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Abstract

The lack of an equitably distributed water supply for human and agricultural use has led
to source management as complex as interbasin water transfer. Besides its benefits, this
redistribution of water also produces pollutant transport from one basin to another. In this
sense, this work studies the impact of the water transfer from two rivers in Puebla, Mexico.
The Atoyac River water is transferred to Nexapa River to provide water for agricultural
usage, but although the irrigation needs are covered, the pollution load of the Atoyac
River is also transferred to the Nexapa River. It is observed that chemical oxygen demand,
biochemical oxygen demand, total suspended solids, total and fecal coliforms values

increase abruptly in the water transferring point.
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Introduction

The availability of water resources is diminished by factors such
as population growth and the consequent increased demand for
water for human and agricultural use, the contamination of surface
and groundwater, as well as the uneven distribution of this resource
in space and time, facts that are aggravated by climate change. The
interbasin water transfer (IBWT), through pipes, canals or aqueducts,
offers an engineering solution to alleviate the contradiction between
water demand and supply and consequently the scarcity and uneven
distribution of this resource, which is why the number of projects of
this type has increased, especially in large countries such as Australia,
Canada, China and the USA. In its most general sense, it consists of
the transfer of water from a catchment area to another geographically
distinct one, which includes, in addition to inter-basin transfers, intra-
basin transfers, which also includes from one part of a river to another,
which is why the concepts of donor and recipient basins or rivers are
defined."*

IBWT has generally met economic demands for the production
of goods and services, and its benefits include the secure supply of
water to regions with insufficient water availability, arid or semi-arid
regions, with the corresponding increase in agricultural production. It
can also contribute to better management of ecosystems in recipient
regions, reduce the risk of flooding in the donor regions, among
others. However, IBWT can disrupt the ecosystems of both the donor
regions, due to the reduction in water availability and the alteration
of their hydrological systems, and the recipient systems, firstly due to
the impact on the quality of the water in the recipient basins or water
bodies, with the consequent impact on biodiversity. Other negative
consequences need to be mentioned, such as the economic costs of
maintaining the infrastructure for IBWT and social conflicts due to the
decrease in availability in donor regions or due to the appropriation
of the transferred resource in recipient regions, making it necessary
to adopt optimized public policies and measures to protect water and
ecosystems in both donor and recipient regions.*®

As mentioned, IBWT brings negative consequences that are
accentuated by the decrease in the availability of water resources,
which has motivated concern and initiatives in the Legislative
Branch of Mexico because of the laxity of the National Water Law
in the regulation of IBWT, developing initiatives that emphasize
the adequate and comprehensive management of water resources to
mitigate the need for these and their negative consequences.’

This work shows the consequences of the transfer of highly
contaminated water from the Atoyac River to the Nexapa River and
its negative consequences on the pollution of the latter.

Materials and methods

The Nexapa sub-basin belongs to Hydrological Region No. 18,
Balsas River. The most important surface water stream is the Nexapa
River, which originates on the slopes of the Popocatepetl Volcano, at
an altitude of 4,610 m above sea level and flows to 677 m, over 217.5
km, emptying into the Atoyac River. The river is permanently fed in
its upper part by the melting ice of the volcano and in its western part
by some small streams. To meet the needs of irrigation, mainly for
sugar cane, the Nexapa River receives through the Portezuelo canal a
transfer of approximately 4 m?® s™' of highly polluted water from the
Atoyac River, after it crosses the highly industrialized Upper Basin of
the Atoyac River and the city of Puebla.!

To study the quality of the river water, the National Water
Commission (CONAGUA) has established a series of sampling
points for this purpose. In the studies carried out by the Technological
University of Izticar de Matamoros (UTIM), samples are taken at
these points and other sampling points are additionally used in areas
of interest to the University. Figure 1 shows the sampling points and
their elevation above sea level. The determination of pollution in the
river was assessed using the results of the determination of chemical
oxygen demand (COD), biochemical oxygen demand (BOD,), total
suspended solids (TSS), total and fecal coliforms, carried out by
CONAGUA and UTIM between 2012 and 2019.112

Results and discussion

Graphically, the dramatic impact of the water transfer in the
Nexapa River is shown in Figure 2.
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Figure | Sampling stations in the Nexapa River. CONAGUA — red points;
UTIM — green points. Adapted from Navarro-Frometa and Navarrete-Rosas,
2020.

Figure 2 The impact of the transfer of heavily contaminated water on the
appearance of the Nexapa River: a) in sampling station S3; b) the water
transferred; c) in sampling station S9.

Considering the main pollution indicators, Figure 3 shows the
variance analysis of the COD throughout the different stations.
The numbering and designation of the Monitoring stations can be
consulted on the National Water Information System website.
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Figure 3 Analysis of variance of COD results at the different sampling stations.

As can be seen, the points of impact of the water transfer through
the Portezuelo channel (S5) and the cities of Atlixco and Izucar de
Matamoros (S10 and S15, respectively) present the highest COD
levels. BOD; and TSS behave similarly.
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Regarding fecal contamination, assessed through fecal coliforms,
values between 1.2x10° and 1x107 CFU are observed, with the
highest values corresponding to the same points where the other
physicochemical indices present the highest values. This indicates
that one of the greatest problems of the Nexapa River water in the
section that corresponds to the Atlixco-Izucar valley is fecal pollution.
This is shown in Figure 4 with the results of the determination of fecal
coliforms at different sampling stations in campaigns between 2012
and 2018.
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Figure 4 Determination of fecal coliforms (CFU) at different sampling
stations in the river.

Conclusion

The Nexapa River is a case study of the impact on water quality
caused by water transfers between basins, in this case to meet the needs
of agricultural irrigation. The determination of COD, BOD,, TSS and
microbiological parameters show the enormous impact of the transfer
of heavily polluted waters from the Atoyac River into a small river.
Balancing the needs of agricultural production and the conservation of
ecosystems and their biodiversity is a factor of the first order to take
into account. The results obtained from the evaluation of the quality of
the river’s water show the need to maintain constant monitoring that
allows the competent authorities and, above all, the population of the
region, to know the quality of the water that gives them life.
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