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Abstract

The concentrations of  chlorinated phenols (CP) have been determined in superficial water of  Selenga
River and its basic tributaries,  which provide for 53 %  of  the Baikal Lake drainage. It has been found that
a level of  contamination of  the Selenga River basin by CP is relatively low and the total CP content
comprises 0.36�1.85 mg/l. The presence of  CP in natural water is caused mostly by the local anthropogenic
and natural sources,  for identification of  which the use of  the ratios of  net concentrations of  2,4,5- and
2,4,6-trichlorophenols and 2,4- and 2,6-dichlorophenols, together with 2,4,5- and 2,4,6-trichlorophenols and
2-chlorophenol is suggested.

INTRODUCTION

Chlorinated phenols (CP) are toxic,  organic
contaminants that enter aquatic ecosystems
with sewage and wastes from the pulp-and-
paper and chemical industry, and with the
residential sewage [1], and also as a result of
spontaneous chlorination of  natural organic
matter [2].

An increasing number of chlorine atoms in
benzene ring, as is known, raises the toxicity
of CP, their stability against decomposition,
and the capability for bioaccumulation [3]. Chlo-
rophenols are the precursors of more danger-
ous ecotoxicants, dioxins [4]. Pentachlorophe-
nol (PCP) and 2,4,6-trichlorophenol possess
mutagen and carcinogenic properties [5], and
PCP is additionally the most stable and toxic
contaminant among CPs. According to the Unit-
ed Nations Environment Program (UNEP), in
2003, pentachlorophenol is included into the list
of  stable organic contaminants [6].

In Russia, 2-chlorophenol, 2,4-dichlorophe-
nol, 2,4,6-trichlorophenol (4 class of hazard),
and PCP (2 class of hazard) are standardized
in the water bodies of household and amenity

water use, and also in the water bodies of com-
mercial fishing importance [7, 8]. According to
the worked out �List of the substances harm-
ful for the Baikal Lake ecosystem�, CPs fall
into the category of �extra hazardous� sub-
stances, the presence of which in Baikal wa-
ter and in its tributaries is inadmissible [9].
Meanwhile, Baikal receives CP with sewage
from the Baikal integrated pulp and paper mill
(BIPPM) located directly on the lake bank. These
CP are derived from lignine at a stage of pulp
bleaching with chlorine [10]. CP content of the
cleansed sewage from BIPPM varies mostly
within the limits of 1�10 mg/l [10], but can be
as great as 21 mg/l [11]. Chlorophenols are de-
tected also in the bottom silt of southern wa-
ter area of the Baikal Lake, inside the BIPPM
influence zone [12].

There were no any studies performed
previously in the Baikal Lake water-collecting
area into CP contamin ation of  aquatic
ecosystems and the sources of their ingress. To
analyse CP ingress in the Baikal basin,  we chose
superficial waters of the Selenga River and its
main tributaries, which provide for 53 %
drainage of  the lake [13],  and also the Baikal
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TABLE 1

CP content of aqueous samples, mg/l

Station Stations of sampling Compound

number 2-CP SDCP STCP PCP SCP

 1 The Selenga River, the settlement of Naushki 0.35 0.21 0.16 0.13 0.85

 2 The same, the settlement of Novoselenginsk 0.29 0.34 0.04 0.08 0.75

 3 The same, 20 km downstream of Ulan Ude 0.95 0.76 0.01 � 1.72

 4 The same, the village of Kabansk 0.40 0.53 0.92 � 1.85

 5 The Same, the settlement of Murzino 0.48 0.69 0.63 � 1.80

 6 Delta of Selenga River, the Middle arm 0.39 1.19 0.11 � 1.69

 7 The same, Kharauz arm 0.43 0.58 0.76 � 1.77

 8 The same, Lobanovskaya arm 0.39 N/d 0.15 � 0.54

 9 The same,  Kolpinnaya arm N/d 1.33 0.05 � 1.38

10 Uda River, 0.5 km upstream from the mouth 0.28 0.74 0.01 � 1.03

11 Dzhida River 0.24 0.39 0.11 � 0.74

12 Chikoy River 0.31 N/d 0.05 � 0.36

13 Tyemnik River 0.31 N/d 0.28 � 0.59

14 The Baikal Lake,

 100 m downstream of BIPPM sewage discharge 0.47 1.11 0.03 0.25 1.86

15 Aeration pond of BIPPM 0.30 2.38 0.09 2.99 5.76

Note. Here and in Table 2, N/d means no data, dash means the compound is not detected in the sample.

Lake, in the part which is downstream from
the BIPPM sewage discharge and aeration pond
that is the destination point for the cleansed
sewage from BIPPM.

EXPERIMENTAL

Sampling of superficial water from the Se-
lenga River was made from the Mongolian bor-
der (the settlement of Naushki) up to the Baikal
Lake, including the delta of Selenga River and
its main tributaries, the rivers Uda, Dzhida,
Tyemnik, and Chikoy. Sample preparing con-
sisted in CP bromination in acidic medium (de-
rivatization), removing the excess of bromine
with sodium thiosulphate solution, and extrac-
tion concentrating of formed bromine-deriva-
tives of chlorophenols by means of toluene [14].
The obtained extracts were analyzed in Hewlett-
Packard HP 6890 gas chromatograph (an elec-
tron-capture detector with a microcell, HP 5
capillary column, 30 m in length, with inner
diameter of 0.32 mm). Conditions of gas chro-
matographic determination were as follows: a
temperature of the evaporator of 250 oC, a
temperature of the detector of 330 oC; gas-

carrier was helium; boosting the detector with ni-
trogen, 60 ml/min, without the stream separa-
tion. A temperature of a column thermostat was
increased from 40 oC (dwell time of 2 min) up to
70 oC (dwell time of 1 min) with the rate of 30 oC/
min, then up to 200 oC (dwell time of 3 min) with
the rate of 20 oC/min, and up to 255 oC (dwell
time of 1 min) with the rate of 20 oC/min.

The following chlorophenols were deter-
mined in extracts: 2-chlorophenol (2-CP),
dichlorophenol isomers (2,4-DCP and 2,6-DCP),
trichlorophenol isomers (2,4,5-TCP and 2,4,6-
TCP), and pentachlorophenol. The concentra-
tion of CP was calculated by standard addition
method. CP standards manufactured by JSC
�Science and Production Association Ekros� (St.
Petersburg) were used.

RESULTS AND DISCUSSION

Table 1 lists the results of  CP determination
in superficial natural water and in the water
of BIPPM aeration pond.

2-CP. The concentration of 2-CP in all sam-
ples does not exceed the MPC for water of the
water bodies of household and amenity water
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use (1.0 mg/l) [7], but is over the MPC for wa-
ter of the water bodies that are of commercial
fishing importance (0.1 mg/l) [8]. The maximum
concentration of 2-CP (0.95 mg/l) was observed
in the sample taken from the Selenga River,
20 km downstream of Ulan Ude, which was
comparable to its content in the Gdansk gulf
(Poland) (0.80 mg/l), which receives CP, main-
ly, of anthropogenic origin [15]. In the other
aqueous samples, the concentration of 2-CP
varies from 0.24 to 0.48 mg/l. This is at a level
of 2-CP content in the rivers of Northern sea
water-collecting area (0.50 mg/l) [16] and the
Netherlands (0.60 mg/l) [3], and is lower than
its content in the rivers of the southern hemi-
sphere (1.21�8.88 mg/l) (Republic of South Af-
rica) [17]. It should be noted that higher than
usual content of 2-CP (up to 0.48 mg/l) in Se-
lenga water is typical both for near-the-delta
area (a settlement of Murzino), and for the river
delta as such (arms Middle, Kharauz, and Lo-
banovskaya), and it is comparable to its con-
tent in the water of the Baikal Lake in the
part, which is downstream from the BIPPM
sewage discharge (0.47 mg/l), and aeration pond
(0.30 mg/l). The tributaries of Selenga River
contain 2-CP in the lower concentration, an
average of which is 0.28 mg/l.

2,4-DCP and 2,6-DCP. The total content of
DCP isomers in water of Selenga River and its
tributaries, as is the case with 2-CP, does not
exceed the maximum concentration limit accord-
ing to HN 2.1.5.689�98 (2.0 mg/l) [7], but is higher
than MPC for water of the water bodies
that are of commercial fishing importance
(0.1 mg/l) [8]. Higher than usual concentrations
of DCP are detected in water of Selenga Riv-
er, 20 km downstream of Ulan Ude (0.76 mg/l),
and that of Uda River, 0.5 km upstream from
the mouth (0.74 mg/l). In the delta of Selenga
River, the maximum concentrations of DCP
isomers (0.58�1.33 mg/l) are observed, which are
comparable with DCP contamination level of
water of the Baikal Lake taken at the location
downstream from the point of BIPPM sewage
discharge (1.11 mg/l). This is lower than their
content in the water of, for example, Uvod-
skoye water reservoir (the city of Ivanovo) (up
to 2.1 mg/l) [18], and the rivers of Great Brit-
ain (up to 2.0 mg/l) [19]. The concentrations of
DCP isomers in the rest aqueous samples cor-

relate with the data on DCP content of  nat-
ural waters in the Netherlands (0.33 mg/l)
[3], Poland (0.20�0.60 mg/l) [15], and Japan
(0.20 mg/l) [20].

2,4,5-TCP and 2,4,6-TCP. TCP isomers are
found in all aqueous samples studied. 2,4,6-TCP
is considered to be the most widespread CP of
natural origin among those observed by now
in the non-polluted lake and river waters satu-
rated by humic substances in Sweden and Fin-
land [3, 21, 22]. Therefore, TCP presence in
the water of Selenga River near the border
with Mongolia (0.16 mg/l), in Tyemnik River
(0.28 mg/l), and Chikoy River (0.05 mg/l) can
be caused by its production, mainly, as a re-
sult of  natural chlorination of  humic substanc-
es dissolved in water. The maximum concen-
trations of TCP isomers are detected in water
samples from Selenga River taken in the re-
gions near the village of Kabansk and the set-
tlement of Murzino (0.92 and 0.63 mg/l, respec-
tively), from Kharauz arm in the river delta
(0.76 mg/l). This is caused predominantly by
natural sources,  since these concentrations tan-
gibly exceed TCP content of Baikal water
downstream from the BIPPM sewage discharge
and aeration pond (an anthropogenic source).
The content of TCP in the samples taken from
Selenga River, 20 km downstream of Ulan
Ude, and from Uda river, 0.5 km upstream
from the mouth, is lower, and it does not ex-
ceed the MPC for the water of water bodies
of commercial fishing importance (0.1 mg/l) [8].
The data obtained are comparable to the levels
of  TCP contamination for natural waters of
the Netherlands (0.32�0.74 mg/l) [3], Sweden
(0.01 mg/l) [21], Italy (0.04 mg/l) [23], and Por-
tugal (from 0.02 mg/l) [24].

PCP. PCP is detected in the water of Se-
lenga River near the border with Mongolia (the
settlement of Naushki) and in the area of No-
voselenginsk settlement at a rate of 0.13 and
0.08 mg/l, respectively, which is comparable to
the background PCP content in the natural
waters of  Canada (up to 0.05 mg/l) [25],  in the
water of Rotorua Lake (New Zealand) (0.01�
0.34 mg/l) [26] and is within the MPC for water
of the water bodies of commercial fishing im-
portance (0.5 mg/l) [8]. The maximum PCP con-
tent is found in the water of BIPPM aeration
pond (2.99 mg/l).
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TABLE 2

Ratios of CP content in the samples under investigation

Ratio Station numbers

1 2 3 4 5 6 7 8    9           10 11 12 13 14 15

STCP/SDCP 0.76 0.12 0.01 1.74 0.91 0.09 1.31 N/d   0.04       0.01 0.28 N/d N/d 0.03 0.04

STCP/2-CP 0.46 0.14 0.01 2.30 1.31 0.28 1.77 0.38  N/d       0.04 0.46 0.16 0.90 0.06 0.30

2-CP/SDCP 1.67 0.85 1.25 0.75 0.70 0.33 0.74 N/d  N/d       0.38 0.61 N/d N/d 0.42 0.13

As is known, anthropogenic sources of CP
ingress into the aquatic ecosystems are repre-
sented by industrial and residential sewage.
Chlorophenols are formed in chlorine disinfec-
tion of drinking water and upon using anti-
septics in medicine [3, 5]. In addition, CPs en-
ter ecosystems as a result of disinfection of
the equipment at the food factories and as a
result of domestic use of chlorine-containing
agents for bleaching and cleansing. We reason
that relatively high CP content of the sample
from station 3 (20 km downstream from Ulan
Ude) is caused by its introduction as a result
of sewage infiltration from urban disposal
plants. Agricultural application of phenolic pes-
ticides, which yield CP as intermediate prod-
ucts of their decomposition, also can be respon-
sible for the dispersed ingress of these ecotox-
icants in the aquatic ecosystems as a result of
washout of their residual quantities from the
ground [25].

Naturally, CPs are formed as a result of
active chlorine (a product of enzymatic and
photolytic oxidation of chloride-ions) interac-
tion with phenols, which are the constituents
of humic substances (mostly humic and fulvic
acids) [2, 4, 21, 22]. Active chlorine and ini-
tial phenols, in their turn, can stem from an-
thropogenic factors. CP generation occurs also
during decomposition of  natural chlorinated
fulvic acids, the formulation of which in-
cludes, in particular, 4-hydroxychlorobenzoic
and 4-hydroxydichlorobenzoic acids [27]. CPs
are also produced by some kinds of soil mush-
rooms, lichens, and by insects [28]. In partic-
ular, 2,4-dichlorophenol is synthesized as a
hormone of growth by soil fungus Penicilli-
um sp. [29]; chloro- and dichlorophenols are
produced by fungus Caldariomyces fumago [30].
A sexual hormone 2,6-dichlorophenol is found
in some kinds of Ixodoidea parasites [31]; 2,4,6-

trichlorophenol also represents the product of
activity of soil microorganisms [22, 32].

To identify the sources of ingress of or-
ganic contaminants,  the definite ratios be-
tween the concentrations of compounds are
applied,  which suggest the nature of  their
origin [33]. A similar attempt of identification
of sources of CP ingress can be mounted us-
ing the results of the present work. A start-
ing point can be the samples of stations 14
and 15 (the influence zone of BIPPM and aer-
ation pond of  BIPPM),  where a nature of  CP
is obviously anthropogenic. As may be seen
from Table 2, the values of STCP/SDCP and
STCP/2-CP ratios are 0.01�1.74 and 0.01�2.30,
respectively. The low values are also typical
of the sampling stations located downstream
of Ulan Ude along the Selenga River (station
3), upstream from the mouth of Udà river
(within the city limits of Ulan Ude, station
10), and downstream of the BIPPM sewage
discharge (station 14),  where the nature of
CP is anthropogenic. The ratio 2-CP/SDCP in
this case cannot be the requisite criterion. Con-
sequently, it can be inferred that when STCP/
SDCP < 0.1 and when STCP/2-CP < 0.1, the
anthropogenic sources of ingress of chlorophe-
nols dominate. On the contrary,  the maximum
values of STCP/SDCP and STCP/2-CP ratios
are found for the sampling stations, which are
located in the Selenga Delta and in the near-
the-delta region of the river in the neighbour-
hood of Kabansk village (station 4) and the
settlement of Murzino (station 5). This can be
indicative of  the predominance of  natural CP
sources. Consequently, it can be assumed that
when STCP/SDCP > 0.1 and when STCP/2-
CP > 0.1,  the natural sources of  CP ingress
become dominant.

The preceding permits the concentration
ratios STCP/SDCP and STCP/2-CP to be
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suggested as a criterion for identification of the
nature of  CP sources.

Unlike mono-, di-, and trichlorophenols,
PCP can be exclusively of an anthropogenic
origin [34]. An atmospheric transfer, in our
opinion, provides the source of PCP ingress into
the ecosystem of Selenga River, although we
cannot rule out a local ingress with waste from
woodworking manufacturers.

CONCLUSIONS

Results of the research of water contami-
nation by CP and the analysis of  ratios be-
tween CP concentrations for identification of
sources of their ingress into aquatic ecosys-
tems allow the following conclusions to be
drawn:

�  The level of  CP contamination of  natu-
ral waters in the Selenga River water-collect-
ing area is relatively small; the total content
of CP under investigation is in the range of
0.36�1.85 mg/l.

� CP delivery with the sewage from BIPPM
shows a local nature and does not make the
significant contribution to CP pollution of the
Baikal Lake basin.

� The presence of 2-CP and isomers of DCP
in the natural water saturated by humic sub-
stances is caused both by the delivery from
anthropogenic sources,  and from natural ones.

� The higher than usual content of 2,4,5-
TCP and 2,4,6-TCP in the water of the Selen-
ga River delta and in the near-the-delta region
is caused by predominantly natural sources.

�  Concentrations of  PCP in natural water
are low and are comparable with the back-
ground values.

� STCP/SDCP and STCP/2-CP concentra-
tion ratios enable an assessment of  the nature
of CP sources.

Acknowledgement

Authors express their gratitude to the Siberian
Branch of the Russian Academy of Sciences
(Integration project No. 90,  field grants) for financial
support of the research.

REFERENCES

1 E. S. Elin, Fenolnye soyedineniya v biosfere, Izd-vo SO
RAN, Novosibirsk, 2001.

2 Naturally Produced Organohalogens, Kluwer Acad.
Publ., Dordrecht Hardbound, 1995.

3 ATSDR. Agency for Toxic Substances and Disease
Registry, Division of Toxicology. Toxicological Profile
for Chlorophenols: Potential for Human Exposure, GA,
Atlanta, 1999.

4 L. A. Fedorov, Doksiny kak ekologicheskaya opasnost�:
retrospektiva i perspektivy, Nauka, Moscow, 1993.

5 Environmental Handbook, vol. III: Compendium of
Environmental Standards, Vieweg, Leverkusen, 1995.

6 COZ: v opasnosti nashe budushchee,  Eko-Coglasiye,
Moscow, 2003.

7 Gigiyenicheskiye normativy GN 2.1.5.689�98. Predel�no-
dopustimye kontsentratsii (PDK) khimicheskikh
veshchestv v vode vodnykh ob�yektov khozyaystvenno-
pityevigo i kulturno-bytovogo vodopol�zovaniya.
Rossiyskiy registr potentsial�no opasnykh khimicheskikh
i biologicheskikh veshchestv, Minzdrav Rossii, Moscow,
1998.

8 Perechen� rybokhozyaystvennykh normativov:
predel�no-dopustimykh kontsentratsiy (PDK) i
oriyentirovochno bezopasnykh urovney vozdeystviya
(OBUV) vrednykh veshchestv dlya vody vodnykh
ob�yektov, imeyushchikh rybokhozyaystvennoye
znacheniye,  Izd-vo VNIRO,  Moscow,  1999.

9 Perechen� veshchestv, vrednykh dlya ekosistemy ozera
Baikal. Proekt MPR RF, Moscow, 2004.

10 A. M. Beym, G. V. Belyavtseva, V. G. Gorokhova et al.,
Chem. Sustain. Develop.,  5,  4  (1997) 357.

11 D. C. McNaught and A. M. Beim, Siberian J. Ecol.,
2 (1997) 199.

12 G. V. Belyavtseva, Zh. V. Dubovenko, Geogr. Prirod.
Resursy, 2 (1994) 61.

13 Baikal: Atlas,  Federal�n aya sluzhba geodezii
i kartografii, Moscow, 1993.

14 Ya. I. Korenman, I. V. Gruzdev, B. M. Kondratenok,
Zh. Prikl. Chim., 9 (2000) 1451.

15 M. Grynkiewicz, Z. Polkowska and A. Kot-Wasik, Polish
J. Environ. Studies, 1 (2002) 85.

16 Monochlorophenols Marine Risk Assessment with Special
Reference to the OSPARCOM Region North-Sea,
EuroChlor, Brussels, 2003.

17 D. F. Grobler, J. E. Badenhorst and P. L. Kempster,
Marine Pollut. Bull., 7 (1996) 572.

18 T. V. Izvekova, V. I. Grinevich, V. V. Kostrov, Inzh.
Ekol., 3 (2003) 49.

19 W. A. House, D. Leach, J. L. A. Long et al., Sci. Total
Environ., 194�195 (1997) 357.

20 S. Nakamura,  M. Takino and Sh. Daishima,  The Analyst,
126 (2001) 835.

21 The Natural Chemistry of Chlorine in the Environment,
World Chlorine Council, Brussels, 1999.

22 F. Hodin, H. Boren, A. Grimvall and S. Karlsson, Water
Sci. Technol., 24 (1991) 403.

23 N. Cardellicchio, S. Cavalli, V. Piangerelli et al., Fresenius
J. Anal. Chem.,  358 (1997) 749.

24 D. de Almeida Azevedo, S. Lacorte, T. Vinhas et al.,
J. Chromatogr. A, 879 (2000) 13.



36 V. B. BATOEV et al.

25 Guidelines for Canadian Water Quality: Supporting
Documentation, Water Quality and Health Bureau,
Ottawa � Ontario, 2003.

26 J. S. Gifford, S. J. Buckland, M. C. Judd et al.,
Chemoshere, 11 (1996) 2097.

27 C. Flodin, M. Ekelund, H. Boren and A. Grimvall, Ibid.,

11 (1997) 2319.
28 V. M. Dembitsky and G. A. Tolstikov, Chem. Sustain.

Develop., 11, 4 (2003) 567.
    http://www-psb.ad-sbras.nsc.ru/

29 K. Ando, A. Kato and S. Suzuki, Biochem. Biophys.
Res. Commun., 39 (1970) 1104.

30 M. C. R. Franssen, M. A. Posthumus and H. C. van der
Plas, Phytochemistry, 27 (1988) 1093.

31 R. S. Berger, J. Med. Entomol., 20 (1983) 103.
32 À. Nystrom, A. Grimvall, C. Krantz-Rulcker et al., Water

Sci. Technol., 25 (1992) 241.
33 V. V. Batoev, L. Weissflog, K.-D. Wenzel et al., Chemistry

for Sustainable Development,  11,  6 (2003) 829.
    http://www-psb.ad-sbras.nsc.ru/
34. K. Machera,  G. E. Miliadis,  E. Anagnostopoulos and

P. Anastassiadou,  Bull. Environ. Contam. Toxicol.,
59 (1997) 909.


