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Sust ainabl e rural and urban prosperity a ong the border between the
Lhited States and Mxico depends on the availability of suitade
vater supplies. Agicdtura irrigation requires large vo unes of vater
dring certain periods of the year, and the sat content nust be | ow
enough (< 1,000 ng/L) to prevent danage to plant roots. Irdstrid
nanuf act urers, such as of fshore assentl y i ndustries (nagui | ador as),
need vater for comercial applications (e.g., cleaning, processing,
and cooling water). My border conmunities are experiencing rapid
popu aion gronth, wiich wll provide labor for intensive agicuture,
naqui | adora industries, and cross-border work, increasing the
denand for industria water resources. Lhpl anned urban settlenent s
(coonias) are growng quickly and do not have adequate infrastruc-
ture or safe donestic water supplies. Increased popul ation growh,
irrigation return floms, and industria/donestic vestevater flovs
i npact downstreamwat er users and ecosystens on bot h sides of the
bor der . This nonograph conpri ses summaries of five studies of the
US Mxican border region that aid in underst anding border water
issues and pose patentia strategies for sust ai nabl e border devel op-
nent .

PopuL AT 0N GROWT H

Devel opnent in the border region has occurred prinarily near areas
wth surface vater supplies. The border region conprises an area
that extends approxinately 100 kmon either side of the border. Fg-
ue 1 illustrates the US Mxican border region and its river sys-
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Figure 1: Major River Systems of the U.S. Mexican Border
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tens. FHgure 2 present s US counties and Mxi can nunicipios in the
border region. Gties wth the highest popul ations and naquil adora
densities are located along the Ro Gande and Tijuana Rvers, bath
of which flowyear-round. In sone areas, such as Nogal es, Aizona,
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and Nogal es, Sonora, rivers rarely flow due to the over-punpi ng of
goundvater vells (e.g, Santa Guz Rver). Such epheneral rivers
flowonly during sust ai ned wnter rains or intense sunmer NONSOONS.

Tables 1 and 2 show the popul ation and rate of popul aion groath
for US counties and Mxi can nunicipios along the border, respec-
tivdy. In 1995 approxinately 10 mllion peopl e lived a ong the border,
wth 55%in the Uhited States and 45%in Mexico (I nfonmexus 1996) .
If the current rates of popu ation gronh continue, the border popul a-
tion wll dode in 25 years. A portion of the popdation of Mxicois

Tddel Taa Population (1995 and Gowh Rate (1990 1995) for
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Tdde2 Taa Population (1995) and Gowh Rate (1990 1995) for
Mexi can Muni cipios along the US Mxi can Border
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enployed in naquiladora industries, but nany nore peopl e have
also noved into colonias along the border. Gowng popul ati ons can
have a detrinent d inpact on vater quality, yet requre a sust ainabl e
suppd y of safe drinking vater.

WATER CONSUMPTI ON PATTERNS

The increase in popul ation along the border nay resuit in a shiftin
curent vater use fromagricutural irrigation to donestic and indus-
trid gicaios. Grretly, irriggaionvae weis sigificatly lager
than domestic requirenents; however, the denand for nunicipéd
vater treated for donestic and industria applications is increasing
(see Qapter 2). Furthernore, donestic drinking water requires
higher vater quality st andards than does irrigation applications. The
anount of water treated to provide for donestic, public, and com
nercia usesis gererdly reportedinliters per capit a (person) per day
(Ipcd). Hgre 3illustrates per cgoita vater use for US counties and
Mexi can nuni ci pios a ong the border. The average water consunp-
tion dong the border in the Uhited States (615 Ipcd) is 41%greater
than that in Mxican border nunici-pios (435 Ipcd). Water consunp-
tionis cardaed wth the st andard of living, and as the st andard of

Fogue 3 Rr Gpita Witer ke for US Qounties and Mxi can
Mini ci pi os al ong the Border
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living increases in Mxico, water consunption wll increase as well.
Aplying the US and Mxican water consunption rates to the tot &
border popul ation in 1995 would result in an annual water consunp-
tionrae (noirrigation) of L3x10°m¥yr (L1mllionacrefest/yr) ad
0.76 x 10° m*/yr (0.61 mllion acre-feet/yr), respectivdy.

DovesTl ¢ WASTEWATER

Aproxinately one-half of all vater treated for donestic and industri al
applications is conveyed through sevage treatnent plants. Sewage
cont ai ns hi gh concentrati ons of pathogens (virus, protozoan), organic
natter (BD naterial), and nutrients (nitrogen and phosphorous).
Bith sides of the border suf fer frominadequate civil infrastructures
wth which to convey wastewater fromhouseho ds and industries to
a centralized location for trestnent. Wdere insuf fidet irfrestructure
eis's, inadequate on-site vastevater treatnent (eg., surface dis-
posd o sgxic tanks) can lead to surface or ground water cont am -
nation. In some@ border conmunities where sewage is collected,
vastevat er treatnent occurs wth lowtech, | owcost systens such as
lagoons or wetlands. In other conmunities, sewage pipe infrastruc-
ture does not exist and sewage enters surface water supplies as
runof f, impairing dowstreamwvater quality. Wth apropriate pan-
ning, treated vastevater fromthese systens can be safely used to
irrigate nonconsunptive crops (Chapter 5 or used to augnent
depl eted groundwat er aquifers (Gapter 6). Therefore, treated wvaste-
vat er shoul d be considered a val uable coomodity in the US Mxi -
can border region.

AGRI CULTURE

In addition to the naguil adora industries, agricutural water denand
domnat es the annual water usage, especially along the Ro Gande
Rver (Gapters 2 and 3). As vater is applied to crops, dat sdretly
utilize approxi nately 50%to 70%aof the water through evapotransp -
ration or bionass production. Wile sone nutrients aet aken up by
thepats, nost of thedssdvedsdidsinthe vater (e.g, sodum cd -
cium chloride, sulfate) are concentrated in the renai ning 30 50%of
the veter nat wilized by thepdat's, and dssdved sdid sdts concen-
trate in the pore vater beresth agicdtud fidds. SHts wll mgae
into the groundwater, pedfdtae in the sals, o leach into suface
vaters as irrigaion reaun flos (Geper 3. Irrigation practices
therefore cotribue sigificatly to incressing sdinity, o tad ds-
sol ved solids (TD5, in downstream groundwater and surface water
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aquifers. My types of plant roots cannat tderate igh sdinity lev-
ds. SHinty guddines aso exdist for sat concentrati ons in donestic
and industria source waters due to hedth effaxs (eg, sufae
causes darrhea), taste ad dstribution issues (sdts predptate and
clog pi pes and equi pnent). Long-termsalinity nanagenent wll be an
incressingy sigificat issueinthe border regon

WATER QUALI TY

Wile the availability of vater for various uses dog the border is a
najor issue for sust arddlity, adsdinty-rdaedvae qaity dteri -
oaionis akey concern for agricuture, vater quality energes as the
nost significant environnent d health issue in cdonias in the border
region. Both chenncal and microbial water quality issues pose heath
concerns. The World Health Qrgani zati on has guidel ines regarding a
large suite o inorganic (eg, nitrate asenic, nercury, fluridg leed
copper, radoudides) ad arganic (e g, pesticides, fertilizers, petro-
| eum product s) cot aminant s. Qui del i nes have al so been devel oped
to protect against microbial pathogenic waterborne diseases (e.g.,
typhoi d fever, hepditis A dardiasis, cryptosporidosis, chorera) due
to pathogeni c virus and protozoa (Ghapters 5 and 6). The frequency
of waterborne di sease out breaks associ ated wth microbia cont am -
nant s i ncreases duri ng wvarmweat her conditions (Gaun 1988), thus
placing surface vaters in the border region a a high risk duri ng nany
nonths of the year. In nany arid regions, punping groundwater in
close proxinity to surface waters creates a direct connection
between groundwater and surface water supplies. Chemical and
nicrobia cont aminant s can readily nove through such connections
and present significant health risks associated wth drinking ground-
vater. Mny of the chemical cont amnant s pose long-term chronic
heal th risks whereas microbi a pat hogens pose significant short-term
acute hedthrisks. Thus, nanagenent of risk fromwater quality con-
tamnation nust include protection agai nst both chemical and nicro-
bd cotamnants

In summary, nany regions aong the border have histarically relied
upon both groundwat er and surface water supplies for drinking water.
Sone water supplies have becone cont amnated by a high salt con-
tent or other chemica cont amnation. Qher aguifers are being
punped at rates greater than natural groundwater recharge, resulting
innonsust ainable nmining of groundwater, and utinatey inpacting
riparian ecosystens. Therefore, sone conmunities are shifting from
groundvater to surface vater supplies. During periods of prol onged
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drought, regional surface vater supplies wll have to be bal anced
between irrigation requi renent s and donestic/industria needs.

SUMMARY

The followng chapters address in nore det ail general issues regard-
ing the quantity and quality of water in the US Mxican border
region. Mst of the chapters address the st atus of vater quaity inthe
border regonasit rdaestothe availdility of vater for various uses.
The folowng is a summary of the focus of each of the chepters inthis
nonogr aph:

'Gapter 2 addresses the availability of water aong the Ro
Gande and the inpact of upstreamreservoir operation on
downstreamvater quality (predomnantly salinity).

'(hapter 3 establishes a linkage anong surface water flows,
vater uses, ad regod aqifer wate quity in the H
Paso G udad Ju/Eez region.

Chapter 4 present s resuts frama study of ranfdl ruxdff the
enters surface vaters in the Tijuana Rver watershed ad its
i npact on microbial cont aminati on based upon | and usage.

Chapter 5 considers vater quality, ad det alls animovative |ow
cost systemcapabl e of safely di scharging and reusi ng dones-
tic vestevater in Qinaga, Mxico, for irrigation of fast-growng
trees that can provide fiber and energy.

1Chapter 6 describes a sustainable, lowcost natural treat nent
process for vastevater that protect s hunan heal th fromwat er
qaity cotamnation and mininzes detrinentd inpadt s to
ripari an stream ecosyst ens.

Without considerabl e research, planning, and nanagenent of water
along the border, serios cofliads regarding water resources and
vae qaity wll devdop It isespecidlyinport ant to underst and the
issues rdated tothe availability of vater inthe border regon, includ-
ing the patertid to reuse irrigation return flows and treated vaste-
vater, as well as the inpact of urban devel opnent on water quality.
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