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EXPERIMENTAL
Chemicals and reagents

MPP and MPP-sulfoxide were purchased from Wako Pure
Chemical Industries, Ltd (Osaka, Japan). MPP-sulfone,
MPP-oxon, MPP-oxon-sulfoxide, and MPP-oxon-sulfone
were purchased from Dr Ehrenstorfer GmbH (Augsburg,
Germany).

Standard solutions were prepared individually in
acetone at concentrations of 1,000mg 1! for MPP and
MPP-sulfoxide, and 100 mg 17! for MPP-sulfone. The three
oxon solutions were purchased at 10 pg ml~" in acetonitrile
solution. All standard solutions were stored at -20°C.
The working solutions were freshly prepared for every use
by dilution of the standard solution with acetonitrile and/or
0.15% acetic acid, as necessary.

High quality acetone, acetonitrile, acetic acid, sodium
hypochlorite solution, and L(+)-ascorbic acid sodium salt
were purchased from Wako Pure Chemical Industries, Ltd.
Laboratory water was purified by a Milli-Q gradient A10 and
Elix with EDS polisher system water-purification (Millipore,
Bedford, Massachusetts). Methanol was not used in this study,
because transesterification of organophosphorus pesticides
may occur in methanol (Hong & Pehkonen 1998).

Solid-phase extraction

Compounds in water samples were extracted and concen-
trated with solid-phase extraction (SPE) cartridges. The
cartridges were equilibrated with 5 ml acetonitrile and 5ml]
water, respectively. Extraction of water samples was carried
out with a 10ml min~' flow rate using an automatic
concentrator, Sep-Pak Concentrator Plus (Waters, Milford,
Massachusetts). Air was then passed though the cartridges for
5min. The compounds were eluted from the cartridges with
5 ml acetonitrile. The eluted solutions were concentrated to
less than 0.3 ml under a gentle nitrogen stream, and for liquid
(LC/MS)
0.15% acetic acid was added to a final volume of 1.0 ml. The

chromatography/mass spectrometry samples
final solution for LC/MS analysis was composed of 0.15%
acetic acid/acetonitrile (v/v = 7:3).

Standard solutions in acetonitrile were spiked into 500 ml
purified water, for final concentrations of 50ng ml™' for

MPP, 0.1ng ml™ for MPP-sulfoxide, 1ng mi™" for MPP-
sulfone, 0.25 ng ml~*! for MPP-oxon, 1 ng ml™* for MPP-oxon-
sulfoxide, and 0.5 ng ml~! for MPP-oxon-sulfone. The recov-
ery of compounds from water samples was performed using
three cartridges: Oasis HLB Plus Extraction Cartridge, Sep-
Pak Plus PS-2 Cartridge, and Sep-Pak Plus C18 Cartridge
(Waters). The blank consisted of 500 ml of purified water.

Analysis with LS/MS

The target compounds were analysed by LC/MS for
qualitative and quantitative analysis.

LC was carried out using an Agilent 1100 series (Agilent,
Waldbornn, Germany)
Rheodyne Model 7750 injector. The analytical column was
Zorbax Eclipse XDB-C18 (Agilent), 4.6 mm i.d. x 250 mm,
5 pwm particle size. The column oven temperature was 40°C.

instrument equipped with a

Mobile phases were 0.15% acetic acid (A) and acetonitrile (B)
with the following gradient programme: maintaining 70% A
for 5 minutes; by a linear gradient from 70% A at t=5
minutes to 30% A att = 20 minutes; maintaining 30% A for 5
minutes. The flow rate was set to 1.0ml min~' and the
injection volume was 10 pl. The MS system was an Agilent
1100 series (Agilent) quadrupole equipped with an electro-
spray ionization (ESI) source. The instrument was operated
in scan mode and the positive and negative ionization mode
of selected ion monitering (SIM) mode. The operating
conditions for ESI were nebulizer gas (nitrogen) 60 psi;
drying gas (nitrogen) flow 101 min™'; gas temperature 350°C.
Capillary voltages were 4,000 V for positive and 2,000 V for
negative. The fragmentor voltage was kept at 200 V. The scan
mode was 50-500 m/z.

Extraction of MPP and its products from water

MPP standard solution was added to purified water to a
final concentration of 0.001mgl™". Strict pH adjustment
was not performed but the extraction was conducted in
neutral conditions. After stirring at room temperature for 5
minutes, a 500 ml sample was taken for the original water
sample, reaction time at 0 hour. With stirring at 20°C,
500 ml samples were taken at 1, 2, 4, 6, 24 and 48 hours.
MPP and its products were extracted by SPE. The
operations were done at room temperature, around 25°C.
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Light irradiation

Photolysis experiments were performed in purified water using
an original laboratory photoreactor. An ultraviolet (UV) GL6
lamp (National, Osaka, Japan) with electrical power at 6 W
and maximum wavelength of 254 nm was located at the centre
of the reactor. The characteristics of this lamp were suitable to
evaluate the effect in a narrow wavelength range because
about 90% of the energy is concentrated in 254 nm spectrum.
MPP solution of concentration 1 pgml ™ was putin astandard
rectangular quartz cell (1cm pathlength) and placed at a
distance of 17 cm from the light source. MPP solutions were
irradiated by UV light (254 nm) for 10, 20, 30, 45, 60, 90 and
120 seconds in the short irradiation experiment, and for 1, 2, 5,
10, 20 and 30 minutes in the long irradiation experiment.
Sample solutions were analysed directly by LC/MS.

A 250 mg 1! MPP solution was irradiated by UV light
for 0.5, 1. 1.5, 2, 2.5, 3 and 4 hours for the detection of ChE
inhibitory activity. The products were also analysed by
LC/MS direct injection.

Chlorination

We examined the behaviour of MPP and its products in
chlorine water to investigate the effect of chlorination on
MPP in water treatment plants, using sodium hypochlorite
solution, which was generally used as a disinfectant providing
an effective barrier to many pathogens, especially bacteria at
treatment plants.

The chlorination experiment for the examination of MPP
behaviour was carried out at low MPP concentration having
regard to the real-world situation. The preparation of samples
for the evaluation of chlorination products was performed at
high MPP concentration on the basis of the sensitivity of
bioassay and the yield of products.

MPP standard solution was added to purified water to a
final concentration of 0.001mgl™'. After stirring at room
temperature for 5 minutes, a 500 m] sample was taken for the
original water sample, reaction time at 0 hour. A sodium
hypochlorite solution was then added to a final concentration
of free chlorine of 1mgl™!. With stirring at 20°C, 500ml
samples of solution were taken at the reaction times of 5, 15, 30,
60 and 120 minutes for the short exposure experiment, and 1, 2,
4, 6, 24, 48 and 72 hours for the long exposure experiment.

A 1 ml solution of sodium ascorbic acid (10 g1™") was added to
the sample solutions to eliminate chlorine. MPP and its
products were extracted by SPE. The operations were done at
room temperature, around 25°C.,

Sodium hypochlorite solution was added to an aqueous
solution of 0.01 mgl™! MPP, to a final concentration of free
chlorine of 5mg 17", The solution was maintained at 20°C for
0.5, 1, 2, 4 and 24 hours. Chlorine was eliminated in the
sample solutions by sodium ascorbic acid. MPP and its
products were concentrated 250-fold by SPE.

Evaluation of ChE activity

Stock solutions of ChE (Wako Pure Chemical Industries,
Ltd) dissolved in water (1,250 TUI™") and 5-methyl -2-thenoyl-
thiocholine-iodide (MTTC) (2.0 mM) were prepared. A 0.25
mM chromogen solution of 5, 5'-dithiobisnitrobenzoic acid
(DTNB) was prepared in 0.1 moll ™! phosphate buffer (pH 7.4).
All chemicals were purchased from Wako Pure Chemical
Industries, Ltd. They were stored at 4°C. The sample solutions
were prepared in water. A solution of ChE and each appropriate
sample were uniformly mixed in a ratio of 4:1, so that each
sample contained 7 mIU ChE. MTTC substrate solution (63 1)
was added to 7 pl of each sample containing ChE in a 96
microwell plate, and 280 ul of the DTNB chromogen solution
was added. The plate was incubated at 37°C for 7 minutes, and
the absorbance was measured at 405 nm using an Ultrospec
Visible Plate Reader 11 96 (Amersham Biosciences, Tokyo,
Japan). All experiments were performed in triplicate wells.

The mechanism of colour development is as follows:
active ChE enzymatically cleaves the substrate MTTC to release
thiocholine. The released thiocholine reacts with the
chromogen DTNB to generate a vellow product, quantifiable
at 405 nm by UV absorption, and which is impeded when
ChE activity is inhibited (Karahasanoglu & tzand 1967; Tahara
et al. 2005).

RESULTS AND DISCUSSION
Calibration curves and limit of detection by LC/MS

The following six compounds were targeted for examin-
ation: MPP, MPP-sulfoxide and MPP-sulfone (containing an
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oxidized thio-methyl group); MPP-oxon, MPP-oxon-sulf-
oxide and MPP-oxon-sulfone (three oxon forms containing
P = O moiety oxidized P = S moiety of the characteristic
structure for organophosphorus pesticides).

The experiments were performed using two methods:
liquid chromatography with mass spectrometric detection
(LC/MS) or gas chromatography with mass spectrometric
detection (GC/MS). As a result of the comparison of
sensitivity for detecting MPP and five related compounds,
we selected the LC/MS method. The analytical conditions
established for LC/MS were as shown above in the
Experimental section. The target compounds were analysed
in the positive and negative ionization SIM mode for
qualitative and quantitative analysis by detection of the
signal from the more abundant daughter ions. The daughter
ion was identified in the scan mode during the acquisition of
the mass spectrum. The selected ion and ionization modes are
summarized in Table 1. Calibration curves were determined
from the results of measurements of seven concentrations
of standard solutions in the SIM mode. Standard curves
show excellent linearity with correlation coefficients higher
than 0.999 for all six compounds. This indicates that
the established analytical conditions performed well in
quantitative analysis of these compounds.

The value of limit of detection (LOD) was calculated
as three times the standard deviation of the slope of
the calibration curve. LOD values obtained using LC/MS
for MPP, MPP-sulfoxide, MPP-sulfone, MPP-oxon, MPP-
oxon-sulfoxide and MPP-oxon-sulfone were 10, 0.02, 0.2,
0.05,0.2 and 0.1 ngml ™, respectively. Concentration ranges

and LOD values for the six compounds are summarized in
Table 1. With LC/MS, low concentrations of the six
compounds were measured at high accuracy.

Limit of quantification and recovery test by LC/MS

The value of the limit of quantification (LOQ) was determined
at 10 times the value of the standard deviation and the lowest
concentration that provided relative standard deviations
(RSDs) of 10% or less in the recovery test. LOQ values
obtained were 50 ng ml~! for MPP, 0.1 ng ml~' for MPP-suli-
oxide, 1 ng ml~* for MPP-sulfone, 0.25 ng ml ™" for MPP-oxon,
1ng ml~! for MPP-oxon-sulfoxide, and 0.5 ng ml™" for MPP-
oxon-sulfone.

The results of a comparison of recovery tests on
extracting six compounds from tap water using three different
types of solid-phase extraction cartridge showed that average
recovery by the Oasis HLB Plus was 60.0-90.4% (RSD
1.2-9.8%), Sep-pack PS-2 58.3-83.9% (1.0-10.1%) and
Sep-pack C18 39.8-86.1% (0.5-10.0%). There were discrep-
ancies in recovery rates among the three cartridges. Oasis
HLB Plus was selected to extract all the target compounds in
these experiments, because it obtained satisfactory recovery
rates for simultaneous analysis of all tested compounds.

The behaviour of MPP in water

MPP was added to purified water at a final concentration of
0.001mgl™, and the behaviour of MPP and its products in
water was examined at reaction times of 1, 2, 4, 6, 24 and 48

Table 1 l Analytical conditions in SIM mode of MPP and related compounds by LC/MS (P: positive mode)

Compound Mw Monitor ion time (min) Range (ng mi™") Correlation coefficient LOD (ng mi~") LoQ (ng mi")
MPP 278 279 P 183 10-1,000 0.999 10 50
MPP-sulfoxide 294 295 P 13.3 0.02-5 0.999 0.02 0.1
MPP-sulfone 310 31T P 16.9 0.2-20 0.999 0.2 1
MPP-oxon 262 263 P 162 0.05-10 0.999 0.05 0.25
MPP-oxon-sulfoxide 278 279 P 4.0 0.2-20 0.999 0.2 1
MPP-oxon-sulfone 294 295 7P 6.6 0.1-20 0.999 0.1 0.5
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hours. The solution pH was about 6.0 after addition of MPP and
was not changed during the reaction time. Though MPP itself
decreased gradually, MPP-sulfoxide was formed immediately in
water and its concentration increased in a time-dependent
manner. At 48 hours, MPP-oxon-sulfoxide and MPP-oxon-
sulfone were detected at low levels (Figure 1). The concen-
tration of MPP and its products was calculated using the
standard curve determined by the value of the peak area
obtained by SPE (Figure 2). After 24 hours, 70% of MPP
remained, and 5% of MPP changed to MPP-sulfoxide. After 48
hours, 50% of MPP remained and 30% was changed. We could
not detect residual MPP. It was speculated that the residual
might have decomposed to other products. Chemical hydrolysis
played an important role in the behaviour of MPP in an

aqueous environment.

The behaviour of MPP exposed to UV

The photochemical transformation of MPP in water was
studied after irradiation with UV light, because compounds in
natural water are irradiated by sunlight. No change was
observed under dark conditions within the timescale of these
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Figure 1 l Chromatograms of MPP and its products in water (a) Ohr, (b) after 48h,
a MPP, b: MPP-sulfoxide, c: MPP-oxon-sulfoxide, d: MPP-oxon-sulfone.
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Figure 2 | Behaviour of MPP in water.

experiments. Following irradiation, MPP itself disappeared
rapidly, and four main photoproducts were confirmed on the
chromatogram (Figure 3). Some photoproducts of MPP have
already been reported (Chukwudebe et al. 198q9; Minelli ef al.
1996; Huang & Mabury zo000; Hirahara et al. 2003; Torrisi &
Sortino 2004). Two products among them were found in
purified water. One identified product was MPP-sulfoxide,
according to mass spectral information. It was directly
produced by the oxidative reaction of MPP. The other product,
detected ata 17.6 minute retention time, showed the formation
M + H"=279. It was presumed to be O, O-Dimethyl
S-[3-methyl-4-(methylthio)phenyl]phosphorothioate by the
fragment ions of the mass spectrum (Figure 4). It was formed
by the isomerization of thiono-thiolo (e. g RO-P = § — RS-
P = O) (Lacorte & Barceld 1994; Torrisi & Sortino 2004;
Zamy et al. 2004). Itinvolves the lowest excited singlet state of
the pesticide and a o cation as the key intermediate in the
photodecomposition of MPP (Torrisi & Sortino 2004). Both
products were detected at their highest concentration at
1 minute (Figure 5). These products were also confirmed by
light irradiation using a chemical lamp (6 W, maximum
wavelength 352 nm). Some minor peaks were present.
However, we were not able to elucidate their structure from
mass fragment information. The area values of these peaks
were small compared with that of the main peak.

Although the strength of the UV wavelength range of
sunlight is usually weak, the solar spectral intensity is typically
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sufficient to break down chemical bonds of the molecule.
Thereis a report that MPP degrades much faster undersunlight
conditions than in darkness (Lartiges & Garrigues 1995).
Therefore, there is concern that these compounds are formed

in the environment.
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MPP behaviour under conditions of chlorination

MPP standard solution was added to purified water to a final
concentration of 0.001mg 17'. A 500ml sample of the
solution was taken as the original water sample, reaction
time at O h, after stirring at room temperature for 5 minutes.
A sodium hypochlorite solution was added so that the
concentration of free chlorine was 1 mg 1!, The solution pH
was about 6.0 after addition of MPP to purified water and
changed to about 8.0 when the chlorine was added.
However, it was resulted to get to 6.0 with the reaction
time. In water containing chlorine, MPP was undetectable
within 5 minutes after contact with chlorine. MPP-sulfoxide
and MPP-sulfone were detectable immediately, and
increased in parallel with the decrease of MPP. The
concentration of these products peaked at 5 and 15 minutes,
respectively. Each compound was then gradually converted
to its oxon form (Figure 6). The rates of conversion from
MPP-sulfoxide and MPP-sulfone to their oxon forms were
slow in comparison with the rate of conversion from MPP to
MPP-sulfoxide and MPP-sulfone. In this experiment, MPP-
oxon was undetectable. As a result of chlorination in the long
exposure experiment of 1, 2, 4, 6, 24, 48, 72 and 96 hours,
MPP-oxon-sulfoxide almost disappeared by 48hours.
MPP-oxon-sulfone concentration peaked at 24 hours and
maintained the same concentration level until 48 hours. The
concentration of free chlorine was 0.79 mg 1~ " after 48 hours.
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Figure 6 | Chromatograms of MPP and its products after chiorination. (a) Omin,
(b) S5min, (€) 120 min. a: MPP, b: MPP-sulfoxide, ¢: MPP-oxon-sulfoxide,
d: MPP-oxon-sulfone.

The concentration of MPP and detected products in the short
exposure experiment was calculated using the standard
curve determined by the value of peak areas obtained by
SPE (Figure 7). The results indicate that under chlorination
conditions, MPP changed to related compounds and con-
verted primarily into MPP-oxon-sulfone after 48 hours.

If MPP exists in sources of drinking water, and is not
eliminated sufficiently at water purification plants, it will
come into contact with chlorine. MPP is rapidly oxidized to
MPP-sulfoxide and MPP-sulfone, and their oxons may
persist in drinking water.

ChE inhibition activity

It is known that ChE, a key neuroregulatory enzyme, is
targeted and inhibited by organophosphorus pesticides and
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Time (min)
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Figure 7 | Time-dependent behaviour of MPP and its products after chiorination.

their active metabolites, causing acute toxicity (Rodnitzky
1975; Soliman et al. 1982; Nagymajtényi et al. 1988). In this
study, ChE inhibition activity was examined by a previously
established in vitro method that uses MTTC as an indicator
of ChE activity, in order to evaluate the effect of MPP and
related compounds on organisms.

MPP, MPP-sulfoxide and MPP-sulfone showed weak
inhibitory activity. However, the oxon forms showed a high
inhibitory effect at ng levels. The inhibition by oxons
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Figure 8 | Comparison of ChE inhibitory activities. The concentration at the beginning
of the reaction was defined as 100%.
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strengthened with the degree of oxidation, in the following
order: MPP-oxon, MPP-oxon-sulfoxide and MPP-oxon-sul-
fone (Figure 8). Concentrations of chlorpyrifos oxon, diazinon
oxon. EPN oxon and fenitrothion oxon causing 20% inhibition
were, respectively, 1.1, 8.9, 140 and 330 ng ml™! (Tahara et al.
2005); and concentrations for MPP-oxon-sulfoxide and MPP-
oxon-sulfone were 5.4 and 0.32ng ml™!, respectively. The
inhibitory activities of MPP-oxon-sulfoxide and MPP-oxon-
sulfone are high compared with other oxons of organopho-
sphorus pesticides. Therefore, the potential for adverse effects
of MPP is high, because MPP is changed to MPP-oxon-
sulfoxide and MPP-oxon-sulfone.

We also studied the ChE inhibition activity of MPP
solutions irradiated by UV or treated with chlorine. The treated
solutions may contain mixtures of MPP and its reaction
products. The results in solutions from both treatments showed

strong ChE inhibitory activity in comparison with the non-
treated MPP solutions (Figure 9). Photodegradation reactions
may result in the formation of products with a high acute
toxicity. The next step would be to isolate photodegradation
products and elucidate their toxicity.

CONCLUSIONS

The present work has shown that MPP converts easily to the
oxidized compounds, MPP-sulfoxide, MPP-sulfone and their
oxons by photo-irradiation and by treatment with chlorine in
water. In an aquatic environment, MPP may be changed by
passing through different physical, chemical and biological
processes. It is important to control MPP and its reaction
products, in order to protect human health and the ecosystem,
because these compounds have adverse effects on organisms.

ACKNOWLEDGEMENTS

This work was supported by Grants-in-Aid from the
Ministry of Health, Labour and Welfare of Japan (H16-
Kenko-Ippan-066).

REFERENCES

Chukwudebe, A., March, R. B., Othman, M. & Fukuto, T. R. 1989
Formation of trialkyl phosphorothioate esters from
organophosphorus insecticides after exposure to either
ultraviolet light or sunlight. J. Agric. Food Chem. 37. 539-545.

Hirahara, Y., Ueno, H. & Nakamuro, K. 2005 Aqueous
photodegradation of fenthion by ultraviolet B irradiation:
contribution of singlet oxygen in photodegradation and
photochemical hydrolysis. Water Res. 37, 468-476.

Hong, F. & Pehkonen, S. 1998 Hydrolysis of phorate using
simulated environmental conditions: rates, mechanisms, and
product analysis. |. Agric. Food Chem. 46, 1192-1199.

Huang, J. & Mabury, §. A. zooc The role of carbonate radical in
limiting the persistence of sulphur containing chemicals in
sunlit natural waters. Chemosphere 41, 1775-1782.

Jokanovi¢, M. 2001 Biotransformation of organophosphorus
compounds. Toxicology 166, 139- 160.

Karahasanoglu, A. M. & Ozand, P. T. 1067 Rapid test for serum
cholinesterase. J. Lab. Clin. Med. 70, 343-351.

Lacorte, S. & Barceld, D. 1994 Rapid degradation of fenitrothion in
estuarine waters. Environ. Sci. Technol 28, 1159-1163.

Lartiges, S. B. & Garrigues, P. P. 1995 Degradation kinetics of
organcphosphorus and organonitrogen pesticides in different



151 M Tahara et al. | Behaviour and activity of fenthion

Journal of Water Supply: Research and Technology—AQUA | 57.3 | 2008

waters under various environmental conditions. Environ. Sci.
Technol. 29, 1246-1254.

Minelli, E. V., Cabras, P., Angioni, A., Garau, V. L., Melis, M., Pirisi, F. M.,
Cabitza, F. & Cubeddu, M. 1906 Persistence and metabolism of
fenthion in orange fruit. /. Agric. Food Chert. 44, 936-939.

Nagafuchi, O,, Inoue, T. & Ebise, S. 1994 Runoff pattern of
pesticides from paddy fields in the catchment area of Rikimaru
Reservoir, Japan. Water Sci. Technol. 30, 137-144.

Nagymaijtényi, L., Dési, I. & Lorencz, R. 1988 Neurophysiological
markers as early signs of organophosphate neurotoxicity.
Neurotoxicol. Teratol. 10, 429-434.

Rodnitzky, R. L. 1975 Occupational exposure to organophosphate
pesticides: a neurobehavioral study. Arch. Environ. Health 30,
98-103.

Soliman, 8. A., Sovocool, G. W., Curley, A., Ahmed, N. S, El-Fiki, S.
& El-Sebae, A. K. 1982 Two acute human poisoning cases
resulting from exposure to diazinon transformation products in
Egypt. Arch. Environ. Health 37,207 -212.

Tahara, M., Kubota, R., Nakazawa, H., Tokunaga, H. & Nishimura, T.
2005 Use of cholinesterase activity as an indicator for the effects

of combinations of organophosphorus pesticides in water from
environmental sources. Water Res. 39, 5112-5118,

Torrisi, S. & Sortino, S. zoo4 New insights into the photoreactivity
of the organophosphorus pesticide fenthion: a o aryl cation as
a key intermediate in the photodecomposition. J. Agric. Food
Chem. 52, 5943 -5949.

Tsuda, T., Kojima, M., Harada, H., Nakajima, A. & Aoki, S. 1997
Acute toxicity, accumulation and excretion of isoprothiolane
and its degradation products in killifish. Water Res. 31,
323-327.

Tsuda, T., Kojima, M., Harada, H., Nakajima, A. & Aoki, S. 1998
Pesticides and their oxidation products in water and fish from
rivers flowing into lake Biwa. Bull. Environ. Contam. Toxicol.
60, 151-158.

Wang, T. C., Lenahan, R. A. & Tucker, J. W. Jr 1987 Deposition and
persistence of aerially-applied fenthion in a Florida estuary.
Buil. Environ. Contam. Toxicol. 38, 226-231.

Zamy, C., Mazellier, P. & Legube, B. 2004 Phototransformation of
selected organophosphorus pesticides in dilute aqueous
solutions. Water Res. 38, 2305-2314.

First received 27 April 2007; accepted in revised form 25 July 2007



% 59 meEKEMREERS FH20.5

(821 EFNY I alb—a Ic&3RERTLFZ70-ILOAFEEIC

B9 3 BE R
O  F_(bHREKRF) TH EFELEEAFE)
R AER (H A< L FKGERRED) KEF iE— (eilEAE)
BT fwAeEEARE) B EEZLEEARFE)
1. RUDIC

FNAKFTORRBESCHIBA TOREDOEEG BT —DOFEL LT, BITETVIZEE
Y=L ED, AREZETIRBECETETNVICL > TRIFOREREOHE LFFEZIT- T
7= EirETNAEROCTREOEHEZMT TS IIIBEOHIEMELAKLET — 7, LHCEET
AF—FEDESESERT—IBLELRS, TNOOT—FRRERICEXSHEELTMMTHEIC
IV BEOXHZIFET I LTRIIISHEREEOLNDI EZEZALND, Ko TARNETIE. MRFTE
FAERNTEBREOEGZHTEL, ANT— ORI L 2HERR~OEEL M T 512Dk
BERRAT 24T o T,

2. XYL MTET N

BRI, EFREFTEZSLERB)IFSE Lz, ZORKTCIBFE —HF—FHORBREXT—
% HMLEROBRMAEZT A ERTEL, BHMA LY RO STREREIIH191kn’ T H
%, MHEERITFET VIZREREOBEET L L& OBERETH HKyOBEETNVIC K o THAR
ENTWDS, KEBEREOZMMN A 2ERHRTH-OMEE lkmxlkmA v 2 ZmFL, A v
alZKARNE OB R A IEE DO A=A N EEB LI AA— A MR
HEFLVE2EA L.
3. BERE

#F1. FLFZra—LoPElE

_ e ILF3o0—)L
L—Cﬁ Y ﬁ,jﬁmﬂ_ﬁvf ;“ s i ; A iy Tk 53 R R 3 3.5x 10 [/day]
;gigﬁﬁzfcgmfégﬁ;i;{:”:ff oo ST | T T
’ < < Flle e & o T
. TKE AR EE 50 L
va VICAWETLFZ 7 n— A OmE RIS L/
EEHINBEEAN (F1), o merm
4. RLER : |
(NEFEEETH 06 | — il
O #RAIME

W T A k> TRIS B AICHST 5
FrFF7u—LBEORRELERLICTRT, 3 W
BICL 0 BONOBOREICEIT S E— s O
PERAEEETFT TN ERSTWED, E—ID ]
BEIDEVMEL 22570, BT LTI ERR o i 5 e R
HERMEICEVEE &> TV DRRE BT 1. FLF5 7 a— L ORERNIE L SR
B THAEEIN-ILFS 7 u—LOFRICE

BMENEAE 2 1R, NI BGE ST LTS 7 0 — L OREA ~DFHIE9.9% B E D |
M ST LF 52 0—A0888%s HEF CHMEN DR L BoTe, AP CHREND &,
FORPIC RS T A BIiLHIC 1% 2o =,

(522 )



QYRRBERRITIZ X B AN T A— & OFE

FLESHEDNRT A —F 38 E, DRPOBERE, KFm
RS L Ui, FTRIEOFESB®E (LITFRIESE T5) .
BT ETMIEY —BBEEHER LT T 7 n—L DR
EOSAMNGSRICBIT D FEHEE L,

BAEROEIZL D TFRE~OEREYH 3 IIRT, BME
IHF L CFEREN®mL bR R o,

wiz, LB SEREBROEICE D FRE~ORREZE 4
Wrt, TR SRABO/ZEDR, 0.05F063FOM T, 4
PR DB K L I TMERREL THREBERER ST,
TP ERAEBE0.FIZT D L 2003F T O FRIME (118
P ERB OB F O FHHE) OFI34&. 20044 Ti3H92.5
fEEy, TP SRREEE 1065075 L2003ETIRTOF
BHEDHKI/5, 20045 THIMIR2E o, FLFF 7 u—)b
FERP O REAEEOE LI B KE S ERENIFERT
BREIRoT,

Bikic, KPSFEFEHEOEIC LD TFRE~OEELZXS
(T, KPR A MELL BT T 5 & fEFEEORKIC
FEWESRENTROIBERERoT,

5. BbhiZ

ez s
TSR |
35.6%

ERW<BITD
TIPSR
53.2%

2004 B BEAT R 67.1kg

Bz, 7VvFI77ue—nL0BHRNRX

| @ 20044
O 20034E i

00 05 1.0 1.5 20 25 30
A R 0 5 2]

X 3. BREBEMEOCEIIZLL FTEHE~DEE

FRATE 5\ % BV TR R 51 00 B S B 2 B LI RS R R [ /day]
BELEBRLEZFBR, SLF 727 0— O FRE mﬁxw‘ ”fwz &
HBHREE THETE 2ENTENE, HEAIIC e —o—2003EE |
HHEINETLFS 70— L0ogiztEhicENT —~— 20044 F
SRS NI ChH o kPICBF BT LFTy 300 T
u— L OSRRIZEEO1%ITHT- v L HEESINLE, E 004 |

TVF T a—VORRERITORR, BmEiCHE] 0.02
LTRRES ERBENRENE, £, PS40 | L :
REBOENIC L 2EBERE T, KPoRHRH 0.01 0.1 f 10 100

L AEBIHE N TRV LBRENT,

TiERSRREOEEN]

4. R omMBOERICSDTUE~ORE

FIRAIZ BT 5 REOEENIRERFICERY . B

BEOYMEECBAEY. AXENERICL > TEL |, REHEE [ /day] -
TEERBILND, ZOED, SRMOBECOD o6 0 stadd S
—C%)%{EELTL\< E‘Eﬁ;bbo 004 | —0—2003£EE i
B E R o —o— 20044EFF |
()RERAR b, FSCELEAEFRBRLWINE, 694-605, 2003

2005. Q)tHEEL, HTELEKERERRSHKE, %am

564-565,2006. (3)E R, MEORBRHIE L BT — 5K & o |

IR, 1996. (4)Tomlin, C., The Pesticides Manual, 13" ed., " o5
British Crop Protection Council, Hampshirc, UK, 2003 0.01 0.1 1 i0

KpSBEROEEN)

100

E5. KPaRABOELICL I TRE~OEE

(523)



% 59 BEEKEMERRE  FR20.5

(8-22) (A= E ML -REERDHAHA

OffF B‘EFHEEHKER) #H FZ(MRFERAE)
A BEEREFINRERERFELY Y —) BH EZ(EERFERFR)

1. [FLMHIC

FRL 15 FOKEIZETAIKEEEDOE S IHEICLY, BEREIIKEEEREER
(LB ST O, FAKEFEZEESBEME A OIS, FL o R BRSoBREEEL,
BEREEREL TE, R IIKEFEENERBRELRETI-DORI)—=
B7eFiELL, BRBETFAFTV T —VRAMeRTEELIC, BERETTERE, 4, HiEER
REEREL, INOOFRICEFEEOM B OIFRLINL, BEEREE»ToTEXE &
1 IZHI8 FEEIT 12 KEBEKROB A2/ TERL-BEEZERAEOBREL R T,
#1 HB FELEBRERBREOHE

ILE S 2 e A B & gl L4
102 68 8.5 410 [JOEIFF 0.5200 [E1R—pF
7 2 29 0.02 [{EHHOTF 00017 [ By T TFIL
= 9 5 5.4 0,06 [EUS/73v5AF )L 0.0100 [MCPA
16 4 3.3 0.53 IMPPRJLARFiF 0.5300 |MPPR JLREFE
2 2 6.6 037 |FXHTH0AKR 0.0000
136 81 8.0 410 |TRETFF 0.5300 [MPPZJLFRFLF
X 2 .i 1 g } ¥ Tk & i A g E v & -
Bk if« £t ik ‘if Bk P f; o
102 38 20 200 [T RH— 0.0375 [JOETFF
=% 7 1 03 0.01 [/34 507K 0.0001 [/ 207
=8 9 2 0.6 0.02 [MCPA 0.0040 [MCPA
ik 16 4 1.0 0.12 [T0EIFFETIOE 0.0200 |MEP#AFV>,
2 2 49 0.05 [XMC 0.0000
136 2.00 [FUFRH—F 0.0375 [ZJ0EIFF

ﬁ%m%mféﬁﬁamﬂj%ﬁmzﬂ‘w BLTEoT, ZOERD—DOLLTHERIERE
ARICETAERFENETONS, ZNETERBESFATV T —VANTIIERIEME
FAEIZEBLTIREER ") bB7- 8B IR Ao B RIF®E ATV, Lisl,
B2 TRZITS ECREFEARICETAHESIIFERAERL TEAMOTBMLTWATE
PEELV, £ZT, AR TIIEEM2BIEE R FREFRBREMN TR L2 ERIZ 3 KA
v a B TOFRORELALEHEDEVFEEEY 7R Excel Microsoft #H5) AV =45,
BT 1T o7z, S, BoNI-FBRE2HRMITFERTA7-0M 5 GIS ITLAFRITHOWVTY
BEE1To7,
2. RECRERHCET 88
TG TOL R AWNRICMT AR W TEHEN R EA TOERE BB T
Bt 570 E HEEF REL TRESHTWA Y HiF) S8 Tk ek E S A
ERLUT, fitk- FEEARIERIT 3 KAV 2B TIIROIELLELNAERNERD
A EZRBL TBLTARELELDTHD, T2 THEINE PRTR 7 —42iE AREV AR
By — 0 VDOEBLIERT5ILT, 3 WAV 2 B CHRBA ¢ + #F A iERE
TUENT —HE LTz, THIFIAERIT 32 BOEYRE ST/ EL TS, Bl 3 kA
w2 B OE#H%E Excel DBALILZEE, BRICGUE-EREBRETAILT, BH
GIS L THREMNLREREZR LT,
RBMETOL BT ARRCET IR BEREERAEZ2EHIIUTOFIETT-

(524)



8 XK H #® M

720 RBREIRDERENEAREL, ZhbDOHIRO BT A/EX S BWETEEE B LT, &R
BANT 32 ORI T2ICEANERY, BAniRE, ATREREREL, ZhbDiER
\CE S E BTS00 BERRAIT L DX SR AT R R VR LT, b1, BEREE U
1R IR - REEAR T B R B EAR BRI A5 A R E AV VA2 & TH S s,
BT A ER SR B A RS SRE B L. ZDiE8RE 2.1 TE- 3 IRAYY 2 BT T
Z Lo HHFI AR e Ao L TR Lo R E R EA B LT,
3. WREFEED

TR AT OHRIZ L THeZS) I, 1
TR ERRA SR TR (T
BHN-FRIMES GIS XXy
T LIZR U ki ay 7)) , —FER 1
R, T2, ZHHDIERIC 2006 B3
FEREEITRIT B BREHTTRIESZ kL,
FEREAT CAERYE BRI R R0
—fiE3 2\,
AR TRV IE R BRI RS A1EE ,
PRNTTRTAF—FRvb LT/ )
Iz AR EN TWA T — 22 ERAL, = 1 )1« LR - BRI B AT oy 7 1
NEOPRFHEDE MFE#RE, Excel 2V
7=fili5 GIS 2V, TIVETOD GIS IR B EDBMESZARE T, BIRSTARET 510
FIRER2HEICEKR T AT LR 2T, T, TUREBAT COERBRERRIC >V TR
BEIToTETA, gzl ANz T o 7ani- BEREEAEDOTRRI I AZ/HEV IR biviado
Tes, SERIDRBEUTFBR T 7 73/ BIRIREE LD B HE=F) 7T
ETVVRWEENESENTRY, BB ORFEITOMENHD,
2 BRI, /81, BRI EMEBRFEREORHER

| |

93.2 |D—D 288

D—D 17.7 [D—D

FPEDI a1 [T Awk 20.3 (¥ FAub 8.3
ToRT 1.1 [vvgd 6.4 |[ToHT 2.2
T 1.1 [FE2x—b 42 [F7EIx—F 1.7
AT/ 1.0 [DMTP 4.1 [DMTP 1.5
IDMTP 0.7 |[MEP 3.8 [MEP 1.3
IMEP 0.7 v 33 [RoxT 0.9
hsyTd 0.5 |TPN 2.4 [TPN 0.8
BTN 05 |(HA75)> 2.0 [DDVP 0.8
TPN 0.5 [DDVP 18 [S5h 0.7

AR XA SRR TSR B & TR DAY A2 B T B DRt S RIRTSE) (AL
& IHHEE) IZB T D BREOBEOBRRIII DD THD, BIERWKEREFCHEEZE

To

ST

1) BAUKEERTHER - 22/ (2006) BSEER 2006, B AAEMIBGRER, pp.209-397

2) EEdEFRY T v—R¥—E X http//nlftp.mlit.go.jp/ksj/

3) B, (D RERERSE ¥ — (2007) PRIR 7 —F7EREREE A7 RS — Vv

(525)



%59 EEEAHERFERES  Fm20.5
(8 -47)1BSRRICHAFHC & 7 5 HEMAT & EREANOXEFMOERM

OHERKF (A EXLEREETEN) B ZHOTREEEMFR)
AREEE (BTEEREREENLR) P& B2 (RERRE)
ik #E (A ERLRGHAERER) W 5 (EER A ER 7T

1. (FLBHIT

FA/RERY) CREBRDT RERPOEBATE X Y A E~EELL, EOEERER,
JRARIZHATHL 25 M3 H 5 Z EB3MmbTW5, KEEH RAEREHRB 102 BIRIZ
HIFONTVWAEE N ¥ 7 = FA L BLUBRMNARRIESR 3 FMFChToh T2
RAE YV RAAFNVETFF /BAERK) CREETH DD, HK TROBE RO X 528
REIGCER DA EFERERTZIEE SN TWRWY, £Z T, BV F 70 FH U BID
7Y RAAFMNZONWT, BHEREICRITL5EE) L, AMFEORBBET L LT
b TWwadal = R7 77— (ChE) [HEEMIC LY . RISERYOAEBIERA~DRES
et L7z,

2. Bk

SMFECDWTCIE, FRIn= b7 77 /EE&SHEHGCM) BLUEEs o~ 7 F
7 /B EIIHTE (LC/MS) TORM O L 1T - 1z, WFRLBEITREEFRIET ) 7 22 A,
WAL IR B BE | ppm TITo 7o, BEFAHEHIC &V REEER. GC/MS 2 VTG4 i &
FEBLIER L, ChEEMIE, 7 mIU @ ChE & REZ S SE-#%, I U{L5-XF
2-FT JANTFF ) VEBEE RV, 405 nm iZBITA3WEEERBIE L, AFEEZAN
T, WRIGERIESY D ChE FAERMEZRET LTz,

3. RERPIUEL

A% AREENES, O ChE FEMEORIERERIZL 0, T4/ BUHH

)L REIECHD I A YRR, AT v, A VRS FA \j

L DK TR TERT 5 A% Y L 4hiL, ChE FLETEM R = & /*_0_%ﬂ*_
Rbhot, EVFTzvFAUBLIUZ ALY KR A F A
hb3EEAER (K1) 2ETHIEED, %Y U
ChE 2SR &R SN feth, RHEME L L,

GC/MS B L TRLC/MS 2 VT ZNENDOIIEE ME LR, Z oA YRR AF L
WEBWT, LC/MS T —2 23R TELRp oD, BV F 7 FA B ury
URAAF D GCMS IZB LTk, BIFROVRERIFLNE (R 1),

X1 b

(574)



8. X ®H # m

#1 GC/MSE L ULC/MSIZ X A3 OB FTHE R

VIV T7zFF 2 [Zar ) RAAF L
GC/MS LC/MS GC/MS
T=F—A XV (m/) 340 341 (Pos. ) 286
FRHBAE (ug/L) 20 0.1 5
fRERELEH (ug/L) 20-500 | 0.1-10 5-500
FHBIR S RY) 0.9989 | 0.9983 0. 9999

HRAEIZ L ARBEELIC OV TRNZ{To LA P X7 F AU B8LIU
WE YRR AFNE SICFRETERICHED U, BUGKRRIZE> TEERD O &' — 7 HH
DOEMBEO b, TOFEBRBDITTRAART PIZ IV ATV R LHftEES N, F
To. RGO IGERIREY O ChE [EMEEZRIE LR, R & B LT, RIS
FIZf# > T ChE PRE 2358 S vz, 100 ¢

BRMBRICE ) F 7o F A DAF Y RN 50
mREND, EHELEHOTRELCRER,
ChE FRETEMEIXIEH 1258 o7z (K 2), Z D ChE
20%PREEE 2 MDA X Y AR L B LI EE R,
BRWAEEMEEZ R L2 a VB )RR AT Y
v, AVXYFA D ITEERASEDEERL,

A%V UEOHRTHH ChE JE 2RI EED . - f‘;gm 100
—OTHDILNWLY L Bol, B—OBEYE gy vysyooFrutrvio
ChEPRFICRE K EETHZ L ESh, 7o ChEFH &M
WNEVERAAFMIONT S ChEREDENA XY KL R D Z X TFRI &N, ERER
BAFTERNZ ALY RRAFAICONTIL, BRERRICB T AEERISICE VS
WEITo7z, ZTOMBR, RUSERPRMEHFENIIVW TRV ChE FRER A BT,

& &
d >

()]
o

HER (%)
=

o
=

o

v

4. T&H

EVF 72 FAURBITZ A E ) RAAFIACONTIL, B ohdg 2+
HTEMTEL, £, BAKIRBICBITZERARBICL Y XY AAE~EL, 7Y
VRAR, FAT Vv, A4 %4 F4 2 LRABRIC, ChE FAEEMEIC L 2 FEREN B 2
HIEVHRELRST,

BRLHEIZ L 2BHCEERY OFEEREP+HIEBES ATV ARV REICEALT
X, SITEEHEL L, ARERICEEPRIZTIENGBRENI bONLEEEEZ EITFT
BEEITH) 2L REBETH D LRBRENE,

(575)



(& ]

HEERIERYZ GO 618 Y REBZEDI:DD
A A& D 4 PSR il

Safety Assessment of Tap Water for
Organophosphorus Pesticides Including Products by Chlorination

HERET  ARHBESEE  FE #Hz"
Bk MR BN EE

HHY CRBRED, BEPPLHEKRIEROMIC, IVAFEEORMWT Y v ERERT
BIENMEEND, AR TIE, 4HICoWnTHEELEL T2, RISEEYHE2HNH
HOENTHEI) Y ITATS—E(ChEMCRIETHELFM L. FOKE, TN
FLEPMRIGL, £0%2H»T, ChREREESI MBS W REIRSERYOFEY
A7WBWEEZ LR, RELLEDICHMETILEMVHLNE Lo T2, RIGHTE
OChEHEESZHE L, TAFhoBREOSWHMEIIHT A IR EHEL % -
720 & hHIS, ChEHEFEH L AEKEERCKEERREHBOBBRELZHVTY A7 5F
%72 o7

FRRCLD, KRERBIIBUIER) VRBREOBRKIETCOEHERS LI UEERE
BHEOEENMNLZBARTEL, CN6ORRLY, BRAEELZSO-RBHEA T 5
EnD, KERKOEEEAORELFMEE L URERNIEO-00EREFREL L LR
BEhb,

Key words : A1) » RRE, ) A7 #¥l, KKEH, ChEEERE, BEMH 3V 4

3 C e BEINLZCEICIVREBERDEE LB EER
LY, FB) CREEOL F~OXFELRSE

BT R U LA S OWMMIC L D AGERAICEK H#E%E, 3V A7 5—¥(ChE)HEMERLE
L7 REE, BB A TRICBOTEE:. LTRESALZEREOATHEDY, HigY

* Maiko TAHARA, Reiji KUBOTA, Hiroshi TOKUNAGA, Tetsuji NISHIMURA, BV EX R &S A EHERREH
A{LFH  T158-8501 HRIHAX LA 1 —18- 1, Division of Environmental Chemistry, National Institute
of Health Sciences, 1 —18— 1 Kamiyoga, Setagaya-ku, Tokyo 158-8501 Japan (E-mail : nishimur@nihs.go.jp)

k% Hiroyuki NAKAZAWA, EER K¥EEL S {LERS

"ol 50 No. 6 (2008) -39



484

AREOFF B (P=S)iX, EESLFTV/VITE
SE LRI ZTAHEF VY VB (P=0)IZZ{LL
4%, ChEHE/ERA MM EIh 9%, Fo:
b, AKESEKUETOFFY AAEOEREE) &
E~OEEFBEEIND, LaL, KEKEEHE
OAREHEEREHEBIOIREDS X UK
LEE 2EWE, BI3EMARoF A BERY ¥
REREDS L, BERLLTFA/BEABIUT
oAV AOWMAERTERI TS REEIZI0
EDALT(FRKI9E 6 HBE), Thistotxy
ARRTIREN TRV, FlizERECT 2
2N TWhin,

22T, ARETIR, AxV EHEREAT
Wyl oF A JBER) D RRECBVWTHE
ROLER 24T 72 v, RUDAERWMAChEFHICRIZYT
CEL, "I AT oA ICXDEFAL A & 5T,
Py AN AFUREL 10MIC BV TChEFHM %
UL, ChEFHE L AGEKKEEO KK ERBE
FEHBICREATWAABRMEYZRAVAY A
iz T =72

L OE OB

AR THWAHR) VRREIZ, V345
¥¥, 4V 725 A, EPN, Zuir¥y k2,
FATY /v, PAZORAAFN, 7z=}t0
F+»(MEP), 754> (MPP), 7% 3%
A, 7O0FFFAQI0HFEE, BLUTEOAFY
Ak, E6i2, EY¥ 70 FF v, "¥YRA)F
SAP), A¥¥F+¥(DMTP), T=ukXA,
PAbL—~}bF, $EFFY, FxFPI—}
PAP), TFNMFF Ay, ¥ERXTOKA, ¥T
JFA(CYAP), Ol HRAAF N, ¥ 3
RAAFN, Y207z F*(ECP), FF ¥
LAO14ME R A E Lz MPPIZBI L Tid, H#&1t
SMTHEMPPANKF Y F, MPPANVE ¥,
BIXUETh6DF XY VEOR 6 MTRIF 2T
97‘50

21 HE-&#H

MPPANVF ¥, MPPF ¥V »», MPPF %V »
ANMEFRVF, MPPAX YV VALKV BIUT
— ok A {3Dr. Ehrenstorfer GmbH®, oL
JEA, PVZOKRAAFABITES 20 bF

40-

ARV T ABRB, Ul RAF
¥V, THFIRAZFV/BITINVIUOFRA
AFNFF Y IIHAETIRBRR TV, £0
hoH#) v RREOCEAB IS F v 4§11,
MAeMETRHRROBREREABELER L.
UToOBRIITTAEMETRHRREL, 7t

b 500013585 ¥ - PCBRRE %, KEEFEE
Fr) T ARERKFENGE, TAIANVE KT
)2 AR, VAFAMANEF Y F(DMSO)
TELERE AV, BRAKE, BRI VETH
BELxEARE S AF A LB KEFEE L.

22 BERGHRAOMER

EERGIZ, B¥ 1mg/dKEHIC, SMEE
OMPBEN 1mg/l £ 5 L) REEFRES
U AEFEML, 20COERMP TS, 10, 20,
30, 60, 1204 F CTRIG &7z, RiE#k, T0OE
ERIEHICTAINVEVBEF P Y A2FEMLT
WEEXREL, HFHEEL-EMAA-FY 2 Y
Oasis HLB Plus(Waterstt ) |2 H#10ml/min T
WALz H— b))y P ERBRAR, WELT
#¥Vrouxy yTHBL, SXETARRTTE
FEEB TR A T2 -7, BEIZDMSO 1 m!
IR L7z,

2.3 ChE&EM & Auv -4 HE 8T

SEHEEEE, BUEEEOEETHLChEFEE
EEE LCEFM L2,

#EE, bR NAFEL L in vitro FETH
Wit UTFICEEEiidd 5, ChECERET
53 E5-AFN-2-F /A NFA ) P ERE
B¥aE, FAI)UEEEL, FF3YYER
i b3 555-VFAEAQR-Z uRBER) L
IR L THE 2T 5750, ER405mmIZBITE
WMAEZNUNET D, ZOFEIIMET, TREMIC
METES in viro FHETH B, ZOChEIL, B
EEAF IZERUSHE» @MDY 7L ZHWT
- B LA BREST S5, Tk, ChERE
HHEEWHERES I LT T ¥ 7B\ AChERFEH
%100% & L7-Hx% T, B, WERCERY
BAgFI-RQREAOEEHEEEELHEL, il
L. b MMERROIY Y AF5—¥, EH
WTHLHI - AFN-2-F 24 VFFay >,
BIURBHTHLH55-VFFERQ-=bURK

R & BER



DIZFDEMETHERBALEH L, TL—
F—id, TIY¥ b N TFTHL T A
AR T 25, F A v AGR) BUltrospec
. Plate Reader I % BV 7=,

RELUEE

BEREOChEEM

BEHNHETE, MHEOFFJBFEICS
\EEE T #HE Lz, 8ISV CTIZChERM
FIRELAETRE Do, TOM6 I
FA4 IR (P=S) Ol T HChEM
#FREL, VOV¥7xvF4+8LUPAP
/1 @ B il BE THI50% O K HEF ATR2
(1), ENTFAR, T=OFA, FF
BLUsunweEykAAFNLD 4T,
'O RIGHIEE TIZIZEEIIChEDEE %

*-

-0

ChEEME s LABERRICERDD
1@

Lo, BHEAI—FY v "

B & UFRdR L 72380 100
ST RS A R A
ChEME & % B L
EERIBEHETVwRVWE
IR & W RR I SR
HELTHELORREE
% L7-ChEfEtE %, & 0
M om& LTE 2R

485

BYLETHLZEFHLNE oz FMAIZH
LTChEB#EFE A SNV, KIBICLDE
EEFHIFFICALONZEY) IFRAAFNIION
T, BAEXD L LA RIBAEEYOREBIZES
*BEBLEXBLEEZONE, T/, F&ET
ChEREEME A 6N, KIGRI# CChEMEFYE
ChELTIO Lo T 205 ARPAPIRE
B X U RS OMME OB LETHL. B
EiGEtESAR BN T, EERIGHE S ChEFREFHENED
FoOoh ol EBEIZM LTI, ChEFHICX
HEatHEEOFMOBERIIE T EFLLI L
MNTED, SOOI, EHERISHHOChEREF
EHERETAZEIICLD, BB BITLE
NENO BIE O S E OE A Sk
=

3.3 B#EESIUChERETEEERVWALUR

i
FEEAF 0 b0 A7 FEMIZ, #hFho

—_—— ) H T xFF
| —=— SAP

Y ey DMTP
—H—F_OKr=X
—— X T — b
—— T SF %

—4— PAP

—- TFIFXA}-

s ——— O R X

—a— CYAP

—_—— 7 O )R X F I
Blea— U S 2 FIL
—» = ECP

, =% - RF A

g Yyy g vFF =1

IIRRAAFN, U0

AFALBEUFEFF LA

ITi, WERIEICHES 100

PO BEEEMAAR SR

WERE, WERTAEK .

LLTWwWA ERBEEh, ﬁso \
=3

R B L TIE, sk
WHHY, RIBIZED
St L-¥) ¥

4 6 8
IR E (me/h)

10

1458 F o / BUERICE 1 BChEEMS

__—h—e— ST F
= —— SAP

—a— DMTP
—— P = kR

—_—— A T — b
o—— TIFF

—+— PAP

——- I FIFFA L
—e— xRk X

, —t— CYAP

—— 7 OJLE UK Z AFIL
—tr— Y I ERIAAFIN
— F]j—» - ECP

i1}

- - R

0 Agi——E
Y, Zune) kAR [
(o]

T FERFLAIILDWT
& BUIE A B W ol

{o. 6 (2008)

ﬁﬁégﬁﬂﬁm (min}
B2 SRR ChEEM DL

100

—41



486

SHICBIT S BEME L ChEEH20%HERE X
), BToFEY)AZ0BHAIC L EELL,
HEZHEE L,

JAYS=

* . BEfE=
ADIx {55 (50kg) x B K DEF 5% (10%)
IHICHHET2KOE(2)
BEME, KEAREEOKHERBEREH
HO101HEE (P19 8 HRE) ICThEhE
DHENTENY, ZoEERFEORMBEE OMH
OB TH 5 MIEERMED, HKT1 28
TWIEPHEIRTWEY,
pi=32
"GV;
Z AT, DIdMHIERAE, DVIZRE I OBH
5, GVIiZEEIiOBEETH S,
ATz, BlE LoBRE T2 BEME
D1/1000 @ FE & ChEF O MBI & - TFMH
L7z, ChEEH#IZ, HEIGRVERIZEREICH
THEBRENIKE L, V%HERETIIRET
EDENNENZ L, HEFEOE REIZ50%
HERESRDLREZVWI L, RRKPOERD
BREGEREIZEL, REZTL) ) ATERC
EVBETIMTAZ L, REOBADS, ChE
FEE 34 1< 13 ChETH 1$£20% B % R BE % HI V72,
3.4 BERICHETDIZIDE(L
FFY CHEEEGFHRENTWS10ED RE
22T, MR 14 0 BRI & F BRI AR RS
EROFMET TR o7 10HIEELRET A2
LT, ERPICEERDE LTEHF Y Y EICELL
L7z &oT, Th610MiZonwTid, RIGHT
THLEBRLEBRWTH A2V Y ROEER%
HWTChEFHZ#l%E L, ChEGEH20% M ERE
rE+hFhRO. MPPIZBIL TR, EERIS
KIhERKRE LTMPP-MPPALEF Y F—
MPPA ¥V ¥ A& ¥ L RIST 57-0, MPP
ORIGERWIEIMPPA ¥V ANFkrE LTH
L7,
BHEHOFER, RIIWIFRTIINC, A1V 7=2vk
AR IBREA»OAF Y L ERIZELT B
L THEERHOWREALNI:, VAZIX, 71

1/100 B £E{t*
ChEi&T20% FH 3 i B

42-

®1 BERIDICLBRICHEDY X7 DL

B ¥ R0 BEEME | Fik | 350 4%
{mg/1)

2 OVEY kA 0.03 034 | 77922
AVEHFA 0.008 038 175.82
MPP 0.001 032 89.29
FATI Y 0.005 0.08 16.05
EPN 0.006 - 122
FPVZOFZARAFN 0.2 = 1.12
JuFFFA 0.004 - 0.88
Ty IkR 0.01 0.14 0.27
MEP 0.003 0.03 0.26
4V 72k 0.001 001 -

VEVRAKRELEL, BEhEAFV o) A
TRl T oL, T3V EIEEOR230014
DERNH B Ldbhol, 7ONEY KR,
AVE4F+ >y, MPPBIXUFATY /D4
HizowTIiE, fEAP200ELEE E(ICRD»
2o 2%0, BRKPORELFEEEOHATHMET
HE, WMHREMEY 12 TE-TH, AEEHD
MWAEBRWABRKISTFET 28T HY, &2
BEFFIBEETETWEVIELIB I EICHE
BETRETHB. LI, FBR) VRREOHRE
Wi F v VROl b ZE Lz vy
ZENFHRET LWL IR o7,

HEfE, 1 HHFEFHRIE (ADDS#HET 2K
DHESEEZELTHB SN, ADIZE4BED
BERRERE, ARTRIEINRTHF Y V&I
L BRET 2 FEREHE % &b TRl
ERTWD, LA oT, RIBERYOA X~
HEFMIMAS I LPREETHAL T LHPRRS
AT, ChETEOFENRIA TS
o720 MBORNTRO/I-HEIZL Y, EERE
WXL ARIGH#E, BLIUThThoWRIIBITS
Ao bAOBHEE R 7 O AT RE
tlpol, CROEDOERIYD, ChEGEHEEZIH
Ee L-EERSERYORELEOE VT HH
Ib322LT, VAZZHBICLEBETAZ LS
T

35 AXxV_OGBEESOTVAER) CRRE

M) A7 i

BATHEHOHEP - - BREIIERLEELHIK

F A & BEAK



&L, WERIGKMH 5 7 TChEMEFEHEA100%
ol SO ENL, 32THRIFLAAFV
CEEEGORVER) CREETEKOEE %
T L, RBERBREWICHBV TChEREEHE
BMENLENVF720FF 7, EYIFZAAFN,
ZONVEYERAAFABITFFAIZHALT
b, RIEEBEWOEE)AZVPBVRETHL L
XL, VY72 F A VITFERIE2 A
TR W EBOERPZERATVwEVL O
D, BAroiEhaBsThddbh, BECE
B194E 8 B) b AKBEAREEOKHEREERE
FHOINBREIISINTWEIZD, 4200%
PTHELICEELAFEMEIBDLNL, ) Ik
AAFN, ZOVMEY)VRAAFLBLIUFFTA
ML T, BRI DL wIzD, $HOoK
ANSREVAITHLIEIBMEFICTEINT
VA AS, R L THEAEBOBE RIS
WEL, BIELT%2I LB LETHD,

4. FEY

BN ROFE) P RREOL LT, EFELHE
RIS L, RIGERRESWIZBVTChEHE
EEAEE IR REICHLTIE, BATEICS
TAREERWOEE) A2 XBVWEELI LR,
BAEOFEHICMAT, KbERd oF Mo
ThHEREENL, 2F ), KEEHIIBWT,
FRIETOZHLES L UEELETHOES
E2EL, ERYORE - FEIC L 284 OFF M
VPRETHLIRELEZOND, FHERIZ, #
BECERED L LOEFBTREER*ETLE
I L TREROR LM 2 REITFMEL T ¢
i, AEEREOBRVREICOWTEEMICHIE
LTwdithidZz o Zw,

FHEICBENT, VAZOHMILIZE Y, BEt
BEEHBLIUZThThoREIIBT 2 NESRWE
PRETAFEERRREL, 24HoEK) v RRE
REBLIAERTR L, AR, L ERS
NTWaERY Y REEIIOWT, FHEELZS
ODTABEERETRANICEML, BEOKER
ERICBY 2REHBOBEEL OB B X U5R
EREOER~OREIIH T 2H B L8R4

Vol 50 No. 6 (2008)

487

THELOTHA,

#H OB

AEFFEIE, EAESEFFEWERM &0 E
ST ol STICBELHRT S,

—EE Rl —

1) Tsuda, T. Kojima, M., Harada, H., Nakajima, A.,
Aoki, S.: Pesticides and their oxidation products in
water and fish from rivers flowing into Lake Biwa,
Bulletin of Environmental Contamination and Toxicology, 60
(1)151~158(1998).

2) Roy, S., Kumar, R, Roy, S., Sharma, C. B.:
Biodegradation of fenitrothion in soil, Biomedical
Chromatography, 10(2)60~64 (1996) .

3) Amitai, G, Moorad, D., Adani, R, Doctor, B. P.:
Inhibition of acetyicholinesterase and butyrylcholine-
sterase by chlorpyrifos-oxon, Biochemical Pharmacelogy,
56(3)293~299(1998).

4) EFHE LEES FIEF BHRETF EER
BIZL AT ERYOMLFLELE 1) —P=SHER
) RmEPOP=08OEK—, &ELE, 22(4)196
~205(1976).

5) Jokanovié, M. : Biotransformation of organo-
phosphorus compounds, Toxicology, 166(3)139~160
(2001).

6) AEEEORBELICHITLIREE, REEDI01E
BoOBHNEZEWMM, FEESMHEFR— L -
(http://www.mhlw.go.jp/topics/bukyoku/kenkou/
suido/kijun/dl/nouyaku.pdf).

7) Tahara, M, Kubota, R, Nakazawa, H, Tokunaga, H.
Nishimura, T.: Use of cholinesterase activity as an
indicator for the effects of combinations of
organophosphorus pesticides in water from
environmental sources, Water Research, 38(20)5112~
5118(2005).

8) {L¥PWRIFELAEERE, KEEXEORBELEIIOW
T(EERFFERSETRRESAEEREMEASSH
%), EAE5#E F— A~— (http//www.mhlw.go.jp/
shingi/2003/04/dl/s0428-4e.pdf) .

9) Tahara, M. Kubota, R, Nakazawa, H, Tokunaga, H.,
Nishimura, T. ! Analysis of active oxon forms of nine
organophosphorus pesticides in water samples using
gas chromatography with mass spectrometric
detection, Journal of Health Science, 52(3)313~319
(2006) .

10) Tahara, M., Kubota, R, Nakazawa, H., Tokunaga, H.
Nishimura, T.: The behaviour and cholinesterase
inhibitory activity of fenthion and its products by light
and chlorination, Journal of Water Supply : Research and
Technology — AQUA, 57(3) 143~151 (2008).

(R#sEfR | 20074 8A18H)
(FHASEEA ; 2007F11A198)

—-43



Available online at www.sciencedirect.com

-~ ScienceDirect Reproductive

Toxicology

Developmental Basis of Heallh and Disease

Reproductive Toxicology 25 (2008) 335-351
www.elsevier.com/locate/reprotox

Two-generation reproductive toxicity study of the flame retardant
hexabromocyclododecane in rats

Makoto Ema®*, Sakiko Fujiib, Mutsuko Hirata-Koizumi ?, Mariko Matsumoto?
 Division of Risk Assessment, Biological Safety Research Center, National Institute of Health Sciences, Tokvo 158-8501, Japan
Y Safety Research Institute for Chemical Compounds Co.. Lid., Sapporo 004-0839, Japan

Received 29 August 2007, received in revised form 14 December 2007: accepted 19 December 2007
Available online 28 December 2007

Abstract

Male and female rats were fed a diet containing flame retardant hexabromocyclododecane (HBCD) at 0, 150, 1500 or 15,000 ppm throughout
the study beginning at the onset of a 10-week pre-mating period and continuing through the mating, gestation and lactation periods for two
generations. The mean daily intakes of HBCD during the whole period of administration were 10.2, 101 and 1008 mg/kg bw in FO males, 14.0, 141
and 1363 mg/kg bw in FO females, 11.4, 115 and 1142 mg/kg bw in F1 males, and 14.3, 138 and 1363 mg/kg bw in F1 females for 150, 1500 and
15,000 ppm, respectively. The incidence of rats with decreased thyroid follicles size was increased in FO and F1 males and females at 1500 ppm
and higher. Serum TSH levels were increased in FO and F1 females at 1500 ppm and higher, and serum T4 levels were decreased in FO males
and females at 15,000 ppm. The number of the primordial follicles in the ovary of F1 females was reduced at 1500 ppm and higher. There were
increases in the absolule and relative weights of the liver in male adults and male and (emale weanlings at 1500 ppm and higher, and in female
adults at 15,000 ppm, and of the thyroid in male and female adults at 15,000 ppm. Decreased body weight and body weight gain associated with
reduced food consumption were found in F1 males and females at 15,000 ppm. Decreases were found in the viability index of F2 pups and the
body weight of male FI and F2 pups and female F2 pups at 15,000 ppm. In F2 pups, there were low incidences of the completion of eye opening
in males at 15,000 ppm and in females at 1500 ppm and higher, and of completed mid-air righting in females at 15,000 ppm. The data indicate that
the NOAEL of HBCD in this study was 150 ppm (10.2 mg/kg bw/day). The estimated human intake of HBCD is well below the NOAEL in the
present study.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction (EPS) polystyrene foam that is used as thermal insulation in the

building industry. HBCD is the only suitable flame retardant for

Although about 80 different brominated organic flame retar-
dants are registered. tetrabromobisphenol A, the polybrominated
diphenyl ethers and hexabromocyclododecane (HBCD) account
for most of the total volume [1]. HBCD is a nonaromatic, bromi-
nated cyclic alkane used as an additive flame retardant. Total
market demand for HBCD in 2001 was estimated as 2800 tons
in America, 9500 tons in Europe, 3900 tons in Asia and 500 tons
in the rest of the world [2]. The commercial product is a mix-
ture of three stereoisomers, alpha, beta and gamma, which are
typically present at approximately 6, 8 and 80%, respectively
[3]. Its primary application is in extruded (XPS) and expanded
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these applications. A secondary, although important, application
of HBCD is as a flame retardant for upholstery textiles [3.4]. The
partition coefficient (Log Kow) value of 5.6 suggests that this
chemical is suspected to have high bioaccumulation potential
[4]. HBCD has been used for about 20 years, and is detected in
practically all environmental media [5]. HBCD was identified in
sediment from several places along the River Viskan in Sweden
[6] and the River Cinca in Spain [7]. HBCD was detected in
fishes, pike (Esox lucius) (6] and barbel (Barbus graellsi) [7],
indicating that it is bioavailable and bioaccumulates. The bio-
concentration factor of this compound is reported to be 18,100
in fathead minnow (Pimephales promelas) [8). HBCD was also
detected from common whelk (Buccinium undatum), sea star
(Asterias rubens), hermit crab (Pagurus bernhardus), gadoid fish
species whiting (Merlangius merlangus), cod (Gadus morhua),



