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Abstract:

The study investigates the seasonal changes in the chemical characteristics of river water and ground water in

Karakalpakstan, Uzbekistan from August 2008 to September 2010. The results indicate that major ion concentrations of ground
water were higher than Amu-Darya river water, and NO5> concentration in winter were higher than other seasons.
However river water and ground water showed different trends.  Particularly, NO3* concentrations of ground water in the winter

season of 2009 were higher than 2010.

In summer 2008, water volumes of Amu-Darya were extra lower than other years, which
possibly resulted in higher concentrations for this particular summer.
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1. Introduction

Access to safe drinking water is essential to the health of
the human beings. It is a component of the effective health
protection policy, and it is also a development issue at national,
regional and local levels.

Aral Sea Problems is one of the big environmental
problems in the world.  The Aral Sea is an inland lake and has
2 inflow rivers, Amu-Darya and Syr-Darya. The decrease in
Aral Sea area was caused by the large scale irrigated agriculture
which started in the 1950’s, especially in the Aral Sea basin.  As
a result, many villages were built in the area and people started
producing rice, cotton, wheat, and vegetables.

However, after the Soviet era, Amu-Darya and Syr-Darya
became international rivers and water problems had occurred
in upstream countries and downstream  countries.
Karakalpakstan is located in the most downstream along
Amu-Darya and experiences drought once every several years.

Ground water or river water is their main source of
drinking water in this area. The gradual climate change over
the centuries was accelerated by the Aral Sea ecological
disaster of the late 20th century in Aral Sea basin, especially
Karakalpakstan. By determining EC values, Papa et. al.
(2004) conducted research on the effect of salinization caused
by large-scale irrigation. Crosa et. al. (2006a) analyzed
pesticides in the Amu-Darya basin and reported about
identifying compounds with a high risk of contamination.
We investigated about the uranium concentration of drinking
water in the villages of the central parts of Uzbekistan and

Kazakhstan (2006) and found that the results exceeded the
guideline level for drinking water prescribed by WHO (2008).

However no work has been carried out on the seasonal
changes in water quality. Therefore, we investigated the
seasonal changes in chemical characteristics of river water and
ground water and compared between drought years and normal
years in Karakalpakstan. However, our study did not include
the seasonal change of water quality. — Therefore, we
investigated the seasonal changes in chemical characteristics of
river water and ground water in Karakalpakstan, and compared
with streamflow and precipitation.

2. Materials and Methods

Water samples were collected from river water and ground
water from 2008 to 2010. At G-staiton and A-station, water
samples were collected every month from 2008 August to
September 2010. In Karakalpakstan, ground water samples
and river water samples were every month from August 2008
to 2010.

The sampling sites are shown in Figure 1. The position
of each sampling spot was determined by using an eTrex
Legend portable Global Positioning System (GARMIN Ltd.,
Japan).

Water samples were filtered through a 0.45 um Membrane
filter (DISMIC 25AS020AS, ADVANTEC Corporation) and
collected in polypropylene bottles. PO,*, CI, NOs*, SO.%,
Na', NH,", K*, Mg?" and Ca®, and concentrations were
determined using an LCA-10A ion chromatographic analyzer
(Shimadzu Corporation, Japan). Finally, accuracy and
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Table 1. Major ion and nutrient concentrations in Karakalpakstan.
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precision of the analytical methods used here were tested using 600
Anion Mixed Standard Solution IV and Cation Mixed
Standard 1l for ion chromatography (Kanto Chemical Co., S0~
Japan) and shown to be satisfactory with 2-5% error. whk ? . \ ?
3. Results and Discussion 300
3.1. Major ion and nutrient concentrations A

Major ion and nutrient concentrations (PO,>, CI', NO5?,
S0,%, Na*, NH,", K*, Mg®*, Ca®") are shown in Table 1.
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Major ion concentrations and nutrient of Amu-Darya 0 ® L2 DO DO PRI
followed the same trend in this area. However, the results @%ﬁ@iﬁ%‘%&%ﬁ@%%@\%@@%%}i@%ﬁ&@:\\“é'\v‘i"!:m@‘%ﬁs‘\:*";@
were different for ground waters. With the exception of G3,
NH,? was identified in the other ground water supplies. This
result indicates that ground waters were contaminated by
sewage.

Fig. 2. Seasonal change of ion concentration of Amu-Darya water.

3.2. Seasonal changes in water quality of river and ground
water

We collected Amu-Darya river water from A-station and

ground water from B-station. Seasonal changes of river



water are shown in Table 2 and Figure 2. Maximum
concentrations of major ions were detected in April. This
increase in the ion concentrations can be attributed to the
melting of snow during this period, which is a common
phenomenon.

However, nutrient concentrations showed a different trend.
Seasonal changes in these concentrations were not as
significant as the major ions, although concentrations of NO5*
from November to June were higher than other seasons.  This
was not the agricultural season in Karakalpakstan, so nutrients
could not have emanated from agriculture areas.

In summer 2008, water volumes of Amu-Darya were extra
lower than other years. Therefore, it was compared with
seasonal change of river water and precipitation amount (Fig. 3).
In Karakalpakstan area, many agriculture fields were not able
to produce crops in 2008.  In particular, rice fields in these
areas were unproductive. However, rice cultivation was
possible in 2009 due to the abundance of water in
Karakalpakstan. ~ Precipitations in Karakalpakstan were
constantly low during the period 2008-2010. Karakalpakstan
is an arid area, therefore, precipitation was not a big factor for
agriculture.  Crosa et. al. (2006b) suggested the great
irrigation and drainage infrastructure inherited from the times
of the Soviet Union had proven difficult to maintain, resulting
in shortage of water with a chemical composition suitable for
human use. They also reported that salinity at the upstream
site (Termez) is reduced during the period from May to
September.  This same trend was also revealed in our study.

Two main driving forces act in shaping the seasonal
variation of the salinity of the Amu Darya River: low natural
drainage density of the catchment, which limits the salt loads
induced by the natural runoff processes, and the snow and
glacier melting in the upper catchment area which promote
dissolved salt dilution during the high-flow period (Spring and
Summer).  Upper stream countries, Kyrgyz and Tajikistan are
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Fig. 3. Seasonal changes in precipitation amount at Nukus

planning to construct hydroelectric generating plants.  If these
plans are carried out, more serious problems may appear in
Karakalpakstan areas.

In this region, an important factor for agriculture is the
volume of the river water other than precipitation. Thus, we
tried to compare river water quantity and quality (Fig. 4).

Seasonal changes in river water quantity were almost low.
Especially, river water was used for irrigation in agriculture
seasons (from April to September). As Karakalpakstan areas
are located in the downstream of Amu-Darya, they depend
mostly on river water for irrigation, and river water was less
considered in agriculture season. However, river water
volumes in 2010 were abundant so agricultural yield in 2010
was very high. However, a lot of people in karakalpakstan
must go away to work. Getting a stable income from
agricultural is considered to be difficult as a result of frequent
drought occurrences in the region once every few years.
Therefore, there is the need for reforms to set up irrigation
systems that will ensure a shift towards sustainable irrigation
agriculture.

Seasonal changes of ground water were shown in Table 3
and Figure 5. Maximum volumes of major ions and
nutrients depended on each ion. The ground waters were
much affected from soil than river water. Seasonal changes
were not high than Amu-Darya river water and were relatively
constant. SO, concentrations of ground water samples and
river water samples were higher than other ions. These
results were caused by soil components.  However,
concentrations of ions in summer were higher than winter.
This result was different from Amu-Darya river water.

As for salinity, for which an exhaustive analysis will be
proposed subsequently, more than 50% of the observations
exceeded the value of 1000 mg/l, which is considered as the
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Fig. 4. Seasonal change of streamflow amount of Amu-Darya river.



Table 3. Seasonal change of ground water.  Notes: n.d.: not detected

PO o NOT S0 Nd MM K oMg G
mgl mgl mgl mgl mgl mgl mgl mgl mgl
Aug-08 119 479.15 1000 67255 34017 nd. 712 10347 22461
Sep-08 194 43365 569 65195 31548 0567 709 9767 159.26

Oct-08 433 37848 839 63088 30426 nd. 698 9336 13732

Nov-08 609 32026 711 57160 28115 0130 616 8105 10537
Dec-08 697 31158 682 56294 273.09 0083 640 7774 11367
Jan-09 856 33562 1337 61387 29277  nd 655 9874 13055
Feb-09 780 33885 2318 50L12 28563 0343 683 9710 12814
Mar-09 759 92580 3105 56265 26904 0423 600 9257 13012
Apr-09 6.7 41940 1876 679.97 315.08 nd. 748 10094 178.18
May-09 762 44916 1573 68116 32981 nd. 701 8749 17835
Jun-09 6.93  467.32 1087 69542 33680 1113 758 10463 19516
Aug-09 nd. 49560 887 71464 36143  nd TAD 11122 26052
Oct-09 nd. 34499 1086 64146 32841 nd. 756 11206 15190
Nov-09 nd 35007 731 61500 27704 nd 739 11414 15255
Dec09 nd. 3435 1316 62978 28053 nd. 750 11036 146.76
Jan-10 nd. 28679 873 53014 23185  nd 578 10127 13837
Feb-10 nd. 31020 579 60138 290.91 nd. 647 11596 14373

Mar-10 nd. 3604 934 66316 34562  nd 767 11548 16024
Apr-10 nd 37279 498 66873 34902  nd 855 11324 17205
May-10 nd. 38712 520 68495 33660 nd 851 1158 185.07
Jun-10 nd. 39005 1092 68890 26804  nd 927 11884 20085
Jul-10 nd. 55086 1342 74496 33488  nd 783 10226 24354
Aug10 nd. 69.13 nd. 14361 59.18 1270 355 2000 6179
Avarage 723 38366 1144 64193 30943 0561 731 10321 16485
Max. 1.9 55086 3105 74496 36143 1270 927 11894 260.52

Mim. 433 28679 498 53014 23185 0083 578 TT.T4 10537
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Fig. 5. Seasonal change of ion concentration of ground water in Nukus.

limit of palatability (WHO, 2008). The results were shown
same trend with former study, and more serious.

4. Conclusion

The results indicate that major ion concentrations of ground
water were higher than Amu-Darya river water, and NO3*
concentration in winter were higher than other seasons.
However river water and ground water showed different trends.
Particularly, NOs% concentrations of ground water in the winter
season of 2009 were higher than 2010. In summer 2008,
water volumes of Amu-Darya were extra lower than other
years, which possibly resulted in higher concentrations for this
particular summer.  Agricultural yield in 2010 was very good.
However, a lot of people in karakalpakstan must go away to
work.  Getting a stable income from agricultural is considered
to be difficult as a result of frequent drought occurrences in the
region once every few years. Therefore, there is the need for
reforms to set up irrigation systems that will ensure a shift
towards sustainable irrigation agriculture.

Acknowledgments

The authors are grateful to Profs. Hirozumi
WATABANABE and Izumi WATANABE for their advices.
This work was supported by Grant-in-Aid for Science
Research, the Ministry of Education, Culture, Sports, Science
and Technology of Japan, 2010 (Monbusho International
Scientific Research Program N0.20405004, represented by
KAWABATA, Y.).

References

Kawabata Y., Yamamo M., Aparin V., Ko S., Shiraishi K.,
Nagai M., Katayama Y. (2006): Uranium Pollution of Water
in the western part of Uzbekistan. Journal of Radioanalytical
and Nuclear Chemistry, 270:137-141.

WHO (2006): Guidelines for Dinking-water Quality, 3"
edition, World Health Organization, Geneva, 515p.

Papa E., Castiglioni S., P Gramatica., Nikolayenko V.
Kayumov O., Calamari D. (2004): Screening the leaching
tendency of pesticides applied in the Amu Darya Basin
(Uzbekistan). Water Research. 38: 3485-3494E.

Crosa G, Stafan F,, Bianchi C., Fumagalli A. (2006a). Water
Security in Uzbekistan: Implication of Return Waters in the
Amu Darya Water Quality. Environ Sci & Pollut Res., 13 (1):
37-42.

Grosa G, Froebrich J., Nikolayenko V. Stafan, F. Galli P,
Calamari D. (2006b): Spatial and seasonal variations in the
water quality of the Amu Darya River (Central Asia). Water
Research, 40: 2237-2245



