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ABSTRACT 

FIsh grown m contammated ponds can be exposed to a vanety of human pathogeruc 

ffilcroorgarusms wluch may accumulate m Its tIssues Tlus study was conducted m order to 

1) examme the efficIency of changmg the water, m the holdmg tanks, to reduce the level of 

mIcroorgarusms m vanous fish, tIssues, 2) test for the presence ofrrucrobes and heavy metal 

m fish marketed m Israel 

FISh contanunatIon was accomplIshed by seedmg 109
, 1011, 1010 cfu or pfu ml-1 ofE colI, MS2 

colIphage and polIoVlIUs 1, respectively, mto 100 1 of water These mIcroorgarusms were tested 

m the skID, muscle, lIver, spieen and the dIgestIve tract (DT) A smgle moculatIOn of the test 

mIcroorgarusms was followed by 3-24 water change (tank volumes) and compared WIth self 

punficatlOn (control) expenments WIthout changmg the water The lughest levels of 

mIcroorgarusms were found m the DT, 6h after moculatIOn for E colI and 12h after moculatIOn 

for MS2 and polIoVlIUs 1 Lower levels of the mIcroorgarusms were found In the spleen, lIver and 

on the skID and none were detected m the muscle In the decontarrunatIOn expenments, no 

mIcroorgarusms were detected In the DT 5-6 days after moculatIon, as compared to 11-21 days m 

the control expenments The results of tlus study mdicate that faster decontammatIOn of fish IS 

aclueved by repeated changmg of the water m the holdmg tanks and thus may lower the nsk of 

dIsease transrrussIOn by fish handmg or consumptlOn 

Two speCIes offish, Tzlapza sp and Mugii sp, grown In fresh water aquaculture and 

marketed m Israel were tested for the presence of rrucrobes and heavy metals These speCIes 

are known to tolerate heavy orgaruc loads Sa.-nples of dIgestIve tract (DT), lIver, spleen, 

skID and muscle were assayed for Aeromonas, Fecal coizjonns, and F+ cohphages DT and 

muscle were assayed also for entenoVIruses The most frequent rrucroorgarusm found was 

Aeromonas, followed by Fecal colzjorms, and F+ collphage In both fish speCIes, the 

hIghest concentratIOn of Aeromonas was present m the DT, followed by skm, lIver, spleen 

and muscle Fecal colzjonns were not found m any of the muscles sampled Enterovrruses 

were not detected 1'1 elt'"Ier DT or muscle Even though our results show that both 

rruCrobIal and heavy metal concentratlOns were WItlun the acceptable IsraelI ranges, we 

recommend that measures be taken m processmg to prevent cross-contammatIon of edIble 

tIssue by DT and skm 
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PART I 

Decontamination of Fish By Water Change 
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FIsh have always been an Important source of protem for humans The demand 

for fish protein IS based partly on the fact that this protem IS relatIvely cheap to produce 

In fact, It IS expected that as the world's populatIon mcreases so wIll the demand for fish 

protem 

Fertlllzmg fish ponds wIth human and anImal excreta IS an ancient practice In 

many parts of the world mcludIng As:a, Europe, and the M,ddle East The use Of 

domestic fish ponds, for example, can be seen In an EgyptIan tomb that IS dated to over 

four thousand years ago (McGarry, 1977) However, aquaculturallsts from the Far East 

were the first to recognIze that the additIon of wastewater to fish ponds Increases the 

fish YIelds (Prowse, 1962) Wastewater was also used for a sImilar purpose In the 

MIddle Ages (Feachem et ai, 1983) Nowadays m many areas of the world It IS 

customary to enrich fishponds with wastewater of different levels of treatment 

(Edwards, 1985) In some areas, fish are grown In wastewater reservOIrs and are used 

as biological filters to decrease the amount of organIc material floating m the water 

(Henderson, 1979, Laventar and Teltech, 1986, Dotan et al ,1989) Hepher and 

Schroeder (1977) have shown that growIng fish In wastewater reservoirs can cover the 

cost of collectmg thIS water Moreover, Nkuchla (1994) recently analyzed the net 

benefits of uSing wastewater for rmgatlon only, for aqauculture only, and both for 

wastewater and aquaculture He found that uSing wastewater for aqauculture only to 

grow fish as human food (rather than anImal food) has more benefits than uSing 

wastewater for Imgatlon only 

II Advantages and dIsadvantages of uSing wastewater for groWIng fish 

There are many advantages and a number of dIsadvantages assocIated With the 

use of wastewater for growing fish Some of the advantages are associated WIth 
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Increases In the fish Yields (Hepher and Schroeder, 1977, Dotan et al 1989, Fattal et 

al 1989 and Mancy et al , 1989) 

Feldlelt (1986) showed that a constant flow of wastewater Into fish ponds 

Increases the fish Yields by a factor of four as compared With the national average In 

Israel ThIs Increase results from enrichment of the entire food chain With nutnents 

The presence of nutrients In wastewater IS lIkely to result In the eutrophication of the 

body of water This may be a disadvantage In pools of natural waters, but IS a 

Significant advantage In fishponds (Mann, 1972) Data from fishfarms show that the 

addition of wastewater to the fish ponds decreases the need for food additives by 40% 

(Hepher and Schroeder, 1977) An expenment conducted In Israel by Moav, et aI, 

(1977) showed that the organic matenal present In high concentrations In wastewater 

could be the only source of food for fish In addition, the fish that were fed by 

wastewater only had a lower fat content as compared With fish that were fed food 

additives Another advantage IS that the fish grown In waters nch In organic matenal 

Improve the quality of the water The fish are used as organic filters and they reduce 

the amount of plankton and solids floating In the water (Henderson, 1979) In Israel, 

fish were put Into surface water reservoirs of the national water carner In order to 

reduce the amount of organic matenal floating In the water Two years after these 

reservOIrs were populated with fish the underwater flora disappeared Populating the 

reservoirs With fish also decreased the number of snails In the reservOIrs to a minimum 

and caused the aftertaste and smell from blue algae to disappear (Laventar and 

Teltech, 1986) At a sewage treatment plant It was found that the removal of 

microorganisms from ponds where fish are raised IS Similar or higher than In OXidation 

ponds (Carpenter et al , 1974, Hejkal et al , 1983, Colleman et al , 1974) The utlltzatIon 

of phytoplankton by the fish prevented algae bloom and reduced the mortaitty rate of 

fish (Hepher and Schroeder, 1977, Schroeder, 1975) However, rt IS worth mentioning 

that the population of phytoplankton In the waters remained In eqUllibnum so that no 

I 
I 
I 
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oxygen deficiency was expected and there was no need for amng the pond (Moav, 

et al 1977) 

The disadvantages of uSing wastewater In fishponds are associated with the 

follOWing 

a Increased mortality of the fish or a decrease In their growth rate as a result of a 

hostIle environment These condItions may result from adding uncontrolled 

wastewater to the pond (Feldlelt, 1986) 

b A health risk associated With 1) working In the fish Industry, cultivating, and/or 

processing fish (Ahmed, 1991), 2) consumers who eat raw or cooked fish 

These consumers may be mfected by pathogens orlglnatmg from contaminated 

fish from wastewater (Higashi, 1985) 

These limitations can be reduced by Improving the quality of wastewater for fish 

Coleman et al (1974), Carpenter (1974) and Wolny (1966), for example, have 

deSCribed how fish grow well In treated wastewater In addition, the wastewater can be 

diluted With clean water In order to keep the oxygen at a level high enough to grow fish 

(Vaas, 1948), or wastewater can be added at a constant volume to the fishpond In 

order to compensate for water loss from seepage and evaporatIon 

III Pathogens present In human excreta and raw wastewater 

Feachem et al (1983) and Shuval et al (1986) prOVide a thorough review of the 

pathogeniC microorganisms Includmg viruses, bactena, protozoa, and Helminths which 

may be found In untreated domestic wastewater The number and type of these 

mIcroorganisms depends upon entenc disease morbidity In the community responSible 

for the discharge (Cooper, 1991) 

In areas where Industnal effluent IS mixed With domestic wastewater, tOXIC 

chemicals may also create the potential for adverse toxiCOlOgical effects The presence 

of pathogeniC microorganIsms and tOXIC chemicals In untreated wastewater creates the 
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potential for disease transmission and toxicological health effects where there IS 

contact, ingestion, or Inhalation of pathogens or chemicals (USEPAIUSAID, 1992) In 

low Income countries, infectious disease agents rather than chemicals are the main 

source of health concerns associated with untreated wastewater However, this should 

only be the case If wastewater strictly originates from domestic wastewater sources 

without the addition of chemical contammants from industrial sources BeSides the 

health concerns due to pathogens or chemicals, untreated wastewater may prOVide 

favorable conditions for spreading vector-borne diseases In addition raw wastewater 

can also create conditions for nUisances hke unpleasant odors and encourage fly 

breeding (Edwards, 1992) 

The pnnclpal infectiOUs agents that may be present In raw wastewater can be 

broadly claSSified Into four groups 

1 Viruses Over 100 drfferent enteric viruses capable of producing Infections or 

disease are excreted by humans The most common viruses are the 

enterovlruses (polio, echo, and coxsackie), rotavlruses, reovlruses and hepatitiS 

A virus (Hurst et al , 1989) 

2 Bacteria The most common pathogen IS the genus salmonella Less common 

genera are shigella, vlbno, mycobactenum, campylobacter, and others 

3 Protozoa The most Important one IS Entamoeba hlStolytlca, GIardia, and 

Cryptospordlum 

4 Helminths The most Important helminths are mtestlnal worms Including Ascans 

lumbncoldes, Taenia saglnata and sohum, tnchuns tnchlna, and ancylostoma 

IV Effect of environmental conditions on stress in fish 

Fish are pOikilothermiC animals (cold blooded) who live In water Their eXistence 

depends on the quality of the water In which they live Fish that are raised In relatively 

small bodies of water, such as ponds, are sensrtlve to changes In their environment 

I 
I 



9 

Chemical, biological, physical or procedural changes may cause stress In fish It IS 

generally accepted that stress IS an Important cause of disease outbreaks In fish 

follOWIng a decline In theIr Immune systems This may enhance the penetration of 

bactena and viruses to the fish organs and thus cause a variety of diseases In fish 

(Smezko, 1974) 

The follOWIng are some of the causes of stress In fish 

1 Changes In the concentrations of the dissolved gases - Changes In the 

concentrations of the dissolved gases In the water, especiallY of oxygen and 

nitrogen, may cause damage to the fish's g[lIs and skin This In turn "invites" a 

microbial InvaSion (Rucker, 1972) An insufficient supply of oxygen causes 

mortality In the fish, changes In the concentrations of mIcroorganisms, and to 

high blooxygen demands (800) (Halley et aI, 1967) When the 

concentration of dissolved oxygen IS low. the senSitIvity offish to pathogens 

Increases (Boyd, 1990) 

2 Temperature - The temperature effects the follOWing factors metabolic rate, 

Immune system, fish reproduction, and the concentration of dissolved oxygen 

In the water These factors In turn effect the follOWing BOD, tOXICity of the 

contamInants which effect the growth of the fish, and the levels of pathogens 

and parasItes (Elsa et al , 1985) 

3 EutroP~'llcatlon - Eutrophication IS charactenzed by changes In dIssolved 

oxygen levels and changes In the pH A decrease In the concentration of 

oxygen caused by eutroph[catlon has a profound effect on the fish (Fry, 1969) 

Moreover, eutrophicatIon causes algae bloom and Increases In the 

concentratIons of bactena WhICh In tum Increases morbidity among the fish 

(CollinS, 1970) 
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4 Wastewater - As mentioned before, domestic wastewater contains a large 

number of pathogens Wastewater, fish food, and fish excretions contrtbute to 

the multiplication of bacteria and to an Increase In the BOD (Shotts et al 

1972) Organic material decomposes at a rate that Increases as the 

temperature mcreases The process req ulres oxygen and as such decreases 

the concentration of dissolved oxygen In the water (Hepher and Schroeder, 

1977) 

5 MetaboliC byproducts of fish - Ammonia appears naturally In fisnponas as a 

result of fish excretions and the decomposition of organic material In fishponds 

that have reached equlltbrtum the ammonia IS either absorbed by phytoplankton 

or undergoes nitrification by anaerobiC processes The tOXIC matenal to fish IS 

predommantly non-IOniC gaseous ammonra The relationshIp between gaseous 

ammonia and the total ammon las (the Ions) depends on the pH and the 

temperature of the water (Chen, 1991) As the pH and temperature Increase 

the tOXICity of the ammonra on the fish Increases The tOXICity of ammonia IS 

also Increased by a decrease In the concentration of dIssolved oxygen and by 

an Increase In the denSity of the water (DOWning and Merkens, 1955) 

6 Industrtal Pollution - Industnal pollution IS caused by chemIcals that reach the 

water Couch (1974) reports that exposure to chemicals frequently causes 

pathological changes In fish tissue ThiS pehonomenon allows for the InvaSion 

of fish by pathogens which In tum leads to hIgh fish mortalrty (Sklmode, 1970, 

Starr and Jones, 1957. Burton et al , 1972. Chen, 1991) 

7 Densrty - DenSity can be determined by the number of fish grown In a certaIn 

fish pond per the area of the pond or the volume of the water In the pond High 

density of the fish In the pond causes stress to the fish (Dotan et ai, 1989. 

Fattal et al. 1992) 

I 
I -



11 

It IS very dIfficult to define whIch of the above factors has a slgmficant meaning on 

stress m fish For the most part, the stresses occur as complexes and theIr effects are 

eIther addItIve or synergIstIc (Smezko, 1974) 

V The penetration of pathogens mto fish tissues 

Pathogens are likely to penetrate the fish's tIssues despite the fish's defense 

system The penetration occurs through the fish's skm, mouth, gills, and thm epithelium 

(Snlezko, 1974) With exposure to nIgh patnogen concentratIons, penetration throug'l 

the gall bladder, the stomach caVIty, and even to the eyes IS possIble (Munro, 1982) 

The penetration of the different mlcroorgamsms In the fish organs largely 

depends on the concentration of these mlcroorgamsms In the water where the fish IS 

grown When the concentration of these mlcroorgamsms reaches beyond certaIn 

threshold, the penetratIon of the mIcroorganisms could reaches even the muscle ThIs 

particularly happend when the fish showed sIgns of hIgh stress (Buras et ai, 1987) 

1 Manner In which the pathogens enters through the fish's tIssue 

a Penetration through the skIn - The fish's outer layer of skin IS covered by a thIck 

layer of mucous whIch prevents the adsorptIon and growth of mIcroorganisms 

Within the skin Skin wounds, however, allow for penetration of the fish's skIn by 

bactena, viruses, and fungi In an experiment, goldfish were exposed to a 

suspension of Aeromonas hydrophl/a after theIr skin was scraped With a blunt 

Instrument No bactena were found on the surface of the skIn that had not been 

damaged On the other hand, wlthm the wounds, a large number of bactena 

had been adsorbed In the exposed Injured areas at the compactum layer 

(Crouse-Eisnor et al , 1985) 

b Penetration through the mouth and the digestive tract - Water and particles 

reach the stomach through the mouth Bactena, vIruses, and protozoa enter the 

fish In the same manner Some enter through the Intestines and then pass from 
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the dIgestIve tract to the Inner organs such as the spleen, the hver and the 

kidneys (Snlezko, 1970, Buras et ai, 1985, Fattal et ai, 1992) In the digestive 

tract there IS a high concentration of phagocytes which present the first bamer 

to foreign bodies that Invade the fish After entry Into the esophagus, the 

mIcroorganisms can reach the blood stream or the lymphatic system and from 

there they enter the various lymphatic organs In the lymphatic organs further 

phagocytIc activity takes place From there, the microorganisms that have not 

yet been phagocytized and are stili In the blood stream can reach other tissues 

(Digirolamo et ai, 1975) Canzonler (1971) assumes that the penetration IS 

based on two different but related processes The first IS the entry of 

contaminated food Into the digestive tract In this case, the bacteria or vIruses 

reach the digestive tract, pass through It, and are excreted In the feces The 

second process IS long term exposure to small numbers of mIcroorganisms In 

this case, the microorganisms remaIn In the digestive tract and In the lymphatic 

organs The remaining microorganisms will not be released qUickly and, 

therefore will stay In the dIgestive tract for long penods of time Pain (1986) 

suggests the eXistence of cleanliness cells called haemocytes which capture 

microorganisms from the digestive tract and transfer them to other tissues The 

phYSiological system which IS responSible for thIS phenomenon may be drfferent 

In different species of fish and thiS has Important public health Implications 

c Penetration through the gills - The penetration of fish by mIcroorganIsms may 

also occur through the gll\s Studies have shown that two hours after exposure 

of carp to a Viruses, they could be detected In the gll\s and 5 days later could 

be found In the blood system (Ahne, 1978) It appears that the type of cells 

which eXisted In the gills serve as proper pathways to the blood system 

(Chllmoczyk, 1980) 

I 
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2 Defense system of the fish 

The defense system of the fish can be divided Into the physiological system and 

the Immune system (Ellis et al , 1976) 

The physiologIcal system IS composed of the skin and a thIck layer of mucous 

whIch prevents the adsorption and growth of mlcroorgamsms on the skin ThIS layer 

protects the skin cells from mechanrcal, biological and chemIcal wounds and provIdes a 

selectIve transmIssIon of metabolytes and pathogens between the fish and the 

environment (Krovacek et al , 1987) The Immune system Includes lymphocytes, 

granulocytes, and phagocytes all of which-are found In the S\.cIP, gills, dIgestIve tract, 

and the lymphatic organs These cells attack the microbiologIcal Invadors The 

lymphatIc organs like the spleen and kIdneys destroy the different antIgens In an 

effiCient manner (Lamers, 1985) In fact, the lymphatiC organs that are most active m 

dlstancmg foreign mlcroorgamsms are the spleen and kidneys These two organs have 

the hIghest concentrations of macrophages and lymphocytes (Buras et al ,1980) In a 

study of the phagocyte system, Ellis et al (1976) showed that carbon (partIcles) were 

phagocytized wIthIn 24 hours and most of the phagocytes contamed carbon partIcles 

An hour after moculatlon, carbon partIcles were found In the spleen and In the kIdneys 

The phagocytic cells In the lymphatiC organs represent the fish's potentlallmtlal defense 

mechanism (Buras et al ,1987) Accordmg to EllIS et al (1976), cells that are 

analogous to the copper cells are found In the livers of carp ThIS fact hints at the role 

of these cells In the fish's defense system. 

VI Health rrsks assocIated With contammated fish 

Fish can serve as a vehIcle for the transmiSSIon of vanous dIseases FIsh 

contaminated by naturally-occunng tOXinS, bactena, Viruses, or parasItes have caused 

numerous disease outbreaks Contammatlon of seafood with InfectJous agents may be 

due to several factors, such as organisms of fecal ongm In polluted water (maInly 



} 

14 

wastewater), naturally occurlng aquatic microorganisms, and Improper handlIng or 

preparation practrces (Ahmed, 1991, Food and Drug Admrnlstratlon (FDA), 1994) 

Assessing the health rrsks from seafood consumption IS difficult due to the 

regional dlsparrtles between levels of environmental contamination, cultural practices, 

varying degrees of sanitation, and completely different methods of handling and 

preparrng seafood In the United States, for example, 10 5% of all food-borne disease 

outbreaks between 1978 and 1987 were attrrbuted to fish and shellfish consumption 

By cornparrson, however, chicken IS 200 tImes more liKelY to cause disease than 

contaminated fish and 100 times more likely to result In the death of the consumer 

Slgnrficantly the consumption of raw or partially cooked shellfish IS 100 tImes more 

likely to result In Illness and there IS a 250 fold Increase In the risk of death (Nightingale, 

1990) 

1 FIsh as pathogen carners 

FIsh that come Into contact WIth domestic wastewater are exposed to vanous 

human pathogens These pathogens (e g salmonella, shigella, or poliovirus) might 

penetrate the fish's tIssues but not necessarrly effect the fish themselves The 

pathogens can enter the digestive tract and settle rn many of the fish's organs wrthout 

causing any symptoms of Illness In the fish (Buras et al ,1985) In thIs way the fish 

may serve as carners of these pathogens and transmit them to the consumer and to 

IndiViduals who work In the fisherres (Schewan, 1962. Guehn, 1962) Table A Illustrates 

reported cases In which fish served as earners of pathogens and/or microbiological 

mdlcators 

I 
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Table A Reported cases m WhICh fish sen ed as carners of mIcrobIOlogIcal mdicators 
and/or pathogens 
Type offish Isolated Organ from Samplmg Reference 

Mlcro- whIch they locatIOn 
orgamsms were Isolated 

Salmon Eentrobacter DigeStIve tract Streams m Trust and 
Aeromonas Bntlsh ColumbIa Sparrow, 
Acmobacter 1974 
Enterococcus 
E colz 

Carp E cob DIgeStIVe tract Wastewater HeJkal et al, 
F streptoCOCCI SkIn treatment plant 1983 

Muscle 
Carp and E cob Several fish StabIlIzatIon Buras et aI, 
TllapIa F colzjorms organs ponds (Israel) 1987 

Salmonella (especIally the 
F streptococCI dIgestIve tract) 
VIbrzo para-
haemohtzcus 
Bacteno-
phages 
Pohovrrus 

F resh-water Clostrzdlum- Not specIfied PhIllIppmes Velazquez, 
fish botulmum 1980 

(type E) 
Clostrld.um-
tetam 

Carp Salmonella Vanous organs Laboratory Buras et al , 1985 
experunents 

Catfish Salmonella Dlges1Jve tract Wastewater Janssen, 1970 
treatment plant 

Trlapla Salmonella Dlgesnve tract FIshponds Baker et al, 
SkIn ennched WIth pIg 1983 

waste 
Tilapla T colzjorms DIgestIVe tract FIshponds Edwards et al, 

F colzjorms Gills ennched With 1987 and 
Bacteno- LIver sludge Edwards 1992 
phages Muscle (ThaIland) 
Salmonella 
ParasItes 
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T'pe offish Isolated Organ from Samphng Reference 
Mlcro- which they locatIOn 
orgamsms were Isolated 

Tllapia T coliforms DIgest! ve tract FIshponds Edwards et al, 
F coliforms ennched WIth 1987 and 

domestlc Edwards 1992 
wastewater 
ThaIland 

Carp and Aeromona DIgestIve tract Wastewater Dotan et al , 1989 
Tliapia E cob Skm ponds after F attal et al , 1992 

-
C perefnngens LIver treatment & 1993 
Enterococcus Spleen (Israel) 

Ayu Vzbrzo colera (non not specified Rlver ill Japan Muroga et a1 , 
01) 1979 

Carp, ttlapIa, Aeromonas DigestIve tract Wholesale Nasser et a1 , 
and trout E cob GIlls market 1992 

Enteroviruses SIan (Israel) 
poho 1 (Immune LIver 
type) Spleen 
Enterococcus 
f+ cohphage 

1 
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In all the cases presented rn the table the fish served as carners and the authors 

dId not report any vIsible signs of Illness rn the fish Results of a number of studies 

have shown that the level of mlcroorganrsm contamination rn the fish's tIssue reflects 

the qualIty of the water rn which the fish were grown (Nasser et a! , 1992) 

2 Diseases associated with eating fish 

There are few reported cases of the passive transfer of disease causIng 

pathogens from fish to humane; (Edwards, et a! ,1987) FUJlno, et al (1951) ieported an 

outbreak of food pOisoning caused by eatIng sushi The Center for Disease Control In 

the United States pubhshes the "Morbidity and Mortality Weekly Report and Annual 

Summary of Food and Waterborne Diseases" (See reports for the years 1975-1993) 

LeVin (1978) reviewed the literature on the Incedents of disease outbreaks In fish and 

shellfish that were reported between 1963-1976 

The diseases associated With eatIng fish and shellfish are generally diVided rnto 

two categones A) diseases caused by chemical agents (tOXins), and B) dIseases 

caused by microbiologIcal agents 

A Diseases caused by chemical agents (tOXins) 

Naturally occunng seafood-borne toxins have affected consumers globally 

While these tOXinS are found In vanous parts of the world, most cases of pOlsonmg 

seem to be lImited to North Amenca, ASia, and Europe Consequently, seafood-borne 

tOXinS have not been a major factor In seafood-related Illnesses In Egypt, Israel, and 

other Middle-Eastern countnes (Carr and Stem, 1993) 

Seven types of toxms have been recognized as the most Important clguatera, 

scombrold, paralytiC shellfish pOIsoning, neurotoxIC shellfish pOlsomng, dlarrhetlc 

shellfish pOisoning, puffer fish pOIsoning, and amnesIc shellfish pOlsomng (Ahmed ed t 

1991) These tOXinS are particularly inSidiOUS because they cannot be detected by 
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sensory inspection and are not inactIvated by heat Natural Intoxlficatlons, wIth the 

exceptIon of scombrOid pOisonmg, are regIon-specific and often species-specific 

All of the tOXinS mentioned above, with the exception of that responsible for 

scombrOld pOlsonmg, bloaccumulate m fish and shellfish as a result of food cham 

magnification and are, consequently, present In the organisms at harvest Scombrold 

pOisoning, which has a wide geographic dlstnbutlon and IS present In various fish 

species, results from Improper handling procedures These procedures allow bacteria 

to proliferate on the fish surface ana subsequently convert free histidine to histamine In 

the fish tissues (Carr and Stem, 1993) 

B Diseases caused by microbiological agents 

ThiS category of dIsease IS generally divided Into diseases caused by Viruses, 

bactena, and protozoa For details and review of the literature see Carr and Stem, 

1993 The major POints of the review are summanzed below 

1 Viruses 

Seafood-borne viral outbreaks are almost exclUSively associated With the 

consumption of shellfish (Deleon and Gerba, 1990, Gerba, 1988) Very few 

viral outbreaks have been attnbuted to the contamInation of finfish Shellfish 

are bottom dwellers and obtain their food by filtenng the water, Ingesting vIruses 

either directly or through particles of food to which the viruses are attached 

These viruses may remain Viable for long penods of tIme In the gut or mucus 

membranes of the shellfish Shellfish thus act as passive earners for both 

viruses and bactenal pathogens (Gerba, 1988) More than 100 entenc viruses 

have been Isolated from human feces Of these entenc Viruses, mainly hepatitis 

A, non-A, non-B HepatrtJs, Norwalk have been epidemiologIcally linked to 

seafood-related disease outbreaks 

I 
I 
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2 Bacteria 

Different species of bacteria can serve as indicators of each source of 

contamination For example, pathogenic bacteria of the vibrio genera are 

normally resident In most aquatic ecosystems and, thus, do not necessarily 

indicate fecal contamination The presence of other species of bactena from the 

genera salmonella shigella, and campylobacter indicate eIther cross 

contamination due to Improper processing or the presence of fecal matenal In 

the waterbody In many cases It IS difficult to asses whether adulteration of the 

food occurred as a result of fecal contamInation In the environment or poor 

samtatlon dunng handling and/or preparation 

Species typically associated with seafood-borne disease outbreaks are 

vibrio cholerae, vibrio parahaemolytlcus, and other vlbnos and aeromonas 

However, certain bacteria whIch adulterate other foods such as chicken can 

also contaminate seafood For example, salmonella, campylobacter, 

eschenchla, yerslnJa, shigella, clostndlum, and staphylococcus have all been 

Identrfied as causal organisms In seafood-borne disease outbreaks 

3 Parasites 

Parasites which might be associated with seafood-borne diseases are 

GiardIa lamblia, the causative agent of glardlas which has been traced to 

contaminated salmon Helminths contracted from seafood of concern to man 

can be broadly classl'fied mto three groups Cestodes, Trematodes, and 

Nematodes 

VII FIshponds as breedmg Sites for mosqUitos 

The use of wastewater for ennchment of fishponds mIght prOVide another 

envIronmental problem I e breedmg mosqUitos, particularly culex plplen molastls, that 

are capable of irving In wastewater or polluted water The Important factor In breedmg 
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of mosquitos and other vectors In the pond IS growth of vegetation around the fish 

ponds (CUrtiS and Feachem 1981) ThiS problem may be avoided If fish fanners use 

tllapla fish which have been shown to be sUitable for ponds fertilized wIth wastewater 

These fish consume mosquito larvae and are effective In controlling mosqUitos 

(Edwards, 1992) 

VIII Wastewater quality criteria for public health protection 

To protect publJc health against the harmful effects associated w'th the use of 

untreated wastewater gUldllnes and standards have been set for the safe use of 

wastewater In Irrrgation and aquaculture GUidelines are prepared by the International 

agencies like the WHO FAG, and the Umted Nation's EnVironment Program (UNEP) 

based on SCientific crltena IndiVidual countnes are expected to use proposed gUldlmes 

to develop national standards based on the economiC, social, techmcal, and political 

Situation within the country (Hespahol and Prost, 1993) GUldlines and standards on 

wastewater quality are principally directed towards the pathogenic organisms The 

recommended mIcrobIologIcal quaJrty for protecting public health In wastewater reuse 

for aquaculture are as follows 

1 The use of Indicator organisms 

As mentioned prevIously, untreated wastewater contains a large number 

of dIverse infectiOUs agents Therefore, momtorlng all of them would be 

Impractical To overcome thiS limitation, collforms are used as mdlcator 

organisms In monltonng the qualrty of wastewater (Cooper, 1991) 

The concentration of indicator organisms IS thought to have a semJ

quantrtatlve relatIonship with pathogens In practice, fecal colrfonns are 

considered to be reasonable mdlcators of pathogens because theIr 

environmental survival and rates of removal or die-off In the treatment process 

are broadly similar (Mara and Camcross, 1989) 

I 
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Collforms are less effective as mdlcators of excreted viruses and are of 

very limited use as an mdlcator for protozoa and helmmths for which no reliable 

indicators eXIst (WHO, 1989) Where laboratory facIlities eXist, It IS Important to 

monItor bactenophages as indicators for enterovlruses In wastewater reuse It 

has been claimed that their removal occurs In parallel with suspended solids 

Momtonng of suspended solids IS therefore useful In wastewater reuse projects 

(FAO, 1992) Since there are no adequate indicators for parasites wastewater 

gUldehf1es a.,d standards specIfy the minimum treatment ieqUlrement that IS 

known to effectively remove these agents (Cooper, 1991) 

2 World Health Organization gUidelines for aquaculture 

WHO published recommended Health gUldelmes for the use of 

wastewater In [mgatlOn and aquaculture (WHO, 1989) The g Uldehnes 

recommended that the microbiological qualIty of hellmmths In wastewater for 

unrestricted lITIgation use should not be more than one egg per liter and for 

fecal colrforms should not exceeded 1000 cfu/100 ml The recommended 

gUideline for aquaculture for fecal cohforms IS less than 1000 cfu/100 ml and for 

helminths, the absence of Viable trematodes In a liter ThIs standard IS higher 

based on the assumption that pathogens may accumulate In the digestive tract 

and Intraperitoneal flUId of fish and hIgh standards of hygIene dunng handling, 

guttIng, and cooking of fish were needed Bacteriological quality standards for 

fish muscles was suggested by Buras et al (1987) and later modified by Buras 

(1990) and are presented below 

Total aerobIC bactenal count ill fish FIsh qualIty 
muscle tIssue (bactena/gram) 
0-10 Very good 
10-30 MedIum 
>50 Unacceptable 
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IX Measures taken to prevent transmiSSIon from fish 

There are many measures that can be taken to reduce infectious dIseases 

caused by the consumption of seafood (see Food and Drug AdminIstratIon, 1994) The 

marn measures are 

1 Ensure thoroug h cooking of all fish 

2 Educating consumers about the health rrsks assocIated with eatrng raw 

seafood even If It IS consIdered a delicacy In some regIons of the world 

3 Proper handling procedures for fish 

4 Adequate processing of domestic wastewater to reduce pathogens 

5 Routine sampling of seafood In markets may help to prevent some dIsease 

outbreaks 

6 Proper refrigeration or freeZing of the fish after harvestIng can prevent bacterral 

pathogens from multiplying and can kIll some cestode larvae 

7 Good sanrtatlon dunng farmIng of the fish 

8 Prevent high densrty and stress of farmed fish since thIs IS very Important factor 

In bacterial and vIral penetration of fish tIssues 

9 IrradIation of live and fresh or frozen seafood can be effective In reducing some 

pathogens In fish tIssues to safer levels 

10 Depuration or punficatlon of shellfish and fish IS also a good and common 

technIque used to reduce seafood-borne outbreaks (for more details see the 

follOWing section) 

I 
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X Purrficatlon of microbiologically contammated fish 

Many feasIble optIons eXIst to mlnrmrze the risks assocrated wIth the 

consumption of seafood Reducing pathogen levels In the envIronment by treatIng 

domestIc wastewater adequately IS an rmportant step, but may be ImpossIble to 

Implement on a worldwIde baSIS, especIally In those countrIes without adequate 

financIal resources Moreover seafood IS often harvested In polluted waters and 

exported to other areas, thus speeding contaminatIon of these regions 

In Israel, transfenng the fish, prIor to tr,e marketing, from the growing fishpond to 

a holding pond for several days IS common procedure The holding pond contains only 

fresh and clean water wIthout any additIve food It was found that transportation of 

starved fish can slgnrficantly reduce the mortality rate of fish, as compared WIth fed fish 
. 

Does thIS procedure also reduce the mIcrobIologIcal counts m the fish tissues? Fattal et 

aI, 1993, examined thiS procedure and found that there was no appreciable decrease of 

IndIcator microorganIsms In fish tissue when the fish were kept for several days rn these 

holdmg ponds 

Depuration offers a potential alternative for cleaning fish and shellfish of bacterial 

and Viral pathogens prior to consumption The methods used to depurate shellfish prIor 

to marketmg are well known and very successful However, there IS a lack of 

awareness of the need to decontamInate fish pnor to marketmg Due to the success of 

the methods used to depurate shellfish and the phYSIological closeness between 

shellfish and fish, It IS worthwhIle to examine the POSSIbilIty of uSing the same 

technrques used to depurate shellfish to depurate fish as well The optImal 

decontamination conditions change accordIng to the fish specIes It IS Important to 

match the methods of depuration With the fish specIes being punfied based on the 

characterrstlc conditIons under whIch that specIes IS grown In addition, one must 

conSider the factors that effect the rate of purlfyrng the mIcrobiologically contaminated 

fish 
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1 Factors that effect the rate of depurating mIcrobiologically contaminated fish 

1 The way In whIch the fish was contaminated - Natural mIcrobiOlogIcal 

contamInatIon IS depurated more slowly than artIficIal contamination (I e In the 

laboratory) (Fattal et al , 1993) 

2 TIme perrod of exposure to contamination - The ablility to depurate the fish that 

were exposed to contaminants for long penods of time IS lower than that for fish 

that were exposed for shorter penods of tIme (Strauss, 1985, Fattal et al , 1993) 

3 The ohyslcal state of the I11ICroorganiSm S - There IS eVidence that viruses that 

are adsorbed to partIcles or excretions are depurated more slowly than 

unadsorbed vIruses (Durgin et al , 1981, Meinhold et al . 1982) 

4 Level of contaminatIon - When fish are heavily polluted, the depuration perrod 

IS higher than when they are Irghtly polluted (lIu, 1967, Metcalf et al , 1980. 

Buras et al , 1987) 

5 The type of microbIologIcal contamination - Researchers have shown that the 

tIme reqUIred to depurate sheflfish from viruses IS longer than that for bactenas 

(Metcalf et ai, 1980, Grohmann et ai, 1981) 

2 Common methods of depuratIng microbiologIcally contaminated shellfish 

Richards (1988) surveyed the common methods used to depurate shellfish 

In the survey, he dIvides the methods Into three groups 

1 "Natural depuration" or "relaYing" - In this method, the shellfish are removed 

from the contamInated water and transferred to clean water This method IS 

Intended for natural envIronmental condrtlons 

2 Controlled punficatron - ThIs process takes place In waters other than those In 

which the shellfish were raised The shellfish are depurated In tanks through 

whIch there IS a constant flow of clean water This method IS the most widely 

used today 

I 
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3 "Flow through" - ThIs process takes place on the seashore and depends on a 

constant supply of seawater or maintenance water 

In thls report, we have attempted to apply the methods commonly used for 

depurating shellfish to telapla fish We compared the self pUrIficatIon method WIth the 

actIve depuratIon by water changes method 

The objectIves of thIs study are 1) to study the bacterIal and vIral penetratIon 

uptake and accumulatIon In tIssues of fish grown In polluted water, as a model of fish 

contaminatIon by wastewater reuse In aquaculture, 2) to study the self pUrificatIon In 

fish grown In polluted water, 3) to evaluate the effect of actIve depuration, by 

contInUOUS water change, on fish decontamination 
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Materials and Methods 

Tllapla-sarotherodom aureus x nrlatlcus hybrids were mamtalned In containers of 

1 m3
, containing filtered aerated tap water at 25°C FIsh were held for at least 7 days In 

the experimental contamer with no feeding prior to each experiment Decontammatlon 

experiments were performed In two tanks (A and B) of 100 liter each (see scheme 1 for 

layout of the depuratIon system) Tank B was the holding tank m which fish were kept 

and the contamination performed Tank A contained filtered tap water at 

25°C as a supply of water for continuous water changes In tank B The concentration 

of the Inoculated microorganisms In the water of tank B was 105 cfu/ml for E COIl, 106 

pfu/ml for MS2 phages and 105 pfu/ml for poliOVIrus 1 The retentIon time of water m 

tank B averaged 3 hrs Water changes were started 24 hours after the moculatlon of 

the test microorganIsms The control expenments were performed In tank 8 wIth no 

water changes At tIme Intervals, 2 fish were dIssected and the skm, muscle, liver, 

spleen and dIgestIve tract were aseptIcally removed and homogenIzed In PBS 

(phosphate buffered saline) Samples were assayed on the same day for E coli and 

then the remainIng samples were kept at -20°C for ViruS assay The decontaminatIon 

expenments were repeated 3 times and the control experrments 2 times E coli (F18) 

enumeration was performed by the membrane filtratIon technIque (Dufour et al 1981) 

MS2 cohphages were enumerated by the double-agar technique uSing S typhlmunum 

(WG49) as the host (Adams, 1959, Havelaar and Hogeboom, 1984) PolIOVIrus 1, Lsc 

stram was cultIvated and enumerated on BGM monolayers (Buffalo Green Monkey 

Kidney) FIsh tIssue homogenates were mtroduced onto monolayers wrth RPMI-1640 
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medium Infected monolayers were overlayed wrth RPMI-1640 medium contamma 1 % 

nobel agar Infected cultures were Incubated at 37°C for 48 hrs and the developed 

plaques were counted (Guttmann-Bass, and Nasser, 1984) 

TANK A 

sz -

CLEAN WATER 
fjltered and dechlorinated Th'FLOW 

HEATER AND 
OSTAT AERATION THERM · . • i TANK B · 

· . 
SZ · 

· -
o· 

e 
a 9 · • c 
<?c 

OUTFLOW 0 

Scheme 1 Layout Of The Active DepuratIon System (1) 

(1) WateT' change expenrnents were performed In tanks (A & B) of 100 hter volume each 
Tank B v.. as the holdmg tank In whIch fish were kept and cont.ammauon v.. as performed 
Tank A contaIned cleaned, filtered and dechlonnated tap v..ater at 25 Dc as a supply of 
water for contlnuous water change m tank B Every three hours 100 hters of water from 
tank A passed tank B 1111515 consIdered as 1 water change Water change In tank B started 
24 hours after moculatlon of the tested IIllcroorgamsms m tank B 
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Results and DIScussIon 

In the first annual report, coverrng the penod of September 29, 1992 to 

September 3D, 1993, we reported on the result concerning the mUltiple contamination 

expenment of fish and Its kinetics (See Part IV In that report pages 18 to 27) The 

results presented In that report showed that the contamination level of the test 

microorganisms In the dIgestive tract was higher than that found In the water In which 

the fish were grown, and reaches theIr maximum levels 12 hours after each inoculation 

The maximum concentratIon of the microorganIsms In the water reached 6 hours after 

each moculatlon The concentration of microorganIsms In the skin spleen and liver 

were much lower than m the water No microorganisms were found m fish muscle even 

after 11 inoculations With high liters of the microorganisms In the water (see matenals 

and methods In this report) 

In this report we are presenting data on decontamination expenments by water 

changes agamst control self punficatlon expenments 

Five different expenments were conducted two for self punficatlon (for details 

see Appendix No 1 A and B and three for decontammatlon expenments see Appendix 

No 2, A, B and C) The total number of fish samples was 60 and the total number of 

water samples was 42 The results presented In this report IS the log mean of the test 

mIcroorganIsms of the two self punfrcatlon experiment vs the three decontamination 

expenments After conducting speCIal statlstrcal analYSIS we found that there were no 

slgmficant differences between the results from tUrbid water and clean water rn the 
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decontamInatIon experiments (AppendIx 2) Therefore t~e results from the turbId water 

and the clean water were combIned and are presented In thIs sectIon together 

FIgures 1 to 5 present the concentratIon of the test mIcroorganisms m water 

(Figure 1), In the dIgestIve tract (FIgure 2), In the skm (FIgure 3), m the liver (FIgure 4) 

and In the spleen (FIgure 5) The A figures present the self pUrificatIon expenments 

and the B figures the water change expenments The concentration of the 

mIcroorganIsms IS expressed as a log mean of 2 to 6 fish samples as cfu or pfu/ml, gr 

FIgure 1 a shows that the test mlcroorganrsms could be detected In the water (up 

to 2 6 log m polio 1), 18 days after maculatIon In the control self pUrIfication 

expenments FIgure 1 b shows that the test mIcroorganisms could be detected m the 

water 3 to 6 days after Inoculation In the decontamInatIon experiments (E colI was 

eliminated after 3 days, MS2 after 5 days and Polio 1 after 6 days) FIgure 2a presents 

the mlcroorganrsms In the dIgestIVe tract (D T) In the control expenments MS2 was 

stili detectable In the D T 21 days after moculation, whereas E coli was undetectable 

at day 11 and polio 1 at day 21 Figure 2b shows that these mIcroorganisms were 

undetectable 5 to 6 days after Inoculations (E coli 5 days, MS2 and Polio 1 SIX days 

post moculatlon) It IS worth notice that the highest contamination was detected In the 

D T With levels of microorganisms simIlar to those In the seeded water ElliS et aI, 

(1976) found that thiS phenomena IS due to the fact that the wall of the dIgestIve tract 

are concentrated WIth phagocyte cells which serve as an Important defense mechanism 

for the fish Figure 3a shows that In the control expenments In the skin, MS2 was 
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undetectable at day 21, E coil and Polio 1 were undetectable at day 11 In 

decontamlnatron experiments (FIgure 3b) the test mIcroorganisms were undetectable In 

the skin 4 to 6 days post Inoculation FIgure 4a shows that Polio 1 could not be 

detected In the liver at day 11 and MS2 and E coil at day 6 In the control experiments 

FIgure 4b shows these mIcroorganIsms could not be detected In the liver at day 3 to 6 

In the decontammatlon experiments Figure 5a shows that MS2 and Polio 1 could not 

be detected In the spleen at day 9 whereas E coli at day 3 In the c.ontrol expenments 

FIgure 5b shows that E coli could not be detected at the second day after Inoculation In 

the spleen whereas MS2 at day 5 and polio at day 6 In the decontamination 

expenments 

None of the test microorganisms were found In the muscle 

The results of this study mdlcate the feasibility punfylng fish by a Simple 

technique of changing water Buras et al , (1987) found that, after 8 days of exposmg 

the fish to salmonella, (8 days with 8 water changes) were needed to depurate the fish 

organs from this mlcroorganrsm On the other hand, the results from this study - with 

control self pUrification expenments - were In agreement with the results obtained 

earlier In our laboratory (Fattal et al , 1993), where no appreCiable decrease of mdlcator 

mlcroorganrsms was observed for 5-8 days after inoculation In fish maintained In a tank 

wIthout changIng the water Fast decontamination of fish IS achieved, In this study by 

repeated changing of the water In the holding tank and this may lower the risk of 

disease transmISSion by fish handling or consumptIon In order to conserve water, !he 

contamrnated ambIent water may be recycled through a process of filtratIon and 

diSinfection 
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Conclusions of Part I 

1 

2 

Contamination of fish with E COil, MS2 Phage and Pollo 1 via maintenance 

water, causes massive contamination of the digestive tract as compared with 

other organs (shown In the prevIous report) 

In the muscle no test mlcroorganrsms were detected even In high liter of 

contamination 

3 Decontamrnatlon time of the digestive tract by active depuratron through water 

changes was shortened from 21 days to 6 days and less, depending on fish 

organs 

4 The results of this study Indicate the feasibility of pUrifying fish by a simple 

technrque of water changing, and this may reduce the risk of disease 

transmiSSion by fish handling or consumption 

5 In order to conserve water, the contaminated ambient water may be recycled 

through a process of filtration and diSinfection 

I 
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PART II 

A Prellmmary results of the toxIcity of hydrogen peroxide (H202) and 
silver Ions (Ag+) on fish 

B Ole-off mIcroorganisms (E COil, MS2 Phages and Polio 1) by 
hydrogen peroxide and silver Ions 



38 

~ntrQducbon 

Part I of this report deals with decontammatlon of fish by water changes without 

any addition of disinfectant Into the maintenance water 

In part II of this report we decided to perform preliminary experiments In order to 

test If the efficiency of the addition of any dlsmfectant to the fish maintenance water will 

mcrease decontamination of fish organs from various microorganisms At the beglnnmg 

we thClUgrt to use c.,lonr"e whlcb stIli serves as the prrnclpal drlllkmg water dIsinfectant 

In most water utIlitIes due to ItS hIgh inactivation efficIency towards a broad spectrum of 

mIcroorganisms, ItS low operation and mamtenance costs and ItS relatively simple 

application techniques However, the findmgs of Rook and Stevens In the mld

seventies (Rook, 1974, Stevens et ai, 1976) that chlorination IS associated with 

tnhalomethane formation triggered Intensive studIes Into the mteraction of chlorine and 

other disinfectants With natural organic materials In drlnkmg water and led to a parallel 

research Into the adverse health effects associated With strong OXidizers and their 

diSinfectIon by-products (OBPs) (Jolley et al , 1990, Bull and Kopfler, 1991, USEPA, 

1993) Despite their tremendous benefits In protecting human health, most of the 

recent stUdies have led to the mevltalbe conclUSIon that each of the current chemical 

disinfectants IS assocIated With some undeSirable chemIcal products 

Chlormatlon produces a plethora of halogenated OBPs including the notorious 

tnhalomethanes and halo-acetic aCids Some of these compounds were declared as 

probable human carcinogens (e g , chloroform, bromodlchloromethane and bromoform) 

and there IS growing apprehenSion that the number of regulated compounds reflects the 

I 
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current, lImited epidemiological knowledge rather than the real potential health risk 

likewise, each of the alternatively proposed oXidants has Its mherent disadvantages 

Chlorine dioxide produces chlorate and chlorite, ozone Yields a number of low 

molecular weight ketones and aldehydes (e g , formaldehyde), bromate - In bromide 

rich water, In addItIon to Its assImilable organic carbon (AOC) Yield, monochloramme 

has only mild disinfection capability and In the presence of other dlsmfectants may form 

nltnte 0" odorous dichloramine In addition to the serious problems that may be caused 

to patients usmg home dialysIs Units It IS notes that both France and Germany have 

outlawed the use of chlorammes m drlnkmg water for these reasons 

It IS worth notmg that besides the above mentioned limitations of uSing Chlorine 

Itself or ItS combmatIon as a dlsmfectant for drlnkmg water, It IS also known that chlorine 

has a tOXIC effect on fish even at low levels 

The sCientIfic and technologIcal efforts to replace the chlorme are accordmgly 

directed In several research paths UV IrradIation with, or wIthout, addition of radical 

formmg compounds (such as hydrogen perOXide) may provIde alternative primary 

disInfectIon and ways to Improve UV dlsmfectlon performance In turbid water are stili 

under investigatIon Membranal processes may provide alternative chemIcal "free" 

pathogen removal procedure These two approaches stIli requIre use of an additional 

resIdual disinfectant Another approach IS to use a combInatIon of two or more 

diSinfection agents, which exhibIt additive or synergistic effect Thus, a combmatlon of 

hydrogen perOXide and ozone IS being developed by the Metropolitan Water District of 

Southern California (Wolf et al , 1989) and chlorine and copper or silver or hydrogen 



40 

peroxide and Iron or copper were investigated (landeen et al , 1989a b) Our own 

studies were stimulated by the development of commercial stabilized formulation of 

Silver and hydrogen peroxide for use In the dlslnfectlon of drinking water and other 

antlbactenal applications By combining two or more disInfection agents It IS possible to 

lower the exposure of the water consumer to each of the components, and thus 

minimiZe the associated health risks and remaIn well below the MaXimum Contammant 

Level (MCl) of each component Such a comblnatron can be especIally attractive when 

the components of the combIned dlsmfectant target different and complementary 

populations of microorganisms or when the combination of the two diSinfectants exhibit 

synergistic effect 

Hydrogen peroxide has a known bacteriOCidal action (Gardmer et al , 1983), and 

IS frequently used In the food and pharmacologic industries Hydrogen peroxide IS a 

mild diSinfectant but ItS diSinfection capabilities can be Improved when It IS used In 

combInation with other compounds Hydrogen peroxide produces only low levels of 

OSPs and It IS not tOXIC at levels that are relevant to the water Industry The relative 

J stability of hydrogen peroxide In low pH conditions faCIlitates long storage and safe 

transportation Additionally, ItS low rate of decompOSition (at the common pH levels of 

drinking water) and ItS mild reactivity With organic compounds assure long lastmg 

reSidual diSinfection Silver IS a bactenostatlc/bactenocldal agent (Woodward, 1963, 

Chambers et al , 1962), which IS often used In pOint of use activated carbon based 

filters (Bell, 1991) The USEPA has recently declared that Silver does not cause 

adverse health effects and set a secondary Mel for Silver (90 ppb) based upon 

I 
I 
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cosmetic consideration, chronic exposure to silver may result In argYria, a blue-gray 

discoloratIOn of the skin The EEC, WHO and the Israel MinIstry of Health have 

specifically approved of the use of sIlver as a drlnkmg water diSinfectant at an MCl of 

80 ppb The minIstry of health m France has approved of the use of hydrogen peroxide 

for the dlsmfectlon of drinking water and a number of countries mcludmg SWitzerland, 

Germany and Australia have given their approval for the use of the commercial 

formulat'on of silver a'1d hydrcge'1 peroxide as drinking water diSinfectant While, both 

silver and hydrogen peroxide were well investigated, their combmatlon became a 

serious candidate for large scale water diSinfection only recently 

Based on the above review we deCided to test a) the effiCiency of uSing 

hydrogen peroxide and silver Ions as a diSinfectant against various microorganisms, 

and b) the tOXICity of thiS compound on fish 

The prelimmary objectives of thiS part were 

1 To test the maximum concentration of hydrogen perOXide (HzOz) and silver Ions 

which can cause tOXICity on fish 

2 To test the reSidual of thiS compound In clear and maintenance water at various 

time Intervals In order to determine the active reSidual concentration of thiS 

compound In the water 

3 To determme the kmetlc die-off for E coli, MS2 bactenophages (phages) and 

poliOVirus 1 at different concentrations of hydrogen perOXide and Silver Ions 
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Matenals and Methods 

1 Preparation of Glassware 

2 

All glassware were soaked In 5% nltnc aCid and then washed 8 times In double 

distilled water All solutions used In the expenments of this work were prepared 

In special bottles which were covered with aluminum fOil and kept In the 

refrigerator until used 

Preparation of Hydrogen Peroxide and Silver Ions Stock Solution 

A stock solution contained 2500 mg/l hydrogen peroXide was mixed with 7 mg/L 

Silver Ions prepared from Silver nitrate was used as one solution for all 

expenments Proper dilutIOns were made In order to prepare the appropnate 

concentrations for H202 and Ag+ In the water for each expenment, I e 10 mg/L 

H202 + 28 ppb Ag+ I 20 mg/L H202 + 56 ppb Ag+ and 30 mg/L H202 + 84 ppb Ag+ 

3 Preparation of Neutralization Solution 

Ten ml of the sample contained hydrogen perOXide and Silver Ions were neutralized with 

o 1 ml of 15% of sodium thiosulfate and 10% thlogllcohc aCid stock solution ThiS 

combination IS often used for neutrahzatlon of chlOrine and Silver or copper combined 

disinfectant (Landeen et al ,1989) At a later stage Padahzur et al , (1994) found that 

thiS neutralization procedure falsely Increased the measured Inactivation level of the 

microorganisms They replaced thiS procedure with catalase-thloglycolate-pepton 

neutralizer, and they found that thiS solution passed the validation test, and the 

nautrallzed sample exhibited similar titer to the control sample and the titer remained 

stable for at least several hours 

I 
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4 Determination of the Concentration of Hydrogen Peroxide 

Two solutions were used 

Solution A - Kmn04 0 002N 

Solution B - 0 2367 Mn04+2N H2S042% to 1000 ml of double distilled water 

To determine the concentration of hydrogen peroxide In 10 ml sample, 10 ml of 

solution B was added and tlterate with solutton A, till you get a stable pink color 

Each ml of solution A react with 3 4 mg of H20z The concentration of -hydrogen 

peroxide In the sample was determined by multtplYlng the volume of solution A 

(In ml) by 34 

5 Preparation of Stock Mlcroorgamsms and Assays 

For preparation of stock mlcroorgamsms and assay of E coh, MS2 

Bacteriophage and poliovirus see part IV of the progress report covering the 

period of September 29, 1992 to September 30, 1993 (See Appendix 3) 

6 The Water Used for Laboratory Expenments 

a Clean water - tap water without residual chlonne was filtered In activated 

carbon filter 

b Maintenance water - "clean water" In which 5 fish were kept dUring a one 

month period At that period the fish were fed with high protein pellets at 

a rate of 1 % body weight to allow only maintenance of the fish but no 

growth The fish were kept In 100 - 1 container of "clean water" 

whereas dUring the experiments the water was not filtered nor changed 
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7 The Fish Used for the Experiment 

In all experiments we used Tllaphla-Sarotherodon aureus X S OIlatlcus hybnds 

weIghing between 100 gr to 150 gr 

8 DeSCription of the Experiments 

The experiments were conducted 10 three dIfferent ways 

a To test the reSIdual of hydrogen perOXIde In different kinds of water (clean 

water and maIntenance water) at dIfferent periods of time 

These were conducted 10 two ways 

1 In the presence of fish WIth airing the water 

2 Without the presence of fish and WIthout aIring the water To 

perform thiS, 2 Erlenmeyer flasks were used, 10 the first we poured 

500 ml of clean water, and In the second - 500 ml of mamtenance 

water To each of these 2 Erlenmeyers, we added 05 ml of stock 

culture of E coli at concentrations of 109 cfu/ml, a 5 ml of MS2 

Phages (1 o'3/;Au/ml) and 0 5 ml of Polio 1 (10" pfu/ml) To each 

Erlenmeyer, hydrogen perOXide was added to reach a final 

concentration of 10, 20 or 30 mg/l The expenments were 

conducted at room temperature The water was mIxed With 

magnetIc stIrrer durrng the tIme of the expenment 

b To test the resIstance of fish to vanous concentrations of hydrogen 

perOXide and Silver Ions These experiments lasted 10 days dUring whIch 

the concentratIon of hydrogen peroxIde was adjusted every day In order to 

I 
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reach the Initial concentration at beginning of the experiment Ie, 10, 20 

or 30 mgll These experiments were conducted In 20 liter containers of 

clean water with the presence of fish Acclimatization period of the fish In 

the containers was 24 hours prior to the experiment The experiments 

were conducted In 4 containers the first was With clean water Without 

hydrogen peroXide (control) To the three other containers, hydrogen 

peroxIde was added at a levels of 10, 20 and 30 mgfl resoectlvely All 4 

containers were aerated by compressed air uSing porous plastiC tubing 

Samples of water were taken every 24 hours and before the 

adjustment of hydrogen peroxide to the Initial concentration at the 

beginning of the experiment In addItIon samples were taken during the 

first 18 hours at the time periods of 0, 10, 20,40, 60, 90 and 120 minutes 

and also after 18 hours At each time period, 20 ml of water samples 

were taken to a test tube which contained 50 mlcrohte neutralIzation 

solution Each sample was tested twIce to determine the concentration of 

hydrogen peroxide In the water Based on the results of the titratIon, the 

concentratIon of hydrogen peroxide was adjusted to inItIal concentration 

which was at the beginning of the experiment 

c To test the die off kinetics of E coli, MS2 phages and Pohvlrus1 In 

different concentrations levels of hydrogen peroxide and Silver Ions 
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These were performed In two stages 

1 Without the adjustment of hydrogen peroxide 

These experiments were conducted, uSing two Erlenmeyers, In the 

first 500 ml of clean water were poured and In the second - 500 ml 

maintenance water To each of these Erlenmeyer we added 0 5 

ml of stock cultures of E coli, MS2, polio and hydrogen peroxide 

as mentIoned In section 8a2 above The experiment lasted 

between 2 to 24 hours 

2 With the adjustments of hydrogen peroxide 

These experiments were conducted as follows two Erlenmeyers 

were used In which we poured 500 ml maintenance water of the 

stock cultures of E coli, MS2 and Poh01 at concentration as 

mentioned In Section 8a2 To the first Erlenmeyer, 30 mg/l of 

hydrogen peroxide was added and the second one served as 

control (Without hydrogen peroxide) DUring the expenmental 

period the water In both Erlenmeyers were mixed uSing magnetic 

stirrer, and the experiment lasted 6 hours Within that period the 

hydrogen peroxide was adjusted 
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The active residual of H2Jh and Ag+ Ions m different kmd of 

water 

a At presence of fish and alrmg the water 

Table 1 a and b summarises the results of changing 

the concentratton of H202 In the clean water during 10 days 

oenod Table 1a showed that the levels of H202 In the water 

did not change appreciably dUring 10 days This IS true at 

the Initial concentration of 10,20 and 30 mg/l of H202 On 

the other hand It seemed that the levels of H202 were 

decreased significantly starting from the second day mainly 

at the concentrations of 10 and 20 mg/L ThiS happened m 

spite of the fact that the concentration of H202 was adjusted 

every day to the Initial calculated levels The data from 

Table 1 was also presented In figures 6A and 68 

b Without the presence of fish and airing the water but 

With the addition of stock cultures of E coli, MS2 

Phages and PoliOVirus 1 

Table 2 presents the results of 3 different 

experiments, In changmg of the levels of H202 from the Initial 

concentration of 30 mg/L In clean vs mamtenance water for 

the penod of 24 hours (see also Figure 7) It can be seen 
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from this table that, on the average, there are relative slight 

decrease In the concentratIon of H202 In clean and 

maintenance water However, this was not the case In each 

single expenment (see exp 1 In both clean and 

maintenance water), where there was high decreases In 

H202 concentration and reaches to very low levels wlthm 24 

hours This indicates that the active concentration of H202 In 

the water IS changing between different expenments, and 

therefore It IS recommended to test the levels of H202 In the 

water at a constant time of the expenment Table 3 

presents the results with the initial concentration of 10 mgll 

of H202 It can be notice a decreases of over 60% within 4 

hours In the maintenance water as compared with over 50% 

In clean water 

c Comparison between the residual of active H202 with 

1 aerated water 

Tables 4 and 5 companng the residual concentrations 

of H202 In clean water with airing and with presence of fish 

VIS a VIS to mixed water without fish Table 4 presents the 

data for the Inlttal concentration of 10 mg/l H202 and table 5 

for 30 mg/l H202 It can be seen that the concentrations of 

H202 In the aerated water were more stable than In the 

! .. 
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mIxed water FIgure 8 presents the same data from tables 

4 and 5 

Ii The resistance of fish to different levels of H202 and Ag+ Ions 

As stated In Matenals and Methods, (8b) four Telapla fish 

were kept In four containers wIth clean water The experIment 

lasted 10 days during which the concentratIon of hydrogen 

peroxIde and A.g+ was ad lusted everv day In order to reach the 

inItIal concentratIon at the begInning of the experIment, Ie, 10, 20 

or 30 mgtl for H202 and 28, 56 or 84 ppb Ag+ respectively The 

fourth container served as a control wIth 0 H202 and Ag+ It was 

bound that no fish mortalIty occur In any of the container 

Moreover, the fish looked very good (Without performing any 

phlologlcal observations) The smell of the fish In the containers 

wIth the dISinfectants was also good, whereas In the control 

container, a typical smell of fish was noticeable In addition, the 

quality and the clearness of the water Improved WIth Increases of 

the concentration of H202 and Ag+ In the water This means that 

H202 and Ag+ at levels tested are not tOXIC to the fish 
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III The die-off kmetlcs of the different mlcroorgamsms In clean 

and mamtenance water 

a Dle-off kmetlcs of E. colt 

Five experiments were conducted at 9 different 

concentration levels of H202 and Ag+ wrth and without the 

adjustment of the H202 and Ag+ to the mItlal concentration at 

the beginning of the experiment Tables 6 to 8 and Figures 

9 to 11 present the results It can be seen that the E. coli 

die-off In clean water and maintenance water was very low 

at concentrations of 10 mg/l H202 + 28 ppb Ag+ (see Table 6 

and also Figures 9 to 10) Table 7(a, b and c) presents data 

from 3 expenments with Initial concentration of 30 mg/l H202 

+ 84 ppb Ag+ (wIth no adjustment) It can be seen that the 

E. coli reduction was 5-6 logs wlthm 24 hours In both kind of 

waters This IS true only when the residual of H202 IS stable 

1 In the water dUring the experiment penod (see expenment 2 

and 3, Table 7b and 7c) When the concentration of H202 

. low, the reduction of E. colt IS also low (see expenment 1, 

Table 1 a) Table 8 shows the E. call die-off In 

maintenance water with and without the addition of 

hydrogen peroxide and Ag+ It can be seen that E coil 
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reduction IS almost null In the control expenment, while In 

presence of H202 and Ag+ the reduction was 2 logs 

b Dle-off kinetics of MS2 and poliovirus 1 

Five expenments were conducted, part of which with 

the adjustment of the concentration of H202 and Ag+ during 
I o 

the expelment penod The results are summanern Tables 

9 to 11 and Figures 12 to 14 

Table 9 shows that at concentration of 10 mgll H202 

and 28 ppb Ag+, the MS2 phage die-off In clean water was 

very high (over 6 logs Within 3 hours) On the other hand 

the die-off of MS2 In mamtenance water and polio 1 In clean 

and maintenance water was very low 

Table 10 (a, b and c) shows the die-off of MS2 and 

polio 1 In 3 different expenments, at a concentration of 30 

mgfl H202 and 84 ppb Ag+ Without the adjustment of the 

concentrations of these diSinfectants In the water dunng the 

experrment perrod The results indicate that the reduction of 

MS2 In clean and maintenance water was high (4 to 6 logs 

Within less than 24 hours) However, almost no die-off of 

polio 1 was observed It can be notice also that the data 

was not reproducible In the three experiments Table 11 (a 

and b) presents the die-off of MS2 and polio 1 In clean and 
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maintenance water In two dIfferent expenments at a 

concentration of 30 mgfl H202 and 84 ppb Ag+ with the 

adjustment of the concentratIons of these dIsinfectants In the 

water dunng the expenment penod to the InItIal calculated 

concentration It can be seen that In the control 

experiments, no dIe-off was observed neIther for MS2 nor for 

polIO However, no dIe-off was seen for polto even after the 

adjustment of concentrations of H202 and Ag+ 

J 
I 
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Conciu.slon of Part II 

1 At concentration of 30 mgtl H202 and 84 ppb Ag+ the fish were growing 

very well with no sign of tOXICity 

2 At the above mentioned concentration levels of these disinfectants, the 

die-off of E. coli and MS2 phages was very good, mainly In clean water 

The polio 1 die-off was very poor 

3 ThE' d,p-ofi= of the tested microorganisms was not the same In the different 

expenments The die-off In one experiment was very high (mainly for 

MS2 and E coli) while for the others no die-off was observed Insplte of 

the fact that all experiments were conducted In the same conditions 
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Table 1a 

Changes In the concentration of hydrogen peroxide (H202) In clean 
water as a function of time 

a During 18 hours from the beginning of the experiment (1) (2) 

100tiai calculated of Hz.o., In water (mgll) (3) 

30 20 10 

measured measured measured 
time (min) H2.QZ (mgtl) l:I.z.Q, (mgtl) 1:I.,.Q, (mgtl) 

0 285 200 105 
10 309 190 11 6 
20 31 5 214 11 9 
40 289 210 105 
60 279 190 95 
90 279 197 99 

120 279 184 100 
18 h 275 136 95 

(1) Dunng the first 18 hours the concentration of H202 was not adjusted 

(2) The figure In thiS table express the concentrations of H202 In the water before the 
adjustment The concentration of H202 In the water was adjusted every day to 
the calculated concentration which presented In the upper part of thiS table 

(3) The initial concentrations of Ag+ were 84 ppb for 30 mgtl H202• 56 ppb for 20 
mg/l H202 and 28 ppb for 10 mgll H202 

I 
I 
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Table 1b 

Changes In the concentration of hydrogen peroxide (H202) In clean 
water as a function of time 

b DUring 10 days from the begInmng of the experiment (3) 

Imtlal calculated concentration of HzQz In water (mgfl) 

30 20 10 

measured measured measured 
time (days) tlzQ, (mg/l) ttzQz (mgt!) 1:lzQz (mgfl) 

0 285 200 105 
1 282 136 95 
2 309 27 34 
3 262 27 20 
4 170 24 20 
5 24 24 20 
8 109 54 24 
9 170 95 24 

10 190 8S 20 

(3) See note 2 and 3 In table 1 a 
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durmg two hours without adJustmg HzOz or Ag+ levels 

(with fish and airing) 
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FIgure 68 Changes In the concentration of H202 In clean water as a function of 
time (The concentration of H202 and Ag+ was adjusted every day starting from 

second day) (with fish and amng) 
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Table 2 

Changes In the concentration of hydrogen peroxide (H202) In dIfferent kInd of water as 
a function of time (The inItial calculated concentration of H202 was 30 mg/l and for Ag+ 
was 84 ppb Without fish and airing but wIth addition of stocks of E call + phages MS2 

and polio 1) (1) 

ConcentratIon of HzQz (mgtl) 

clean water maintenance water 

:tlm~ (mIn) ~tngl~ ~XR~[lm~Dt rne.aa ~Ingl~ ~XR~[lm~Dt me5i!n 
1 2 3 1 2 3 

0 292 343 306 314 306 340 330 325 
20 204 258 299 254 252 286 262 267 
40 11 9 262 286 222 207 238 245 230 
60 85 238 269 197 204 207 235 21 5 

120 48 238 262 183 160 207 187 185 
300 24 224 262 178 99 207 160 155 

1440 1 7 206 235 153 5 1 207 143 134 
24 h 

(1) DUring the experiment the concentration of H202 or Ag+ In the water was not 
adjusted 
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Frgure 7. Mean changes In the concentration of H202 In various kinds of water as 
• function of time 

(The initial calculated concentration of H202 was 30 mgn and for Ag+ 
was 84 ppb and was not adjusted during the expeTiment) (WIthout fish 
and airing but with the presence of E. coli, MS2 phages and Polio 1) 
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Table 3 

Changes In the concentration of hydrogen peroxide In different kind of water as a 
function of time 

(the Initial calculated concentration for H202 was 10 mg/l and for Ag + was 28 ppb) 
(Without fish and airing but with addition of stocks 

Time (mm) 

o 
10 
20 
40 
60 
90 

120 
180 
240 

of E colt + Phages MS2 and Polto 1) (1) 

The concentration of HZQ2 (mgll) 

Clean Water 

85 
78 
78 
78 
68 
61 
51 
44 

Maintenance Water 

102 
95 

109 
75 
58 
51 
44 

4 
34 

(1) DUring the experiment the concentration of H202 or Ag+ In the water was not 
adjusted 

I 
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Table 4 

Comparison of the concentration of residual H202 In clean water with airing and 
fish VIS a VIS to mixed water without fish as a function of time 

(The Initial calculated concentration of H202 was 10 mgtl and for Ag+ was 28 ppb) (1) (2) 

The concentration of HzQz (mg/I) 

Time (mm) 

10 
20 
40 
60 
90 

120 

Aereted Water 

11 6 
11 9 
105 
95 
99 

100 

Mixed Water 

85 
78 
78 
78 
68 
61 

(1) DUring the experiment the concentration of H202 or Ag + In the water was not 
adjusted 

(2) With the addition of stocks of E coli + MS2 phages and polio 1 
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Table 5 

Comparison of the concentration of resIdual H202 In clean water WIth airing and 
fish VIS a VIS to mixed water Without fish as a function of tIme 

(The Initial calculated concentratIon of H202 was 30 mg/l and for Ag+ was 84 ppb) 1 )(2) 

The concentration of HzQz (mgtl) 

Time (min) 

20 
40 
60 
90 

120 
300 

Aereted Water 

316 
289 
279 
279 
279 
279 

Mixed Water 

258 
262 
238 
238 
224 
206 

(1) DUring the experiment the concentration of H202 or Ag+ In the water was not 
adjusted 

(2) With the addItIOn of stocks of E coli + MS2 phages and polio 1 
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Table 6 

E. coli die-off In clean and maintenance water by hydrogen peroxide 
(H202) and Ag+ as a function of time 

(The InItial calculated concentration of H202 was 10 mg/l and for Ag+ was 28 ppb) (1) 

Clean Water MalOtenance Water 

rime (min) E. col! (cfu/ml) H202 (mgll) E. col! (cfu/ml) .l:iz.Q.z (mg/I) 

0 1 8 * 106 86-:: 105 102 
10 85 94* 105 95 
20 86* 105 78 95* 105 109 
40 80* 105 78 90* 105 75 
60 70* 105 78 85* 105 58 
90 50* 105 68 70* 105 5 1 

120 39* 105 61 60* 105 44 
180 1 4 * 105 51 57* 105 40 

(1) DUring the experiment, the concentration of H202 or Ag+ In the water was not 
adjusted 

-
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Table 7a 

E colt die-off 10 clean and maintenance water by hydrogen peroxide 
(H202) and Ag+ as a function of time 

(The Initial calculated concentration for H202 was 30 mgtl and for Ag+ was 84 ppb) 
(experiment no 1) (1) 

Clean Water MaJOtenance Water 

Time (mm) E. coli (cfu/ml) l:izQz (rog/l) E. colt (cfutml) l:iz.Qz (mgt!) 

0 1 8 * 107 292 55* 106 306 
20 1 5 * 106 204 1 9 * 105 252 
40 66* 106 11 9 20* 104 207 
60 60* 106 85 1 6* 104 204 
90 47* 106 58 20* 105 163 

120 2 1 * 106 48 20* 105 160 
180 26* 106 58 55* 104 11 6 
240 1 6 * 106 24 6 1 * 104 102 
300 29* 104 24 99 
420 36* 105 20 27* 104 82 

720 74* 104 20 1 7 * 103 82 
12 h 

1440 90* 103 1 7 50* 103 51 
24 h 

(1) DUring experiments 1, 2 and 3 (tables a, b and c) the concentration of H202 or 
Ag+ In the water was not adjusted 
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Table 7b 

E. coil die-off In clean and maintenance water 
by hydrogen peroxide (H202) and Ag+ as a function of time 

(The Initial calculated concentration for H202 was 30 mgll and for Ag+ was 84 ppb) 
(experiment no 2) 

Clean Water Maintenance water 

Time (mm) E. coli (cfutml) .tI.zQz (mgll) E. call (cfu/ml) tlzQz (mgtl) 

0 53* 105 306 75* 105 330 
20 78* 104 299 1 5 * 105 262 
60 1 0 * 103 286 1 0 * 105 245 

120 55* 103 269 1 8 * 105 235 
300 1 2 * 102 262 1 6 * 104 187 

1440 0 235 65* 101 143 
24 h 

-
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Table 7c 

E. coli dIe-off In clean and maIntenance water by 
hydrogen peroxIde (H202) and Ag+ as a functIon of tIme 

(The InItIal calculated concentratIon for H202 was 30 mg/l and for Ag+ was 84 ppb) 
(experIment no 3) 

Clean Water MaIntenance Water 

TIme (mIn) E. coli (cfu/ml) HzOz (",g/l) E. co h (cfu/m I) tlzQz (mg/l) 

0 30* 105 343 55* 106 340 
20 1 0 * 104 258 73* 105 286 
40 1 5 * 104 262 39* 105 238 
60 30* 103 238 45* 105 207 

120 80* 103 238 90* 104 207 
300 0 224 30* 103 207 

1440 0 206 0 207 
24 h 
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Table 8 

E. coli die-off In maintenance water With and Without hydrogen peroxide 
(H202) and Ag+ as a function of time 

(The Initial calculated concentration for H202 was 30 mg/l and for Ag+ was 84 ppb) 

Maintenance Water 

Without H202 or Ag+ 
(control) 

Time (mm) E COl! (cru/ml) 

o 
20 
40 
60 
90 
120 
360 

N T - not tested 

1 0 * 106 

NT (1) 

NT 
80* 105 

NT 
72* 105 

60* 105 

E. coil (cfu/ml) 

35* 105 

26* 105 

23* 105 

1 4 * 105 

20* 105 

1 8 * 104 

95* 103 

lizQz (mg/l) 

349 
309 
292(2) 

31 6 
272(2) 
286(2) 
207(2) 

DUring the experiment the concentration of H202 and Ag+ In the water at these 
pOints was adjusted 

I 
I 
• 
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Figure 9. E. col! die-off In clean water vs the reSidual of H202 as a function of tIme 
(The initial calculated concentration of H202 was 10 mgfl and for Ag+ was 28 PPb) 
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Figure 11. E. coIl dle..off In clean vs mamtenance water as I function of time 
(The initial calculated concentration of H202 was 10 mgfland for Ag+ was 28 PPb) 
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Table 9 

Ole-off microorganisms (MS2 phages and polio 1) In clean and maintenance water by 
hydrogen peroxide (H202) and Ag+ as a function of time 

(The Initial calculated concentration for H202 was 10 mg/l and for Ag+ was 28 ppb) (1) 

Clean Water Maintenance Water 

Phage Polio 1 H202 Phage Polio 1 H202 
Time (mm) (pfu/ml) (pfu/ml) {mglQ (pfu/ml) (pfulml) (mg/I) 

0 40* 107 75* 105 - 5 1 * 106 65* 105 102 
20 28* 106 60* 105 78 29* 106 35* 105 109 
40 1 1 * 106 22* 105 78 26* 106 35* 105 75 
60 35* 105 1 9 * 105 78 2 1 * 106 35* 105 58 
90 85* 104 49* 105 68 1 8 * 106 35* 105 5 1 

120 5 0*104 44* 105 6 1 14* 106 35* 105 44 
180 19*101 28* 105 5 1 93* 105 34* 105 40 
240 0 1 5 * 105 44 85* 105 32* 105 34 
300 0 1 5 * 105 44 77* 105 34* 105 34 
5h 

(1) During the experiment the concentration of H202 or Ag+ In the water was not 
adjusted 
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Table 10a 

Ole-off microorganisms (MS2 phages and polio 1) In clean and maintenance water by 
hydrogen peroxide (H202) and Ag+ as a function of time 

(The Initial calculated concentratIon for H202 was 30 mgll and for Ag+ was 84 ppb) (1) 
(experiment 1) 

Clean Water Maintenance Water 

Phage Polto 1 H202 Phage Polio 1 H202 
Time (min) (pfu/ml) (pfu/ml) !m9L!l (pfu/ml) (pfu/ml) .{mgL!} 

0 40* 104 68* 106 292 65* 105 36* 106 306 
20 20* 104 68* 106 204 1 0 * 104 30* 106 252 
40 20* 104 68* 106 11 9 2 1 * 104 30* 106 207 
60 20* 104 64* 106 85 4 30* 106 204 
90 20* 104 59* 106 58 4 30* 106 163 

120 20* 104 59* 106 48 0 30* 106 160 
180 50* 103 59* 106 58 0 30* 106 11 6 
240 50* 103 59* 106 24 0 30* 106 102 
300 50* 103 59* 106 24 0 30* 106 99 
420 50* 103 50* 106 20 0 30* 106 82 
720 2 1 * 103 38* 106 20 0 28* 106 82 

1440 1 0 * 101 28* 106 1 7 0 28* 106 5 1 
(24h) 

(1) DUring the experiment the concentratIOn of H202 or Ag+ In the water was not 
adjusted 
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Table 10b 

Ole-off microorganIsms (MS2 phages and pallo 1) In clean and maintenance 
water by hydrogen peroxide (H202) as a function of time 

(The InItial calculated concentration for H202 was 30 mg/l and for Ag+ was 84 ppb) (1) 
(experiment 2) 

Clean Water Maintenance Water 

Phage Polio 1 H202 Phage Pallo 1 H202 
Time (min) (pfu/ml) (pfufml) !m9Lll (pfu/ml) (pfu/ml) .(mglU 

0 23'* 106 3 1 '* 106 306 1 8'* 106 46* 106 330 
20 0 3 1 * 106 299 1 3'* 106 42'* 106 262 
60 0 20* 106 286 1 3'* 106 30'* 106 245 

120 0 20* 106 269 1 3'* 105 30'* 106 235 
300 0 19'* 106 262 1 0'* 101 30* 106 187 

1440 0 1 9'* 106 235 0 30'* 106 143 
(24h) 

(1) DUring the experiment the concentration of H202 or Ag+ In the water was not 
adjusted 

I 

• 
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Table 10c 

Ole-off mlcroorgamsms (MS2 phages and poho 1) In clean and maintenance 
water by hydrogen peroxide (H202) and Ag+ as a function of time 

(The initial calculated concentration for H202 was 30 mg/I and for Ag+ was 84 ppb) (1) 
(expenment 3) 

Clean Water MalOtenance Water 

Phage Polio 1 H202 Phage Polio 1 H202 
Time (min) (pfu/ml) (pfu/ml) .(mgfl). (pfu/ml) (pfu/ml) (mgll) 

0 73* 106 37* 106 343 70* 106 42* 106 340 
20 1 0 * 103 33* 106 258 69* 106 40* 106 286 
60 85* 101 3 1 * 106 238 38* 106 30* 106 207 

120 10*101 20* 106 238 35* 106 24* 106 207 
300 0 1 6 * 106 224 30* 103 20* 106 207 

1440 0 1 3 * 106 206 1 5 * 102 1 5 * 106 207 
(24h) 

(1) DUring the experiment the concentration of H202 or Ag+ In the water was not 
adjusted 
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Table 11a 

Ole-off microorganisms (MS2 phages and pallo 1) In maintenance 
water with and without hydrogen peroxide (H20Z) and Ag+ as a function of time 

(The Initial calculated concentration for H20Z was 30 mgll and for Ag+ was 84 ppb) (1) 
(experiment 1) 

M"lOtemmt:e Wj;:lifl( 
without H20Z or Ag+ with H20Z + Ag+ 

(control) 

Phage Pallo 1 Phage Pallo 1 H20Z 
Tlmfl (min) (pfu/ml) (pfu/ml) (pfu/ml) (pfu/ml) !mgLl} 

0 50'" 106 5 0'" 106 8 3'" 106 4 0'" 1 06 349 
20 NT NT 79'" 106 3 0'" 106 309 
40 NT NT 42'" 106 2 9 .,. 106 292 
60 1 6'" 1 06 4 5'" 106 4 0'" 106 2 9'" 106 31 6 
90 NT NT 33 1r 106 29'" 106 272 

120 1 3'" 106 1 7 .,. 106 26'" 106 2 9'" 106 286 
360 1 1 .,. 106 1 2'" 106 9 6'" 105 2 9'" 106 207 

N T Not tested 

(1) DUring the experiment the concentration of H20Z and Ag+ In the water was 
adjusted 

I 
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Table 11b 

Ole-off mlcroorgamsms (MS2 phages and polto 1) In maintenance 
water with and without hydrogen peroxide (H202) and Ag+ as a functIon of time 

(The initial calculated concentration for H20Z was 30 mgtl and for Ag+ was 84 ppb) (1) 
(experIment 2) 

MSlIDteDam~e Water 
without H202 or Ag+ with H202 + Ag+ 

(control) 
Phage Polio 1 Phage Polio 1 HzOz 

Time (min) (pfu/ml) (pfu/ml) (pfu/ml) (pfu/ml) .(mgfl) 

0 58* 106 68* 106 27* 106 24* 106 316 
20 NT (1) NT 64* 103 20* 106 282(2) 

40 NT NT 0 1 9 * 106 275(2) 

60 30* 106 55* 106 0 1 8 * 106 316 
90 NT NT 0 1 5 * 106 303 

120 33* 106 55* 106 0 1 5'* 106 29 3(2) 

360 33* 106 55'* 106 0 1 5'* 106 295 

(1)N T Not tested 

(2) DUring the expenment the concentration of HzOz and Ag+ In the water was 
adjusted 
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Al!~Ddllll 

The concentratIOn of E coh MS2 phages and pallo I (cfu or pfulcm1 gr or ml) 
m different fish organs and water In the control self punficaLlon expenmenl 

(Two cxpenments were conducted A BJld B The total number of 
fISh tested was 25 With no water changes) (I) 

ElI1!!<DID~DI A 

SK:IN LIVER SPLEEN 
Day Ino Hour No Fish 
N2.. N2.. A.fi.rul£ &h N2.. f£ fhm fnlt.Q E£ ~ fQlw f£ P.hw fQlw 

I 0 0 0 201 0 0 0 0 0 0 0 0 0 
2 I 24 0 201 260 300 4800 37 0 1800 7500 0 0 
2 1 24 0 203 330 0 700 0 0 0 0 0 0 , 3 I 48 0 204 97 0 240 0 0 700 0 0 22000 

I 
3 I 48 0 205 230 70 270 0 0 100 0 0 0 I 
5 1 96 0 206 30 220 0 0 200 0 0 0 0 
5 1 96 0 207 0 0 0 100 930 0 0 77000 0 
6 I 120 0 NT NT NT NT NT NT NT NT NT NT 
7 1 144 0 NT NT NT NT NT NT NT NT NT NT 
9 1 192 0 208 0 0 0 14 14 0 0 0 0 
9 I 192 0 209 0 0 0 0 0 0 0 0 0 

10 1 216 0 NT NT NT NT NT NT NT NT NT NT 
21 1 480 0 210 0 0 0 0 0 0 0 1000 0 

DIGESllVE lRACI WATER 
Day 1no Hour No Fish 
J::l.Q. J::l.Q. ~ &h 1::12. f£ fhm M.Q :E£ ~ fQlw 

I 0 0 0 201 0 0 0 0 0 0 
2 1 24 0 201 5000 230 2800 1000000 6000 10000 
2 I 24 0 203 4900 620 13000 NT NT NT 

] 
3 I 48 0 204 4400 0 59000 560000 50 8500 
3 I 48 0 205 8000 SO 60000 NT NT NT 
5 1 96 0 206 8500 14000 9000 4000 14 35 
5 1 96 0 207 1800 10 10000 NT NT NT 
6 I 120 0 NT NT NT NT 200 0 13 

I 7 I 144 0 NT NT NT NT 19 0 0 
j 9 1 192 0 208 340 0 130 3 0 5 

9 1 192 0 209 220 0 29 NT NT NT ( 
-

10 I 216 0 NT NT NT NT 3 0 1000 
21 I 480 0 210 4 28 0 0 0 4500 

(1) In each expenment only one moculated mlcroorfanlsms was performed The concentration of the moculated mlcroorgaJllsrns 
was 10' cfu/ml for E...Icllli. 106 pfulml for MS2 phages and 10 pfulml pallOvlfUS 1 m the water 

NT Not tested 
No number 
Ino moculatlon 
Ch Water change 
afinoe .. after moculatlon 
Ec E coh 
Phage .. MS2 phage 
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EXl!m~ B 

~- LKYEf Sf I s:T~ 
Day ho Hour NO- FIS: 
NQ. ~ .A1iJl.Q£ d:!. ~ :E.&: £r-!. ~ ~ ~ E.£ ~ ~ 

1 0 0 a so Q :I) 0 0 0 0 
1 1 Q l' .... T ~ ::NT "''T )1."'1" l>.IT 1-

2 24 0 SC!: 490 2 - -., 1.-0 "-000 0 :4000 8-
2 24 0 SC '000 ::;;K) 1:., 0 ~:JO :24000 Q 

3 48 0 S(l.. a ~ 3BO :~ ~/OOC : .. 000 
3 48 a 5C ([ 3 tiIii 4IIMOO 000 ~oo ~3000 950CJ 
4 72 a l' NT mEr ~ "'1 NT NT j-

S 96 a 56- £ c... ::5 0 8:00 0 Cl 140000 
5 96 a 50- er: 21 S7 {l 0000 0 a: 
6 120 ! sa (I ~ u 0 0 SooOlI 5900 
6 120 a S{.l- Cl =n 0 -400 C 20000' ) 

8 368 a ~! a: :a 0 :00 ( a 
8 ]68 a 5 IT -:n 0 000 ( =000 
9 192 a ~- a 'Il 0 000 ( a 
9 ]92 Q , Q 3l 0 0 ( J 

11 240 a )- (f J) 0 0 ( (1 

11 240 a 5 (J J) 0 0 ( (I 

18 432 a l' 'Ii ~ ::t.'T "'1 )1."1 .... T 1-

:0[:£5;;:_"£ i .. :l,.C'I' "~ITR 
Da) Ino HaIr ~o FIsh: 
& ~ IDiM .;h ~ ~ ~ ~ --" ~ EL 

I 0 r 0 501 D (JJ 0 0 
I I 0 .... T " "5IT l.fU =JJOO ti E-\Ji l.2E-c 
2 I 21: 0 S02:. ElOOO ~ -cilOQE Coooa 1 !i000 5~GC 

2 I 21: 0 :l0J:' .:@ODO ~ ~ "''T .... 1" 1-

3 I ~I 0 504- 39 .-0 5:..oom .. 70 UOOOO 190C 
3 1 '::1 0 50£ 1300 .-00 ~ "''T .... 1" 1-

4 0 "IT" '" '8IT NiB" 34 39000 1700 
5 9- 0 50&: 68 ~ -~ Hi WOOO 1000 
5 9- 0 50T 22 ~ ~ "'T .... 1" 1-

6 12.. 0 ~O~ 11 :3Imr ~ ': ...3000 b:; 
6 12 0 ~(l9': l2 ::I!iIiOC ~ "''T .... 1" 1-

3 Ib' 0 ~HI co ~ ~ 6 :00 4E n 

8 ItJ 0 :lll 1 .. 33( =3OIIE "''T .... 1" 1-

9 Ie: 0 :lIz:. ~r, :3aa.l 40 "00 L£G 
9 15: 0 513: ~ ~ "'T .... 1" I -

II 24 0 :l 14:c :I3f, ~ 70 -DO :J 
II 24' 0 51= 3:6t l~ "'T .... 1" I -
18 4= 0 "IT" .- ~1 SIr 45 20 .L"J 

NT Nimtestet 
No mmnber 
Ino 1IIIDCU1atl:D 

Ch Wt'2ll:r chmgc: 
afino~ atIll::r mO::UaIJon 
Ec Eroh 
Phage MS2p~ ~t'rAVA~ABLECOPY 
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Appendix 2 

The concentration of E coli MS2 phages and polto I (cfu or pfulcml gr or ml) 
m dlffcrent fish organs and "ater m dccontammatlon expenments 

(Three expenments were conducted A and B WIth clcan water and C with turbId "ater (mamtenance water) 
The total numbcr offish tested was 35 WIth water changes) (I) 

ExpeomeO! A (clean water) 

SKIN LIVER S:fLEEN 
Day Ina Hour No FIsh 
li!!.. li!!.. ~ m 1::12. E£ fhm ~ E£ fhm f2l.tQ E£ f.llm 

I 0 0 0 401 0 0 0 0 0 0 0 0 
I 1 1 0 NT NT NT NT NT NT NT NT NT 
I I 12 0 402 0 3 170 0 0 240 0 0 
I 1 12 0 403 0 180 100 0 9 0 0 0 
2 I 24 0 404 30 100 100 0 0 0 0 0 
2 1 24 0 405 2'1 2;0 300 0 0 0 0 0 
21 36 3 406 6 80 500 0 0 0 0 0 0 
2 I 36 3 407 2 26 300 0 0 0 0 1100 
3 I 48 8 408 0 13 0 0 0 0 0 9400 
3 I 48 8 409 0 0 0 0 5 0 0 0 
4 I n 16 410 0 7 0 0 0 0 0 0 
4 I 72 16 411 0 0 0 0 0 0 0 0 

DIGESlIVE TRACr WAIER 
Day Ina Hour No FIsh 
li!!.. li!!.. afiIJ.Q& m li!!.. E£ fhm f2]lQ f.£ F.hm 

I 0 0 0 401 0 0 0 0 0 
I I 1 0 NT NT NT NT 880000 90000()0 
I I 12 0 402 11 2300 96000 6600 16000 
I 1 12 0 403 0 180 11000 NT NT 
2 I 24 0 404 0 490 280000 200 5900 
2 I 24 0 405 13 79 240000 NT NT 
2 1 36 3 406 0 0 210000 0 0 
2 I 36 3 407 0 2 850000 NT NT 
3 I 48 8 408 0 0 1900 0 0 
3 I 48 8 409 0 3 2300 NT NT 
4 I 72 16 410 0 3 0 0 0 
4 1 72 16 411 0 0 0 NT NT 

fcllQ 
0 

NT 
98000 

0 
0 
0 

0 
0 
0 
0 
0 

~ 
0 

13000 
16000 

NT 
20000 

NT 
1900 

NT 
23 

NT 
0 

NT 

(I) In each expenmcnt onl} one 1D0culated microorganisms was performed The concentrallon of the maculated microorganisms "as 
I O~ cfulml for ~ 106 pfulml for MS2 phages and 10' pfulml poliOVIrus I In the "ater 

NT 
No 
Ina 
Ch 
afinoc = 
Ec 
Phage = 

Not tested 
number 
lDoculauon 
Water change 
after lDoc:ulalion 
E colt 
MS2 phage 

'& \ v 

I 
• 
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AppendIx 2 (conunued) 

Expenment B (clean water) 

SKIN LIVER S~LEEN 
Day lno Hour No FIsh 
~ ~ Afin2& m ~ f£ fhm fcl.tQ f£ £bm f2ll2 E.£ ~ f2!.!.Q 

I I 0 0 601 0 0 0 0 0 0 0 0 0 
1 I I 0 NT NT NT NT NT NT NT NT NT NT 
2 24 0 602 10 130 170 0 0 0 0 0 0 
2 24 0 603 13 63 330 0 0 100 0 0 10000 
2 36 3 604 25 2E+05 94 0 3600 300 0 0 0 
2 36 2 605 0 107 44 0 57 9000 0 0 0 
3 48 8 606 28 700 280 0 5900 20000 0 58000 0 
3 48 8 607 0 150 250 0 110 560 0 0 0 
4 72 16 608 0 180 0 0 94 0 0 300000 37400 
4 72 16 609 0 140 0 0 0 " 0 () 0 v 

5 96 24 610 0 33 0 0 0 230 0 0 50000 
5 96 24 611 0 0 0 0 0 0 0 0 0 

DIGESlIVE lRACI WAIER 
Day lno Hour No FIsh 
~ ~ IDin2£ &h ~ E.£ ~ fcl.tQ E.£ fhm fcl.tQ 

1 I 0 0 601 0 0 0 0 0 0 
I I I 0 NT NT l'-'T NT 30000 4700000 67000 
2 I 24 0 602 1000 24000 83000 4500 360000 83000 
2 I 24 0 603 2000 26E+06 413000 NT NT NT 
2 1 36 3 604 109 270000 14400 2500 1400 400 
2 I 36 2 605 1860 490000 750000 NT NT NT 
3 I 48 8 606 153 43000 354000 0 280 350 
3 I 48 8 607 570 660000 240000 NT NT NT 
4 1 72 16 608 0 9000 400000 0 110 220 
4 1 72 16 609 29 5800 25000 NT NT NT 
5 1 96 24 610 0 160 2000 0 0 45 
5 1 96 24 611 0 260 7700 NT NT NT 

NT Not tested 
No number 
Ino inoculatIOn 
Ch Water change 
afinoc after moculatlon 
Ec E col! 
Phage MS2 phage 
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Appendix 2 (continued) 

I EXIlCOmCD1 C (turbid or mamtenance water) 

SKIN LIVER SPLEEN -Da) Ino Hour No Fish 
liu. liu. ~ ~ liu. E£ ~ f2lul E£ ~ f.W.lQ E£ ~ ~ 

\ 1 0 0 301 0 0 0 0 0 0 0 0 0 
1 I 1 0 NT NT NT NT NT NT NT NT NT NT 
1 1 12 0 302 0 490000 30 110 730000 3500 0 16000000 24000 
I I 12 0 303 7 0 300 0 38000 0 0 10000000 8300 
2 1 24 0 304 0 53 170 0 480000 3000 0 1600000 0 
2 1 24 0 305 0 270 150 0 19000 2300 0 1400000 0 
2 I 36 3 306 0 10 0 0 0 0 0 0 0 
2 I 36 3 307 0 5 0 5 140 0 0 0 0 .., 3 I 48 8 308 0 20 0 0 0 0 0 0 0 
3 1 48 8 309 0 13 0 0 0 0 0 0 0 
4 1 72 16 310 0 0 0 0 0 0 0 0 0 
4 I 72 16 311 0 0 0 0 0 0 0 0 0 
5 1 96 24 312 0 0 0 0 0 0 0 0 0 
5 I 96 24 313 0 0 0 0 0 0 0 0 0 

DIGESlIVE lRACI WATER 
Day Ino Hour No Fish 
liu. J::l.Q. ~ ~ J::l.Q. E.£ f.hm ~ E.£ ~ ~ 

1 I 0 0 301 0 0 0 0 0 0 
1 1 I 0 NT NT NT NT 70000 14000000 7600 
I 1 12 0 302 260 96000 60000 100 140000 1000 
1 I 12 0 303 710 550000 64000 NT NT NT 
2 I 24 0 304 28 6700 120000 70 5600 3300 
2 1 24 0 305 0 59 43000 NT }''T NT 
2 I 36 3 306 18 290 g80 2 2600 87 

] 
2 1 36 3 307 130 340 530 NT NT NT 
3 I 48 8 308 0 23 0 0 0 6 
3 I 48 8 309 47 0 320 NT NT NT 
4 1 72 16 310 0 0 0 0 0 0 
4 I 72 16 311 4 0 0 }''T NT NT 
5 1 96 24 312 0 0 0 0 0 0 
5 I 96 24 313 0 0 0 NT NT NT 

l'.'T Not tested 
No number 
lno moculatlon 
Ch Water change 
afmoc co after mocu\allon 
Ec E coh 
Phage co MS2 phage 

I ... 
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Appendix 3 

preparation of stock Microorganisms and Assays 

1 Assays for different mlcroorgamsms 

The following microorganIsms were assayed In water and 

fish organs sample pollovrrus 1 MS2 bactenphage (phage) and E

mt 

1 1 Viruses and Assay Methods 

1 1 1 Poliovirus 1 

Poliovirus 1 Lsc strain was cultivated In Buffalo 

green monkey kidney (BGM) cells Cytopathrc effect 

was observed Within 48 hr of Infectron The virus was 

released from Infected cell cultures by three cycles of 

freeZing and thaWing and concentrated by 

ultracentnfugatlon Poliovirus was punfied by 

chloroform extraction Enumeration of poliovirus 1 

was accomplished by the plague-assay method as 

descnbed by (Guttmann-Bass and Nasser (1984) 

Bnefly, confluent monolayers of BGM cells are 

Inculated With 0 3 ml of pallo 1 samples After 1 hr 

incubation at 37°c, monolayers are overlayed With 

medium containing 1 % agar, and 2% calf serum 
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Then the monolayers are overlayed with medium 

containing 1 % agar, 15 ug/ml neutral red and 2% calf 

serum Plagues are counted 2-3 days later 

1 1 2 MS2 Bacteriophage 

Mixed population of MS2 phage were obtamed 

from raw wastewater, which usually contains less 

than 10 pfu/ml MS2 phage was concentratloned 

from 5-10 liters of raw wastewater by preCipitation 

with 12% polyethylene glycol (PEG) 8000 

PreCIpitatIOn was performed at 5°c for 16 hrs, 

followed by low speed centrifugation to pellet the 

Virus-preCIpitation The pellet was then suspended m 

Phosphate Buffered Saline (PBS), and extracted with 

an equal volume of chlorofonn to remove ImpUrities 

Assay for MS2 phage was done on Salmonella 

typhlmurrum (WG-40) as host, as described 

previously by Havelaar et al ,(1984) MS2 phage 

enumeration was done by the double agar layer 

Bnefly, phage samples (0 3 ml) were mixed with log-

phase bacterial cultures (0 2 ml) In 3 ml molted agar 

kept at 45°c After vortex, the samples were poured 

In plates containing bottom agar Plagues were 

I 
I 
I 

• 
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developed and counted after 4 to 12 hours of 

incubation In 37°c Incubator 

11 3 E.coh 

~ resistant to Streptomycin and NalidixIc 

aCid was cultured In 500-1000 ml nutrient broth 

(Dlfco) USing a thermostatic shaker at 37°c for 18-24 

hours The final concentration of the culture was 108 

- 109 cfu/ml A sample of the culture was assayed for 

E coli with and without antibiotics In the medium 

Samples from water and variOUS fish tissues were 

assayed to determine the levels of microbial 

contamination The samples were assayed for E coli 

and enumerated on mTEC agar (Dufour et al 1981) 

The Indicator system of the mTEC agar 

conslstes of bromocresol purple and bromophenol 

red The pH of the medium was 7 3 ± 0 1 The 

medium supplemented with 50 ppb of Streptomycin 

and NalidixIc aCId Appropriate sample volumes were 

passed through 0 45 urn POroSity memebrane filters 

and the filters were then placed on the medium The 

plates were Incubated for 2 hrs at 37°c and for 20 hrs 

at 445°C The plates were removed from the 

Incubator and all yellow colOnies were conSidered as 

fecal coli 
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2 Sample Custody 

Virus stocks and virus Isolates, before and after processing, 

are stores at -70°c 8GM cells were stored In liquid nrtrogen All 

Information IS recorded In laboratory folders by dates 

3 Assays for Microorganisms Used for Inoculations In the 

laboratory Experiments 

The penetration of microorganisms Into fish tissues were 

studied uSing E coil bacteria, male-specific MS2 bacteriophage 

and Poliovirus 1 The stocks of the E coli and MS2 Phage were 

prepared In the laboratory as preViously desCribed The stock of .E.. 

~ was prepared 18 to 24 hrs prior to experiment The stocks of 

the Phage and Polio 1 were prepared at the beginning of the study 

and were freezed at -30°c 

The concentrations of the stocks were as follows 

E. coli = 1010 cfu/ml 

MS2 phages = 1011 pfu/ml 

Polio 1 = 1010 pfu/ml 

Each Inoculum (In all the experiments), consist of these 3 

mIcroorganisms 

I 
I 
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PART III 

Survival of HepatItis A Virus (HA V), PolIovirus I, 

F+ Bacteriophages and E. coli In Phosphate-Buffered 

Saline (PBS), Ground Water and Wastewater as It PertaIns 

to Seafood Safety 
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IntroductIon 

HepatItIs A VIruS (HA V) IS a major waterbome dIsease agent with worldwide distribution (see 

Nasser 1994, a review of the literature on the prevalence and fate of HAV In water) The mam 

transmission route of HAV IS dIrect person-to-person contact However, an outbreak of hepatItIs 

caused by the consumptIon of raw oysters was descnbed by Jean-Claude et al (1991), and also 

by Portnoy et al (1975) Shellfish can filter, accumulate, and retain viruses from surroundmg 

waters It IS possIble that shellfish concentrate the hepatitis VIruS Trom surrounding water In a 

manner similar to that observed for other enterovlruses (Goyal et al 1979) Therefore It IS very 

Important to study the die-off and the survival of HAV In waters In order to analyze the public 

health ImplicatIon and seafood safety gUIdelines 

FIshponds are generally supplemented wIth anrmal manure and In some farms, wIth 

wastewater However, animals and untreated human wastes can be loaded with pathogenic 

bactenal and vIral agents and theIr introduction mto fishponds may pose a health hazard for fish 

handlers and consumers The Impact of mIcrobIologIcal loadmg of growth waters on the levels of 

contamrnation of vanous fish organs has been studIed prevIOusly (Buras et al 1987 Siabbert et 

al 1989, and Fattal et al 1992) It can be concluded from these studIes that fish grown In 

cotammated waters may not be consIdered safe for human consumption In part 2 of this report 

the test of marketed fish for different microorganisms IS presented 

I 
I 
I 
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Materials and Methods 

Four dIfferent water types were used Raw wastewater samples were obtained from the 

wastewater treatment plant of Jerusalem after pnmary sedImentatIon Stenle wastewater was 

prepared by autoclavlng the raw wastewater for 30 mm at 121° C Groundwater samples were 

obtamed from a weJl 10 Tlra, a small town In the central part of Israel (thIS well IS SSm deep and IS 

used as dnnkmg water). PBS 0 01 M, pH- 7 2 served as a control 

One Irter of each water type was seeded wIth vanous mlcroorgamsms to reach an inItIal titer 

of 106 cfu/ml E coli and 104 
- 105 pfu/ml of the vIruses After thorough mlxrng each sample was 

dIvIded mto 20ml portIons In stenle plastIc tubes The tubes were kept, In the dark at 4°C, 10°C 

20°C. 30°C and 37°C In covered water bath or Incubator Samples were removed at (0 tIme) and 

after 1, 5, 10, 20 3D, 60 and 90 days of incubatIon The samples for E col! were assayed on 

the same day and the remainder of the samples stored at -20°C for later ViruS assay 

VIruS and vIrus-assays 

POlIOVIruS Lsc stram was cultIvated m Buffalo Green Monkey KIdney (BGMK) cultures 

EnumeratIOn of POIrOVlruS 1 was performed accordmg to Guttmann-Bass and Nasser 1984 

HepatItis A VIruS (HAV), a cell culture-adapted HM-175 stram, was obtained from M D 

Sobsey. the UniversIty of North Carolrna, Chapel Hill, USA HAV was cultivated In FRhK-4 cell 

Enumeration of HAV was performed according to Cromeans et at 1987 

F+bactenophages were concentrated from raw wastewater by the polyethylene glycol (PEG)

preCIpitatIOn method (LeWIS and Metcalf 1988) A specially constructed host bactenum 

Salmonella typhlmunum WG49. was obtarned from L Havelaar Netherlands The 

F+bactenophages used In thIS study are an endogenous group which grows In Salmonella 

typhlmunum WG49 host bactenum EnumeratIon of F+bactenophages was performed by the 

double-agar method (Adams. 1959) 

E coli stram resIstant to amplclllm and streptomycin was receIved from V Cabelli. Rhode 

Island Unrverslty EnumeratIon of E coli was done by the membrane filtration method on mTEC 

agar contamrng amplctilin and streptomycin (Dufour et a11981) 
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Results 

The results of the survival of HAV pollovlrus1 F+ bactenophages and E coli In PBS solutIOn, 

Wastewater (stenle and raw) and groundwater are summanzed In figure 1 (A & B) 

Figure 1A shows the die-off of these microorganisms after 30 days and Figure 1B - after 90 

days incubatIOn penod at 10°C 20°C and 30°C FIgure 2 shows the die-off coefficient log Nt/No 

x day of mese microorganisms In PBS groundwater ana wastewater at temperatures of 4°C 

10°C 20°C 30°C and 37°C It can be seen from these two figures that the die-off of HAV poli01 

and F+bactenophage were similar at 4°C In PBS groundwater and wastewater The die-off 

averaged from 0 to 1 10glO after 3 months of incubatIOn The decay of E coli was greater than 

those of the viruses and reached 2 to 6 IOg,0 

In all water samples at 20°C, the decay of F+bactenophages was lower than that observed for 

POliOViruS 1 and HAV The die-off of F+bactenophages was incubation No decay of E coli was 

recorded at 20°C In PBS or groundwater whereas In raw wastewater the E coli die off reached 3 

log,o 

The highest decay rates of the vanous mlcroorganrsms was recorded at 30°C and 37°C After 

one month of incubation at 37°C. HAV and poliOVirus 1 were undetectable In the vanous water 

samples E coil die-off was lowest In PBS and was similar to HAV and poliOVirus 1 In raw 

wastewater and groundwater 

highest In groundwater and wastewater and reached about 2 log,o after 2 months of 

At 20°C the decay rates of HAV and poliOVirus 1 were highest In wastewater 

The results presented In thIs study rndlcate that both HAV and POlIOViruS 1 persist In 

groundwater and wastewater for several months at lower temperatures and that transmiSSIOn of 

these pathogenIc vIruses dunng the wrnter months IS highly possible This may also explam 

some of the groundwater outbreaks caused by HAV (Craun 1985) 
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C 
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MICROBES AND HEAVY METALS DETECTED IN FRESH 

WATER AQUACULTURED FISH lVfARKETED IN ISRAEL 

ABSTRACT 
Two species offish, TrIapla sp and MUgII sp , grown In fresh water aquaculture and 

marketed In Israel were tested for the presence of ITllcrobes and heavy metals These 

species are known to tolerate heavy orgaruc loads Samples of digestive tract (DT), 

liver, spleen, skm and muscle were assayed for Aeromonas, Fecal colifonns, and F+ 

cohphages DT and muscle were assayed also for entenovlruses The most frequent 

mIcroorgarusm found was Aeromonas, followed by Fecal colifonns, and F+ coliphage 

In both fish species, the hIghest concentration of A eromonas was present In the DT, 

followed by skm, lIver, spleen and muscle Fecal colifonns were not found In any of the 

muscles sampled Enterovlruses were not detected In either DT or muscle Even 

though our results show that both ITllcroblal and heavy metal concentratlOns were 

withIn the acceptable Israeh ranges, we recommend that measures be taken In 

processmg to prevent cross-contamInatlOn of edible tissue by DT and skm 

INTRODUCTION 
The demand for low-fat and lugh protem food IS on the nse, leadmg to an mcreased 

demand for fishery products OverfishIng and explOltatlOn of most fishIng grounds 

caused a levelImg- off m manne catch m the early 1970's Aquaculture, by mcreasmg 

fish productlOn, has become a m3.Jor means of c10smg tlus gap, and IS recogruzed, m 

Israel and elsewhere, as an mexpenslve practice, especially when fish ponds are 

fertilized with chicken and cattle manure and.! or domestLc wastewater (Hepher and 

Prugmm,1981) However, untreated aruma! and human wastewater IS a potential 

source of heavy loads of pathogeruc mlcroorgarusms, whose IntrodJctlOn mto fish 

ponds may pose a health hazard to both fish handlers and consumers MIcrobial 

contammatlon of va no us fish organs has been studied both m Israel (Buras et at 1987, 

-
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Fattal et al 1992, Fattal et al 1993, Zuaretz-Peled et al 1996) and abroad (Slabbert et 

al 1989) 

The alIn of the present study was to detenrune whether the nucroblallevel of fresh fish 

sold on the open market had changed followmg of the Israeh fish breeders 

assoclatlOn's ban on the use of wastewater m aquaculture The heavy metal content of 

the fish was also exanuned 
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MATERIALS AND METHODS 

Samples and sample preparatIon 

The study was conducted dunng 1995 A total of22 Tzlapza sp and 15 Mugzl sp were 

purchased at Jerusalem's open market and analyzed for ffilcroblal qualIty The fish were 

transferred to the laboratory on Ice, dIssected aseptIcally wltlun 1 hr of amval and samples of 

sk1O, muscle, spleen, lIver and digestIve tract (DT) were excIsed After the add IOn of 0 01M 

1 phosphate buffered saline (PBS), pH 7, the samples were homogeruzed m an Orruu nuxer 

followed by centnfugatlon for 5 mm at 1,500 rpm and nnmedlately assayed for Fecal coliforms 

and Aeromonas The remamder of each sample was stored at -20°C for later assay ofF+ 

cohphages and enteroVlruses AdditIonal speCImens, 5 Tzlapla sp and 5 Mugrl sp , were exammed 

for heavy metal content The fish were stored at -20oe unt11 assayed for heavy metal 

concentration at the Israel Oceanograpluc & Lunnologlcal Research (IOLR) laboratory 

Bacterial assay 

filtratIon techruque (BIsson et al , 1979, Dufour et aI, 1981) Bnefly, du 

Aeromonas and Fecal coliforms were detenruned by the membrane plIcate samples were blended 

and dIluted m PBS, passed through a 0 45J.lm M11hpore filter and placed either on m-TEC agar 

for detectIOn oj Fecal coliforms or on M-Aeromonas agar To enhance the recovery of Fecal 

coliforms, m-TEC plates were 10cubated for 2 hrs at 37°C and transferred to a 44 SoC mcubator 

] M-Aeromonas plates were 10cubated at 37°C All colorues were counted after 20-24 hrs 

J 

F+ colIphage assay 

A specIally constructed bactenal host, E coli stram, resistant to ampIcIllIn and streptomYCIn, 

developed for selective detectIon ofF+ coliphage, was klndly supplIed by V J Cabelll, RI, 

Uruverslty F+ cohphages were detected by the double agar layer tecluuque (Adams 1959) 

Bnefly, 1 ml of blended tissue sample was rruxed with 1 ml molten soft agar contamrng the 

bactenal host and the nuxture was then poured onto a SUItable bottom agar (Debartolomels and 

Cabelll, 1991) Plates were Incubated for 16 hrs at 37°C and the plaques were counted 



111 

IsolatIon of entero VIruses 

Only DT and muscle samples were assayed for enterovlruses Blended samples were centnfuged 

at low speed (1500 rpm) for 10 nun and seeded on confluent mono layers of Buffalo Green 

Monkey Kldney (BGMK) After IncubatIon for 1 hr at 37°C to allow adsorptIon, the supernatant 

was aspIrated to prevent cytotmaclty RPW-1640 medIUm (5 ml) supplemented wIth 2% fetal 

calf serum was then added and the plates were Incubated at 37°C and observed dally for any 

cytopathogeruc effect 

Heavy metal detectIon 

DuplIcate muscle tIssue samples were dIgested WIth concentrated rutnc aCId m !ugh pressure 

decomposItIon vessels and analysed for Hg, Cd, Cu, and Zn by atomIC absorptIOn Mercury was 

measured by cold vapor atonuc absorptIOn spectrophotometry as prevIOusly descnbed (Roth and 

Hornung 1977, Hornung et al , 1989) Concentrations are expressed on a wet weIght baSIS The 

actual work was earned out by H Hornung from the ILR 

RESULTS 

The concentration of the tested nucroorgarusms found m the vanous fish organs IS presented m 

Tables 1,2 and In FIgS 1,2 Aeromonas was the most prevalent, Fecal colzJorms rankIng 

second and F+ collphage-t!urd The Aeromonas concentratIOn was !ughest m the DT, followed by 

s1.m, lIver, spleen and muscle In the Tllapra sp , the greatest number of Aeromonas was found m 

the DT and lIver, m the Mugzl sp, the !ughest level was present In spleen, skm and muscle Fecal 

colzJorms were not detected many of the muscle samples assayed In Mugzl sp, the spleen Vvas 

also free of Fecal colzJorms F+ colIphage were found In all the Tllapza sp and Mugzl sp tIssue 

samples In 20 fish, enterovlruses were not present m eIther DT or muscle 

The concentratIons of heavy metals (Table 3) were low, and wIthm the acceptable Israeh range 

For more detaIls see AppendIx A 
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Presence of Aeromonas I Fecal colz[orms, and F+ collphages In varIOUS 

fish organs 
Table 1 TlIapra sp 

Micro- parameters TIssue 

orgamsm 

DTI LIved Spleen! Sk.m/ Muscle! 

gr gr gr cm2 gr 

Log mean 559 250 099 310 -025 

Aeromonas STD± 085 118 228 062 089 

(cfu) Mm 378 BDL BDL 160 BDL 

Max 710 451 460 419 240 

Total n=22 PosItive n 22122 19/20 11122 22/22 5122 

% poslhve 100 95 50 100 23 

Log mean 191 025 -066 012 BDL 

Fecal STD± 235 131 111 104 0 

collforms Mm BDL BDL BDL BDL BDL 

(cfu) Max 548 218 178 234 BDL 

Total n=ll Positive n 7/14 5111 2/11 5111 0/11 

% posItive 67 45 18 45 0 

Log mean 005 -020 -055 026 022 

F+ STD± 110 098 118 103 134 

cohphages Mm BDL BDL BDL BDL BDL 

(pfu) Max 320 175 218 170 400 

Total n=22 PosItive n 9/22 7/22 5/22 11/22 9/22 

% positive 41 32 23 50 41 

DT- DIgestIve Tract, cfu- colony fonrung uruts, pfu- plaque fornung uruts 

BDL-Below Detectable Level 

I 
I 
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Presence of Aeromonas I Fecal coh(orms, and F+ cohphages In vanous fish 
organs 
Table 2 MugIl sl,p 

Micro- parameters TIssue 

orgamsm 

DT! Liver! Spleen! SlanI 

gr gr gr cm2 

Log mean 471 2.09 161 344 

• Aeromunas STD± 061 2.02 1.57 110 

(cfu) Mm 3.54 BDL BDL 145 

Max 5.70 462 340 5.02 

Total n=12 POSItive n 12112 9/12 9/12 12112 

% POSItIve 100 75 75 100 

Log mean 059 -054 -lIS'" 124 

Fecal STD± 126 084 0 126 

coliforms Mm BDL BDL - BDL 

(cfu) Max 210 169 - 292 

Total n=9 POSItIve n 5/9 119 0/9 7/9 

% posItIve 56 11 0 78 

Log mean -061 -051 -051 -023 

F+ STD± 034 066 112 073 

cohphages Mm BDL BDL BDL BDL 

(Pfu) Max 060 084 170 130 

Total n=15 POSItIve n 1115 3/15 4/15 5/15 

% pOSItive 7 20 27 33 

DT - Dlgesuve Tract, cfu- colony formmg umts, pfu- plaque forrnmg uruts 

BDL-Below Detectable Level 

Muscle! 

gr 

0.32 

1.35 

BDL 

2.35 

SIl2 

42 

BDL 

0 

BDL 

BDL 

0/9 

0 

-007 

119 

BDL 

274 

4/15 

27 



1 

J 

114 

hIe 3 Trace metal concentratIOn ill muscle tIssue 

(n=5 for both specIes) 

Fish Elements (range) 

species (Jlg"'g-l wet wt ) 

Hg Cd 

Tz/apza sp BDL-O 007 0015-0027 

Mugll sp BDL-O 006 0015-0024 

BDL-Below Detectable Level 

DetectIon levels for mercury - 0 OOSJlg/g wet wt ; 

and cadmlUID-O 01SJ..lglg wet wt 

Cu 

019-044 

018-042 

Zn 

343-652 

247-458 

I 
I 
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Tlus study was conducted to detennme the rrucroblal and heavy metal levels of fish cultivated and 

marketed In Israel Aeromonas are commonly found In sol1 and surface waters, where therr 

concentratIon reflects the tropluc state of tlus envIronment HJgh concentratIOns of Aeromonas 

10dlcate a heavy orgaruc load 10 the water Aeromonas IS considered an opportUrustlC pathogen 

of fish and humans, causIng wound mfectlOns, septlcenua, cellulitIs and diarrhea (MacCracken 

and Barkely 1972, Ketover et a1 1973, Janda et al 1983, Trust 1986» Of all the 

rrucroorgarusms tested In our study, Aeromonas was present 10 the lughest concentratIon In all 

fish organs All Tliapra and Mugzl muscle samples In the Dresent study, as 10 the prevIOus one 

(Nasser et al 1992), were free of Fecal coliforms and fit for human consumptIOn, accordmg to 

the newly recommended IsraelI standard for nucrobJal contanunatlon of fish (Israeh Mlrustry of 

Health, 1995) The recommended level IS 103 cfu Total colzformslgr muscle tissue Three 

common carp used as reference values contamed a less than 200 cfu}gr concentratIOn of Fecal 

colifonns Smce the ratio between Fecal colifonns and Total colzfonns IS < 1 7 (Shuval et al 

1971) 20 cfu Fecal coliformslgr tissue IS eqUivalent to < 140 Total colzjorms/gr tissue, Ie, did 

not exceed the penrusslble edible tissue standard In the present study the lughest levels of Fecal 

coliforms were found In the DT Therefore, great caution must be practised when handlIng and 

gutt10g fish either commercially or domestically to aVOid cross-contarrunatlOn ofthe edible tIssue 

Our results also 10dlcate that the rrucrobla1 contanunatlOn of the edible tIssue was wltlun safe 

Imuts, and essentially surular to the concentrations obtamed 10 our prevIOus study of ponds 

] supplemented Wlth wastewater 

Due to vast world-wide mdustnahzatlOn, heavy metal pollutIOn has become a major pubbc 

health concern Studies have been conducted on the health hazards posed by heavy metals Tlus 

problem may be more acute when dealIng with sea food, due to the followmg a) Smce most 

mdustnal pollutant eff]uents are generally run through the sewage system, they finally reach 

natural aquatIc ecosystems 1Oclud1Og nvers and seas, b) Aquatic orgarusms such as tuna 

(peterson et al 1973) and molluscs accumulate heavy metals (Bernhard and Andreae 1984) In 

our study we checked the level offour major heavy metals Hg, Cd, Cu and Zn m fish muscle 

tissue The concentratIons found were low and wlthm the newly recommended IsraelI standards, 

and US, French, CanadIan, Derush and Gennan regulations The results mdlcate that there IS an 

advantage 10 grow1Og fish m controlled and morutored aquaculture ponds 

I 
-
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