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Abstract

To investigate differences in the occurrence of gastrointestinal diseases in two
regions affected by the Aral Sea disaster and with difficult drinking water
conditions, crude incidence rates and microbial water quality were compared. In
the more developed urban areas of Khorezm and Karakalpakstan, centralized
drinking water supply is available. Residents of rural areas predominantly use
ground water for drinking water purposes. Whereas microbial drinking water
quality in Khorezm is still deteriorating it seems to be improving in
Karakalpakstan. The microbial quality of the drinking water in Khorezm has
deteriorated most notably between 1999 and 2001. During this period up to
61.8 % of the samples exceed the critical limit for the Total Microbial Count
(TMC) and even more than 80 % the critical limit for the parameter coli index,
which proves faecal contamination.

Incidence rates for all diarrhoeal diseases as well as hepatitis A are declining
substantially over the last decade. Given the fact that both regions are known to
have serious drinking water problems, these tendencies are questionable.
Especially in rural areas these changes are more likely to be underreporting due
to the worsening socio-economic situation, than changing disease occurrences.



@ Transactions on Biomedicine and Health vol 7, © 2003 WIT Press, www.witpress.com, ISSN 1743-3525

154 Environmental Health Risk

1 Introduction

It is well-known that the drying up of the Aral Sea has led to an ecological and
economic disaster in Central Asia. A total of 35 million people are living in the
Aral Sea basin. Four million people are directly affected by this man-made
catastrophe, which causes serious health effects. The two most affected regions
are situated south of the Aral Sea, namely Khorezm and Karakalpakstan.
Between mid 2000 and 2001 the worst drought in one hundred years worsened
the human and socio-economic conditions in these regions dramatically.
Problems concerning the quality of drinking water and the incidence of
waterborne diseases are various and tremendous [1].

In 2001, the drinking water supply coverage for the rural population of
Uzbekistan was 72.3 % compared to 67.7 % for Khorezm and 68.6 % for
Karakalpakstan, respectively. About 51 % of all households in Khorezm and
Karakalpakstan extract their drinking water either from open wells or shallow
boreholes, which are often faecally contaminated. The microbial pollution of
ground water is a consequence of the lack of sanitation and inefficient irrigation
methods. Inefficient drainage methods result in a rise in the groundwater level,
which is very close to the surface and washes up the latrines. Later on the
unsanitary groundwater is used as drinking water. In general those conditions
would suggest causing a high incidence of waterborne gastrointestinal diseases.

2 Data and methods

In spring 2002, secondary raw data on microbial drinking water quality,
demography and specific infectious diseases were collected during field trips to
Nukus, Karakalpakstan and Urgench, Khorezm. The raw data were obtained for
the period between 1991 and 2001 from the local Province Centre of Sanitation
and Epidemiology in Urgench and the Republican Centre of Sanitation and
Epidemiology in Nukus. Data on the microbial drinking water quality for
Karakalpakstan were only available for the period between 1997 and 2001.
Drinking water sampling and proceeding of the samples, according to the
Russian standardised methods from 1982 [2], is carried out by the Centres of
Sanitation and Epidemiology (SES). Due to this regulation drinking water in the
public supply network is monitored for Total Microbial Count (TMC), coli index
and coli titre. The parameter TMC is comparable with the EU Colony Count at
36°C, the critical limit in EU as well as in Uzbekistan is 100 Colony Forming
Units (CFU) per milli-litre. The procedure conducted to obtain the coli index is a
semi-quantitative method to determine the number of coli bacteria, similar to the
Most Probable Number (MPN) method. The coli index is a statistical
approximation, which expresses the most likely number of coli bacteria
contained in one litre of drinking water. In practice this means that in one litre of
drinking water e.g. with a coli index of 3 between 0.5 and 13 coli bacteria can be
present [3]. The coli titre is the amount of water which is likely to contain one
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coli bacterium; it is calculated on the basis of the respective coli index result.
According to the GOST 2874-82 the critical limits are 3 and 333, respectively.

For drinking water samples taken from hand pumps, wells or surface water
the parameters TMC and coli titre are given for Khorezm. The critical limit for
the coli titre of drinking water obtained from hand pumps and wells and for
surface water is 111 and 11.1, respectively. Whereas in Karakalpakstan for all
types of drinking water sources TMC and coli index with the critical limit of 3 is
applied.

Faecally contaminated drinking water sources are a possible transmission
route for discases such as hepatitis A, typhoid fever and shigellosis [4].
Shigellosis also known as bacillary dysentery occurs due to infection with
Shigella spp. To assess the occurrence of those infectious diseases their
cumulative incidence rates for the period between 1991 and 2001 were
calculated. The cumulative incidence rate is a measure for the risk of individuals
in a population of acquiring the disease during a specified period. For better
comparability of the incidences, additionally the incidences for the Republic of
Uzbekistan, as received from the Ministry of Health of the Republic of
Uzbekistan (MOFH) are included.

3 Results

3.1 Microbial drinking water quality
3.1.1 Khorezm

In Khorezm 57 % of the drinking water samples were taken from the centralized
drinking water supply system in Urgench city. Only sporadic sampling was
carried out in the rural areas of Urgench rayon (55 samples) other rayons or other
drinking water sources of Khorezm oblast.

Regarding the results of the drinking water samples two aspects are striking.
First the number of samples has decreased about by 78 % during the last decade.
Second the microbial quality of the drinking water has deteriorated dramatically.
After a phase with moderate numbers of samples beyond the limit for TMC
(1994-1996) their numbers increased substantially. Especially since the drought,
which started in 1999 always more than one third of the samples, in 1999 even
61.8 % percent of the drinking water samples contained more than 100 CFU
(TMC) per milli-litre. The parameters for monitoring the faecal contamination
display even worse results. Coli index and coli titre also peak in 1999. But in that
year more than 80 % of the drinking water samples contained more than 3 coli
bacteria per litre. In total in 9 out of 11 years more than 50 % of the samples
contained more than 3 coli bacteria per litre (Table 1).

The results of the drinking water samples taken from hand pumps and wells
prove similar tendencies; their number has also decreased drastically. For the
period between 1992 and 1997 the number of samples which exceed the limit is
fow for TMC (2.8 %). But 53.1 % of samples exceed the limit for the coli titre
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Table 1: Microbial drinking water quality in Khorezm

no. of T™C coli index coli titre
year samples >100 % >3 % 333 %
1991 3606 70 191 208 56.8 207 56.6
1992 212 34 160 139 63.0 139 63.6
1993 22T 53 240 175 792 175 79.2
1994 133 7 3.0 97 729 98 737
1993 167 13 7.8 96 573 96 373
1996 163 JES 86 99 60.7 99 60.7
1997 147 20 1376 70 YN 70 176
1998 121 26 213 49 403 50 413
1999 204 126 618 173 84.8 170 €373
2000 79 29 36.7 63 79.7 63 79.7
2007 82 40 488 359 720 37 6973
total 1895 429 22.6 1228 64.8 1224 64.6

(111) during that period. Sampling of surface water, which is used for drinking
water purposes, has very seldom been carried out. For the period between 1991
and 2001 exist only 138 sampling results of which 51.4 % do not meet a TMC of
100 and even 92 % exceed the limit for coli titre of 11.1.

3.1.2 Karakalpakstan

In Karakalpakstan more than 40 % of the drinking water samples from the public
supply network were taken in Nukus rayon. The number of drinking water
samples has been substantially lower than usual in 1999, when the drought
started. The percentage of drinking water samples from the public supply
network, which did not meet the TMC limit declined between 1999 and 2001
about 4-fold. In 1997 the coli index exceeded the critical limit in almost 50 % of
the samples. Since then the critical limit was always exceeded in less than 37 %
of the samples (Table 2). For the five year period between 1997 and 2001 in total
only 24 drinking water samples from hand pumps and wells have been tested.
Out of these samples 21 % exceeded the critical limit for TMC and 79 % the coli
index of 3. In samples taken from surface water (21), which is used for drinking
water abstraction, even 57 % exceeded the limit for TMC and 81 % the coli
index of 3.

Table 2: Microbial drinking water quality in Karakalpakstan

T™C coli index

year | no.of samples | > 100 Yo >3 Yo

1997 66 13 19. 32 48.5
1998 96 9 9.4 I3 135
1999 32 6 8% 9 281
2000 82 9 1.0 30 36.6
2001 68 3 14 19 279
total 344 40 11.6 103 29.9
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3.2 Diarrhoeal diseases and hepatitis A

The incidence for all acute intestinal infections for total Uzbekistan as well as for
Khorezm and Karakalpakstan declined substantially since the independence in
1991. While the incidence for all acute intestinal infections has halved for
Uzbekistan it has decreased 3-fold for Karakalpakstan and even 7-fold for
Khorezm over the last decade (Table 3). During the previous five years before
the independence (1986-1990) the incidence for Khorezm decreased more
moderate from 1071 to 942 cases per 100,000 population.

The incidence for typhoid fever decreased for Uzbekistan from 7 to 1 per
100,000 population between 1991 and 1999. During that period for both regions
the incidences were lower than those for Uzbekistan except the year 1991, where
in Karakalpakstan the incidence was 7 per 100,000 population.

For Uzbekistan the incidence for dysentery halved between 1992 and 1999. It
declined 3-fold for Karakalpakstan and even more than 10-fold for Khorezm
during the last decade (Figure 1). Despite having registered 50 % fewer cases
than the average for Uzbekistan the numbers for Khorezm prove the same peak
for dysentery cases in 1994. The incidence for bacillary dysentery in Khorezm
oblast decreased from 12.1 to 0.6 per 100,000 population between 1997 and
2000. While the incidence for urban and rural population was similar in 1997,
since 1998 the incidence rate was substantially lower for the urban population
than for the rural population.

The incidence for hepatitis A also dropped substantially for Uzbekistan in
general and both regions as well. Despite that fact the lower incidences for
Karakalpakstan and Khorezm display the same tendencies as the numbers for
Uzbekistan. In Khorezm the rural cases exceeded the urban cases for more than
50 % for 1999 and 2000. While the hepatitis A cases in both regions declined
constantly the decline for Uzbekistan happened rapidly since 1997 (Figure 2).

Table 3: Incidence of all acute intestinal infections per 100,000 population

Uzbekistan Khorezm Karakalpakstan
1991 576.8 8265 1766
1992 5231 630.7 3731
1993 535.7 5927 3935
1994 3247 59035 2851
1995 7673 4069 2558
1996 2968 3562 2046
1997 2464 33638 2441
1998 2794 — 310.6 1851
1999 7258 2186 1603
2000 - 166.0 1438
2001 - T18.6 1532
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Figure 1: Incidence of dysentery between 1991 and 2001

——a— Uzbekistan — —— — Khorezm - =B = Karakalpakstan
700 |
600 |
500
400 |- .
300 1. g .
\

100 | ..
0

incidence/100,000

1991
1992
1993
1994
1995
1996
1997
1998
1989
2000
2001
<
o
o
=

Figure 2: Incidence of hepatitis A between 1991 and 2001

4 Discussion

The comparison of the microbial drinking water sampling results —mainly from
urban areas— shows a differing microbial drinking water quality for Khorezm and
Karakalpakstan.

While the number of samples that exceed the critical limit for TMC increases
starkly in Khorezm, it decreases constantly in Khorezm. In the year 2001 for
Khorezm a 12-fold higher percentage of samples did not meet the limit than for
Karakalpakstan.

Regarding the indicator parameter for faecal contamination for Khorezm the
microbial drinking water quality deteriorated dramatically, since 1999. This is
especially surprising because drinking water from the public supply network is
treated and additionally chlorinated twice, since 1995. The trend for
Karakalpakstan is vice versa, there the microbial drinking water quality
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improved, since 1997. For the five year period between 1997 and 2001 the total
percentage of samples with a coli index higher 3 is 65 for Khorezm and 30 for
Karakalpakstan.

Many waterborne outbreaks of viral hepatitis A (and E) have been reported
due to faecal contamination of drinking water [5]. Because Salmonella typhi
exclusively colonizes in humans its occurrence is closely associated with waste
water. The transmission route is faecal-oral by contaminated food or water [6].
According to the Russian Standard Methods from 1982 the faecal contamination
of drinking water is measured by the parameter coli index with the critical limit
3/L. Measured according to the WHO-Guidelines as well as to German Drinking
Water Guidelines where the critical limit is 0/100 mL this contradicts the
demand for save public drinking water supply. The fact that in both regions at
least around 30 % of the drinking water samples exceed the critical coli index
fimit of 3/L, would suggest an increased risk for waterborne gastrointestinal
diseases.

Parameters which are used for the measurement of drinking water quality
from hand pumps and wells, as well as for surface water differ for Khorezm and
Karakalpakstan. In Khorezm for water stemming from hand pumps and wells the
parameter coli titre with a critical limit of 111 is used. Whereas in
Karakalpakstan coli index with the critical limit of 3 is used. For surface water
used for drinking water purposes in Khorezm again the coli index is used but
with a critical limit of 11.1. According to the given data the drinking water
monitoring in Karakalpakstan is more appropriate. Water which is used for
drinking purposes always should be monitored according to critical limits for
drinking water even when the water originates from other water sources like
wells or surface water.

The deterioration of the microbial drinking water quality in the supply
network can be caused by different reasons, which were mentioned during
several expert interviews. Leakages and drinking water pipes lying alongside
with sewerage system —as the situation is in both regions in general when
sewerage is existent— poses a high potential for contamination of the drinking
water. [llegal connections and pressure losses can also cause contamination [7].
Discontinuous water supply and insufficient water pressure in the mains —which
are common in both regions— support re-growth of pathogens in the distribution
system. These maintenance and operation problems are likely to be the causes of
poor drinking water quality in those regions. The declining activity for the
monitoring of the microbial drinking water quality is caused by budgetary
constraints of the responsible institutions.

Looking at the inconsistent results which display deterioration of the
microbial water quality on the one hand and decreasing incidences of
gastrointestinal diseases on the other hand; these outcomes have to be taken
carefully. These changes in the registration may partly go due to changing
disease rates, and partly due to a lack of registration caused by the development
of the Uzbek health system and its impact on health behaviour.

In-patient care admissions have decreased from 24 in 1991 to 133
consultations per 100 population in 2000 in Uzbekistan. The total health
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expenditure as per cent of GDP has halved from 6 to 3 between 1991 and 2000.
The data for total health expenditure measured in purchasing power parity
conversation factor (ppp $) per capita show the same stark decline. In 1991 the
total health expenditure was 165 ppp $ per capita, whereas it was only 65 ppp $
per capita in 2000. In-patient care admissions have decreased from 24 in 1991 to
13.3 consultancies per 100 population in 2000 in Uzbekistan [8].

Falkingham {9] proved the same health-economic development for
Kyrgyzstan and concluded that because of charging, patients consultations have
decreased significantly. This tendency is even more valid for rural and poor
residents. “Those from the poorest group are less likely to seek help from the
medical services...” [9]. These facts may help understanding the decreasing
incidences of gastrointestinal diseases in general and the changing share of urban
and rural population. This may also explain the increase of the registration of
cardio vascular diseases. Living under such difficult economic circumstances,
makes it more likely that people seek health consultations only in severe cases,
which result in a biased registration of gastrointestinal diseases. Discrepancies
between official registration and actual incidences are also known from other
countries [10, 11]. However, these discrepancies need to be reconciled.

From mid of May till the end of July 2003, a household survey and microbial
testing of different drinking water sources was conducted to investigate these
relationships further.

5 Conclusions

Gastrointestinal diseases seem to be underreported in both regions of the Aral
Sea area which have been included in this investigation. To assess possible
drinking water related disease outbreaks the monitoring of the microbial drinking
water quality should be extended and adapted to international standards. Baseline
data on the actual incidences of gastrointestinal, especially waterborne diarrhoeal
diseases for the assessment of the health situation and health-economic burden of
the population are urgently needed.
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