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EXECUTIVE SUMMARY

Much ofthe domestzc and Industnal wastewater dzscharged In Peru recezves bttle or no
treatment before It enters rivers and coastal waters ThIS lack of treatment has caused
slgnzficantpollutzon at numerous locatzons along the Peruvzan coast The pollutlOn represents a
human health rzsk as well as haVing an effect on the marzne ecology of the area Hzgh
mvestment and operating costs are a major barrzer to znstztutIng wastewater treatment at many
locatzons

As a group, the fishmeal mdustry dzscharges one of the largest loads ofsobds Into the
coastal waters The ma.Jorzty of thzs dzscharge zs bzologzcal m nature and has a bzologzcal
oxygen demand (BOD) equzvalent to a czty ofmore than 6 mIllIon people GIven thIS large load,
any progress m reduczng the Impacts of the wastewater dIscharges from the fishmeal Industry
wzll szgnzficantly zmprove coastal water qualzty

The wastewater from the fishmeal mdustry contazns large volumes offish solzds as well
as nutrIent loads (przmarzly mtrogen) The recovered solzds have potentzal uses as a fertzlzzer or
protem supplement mammal feeds The nutzrzents have posszble applzcatlons zn stlmulatmg
growth ofalgae whzch can be used zn nutrlceutzcal, pharmaceutIcal, or ammal food supplement
appllcatzons Recovery and sale of these products could help offset costs for any needed
wastewater facllztles At the same tIme, development of the ammal feed / fertzlzzer and
aquaculture zndustrles couldprovIde addztionalJobs for local reszdents

A conceptual deSIgn for provldzng treatment ofthe fishmeal dIscharges zncludes an Imtlal
step to remove and recover solzds These solzds can then be marketed ezther locally or
znternatlOnally as an ammal food supplement for cattle, poultry, etc The treated waters contazn
a hIgh level of mtrogen whzch has value In supportzng algal aquaculture Promlszng algal
speczes whIch could be cultured znclude Ulva, Spzrulma, and Gracllana, among others The use
ofthese waters zn growmg algae can result Infurther zmprovements In water qualzty The waters
exztIng the aquaculture system can then be dzscharged through a wetland system deszgned to
grow an addltzonal product (e g Salzcorma) and/or to support wlldlzfe commumtzes The waters
whIch then enter coastal waters should have undergone a hzgh degree of treatment leadmg to
much Improved coastal water qualzty

A low cost, low technology wastewater treatment system can probably remove up to 60%
ofthe solzds load expected zn fishmeal plant dzscharges However, the remaznzng nutrzent and
solzds could overload an aquaculture system wzthout addltzonal dzlutzon Such dzlutzon may
requzre pumpzng of seawater A hIgh technology protezn recovery system, on the other hand,
may be able to remove up to 99% ofthe solzds load ThIS system could have hIgh lmtlal costs to
znstall and operate However, these costs may be offset by the effiCIency ofthe system and the
volume ofmatenal that IS recovered and can be marketed throughout the world

The conceptual deSIgn indIcates that the feaslbzllty for such a system IS good However,
addItIOnal znformatzon WIll be requzred to defimtlvely prove the concept of a treatment and
aquaculture system PIlot scale studIes WIll be requzred to generate these addItIOnal data These
could mclude both bench andfield scale pIlot mvestigatzons

The SeaCrest Group
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The ObjectIve of thIS study IS to evaluate the feaSIbIlIty of a range of treatment optIOns to
deal WIth wastewaters from fishmeal plants and domestIC wastewaters The emphaSIS IS on the
productIOn ofvalue-added products as an adjunct to the treatment of these dIscharges

A number of projects are ongOIng In Peru to deal With these Issues These Involve waste
mimmizatIOn In the fishenes Industry, deSIgn of wastewater treatment programs for CItIes, and
regulatory efforts from PeruVIan envIronmental authontles to compel mdustries to adopt
envIronmental management plans In thIs context a deSIre for cost-effectIve, InnOvatIve optIons
eXIsts

Almost half of the PeruvIan populatIon lIves along the coastlme A large proportIOn IS
congregated In the Lima urban area It IS mevitable that COnflIctS anse between vanous uses of
the coastal area Manne pollutIOn caused by domestIc and mdustnal wastewaters IS a growmg
envIronmental and health concern ThIs IS especIally true m areas such as Pisco-Paracas where
fishmeal factones are numerous and close to senSItIve marme habItat reserves

1

1. INTRODUCTION

USAID Wastewater FeasIbilIty Study

1.1 Problem DefimtIon

The mam fish proceSSIng areas (paracas, ChImbote and PaIta), many smaller harbors, and
the LIma-Callao urban area show SImIlar symptoms turbId waters, anOXIC bottoms and heavy
eutrophIcatIOn of bay waters These Impacts are often combmed With severe odor problems and
fish lalls A large portIon (perhaps half) of the pollutIon causmg thIs SItuatIOn IS caused by
dIscharges from coastal fishmeal plants, whIch untIl recently released all wastewaters untreated
DomestIC wastewaters are also released untreated all along the coast Improvement In water
qualIty IS contmgent on eIther decreases m the amount of wastewater dIscharged or better
treatment

Peru boasts 2,414 km of PacIfic coastlme The cold Humboldt Current runs northwards
along most of the length of the country, contnbutmg to one of the most productIve fishenes m
the world As a result, Peru IS the world's largest fishmeal producer The natural productIVIty
also supports a nch bIrd and marme mammal commUnItIes on the coast In prevIOUS tImes, thIs
supported profitable guano and huntmg mdustnes Nowadays these same bIrds and mammals
represent a valuable tOurIsm resource

TradItIOnal approaches to wastewater treatment have typIcally used an "end-of-pIpe"
approach to clean up the dIscharges by usmg conventIOnal technology These approaches
represent a pure cost, as no dIrect benefits (beyond water qUalIty Improvements) are achIeved
However, It IS dIfficult to obtam mvestments m energy and knowledge mtensIve technologIcal
solutIOns m developmg countnes UltImately, treatment technology whIch proVIdes a return on
mvestment through recapture useful products or other anCIllary benefits may have a better chance
ofadoptIOn and ImplementatIOn
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1.2 Regulatory Framework

1 2 1 Flshmeal Wastewaters

2

MaxImum Contammant LImIts for fishmeal wastewaters were Issued m 1994 (R M 478
94-PE) under authonty of the General FIshenes law (D S Ol-94-PE) The lImIts for pumpmg
waters are lIsted below However, on Apn121, 1996 the outgomg MInIster ofFIshenes annulled
these lImIts Currently, there are no enforceable effluent lImIts for the mdustry

Smce 1994, eXIstmg fishmeal plants have been reqUIred to file EnVIronmental
Management Plans whIch detml strategIes to Improve envIronmental performance The PAMAs
are currently under reVIew by the MInIstry although many of the fishmeal plants are proceedmg
WIth VarIOUS measures to reduce emISSIons These efforts focus on waste mInImIzatIOn as well as
on recovery optIons for mdIvIdual waste streams The scope, applIcabIlIty and enforceabIlIty of
the measures presented m the PAMAs are stIll under debate

The fishmeal mdustry consumes the maJonty of the landed "anchoveta" fish Durmg the
fishIng season the fleet fishes contmuously and the fishmeal factones essentIally operate around
the clock The mdIvIdual mdustnes are regulated by the MInIStry of FIshenes whIch IS
responsIble for dIscharge lImItatIOns and other envIronmental regulatIOns applIcable to the
mdustry The MInIStry of FIshenes has focused on two approaches to envIronmental regulatIOn
of the mdustry a) the promulgatIOn of MaxImum ContamInant LImIts (MCLs) and b) the
ImplementatIOn ofEnvrronmental Management Plans (PAMA) for mdIvIdual factones

Smce the fishIng mdustry IS such a cntIcal part of the PeruvIan economy, the actIVIty IS
stnctly regulated The PeruvIan InstItute of the Sea (IMARPE) IS responsIble for mOnItonng the
fish populatIOn and catch and sets catch-based fishIng seasons to mamtam sustaInable yIelds
FIshmg seasons, whIch may open and close on short notIce, are regulated by lMARPE The
extent of the fishIng season IS vanable and may last up to SIX months WIth temporary halts
("vedas") m between It IS therefore ImpOSSIble to predIct exactly the length and scope of the
fishIng season

Pumpmg Water Limits

5-8 5-8
37,000 mg/L 35,250 mg/L

700 mg/L 350 mg/L
800 mg/L 400 mg/L

2000 MPNI
100 mI

Instantaneous Dally AverageParameter
pH

Total sohds
011 and grease

BOD
fecal cohforms (for

domestic discharges)
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A partIcularly contentIOUS Issue has been the dISPOSal of pumpmg water Several plants
have proposed the constructIOn of underwater pIpelInes and offshore dIscharges The status of
these plans are not clearly settled at thIs tIme as authontIes responSIble for the manne

The SeaCrest Group
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1 2 2 DomestIc Wastewaters

1 2 3 Regulatory ImplicatIOns of FeaSIbIlity Study

1 3 1 Strategy

3

LimIt
5-85

85 mllllhr
lOOmg/L

35°C
lOOOmg/L

Parameter
pH

Settleable solIds
OIl and grease
Temperature

BOD

USAID Wastewater FeasibIlIty Study

1) The system should represent best practIcable treatment (BPT) In terms of effluent water
qualIty, whIle maxImIZIng cost effectIveness by prodUCIng recoverable products or by
products whose commerCIalIzatIOn could help offset, or Ideally cover, the cost of operatmg
the system

ResponSibilIty for domestIc wastewaters m Peru rests With the appropnate sewerage and
water authonty In the Luna regIon, thIs authonty IS SEDAPAL promulgates discharge
lImItatIOns The Industrial DIscharge RegulatIOns, D S 28-60 SAP L specify the followmg
discharge lunitS for mdustnal users ofpublIc sewer systems

ResponSibilIty for the manne enVIronment IS shared among several agencIes IncludIng the
Peruvian Navy, lMARPE, and the Port CaptaIncy There IS no centralIzed agency WIth
responSibilIty for manne environmental Issues although lMARPE momtors Peruvian waters for
environmental parameters

and environmental NGOs (Non-Governmental OrganizatIOns) have expressed skepticism about
the value of these approaches

The feaSIbIlIty study was deSIgned to address treatment technology appropnate for
fulfillIng the follOWIng baSIC reqUirements

There are currently no discharge lImIts for domestic wastewaters Indeed, most domestIC
and IndUStrIal wastewaters are dIscharged to the recelvmg bodies WIthout any treatment
Numerous plans and programs are currently under development to unprove water qualIty of
recelvmg waters by dlvertmg discharges and/or constructmg manne outfalls

ThIs feaSIbilIty study IS not contIngent on any current Peruvian regulatIOns It IS a
conceptual report prepared at the request of the USAID to explore potentIal optIOns for dealIng
WIth water qualIty problems along the PeruVIan coast

1.3 Approach To FeaSibilIty Study
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1 3 2 AssumptIOns

Some assumptIOns underlymg thIS feaSIbIlIty report are

4) Whenever pOSSIble, anCIllary benefits m the form ofenhanced natural values, tounsm, etc
would be encouraged

4USAID Wastewater FeasibIlity Study

2) Fishmeal dIscharges are much more concentrated than eqUIvalent volumes of domestic
wastewater The cumulatIve dIscharge of fishmeal wastewater may exceed 35 mIllIon m3 of
water which IS eqUIvalent to approXImately 250,000 people However, In terms of pollutant
load, the cumulatIve fishmeal Industry contnbutton IS eqUIvalent to the dIscharge of between
6 and 20 mIllIon people GIven that the coastal populatIOn of Peru IS less than 10 mIllIon, It
IS lIkely that over half ofall coastal pollutIOn In Peru IS caused by the fishmeal mdustry

1) DIscharges along the PeruVIan coast come prmcipally from fishmeal plants and domestIC
wastewater WhIle sIgmficant pollutIOn may ongmate from mdustnal sources, (e g m Ilo
and ChImbote), these dIscharges are not conSIdered In this report

5) Fmancmg and operatIOnal responSibIlItIes for the system should be deSIgned m such a
way that vanous combmattons of publIc entities, entrepreneurial enterpnses, and dIschargers
could partICIpate m the process No pOSItIOn has been taken on the expected or deSIred
diVISion ofresponSibIlIty at tlus tIme

2) The system should treat reSIdual waters to such an extent that theIr release mto the
enVIronment does not aggravate eXIstmg problems and that contnbutes to long-term
recovery of recelvmg waters Smce evaluatIOn of eXlstmg pollutIOn problems were not
WIthm the scope of thIS report and dIscharge cntena are relatively undeveloped m Peru, the
evaluation uses effluent water qualIty cntena that m our expenence can fulfill thIS ObjectIve

3) The system should operate With appropnate technology for current conditions m Peru
Therefore the system should a) mcorporate as lIttle Imported, energy-mtensive or hIgh
technology components as pOSSIble, b) not reqUire speCialIzed personnel unavailable locally
or which could not be tramed locally, and c) take mto account local levels of mfrastructure
development, mcludmg energy supply, transportatIOn, and constructIOn technology

The scope of the feasibIlIty study calls for a conceptual framework to develop the
treatment optIOns for fishmeal plants and domestic wastewaters along the PeruVIan coast Other
agenCIes and responSIble partIes are currently workmg on speCIfic projects mvolvmg coastal
pollutIon problems This report mamtams a conceptual approach With Wide applIcabIlIty to
dIfferent condItIons and does not deal With speCIfic SItuatIOns For thIS reason, speCIfic studIes of
wastewater compOSItion, water volumes, or receIvmg body water qualIty were not performed
Data underlymg the feasIbIlIty study were based on mformatton collected dunng prevIOUS work
m Peru and the Umted States Data speCIfic to the PeruVIan fishmeal mdustry were based on
mformatton proVIded by mdividuals mvolved m the mdustry locally
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4) For the purposes oftlns report, fishmeal plant effluent charactenstlcs are assumed to be as
presented m Table 1 Data used for tins sectIon are based on mformatIOn acqUIred from
several sources m Peru Due to the lack of publIcly aVailable and relIable data the
mformatIOn used could not be mdependently venfied VenficatIOn and adjustment of water
qUalIty data would be a major component of a pIlot stage

3) Current EnVIronmental Management Plan (PAMA) reqUIrements m Peru demand that
fishmeal plants mtroduce measures to reduce theIr pollutant discharges Two of the three
mam wastewater streams m fishmeal plants, the carcass-water and the stick-water, can be
efficIently recycled mto the system WIth essentIally zero dIscharge usmg cost-effiCIent,
proven technology It IS assumed that mdividual plants have Implemented such recovery,
leavmg only the purnpmg water requmng treatment

,l
1
1
]

1

USAID Wastewater FeaslbdJty Study 5

Characteristic Description
Table I Effluent charactenstlcs of fishmeal pumpmg water

5) For both domestic and fishrneal plants, It IS assumed that sewers and connectIOn lmes are
m eXIstence and aVailable for use Costs for sewer lme connections to the treatment faclhty
locatIOn are not mcluded

Total solIds
BOD
Protem
FOG (od)

Volumes 2-3 volumes ofwater used per volume offish landed
Plant size The "standard" plant produces 500 m3/hr ofpumpmg water

when under full operation (the range IS from <100 to >1000
m3/hr)
The typical fishmg season IS 3-6 months of the year
3-7 % (dependmg on fish qualIty and freshness)
6000-15000 mgIL
1-2 % (total nItrogen IS apprOXImately 12% ofthiS amount)
1-2 %

OperatiOnal penod
Water qualIty

6) It IS assumed that wastewater flows and quahtles WIll remam at theIr current levels
Several projects are studymg the applIcatIOn of waste mllllmizatIOn technIques and processes
m an effort to reduce volumes and/or pollutant loads from pumpmg waters From a
wastewater treatment Viewpomt, It would generally (but not always) be easIer to deal WIth a
"cleaner" or more lImIted resIdual effluent such as would be the case If successful waste
mlmmizatIOn technIques were mtroduced Most of the technologIes dIscussed m thIS report
can be readIly adapted to such changes

J

]

1
1
]

J
~

]

]

l
j

J

1 3 3 TreatabIlIty OptIons

Imtlal exammatlon of avaIlable water qualIty data establIshed some baSIC Issues that
mfluenced the scope and feaslbIhty of thIS report

1) Separate approaches for domestIc and fishmeal wastewater WIll be reqwred The
fundamental dIstmctIOns between fishmeal and domestIC wastewaters are 1) that one IS

The SeaCrest Group
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The fishmeal wastewater treatment process IS a fleXIble model whIch makes It pOSSIble to
choose vanous cOmbInatIOns ofprocess steps as local condItIons may dIctate

FIgure 1 presents the treatment process deSIgn chosen for the feaSIbIlIty study for fish
meal wastewaters For domestIC wastewater, an Advanced Integrated Waste Pond System
(AIWPS) IS bemg proposed as the most cost-effectIve method The domestIC wastewaters present
less of a challenge than that for the fishmeal dIscharges

a) approachIng the fishmeal dIscharge not as a wastewater, but rather as a product stream
that needs concentratmg Appropnate technologIes for tlus type of approach can be
found In the food processmg mdustry where the mam concern IS the product and not the
reSIdual (1 e, the wastewater) The goal IS to find a process where the reSIdual meets
speCIfied cntena wlule recovenng a commercIally VIable product In the process

6

salIne and the other IS freshwater and 11) domestIc wastewaters have a publIc health
dImenSIOn caused by the presence of pathogens wluch are absent from the fishmeal
wastewaters The presence of the pathogens complIcates the use of the domestIc wastewaters
as a source matenal for human or arumal food For thIs reason, the processes Involved In
treatmg saIt versus freshwater are sufficIently dIfferent In basIC approach that each has to be
presented separately

b) encouragIng contInuance of the waste mInimIzatIOn studIes currently In progress as
essentIal to Improvmg treatment of the reSIdual Under thIs approach the mimmum water
qUalIty needed for treatment would be defined It IS assumed that changes In fishmeal
plant processes Will produce reSIdual water qualIty fulfillmg those needs For example,
there are pumpmg technologIes m eXIstence that can drastIcally reduce the volumes of
pumpmg water reqUIred ReductIOns of 90% are not mconcelvable Waste mInImIzatIOn
efforts m terms of reducmg orgamc loads through changes m the way fish IS stored on
fishing boats or processed III the plant could also yIeld effluent of a qualIty and quantIty

- that IS more easIly treated

2) The hIgh concentratlOn of fishmeal wastewaters calls for speclalzzed treatment
technologIes As mentIoned preVIously, the organIC and nutrIent content of these
wastewaters IS extremely lugh It was ImmedIately apparent that a technologIcal approach to
InitIal treatment would be necessary Indeed, most conventIOnal wastewater treatment
technologIes would have a hard tIme treatmg these waters to an acceptable level at all,
partIcularly withm reasonable lImIts of expendIture and effort There are two pOSSIble
solutIOns to thIs dIlemma

3) AjlexIble, compartmentalzzed model WIll be needed There IS WIde vanabilIty In phySIcal
condItIons between vanous areas along the PeruVIan coast The treatment system
appropnate for Pisco-Paracas (few plants m close phySIcal prOXImIty, plentIful level land,
low populatIon, high natural values) wIll necessanly be dIfferent from a system
appropnate for ChImbote (many fish meal plants spread over a large area, hIgh
populatIOn, lack ofopen and aVailable land)

USAID Wastewater Feasibility Study-1
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141 FlshmeaI Wastewater

1.4 DescrIptIOn of Waste Streams

Data on "typIcal" wastewater presented here IS based on mformatIOn from VarIOUS
mdividuals and orgarnzatIOns connected to the fishmeal and envIronmental mdustnes m Peru
LIttle relIable publIc data on qualIty and quantIty of fishmeal wastewaters IS avaIlable Some of

7USAID Wastewater FeasibIlity Study

Two pnmary treatment systems are presented

Secondary treatment IS deSIgned to be operated m conjunction With an aquaculture
facIlIty The aquaculture facIlIty would receIve pnmary treated wastewater from eIther of the two
processes above It should also be made to operate mdependently by pumpmg seawater to dIlute
the waste If necessary and to operate the faCIlIty dunng penods when the fishmeal plant IS not
operatIOnal In a pIlot stage the operatIOnal parameters and commerCially VIable speCIes to grow
WIll be determmed

a) a complete treatment mvolvmg recovery of vIrtually all the protem and solIds m the
wastewater The effluent from tlns process IS potentIally clean enough to release dIrectly to
the receIvmg water or It may be passed through an aquaculture step as detaIled below Tlns
process yIelds marketable products

b) a pnmary pretreatment process that IS contmgent on mternal waste mimmizatIOn
Improvements mSIde the plants The treatment aclnevable by tlns system IS 60-70%, wlnch
would neceSSItate a secondary/aquaculture step to provIde further treatment It also has
lImItatIons regardmg mfluent water qualIty

A tertIary step IS also possIble as a further use of the wastewater The effluent from the
secondary process should be ofa qualIty to allow dIrect dIscharge However, m certam areas and
CIrcumstances there may be the pOSSIbIlIty ofSallcorma productIOn m wetlands, constructIOn of
wetlands for tOUrIsm and WildlIfe purposes, or the need for zero dIscharge through a rapId
mfiltratIOn system These are presented as addItIOnal optIOns The feasIbIlIty of these optIons
needs to be determmed on a case-by-case basIS dependmg on local condItions

The waste streams generated by fish processmg plants m Peru present some speCIal
problems With respect to treatment and dISPOSal FIgure 2 depIcts, m schematIC form, the typIcal
fishmeal processes used m plants along the coast The volume of wastes per ton of processed
fish and the relative concentratIOns (strength) of solIds and orgarncs contamed wItlnn the waste
stream IS higher than observed m fishmeal processmg plants m other parts of the world The
pnmary fislnng mdustry m Peru IS centered around processmg plants whIch produce fishmeal
denved pnmanly from anchOVIes The fishmeal IS exported as a high qualIty, hIgh-protem
anImal feed
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FIgure 1 GeneralIzed Process Diagram of a Flshmeal Plant
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the numbers may appear questIOnable, but represent the best data avaIlable for tills report A
prImary goal ofany pIlot stage would be the acqUIsItIOn ofmfonnatIOn on qualIty and quantIty of
PeruvIan fishmeal plant wastewaters

The SeaCrest Group
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Figure 2 TypIcal fishmeal plant process desIgn
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142 Domestic Wastewater

1 42 1 Seawater DISposal ofDomestIc Wastewater

DIscharge of raw domestic sewage to the sea can cause aesthetic and odor problems and
Impact human hygIene and health It can deplete oxygen and result In tOXICIty to fish and
mvertebrates EutrophIcatIOn of bays and enclosed waters may occur through Widespread
overgrowth of phytoplankton and seaweeds ThIs can ultImately affect settlIng of larval
Invertebrates As a consequence of thIs chaIn of mteractIng factors, the dIverSIty and prodUCtIVIty
of the~sea In an area larger than the ImmedIate vicimty of the outfall can be Impacted At a
mmllnum, It constItutes a substantIal waste of fresh water and nutnents, both of whIch are
potentIally reclaImable

10USAID Wastewater Feasibility Study

The hIgh waste volume per ton of product can partly be explained by exammIng the type
of fish delIvery and off-Ioadmg systems used at most, If not all, of the plants m Peru The shIps
do not generally have refrIgeratIOn umts (whIch dewater and chIll the catch) The shIps are
unloaded usmg offshore pumpIng systems whIch use seawater to slurry the fish Into the
proceSSIng plant Subsequently, the ImtIaI proceSSIng step In the fishery IS dewatenng usmg fish
ladders whIch In tum create a waste stream referred to as "Agua De Bombeo" (1 e , pump water)
WIth refrIgerated shIps fish are offloaded USIng mechamcal conveyance systems whIch
drastIcally reduce the volume ofwastewater generated at thIs pomt mthe processmg plant

FollOWIng offloadIng and dewatenng, the catch IS usually held In storage tanks for
proceSSIng The lIquId resIdue from these tanks (called "Sanguaza") IS also a waste stream If
not recovered through coagulatIOn, must be dIsposed along wIth the pnmary waste stream (Agua
de Bombeo) To denve fishmeal, the fish are cooked USIng steam and conveyed to presses to
reduce the water content of the meal The lIqUId byproduct from thIs process IS generally
referred to as "stickwater" or "Agua De Cola" ThIs by-product can also be recovered USIng 011
and solIds separators to denve fish 011 With the solIds beIng returned to the head of the proceSSIng
faCIlIty If no recovery IS attempted, thIS waste stream must also be dIsposed ofWith the Agua de
Bombeo and the Sanguaza
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BIOlogIStS famIlIar With the marme envrronment have suggested that a dIlutIOn of 1 part
sewage to more than 10,000 parts seawater may be necessary before the effects descnbed above
would remam undetected Regardless of the theoretIcal dIlutIOn reqUIred, however, floatable solIds
from wastewater (such as plastICS and grease) Will collect on the sea surface and find theIr way to
adjacent or dIStant shores SImIlarly, much of the waste settleable matenal Will find Its way to the
sea bottom In the outfall VIClIDty and Will dISrupt seallfe patterns To accomplIsh fail-safe dIlutIon
of wastes With 10,000 parts of seawater reqUIres a costly outfall and dIffusIOn system wInch IS
vulnerable to storms and SeISmIC actIVIty For thIS reason, It can be economIcal to treat sewage to a
pomt where It may be reclaImed WIth such treatment, It may be utIlIzed as a resusable resource
for Industry and agnculture

The SeaCrest Group
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2 1 1 IntroductIOn

2. TREATMENT TECHNOLOGIES

2.1 FIshmeal Wastewaters. PrImary Treatment By Protem Recovery

11USAID Wastewater Feaslbdlty Study

1 4 2 2 LandDISposal ofBlOsoluls

Regardless of the mtended use, any plan to dIspose of treated wastewater solely by means
of rrngatlon presents a long-term storage problem In and regIOns such as coastal Peru, the need for
rrngatlon water reaches Its peak m mId-summer whereas the productIOn of wastewater remains
about constant or mcreases durmg the mountaIn raIny season - a tIme when the soIl Wlll not accept
large amounts of water ContInued spraymg of sewage on forest and grasslands as an alternatIve to
storage can be a problem If the hydraulIc loadmg rate exceeds the retentIOn capaCIty of the land
The rapId runoff from sprayed areas, wmch can occur dunng a raIn event, can carry orgamsms,
orgamc matter, nutrients and tOXICIty mto nearby water courses and reservOIrs An adequate
treatment system should Include complete wet weather storage

Because actIvated sludge IS a relatIvely qmck process, It has a mgh probabIlIty of dIsease
conveyance should dIsmfectlon fall Systems wmch depend entIrely on chemIcals for dlsmfectIOn
are vulnerable to both human and mechamcal faIlures

Although most waste treatment processes have been deSIgned Wlth the objectIve of
lmprovmg water qualIty, preventmg tOXlCIty to fish and Wlldhfe, and removmg nutrients wmch
may be harmful to receIvrng waters, many processes fall short because they eIther become
overloaded or are Improperly deSIgned and operated

Raw pumpmg water has a hIgh concentratIOn of bIOlogIcal solIds If all or most of the
solIds are recovered, the remaInmg water may have a qualIty adequate for further treatment or
pOSSIble dIrect dIscharge The followmg sectIOn descnbes a technology that treats the
wastewater as Just such a product stream The output from the process could be a wastewater
treated WIth up to 996% effiCIency (adequate for ImmedIate release), whIle recovenng
suffiCIently mgh protem product to allow profitable operatIOn ThIs technology, termed "Protem
Cold Rendenng" recovery, IS a propnetary process developed by a US waste treatment
company

The use of sewage eftluents for dIrect rrngatIOn of food crops, wmle beneficIal m terms of
water and nutnents, can be potentIally dangerous Wh1le ImmumzatlOn or treatment of typhOId
fever, cholera, and several other sewage transmltted bactenal dIseases IS now often feasIble, many
of the helmmth (worm), amoebOId, and vrrus mfectIOns such as hepatItIs can be transmltted by

. Improperly dIsmfected sewage The shorter the tIme that elapses between treatment of the
wastewater and Its reuse, the mgher the probabIhty that It Wlll convey VIral, bactenal and parasItIc
dIseases
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2 1 2 Process DesIgn

FIgure 3 presents a conceptual dIagram ofthe cold rendenng system as It would appear In

a full-scale faCilIty

2 1 2 1 Conceptual DeSIgn

The system conSIsts of an equa!lzatwn tank where the wastewater IS collected, passIvely
pre-screened and released In a controlled stream The wastewater IS pumped usmg a 75 pSIg
pressunzatlOn pump to the two stage reactor tank In the first stage, the wastewater IS treated
With two propnetary enzyme based chemIcals whose functlon IS to emulsify proteIns, OIls and
other orgarucs m the wastewater mIX The exact amounts ofemulSIfier used are dependent on the
charactenstics of the waste The emulSIfied waste IS passed to the second stage of the reactor
where an addItIOnal three chemIcals are added These chemIcals affect the surface tenszon of the
emulSIfied partIcles, makmg them amenable to separatIOn by graVIty settlIng The purpose of
this step IS to produce partIcles ofunIform settlmg charactenstics

The cold rendered and surface tenSIOn treated waste IS then passed to a paSSIve graVlty

separator where the product settles Any remaImng floatables are removed by SkImmIng and
pumpmg The water IS pumped to the next stage Dependmg on local condItIOns and dIscharge
reqUIrements, the wastewater may be filtered and released to the receIvmg waters or released to a
secondary stage (m thIS case an aquaculture step)

EffiCIency of the system IS reportedly hIgh In the treatment of process wastes from the
poultry mdustry, removal effiCIenCIes of 996% were pOSSIble WIth wastewater streams
contammg up to 20% solIds ThIs level of effiCIency would produce a treated wastewater almost
adequate for release dIrectly to receIvmg waters (BOD of <400, mtrogen of < 90) ThIs qualIty
would be adequate for use m an aquaculture system

The solIds recovered from this process conSIst of a dewatered slurry of hIgh protem
content Sallmty of the product IS low smce the settlmg process IS mdependent of the water
sahmty ThIs product IS potentIally a valuable commerCIal product, usable as anImal feed
worldWide Accordmg to prehmmary calculatIOns, developed by the eqUIpment manufacturer,
there IS a 75% gross profit potentIal m operatmg thIS system (although mitial mvestment IS fairly
hIgh)

The process IS self contamed, has low energy needs, and reqUIres mimmal supervISIOn
The system IS sold as a pre-packaged unIt that IS then Installed on SIte Power IS generated by
dIesel generators However, most of the processes are paSSIve and reqUIre httle energy mput
Overhead and operatIOnal costs are low The mam Issue assocIated With thIS process turns out to
be the prompt collectIOn and dIsposal of the product, gIven the large amounts generated

Process chemIcals are propnetary and would need to be Imported from the U S The use
of thIS system lIDphes that there Will be a contmumg need to acqUIre the necessary chemIcals
from the U S propnetor It IS unhkely that the necessary products can be made avaIlable III Peru

The SeaCrest Group
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2 1 2 2 ConSIderatIonsfor PIlot Plant

2.2 FIShmeal Wastewaters: PrImary Treatment By PhySIcal Treatment

14USAID Wastewater Feaslblhty Study

2) ChemIcal mJectIOn stage. where a vanety of "reCIpes" for the mJection of chemIcals
would be tned so as to maxtm1ze the value of the resultmg product Three sets of pumps
would be needed to allow a full set of expenments

The pIlot unIt comes pre-assembled from the U S on four slads and would be operated
for 90-120 days (1 e a full fishIng season) to obtam the necessary data The unIt can be mounted
WithIn a few days

3) A mobIle separator/settlmg chamber mounted on slads whIch IS field adjustable to
optimIze settlmg charactenstIcs

The optimal deSIgn for tlus type of process needs to be customIzed to the wastewater m
questIOn TIns requIres faIrly extenSIve pIlot testmg to allow the deSIgn and constructIon of a umt
able to perform to specIficatIOns The pIlot plant would mclude a senes of needs to charactenze
wastes accordmg to partIcle dlstnbutIOn, dlgestlblhty mdex, carbohydrate content, etc The pIlot
would mclude the follOWIng steps

1) Pre-screemng of wastewater usmg three levels of stand alone pasSIve screemng deVIces
TIns would operate over an extended penod to get a pIcture of raw water charactenstics m
terms ofpartIcle sIze and flow charactenstIcs

Smce the system cannot operate wIthout these addItives. timely and relIable ImportatIOn IS a
neceSSIty

The cold-rendenng protem recovery process dIscussed preVIOusly has two major
drawbacks 1) It IS faIrly hIgh-technology and dependent on Imported matenal from the US.
and 2) It has pIlot study costs whIch are potentIally hIgh The pnmary advantage of the process
IS that It can deal dIrectly With eXIstmg wastewater condItIOns

By companson. conventIOnal processes under current condItIOns are unlIkely to prOVIde
complete treatment The ultImate degree of treatment WIll depend to some extent on the success
of any waste mInImIzatIOn efforts ImtIated WItlun the plants Even after such waste mmlmizatIOn
efforts, It Will stIll be necessary to deal WIth a reSIdual wastewater ThIs wastewater may be dealt
WIth usmg the conventIOnal phYSICal processes as descnbed III the followmg sectIOn As noted
preVIOusly the currently aVaIlable data on wastewater qUalIty and quantIty lacks confirmatIOn
Actual water qUalIty III some places and at some tImes may be of a qualIty that WIll yIeld
adequate effluent by the process descnbed below The applIcatIOn of waste mimmizatIOn efforts
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A Fishery Waste - Pretreatment Processes

2 2 2 1 Coarse Solzds Removal

2 2 2 Pretreatment Processes

FIgure 4 SolIds removal umt

15

To Secondary
and/or Tertiary
Treatment

USAID Wastewater FeasibIlIty Study

There are many ways to remove coarse sohds from an Industnal waste stream rangIng
from SImple barscreens to hIghly automated, mechamcal systems For the purposes of thIs study,
a non-mechamcal statIC screen (hydra SIeve) Will be proposed for the pIlot plant ThIs screen
does not reqUIre power or chemIcals for removal of coarse solIds ThIs type of screen does,
however, reqUIre manual removal of the matenal on the screens for ultImate dISpOsal The
system conSIsts of a slanted screen With narrow opemngs posItIoned honzontally In a
prefabncated structure The flow IS dIrected over the screen and falls through the opemngs
leaVIng the coarse solIds trapped on the slanted surface The surface IS pItched to be self
cleamng In most SItuatIons The hydra SIeve can be SIzed With screen opemngs whIch are
appropnate for the solIds In the wastes beIng handled FIgure 4 depIcts a schematIc cross sectIOn
of the urnt and the screen

The speCIfic urnt processes mentIOned earlIer for the pretreatment phase of the pIlot plant
are Illustrated below and are dIscussed In detaIl In the succeedIng sectIOns

m the plants may also Improve the mfluent water quahty substantIally A physIcal treatment
process may m such cases represent an effectIve and cost efficIent approach, even though the
"worst case" wastewater may not be amenable In a cost-efficIent manner to the applIcatIOn of thIS
process
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2 2 2 3 011 and Suspended SolIds ReductIOn

2 2 2.2 Precondltlomng

The costs of the pumpmg and precondltIomng system are estImated at US$ 2,500 00 and
US$ 3,50000, respectIvely The pump and appurtenances could be purchased locally WIth the
precondltlorung vessel bemg supplIed by a U S concern The weIght of the urnt IS estImated at
90 kg

16USAID Wastewater FeasIbility Study

The physIcal dImensIOns of a standard urnt sIzed for the pIlot plant would be
approxunately 0 5 m WIde by 15m tall and 13m deep The weIght of thIs urnt, whIch IS
fabncated from 304 stamless steel, IS 160 kg The antIcIpated cost of a new urnt WIth a 4 7 lis
maxImum capacIty IS US$ 4,500 00

A packaged urnt whIch provIdes the means for both processes to occur WIthIn the same
system IS the most economIcal method of reducmg 011 and suspended sohds m the pretreatment
process There are several IndustrIal urnts aVaIlable and one In partIcular whIch should functIOn
well m thIs applIcatIon It IS a non mechamcal, "Slant RIb", coalescmg OIl/water separator whIch
has a lower chamber for solIds removal The slant nb portIOn of the urnt resembles a tube or
lamella plate type settlmg urnt used m the water treatment Industry Waters enter a dIsperSIOn
chamber whIch spreads the flow out over the face of the nbs The flow must pass these nbs to
eXIt out the far SIde of the umt Due to the configuratIOn of the nbs, oIl tends to coalesce and nse
whIle suspended solIds settle out The umt contams chambers to accumulate both the 011 and
solIds whIch are captured A schematIC IS proVIded m FIgure 5

The next major step In the process IS to reduce both the suspended solIds and OIl/grease
content The 011 and grease can be reduced most efficIently when It IS precondItIOned pnor to the
removal step PreconditIOrung can be accomplIshed through mIXIng and/or aIr InjectIOn For the
pIlot plant, precondltlomng can be accomplIshed most cost effectIvely USIng a vessel whIch
mIxes the effluent m a manner whIch breaks down emulsIOns and suspenSIOns ThIs allows for
eaSIer separatIOn of the 011 and grease from the water when used In a plate type coalescmg
separator urnt A pumpIng system IS requIred to force the flow through the precondltIOnmg vessel
whIch conSIsts of a 4 Inch dIameter tube WIth Internal chambers The pressure reqUIred of the
pumpmg system IS approxImately 60 Ibs (PSI)

The removal efficIency of the system relatIve to coarse solIds wIll depend upon the sIZIng
of the screen opemngs There would also be some suspended solIds removed as a result of bemg
trapped by the more dense solIds on the screen The solIds whIch are captured and removed by
thIs system may be usable as fertIlIzer or chIcken feed dependmg upon the level of sahmty If It
IS found that It contaIns too much salt, It may be possIble to nnse or wash It to remove some of
the salIruty alloWIng ItS use
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2 2 2 4 Flow EquallzatlOn/Settlzng/ChemlcalAdditIOn

The antIcIpated removal effiCIenCIes of thIs system would mclude 50 to 60% 011 and
grease removal and 60 to 85% suspended solIds removal Actual removal rates wIll depend upon
SIte speCIfic condItIons as well as the performance of the precedmg process steps m the system

17
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Figure 5 Oil and sohds coalescmg
separator

Tlus system can be obtamed as a packaged unIt and slupped to the sIte of the pIlot plant
A system wluch can handle up to 3 1 Us would cost roughly US$ 8,50000 and would weIgh
apprOXImately 840 kg The phYSICal dImenSIOns are 18m tall by 26m long by 0 8 m Wide

The synthetIc lmer matenal would cost about US$ 5 40 per m2 or a total of approXImately
US$ 3,50000 The mternal floatIng baffle would cost about US$ 13200 per meter or US$
3,00000 for the lagoon descnbed The lagoon constructIOn can be done by local labor The
volume of excavatIon Will vary dependmg upon the SIte but should not exceed 610 m3 ofmatenal
for a pIlot study

The last step In the pretreatment process Involves a paSSIve, non-mechamcal holdmg
basin wluch can be used for several purposes These Include flow rate leveling, holdmg, solIds
settlIng and further conditIomng usmg chemIcals If needed to Improve the turbIdIty of the treated
effluent pnor to mtroductlon Into the aquaculture chambers ThIs holdmg basm would amount to
lIttle more than a deep lagoon Imed With synthetIC matenals to mhIbit exfiltratIOn and an mternal
baffle to enhance the settling charactenstlcs of the basm The lagoon should be rectangular on a
2 1 ratIO With a depth of about 3 m and proVIde at least 24 hours of detentIOn At a pIlot flow of
75 to 150 m3/d, the floor dImenSIOns of the lagoon would be roughly 35m Wide by 5 m long
With surface dImenSIOns of21 m by 24 m assummg 3 1 SIde slopes
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The SeaCrest Group

2 3 1 Introduction

2.3 Flshmeal Wastewaters: Secondary Treatment I Aquaculture

The cost of purchasmg the eqUIpment necessary to construct the conventIonal
pretreatment portIon ofa pIlot system IS summarIzed as follows

18

Cost

$ 4,500
$ 2,500
$ 3,500
$ 8,500
$ 6,500
$ 1,000

1 StatiC Screen
2 Pumpmg System
3 PrecondItlOnmg Vessel
4 Coalescmg Separator
5 EqualIzation Lagoon
6 MIscellaneous PJpmg

Item

USAID Wastewater FeaslbJllty Study

2 2 2.5 Summary

The four steps descnbed In the preVIOUS paragraphs are necessary to provIde a waste
stream that IS pre-condItIoned sufficIently to allow the aquaculture chambers to grow selected
algae specIes, further reduce the orgamc content of the water, and provIde a pre-treated effluent
for dIscharge to wetlands or InfiltratIOn dIsposal systems

ThIs IS a raw eqUIpment cost and does not provIde for shIppIng, dutIes, labor for InstallatIOn and
any mark up costs for contractor profit Allowances must be made for those Items In the final
budgetmg process FIgure 6 shows the process deSIgn ofthe proposed treatment system

Subtotal $26,500
ContlDgenCJes (15%) $ 4,000
Pretreatment EqUJpment Costs $30,100

Of the many aquaculture pOSSibilIties, It was deCided to focus on plant aquaculture whIch
fulfills a baSIC reqUIrement for feaSibilIty, I e a potential resource and a positive contrIbutor to
the wastewater treatment process AnImal, or secondary, aquaculture was conSidered early In the
process There IS a thriVIng worldWide mdustry focused on the aquaculture of VarIOUS fish
speCies, shnmp and prawns, and molluscs such as clams and mussels However, m terms of the
current project thIs type of aquaculture presents several drawbacks

Aquaculture technIques have been used for centuries to produce valuable products from
marme and freshwater environments Most cultures have expenence In ImprovIng the yield of
aquatic orgamsms through Intensive culturing methods Aquatic plants, artlcularly seaweeds and
algae which have hIstoncally been popular as food sources, have also been subjected to
culturing Technology ranges from extensive and low-tech passive grow-out ponds and
Impoundments to modem hIgh-tech systems dependent on sophIsticated bIOtechnological
mampulatlons and enVIronments
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2) There IS a llIDlted range of organIsms SUItable for aquacultunng m the cold waters of the
PeruVIan coast SpeCIes whIch are SUItable, such as clams and mussels, have long lIfecycles
measured m years Cold water fish speCIes that have been frequently cultured, such as salmon,
also have long hfecycles and complex aquaculturmg needs

3) The IntermIttent nature of the dIscharges speaks for usmg fast growmg orgamsms that can
yIeld harvestable and marketable products WithIn the operatIOnal cycle of fishmeal plants Smce
most secondary aquaculture speCIes have relatIvely long lIfecycles, partIcularly In colder waters,
It would be much harder to extract maxImum value-added WithIn the allowable fishmeal
timeframe whIch IS measured m a few months

The use of secondary aquaculture as an adjunct to the treatment system represents a
pOSSIbIlIty for the future In the current report focus has been mamtaIned on the Irunal steps that
Will achieve deSIred results The tImeframe for the entIre project may well be qUIte long term,
however, such that the IntroductIOn of a secondary aquaculture step mIght well become
mterestIng at later stages

19USAID Wastewater Feaslblhty Study

1) Secondary (ammal) aquaculture IS by Its nature a net waste generator, as ammals tend to
produce more waste products than they consume Therefore the addItion of a secondary
aquaculture step would provIde no net treatment value Although thIs may not be a major
drawback If such an aquaculture operatIOn generates adequate value-added, the potentIal
contamInatIon Issues resultmg from secondary aquaculture operatIOns are an Issue that needs to
be addressed separately from the fishmeal treatment process

Over 100 speCIes of algae have some sort of economIC Importance m the world Tlus
number IS mcreasIng as more new natural products With medicmal or other mterestmg propertIes
are Idennfied m more and more speCIes TradItional uses of algae as food or fertIlIzer IS growmg
m PaCIfic Run SOCIetIes that hIstoncally treasure algae as food In Western countnes the high
nutntlOnal value of algae IS becommg better recogruzed As a result, demand for algal products
IS grOWing
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The term algae encompasses a multItude of speCIes rangmg from unIcellular plants to
large kelps which grow as manne forests For the purposes of thIs study the most Important
dIVISIon IS between micro- and macroalgae Microalgae are UnIcellular speCIes which form the
pnmary constItuent of phytoplankton m both manne and fresh waters They are small, fast
groWing smgle-celled or filamentous orgamsms Most spend theIr lIves floatmg freely m the
water column The macroalgae are larger, multicellular plants that are popularly known as
"seaweeds" They are UbIqUItous m the oceans but rare m fresh water enVIronments They can
have lIfe stages and ecologIcal reqUIrements and usually eXIst as "rooted" organIsms The
macroalgae are generally subdIVIded mto major groups based on theIr color, e g , the green algae
(such as the sea-lettuce Ulva), the brown algae (such as the kelps Macrocystis and Lammana),
and the red algae (such as Gracilana, and GebdlUm) The green algae are the only fresh water
forms

The SeaCrest Group
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Another promment group are the "blue-green algae" These are more closely related to
bactena and are properly called Cyanobactena They are mostly unIcellular or sImple
filamentous plants With hfestyles slffillar to other phytoplanktomc algae Smce some of these are
ofpotential mterest for the present study, they are dIscussed With other algae

LIke all plants, algae grow by photosynthesIs They extract nutrIents and carbon dIoxIde
from the surroundmg water and, With the help of sunlIght, transform this mto plant tIssue and
oxygen Carbon IS aVaIlable as dIssolved carbon dIOXIde m wastewater as are the nutrIents,
mtrogen and phosphorus

2 3 2 Products from Algae

23.21 Food

Many algae are nch m protem (up to 60%) and Vitamms (100 g of dry algae WIll fulfill
vIrtually all dally vitamm reqwrements except for Vltamm C) However, With the exceptIOn of
Porphyra, a large part of the protems are msoluble and therefore mdigestible (up to 75% of theIr
dry bulk)

The mam food crops among the macroalgae are vaneties of kelp Porphyra (FIgure 7) IS
an Important food crop m Japan but IS also consumed throughout the Far East and Europe It has
been cultured for many centunes by "seedmg" nets whIch develop a flora of kelp whIle
suspended m the ocean from buoys WIthin 40-50 days the algae can be harvested ExtenSIve
bIOtechnologIcal Improvements for this speCIes have been developed, and advanced processmg
techmques are now applIed to prepare the product The hIgh concentratIOn of soluble protem m
Porphyra make them among the most attractive as food products

Other edIble kelp which have found large scale use mclude Lammarza (from which
"kombu", a dned and pressed product used as soup base, confectIonery and tea m Japan, IS
prepared) and Undarza (eaten m the form of "wakame" chIps) They are cultured m Japan and
Chma where they are grown on floatmg rafts, stones or sunken concrete blocks and harvested
after a year Natural recruItment occurs as spores germmate on the stones The algae are dned on
the beach and then boIled m copper vats, pressed and shredded These kelps are not of mterest
for the current project

Other speCIes of both green and brown algae are consumed m vanous countries although
lIttle InformatIOn eXIsts regardmg any aquaculture expenence Some speCIes have hIgh potential
commerCIal value as they are faIrly rare m markets and have to be harvested manually from the
WIld The green alga Ulva (FIgure 8), which grows m many manne habItats mcludmg Peru, IS
worth US$60 per kg m the Japanese market accordmg to our mformatIOn It IS therefore of some
mterest for the current project

There IS grOWing mterest m the use of mIcroalgae as food sources Most of thIS mterest has
focused on Spzrulma (FIgure 9), a common blue-green alga With hIgh nutntIve value Up to

The SeaCrest Group
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FIgure 6 Summary of the process desIgn of the proposed pnmary treatment system
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The Seacrest Group

2 3 2 2 By-products

Other products of mterest have been extracted from algae In the 1970's, when 011 pnces
were expected to reach $60 per barrel by 1990, mterest m hydrocarbon productIOn from algae
developed The freshwater mlCroalgae, Botryococcus and other speCIes were mvestlgated for
theIr hydrocarbon potentIal WIth the collapse In 011 pnces, the economIC stImulus for thIs
research has dllmmshed

VIrtually all algae conSIdered commercIally VIable food sources are from salIne
enVIronments (whether the sea or salIne mland waters) Few algae from freshwater sources have
been developed as food sources although the nutnbonal potentIal IS present An exceptIOn IS
Chiarella, a UbIqUItouS freshwater green alga that IS known to be nutntIOus and easy to culture,
but has so far eluded populanty as human food

22USAID Wastewater Feasibility Study

70% of Its dry weIght may be protem Spzrulma has hlstoncally been consumed m both the Old
World (Lake Chad m AfrIca) and the New World (the Aztecs of MexIco) Spzrulma has two
major applIcatIons a) as an easIly grown hIgh protem food-supplement that can be cultured WIth
mmlmal technology m ThIrd World countnes, and b) as a health food supplement WIth possIble
therapeutIc propertIes and sold m Western health food stores It may also be a potentIal source
ofphycocyanm

Pnvate compames specialIzmg m aseptIc hIgh-tech aquaculture of Spzrulma produce
concentrates and pIlls sold to health food stores Spzrulma culture IS feasIble under pnmltlve
condItIOns, however It grows well m wastewater hIgh m mtrogen as long as salImty IS kept
above 20 ppt and alkallmty (1 e morgamc carbon) IS added to the water The alga IS tolerant of
sunlIght, hIgh temperatures, and changes m salImty thereby, makmg It sUItable for low
technology and mImmal resource enVIronments

Algae produce by-products that have commercIal applIcatIOns One class of chemIcals,
the phycocol101dal polysacchandes, are ofmaJor economIC Importance ThIs class mcludes algm
(from Macrocystzs and Lammarza kelp), agar-agar (from the red macroalgae Gelzdzum
cartzlagmeum and Graczlarza confervozdes), and carrageenan (from red algae of the genera
Chondrus, Eucheuma and Gzgartma) These substances have gel formtng and water bmdmg
propertIes that make them hIghly useful In controllmg crystal formatIon m Ice, for stabilIzmg
emulSIOns and suspenSIons, and as solIdIfymg agents m foods and cosmetIC products All are
produeed from large macroalgae of lImIted potentIal for the current proJect, WIth the pOSSIble
exceptIOn of Graczlarza The mlCroalga, Porphyrzdzum, may also be a source of carrageenan and
ofmterest for thIs project

b-Carotene has been extracted from the blue-green mlcroalga Dunalzella, a natIve of
hypersalme enVIronments (salt pans, coastal salt flats, and desert lagoons) A number of
aquaculture projects have been establIshed to explore the potentIal of thIs speCIes In hIgh-tech
expenmental raceways, up to 2 g/m2/day of b-carotene has been produced for a value of over
$800 per kg (Gudm 1980) The speCIes IS of mterest for thIs project as It grows m salIne
enVIronments where no other product IS VIable

l·
-1

]

J
1

~

]

I
]

]

J
]

J
j

1.-

]

1
~

J



l
USAID Wastewater FeasIbility Study 23

Figure 7 Porphyra sp , the princIpal food source among the kelps
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Figure 8 Viva iact/lca the "sea lettuce' groWIng on rocks and

gravel In Intertidal areas
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2324Ammal Feed

2 3.2 5 Pharmaceutical and Biomedical Uses

There IS currently actIve research m thIS field and It can be expected that mterestmg new
discovenes wIll be made ProductIOn of these substances through aquaculture may proVIde a hIgh
value-added by-product from the secondary treatment step Table 2 presents a summary of some
of the more mterestmg developments m bIOmedIcal uses of algae and other manne organIsms

24USAID Wastewater Feaslbthty Study

2323 Fertilizer

A substantIal fractIOn of harvested seaweeds m the Far East IS ground mto a meal that IS
used as an arumal feed The preparatIon IS SImpler than human food preparatIOn, mvolvmg
drymg to 15% mOisture, choppmg, gnndmg and packagmg When mIxed With ordmary arumal
feed It IS an excellent poultry and cattle feed ThIS IS another use for whIch the mIxed mass
cultures of algae from freshwater oXIdatIOn ponds are dIrectly SUitable The algae from these
ponds IS dned and pressed to produce arumal protem feed concentrate or applIed dIrectly as green
manure

Seaweeds m general are an excellent source of rutrogen and potassIUm, but often deficIent
m phosphorus One ton of manne seaweeds contams 181 kg organIc matter, 16 kg salt, 5 kg
rutrogen, 12 kg potash and 0 9 kg phosphonc aCId In addItIon hormones and chemIcals eXist m
many seaweeds that may stImulate plant growth There IS some eVIdence for Improved yields
when fertIlIzers With added seaweeds are used In coastal areas the fertIlIzer may be added
dIrectly as wet, green manure, although for mland purposes It IS generally applIed dned, as a
lIqUId extract or as ash Freshwater algae are lIkely sIml1ar m nutntIOnal content, except for the
lack of salt Mass cultures of mIxed algae, as m oXIdatIOn ponds or waste treatment faCIlItIes,
may be SUitable for tIns purpose as lIttle specIfiCIty IS reqUired m the growth phase

The cuttmg edge m algal research IS the IdentIficatIOn and IsolatIOn of metabolIc by
products that may possess valuable bIOmedIcal applIcatIOns Some algae are hIstoncally known
to have pharmaceutICal propertIes and are used m mdigenous cultures as tradItIOnal medIcatIOns
Examples are the vermIfuge capaCIty of Digenea Simplex and the apparent antIVIral propertIes of
some kelps whIch have long been applIed as a cure for "cold sores"

The development of a VIable commerCIal productIOn of these by-products IS stIll some
way off However, It should be noted that the aVaIlabIlIty of aquaculture faCIlItIes, as WIll be the
case m the current proJect, proVIdes an easIly adaptable enVIronment to focus on producmg
speCIes WIth most value-added It IS lIkely that the hIghest value-added In the future Will be
assocIated With medIcal applIcatIOns of the types descnbed

--,

I j

-1
~

1
]

1

1
]

I
1
]

]

]

]

J
I .--

J
]

j

l



The Seacrest Group

2 3 3 General CondItions for the Aquaculture ofAlgae

25

ArachIdonic aCid metabolIsm and eIcosanOld bIosyntheSIS m many manne
organisms serve as chemIcal regulators of bIOchemIcal processes They are a
potentIal tool m the development of antI-mflammatory drugs and serve as useful
bIochemIcal probes m research

Of specIal mterest due to theIr mterestmg compounds are the blue-green algae
Lyngbya) and SchlZolrlX, and the kelp Lammana smclazrll

The best known polysaccharIdes are the commercIa])y used agars, carrageenans
and algms These and other algae denved polysaccharIdes also exhIbit
mterestmg bIomedIcal actIVIty

Porphyndlum produces polysaccharIdes ca])ed PUFA and EPA that have
potentIal applIcatIons as base for prostaglandm manufacture and cholesterol
lowermg agents Haematoccoccus IS a potentIal source of astaxanthm although
still at the research stage Other potentIal by-products from macroalgae mclude
addItIOnal phycocolloids from Furce/lana, Glolopeltls, Porphyra and others

Carrageenan and other polysacchandes may also have antIVIral, antIcoagulant,
antitumor, cholesterol lowenng and Immune system regulatmg functions whIch
arecurrently bemg researched

Marme algae belongmg to the genera Chondrus, Graczlana, Gelzdlum and
Pterocladla have been used for stomach disorders WIth mterestmg results

Antitumor compounds

Neurotoxms and cytotoxms Powerful toxms called tetrodotoxms are denved from varIOus organIsms,
mcludmg algae belongmg to the dmoflagellates (whose toxms are called
brevltoxms) These toxms have found use m neuropharmacology as chemIcal
tools m research on the nervous system

Substances called dIdemnms (denved mostly from sponges and ascideans)
appear to have a strong antItumor effect

Protem kmase Isoenzymes (called PKC) have shown effects astumor promotors
of use m bIomedIcal research The alga Lyngbya may represent a source for
these

Tumor promotors

AntImflammatones

BlOactive polysaccharIdes

Stomach dIsorders

USAID Wastewater FeaSibility Study
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Table 2 A summary ofbIOmedical uses ofalgae and other marme by~products

The tradItIOnal approach for algae aquaculture has been, and remams, the recruItment of
spores onto nets, sunken rocks or ropes, the suspenSIOn of these growth deVIces m the open sea
or large coastal Impoundments, and the eventual harvest of the alga All macroalgae cultured
thIS way reqUIre plenty of space and clean water RegeneratIOn occurs by artIfiCIal seedmg With
Improved varIetIes or through natural recruItment PreVIOUS expenments to grow Gracliana m
ponds IS of mterest to thIs project although most research has focused on Improvmg the manne
Impoundment process ThIS work has ongmated m Japan and Chma Work done by Dr John
Ryther and Dr Bnan LaPomte at Woods Hole, Massachusetts m the 1970's showed that
Gracilana can grow well m ponds and raceways exposed to treated wastewater
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The Seacrest Group

The "low-tech" approach Involves USing speCIes that grow well under dIfficult condItIOns
and stIll produce value-added products In general, these algae are grown for theIr bIOmass (1 e ,
as food sources) rather than for other by-products (e g, pharmaceutIcals)

Dunalzella, whtch IS grown for It's b-carotene content, requIres a steady but not exceSSIve
mtrogen supply, moderate sallmty, and a well mIxed enVIronment where sunlIght IS neIther
lImItIng nor InhtbitIng IfcondItIons are suboptImal, Dunalzella bIomass may be excellent but ItS
b-carotene content may be low Thts IS espeCIally true If mtrogen levels are too hIgh

Large scale monospecIfic cultures of algae are lImIted to speCIes whIch can outcompete
InvadIng speCIes and aVOId grazIng by zooplankton and protozoa GroWIng salt-tolerant speCIes
In water of a sallmty that elImInates competItIOn and predatIon can faCIlItate success of such
cultures Two such speCIes, Spzrulma and Dunalzella, reqUIre salImtIes of >20 ppt for optImal
yIeld

26USAID Wastewater Feasibility Study

For the purpose oftlus study, the approach of most mterest IS the mass cultunng of algae
m ponds or raceways Attempts to commerCIally produce algae m ponds have been ongomg for
over 30 years However, In spIte of the recognIzed potentIal to produce valuable by-products, a
vIable commerCIal Industry remams practIcally non-eXistent An Important reason has been the
dIfficulty In transferrmg expenences from lab culture of algae to full-scale applIcatIOns In

outdoor enVIronments Problems that need to be overcome Include

1) Mamtammg the deSIred speCIes and aVOIding dIsplacement by Invader speCIes

2) AchtevIng umform qualIty, partIcularly when the deSIred product IS a bIochemIcal
by-product

3) MaIntammg optImal growth rates under vaned water qUalIty and clImatIC condItIons

4) InfectIOns and dIseases and grazmg by protozoa and zooplankton

5) The htgh cost of harvesting, product handling, chemIcals and energy needs For the
last 40 years, energy has been the pnmary problem makIng full-scale algal culture
prohtbitIve In cost

There are two possIble approaches to addreSSIng these Issues a) a "htgh-tech" track,
InvolVIng closed raceway systems WIth controlled envIronmental parameters, or b) a "low-tech"
track, fOCUSIng on hardy or tolerant vanetIes whtch can thnve In sub-optImal condItIons or In
umque enVIronments PrevIOUS work along these hnes has been WIth mlcroalgal speCIes whtch
are easIer to manIpulate and have more rapId growth rates

In the "htgh-tech" track reactors whtch allow unlImIted sunlIght access and controlled,
predator free enVIronments are used Most economIC calculatIOns on mIcroalgal aquaculture are
based on tlus type The speCIes grown are vanetles WIth potentIal for htgh value added by
products such as PorphyrzdlUm and Dunalzella Even so, work remainS at the pIlot stage
although commerCIal productIon of Spzrulzna for health-food apphcatlons IS at a commerCIally
VIable stage
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2 3 4 SpecIes to ConsIder for Aquaculture

Expenences WIth Dunallella mdIcate that under controlled and preferably closed condItIOns, thIs
specIes may develop mto a vIable alternatIve to alfalfa as a carotene source, partIcularly m hot
desert chmates

A charactensnc of fishmeal wastewaters IS theIr seasonalIty Smce flows only occur
dunng part of the year, aquaculture specIes need to produce a vIable harvest m a short tIme
Many mIcro- and macroalgae have harvest cycles measured m weeks The red macroalga,
Graczlarza (FIgurelO and 11), can reach a productIVIty of 40 g/m2/day A sUItable mlCroalga lIke
Spzrulzna achIeves 10-15 g/m2/day In a month, 03-1 5 kg/m2/day mtrogen uptake for Spzrulzna
and up to 4 kg/m2/day for Graczlana IS conceIvable Table 3 summanzes the chOIce of algae for
evaluatIOn as aquaculture specIes

27

* Pond/raceway culture experiences lImited
* ProductIOn ofby-products under waste-water
conditIOns lIttle known
* As sessIle macroalga, may require recruitment
and rooting structures complex growth and
management cycle
* May reqUire resource mtenslve by-product
extractIOn

* As sessIle macroalga may require recruitment
and rootmg structures complex growth and
management cycle
* Little known about pond/raceway productIOn
*No local market

* Relatively low value-added primary use as
feed, secondary use as human food supplement

* Byproduct productIOn (but not total bIOmass)
very sensitive to excessive nitrogen
concentratIOns
* By-product extractIOn resource mtenslve

* Knowledge ofenvironmental reqUirements on
research or pIlot stage
* Little knowledge ofgrowth parameters m
wastewater SituatIOns
* By-product productIOn sensItive to sub-optimal
conditIOns
* ReqUires resource mtenslve by-product
extractIOn

* High value added by-products such as
carrageenan and other phycocoliOids
* Grows m marme enVIronments

* Growth parameters relatively well defined
* b-carotene by-product has high value added
*Grows well m high salImty enVironments,
high temperatures and mtense sunlIght
*PrevIous Peruvian experience

*Rapid biomass growth *Nonspecific Low value-added use lImited to
* Rapid mtrogen uptake fertilIzer and pOSSibly feed
*Proven oxygenation capacity

* High value added as a food export
* Locally abundant In polluted coastal areas
* Use as food product probably reqUires lIttle
processmg

* Rapid growth under good conditIOns
*Known to grow In secondarIly treatedwaste
w~ter

* By-products of high value (agar-agar, other
phycobIllprotems)
* Agar-agar by-product has establIshed world
market

* Growth parameters relatively well defined
*Grows well In high load wastewaters
*Highly nutritious algae With high mtrogen
content/uptake
*Tolerant to fluctuatmg environmental
conditions

Mixed
mlcroalgae mass
culture

Porphyndlum

Ulva

Splru/ma

Dunabella

Gracilana

USAID Wastewater Feasibility Study

Table 3 Relative advantages and disadvantages ofspecies of mterest for aquaculture
~SPECIES:
¥£1f;r,;#::JttSf'
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The Seacrest Group

Most Gracilana aquaculture IS done In the open ocean Some grow-out expenments
have been accomplIshed In raceways and ponds The most successful of these were by La POinte
and Ryther dunng the 1970's In these expenments, Graczlana was shown to grow well m
secondary treated wastewater In raceways

In the current study two, genera of macroalgae are Included for evaluatIon Ulva and
Gracilana Ulva IS commonly known as "sea-lettuce" and grows abundantly along the PeruVIan
coast It IS especIally notIceable along the shores of polluted bays, suggestIng that It thrIves m
eutrophIc, hIgh-nutnent condItIons

Ulva has ItS pnmary use as ammal feed A thnvIng market eXists In the Far East for Ulva
as a human food Pnces In Japan may reach $60 per kg for tms product There IS currently no
PeruVIan market so an export conduIt would need to be establIshed It can be used as ammal
feed supplement although at a lower value added pnce Processing needs of the harvested
product remam to be determined
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2 3 4 1 Macroalgae

Culture of Gracilana can have several dIsadvantages These Include (1) the unknown
avaIlabIlIty and qualIty of seed-stock In Peru, (2) the condItIOns needed to maxmuze by-product
productIon may not be the same as those needed for maxImIZing bIOmass growth, and (3) there
may be resource intenSIve extractIOn or other product proceSSing needs to conSIder Overall,
however, mgh value-added potentIal and the eXIstence of a well establIshed market for the
product makes tills alga mterestmg enough to consIder for aquaculture purposes

Ulva IS typIcally grown from ropes suspended In the water RecruItment of mdlvlduals IS
left to natural causes There are reports of successful grow-out of Ulva In sewage loaded water
from vanous places around the world, although the exact nutnent, lIght and flow condItIons
remain to be mvestIgated LIttle infOrmatIOn IS avaIlable about the reCruItment and grow-out of
Ulva In ponds or raceways ThIs would need to be determIned In pIlot stage expenments Of
partIcular concern IS the potentIal need to reCruIt indiVIduals artifiCIally and "root" them onto
ropes If tms needs to be done, labor costs may be mgh ThIs IS an Issue applIcable to all
macroalgae that Will need to be determmed m the pIlot stage

Gracilana, a few speCIes of wmch prOVIde most of the agar-agar m the world, IS
conSIderably better known as an aquaculture speCIes than Ulva Gracilana has been successfully
grown, usually from ropes or nets suspended from rafts, In the Far East It's mam by-product,
agar-agar, has a well establIshed and worldWide market In addItIon, recent research suggests
that It can yIeld other valuable by-products From tills perspectIve, ItS successful aquaculture m
Peru could be a benefiCIal hIgh-value added optIon for the present project

- Gracilana grows rapIdly With rates of 40 g/m2/day (B LaPOinte, 1996, pers comm)
However, as With other macroalgae, lIfe-cycles are complex, and recruItment and rootmg
strategIes remam to be determined]
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2.3 4 2 Mlcroalgae

At up to 15 g/m2/day growth rates for Spzrulma are not among the highest for algae
However, SInce Spzrulma may conSIst of up to 70% (dry weight) protem, ItS relative mtrogen
uptake IS greater than other algae This prOVides a more effiCIent treatment of wastewaters

A problem encountered In grOWIng Spzrulma In large outdoor ponds m desert clImates
has been lower than expected yield An apparent reason IS photomhIbitIon, I e an excess of
sunlight (Vonshak and Guy 1987) Yields may be Improved by covermg the ponds Many
sectors of the Peruvian coast are suffiCIently cloudy or foggy to obViate this problem, yet possess
an even clImate permIttmg effiCient operatIOn

29USAID Wastewater FeasibIlity Study

All of the algae beIng consIdered for aquaculture are marme No candIdate specIes have
been IdentIfied for macroalgal culture In freshwater sItuatIons However, there eXIsts a well
establIshed tradItion of USIng macrophytes such as water hyacInth (Ezchorma crasszpes) or
duckweed (Lemna sp) In domestIc wastewater treatment These optIOns were not explored for
this project

In the context of wastewater treatment macroalgae suffer from the disadvantage of theIr
complex lIfe-cycles and generally seSSile lIfestyle Modelmg growth and nutnent kmetIcs IS
difficult, complex rootIng structures may be reqUIred, and culture denSItIes are much lower than
those achIevable With mIcroalgae ThIs results m systems that are less predIctable and less
effiCIent m terms of wastewater treatment ThIs IS because microaigae, as SIngle celled or
filamentous free-floatIng orgamsms, can achieve higher denSItIes as cells are dlstnbuted
throughout the water column In addItIOn, the CIrculatIng algae behave as a bIOlogICal reactor,
allOWing the modelIng and calculatIon of more relIable dImenSIOns and process cntena for the
system

Spzrulma readIly settles out by graVIty filtratIOn Filtered algae are dewatered In a
vibratmg or shaken screen (prodUCIng a slurry of 6-8% solIds) and the resulting slurry IS filtered
through a centnfugal filter producmg a cake With 18-22% solIds The cake IS dried m the sun (on
days With a solar temperature> 55 C) or m a dryIng chamber The flakes can then be ground to
powder to be used as food or ammal feed (Ayala et al 1987, Fox 1987) This process may
remove suffiCient pathogens for direct human consumptIOn (Fox 1987) Spzrulma produced for
the health food market IS grown aseptically With artIfiCIal nutnents m closed systems (Cyanotech
1996)

Spzrulma grown for anImal feed or human consumptIOn thnves m high sallmty
enVIronments where predation and competitIOn are easIly controlled Its enVIronmental
requIrements mclude a high nutrIent Input (C N ratIO of about 30 1) prOVided by wastewater or
dIrect human or anImal waste, some added carbon m the form of alkalmlty mput dunng the day
when the pond becomes carbon lImIted (typically added as sodium carbonate or soda), and a
salInlty of >20 ppt These condItIOns produce good bIomass growth High sallmty environments
accelerate removal of cohforms and other pathogemc orgamsms which have short SurviVal times
In salt water
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2 3 4 3 ChOice ofSpecies for Pilot Evaluation

On the basIS of the above dISCUSSIon much remains to be determmed m relatIon to the
combmed aquaculture and wastewater treatment phase In a future pIlot stage, a vanety of
speCIes WIll need to be evaluated m terms of both theIr usefulness to treat the wastewater and
abIlIty to produce a value-added product

Porphyrzdlum IS another relatIvely well known speCIes Its carrageenan by-product has a
hIgh value and a well establIshed world market However, most of the work on thIs speCIes IS at
the research stage so detaIled knowledge of optImal envIronmental condItIons are not well
known at thIS pomt Its potentIal IS hIgh, however, recommendmg It for further study
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Spzrulzna needs to be dned and ground to be consumed Smce parts of the PeruvIan coast lack
hot sunshIne, the produced algae may need to be artIficIally dned Overall, the product
constItutes an excellent food product that should be able to fmd a local market as human and/or
ammal food The mam drawback of Splrulzna IS ItS relatIvely low value-added potentIal
compared to some other However, ease of growout and relIabIlIty of harvests may compensate
for thIs

- Microalgae are better known m terms of wastewater treatment (most waste pond systems
depend on mIxed algae for vanous facets of the treatment process) and can be modeled
effiCIently They can be grown at hIgh denSItIes, thus mmimiZIng space reqUIrements and
mcreasmg treatment effiCIency At first glance, they would seem to be more SUItable
Macroalgae offer interesting pOSSIbIlItIes for lngh-value added products and new industrIes for
the PeruVIan coast However, theIr usefulness In terms of wastewater treatment remains to be
clearly establIshed

Other mlcroalgae that may be consIdered for evaluatIon are Dunalzella and
Porphyrzdlum Both are of mterest for theIr by-products (b-carotene for Dunalzella, carrageenan
and phycoblhprotems for Porphyrzdzum) As mIcroalgae, they offer the advantage of bemg
grown m hIgher densItIes than macroalgae The pnmary dIsadvantage IS that theIr by-products
may reqUIre resource mtenslve processmg Also, the condItIons that maxImIze by-product
productIon may not be the same as those needed for bIOmass maximIzatIOn ThIs IS known to be
true for Dunalzella, where carotene productIon declmes m hIgh mtrogen enVIronments even
though bIOmass productIon IS mcreased Smce the wastewaters from the fishmeal plants are hIgh
m mtrogen, thIs speCIes may not be SUItable for the project
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Figure 10 Lyllgbya nUl]uscula, a blue green alga With 5-10 cm filaments
Native habllat subtidal areas and tldepools, tangles wllh other algae

"'-1

Figure II Gracl1arta Sal'COTllIQ, a native of reef flats and tldepools

Grows as dense mats 1-5 em thick
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Figure 12 A vIew of Glacdal!a sp under magmli<..atlOn
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2352 Water Quallty ReqUirements

2 3 5 1 Lmkage With Primary Treatment

2 3 5 Engmeenng DeSign of a PIlot Aquaculture ISecondary Treatment FaCIlIty

32USAID Wastewater FeasibIlity Study

The pIlot aquaculture faCIlIty wIll be hnked to the pnmary treatment system A protem
recovery system could operate entirely on treated wastewater However, seawater additlOn
would be necessary to allow vanous concentratIOns of wastewater m the aquaculture faclhty
Feedback to the pnmary treatment system WIll be proVIded to adjust output to optImIze
aquaculture productIon

As dIscussed prevIously, the qualIty of the treated mfluent wastewater may be such that
further pretreatment to reduce mtrogen loads IS reqUIred before It can be used for any algae based
secondary treatment The pdot plant WIll deternune the technIques and values needed Smce the
wastewater WIll lIkely contam as htgh a pollutant load as compatIble wIth algal survIval, growth,
and secondary treatment needs, any specIes that IS a candIdate needs to be evaluated under
realIstIc CIrcumstances For these reasons, the algae selected for evaluatIOn m a pIlot operatlOn
for thIs project Include Ulva, Graczlana, Splrulzna, and PorphyndlUm Dr Bnan LaPomte and
Dr BIll Oswald are renowned experts on algal aquaculture that are mterested m the current
project because the use of wastewater for aquaculture productIon has potential as a profitable
endeavor ThIS gIves such projects a broad apphcabilIty to many areas of the world Both have
expressed mterest m asslstmg m the pdot phase of a combmed salIne wastewater
treatment/aquaculture proJect

The use of a phYSICal treatment process WIll reqUIre mcorporatIOn of a dIlutIOn system
In the absence of effectIve waste mlmmizatIon, the best acmevable effluent from the pnmary
treatment system may not prOVIde adequate water qualIty In thIS case, the wastewater WIll have
to be blended WIth seawater to deternune the optimal grOWIng condItions for the algae

, The aquaculture faCIlIty WIll be deSIgned to operate m the absence ofwastewater from the
plants Such deSIgn WIll allow the aquaculture facIhty to operate at times other than when
fishmeal plants are actIve Under such a concept, polluted seawater that eXIsts WIthm the bavs
around the fishmeal plants WIll be used as the nutnent source Tms deSIgn WIll necessItate a
separate seawater dIlutIOn and pumpmg system The pIlot stage WIll need to determme what, If
any, fertIlIzmg needs are necessary for a system operated solely on seawater

The deSIgn of the secondary treatment/aquaculture system reqUIres a mmlmum water
qUalIty to be able to achIeve the treatment and aquaculture objectIves The exact defimtlOn of
these lImIts WIll be a central component of a pIlot study Suggested water qualIty cntena to be
used for deSIgn purposes are lIsted m Table 4
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Table 4 Suggested water quality desIgn cnterIa1
1
]

1

Suspended
solids

BOD

Phosphorus

Pathogens

MIDImum mfluent quality
TurbIdIty IS prImary deSIgn IImItmg criterion
for aquaculture Needs to be determmed

Needs to be low enough to aVOid oxygen
depletIOn and allow suffiCIent OXidatIon m the
ponds
Not a CritIcal factor

Should not contam large amounts of human
pathogens

Mmimum effluent quality
Peru regulatIOns have expressed luntts as
total solIds An ObjectIve of 100 mgIL
suspended solids IS suggested
Peru regulatIons have requIred 400 mgIL
max daIly average An objective of <100
mgIL IS appropriate
Phosphorus IS not a IImItmg nutrIent m most
manne systems, so WIll not need special
consIderatIOn
Fecal Coliform count of less than 2000
MPNII00 mL IS PeruVian requIrement
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2 3 5 3 ConstructIon and OperatIonal Parameters

Followmg pretreatment, the effluent flows Will be conveyed mto facultatlve lagoons to
reduce the organIC content of the water and produce the algal crop ThIS reqUires the lagoons to
be bUilt m a shallow arrangement which allows lIght to penetrate the entIre water column The
shallow depth allows photosynthesIs to occur throughout the full depth of the water TurbIdIty of
the water plays a role In determmmg the depth of the lagoons When used for the purpose of
propagatmg algae, these facultatIve lagoons are more appropnately termed "aquaculture"
chambers DetentIOn time and surface orgaruc loadmg are other pnmary sIzmg parameters for
these systems

From an engmeenng standpomt, the pnnclpal SIZIng parameters for the aquaculture
chambers when SImultaneously used as facultative lagoons for orgaruc reductIOn are flow volume
and orgaruc content Smce specIfic background data or a treatabIlIty study are lackmg, a system
IS proposed which IS fleXIble enough to deal With a Wide range of mfluent charactenstlcs To this
end, the system would be deSIgned and bUilt to allow adjustment of the mfluent to the
pretreatment system (1 e, dIlutIOn) and prOVIde for the abIlIty to batch load (or pulse) more than
one aquaculture lagoon In this manner, the strength of the waste load can be dealt With to
determme what the system can and cannot handle and stIll functIon properly

Batch loadmg of the aquaculture lagoons would be SImIlar to operatmg a Sequencmg
Batch Reactor (SBR) system In such a system, a smgle basm IS loaded (filled) and allowed to
treat the waste WIthout a flowthrough stream This mllllmizes overloadmg which would lead to
loss of process, odors and problems WIth propagatIOn of deSIrable algae speCIes After a
suffiCIent degree of treatment, the basm could be dIscharged to the ocean or to a wetlands system
and be ready for a another cycle Therefore, two or three lagoons would be buIlt to allow
sequencmg and potentIal recycle to the front end of the pretreatment system to help mItigate
mfluent strengths This approach wIll also allow the exammatIOn of whether addItIOnal aeratIOn
IS reqUired m the facultatIve stage of the process

To evaluate the potentIal for aquaculture of the chosen speCIes, one or preferably two
pIlot raceways per speCIes needs to be constructed m the pIlot stage The total number of pIlot
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2 4 2 Wetlands

2 4 1 IntroductIOn

34USAID Wastewater FeasibilIty Study

2.4 Flshmeal Wastewaters: The Tertiary Step OptIOn

Algal matenal w111 be acqUired m Peru, If possIble Ulva and Spzrulma should be locally
avaIlable The other specIes may need to be Imported lmtIally

However, there are several optIOns avallable that may provIde addItional social and
economIC benefits Treated freshwater may be used as lITIgatIOn water Saltwater may constItute
a water source for wetlands that provIde ancI1lary benefits m the form of Wlldhfe enhancement
and tounsm potentIal or dIrect benefits m the form of harvestable products Wetlands have the
addItional benefit ofprovldmg a final "pohslung" of the wastewater before final dIscharge

After wastewater has passed through a protem recovery system, a pretreatment
aquaculture step (for fishmeal mdustry wastes), or the AIWPS (for domestIC wastes), It WIll have
a dramatICally reduced load of BOD, suspended so11ds and nutnents (mtrogen and phosphorus)
Effluents from the aquaculture step wIll be suffiCIently treated to release back mto the ocean or
recelvmg stream WlthOUt causmg further enVIronmental degradatIOn

raceways w111 be 4 or 8 All should have the optIOn of batclung, dIlutmg and varymg detentIOn
tImes V-shaped raceways may be the most economIcal configuratIOn The raceways should also
be able to be covered to regulate 11ght For the macroalgal specIes, ropes or other structures for
rootmg may be requITed Mlcroalgae would be grown as a mIxed reactor

A final optIon, to aVOld dlschargmg mcompletely treated wastewater mto partIcularly
sensItive habItats such as lakes or enclosed bays mIght be the use of rapId mfiltratIOn systems
Many parts of the PeruvIan desert coast may be appropnate for such an optIOn In a rapId
mfiltratIon system, the effluent IS released mto porous basms where the water IS allowed to
percolate mto the ground and recharge the groundwater The passage through the solI has a
punfymg effect on the water and surface dIscharge IS reduced to essentIally zero

The punfymg capacIty of natural wetlands IS generally hmlted However, wetlands can
be successful as pohshmg unItS that remove remammg pollutants after lmtlal treatment
Therefore, wetlands are generally conSIdered as tertIary treatment optIOns partIcularly where
secondary treatment IS not able to meet dIscharge hmlts for mtrogen and phosphorus Only m
very small-scale apphcatIOns could a wetland be used as a pnmary treatment optIOn In shghtly
larger systems, wetlands can be effectIve as secondary treatment systems, usually followmg an
OXIdatIOn pond or slmllar "natural" pnmary treatment optIOns
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2 4 2 2 Anclllary Benefits ofWetlands Wlldlife and Tounsm

As the Pantanos de VIlla and other marshes along the PeruVIan coast show, the presence
of a wetland IS a magnet for WildlIfe Many bIrd speCIes are reSIdent Even more use the marshes
as restmg areas as the PeruVIan coast IS on the PaCIfic Flyway mIgratIOn route between North and
South Amenca The creatIOn of a wetland enVIronment where none prevIOusly eXIsted would
enhance wIldlIfe habItat for many speCIes Consldenng that many eXlstmg wetlands are bemg
encroached by development, the creatIOn of new habItat could serve as valuable regIOnal
mItIgatIOn

Closer to the ocean, the marsh area IS dommated by mtermlttently flooded, sandy areas
dommated by the salt-grass Dzstzchl1s spzcata Two other salt tolerant grasses also present are
Paspalum vagmatum and Sporobolus vzrgzmcus ThIs part of the marsh IS termed the "gramadal"
Salzcormajructzvora can also be found m thIs area (Vltes 1992) LIttle IS known on whether It IS
pOSSIble to cultIvate and transplant these speCIes to a potentIal wetland, theIr reqUIred water
qualIty and quantIty, or theIr effect on the operatIOn of a constructed wetland However,
SalIcorma has been successfully aquacultured m MeXICO and SaudI ArabIa

35USAID Wastewater Feaslblhty Study

2 4 2 2 PeruvIan Coastal Marshes

The "Pantanos de VIlla" marshes south of LIma represent a typIcal PeruvIan coastal
marsh created by upwellmg groundwater Impounded behInd the beach The vegetatIOn
dlstnbutIon m the marsh follows a salImty gradIent begmnmg With freshwater Typha
augustzpholza (marshes With open water surface lagoons occurnng at the mland end of the
marsh) Closer to the ocean, salme saltgrass (DzstlChlzs) donunates the wetlands ImmedIately
behmd the backdune of the beach Other marsh speCIes present are the freshwater bulrush SClrpus
amerzcanus ("totonlla") and typIcal macrophyte vegetatIOn lIke Pzstla strateztes ("lmo de agua"),
Azolla sp, Lemna sp (duckweed) and Elchorma craSSlpes (water hyacmth) (Vltes 1992) The
Sczrpus-Typha assOCiatIOn represents a vegetatIOn combmatIOn that has proven effectIve m
freshwater wetland systems worldWide and may well prove useful m the current project
Elchorma IS well known m wastewater treatment as a potentIal natural treatment optIOn (Reed et
al1995)

An Important charactenstIc of the marshes that occur along the PeruVIan coast IS theIr
lack of tIdal mfluence Most of the marshes do not have a permanent surface connectIon to the
ocean and are not mfluenced by tIdal mflux They consequently do not expenence regular tIdal
flushIng or major surface flows Underground seepage and evapotranSpIratIon seem to dommate
the hydrology of these marshes SporadIcally, large ocean waves break over the beach dune and
flood the oceamc end of the marsh These charactenstIcs Imply that the hydrology of Peru's
natural marshes IS a poor deSIgn for a constructed wetland whIch depends on steady surface
flows and/or tIdal flushmg for ItS effiCIency Any constructed wetland for the proposed project
would have to conSIder the ImplIcations of the shallow, permeable water table and the relatIvely
stagnant nature of the coastal marshes
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2 4 3 1 General

2 4 3 RapId InfiltratIOn Systems

2 4 2 3 Productsfrom Wetlands

36USAID Wastewater Feasibility Study

A rapId mfiltratIOn (RI) system conSIsts of open basms mto whIch wastewater IS pumped
for 2-3 days and then allowed to dry for 7-15 days The wastewater percolates down through the

The remallllng plant materIal, the straw, IS also usable as a feed source It IS relatIvely low
m protem but IS acceptable for rummant ammals Smce ItS salt content IS hIgh, It IS necessary to
reduce the salt content or blend It With other feed to be acceptable Washmg m seawater IS
suffiCIent to remove 65%-70% of the salt and the resultmg product can be fed dIrectly to cattle,
goats and sheep (although It should be noted that some nutrItIOn IS also removed m the washIng
process)

Natural wetland areas potentIally provIde fishmg and huntmg habItat, although they
probably would not support heavy explOItatIOn under the current assumptIOns However, there
has recently been some mterestmg developments m the culture of Sallcornza, the UbIqUItous
"plckleweed" of salt-marshes worldWide

YIelds of Sallcornza can reach approxImately 15 tons per hectare, Implymg 05 tons 011,
1 2 tons meal and the remamder as desallrnzed feed Salzcornza cultIvatIOn has been developed
m SaudI ArabIa where 50 ha desert plots are lITIgated With seawater by pIVOt lITIgatIOn systems
Salzcornza IS also bemg cultIvated m Puerto Penasco, MeXICO m an enVIronment SImIlar to Peru
CultIvatIOn IS faIrly easy m warm, well draIned, coastal areas, and therefore represents a potentIal
applIcatIOn oftreated fishmeal wastewater m SUItable areas along the PeruVIan coast Dr Hodges,
the world expert on Salzcornza cultIvatIOn, has been consulted for the current project, and IS
WillIng to partICIpate m the development of a pIlot productIOn urnt The eXIstence of a manne
wastewater stream allows the fertIlIzatIOn step reqUITed for clean seawater IrrIgatIon to be
elImmated

The presence of wetlands provIdes aesthetIc values to the area, partIcularly gIven Peru's
typIcally desert-like coastal envIronment Increased area Wide tOUrIsm potentIally provIded by a
wetlands area IS a factor to consIder when determmmg the final dIsposal of the treated
wastewater

Salzcornza seeds provIde an edIble 011 structurally sImIlar to safflower 011 Its taste
compares well to other vegetable OIls The yIeld IS approxImately 260 kg of 011 per metrIc ton of
seed The remallllng seed materIal can be ground mto meal whIch can SubstItute for soybean
meal m a poultry dIet If the saponms m the meal are deactIvated dUrIng the preparatIOn process
ThIs characterIstIc IS SImIlar to alfalfa whIch also contams suffiCIent sapornns to act as an antI
feedant when fed to poultry Sapomn IS deactIvated by addmg small amounts of phytosterol to
the meal The yIeld of meal IS approxImately 660 kg per metrIc ton of seed
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TypICally, deSIgn of RI systems uses a surface Impoundment for applIcatIOn WIth annual
rates rangmg from 6 to 125 meters of water dependmg upon site condItIOns ThIs converts to an
area reqUirement of from 0 8 to 6 1 ha per 1000 m3 of waste applIed per day The level of
treatment reqUired prIor to InfiltratIOn can vary WIdely but generally mcludes pnmary

From a process standpomt, RI followmg pnmary/secondary treatment can produce a
hIghly polIshed effluent whIch IS low m BOD, TSS, and mtrogen content OrganIC loadmgs to
RI basms can range up to 130 kg/ha/day Both mtnficatIOn and demtnficatIOn can occur m these
systems when operated m cycles

sod and recharges the groundwater GIven sUitable soIls and mfiltratIOn dIstances, pollutants
mcludmg nutnents, BOD, and pathogens are removed from the mfiltratmg water The resultmg
groundwater (m a well deSIgned freshwater system) IS usable for all purposes mcludmg drInkmg
water In the case ofsalme wastewaters, the resultmg groundwater WIll be affected by sallmty It
IS necessary to msure that no down-gradIent groundwater users wIll be affected ThIs can be
achIeved by locatmg the basms as close to the ocean as possIble so that the basms represent the
"last" user
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RI systems must meet CrIterIa for sod qualIty (sand or sandy loams WIth hIgh
permeabIlIty), dIstance to the water table (over 3 m preferred, and 1 5 IS absolute mImmum), and
land gradIent «10%) The CrItICal factor m deSIgn IS the hydraulIc capacIty of the soIl (1 e, the
speed ofmfiltratIon) Waste load m the form of BOD IS seldom IImItmg as OXIdatIOn oforgamc
materIal IS rapId Nitrogen IS removed through a mtnficatIOnidemtnficatIOn process EffiCIent
mtrogen removal IS often the size deternnmng characterIstIc as more area and stncter control
over loadmg-drymg cycles IS necessary to achIeve demtnficatIOn Phosphorus IS absorbed onto
the sOlI A CrItICal factor IS the soIl catIon exchange capacIty Pathogens are removed m the first
5 m of soIl, although VIruses may travel further dependmg on coarseness of the soIl

A major advantage of RI systems IS that they do not reqUIre offseason mamtenance of
vegetatIOn If no flow IS present, they Simply dry out untIl wastewater IS applIed agam The lack
of any surface dIscharge IS also an advantage as long as any effects on groundwater are carefully
consIdered The sandy sOlIs and aVailable "waste" land of desert areas of Peru appear to be
approprIate for the establIshment of RI systems The ma.Jor dIsadvantage IS the cntIcal
Importance of havmg SUitable SOlIs and suffiCient dIstance to groundwater whIch may elImmate
many otherwIse attractIve sites from conSIderatIOn If groundwater qUalIty IS a major concern the
use of RI systems must be carefully managed to msure proper treatment m the basm to aVOId
pollutant "breakthrough" mto the groundwater table

WIth SUitable sOlI and hydrology characterIstics, an R1 system IS an attractive optIon for
fmal wastewater disposal WIth essentIally zero dIscharge as far as surface water IS concerned
The basm number and size needed to receIve the wastewater depends on the soIl and whIch
factor IS lImItmg mtrogen removal or soIl hydraulICS For a typiCal system each hectare ofbasm
can handle an average of 190 m3/day of wastewater SuffiCient numbers of basms must be
establIshed to mamtam a typlcalloadmg-drymg cycle m each basm (1-3 days applIcatIOn and 5-6
days drymg for BOD removal, longer drymg perIods for mtrogen removal)
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Flooding Basin

38USAID Wastewater Feasibility Study

The tertIary processes presented here (wetlands and land applIcatIOn) are presented as
optIOnal Effluent water qualIty after the secondary step IS meant to be adequate for release to the
receIv10g body The need for any further steps needs to be evaluated on the baSIS of economIC
needs, regIOnal polICIes, avaIlabIlIty ofland, SUItable enVIronments, and cost-benefit analySIS

FIgure 13 Sketch ofprmciple ofR! basms

2 4 4 ApplIcabilIty and ConclUSIOns

RapId 1OfiltratIOn basms are operated 10 dOSIng cycles With dry10g penods between
applIcatIOns suffiCIent to allow the ground below the basm to purge and the basm to dry out
Therefore, the mInlmum number of basms reqUIred would be two With large scale applIcatIOns
be10g compnsed of multiple basIn systems TypIcal applIcation cycles per basm 10 an and
clImate would fall 10 the range of 1 to 3 days of applIcatIOn followed by 4 to 5 days of rest
FIgure 13 presents a sketch of the pnnciple ofR! systems

A pIlot plant layout for an RI based upon a flow rate of 20,000 gpd would 10clude at least
two basms that allow up to 0 6 meters of water depth The surface area SIZIng for each basm
would vary With the SIte charactenstics

SInce the sIte Will be located 10 a coastal area, the depth to groundwater Will be a desIgn
consideratIOn for ImplementatIOn The deslfed groundwater depth range IS from 1 5 to 3 meters
below the bottom of the RI basm It IS belIeved that thIS can be acmeved 10 most areas wIth10 a
few hundred meters ofthe coast or less

In the case of wetlands, the cntIcal vanables are land avaIlabIlIty and seasonal vanatIOns
10 flow Where fishmeal plants operate only sporadIcally, a wetland may not be feaSIble

sedImentatIOn as a mInlmum The amount of pretreatment necessary IS gUIded by the soIl
charactenstIcs, the nature of the wastes, depth to ground water and the desIred qualIty of water
folloWIng RI applIcatIOn

2 4 3 2 DesIgn ofa P,lot Plant
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2 5 1 IntroductIon

2 5 Domestic Wastewaters: The AIWPS Approach

However, a freshwater wetland resultIng from treated domestIc wastewater may produce
substantIal ancIllary benefits from a tounsm and WildlIfe standpOint Such a system mIght be of
Interest to local and regIonal authonties or mternatIonal aId agencIes and NGO s

39USAID Wastewater FeasIbIlIty Study

Cntena mvolvIng relIabIlIty and redundancy are of paramount Importance In considenng
these cntena and the protectIon ofhuman and enVIronmental health, the cntIcal factor m selectIng a
waste treatment and dIsposal system IS not Its maxunum or average performance under Ideal
condItIons but rather Its tmmmum performance under adverse condItIOns Under these non-Ideal
condItIOns, mechamcal systems are less relIable than treatment In ponds Opporturuty for
reclamatIOn of water and nutnents and the pOSSIbIlIty of applymg more advanced alternatIves are
also Important long-term cntena Agam, when companng these cntena, ponds are supenor to any
mechamcal system

QualIty cntena for waste treatment processes should be ngorously applIed m considenng
alternatIve processes These cntena center around cost-effectIveness, relIabIlIty, and envIronmental
Impact, among others Cost-effectIveness cntena Incorporate technIcal and funCtIOnal feasIbIlIty
as well as samtation and envIronmental Impact, compatIbIlIty With natural resources, water and
land use, and the bIOta ofthe area

Secondary wastewater treatment mvolves removal and dIgestIOn of settleable and floatable
orgamc solIds (pnmary treatment) followed by removal and dIgestIon ofmIcrobml solIds produced
dunng aeratIOn of the pnmary effluent (secondary treatment) Such treatment tradItIOnally has
occurred m reInforced concrete and/or steel structures With matenals moved by motonzed pumps
and aeratIon proVIded by mechanIcal means SometImes, for economy and SImplICIty m small
commurutles, ponds are used to replace mechamcal systems The greatest advantage of ponds are
theIr SImplICIty, economy, and relIabIlIty TheIr bIggest drawbacks are theIr hIgh land use,
potentIal for odor, and tendency to go eutrophIC, fill m With sludge and become less effectIve With
age The Advanced Integrated Wastewater Pond System (AIWPS) developed by Dr WIllIam
Oswald maintaIns the advantages of ponds whIle mItigatmg theIr drawbacks ThIs system reqUITes
less capItal, energy, and operatIon and mamtenance than mechamcal systems and reqUIres less land,
produces less odor, and fills With sludge much more slowly than ordmary ponds

A Salzcorma productIOn wetland IS a feasIble concept for areas where new economIC
development IS deSIrable and land IS avaIlable The product from such a venture can be used to
offset costs for the overall treatment process

RapId InfiltratIOn systems also reqUIre avaIlable land In addItIOn to the other hydrologIC
and geologIC requIrements dIscussed In SItuatIons where zero dIscharge IS deSIrable, the system
could prOVIde envIronmental benefits although value-added products are not hkely
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The Seacrest Group

Table 5 Major elements mwaste grown algae

2 52 1 Nutnents

2522 Light

40USAID Wastewater FeasibilIty Study

2 5 2 The Role OfAlgae In Wastewater Treatment

Withm the VISIble spectrum of 4000 to 7000 angstrom umts, mIcroalgae utIlIze all
wavelengths of lIght more or less equally Outdoor cultures become lIght lImIted when one cannot
see a SecchI dIsk at !h the depth of the cultures Apprmamately 98 percent of the lIght absorbed by
algae IS converted to heat The remmnmg 2 percent IS retaIned m the bonds of photosynthesIzed
orgamc matter Based on the weIght ratio ofoxygen released (1 5), the heat of combustIOn of 1 mg
of algae IS about 5 7 callmg ofash-free dry weIght Based upon thIs, approxImately 3 5 calones are
fixed With the release ofeach mIllIgram of O2

ApprOXImately 25 elements are known to be essentIal for most forms of lIfe mcludmg
algae In the case ofalgae, carbon, mtrogen, and phosphorous are most lIkely to lImIt growth The
magmtude ofthese nutrItIOnal requIrements for green algae are outlmed m Table 5

Element Percent of Ash Free Dry Weight Algae BIOmass Potential (ABP)
Multiplier

Carbon 524 191
Hydrogen 74 -----
Oxygen 294 ----
Nitrogen 92 107

Phosphorous 13 769

One of the key components m Dr Oswald's pond system IS the role of algae to produce
oxygen and utIlIZe carbon and nutrIents Algae are aerobIc orgamsms that are photosynthetic and
grow With sImple morgamc compounds (C02, NH3 N03 P04) usmg lIght as an energy source
Four major groups occur m ponds based on chlorophyll type brown algae, green algae,
Cyanobactena, and red algae The predommant algal speCIes at any gIven tIme m a lagoon IS

dependent on growth condItlOns, temperature, orgamc loadmg, oxygen level, and avmlable
nutrIents The role of these factors m mfluencmg algal functlOn IS descnbed below

By divIdmg the percentage of each element by the correspondmg atOmIC weIght, the
followmg formula for rapIdly growmg green algae cell matenalis obtaIned C106Hl8l04SN16P The
weIght ratIO of oxygen released to cell matter synthesIzed IS apprOXImately 1 5 Therefore, the
greater. the growth rate of algae, the greater the oxygen released Lab tests of Algae BIOmass
Potential (1 e the potential of the sewage to generate algal bIOmass) sewage reveal that carbon IS the
first element to become lImItmg Because algae grows m water, oxygen and hydrogen rarely hmit
algal growth If carbon, mtrogen, and phosphorous are not lImIting, msufficient lIght Will be the
next parameter to lImIt algal growth
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Table 6 Influence oflatItude on photosynthetIc oxygenatIon

2 5 2 3 Temperature

* Latitude ofPeru vanes from 4° to 18° degrees
1 Langeley = 1 caVern
Assumes a 2% PE, 1 person equivalent IS 80g 0'1/ day

41USAID Wastewater Feasibility Study

ClasSIC mICrObIOlogIcal theory reports that the rate of mICrobIal actiVIty mcreases by a
factor of two for every 10°C mcrease m temperature Waste-oXidiZIng bactena grow and resprre at
approXimately the same rate dunng the day and mght whIle algae resprre at dIfferent rates The
rates of algal resprratIon are difficult to measure durmg the day due to the constant production of
oxygen Dunng the day, microalgae gam weIght and release oxygen They lose weIght due to
respIratIOn at mght The nocturnal loss ofweIght vanes from approXImately 1 % per hour at 20°C
to 2 % at 30°C Because waste grown microalgae are mamly dependent on bactenal OXidatIOn of
orgarucs for therr carbon dIOXide and ammomum supply, low temperatures Will mhIbit nutrIent

The photosynthetic efficIency (PE) IS defined as the ratIo of chenncal energy fixed m the
cells to energy mput from lIght for equal volumes Under average condItIons, the PE IS
apprmamately 2 percent of the total solar energy volumes From tlus, one can detennme that m
algal photosynthesIs, 180 calones (1 e, 3 5/0 02) of solar energy are requrred to release 1 mgof
oxygen from the water TIns result correlates to fmdmgs that there IS a drrect relatIOnshIp between
the oxygen productIon ofa pond and the angle of mCIdence of the mconnng lIght source Table 6
depICts the mfluence ofsouth latItude on oxygen productIon

Algae m lagoons can consume all of the carbon diOXide and bIcarbonate present, leavmg
only carbonate as the sole buffenng speCIes In thIs case, the pH of the lagoon becomes alkalme
pH values of 9 5 or greater are not uncommon m lagoons and can cause effluent dIscharge
VIOlatIOns (a pH=9°IS the standard US dIscharge lImIt) As mentIoned preVIOusly, natural
dIsmfectIOn of pathogens, along With an mcrease m phosphorus removal, IS greatly enhanced at pH
values greater than 8 5

The sewage of one mdividual requrres about 80 g 02/day for complete OXidation The area
reqUIred for photosynthetIc oxygenation vanes from 1 75 to 17 m2/person eqUIvalent dependmg on
the season and latItude If pretreatment m a facultative pond removes 60-70 percent of the BOD

2
(BIOchemIcal Oxygen Demand), the area of HIgh Rate Pond may vary from I °to 6°m Iperson
eqUIvalent I day WIth suffiCIent facultatIve pretreatment, one hectare of HRP Will produce
sufficIent oxygen to satISfy the remammg BOD for 2,000 to over 5,000 people I hectare

South Solar Energy Oxygen Produced by Algae Person
Latitude Laogeley/day eqUIvalents I
Degrees mg/cm/day gramslm/day tonslhaly ha

Dec June Dec June Dec June Dec June Dec June
10* 742 389 404 211 404 21 1 147 77 5050 2638
20 786 296 433 161 433 16 1 158 58 5434 2016
30 829 195 450 086 450 86 164 31 5649 1075
40 839 87 457 047 457 47 166 17 5714 587
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2 52 4 SalInity

2 5 3 The Advanced Integrated Wastewater Pond System (AIWPS)

2525 pH

42USAID Wastewater Feasibility Study

An effectIve, relIable, and econormcal AIWPS conSISts of a senes of at least four ponds
and/or wetland, each deSIgned to perform one or more of the basIC treatment processes (see FIgure
1) Treatment takes place fITst m a facultatIve pond WIth an aerobIC surface and an anOXIC mternal
pIt for sedImentatIOn and fermentatIon AnaerobIC mICrobes m the pIt are protected by surroundmg
walls or berms from the mtruSIOn of cold surface water contaImng dIssolved oxygen Raw sewage
IS mtroduced dIrectly mto the pIts where sedImentatIOn and methane fermentatIOn occur Overflow
velOCIty In the pIts IS mamtaIned so that suspended solIds removal approaches 100 percent and
bIOchermcal oxygen demand (BOD) removal approaches 70 percent The overflow velOCItIes of
one or two meters per day are less than the settlmg velOCItIes of one or two meters per day ThIS IS
also less than the settlmg velOCItIes of helmmth ova and parasIte cysts, so most of these remam m
the pIt and are pennanently removed from the effluent

The pnncIpal source of carbon for waste-grown algae IS the bIcarbonate IOn (HC03") whIch
usually attams a maxImum value at a pH=83 Current data reveal that algae do not utIlIze
carbonate (C03-

2
) In a carbonate-bIcarbonate buffered system, the pH IS detennmed by the

loganthm ofthe ratIo ofcarbonate to bIcarbonate Smce pH tends to mcrease as the algae grow, the
bIcarbonate IOn IS the source of carbon Commensal bactena, producers of CO2, may be lImIted m
the OXIdatIon of orgamc matenal by pH levels of 9 to 10 that normally occur near the surface of
rapIdly grOWIng algal cultures ThIs, m tum, may IIm1t the amount of carbon dIOXIde or
bIcarbonate aVaIlable to the algae In a hIgh rate pond, It IS recommended that cultures be mIxed
only enough to maIntaIn algae m suspensIon and to permIt bactenal fIocs to drag along the bottom
m a zone where the pH remaIns near neutral

uptake and algae growth StudIes have concluded that optImum thennal habItat for Chlorella IS
near 20°C wlule 25°C IS the optImum growth temperature for Scenedesmus

MIcroalgae tolerate a much WIder range of SallIDty and total dIssolved solIds (TDS) than
hIgher plants Algal tolerance ranges from snow melt whIch may have a IDS of 10 mgll to the
Dead Sea wmch may have a IDS of 250,000 mg/l As sallIDty vanes In wastewater, algae speCIes
vary from green algae (whIch favor low IDS waters) to dIatoms (whIch are abundant In sea water)
The WIde range of SallIDty In wastewater may reqUIre an extensIve amount of tIme for a specIfic
algal flora to adapt and replIcate

Another potentIal benefit of anoXIC PItS IS converSIOn of chlonnated hydrocarbons to fonns
that may be bIOdegradable m an aerobIC envIronment Due to the large pIt volume and ItS reducmg
enVIronment, settled solIds ferment to a pomt where only ash remaIns Hence, sludge removal IS
seldom, Ifever, reqUIred At St Helena, Callforma (the fIrst AIWPS), sludge removal has not been
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The Seacrest Group

requrred for over 25 years A second AIWPS at HollIster, Callforma shows lIttle sludge bUIld-up
after 12 years

The InterrelatIonshIp between paddle-wheel moong and algae sedImentatIOn was frrst noted
m hIgh rate pond studIes m the PhIlIppmes and was confIrmed m extenSIve subsequent studIes at
Richmond, Vrrgima (EIsenberg 1981) Both Nurdogan (1988) and Hall (1985) have studIed the
reasons for Improvement In algal sedImentatIon follOWIng paddle-wheel mIXing Nurdogan has
found a natural selectIOn for large algae whIch settle In a qwescent fIeld, and Hall has emphasIzed

43USAID Wastewater Feasibility Study

The phenomena that occurs m the fermentatIon pIts of facultatIve ponds are somewhat
umque and deserve consIderatIon QUIescent sedImentatIOn IS only a first reaction In the anOXIC
zone m a pIt, surfaces of solId partIcles that settle from raw sewage become populated by aCId
fonnmg and methane-producmg bactena As gas IS released on therr surfaces, the solId partIcles
become buoyant and tend to nse due to the attached gas bubbles If the pIts are suffiCIently deep (5
6 meters), the gas bubbles expand as they nse and usually Will break away from the partIcles before
reachmg aerobIC surface waters The bubbles then emerge and the partIcles, With therr adhenng
anoXiC bactena, reform to agam settle down through the slowly nsmg bed of mfluent sewage In
thIs way, the entrre raw sewage flow IS passed through a volume of mtense anoXiC actIVIty where
both Insoluble and soluble organIC matter IS absorbed and converted to carbon dIOXide, water,
methane, and mtrogen gas The methane gas can be captured and utIlIZed through cogeneratIon to
offset utIlIty costs

The second pond of an AIWPS senes IS a paddle-wheel mIxed shallow raceway called a
HIgh Rate Pond In such a pond, mIcroalgae grow rapIdly and release oxygen from water by
photosynthesIs The oxygen IS ImmedIately aVaIlable to bactena to OXIdIZe most of the soluble and
bIodegradable BOD remaxnmg m the efiluent from the facultatIve pond Algae produced dunng
paddle-wheel mIxmg are hIghly settleable (EIsenberg 1981) After algal removal by sedImentatIOn
or dIssolved arr flotatIon, the remaxnmg water has a BOD that IS generally less than 20 mg/l
Recrrculation of algae-bearmg water from the HIgh Rate Pond to the FacultatIve Pond prOVIdes an
oxygen nch cap on the facultatIve pond TIns oxygen qwckly OXidIzes reduced gases emergmg
from the fermentatIon PIt, thus mItIgatmg odors Algae m the recycled waters tend to absorb any
heavy metals that may be present In the mcommg waste and to settle m the facultatIve ponds, thus
removmg most of the absorbed metals from the facultatIve pond efiluent (Ramam and Oswald
1975)

The pOSItIve actIon m deep AFP pIts IS very slmllar to the well known upflow anaerobIc
sludge blanket (VASB) reactors Without some of DASB's problems LIke Imhoff tanks, when
pretreatment and mamtenance (even for a short tIme) are neglected, DASB's are prone to cloggmg
With rags, plastIc bags, and compacted sludge or gnt, and often reqUITe ngorous management
mcludmg fad-safe pretreatment, frequent sludge removal, and other mamtenance For an AIWPS,
sludge removal IS not often reqUITed, cloggmg IS ImpossIble, and mamtenance IS rmmmal Thus,
the mam pnnciples and advantages of DASB reactors are realIZed m advanced facultative ponds
WIth few of the dIsadvantages and With lower costs The helmmth ova removal WIthIn the
fermentatIon pIts IS of partIcular mterest m developmg countrIes where mIllIons of chIldren are
weakened by parasItes and, consequently, fall prey to chIldhood dIseases
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-Waters emergmg from the settlIng ponds are suffiCIently low In BOD and suspended sohds
to percolate readIly mto the ground or to be used for ImgatIon They WIll, however, lIkely contam a
bactenal count greater than 1000 per 100 ml Such water may reqUIre addItIonal storage pnor to
use

The energy requrred to paddle-wheel mIX a shallow pond at a velocIty of 15 cm/sec IS only
about 5 kw-hrs per hectare per day ThIs results In the release from water of more than 100 kg of
dIssolved oxygen per hectare per day - that IS 20 kg of oxygen per kilowatt hour (kw-hr) ThIs
compares WIth mechamcal aeratIon wmch nonnally transfers one kilogram of oxygen per kw-hr
Therefore, the energy saVIngs IS more than ten fold

44USAID Wastewater FeasibilIty Study

The fourth pond of an AIWPS (often called a MaturatIOn pond) has the dual purpose of
added dlSlnfectIOn and storage for ImgatIOn A recent publIcatIon by the World Health
OrgamzatIOn outlmes major concerns and safety factors related to the use of wastewater for
ImgatIOn (Shuval 1988) AccordIng to Shuval and others, the major danger In developIng lands IS
transmISSIOn of helmmth ova ThIs IS vrrtually precluded by the use of four ponds m senes Added
to the need for four ponds In senes should be an admomtIOn agamst short-circUItmg ThIS IS
aVOIded by alternatmg surface and submerged Intakes m pIpes transfemng water from one pond to
another In heu of, or In addItIOn to, the fourth lagoon, a constructed wetland can prOVIde
addItIOnal nutnent removal along WIth numerous ancIllary benefits as outlmed preVIously FIgure
14 depIcts the process flow diagram for an AIWPS

The thIrd pond of the AIWPS senes proVIdes sednnentatIOn of algae In the effluent of the
hIgh rate pond As noted above, a paddle-wheel mIXed mgh rate pond tends to select for algae that
are settleable when not In a ffilxmg field (Hall 1989) Algae (whIch settle) tend to become donnant
and do not ImmedIately decompose If two settlmg ponds In parallel are used, one or the other can
be drained to harvest the algae Dned algal sludge IS nch In mtrogen, phosphorous, and potash and
IS an excellent fertilIzer for fast-growmg There IS lIttle chance that dned algae would contaIn
mfectIOus orgamsms but to be safe, It should only be used on ornamentals and crops that are cooked
pnor to bemg eaten

the natural filaments produced by algae and therr tendency to cause agglomeratIOn of cells WIth
consequent nnproved sednnentatIOn Both phenomena appear to be Important In natural separatIOn
NeIther IS related to the phenomenon of auto flocculatIon that occurs due to mgh pH In poorly
mlxed ponds resultIng In preCipItatIOn of calCIUm carbonate, magnesIUm hydrOXIde, and calCIUm
phosphate ThIs type of preCIpItatIOn, as well as thennal stratIficatIon, IS prevented by contInUOUS
mIXmg at a lmearveiocity ofabout 05 feet/sec (15 cm/sec)

Freshly-harvested algae produced from wastewater treatment faCIlItIes are nch In protem,
VItamInS, mmerals, and energy It has been demonstrated that these algae can replace expenSIve
soy bean meal m agncultural feed PotentIal tOXIC effects due to algal uptake of high
concentratIOns of metals are a concern that must be mvestIgated pnor to marketmg algae from
wastewater ponds However, metals should not be present In the effluents expected In this
project
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2 5 6 ConclUSion

2 5 5 Cost Cntena

Table 7 presents perfonnance data from the RIchmond, Callfonua Treatment FacIlIty The
data shows that the major fractIOn of BOD IS removed WithIn the facultatIve pond wInle the total
rntrogen decreases SIgnIficantly WithIn the HRP The Ingh rate ponds do not remove a great deal of
BOD but contnbute oxygenatIon to the facultatIve ponds and aId m the removal of rntrogen,
phosphorus, and carbon Followmg algal removal, the degree ofpollutant removal m an AIWPS IS
eqUIvalent to that ofmechamcal secondary plants, With the added benefit ofSIgnIficant mtrogen and
carbon removal, removal ofheavy metals (Ifpresent), and a degree offml-safe dIsmfectIOn

45USAID Wastewater Feasibility Study

Table 7 Treatment performance data from RIchmond, Cahforma AIWPS (1992)
Parameter Influent AFP Effluent HRP Effluent Settling Basm Overall

(mgll) Sewage Effluent Percent
Removal

Total BODs 233 102 62 45 99
Soluble BODs 91 31 6 9 93
Ammoma 395 315 3 26 99
NItrate 4 2 3 26 96
Total Cohforms (MPN per 14 x 108 24 X 106 23 X 104 900 999
100 ml)
Fecal Cohforms (MPN per 9 x 107 7 X 104 5 X 103 170 999
100 ml)

2 5 4 Performance

The economy of AIWPS results from a number of factors beyond operatIon and
mamtenance For example, conSIder the cost of reactor volume ReInforced concrete reactors such
as settlmg tanks and dIgesters are lIkely to cost $300 to $500 U S (1996) fer m3 On the other
hand, formed earth reactors are lIkely to cost less than $3 U S (1996) per m By usmg earthwork
ponds, large reactor volumes can be created economIcally MIcrobes mvolved m treatment perfonn
as well m earthwork ponds as they do m most elaborate dIgesters Also, smce they cost so lIttle,
earthwork dIgesters (fennentatIOn PItS) can be made large enough to pennlt complete dIgestIOn and
elImmate sludge handlmg for many years

Development of economIcal and relIable AIWPS IS tImely because of the problems
commumtIes throughout the world are now facmg m financmg therr treatment systems The past
trend has been toward complex and expenSIve mecharucal treatment plants, many of whIch work
poorly and are dIfficult to operate relIably m small commumties and developmg countrIes Based
on results from St Helena, HollIster, and the Richmond faCIlIty, an AIWPS IS not only economIcal
and effectIve, but also attractIve and nUIsance-free For commumties m Peru whIch have an
abundance of sun and mIld weather, AIWPS can proVIde a new opportunIty to have natural, SImple,
relIable, and nUlsance-free wastewater treatment With sIgmficant Opporturuties for reclamatIOn and
enVIronmental enhancement at an affordable pnce
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Figure 14 AIWPS process descnptlOn
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3 2 1 Primary Stage, PhySIcal Treatment

3.2 Cost-Benefit Comparison

• Labor and constructIOn costs are based on U S pnces PeruVIan labor costs WIll most hkely
be lower

47

3. COSTS AND BENEFITS OF THE SYSTEM

USAID Wastewater FeasibilIty Study

3.1 AssumptIOns

• PIlot plant SIze 3 - 6 m
3/hr

• TYPICal full-sIze fish-meal plant 500 m31hr, With a 150 day operatIonal penod

• CalculatIOns for the secondary treatment / aquaculture facIhty based on Splrulma
aquaculture, as InSUfficIent data avaIlable on other speCIes Splrulma prodUCtIVIty IS 125
g/m

2
/d (compared to a productIVIty of 13 g/m2/d for a dedIcated hIgh-tech US Splrulma

facIhty) ThIs translates mto 18 7 tons/ha/yr

• RetaIl market value of hIgh quahty, health food SpIrulma In the US IS $50-$110 per kg
Wholesale pnces are assumed to be 1/10 of thIs $5 - $10 per kg

• Aquaculture ponds /raceways are 30 cm deep to allow for the expected turbIdIty of the
wastewater If deeper ponds are possIble, areal needs Will be substantIally lower

• ReSIdence tIme to allow BOD oXIdatIOn IS 10 days The proper reSIdence tIme and pond
desIgn IS a functIOn ofpIlot plant results

• TransportatIOn and ImportatIOn of foreIgn eqUIpment IS assumed to add 60% to the U S
pnce

COSTS
CAPITAL INVESTMENT
Land VarIable cost, dependmg on locatiOn Land reqUirements are not large Full

scale needs are less than a hnear multiplIer of the pl10t needs

BENEFITS
PRODUCTS
Recovered Solids Recovered product can be recycled mto the system or donated or sold to area

farmers as fertIlizer or feed
ANCILLARY BENEFITS ThIS step WIll not yield ancIllary benefits
WATER QUALITY BENEFITS System serves as pretreatment for the secondary I aquaculture step Treatment

effiCIency ranges up to 60%
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Treatment EqUIpment, cost $50,000 (est) for pdot, based on a I 6 multIpher for entry mto Peru of
necessary equIpment Full-scale costs wIll depend on degree of treatment and
raw effluent qualIty and quantity

Contmgency, engmeermg and $25,000-$50,000 (est) for pIlot
constructIOn costs
Pumps, lmes and connectIons Vanable Cost wIll depend on location of plant m relation to dIscharge

Ideally the treatment system wIll be co-located WIth dIscharge
Energy supply Ifno pubhc power avaIlable generators might be needed
Off-site equipment and faCIlIties Office and water qualIty testmg facIlIties
PRODUCTION COSTS
Operatmg Costs
(FIxed) Labor intenSIve supervISIon WIll be reqUIred for the pdot A full-scale operates WIth

mmImal supervISIon, except for the collection and dIsposal of the recovered
solIds

(FIxed) Mamtenance The low tech nature of the system ImplIes low mamtenance needs, except for
the product recovery step

(VarIable) Energy Low energy requIrements for proposed system, except pumpmg needs for
clean dIlutIon water

(Vanable) Consumables MmImal
Fixed Charges (deprecIatIOn, Depends on form offmancmg for project
finanCIal)

3 2 2 Secondary Stage, Aquaculture System

BENEFITS
PRODUCTS
Aquaculture Est value of Splru/ma harvest $22,400 - $85,400 per year for proposed

system
ANCILLARY BENEFITS Ponds may serve as bIrd areas
WATER QUALITY BENEFITS System IS expected to yIeld effluent that can be dIscharged

COSTS
CAPITAL INVESTMENT
Land Vanable, less than I ha needed for pIlot Actual pond SIze needs 0 24 - °48

ha A full-scale WIll requIre substantIally larger areas
Ponds, raceways, cost $15,000- $30,000 (est) for pIlot
Engmeermg, ConstructIon and $ 9,000-$18,000 (rough est)
contIngency costs
Pumps and lmes Vanable Cost wIll depend on locatIon of plant m relatIon to discharge

Ideally the treatment system WIll be co-located WIth discharge and close to
the sea A seawater pumpmg system WIll be reqUIred In both pIlot and
(probably) full-scale

Harvest and processmg eqUIpment MmImal for pIlot Adequate harvest eqUIpment for the selected full-scale
species Will be reqUIred Processmg needs for some species may be relatIvely
costly

Energy supply MmImal, except for pumpmg costs
Off-SIte eqUIpment and faCIlitIes Lab and office facIlItIes (jomtly With pnmary step)
PRODUCTION COSTS
Operatmg Costs
(FIxed) Labor Close supervlson for pdot needed Full-scale Will need tramed personnel to
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The potential market for the products generated m the VarIOUS stages of the treatment
system needs to be fully explored m a pdot stage However, some potentIal markets can be
IdentIfied

2) Protem recovery product as descnbed prevIously, thIs IS a hIgh-value product and can be
marketed around the world The company sellmg the system IS WIllmg to enter mto Jomt-venture
agreements With the responsIble entItles to collect and market the product

3) Algal aquaculture products as dIscussed above, the markets for algae and theIr by-products
show vanable development and geographIc dlstnbutIOn Algae used as feed can probably find
a market destmatIOn With area ammal processmg faCIlItIes, partIcularly the poultry mdustry In a
pIlot stage, the exact reqUIrements for such a feed would be determmed

49USAID Wastewater Feaslblhty Study

Costs and benefits of a tertIary system are sIte speCIfic and cannot be eaSIly estImated
WIthout sIte-speCIfic InformatIOn

323 Tertiary Stage, RIlWetland system

3.3 Potential Markets for By-Products and Value-Added Products

1) ConventIOnal pnmary treatment sludge thIs product IS unlIkely to b~of hIgh value The
product has a hIgh nutrIent content, however, and ItS dIrect use as fertIlIzer or sod Improvement
could be advantageous Smce It IS a by-product, the pnce can be set low enough to make It
affordable to local farmers and mhabltants, thereby proVIdmg a dIrect benefit to the local
agncultural economy It IS also pOSSIble that the sludge can be converted mto a base for feed that
may be used by the abundant local poultry processors

Algae used as fertIlIzer could peobably find a ready local market, although the local
economy m many areas may not be able to pay for or absorb much of the product due to the low
mcome and technologIcal development level Markets for algal by-products are undeveloped m
Peru There are establIshed mternatIOnal markets for some products (for example carageenan or
b-carotene), whIle other potentIal products at thIS tIme have more rudImentary markets In eIther
case, processmg faCIlItIes and development of an export market would be necessary to realIze the
value-added

manage and process product
(FIxed) Mamtenance System needs contmuous superviSIOn and mamtenance
(Vanable) Energy Energy needs related to water pumpmg needs
(Vanable) Seed-stock MmImal, once adecuate stock establIshed
(VarIable) Consumables Low needs, except If operatIon usmg seawater only IS planned, which may

reqUIre fertlllzmg (can use solids preVIOusly recovered m the pnmary step)
FIxed Charges (depreciatIOn,
finanCIal)
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Products mtended for dIrect human consumptIon (for example Ulva or Salzcorma) Will
need access to the mternatIOnal "fresh produce" market, or Will need to be marketed as dned or
processed products In such a case sUitable processmg facIlItIes are needed There IS currently
lIttle or no PeruvIan market for these products, but such a market could be encouraged

4) AncIllary benefits as dIscussed prevIOusly, the potentIal presence of created wetlands and the
Improvement m water qualIty from the system operatIon Will result m an mcrease m the tourIsm
and development potentIal of the area An mcrease m these economIC actIvItIes could represent a
substantial benefit to the area economy, potentIally eclIpsmg the cost of the treatment system

3.4 Local ParticipatIOn

The development of a wastewater/aquaculture system Will proVIde varIOUS opportunItIes
for partICIpatIon by local reSIdents and mvestors Smce the operatIOn Will be expected to
generate marketable products, mdependent busmes opportunItIes Will be created Marketable
products could mclude fertIlIzer, ammal food supplements, phannaceuticallnutnceutIcal
products, and seafood and other foods ThIs Will provIde opportunItIes for mvestors mterested m
the VarIOUS aspects of the aquaculture operatIOns Investment opportunItIes Will arIse which
could result m eIther paSSIve or actIve management pOSItIons m the compames SImIlarly,
workers Will be also needed to operate the waste treatment plant and the aquaculture faCIlItIes

UltImately, any development of products for the pharmaceutIcal and nutnceutical
mdustnes could lead to addItIOnal manfacturmg and laboratory pOSItIOns The antICIpated Jobs
Will reqUire a mIxture of both skilled and unskilled labor Therefore, a broad range of
opportunitIes Will eXIst for all of the local reSIdents The economIC benefits denved WIll also be
sIgmficant gIven the need for the skilled labor which Will result m higher paymg salarIes

4. RECOMMENDATIONS

This report has presented a fleXIble outlme for low cost approaches to dealmg With
wastewaters from VarIOUS sources along the PeruVIan coast A compartmentalIzed model was
chosen to allow the most fleXIbIlIty and generalIty m explonng SUItable responses SpeCIfic SItes
and wastewaters Will need speCIfically deSIgned treatment systems mcorporatmg one or more of
the approaches presented here

As a result, there IS no smgle system presented as the recommended optImum treatment
system A pIlot or operatIonal deSIgn reqUIres careful case-by-case evaluatIOn of the SIte speCIfic
bIologIcal, economIC and mfrastructure condItIOns However, some major conclUSIOns emerged
early m the process, as descnbed below

The SeaCrest Group
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42 Flshmeal Wastewaters

4.1 Domestic Wastewaters

The recommended approach to dealing WIth fishmeal wastewaters Will depend on a
number of local factors Under a phySIcal pnmary treatment scenanO, It Will be pOSSIble to

51USAID Wastewater Feasibility Study

• No Single process Will be adequate for full treatment The hIgh loads assure that a
cOmbinatIOn of pnmary, secondary and even tertIary treatment Will have to be conSIdered,
again depending on local enVIronmental and economIC development goals

• The Ingh concentratIon of fishmeal wastewaters mean that no Single process Will be adequate
for all condItIons encountered along the PeruVIan coast The chOIce of system Will depend on
1) actual and deSIred reCeIVing water qualIty, 2) qUalIty and quantIty of wastewaters, 3)
Internal waste mmIIDlzatIOn efforts, 4) avaIlable land and Infrastructure, and 5) eqUIty holders
and Investors aVaIlable for the project

• The pOSSIbIlIty ofJomt "sequentIal" operatIon (1 e sharmg the same facIlItIes but at dIfferent
tImes) IS a pOSSIbIlIty, prOVIded that avaIlable and connectable publIc sewer lInes eXIst In the
same place as the fishmeal plant system

• DomestIc and fishmeal wastewaters need to be consIdered separately The technologIes
mvolved have few elements m common, and represent dIfferent fundamental approaches
For these reasons aJomt treatment system IS unlIkely to be practIcal Dilutmg or blendmg the
wastewater types also poses some problems the hIgh pathogen load of domestIc wastes
causes any product grown In a blended wastewater to be unfit for human or anImal
consumptIOn

DomestIc wastewaters can be treated through conventIOnal methods WIth low technology
eqUIpment The proposed system has already been proven In the U S and has defimte potentIal
for Peru because of ItS low operatIonal requIrements The low capItal and constructIOn costs of
such systems gIve them Wide applIcabIlIty RecyclIng of the treated waters from these systems
as an ImgatIOn source can be benefiCIal m and enVIronments such as that found along the
Peruvian coast The value of the water recycled can proVIde a finanCIal resource for helping to
offset costs ofa wastewater plant and ItS operatIOn

Since the technology for pnmary treatment are fundamentally dIfferent between domestIC
and fishmeal wastes, JOint treatment IS ImpractIcal However, locating the treatment systems In
the same place mIght be an attractIve optIOn as part of the Infrastructure could be shared and It
could result In a deSIrable publIc-pnvate JOint enterpnse TIns would depend on the phySIcal
proXImIty of substantIal sources ofboth domestIC and of fishmeal wastewaters The condItIOns In
CInmbote, for example, mIght be amenable to thIS approach
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A secondary stage Will almost certalnly be necessary follOWing conventIOnal pnmary
treatment ConventIOnal pnmary treatment does not produce high value-added products The
resultmg orgamc reSIdue may be used as fertIlIzer or SImIlar, but IS unlIkely to possess high
economIC value However, the technology needs are faIrly modest and well known, and
operatIOnal costs are low WIth a successful secondary stage, this system mIght prove adequate

If a fishmeal plant already produces a relatIvely bemgn wastewater, as for example
through the applIcatlon of effectIve Internal waste mimmizatIon efforts, a conventIOnal prImary
stage could prOVIde adequate treatment to allow a secondary, algal aquaculture stage If the
mfluent wastewater has poor qUalIty, however, this type of approach IS unlIkely to yIeld
satIsfactory results

A second process IS potentIally aVaIlable which could reduce as much as 99% of the
waste load carned m the effluent dIscharges ThIs "proteIn separatIOn" or cold rendenng
technology represents a high-technology approach However, It IS lIkely that costs for
InstallatIOn of the eqUIpment Will be high Recovery of the orgamc matter IS a high pnonty for
ItS use as a value added by-product EXIStIng Investors are mterested In marketmg the producton
eXIstmg world markets

52USAID Wastewater Feasibility Study

reduce only about 60-70% of the waste load dIscharged by the plants TIns IS a relatIvely
sIgmficant amount of reduction which, over time, may contnbute to Improvements In overall
water qUalIty In areas of lImIted eXIstmg degradatIon However, under this scenano, the water
dIscharged would not meet dIscharge standards currently In place In Peru or other natIOns
AddItIOnally, any water quahty Improvement mIght be slow m comIng In severely Impacted
areas, partlcularly Cmmbote Bay, but perhaps also Palta and Pisco-Paracas, this level of
treatment mIght be inSUffiCIent to result In any notIceable Improvement In water qualIty for
several years

The proteIn separatIOn system IS effiCIent enough to deal With any wastewater qUalIty,
and therefore IS less contmgent on Internal operatIOnal changes In the fishmeal plants
Potentially, thIS system mIght be effiCIent enough to obVIate the need for further treatment steps
In addItIOn, once Installed It has faIrly low operatIOnal costs However, this system reqUIres the
contInued use of propnetary chemICals and supplIes unaVaIlable In Peru It also has high testIng
and InstallatIOn costs In areas of hmited space aVaIlabIlIty, the system mIght prove attractIve
eIther as an "Internal" Investment for an mdividual fishmeal plant or as a JOInt Investment
program between several plants and/or other Investors Interested In acqumng the waste streams

Secondary treatment would be achieved through some sort of aquaculture program An
aquaculture process added as part of a secondary treatment system has the potential to produce a
hIgh value added product which can generate addItIOnal Jobs and Income to offset treatment
costs The aquaculture Will benefit from the high nutnent content contaIned m the wastewaters
after InItial treatments m the pnmary systems WIth the phYSICal treatment system, It may be
necessary to dIlute the water entenng the aquaculture system because of nutrIent loads that may
be up to 25 times higher than could be taken up or mdeed tolerated at all by the algal cultures
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Tlus could further add to the costs of the system through the need to pump seawater for dllutIOn
purposes WIth the protem technology system, a better qualIty water could be achIeved WIthout
the need for seawater dIlutIOn

The optImum aquaculture specIes remam to be determmed A number of mterestmg algae
have been IdentIfied as potentIal candIdates They have m common a hIgh bIOmass yIeld
allowmg rapId harvests WithIn the parameters set by the mtermittent operatIOn of fishmeal plants

Currently, there IS lImIted knowledge on how to best grow algae m thIs type of
wastewater As a result, a pIlot stage Will need to focus on the cultIvatIon potentIal of these
specIes under local condItIons, as well as the potentIal economIC return of the resultmg product
Only then can a realIstlc recommendatIOn emerge

A feature common to the aquaculture stage as well as any tertIary stages (rapId mfiltratIOn
or wetlands) are large land reqUIrements Where space IS at a premIUm, the practICalIty of some
of these approaches IS lower as sufficIent land at a reasonable cost may be scarce In areas such
as Paracas, where land IS abundant, these approaches appear feaSIble, partIcularly as anclliary
benefits may be acqUIred m the process

RapId mfiltratIOn systems mIght be an attractIve approach where geomorphologIcal
condItIOns and space allow and there IS a need to get as close to zero dIscharge as pOSSIble ThIs
IS partIcularly true If a secondary stage IS relatIvely meffective m treatmg the wastewater RI
systems lack anCIllary benefits, but reqUIre mmnnal off-season mamtenance, makmg them
attractlve for remoter locatIOns where receIvmg water qUalIty IS cntical

Wetlands as a tertIary optIon are a long term approach that could combme final
"pohshIng" treatment With the productIOn of economIcally valuable products and/or hIgh
anCIllary benefits m terms of enhancement of natural values EstablIshIng a successful wetland
reqUIres speCIfic local hydrologIcal and clImatIC condItIOns and ample space, and IS senSItive to
changes m flow quantIty and qualIty of the type typIcal of fishmeal plants Stlll, wetlands may
be an attractIve way to bnng development and government entIties mto the program m Jomt
publIc-pnvate mvestments

4 3 ConclUSIon

Many of the estImates m thIS study were made on the baSIS of mmimal data that
speCIfically apply to the PeruVIan SItuatIOn However, It IS eVIdent that an abIlIty to address
wastewater problems related to the PeruVIan fishmeal mdustry can have sIgmficant Impacts m
Improvmg the water qualIty of coastal waters ThIS WIll have benefits to tourIsm, wIldlIfe, and
human health ThIs project has generated much mterest among researchers m the field because of
the nutnent value of the waters bemg dIscharged Currently, thIs value IS lost and actually
proVIdes a negative benefit to the country Recaptunng of the nutnents for converSIOn mto a
value added product could have major economIC ImplIcatIOns Pllot studIes Will allow for
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collectIOn of the addItional data that Will be needed to determme the desIgn and feasIbIlIty of a
treatment and aquaculture treatment system Movmg forward to a pIlot stage IS recommended on
the basIS ofthe mformatIon gathered to date
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APPENDIX 1 RESPONSES TO DRAFT COMMENTS FROM USAID

Comments from USAID-Peru (receIVed 11/29/96)

General

1) It IS suggested that the dIScussIon of fishmeal and domestIc wastewaters should he completely
separated What IS the reason for a focus on fishmeal effluents?

The fishmeal and domestIc wastewater sectIOns should he consIdered as separate
programs The pnmary coastal water qualIty Issue confrontmg Peru are wastes from fishmeal
plants ImtIally It was suggested that a dISCUSSIon of domestIc wastewaters should be mcluded m
the feasIbIlIty study WIth a VIew towards developmg Jomt treatment systems Such systems
mIght have attractive cost-benefit ratIOS and create systems WIth Jomt mvolvement by vanous
segments of SOCIety, mcludmg local authontIes, natIOnal government, NGO's and pnvate
mdustry However, reVIew of the treatment needs and charactenstIcs establIshed that such Jomt
treatment would not be techmcally practIcable As a result the domestIC and fishmeal wastewater
optIOns are presented separately, WIth more weIght gIven towards dISCUSSIon offishmeal wastes

Fishmeal wastes represent the most senous water qualIty program along the PeruVIan
coast There are, as mentIOned m the report, a number of programs m progress to confront
domestic wastewater treatment Issues Development of programs to deal WIth fishmeal
wastewaters are less developed It IS concluded that the pnmary focus of a potential pIlot phase
should be on fishmeal wastes

2) What local expenence and support for aquaculture eXIsts? Who would fund these activitICS?

Peru has WIth SUbStantIal knowledge and tramed personnel on aquaculture Issues
However, to our knowledge there IS only lImIted practIcal expenence, not only m Peru but
worldWIde, m algal aquaculture It IS understood that Spzrulzna and Dunallella have been
cultured m the past InformatIOn suggested that Splrulzna culture was successfull but a lack of
markets at the tIme precluded further development Vanous other types of ammal aquaculture
are ongomg In Peru at the present tIme (e g m Tumbes and Pucallpa) whIch mdicates that
profeSSIOnal expertIse and labor IS avaIlable to develop an aquaculture mdutry

Fishmeal

1) What contmgencies eXIst m the eventualIty that stIck- and carcass water recovery IS not
Implemented to the pomt assumed In the report?

In conversatIOns WIth MImstry of Fishenes offiCIalS and reVIews of representatIve
EnVIronmental Management plans (PAMA's), from the fishmeal mdustry It IS apparent that
recovery of solIds present m stIck- and carcass waters can be hIghly cost-efficIent Consequently
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See answer to preVIous comment

The urnt capaCItIes of the mdividual processes are necessanly dIfferent for the followmg
reasons

3) What IS the proportIOnal contnbutlOn to water pollutIOn from the dIfferent wastewater
streams?
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5) The urnt capaCItIes for dIfferent stages m the conventIOnal pnmary treatment process are rated
dIfferently Shouldn't the system be deSIgned after the lowest rated step?

4) The proposal to use hIgh-tech cold-rendenng protem recovery IS mappropnate, due to the
dependence on ImportIng propnetary chenucals Are these chemIcals aVailable m Peru?

many If not most Peruvian fishmeal plants are m the process of Implementmg the recovery of
these products Such recovery systems represent a fairly slgmficant capital mvestment but
qUlckly becomes cost effiCIent It IS assumed that stIck- and carcass water treatment Will be the
first systems InStalled pursuant to PAMA COmmItments Treatment of pumpmg water IS more
difficult to JUStlfy on cost-efficIency grounds and therefore represents a potentlally more
slgmficant treatment problem for the mdustry as a whole

The volumes of stIck- and carcass water are small m relatIOn to pumpmg water
TypIcally stickwater volumes are 1/10 or less than those of pumpmg water, and carcass water
volume IS roughly a quarter that of the stlckwater Even If only mcomplete recovery IS
Implemented for these waters, remaInmg wastewaters from these sources could be added to the
envIsioned system Without affectmg the overall conclUSIOns

Recovery systems for carcass water are based on coagulatIOn of blood products by heat
treatment As a result there IS vIrtually no hqUld dIscharge as water IS removed as steam A
mmor stream of condensatIOn water IS present, whIch although potentIally hIgh m pollutants,
represents a mmor overall contnbutlOn Recovery systems for stIck water also result m a much
reduced hqUld dIscharge volume Currently aVailable separators (for example Tncanter
centnfuges) recover almost all sohds

The proposed cold-rendenng recovery system was mcluded as an optIOn to present a
system that nught be able to handle the full wastewater load even If no mternal waste
mminuzatlOn efforts were Implemented The hIgh loads m such wastewaters neceSSItate the use
of faIrly speCIalIzed technologieS A major drawback to such a system, as dIscussed m SectIOn
4 2, IS the need to depend on Imported chemIcals and technologIes The chemIcals are
propnetary and not aVailable m Peru The optIOn was conSIdered of mterest for thIs report for
two reasons 1) the abIhty to handle the hIghest loads, and 2) the mterest on the part of the U S
manufacturer of the system to enter mto Jomt ventures to set up such systems, whIch could offset
mvestment costs

l
1
1
]

1
a
J
J
]

]

~

~

]

j

I ~,-

J
:]

j

J



The SeaCrest Group

DomestIC

1) What are the effluent charactenstlcs of domestIc wastewaters?

2) There are no cost estImates prOVIded for the AIWPS system
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The AIWPS system could be apphed to commurntles rangmg from a few houses to about
10,000 people Beyond that level dIfferent types of system Will probably be more cost effectIve

3) What SIze populatIOn can a AIWPS handle, and what are the land requIrements?

6) Why are three dIfferent apphcatIOn-drymg cycles presented m the diSCUSSIOn ofRI systems?

b) No specIfic samples ofdata to work With were avaIlable for the study It IS ImperatIve
to set up a pIlot system to operate ill a vanable manner to deal With specIfic SIte vanatlons

a) The prelImmary layout IS based on manufactured Items sold as "shelf' Items of
eqUlpment deSIgned to operate under a range of flows To deSIgn and manufacture for a specIfic
flow would be expenSIve, and would be unWIse untll optImum flows have been determrned ill

ptlot expenments All processes should be vanable WIthm manufacturers specrficatIOns

The exact apphcatIOn-drymg cycle for a RI system IS SIte specIfic and cannot be
determmed Without an understanding of SIte hydrology, geomorphology, detatled charactenstlcs
of the wastewater m questIon, and the SIte speCIfic treatment ObjectIves Cycle optlmlzmg IS a
central feature of the pIlot stage The vanous cycles presented m the report represent a selectIOn
of "typIcal" cycles used m sIml1ar RI systems Naturally, the shorter the necessary drymg penod,
With respect to the apphcatIOn penod the less surface area and number of basms that would be
needed to treat a gIven volume ofwastewater

In Peru It IS expected that per capIta flows Will be much lower than U S values If urnt
flows are half the U S value the SIze of a system for 1000 people would be 0 9 ha ConstructIOn
costs m the US would be US $50,000 to $60,000, which would further need to be adjusted to
PeruVIan labor costs

It IS reasonable to expect that the AIWPS lagoon would achieve 85% or higher removal
of Influent orgamcs and sohds For typICal US systems this result m an effluent of
approxnnately 30 to 45 mg/l ofwastes

ConstructIOn of non-mechamcal lagoon systems IS illghly labor mtenslve In the U S
constructIOn costs run m the range of US $25,000 to $30,000 per acre of pond In a town WIth
populatIOn 1000 With a complete sewer system an average flow rate of 3 7 lis (319 lIcapita/day)
A lagoon to servIce tills amount covers approxlIDately 1 8 ha Total US constructIOn costs
would run about US $100,000 to $120,000 Without pumpmg faclhtIes
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1) There IS an error m descnbmg the uses of fishrneal

Comments from AntonIo Bernales, CONAM, via USAID-Peru

The error has been corrected In the report ( SectIOn 1 4 1, page 7)
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The cost and effort of treatment depends on the volume and load m the wastewater
dIscharged by the plant If adequate 10ternal waste m1nlInIzatIOn IS mtroduced, the "back end"
treatment reqUIrements WIll be reduced However, smce the apphcatIOn of treatment and
mImmIzatIOn efforts currently are patchy and pIecemeal, several optIOns were proposed to deal
WIth vanous contlngencIes, 10cludmg the case where no mternal pump water treatment or
mimmIzatIOn

Many plants m Peru are currently Implement10g vanous schemes to reduce the waste load
from pumpIng waters Several of these eXIstmg efforts are mdeed SImIlar m structure to the
conventIOnal pnmary treatment proposed, whIle others, lIke DAF systems usmg polymers, are
mtngumg possibIlItles The ultImate feasIbIlIty of any system should be determmed on the basIS
ofan abIlIty to recover matenal as a value-added product

The results of the waste mmmuzatIOn project of the Paracas Project were not mcluded m
thIs feasIbIlIty study SInce no publIc InformatIOn of conclUSIOns or recommendatIOns were
avaIlable Treatment technologIes and process modIficatIOns that can dramatIcally reduce
wasteloads from fishrneal faCIlItIes are well known, however The report mcludes optIOns that
assume a degree of 10ternal waste mlDlInlzatIOn (conventIOnal pnmary treatment) as well as
OptIOns that do not assume waste mImInlzatIOn (cold-rendenng protem recovery)

2) It IS necessary to consIder the expenences of the Paracas Project, as well as the vanous
treatment programs currently m process of ImplementatIOn m vanous parts of Peru for pump
water treatment

dependmg on local economIes, land and power avaIlabIlIty The sIzmg of these system IS sIte
specIfic but tyPICal per capIta land reqUIrements would fall m the 7 to 10 m2/capita/day

EXIstmg systems are capable of remOVIng 70% of sohds and 80% of 011, an effiCIency
SImIlar to the proposed conventIonal pnmary treatment system However, as dIscussed 10 the
report, thIs level of effiCIency IS unlIkely to produce an effluent acceptable for dIrect dIscharge
mto the receIv10g water The reSIdual wIll stIll reqUIre a secondary level of treatment, for wInch
purpose the aquaculture step was mtroduced The baSIC purpose of thIs report IS to deal WIth the
reSIdual from the fishrneal plants Treatment of the waters WIll be sImphfied the more mternal
Improvements are mtroduced 10 the fishrneal plants
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Aquaculture of Artemla salma IS undoubtedly an mterestmg possIbIlIty as an adjunct to
algal productIOn Artemla aquaculture IS easy, fast and yIelds hIgh densItIes In addItIOn there IS
a worldWide market for thIs specIes and Its use as a food m aquacutlure operatIOns As dIscussed
m the report, aquaculture of annnal speCIes were not ongmally dIscussed m the report pnmanly
because anImal aquaculture does not proVIde a net treatment effect on the wastewater TIns was
outlIned as a basIC reqUIrement ofthe system However, the ease of culturIng Artemla suggest It
could be added to the system as an adjunct provIdIng further value-added However, It IS felt that
thIs should be done after treatment IS Implemented and operatIOnal
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3) The aquaculture ofArtemlQ salzna should be evaluated as an optIOn for addItIOnal specIes
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