.2 0 10 233 272 060 000 35 7.0 770
20 268 150 74 3 0 143 180 000 000 05 28 430
21 270 163 7.0 7 0 292 396 000 000 7.1 1.3 880
22 225 165 7.2 5 10 208 276 000 000 03 22 960
23 235 165 7.8 0 0 126 152 000 000 09 25 340
24 250 160 7.9 3 0 102 114 000 000 0 2.5 33.0
25 216 165 7.2 1 0 278 358 000 000 29 31 880
26 210 180 78 3 0 326 430 000 000 7.4 28 720
27 235 160 71 0 0 267 336 000 000 51 31 600
28 236 176 75 3 0 192 215 000 000 35 31 360
29 154 78 3 0 241 304 000 002 24 31 830
30 202 170 7.6 5 0 173 203 002 000 0 4.7 630
31 168 7.1 5 7 189 211 000 000 58 1.9 440
3 235 185 71 0 0 287 418 000 000 24 25 830
33 280 175 69 7 0 245 327 000 000 0 25 960
34 250 165 7.6 0 0 194 280 000 000 19 2.8 56.0
% 272 162 77 -0 0 117 161 000 000 15 28 915
3 274 156 74 0 0 192 233 000 000 39 34 405




cl1- F Na* Ca'™" Zn Mn ) VER
(ppm) (ppm) (PPm) (Ppm) (PPM) (PPm) (ppm) (Ppm) (ppm) (Ppm) (ppm) (pPpm)
103 0 0.0 32 9.2 5.5 3.3 51 021 006 000 39 032
33.6 0 00 11 18.8 7.5 3.5 52 022 002 000 34 020
2 6.0 0 00 0.7 9.6 5.9 6.8 69 011 000 000 32 012
221 0 0.0 0.6 1.1 5.3 5.5 56 000 000 000 40 012
14,9 0 0.0 0.9 7.8 1.1 4.6 46 011 000 000 33 O0.16
187 13 00 22 0.7 2.5 4.3 84 011 000 000 40 040
299 0 0.0 0.8 3.9 4.8 8.1 58 019 007 000 33 012
4 55 0 00 1.2 223 8.0 1.1 87 006 002 000 25 014
89 11 00 4.1 8.5 5.3 2.4 54 004 000 000 49 028
11.9 11 00 6.7 1538 5.7 4.2 66 017 000 000 33 040
9.7 0 00 37 103 6.2 4.7 72 028 002 002 40 1.40
247 13 00 1.3 118 0.9 9.8 14 014 000 000 25 012
79 10 00 37 10.1 4.6 3.3 53 006 000 000 39 056
7.9 0 0.0 4.4 16.8 4.6 2.3 43 008 000 000 44 036
377 0 0.0 15 7.7 1.7 5.8 89 015 000 000 42 072
11.0 0 0.0 0.8 9.1 4.3 5.5 54 036 000 000 32 00686
225 34 00 1.5 2.0 8.5 9.8 02 000 050 000 40 012
14.4 0 0.0 10 9.5 5.0 6.8 67 011 000 000 33 010
213 0 0.0 29 3.1 8.5 8.1 93 178 000 000 55 1.3¢0
195 11 00 1.4 9.5 4.6 6.3 66 011 000 001 40 036
314 27 00 28 7.9 2.6 3.0 46 061 000 001 33 018
222 0 0.0 30 7.3 7.1 0.2 90 114 006 000 38 014
20.2 0 0.0 11 2.9 3.2 3.9 39 021 001 000 36 0.16
171 0 0.0 07 9.3 2.5 2.1 37 014 002 000 30 016
298 35 00 3.1 17.0 8.5 4.2 35 003 000 000 39 026
463 24 00 1.3 230 9.4 3.4 22 053 020 000 32 010
281 29 00 5.4 16.6 3.5 6.8 07 008 010 000 28 0.24
199 17 00 26 10.9 4.8 6.6 66 013 002 002 42 0.44
216 21 00 24 131 0.3 0.1 09 011 008 000 39 008
16.9 0 00 29 16.4 4.3 5.1 54 125 002 002 59 090
2 1.0 0 0.0 05 103 4.1 9.7 75 200 000 001 26 007
404 42 00 92 21.5 7.8 4.4 32 011 000 000 40 1036
2 9.5 0 00 22 190 8.5 0.1 13 058 005 004 49 008
36.2 0 00 22 185 7.8 7.0 79 008 000 000 36 024
2 1.4 0 00 07 129 3.4 3.9 45 018 000 000 32 010
287 0 00 1.4 16.1 5.3 5.9 6 6 0.00 000 23 002
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g | BER agmsg| NHaq (NOoy | KMuO P ygg| - CI SO | Na | BE | Fe
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RER 0976 |—0018) 0658| 0042] 0457 | 0725 | 0711 | 0668 | 0929 | 0162
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A n=36 r=0424 0085 | 0357 | 0443 | 0569 | 0220
Cl (@=0.001) 0319 | 0672 | 0589 | —0021
S 04 0371 | 0772 | —0199
Na 0585 | 0084
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Triharomethane formation and migration in drinking waters
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