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ABSTRACT

The US Mexican border region has experienced rapid popul ati on
gothinthe last 30 years, resutingin natura resource degradation
and incressing threats to pldic hedth A prinary concern is the
threat posed by water pollution, especialy through inproper treat -
nent and di sposal of hunan wastes. Hnational ef fat s are underway
tofind sduias, particuarly through the devel opnent of al ternatives
to high-cost, convertiona waste treatnent systens. Aternative sys-
tens should reduce contamnants as well as inmovatively recycle
nirient s and carbon present in the vaste naterials. This pla study,
wichisaful inegration of applied research and technd ogy transfer,
denonstrates a wastevater land application systemintegrated wth
the production of fast growng trees for fiber and energy. Inthefirg
year of this study, trees reached an average height of 1.78 mand
gound line dianeter of 2.8 nm with an average survival of 88%
Theinstdlation of aful-scde systemdf thistypeis economcdly jus-
tified based on cost-benefit andlysis. This pilat study coud serve as
a nodel systemfor ef fective vaste treatnent in other conmunities in
the border area
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INTRODUCTI ON

The Ro Gande, or Ro Bravo, flows nearly 2,000 kil ongters through
the Texas-Mxico border region. Paradoxically, it isbahtheregon s
lifebl ood and a source of environnent d cot amination. Gommuni ties
depend on the river for drinking vater, farning, industry, and recre-
ain Yet, decades of ragpid popuaion ggovth, a lack of infrastruc-
ture, and poor environnent al nanagenent have | ed to an escal ating
cot amretion risk. Thus, the once-clean river is now pdluted wth
industrial organi c conpounds, heavy net als, sewage waste, agricul -
tud rund f and pesticides, add high levds o sdts and sedinent s
(Sharp 1999).

Brationd effots to address these environnent a problens were
intiated in 1983 wth the est ablishnent of the La Paz Agreenent.
The EPAfolloned in 1996 wth the Border X4 Pograman exten-
si ve pl an designed to decentral i ze the nanagenent of envi ronnent &
issues in order to increase public patidpation and to encourage
better communi cation and col | aboration anong pertinent agenci es
(US BEPA199%). The programs Border Franework Docunent iden-
tified severa key areas of concern, but one of the principal areas was
the dleviation of vater pdlution by devdoping and rehehilit aing
infrastructure for drirking vater, wastewater collection and waste-
vater treatnent (US HEPA 199).

Miny cities in the border region have vastevater treatnent sys-
tens that provide only mninal treatnent or are i nadequate to hand e
the | arge anount s of sl udge and wast evat er generated. Furthernore,
sone cormunities lack a treatnent systemal together. Qnventional
vastevater treatnent systens, while ef fective, are generdly too
expensive to instal and naintain for nany snall conmunities.
Instead, innovative, lowcost systens are needed as viable aterna-
tives to the curent lack o € fective vaste trestnent in the border
communi ties. These aternatives nust not only be relatively i nexpen-
sive and capabl e of safely recycling sl udge and vastevater, bu they
shoul d a so provi de opportunities for econonic devel opnent (Bastian
e d. 198). This chapter explores one aternative vastevater treat -
nent systembeing studied in Qinaga, MxXico.

PRroFI LE OF OJ1 NaGgA, CHI HUAHUA

Qinaga, located on the Wt Texas Mexi co border, issitieda the
confluence of the Ro Gande and Ro (nchos, about 500 kil one-
ters southeast of H Paso Gudad JufEez (Fgure 1). Qinaga, wth a
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Fgure 1. Wt Texas Mexi co Border Area along the Ro Gande
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popul ation of approxinately 24,000, is located across the river from
issda dty, Resdqg Texas, (population 3,500). Whike other border
conmuni ties, the population of Qinaga has decreased, dropping
fromabout 26,000 in 1980 to 23,600 in 1995 (US BEPA 19%6). This
decline has been attributed to a l ack of economc gpportunities inthe
comunity, snall landhddng size, nargnal farnhand, flooding, ad
ngration to the United States (Rrieto Barrera 1995, Nusez 1997).
Qinaga s clinate is hot (wth a naxi numtenperature of 50° G and
a mni numtenperature of 10°Q and dry (the average annual rainfall
is 235 nm, yet the comunity has an irrigation infrastructure that
support s approxinately 12,000 ha of agricutura land Athough Qi -
naga produces an array of crops, indudng dfdfa cdton oon,
wheat, nel ons, onions, pecans, and forages, |ess than one-half of the
farnhand is currently in production. Thisis dug inpat, tosmal lad-
hol dings, averaging 5 ha, naking agricul tural production unconpeti -
tive (Nisez 1997). Furthernore, poor farmnanagenent has resul ted
insdl sdinzation creging usltable conditions for the economcal
production of agronomic crops on sone | ands (QN\A 1998).
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Whlike other border conmunities, industry does not play a najor
rdein Qinaga s econony. There are few naqui | adoras, which con-
tribute less than agricuture in terns of incone and enpl oynent
opportunities inthe conmunity. Mre inport atly, these naquil adoras
arenot apan source for cont amnationto either groundwater or river
systens (Pando 1996).

Interns of infrastructure, Qinaga currently lacks an ef fici et veste
treatnent system For over 30 years, the nunicipal sewage had been
piped into a 1.5 ha (45000 nf) ulined, anaerchbic settling | agoon.
The | agoon separated the solids fromthe waste streamand provi ded
sone reduction in waste strength. Ater the lagoon filled wth settled
solids, a new2 ha (60,000 nf) anaerobic |agoon was constructed in
1995, CGurrently, about one-half of Qinaga households are con-
nected to the nuni ci pal wastewater system The Junt a Mini ci pd de
Agua y Saneamento (JMAS) hopes to have 95%of the househol ds
connected to the systemwthin a few years. Wastevater fromQi -
naga i s al nest excl usively donestic inorigin, and current flowrates
are expected to double from70 /s to 150 L/s when the entire com
nmunity is connected to the system (Hores 1994). Wth these pro-
jedias, it is atidpated thet the newlagoon wil fill wth cdlected
sdids wthin five years. These sdids nay have utility as a soil
anendnent if the organic content is high and the salt content is not
del eterious.

Fogre 2 Average Mnthly E odi Gont amnation of the Ro Gande
bel ow Qinaga B fluent Dscharge Roint, Adjusted for Rver
How(t aken January 1996 through June 1998)

Ism Feb e Apr Mey Fm Bl Joag Sept Oct New Den

Source: Waggoner (1998).
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Presently, d fluent fromthe sewage lagoon is used for irrigation of
adj acent pasturage, wth the excess water discharged into the Ro
Gande. Measurenents of Ro Gande vater quality near Qinaga
indcae that even this rdativdy snall dscharge of ef fluat into the
river sigificatly incresses fecd cdifomlevds. Water flow bel ow
Qinaga averaged 7.9 ni/s from January 1996 through June 1998
( Waggoner 1998). Qrer this tine period, the conmunity ef fluert
(007 m¥s) represented less than 1 %d td a flow(mn = 0.3% nax.
=4.0%. Wile the contribution fromthe ef fluert toriver flovis regi -
dbe fecd cdifarmecot anination increased froman average of 110
colonies/100 nh (se = 28) above the Ro (onchos to 579
col oni es/ 100 nmh (se = 101) bel owthe R o Gnchos (\Waggoner 1998).
Qrrectingfor df ferences inflowover the corse of the year ind cates
high cont amnetion in the fal wen flowis noderate, but irrigation
denands are low (FHoure 2). During this sanpling period, the feca
caiformcount s exceeded the Texas Natural Resources (onservati on
Gmmission (TNRX) river quality standards (200 col onies/ 100 nh)
over 50%of the tine conpared to | ess than 20%above the ef fluert
atlg. This cot amnation represents a serious health hazard for
downstreamirrigation water users, or anyone coming in cont act wth
river vater, indudng chlden wo gday o fish in the river. Mre
inport atly, fecd cdifarmeort aninetion ind cates the likelihood that
nore serious bi o ogi cal hazards, such as hepatitis o chdera, nay be
presert.

In order to address the wastevater situation in Qinaga, a Search
nference and Participative Design (SOPD workshop was held in
Qinaga in My 1995 PRarticipative design enphasizes specific
organi zational principles and conmunity-based, patidpative, deno-
cratic processes as the keys to sustainable hunan and natural
resources devel opnent. This nethodol ogy asserts that prgects
i nposed upon conmuni ties, or those that sinply assune community
support of the proect, are destined to fail because nenbers of the
conmuni ty have played little or no pat inthe pgett s design This
enphasi s on sl f-deternmnationis critical to the realization of techno-
logically appropriate, nondependent, and sust ai nabl e devel opnent of
hunan and natural resources (Gibana et al. 1995). Thus, through a
communi ty referencing system nenbers of the Qinaga community,
along wth other organizations concerned about Qinaga s fuue
devel opnent, were invited to attend the SOPD wor kshop.

Within a historical, socid, econonic, and ervironnent d cotext,
the patidpat s identified sone key needs, chal |l enges, and possible
prescriptions for saving the vastevater problem These were:
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1. Gven the economic conditions of the conmunity, the fuue
vast evat er systemnust have | owcapit al and operating cost s
nist hep to revitalize the econony of the conmunity, ad
nust be able to generate revenues to repay loans and
investars.

2 The systemnust be technol ogically appropriate and easy to
naintain by the coomnity, rather then a costly, hdghttech
covertiona wvaste treatnent facility that woud be an eco-
nonc and nai nt enance bur den.

3 The system should inprove the quality of any water dis-
charged into the Ro Gande and neet the environnent d & an-
dards of both Mxico and the Lhited Staes.

Gven these criteria, aland application wastevater treatnent system
that reused the water for pulpwood production was favorably
received. Furthernore, the conmunity comnmitted to work toward
bring ng such a proposal to reaity. Snce the conclusion of the work-
shop, the coomonity has cd |l aborated wth a binational, mltidiscipi -
nary teamconsisting of Qinaga conmunity | eaders and expert s from
both Mxican and US agencies (Lujan 1996, Prieto Barrera 1995).
Withful comnity support, apila study ves intiaedin 1996 tointe-
grate pul ppood production wth wastewater renediation and eco-
nonic devel opnent .

LAND APPLI CATI ON OF WASTEWATER

Land appli cation of nunici pal wastevater and sl udge for renedi ation,
coupl ed wth nutrient and organic natter recycling by veget dian is
not a new concept, and has been practiced in dif feret coutries,
indudng Astraia the Lhited States, and Israel. Slids and vaste-
vater have been applied to forest plant ations, disturbed |ands such
as mne spoil sites, edible and nonedible crops, rangel ands, and
recreational areas, includng parks and golf courses (Sopper and
Kardos 1973; Sopper et al. 1982, Bastian and Ryan 1986, Qe et al .
1986; Luecke and de la Parra 1994; Mers and Fol gl ase 1996).

Land application systens include various designs, such as the
application of wastes tothe soil suface using SowRite, Rypid Infil -
tration, and Qrerland Howtreatnent systens, and to the subsurface,
using leaching fields and absorption beds (VIRQ- 1990). Ste char -
acteristics, such as soil properties, ground topography (slope ad
rdief), locd hyddagy, groundwater depth and quality, lad wse di -
natic factors (tenperature, precipitation, evapotranspiration, wnd,
and length of grow ng season), and expected waste |oading rates, as
vell as consideration of possible social and economic constraint s
determine the suit dility  a particuar system (Red and Qites
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1984; WPCF 1990). The land application concept shoul d be distin-
guished fromwater reuse, where wastevater is reused af ter com
plete nultistepped treatnent. In land application systens, the appli -
caion of vestenater to the land is an integd pat o the vaste
treatnent system occurring af ter mininal upstreampretreat nent.

The underlying principle of land treatnent systens is that the sail
environnent treat s and renedi ates applied wastes through dynamc
physi cal, chemcal, and biol ogi cal processes (Zasoski and Ednonds
1986). FPhsically, the sdl ats a a buffer between
wast evat er/ sl udge particulates and surface and ground water sys-
tens. Asthe vastevater infiltraes the sol profile wvaste patides ae
trapped by the soil. Minaging the quantity and frequency of waste
loading permit s adequate drying, thereby avoiding poding and soil
clogging, wiich result in anaerobic conditions (Thonas 1973). This
system may be paticdaly wdl suted to arid ad semarid lands
wererarnfal islesslikdytoinefere wthland goicati on schenes.

The chenical netwre of the soil emviroment is criticad for the reac-
tions necessary for waste renediation. Soil cdloids and organi c nat -
ter adsorb and exchange ions preset in the soil vater solution
\llen vaste is applied to soils higher in coloids and organic natter,
thesdl at's as a chemncal filter by renoving ions fromthe soil water
sduin This feature is especidly attractive in land trestnent sys-
tens used in conjunction wth cropping systens, since nutrients are
assimlated for plat production (Hlis 1973).

Bdogcdly, the sal-pat systemis areservor o dverse nicroor -
ganisns that thrive and miltiply under favorabl e environnent a con-
ditions (specific pH tenperature, noisture and oxygen levels, ad
adequat e energy source). Appdying organic natter at contro | ed rates,
coupl ed wth a favorabl e environnent, resuts in increased mcrobia
activity and subsequent deconposition of organi c conpounds in the
vast e.

Li ke other nacrobes, the survival of hunan pathogens is a function
of the conplete soil environnent (Foster and Engel brecht 1973
Rddy et d. 1981). Snlarly, atagonistic mcroorgani sns, which
occupy specific niches wthin the soil system uilize a variety o
nechani sns to ef fectively conpete wth introduced microbes. Wile
there is the pptentid for harnid organisns to persist inthe sol, the
physi cal and bi ol ogi cal processes are not conduci ve to the long-term
suvivd of these pathogens. Generally, over 90%adf the pat hogen
popu ation de wthin 30 days of goplicationto sol (Smth 19%). The
oedl e fect of merodd activity inlad goication systens is tha
the i ndi genous nicrobes facilit ate the recycling and transfornati on of
vastewater constituents wthout extraordinary neasures (Mller
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1973). This neans that vastewater can be applied to soil wthout
prior dsinfection wth chorine and still be safe for hunans wth mni -
nal precauti ons.

Trees play ausefu rdeinarenedation program Hd ogicaly, tree
rot s support a variety of organisns that deconpose organic natter
and absorb and net abdize nutrients. Furthernore, trees require less
nai nt enance than other crops, thereby reducing the heath risks to
humans. Economical |y, the wood produced can be sold on the open
narket or used in the conmunity to sust anthe prgect. The sel ection
of tree species should be based on the anticipated nitrogen | oadi ng
rates as well as the water-use requirenents. For exanple, in sem -
arid clinates, trees tderant of high evaporative denands, yet capa-
bed hghntrogen wilization, woud be preferred

ENvI RONMENTAL, EcONOMI C, AND Socl AL BENEFI TS
OF LAND APPLI CATI ON SYSTEMS

Land Restoration

Grrently, there are over 2,000 ha of irrigad e farnhand in the Qinaga
region that have been renoved fromproduction because of high soil
dirnty. THis ladis usut abl e for economic producti on of nost agro-
nomc o horticdtura crops. However, the land nay be suitde for
production of woody crops that are less semsitive to sdt than ago-
nomc crops This would restore the land to beneficia use, and of te
oe o tw rat ations (about 14 years) wth good nanagenent, the
land vou d likey be suit ale for agronomic crop production again, if
desi red

dean Water (70/70 20/ 20)

Grrently, Mxico requires a 70 ng/L BD and 70 ng/L tdd sus-
pended solids (TSS9 standard, while the Uited States requires a
2020 standard for vastewater treatnent. A systemthat returns no
water to the Ro Gande, other than through groundvater infiltration,
vwou d nat have to consider this guiddine. The loss of flowtothe Ro
Gande wth the land application systemwou d be nmnor (less than
1%, and a greater benefit woul d be the trenendous reduction in bio-
logcd cotannation. ganisns, such as feca cdiforns, viruses,
and parasites, wou d be confined to the land were they woul d pose
little threat to surface water systens. Furthernore, system design
voul d ensure worker protection st andards equal to or exceeding fed-
erd guddinres.
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Reduction of Demand on Natural Forest Systens

There are over 7.6 nillion ha of forest lad inthe st ate of Chi huahua,
of which over 3.7 mllion ha are classified as conmercial forests In
1998, the forest conmonities were permitted to cut 24 mllion ni, a
70%of the nean annual increnent of 0.9 ni/hyr fa thest ae(Ide-
Sias 197). It is prgected that fiber dat ations in Qinaga cou d pro-
duce nearly 29 ni/ha/yr or 200 ni/ha wth a seven-year rot ation. Hur -
vesting only 100 ha/lyr of short rat ation woody crops would neet 1 %
d the etire st de s fiber denand. In addtion to provid ng a sust an-
abl e, economcal approach to vaste handling, the wastewater treat -
nent project could serve as a cat alyst for the devel gonert of a tree
farmcooperative in the Qinaga conmuni ty and surrounding areas. A
successful cooperative could conceivably bring nmuch of the aban-
doned agricutural land in Qinaga back into production, and cou d
repace a significat portion of the wod harvested in the Serra
Madre nount ains of Ghihuahua. The production of wood fiber in Qi -
naga coul d a so provide val uabl e tine for the ecd ogical restoration of
aregonlogeqated far itstiner. Furthernore, this land cou d be
used continuously on a sustainabl e basis, further reducing |ogging
pressures to natural forest systens.

Bficent Water Wse and Hgh Rroductivity

Wastevater can be utilized nore ef ficetlyinaiddinates as aresut
of high evapotranspiration and solar energy rates availade for plant
gonth Adtiodly, the lowrainfal reduces the uncontrdled vater
loss and drai nage problens that are associ ated wth hund regi ons.
The conbi nation of high evaporative denand and | ow rainfall |eads
tonore ef ficient use of the nutrient-enriched vastevater for crop pro-
duction

Better Gntrol in Nutrient Minagenent

Base there is little ranfdl in aid dinates, the gpied veter is
practicaly the oy sarce o irrigion This shoul d nmini mize exces-
sive loss o nuriets, due to uncontraled runof f or deep percd ati on
Furthernore, crop water consunption can be estinated and water
applications nanaged, such that the available vater and it s nuriet s
aedficietly used by the plant. However, even in a tree farmpro-
duction system it is inperative that sol salinity be nanaged to pre-
vet futher sdinzaion o loss o production This can be accom
plished through proper irrigation scheduling and |eaching of excess
sts bdowthe root zore of the trees.
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Qust ai nabl e Rural  Devel opnent

Grrently, between 20 40%c0cf the land irrigated by the Qinaga wvat er
dstrict is no loger uder cutivation due to sdinzation By using
species of puptrees wth high sdt tderance (e.g, BEucal yptus gp),
it shoud be possibe to reclamnuch of this land By bringng land
into production not currently under cultivation, the devel opnent of a
pul pwood pl ant ation woul d create nuch needed jobs. Approxi nately
the equivalent of one full-tine job wou d be crested for each 2 ha o
land returned to production (Reiche et a. 1991). Mreover, by adopt -
ing technol ogy appropriate to the local econony, such devel opnent
should be sustangde in the log run The jobs created would be
skilled to sem-skilled, and woul d include fieldveork jobs (such as tree
plating as wlll as nore skilled harvesting jobs (e.g., chan saw
operators). Furthernore, nany jobs would be out doors, which is
attractive to sone peopl e, and would pay conpetitive wages.

Mdel Systemfor Aid Rgions of the Virld

Miny snal | comnmunities are pursuing alternative systens for waste-
vater treatnent. Economics and safety are the prinary factors driv-
ing this novenent. Several communities in New Mexico have con-
structed wetlands for vwastewater treatnent (Tessneer 1998). The
advant age of a constructed wetland is ease and cost of operation.
The disadvant age is that it generates no future revenue stream
Thus, atree patation systemwth a narket for the wood product s
voul d be favorabl e over a constructed wetland system Gurently, the
city of Las Quces, NewMxico, is designing a land application tree
systemfar its West Mesa Industrial Park based upon the Qinaga
nodel (VWA son 1998). As wth Las QGuces, the Qinaga systemcoul d
serve as a nodel for other snall communities throughout the arid and
semaridvrld. Inthe case of Qinaga, thet arget narket is short fiber
pu pwood, but in other conmunities the narket could easily be fuel -
wood, specialty hardwoods, Qrristnas trees, or pine for pul pwood or
saw tinber. The tree plant ations could even serve as recreati ona
aess. Thus, the state of Chihuahua coul d becone a |eader in sys-
teminnovat i on.

CHALLENGES OF LAND APPLI CATI ON SYSTEMS

Athough land application systens provide nany benefits, there are
al so sone constraints The four freguently voiced oy ections are: (1)
hurman pathogens, (2) organic conpounds, (3) nitrogen cont am na-
tion, ad (4 netals and trace elenent s (Bestian et a. 1982, kKova
1986). Pathogens can pose a health threat to both hunans and ani -
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nal s through cont amnati on of surface water and groundwater and
subsequent crop contamination. Hwever, the suvivd o nest

pathogens, includng bacteria, viruses, and protozoans, is greatly
reduced by exposure to sunlight, high tenperatures, and drying
(Koval 1986). Helminths (worns) have nore adapti ve resi st ance and
can persist inthe soil for longer periods, froma fewdays to severd

years, depending on the species (Burge and Mrsh 1978; Feacham
et al. 1980). Hwmever, alits, eggs, ad cysts ae mt likdy to be
problenatic where prinary treatnent of the wastes precedes |and
application (Kowal 1986; Zasoski and Ednonds 1986). Treatnent as
mnind as a settling pond, like that used in Qinaga, in which the
sludge and organic natter separate fromthe ef fluent, renoves nost

protozoans and hel mnths. Smth (1996) reported the tine to kill 90%
(T,,) of hunan parasites ranged from2 10 d for protozoans, to 6 d for

virwses, to 17 d far Ascaris, toless than 0 d fa E odi . Thus, the
najor risk to hunans would be all but elimnated af ter 30 days. Nev-
ertheless, caution shoud be exercised during land application
processes to linnt public access and to alowperiods of drying out to
failit ae pathogen die-of f (Foster and BEngel brecht 1973). Generally,
pathogens pose little health risk vhen applied to nonedible crops

Gl orination would be ef fective in reducing pat hogen nuniers, but

the treated vastevater woul d have to be dechlorinated prior to land
application to mni nze subsequent danage to the trees. Both chlori -
nation and dechl orination are expensive and unnecessary if sinple
precauti ons are t aken.

Goundwater contamnation by toxic organic conpounds from
industrial wastes and household wastewater is another potential
thret. Although nost organics are eventual |y bi odegradabl e, nany
aeresist ant to deconposition because of their chemical conplexity.
Subsequently, they coud evertually leach into the groundvater
(Kowal 1986). The best nanagenent strategy for these naterials is
to enforce laws requiring industry to renove these naterias from
their vaste streans before they enter the nunicipal system Like-
wse, inplenenting toxic waste minimzation prograns by providing
alternative depositories for househo d chemical wastes, such as pes-
ticides and autonative |ubricants, and educating people about the
proper use of the nunicipal sewage systemare inport at straeg es.
Beyond this, wastewater streans containing toxic organic com
pounds at lowlevels should be applied a lowrates, thus providing
optinal conditions for degradation.

Hoh levels of nitrogen, which are typica of donestic vastevater,
can pose a threat of nitrate (ND,) cot amnation to the groundvater,
since NO, is nobile wthin the soil systemand susceptib e to | each-
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ing. However, nitrogen |oading can be nanaged to avoid | eachi ng.
Waste application can be based upon the anount of nineralized
nitrogen (plant-available forns of nitrogen) that the tree crop needs
a apaticdar gothstage Typicd loadngrates for land application
systens supply 0.3 2.4 kg Nha/d or 110 876 kg Nha/yr (US BEPA
1992). Wing this nethod, nest of the NO,-N and ammoni um N
(NH,"-N shoul d be available for plant assimlation (sone NH,'- N may
vol atilize fromthe system) (Bockvay et al. 1986, Sormers and Bar -
barick 1986). In addition, nicrobialy ned ated pahvays o nitrifica-
tioW/denitrificaion can & fect further nitrogen renova .

Heavy nmeta s and trace elenent s are of concernin terns of drink-
ing vater and groundvater qual ity and possible assimlationinto ed -
bHe pat pats. G the heavy netds, oly cadmumis signficatly
absorbed by plant roots (US HPA 1984; Sonmers and Barbari ck
1986). Lead and nercury can be problenatic, although they are
insoluble and inmobi | e in plant root systens. Furthernore, nost net -
als becone less souble as pH increases, wth the exception of
anionic net al s (Logan and Chaney 1983). General ly, sals wthaneu-
trad todkaine pHimmabilize toxic net ds as precipt ates, wich are
nt avalade to pgats ad nat susceptible to leaching into the
groundwat er (Jewel | 1982; Zasoski and Ednonds 1986). Uhder nod-
erate vaste loading rates, it wodd t ake decades to accumul ate | ead
and nercury in soils to dangerous levels (Kowal 1986). To avod
potertia risks, applicaions can be cotrdled and limted by deter -
mning the naxi num cunul ati ve anount s accept able for each de-
nent applied over a period of years, and then nanaging the |oads
accordingly (Sonmers and Barbarick 1986).

These concerns are valid and can pose a possible health threat
through the cont amnati on of surface water, groundwater, and subse-
quent crops Ye, owerdl, the paetid hedth threat s posed by |and
application systens are no greater than conventional waste treat -
nent systens, if land application systens are properly nanaged
(Kowal 1986). Sustainable, safe nanagenent practices nust be
based on a thorough underst anding of land application design, the
soi | -plant system the surroundi ng envi ronnent, and the risks associ -
ated wth hand i ng vastes.

In addition to the above concerns encountered in using land appli -
cation systens throughout the world, there are sone unique chal -
lenges wth these systens in arid and semarid regions. Any land
application systemusingvater highinsalts nust be nanaged to nin-
inze sdt buldyp in the pat rooting zone. Excess sdts can
decrease crop productivity and, in severe cases, destroy productive
farnhand. The sdt cocetration in the sal is a fuxtion o the sat
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concertrationinthe applied irrigation vater and the | eaching fracti on
(the ratio of drainege veter toirrigation vaer). Agricutural systens
use a leeching fraction to flush st s belowthe rooting zone but not
into the groundwater. In reusing vastevater for crop production,
were the soil and the plant s are used as a trestnent unit, the | eve
of salt and nitrogen accunul ation in the groundwater will show the
dfectiveness of the nanagenent of the land treatnent system
Therefore, the groundwater should be nonitored throughout the life
of the prgject. Increased nitrogen levels in the groundwater can pres-
ent a health hazard in places where shallowwel|s are used to oot an
pat abl e vater.

Aother challenge is organic natter induced soil deterioration
Hgh organic natter in untreated wastewater can plug soil pores and
cregte a reduci ng envi roment, rendering the soil ufit for agricdturd
uses. Properly designed prinary vastevater treatnent resultsinthe
sepaaion o a sigificat pat o the oganic naterial fromthe
vastevater before it is applied to the land

Wastewater application in arid areas is coupled wth consunpti on
of the wastewater by veget ation based on the evapotranspiration.
Thus, the nost ef fective vay to uilize the vastevater is to use
species that have the |ongest possible growng season, including
netive pats that nay intiate gonth earlier than non-native types,
and to incorporate peremnia or wnter-type forage crops that can be
i ntercropped between the trees, thereby utilizing the vastewater dur -
ing periods of tree dornancy. Land application treatnent systens in
humd areas, where the vater is anost inconsequentia, are well
studied. However, arid regons have received less attention, wth the
buk of the research cetering in Asstradia ad Israd (Mers e d.
1995; Mers and Pol gl ase 1996; Mers et al. 1997). Thus, thereis a
need to determne site-specific factors and nanagenent appr oaches,
which are nost ef fective in vaste rened ation and uilizationin arid
reg ons.

OJ1 NaA PiLor Stuby

Miterials and Mt hods

Mini cipal sevage in Qinaga is piped drectly into an anaerobic
lagoon, which provides prinary treatnent of the sewage. S udge
sanpl es were obt ained fromboth the ol d and new | agoons to deter -
mre qa ity ad uility. AL 2 ha site, adyacent to an oxbowlake, vas
sel ected downstreamfromthe | agoon. Soils were sanpl ed to a depth
of 1 mto characterize texture and to nodel the ef fed s of sal type an
tree growth and vater use. Routine sanpling and analysis of the
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vastewater ef fluent and influent, along wth vater froman oxbow
lake, the Ro Gande, and the Ro nchos al so were inpl enent ed.
The depth to groundvater at the site is approxinately 3 m and the
slope is < 5% Wdls vre imstalled to nonitor the groundwater (in
paticdar, the levels of nitrate and chloride). Baseline sanpl es from
the nonitoring wel I s were t aken and anal yzed prior to st atirgirrica-
tion wth ful-strength vastevater .

Qe goal of the study has been to identify tree species and cl ones
that exhibit the greatest bionass grovth and ion upt ake. Based on
previous studies (Yadav 1980; Donal dson and Standiford 1983,
Stevart et al. 1986, Mther 1993) and Eucal yptus fidd trids on-
ducted by the INFAP experinent station in Qinaga (Nisez 19953,
b ¢ Tena Vega 1998), Hucal yptus canal dul ensi s vas sdected for it's
cod tderance ad fast goth. Three Hical yptus camal dul ensis
clones fromSnpson Tinber @., Glifornia, were chosen for inclu-
sioninthe study: S5 (505), 4016, and 4019. Two other tree speci es
vere a so sel ected: hybrid Popul us (poplar) and Robini a pseudoaca-
da (Hack loowst). Popul us is native to the Ro Gande and is foud
inather river vdleysinha dry areas (Bongarten 1996). Three cl ones
were purchased from Broadacres Nursery, Qegon: TD 15-029 (P.
trichocarpa ¥ P. ddtades) TD 50-197 (P. trichocarpa ¥ P. ddtai des)
and OP 367 (P. ddtddes x P. nga) Robinia pseudoacaci a, known
fo its hardiness, has been used in stream bed stahilization ad
mnel and reclamation (Matt 1997). Qpen-pollinated Robinia
pseudoacaci a dat s were obt ai ned fromthe Ckl ahoma Depart nent
d Arvicdtue

InApril 1997, the site was pl oned, di sked, and shaped into 54 sep-
adetest das abot 7 m¥ 7 min size each. Gt a nerized Euca-
| yptus canal dul ensi s, bareroat Robi ni a pseudoacaci a seed i ngs, and
Popul us cuttings (20 cmin length) vere transplanted & 2 m¥ 2 m
spadng A seven nonths, four represent ative trees of each of the
seven tree sources (28 tot a trees) were sel ected based on nean tree
dianeter, excavated and fractionated into | eaves, stens, trunks, and
rot s Tissues were dried, weighed, and anal yzed for chemical con-
situats A eight nonths and at 20 nonths af ter dating the sur -
viva, height, and dianeter of the trees were neasured.

Dring the first growng season, plot s were nanual |y flood irrigated
wth vater fromthe oxbow | ake to est ablish the trees before inple-
nenting irrigation regines using full-strength vastevater ef fluat.
The chaice of flood irrigation versus other types of irrigation systens
vas based on the premise that flood irrigation techno ogy was faml -
iar to Qinaga farners, wereas other systens woul d be less famliar
and nore costly. Weeds were control | ed nechani cal |y and chenical |y
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Table 1. Slected Water Qulity Indicators (nmin nax range)
Qinaga, Chi huahua, Decenber 1996 March 1998
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Tamee Walsr Idmaithe |Biflew
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1A-L§ 143F 15 1554 1351
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T wal Dismlwsl, | 7FF-Li00 | 11901180 | 1690 | L6700 | 1=y
ﬁ;ﬁ PEEAD | LIRBTT 55| APEEY | LANE
Fatls {EAR)
Faul Tl 40| 180150 - ABO0 | 2B i T
[P Bl
BOD - [T] - WS | mEAR
oD ﬁ - 30 - =BT 100-117
it Fiiztts m I [T T T 11| 188 | E-BlE
o p—— [T W T"] [T = T Y TA-ALE
_lmghll
Witar Ejudadl OA-L5 Wy = SA-9ED L7
T T 0 i
[T [ -0 W aip-asd 0288

wth Fsilade. Ater the first growng season, the pat s vere irrigaed
a three regines wth wastevater ef fl uent based on potential evapo-
transpiration (FEI) data The first irrigation regne was based on the
PET plus 36%addi tiona water for leaching Thisresdtedinthe ai -
cation of excess water throughout the year. This was done in consid-
eration of the possibility that just enough trees wil be pgatedto trea
the vastewater, ad that farners using river-fed flood irrigetion tend
to use excess water. A second irrigation regine was based upon the
PET plus approxinately 20% additional water for leaching. This
regine woud tend to supject the trees to mild water stress as sats
nay accunl ate in the upper soil profile The third schedul e vas to
exanmne deficit irrigation, supplying 8%l ess water than FET. Tsirri -
gation regine woul d tend to naxi mze the accunul ation of saltsinthe
sol. Wier appication rates, pat gonh wvestevater quality,
veather data (ranfdl, insdaion ad tenperawes), sol nurient
andysistoadepthof 1 m and the quality of the leachate bel owthe
root zone were anal yzed.

In addtion to the fie d research, the economc feasibility of a ful-
scale proect was investigated The st andard nethod for eval uating
the econonmic inpact of a prgect extend ng over severa years is to
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Tdde 2 Analysis of Sudge Sanples ot ained in Qi naga,
Chi huahua, Decenber 1996

Parameter New Lagoon Old Lagoon
e e

pH 7.2 )
_BC (¥ m} 435 6.4
TDN™ (agfL} 187 -
SARS 12 -
Mugpwsluin [oaeg/L) 15 -
Callchur (ouegL) 5 -
Sexdinune, {veyT) 43 -
Wieeyped a0/} 111} i gy
A {eagfL) - 3%
K] eld sh - ragrL) 74 -
Chlsdds (mgfL ) 77 335
Fhusphorus (mgieg) 240 -
Pousderm {mgflegh Ti0 -
Sotim l:mlfL} 7o -
Colbonme” {cold100ml) — | <3PFC* ceornfy

*TDS (total dissolved solids); SAR (sodium absorption ratio); FC (fecal col-
'Coliform data from analysis taken June 1997.

cadcuae the net present value (N) of the prgect. Bva uation of the
econonc return to short fiber production in Qinaga is not a sinple
natter. Both the environnent d bendfits, as vl as thefinadd prd -
i dility, nust be considered. Hacing a val ue on envi ronnent al bene-
tsismaiady dfficdt, honever, and this vas nat done directly in
this study. Rither, environnent d berefits were eva uated indirectly
by assunming that a specific environnent d ¢ andard nust be net, and
that the preferred nethod for neeting this st andard is the least costly
nethod. In patiada, it was assuned that the Qinaga vaste treat -
nent system nust neet the standards for ef fluat est ablished by
SEMARNAP (Scret ar a de Mdio Anbiente, Recursos Natural es y
Resca). Further, it was assuned that the alternative nethod for neet -
ing these st andards is a conventional sewage treatnent facility sim -
lar tothe facility proposed by the Gnisi n Naciondl del Agua (1994).
Thus, the return to fiber production includes bath the tree plat aion
and the avoidance of costs incurred in constructing and operating a
traditional sevage treatnent plat. This approach ignores the envi -
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Tabl e 3: onparison of the Gncentration of Mt as in 9udge
Sanpl es Taken fromthe Forner and Present Sewage
Lagoons near the Qinaga Alot Study Ste and the US
EPA Part 503 Sewage dudge Awnual Rollut ant Loadi ng
Rate Regul ations

Metal Old Lm Mew Lagoon  |USHPA Aonual
g
cd 00 74 1500
Cr 145 i3 150,000
Ca 00 1520 75,000
Hg 17 103 15,000
Ni 10.0 00 29,000
Pb 750 B0 15,000
Zn 00 5730 140,000

*Source: U.S. EPA 1994.

ronnent d berefits arising fromfiber production not associated wth
vater quality, such as hebitat creation ad reductioninar pdluion

Qust ai nabl e econonic devel opnent i ncl udes the creation of |ocal
financing. Infornation was obt ai ned fromBanco Nacional de G@lito
Rural (BANRLRAL) of ficids in Qinaga concerning yidds and the
cost of production of various crops. Inaddtion investiggas dsods-
cussed terns under which credit mght be nade available for |ong
termfinancing of wod production beyond the pilat proect. Interest
rates in Mxico are noderately high by international st andards, but
favorable rates are available for snall farners and d so for financing
o exots The Ferrocarril Nacional es de Mgico rail road has experi -
ence in shipping tinber, and hes railcars sutade for shipping |ogs,
chips, oo puptoUS or Mxican narket s To deternine the extent of
the donestic (Mxican) narket for short fiber pul pwood, the
Copanex facility (one of the largest nanufacturer of paper product s
inMxico in AndBuac, Chi huahua, was visited.

Resul t s

Waea Analysis

Al o the vater sources have high pH (pH> 7.3), eectrica conduc-
tivities (B) between 1.3 and 3.4 dSm and sodi umabsorption ratios
(SAR between 3.7 and 8.8 (Tdde 1). These high EC and SAR val -
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Tdde4 Tree Qurvival, Height, and Daneter Gowh, Masured 8
and 20 Mnths Ater Hanting (Frst and Second Gow ng

Seasons)
[ Cordul | Sombel |Blalds | Mgy Dhmws el | Poam
BITL (S8E3 (EiIr] ()T i
rﬂ- A Sl | B
[ EL&
i ] 5T FIT) 1M 5 7| s
L] ! 1 1al [T ] | Om
[+ ] £ H FT ] 1% Ml | AW
a 71 [z L I [T | wEy
Fgrala 197 1] M LA [T ] 155 3| 0
Bl 37 ] ] ETT A A w| e
Bk Ei] B [ K. -] L% b ] E| ! LT

Note: Both survival neasurenent s are based oninitid stocking levd s a
the tine of pating

ussindcaetha thevater isnargnd for traditiod agicuture (Mller
and Donahue 1990); however, st ra ati on woody crop production
isfeesibe wth ths vater. The vastevater had a totd KYdddl nitro-
gen (NH'-Nand organic-N of 14 37 ny NL of wastevater. Mst of
the nitrogen ves in the NH" form wth low ND, levels, suggesting
that leaching of nitrates wvoud nat be a problem A an application
rae of 20 ni/nt, the loadng rate of Nas NH" would be approxi -
nately 250 kg N ha/yr.

There were 2.3 6.4 ¥ 10_cd onies of feca cdiformbacterial/ 100 nh
d dfluent. International guidelines suggest a naxi num geonetric
nean concentration of 1,000 fecal coliforns/100 nh for wastevater
applied for edde crops (Kowal 1986). For crops raised inesivey
wthashot rat ation, such as veget abl e crops, theselevds ae dearly
unaccept able. In contrast, woody crop productionis extensive, and in
conmparison to veget ddes, the raaion is long Mst inport atly,
these trees are not being raised for food, and represent no second-
ary health hazard.

Bosdids (Qudge) Andlysis

Died sludge fromthe original |agoon had high pHand EC (Tade 2),
but it had only 5 8%organic natter wth 0.25 kg NO,-N'M dry nat -
te. The sludge consists prinarily o sal particles carried by wnd o
vater, pedpt ated cal ci umcarbonate, and caliche, whichis calcium
carbonete typicaly foud in the desert sols of the area Thus, this
sludge is worthless as a crop nutrient source. The sl udge cont ai ned
snal | anounts of lead and nercury in insuf ficient anount s to pose
prablens for land application. The EPAlint for amud loadng rate
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Houre 3: Bonmass (in grans) at Seven Mnths of Hical ypt us
camal dul ensi s, Htrid Popul us, and Robi nia pseudoacaci a

™ = L
e D e |
- 0 Rt
e ] .
B
- H
™ —
T T o I W paai
Eneviype Pl ey

Tdde 5 Niriet Adysis of HEical yptus canal dul ensis, Hybrid
Popul us, and Robi ni a pseudoacaci a at Seven Mont hs

Plant Tirmoc N |G |Mg [C] | Na
) [o8 o8 | o0 |

Leowes Ecutypn 279|107 | 031 | 079 | 056
Popaha 257 | 25% | 040 | 147 | 033

o bimin Z4% | 357 | 00 | 089 | 0.02

Waedy Emcatypru Y | 68 | 0.0 | O | 0
Populur 0.70 | 0.6 | 010 | 013 | 040

s biwin 152 | 086 | 009 | 0.IF | UM

Rasts Ewcuirpr 0.7% | 031 | 0,10 | 055 | 011
Fupehy 050 | 0.6Y | 009 | 022 | 007

Badfnt 1.5% | 0.57 | 0.08 | 038 | 0.04

for both PFo and Hy is 15000 g/ha/yr (US BEPA 19%4). The sl udge
fromthe o d lagoon contained 75.0 g Py My and 1.7 g HY My, and
the new | agoon cont ai ned 81.0 g A/ My and 10.3 g HY My sl udge, on
a dy weight basis. Wing the BPA and loadng rae criteria the
concentration of every net al anal yzed was wel | bel owthe |imt spec-
ified(Tdde 3. The sludge poses little environnent d threst. Ufortu-
netely, the sludge fromthis | agoon al so has no econonmc val ue.
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Sl Analysis

The soils a the experinent d site are nonifom The siteis situsted
inthe floodplain of the Ro Gande, inmed ately next to the dd river
channd, and sals (flwent s) of varying texture have been deposited
over tineas aresut of flood evert s The experinent al site neasures
290 m (roughly east-west) by 45 m ad stradd es a variety of soil
deposits A oeend of the site, thesols are predomnatdy silty clays
and silty clay loans, wth plant availade vater (AW content s rangi ng
from12 15 cmvater in the top neter of sal. Inthe centra area of
the site, there are layers of loam sandy |cam and sand, wth | oner
AWin the top neter. Mreover, sone of these |ayers are extrenaly
gravelly (> 60%gravel by vol une), very gravelly (35 60%gravel by
volune), and gravel ly (15 35%gravel by vol ung), which further | on
es the AW. Inths pat d the st AWranges froma low of 4 cm
vater/msoil wth nore typical val ues running from6 12 cmwater/m
gl. A the aher ed of the site, the graved ly layers d sappear, ad a
mxture of clay, clay loam silty |cam |ocam and sandy | caml ayers are
foud The AWhere ranges from10 15 cmwater/ msoil .

These variations in textwre and the resuting AW can af fet tree
gonh Onloany soils, the Popul us 367 cl one had an average hei ght
o 28 m wile on sdls cotanng layers of gavely to edrenay
gavely sand, these clones vere only 1.9 min height. In contrast,
Robi nia pseudoacacia dats had a heigtt of only 1.1 mon | cany
sols, bu ahegt o L7 mongadly sals. Thus, the Popul us 367
clone gewtdle insdls wth iger AWthan in soils wth [oner AW,
whereas the Robinia pseudoacaci a gewt dle insalswthlomer AW
then in sals wth higher AW. This response agrees wth the prefer -
ence of FRobinia pseudoacaci a fa ligtea, well-aerated sals (Bn-
garten 1996), in cotrast to Popul us, wichis retive toriparian areas

(Little 1960).

Table 6 Gl ative Df ference (in US ddlars) between Nt
Present Val ues fromHF ber P oducti on and Gnventi onal
Waste Treatnent Hant a& Df ferent Loan Rates*

Inmreet Bate | Year 1 Yewr7 | Yearld | Yewrdl | Yew i
25.0% | 1,860,071 | 167588 | 16674653 | 1,705,408 | 1705055
10.0% | 1AREALS | ZO0RG.ZIS | 21604898 | 2710808 | 2750992
0.0% | Z075,0%0 | 2617191 | 3110588 | &345.208 | 7448506

*Not e: Assuming 424 hect ares under cutivation, a price of $0 per ton, ad
ayiddd 160 tons per hect are a harvest.
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Table 7. Enpl oynent fromHA ber Production

Actrity Bmplayment per balyr mm:ﬁ:

Establish mewt (Year 1) 150 kabar-houn 3,800 Labor-barun

Cerowth & Mywtrvaners | 50 bhbar-heun 21,200 labor- harurs

{Vear 28]

Harvest (Year 7) 250 Labat-bensiy 105, DM Ladber- b ra
Tree Gowh

Dring the first and second growng season, the three Hical yptus
clones had high survival rates (Tdde 4). Incotrest, suvivd o Popu-
s was cl one-dependent, wth the 367 cl one having the highest sur -
vival rate (95%for year one and 88%for year two) and clone 197
having the lonest survival rate (53%for year 1 and 24%for year 2).
Robi nia had high survival rates the first year (93%, declining to 73%
in the second year . BEical ypt us cl ones had good hei ght and di anet er
gowh both years. However, drirg the first wnter, tenperatures
dropped to -10°C resutingindanage todl of the Eucal yptus cl ones.
Q ones 4016 and 4019 died back to ground level, whereas the SB
clone had danage only to the | eaves. Neverthel ess, during the sec-
ond growng season, the 4016 and 4019 clones outgrew the SB
variety in height, athough the S5 naintanred a digtly geaer
breast heignt diangter. In the secod wnter, freeze danage was
mnnal for dl three Bucal yptus dones, wtholy sligt fdia d eback
on scattered trees.

Gonh of the Popul us cl ones was cl one dependent, wth cl one 367
gowng best. During year tw, clone 367 outperforned al other
clones and species for both height and dianeter, growng over 4 m
in the second year to an average heigtt of 6.4 m This average
heigt was over 1 mtaller than the other species and nearly 2 m
taller than the second best Popul us clone (029). Robinia grow h was
highly variable both years, because it was an open-pollinated seed
source and was sensitive to heavy soils. Hwever, a nunber of trees
grew wel | and show pronise for the devel opnent of Robinia clones
adapted to conditions in Qi naga

B onmass/ | on Wt ake Dat a

Bucal ypt us canal dul ensi s (4019) and Popul us cl one (367) produced
the nost bionass the first growng season (Fgure 3). Hwever,
Bucal yptus canal dul ensi s had the greatest proportion of bionass in
woody tissue. Al three Eucal yptus clones had the | owest percent age
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of bionass inroat tissue (19%, wile Robinia had the highest per -
cert age (40%. There appeared to be no relation between root bio-
nass and survival among and wthin species. However, the geaer
survivd and gonth of Robiniainxeicda s mght be expl ai ned by the
greater root production rel ative to shoot bi onass.

There were also dif ferences in the ability of the species to accu-
nl ate sats (Tdde 5. Robinia had higher nitrogen content s in both
rod s and stemtissues, but foliage nitrogen level s were conparabl e
to the other species. Hwever, Robinia had higher accumil ation of
cdciunin the fdiage, dnest tothe taa exclusion of sodum This
trend fol loned for woody tissue as well. There were no dif ferences in
nagnesi umaccunul ati on. Popul us had hi gher chl ori de accunul ation
inthe foiage, but generaly loner levels in wody tissue. Long-term
accunul ation could inpact sal restoration or species perfornance if
excessi ve | evel s devel op.

Econonmic Analysi s

The Copanex mil| has the capacity to process 146,000 netric tons of
wood fiber per year but currently only processes 128,000 netric tons
per year. @ that quatity, 50%is short fiber from hardwood speci es
and 50%is sof twod fiber frompine. The rail lines comecting Qi -
naga to Ghi huahua al l ow direct transhi pnent into the sorting yard of
thre AvBuac facility. Grrently, the short fiber is inported fromthe
Lhited States. Gopamex of ficiads are interested i n devel opi ng dones -
tic sources o short fiber, and are wiling to purchase dl output from
Qinaga. Indeed, (panex has investigated the possibility of deve -
oping large-scal e production of Eucal yptus and other species near
Qi naga.

Table 6 present s the df ferences in estinated net present val ue
returns for forest production and atradtiond veste trestnent facility
for various interest rates ad over df ferent tine periods. The cal cu-
laiasinthet abl e assune that 424 ha are planted in Hical ypt us and
Popul us intheintid year, and then harvested in seven-year cycl es.
It is assuned that production a harvest is 160 tons/ha and that a
price of $0/ton is receved. Rgardess of interest rate o tine
period considered, waste treatnent coul d be achieved at | ower cost
wth fiber production than wth a traditional sewage treatnent facility.
Fber production requires less intid cagpita expenditure and has a
loner operating cost than atraditiond wvaste treatnent pant. O pa -
ticdar ineet isthelast linred Table 6, wiich is the actual budget -
ary savings to Qinaga fromfiber production. Intheintiad year, |oner
cautd oosts of fiber production saves Qinaga &2 mllion. The cunu-
lative savings over 28 years is nore than $7.4 mllion, conpared to
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constructing and operating a conventional wastewater treatnent sys-
tem

A inportant godl of sustainable devel opnent is the creation of
enpl oynent opportunities. This is an especiadly inport at issue for
Qinaga given the job | osses and acconpanyi ng decline in popu ation
experienced by the city inrecent years. Rotentia enpl oynent arising
frombi onass production is broken down into three categories: fiber
farmest abl i shnent, which occurs during the initial year and i ncl udes
Site preparation, planting, and irrigation; growth and nai ntenance,
whi ch occurs during years two through six and invo ves prinarily irri -
gation, and harvest, which occurs in year seven and includes har -
vesting activity (Teble 7). For each set of activities, 2,000 | abor-hours
per year were included for administration, including nanagenent,
organi zation, and secret arid support.

RECOMMENDATI ONS

The foundation has been laid for continued research on the applica-
tiond tree dat ations to the treatnent of nonicipa wvastewater by
vay of land application in arid clinates. Mny snall conmunities in
the border region lack suit able vastevater trestnent facilities. Fur -
thernore, these communities lack incentives to inplenent waste
nanagenent prograns. An approach that creates financial benefit s
for these conmunities has the best chance of ef fecting change. The
experience gained in Qinaga provides the basis for a sust ainabe
nodel of waste treatnent. Mreover, wth goroxiae infrastructure
devel opnent, Qinaga could serve as a valuable training center for
other border conmunities. The Qinaga nodel has short fiber pul p-
wood as the target outcone, based on the need in Chi huahua and
the availadlity of ral trasport. Hoever, other conmunities coul d
produce fud wood (for cooking o co-firing), pines for df ferent prod-
ws (incdudng QGristnas trees), speciaty hardwods, or even
anenity plartings for recreation

Akey tosuccess is theidetificaion of tree species sutade for the
target outcone. The three species used inthis nodel are suit dde far
pul pwood production. However, df ferences in groth rate, cd d-har -
diness, drought tderance, and salt tderance indicate a need for con-
tinued devel opnent of suitade plant nateria. Fomthis study, aly
one cl one each of Eucal yptus and Popul us aesutade for [ong-term
we There are sdlections of Robinia that could be valuable on
droughty soils. Hwever, propagati on techni ques nust be devel oped.
There are other species (Liquidanbar o Ra anus) ad cdtivars of
native cottomood that nay be better suited to Qinaga, wthitscd -
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careous soils, high evaporative denand, and |ong growng season.
Moreover, an evergreen sof twood species such as Hnus e darica
nay prove superior for wnter water use, wien deci duous species are
dor nant .

A successful 1and application systemincl udes not only an econom
icaly viable system but aso an environnent ally safe system Both
are required for sustardility. Gntinued nonitoring of ef fluent can
prevent endangering the treatnent process by cont amination wth
heavy netals or toxic organic conpounds, while nonitoring the
groundwater can mnimze the risk of conpromsing groundwat er
quality by overlocading the system Both wil require continued comt
nuni ty i nvol venent to prevent inappropriate dunping of toxic chem -
s
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