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 Abstract

Fecal coliform levels were measured in seven freshwater fish culture systems to assess potential microbiological hazards. Over a two month period, fecal coliform concentrations in two tilapia research facilities varied from 1 to 104 colony forming units (CFU) per 100 ml of water, at a mean level that could indicate the presence of human pathogens that may be hazardous to fish handlers and consumers. Over a one-month period, five commercial systems were found to contain Escherichia coli, Clostridium perfringens, Enterococci, and fecal coliforms. The concentration of fecal coliforms at the commercial sites was higher than the level found at the research facility. The presence of such organisms creates a potential for microbiological hazards in these systems. No Salmonella was detected in the systems.   The source of these indicator organisms was not determined, nor were any host organisms obvious in the system.  The findings in this study indicate that monitoring fish culture facilities for microbiological safety should be considered.  In addition, workers should be aware of personal hygiene when entering, while working in, and when departing fish culture facilities. 
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1.  Introduction
A variety of microorganisms are useful for maintaining a safe environment for fish in aquaculture systems.  The conversion of ammonia to nitrate, for example, is accomplished through nitrification by the bacteria Nitrosomonas and Nitrobacter (Lee and Newman, 1997).  The treatment of the vast array of organic compounds in the system resulting from fecal waste, uneaten food, mortalities, mucous, and other detritus that is not physically filtered is accomplished by other heterotrophic and chemoheterotrophic bacteria.  Recirculating systems in particular utilize large colonies of beneficial bacteria.  The authors were interested to determine if biofilters optimized to support beneficial bacteria might also harbor potentially pathogenic bacteria.

In addition to beneficial bacteria, some fish culture systems have been shown to support microorganisms that are known to be pathogenic to humans.  Bacteria that are considered human pathogens identified in recirculating aquaculture systems include; fecal coliforms (including Escherichia coli) (Ogbondeminu, 1993; Pullela et al., 1998), Clostridium botulinim (Pullela et al., 1998), Pseudomonas species (Nedoluha and Westhoff, 1997), Aeromonas hydrophila (Nedoluha and Westhoff, 1997) and Salmonella species (Ogbondeminu, 1993).  Some fish pathogens have also been known to cause illness in humans.   Since the microflora of the fish gills, skin, and digestive tract have been shown to reflect the microflora of the water they inhabit, it is not only the water in the system that may pose a threat to humans, but the fish as well (Nedoluha and Westhoff, 1997; Ogbondeminu, 1993). 

Experiments by Buras et al. (1985) determined threshold levels of bacteria in water that can cause contamination of fish.  For example, when carp were reared in water containing Salmonella at concentrations of approximately 105 /ml, the muscle tissue became contaminated, representing a potential health hazard to fish consumers.   Fecal coliform bacteria such as E. coli and Klebsiella indicate fecal contamination.  Salmonella and E. coli are enteric bacteria which may be transmitted when contaminated fish are handled or consumed (Ogbondeminu, 1993).  Salmonella has been reported in cultured fish (Reilly and Käferstein, 1997; D’Aoust, 1994).  Salmonella and E. coli are of particular concern when human waste products are used as a nutrient source for fish culture systems (D’Aoust, 1994).   E.coli has been found in fish from recirculating and flow-through aquaculture systems (Pullela et al., 1998).   In an experiment by Del Rio-Rodriguez et al., (1997) E. coli was able to establish and grow in rainbow trout (Oncorhynchus mykiss), indicating that the fish may be excreting E. coli, and elevating the concentration of organisms in the production tank. 

Microbiological safety standards have not been established for fish culture facilities in the United States nor any other producing country.  The purpose of this study was to determine the concentrations of various enteric bacteria in several fish culture systems.  The levels of total and fecal coliforms were examined in two recirculating fish production systems at the University of Arizona Environmental Research Laboratory (ERL). In addition, five commercial fish culture systems were examined for the presence of pathogenic bacteria.  Enteric bacteria that are potentially hazardous for fish handlers and consumers were identified in each of the systems.

2. Methods

2.1 Fish Culture Systems

Systems A and B are recirculating research systems located at the Environmental Research Laboratory (ERL) at the University of Arizona in Tucson, Arizona.  System A consists of 33 fiberglass tanks treated by a settling tank and a vertical screen biofilter (100 m3 total volume).  The system is stocked with several tilapia (Oreochomis) species that are fed a variety of commercial and experimental diets.  System B is stocked with channel catfish (Ictaluris punctatus) and grass carp (Ctenophargyndon idella) in a 25 m3 raceway. The water treatment system includes a settling tank, a rotating biological contactor and a second biological filtration unit that uses multiple vertical screens. Water recirculates continuously through these systems.

System C is a commercial recirculating system located in Maricopa County, Arizona. It is 10 m3 in capacity, with six tanks of tilapia and one tank of freshwater shrimp (Macrobrachium rosenbergii). Horizontal screen filters are employed for biological filtration. System D is at the same location and consists of 12 –50 m3 flow- through raceways lined with plastic. This system contained a variety of tilapia species and channel catfish.

Systems E and F are located at the University of Arizona Maricopa Agriculture Center in Maricopa County, Arizona.  System E is a single 200 m3 flow-through cement pond.  System F is a 200 m3 flow-through earthen pond.   System G is located at Gilbert High School in Gilbert, Arizona.  The 50 m3 pond is plastic lined and contains a waterfall for aeration and filtration.  Systems E, F, and G each hold several varieties of tilapia.  A summary of each system is listed in table 1.

2.2 Sampling

Water from systems A, B, and C was collected before passage through the filters (pre filtration) and after passage through the filters (post filtration).  Systems A and B were sampled on four occasions between January 21, 1998 and March 11, 1998.  The five other sites were sampled on two occasions between July 22 and August 29, 1998.   All samples were obtained in sterile plastic bottles and stored according to Standard Methods (APHA, 1995).

Dissolved oxygen and temperature were measured with a YSI 55 meter (YSI Inc., Yellow Springs, OH). The pH was measured with an Orion model 290A pH meter (Orion, Beverly, MA).  A Hach Turbidimeter model 2100A (Loveland, CO) was used to determine turbidity.  Total ammonia concentration was determined with a Cole-Parmer model 05669-20 (Vernon Hills, IL) meter and probe.  Nitrates were determined by the colorometric reduction method, measured by the Hach Colorimeter DR/700.  
2.3
Microbiological assays

Bacterial Isolation  Total coliforms, fecal coliforms, and enterococci were isolated by membrane filtration according to Standard Methods (APHA, 1995).   In membrane filtration, the filter is incubated directly on the media. The volume of water that was filtered for each test varied from 1 to 100 ml.  In addition, 0.1 ml of water was directly plated.  Total coliform bacteria were isolated after 24 hours incubation at 35(C on m Endo agar, LES (Difco Laboratories, Detroit, MI).  Fecal coliforms were isolated after a 24-hour incubation at 45(C on m FC agar (Difco); enterococci were isolated after 48 hours of incubation at 35(C on m Enterococcus agar (Difco).  Positive colonies from m FC agar were placed in 10 ml Colilert® tubes  (IDEXX Laboratories Inc., Westbrook, MA) for 24 hours at 35(C for E.coli detection.   The presence of E. coli was indicated by a yellow solution that fluoresced when exposed to an ultraviolet lamp.  

Clostridium perfringens was isolated according to Bisson and Cabelli (1979).   After filtering 10 to 100 ml water, the filter was placed on m CP agar (Acumedia, Baltimore, MD) and incubated at 45(C under anaerobic conditions.   After 24 hours colonies of C. perfringens become dark pink colonies when exposed to ammonium hydroxide fumes. 

Salmonella isolation   A 100 ml water sample was passed through a 0.45 (m membrane filter.  The filter was incubated at 35(C in ducitol selenite enrichment broth (Difco).  After 24 hours each tube was mixed and subcultured to Salmonella Shigella agar  (Difco Laboratories) and Hektoen agar (Difco) and incubated at 35(C for 24 and 48 hours. Typical colonies were chosen and incubated on tryptic soy agar (Difco) for 24 hours at 35(C.  Spot oxidase (ICN, Costa Mesa, CA) and indole (RICCA Chemical Co, Arlington, TX) tests were performed. Salmonella is oxidase and indole negative.  Negative colonies were incubated for 24 hours on TSI (Difco) slants.  If the isolate was alkaline/acid with H2S production, an API 20E strip (Vitex Inc., Hazelwood, MO) would be inoculated and incubated 24 hours at 35(C for Salmonella detection.

3. Results


All systems were warm water cultures with temperatures ranging from 19.7 to

 30.9 (C.  Each system had a neutral to slightly alkaline pH, with a range of 7.11 to 7.71.

3.1 System A


Turbidity, ammonia, and nitrate levels were lowered by filtration, indicating that the settling tank and filters were performing properly in System A (Table 1).  Coliform levels were found to be variable over the testing period. The level of total coliforms in system A pre-filtration water varied from 13,600 to 136,000 CFU/ 100 ml.  The total coliforms in post filtration water ranged from 16,100 to 104,000 CFU/ 100 ml.  The fecal coliforms in pre filtration water ranged from 343 to 4,300 CFU/ 100 ml.  The post filtration water fecal coliforms ranged from 0 to 12,000 CFU/ 100 ml

3.2 System B


Similar to System A, post filtration samples from system B had lower levels of turbidity, ammonia, and nitrate than pre-filtered samples (Table 1).  The level of total coliforms varied from 6,150 to 33,400 CFU/ 100 ml in pre-filtration water, and 3,600 to 18,300 CFU/ 100 ml in post filtration water.   Pre-filtered fecal coliform levels varied from 730 to 2,840 CFU/ 100 ml.  The fecal coliform level ranged from 264 to 2,210 CFU/ 100 ml in filtered water.

3.3 System C


The total coliform levels in system C were determined to be higher than 1,000,000 CFU/ 100 ml at the first sampling (Table 2).  The number of positive colonies was over 300 for the 0.1ml of sample that was plated.   At the second sampling, the concentration was lower, 14,700 in pre- filtered water and 16,700 CFU/ 100 ml in filtered water.  Fecal coliform levels ranged from 6.5 CFU/ 100 ml in pre-filtered water in the first sample to 100 CFU/ 100 ml in filtered water in the second sample.  Enterococci concentrations were highest at 60 CFU/ 100 ml in the first sampling pre-filtered water and lowest in the second sampling filtered water at 9.5 CFU/ 100 ml.  C. perfringens was the highest in filtered water from the first sampling at 55 CFU/ 100 ml.  No C. perfringens was detected on the second sample date.  E. coli was detected in 10 ml of water from both the filtered and pre-filtered water from the first sample date only.  Salmonella was not detected.  


A week prior to the second sample date, there was a 90% mortality of fish in the system due to unknown causes.  Two days before sampling, the biofiltration unit was removed and the system was cleaned.

3.4 System D


Total coliform levels of system D were highest at the first sampling at 129,000 and lowest in the second sampling at 30,500 CFU/ 100 ml (Table 2).  Fecal coliforms were also higher in the first sampling, over 10,000 CFU/ 100 ml.  This number is based on the plated 0.1 ml of sample that had over 300 colonies.  The level was much lower in the second sampling at 32.2 CFU/ 100 ml.  The enterococci concentration also decreased, from over 1000 in the first sampling to 52 CFU/ 100 ml in the second sampling.  C. perfringens levels were 29.5 CFU/ 100 ml on the first sample date and 117 CFU/ 100 ml on the second date.  E. coli was detected in 1 ml water on the first date and 10 ml  on the second date while Salmonella was not detected at either sample date.

3.5 System E


Total coliform levels in system E were up from 13,900 on the first sampling to 34,000 CFU/ 100 ml on the second date (Table 3).  Fecal coliform concentrations were lowest at 3,950 on the first date and highest at 31,400 CFU/ 100 ml on the second date.  Enterococci levels also increased from 45.5 to 1,880 CFU/ 100 ml.  C. perfringens was present on both sample dates with 5 CFU/ 100 ml in the first sampling and 12.5 CFU/ 100 ml in the second sampling.  E. coli was detected in 1 ml on the first sample date and in 0.1 ml on the second sampling.  Salmonella was not detected on either date.

3.6 System F


System F had total coliform levels of 61,000 and 44,000 CFU/ 100 ml on the first and second dates respectively (Table 3).  Fecal coliform levels decreased from 14,000 in the first sampling to 1,910 CFU/ 100 ml in the second sampling.  Enterococci concentrations were 317 on the first date and 525 CFU/ 100 ml on the second date.  C. perfringens levels were highest in the first sampling, with over 1,000 CFU/ 100 ml. This was an estimate determined from over 300 colonies present on the membrane through which 10 ml of the water sample was passed.  The second sampling showed a decrease in C. perfringens, at 197 CFU/ 100 ml.  E. coli  was detected at 1 ml on the first sample date and 0.1 ml on the second date.  Salmonella was not detected on either of the dates.

3.7 System G

 
The total coliform level in the first sample from system G was 116,000 CFU/ 100 ml. The level was higher in the second sample at 175,000 CFU/ 100 ml (Table 3).  Fecal coliform levels also increased in the second sampling, from 90,000 to 118,000 CFU/ 100 ml.  Enterococci levels increased as well, from 1,970 CFU/ 100 ml in the first sampling to 3,800 CFU/ 100 ml in the second sampling.  The concentration of C. perfringens was 775 CFU/ 100 ml in the first sample and 776 CFU/ 100 ml in the second sample.  E. coli  was detected at 1 ml on the first sample date and at 0.1 ml on the second date.  Salmonella was not detected.

4. Discussion


The World Health Organization suggests that wastewater used for fish culture should contain less than 1000 fecal coliforms per 100 ml (WHO, 1989).  All of the systems tested, with the exception of System C, exceeded this level.  The E. coli and C. perfringens present in all of the commercial systems indicates fecal contamination. Because four of the five commercial systems are outdoors, they can easily become contaminated.  Birds, dogs and other animals, as well as humans, enter the water.  This is the probable source of contamination.  It is unlikely that the contamination is from the processed feed pellets because of the high heat involved in forming the pellets.  

Fish handlers may contaminate the systems that are indoors.  Fish that have been introduced into the systems from other sites may also carry enteric bacteria on their surfaces or may excrete bacteria once they enter the systems.  The level of enterococci detected in the systems exceeded the US Environmental Protection Agency guideline of 33 enterococci per 100 ml for recreational waters (APHA, 1995).   The International Commission on Microbiological Specifications for Foods recommends a limit of 70 coliforms per 100 ml as a guideline for waters where shellfish are obtained (Jay, 1986).  Although the level of fecal coliform bacteria exceeded these standards, the concentration was below 5 x 105ml-1, the threshold concentration of Salmonella that Buras et al. (1985) determined would cause contamination of fish muscle.   The concentrations of bacteria found in the water are potential hazards that can cause illness in fish handlers during harvest.  Because fish can harbor pathogens on scales, gills, and digestive tract, they are potential hazards to handlers and consumers.  Good handling practices including the use of gloves and flowing fresh water are important barriers to the spread of pathogens between products and workers.

Currently no water quality guidelines exist for aquaculture production in the State of Arizona.  Certain agricultural waters, however, are regulated for their microbiological safety, including wastewater reuse on vegetable crops and wastewater reuse for livestock watering.  The level of fecal coliforms in systems A, D, E, F, and G exceeded the level of 4,000 CFU/ 100 ml for livestock watering (for a single sampling).  Although none of the systems tested were using wastewater, this study of seven fish culture systems determined that bacterial hazards exist at each site.  We recommend further investigation to determine the sources and extent of microbiological hazards present in fish culture systems.
Table 1.  Physical and microbiological data from fish culture systems A and B at the Environmental Research Laboratory in Tucson, Arizona.  The data is an average of four occasions obtained between January 21, 1998 and March 11, 1998.  Data ranges for each parameter are given and standard error is reported in parenthesis. 

System
A

B



Pre filtration
Post filtration
Pre filtration
Post filtration

Parametera







Temperature ((C)
23.0 – 27.2

(1.0)


23.2 – 26.4

(0.7)
19.7 – 21.3

(0.343)
19.7 – 21.3

(0.349)



pH


7.07 – 8.00

(0.45)
6.98 – 8.05

(0..50)
6.86 – 7.81

(0.429)


6.70 – 7.77

(0.477)

DO (ppm)
1.40 – 1.90

(0.12)
1.32 – 3.03

(0.36)
7.37 – 10.16

(0.62)


7.12 – 9.71

(0.59)

Turbidity (NTU)
4.0 – 9.5

(1.2)
3.4 – 5.6

(0.5)
0.4 – 0.8

(0.1)


0.3 – 0.64

(0.1)

Ammonia (ppm)


1.83 – 2.38

(0.112)
1.46 – 2.07

(0.132)
0.18 – 0.36

(0.04)
0.14 – 0.21

(0.02)

Nitrate (ppm)
11.1 – 21.0

(2.3)


11.5 – 13.7

(0.5)
18.2 – 32.5

(3.12)
19.3 – 36.0

(3.42)

Total Coliformb (CFU/ 100 ml)
13,600 – 136,000

(27,000)


16,050 – 104,000

(18,000)
6,150 – 33,500

(63,000)
3,600 – 18,300

(3,100)

Fecal Coliform (CFU/ 100 ml)
343 – 4,300

(920)


70 – 12,000

(2 900)
730 – 2,835

(550)
264 – 2,210

(410)

aDO is dissolved oxygen; Turbidity is reported as Nephelometric Turbidity Units (NTU); bAll bacterial values are averages of duplicate plating.

TABLE 2. Physical and microbiological data for two commercial fish culture systems in Maricopa County, Arizona. Sample 1 data was obtained July 22, 1998. Sample 2 data is from August 12, 1998.

System
 C



D


Sample Date
 1

 2

1
2


Pre filtration
Post filtration
Pre filtration
Post filtration



Parameter







Temperature ((C)


28.3
28.2
29.1
29.0
28.9
29.7

pH


7.23
7.41
7.16
7.18
7.14
7.12

DO (ppm)


3.13
4.62
7.71
8.54
10.71
10.50

Turbidity (NTU)a


2.4
2.9
1.7
1.8
2.7
2.1

Total Coliformb

(CFU/ 100 ml)


>1,000,000c
>1,000,000
14,000
16,700
129,000 
30,500 

Fecal Coliform 

(CFU/ 100 ml)


6.5
96
7
100
>10,000
32.2

Enterococci (CFU/ 100 ml)


60
59
31
9.5
>1,000
52

C. perfringens (CFU/ 100 ml)


32.5
54.5
NDd
ND
29.5
117

E. coli presence


Yes
Yes
No
No
Yes
Yes

Salmonella presence
ND
ND
ND
ND
ND
ND

a Turbidity reported as Nephelometric Turbidity Units;   b All bacterial values are averages of duplicate plating. c0.1ml plated, TNTC;  dNone detected.

TABLE 3. Physical and microbiolgical data for fish culture systems E, F, and G in Maricopa County, Arizona. Sample date 1 was July 22, 1998.  Sample 2 was August 12, 1998.  Sample date 3 was August 29, 1998. 

System
E

F

G


Sample Date


1
2
1
2
2
3

Parameter









Temperature ((C)


28.7
30.5
29.7
31.5
30.3
30.9

pH


7.15
7.71
7.12
7.11
7.25
7.41

DO (ppm)


4.02
5.00
8.75
13.22
4.55
5.02

Turbidity (NTU)a


2.9
2.5
7.6
2.2
8.2
5.2

Total Coliformb

(CFU/ 100 ml)


13,900 
34,000
61,000
44,000
116,000
175,000

Fecal Coliform

(CFU/ 100 ml)


3,950
31,400
14,000
1,910
90,000
118,000

Enterococci

(CFU/ 100 ml)


45.5
1 880
317
525
1,970
3,850

C. perfringens

(CFU/ 100 ml)


5
12.5
>1,000
197
775
765

E. coli presence


Yes
Yes
Yes
Yes
Yes
yes

Salmonella presence
NDC
ND
ND
ND
ND
ND

a Turbidity reported as Nephelometric Turbidity Units (NTU); bAll bacterial values are averages of duplicate plating.  cNone detected. 
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