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Abstract

The contents of di-n-butyl phthalate (DBP) and di (2-ethylhexyl) phthalate (DEHP) were assessed in the Lake
Baikal pelagic zone. The spatial heterogeneity of the distribution of phthalates in the upper and deep water le-
vels for all basins of Lake Baikal was determined from 0.06 to 3.1 pg/dm? of DBP and from 0.03 to 1.4 ng/dm?® of
DEHP, seasonal variability of the total concentrations of phthalates in the pelagic zone of the lake being up to
10 times. Background stations of the reference section in three lake basins were proposed as reference areas for
monitoring, and the average concentrations of phthalates in the upper aqueous layer (5—200 m) were proposed to
assess the present content of phthalates in the water of the lake. The contents of DBP and DEHP in Lake Baikal
Water over the period 2015—2016 were 0.35—0.89 and 0.06—0.32 png/dm?, respectively, and do not exceed the MPC
for water bodies specified in Russia. A simultaneous change in DBP concentration in the upper water layer of the
pelagic zone of the southern lake basin and in its coastal area as pollution indicator was noted. Phthalates were
determined by liquid-liquid extraction of analytes into n-hexane, direct analysis of extracts using chromatogra-
phy-mass spectrometry in selective detection mode (m/z 149 and 153) and measurements by the internal stan-
dard method using di-n-octylphthalate-3,4,5,6-d, as a surrogate standard. Secondary pollution of water and ext-
racts with laboratory phthalates was regarded as the systematic error that was assessed by the value of reagent
blanks and subtracted from analysis results. The total error was assessed using the values of 25 and 20 % for DBP
and DEHP, respectively.

Key words: di-n-butyl phthalate, di(2-ethylhexyl)phthalate, monitoring, Lake Baikal, gas chromatography-mass
spectrometry.

INTRODUCTION

Drinking water sources, including Lake Baikal
containing to 23 000 xm® of water, ~20 % of the
world’s fresh surface water are found under spe-
cial attention during monitoring of persistent or-
ganic pollutants (POPs). Under conditions of envi-
ronmental degradation of the Lake Baikal coastal
zone [1], the issue of possible changes in water of
the pelagic zone of the lake, particularly, with the
absence of systematic monitoring of organic pol-
lutants, POPs content level wherefrom currently
remains open. To answer this question, priority
POPs that are diesters of o-phthalic acid (phtha-

lates) in water of the pelagic zone of the lake and
coastal areas were determined.

Phthalates are the most important commonly
used products of the chemical industry in ordi-
nary household goods, cosmetics, detergents,
plastics, paints, and medical products. In poly-
meric materials, phthalates are used as plastifiers
that are not chemically bound with a polymer
matrix, therefore, they enter the environment di-
rectly or indirectly during the production pro-
cess, the use and disposal of plastics. According to
the monitoring of POPs, phthalates in natural ob-
jects are present in the atmospheric aerosol, sea,
river and drinking water, bottom sediments [2—9].
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The risk of pollution of samples with secon-
dary phthalates during selection, transport, and
storage or at the time of analysis is a distinctive
feature of the ongoing analysis when determining
phthalates in water bodies at trace level concen-
trations. Secondary pollution may lead to false
positive or inflated results of phthalates determi-
nation and is related to the presence of analytes
not only in water but also organic solvents, the
ambient air and products made of plastic used for
analysis. For this reason, the lower boundary of
phthalates measurements is limited not by possi-
bilities of analytical methods but content levels of
these substances in laboratory background. To
determine these pollutants in water at the MPC
levels, specialized techniques were developed,
and the risks of sample pollution with secondary
phthalates were assessed [10—15].

It should also be noted that producers of
aquatic ecosystems are able to produce phtha-
lates, particularly bacteria and some species of
seaweeds [16, 17]. For instance, an opportunity
for synthesis of de novo biosynthesis of di-n-bu-
tylphthalate (DBP) and di(2-ethylhexyl)phthalate
(DEHP) was demonstrated in the cultivation of
freshwater algae and cyanobacteria in media
containing isotopically labelled NaH"CO, or
NaH"CO, [16, 18]. Since the chemical structure of
DEHP contains two asymmetric carbon atoms in-
side acyl substituents, therefore, a mixture of ap-
propriate enantiomers is formed in the synthesis
of this phthalate. Only one enantiomer, e.g., opti-
cally active bis-2R(-)ethylhexylphthalate isolated
from cultured cells Aconitum baicalense (Turcz ex
Rapaics 1907), is formed resulting from biosyn-
thesis of DEHP [19].

The studies of the biological activity of phtha-
lates indicate their obvious toxicity, impact for
human health, particularly its reproductive func-
tion, and also cancerogenic properties of compounds
of this class [20, 21]. Toxic impact of phthalates
has been noted for many types of wildlife — mol-
luscs, crustaceans, fish, and invertebrates [22, 23].

Considering biological properties and produc-
tion volumes (6 to 8 million tons per year), phtha-
lates have been included among priority pollu-
tants by the United States Environmental Protec-
tion Agency, Commission of the European Union,
legislative acts of Russia and China. According to
the World Health Organization (WHO) recom-
mendations, DEHP concentration in drinking wa-
ter should be lower than 8 ug/dm?, the maximum
content of DEHP therein is allowed up to a level
of 6 pg/dm?, in the EEC — up to 1.3 pg/dm? in
fresh and sea water [24]. In Russia, the MPC of
phthalates in water bodies with fisheries mana-

gement, economic-drinking and cultural-domes-
tic value is set at a level of 1 and 8 pg/dm? for
DBP and DEHP, respectively [25, 26].

The present paper determines phthalates in
the upper and deep water levels of the Lake Bai-
kal at different hydrological seasons, and also in
the coastal zone of its southern basin during the
spring-summer period to assess current levels of
phthalates in the water of the lake, the selection
of criteria for phthalate monitoring in the aquatic
ecosystem of the lake; the possible impact of pollu-
tion of the coastal zone on the pelagic zone of the
water body.

EXPERIMENTAL

Water sampling was carried out during three
expeditions in different hydrological regimes
(2015 — spring, 2016 spring, autumn). Samples
were selected by SBE-32 sampler (CarouselWa-
terSampler, Sea-BirdElectronics) in 18 stations
from 5 m level (Fig. 1) and in central points of
Listvyanka—Tankhoy (station 5), the Wuhan—
Thin (station 11), and Elokhin—Davsha sections
(station 14) from 5—1600 m horizons depending on
the depth of the Lake Basin. Two probes were
selected at each station in 1 dm?® glass sample
bottles, to which 0.5 cm? of 1 M aqueous solution of

South Baikal:
1-3 Marituy — Solzan
4-6 Listvyanka — Tankhoy

Middle Baikal:

7 Maloe More Strait
8—10 Ukhan — Tonkiy
11 Barguzin Bay

12 Chivyrkuy Bay

Northern Baikal:
13—15 Elokhin — Davsha
16—18 Baikalskoe — Turali

Irkutsk region

Irkutsk

Fig. 1. Map-scheme of sampling of Lake Baikal.
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Merck sodium azide (extra pure grade) was added
as a preservative. Sample bottles with water were
covered with a lid made of an aluminium foil gas-
ket and kept at +5 °C prior to laboratory analysis.

Phthalate monitoring in the coastal zone of
Lake Baikal (March — September 2016) was car-
ried out in Listvennichny Bay located at Angara
river source and spread on 5 km along the lake in
northwest direction. Listvyanka village located on
the Gulf Coast is a modern tourist centre of sou-
thern Baikal (5 million visits a year) with develop-
ing infrastructure, which is home to 2000 people
(for January 1, 2016). A high level of household
waste including plastic products (bottles, contain-
ers, packaging) suggests high phthalates levels in
the environment including in coastal zone water.

Surface water samples in the coastal zone near
Listvyanka village were selected in 1 dm?® glass
sample bottles (four samples for each selection)
with 15—30 day periodicity at ~100 m distance
from the coast. Water samples were analysed the
same day in the laboratory.

Phthalates were determined by traditional
liquid-liquid extraction of analytes into n-hexane
followed by direct analysis of extracts using chro-
mato-mass-spectrometry in selected ion mode.
Prior to extraction, 30 mm?® of a solution of Fluka
3,4,5,6-d,-di(n-octyl)phthalate (DOP d) with
100 ng/mm? levels was added to water samples
(1 dm?® volume). Phthalates were extracted with
30 cm?® of n-hexane to improve phase separation
(separate samples from the upper levels) 5 g of
NaCl was added into water (GOST 4233—77). For
purification, Panreac, ITW Companies n-hexane
was distilled prior to analysis over potassium hyd-
roxide, sodium chloride (GOST 4233—77) was cal-
cined at 300 °C for 6 h.

Extraction of water samples was carried out
without preliminary filtration, since suspended
matter content in Baikal water did not exceed
0.01—0.05 %. The number of suspended particles in
water samples was determined by the gravimetric
method filtering off the solid phase through Milli-
pore Supelco filters with 1.0 pm pore size.

TABLE 1

Extract aliquot with 1.0 cm?® volume was trans-
ferred into vial autosampler of the chromatograph
and analyzed using Agilent Technologies 7890B
GC System 7000C GC-Triple Quad MS gas chro-
matography-mass spectrometer with OPTIMA®-17
ms capillary column (30 m x 0.25 mm x 0.25 um) in
programming mode of column temperature from
50 to 300 °C at 10 °C/min rate. Injector tempera-
ture is 280 °C; source temperature is 230 °C; ioni-
zation energy is 70 eV. The volume of the sample
introduced into the chromatographer column in
the mode without dividing the stream was 2 mm?®.
The peaks of phthalates and internal standard
were recorded in selected ion mode with m/z 149
and 153 and identified by relative retention times.

Quantitative determination of phthalates was
carried out by the internal standard method using
DOP-d, as a surrogate standard. The chromato-
graph was calibrated in the range of concentra-
tions of phthalates from 0.03 to 3.0 pg/cm?® Cali-
bration solutions were prepared by diluting the
standard mixture EPA 606-M Phthalate Esters
Mix, Supelco. Response factors (k) corresponded
to 0.9867 (R* = 0.9965) and 1.5046 (R2 = 0.9986)
for DBP and DEHP, respectively. Secondary pol-
lution of water and extracts with laboratory
phthalates was regarded as the systematic error
that was subtracted from analysis results. A sys-
tematic error of determination of DBP and DEHP
was assessed by the reagent blank value (a term
introduced Vasil’'yeva and Mikheeva [13]). The
reagent blank value was determined prior to ex-
traction (twice) and after extraction (twice) of
each ten samples in a series from 68 Baikal water
samples using the entire set of glass ware, rea-
gents and chromatography equipment. The con-
tents of DBP and DEHP were represented as the
average value of analysis results of two parallel
samples from each station and each water hori-
zon. The lower limit of determination was as-
sessed as the standard deviation value of blank
reagents (3S)) from the mean (see Table 1). In-
tralaboratory precision of the measurement tech-
nique of phthalates content was assessed by cal-

Phthalates content in blank reagents and measurement range limits

St Measurement range %8, %
3 r ’ 2 3
Phthalates Blank reagents, pg/dm (n = 28) limits pg,/dm?® (P = 0.95) MPC? pg/dm
DBP 0.10 0.02 0.06—3.0 25 1.0
DEHP 0.05 0.01 0.03—-1.5 20 0.8

Note: ! Relative standard deviation of the reagent blank value from the mean.

> MPC specified for DBP [25] and DEHP [26].
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culation of relative dispersions of deviations in
parallel results from the mean values (with the
number of degrees of freedom (f) of 30) [27].

RESULTS AND DISCUSSION

Phthalates content in Lake Baikal Water

When determining phthalates in water maxi-
mum extraction of six priority compounds is
reached upon extraction into dichloromethane or
n-hexane with the addition of sodium chloride
into a probe, the degree of extraction is minimal
for low-molecular weight di-n-methylphthalate
and di-n-ethylphthalate in case of extraction into
n-hexane without salting out of the analytes [13].
Analysis of Lake Baikal water demonstrated the
presence in probes of DBF and DEHP under con-
ditions of maximum extraction of phthalates, and
di-n-methylphthalate, di-n-ethylphthalate, ben-
zylbutylphthalate, and di-n-octylphthalate were
not detected out of the list of priority POPs above
the lower limit of determinable concentrations or
were identified in single water samples. On this
basis, when monitoring Lake Baikal water DBF
and DEHP were determined by a technique that
included phthalate extraction with n-hexane and
ensured the minimum contribution of secondary
phthalates from laboratory background.

The total contents of DBF and DEHP (total
phthalates content) in the aqueous layer of in the
Lake Baikal pelagic zone changed in a wide range
of concentrations from 0.03 to 3.7 ug/dm?® (Ta-
ble 2) in the observation period of 2015—2016.
Maximum concentrations of total phthalates con-
tent were found in samples selected in the spring
of 2016 in the South and Middle Lake Baikal (sta-
tions 1-10, Fig. 2, B). The total phthalates content
in the Listvyanka—Tankhoy section during this
period of observation was recorded in the range
from 2.1 to 3.4 g/dm?® (with maximum at the west
coast station 4), with the dominant contribution
of DBF (over 90 %) into the former. The samples

TABLE 2

selected at stations 9 and 10 in the medium basin
of the lake were an exception. The latter probes
contained no less than 30 % of DEHP. Water samp-
les taken in the spring of 2015 (see Fig. 2, A),
were characterized by a lower level of the total
phthalates content — from two to six times and a
higher relative content of DEHP. The samples
from station 1 that were characterised by a com-
parable level of the total phthalates content and
a close ratio of DBF and DEHP levels when samp-
ling in 2015 and 2016 should be noted. Appar-
ently, a single source of phthalates is present at
this section of Lake Baikal. The concentration of
phthalates in the upper water layer at the north-
ern basin of the lake (stations 13—18, sampling in
the spring 2015-2016) was assessed by a very
narrow range of total phthalates concentrations —
from 0.33 to 0.66 pg/dm?, and in a series of samp-
les of 2016, the content of DEHP corresponded
to the level of the lower limit of the determinable
concentrations (0.03—0.04 pg/dm?).

Total concentrations of phthalates in the autumn
of 2016 were substantially lower than their levels
identified in the spring (see Fig. 2 C). They de-
creased by an order of magnitude at stations 1
and 4 (to 0.14 and 0.39 pg/dm? respectively), and
at station 6 — to the lower limit of the determina-
ble concentrations (0.03 pg/dm?). Moreover, a de-
crease in total phthalates concentrations was re-
lated to a sharp decrease in DBP content (from 10
to 30 times). Phthalates were detected in the
northern basin of the lake in the samples from
the Baikalskoe—Turali section (stations 16—18).

In Elokhin—Davsha (stations 13—15), DBP was
found only in minimum amounts, not more than
0.2 pg/dm?

Wide ranges of DBP and DEHP concentrations
detected in the upper and lower levels of the lake
(Table 3) indicate high heterogeneity of the dis-
tribution of phthalates in the water mass of Lake
Baikal. It is noteworthy that the upper layer
(to 300 m) is characterised by intense water mass
redistribution during a year [28, 29]. Resulting

Ranges and the mean values of concentrations of phthalates during 2015-2016

Upper water layer (5 m) of Lake Baikal, pg/dm?

Sampling sections DBP DEHP Total phthalates content
South Baikal 0.06—3.1 (0.70) 0.03-0.57 (0.26) 0.03-3.7 (0.96)

Middle Baikal 0.06—1.4 (0.49) 0.03—-0.97 (0.40) 0.03—2.4 (0.89)

North Baikal 0.06—0.48 (0.25) 0.03—0.38 (0.09) 0.03—0.86 (0.34)

Maloe More Strait 0.24-0.80 (0.46) 0.03-1.1 (0.38) 0.24—1.9 (0.83)

Barguzin Bay 0.13—-0.58 (0.38) 0.03-0.76 (0.28) 0.16—1.3 (0.67)
Chivyrkuy Bay 0.57—-1.5 (0.99) 0.03—-1.3 (0.43) 0.57-2.8 (1.4)
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TABLE 3

Average phthalates content in 5—200 and >800 m levels at background stations of the reference section (5, 9, 14, see. Fig. 1)

during 2015-2016

DBP DEHP
Sampling sections Level, m Level, m
5-200 > 800 5-200 > 800

South Baikal
Middle Baikal
North Baikal

0.07-3.1 (0.89)
0.06—2.2 (0.63)
0.06—0.60 (0.35)

0.20—2.0 (0.95)
0.06—1.6 (0.69)
0.06—1.7 (0.72)

0.05—0.79 (0.32)
0.03-0.59 (0.26)
0.03—0.09 (0.06)

0.26—1.2 (0.79)
0.03—1.4 (0.59)
0.06—-051 (0.21)

1,3 5 8 10 131

415161718 11
Stations No

b

L3426 8y

Stations No

1013115061718 711

C

I 2 3 4 > 6 8 9 415161718 11

Stations No

10 131

DEHP [ DBP

Fig. 2. Total phthalates concentrations (ng/dm?®) in the Lake
Baikal pelagic zone, the level is 5 m.

Monitoring: spring of 2015 (a), spring (b) and autumn (c).
Phthalates: DBP and DEHP.

C, pg/dm’
0 0.4 0.8 12
® m © u
2004 O [ |
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Fig. 3. Vertical profiles of DEHP in the southern basin of Lake
Baikal, Listvyanka—Tankhoy station (center): September of
1996, September of 2016, station 5.

from this phenomenon, the upper water layer of
Lake Baikal reflects the current level of concen-
trations of pollutants. On this basis, the average
concentrations of phthalates at a level (5—200 m)
recorded in background stations of the reference
section (stations 5, 9, and 14) can be taken for
DBP and DEHP levels in the basins of Lake Bai-
kal at the present stage.

Systematic monitoring of phthalates in the wa-
ter of Lake Baikal has not been carried earlier,
paper [10] on the study of the vertical distribu-
tion of DEHP in the southern basin of the lake is
an exception. According to the results published
in the sited paper and our data, the amount of
DEHP in the upper water layer (5—200 m) de-
creased to six times over the last 20 years, in
1200 m horizon — in 1.5 times (Fig. 3).

Assessment of the content of phthalates de-
tected in Lake Baikal at the modern stage is pre-
sented in Table 4. DBP and DEHP levels in Lake
Baikal are comparable with the content of phtha-
lates in water of Western Europe rivers and lakes
in China but significantly lower than in rivers of
Russia. The average concentrations of phthalates
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Phthalates content in water of the world lakes and rivers, pg/dm?

Sampling sections DBP DEHP Total phthalates content Reference
Chao Hu (China) 0.01-18 5 - 107058 0.47-182 [33]

Dong Hu (China) 9.0 14 23 [34]

Da Ming Hu (China) 51 8.0 59 [34]
Ensemble of lakes in Beijing 0.01-0.53 0.14—0.52 0.58—1.5 [35]

River Ebro (Spain) - 0.70 - [36]

River Seine (France) 0.37—0.42 1.6—35 2.8—4.7% [37]

River Marne (France) 0.14-0.22 0.31-0.71 0.62—1.0% [38]

River Somme (France) 0.22-3.9 52-21 6.9—1.0% [39]
Novosibirsk Reservoir 7-180 <8-80 - [40]

Ob river 9.0—85 <8-T2 - [41]

Uta River 6.4 5.5 - [41]
Angara River - 0.1-0.5 - [42]

Lake Baikal 0.35—0.89° 0.06—0.32° 0.41-1.2% Current studies

Notes: ' The maximum concentrations detected in samples of Ufa River;

2 The sum of six priority phthalates;

3 Average concentrations of phthalates in the upper aqueous layer (5—200 m) in the background stations of the reference

section.

in the upper water layer (5—200 m) do not exceed
the MPC specified for DBP and DEHP in water
objects with fisheries management, economic-
drinking and cultural-domestic value [25, 26], de-
spite the exceedance of established standards in
individual seasons and in local areas of the pe-
lagic zone of the lake.

Phthalates content in the coastal zone
of Lake Baikal

The water in recreational areas of Lake Baikal
that are the bays of the lake and its coastal belt
is characterised by higher total contents of phtha-
lates. For instance, the latter were on a level of
1.8 ug/dm?® in samples from the bays of Barguzin
and Chivyrkuy selected in spring of 2015 and
2016. During the summer of 2016, phthalates con-
tent in the Barguzin Bay almost did not change,
and in the Chivyrkuy Bay, it increased by half.
At the same time, a decrease in the concentration
of phthalates was noted during this period of the
year in the Maloe More Strait (Central part), as in
the pelagic zone of the Middle Baikal. It is note-
worthy that an increase or decrease in the total
phthalate content is due to a change in DBP con-
tribution (from 0.93 to 1.5 pg/dm? in the Chivyr-
kuy Bay, from 0.80 to 0.24 pg/dm? in Maloe More
Strait) at constantly low levels of DEHP concen-
trations that do not exceed 0.04 pg/dm?

To assess the seasonal variability of the phtha-
lates content in the coastal zone, monitoring of
DBP and DEHP was carried out in Listvennichny
Bay during the spring-summer season of 2016. It
was found that DBP was characterized by two

maxima in May and August, a high concentration
of DEHP was observed only in March (Fig. 4).
Since DBP and DEHP represent plasticizers of
plastics and are widely used in chemical products
with a wide range of applications, therefore ap-
parently, they must have one relatively constant
source of entrance into the lake in the area of
monitoring. Nevertheless, the maximum contents
of DBF and DEHP was detected in samples se-
lected in different time intervals, which suggests
the existence of different sources of their en-
trance. In this regard, the marked maxima of
DBF content and inhomogeneity of its distribu-
tion in the pelagic zone during the spring and
summer period may be related to technogenic
pollution of the lake water — in spring, with the
discharge of melted snow water into the lake,
and in summer, with their entrance from pre-
cipitation. While the maximum content of DEHP
in water samples selected in March—April may
be related to the period of the under-ice di-
atomic algae bloom, and a decrease in the level
of the concentration of phthalates in the pelagic
zone of the lake in September (see Fig. 2, ¢) may
be the result of their biodegradation and pho-
tolysis [30—32].

Monitoring of phthalates at Listvennichny Bay
station also allowed considering the coastal zone of
the lake as an indicator of pollutant content in the
pelagic zone of South Baikal. Particularly, high
concentrations of phthalates in Listvennichny Bay
in spring and their decrease at the end of the
summer season were reflected by appropriate
contents of phthalates in samples from the List-
vyanka—Tankhoy section. Moreover, a fall in con-
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pg/dm?

DEHP [l DBP

Fig. 4. Change in the concentrations of DBP (< >) and (< >) DEHP during 2016 in the coastal zone. Listvennichny Bay station

(0 m horizon).

centration level of phthalates in the centre of the
southern basin in 2—2.5 times (Fig. 5) was related
to a decrease in a fraction of DBP in the total con-
tent of phthalates, while the content of DEHP in
samples from the Listvennichny Bay and the List-
vyanka—Tankhoy section remained at the same
level during this period. Clearly, this phenomenon
proves different sources of DBP and DEHP.

N

952

CONCLUSION

Lake Baikal is characterised by high spatial
heterogeneity of phthalates distribution in the
upper and deep water layers, seasonal variability
of the phthalates content in the upper water lay-
er. Considering processes of horizontal and verti-
cal water exchange in Lake Baikal, background

1 -
0 T T i Ifl @ |;| T
Total DBF DEHP Total DBF DEHP
concentration concentration
of phthalates of phthalates
Spring of 2016 Autumn of 2016
m: [z 3[4

Fig. 5. Concentration of phthalates in water of the coastal zone and in the pelagic zone of Baikal Lake: < > — 100 m from the
coast, Listvyanka village; < > — 3 km from Listvyanka village; < > — section of Listvyanka village— Tankhoy, centre; <> — 3

km from Tankhoy village; monitoring data for 2016.
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stations of the reference section in three basins of
the lake are offered as reference areas for moni-
toring, and the average concentrations of phtha-
lates in the upper water layer (5—200 m) in se-
lected points — to assess contemporary phthalates
content in water of the lake. The contents of DBP
and DEHP during 2015—2016 in selected points
for monitoring of water in Lake Baikal did not
exceed the MPC in water objects specified in
Russia for this class of pollutants. The minimum
values of DBF and DEHP concentrations in Lake
Baikal are comparable, and the maximum ones
are lower than the concentrations of these pollu-
tants in water of China lakes and Western Euro-
pean rivers. Higher total phthalate contents in
recreational areas of Lake Baikal that are the
bays of the lake and its coastal belt were noted.

ACKNOWLEDGMENTS

The work was carried out in the Baikal Ana-
lytical Centre for Collective Use SB RAS in the
framework of the base budget funding (project:
No. 0345-2014-0007, No. state. reg. 01201353446).
The authors express their sincere gratitude to the
staff of LIN SB RAS senior researcher, candidate
of geographical sciences V. A. Obolkin and engi-
neer T. A. Shishlyannikova for assistance in wa-
ter sampling in the coastal zone near Listvyanka
village; senior researcher Yu. R. Zakharova and
I. S. Mikhailova for assistance in water sampling
in the pelagic zone of Lake Baikal

REFERENCES

1 Timoshkin O. A., Samsonov D. P., Yamamuro M., Moore M. V.,
Belykh O. I, Malnik V. V., Sakirko M. V., Shirokaya A. A,
Bondarenko N. A., Domysheva V. M., Fedorova G. A., Ko-
chetkov A. I, Kuzmin A. V., Lukhnev A. G., Medvezhonkova
O. V., Nepokrytykh A. V., Pasynkova E. M., Poberezhnaya A.
E., Potapskaya N. V., Rozhkova N. A., Sheveleva N. G., Ti-
khonova IV, Timoshkina E. M., Tomberg I. V., Volkova E. A,
Zaitseva E. P., Zvereva Yu. M., Kupchinsky A. B., and Buk-
shuk N. A, J. Great Lakes Res., 42 (2016) 487.

2 Xie Z., Ebinghaus R., Temme C., Lohmann R., Cara A., and
Ruck W., Sci. Technol., 41, 13 (2007) 4555.

3 Fu P., Kawamura K. and Barrie L. A., Sci. Technol., 43
(2009) 286.

4 Barreca S., Indelicato R., Orecchio S., and Pace A., Micro-
chem. J., 114 (2014) 192.

5 Wang X., Tao W., Xu Y., Feng J., and Wang F., Atmos. En-
viron., 87 (2014) 146.

6 Blair J. D., Ikonomou M. G., Kelly B. C., Surridge B., and
Gobas F. A. P. C., Environ. Sci. Technol., 43, 16 (2009) 6262.

7 Net S., Dumoulin D., El-Osmani R., Rabodonirina S., and
Ouddane B., Int. J. Environ. Res., 8. 4 (2014) 1159.

8 Gao D, Li Z., Wen Z., and Ren N., Chemosphere, 95 (2014) 24.

9 Liou S. H, Yang G. C. C,, Wang C. L, and Chiu Y. H, J.
Hazard. Mater., 227 (2014) 169.

10 Baram G. I, Azarova I. N., Gorshkov A. G., Vereshchagin
A. L, Lang B., and Kiryukhina E. D., Zh. Anal. Khim., 55, 8
(2000) 834.

11 Metodika Vypolneniya Izmereniy Massovykh Kontsentratsiy
Ftalatov v Probakh Pit’yevykh, Prirodnykh i Stochnykh
Vod. Metod Khromato-Mass-Spektrometrii. TsV 3.26.60-2005
(FR.1.29.2006.02150).

12 Metodika Izmereniya Massovoi Kontsentratsii Ftalatov v
Pit’yevykh i Prirodnykh Vodakh Metodom Gazovoy Khro-
matografii s Mass-Selektivnhym Detektirovaniem. MP UVK
1.89-2010 (FR.1.31.2010.08835).

13 Vasil’yeva I. A. and Mikheeva A. Yu., Mass-spektrometriya,
5, 2 (2008) 133.

14 Kholova A. R., Vozhdaeva M. Yu., Kantor L. I., Kantor E. A.,
Mel'nitskiy I. A, and Trukhanova N. V. Voda: Khim.
Ekolog., 5 (2012) 85.

15 Krylov V. A., Volkova V. V., and Zaytsev S. D., Analitika ©
Kontrol, 17, 3 (2013) 295.

16 Chen C. Y., Water Research, 38 (2004) 1014.

17 Namikoshi M., Fujiwara T., Nishikawa T., and Ukai K., Mar.
Drugs., 4 (2006) 290.

18 Babu B., Wu J-T., Sci. Total Environ., 408 (2010) 4969.

19 Semenov A. A., Enikeev A. G., Snetkova L. V., Permya-
kov A. V., Sokolova N. A, and Dudareva L. V., Dokl. Akad.
Nauk, 473, 3 (2016) 366.

20 Fushiwaki Y., Niino T., Ishibashi T., Takeda K., and Ono-
dera S., J. Health Sci., 49 (2003) 82.

21 Fatoki O. S, Bornman M., Ravandhalala L., Chimuka L.,
Genthe B., and Adeniyi A., Wat SA, 36 (2010) 117.

22 Staples C. A.,, Adams W. J., Parkerton T. F., Gorsuch W.,
Environ. Toxicol. Chem., 16 (1997) 875.

23 Chen X., Xu S,, Tan T, Lee S. T., Cheng S. H, Lee F. W. F,,
Xu S.J. L., and Ho K. C,, Int. J. Environ. Res. Public Health.,
11, 3 (2014) 3156.

24 Net S., Sempere R., Delmont A., Paluselli A., and Oud-
dane B., Environ. Sci. Technol., 49 (2015) 4019.

25 Perechen’ rybokhozyaystvennykh normativov: PDK i OBUV
vrednykh veshchestv dlya vodnykh ob’’ektov, imeyushchikh
rybokhozyaystvennoe znachenie. Prikaz Ne 96 ot 28.04.99.

26 PDK khimicheskikh veshchestv v vode vodnykh ob’’ektov
khozyaystvenno-pit’yevogo i kul’turno-bytovogo vodopol’zo-
vaniya. GN 2.1.5.1315-03.

27 Smagunova A. N., Karpukova O. M., and Belykh L. I, Al-
goritmy opredeleniya metrologicheskikh kharakteristik me-
todik kolichestvennogo khimicheskogo analiza, Irkutsk: Ir-
kutsk. Univ., 2006.

28 Weiss R. F., Carmack E. C., and Koropalov M. V., Nature,
349 (1991) 665.

29 Shimaraev M. N., Gnatovskiy R. Yu., Blinov V. V., and
Ivanov V. G., Dokl. Akad. Nauk, 438, 1 (2011) 121.

30 Staples C. A., Peterson D. R., Parkerton T. F., and Adams
W. J., Chemosphere, 35 (1997) 667.

31 Wolfe N. L., Burns L. A, and Steen W. C., Chemosphere,
9 (1980) 393.

32 Azarova I. N., Parfenova V. V., Baram G. I, Terkina I. A,,
Pavlova O. N,, and Suslova M. Yu., Prikl. Biokhim. Mikro-
biol., 39, 6 (2003) 665.

33 He W, Qin N.,, Kong X, Liu W.,, He Q., Ouyang H., Yang C,,
Jiang Y., Wang Q., Yang B., and Xu F., Sci. Total Environ.,
461—-462 (2013) 672.

34 Wu X, Hong H., Liu X.,, Guan W., Meng L., Ye Y, and
Ma Y., Sci. Total Environ., 444 (2013) 224.

35 Zheng X., Zhang B.-T., and Teng Y., Sci. Total Environ.,
476—477 (2014) 107.

36 Penalver A., Pocurull E., Borrull F., and Marce R. M, J.
Chromatogr., 872 (A) (2000) 191.

37 Dargnat C., Blanchard M., Chevreuil M., and Teil M. J,,
Hydrol. Process., 23 (2009) 1192.



PRIORITY PHTHALATES IN THE LAKE BAIKAL PELAGIC ZONE AND COASTAL AREA 359

38 Dargnat C., Teil M. J., Chevreuil M., and Blanchard M., Sci.
Total Environ., 407, 4 (2009) 1235.

39 Net S., Dumoulin D., El-Osmani R., Rabodonirina S., and
Ouddane B., Int. J. Environ. Res., 8, 4 (2014) 1159.

40 Uskov T. N., Voda: Khim. Ekolog., 3 (2013) 100.

41 Kholova A. R., Vozhdaeva M. Yu., Kantor L. I, Kantor E. A,,
Mel'nitskiy I. A, and Trukhanova N. V. Voda: Khim.
Ekolog., 5 (2012) 85.

42 Azarova I. N,, VEZhKh metod opredeleniya di(2-etilgeksil)
ftalata dlya izucheniya ego povedeniya v ekosisteme ozera
Baykal: diss.. kand. khim. nauk: 05.11.11, Irkutsk, 2003.



