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Abstract Di-isopropylnaphthalene (DIPN) has highly per-
sistent and bioaccumulative properties, and a large amount
of DIPN is used as a PCB substitute in Japan. However,
DIPN in the environment has not been thoroughly investi-
gated. In addition, mono-isopropylnaphthalene (MIPN) and
tri-isopropylnaphthalene (TIPN), which are the homologues
of DIPN, have similar properties to DIPN. In this study,
simultaneous analytical methods for MIPN, DIPN, and
TIPN for air, environmental water, sediment, and biological
samples were developed, and the resultant contamination
caused by each in the environment was investigated. DIPN
was detected at 1.1+0.38 ng/m’ in air and between <1.9 and
9.8 ng/L in river water, but MIPN and TIPN were not. In
Lateolabrax japonicas (Japanese sea perch), TIPN was
detected from only females at between 0.65 and 1.4 ng/g-wet.
DIPN was detected from all perches at between 1.2 and 3.4 ng/
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g-wet. DIPN and TIPN isomer fingerprints in females were
different from those in the reference standard stock solution
ones. In sediments, MIPN, DIPN, and TIPN were detected at
between <0.16 and 8.6 ng/g-dry, between <1.1 and 4400 ng/g-
dry, and between <0.83 and 500 ng/g-dry, respectively. The
contamination trend of DIPN in the sediments was similar to
that of PCBs.

Keywords Mono-isopropylnaphthalene -
Di-isopropylnaphthalene - Tri-isopropylnaphthalene -
PCB substitute - Alkylnaphthalene

Introduction

Di-isopropylnaphthalene (DIPN) has been increasingly used
as a PCBs substitute since the 1970s in Japan (Peterman and
Delfimo 1990). By the 1990s, Japan produced and imported
DIPN at a rate of about 6000 tons annually (data provided
by the Ministry of the Environment (MOE)). DIPN had been
considered to be a safe chemical as a result of testing the
biodegradation property of DIPN (Yoshida and Kojima
1978a, b). The alkyl side chains of DIPN protect the aro-
matic ring during metabolism (Kojima et al. 1982). There-
fore, the effect of DIPN is dissimilar to that of the parent
compound and those with small alkyl side chains (Hoke and
Zellerhoff 1998). Recently, the toxicity of DIPN to marine
mussels was reported to be considerably less than that of
smaller alkyl-substituted naphthalenes (Hoke and Zellerhoff
1998; Scarlett et al. 2011). Based on test results on ecolog-
ical effect by MOE in 2006, several biological influences of
DIPN have been reported, for example acute inhibition of
swimming for Daphnia magna (48-h EC50=0.035 mg/L)
and toxicity for fish designed as OECD classification stan-
dard (48-h LC50 of Oryzias latipes=4.5 mg/L). A
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carcinogenic potential of DIPN has not been clear, and it later
became clear that DIPN has highly persistent and bioaccumula-
tive properties (data provided by the National Institute of Tech-
nology and Evaluation (NITE)). As a result, it was designated as
a type I Monitoring Chemical Substance by the Chemical Sub-
stances Control Law of Japan in 2004. The Monitoring Chem-
ical Substances are expected to assess environmental
contaminations in Japan.

Since 2004 DIPN usage has decreased, but the compound
is still used at the rate of about 600 tons annually (data
provided by the MOE). In 2007, a total of 813 tons of DIPN
was used in Japan: 431 tons of DIPN was used for the
solvent of the carbonless duplicating paper, 206 tons as a
heat carrier, 147 tons as a solvent for the pesticides and
others, 17 tons for other uses, and 12 tons for export.

In addition to DIPN, mono-isopropylnaphthalene (MIPN)
and tri-isopropylnaphthalene (TIPN), which are homologues
of DIPN, are also used as a heat carrier and contaminated in
the solvent. MIPN and TIPN were also designated as type III
and type I Monitoring Chemical Substances in 2004.

Because MIPN, DIPN, and TIPN are used as solvents,
there is a concern that these compounds widely contaminate
the environment. Food contamination of DIPN from wrap-
ping with recycled paper has been reported by Sturaro et al.
(1994) and Mariani et al. (1999). MIPN and DIPN in envi-
ronmental water, sediment, and biological samples have
been measured in Japan (Kodama 1981; MOE1980; 1983;
1985; 1997); however, only 2,6-DIPN and 2,7-DIPN were
assigned. Though nonpolar column was used for gas chro-
matography in these reviews, it could not help separate
DIPN isomers enough (Brzozowski et al. 2002). Therefore,
other isomer peaks might overlap with 2,6-DIPN or 2,7-
DIPN. Not only DIPN but also MIPN and TIPN are usually
used as isomer mixtures; therefore, it is important to assign
the isomer fingerprints of MIPN, DIPN, and TIPN to reveal
their fates in the environment. Recently, in the field of
chemosynthesis, studies into DIPN isomerization have
now succeeded in the isolation and identification of DIPN
isomers (Brzozowski et al. 2001, 2002). On the other hand,
DIPN and TIPN isomers in the environmental field have not
been sufficiently assigned. Sturaro et al. reported that the
paper recycling and waste disposal process is a source of
DIPN pollution (1994). We investigated the MIPN, DIPN,
and TIPN contaminations in water, air, sediment, and algae
samples obtained in the vicinity of a paper recycling plant
(Suzuki et al. 2007). Though the analytical method had
some problems in DIPN contamination at pre-treatment
and recovery ratios of MIPN, DIPN, and TIPN, high

concentrations of DIPN were detected in the wastewater
and the exhaust from the plant recycling plant, but concen-
trations of MIPN and TIPN were relatively low in compar-
ison. In 2007 and 2008, simultancous analytical methods
with GC/MS for MIPN, DIPN, and TIPN in water, sedi-
ment, air, and biological samples were improved. As the
result, more detail of contaminations of MIPN, DIPN, and
TIPN in the environment could be analysed, and the meth-
ods for sediment, air, and biological samples were adopted
as official methods by MOE (2009). The method for water
was also adapted but only for DIPN (MOE 2008a).

In recent years, the environmental contamination of DIPN
in Japan has been researched by MOE using these methods.
MIPN, DIPN, and TIPN are hydrophobic and persistent like
PCBs; therefore, they are likely to accumulate in the environ-
ment, as replacements for PCBs. They will likely follow
similar patterns of contamination as the priority pollutants.
The concentration of residual PCBs in sediment was known to
be higher than air and water (Nakano et al. 2004).

In this study, the concentrations and isomer fingerprints
of MIPN, DIPN, and TIPN in sediments were investigated
with PCBs in Hyogo Prefecture in Japan in 2010. Further-
more, some water, air, and biological samples were investi-
gated to verify the distribution of these compounds in the
environment.

Methodology section
Reagents and cartridges

2, 6-DIPN (> 99 %), 2-MIPN (> 95 %), and 1-MIPN (>
85 %) were obtained from Kanto Chemical Co., Inc (Tokyo,
Japan). Technical stock solutions of MIPN, DIPN, and TIPN
(used as heat carriers in industry) were provided by Soken
Tecnic Co., Ltd. (Tokyo, Japan). They were used as refer-
ence standards, to identify the isomer retention time or to
perform the accuracy control test. The individual isomer
reference standard stock solutions of DIPN were provided
by Dr. Brzozowski (Industrial Chemistry Research Institute,
Poland). MBP-CG, which was a PCB isotope mixture
(*3C1,-MoCB-DeCB), and MBP-70 ('*C,,-2,3",4',5-tetra-
chlorobiphenyl) were obtained from Wellington Laborato-
ries Japan Inc. (Tokyo, Japan) for use as a PCB surrogate
and syringe spike, respectively. Hexachlorobenzene-;C°
(HCB-'°C) for use as a syringe spike and other solvents
was obtained from Kanto Chemical Co., Inc. The Supel-
clean ENVI™-Carb and LC-Silica cartridges were obtained
from Sigma-Aldrich Japan K.K. (Tokyo, Japan) for use in

Fig. 1 The analytical -

procedure of MIPN, DIPN, 4.3 m* Air Extraction with || Concentration GC/MS-SIM

and TIPN for air PS-Air cartridge 20mL DCM ImL )
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Fig. 2 The analytical ) ] C .

procedure of MIPN, DIPN, Water Extraction with oncentration L Clean up

and TIPN for environmental an 10mL hexane ImL

water Add decane 20 microL. By N, gas Washing with
sulfuric acid

L Concentration GC/MS-SIM
0.1 mL
By N,gas Add HCB-BC((0.5ppm) 20 L
Add decane 20u L

cleanup. The Sep-Pak Plus PS-Air cartridge was obtained
from Nihon Waters K.K. (Tokyo, Japan) for air sampling.

Analytical procedure

The simultaneous analytical methods with GC/MS for DIPN,
MIPN, and TIPN in air, environmental water, sediment, and
biological samples are shown in Figs. 1, 2, 3, and 4,
respectively.

A Supelclean ENVI™-Carb cartridge was chosen as a
cleanup cartridge for sediments, because compared with
silica gel cartridges, the cartridge had less DIPN contami-
nation and DIPN as a remaining pigment inside was easily
washed by hexane. DIPN contained in the environmental
water might be acquired on the surface of a sampling bottle,
because of its hydrophobic property; Log P was 4.90 by
Hazardous Substances Data Bank (HSDS). Therefore, the
environmental water was directly sampled in a 1-L glass
bottle, and hexane extraction had to be done inside the
bottle. It also had efficacy for preventing DIPN contamina-
tion, as DIPN was notably ubiquitous.

All the measurements were performed using an Agilent
GC/MS system consisting of a 6890 N gas chromatograph
equipped with a SPELCOWAX-10 capillary column (30-m
length, 0.32-mm i.d., 0.25-um film thickness) and
Q1000GC mass spectrometer. The injection volume was
2 um, and the temperature was 270°C. The carrier gas was
helium at 1.2 mL/min. The oven temperature was 50°C with
I-min hold at first; it was elevated to 100°C by 20°C/min,

210°C by 5°C/min, and 270°C with 1-min hold by 20°C/min.
The ionization method was EI (200 pA, 70 eV). The temper-
atures of the interface and ion source were 240 and 210°C,
respectively. The m/z for the quantification of MIPN, DIPN,
and TIPN were 170, 212, and 254, respectively. The SIM
chromatograms of the mixture of MIPN, DIPN, and TIPN
stock solutions are shown in Fig. 5. MIPN, DIPN, and TIPN
in the amount of 0.2 ng were injected to GC/MS. Their isomers
were successfully separated using a polar column. DIPN iso-
mers have been reported not to be sufficiently separated when
using intermediate or nonpolar columns (Brzozowski 2004).
The eight major isomer peaks of DIPN were assigned by
checking the retention times of individual isomer stock solu-
tions of DIPN provided by Brozozouski. In the case of TIPN,
the six isomer peaks of TIPN were detected, although they
were not assigned. The concentrations of MIPN, DIPN, and
TIPN in the samples were calculated with standard curves
made from 2-IPN, 2,6-DIPN, and a stock solution of TIPN.
The method detection limits (MDLs), the quantification lim-
its (MQLs), and the recovery ratios for MIPN, DIPN, and TIPN
are shown in Table 1. These were calculated using stock sol-
utions and according to the MOE methods. The detection limit
of a single isomer peak (2,6-DIPN) for water and sediment was
0.71 ng/L and 0.17 ng/g-dry, respectively, with sensitivities
about ten times higher than those reported by MOE (1997).
The PCBs measurement for the sediments was according
to the MOE method using an Agilent GC/MS system con-
sisting of a 6890 N gas chromatograph equipped with an
HT-8PCB capillary column (60-m length, 0.25-mm i.d.) and

Fig. 3 The analytical Sediment Extracti ith
ediment . . . xtraction wi

procedure of MIPN, DIPN, (10g-dry) — Extraction | Centrifugation . hexan
and TIPN for sediment e-dry i 1 cexane

il;a(llkmg[+ul;r(e)lsolinc vibration X 2200rpm Add 5%NaClaq 200mL

acetone m.
nd
2nd :20%hexane/acetone 20mL Add hexane20mL, 2+10mL
L Dehydration Concentration
Y . — Clean up — —  Sulfur removal —
Concentration ImL ImL
Add anhydrous sodium sulfate  ENVI™-Carb By N,gas

By N, gas

Elute by hexane 15mL

Add copper powder
Add decane 20u L pperp

L GC/MS-SIM

Add HCB-3C,(0.5ppm) 20u L
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i i Alkaline . .
Biological sample o Extraction Centrifugation
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Add 1N KOH/EtOH 30mL Shaking +ultrasonic vibration X 2200rpm
overnight at normal temperature  2nd :add 20%hexane/EtOH 20mL
L i i Dehydration Concentration
Extraction with y : Clean up
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i

GC/MS-SIM

Add HCB-1*C,(0.5ppm) 20 L

Fig. 4 The analytical procedure of MIPN, DIPN, and TIPN for biological sample

an 800D high-resolution mass spectrometer. The PCBs con-
centrations were calculated by a surrogated method.

Air sampling method

Figure 6 shows the relationship of the air sampling time (1, 2,
3, 16, and 24 h) to the trapping amount and the air concentra-
tion of DIPN. The test was conducted in a temperature-
controlled room. The trapping amounts of DIPN increased
with the sampling time. The air concentration of DIPN was
constant at the level of approximately 15 ng/m>. Although it
was possible to assess the air concentration of DIPN with an
hour of sampling time, it was better to use a long sampling time
to eliminate the DIPN contamination in the PS-Air cartridge
and during pre-treatment. Sampling with a circuit of four
cartridges revealed that there was no breakthrough from the
first cartridge after 24 h of sampling. Storage of MIPN, DIPN,
and TIPN in a PS-Air cartridge was stable for at least a week.

Sampling site

The sampling sites studied are shown in Fig. 7. The air was
sampled at the floor and the roof of the institute in Kobe

Fig. 5 The SIM chromatogram

City at an urban site near point S6. The waters were sampled
at all river points and at sea point S27 in 2009. The sea
sediments were sampled using an Ekman-Birge-type bottom
sampler at 41 points located in the Seto Inland Sea and
Osaka Bay in southern Hyogo Prefecture in 2009 and
2010. The river sediments were sampled with a dredge at
eight rivers that empty into the sea except for points R7 and
R8 in 2010. Lateolabrax japonicas (Japanese sea perch) as
biological samples were sampled in the vicinity of point
S27. Five samples were made up from a filleted perch or
by mixing fillet of two or three perches for each.

Results and discussion

Air, water, and fish concentrations of MIPN, DIPN, and
TIPN

Table 2 shows the air concentrations of MIPN, DIPN, and
TIPN at the floor and the roof of the institute in Kobe City at
an urban site near point S6. There was very little MIPN and
TIPN contamination outdoors and indoors. The outdoor air
concentration of DIPN was 1.1+0.38 ng/m’>. No differences

(100] 2,
of a mixture of MIPN, DIPN, 1 | |
and TIPN stock solutions. Their h 1317 26 2 16 14
concentrations were 100 pg/mL 1 MIPN 7
each 2 l
1 3--—~——
DIPN ljJ(
i . oo | \ L,,.._er»- PRSP ) ]
®
l b e
TIPN ®
J l
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Table 1 Recovery ratios, method detection limits (MDLs), and quantification limits (MQLs) for MIPN, DIPN, and TIPN calculated by the MOE method

Water Air

Sediment

Biological sample

Recovery MDL MQL Recovery MDL MQL

Recovery MDL

MQL Recovery MDL MQL

(n=3) (%) (gl) (gl) (n=3)(%) mgm’) (@mgm’) @=5)(%) (ng/g-dry) (ng/g-dry) (n=4) (%) (ng/g-wet) (ng/g-wet)

MIPN  75%4.5 1.8 4.6 97+5.5 0.46 1.2
DIPN  77+4.0 1.9 5.0 102+8.6 0.48 1.2
TIPN 76+5.9 5.6 14 102+18 0.23 0.59

64+3.4 0.16 0.41 73+8.6 0.15 0.38
86+3.8 1.1 29 79+11 0.60 1.6
90+1.7 0.82 2.1 79+13 0.52 1.3

in concentrations were observed for air sampled in warm
and cold periods. The indoor contamination level was al-
most ten times higher than outdoors. This was attributed to
the fact that DIPN was volatilized from the ink solvent used
in a room at the location. The isomer fingerprints of DIPN in
the air samples had almost the same pattern as that in the
reference standard stock solution. In our past study (Suzuki
et al. 2007), the air contamination level of DIPN around
point R7, in the vicinity of the location of a paper recycling
plant, was 16 ng/m®, which was almost ten times higher than
that obtained this time. In 2009, the air contamination levels of
DIPN in Japan were investigated at 20 points, including the
point of this study, with this method by MOE (2011). With the
exclusion of that at the highest point (22 ng/m’), the contam-
ination level of DIPN was between 1 and 10 ng/m>.

Table 3 shows the water concentrations of MIPN,
DIPN, and TIPN in the river and the sea sampled in
2009. MIPN and TIPN were not detected at all points.
DIPN was detected between <1.9 and 9.8 ng/L. The
isomer fingerprints of DIPN in the water samples had
almost the same pattern as that in the reference standard
stock solution. In 2006 and 2007 by MOE (2008;
2009), the water contamination levels researched at 20
points in Japan, including the point S27 and R7, were
between <0.83 and 3.2 ng/L. The contamination levels

leed DIPN amount =§=DIPN concentration

100 30
- -
£ 80 E
% g
g 60 5
L] =
- ul
g 40 o
2 ]
a 10 €
8 S
Z 20 z
[=]
0 hed u 4 u I 0
1 2 3 16 24

sampling time {hour)

Fig. 6 The relation of air sampling time to air trapping amount and air
concentration of DIPN

of DIPN at points R1, R3, and R4 were higher than
those at others. It was speculated that there were con-
tamination sources of DIPN in their upper stream.

Table 4 shows the concentrations of MIPN, DIPN, and
TIPN in the perches sampled around point S27. Samples 1
and 2 were extracted from two and three male perches.
Sample 3, 4, and 5 were made from three, two, and one
female perches, respectively. Although MIPN was detected
in almost all samples, it was below the quantification limit.
TIPN was detected only in female samples at concentrations
between 0.65 and 1.4 ng/g-wet. Hasegawa et al. (1982)
reported that DIPN was accumulated in mainly body fat
and subcutaneous fat. The average of fat contents of
female perches was 1.2+0.22 %, which was higher than
that of male perches (0.60+£0.12 %). TIPN was detected
only in female perches. This may be due to the high
hydrophobicity of TIPN (Log P=7.54; KOWWIN v1.68)
and therefore more likely to partition into the lipids of the
females which possess relatively higher fat content than
males. The TIPN concentrations on per-lipid basis were
1.1 ng/g lipid.

The detected isomers of TIPN were peak Nos. 2, 4, and 5
shown in Fig. 5, and the pattern was the same as that in the
reference standard stock solution one. DIPN was detected
from all samples between 1.2 and 3.4 ng/g-wet. There was
no difference in the concentration of DIPN in males and
females. Although the metabolism of 2,6-DIPN in carp
(Cyprinus carpio) had been identified by Kojima et al.
(1982), other isomers had not been researched yet. In this
study, the isomer patterns of DIPN in female samples were
different from those in male samples. In male samples, the
DIPN isomer patterns were almost the same as those in the
reference standard stock solution one. On the other hand, 1,
3-DIPN and 1, 4-DIPN were mainly detected in the female
samples. The reason that the isomer fingerprints of DIPN
and TIPN detected in the perches were different from those
in the reference standard stock solutions was that the deg-
radation or accumulation of each isomer was different in
parch.

Figure 8 shows the sediment concentrations of MIPN,
DIPN, and TIPN in the sediment samples in 2010. MIPN
was detected at between <0.16 and 8.6 ng/g-dry, with a
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Fig. 7 The sampling points of air, water, sediment, and biological samples in Hyogo Prefecture. A triangle point which is upper stream of point S7

indicates a paper recycling plant

median concentration of 0.27 ng/g-dry; DIPN, between <
1.1 and 4400 ng/g-dry (median=1.9 ng/g-dry); and TIPN,
between <0.83 and 500 ng/g-dry (median=0.20 ng/g-dry).
In the sea area, the concentrations in the coast were higher
than those offshore. The highest concentrations of MIPN,
DIPN, and TIPN were 1.7, 100, and 9.0 ng/g-dry at point
S21, respectively. Point S21 is the bay where the Ibo River
empties. The effluent from a paper recycling plant flows into
the Ibo River, and DIPN and TIPN were detected at 290 and
3.3 ng/g-dry in the sediment at point R7 in our previous
study (Suzuki et al. 2007). In the river, the highest concen-
trations of MIPN, DIPN, and TIPN were detected: 8.6,
4400, and 500 ng/g-dry at point R1, respectively. In Ger-
many, DIPN had been detected at between <1 and 83 ng/g

in two river sediments in 1999-2001 by Franke et al. (2007).
In Japan, the sediment contamination levels of DIPN were
also investigated with this method at 30 points in 2009 by
MOE (2011), and the highest concentration was 230 ng/g-
dry. Therefore, point R1 was the highest polluted area of
DIPN in Japan. Given that the isomer pattern matched that
of the technical mixtures of MIPN, DIPN, and TIPN, it is
likely that the source of the sediment contamination was
industrial. However, no paper recycling industry exists in
the vicinity of this sampling station.

Figure 9 shows the concentration ratio of MIPN, DIPN,
and TIPN at each sampling point where DIPN was detected
above MDL. The main contaminant was DIPN at every
point in this study, and its average ratio was stable at 79+

Table 2 Air concentrations of
MIPN, DIPN, and TIPN at the
floor and the roof of the institute
in Kobe City at an urban site

near point S6

Sampling location Date Air concentration (ng/m3)
MIPN DIPN TIPN
Floor of the institute 7-8 Feb 2008 0.84 10 <0.23
5-6 May 2008 <0.46 16 <0.23
Roof of the institute 8-9 May 2008 <0.46 1.2 <023
6—7 May 2008 <0.46 0.76 <0.23
25-26 Nov 2009 <0.46 0.95 <0.23
26-27 Nov 2009 <0.46 1.7 <0.23
27-28 Nov 2009 <0.46 1.0 <0.23

@ Springer



Environ Sci Pollut Res

Table 3 Water concentrations of MIPN, DIPN, and TIPN at river
sampling points

Sampling point Water concentration (ng/L)

MIPN DIPN TIPN
R1 <18 9.8 <5.6
R2 <18 2.5 <5.6
R3 <1.8 5.1 <5.6
R4 <1.8 7.6 <5.6
RS <1.8 3.6 <5.6
R6 <1.8 3.5 <5.6
R7 <1.8 2.6 <5.6
R8 <1.8 1.9 <5.6
R9 <1.8 <19 <5.6
R10 <18 <19 <5.6
S27 <1.8 <19 <5.6

11 %. Although MIPN and TIPN were used as a PCB
substitute, just like DIPN, the primary cause was speculated
to be contamination to DIPN products.

According to the prediction of the environmental media
partition of DIPN by level III Fugacity Model, Estimation
Programs Interface (EPI) Suite v3.20, 56 % of DIPN dis-
charged into the environment is distributed to sediment,
41 % to soil, 3.4 % to water, and 0.1 % to air.

Comparing the median concentrations of DIPN detected
from air, environmental water and sediment samples, which
were 0.0010, 3.1, and 1900 ppt, the median concentration of
sediments was 620 times higher than that of waters. It
indicates that DIPN in the environment was accumulated
more to sediments than calculated. The median concentra-
tion of DIPN detected from perches was the same level as
that of the sediment. The bioaccumulation tests by NITE
show that DIPN accumulated 6100 times higher to carp in
5 ng/L of water and 2400 times in 0.5 pg/L of water. In this
study, the DIPN concentration of sea water sampled at the
point where the perches were sampled was below MDL;
therefore, by contrast with all water samples, the medium
concentration of DIPN from perches was 550 times higher
than the waters. The cause that the accumulation value was
lower than NITE test might result from the lower water
concentration (0.0031 pg/L) compared with the tests. It
indicates that in the environment DIPN was also accumu-
lated to perches.

The water concentrations of DIPN would be safety levels
for livings because these were below the concentration that
caused acute inhibition of swimming for D. magna (48-
h EC50=0.035 mg/L). However, the sediment concentra-
tions detected from points S21 and R1 were 100 ng/g-dry
and 4400 ng/g-dry, which might cause the acute inhibition
for livings in the sediment. Moreover, the concentration of

point R1 was over 4.5 mg/L, which was 48-h LC50 of O.
latipes, and might cause adverse effects on fishes. The
sediment concentration of TIPN at point R1 was also much
higher than that at other points; however, toxicity of TIPN
was little revealed. As a result, especially at point R1, there
might be some negative impacts for livings.

Correlation between the DIPN and PCBs concentration
in the sediments

The sediment samples were also analysed for the PCBs
concentrations. Figure 10 shows the correlation between
the DIPN and PCBs concentration in the sediments. PCBs
were detected to be between 0.16 and 1700 ng/g-dry. The
concentrations of DIPN tended to increase as those of PCBs
increased. In addition, the highest contamination point for
DIPN was also the highest for PCBs in both the river and the
sea.

The coefficient of determination of correlation between
the sediment concentrations of DIPN and PCBs at all points
except for points S1, S21, and R1 was 0.619. The concen-
trations of DIPN at points S1, S21, and R1 were much
higher than that of PCBs compared with other points; there-
fore, there would be some pollution sources of DIPN around
the points S1, S21, and R1.

A concentration of 3, 3'-dichlorobiphenyl (CB11) is con-
sidered to be an indicator of the influence of the paper
recycling plant, because CB11 is reported to derive from
3,3'-dichlorobenzidine salts which are used for printing ink
(King et al. 2002). A ratio of CB11 in total dichlorobiphen-
yls (CB11/XDiCBs) at point S21, where the highest con-
centration of DIPN was detected in the sea, was 21 %,
slightly higher than that of other sea samples (average
17 %), and the concentration of CBI11 was 0.30 ng/g-dry
higher than that of others (average 0.17 ng/g-dry). At point
R1, where the highest concentration of DIPN was detected,
the concentration of CB11 was 3.8 ng/g-dry higher, but that
of CB11/3DiCBs was 2.5 % lower in all samples. Although

Table 4 MIPN, DIPN, and TIPN concentrations of filleted perches
(Lateolabrax japonicas) sampled at point S27. Samples 1 and 2 were
made from female perches, and samples 3, 4, and 5 were made from
males

Perch concentration (ng/g-wet)

MIPN DIPN TIPN
Sample 1 0.23 1.7 <0.52
Sample 2 0.37 1.8 <0.52
Sample 3 0.19 1.3 0.67
Sample 4 0.19 34 1.4
Sample 5 <0.15 1.2 0.65
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Fig. 8 The sediment concentration of MIPN, DIPN, and TIPN in sediment samples in 2010

point R1 was one of the largest urban rivers, where many
kinds of industries are located, there was no paper recycling
plant upstream of point R1. The contamination source of
DIPN in this river needs to be clarified.

Conclusions

Simultaneously analytical methods of MIPN, DIPN, and
TIPN in air, water, sediment, and biological samples satis-
fying the standard to be official methods of Ministry of
Environment (MOE) were developed, and the environmen-
tal contaminations in Hyogo Prefecture were quantified. In

each sampling point where 90%

DIPN was detected over MDL 80%

air and river water, MIPN and TIPN were not detected in all
samples. DIPN was detected outdoors at 1.1+£0.38 ng/m>, a
value which was almost ten times lower than that indoors.
DIPN between <1.9 and 9.8 ng/L was detected in river
water. In L. japonicas (Japanese sea perch), TIPN was
detected from only females at between 0.65 and 1.4 ng/ g-
wet. DIPN was detected from all perches at between 1.2 and
3.4 ng/g-wet. DIPN and TIPN isomer fingerprints in females
were different from those in the reference standard stock
solution ones.

In the sediment, MIPN was detected at between <0.16
and 8.6 ng/g-dry, DIPN between <1.1 and 4400 ng/g-dry,
and TIPN between <0.83 and 500 ng/g-dry. The main

Fig. 9 The concentration ratio 100% = ™ -
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Fig. 10 The correlation between DIPN and PCBs concentration in
sediments

contaminant was DIPN in the sediments, and the contamina-
tion by MIPN and TIPN was speculated to be related to their
presence as minor components within DIPN technical mix-
tures used in industry. The contamination source of the second-
highest polluted point of DIPN might be the wastewater from
the paper recycling plant. However, the sampling point with
the highest contamination did not have a paper recycling plant.
Other potential sources of contamination should be investigat-
ed. As expected for hydrophobic chemicals, DIPN was mainly
associated with the sediment and fish tissues. The concentra-
tions of DIPN in the sediments tended to increase as those of
PCBs increased. DIPN is still being used in Japan at the annual
rate of 600 tons. If DIPN continues to be used as a common
industrial chemical, for example as a replacement for PCBs, it
is likely that it will further accumulate in the environment. It is
therefore important to monitor DIPN concentrations, especial-
ly in sediment and tissues, to ensure that they do not reach
levels that may cause adverse effects in humans or biota.
However, due to the paucity of toxicity studies of these chem-
icals, defining what concentrations are safe is currently not
possible. Simultaneous analyses of DIPN, MIPN, and TIPN by
the methods reported herein should be carried out in other
regions to ascertain how widespread this contamination has
become. Appropriate toxicity tests should be carried out so that
the risks posed by these chemicals can be quantified.
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