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ABSTRACT

o Land.treatment‘of'municipal wastewater'is reéel&iﬁg’inéféaéea’

- attention as a wastewater management alternative. .Additional research

is . needed to answer ‘economic and institutional questlons surroundlng .

its use.-»Research issues were categorlzed into system de51gn con31derat10n

and the impacts of land treatment systems. : : .

‘ Water pollutlon has been and cont1nues to be a. s1gn1f1cant env1ron—
.mental and econom1c problem for commun1t1es of” all s1zes 1n the Unlted
':States.' A major source is effluent fromvdomestlctand 1ndustr1al wastes
“whlch is directly or 1nd1rectly dlscharged 1nto streams, rlwers, and
véroundwater supplles. e
| Federal and stateblaws were passed totreduce water pollutlon.»lThe‘r'f
"1972 Amendments to the Federal Water Pollutlon Control Act Publlc
:“Law 92—500, requlre all publlcly owned treatment plants to process
their. wastewater to the level of secondary treatment by July 1 1977
: Zero d1schar"e of pollutants to nav1gable waters by 1985 has been set
n:as a natlonal wastewater management goal. KN | |

: Communltles faced wlth meetlng the leéal requlrements for wastewater
ptreatment will closely evaluate alternatlve treatment methods to determlne
the most cost-effectlve,method‘to;prov1de'secondary‘andctertlary«treatment.
Thehbasicbalternatiwes:for;advanced wastewateerreatment-are;landptreatment,'

‘ padwanced'biologicalvtreatment; and:physical—chemical:treatment._ The land

*PreSented at the American Agricultural Economics Association Annual
Meetlng, August 12, 1975, Columbus, Ohio. : The opinions expressed in this
_paper are those of" the authors and ih mno- way reflect Econom1c Research

~ _Service, USDA pollcy.,- : ' : -



aiternative is receiving incfeéséd attention because of specific pfoﬁisions
in the Waber Pollution Combrol Act Amendments of 1972. These are the

firsﬁ fede;élriaws théf specificélly'encouragé land treatment>and authpriie‘
fedéralvconstruction grants to state and logal égencies to assist in the
establishment of such syétemé.: Subsection 20l(d) of thérl97é Amendments
encoUrégésrwastewater tfeatmént which results in fheiéonstrUction of |
révénue prddﬁcing'faéilitiesvproviding fof: (l)‘the recycling of potentiai
Asewégé»poilﬁtants'thrbugh égriéulturai‘andbforesfry,productiqn; (2)jthe:
reclamation of_wastewaféf;-andv(3) thé'ﬁltimafe‘dispoéal_df sludgés int

. a manner not‘harmfui io thevenvirOnmeht. Waste freatment management is
encouragéd théflcombines.open sbacé and reéreatibnél:considerations, and
~that integratés faciiitiés for sgwage‘treatment aﬁd recycling'to_treat,
vdispose.of; df utilize chef indusfrial anaxmunicipal'wastes. ;> |
._Land treatmenfbréfers ﬁo‘the épplication of wastewat§r énd;sludges
Vto.laﬁd,:*Generallyvit is ﬁatéfiéls ffd@“municipal»and iﬁdustrial sources
that_have féceived primary andZSecondaryAéewﬁge treatment!pfidr té ité
application. The soil and agriculturai cfopé or'féféstsvtheﬁ_adsofb aﬁdv
filter.ﬁitrétes, phoéphétes, and:otherxelementsbfrqm the effluent and
éiudge. Thevremaining "pﬁfified" water‘dréins fhroﬁéh the‘soil to |
reéharge the groundwater'orvfo returh Via.undérdfaiﬁé to a wafervéqurSe.

: Data»Qn:the,"iiving filter" gonéept-hés been coliected af The Penﬂsylvéﬁia
State University since 1963 (Kardos). Muskégon County, Michigan has
recéive@ nationalAattention for its wastewater irrigafion projécf,

where a lénd treatmént‘system’wili eventualiyvfreat the indﬁstrial and
muhicipal'Wastewatef»ffoﬁ approximately;iG0,0ob people.(Béuer);- Several.

comminities in the sQuthweastern United States have operated land disposal



systeﬁs for 40 years. SaxlAngelo,Texas_stérted wastewatéf irriéation ‘
in 1933 Whil‘ev Bakersfield, California began in. 19‘39- (Sullivan).

This report will identify sevérai afeas for additional economié
research felated‘té land‘apﬁlication of‘wastewater. kPotential research
'topics range from specific system congideratibns.to broad regional
aﬁd natidnal effects. Table 1 lists research priorities idenfified'at
four ﬁorkéhops-on,the economics of land treatment of wastewafér, and

‘serves as a departﬁre'point for suggestions for additional research.

§ys£em,Design Consideration
Technical and economic issues related_to the establishment and
operation of a land treatment system include: sysfem seleétidn and

costs, land acqﬁisition, fihancing, crop selection and marketing.

‘Issue: System Selection
Waétewater‘can be'applied‘fo.land through three basié methods:
irrigation, o#erland'fléw, and rapid infiitratioﬁ (Pound and Crités)
' Bach method:has its unique charaeteristics to be t?ilored to the pafticular
: Situationf Ifrigation is the controlled dischargevof effluenf,-by
spraying or surface Sﬁreading; on land to support'plant growth through
ﬂ‘infiltfation and peréolétion within the boundaries 6f-the disposal site.
‘Overland flow is.the.controlled discharge onvlénd with dbwnslope sheeﬁ
i flow‘over impérmeable subéoils. It is barticularly useful wﬁere low
:: soil permeability prevents wéstewatér from penetréting or mbving through
the SGil profile; Répid infiltrafion is the spreading of'liquid-on land

with high rate infiltration and percoiation of the effluent into the soils.



o Table 1. Economlc 1ssues raised durlng four Workshops on land appllcation
of wastewater.¥

. N . ’
| | L F & 8 &,
TOPIC - . - , . R g &
, : L f R S . N RS
_ o B < & Q-
foon51deration of the total system : _ VE**  VH H N
Data collection : S : dv ‘H_ C o ﬁ»
:Prbduction’relationships' T | CVH
- Risk evaluation' : L ' : - H N N
' SenSitiVity analySis ; R :v Co T H

o CostieffectiveneSs of land treatment with .
differences in land quality, site location,

distance, and climate . - F'VH . VH N Z’AVH‘
Management problems (system monitoring , v
- can be traded off against site preparatlon) : H
‘.Land ownershlp vS. leasing C ‘ - ' 1 | H B vﬁ

Incentlves to use land treatment (cost sharing
taxatlon community grants, pr1c1ng of serv1ces,

and- payment options) : , . e VH . N O i
Regional and communlty effects"b : | ' VH VH- VH
>Comhunity;size (economies of scale) - "; | va  H |
:Storage and winter application B vr . v JVH S L N
.APPlying ra& or partiallY treatedbwastesj - ‘d.i i | |

‘_ User charges ‘, e ‘f A v‘_ . : I ‘vVH: N
Product marketing o jl'; R o S v ,f VH
- Minimize energy requirements /,‘ o : - o . . '_' f:‘ﬁH

. Feasibility of using land treatment for
purposes other than crop production’ oo 7
(reclaiming land, salt water intrusion) . . - R _ "

Value_of wastewater treatment , ’ o : r';,i N

'¥Sources:; Stﬁcky; North;,Miller, Frey

**Priority ranking: VH_é very high, H = high, N = normal



t'Unlike‘irrigation this system is'primarily a Waste'treatment system o

de51gned to handle volumes of wastewater far 1n excess of 1rr1gation rates.,
In their discuss1on of land treatment costs Pound and Crites state

,that spray irrigation is the highest cost per unit treatment'system'f

bfollowed byioverland.flowlwith rapid infiltration the.least expensive,

~ Reed indicates:that the highest level of renovation“occurs withrspray‘

. irrigation and the least with rapid infiltration.

Issue: -System Costs

| A model to evaluate land applicatlon would include: a'costvfunction'
for land treatment a cost function for an alternative treatment method
a‘crop vield function,.a damage function for land treatment,_and a damage._'
functionpfor alternative.treatment_technidues.‘ A.model which shovs;that
the marginal cost of alternative treatment technology affects'the optima1A
appllcation rate was developed by Seitz and Swanson. Their model p01nts
'out the need to max1m1ze profits or net benefits; not total yields or
»benefits. -

‘dA simulation model for land treatment can be developed using»either;'

engineering or statistical‘cost data. 'fradeoffs‘can be.made'between:

.pumplng and transportation costs and land or site 1mpact costs. Higher

tf:land prices 1mply more 1nten51ve land use (higher application rates)

"Asvwage rates rise one would expect capital'to be used more intens1ve1y.:
Higher‘energy-?rices encourage the use of land treatment,‘since‘it uses
:relativelv}less energyl/ and'provides substitute nutrients:for higher
priced commercial:fertiliaers. .Changes in cropfprices; treatmentAregula-'
tions;ttypes;of‘svstems,'cover‘crops;,and application ratesfshould7be

2/

. evaluated to determine their effect on the entire system.



‘ The APWA on—site survey (Sullivan) found that 73 percent of the. 51tes
‘.serve less than 5 mgd (50 OOO people) In the mall survey n0’commun1ty
serv1ng over lO mgd was found ThlS 1mp11es that land application may
‘have'advantages for smaller'communities. Research»is_neededbto show the‘

" impact of community size on the feasibilityiof land treatment.

,}Issuef Land‘Acquisition and Management.
Land treatment requires rights to land held by farmers. AlternativeA
options exist for acquiring and managing land treatment systems. landlf
can be controlled through fee 51mple ownership, less than fee s1mple}
ownership (easements), or contractual agreements-(leas1ng). Management
options 1nclude purchase and manage, purchase-and leaseback, contractual
7lease agreements, and cooperatives. A recent survey of treatment 31te
‘v,ownership (Young and Carlson) ‘found approx1mately 50 percent of the surveyed
s1tes were privately owned. Costs w1ll vary and 1nfluence the 1nstitutional
_options. ’Site selection andiovnershipywill he‘determined hy‘land_cost,
zoning, land'use regulations, local'residents,;local taxing policies,
and type and avallability of financ1ng. Further research.is‘needed'to _:
evaluate acquisition and management options in light of actual system '
‘experiences. | | |
uLand'cOSts are generally inversely relateddto prorimity to urban'
centers, butipumplng costs 1ncrease w1th distance. The median land value
in the: APWA survey was $5OO per acre (Sullivan), and ranged up to $2000
.per acre. The total purchase price of land should not be charged
‘against_the progect, 1f_1tyis used‘for»multiple,purposes.- Only»the,land

costs directly-related to-wastewater renovation.should be,included.



Issue: Financing -

B Wastewatervtreatment is expensive. ~A1ternatives to'payﬁfor capital
bcosts and operatlng and malntenance costs 1nclude sale of bonds, taxatlon,’

'state and federal grants, sale of effluent and sludge, sale of crops, and ’

‘prlclng of Water and.sewer serv1ces. )

'If hearyfmetals are,a'Problem,'a'surcharge can be»uSed-to limit
1ndustr1al d1scharge. However thebuse'of‘a surchargeamust be tradedi.-
off aga1nst economles of scale in waste treatment t1m1ng of waste
product1on and 1ndustr1al employment in the communlty.

F1nanc1al 1ssues w1ll affect the rate of adopt1on of land treatment
vThe effect on the local tax;base should be analyzed. . The Muskegon prOJect
. makes an annual payment to the tax1ng author1t1es based on the1r property
value. Government cost sharlng affects des1gn operatlon kand management _
of'wastewater'treatment fac111t1es. Under the current law,»land_whlch
is an 1ntegral part of the treatment process 1s e11g1b1e for cost sharlng
'h but_other land is not A blas may exist for or aga1nst land treatment
"depending upon nhich process requ1res more 1nputs that are ellglble for
a subs1dy—-convent10nal treatment or land treatment. Carlson and Young
.'found that prlor to the 1972 Amendments a blas agalnst land treatment
ex1sted 31nce land costs were not e11g1ble for - subs1d1es.

Issue: - Crop Select1on

Pound and‘Crites'listhhigh water tolerance; nutrient uptake, salt;”‘
ttolerance; marhet Value; and"management.requirements as influenclng crop
selection.FﬁGraSSes.such as reed'canary grass remove more.nutrlents than
vrow‘crops‘1ike'corn‘silage.‘ Sllage has a hlgher market value and Tower -

‘renovative capacity. Informatlon on. the 1nterrelat10nsh1ps between‘



crop yields, application rates,‘effluent-composition,'weather,‘and5soil
’ types is needed in order to make comparlsons between crops, appllcatlon -
“rates, and renovatlve abllltles.

lssue:' Marketlng

In many 1nstances a marketahle by—product results from wastewater
',management The~by;products-1nclude 1rr1gat10n water.and nutrlents,a
adrled sludge, composted sludge, agr1cultural crops, reclalmed land and ;

f sod productlon.i Research 1s needed to determlne how to manage wastewater-

l‘treatment systems‘to max1mlze‘economlc galns from by—products whlle

malntalnlng adequate renovat1on.

The waste constltuents can be sold as they‘come from the pretreatmentf»x
.astage.p To develop markets for sludge and/or effluent factors wh1ch
'-1nf1uence acceptance by the agr1cultural communlty and cost shar1ng
arrangements must be 1dent1f1ed Effluent and sludge are comblned

»iproducts of'water, humus, and nutr;ents.:vdgfarmer must berw1lllng to
'accept‘allbor'none‘of;the:parts. ‘If he'has afclay soil, .he may not want

“l'the water, uherefore the value of sludge or effluent is 1ower to h1m ”

:.than 1f he had a sandy s011 whlch needs water.' | | |
"As,the»value of water 1ncreases, sewage effluents.may;he,recycled ini
new ways, especlally«in'arid regions;, For'emample,\ColoradodSprings;} |

:Colorado has a dual water system one for potable ‘sources and the other
- for 1rr1gat1ng lawns and flre flghtlng (Sull1van) Inflltratlon-percola-

‘tlon 81tes and overland flow 31tes can reallze economlc benef1ts from
t ‘A:selllng_reclalmed waterty‘Phoenlx, Arlzonabplans_to sell waterppumped )

from itswinfiltrationepercolation systemlto»irrigationidistrictsx



| Reclamat'ion"oif 's'tr’ip mined lands and ‘r'ééhai,«g.e,b_f g'féuhawgt_ef incre_ase"
‘thervalue'offwastewaters; especially'in humid.areas; |
Initial attempts to market effluent or s1udge Should'proceed'éradually;‘_.
A mun1c1pa11ty could start w1th onie farm as a demonstration project and
‘~»gradually expand through a system of blds. Potential users can be
Hencouraged to locate in a given area through the prov1s1on of -free’ serv1ces
" such as development aid. .The. marketing system can ‘be establlshed m51ng
E either 1n—house or marketing consultants and long term agreements. Payments
maj have to be varied to take 1nto account the loss of flex1b111ty in-
farm operation. It may be-best to contract_w1th farmers for. the use of
‘their land,. Cr the'wastewater:authority'can purchaselthe land_and lease
.it to farmers,:as the Metropolitan Sanitary.ﬁistrict"of'Chicago doesv’
 with a 1a.f~gé portion of its Fulton County lands. ,
l, Current marhet price is only one'criteria for crop. selection.r The
a elastic1t1es of* supply.and demand 1n potential product and factor markets
also need analy81s. Such analy51s may show that the best procedure 1sb
to develop,a:market for‘a loulvaluedmcrop~w1thva,high renovativetabillty,v
:suchhas reed.canary,grass;fhin,some locations it'may_be possible to
'.derelop;mérkétslfor wastewater'such aS’sod‘farms; landscape”nurseries,.
fish farms, bait production, and greenhousesgl‘Whilelnonevof these:use>'
IESignificant quantities of‘water hy themselves; they:do in combination,-
‘:‘The availablllty of low cost (or free) water, nutrients, and organic
materlal may be a suff1c1ent 1nducement for these 1ndustr1es to develop

’or to shift locations.
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- Impacts of Land Treatment Systems

”f The'operatlon‘of a land application site*can.haue'aasigniflcant'

' impact'on the local‘and regional economles. Three of the four workshops N
on research needs a581gned very . hlgh prlorlty to measurlng these- uupacts.l
(Table l) Other 1mportant 1mpacts involve publlc acceptance and under—"
',h standlng, equlty in pollutlon control, and the value of the Zero dlscharge .

goal-f

IsSueﬁ, Impact-on\hocal.andAReglonal Economies‘
" Land of sufficient‘ type and areafis’required:to-handle the wastewater
design load. It also requlres capltal and labor that mlght be put to y |
"alternatlve uses. The compos1tlon of the local economy can be altered i
-hfthrough restrlctlons or surcharges on sewer dlscharges (e.g. m etals).
.Industry can be attracted to a communlty by the avallablllty of a well
'voperated treatment fa0111ty.p The constructlon of a wastewater treatment
fac1llty (land treatment 1ncluded) w1ll increase reg1onal 1ncome through ’
a local multlpller, espec1ally when local labor and constructlon flrms are
:.used Larger projects w1ll exert a contlnulng 1nf1uence on. employment tax f
:’base, property value, serv1ce‘needs, and the area s crop productlon. ;Land,
'treatment of Wastewater is expen51ve. It is estimated that the-net annual
.costs of a 1and appllcatlon system for a communlty of lO OOO are. $262 OOO
- .as opposed to $3h5 000 for tertlary treatment (Councll of Env1ronmental

3/

Quallty).—- A study 1s needed to evaluate changes in sales and 1ocal income:

‘as the local economic-structurevchanges.E/
"A,land treatment system can;influence the.local channels'for production.r'
supplies and’product marketing..,If-agriculture‘becomes more intense, inputs

 of seed, petroleum products, machinery, and fertilizer may increase._
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However, depending'upon the substitution of nutrients in the_wastewater

E for commercialafertilizers, these sales could decline.

.Marketing,could change'considerably depending uponcchangeswin>cropplng"

:patternsyand yieldspaSSOCiated wlth land treatmentt_‘Additional research is
o needed to;developvaISystemrfor estimating these impacts ln:particular |

psituations.i In‘the area of nutrient suhstitution'there is'arneed to\
1dent1fy the _key parameters determi_ning the p_otential.nutrient_i"savings_ 4

from wastewater and sludge applicationyto crops.

" lssue. Publlc Acceptance and Understandlng of Land Treatment Systems

| ; Whlle land treatment systems are belng successfully operated through—
,;out\the country, publlc oplnlon can prevent the development of’add1t1onal
sites and has done so. Wlth the 1ncreased probablllty of more systems ‘

-being developed, there.isva need for improved understanding of attitudes

toward land}treatment of wastes. Questions are raised about the health

'effects.of land treatment. An economic approach'to“thiS'issue is:needed_

to relate'the;costs of_alternative leyels of .treatment to,the prObabilities
v.of diseasevincidence;.'The concept of,marginal costsrneeds'greater
application as an alternative to the absolute costvapproach,COmmonlybf

~advocated by phySical:scientists.

Problems”of‘Siting'land application facilities/may_be similar to those_

3encounteredjin.siting sanitary landfills. Planners will discover that

personal 1nvolvement w1ll create an 1ntense commltment agalnst a prOJect

\

'espec1ally when people feel that they are flghtlng to protect the1r homes, k,

_thelr Jobs, andvaesthet;c or recreatlonal areas. A land treatment site
j can be incdrporated into a land use plan to preserve open space near

'communities; The facility can be operated as parks, golfvcourses, hiking
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: trails; or aslagricultnral fields wdth no public_access; Onlthe‘negatinei
side, afﬁoorlyﬁmanaged sYstem Will create_increased vector nopulations,;
"rodent. populatlons, and odors.. | -

When the land appllcatlon 81te is located outside the politlcal
‘jurlsdlctlon of the supplylng reglon, addltlonal psychologlcal concerns
develop over belng the reclplents of someone elses wastes. Publlc attitudes c
ldlffervconcernlng acceptlng land appllcatlon of wastes from a distantfcity
:than applicatiOn to solveba 10cal ﬁroblem; .The cost analysisﬂof the.trans— -
‘port of - effluent or sludge from a city such as Washlngton D C. to the
country51de may have to 1nclude extra safety, precautlonary, and public
‘relatlons factors. The,c1ty mlght want to.de31gn the,system so that com-
mun1t1es located in the appllcatlon area can hook 1nto the land treatment :
fa0111ty aS'an,extra.lncentlvevfor.the rec1p1ent of,the‘wastes. It is
essential that sOme,sortvof'compensatlon to'the receipients'be included
.lnlthe-planniné;':In.arld_reéions the‘value of the yater.may be.sufficlent,
CGmpensation. Injdther-areas reclamation10f strip'mined lands-and -

groundwater”recharge mayuincrease the'value‘of_the effluent.

Issue: Equity in Pollution ContrOl :
The benef1c1ar1es of pollutlon control in streams ‘often do not bear

the costs of'waste management. The ch01ce of.a land treatment system to

"attaln a publlc pollcy goal may force a few to- pay a dlsproportlonate

_ share of the cost For example, if a" farmer is forced to sell hlS land
. for the development of a land system he 1s paylng a greater share of the
costs than is the 1nd1v1dual-1n the served area who may have-to.pay only .

& slight increase in taxes for the treatment system. In‘many'instances
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small rural communltles w1ll be requ1red to achleve h1gh level wastewater~
".treatment s1nce‘they are located on cr1t1cal watersheds. Research ls. -
: needed to.1dent1fy the 1mpact on communlty f1nanc1al structure and s
':development needs and to 1dent1fy 1nequ1t1es in publlc pollcy ch01ces.k

'Issue* Value of Zero D1scharge Goal

‘Much of the work of 1dent1fy1ng the most eff1c1ent method to meet
’:-clean water standards can be thought of as a sub—optimlzation effort.b
Addltlonal research 1s needed to specify a range of water quallty levels '
-v1n a particular stream, Wlth expllclt 1dentif1cat1on of the costs toy |
- attain each 1evel. Improved cost-beneflt analys1s is needed to better :
speclfy the value of a cleanistream and to determlne how the value of o

nutrlent and BOD removal varles Wlth the locatlon of the stream

Summari o
The solut1on of wastewater management problems requ1res a multl-

'd1sc1p11nary approach ut111z1ng the skllls and knowledge of soc1al,

'__blologlcal and phy81ca1 sclentlsts. CIf 1and treatment 1s a feas1ble

'f‘solutlon to the problem, the economlc and soclal 1mp11cat10nskof th1s _{T
‘ treatment technology need to‘be evaluated ‘Thlsrdlscuss1on‘has‘focused E
:on some of the economlc 1ssues.and research needs. relat1ng to land B

-‘treatment of mun1c1pal wastewater; | | | | o

| The 1ssues have been categorlzed as those relatlng to system de51gn o
‘.conS1derat10nsiand the”lmpacts of'land'treatment systems. Three-ba51c
‘ltechnlques for land appllcat1on of wastewater are 1rrigat10n, overland
Tflow -and rap1d 1nf1latrat10n.r The econom1c'advantage of any alternat1ve‘

'-should be evaluated 1n congunctlon w1th other treatment technlques‘
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‘.‘be;inéorﬁéfated int§>16cal 1énd use'plansitéip:éséfvé opén spage;hear .

/ metropolitén'cbﬁmuﬁifies."Additipnal prleems wjllvocéﬁrjﬁéén_intéﬁf'
.regibngl?transférs of.wéétes are‘p1anh¢d.‘.Péyéhologicél féarszoiéf |

.heélth ¢§ncerns'andvbeiﬁg:thé fécipientiqfléomébné eiséé’wastes*dah'be

sﬁajéf{foédblpcksvtoriaﬁd %reatméntvsysteﬁs. iﬁpfo&ed framéworks':
are,needéd-to me§suré:fhefbehefits’and coéts-of;reduéed water_pdliufion .

' and to identify who benefits and who pays the costs.
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_Footnoteé

Assuming that the spray f1e1d 1s one half m11e away from the treatment
plant, a 10 mgd spray 1rrigat10n fac111ty will use 9, 824 KWH per day.v
If an equlvalent level of treatment is achieved using coagulation—filtra—
o tlon, energy consumptlon w111 be 13 829 KWH and 265 000 000 BTU per day
i(Counc1l of Env1ronmental Quality) |
g-/It»:i.s not’necessary-forleach facility to purchase hafVésting equipﬁent.
It can beileased on an as needed basis or a‘farmer can be Hired to harvest
. the crop.
_-2 These values areffdrvwastéwater treatment-dnly.' Collection costs are
not included.
ﬁ/Chaﬁges can occur in’revenué'fdr_trucking‘firms”and'agribusiness firms, .
in local land valuessland'aé new industries'such'as_SOdffarmihg'and :

- greenhouses develop.
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