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WASH and EHP

With the launching of the United Nations International Drinking Water
Supply and Sanitation Decade in 1979, the United States Agency for
international Development (USAID) decided to augment and streamline its
technical assistance capability in water and sanitation and, in 1980, funded
the Water and Sanitation for Health Project (WASH) The funding
mechanism was a multiyear, multimillion-dollar contract, secured through
competitive bidding The first WASH contract was awarded to a consortium
of organizations headed by Camp Dresser & McKee International Inc
(CDM), an international consulting firm specializing in environmental
engineering services Through two other bid proceedings, CDM continued
as the prime contractor through 1994

Working under the direction of USAIDs Bureau for Global Programs, Field
Support and Research, Office of Health and Nutrition, the WASH Project
provided technical assistance to USAID missions and bureaus, other U.S
agencies (such as the Peace Corps), host governments, and nongovernmental
organizations WASH technical assistance was multidiscipl nary, drawing
on experts in environmental health, training, finance, epidemiology,
anthropology, institutional development, engineering, community
organization, environmental management, pollution control, and other
specialties.

At the end of December 1994, the WASH Project closed its doors Work
formerly carried out by WASH is now subsumed within the broader
Environmental Health Project (EHP), inaugurated in April 1994 The new
project provides technical assistance to address a wide range of health
problems brought about by environmental pollution and the negative effects
of development These are not restricted to the water-and-sanitation-related
diseases of concern to WASH but include tropical diseases, respiratory
diseases caused and aggravated by ambient and indoor air pollution, and a
range of worsening health problems attributable to industrial and chemical
wastes and pesticide residues

WASH reports and publications continue to be available through the
Environmental Health Project Direct all requests to the Environmental
Health Project, 1611 North Kent Street, Suite 300, Arlington, Virginia
22209-2111, U S A Telephone (703) 247-8730 Facsimile (703) 243-9004
Internet EHP@ACCESS DIGEX.COM
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EXECUTIVE SUMMARY

Background

The governmentof El Salvadorrecognizesthe environmentalcontaminationthat has
takenplace in the lastdecadeand that threatensthe poorwith increasedliving costs
througha preventablescarcityof cleanwater. Further, it believesthat important
collateralbenefits(e.g., reducedmorbidity) could be obtainedby the rationalmanagement
of existingsourcesof waterandby reversinglong-standingsourcesof contamination.

Onecomponentof the Protecciondel Medio AmbienteSalvadoreno(PROMESA)Project
involvesthe formulationof a nationalstrategyfor naturalresourcemanagement.This
strategyis beingformulatedbut is constrainedby a lack of deardata

The Waterand Sanitationfor Health(WASH) Projectwasaskedto collect andevaluate
dataon water,soil, and organismcontaminationin the watersheddraining to the Barra
de Santiago In addition, sedimentand organismsampleswereobtainedfrom the Barra
Salada,L.a Herradura,Jiquilisco,and PuertoParada,andanalyzedto comparelevelsof
contaminationwith thosein theBarra de Santiago.

Sampling Program

In the study the following sampleswereanalyzed:

• 30 watersamples(19 surfacewaterand 11 wells)

• 9 soil samples

• 10 sedimentsamples

• 40 aquaticorganisms,including fish, mussels,crabs,freshwater
shrimp andsaltwatershrimp

All of thewaterandsoil sampleswere takenfrom the Barra de Santiagowatershedarea
For this areaandeachof the otherfour areasusedfor comparison,sedimentand
organismsampleswere taken.

The watersampleswereanalyzedfor coliform bacteria;chemicalparameters,including
dissolvedoxygen, biological oxygendemand(BOD), pH, conductivity, sediment,
ammonia,nitrites, nitrates,phosphates,detergent,zinc, boron,and copper;and
organochlorideandorganophosphatepesticides.
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Soils were analyzedfor pH, boron,and pesticides Soil samplesnearthegeothermal
dischargecanal were alsoanalyzedfor arsenic. Sedimentswereanalyzedfor boronand
pesticides. Sedimentsof the Barra de Santiagonearthe geothermaldischargewere also
analyzedfor arsenic.

Aquaticorganismswere analyzedfor pesticides. -

Thesoil andwatersampleswere collectedby staff from the CatholicUniversity of the
West(UNICO), who werealso responsiblefor the chemicaland microbiologicalanalyses
The sedimentandorganismsampleswere collectedby inspectorsfrom the Fishing
DevelopmentCenter(CENDEPESCA)who took the samplesto the Centerfor
Agricultural Technology,Ministry of Agriculture (CENTA) for pesticideanalysis.

The laboratoryat UNICO is relatively well equippedandthe peopleinvolved in the
analyseswerevery competent CENTA’s equipmentfor pesticideanalysisis old but still
producesreliable results.Thecenteris understaffedandhamperedby therationing of
electricity, which limits the numberof analysesit canperform

Results

The resultsfrom the microbiologicalanalyseswerealarming. All of the surfacewaterand
thewells testedwereextremelycontaminated,with manysampleshavingmore than
24,000fecal coliforms/100ml of water(potablewatershould contain0 fecal
collforms/100ml of water) It is importantto notethat peopleinterviewedin the study
areaclaim that well water is of goodquality and, therefore,theygenerallydo not treatit
beforeuse.

Conductivityis a measureof the total dissolvedions in a solutionandthereforegivesa
goodideaof the generaldegreeof contaminationof thewater. In uncontaminated
tropicalwatersvaluesrangefrom 0 to 30 uhoms. Most of thevaluesfrom the study
rangedfrom 100 to 500 uhoms,indicating that contaminationis present.

Relativelyhigh concentrationsof ammoniawere found in the water, indicating that fresh
fecal contaminationis present,confirming the microbiologicalresults.

High concentrationsof boronwere found in someof thewaterandsoil samples. Very
high concentrationswerefound in the sediments.

High arseniclevelswere found in the two soil samplesanalyzedfor this metal (59 ppm
and 79 ppm) Thearsenicprobablycomesfrom leakagefrom thegeothermalcanal
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Pesticideanalysisrevealedthat concentrationsarehigherin organismsthanin water,soil
andsediments,but residuelevelsdo not excedethe limits establishedby the EPA and
WHO

A CENTA official informedus that recentlyall of the shrimplarvae in the Chineseshrimp
project nearCôbanosdied It wasdiscoveredthat thewell being usedastheirsourceof
waterwascontaminatedwith tamaron.

In the El Imposlble Reserve,pesticides,including decis,dieldrin, folidol, and lannateare
being usedto kill freshwatershrimp, which are later sold. Not only theshrimpdie,
however;other fish and aquaticorganismsare alsobeing killed.

As notedabove,a geothermalcanalgoesthroughthe studyarea It hasa lengthof 77
kms anda capacityof im/seg,and its dischargeendsin theseaapproximately200 m
from the coast. Boron and arsenicare foundin thewaterand, due to leakage,can
contaminatethe surroundingarea. Heatcontaminationcanalsoaffect the marine life
nearthe dischargeareain thesea(Marroquin 1986).The canal,however,wasnot in use
during the visits conductedby the WASH teamand UNICO’s samplingcrew According
to a verbalcommunicationwith a CEL official, thedischargefrom thethermalplant Is
being deep-well-injectedon an experimentalbasis,with theeventualgoalof eliminating
thedischargeto thesea

In the areaof the Barra de Santiagoa typeof gar,Apraprosteustropicus, is found. This
is theonly areaof El Salvadorwherethe speciesis found,andit is endangered.

Estuariesareone of the most productiveecosystemsin theworld and serveasnurseries
for many speciesof fish, shrimp, crustaceans,andmolluscs. The larval stagesof these
organismsaremoresensitiveto contaminationthan theadults; therefore,it is important
to maintainan uncontaminatedestuarineenvironment. Sedimentresulting from the
deforestationin the whole watershedis alsocarried to the estuary,bringing contamination
and alteringthebottom fauna

Conclusions

1 Fecalcontaminationof surfacewater andwells in thestudy areais extremelyhigh,
with 13 of the 30 sources(45 percent)containingmorethan 9,000fecal
coliforms/100ml of water.

2 Peopleinterviewedwho hadwells thoughtthe waterwas of goodquality. This is
alarming,especiallywith the presenceof the cholerabacteria,Vlbrio cholerae, in
El Salvador
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3. Therivers sampled,in general,cannotbe consideredhealthybasedon the fact
that thedissolvedoxygencontentsare lower than 7 mg/I andthe Biological
OxygenDemandsexcede6 mg/i

4 High ammoniaconcentrations,comparedwith nItrites and nitrates,areanother
indication of fecal contamination.

5 Pesticideresiduesin water,soil, andsedimentwere lower (measuredin partsper
billion) than in organisms(measuredin partsper million) dueto theprocessof
biomagnificationIn which eachlink in the food chainconcentratesup to several
thousandtimesthe contaminantsfound in the precedinglink.

6. In general,pesticideconcentrationswere low, due, in the caseof organochiorides
(usedwidely during the cotton growing years),to thefact that cottonwasnever
plantedextensivelyin the studyarea

7 Low concentrationsof rapidly degradingpesticideswerefound, probablydueto
thefact that the samplingperiod wasnot during a period of high pesticide
application

8 High concentrationsof tamaronmetarnidophoswere found in someof the
samplesIts usecould result in furthershrimp larvae, fish, and otherfaunadie-offs
in the region.

9. High concentrationsof boronwere foundin thesoil andsomeof the water
samples Many of the concentrationsexceedthresholdlimits.

Recommendations

According to thePanAmericanHealthOrganization,the quality andquantity of the
water in a countryare the two most importantparametersin thedeterminationof the
healthof its inhabitants Health,in turn, affectstheeducationlevel and the productivity
of thecountry. Sick children andtheir teachersmissschoolandunhealthyworkersand
farmersare less productivethanhealthyones

Becauseof the poorquality of surfaceand well waterfound in the studyarea,the team
recommendsthe following actions

• Becausethe incidenceof diarrheaIncreasesat the beginningof the
rainy season,simple rainwatercatchmentsshould be experimented
with within the area. Gutterscouldbe usedto catch the rainwater
from the roofs,andthe water could be storedin cleancontainers.
A study donein Tegucigalpa,Honduras,(Brand andBradford
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1991)showsthat thequality of rainwateris relatively goodand
couldbe a useful alternativeto thecontaminatedriver andwell
waterin the study area. At thepresenttime, due to the presence
of cholerain the studyarea,a noncontaminatedsourceof wateris
especiallyimportant.

• Alternativesto tamaronshouldbe usedin the study area.The
GermanDevelopmentAgency(GTZ) is working in this field and is
a good sourceof information.

• Biological control of croppestsshould be implementedin the area,
using naturalenemiesandnaturally occurringpesticides(Hesse-
Rodriguez1991)

• A sanitationprogramincluding latrines andsewerageshould be
initiated to addressthe fecal contaminationproblemsaffectingthe
water sources.Sewerageworks may be the most appropriate
sanitationsolutionin populationcenterssuchasCaraSucia,San
FranciscoMenendez,SanJoseEl Naranjo,andpossibly theBarra
de Santiago Sewerageshould be coupledwith a wastewater
treatmentprocess,suchasoxidation pondsor trickling filters.

• To controland preventsedimentationdue to erosioncausedby
deforestation,agroforestryshould be promotedin theupper
watershedarea

• To decreasedeforestation,andconsequentlysiltation,due to
firewood demand,fuel-efficientstovesshouldbe encouragedin the
area Thesecould include LORENA, ceramic,or Chinesekerosene
stoves.

• Compostingon both small andlargescales(householdsandfarms)
should be promotedusing householdandfarm organicwastes.
This would increasethe soil’s fertility and,at the sametime, reduce
the contaminationof the rivers andwells from solid waste.

• To reducetheuseof pesticidesin rivers to kill shrimpandfish for
humanconsumption,other food sourcesshouldbe promoted,such
asiguanaand agoutifarming.

• A shortvideo(10 to 15 minutes)couldbe madeto illustrate the
problemsof contaminationin the area;it could be shownin
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schools,communitygroups,and cooperativesand on national
television

• A contestamongschoolchildrenin Ahuachapáncould be
promotedto namea departmenttree,flower, fish, bird, and
mammalto promoteinterestin the naturalresourcesof the area

• A monitoringprogramshouldbe establishedthat takesInto
account

— The agriculturalcycle Thesamplingprogramshouldbe
carried outduring the fertilizer, pesticide,and herbicide
applicationperiods

— The rainy and dry seasons.The rainy seasonis the most
appropriatetime to detectpollutantsIn streamsand wells,
becauseat that time runoff will contaminatesurfaceand
groundwater.

• Silt and sedimentcarried by thestreams shouldbesampledand
analyzedduring the rainyseasonto get an ideaof the magnitudeof
the problem.

• Levelsof pesticidesandcomponentsof fertilizers suchasnitrates
should be monitoredimmediatelyafter theirapplicationand for a
period thereafterto verify degradationtime.

• flows should be measuredwith appropriateinstruments,andloads
of contaminantsshould be calculatedto checkthe validity of the
results

• Furtherstudiesof phytoplanktonandzooplanktonin estuaryareas
should be carriedout, asspeciescompositionandabundance
indicatewaterquality.

• The relationshipof wells to latrinesand othersourcesof
contaminationshould be studied,and an educationalcampaign
aimedat well ownersshould be undertaken

• Programssuchasthe marineturtle projectat the Barra de
Santiagoshouldbe supported
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• Thesisresearchby university studentsshould be encouragedwithin
the studyarea,with orientationsto include ecology,biology,
chemistry,sociology,economics,education,agriculture,andsoon.

• An environmentaleducationcampaignshould be undertakento
inform inhabitantsof the causesof contaminationand how to
lessenor avoid them.

• Supportshould be given to existing labssuchasthoseat CENTA,
UNICO, andother universitiesso asto increasetheir capabilities
and ensuretheircapacityto undertakeregularmonitoring
programs.

• A detailedstudy of thegeothermalcanalshould be madeand
should include the effectsof water dischargeon marinelife

xvii





Chapter 1

INTRODUCTION

1.1 Purposeand Objectives

The purposeof the presentstudy wasto preparea reporton the statusof surfaceand
groundwatercontaminationin selectedwaterwaysin southwesternEl Salvador

1.2 Scopeof Work and Scoping Process

After a preliminarydeterminationof thescopeof work to be includedin this
contaminationassessment,the Waterand Sanitationfor Health(WASH) Projectteam
helda seriesof meetingswith personnelfrom USAID/EI Salvador,which is summarized
in Appendix B The purposeof thesemeetingswasto furtherdefinethe scopeof work
This scopingprocessconcludedthat the contaminationassessmentshould undertakethe
following tasks

• Review existingdatafrom the definedareato determinepastlevels
of contaminationandpossiblesourcesof contamination

• Delineatea samplingprogramdesignedto determine
contaminationin surfaceandgroundwater,soil, sediment,and
aquaticorganisms.

• Hire local personnelcrewsto do thesamplingand analysis.

• Comparecontaminationlevelswith EnvironmentalProtection
Agency (EPA) and World HealthOrganization(WHO) standards

• Identify sourcesof contaminationanddescribehow the
contaminationof thewater sourceoccurs.

• Analyzethedata arid put themon diskettes.

• Preparea reportoutlining majorfindings.
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1.3 General Description of the Project

The governmentof El Salvadorrecognizesthe environmentalcontaminationthat has
takenplacein the lastdecade,and that threatensthe poor with increasedliving costs
througha preventablescarcityof cleanwater. Further, it believesthat important
collateralbenefits(e g , reducedmorbidity) could be obtainedby the rationalmanagement
of existing sourcesof waterandby reversinglong-standingsourcesof contamination

Onecomponentof the Protecciondel Medio AmbienteSalvadoreno(PROMESA)Project
involves theformulation of a nationalstrategyfor naturalresourcemanagement.This
strategyis beingformulatedbut is constrainedby a lack of cleardata.

TheWASH Projectwas askedto collectand evaluatedataon water,soil, andorganism
contaminationin thewatersheddraining to the Barrade Santiago. In addition, sediment
and organismsampleswereobtainedfrom the Barra Salada,La Herradura,Jiquilisco,
andPuerto Parada,and analyzedto comparelevelsof contaminationwith thosein the
Barrade Santiago.
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Chapter 2

DATA REVIEW

2.1 Introduction

The two mostimportantenvironmentalproblemsin El Salvadorand in all Central
Americaaredeforestationand contaminationof water andsoil.

The two problemsareintimately relatedin thatdeforestationcauseserosionand resultant
sedimentationin lakes, dams,rivers andestuaries,aswell aschangesin climate that
generallyaredifficult to predictand result in lessoverall rainfall, which decreases
agriculturalproductivityand raisestheconcentrationof contaminantsin bodiesof water.

In El Salvadorseveralspeciesof freshwaterfish, including themuch soughtafter
tepemechin,Agonostomusmonticola, havebecomescarcedueto asyet undetermined
causes. It is suspected,however, that the scarcity is causedby chemicalcontamination
andsedimentationplus the instability of thesmall rivers during the dry seasoncausedby
deforestation(USAID 1985)

Unfortunately, in El Salvador,no long-termdata-gatheringstudieshavebeenperformed
with respectto contaminationof water,soil, and fauna. Baselinedataare urgently
neededin order to plan andmonitor futureprogramsandactions

Fortunately,thereare active environmentalgroupsin El Salvadorthat are working with
environmentaleducationand environmentalprojectsin communitiesand parksand
preservedareas Also thereseemsto be a public awarenesscampaignin the
newspapers,asenvironmentalarticlesappearnearlyeveryday (seeAppendixC for
examples)

2.2 National Data Bank on Water Quality

ANDA, the NationalWater and SewerAuthority, hasa computerizeddatabankwith
waterquality datafrom thecountry’smost importantrivers,aswell asfrom groundwater
andsprings As of September1991, theagencyhad 1,558 registereddatapointsandis
addingnewdataastheybecomeavailable ANDA’s dataare physical,chemical,and
biological. An exampleof Its datasheetsis found in AppendixD.
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2.3 National Fishing Data

Due to the importanceof fishing in the coastaleconomyof both largeandartisanal
operations,somerelevantdatafrom thethreeareaswestof the LempaRiver includedIn
the study arepresentedbelow (Table 1)

Table 1

Fishing Data from El Salvador,1989

Weight Value

Place % Kilograms % Colones

Barra de Santiago 1.4 26,019 0 7 97,064

Los Côbanos 23 40,961 1.2 162,129

LaHerradura 0.6 11,296 0.5 77,024

l2othersites 957 1,722,117 97.6 13,744,211

Total 1000 1,800,393 100.0 14,080,428

Source:CENDEPESCA,1990.

Thesedatashowthat althoughthe bulk of thefishing is donein the conflictive areaseast
of the LempaRiver, fishing is themain economicactivity of manypeopleliving in the
coastalarea

2.4 Shrimp and Aquaculture Potential

Shrimpfarming can be a profitable Investmentif managedcorrectly. However, the
constructionof shrimp farmsis traditionallydonein mangroveareas,and the destruction
of this diverseecosystemcan be extensiveandvery damagingto the fishing industry in
the area

As of 1988thereweresevenexistingshrimp cultureprojectsIn El Salvadorwith a total
of fewer than200 hectares It hasbeenestimatedthat thereare8,000hectaressuitable
for shrimpfarming in thecountry, 6,000of which areownedby the government.The
restare privatelyowned. Waterquality is very importantin shrimpculture because
shrimpare verysensitiveto contaminationand a lack of dissolvedoxygen. In addition,
shrimpfor export to the United Statesandothercountriesmustnot exceedgiven limits
of pesticideconcentration(FUSADES, 1988).
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According to A.I.D. (Environmentaland NaturalResourceManagementin Central
America), “The degradationof thesecoastalareasis occurringat a time whenmany
CentralAmericangovernmentsarebecomingmoreand moredependenton coastal
productionasa sourceof non-traditionalexports,especiallyshrimp, conch,spiny lobster,
etc , to bring in muchneededforeignexchange. In addition, thecoastalzonecontains
muchof the region’s bestagricultural landsand is homefor a growingpercentof Central
America’sburgeoningpopulation”

2.5 PesticideUse and Contamination

2.5.1 PesticideImports

Despitethefact that El Salvadorhasa total areaof only 21,000squarekilometersandan
areaof 12,000squarekilometersundercultivation, pesticideimports havegenerally been
high, especiallyin thecotton growingareas.

Before political unrestcauseda largedecreasein cottonacreage(150,000manzanasin
1978versusonly 18,000in 1988),60 to 70 percentof importedpesticideswere used
for cotton In fact, during the cottongrowingyears,the loadof pesticidesin El Salvador
wasthe highestin CentralAmerica, with a high in 1973 of 593.5 kg/km of
organochloridesandparathion Organochiorides,which accumulatein the foodchain,
werewidely usedin controllingpestsin cotton (Arreagaet al., 1988). Map 1 showsthe
cotton growingzonesin El Salvador. It can be seenthat the largestcottongrowingarea
is found in the coastalzoneeastof the LempaRiver.

AppendixE presentspesticidesavailableandregisteredin El Salvadorandthe cropson
which theyare used.

2.5.2 Contamination of Water, Sediments,and Aquatic and
TerrestrialOrganisms

Severalstudieshavebeendoneon contaminationof water,sediments,and aquaticand
terrestrialorganismsby pesticides

In 1977the CentralAmericanResearchInstitute for Tradeand Industryconducteda
study on pesticideconcentrationIn cotton growingareas It found that concentrationsof
contaminantswere lowest in waterand soil andhighestin organismsin which therewas
a bioaccumulation Appendix F (TablesF.1 and F.2) presentsdataof pesticideresiduesin
beefIn 1980and 1988. It is interestingto note that pesticideconcentrationsaremuch
lower in 1988 due probablyto a declinein cotton production(Arreagaet al., 1988)

5



Map 1

ZonesAdequatefor the Cultivation of Cottonin El Salvador
and ProductionLocationsof theCottonCooperativeof El SalvadorLtd

(Cotton Cooperative,1984)
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A study performedby MendezFlamenco,MirandaCormejo,andRamirezMolina (1989)
comparedconcentrationsof nitrates,nitrites, ammonia,andphosphatesin 187
superficialsourcesof waterand in 48 subterraneansources.The study wascarriedout
from September1988to March 1989. Theauthorsfound that for superficialwaters
27 9 percentof the samplesexceededthe acceptablelevel of nitratesfor potablewater,
68 9 percentexceededacceptabletablelevelsof nitrites,and 48 7 percentexceeded
acceptablelevelsof ammonia For undergroundwaterthe percentageswere31 3
percentfor nitrates,70.8percentfor nitrites, and35.4 percentfor ammonia.

LopezZepeda(1977)did a study of soil contamination(seeAppendix F, Table F.3 for
data) Data from his study aregraphed(Figure 1) to show the relationshipbetweenthe
useof DDT andapproximateyearsof cultivation It can be seenthat thereIs a positive
relationshipbetweenthenumberof yearsundercultivation andthe concentrationof
DDT.

Anothersoil analysisstudy was realizedin 1983 by the Mlnisterio de Planificación(1983
in USAID, 1985) Thesedataarepresentedin Appendix F, Table F.4. These
concentrationsarehigh andshow the persistenceof organochiorinesin theenvironment.

A thesisstudy from the Universityof El Salvador(AlvarengaandCardenasGerman,
1990)concerningparaquatresiduesin agriculturalsoils from the westernpartof the
country revealedthat the highestconcentrationswere foundafter 9 to 12 yearsof useof
paraquatin the area. The study also foundthat thedegradationof paraquatis slower
thanthoughtand that the highestconcentrationsof it werefound in organicsoils The
following arerepresentativeconcentrationsof paraquat(ppm) In Ahuachapán4.82,
7 38, 16 47, 6 63, 2.32, 3 431, and 1.92.

In 1977, LopezZepedaalsoperformeda study of organochloridepesticideresiduesin
aquaticorganisms.His dataarepresentedin AppendixF, Table F.5. Hestudiedthree
speciesof fish, andone eachof shrimp, mussels,clams,and starfish. His resultsshowed
the highestconcentrationsof organochloridepesticideresiduesin fish, followed by clams
and mussels,which live in the sediment. Lower concentrationswere foundin shrimp and
starfish,which live on the bottomsurface.

Frances(1980, in Arreagaet al., 1988) foundsmall quantitiesof organochioride
pesticidesin waterin severalcoastalareasof El Salvador(AppendixF, Table F.6) Low
levelswere found in Ahuachapánin 1980, reflecting the low acreageof cotton
traditionally plantedin that area (Cotton is thecrop that hastraditionallyusedthe highest
levelsof organochloridepesticides)

Therearenot manydataavailableon organophosphateresiduesin water,soil, and
aquaticorganisms.Oneof the only studiesof this type Is a 1988thesiswritten by two
studentsat theUniversity of El Salvador,DominguezPantojaandPazQuevedo,In the
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Figure 1
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EsterodeJaltepeque Theystudiedresiduesof methyl (MtPt) and ethyl parathion(EtPt)
andortho-paraoxon(metabolite)in water,sediment,andestuaryorganisms. They
attemptedto relatethe concentrationsto microhabitatandfeedingbehaviorusing the
following organisms
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Table 2

FeedingBehaviorand Microhabitsof VariousEstuaryOrganisms,1988

Organism Typeof Feeder Microhabitat

Shrimp (Penaeus) Herbivore/detritlvore Benthic

Crab(Callinectes) Detritivore Benthic

Mussel(Anodara) Filter-feeder Benthic

Fish (Pomodasys) Detritivore/carnivore Benthic

Fish (Ca ranx) Predator Pelagic

Fish (Anus) Omnivore Benthic

This study showedthat during the first samplingperiod,whentherewasnot much
pesticideapplication,therewaslittle evidenceof MtPt or EtPt in the organisms
Following the applicationof pesticides,residueswere found in all of the organisms
sampled,with the highestconcentrationsoccurringin Anadaraand Pomodasys
Appendix F, Table F 7 presentsthedatesof pesticideapplicationduring the study and
TablesF 8, F 9, and F 10 presentthe resultsfor threedifferent dates

Moredataareneededto determineif thereis a direct detrimentaleffect of pesticideson
aquaticorganisms,but existingevidencesupportsthis supposition. During the cotton
growing era therewas a declinein fish andclam harvestingin Jiquilisco Bay, which has
beenattributedto contaminationandhabitatdestruction Declinesin the populationwere
mostnotableduring the cottongrowingseason(Arreagaet al., 1988)

2.5.3 Effects of Pesticideson Human Health

Therehavebeenmanycasesof pesticidepoisoningin El Salvador. From 1971-76.
8,917 casesof pesticidepoisoningwere reportedin the country(Hall and Faber,1989)
Between1980 and 1987, a yearly averageof 1,176 caseswas reported. Thesedata
includeonly peoplesick enoughor fortunateenoughto visit hospitals(Arreagaet al,
1988) In one hospital in SanSalvador50 childrendied of pesticidepoisoningin 1987
(Hall and Faber,1989).

In a study carriedout by theEl SalvadorMinistry of HealthandSocial Assistance
(MSPAS) in 1987 (Arreagaet al, 1988),it wasfoundthat the mostfrequentcauseof
deathfor femalesage15-40treatedin hospitalswasintoxicationby organophosphates
and carbamatesThis wasthe secondhighestcauseof deathfor males,thefirst being
traumatism
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A study carried out by MendezLecha,HenrlquezFernandez,and OjedaRivera(1989)
revealedthat after 13 yearsof prohibiting theuse of DDT in El Salvador,residuesare still
presentin fatty tissuesof humans. Of 60 samples,13 exceeded5.0ppm, the criterion
used in the study. For the otherpesticideresiduestested—lindane,dieldrin,
heptachlor—noneof the samplesexceededits criterionlevels.

Barreraand Ponce(1988)connectedthe useof pesticideswith healthproblemsin El
Salvador Theyfounda positive correlationbetweenthe time of pesticideapplicationand
theincidenceof pesticidepoisoning. Theyfound mostproblemswere causedby
tamaron,metamidophos,lannate,andphostoxin. As it would be expected,most casesof
pesticidecontaminationwere found in agriculturalworkers.

2.5.4 Agricultural and Livestock Activity in the Department of
Ahuachapán, SantaAna and Sonsonate

Thefollowing dataare takenfrom the “Anuario de EstadisticasAgropecuarias,MAG,
1988-89.”Cropdataaregiven for the threedepartmentsin the MAG (Ministry of
Agriculture) RegionI, which includesAhuachapán

Table 3

VariousCropsPlantedin the Ministry of AgricultureRegionI, 1988-89

Numberof
Crop ManzanasPlanted

Beans 35,500

Corn 115,100

Rice 1,400

Sorghum 59,000

Cotton 380

The following animal dataare takenfrom the Departmentof Ahuachapán.

10



Table 4

VariousAnimal Productionin Ahuachapán,1988-89

Animal

Chickensfor meat

Chickensfor egg production

Pigs

Beefcattle

Numberof Units

7,848,584 pounds

2,898,998 individuals

4,761 individuals

3,560 Individuals
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Chapter 3

ECOLOGICAL DESCRIPTION OF EL SALVADOR

3.1 Physical Characteristics

Oneof the smallestcountriesin CentralAmerica, El Salvadorcoversa total surfaceof
21,000km2 It drainstoward the Pacific Oceanwith no accessto the Atlantic Although
its highestpeakdoesnot surpass2,730 m, El Salvador’stopographyis consideredabrupt
due to recenttectonicandvolcanicactivity.

3.1.1 Climate

El Salvadorhasthreeclimatic zones,which dependon theelevationabovesea level.
According to classificationsby Koppen,Sapper,and Lauer,the zonesareasfollows

• “Hot tropicalsabanas”or “hot”: Theserangefrom 0 to 800 m
abovesealevel, with dry winters(from NovemberthroughApril)
anda maximumtemperatureof 22 degreesCelsiusor morejust
prior to the rainy season(March orApril). Annual temperatures
rangefrom 22 to 28 degreesCelsius,dependingon the elevation.
Annual precipitationin theseareasis 1,900 to 2,300mm, or 75
to 90 inches

• “Warm tropical sabanas”or “temperate”:Theserangefrom 800 to
1,200 m abovesealevel, with thedry seasonbeingthe sametime
spanandtemperaturerangeas in thehot region The temperature
during thewarmestmonth is below 22 degreesCelsius,but there
areat leastfour monthsduring the yearwhentemperaturesrise
above 10 degreesCelsius. Theannualtemperaturerange,
dependingon elevation,is between19 and 22 degreesCelsius
Annual recordedprecipitationis 2,400mm, or 94 inches.

• “High tropics’ Theserangefrom 1,200 m to 2,700 m abovesea
level and include two zones.

— From 1,200 to 1,800m abovesealevel, still temperate
weather,with annualtemperaturesrangingbetween16 and
20 degreesCelsius,and no frost. Theannualprecipitation
is 1,800 mm, or 70 inches,in someareasandashigh as
2,700mm, or 106 inches,closeto the borderwith
Honduras
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— From 1,800to 2,700m abovesealevel, cold temperatures
rangingfrom 10 degreesto 16 degreesCelsius,with frost
conditionsduring partsof theyear in thevalleys.The dry
seasonis reducedto threeor four monthsin the sierra
zonesnearthe borderwith Honduras;annualprecipitation
reaches2,700 mm, or 106 inches

3.1.2 Soils and Geology

El SalvadorIs locatedon the Pacific Oceanslopeof theCentralAmericancomplex,
betweenthe Brazilian andthe Canadianplates.It emergedat theend of the Mesozoic
Era, whenthe convulsionsof theseplateslifted MesozoicsedimentsandPaleozoicrocks
to the seasurface Periodicseismicactivity and recurrentvolcanic eruptionsareproof of
the persistentinstability of this zone

With respectto soils, thereare15 different typesaltogether,divided mainly into 4 groups
that represent89 percentof the country’s soil types. This classificationis in accordance
with that usedby the U.S. Soil ConservationService

The mostfrequentlyoccurringtypeof soils is the red clay latosoles (35 percent),derived
from volcanic lavasblendedwith piroclasts. Thesecondmostabundanttype of soils is
the regosoles (20 percent),darker-lookingred clays originatingfrom piroclasticmaterials
andoccurringin the central-stripportion of thecountry,predominantlyto the east The
litosoles are thethird mostabundantsoil type(19 percent). Thesearesoils that were
formedundergreatpressuresand showfrequentoutcropsof lava. Theyare very shallow
in depthandthereforearenotvery productive. The fourth mostabundantsoil type is
alluvial (15 percent),locatedin flatlandsandareascloseto rivers andfloodplains. These
soils arevery productiveandare generallylocatedIn the coastalplains anddispersed
throughoutthe interiorvalleys Other soil types includethegrumosoles, blackclayish
soils with surprisingly low organiccontent.Thesetoo can be found in the interior valleys
of the country

3.1.3 Hydrology

El Salvadoris divided into 10 watersheds,which are namely1) LempaRiver, 2) Paz
River, 3) Pazand Sonsonaterivers (from theSanFranciscoRiver to the Copinula), 4)
Bandera,Sensunapán,andSan Pedrorivers, 5) Pululugaand Compalaparivers, 6) Jiboa
River, 7) betweentheJiboaandthe Lempa,8) betweenthe Lempaand theGrandede
SanMiguel rivers (from the El ProgresoRiver to the Molino River), 9) the GrandedeSan
Miguel River, and 10) the GoascoránRiverand others.The largestof thesewatershedsis
the Lempa Riverwatershed,with 18,240km2, of which 10,255km2 are within El
Salvador
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The main natural lakes in the countrycover 146 km2, divided into Lake Guija, with 44
km2, of which 32 km2 arein El Salvador; Lakellopango,which occupies71 km2 Lake
Coatepeque,25 km2 andLake Olomega,18 km2. Theartificial lakes in the countryadd
up to a total extensionof 190 km2and include the reservoirsbehindCerrónGrande(135
km2), 5 de Noviembre(20 km2), and 15 de Septiembre(35 km2) dams.

Groundwateravailability totals76 8 m3 persecond.The LempaRiver watershedincludes
48.9 m3 per second,butdue to the hydrogeologyof the basin,only 53 percentcan be
draftedin a costeffectivemannerThe Grandede San Miguel River basinprovides
12.52 m3 per second,with the remainingbasinssupplyingless than4 m3 per second
each,althoughexploitationof thecoastalbasinsis limited by saltwaterintrusion.

Waterquality is generallypoor, mainly becauseof untreatedwastewaterdischarges,
uncontrolleduseof fertilizersand pesticidesin agriculture,wastedischargesfrom agro-
industrialplantssuchasthosefor coffeeandsugarcane,and improperdisposalof solid
wastes

3.2 Land Use

Of thecountry’s 21,000km2 (or 2 1 million hectares),an estimated1.1 million hectares
or morecontaincattleandagriculturalactivities of somesort. In 1983, 592,700hectares
(28 2 percentof the nation’stotal) werededicatedto agriculturein annual,
semipermanent,andpermanentcrops,and 522,400hectares(24.8percent)were
dedicatedto cattlegrazingandothercattleactivities. Forestareastotaled265,500
hectares(12 6 percent)and chaparral628,100hectares(29.9percent).Accordingto the
Office of Agricultural EconomicPolicy of theGOES,95,400hectareswere“without
agricultural possibilities,”of which 77,515hectareswere occupiedby water bodies,urban
areas,and roadways

3.3 EndangeredSpecies

The endangeredspecieslist of El Salvadoris lengthy consideringthe sizeof the country
Altogether thereare65 specIesof trees,17 of which areconcentratedin andendemicto
theareaknown asEl lmposible-SanBenito Of thesetheRubiaceae,theCapparldaceae,
the Malvaceae,andthe Celestraceaefamiliesare the mostnumerous.Thirteenother
endangeredspeciesarealso endemicto anotherareacalled Montecristo,while 5 more
speciesare in theSanSalvadorarea.Thelist also includes61 different speciesof flowers
and 128 of animals,including 5 freshwaterfish, 3 amphibIans,21 reptiles,78 birds, and
21 mammals
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3.4 Natural Areas

Map 2 showsthe naturalareasof El Salvador Threeof the most importantareasin
termsof the presentstudy are discussedbelow.

• El lmposible The mostimportantnaturalareais “El Imposible,”
The Impossible. It is locatedin the Departmentof Ahuachapánin
the Apanecamountainrange. It is the mostrepresentative
broadleafforestandhasthe highestdiversity of flora andfauna in
the country.

• Barra de Santiago: Barrade Santiagois locatedalong the coastin
the Departmentof Ahuachapán,and is anareawith a very diverse
fauna, including manyspeciesof fish, molluscs,crustaceans,and
the crocodileand caiman

• Los Côbanos Los Côbanosincludestheonly coralreef in El
Salvador. It is southeastof the Portof Acajutla in the Department
of Sonsonate.It includesanareaof at least8,000 hectares.

3.5 Mangroves

Although the total areaof mangrovesin El Salvadoris only 2 percentof the total area
(45,000hectares),theseareasarevery importantboth socially and economically.As one
of the mostdiverseecosystemsin theworld, theyarehometo a very diversefauna,
which is exploitedby the local population.

Thespeciesof mangrovefound includethe red mangrove,Rhlzophora mangle, which is
thefirst speciesto invadeandis theone that is found in thewater. As its leavesmature
anddie theyform detritusin thewater,which is food for many small andlarval
organisms Thesemangroveshavebeencalledthe “nursery” becauseof thelargelarval
populationsof fish, shrimp, and moliuscsfound there. Otherspeciesof mangroveinclude
the blackmangroves,Avicennia nitida andA. bicolor; the white mangrove,
Laguncularia racernosa; and the little buttonmangrove,Conocarpus erectus.
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Map 2

Location of NaturalAreasto be Preserved
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3.6 Environmental Contamination in El Salvador

3.6.1 Air Contamination

Air contaminationis becomingmoreof a problem,but therearenot manystudieson It.
Importantsourcesof air contaminationinclude exhaustfrom cars,buses,andtrucks;
industry; andopenburning of trashand garbage

3.6.2 Soil Contamination

The threeprincipalsourcesof soil contaminationare domestic,industrial, and agricultural
wastes Garbagecollection anddisposalare inadequateand lead to soil contamination.

Industrialwasteis estimatedat 1,646 m3/month;this Includesorganicmaterial,leather,
glass, plastic, paper,metals,andsoon (USAID 1985). Someof thesematerialscouldbe
usedto produceenergy,especiallybiogas,thus reducingcontaminationand providinga
low-costenergysource

Probablythe mostimportantsourcesof soil contaminationare from agriculturalproducts,
including insecticides,herbicides,andfungicides. The indiscriminateusein the pastof
organochlorinepesticideshasleft pesticideresiduesin thesoil. Becauseof
bioaccumulation,theseresiduescan be up to 500,000timesmoreconcentratedin
organismshigh up on thefood chainthan theyare in thesoil.

3.6.3 Water Contamination

The most importantsourcesof watercontaminationInclude domestic,industrial, and
agriculturalwastes,which, without beingtreated,aredischargedinto streamsand rivers.
Raw sewageenterstherivers andstreamsdirectly, without treatment. The Acelhuate
River passesthroughthe capital,SanSalvador,whereit receivesraw sewage. Not too
far downstream,waterfrom the sameriver is usedto irrigate landwheremanyof the
locally consumedvegetablesaregrown(Gutierrez1991). Thespreadof many diseases,
including cholera,which hasnow reachedEl Salvador,is favoredby theseunsanitary
conditions.

The main industrialwastesthat contaminatethewaterareorganicIn origin and mostly
comefrom agroindustry The most importantsourcesare, in order, coffeeprocessing
plants, sugarprocessingplants,kempprocessingplants,distilleries, tanneries,milk plants,
textile factories,and slaughterhouses.

Probablythe mostimportantsourceof water contaminationcomesfrom the useof
pesticides.Traditionally, theheaviestusehasbeenin thecotton growingareas.
Accordingto MckeeandWolf (1976,in USAID, 1985)concentratIonsof DDT of 1 mg/I
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during 12 hoursis enoughto kill all the fish in a body of water In the GrandedeSan
Miguel concentrationsof 3.15mg/I of DDT havebeenfound. These,of course,exceed
manytimes the lethal limit. It should be rememberedthat the rivers end in the seaor
estuaries,wherethesepesticideresiduesbecomeconcentratedin aquaticorganisms

A very interestingexampleof watercontaminationis the resultof a canalconstructedto
takegeothermalwaterfrom the electricplant to the sea. The wateris contaminatedwith
boronand arsenicandalsopresentsheatcontaminationdueto thehigh temperatureof
the water(USAID, 1985)
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Chapter 4

LOCATION OF STUDY AREA

In the scopeof work, USAID haddefinedthestudyareaasa “coastalareawestof the
LempaRiver” A USAID official later definedthe studyareamore completelyto the team
in El Salvador(Map 3).

The six areasof interestincludedthefollowing.

1 Thewatershedareaof theBarra deSantiago~The Barra de
Santiagowas, until recently,the most intactmangroveareawith
the mostdiversefaunain El Salvador. The recentcyclone
destroyedmuch of the area,but a mangrovereforestationprogram
hasbeeninitiated to repair thedamage Severalstudieshavebeen
donein this region, including a fish inventoryandan ecological
study being carriedout by the Museumof NaturalHistory (MHN).

This wasthe most importantareain the study due, in part, to the
fact that it is borderedon thenorth by El Imposible, the largestand
most diverseprotectedareain El Salvador

2 Barra Salada This areais locatedin the Departmentof Sonsonate
eastof Los Côbanos. It is importantfor its mangroveswampsand
the presenceof severalshrimpfarming operationsnearthe
mangroveforest TheBanderasRiver endsin this area.

3. La Herradura(JaltepequeEstuary) This areais a largemangrove
areain theDepartmentof La Paz Severalimportantrivers are
locatedhere,including El Amate, Camopa,Jalponga,and
Guiscoyolapa

4., 5 PuertoTriunfo and PuertoParada~Both arelocatedin the
Jiquilisco Estuaryeastof the LempaRiver in importantcotton
growing areas.Theyhavebeensubjectedto heavypesticideuse.

6 ManzanillaEstuary:Locatedon the GoascoránandSiram rivers,
this areaborderstheGolfo de Fonseca. This areaincludes
mangrovesand importantfishing resourcesnearthe borderwith
Honduras
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Chapter 5

SAMPLING PROGRAM

5.1 Description of Sampling Program

The budgetand scheduledeterminedthe numberof samplesthat could be analyzedwithin
this project. As a result, sampleswere asfollows:

• 30 watersamples

• 9 soil samples

• 10 sedimentsamples

• 40 aquaticorganisms

Waterand soil sampleswere collectedfor the Barra de Santiagowatershedonly, while
sedimentandaquaticorganismsamplesweretaken in all five majorestuaries.

The watersamplesincludedsamplestakenfrom rivers, streams,andwells. Soil samples
weretakenin the agriculturalareasof thewatershedandnearthe geothermalcanal.
Sedimentsamplesweretakenfrom thebanksof the estuaries

Consideringthe limited capacityandotherwork being carriedout in CENTA and
UNICO, thefollowing timetablewas prepared. It should be notedthatIt was suggested
by a CENTA official that theorganismsamplesin areas4 and 5 be takenin Octoberand
the beginningof November,which correspondsto the heaviestpesticideapplication
period in thoseareas

Thewaterandsoil samplesweretakenin Septemberand Octoberof 1991

The sedimentand organismswere collectedaccordingto the following schedule

Sept.2 Site 2 3 organismsand 2 sedIment
Sept 23 Site 1: 7 organismsand2 sediment
Oct. 14 Site 2: 11 organismsand 2 sediment
Oct 21 Site 3. 10 organismsand 2 sediment
Oct 28 Site 4: 6 organismsand 2 sediment
Nov. 4 Site 5 6 organismsand 2 sediment

23



No organismor sedimentsampleswereobtainedfrom site 6 becauseof its location in a
conflictive areaand becausethe Fishing DevelopmentCenter(CENDEPESCA)did not
havethe capabilityto reachthat area.

5.2 Parameters of Concern, EPA and WHO Standards

The following parameterswereconsideredto be the mostimportantfor the present
study Tablesfor theseand otherparametersarepresentedin AppendixG. TablesG. 1
and G.2 present the national primary and secondary drinking water standardsfrom EPA
Table G.3 showsthe EPA standardsfor organicand inorganicchemicals.Table G.4
presentsthe WHO drinking waterstandards.Below is informationcondensedfrom Tables
G 1, G 2, and G,4

Table 5

EPA andWHO Drinking WaterStandardsfor VariousParameters

Parameter
EPA Drinking

Water Standards
WHO Drinking
Water Standards Other

pH

Total dissolvedsolids

Conductivity

Nitrates

Arsenic

Zinc

Copper

Total coliforms

10 mg/I

05 mg/I

5.0 mg/I

1.0 mg/I

1/100 ml

0/100 ml

10 mg/I

.05 mg/I

5.0 mg/I

1 0 mg/i

10/100 ml

(unpipedwatersource)
0/100 ml

(cleanwater)

6 5-8.5

500

6 5-8.5

1,000

0-30

Fecalcoliforrns
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WHO Drinking
Water Standards

(microg/l)
Pesticide

Aldrin 0.03

Dleldrin 0 03

DDT 100

Heptachlor 0.10

Heptachlorepoxide 0 10

Source Van Der Leedn,Troise,and

Todd, 1990

In addition to drinking waterstandards,one mustconsidertheeffectsof contamination
on aquaticlife TableG 5 presentsguidelinesfor evaluatingthe quality of water for
aquaticlife, and Table G.6 showslethal concentrationsof chemicalsin aquatic
environments

5.3 Sampling Locations and Methodology

For eachof thefive study areas,two representativesamplingpoints were located At
eachpoint aquaticorganismsandsedimentwerecollected

5.3.1 Sampling Points In Area 1, the Barra de Santiago

Map4 presentsthe locationof thesamplingpoints for the wateranalysisin the principal
areaof study, area1, the Barra de Santiago Thesepointswere pickedto represent
upstreamareaswith less possiblepollution, areasin the middle of thewatershedwith
more possiblecontamination,andareasdownstreamfrom populatedareasor agricultural
areaswith thehighestchanceof being contaminated

Thefollowing pointsinclude 19 river samplingpointsand 11 wells.

RIVERS

Sitenumber Location

1 Rio CaraSucia, upstream
2. Rio CaraSucia,downstream
3. ZanjónLa Danta

25





4. Rio Aguachapio,downstream
5 Rio Guayapa,downstream
6 CanalEmbarcaderode Guayapa
7. Rio Cullapa
8. Rio Naranjo,downstream
9. Rio El Rosario
10. Rio Naranjo,upstream
11. Rio El Izcanal
12 Rio San Franciscoo de Ia Soledad,downstream
13. Rio Guayapa,upstream
14. Rio Aguachapio,upstream
15 Rio SanFrancisco,upstream
16 ZanjônMadreVieja
17 ZanjônAguachapio(El Zapote)
18 Rio La Palma
28 Rio Haciendalzcanal

WELLS

19 HaciendaCaraSucia
20. Neargeothermaldischargecanal
21. Guayapa
22. Hacienda La Danta
23 Watersupply for the town of CaraSucia
24. San José El Naranjo
25 HaciendaSantaRita
26 SantaVirginia (El Achiotal)
27. HaciendaEl Camalote
29. El Porvenir
30 Embarcaderode Guayapa

In addition,ninesoil sampleswere collectedin area1. Samplingsiteswere locatedin
agriculturalareasand along the geothermalwastewatercanal

5.3.2 Sampling Methodology

The soil and watersampleswerecollectedby investigatorsfrom UNICO. Soil samples
were takenfrom thefirst 5 cm Water for pesticideanalysIswasput Into 2 liter opaque
bottlesand transportedto CENTA thesameday The routinewater analysiswasdonein
the UNICO laboratories.The methodsof analysisfor pesticidesandroutinewater,and
soil analysesarepresentedin AppendixG

27



Thesedimentand aquaticorganismsampleswere takenby the inspectorsof
CENDEPESCA For pesticideanalysisat least250 gramsof tissueareneeded;
consequently,for fish, samplesof 1 poundwere taken,while for theotherorganisms,
sampleweightswereabout2 pounds,including shells. The sampleswere put into coolers
with ice and transportedto CENTA thesameday. Approximatelytwo poundsof
sedimentwere takenfrom eachsamplingpoint. I-IaIf went to CENTA for pesticideand
arsenicanalysisandhalf to UNICO for boronanalysis
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Chapter 6

RESULTS AND DISCUSSION

6.1 Introduction

UNICO performedthebacteriologicalandchemicalanalysesof thesoil andwater. For
eachsamplepoint a datasheetwasmadethat Includeda descriptionof eachpoint,
including possiblesourcesof contamination;in mostcasesa photo;and otherdata A
summaryof theresultsis presentedin separatedatasheets. All of theabovesheetsare
found in Appendix I-I.

CENDEPESCAinspectorstook the organismsandsedimentto CENTA for pesticide
analysis Descriptionsof eachareaweremadeandare includedin Appendix I

6.2 Bacteriological Analysis of Water

Table 6 presentsthe resultsof the bacteriologicalanalysis. All of thesurfacewaterand
wells testedwere extremelycontaminated,with many sampleshaving more than24,000
fecal coliforms/100ml of water(drinking water shouldcontain0 fecal coliforrns/100ml
of water). This is evenmorealarmingwhenit is consideredthat mostof the peoplewith
wells think theirwater is uncontaminated.The well at the HaciendaEl Camalote(sample
27) is chlorinatedandthe owneris confidentthat it is potable.

Fecal contamination of water is probably the most critical type of contamination In
the study area.

6.3 Chemical Analysis of Water

Tables7 to 9 presenttheresultsof the chemicalanalyses

The pH is a measureof theacidity of a solution,where7 Is neutral,valuesbelow 7 are
increasinglyacidic, andvaluesfrom 7 to 14 areincreasinglymore alkaline The pH values
from the studyareawere all within thenormal rangefor water.

Conductivityis a measureof the total dissolvedions in a solutionand thereforegivesa
good ideaof the generaldegreeof contaminationin water. In naturaluncontaminated
tropicalstreamsarid rivers, normalvaluesof conductivity rangefrom 0 to 30 uhoms. Salt
and brackishwaterhavehighervaluesdue to thepresenceof salt. it can be seenthat all
the conductivity valuesmeasuredin this study exceedthis norm, indicatingat first glance
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Table 6

Normal
Values

Microbiological Analysisof Water

lO/lOOmI lO/lOOmi

No
Sample

Date Total
Coliforms

MPN/lOOml

Fecal
Coliforms

MPN/100ml

1 30-09-91 >24,000 >24,000

2 30-09-91 >24,000 >24,000

3 30-09-91 >24,000 >24,000

4 07-10-91 >24,000 1,609

5 09-10-91 >24,000 9,180

6 09-10-91 >24,000 3,450

7 11-09-91 >24,000 330

8 11-09-91 >24,000 390

9 11-09-91 >24,000 3,450

10 11-09-91 >24,000 3,450

11 07-10-91 16,090 2,210

12 17-09-91 >24,000 16,090

13 09-10-91 >24,000 16,090

14 07-10-91 5,420 1,720

15 17-09-91 9,180 9,180

16 23-09-91 >24,000 >24,000

17 23-09-91 5,420 360

18 17-09-91 >24,000 16,090

19 30-09-91 16,090 16,090

20 23-09-91 >24,000 >24,000

21 09-10-91 16,090 1,720
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No
Sample

Date Total
Coliforms

MPN/lOOml

Fecal
Coliforms

MPN/100 ml

22 23-09-91 >24,000 >24,000

23 30-09-91 >24,000 >24,000

24 11-09-91 16,090 2,210

25 17-09-91 2,400 2,400

26 17-09-91 1,300 490

27 07-09-91 2,400 220

28 07-09-91 16,090 390

29 23-09-91 5,420 5,420

30 09-10-91 230 230

MPN = Most ProbableNumber

Interpretation

According to themicrobiologicalresultsfound, which are higher than those established by
WHO, thewater of thesesourcesIs not fit for humanconsumption
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Table 7

ChemicalAnalysesof Water

6.5-8 5 0-30 ~ <0 Olmg/1’ <1 Omg/I’ 10 mg/I~

No.
W.S

6 5-8 5
pH

Conduc.
j.tS

NH4
mg/I

NO2
mg/I

10mg/I

mg1Q

P04
mg/L

1 779 143 015 0.013 03 0153

2 771 141 06 0.024 05 0325

3 732 216 026 0.015 03 0634

4 7.61 146 0.31 0.012 0.9 0 565

5 761 113 0.21 0.007 03 0163

6 7.29 172 0.28 0.01 0.3 0.132

7 7 26 186 1.38 0.02 1 2 0.905

8 7.55 115 0815 0.015 0.8 0.143

9 750 138 0988 0.015 0.9 0.147

10 761 110 0.44 0.011 0.7 0.071

11 7.65 123 027 0.013 0.7 0105

12 782 180 0.365 0.014 0.1 0090

13 746 106 0.11 0.01 01 0165

14 7.59 116 0.19 0.011 0.1 0113

15 7 93 159 0.25 0.018 0.0 0 103

16 7.20 550 0781 0.007 0.2 6.628

17 7.60 26000 8504 0.012 0.4 0.200

18 767 206 0.885 0015 0.4 0.122

19 7.3 360 0 0.016 3 0.296

20 7.60 1020 0.84 0.068 3.5 0.592

21 7.21 5420 05 0.012 19.3 1.741

Normal
Values S...
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No
WS.

6.5-8.5
pH

Conduc
~iS

NH4
mg/I

NO2
mg/I

~g)~
mg,’L

P04
mg/L

22 720 5430 8908 0344 60 2.900

23 699 461 003 001 3 0197

24 7.30 349 0.4 001 09 0170

25 7.82 364 0.315 0012 01 0087

26 7.40 294 023 0.016 0.1 0.120

27 6.92 350 0.08 0.013 6.7 0.437

28 7.56 127 0.16 0.011 5.1 0.398

29 7 87 1001 0 587 0 053 23 5 0 3

30 8.05 570 0.81 0.084 12 3 0.275

METHODOLOGY FOR THE ANALYSIS

Settleablesolids
Ammonia Nitrogen
Nitrates
Nitrites

Phosphates

W.S. WaterSample
In naturalwaters

~ Potable water standard
No standardavailable

Imhoff ConeMethod
NesslerMethod
CadmiumReductionMethod (accordingto Hach Co)
Diazotizationwith cromotropicacid and sulfanilic acid
method(accordingto Hach Co)
Ammonium MolibdateandAscorbicAcid Method
(accordingto HachCo.)

—
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Table 8

Flows andLoads for Nitrates,Phosphates,and Boron

No. Location
flow

m /seg Nitrate

Load(kg/day)

Phosphate Boron

1 Rio Cara Sucia,upstream 2.11 54 6 0 0

2 Rio Cara Sucia, downstream 6.78 292 3 58 6

3 Zanja La Danta 0 69 18.0 6 0

4 Rio Aguachapio,downstream 4 9 381 0 232.9 0 0

5 Rio Guayapa,downstream 3.6 93.3 50.7 0 0

6 Canal Embarcadero de Guayapa 10.4 269.6 118.6 0.0

7 RIo Cuilapa 0.13 13.5 10.2 10 1

8 Rio Naranjo, downstream 1 91 132 0 23.6 33 0

9 Rio El Rosario 3 6 280 0 45 7 62.2

10 Rio El Naranjo,upstream 2 62 158 5 16 1 45 3

11 Rio El Izcanal 2 6 157.2 23 6 0 0

12 Rio SanFranciscoo de Ia
Soledad,downstream

0.53 4 6 4 1 0 0

13 Rio Guayapa,upstream 3 52 30 4 50 2 0 0

14 Rio Aguachapio,upstream 1.14 9.8 11.1 0 0

15 Rio SanFrancisco,upstream 0.98 0 0 8.7 8.5

16 ZanjánMadreVieja 0.0 — — —

17 Zanjon Aguachapio (El Zapate) 4.5 155.5 77.8 1,049.8

18 Rio La Palma 0.4 13.8 4.2 0 0

28 Rio Hacienda Izcanal 1 6 705.0 55 0 0 0
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Table 9

Additional ChemicalAnalysesof Water

No. W.S • 02 DIS.
mg/i

B 0 D
mg/i

DETERG
mg/I

Zn
mg/i

B
mg/I

Cu
mg/i

1 4 1 20.5 0.012 0.000 0.0 0 0

2 4 3 20 0.013 0.000 0.1 0.0

3 3.9 13.6 0.008 0.000 0.1 00

4 6.3 6 8 0.007 0.000 0 0 0 0

5 6.3 6 9 0.012 0.000 0.0 0 0

6 6 2 7.2 0.013 0.000 0 0 0 0

7 36 13 0.031 0.000 09 00

8 4 5 14.5 0.017 0 000 0.2 0 0

9 4.3 12 2 0.007 0.000 0.2 0.0

10 4.3 12.1 0.023 0.000 0 2 0 0

11 6.5 8.1 0.016 0.000 0.0 00

12 4.2 16.6 0.014 0000 0.0 00

13 6.1 7.3 0.013 0000 00 00

14 6.5 6.7 0.015 0.000 0 0 0 0

15 4.4 23.3 0.002 0.000 0 1 0 0

16 3.9 17 7 0.012 0.000 0.2 0 0

17 4.2 259 0011 0000 27 0.0

18 4 1 8.5 0.007 0 000 0 0 0 0

19 4 2 17.7 0.016 0.000 0.1 0 0

20 4 28 0.022 0.000 0.5 0 0

21 5.8 6.5 0.015 0.000 0.0 00

22 2 9 14 4 0.022 0.000 1.7 0.0

Normal
Values >7 mg/I <3 mg/I 2 mg/i 5 mg/I 2.0 mg/I 1 mg/I
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No. WS • 02 DIS.
mg/I

B 0 D
mg/i

DETERG
mg/I

Zn
mg/I

B
mg/I

Cu
mg/i

23 3.9 16.4 0.015 0.000 0.1 0 0

24 4 2 13.2 0 037 0.000 0.0 0 0

25 24 12.2 0.006 0.000 0.0 00

26 2 9 10.5 0.011 0.000 0.0 0 0

27 6 1 9 0.009 0.000 0.0 0 0

28 7 8 7.4 0.025 0.000 0.0 0 0

29 39 166 0.016 0.000 06 00

30 6 3 6.3 0 022 0.000 0.6 0.0

METHODOLOGY FOR THE ANALYSIS:

DissolvedOxygen.
BOD(Biological Oxygen Demand:)
Anionic Detergents
Copper.
Boron:
Zinc

• W.S Water Sample
~ For irrigation waters

WheatonSystem(electrodfor 02)
Winkler Method
Violet Crystal Method (accordingto Hach Co)
flame Photometry
CarminicAcid Method
flame Photometry
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that all the samplescontainsomekind of contaminant. Samples17, 21, and 29 have
extremelyhigh valuesdue to their proximity to the sea.It is muchharderto explain the
very high valuesin samples20 and 22. Thesetwo wells are located along the
geothermalcanaland could possibly be receivingcontaminantsfrom that source.

Thequantityof suspendedsolids is a measureof erosionin that silt and soil arewashed
into the rivers and streamsmostly during the rainy season.High concentrations are
found afterrains, while much lower valuesare foundduring thedry season The low
valuesfound in theWASH study are due to the lack of rain during the periodof the
study

Suspendedsolidsshould be measuredduringthe rainy seasonin orderto get a betteridea
of thequantityof sedimentthat would eventuallyreachthe coastalmangroveareas
Sedimentcarriesnutrientsand contaminantsthat settleon the bottom, where organisms
canabsorbthem Due to the processof “biomagnification,”the concentrationof
contaminantscanbe thousandsof times moreconcentratedin organismsthan in the
water

Also, sedimentcan cover thebottom, altering the bottom ecosystemand, therefore,the
bottom fauna.This, in turn, altersthe compositionof the pelagicfauna Finally, over
time, sedimentscanslowly fill out themanglares.

Thecomponentsof nitrogen,ammonia,nitrites, and nitratesare cyclical. In the presence
of oxygen,ammoniais transformedinto the unstablenitrite, which is thentransformed
into nitrate A high concentrationof ammoniausuallyindicatesthepresenceof fresh
fecal contamination.

High concentrationsof nitratesare foundin agriculturalareas,astheyareoneof the
main componentsof fertilizers

Theresultsof theseparameters(Table 7) indicatethat ammoniaconcentratIonsaremuch
higher than thoseof nitrite andnitrate Thesehigh valuesindicatethat mostof the sites,
Including surfaceand groundwater,presentfreshfecal contaminationthat couldcome
from humanor animalsources.Theseresultsare consistentwith the high fecal coliform
countspreviouslycited.

High concentrationsof phosphateswere found in the ZanjonMadreVieja, and two wells
nearGuayapaand La Danta Phosphatecontaminationis usuallya resultof fertilizer or
detergentuse.

In streamsandrivers, low concentrationsof phosphatesandnitrogencompoundsare
considerednutrientsandcanactually improvethe qualityof waterfor the fauna.
However,at highemconcentrations,eutrophication,a processby which too many
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nutrientscausethedeathof higherfaunal formsdue to oxygen depletion, occurs. The
initial influx of nutrientsproducesan algal bloom andproliferation of other aquatic plants,
such as water lilies and waterhyacinths. These plants cover the surface and prevent light
from penetrating the water andkeepphytoplanktonfrom photosyntheslzing.The lack of
photosynthesisdeprivesthe streamof an importantsource of oxygen, which resultsin the
dying off of fish and other fauna.

The load (quantity passing a given point) of a contaminant, in kg/day, can be calculated
by multiplying the flow (m /seg)x concentration(mg/i) x 86.4 This gives an ideaof the
magnitudeof the contaminationandis useful in predictingthe effectson water
organisms. The loadsin this study werecalculatedfor nitrates, phosphates,and boron in
water(Table 8)

Thequantityof dissolvedoxygen is a measureof the healthof a streamor river. A
minimum of 5 mg/I is neededto be consideredrelatively healthy, and 7 mg/I areneeded
to categorizethe ecosystemashealthy.Below 4 mg/I fish life is threatened. The data
presentedin Table 9 revealthat 1 of the 19 surface waters sampled can be considered
healthy,7 relatively healthy,andtheother11 of poorquality.

It should be notedthat the concentrationof dissolvedoxygenfollows a diurnalcurve,with
higherconcentrationsduring the day (due to photosynthesis)andlower onesat night (due
to depletionby respiration). Also it should be rememberedthat thereis a negative
correlationbetweenwatertemperatureandcapacityto retaindissolvedoxygen. This
meansthat the higher the watertemperature,the lessdissolvedoxygen thewater can
retain.

TheBOD, or biological oxygendemand,is a measureof the amount of oxygen required
to stabilizeby biological oxidationtheorganicmatterin the water. If theBOD is higher
thanthe quantityof dissolvedoxygen,and thenatural re-aerationof the streamis
relatively low, therewill be a deficit of dissolvedoxygen,andthe fish, shrimp, andother
faunawill beginto die In all of the surfacewaterssampledexceptone (sample28) the
BOD exceedsthequantityof dissolvedoxygen, indicating that the fauna probablydo not
haveenoughoxygen available and the river is consideredunhealthy

The concentrationsof detergentsarenot high, but theyhavebeendiluted by the water in
the river Most of the peopleliving along the riversand streamsin El Salvadorwashtheir
clothesIn the river No thresholdfor theconcentrationof detergentsin waterhasbeen
set

it was also considered importantin thisstudy to measuremetalconcentrations.Zinc,
boron,copper,and arsenicwere chosenas important. Unfortunately,UNICOwas
unable to measure the concentrations of arsenic. No tracesof zinc or copper were
found, but in someof the samplesunusually high concentrations of boron were found
(Table 9). For potablewaterANDA hasestablisheda thresholdconcentrationof 1.5
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mg/I. Two of thesamplesexceededthis level, sample17 (ZanjonAguachapio)and
sample22 (a well in the HaciendaLa Danta)

6.4 Chemical Analysesof Soils and Sediments

Table 10 presentsthe resultsof the soil analysisdoneat UNICO

ThepH valuesare all within thevaluesneededfor agricultural purposes,althoughsome
cropshavespecifIc requirements

Unusuallyhigh concentrationsof boronwere found in soils andsediments Sediment
samplesshowedhigh boronconcentrationsin the Barra de Santiago,Barra Salada,La
Herradura(Jaltepeque),and PuertoTriunfo (Jiquilisco).

Soil samplesalsoshowedhigh concentrationsof boron,consideringthat the upper limit
for agriculturalpurposesIs 75 mg/I In El Salvador(Calderon1991). Only one of the
ninesoil samplesis below this value

High boronconcentrationin the soil can adverselyaffect cropsgrown there,causing
chlorosisand lowering thegerminationof seeds.

Two samplesnearthegeothermalcanalwere analyzedfor arsenic High arseniclevels
werefound in both samples(59 ppm and79 ppm) (Table 10). The presenceof arsenic
probablyis due to leakageof thegeothermalcanal

Arsenicconcentrationswere also measuredin sedimentsamplesfrom eachof the five
sItes(Table 11) Very high levelswere found In all of thesampleswith the two highest
concentrationsfound in the samplesfrom sites 2 and 5, Barra Saladaand PuertoParada
respectively. Furtherinvestigationsarewarrenteddue to the high concentationsfoundin
all of the coastalareasstudied
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Table 10

ChemicalAnalysis of Soils

Normal
0 75
ppm

No
S S pH

Boron
ppm

ARSENIC
ppm

Apparent
Texture

Si 7.70 22 Coarse sand

S2 6.60 1.0 Sandy

S3 6 56 1.4 Clayey silt

S4 6 80 1.4 Clayeysand

S5 5 70 1 2 Ciayeysand

S6 6.24 1.2 Clay

S7 652 0.6 Clay

S8 6.02 1.6 59 Clay

S9 591 08 79 Clay

• S.S. SoIl Sample

CarminicAcid Method (accordingto HachCo)
By touch

METHODOLOGY FOR THE ANALYSIS

Boron
Texture
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Table 11

Resultsof SedimentAnalysisfor Arsenic In the Five StudySites

Site Localization
Arsenic

Concentration
(ppm)

6.5

1 Barrade Santiago

2 Barra Salada

3 La Herradura

4 Puerto El Triunfo

5 PuertoParada

Resultsof PesticideAnalysis

54.8

747

54.6

41.1

74 9

The results of the pesticide analyses are presented in Tables 12 to 15. The only
organophosphatefoundIn surfaceand well waterwas metamidophos(tamaron) Low
concentrationsof organochlorideswerealso foundIn the water samples(Tables12 and
13) The concentrationsof pesticidesfoundin soil andsedimentswere alsolow (Table
14)

Due to biomagnificatlon, higher concentrations of pesticides were found In organisms, but
nonewas excessive(Table 15) However, relatively high concentrationsof metamldophos
were foundand should be noted
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Table 12

Pesbcidesin SurfaceWater
(in ppb)

HEVrA-
MErA- HEPTA- G1LORO METHYL ETHYL

NO IDEFIrF1cAT10N PARAQ4JAT MIDOPHO5 @BHC ‘i’Bi-iC CHLORO ALDRIN EPOXIDO DDE DIELDRIN OpDDr DDD ~iDDT PARATHION PARATHION ATRAZINA

1 Rio Cara Sucia ante ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

2 RioCaraSuaaabajo ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

3 zanpn La Danta ND ND ND ND ND ND ND ND ND ND ND ND ND ND Trace

4 RIo Aquadiaplo abajo ND ND 001 ND ND ND ND ND ND ND ND ND ND ND ND

5 Rio Guayapa abapo ND ND 001 ND ND ND ND ND ND ND ND ND ND NI) ND

6 caial Embarcadao ND ND 005 ND ND ND ND ND ND ND ND ND ND ND ND

ND 0.34

ND ND

ND ND

ND ND

ND ND

ND ND

033 001 ND

033 ND ND

007 ND ND

ND ND ND

001 ND ND

ND ND ND

ND ND ND ND

ND ND ND ND

ND ND ND ND

ND ND ND ND

ND ND ND ND

ND ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

13 Rio Agta.~aante ND

14 Rio Agtachaplo arrtba ND

15 RIo San Francisco ND

ND 009 ND ND

ND ND ND ND

ND ND ND ND

ND ND ND ND

ND ND ND ND

ND ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

16 zanjon Macire V,eja

17 zanjon Aguachapio

18 RioLaPaims

28 RIoIzcarStha~o

ND- Not Detected

ND ND ND ND ND

ND ND ND ND ND

ND ND 007 ND ND

ND ND ND ND ND

ND ND ND ND

ND ND ND ND

ND ND ND ND

ND ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

7 RIo Ci.n~pa

8 RIo Nozar4o thajo

9 RioFiRosarto

10 RIo t6rar~o&rlba

11 RIo Izcanalarrtha

12 RIo San Francisco



27 Hadet~~aflCamaIote

29 ~Porvenrr

30 Ejite~caderode
G~pa

ND- Not Detected

Table 13
Pesticidesin Wells

(in ppb)

HEPTA-

NO IDENI1RCAT)ON

19 Haaenda Care Sucia

20 Near Geoth~’amaJCanal

21 Guayapa aba~o

22 Haderela La Dante

23 Town Caca Sucia

24 SenJoseElNacanpo

25 Hacienda Santa RIta

26 SentaVIi~tnIaEI
Actdotai

META- HEPTA- a-ILORO METHYL ETHYL

PARAQIJAT MIDOPHOS 0BHC YBHC CHLORO AIJ)Rff~1 EPOXJDO DDE DIELDRIN OpDDT DDD pp’DDT PARAThK)N PARAThION ATRAZINA

ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

ND ND 001 ND ND ND NI) ND ND ND ND ND ND ND ND

ND ND 0 10 0 10 ND ND ND ND ND ND ND ND ND ND NI)

NI) ND ND ND ND ND ND ND ND ND ND ND ND ND ND

ND ND ND ND ND ND ND ND ND ND ND ND ND ND NI)

ND ND ND ND ND ND ND N) ND ND ND ND ND ND ND

ND 027 009 NI) ND ND NI) ND ND ND N) ND ND NI) ND

NI) 001 ND NI) ND NI) NI) ND ND ND N) ND ND N) ND

NI) 010 ND ND ND ND ND ND ND ND ND ND ND ND ND

N) ND ND ND ND ND ND ND ND ND ND ND ND ND N)



son-S

1 Camlno RIo El

2 Camlno San Jose El Nararipo

3 Camlno Rio Ccilapa

4 Cacnino Lomas de Gt~yapa

5 Cantno Rio cle Faya

6 Hacienda El Camalote

7 ZacijonE]G1no

8 Tubarla La Cabana

9 Serda T~esa

SED~

Table 14

Pesticidesin Soils andSediments
(in ppb)

1 Bane de Santiago

2 Bane de Santiago

3 Bane

4 Bane Salade

5 LaHaneduca

6 Jiqulltaco

7 Ptanto Parade

ND - Not Detected

NT - Not Tested

ND ND ND

ND 05 N)

ND 010 ND

ND N) ND

ND ND N)

NT ND ND

NT ND ND

ND N) NI) ND

ND ND ND 07

ND ND ND ND

ND NI) ND 001

ND ND ND 20

ND ND ND ND

ND N) NI) ND

ND ND ND ND

53 ND 06 ND

ND ND ND ND

ND ND NI) ND

ND ND ND ND

ND ND ND ND

ND ND N) ND

ND N) NT

ND ND NT

ND ND NT

ND 001 NT

ND ND NT

ND NI) NT

ND ND NT

NO IDENTIFiCATION PARAQUAT META- ~BHC YBHC HEPTA- ALDRIN HEPTA- DDE DIELDRIN OpDDT ODD ppDDT MEtHYL ETHYL ATRAZINA
rn~ji~ MIDOPHOS CHLORO CHLORO PARAThION PARATHION

EPOXIDO

NT NT ND ND 001 ND ND ND ND ND ND ND ND ND Ni

NT NT 001 001 ND ND ND ND ND ND ND ND ND ND NT

NT NT ND 001 ND ND ND 005 ND ND ND ND ND ND NT

1025 ND ND ND ND ND 18 ND ND ND ND ND ND ND NT

867 ND ND N) ND ND ND N) ND ND ND ND ND ND NT

1189 ND ND ND ND ND ND ND ND ND ND ND ND ND NT

591 ND ND ND ND ND 12 ND ND ND NI) ND ND ND NT

591 ND ND ND ND ND ND 18 ND ND ND ND ND ND NT

586 ND ND ND ND ND 17 ND ND ND ND ND ND ND NT

34

41

1.3

15

46

621

542
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Table 15

PESTICIDESIN AQUATiC ORGANISMS
(in ppm)

NO ID~TIFICATION’

Sub 1 BARRA DE SANtL~GO

PARAQUAT META- ~BHC YBHC HEPTA- AI.DRI’I HEPTA- ODE DIELDRIN OpDIJt DOD ppDDT I~THYL EflIVL ATRAZINA
MI~O4’HOS CHLORO CHLORO PARAThION PARAThION

EPOXIDO

1 Qed
Andara Sp,

2
Andara Sp

3 Jalbe
Calflnedes sp

4 Punche
Uades sp.

5 Punche
Uddes sp

6
Lii ~Isp

7 PezBegre
Bagre sp

511102 BARRA SALADA

ND ND 001 001

ND ND 003 ND

ND ND ND ND

ND ND 010 ND

ND ND ND ND

004 ND ND ND

ND ND 001 003

ND ND ND ND

ND ND ND ND

ND ND ND ND

ND ND ND ND

ND ND 001 ND

ND 001 ND N)

ND ND ND ND

ND NT ND

ND NT ND

ND NT ND

ND NT ND

ND NT ND

ND NT ND

ND NT ND

ND ND

ND ND

ND 001

ND ND

ND ND

ND ND

ND ND

ND 001

ND ND

ND ND

ND N)

N) ND

ND N)

ND ND

1 J~a
Callnectes p

2
C~nectessp

3 ~
Mi41 p

4 PIEiChe
Uddes p

5 J~a
Cailnedes p

6
Cil8necte, p

7 Aim~

ND 001

001 001

ND ND

ND ND

ND 001

ND 003

ND 009

ND ND

ND 001

ND 008

N) ND

ND NO

ND MD

ND ND

NT 016

NT 015

NT NT

NT NI)

NT ND

NT ND

Nt ND

001 ND

001 001

ND 001

ND ND

ND MD

N) ND

ND ND

001

001

ND

ND

ND

ND

ND

001 001 001

ND ND ND

ND ND N)

03 ND ND

ND ND N)

<01 ND ND

ND ND ND

NT

NT

NT

<01

<01

<01

ND

NT NT

Nt NT

NT NT

NT NT.

NT Nt

NT Nt

NT ND

ND- Not Detected
NT- Not Tested



9 Cwwon de Mac
Penneacis p

10 Caiwon de Mar
Peineacis p.

11
Merrobroddump

12 Bagre
13 Pargo
14 Pleiche

Uode~p

N)- Not Detected
NI- Not Tested

Table 15 (continued)

NO IDENTIFiCATION PARAQUAT META- O~1C YBHC HEFTA- ALDRW’l HEPTA- DDE DIELDRIN OpDDT DOD ppDDT I~THYL ETHYL ATRAZINA
M1IXWHOS CHLORO CHLORO PARAThION PARAThION

EPOXIDO
NT~

NT

NI)

ND

~ND

ND

ND
ND

ND
ND

ND
ND

}ID
ND

<01
ND

N)
ND

P1) ND P1)
<01 ND ND

ND
P1)

NT
NT

NI)

NI)

NT N) ND ND ND ND ND NI) ND ND ND <01 ND NT ND

NT N) NI) NI) ND ND N) ND ND NI) ND ND ND NT NI)

PIT
NT
NT

P1)
ND
ND

ND

ND
NI)

N)

ND
ND

ND

ND
09

ND

ND
ND

MD

P1)
07

13
047
ND

N)
N)
ND

N) ND N)
ND ND ND
ND ND ND

NI)
ND
<01

NT
NT
MT

ND
ND
ND



NT NT

NT ND

NT ND

NT TRACES

Nt ND

Nt ND

ND ND

ND ND

ND ND

ND ND

ND ND

ND ND

ND NO ND

ND ND ND

ND N) ND

ND ND ND

ND ND ND

ND ND ND

025 ND ND

MD MD ND

ND ND ND

ND ND ND

ND ND ND

Table 15 (continued)

NO IDENTF)CATION PARAQ(JAT MEFA- @BHC YBHC HEVFA- AIJ)RIN HEPTA- DDE DIELDRIN OpODT ODD ppDDT METHYL ETHYL ATRAZ1NA
CHLORO CHLORO PAR.AThION PARAThION

EPOXIDO
51110 ~ JALTEPEQUE

LA HERRADURA
1 Odmbera

Mt~iIp
2 Conches

Addara p

3 Conches
Addare p

4 Ptinche
Uddes sp

5
Merrobrethii.nn p

6 Cameron de Mar
Penneais p

SI11O 4 JIQULISCO
PUERTO TRIUNFO

I Qimbera
Mugfl p

2
~il p

3 Conches
Andars p

4 Conches
Adders p

5 Cernaronde Mar
Penneaus p

ND ND ND ND ND 06 ND MD

ND ND ND NI) ND ND ND ND

ND ND ND ND N) ND ND ND

ND ND 09 ND ND ND ND ND

ND NO ND ND ND ND ND ND

ND ND ND N) ND ND ND ND

NI) NI) ND 063 ND ND ND NI)

ND ND ND ND ND 013 ND <01

ND ND ND ND N) ND ND MD

ND PU ND ND ND ND ND ND

ND ND ND N) ND ND ND ND

NT ND ND ND

NT ND ND N)

NT ND ND ND

NT NI) ND ND

NT N) ND ND



Table 15 (continued)

NO IDENTIFiCATION

511105 JIQUIUSCO PUERTO
PARADA

PARAQUAT META- @BHC YBHC HEPTA- ALDRIN HEPTA- DDE DIa.DRIN OpDDT ODD ppODT METHYL ETHYL AlRfiiZINA
MIDOPHOS CHLORO CHLORO PARATHION PARATHION

EPO)UDO

3D

1 Punche
Ucides p

2 Conches
Adders p

N)- Not Detected
NT- Not Tested

NT ND ND ND

NT ND ND ND

ND ND ND ND ND

ND ND ND ND ND

ND 01 ND

N) ND ND

ND ND ND

ND ND ND



6.6 Sourcesof Contamination within the Study Area

As part of the study UNICO prepared a map indicating sourcesof contamination within
the study area (Map 4)

Agricultural activitiesare commonin theareaand area main sourceof contaminants,as
is cattle raising Fecalcontamination,resultingfrom poorsanitaryconditions,Is the main
sourceof contaminationand theresultsindicatethat this is the main problemIn the
watershed Also, mostpeoplewashtheir clothesin theriver, therebycontaminatingthe
water with soapanddetergent. In general, garbageandtrasharenot disposedof
properlyand it is suspectedthat much of suchwasteendsup in the rivers There Is no
real industryin thearea.

A geothermalcanalgoesthroughthe studyarea. It hasa lengthof 77 kms and a
capacityof 1 m3 per second. The dischargeendsin the seaapproximately200 m from
thecoast Boron andarsenicare found in this waterand dueto leakagecancontaminate
the surroundingarea Heat contamination can also affect the marinelife nearthe
discharge area in the sea(Marroquin, 1986) The canal,however, was not in useduring
WASHand UNICO’s visits Accordingto a verbalcommunicationwith a CEL
representative,thedischargefrom the thermalplant Is beingdeep-well-injected on an
experimentalbasis,with the eventualgoalof eliminating the dischargeto the sea.

6.7 Other PertinentFindings

6.7.1 EndangeredFish

In the areaof Ban-ade Santiago,a gar,Apraprosteustropicus, Is found. This Is the
only areaof El Salvadorin which the speciesis located. An Ichthyologistworking with
the NaturalHistory Museum(see Chapter 4) has found this species In El Zaite, Gloria
Linda, El Roble,and Zanjónel Chino It is aspeciesunderpressurefrom the local
population;the MHN ichthyologistfeels it is endangered in El Salvador.

6.7.2 Turtle Project In the Barra de Santiago

TwoAMARrepresentativesare coordinatinga marineturtle projectIn the Ban-a de
Santiago (Hasbun and Vasquez, 1991). In the project, eggsareboughtfrom turtle egg
collectorsandare then incubatedin enclosures.After hatching,the young turtles are
returnedto the sea
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6.7.3 Fish StudiesIn the Barrade Santiago

The ichthyologistcited aboveIs alsodoing asurvey of fIsh speciesthat Includes their
ecologyin the Barra de Santiago. He spendsoneweek in the Ban-aand oneweekin the
museumin El Salvador. His resultshavenot beenpublishedyet, but will be an Important
sourceof informationwhencompiled.

6.7.4 Phytoplankton Studiesin the Barrade Santiago

Studiesof phytoplanktonareImportantbecausethe speciescompositionand abundance
can give an Indication of the quality of water. A study of speciescompositionand
abundance done by Rodriguez (1989) Is asignificantstart. Phytoplanktonaresensitiveto
contamination,and changesIn speciescompositionindicatechangesin waterquality.

6.7.5 ShrImp LarvaeDie-off In the ChineseProject

Recentlyall of theshrimplarvae in the Chineseproject nearCóbanosdied. The causeof
the die-off was found to be well water contaminatedwith tamaronor metamidophos.

6.7.6 Useof Pesticidesin El Imposible to Kill Shrimp

A representativeof the NaturalHistory Museumwho Is working in El Imposible indicates
that peopleare using pesticidesto kill river shrimp which are thensold locally. Of
course,not only shrimpare killed and,accordingto thequantityof pesticidesused,
aquaticlife can be destroyedfor 1 or more kilometers PesticidesusedIncludedecis,
dieldrin, folidol, and lannate.

6.8 General Overview of Water Contamination

Table 16 presentsa summaryof causesand effectsof different typesof contaminantsin
waterresources. In the presentstudy, all typesof wasteexceptradioactivematerialswere
found. Theseproducehealthhazardsand reduce light penetrationIn water, with
subsequentdeoxygenationandtoxicity problemsfor agriculturalcrops, aquaticfauna,and
humans.Theseproblemsare interrelatedand,by negativelyaffectingthe quality of the
environment,affect the quality of humanlife.

The PROMESAprojectis an excellentopportunityto reversethe effectsof
contamination,betterthequality of the environment,and Improve the stateof the natural
resourcesof El Salvadorfor the benefitof all Salvadoreans.
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Table 16

I’

Causes of Damageto the Quality of Water Resources

Typo of Wa,ts Wlst.w.t.v Sourc..
Wat.r Quality

Mssuras
Eff.cts on

W.t.r Quality
Eff.ct. on

Aquatic Ut.
Eff.cts on
R.cr..tlon

Disease-carrying Municipal discharges. wetercraft dus- Fecal coliform. fecal strepto- Health hazard (or human Inedibility of shellfish for hu- Reduced contact recre-
agents—human feces, charges, urban runoff, agricultural runoff, coccus, other microbes consumption and contact mans ation
warm blooded animal feedlot wastes, combined sewer overflows,
feces industrial discharges

Oxygen-demanding Municipal discharges, industrial dii- Biochemical oxygen do- Deoxygenetion. potential Fish kills II severe, eliminated
wastes—hugh concentra- charges, combined sewer overflows. wa- mend, dissolved oxygen, (or septic conditions recreation
lions of biodegradable or- tercratt discharges, urban runoff, volatile solids. sulfides
ganic matter agricultural runoff, feedlot wastes, natural

sources

Suspended organic and Mining discharges, municipal dischsrges, Suspended solids, turbidity, Reduced light penetration. Reduced photosynthesis, Reduced game fishing,
•nwganic material industrial discharges, construction runoff,

agricultural runoff, urban runoff. silvicultur-
al runoff, natural sources, combined sewer
overflows

biochemical oxygen do-
mend. sulfides

deposition on bottom,
benthic deo*ygenation

changed bottom Organism ~O~-
ulation. reduced fish produc-
lion, reduced sport fish
population, increased non-sport
fish population

aesthetic appreciation

Inorganic materials. mm- Mining discharges, acid mine drainage, in- pH, acidity, alkalinity. dii- Acidity. selination. toxicity Reduced biological productivity, Reduced recreational use,
eral substances—metal. dustrual discharges, municipal discharges, solved solids, chlorides, of heavy metals, floating reduced flow, fish kills, fishing, aesthetic appreci-
salts, acids, solid matter, combined sewer overflows, urban runoff, sulfates, sodium, specific oils reduced production, tainted fish ation
other chemicals, oil oil fields; agricultural runoff, irrigation re-

turn flow, natural sources, cooling tower
blowdown, transportation spills, coal gasi-
fication

metals, toxicity bioassay. vi-
sual toil spills)

Synthetic organic chemi- Industrial discharges, urban runoff, munici- Cyanides. phenols, toxicity Toxicity of natural organ- Fish kills, tainted fish, reduced Reduced fIshing. Inedible
cals—dmssolved organic pal discharges, combined sewer overflow, bioassay ics. biodegradable or per- reproduction, skeletal develop- fish for humans
material. e g - detergents, agricultural runoff, silvicultural runoff, sistent synthetic organics mont
household aids, pesticides transportation spilLs, mining discharges

Nutrients—nitrogen. Municipal discharges, agricultural runoff, Nitrogen, phosphorus Increased algal growth, Increased production, reduced Tainted drinking water. re-
phosphorus combined sewer overflows, industrial dii-

charges, urban runoff, natural sources
dissolved oxygen reduc-
tion

sport fish population, increased
non-sport fish population

duced fishing and aes-
thelic appreciation

Radioactive materials Industrial discharges, mining Radioactivity Increased radioactivity Altered natural rate of genetic
mutation

Reduced opportunities

Heat Cooling water discharges, industrial dii-
charges, municipal discharges, cooling
tower blowdown

Temperature Increased temperature. re-
duced capacity to absorb
oxygen

Fish kills, altered species corn-
position

Possible increased sport
fishing by extended sea-
son for fish which might

, otherwis, migrate

Source Council of Environmental Ouality. 1981.EnvironmentalTrends in Var, E)~r!.‘c’dn, Trotre mid Todd, 1990





Chapter 7

CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

• Fecalcontaminationof surfacewaterand wells in the studyareais
extremelyhigh, with 13 of the 30 sources(45 percent)containing
more than 9,000 fecal coliforms/100 ml of water.

• People interviewedwho hadwells thought the waterwas of good
quality. This is alarming,especiallywith the presence of the
cholera bacteria, Vibrio cholerae, in El Salvador

• Basedon low dissolvedoxygen contentandhigh biological oxygen
demand,the rivers, In general,cannotbe consideredhealthy.

• High ammoniaconcentrationscomparedwith thoseof nitritesand
nitratesis anotherIndicationof fecal contamination.

• Pesticideresiduesin water,soil, and sedimentwere lower thanin
organisms,due to biomagnificatlon.

• In general,pesticideconcentrationswere low, due, In the caseof
organochlorides(usedwidely during the cottongrowingyears),to
the fact that cottonwasneverplantedextensivelyin the studyarea

• Low concentrationsof rapidly degradingpesticideswere found,
probablydueto the fact that the samplingperiodwasnot oneof
high pesticideapplication

• High concentrationsof tarnaron(metamidophos)were found In
some of the samples.Its usecould resultIn furthershrimplarvae,
fish, andotherfaunadie-offs In the region.

• High concentrationsof boronwerefound in the soil and some of
thewatersamples. Many of the concentrationsexceedthreshold
limits.

• High concentrationsof arsenicwere found in soil samplestaken
near the geothermal canal.
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7.2 Recommendations

According to thePanAmericanHealthOrganization,thequality andquantityof the
water in a countryare the two most importantparametersin the determinationof the
healthof Its inhabitants. Health, in turn, affectsthe educationlevel andthe productivity
of the country. Sick childrenandtheir teachersmissschoolandunhealthyworkersand
farmersare less productivethan healthyones.

Becauseof the poorquality of surfaceandwell waterfound In thestudy area,the team
recommendsthe following actions.

• Becausethe incidenceof diarrheaincreasesat the beginningof the
rainy season,simple rainwatercatchmentsshould be experimented
with within the area. Roof gutterscould be usedto catch the
rainwaterfrom the roofs Therainwaterthencould be storedin
cleancontainers A study donein Tegucigaipa,Honduras(Brand
and Bradford, 1991)showsthat the quality of rainwateris relatively
good andcould be a usefulalternativeto thecontaminatedriver
andwell waterIn the study area. At the presenttime, due to the
presenceof choleraIn the studyarea,a noncontaminatedsourceof
wateris especiallyimportant

• Alternativesto tamaron,suchasBacillus thuringiensis, shouldbe
usedin thestudy area GTZ Is working in this field andis a good
sourceof Information

• Biological control of crop pestsshouldbe implementedwithin the
area,using naturalenemiesand naturallyoccurringpesticides
(Hesse-Rodriguez,1991)

• A sanitationprogramincluding latrinesandsewerageshouldbe
initiated to addressthefecal contaminationproblemsaffecting the
water sources Somerecommendationsfor latrinesfollow.

— Community latrinesshould be doublepit ventedtypewhen
groundwaterconditionsarefavorable(greaterthan1.80 m
below the groundsurfacein the wet season).A typical
designof this type of latrine Is IncludedIn AppendixJ.

— Householdlatrines shouldbe single pit ventedwhen
groundwaterconditIonsarefavorable(greaterthan1.80m
below groundsurfaceIn thewet season).A typical designof
this type of latrine Is IndudedIn Appendix J.
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— Compostlatrinesor elevatedlatrinesshould be usedwhen
groundwateris less than1.80 m below groundsurface
during the wet season.If elevatedlatrinesare used, the
bottom of the pit should beat least0.6mabovethe highest
elevationof the groundwater.A typical designof a compost
latrine is included in Appendix J.

— The location of latrines shouldobservethe minimum
distancesrequiredfrom wells or any otherwatersource.
The minimum distance from any water source should be
20 m

— Sewerageworks may be the most appropriate sanitation
solution in populationcenterssuchasCara Sucla, San
Francisco Menendez, SanJose El Naranjo, and possibly the
Barra de Santiago Sewerage should be coupled with a
wastewatertreatmentprocess,suchasoxidation pondsor
trickling filters. Both of theseprocessesare relatively cheap
to build if local laborandmaterialsareused

— Oxidation pondscould be usedin the flat areaswhile
trickling filters could be usedin mountainlocations
Oxidation pondsshould be thefacultativetype, which do
not require separatesludgetreatment Sludgethat dropsto
the bottomis anaerobicallydigested,andthe pondsneedto
be cleanedeveryfew years. The designshould Includeat
leasttwo cellssothat one cell canbe operatingwhile the
other is cleaned

— Trickling filters requiresmall settling pondsaheadof the
filters to settle thesolids and avoidfilter clogging. Trickling
filters are well suitedto mountainlocationsbecausetheydo
not requirea largearea,and need a hydraulic headof
about2 rn. Theycanbe built using local materialssuchas
stoneandrequirevery little maintenance. The settling
pondsshould be designedwith at leasttwo cells sothey can
be cleaned easily.

• To controlandpreventsedimentationdue to erosioncausedby
deforestation,agroforestryshould be promotedIn the upper
watershedarea
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• To decrease deforestation,and consequentlysiltation, dueto
demandof firewood, fuel-efficient stovesshould be encouragedin
the area Thesecould includeLORENA, ceramic,or Chinese
kerosenestoves.

• Compostlngon both a small and large scale (households and farms)
should be promotedusing householdandfarm organicwaste. This
would increasethefertility of thesoil and, at the sametime, reduce
the contaminationof the rivers andwells from solid wastes. Also,
by reducingthe amountof fertilizers required,this could be an
economicalmethodof organicsolid wastedisposal.

• To reduce the use of pesticides in rivers usedto kill shrimpandfish
usedfor humanconsumption,otherfoodsourcesshould be
promoted,suchasiguanaandagouti farming.

• A short video (10 to 15 minutes) could be madeto illustrate the
problemsof contaminationIn the area;it could be shownin
schools,communitygroups, and cooperatives and on national
television

• A contestamongschoolchildren in Ahuachapáncouldbe
promotedto namea departmenttree, flower, fish, bird, and
mammalto promoteinterestin thenatural resourcesof the area.

• A monitoring programthat considersthe following should be
established:

— the agriculturalcycle—thesamplingprogramshould be
carriedout during the fertilizer, pesticide,andherbicide
applicationperiods.

— the rainy and dry seasons—the rainy seasonIs the most
appropriatetime to detectpollutantsIn thestreamsand
wells, becauseat that time runoff will contaminatesurface
and groundwater

• Silt and sedimentcarried by thestreamsshouldbe sampledand
analyzedduring the rainy seasonto get an idea of the magnitude of
the problem.
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• Levelsof pesticidesand componentsof fertilizers, suchasnitrates,
should be monitoredimmediatelyafter their applicationfor a
period of up to three weeks to verify degradationtime.

• Flows should be measuredwith appropriatefield instruments,In
orderto calculatethe loadsof contaminantsto checkthe validity of
the results

• Furtherstudiesof phytoplanktonandzooplanktonIn estuaryareas
should be carried out since species composition and abundance
indicatethequality of water.

• The relationship of wells to latrines and other sourcesof
contaminationshould be studied and an educational campaign
aimedat well ownersshouldbe undertaken. Portablefield kits (by
Millipore) should be introducedto do bacteriologicalanalysesof
well water,eitherby healthpromotersor by the well owners
themselves

• Programssuchasthe marineturtle projectat the Barrade
Santiago should be supported

• Thesis research by university students should be encouraged within
the study area, with orientations to include ecology, biology,
chemistry,sociology,economics,education,agriculture,and so on.

• An environmentaleducationcampaignshould be undertaken to
inform inhabitantsof the causes of contamination and how to
lessenor avoid them.

• Supportshould be given to existing labssuchasthoseat CENTA,
UNICO, and other universitiessoasto increasetheir capabilities
and ensure their capacity to undertakeregularmonitoring
programs

• A detailed study of the geothermal canal should be madeand
should include the effects of water discharge on marinelife.

• Becauseof the high concentration of arsenicin the soil nearthe
geothermalcanal and the closeproximity of local inhabitants’wells,
a detaIled study of arsenic in well water and humanhair should be
carriedout
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Appendix B

SUMMARY OF INTERVIEWS AND FIELD TRIPS

USAID Missionemployeesinterviewed:

• PeterGore
• RossWherry
• Mark Scott
• Kevin Armstrong
• ChristineAdamczyk

2. Laboratoriesvisite&

Laboratory

SERTESA
3rd Ave N
27 and 29
Calle Poniente
25-9811,25-9222

CENTA
Km 33, Careterra
a Santa Ana
28-2066,28-2255

UNICO
1st Calle
Poniente,
SantaAna

Ministry of Agriculture
Environmental Lab
SantaTecla

University of
El Salvador
(Biology Department)

Flora Espinosa

E. Lopez Zepeda
Lila Gutierrez

Routine chemicalanalyses(mostly
agricultural).
Microbiologicalanalyses.

Pesticideanalyses.

Routine chemicalandmicrobiological
analyses.
(rheyarehardworking and havehad
experiencein agriculturebut were
willing to branch out and collaborate
with WASHteam’swateranalysis.)

Someroutine chemical analyses; they
hopeto get more equipment soon.

Somechemical and biological analysis
of water, hampered by lack of
equipment

Person
Interviewed Capadty

Glona Calderon

JoseAntonio Puig

NelsonMartinez
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Universityof Lab assistants Have new AA for heavymetal analysis.
El Salvador
(Chemistry
Department)

Universityof LeopoldoSerrano Working on biological control.
El Salvador
(Agriculture)
25-2572, 25-1506

Of the labs visited with capabilitiesto do routinechemicalanalyses,UNICO was chosen
for the following reasons

• UNICO is locatedin SantaAna, which is closeto thestudy area.

• The lab is well equippedfor routineanalyses

• The personin chargeof the lab, JoseAntonio Puig, andhis staff
are very professionalIn their work and mostof their resultsareto
be trusted On their own initiative, they took photosof mostof
the samplingsitesand redidsomeof theanalysesthat hadhad
doubtful results.

CENTA is the only lab in the country equippedto do pesticideanalyses Gloria Ruth
Calderonis very capablebut is hamperedby lack of personnel andlack of electrical
powerdue to therationingprogram.

The Headof Inspectorsat CENDEPESCA,the biologist EugenloPalaclos,wasvery
cooperativeand organizedhis inspectorsto takethe sedimentand organismsamples. By
chance,one of theWASH teammemberswas at CENTAtheday an Inspectorarrived
with thesamples They wereproperlypreservedin ice In a coolerprovidedby the
project

FUSADESis building a new laboratorythat will also be ableto perform pesticideand
herbicideanalysesin SantaTecla This lab should be an alternate to CENTAwhen It
becomesoperational

3 Other interviews

A Museumof Natural History

• Celina Duenas (ActIng Director, working on
herpetologyin El Imposible)
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• Mauricio Vasquez (working on an inventoryof fish
in theBarra de Santiago and the turtle project)

• Eunice Echeverria(working on an Inventory of
insectsin El lmposible)

B. ANDA

• RobertoOchoa,Director of OEAD
• Manuel Merlos, in charge of ANDAdata bank on

water quality, which haschemicaland
microbiologicaldataon main rivers and wells

C CENDEPESCA

• FranciscoGuevarra,Headof investigation
• EugenioPalacios,Headof Inspectors

EugenioPalaciosand his teamof inspectorswerecontractedto takethe samples of
sedimentandorganismsat the S samplingpoints.

D Meetingat CENTA

• RamonMontoya(GTZ)
• Elias Mejia (CENTA)
• Ruth Calderon(CENTA)
• PeterGore
• Angel Chin (A l.D , Washington,pesticides)
• Rodolfo Cristaies(USAID, El Salvador)
• FernandoRequena
• Becky Myton

This meetingwasarrangedto explain the PROMESAproject to CENTAand GTZ and
exchange ideas with respect to a pesticide component of the project.

4 Field trips

A August 27, 1991

Participants Mauricio Salinas(CLUSA)
Fernando Requena
Becky Myton

Site visited~ Main study area around Cara Sucia

63



A visit wasmadeto CaraSuciaandthesurroundingareato geta feel for the study area.
Teammembersattendeda meetingof the CaraSuciaCooperative,which is growing
marigoldsfor export.Theteamalso sawrivers andstreamsin theareaand traveledup
the geothermalcanal. Peoplewho lived along thecanalwere interviewed. The
participantsvisited the Barra de Santiagoandtraveledby pipanteto the sea.

B August31,1991

Participants

Site visited

Peter Gore
RossWherry
Fernando Requena
Becky Myton

Area around Côbanos and Ban-a Salada

A visit wasmadeto a shrimpfarm. Thefarm’s entire operationwasexplained.
Participantsalsowent to Ban-aSaladaandtook samplesof sediment,crabs, and fish

C. October3, 1991

Participants

Site visited

Peter Gore
Mark Flardin,TropicalResearchandDevelopment,Inc.,

Gainesville, fla
David Gibson,AID-LAC Bureau,Washington,D.C.
Becky Myton

La Herraduramangrovearea

A visit was made to La Herradura to visit the mangrove replanting project Participants
wereescortedby the mayorof La Herraduraandsomelocal peopleinvolved In the
project The peopleare planting Rhlzophora mangle as1 m distances.

D October5, 1991

Participants:

Site visited:

PeterGore
Jane Gore
Mark Hardin
David Gibson
Becky Myton

A trip to El Imposible was attempted to view the Barra de
Santiago Turtle Project
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- The team tried to get to El Imposibie but It proved impossible. It wasrainingvery hard
and the road soon became too muddy, so participants had to turn back.

.. In the afternoon a visit to the Barra de Santiago Turtle Projectwas made. AMAR hasa
turtle-protectingproject that buyseggsfrom local collectorsandtransfersthem to a
hatcheryconstructedby schoolchildren andother local Inhabitants.Whenthey hatch, the
turtles are returnedto thesea.
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Appendix C

aumentan los
No se puede negociar con los que juegan con Ia

vida de la granmayoria, haciendo de San Salvador

un gran basurero u aumentandolos riesgosde con-traer el cOlera.El Lie. Carlos Antonio Mejia Alférez, GerenteGeneraly alcaldeen f~incionesde San Salvador,

dijo quemientrasdure el paro convocadopor IaAsociaciOn Salvadorena de Trabajadores Muruci-pales (ASTRAM), no habrá ning~n arreglo.
Mejia Alférez, que sustituye al Dr. Armando Cal-

riesgos del cólera
derôn Sol,quien regresaelviernesde su gira por el
exterior, manifiesta que los costos de operaciOn
por Ia huelga sonminimos, comparadoscon los al-
tos costos que en vidas humanaspudiera tener.

San Salvador producediariamente480 toneladas
de basura. Por los efectosde la huelga,seacumula-
ronduranteel sábado,domingoy lunesreciénpa-
sados, 1,440toneladasde basura. Estoha venido a
mcrementar lascondicionesde insalubridad propi-
ciasparaIa infestaciOnpor cólera.

Cooperación

El alcaldeen f\inciones,manifestoque la situa-
ciOn delimpiezase normalizaráposiblementepara
el fin de semana,graciasa la cooperaciOnquehan
dadocamionesy mont.acargasdelM.inisterio de la
Dirección Generalde Caminos,del Ministerio de
ObrasPüblicasy la FuerzaArmada.

ElGerenteGeneraldelaAlcaldiacapitailna,sos-
tienequeson pequenosgruposde perturbadorés
los quese mantienenen huelgaen demandade
aumentosde salariosy otrasprestaciones,quelas
condicioneseconOinicasimperantesen la munici-
palidadno permitensatisfacer.

Están regresando

Personalde Parquesy Jardines,Cementerio,In-
genierla y RecolecciOnde Basuras,que en princi-
pio apoyabaIa paralizacionde labores,ahora estàn
regresandoa suspuestosde trabajo,convencidos
de que dicho movimientoesnocivo para el pueblo.

Finalinenteel flancionarlo, duo que esperauna
respuestamashumanade partede los huelguistas,
a fin de que tantoel barridode calles,la recolec-
dOn de basura domiciliar, de botaderosy merca-
dos,asicomo la disposicionfinal de lasmismasy la
limpieza de quebradasy cafiadas,sereiniciennor-
mairnentepara evitar que el cOlera se propague
másen nuestro pals.

SELECTED ARTICLES

I o LA PR~NSA~ M~Ies4deSepIi ,1991

1,440Tons. de hasura acurnulada

I Fob de LA PRENSA, por Nerrera.
RIESGOS.No sepuede negociar con los que juegan
con la vida de la gran mayorla, haciendo de San
Salvador un gran basureroo aumentandolosriesgos

I de contraerelcolera,dijo ayerel alcaldedepositarioLie. Carlos AntonioMejlaAlférez.
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Las islasy manglaresdel esterode Jaltepeque

Por Enrique S. Castro

En el extremo sur del
departamento de La
Paz,El Salvador cuenta
con uno de los másher-
mososparajes marinos
que le hadotado la natu-
raleza:El esterodeJal-
tepeque,con sus islas,
manglaresy canalesde
apaciblesaguas.

El Estero, su flora y su
fauna, constituyen un
atractivo para los turis-
tasque no seconforman
con que el azarles depa-
reesteespectác~ocuan-
do incursionanen lasan-
chasavenidasy en Las
misteriosasy capricho-
sasrafcesque comoana-
condassobresalende los
manglares.

La pescaes intensa y
mientrasen el Estero el
anzuelo y La atarraya
hieren las aguas,mar
afuera los diestros pes-

cadorestienenlos tras-
mallos para sacarIa es-
peranzade los pargos,el
boca colorada y los pe-
queflos tiburones que se
enhebran como perlas
en las redes.

El inundo maravilloso
que está bajo las aguas
del Esterono es,sin em-
bargo, aluinbrado per el
lngenio de los buzos.
Gracias entoncesa Ia vi-
da porque ha permitido
evitar el roinpimiento
del equil.ibrio ecolOgico
ya de per Sf alterado con
el incesantegolpear del
corvo sobreel manglar.

Másallá en la bahla de
Jiquilisco, La punta de
San Juan, con su arco o
puerta horadada en el
horizonte, se sostieneso-
bre esamovedizasusten-
taciOn arenosadel fondo.
DesdeCorral deMuias,y

Ia Isla del Espiritu San-
to, se puede apreciarLa
Interminablelineadesu-
ciedadde hojas,ramasy
palossueltosque arras-
fra La corrientemarina.

Sin embargo, también
en Los canalesdel estero
deJaltepequeel panora-
ma de Ia tardemuchas
vecesseoscureceper La
terquedaddel serhuina-
no de no sOlod~n~rcon
máquinaspoderosasso-
bre sustranquilas aguas,
sino que tirar los restos
a]iinenticios,diesely en-
vasesde cerveza y ga-
seosa.

El Estero se ensucia,
se agotan Los peces y
otrasespeciesmarinasy
de La rnisma flora. Los
pescadoresde San Luis
La Herradura encuen-
tran ahoramuchasdifi-
cuft~dea%p~ra’Obtener

unabuena pesca. Su al..
ternativa entoncesIa
constituyen los barcos
camaroneros que les
vendena bajocostoo les
regalan La murraya.

Los expertosde CEN-
DEPESCAmediantees-
tudios realizados en la
zona costera, en las
cuencasmarinas y en los
manglaresdel esterode
Jaltepeque,han adverti-
do recientementede los
peligrosque causala ta-
La indiscriminadade los
manglares,junto con el
dano que causa el sa-
queosin limitesde espe-
cies marinas.

En islas como La Ca-
noa el daño es mayor
porque los “depredado-
reshunianos”no sOlo se
limitan a talar los man-

—Pw* ~apá
5ina25—

J]asdelaplaya.
La promulgacion de

Un refl~giocomoel apun-
tado que seextiende
hastalas bocanadel Rio

Lempa, en los lfmltes
con el departainentode
Usulutin, debeser un
salvavidaspara elmary
Ins especles,una batalla

en La lucha per salvarIn
naturalezay suambien-
te de la destrucciOnde
qwen más las necesita:
el hombre.

L~j~ ~dçdiararwnas de refuT. ~debenproh1~i1rpott~em-de floa,posUjt~j1~~de
VMee~elm$~Ø~7_ f y condicionèseco- algunasespecies,el uso

glares,sacarconchaspe- Ioglcasde fondo,las ubi- de explosivosp abando-
quenas,destruir los ni- cadasen las lslas El Zn- nar en las playasadya-
chosecolOgicos,sinoque pete, La Caooa,El Chin- centesadicha zonades-
tambiénsededicana In go, Tasajera,Guadalupe perdiciosde pesca.
cazade armadillos,esos Ia Zori-a, San Sebastian Las personasque per-
acorazadosconocidosco- La Zorra, La Caizaday sistan en su caprichosa
urn cusucos. otrossitiosdelestei-ode necedad,debenrecibir

Los diputados de Ia Jaltepeque. lassancionesquedictala
Asamblea Legislativa, Esedecretodel Ejecu- ley. Y éstasdeben ser
basándoseen la Ley Fe- tivo, a través del Minis- acatadas forzosamente
restaldebenaprobarle- terio de Agricultura y tanto per los pescadores
yes adicionales(el mis- Ganaderfa,o Leyes adA- usuales,como por los
urn Ejecutivo puedeha- clonales aprobadas por propietanosde ranchos
cerlocondecretos)para in AsaxnbleaLegislativa, en las islaso en las on-
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Con el propOsito de habilitar un
pequeñohospital de emergenciapa-
ra atender losposiblescasosde cOle-
ra que se den en el cantOn de Ia Ba-
rra de Santiago, departamento de
Ahuachapán, 22 personasde la co-
munidad han integrado el Comité
Pro-COlera de la Barra de Santiago.

A pesarque aün no seha presenta-
do ningün casode cOlera en estaco-
munidad de unos 8 mil habitantes
que viven pnincipalmente de la pes-
ca, un hospital provisto del equipo
minimo necesariopara tratar a las
personasque contraigan la enferme-
dad, será de mucho beneflcio.

Ademásde ser una comunidad p0-
bre y de pescadores,caracteristicas
que la hacenvulnerable a estaenfer-
medad, el hospital máscercanoque-
da a unos50 kilOmetros, en laciudad
de Sonsonate.

Los miembros del Comité son vo-
luntarios,y hanrecibido de parte del

Santiago
Mimstenio de Salud, charlas sobre lo
que es la enfermedad y las medidas
preventivas, a nivel domést.icoy co-
munitario, que se debenpracticar.

“Hemos aprendido y visitado las
casas para dan orientación, pero
tambiénnecesitamossaberqué ha-
cermédicamente,para salvarla vida
de personascontagiadas”, hacever
Alejandra Rivas, secretaria del Co-
mite. —

Entre el equipo clinico que sene-
cesita para instalarel mini-hospital
y para lo cual los miembros del Co-
mite estánrealizandoactividades,se
mencionalo siguiente:Gigantespara
sostenersueno, tijeras de lona, bal-
des y barriles plásticos, lejfa, betas
de hule, sábanas,tela para confec-
cionar gabachas,bolsasplásticaspa-
ra basura,platos yvasosdesechables
y viveres de primera necesidad:
malz, frijoles, arroz y aceitecomesti-
ble.

Comité contra cólera
en Barra de
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Los bosquessalados,
tambiénconocidoscomo
mangiaresen el agro-
forestal, sediceestar
forrnados por el conjunto
de especlesquese
desarrollan en losesteros
inundados
frecuentementeporlas
aguasoceánicas,al variar
éstassu nivel debidoa las
mareas.
El manglarsedesarrolla
siempreen condiciones
de frecuenteInundaciOn
y dealta salinidad,lo cuai
esdebido a los diferentes
nivelesde las mareasy las
aitasconcentracionesde
sal,que contienenlas
aguasmarltimas.
En El Salvadorse
encuentrancinco
especiesde mangle,todas
diferentes,entrelas que
semenclonan:
Rhizophora mangle,
coriocido comomangle
colorado, caracterizado -

por sertin árbol
corpulento que alcanza
30 metrosde altura y6O
Cms.de diametro;
Lagunculariaracemosa,
ottoárbol quealcanza
hasta20metros de altura,
de cortezacolorcafé,
oscuro y escamosaIa
Avicennianitida
claslilcadocomoel mAs
pequeno(15 mts.y
dlámetrode80 cms.);Ia
Avicenniabicolor yel
Conocarpuserecta.son
lasültimasespeciesmás
conocidasy pot ende,de
mayor utlllzaciOn forestal
en las zonascosteras.
Dclas especiescitadas

anteriormente,elmangle
y el smcahultesonlasde
mayor Importancia,tanto
pot serlas que ocupanlas
mayoresextenslones,
comopor ser las de
mayor aplicaciOn.
El ServicloForestaly de
FaunadelCENREN, está
encargadode velarpor Ia
conservaciOny Ia
IncrementaclOn del
bosquesaladoen elpals;
actualmenteseestá
Ilevando a cabotin plan
de reforestaclOn de
mangleen80 hectáieas
del Estemde Jaltepeque,
que seencuentran
degradadasy que por
consigulentesepretende
restaurar Ia vegetacion
del lugar, demostrar las
bendadesy rentabilidad
de Ia aplicaciOn
silviculturalen el manejo
de manglares.

Segunlo demuestrauna
lnvestigaclonrealizada
redentementepor el
Servicio Forestal,enSan
Luis La Herradura,
Departamentode La Paz,
revelan que unodelos
principales beneficiosde
Ia reforestaciOn de
mangleesel
mantemmientosostenioo
del equfflbrloecolOglco.
ya queel ecosistemaes
unapartedeIa blosfera
definidaen funciOn de las
Interrelacionesentre
seresvivientes y su
medloambiente.
En conduslón,los
manglaressonlos
ecosistemasnaturales
productoresde ailmento,
másImportantesparael
pals(moluscos,
crustáceos,pecesy
animalesterrestres).

EL DIARIO DE HOY • Martes 27 de Agosto de 1991 • 23

Quésonlos
- Bosques
Salados
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El Jacinto deAgua
Disminuyela
Captacióndelos
Embalses
PotJoséEduardoCublasColorado

A losojos delvisitante,Ia
masavegetalverde-
violetadel “Jacinto de
agua quecubremAs de Ia
cuartapanede los
embaises,resulta
agradable,hastapoético;
perono para los
Ingenierosy técnlcosde
las centrales
hidroeléctricasdel pals,
quienesyenenestaplanta
acuátlcatin peligro para Ia
generaciOndeenergla,ya
quesu proliferación hace
disminuirel volumende
agua,lo cual sehacemás
sensibledurante los
perlodosde sequla.

A juiclo delColeglode
BiOlogosde El Salvador,Ia
presencladeestaplanta
enlosembalses(lagos
artificialesformadospor
lasrepresas)esproducto
de[adisponibilidadde
nutriente arrastradospot
losrios quedesembocan-
enlosembalses;asimismo
del escurrimientode Ia
cuencahidrografica
acompanadadel arrastre
de Ia tierra(erosiOn), que
seva comasedlmento
hastael fonda.
El jacintode aguay Ia
sedlmentaciOnafectanIa
cantidaddealmacenaje
dea~ua;paraelcaso—

explicanlos blOlogos—
una superficie limpla de
estaplantatieneuna
evotransplraclOnde3.8
litrospotmetrocuadrado
aJdia,casocontrarlo
aumentaa 29.6 lltros.
UnaestimaciOn
proyectadaen 50

kilómetroscuadradosda
per resultadounapérdida
de aguapar
evotranspiraciOnde
523,328metroscüblcosal
afio, que excedeen
463,932metroscCibicosa
Ia evotranspiraciOn de
unasuperficie lirnpla.
Un problema mayüsculo,
SI seconsideraque El
Salvadordisponedeun
areade aguaembalsada
de aproxiinadamente200
kiiOmetroscuadrados,
distribuidosenlos
embalsesde Guajoyo,
CerrOnGrande,5 de
Noviembrey 15de
Septiembre;de esa
superficieun 25pot
clento (cálculos
biolOgicos) estácubierta
de Elchorniacresslpes,
a Jacintodeagua.que,tal
comaseha explicado,no
resultanada beneficloso
paraIa tecnologla
hidroeléctrica.
De esteanállsissepuede
deducirque Ia presencla
delJacintode aguaenlos
embalsesconstituyeun
reto,un problema de
caráctertécnlco-
ecolOgico,paralos
conservaclonistasSise
tomaen cuentaquelos
embalsessonfuentesde
producciOnde ahmentos,
yaqueen ellosviven
dlversasespecles
aculcolas,cuya
supervivenclahabráque
tomaren cuenta,ya que
elJaclntodeaguaforma
panedelhabitatdelos
embalses.
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(Sonsonate). Los habi-
tantes de San Antonio
del Monte, se quejan de
estar siendo envenena-
dosdebidoa que un pre-
dio cercano ha sido se-
leccionadocomo botade-
ro de basura, lo cual les
contamina el Rio Los Mi-
lagros.

Dicen que esapráctica
lesperjudica, porque les
envenena dicho rio que
en algunas vertientesles
sirve para abastecerse

de agua.
Entre las coloniasque

se consideranperjudica-
das, figuran El Carmen,
IVU, Los Milagros, San-

ta Elena y Las Brisas.
Por ello solicitan al Al-

caide de Sonsonate,don
Abraham LOpez de
LeOn, que busque otra
parte donde botar la ba-
sura producida en Ia ciu-
dad.

Aseguranque les asis-

otros mismos estamos
contaminando los rlos”.

Asimismo los habitan-
tes de Cuyuapa piden al
propietario de la Coope-
rativa El Castano que
procure un método ra-
cional para eliminar los
desechosque all sepro-

te La razOn al reclamar
esta gestiOn pues no es
correcto contaminar di-
cho rio, del cual toman
agua cuando hay esca-
sez.

Agregan que “de nada
sirve estar cornbatiendo
las enfermedadessi nos-

ducen.
Argumentan que las -

autoridades de Salud
Püblica, deberlan visitar
el lugar para resolverles
su problema, antes que
tenga que lamentarse
graves hechoscontra Ia
saludcolectiva.

Botadero de basura
contamina un rio
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SAMPLE DATA SHEET
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REGISTRC N2 IOEO

OEDA/ANDA/PNUD/OPS/OMS

BANCO DE DATOS DE CALIDAD DE AQUA

AGUAS SUPERFICIALES

FECHA DE IMVENTARIO 09/26/87

RIO PAZ

ESIACION DE MUESTRED: GARITA PALMERA

NOMBREDE LA ESTACION PAZ-4

NUMERODE LA ESTACION : 65

LABORATORIO MSPAS

DE PARI AMENTOAbUACHAP AN

MUNICIPIO SAN FRANCISCO MENE~D

REGION HIDROGRAFICA B

PH

TEMPERATURA

OX1GENODISUELTO

0. B. 0.

ALCALIN lOAD

ACIDEZ

NITROGENOTOTAL

TURBIEDAD 5102

COLOR REAL

CL OR UROS

OLOR

( QC

( P.P.M.)

( P.P.M.)

( PPM.)

(PPM.)

( P.P.M.)

( P.P.M.)

(UNIDADES)

( P.P.M.)

TIERRA

SOLIDOS TOTALES

SOLIDOS DISUELTOS

SOLIDOS SUSPENDIDOS

TOTALES FIJOS

TOTALES VOLATILES

SOLIDOS SEDIMENTABLES

$0010 (Na)

POTASIO (K)

INDICE COLIFORME

NITRATOS (NO3-)

BORO

ARSEHICO

( P.P.M.)

( P.P.M.)

( P.P.M.)

( P.P.M.)

( P.p.~.)

( ML/L

( P.P.M.)

( P.P.M.)

(NMP)

( P.P.M.)

( P.P.M.)

( P.P.M.)

FECHA DE MUESTREO 02/23/78

8.80

25.0

10.00

1.4

171.3

0.0

5.2

3.0

235.0

MOJ AD A

740

733

7

608

132

0.15

0.04
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Appendix E

PESTICIDES AVAILABLE AND REGISTERED
FOR USE IN EL SALVADOR
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Table 1. Pesticides Available and Registered for Use in El Salvador

Also Shown are Toxicity Categories of Listed
Pesticides (1,2,3,1,5,6,7)

Source: Arreaga et, a., 1988.1

Toxicity
Name and (Brand flame) Action Category
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AcepIaLe (ORTHEHE) ineecticide Iii x
Alachor (LASSO) Herbicide I I I I x
klu~inu~ Phosphide (PHOSTOXIN)* insecticide I
P~1lethrin (Fynaein I Forte) Fungicide III
A Detryn (GESAPA.X) - Herbicide III I I I x
?i:raz~ne (AATR.EX) Herbicide III I
M5enal Herbicide III
A~u1a~ (ASIJLOX) Herbicide III I
B~ciIus thuringiensis (DIPEL) Insecticide III
8.aycari (B~iFIDAil) Fungicide Iii
Beythion (VOLATON) Insecticide II
5~no~>1(BEKLATE) Fungicide III
Bentazon (BASAGRAN) Herbicide II
Drodifacous (I~LERAT)*6 Rodenticide III
Captalol (DIFOLATAN) 8 Fungicide II
Carb.tryl (SEVIN) insecticide III
C5rbendaz~n (BAVISTIN) 2 Fungicide III
Ca rbofuran (FURADAN)(CURATLR) insecticide

Acaricide
Neumatocide

II;I

Chiorothalonil (DACONIL) Fungicide II
Chlorp)rl(os (LORSBAN)* insecticide II
copper~ydroxide (IOCIDE) Fungicide III;I
Copper o~ychloride (CUPRAVIT) Fungicide III
Ci! iutlirin (BAYTHROID)* LI Insecticide I
Cyperu~thr~n (SHAP.PA. AMJlO, Insecticide III

SYHEUSU, RIPCOP.D)’

Detonate (HSPtA)
Herbicide
Herbicide

I;III
Ill

x

VP )v;~pOI:A) insecticide I X X I

I x
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I I I
x

I
I

I

I I
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I I
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DeltsmethTiIt (DECIS)2
Diarinon (8ASUDIN)
Dicemba
Dichiorvos (VAPO1IA DDVP)4
Dicrotopho$ (BIDRIN;CARBICRON)*
Diumethemetryn (AVIROSAII)
Disuiloton (5OLVIREX:DISYSTOH)*
Diuros (KAR}tEX)
Edifenpho$ (HIP1OSAN)2
Endosulfen (IH1ODAN)
EPTC (EP.RADICANE)
Ethoprop (MOCAP)*
Fenamiphos (ND~ACUR)*
Fenitrothion (FOLITHION)
Fenthion Lebaycid (BAYTEX)
Fluzifop—BUtyl (Fl!SILADE)
Glyphosate jROUNDUP)
Heptschlor ~
Hexarinone (VELPAR)
Iso(enphos (OflANOL)
Karate
Kesugaumycin (KASUHIN)
Malathion (LUCATION)

Maneb (HANZ,ATE)
Pietaldehyde
Hephosfolan (CTTROLANE)2
Hetalaxyl (RODOHIL)
Methaum!dophos (TAMARON;HONITOR)*

Hethiodathion (SUPRAcIDE)*
Methomyl (LANHATE)*
Methy Bromide ‘

Methyl Parathion (FOLIDOL;MITIDOX)*
uethyl Piriniphos (ACTELL!C)
Metolachor (DUAL)

Insecticide
insecticide
Herbicide
Insecticide
Insect icide
Herbic ide
Insecticide
Herbicide
Fungicide
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llematocide
Netutocide
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Herbicide
insect ic ide
Herbicide
insecticide
Insecticide
Fungicide
insecticide
Fungicide
Plolluscicide
Insecticide
Fungicide
Insecticide
Acericide
Insecticide
insecticide
Fumigant
Insect ic ide
In,pcticide
Herbicide
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Hetribuzin (SENCOR)
Hirex
lionocrotophos (KL’VACRON) ;CtJSATHON
AZODRIN)*
Omethoate (fl~LIMAT)

Oxadiszon (RONSTAR)
Oxamyl (VTDATE)*

Oxifluzrfen (COAL)
Oxythioquinox (MORESTAN)

Paraquat (CRAMESEN;CRANAXONE;
KEHOQUAT; PARADOX;GRA2iAPlX)~

Parathion*
Pendimethalin (DRAGON;PROWL)
Permethrin (AMBUSH;LORNADA)*
Phorate (Thi.met)
Phosalone (ZOLANE)

Phoxim (VOLATON; EATTh ION) 2
Pichiorsa (TORDON)
Prof enofos (TAMBO;SELECRON);

CURACRON)~
Piperophos (AVIRASAJI) 2
Propanil (HERBAl; STAll)
Propineb (ANTRACOL)
Propoxur (BATCON)
Prothiophos (TOKTTH1ON) 2
Temephos (ABATE)
Thiram (THIPJt}l) 2

Herbicide
Insecticide
Insecticide

Insecticide
Acaricide
Herbicide
Insec ticide
Nematocide
Herbicide
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Toxicity
Coemon Name and (Brand Name) Action Category 16 17 18 19 20

Terbufor-(C~flt~r) Insecticide 1
Nematocide

Terbutryu (ICRAN) Herbicide II I
Toxaphene (STROBANE.PHENATOX)9 insecticide II
Triadimefon (BATLETON) Fungicide II I x
Trichiorfon (DIPTEREX; DANEX; Insecticide II

DYLOX)
tridemorph (CAL.AXIH) II -

Zineb (ZiNE3; MANCOZE3)~ III

I. Aerial Application Prohibited
2. Not Registered by EPA
‘ Restricted Us. in some if not all formulations
3. Residue tolerance have not been established by EPA or reco~ended by FAO/~’HO
6. Currently under review by EPA
S. Granular formulations of Carbofurin are not restricted, but all concentrate suspensions and wettable powers 40! and greater are. FURADAN3! granules

are proposed here.
6. Restriction can be lifted if labeling modified
7. Use approved subject to adherance to U.S. labelling provisions
8. Voluntary cancellation of all products in U.S.
9. Use suspended in the U.S.

Fungicide
Fungicide

I I



Appendix F

PESTICIDE RESIDUES FOUND IN OThER STUDIES
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Table F.l Average ~st~cide Pc.sid~asin
the Eastern (Zone 1), Central
of El Salvador (in ppb) 1980

Fat, Tissue aM Blood of Catt~eFrcr
(Zone 2) and %~?estern (Zone 3) Zones

Table F.2 Average Pesticide ~esidues in Fat, Liver and Blood in Beef in
Eastern (Zone 1), Central (Zone 2), Western (Zone 3) Zones of
El Salvador (in ppb) 1988

Fat

s-ic
Heptachior +

s-iC Epoxy Heptachior
Aidrin &
Diel c3riri

DOT &
Meta,~1ite.s

Methyl
Parathion

Fat
-~- r-~l

Hoptachl or + Al drin & DOT &
Epo>y Heptachior Dieldrin Meta�clites 0-3 era

21 63.25 21.87 25.62 85.50 30.25
Z2 85.30 12.30 66.50 57.00 6.10
Z3 38.00 14.00 11.25 80.75 0

Ti ss’je
Zi 239.62 98.50 97.62 291.37 107.87
Z2 402.90 73.20 368.40 179.50 23.50
23 92.50 45.50 70.50 51.50 23.50

Blood
Zi 10.25 0.12 5.87 22.00 5.03
22 13.00 6.80 4.30 13.50 30.60
Z3 6.25 0.25 2.25 80.75 3.03

Source: Zelya + Laxo (1980) ifl Arreaga, et. al., 1988

Zi 0.34 0.23 — — 0.36
Z2 0.29 0.56 — — 3.024 0.15
Z3 — 1.17 — — 3.42 0.57

Liver
21 0.19 0.09 — — 0.03 —
22 0.21 0.30 — 0.002 0.33 0.31
Z3 0.06 0.05 — — — —

Blood
Zi — — 0.0046 + 0.001 0.00003 0.142 0.012
22 0.011 0.026 0.007 0.997 0.997 0.14
Z3 — 0.13 0.0008

So.~rce: Meléniez and Bonilla (1988)
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Table F. 3 Pesticide Residues in Soil Saiiples Col1~t~ frc~ Cotton Fields

Source: Lopez Zer~d~a(1977) in Arreaga et. al., 1988

(in pprru)

Onano
A~rox.irrate
Years Under

S.a~le DOT To>~phene P~osphate Cultivation

1 0.80 1.43 0 5.6 5
2 0.39 2.50 0 5.4 17
3 1.08 4.17 0 5.7 25
4 0.50 1.83 0 5.8 5
5 0.61 1.00 0 5.8 3
6 0.58 1.66 0 6.5 8
7 0.94 5.03 0 6.0 20
8 0.16 0.69 0 5.2 6
9 0.29 1.10 0 6.2 12

10 1.61 7.86 0 6.2 34
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Table F.4

CONCENTRAC~ONES DE PESTICIDAS EN SUELOS CULTIVADOS DE ALGODO~
(En p2r~espor millOn)

Jiquilisco

No. El Triunfo

San Dionisio

CO~TEr~IDODE DDT CONTENIDO DE TOXAFE~.C)

MAX MIN PROM

Usului~n

Concepciôn
Batres

L08

1 61

2.52

1 46

1.39

1 74

MAX MIN - FP0

Jucuarán

0 39

0 29
0 03

0 96

0 88

0 84

3

2

0.63

0 95
1 39

L21

1.20
1.29

47

7.86
1087
1051

2.53

5.84

069

1.10

0

6.53

2.14

1.45

2 2~

4 4E.

5 E~
8 52

2 3~

3 64

Ministerio de Planificaciôn, Oficina Especializada del Ayua, Programa Nacional
de Abastecumientos y Saneamiento, 1983 -in IJSAID, 1985
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Erdrin Dieldrin

0.16 0.04

0.27 0.05

0.07 0.52

0.05 0.03

0.03 0.02

0.06 0.02

Table F.5 1-~veraoeL~vQl of T~st2cide Residues in So—c
Echinoderms in the JacJlllE-oo B~y(in ppm)

SciEnt~f~c& Co—-~on

spp (O.irvir~) Fish 2.33

M~~ilspp. (lisa) Fish 1.66

~~daS~i~ spp. (Ru~) Fish 1.79

Peneaus spp. (~-raron) ShrimP’0.56

Anadara spp. (Curil) Mussel 0.75

~yte21a spp. (Q-iurria) Clam 0.62

O~ster spp. (Starfish) 0.35

Source: Lopez ZepeIa (1977)

Fish, 1~o11u~s.csand

Ethyl
Parathi c~

0.01
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Table F.6 Residues of Organochiorine Pesticides in the Coastal Zones of El Salvador (in ppm)

Pescic ~
~DHC

Hepta—

cloro Aidrin

Hepta-
cloro
cp~cido PPDDE

Diel—
drin OPDDT PPDDD PPDDT Endrin

Total
DDT

N~u.~chapan 0.01 0.07 0.02 — 0.06 0.06

La L.ibertad 0.02 0.34’ — 0.05 — 0.3] 0.50 —— — — 0.04 0.))

San Salvndor 0.0] 0.23 0.40 0.02 — 0.15 0.03 0.03 — 0.06 — 0.2)

Usu1ut~3j-~ 0.02 0.17 0.35’ 0.04 0.02 0.36 .0.6’)’ 0.42 0.02 07B~

San Miciu~1 0.03 0.18 0.12 — — 0.59’ 0.02 0.03 0.06 0.67’

La Uru6ri 0.01 0.15 0.07 0.03 — 0.35 0.05 0.03 — 0.06 — 0.44

C~s. ~4~tal~o 0.08 0.03 0.4 0.04 ‘— 0.78’ 0.02 0.07 0.38 1.72’

Cas. El Presidio 0.15 0.40’ — 0.14’ — 0.96 0.08_ — — 0.56 — 1.2)’

~as. Ditre Rlos 0.02 0.24 0.04 — l.49 “ L0) 7.53’

Residuos de pesticidas organocloradosexpresadosen

(PPM) para granjas avfcolas y cascrios de las Zonas
Salvador (Frances, 1980)

partes por mill6n
Costeras de El —-

* Sabre los l1,nites IT&CLJTOS p!rln.isibles.

Source: France. (1980) in Arreaga et. al., 1988



Table F . 7 AFLIC1CIOW SE FLASUICIDAS D’JF.ANIE LA TENF0F1~DAA.EOt’CNEFA l~El~E6
ISLA LA CALZADA (ESTE~0 DE JALTEFE~JE)

* Do~is de AplicaciOn: SupertiOn Metil—800 = 0.6 1tsI~z
Etil—Netil 6,3 2 ltsI~z

*1 1 Planzana ec e~uivalente a: O.698B hectáreas

4332.00 3,334.20

Fuente: Reoistro de rieoos Ce la Division Ce Control Intearado Ce Plaaa! (C.I.P.) dcl Centro Ce

Tecnologia Agricola (CENTA)

Source: Dominguez and Paz, 1988

MUESIPED FECHA SE FOCIADO PARATION APLICADO
EITENSIDN F.OIADA

I ~
öö ~flh1r~LrII’P1~

VOLIJMEN
DE TOTAL (LIE)

£~f
T.U~,

II

4 septicabre1985
ii

10 novieibre 1985

Supertión Metil—800
(~PT)

Etil—Metil 6,3
(EFI)

3,193.0

525.0

1,915.80

.

1,050.00

2,965.80

Ill

13 novieibre 1985

al

26 noviesbre 1985

SupertiOn Metil—E00
(MPT)

614.0 368.40
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~UE~TFEON2 I

Table F.8

F.ESID~2SSE METIL PAF.ATION Y FAF.A-OXON

— ISLA LA CALZADA (ESTEEO SE JALIEFEGUE) 22 JUN. 1965

MUESIF.AS$ METILFAFATION ETILPAF.ATION FAFAOXON TOTAL

‘caaarOn

‘jaiba’

‘~uril’

ruco

‘bagre’

‘jurel

Penaeus sp.*I

Callinectes sp.

Anadara sp.

Fo.adacy~ sp.

~ sp.

Carar’x sp.

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Trazas (0.0168)

0.0

0.1222

0.3667

0.1537

0.0

0.OI6E

0.0

. o.1::2

0.3667

0.1537

0.0

Aguafli

Sitio F’acoya

El Teapate

San Lorenzo

0.2164

0.0

0.0

0.0

0.0

0.0

0.7553

0.3437

0.0

0.~7i7

0.3437

0.0

E~:cento*1

Sitso Facoya

El Teapate

San Lorenzo

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Tra2as (0.0134)

0.0

0.0

Trazas (0.0134)

• 0.0

* Las luestras Ce anisales prcviener ~el area
*1 Concentrac:ones expresadas en pa.
In Corcentra:iones expresa~as en ppb.

coiprend~da pcr las 3 estac:ones.

Source: Domiriguez and Paz, 1988

90



Table F.9

KES::~OS tE METIL—ETIL FA~T1C~y FAFA-CION

M~ESTF.E2N~ — ISLA LA CALZASA (EETEF.O SE L1ALTEFES~E) 10 NOV. 1925

r~EETF,ASI METILFASATION ET:LFAF.A~I3u P~A3XON TOTAL

caiarOr’ Fe~ae~:spM

‘ja~ba’ CaII:re:tes sp.

‘:uril’ Ar,~:arasp.

‘ruco’ Po~a~asvssp.

‘ba~’e’ Ar:~is sp.

‘~urel Carar.~ sp.

0.3537

0.2417

0.3143

0.7679

0.0

0.1505

0.0

0.0

1.5273

1.6502

0.0

0.2035

0.6670

0.0

1.1293

0.8727

0.2636

0.0

1.007

0.2417

.97G6

- 3.450E

O.636

0.254(1

Siti~ Facova

~g~a*II El Tec~ate

San Lorer:o

0.0

0.0

0.0

0.1272

Trazas (0.0744)

0.1365

0.0

0.0

0.0

0.1:72

Tra:as (0.0744)

0.1365

Sitic Facova

5e~icer.to*t El Teapate

San Lore~

0.0

0.0

0.0

0.0

Trazas (0.003)

Trazas (0.0085)

Trazas (0.0402)

Trazas (0.0011)

Trazas (0.005~)

Trazas (0.0402)

Trazas (0.0041)

Trazas (0.0144)

I Las cue~trasCe aniLales proviener. dcl area co~pren~idapo las 3 estaciones.
1$ Corcertra:ione: expresa~as en ppg.
1*1 C~nccntrac::rcs expresacas er ppb.

Source: Dominguez and Paz, 1988
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Table F.10

~EEIE~CSSE rET:L-ETIL . F~T:O~

ML’EET~.E0 N! 3 — ISLA LA CAL:AS~ (EE~ES~SE LTE~E~E}30 t~3V. 1525

MUES7FAS1 ~ETL~A~73~ ET1LF~TI0!~ PAF.ADX3N TOTAL

caiardn’ Prae~s sp.Zl

‘3alba’ Ca]lirec~es sp.

‘curil’ Ana~a’~sp.

‘ruco’ fo.adasvs ap.

‘baare’ Anus sp.

‘we) Caran~ sp.

0.135~

0.(

4.:305

0.0

0.0

0.0

0.~5

0.4â5

0.0

I.~!55

0.0

0.174:

0.0

0.0

Trazas (0.0521)

0.0

0.0

0.0

1.E~1

0.4615

4.:EEe

1.0655

0.0

0.17Z

Sit.o ~accya

Aaua*** El Tec:ate

San Loren:c

C.0

0.0

0.0

0.C

0.~71)

0.0

C.0

0.0

0. ::57

&.(

0.6710

o.::c~

Sitic Pacoya

Sed:.ertol* El Tetpate

San Loren:o

Trazas (0.0052)

0.0

Trazas (0.0046)

0.0

Trazas (0.0027)

Trazas (0.CbOSd)

Trazas (0.00e6)

0.0

Trazas (0.0053)

Trazas (0.01!)

Trazas (0.0027)

Trazas (0.015E~

* Las aLcetras Ce aniaales prcviener. ~ ~rea ~~rer~1~a ::r las 3 esta::ones.
H Ccn:ertra:~onec ez2resa~as en pot.

III Ccr.cEr,tracioncs exrresacas en ~ob.

Source: Dominguez and Paz, 1988
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Appendix G

STANDARDS FOR DRINKING WATER
AND AQUATIC ENVIRONMENTS
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TABLE G . 1 NATIONALPRIMARYDRINKING WATERSTANDARDS

Consiltu.nt MCL

INORGANICS
Arsenic (AS) 005
Barium (Be) 1.0
Cadmium (Cd) 0.01
Chromium (Cr) 005
Fluoride (F) .. 4.0
Lead (Pb) 0.05
Mercury (Hg) 0002
Nitrate (as N) 10.0
Selenium (Se) 001
Silver (Ag) 0.05

MICROBIOLOGICALS
Coliforms 1/100 mL

PHYSICAL CHARACTERISTICS
Turbidity, NTU .. 1-5

ORGANICS
2.4-D 01
2.4,5-TP Silvex 0.01
Endrin 0 0002

Con.tltu.nt MCL
n~gfL

Lindane 0004
Methoxychlor 0 1
Toxephene 0.005
Total trihalometharies 0 10

RADIONUCLIDES
Beta particle and photon
•ctivity. mrem 4 (annual dose equivalent)
Gross alpha. pCi/I. 15
Radium-226 and 228. pCi/I. 5

VOLATILE ORGANIC CHEMICALS
Benzene 0.005
Carbon tetrachloride 0.005
1,2-Dichioroethane 0.005
1.1-Dichioroethylene 0.007
1,1,1-Trithloroethane 0.20
para-Dichlotobenzene 0.075
Trichloroethylene 0.005
Vinyl chloride 0.002

Source U.S Environmental Protection Agency

Van Der Leedn, Troise and Todd, 1990

TABLE 0. 2 NATiONAL SECONDARY DRINKING WATER STANDARDS

Constltu.nt
SMCL

Lsvsl (mg!L) Constltu•nt La
SMCL

v.1 (mg/I..)

Chloride (Cl).... .. -

Color, color units ..

Copper (Cu) .....

Corrosivity ... ........ ..

250 Manganese (Mn) -...—......

15 Odor, threshold odor number — .....

1 pH. pH units ... ...

0.05
3

6.5-8.5

Noncorrosive Sulfate (SO4) .... .. ............ 250

Fluoride 2.0 Total dissolved solids (TDSI 500
Surfaciants (MBAS) 0.5 Zinc (Zn) ...., .. ...... 5.0
Iron (Fe) 03

HEALTh ADVISORY

Constltu.nt L.v.l
(mg/I.)

Sodium ..,., .. 20

Source U.S. Environmental Protection Agency
Van Der Leedn, Troise and Todd, 1990
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R

Acrylamide
Alachlor

Aldicarb

Aldicarb sulfoxide

Aldicarb sulfone
Atraz ne

Carbofurart

Chiordane
Dibromochloropropane

o-Dichloroben~ene
cia-i ,2.Dichloroethylene
trans-%,2-Dichloroethylene
1.2-Dichloropropane

2.4-D
Epuchiorohydrin

(thylbeniene
Ethylene dibromude
Heptachlor

Heptachlor epoxide

Lindane

Methoicychlor

Monochlorobenzene

PCBs

Pentachlorophenol

Styrene’

Tetrachloroethylene

Toluene

Toxaphene

2.4,~-TP (Silvex)

Xy(ene

treatment technique

0.002 mg/I.

001 mgfL
001 mg/I.

004 mg/I.

0003 mg/I.

0 04 mg/I
0.002 mg/I.

0 0002 mg/I.
0 6 mgfL
0 07 mg/I.
0 1 mg/I

0.005 mg/I

0.07 mg/i.

treatment technique

07mg/I.

000005 mg/I
0 0004 mg/I
0 0002 mg/I
0 0002 mg/I.

0 4 mg/I.
0.1 mg/I

0 0005 mg/I.
0.2 mg/I
0005 mg/IJO I mg/I

0.005 mg/I.

2 mg/I.

0005 mg/I

005 mg/I.
10 mg/I.

Arsenic

Asbestos

Barium

Cadmium

Chromium

Mercury
Nitrate’

Nitrite

Selenium

Propos.d SMCLs:

Aluminum

o-Dichlorobenzene

p-Dichlorobenzene

1.2-Dichloropropane
Ethylbenzene

Pennachiorophenol

Silver
Styrene

Toluene
Xylene

0.03 mg/I

7 million fibers/I.

(longer than 10
1zm)

5 mg/I.
0.005 mg/I.

01 mg/I.

0 002 mg/I.
10.0 mg/I (as N)

1.0 mg/I (as N)

0 05 mg/I

0.05 mg/I.

0.01 mg/I.

0.005 mg/I.

0.005 mg/I.

0.03 mg/I.
0.03 mg/I

0.09 mg/I
0.01 mg/I
0.04 mg/I.

0.02 mg/I.

F _____

TABLE C. 3 PROPOSED NATIONAL DRINKING WATER STANDARDS FOR
ORGANIC AND INORGANIC CHEMICALS

(MCI.- Maximum contaminant level. SMCL . Secondary maximum contaminant Level)

Level

Proposed MCLs for orgunlc cbamlcal.:

Ch.mlc.l Lsv•l

Proposed MCLs for Inorganic ch.mIcals:

• EPA proposes MCI.s of 0 1 mg/I based on a Group C carcinogen clasiification and .005 mg/I. based on a B2 classification
In addition, MCI for total nitrate and nitrite • 10 0 mg/I.

Source USEPA Office of Drinking Water. August 1988, amended based on May 22, 1989, Fed Register Vol. 54, No 97.
pp. 22062-65

Van Der Leedn, Troise and Todd, 1990



TABLE G. 4 WORLD P-(EALTH ORGANIZATION GUIDELINES

FOR DRINKING WATER QUALITY

MICROBIOLOGICALANDBIOLOGICAL OUAUTY

I. Microbiological quality
A Piped water supplies

A 7 Treated ware, entering the distribution system

F~ecalcoliforms Number/iQO ml

Coliforrri organisms Number/tOO ml

A 2 Untreated water entering the distribution system

Feecal coluforms Number/iQO ml

Coliform organisms Number/100 ml

Turbidity ci NTU. for disirifec

tion with chlorine. pH preferably

c8 0. free chlorine residual 0 7-

0 5 mg/litre following 30 min-

utes (minimum) contact

In 98% of samples examined

throughout the year—un the case

of large supplies when sufficient

samples are examined
In art occasional sample, but not

in consecutive samples

A 3 Water in the distribution system

Faecal coliforms
Coliform organisms

Coluform organisms

Number/100 ml
Number/i 00 ml

Number/i 00 ml.

0

0

3

In 95% of samples examined

throughout the year—in the case
of large Supplies when sufficient

samples are examined

In an occasional sample, but not
In consecutive samples

B Unpiped water supplies

Psecal coliforms
Coliforrn organisms

Number/100 mI.
Numberfi00 mL

0
10 Should not occur repeatedly, if

occurrence is frequent and if sa-
nitary protection cannot be im-
proved. an alternative source

must be found if possible

C Bottled drinking-water
Fiscal coluforms

Coliform organisms

Number/i00 ml

Number/100 mL

0

0

Source should be free from faecal
Contamination

o Emergency water supplies

Fiscal coliforms

Coliform organisms

Enteroviruses

Number/100 ml

Number/100 mL

0

0
No guidelin, value set

Advise public to boil water in case

of failure to meet guideline values

II. Biological quality
Protozoa (pathogenic)
Helminths (pathogenic)
Frsis.Iiving organisms

(algae, others)

No guideline value set

No guideline valuesit
No guideline velus set

Organism Unit Guideline Value Remarki

0

0

0

0

3Coliform organisms Number 100 ml
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TABLE C. 4 WORLD HEALTH ORGANIZATION GUIDELINES
FOR DRINKING WATER QUALITY (continued)

INORGANIC CONSTITUENTS OF HEALTH SIGNIFICANCE

Constitu.nt Unit Guideline Value Remarks

Arsenic mg/I 0 05
Asbestos — No guideline value set
Barium — No guideline value set
Beryllium — No guideline value set
Cadmium mg’L 0005
Chromium mg/I 0 05
Cyanide mg’L 0 1
Fluoride mg’L 1 5 Natural or deliberately added

local or climatic condii~nsmay
necessitate adaptation

Hardness — No health-related
guideline value set

Lead mg/I 005
Mercury mg/I. 0001
Nickel — No guideline value set
Nitrate mg/I IN) 10
Nitrite — No guideline value set
Selenium mg/I 001
Silver — No guideline value set
Sodium — No guideline value set

ORGANIC CONSTITUENTS OF HEALTH SIGNIFICANCE

ConstItuent Unit Guideline Value R.rnarks

Aldrin and dieldrirr pg/I 0 03
Benzene pg/I 10’
Benzola)pyrene iig/L 001’
Carbon tetrachloride ~ig’L 3• Tentative guide ne value’
Chlordane pg/I. 0 3
CPilorobenzenes pg/I. No health related Odor threshold

guideline value set concentration between
0 1 and 3 pg/I.

Chloroform lag/I 30’ Disinfection efficiency must not
be compromised when control-
ling chloroform content

Chlorophenols pg/I No health-related Odor threshold
guideline value set concentration 0 1 pg/I.

2,4-0 pg/I 100’
DOT pg/1~ 1
i.2-Dichloroethene pg/I. 10’
1.1.Dicpuloroethene’ pg/I 0 3’
Heptachlor and
heptachlor epoxude pg/L 01
Hexachlorobenzene pg/I. 001’
Gamma-HCH (lindanel pg/I 3
Methoxychlor pg/I 3D
Penlachlorophenol pg/I. 10
Tstrachloroethene~ pg/I. 10 Tentative guideline value’
Trichloroethene’ pg/I 30’ Tentative guideline valueb
2.4.6.Trichlorophenol pg/I 10’ Odor threshold concentration,

0 1 pg/I.
Trihslom,thanes No guideline value See chloroform

set.

‘These guideline values were computed from a conservative hypothelical mathematical model which cannot be experimentally
verified and values should therefore be interpreted differently. Uncertainties involved may amount to two orders of magnitude
(i a., from 0 ito 10 times the number).
‘When the available carcinogenicity data did not support a guideline value, but the compounds were judged to be of importance
In drinking-water and guidance was considered essential, a tentative guideline value was set on the basis of the available health.
related deta.

May be detectable by taste end odor at lower concentrations
‘These compounds were previously known as i,1.dichloroethyiene. tetrachloroithylene. and Irichloroethylene, respectively
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TABLE C - 4 WORLD HEALTH ORGANIZATION GUIDELINES
FOR DRINKING WATER QUALITY (continued)

Aluminium

Chloride

Chlorobenzenes and

chlorophenols

Color

Copper

Detergents

Hardness

Iron
Manganese
Oxygen—dissolved

pH
Sodium
Solids—total dissolved

Sulfate

Taste and odor

True color
unitS CTCU)
mg/I.

mg/I.
mg/I.
mg/I.

Nephelometric

turbidity

units (NTU)
mg/I

500

Not detectable by

consumers
0.3

0.1
No guideline value set

6.5-8 5

200

1000
400
Inoffensive to most

COn,lumer$

Noguideline value set

5

5.0

There should not be any foaming

or taste and odor problems

RADIOACTiVE CONITITUENTS

Constituent Unit GuIdelIne Value R.msrk,

Gross alpha activity Bq/L 0 1 (a) If the levels are exceeded
Gross beta activrry Boil. 1 more detailed radionuclide

analysis may be necessary

(b) Higher levels do not necess-
arily imply that the water is un-

suitable for human consumption

Source World Health Organization. 1984. Guidelines for Drinking-Water Ouality. Vol. 1, Recommendations

Van Der Leedn, Troise and Todd, 1990

AESTHETIC OUALfTY

Constituent or UnIt Guideline Value Remarks

Characteristic

mg/I.
mg/I.

0.2

250

No guideline value set

15

10

No guideline value set

These compounds may affect
taste and odor

Hydrogen sulfide

mg/I

(as CaCO3)

mg/I

Ternpe retu re
Turbidity

Zinc

Preferably �1 for disinfection

efficiency
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TABLE G. 5 GUIDES FOR EVALUATING THE QUALITY OF WATER FOR AQUATIC UFE

Determination

Threshold Concentration’

Freshwater Saltwater

Total dissolved solids (TDS). mg/titer

Electrical conductivity pmhos/cm @ 25’C
Temperature, maximum ‘C

Maximum for satmonoid fish
RangeofpH

20001
30001

34
23
65-85

3~
23
65-90

Dissolved oxygen (D.O ). minimum mg/liter
Flotable oil and grease, mg/liter

Emulsified oil and grease, mg/liter
Detergent, ABS. mg/liter
Ammonia (free), mg/liter

SOt
0

10?
2 0

0.5t

S Of
01
lOt
2 0

Arsenic. mg/liter

Barium, mg/liter
Cadmium, mg/liter
Carbon dioxide (free), mg/liter
Chlorine (free), mg/liter

1 0?

5 Of
001?
1.0
0.02

1.0?

Chromium. hexavalent, mg/liter
Copper, mg/liter
Cyanide, mg/liter
Fluoride, mg/liter
Lead, mg/liter

0 05?

0021
0021
1 5?
0 it

0 05?
0021
0 021

1 51
Q.lt

Mercury.mg/liier
Nickel, mg/liter
Phenolic compounds, as phenol, mg/liter
Silver. mg/liter
Sulfide, dissolved, mg/liter
Zinc, mg/liter

001
005?
1.0
0 01
O.5t
0 1

001

001
0 5t

Waters that do not exceed these values• Threahold concentration is value that normally might not be deleterious to fish life
should be suitable habitats for mixed fauna and flora
t Values not to be exceeded more than 20 percent of any 20 consecutive smples, nor in any 3 cOnsecutive samples. Other values
should never be exceeded Frequency of sampling should be specified
$ Dissolved oxygen concentrations should not fall below 5.0 mg/liter more than 20 percent of th. time end never below 2 0
mg/liter (Note. Recent data Indicate also that rate of change of oxygen tension is an important factor, and that diurnal changes in
D 0 may, in sewage-polluted water, render the value of 5 0 of questionable merit)
Source Calif State Water Quality Control Board, 1963

Van Der Leedn, Troise and Todd, 1990
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1ABi..E C. 6 OBSERVED LETHAL CONCENTRATION OF SELECTED CHEMICALS
IN AQUATIC ENVIRONMENTS

Ch.rnlcal Organism Tested Lethal Concentration. mg/I. Exposure ‘flm., hr

ABS (100 percentl
ABS (100 percent)
Household syndets
Alkyl sulfate
LAS (C12)

LAS IC14)
Acetic acid
Alum
Ammonia

Ammonia

Bluegill fingerlings
Goldfish
Gold’ish
Goldfish
Perch, roach.

rainbow trout

35—45
4 2—1 4
39-61
5 1—5 9
3

06
423
100
2-2 5 NH

3
3N

96
96
96
96
96

96
20
12—96
24—96
2—20

Sodium arsenrte
Sodium arsenate
Barium chloride
Barium chloride
Cadmium chloride

Minnow
Minnow
Goldfish
Salmon
Goldfish

17 8 As
234 As
5000
158
0.017

36
15
12—17

9-18

Cadmium nitrete
CO2
Co
Chlora mine
Chlorine

Goldfish
Various species
Various species
Brown trout fry
Rainbow trout

0 3 Cd
100-200
1.5
006
0.03—0 08

Chromic acid
Copper sulfate
Copper nrtrate
Cyanogeri chloride
H2S

(‘(Cl
(‘(Cl

Goldfish
Stickleback
St ick (a back
Goldfish
Goldfish

Sticklebeck
Goldfish

200
003 Cu
002 Cu

10

pH 4 8
pH 4 0

60-84
160
192
6—48
96

240
4-6

Lead nitrate

Mercuric chloride
Nickel nitrate
Nitric acid

Minnow, stickleback,
brown trout

Stick leback
Stickleback
Minnow

0.33 Pb

0.01 Hg
1 Ni
pH 50

204
155

Oxygen
Phenol
Phenol
Potassium chromate
Potassium cyanide

Sodium cyanide
Silver nitrate
Sodium fluoride
Sodium sulfide
Zinc sulfate
Zinc sulfate

Pesticides
I. Chlorinated hydrocarbons
AAldrin

DDT
DDT
DOT

Rainbow trout
Rainbow trout
Perch
Rainbow trout
Rainbow trout

Stickleback
Stickleback
Goldfish
Brown trout
Stickleback
Rainbow trout

Goldfish
Goldfish
Rainbow trout
Salmon

3c~/1rier
6
B
75
013 Cn

1.04 Cn
70K
1000
15
0.3 Zn
0.5

0.028
0.027
0.5-0.32
0.08

3

60
2

2
154
60-102

120
64

96
96
24—36
36

DDT
DOT
DOT
BHC
BP(C

Brook trout
Minnow, guppy
Stoneflies (species)
Goldfish
Rainbow trout

0.032
075 ppb
0.32-i .8
2.3
3

36
29
96
96
96

Fathead minnow
Blueglis
Fathead minnow
Fathead minnow
Bluegill fingerlings

190

1—10
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TABLE C. 6 OBSERVED LETHAL CONCENTRATION OF SELECTED CHEMICALS
IN AQUATIC ENVIRONMENTS (continuedl

Ch.mic.l Org.rilsm Tested Leth.i Concentration, mg/I Exposur. Tim.. hr

Chlordane
Chlordane
D,eldrir’
Dieldrin
Dieldrin
Endrin
Endrin
Endrin
Endrin
Endrin

Heptachlor
Heptachlor
l’4eptachlor
Heptachlo r
Methoxychior
Methoxychlor

2 Organic phosphates
Chlorothion
Dipterex
EPN
Guthion

3. Herbicides
Weedex
Weeda Zol
Weeda ZolTt.
Simazine
(no plants present)

Goldfish
Rainbow trout
Goldfish
Bluegill
Rainbow trout
Goldfish
Carp
Fathead minnow
Various species
Stoneflies (species)

Rainbow trout
Goldfish
Bluegill
Redear sunfish
Rainbow trout
Goldfish

Young roach
and trench

Minnow

0 082
05
0037
0008

0 05
00019
0 14
0001
0.03—0 05 ppb
0.32—2 4 ppb

0 25
0.23
0.019
0.0 17
0.05
0.056

40—80
15—30
20—40
05

96

24
96
96

24
96
£8
96

96

24
96
96
96
24
96

Atrazine (A361)
(plants present)
Atrazine in Gesaprime

4. Bectericides
Algibiol
Soricide tetraminoi

Source. McGauhey. Engineering Management of Water Quality, McGraw.HiII, copyright 1968

Van Der Leedn, Troise and Todd, 1990

Toxa phe ne
Toxapherre
Toxa phene
lox a~~hene
Toxaphe ne
Toxaphe ne

Rainbow trout
Goldfish
Carp
Goldfish
Goldfish
Minnows

Fathead minnow
Fathead minnow
Fathead minnow
Fathead minnow

Bluegill
Fathead minnow

Fathead minnow
Fathead minnow

Guthion
Malathion
Parathion
TEPP

0 05

0.0056
01
0.2
004
02

32
180
02
0 093

0.005
12.5
1 4—2.7
17

24
96

24
170
24

96
96
96
96

96
96
96

96

1 month
1 month
I month
<3 days

Minnow 50 24

Minnow 375 24

Minnow 20 24
Minnow 8 48
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Appendix H

DATA SHEETS OF SOIL AND WATER SAMPLING
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CONTROL PARA MUESTR.AS

DE AGUA
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PROYECTOWASH-AID
265 TaB

Hoja cle control para Muestras de Agua, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTREO: 30 de Septiernbre 1991.

LUGAR DE COLECCION: RIo Cara Sucia Aguas Arriba

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO * POZO

PARA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG) 0.33
- ANCHURA (M) 16
- PROFUNDIDAD(M) 0.40

SUELO _____ SEDIMENTO ______

NUNERODE IDENTIFICACION DE LA MUESTRA: 1

DESCRIPCION DEL LUGAR DE MUESTREO:

La topograf ía del lugar es irregular, el camino de acceso se
vuelve bastante difIcil en invierno. En la zona del muestreo
existen caserIos dispersos. Los cultivos en su mayorIa son ce-
reales y además existen varios potreros donde pastorea el gana-
do de haciendas cercanas.
* El rio despide malos olores.
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PROVECTO WASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sedirnentos
Septiernbre 1991

FECHA DE MUESTREO: 30 de Septiembre 1991.

LUGAR DE COLECCION: RIo Cara Sucia Aguas Abajo

NOMBRE DEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO * POZO

PARA RIDS:
- VELOCIDAD DE CORRIENTE (M/SEG) 1.13
- ANCHURA (M) 15
- PROFUNDIDAD (M) 0.4

SUELO _____ SEDIMENTO______

NUMERO DE IDENTIFICACION DE LA MUESTRA: 2

DESCRIPCION DEL LUGAR DE MUESTREO:

El rio pasa por la poblacIón Cara Sucia. El rio está contamina-
do por desechos orgánicos depositados(*) por los pobladores de la
zona, asI como también por productos quImlcos, ya que gran canti-
dad de personas liegan a lavar ropa al mismo.
* Basura y animales muertos. No existe acueducto de agua negras

en la población de Cara Sucia.

——
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PROYECTO WASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sed!imentos
Septiernbre 1991

30 de Septiembre 1991

Zanja La Danta

José Mario Vásquez

POZO

FECHA DE MUESTREO:

LUGAR DE COLECCION:

NOMBRE DEL COLECTOR:

TIPO DE AGUA: RIO *

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG) 0.33
- ANCHURA (M) 7
- PROFUNDIDAD(M) 3

SUELO _____ SEDIMENTO______

NUNERODE IDENTIFICACION DE LA MUESTRA:

DESCRIPCION DEL LUGAR DE MUESTREO:

3

La muestra tomada en una zanja con abundante flora acuática y
bastante pantanosa; aledaflo a lugar de la muestra existen Va-
rios potreros donde pastorean ganado bovino. El cultivo más
predominante en este lugar es cafla de azücar. El agua es bas-
tante turbia.
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PROYECTOWASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTREO: 7 de Octubre 1991.

LUGAR DE COLECCION:

NOMBRE DEL COLECTOR:

TIPO DE AGUA: RIO *

PAPA RIDS:
- VELOCIDAD DE CORRIENTE (M/SEG) 0.90
- ANCHURA (M) 9
- PROFUNDIDAD (M) 0.60

SUELO _____ SEDIMENTO ______

NUNERODE IDENTIFICACION DE LA MUESTRA: 4

DESCRIPCION DEL LUGAR DE MUESTREO:

La topograf ía de la zona es plana; la muestra fue tomada a la
orilla de la carretera, donde se observO que varlas de las fa-
milias lavan ropa. El agua era bastante turbia debido a la in-
tensidad de iluvia en estos dIas. Existen en la zona haciendas
destinadas a la crianza de ganado y cultivos.

Rio Aguachapio Aguas Abajo

José Mario Vásquez

POZO

—

-
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PROYECTOWASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sedinlentos
Septiembre 199].

FECHA DE MUESTREO: 9 de Octubre 1991

LUGAR DE COLECCION: RIO Guayapa Aguas Abajo

NOMBREDEL COLECTOR: José Mario Vasquez

TIPO DE AGUA: RIO * POZO

PARA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG) 0.5
- ANCHURA CM) 14.5
- PROFUNDIDAD (M) 0.5

SUELO _____ SEDIMENTO______

NUNERO DE IDENTIFICACION DE LA MUESTRA: 5

DESCRIPCION DEL LUGAR DE MUESTREO:

En la zona aledaña a]. rio se pudo observar cultivos de cafla de a-
zücar y maIz. Varias de las familias de l.a zona lavan ropa en
este rio y además se depósita l.a basura en este lugar.

-J

~“

1 -. ? ~

~ ‘~%~: F&

- ~ ~ ;~~. -...•- __,_.1~s~

—

-
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PROYECTOWASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTREO:

LUGAR DE COLECCION:

NOMBREDEL COLECTOR:

TIPO DE AGUA: RIO

PAPA RIDS:
- VELOCIDAD DE CORRIENTE (M/SEG) 0.5
- ANCHURA(M) 16
- PROFUNDIDAD(M) 1.30

SUELO _____ SEDINENTO______

NUNERODE IDENTIFICACION DE LA MUESTRA: 6

DESCRIPCION DEL LUGAR DE MUESTREO:

En la zona aledaña donde se tomó la muestra no se observaron cul-
tivos, la ünica vegetación existente eran manglares. El agua era
bastante turbia.

9 de Octubre 1991

Canal en Embarcadero

José Mario Vásquez

POZO OTROS:

de Guayapa

Canal *

‘~-.:

- ~.- ..-~_-

~
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PROYECTO WASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sedinientos
Septiembre 1991

FECMA DE MUESTREO: 11 de Septiembre 1991

LUGAR DE COLECCION: Rio Cuilapa

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO * POZO

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG) 0.07
- ANCMURA (M) 7.60
- PROFUNDIDAD (M) 0.25

SUELO _____ SEDIMENTO ______

NUNERO DE IDENTIFICACION DE LA MUESTRA: 7

DESCRIPCION DEL LUGAR DE MUESTREO:

En la zona aledaña al rio se visualizan varios potreros en el que
se pastorea el ganado y varlas de las familias vecinas que crian
ganado bovino lo ilevan hasta el rio a tomar agua. El color del
agua es bastante turbia y segü se nos manifesto en los 2 ültimos
meses ha aumentado la cantidad de personas que liegan a lavar ro-
pa, estos provienen de las zonas aledaflas al rio Cara Sucla.
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PROYECTO WASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sedimentos
Septiembre 1991

11 de Septiembre 1991.

Rio El Naranjo Aguas Abajo

José Mario Vásquez

POZO

FECHA DE MUESTREO:

LUGAR DE COLECCION:

NOMBRE DEL COLECTOR:

TIPO DE AGUA: RIO *

PAPA RIDS:
- VELOCIDAD DE CORRIENTE (M/SEG) 0.42
- ANCHURA (M) 13.0
- PROFUNDIDAD(M) 0.35

SUELO _____ SEDIMENTO______

NUMERODE IDENTIFICACION DE LA MUESTRA: 8

DESCRIPCION DEL LUGAR DE MUESTREO:

En la zona aledaña al rio existen varias familias que crIan gana-
do bovino y otros crIan ganado porcino a nivel familiar. El rio
está ubicado en medlo de potreros. La mayorIa de las personas
cercanas al rio se bañan y lavan ropa en el mismo.
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PROYECTO WASH-AID
265 TaB

Hoja de control para Muestras de Agua, Suelo y Sedimèntos
Septiembre 1991

FECHA DE MUESTREO: 11 de Septiembre 1991

LUGAR DE COLECCION: RIO El Rosarlo (Estación 9)

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO * POZO

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG) 0.45
- ANCHURA CM) 16
- PROFUNDIDAD (M) 0.50

SUELO SEDIMENTO

NUNERO DE IDENTIFICACION DE LA MUESTRA: 9

DESCRIPCION DEL LUGAR DE MUESTREO:

Los cultivos predominantes en la zona son: caña de azücar, maIz,
frijol y sorgo; varias de las familias aledañas a la zona se de-
dican a la crianza de ganado vacuno. La mayoria de las familias
cercanas a la zona lavan ropa en el rio, por lo que se deduce que
este tiene un alto grado de contaminaciOn por detergentes.

-r:~ _____

113



PROYECTOWASH-AID
265 TaB

Hoja de control para Muestras de Agua, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTREO: 11 de Septienthre 1991.

LUGAR DE COLECCION: San José El Naranjo (Rio Naranjo Aguas Arriba)

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO * POZO

PAPA RIDS:
- VELOCIDAD DE CORRIENTE (M/SEG) 0.45
- ANCHURA (M) 17 . 10
- PROFUNDIDAD(M) 0.34

SUELO _____ SEDIMENTO ______

NUMERODE IDENTIFICACION DE LA MUESTRA: 10

DESCRIPCION DEL LUGAR DE MUESTREO:

La muestra fue tomada en las proximidades de la comunidad San Jo-
se El Naranjo. En esta comunidad existen chorros püblicos que a-
bastecen a los pobladores y el servicio de agua 10 proporclona
PLANSABAR. Pero segun vecinos de la comunidad toda la población
va a lavar ropa al rio. No existen tuberias de aguas negras y las
letrinas son de fosa. Los pobladores en su mayorIa se dedican a
actividades agropecuarias: maIz, maicillo, ganado.
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7 de Octubre 1991.

Rio El Izcanal

José Mario Vásquez

POzO

PROYECTO WASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTREO:

LUGAR DE COLECCION:

NOMBRE DEL COLECTOR:

TIPO DE AGUA: RIO *

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG) 0.62
- ANCHURA (M) 14
- PROFUNDIDAD (M) 0.30

SUELO _____ SEDIMENTO ______

NUNERO DE IDENTIFICACION DE LA MUESTRA:

DESCRIPCION DEL LUGAR DE MUESTREO:

11

La topografIa de la zona es bastante Irregular y las tierras son
destinadas al cultivo de maIz y malcillo, además parte de estas
tierras son potreros destinados al pastoreo de ganado. La zona
está bastante despoblada.
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PROYECTO WASH-AID
265 Tas

Hoja de control para Muestras de Ague, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTREO: 9 de Octubre 1991.

LUGAR DE COLECCION:

NOMBREDEL COLECTOR:

TIPO DE AGUA: RIO *

PAPA RIDS:
- VELOCIDAD DE CORRIENTE (M/SEG) 1.1
- ANCHUR.A (M) 8
- PROFUNDIDAD(M) 0.4

SUELO _____ SEDIMENTO______

NUNERODE IDENTIFICACION DE LA MUESTRA: 13

DESCRIPCION DEL LUGAR DE MUESTREO:

La topografIa de la zona era bastante Irregular y los cultivos
más predominantes son: maIz y maicillo.

Rio Guayapa Aguas Arriba

José Mario Vásquez

POZO
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PROYECTOWASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sed~imentos
Septiembre 1991

FECHA DE MUESTREO:

LUGAR DE COLECCION:

NOMBRE DEL COLECTOR:

TIPO DE AGUA: RIO POZO

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG) 0.38
- ANCMUR.A (M) 1.5 -

- PROFUNDIDAD (M) 0.20

SUELO _____ SEDIMENTO______

NUNERODE IDENTIFICACION DE LA MUESTRA:

DESCRIPCION DEL LUGAR DE MUESTREO:

La topografIa de la zona es bastante irregular y la muestra fue
tomada en una zona con vegetacIôn densa y sin cultivos.
La zona es bastante despoblada.

7 de Octubre 1991.

Rio Aguachaplo Aguas Arriba

José Mario Vásquez

14
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(M/SEG) 0.34

PROYECTOWASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sed’imentos
Septiembre 1991

FECHA DE MUESTREO: 17 de Septiembre 1991

LUGAR DE COLECCION: San Francisco Menéndez Aguas Arriba

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO * POZO

PAPA RIDS:
- VELOCIDAD DE CORRIENTE
- ANCHUPA (M) 8.60
- PROFUNDIDAD(M) 0.30

SUELO _____ SEDIMENTO ______

NUMERODE IDENTIFICACION DE LA MUESTPA: 15

DESCRIPCION DEL LUGAR DE MUESTREO:

Contaminaclôn de lavado de ropa, cultivos cercanos de frijol,
maIz para el consumo de los que viven en el caserIo cercano.
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PROYECTOWASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sedim~ntos
Septiembre 1991

19 de Septiembre 1991.

ZanjOn Madre Vieja

José Mario Vásquez

POZO Agua retenida

FECHA DE MUESTREO:

LUGAR DE COLECCION:

NOMBRE DEL COLECTOR:

TIPO DE AGUA: RIO *

PAPA RIDS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHURA(H) 4
- PROFUNDIDAD (M) 1.5

SUELO _____ SEDIMENTO ______

NUMERODE IDENTIFICACION DE LA MUESTRA:

DESCRIPCION DEL LUGAR DE MUESTREO:

La muestra se tomO en una especie de pantano que contenIa agua
retenida y con mal olor. La vegetación con flora acuática era
abundante en el lugar de muestreo. Anteriormente este zanjón
era destinado al cultlvo de peces de agua dulce.

16
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PROYECTOWASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTREO: 19 de Septlembre 1991

LUGAR DE COLECCION: Zanjón AguachapIo (El Zapote)

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO POZO

PAPA RIDS:
- VELOCIDAD DE CORRIENTE (M/SEG) 0.45
- ANCHURA (M) 25
- PROFUNDIDAD(M) 4 (El dato de la profundidad se sacó por en

trevlstas de los pobladores vecinos del lugar

SUELO _____ SEDIMENTO ______

NUMERODE IDENTIFICACION DE LA MUESTRA: 17

DESCRIPCION DEL LUGAR DE MUESTREO:

La zona donde se tomó la muestra es bastante poblada y hay pre-
sencia de diversos cultivos como: ajonjolI, maiz, etc. Además
esta es una zona rodeada de manglares.
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PROYECTOWASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sedimentos
Septlembre 1991

FECHA DE MUESTRED: 17 de Septiembre 1991

LUGAR DE COLECCION: Rio La Palma

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO * POZO

PAPA RIDS:
- VELOCIDAD DE CORRIENTE (M/SEG) 0.1
- ANCHURA (M) 9.80
- PROFUNDIDAD (M) 0.40

SUELO _____ SEDIMENTO ______

NUNERDDE IDENTIFICACION DE LA MUESTRA: 18

DESCRIPCION DEL LUGAR DE MUESTREO:

Contaminaciôn de ganado, arriba del rio, cabras airededor y tam-
blén contaminación de detergentes.

-~
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PRDYECTDWASH-AID
265Tas

Hoja de control para Muestras de Agua, Suelo y SediMentos
Septiembre 1991

FECHA DE MUESTRED:

LUGAR DE COLECCION:

NOMBREDEL COLECTOR:

TIPO DE AGUA: RIO

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHURA (M)
- PROFUNDIDAD (M) 9

SUELO _____ SEDIMENTO ______

NUMERODE IDENTIFICACION DE LA MUESTRA: 19

DESCRIPCION DEL LUGAR DE MUESTRED:

Esta hacienda está ubicada sobre la carretera que de Cara Sucla
conduce a la Playa Garita Palmera. El pozo muestreado tiene una
profundidad de 9 mts y el agua es extraida con bomba. La topo-
graf ía del lugar es plana y se cultiva ajonjoli en las cercanlas
del pozo. Nivel de la superficie 9 mts.

30 de Septiembre 1991.

Pozo en Hacienda Cara Sucia

José Mario Vásquez

POZO *

_~s..:l
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PROYECTOWASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTREO:

LUGAR DE COLECCION:

NOMBREDEL COLECTOR:

TIPO DE AGUA: RIO

PAPA RIDS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHURA (M)
- PRDFUNDIDAD (H) 3.5

SUELO _____ SEDIMENTD ______

N1JMERO DE IDENTIFICACION DE LA MUESTRA: 20

DESCRIPCION DEL LUGAR DE MUESTRED:

La topografia de la zona es plana y los cultivos predominantes en
la zona son: caña de azücar, ajonjoll, maiz, frijol, banano.
La muestra fue tomada en un pozo artesanal (familiar a la orilla
del canal

19 de Septiembre 1991.

Pozo cerca del canal de descarga geotérmica

José Mario Vásquez

POZO *
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PROYECTO WASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTRED: 9 de Octubre 1991

LUGAR DE COLECCION: Pozo en Guayapa Abajo

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO POZO *

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHURA (M)
- PROFUNDIDAD(M) 9

SUELO _____ SEDIMENTO______

NUNERODE IDENTIFICACION DE LA MUESTRA:

DESCRIPCION DEL LUGAR DE MUESTREO:

La muestra se tomó en el CaserIo Guayapa
cado a la orilla de un paredOn sobre la
agua era turbio.
Nivel cle la superficie: 9 mts.

21

Abajo; el pozo está ubi-
carretera, el color del
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PROYECTO WASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sedim~ntos
Septiembre 1991

FECHA DE MUESTREO: 19 de Septiembre 1991.

LUGAR DE COLECCION: Pozo en Hacienda La Danta

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO POZO *

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHURA (H)
- PROFUNDIDAD (H) 5

SUELO SEDIMENTO______

NUMERODE IDENTIFICACION DE LA MUESTRA: 22

DESCRIPCION DEL LUGAR DE MUESTREO:

La topograf La de la zona es plana y los cultivos predominantes
son: maIz, frijol, banano, caña de azücar, etc. y además hay
ganado lechero en la zona donde se tomó la muestra.
El pozo es artesanal y el agua se sacó con bomba, y esta es u-
tilizada para el ganado.
* Nivel de l.a superficie 5 mts.
* El pozo solo se usa para el ganado debido al sabor salobre

del agua.
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PROYECTOWASH-AID
265 Tas

Hoja de control para Muestras de Agua, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTREO:

LUGAR DE COLECCION:

NOMBREDEL COLECTOR:

TIPO DE AGUA: RIO

PAPA RIDS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHURA (H)
- PROFUNDIDAD (H) 5 mts *

SUELO _____ SEDIMENTO______

NUNERODE IDENTIFICACION DE LA MUESTRA: 23

DESCRIPCION DEL LUGAR DE MUESTREO:

* El nivel de la superficie del agua 5mts.
El pozo muestreado es de tipo artesanal y el agua se usa para
consumo familiar.

30 de Septiembre 1991.

Pozo en Población Cara Sucla

José Mario Vásquez

POZO *

127



PROYECTOWASH-AID
265 Tas

Moja de control. para Muestras de Agua, Suelo y Sedirrrentos
Septiembre 1991

11 de Septlembre 1991

San José El Naranjo

FECHA DE MUESTREO:

LUGAR DE COLECCION:

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO POZO *

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHURA (H)
- PROFUNDIDAD (M) 10

SUELO _____ SEDIMENTO______

NUMERODE IDENTIFICACION DE LA MUESTPA: 24

DESCRIPCION DEL LUGAR DE MUESTREO:

La muestra de agua se tomó en un pozo ubicado dentro de l.a comu-
nidad El Naranjo. La topografIa de la zona es bastante irregular
pero el monto freático es superficial segün se pudo visualizar.
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PROYECTOWASH-AID
265 TaB

Hoja de control pare Muestres de Agua, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTREO:

LUGAR DE COLECCION:

NOMBREDEL COLECTOR:

TIPO DE AGUA: RIO

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHURA (M)
- PROFUNDIDAD (H) 5

SUELO _____ SEDIMENTO______

NUMERODE IDENTIFICACION DE LA MUESTRA: 25

DESCRIPCION DEL LUGAR DE MUESTRED:

Cultivos cercanos de cereales, como a 50 mts airededor, crianza
de ganado porcino, medio de sacar el agua: por bomba.

17 de Septiembre 1991

Hacienda Santa Rita

José Mario Vásquez

POZO *
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PROYECTOWASH-AID
265 Tas

Hoja de control pare Muestras de Agua, Suelo y Sedirnentos
Septiembre 1991

FECHA DE MUESTREO: 17 de Septiembre 1991

LUGAR DE COLECCION: San Antonio (Achiotal)

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO POZO *

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHURA (M)
- PROFUNDIDAD(M) 2.60

SUELO _____ SEDIMENTO______

NUMERODE IDENTIFICACION DE LA MUESTRA: 26

DESCRIPCION DEL LUGAR DE MUESTREO:

* Nivel de la superficie 2.60 mts.
Crianza de ganado alrededor del pozo y cultivos aledaflos de ce-
reales. Potreros. Uso de bomba para sacar el agua.
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PROYECTOWASH-AID
265 Tea

Hoja de control pare Muestras de Ague, Suelo y Sedimöntos
Septiembre 1991

FECHA DE MUESTREO: 7 de Octubre 1991.

LUGAR DE COLECCION: Pozo en Hacienda El Cainalote

NOMBRE DEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO POZO *

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHURA (H)
- PROFUNDIDAD (M) 12

SUELO _____ SEDIMENTO______

NUNERO DE IDENTIFICACION DE LA MUESTPA: 27

DESCRIPCION DEL LUGAR DE MUESTREO:

El pozo está ubicado en la Hacienda El Camalote, en medio de Va-
rias galeras destinadas a la crianza de gallinas ponedores; ade-
más en los alrededores de esta hacienda hay establos para ganado
y porquerizas.
Los cultivos predominantes en la zone son cane de azücar y ce-
reales. Nivel de l.a superficie: 12 mts.
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7 de Octubre 1991.

RIo Izcanal

José Mario Vásquez

POzO

PROYECTOWASH-AID
265 Tea

Hoje de control pare Muestras de Ague, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTREO:

LUGAR DE COLECCION:

NOMBRE DEL COLECTOR:

TIPO DE AGUA: RIO *

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG) 0.45
- ANCHURA (M) 6
- PROFUNDIDAD (M) 0.60

SUELO _____ SEDIMENTO ______

NUMERODE IDENTIFICACION DE LA MUESTRA:

DESCRIPCION DEL LUGAR DE MUESTREO:

28

La muestra original del mapa indica el muestreo de un pozo ubica-
do en Hacienda Izcanal, el. cual se nos duo está soterrado por
las fuertes liuvias de los ültimos dIas, motivo por el cual Be
muestreo’ el Rio Izcanal.
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PROYECTO WASH-AID
265 Tea

Hoja de control pare Muestras de Agua, Suelo y Sediméntos
Septiembre 1991

FECHA DE MUESTRED: 19 de Septiembre 1991.

LUGAR DE COLECCION: Pozo en El Porvenir

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO POZO *

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHURA (M)
- PROFUNDIDAD(H) 3.5

SUELO _____ SEDIMENTO______

NUMERODE IDENTIFICACION DE LA MUESTPA: 29

DESCRIPCION DEL LUGAR DE MUESTRED:

La muestra se tomó en un pozo artesanal en el caserIo El Porvenir
este caserlo es de tipo disperso y las letrinas existentes son de
fosa. Los cultivos predomunantes son maIz, frijol, ajonjoli, etc.
La topograf ía de la zona es plana.
Nivel de l.a superficie 3.5 mts.



PROYECTOWASH-AID
265 Tea

Hoja de control pare Muestres de Agua, Suelo y Sediirientos
Septiembre 1991

FECHA DE MUESTREO: 9 de Octubre 1991

LUGARDE COLECCION: Pozo en Embarcadero de Guayapa

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO POZO *

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHURA (M)
- PROFUNDIDAD(M) 4

SUELO _____ SEDIMENTO______

NUMERODE IDENTIFICACION DE LA MUESTRA: 30

DESCRIPCION DEL LUGAR DE MUESTREO:

La muestra se tomO en un pozo artesanal; la vegetaciOn existente
eran manglares y a pocos metros está el cementerio en medio de un
caserlo.
Nive]. de la auperficie: 4 mts.

-H~.
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CONTROLPAPA HUESTRAS

DE SUELO
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PROYECTO WASH-AID
265 Tea

Hoje de control pare Muestras de Agua, Suei.o y Sedimentos
Septiembre 1991

FECHA DE MUESTREO: 11 de Septiembre de 1991

LUGAR DE COLECCION: Camino Rio El Rosarlo

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO POZO

PAPA RIDS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHUPA (M)
- PROFUNDIDAD (M)

SUELO * SEDIMENTO______

NUMERODE IDENTIFICACION DE LA MUESTRA: S-i

DESCRIPCION DEL LUGAR DE MUESTREO:

Cultivo predominante maIz y caña, animales de crianza: ayes, cer-
dos. Topograf ía regular. Suelo franco arenoso.
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S-2

PRDYECTOWASH-AID
265 TaB

Moja de control pare Muestras de Agua, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTREO: 11 de Septiembre de 1991

LUGAR DE COLECCION: Camino San José El Naranjo

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO POZO

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHUPA (M)
- PROFUNDIDAD (M)

SUELO * SEDIMENTO______

NUMERODE IDENTIFICACION DE LA MUESTRA:

DESCRIPCION DEL LUGAR DE MUESTREO:

Cultivos de cereales airededor y potreros. Topograf ía irregular,
suelo arenoso. Tierras agricolas con uso de fertilizantes.
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PROYECTO WASH-AID
265 Tea

Hoja de control. para Muestras de Ague, Suelo y Sediméntos
Septiembre 1991

FECHA DE MUESTRED:

LUGAR DE COLECCION:

NOMBREDEL COLECTOR:

TIPO DE AGUA: RIO

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHUPA (H)
- PROFUNDIDAD(M)

SUELO * SEDIMENTO______

NUMERODE IDENTIFICACION DE LA MUESTRA: S-3

DESCRIPCION DEL LUGAR DE MUESTREO:

11 de Septiernbre de 1991

Camino Rio Cuilapa

José Mario Vásquez

POZO

Cultivo de platano, suelo. Topograf ía plana y caserio airededor
con crianza de animales, suelo con mucha materia orgánica. Sue-
10 arcilloso-limoso.
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PRDYECTOWASH-AID
265 Tea

Hoja de control para Muestras de Agua, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTRED: 13 de Septiembre de 1991

LUGAR DE COLECCION: Camino Lomas de Guayapa

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO POZO

PAPA RIDS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHUPA (M)
- PROFUNDIDAD (M)

SUELO * SEDIMENTO______

NUMERODE IDENTIFICACION DE LA MUESTRA: S-4

DESCRIPCION DEL LUGAR DE MUESTREO:

Actividades agricolas, cultivos que utilizan pesticidas y ferti-
lizantes. Topografia irregular. Suelo arcilloso-arenoso.
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FECHA DE MUESTREO:

LUGAR DE COLECCION:

NOMBREDEL COLECTOR:

TIPO DE AGUA: RIO

PARA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHURA (M)
- PROFUNDIDAD(M)

SUELO * SEDIMENTO______

NUNERODE IDENTIFICACION DE LA MUESTRA:

DESCRIPCION DEL LUGAR DE MUESTREO:

PROYECTOWASH-AID
265 The

Hoja de control para Muestras de Agua, Suelo y Sedimentos
Septiembre 1991

13 de Septiembre de 1991

Camino Rio de Faya

José Mario Vásquez

POZO

5-5

Cultivos agricolas como caña de azücar y ajonjoli. topografia
plana. Suelo arcilloso-arenoso muy orgânico.
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PROYECTOWASH-AID
265 Tea

Hoje de control. pare Muestras de Agua, Suelo y Sedimentos
Septiernbre 1991

FECHA DE MUESTREO: 13 de Septiembre de 1991

LUGAR DE COLECCION: Hacienda El Camalote

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO POZO

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHUPA (M)
- PROFUNDIDAD(H)

SUELO * SEDIMENTO______

NUMERODE IDENTIFICACION DE LA MUESTRA: S-6

DESCRIPCION DEL LUGAR DE MUESTREO:

Potreros, topografIa poco irregular, donde pastorea el ganado.
Suelo arcilloso.
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PRDYECTOWASH-AID
265Tas

Hoja de control pare Muestras de Agua, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTRED: 13 de Septiembre de 1991

LUGAR DE COLECCION: ZanjOn El Chino

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO POZO

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCHURA (M)
- PROFUNDIDAD(M)

SUELO * SEDIMENTO

NUMERODE IDENTIFICACION DE LA MUESTRA: 5-7

DESCRIPCION DEL LUGAR DE MUESTREO:

Tierras agricolas cultivables con cane de azücar. Terrenos muy
humedos, suelo arcilloso orgánico, con topograf ía regular. Fuen-
te de contaminaciOn plaguicidas.

‘ ? .. ~. . . L :-~ _t UI ~
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PROYECTOWASH-AID
265 Tea

Hoja de control pare Muestras de Agua, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTREO: 13 de Septiembre de 1991

LUGAR DE COLECCION: Tuberia La Cabana

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO POZO

PAPA RIOS:
- VELOCIDADDE CORRIENTE (M/SEG)
- ANCMUPA(H)
- PROFUNDIDAD (M)

SUELO * SEDIMENTO______

NUNERO DE IDENTIFICACION DE LA MUESTRA: 5-8

DESCRIPCION DEL LUGAR DE MUESTREO:

Tierras con presencia de inundaciôn, topografia irregular, con
zonas pantanosas alrededor. Suelo arcilloso, con presencia de
ganado.
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PROYECTOWASH-AID
265 Tea

Hoja de control. pare Muestras de Agua, Suelo y Sedimentos
Septiembre 1991

FECHA DE MUESTREO: 13 de Septiembre de 1991

LUGAR DE COLECCION: Santa Teresa

NOMBREDEL COLECTOR: José Mario Vásquez

TIPO DE AGUA: RIO POZO

PAPA RIOS:
- VELOCIDAD DE CORRIENTE (M/SEG)
- ANCMURA (M)
- PROFUNDIDAD(H)

SUELO * SEDIMENTO______

NUNERODE IDENTIFICACION DE LA MUESTRA: 5-9

DESCRIPCION DEL LUGAR DE MUESTREO:

Tierras agrIcolas, cultivos de maiz, maicillo y ajonjoli. Topo-
grafia plana, suelo arcilloso orgánico.
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Appendix I

SAMPLING SITES DESCRIPTION
FOR SEDIMENTS AND AQUATIC ORGANISMS
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CONSICERACILiNES GENER~LES 5OBR[ ALGUNOS A5P[CTLJ5 ECOLOGIELS

DL LOS 511105 DUNDE SE CULECTARON LAS IY1UESTRAS.

En los sitios 1, 2 y 5 no se presenta mayor información, debido a

qua sus caracteristicas son similares a las de 103 sitios 2 y 3.

SAN LUIS LA HERRADURA.

Se encuentra ubicada en el Estero de ~altepeque, entre los rios

Jiboa y Lempa. El Estero cuenta con una longitud de 15 Km. Su en

churs oscila entre 300 y 100 m• Las profundi~ades son de 1.5-5 m.

baja el nivel medio del mar. En el canal principal del Estero hay

7 islas grandes. De los canales latera1~sse distinçuen 3 mas

grandes cuyas anchures oscilan antre 30 y lOOm. Todos los cana—

las se orlan de manglares densamente cerrados, manifest~ndose per

captiblemente Ia influencia tidal. Existen adem~s varios canales

angostosque Se internan en tierra firma haste pequeNos riachuelos

del litoral ileno.

La vigilancia del manglar de las zonas del paisaje del Estero de

Ja1tepeque~ est~ caractarizada sobre todo por las especies F~t~i.~—

phora mangle (mangle colorado), laguncularie race~~ (cincahuite)

y Avecennia nitida (istat~n), que se encuentran en substratos fan—

gosos, arenosos fangoso y raras veces sobre los arenosos.

La distribuci6n media de Ia salinidad oscila con el cembio de las

sstaciones del oflo, y pox medio del suministro de ague dulce, ha-

biéndos~ encontrado valoras de 2 0/00 en el xincón Intimo del este
0ro y de 33 /00 en Ia bocana. La temperatura del agua oscile en —

tie 25°C y 32°C.
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PUERTO EL IRIUNFO

municipio del distrito y Departamento de Usulut~n, ubicado en el

Estero de Jiquilisco entre los ri’os Lempa y Graride de San miguel.

El Estero cuenta con una longitud de 55 Km. de largo. Su anchu—

ra 1 Km. y m~sdo 10 m. de profundidad.

El canal principal, como los laterales est~norlados de paisaje

de manglar, lioitados hacia le planicie costera aluvial, suevemen

te ascendente.

Las condiciènes de uegetación del Estero de Jiquilisco, son las

mismes del [stero de Jaltepeque.

Antes de Ia d~cada do los ai~os 80, las tierras adyacentes al este

ro eran asignadas al Cultivo del Mlgodi5n, en dicha actiuid~d agrf

cola durante los moses de agosto a octuore practicaban la irriga—

ción de insecticidas lo c:ue ocasionaba mortalid~d de organismos

hidrobiol6ç~icos, paro en La d~cadade los 80, ~sta ectivided dis—

minuy6, y el efecto menc.ionado se observa que ha disminuldo

PUERTO PARADA

Caser~o del Cant6n Las Salinas, municiplo y departamento de Usul~

tin.

Las caracterfsticas psicológicas de este luger son cimileres a

las qua poses Puerto El Tiiunfo, por ericontrars en La misma

8ahra.
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BARRA DE SANTIAGO

Pertenece al Cant6n y Cacer~fo del mismo nombre, jurlsdicción del

fliuniciplo de Jujutle, Departemento de Sonsonate. Se caracteriza

por ser una planicie de eluvi6n con una costa ilana de playa ancha

de arena, donde a lo lergo desembocan tres peque?~os rios, terminan

do cerca de Acajut.la.

BARRA SALADA

Se encuentra ubicada en el Cantón Salinas de Ayecachapa, jurisdic—

cicSn del munxcipio y Departamento de Sonsonate. Barra Salada es

considerada Ia i~nica sauna de El Salvador, que so ubica inniedia—

tamente al mar.
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Appendix J

LATRINE DESIGNS
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VIP LATRIti.ES
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block sijils and substructure
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(millimeiers)
“Mulirun,” Co’itinuous-composiing Toilet
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The Environmental Health Project (EHP) provides technical assistance to

USAID missions and bureaus and other development organizations iii

nine areas: tropical diseases, water and sanitation, wistewatei; solid
waste, air pollution, hazardous waste, food hygiene, occupational health,
and injury. It is part of the Office of Health and Nutritions response to
requests from USAID missions and hureaLis for an integrated approach
to addressing environment-related health problems. In addition to EHP
this effort includes an Environmc’ntal Health Requirements Contract and
a PASA (Participating Agency Support Agreement) with the U.S. Centers
for Disease Control and Prevention. A wide range of expertise is made

available by LFIP through ci consortium ot specialized oiganizcitions (see

list below). In addition to reports on its technical assistance, EHI~pub-
lishes guidelines, concept papers, lessons learned docunients, and cap-
sLile reports on topics of vital interest to the environmental health sector.
For information on the reports available, contact EHP headquarters.

ENVIRONMENTAL HEALTH PROJECT


