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ABSTRACT

Fecal pollution from nonpoint and point sources were evaluated in a

constructed wetland in Tolleson, Arizona. Escherichia coli blooms in the wetland

effluent were attributed to both human and animal sources. Antibiotic resistance

profiling and biochemical fingerprinting was performed on 325 Escherichia coli

isolates collected from key points in the wetlands and the avian population.

Multivariate statistical analysis was used to interpret the data for samples

collected on October 3, 2000, December 12, 2000 and January 16, 2001. It was

found that the passerine population was the major source of the Escherichia coli

in the water samples collected in the wetlands on October 3, 2000 and

December 12, 2000, whereas the regrowth in the treated municipal wastewater

was the main source in January 16, 2001. In addition, 77 percent of the isolates

from the human population were multiple antibiotic resistant to two or more

antibiotics, with the highest resistance to ampicillin (50.7%), carbenicillin (39.4%),

cephalothin (81.7%), streptomycin (49.0%) and sulfisoxazole (32.4%).



I. INTRODUCTION AND LITERATURE REVIEW

Wetland systems that serve as a dual purpose for wastewater treatment and

wildlife enhancement are being constructed at an accelerating rate in North

America. These systems not only provide economic and aesthetic value to

communities but they can also promote public support for saving existing natural

wetlands.

The ability of constructed wetlands to reduce microbial pathogens to safer

levels of infection has been well studied, particularly those receiving domestic

and municipal wastewater (U.S. EPA, 2000). Natural sources of coliforms and

fecal streptococcus are normally present at low background levels in wetlands

open to wildlife (Kadlec and Knight, 1996) (Table 1). When blooms of indicator

bacteria are observed in wetlands, a combination of factors may be attributed to

these outbreaks. Birds and mammals excrete fecal coliforms as well as enteric

bacterial pathogens in their feces creating a potential for increased bacterial

counts. This can be particularly noticeable during migratory bird season. Also,

fecal coliforms have been shown to survive and regrow in wastewater effluent

following chlorination (Heukelekian, 1951). Some researchers have shown that

regrowth bacterial populations consisted of a higher proportion of multiple

antibiotic resistance (MAR) than the initial surviving population in chlorinated

effluent (Murray eta!., 1984; Rusin, 1989). Therefore, the true microbial removal

efficiency of these wetland systems may not be observed, resulting in counts

exceeding acceptable levels for regulatory permitting.

8



Table 1. Background fecal coliform levels for natural
wetlands receiving no wastewater.
Adapted from Kadlec and Knight, 1996.

Site cfu/100 ml
New Zealand Constructed Wetland 400-500
Florida Cypress Wetland 109-456
Quebec Lake Water Wetland 40-110

While point sources of fecal contamination can be relatively easy to

monitor, nonpoint sources of pollution have proven to be a difficult challenge.

Nonpoint sources of fecal contamination can include treated sewage runoff,

confined animal feeding operations, urban stormwater and agricultural runoff.

The presence of fecal contamination from human and livestock origins poses a

higher risk of infectious disease transmission to the human population than

wildlife sources (Wiggins, 1996).

Escherichia coli is a common resident of the gastrointestinal tract of warm-

blooded animals and is routinely employed as an indicator of fecal contamination.

The amount of E. coil excreted by a human is normally about 2.5 x 108 cells per

day but occasionally reaching levels as high as 109 cells per day (Feachem et al.,

1983; Hart! and Dykhuizen, 1984). Avifauna are even higher, excreting 10 19 E.

coli cells per day (Kay and Fricker, 1997).

Several methods exist for tracking E. coli from various environmental

sources. Molecular approaches have been proving to be suitable for source

differentiation. Polymerase chain reaction (PCR) has been used to differentiate

E. coil isolates from human and animal sources with a 78 to 100 percent correct

9
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classification rate (Dombeck et al., 2000). Parveen et aL (1999) ribotyped 238 E.

coli isolates from a bay in Florida. When applying discriminant analysis to their

data, they were able to correctly classify 67 percent of the human isolates and

100 percent of the animal fecal isolates. Although the potential exists to identify

the individual strains of bacteria by genetic profiles, these molecular methods are

still being developed and employ expensive and specialized laboratory

equipment.

Multiple antibiotic resistance has been known for many years in fecal

coliforms isolated from humans and animals. Bacteria originating from humans

and domestic livestock are generally more resistant to antibiotics than bacteria

from wild animals. The use of antibiotics imposes certain selective pressures on

the flora of the gastrointestinal tract resulting in patterns of antibiotic resistance.

Multiple antibiotic resistance (MAR) indexing has been shown to distinguish E.

coil of high risk sources such as humans and livestock from those of low risk

origin such as wildlife (Krumperman, 1983). Other research efforts have shown

that fewer MAR strains of E. coil were observed in rural waters compared to

urban water sources influenced by human sewage (Kasper et a!., 1990). In a

study done in Florida, MAR profiles of human E. coli isolates were similar to point

sources such as sewage treatment plant effluents while isolates from animal

feces demonstrated a greater similarity to nonpoint source isolates (Parveen et

aL, 1997).
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Discriminant analysis, a multivariate statistical technique, has been used

successfully to effectively distinguish between nonpoint and point sources of

fecal coliforms by analyzing antibiotic resistance patterns (Wiggins, 1996). This

technique classifies groups according to their observed characteristics or

variables. Using a battery of antibiotics on more than 5000 fecal coliform isolates

from a variety of human and animal sources, Harwood et al. (2000) reported a

span of 50 to 95 percent correct classification rates. This study was performed on

a large geographical area in Florida, which may contribute to the lower end of

classification rates. Other studies incorporating discriminant analysis with

antibiog rams have shown higher correct classification rates and the repeatability

of this technique. Studies conducted on water samples from a contaminated

rural watershed in Virginia resulted in more than 78 percent of fecal streptococci

isolates to be classified as cattle isolates (Hagedorn et al., 1999). This resulted in

fencing of stream areas to prevent livestock access. Wiggins et al., (1999)

reported a 64 to 78 percent average rate of correct classification (ARCC) using

antibiotic resistance profiles on numerous isolates obtained from human sewage,

cattle and poultry feces and pristine waters.

Biochemical fingerprinting uses reagents to quantitatively measure the

speed and intensity of a metabolic reaction for an organism. Thus, the fingerprint

of an isolate consists of a set of quantitative numbers with good reproducibility

and discrimination of strains (Kuhn, 1985). E. coli strains from environmental

sources can be categorize according to their variability of reactions and
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organisms with identical characteristics are most likely to be from the same origin

(Kuhn et a!., 1990). As with antibiotic resistance profiles, discriminant analysis

can then be performed on the results.

This study involves the tracking of fecal coliforms in the Tres Rios Wetlands,

located west of Phoenix in Tolleson, Arizona, on the northern bank of the Salt

River. The demonstration wetlands are composed of paired cells located at two

nearby locations, the Hayfield and Cobble sites. All the wetland cells receive the

same treated effluent from the City of Phoenix 91 st Avenue Wastewater

Treatment Facility. The lush vegetation in and around the wetland cells attracts a

variety of wildlife and migratory species. Since the start-up of the system in 1995,

sporadic E. coli blooms have been observed in the Cobble site effluent (personal

communication from Roland Wass). Historically, the concentrations for E. coli

averaged 189 colony forming units (cfu) per 100 ml but concentrations as high as

1.2 x 104 cfu/100mlwere observed in January, 1996 and 2.0 x	 cfu/m1 in

November, 1996. The origin of these fecal coliform blooms has been attributed to

regrowth of E. coil that have survived the wastewater treatment and chlorination

and/or the presence of wildlife. To differentiate between these sources of fecal

coliforms, antibiotic resistance profiles and biochemical fingerprinting of E. coli

isolates from key points in the wetlands were compared with the E. coli isolates

from the droppings of the wildlife population. Discriminant statistical analysis was

employed to differentiate between human and animal sources of fecal pollution in

the wetlands.



II. OBJECTIVES

The objectives for this study were:

*To determine the source of sporadic E. coli blooms in the Tres Rios wetland
effluent

*To use antibiotic discriminant analysis (ADA) and biochemical fingerprinting as a
tool to identify the source of fecal contamination

*To collect data that would aid in the possible future National Pollutant Discharge
Elimination System (NPDES) regulatory permit requirements for the wetlands

13
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Ill. METHODS AND MATERIALS

Description of Location

The Tres Rios Wetland is located at the City of Phoenix 91 st Ave

Wastewater Treatment Facility, which treats approximately 153 million gallons of

wastewater per day. The demonstration wetland was completed in 1995 and is

operated by the Phoenix Water Services Department. The wetlands are

composed of two paired cell systems located at the Cobble and Hayfield sites,

which together cover about 14 acres. These sites receive approximately 1.7

million gallons per day (MGD) of the chlorinated effluent from the treatment plant.

The 4.5 acre Cobble site lies to the southwest of the treatment plant and it is the

focus of the fecal coliform tracking study. It consists of two elongated basins, Cl

and C2, that drain into the Salt River. Each free water surface basin measures

about 900 feet in length and 115 feet in width. Ranging in depth from 0.5 to 5

feet, there are a mix of deep zones and emergent areas that are dispersed

throughout the southern-most basin, C2, where the water and bird sampling was

conducted. The deep zones comprise about 20 percent of the wetland area and

allow for enhanced waterfowl habitat. The only difference between the two cells

was that C2 was lined with top-soil, obtained from an agricultural field in the area,

and Cl consists of regular cobble gravel and sand from the river. Soft-stem

bulrush (Scripus validus) and three-squared bulrush (Scripus olner) constitute

about 70 to 80 percent of the vegetation in each basin. Other aquatic and

terrestrial plants include cattails (Typha spp.), duckweed (Lemna spp.),



pennywort (Hydrocotyle vulgaris), water lillies (Family Nyphaeaceae) and knot

grass (Paspalum spp.). A variety of wildlife inhabits the area including beavers,

bobcats, coyotes, rabbits, waterfowl and many passerine species. It is also a

highly visited area for migratory bird species during the fall and winter months.

Sample Collection

Samples were collected monthly from October 2000 through January 2001.

Water samples were collected in one liter sterile polypropylene Nalgene bottles,

stored at 2-8°C and processed within 24 hours. The four water sampling points

at the Cobble site included: the unchlorinated sewage effluent from the 91 st Ave.

facility, the chlorinated influent from the inlet splitter box (representing the human

population), an internal deep zone point (approximately five feet in depth) and

final effluent from the wetland outlet discharge (Figures 1 through 5). The

retention time for the wastewater traveling through the wetlands varied from 1.45

days to 6.56 days. The temperature, turbidity, pH and free chlorine were field

tested at each sampling point. Turbidity was measured by using a portable

turbidimeter (HACH, model 2100P, Loveland, CO), pH was determined with a pH

meter (model 8005, West Chester, PA) and total and free chlorine was monitored

using the chlorine test cube (HACH, cat. no. 20604, Loveland, CO). Wildbird

seed was scattered on green plastic tarps (8' x 12') to attract the waterfowl and

passerines (Figure 6). The tarps were placed at dusk on the islands the evening

before sample collection. The majority of the passerine droppings were from the

15
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blackbird population that tended to be in large flocks roosting in the vegetation.

The waterbird droppings included great blue herons, grebes and egrets that were

visually observed in the early morning hours. Fecal droppings were collected with

sterile forceps and placed into sterile tubes filled with 0.85 percent saline and

stored at 2-8°C until processed. All fecal droppings were processed within 24

hours and followed the same analysis protocol as the water samples. 

ci 	L= 900 feet  

Prechlonnated
Effluent WWTP''        

W= 115 feet                

C2
* Sampling Points

Figure 1. Cobble Wetland Cells and Sample Collection Points
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Figure 2. Cobble Site
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Figure 3. Splitter Box Influent to the Cobble Site
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Figure 4. Deep Zone
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Figure 5. Wetland Outlet
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Figure 6. Tarps Placed Under Trees to Collect Bird Droppings
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Water Sample Analysis

The samples were tested for E. coli by filtering duplicate samples through a

0.45um Gelman grided filter, placing the filter on M-coliblue (Hach, Loveland,C0)

media and incubated at 37°C for 24 hours. The size of the sample volume varied

depending on the amount of growth present on the plates after overnight

incubation. Normally the sample volumes ranged from 0.1 ml for the

prechlorinated effluent to 100 ml for the splitter box influent. Blue colonies on the

filter were presumptive for E. coli and subcultured on to Trypic Soy Agar (TSA)

(Difco, Becton Dickinson, Sparks, MD) for further analysis.

In order to confirm the isolates as E. co/i, several biochemical tests were

performed. Most strains of E. coli result in a positive indole test and a negative

citrate test. The spot indole test (Hardy Diagnostics, Santa Maria, CA) was

analyzed for growth from TSA. A blue color indicated a positive reaction for

organisms producing indole. The same colony from each TSA plate was also

inoculated onto Simmons Citrate Agar (Difco, Becton Dickinson, Sparks, MD) in

the form of slant tubes, which exhibited a green color for a negative reaction after

overnight incubation. A few randomly chosen isolates were confirmed using 20E

API strips (bioMerieux, Hazelwood, MO), a microtube system that contains 23

biochemical tests for identifying the genus and species of Gram-negative

bacteria. All E. coil isolates were frozen in one ml cryogenic vials at — 80 °C and

held for future antibiotic resistance testing and biochemical fingerprinting.
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Antibiotic Resistance Testing

The disk diffusion method was used for antibiotic resistance testing (ASM,

1995). Each isolate was streaked onto TSA and incubated overnight at 37°C.

Approximately two to three colonies were diluted into 0.85 percent sterile saline

to a turbidity of 0.5 McFarland turbidity standard (1.0 x 10 8 cells/ml). E. coli

ATCC 25922 was used as the positive control. A sterile cotton swab was then

dipped into the saline suspension and the isolate streaked onto a Mueller-Hinton

(Difco, Becton Dickinson, Sparks, MD) agar plate to form a lawn of growth. Five

antibiotic disks were placed on each plate with sterile forceps and incubated

overnight at 37°C. These antibiotics were chosen due to their common clinical

usage for bacterial infections in the human population (Jorgensen eta!., 1999).

The antibiotics of choice included: ampicillin (bug), carbenicillin(10Oug),

cefamandole (3Oug), cefoxitin (3Oug), cephalothin (3Oug), ciprofloxacin (5ug),

kanamycin (3Oug), streptomycin (bug), sulfisoxazole (0.25ug) and tetracycline

(3Oug) (BBL, Becton Dickinson, Sparks, MD). The results for antibiotic resistance

are determined by measuring the diameters of the zones for inhibition and

interpreting the results according to the National Committee for Clinical

Laboratory Standards (NCCLS) (ASM, 1995). Zones of inhibition surrounding

the discs were measured to the nearest whole millimeter and compared with

established zone size ranges for individual antibiotics.
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Biochemical Fingerprinting

Biochemical fingerprinting was chosen as a simple method for testing a

large number of isolates using prepared materials and reagents. A commercially

available kit for identification and typing of bacterial species, API 50 CH

(bioMerieux, Hazelwood, MO), was inoculated with each isolate (Kuhn et al.,

1990). A total of 49 reagents and one negative control are contained on each

strip. The isolates were grown on TSA overnight and then several colonies were

diluted into 0.85 percent sterile saline to achieve a turbidity of 0.5 McFarland

standard. The wells from the kit were then inoculated with the saline suspension

and incubated overnight at 37 °C. A bright yellow color throughout the well

indicated a positive reaction for the reagent on each strip. The reactions were

read on a 0 to 5 numerical basis with 0 meaning no reaction and 5 meaning total

color intensity. E. coli ATCC 25922 was used as the positive control.

Regrowth of Splitter Box E. coil

The one liter water samples taken from the splitter box chlorinated

wastewater were neutralized with a solution of one percent sodium thiosulfate.

To allow for repair and regrowth of E. cou, half of the sample was left at room

temperature for five days (Rusin, 1989). Beginning on day three, the sample was

assayed on M-coliblue media for E. coli isolates. This was repeated on days four

and five. The other half of the sample was mixed with filtered deep zone water

and followed the same five day regimen as above. Both these procedures were

done to ensure the resuscitation of injured E. coli from the chlorinated effluent.
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Statistical Analysis

Analysis of results were performed using group discriminate analysis

(Wiggins, 1996). Group discriminate analysis requires the use of a computer

program (Minitab,Release 13 for Windows) by which the variations found within

each bacterial population were used to determine the distance of each population

from that of the wetland effluent population. Each isolate reaction was entered

into the computer database as a number corresponding to the intensity of the

reaction. For purposes of our study, the group classification refers to the E. coil

sources (splitter box, deep zone, wetland effluent and bird droppings) while the

predictor variables are the biochemical and antibiotic resistance responses from

each isolate.

The chi-squared test was used to determine significant differences in the

antibiotic resistant patterns obtained from different sources. Computations were

performed using the statistical software program.
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IV. RESULTS

Physiochemical and Microbial Parameters of Cobble Site

For purposes of clarity in this thesis, splitter box refers to the isolates

directly cultured from the water sample while regrowth refers to only those

isolates that were resuscitated from the splitter box, as mentioned in the methods

section.

The unchlorinated effluent samples from the treatment plant were collected

and processed for E. coli but they were not tested for antibiotic profiling and

biochemical testing. These isolates were used as backups in case no growth was

detected in the splitter box isolates. The high variability of the E. coli strains in the

unchlorinated effluent would make discriminant analysis difficult and the splitter

box isolates were more of a direct source for human E. coll.

The pH, temperature, turbidity, free and total chlorine measurements are

presented in Table 2 along with the E. coil concentrations. The free chlorine

concentration at the splitter box was highest on the last three sampling dates

which coincided with no detectable E. coil in the splitter box water sample.

On November 10, 2000, no E. coli was isolated from the splifter box nor was

there any regrowth. Since the splitter box represents the fecal coliforms

contributed by humans, it was not possible to use data from this date. It has

been shown that a free chlorine residual of 0.2 mg/I, at 25 °C, pH=7.0, resulted in

a five-log reduction of E. coil (Sobsey, 1989). The splitter box sample from
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Table 2.	 Physiochemical and Microbial Parameters in the Cobble Site

Sampling	 E. coli pH Temp. Turbidity Free Cl Total CL
Date/Site	 cfu+ per100m1 OC NTU ++ mg/1 mg/1

10/3/00
Splitter Box	 12 7.26 34 1.32 0.5 2.0
Regrowth*	 247
Deep Zone	 365 7.27 33 1.71 ND** ND
Effluent	 650 7.41 28 5.00 ND ND

11/10/00
Splitter Box	 ND 7.21 26 2.00 0.5 1.5
Regrowth	 ND
Deep Zone	 200 7.71 22 5.00 ND ND
Effluent	 320 7.80 18 4.50 ND ND

12/12/00
Splitter Box	 ND 7.12 24 1.90 2.0 >2.5
Regrowth	 45
Deep Zone	 900 7.45 15 3.14 ND ND
Effluent	 666 7.65 15 2.01 ND ND

01/16/01
Splitter Box	 ND 7.22 21 2.01 2.0 >2.5
Regrowth	 108
Deep Zone	 530 7.71 16 2.97 ND ND
Effluent 	505 7.85 16 1.95 ND ND
+colony forming units
++Nephelometric Turbidity Units
*Regrowth refers to E. coli resuscitated from the splitter box sample
**Not detectable
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November 10, 2000 had a free chlorine residual of 0.5 mg/I, a temperature of 25

°C and a pH = 7.21, which likely resulted in our inability to detect E. coll.

Bird numbers were visually observed to increase by December mainly

populated by migratory species (Table 3). According to the Audubon Tres Rios

Avian Survey for 1996, fall and winter brings the highest bird population to the

wetlands. The majority of these birds were passerines such as yellow-headed

blackbirds and red-winged blackbirds. Black-necked stilts, a migratory waterbird

species, also increased a hundred-fold at the Cobble site.

Isolation of E. coil

E. coli isolates that exhibited a blue colony on M-coliblue media, provided

a positive indole spot test and a negative Simmons citrate test were kept for

biochemical fingerprinting and antibiotic resistance testing. In addition, random

isolates chosen from the above testing were identified using API 20E strips and

were confirmed as E. coll.

A total of 325 E. coil isolates were collected from three sampling days at the

Cobble site. The sampling dates, December 12, 2000 and January 16, 2001, did

not result in any E. coli isolates from samples at the splitter box, only regrowth

isolates.
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Table 3.	 Observed Avian Species and Counts

Avian Species Common Name 10/3/00 12/12/00 01/16/01

Phalacrocorax auritus Double-crested Commorant 2 10 no*
Mergus merganser Common Merganser 1 15 no
Sagomis nigricans Black Phoebe 2 no no
Fulica americana American Coots 30 54 25
Ardea herodias Great Blue Heron 4 17 16
Casmerodius albus Great Egret 26 47 17
Megacetyle alcyton Belted Kingfisher 4 19 10
Family Tryrannidae Flycatcher 32 22 39
Petrochelidon pyrrhonota Cliff Swallows 100 4 no
Euphagus
cyanocephalus

Brewer's Blackbird 10 no no

Falco spp. Falcons 7 3 no
Agelaius phoeniceus Red-winged Blackbirds no no 31
Xanthocephalus
xanthocephalus

Yellow-headed Blackbirds no no 47

Family lcteridae Unidentified Blackbirds 33 62 no
Family Podicipedidae Grebes no 13 27
Age laius tricolor Tri-colored Blackbirds no 39 93
Plegadis chihi White-faced Ibis no 36 110
Family Accipitridae Hawks no no 2
Family Threskionithidae Spoonbill no no 3
Butorides striatus Green Heron no 19 14
Himantopus mexicanus Black-necked stilts 32 98 51

Total 283 458 485
*Not observed
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Antibiotic Resistance of Pooled Isolates

Approximately 78 percent of all the isolates were resistant to one or more

antibiotics (Table 4). Resistance to ampicillin, cephalothin, streptomycin and

tetracycline was significantly higher in all the isolates compared to the remaining

antibiotics. The splitter box samples, representing E. coil from the human

population, had high resistance to ampicillin (50.7%), carbenicillin (39.4%),

cephalothin (81.7%), streptomycin (49.0%) and sulfisoxazole (32.4%). E. coli

from the human population showed three to four times the resistance to

sulfisoxazole compared to the E. coil from other sampling points. The bird

population showed a relatively high resistance to ampicillin (29.5%), cephalothin

(67.1%) and streptomycin (21.5%). None of the isolates, however, were resistant

to cefamandole or ciprofloxacin.

Human derived E. coli from the splitter box demonstrated higher

percentages of multiple antibiotic resistant (MAR) isolates than those obtained

from the avian population (Table 5). The splitter box samples had 21 percent

MAR E. co/i for five antibiotics compared to 4 percent for the bird population.

Since much of the bird population lives, eats and drinks from the wetlands, it

would be possible that they would also harbor some of the resistant E. coli

strains.

The deep zone and wetland effluent closely resembled each other in overall

spread of antibiotic resistance. These two sites are a mixture of E. coil strains

from both the wildlife and human populations.



Table 4. Percent of Pooled E. con Isolates Resistant to Antibiotics from
Sampling Dates 10/3/00, 12112100 and 01/16/01.

Antibiotic SB* with Regrowth Deep Zone Wetland Bird
Effluent

n**=71 n=57 n=48 n=149
Ampicillin 50.7 47.4 45.8 29.5
Carbenicillin 39.4 21.0 16.7 9.4
Cefamandole 0.0 0.0 0.0 0.0
Cefoxitin 2.8 8.8 10.4 8.7
Cephalothin 81.7 57.9 58.3 67.1
Ciprofloxacin 0.0 0.0 0.0 0.0
Kanamycin 2.8 7.0 2.1 6.7
Streptomycin 49.0 15.8 27.1 21.5
Sulfisoxazole 32.4 8.8 10.4 6.7
Tetracycline 24.0 35.1 29.2 10.1
* Splitter box
**The total number of isolates from each source

Multiple Antibiotic Resistant (MAR) E. coil from Regrowth Isolates

Higher numbers of MAR E. colt were detected from the regrowth isolates

collected on October 3, 2000 compared to the samples collected on December

12, 2000 and January 16, 2001 (Table 6). Antibiotic resistance of the E. coil from

the October 3, 2000 was three to seven times greater for the following antibiotics:

ampicillin (96%), carbenicillin (83%), cephalothin (78%), streptomicin (70%) and

sulfisoxazole (74%). In addition, the chlorine level (0.5 mg/I) on this day was

lower and the water temperature (34°C) was higher. These factors have

previously been shown to select for MAR bacteria in treated wastewater (Staley

eta!., 1988).
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Table 5. Distribution of Antibiotic Resistance of Pooled E. coil Isolates

No. of antibiotics
	

Number and Source of Isolates
to which resistance
was observed
	

SB*w/ Re rowth	 Dee Zone	 Outlet
	

Bird

0 4	 (6)** 10	 (18) 10	 (21) 51	 (34)
1 12 (17) 14	 (25) 11	 (23) 40 (27)
2 18 (25) 14	 (25) 10 (21) 32 (21)
3 12 (17) 10	 (18) 8	 (17) 6	 (4)
4 9	 (13) 3	 (5) 4	 (8) 11(7)
5 15	 (21) 5	 (9) 4	 (8) 6	 (4)
6 1	 (1) 1	 (2) 1	 (2) 3	 (2)

Total 71 57 48 149
*Splitter box
**Percentage of total

Table 6. Percent of MAR E. coil Observed in the Regrowth Isolates

Antibiotic
10/3/00

Date
12/12/00 01/16/01

Mean

Ampicillin 96% 30% 17% 48%
Carbenicillin 83% 0% 7% 30%
Cefoxitin 0% 10% 3% 4%
Cephalothin 78% 50% 62% 63%
Kanamycin 9% 0% 0% 3%

Streptomycin 70% 20% 21% 37%
Sulfisoxazole 74% 10% 7% 30%
Tetracycline 0% 10% 10% 7%
Mean 51% 16% 16%
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Statistical Analysis

For discriminant analysis purposes, the isolates were analyzed according to

sampling dates. Although resident strains of E. coli can persist for a few months

in the intestines of humans and animals, transient strains can have complete

turnover occurring within a few days (Caugant et al., 1981 and Sears et al.,

1949). These new strains exhibit no particular genetic similarity to those of the

previous days, since other E. coli have invaded from environmental sources.

Variation must exist between the individual reagents and the antibiotic

sensitivities for group discriminant analysis to categorize the isolates. All the

isolates, for example, were sensitive to cefamandole and ciprofloxacin;

therefore, these variables were not entered into the predictor variable database.

The remaining eight antibiotics and five reagents (dulcitol, raffinose, sorbose,

tagatose and 5- ketogluconate) gave the most discriminant power for the

statistical analysis. The exception to this was the sampling date of January 16,

2001, where sulfisoxazole offered no discriminantory power and was omitted.

The goal of discriminant analysis is to differentiate observations into three

dimensional graphics or algebraically describe them with numerical values

(Johnson and Wichern, 1992). The populations of E. coli from each site were

arranged as clusters of individuals along a three dimensional axis. Each cluster

was nearly as spherical as possible, defining the sphere by its radius and the

coordinates of its centroid (Rusin, 1989). Variation within and between

populations were compared and the distances between populations were
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calculated by the statistical program. The shorter the distance between the two

centroids, the more similar the two populations.

An easy way to picture discriminant analysis is to envision the E. coli

isolates from each site clustered together in a balloon (Figure 7). The closer one

balloon is to another in length, width and depth, a higher correlation exists

between the sampling sites.

As can be seen from Table 7, on October 3, 2000, the distance between the

wetland effluent E. coli population centroid and the passerine centroid was the

smallest distance (16.47). Therefore, the passerine population was a more

probable source of E. coli contamination than the regrowth from the splitter box

and the waterbird population. (Since the E. coli blooms were observed in the

effluent of the wetlands, this site was chosen as the comparison centroid

distance). No difference was seen in the discriminant statistical analysis when

the splitter box water sample isolates were pooled with the splitter box regrowth

isolates.

For December 12, 2000, the shortest distance from the centroid of the E.

coli found in the wetland effluent was the deep zone population (1.98). Likewise,

on January 16, 2001, the E. coli from the effluent was most closely related to

those from the deep zone (2.95). The bacteria from the deep zone and wetland

effluent are a mix of human and wildlife E. coli strains; therefore, the distance

from the centroid of the deep zone to the closest source centroid was calculated

(Table 8). On December 12, 2000, the deep zone isolates appeared to be more



Passerine

Figure 7. Centroid Distances Between Populations

Effluent
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closely related to the passerine population (2.33). The deep zone E. cofi strains

on January 16, 2001 were more closely related to the splitter box regrowth

strains or human population (2.82).

Table 7. Distances between the centroid of the effluent population and the
centroids of other E. con populations as determined by
discriminant analysis.

Sampling Date
	

Site	 Distance from Centroid of
Effluent

10/3/00

12/12/00

01/16/01

Passerine	 16.47
Splitter Box w/ Regrowth	 19.02
Deep Zone	 21.74
Waterbird	 46.34
Deep Zone	 1.98
Waterbird	 3.82
Passerine	 4.52
Splitter Box Regrowth	 8.26
Deep Zone	 2.95
Waterbird	 4.64
Splitterbox Regrowth	 5.06 



Table 8. Distances between the centroid of the deep zone population
and the centroids of other E. con populations as determined
by discriminant analysis.

Sampling Date
	

Site
	

Distance from Centroid of
Deep Zone 

12/12/00	 Effluent
	

1.90
Passerine
	

2.33
Waterbird
	

5.31
Splitter Box Regrowth
	

5.65
01/16/01
	

Splifter Box Regrowth
	

2.82
Effluent
	

2.97
Waterbird
	

4.92

Average Rate of Correct Classification

Discriminant analysis averages the individual correct classification rates

for each sampled group (splitter box regrowth, deep zone, wetland effluent and

bird droppings), statistically called the average rate of correct classification

(ARCC). The ARCC for the first sampling date was 87 percent and discriminant

analysis was able to correctly classify 80 of the 92 isolates (Table 9). The

remaining sampling days (December 12, 2000 and January 16, 2001) revealed

an ARCC of 67 and 69 percent, respectively. The samples from the splifter box

and bird isolates have good classification rates for all three dates. From a total of

325 isolates collected from the wetlands from all three sampling dates,

discriminant statistical analysis produced an ARCC of 74 percent.
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Table 9. Rates of Correct Classification for Wetland Groups

Source Number of Isolates No. Correctly Rate of Correct
Classified Classification %

10/3/00
SB Regrowth 32 29 91
Deep Zone 5 3 60
Effluent 6 4 67
Passerine 41 36 88
Waterbird 8 8 100
Total 92 80
ARCC=87%

12/12/00
SB Regrowth 10 10 100
Deep Zone 41 15 37
Effluent 30 21 70
Passerine 40 35 88
Waterbird 11 7 64
Total 132 88
ARCC=67%

01/16/01
SB Regrowth 29 16 55
Deep Zone 11 7 64
Effluent 11 11 100
Waterbird 49 35 71
Total 100 69
ARCC=69%
Mean ARCC=74%
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Multiple Antibiotic Resistance Index

The multiple antibiotic resistance (MAR) index has been used as a general

supplemental tool to identify fecal contamination from high-risk sources such as

humans, poultry and swine (Krumperman, 1983). The index for a single isolate is

determined by a/b, where a represents the number of antibiotics to which the

isolate was resistant and b refers to the total number of antibiotics tested. When

the indexing is applied to the total number of isolates from an environmental

source, the index is determined by a/b x c, where a is the sum of all antibiotics

that the isolates were resistant from a source, b refers to the total number of

antibiotics tested and c is the number of isolates from a source. For example,

the splitter box regrowth for sampling date, October 3, 2000, had a total of 23

isolates with an aggregate antibiotic resistance of 120, the MAR index of the

splitter box would be 120/10 x 23 = 0.52 (Table 10). The MAR index is higher in

the splitter box or human population than the bird population. The exception to

this was sampling date January 16, 2001 where the MAR index for both the

splitter box and the waterbird population was 0.20.

Chi-square Test

A significant difference was detected between the antibiotic resistance in the

splitter box with regrowth and the combined bird populations (df=7,P<0.001). No

significant difference was observed between the splitter box and wetland effluent

isolates (DF=7,P=0.060) and the effluent and bird isolates (DF=7, P=0.104).
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Table 10. Multiple Antibiotic Resistance Index for Sampled Sites

Sampling
Date

Source # of
Isolates

# of
Antibiotics

MAR
Index

10/3/00 Splitter Box 23 120 0.52
Deep Zone 5 10 0.20
Effluent* 6 15 0.25
Bird ** 49 49 0.10

12/12/00 Splitter Box 10 28 0.28
Deep Zone 41 33 0.08
Effluent 30 71 0.24
Bird ** 51 73 0.14

01/16/01 Splitter Box 29 57 0.20
Deep Zone 11 11 0.10
Effluent 11 16 0.15
Waterbird 49 97 0.20

*Effluent refers to wetland effluent
**Bird isolates included passerine and waterbird samples



41

CHAPTER FOUR
DISCUSSION

Based on discriminant statistical analysis of antibiotic resistance profiles and

biochemical testing, the E. coli population collected from the wetland effluent was

closer in similarity to the passerine population during the months of October and

December and to the incoming E. coil populations from the wastewater treatment

facility in January. This study suggests that each of these sources may be

contributing fecal coliform blooms to the Tres Rios effluent at different times of

the year. Unfortunately, there was not a year's worth of sampling to follow

monthly changes in the populations of E. coli within the wetlands.

Although the passerine population does not pose a high risk of disease

transmission, the regrowth bacteria from the splitter box can potentially pose

greater health threats to the human population. There are normal E. coil strains

that colonize the human intestine as harmless commensals, while other

pathogenic strains cause disease. The emergence of enteropathogenic (EPEC),

enteroinvasive (EIEC) and enterotoxigenic (ETEC) E. coil are important causes

of distinct diarrheal diseases and foodborne illness (Kay and Fricker, 1997).

Human feces can also carry other human enteric pathogens, such as Shigella

spp., Hepatitis A virus, Norwalk viruses, Entamoeba histolytica and Ascaris

lumbricoides. These pathogens are not known to colonize nonhuman species,

resulting in a lower risk posed by fecal matter from wildlife.

The p-value also indicated that there were more resistant isolates found in

the regrowth isolates than in the isolates from the avian population. Thus, the
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acquisition by humans of regrowth isolates would present a greater health risk

compared to the isolates from the bird population.

The average rate of correct classification (ARCC) of the E. coli isolates

ranged from 67 to 87 percent. These results compare favorably with other

studies (Wiggins et al., 1999; Hagedorn eta!., 1999). Managers in regulatory

agencies have found that ARCCs of 60 to 70 percent are very useful in designing

a sampling program for a discrete area such as a constructed wetland or a

specific stream (Harwood et al., 2000). The deep zone and wetland effluent

harbored a mixture of E. coli isolates from various sources, resulting in a larger

span in rates of correct classification (37 to 100 percent). However, the source

isolates, passerine, waterbird and human, were more correctly classified at 55 to

100 percent.

There is relatively more homogeneity in the antibiotic resistance patterns

and biochemical profiling when isolates are from individual animal populations

(Wiggins, 1996). It has also been found that when E. coli isolates are taken from

septic tanks at individual homes, there was lower variability in antibiotic

resistance patterns and higher ARCC (Hagedorn eta!., 1999). Municipal

wastewater facilities are a potpourri of E. coli isolates from humans, pets and

livestock, thus reducing the classification success (Wiggins eta!., 1999).

It was interesting to note that the strains of E. coli that were biochemically

identified demonstrated little variability on the API 50 CH strips. Of the 49

biochemicals on the strip, only dulcitol, raffinose, sorbose, tagatose and 5-
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ketogluconate were variable for discriminant analysis. Although biochemical

fingerprinting has been shown to differentiate between E. coli strains, the API 50

CH contains several reagents which do not discriminate E. coli strains but it is

more of a general system for studying the metabolism of carbohydrates by

Enterobacteriaceae (Kuhn et al., 1990).

The level of antibiotic resistance in this study (78%) is comparable to the

resistance of E. coil isolates from point and nonpoint sources collected from an

estuary in Florida (82%) (Parveen et al., 1997). In another study done on rural

and urban sites near Chesapeake Bay, 90% of the E. coil isolates were reported

as resistant to one or more antibiotics (Kaspar et al., 1990).

The antibiotic resistance profiles of E. coli isolated from the splitter box and

regrowth samples were higher than the pooled samples from other locations. Of

the 71 isolates from the combined regrowth samples, a mean of 77 percent were

multiple antibiotic resistant (MAR) to two or more antibiotics. The highest

resistance was to ampicillin (50.7%), carbenicillin (39.4%), cephalothin (81.7%),

streptomycin (49%), sulfisoxazole (32.4%) and tetracycline (24.0%).

Previous studies have found evidence that chlorination of wastewater

selects for MAR bacteria, but with mixed results. Murray et al. (1984) found that

regrowth bacteria had a higher resistance to ampicillin (83%), cephalothin (75%)

and tetracycline (18%) but a decreased resistance to kanamycin (2%). In

another study, Staley et a!. (1988) found that chlorinated fecal coliform isolates
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were more sensitive to kanamycin, streptomycin and tetracycline but more

resistant to ampicillin. Neither study examined E. coli separately for resistance.

Regrowth samples collected on October 3, 2000 provided isolates with the

greatest antibiotic resistance, 51 percent, while the mean antibiotic resistance

for isolates collected on December 12, 2000 and January 16, 2001 was only 16

percent. Also, the lowest chlorine residual and the warmest temperature were

detected at the splitter box on October 3, 2000.

Several studies have shown that lower levels of chlorination and high

temperature select for a higher occurrence of MAR bacteria. Staley et al. (1988)

demonstrated that fecal coliforms had eleven times more antibiotic resistance at

lower chlorine dosages (0.08 to 0.2 mg/I) compared to six times less resistance

at higher dosages (0.98 to 2.0 mg/I). The transmission of R factors (drug-

resistant plasmids) between bacterial populations in the environment have also

been found to be optimal at 35°C, producing higher multiple antibiotic resistant

coliforms (Walter and Vennes, 1985). Another study has shown that there are

strains of E. coli that are able to grow in waters from 15 to 42 °C (Kay and Fricker,

1997). Blooms of E. coil also require an organic carbon source which may have

come from the green algae or other plants present in the wetlands.

Although the MAR index deplicted higher antibiotic resistance for the

isolates from the regrowth of bacteria from the splitter box collected on October

3, 2000 and December 12, 2000, it did not, however, show any difference

between the regrowth and avian population for the samples taken on January 16,
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2001. Krumperman (1983) suggested that the index is meant to be used as a

supplement rather than a standard for antibiotic resistance profiling. The index

does not take into account the different concentrations of antibiotics used in the

testing or resistance from multiple source isolates.

The results of this study indicated that a combination of the passerine

population and the regrowth of E. coil strains from treated wastewater are the

sources of fecal contamination in the wetlands. This appears to depend upon the

time of year and be related to the presence of avifauna, ambient temperature of

water in the wetlands and/or chlorine levels in the incoming wastewaters.
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VI. CONCLUSIONS

The source of observed Escherichia coil blooms in the effluent of the Tres

Rios Wetlands was studied and determined to be from both human and animal

sources. Based on group discriminant analysis of antibiotic resistance profiling

and biochemical testing, the E. coil population from the wetland effluent

population on October 3, 2000 and December 12, 2000 showed a greater

similarity to the passerine population. On January 16, 2001, the E. coli

population from the effluent was closer in similarity to the regrowth isolates from

the treated municipal wastewater flowing into the wetland.

The average rate of correct classification (ARCC) of the E. coil isolates in

this study ranged from 67 to 87%, demonstrating the reliability of using group

discriminant analysis with antibiotic resistance patterns. This method proves to

be a potential tool for use in water quality monitoring programs aimed at

differentiating various sources of fecal contamination. Although biochemical

fingerprinting was employed in this study, only five of the forty-nine reagents

offered discriminantory power that was useful in the statistical analysis.

Resuscitation procedures on isolates collected from the chlorinated

wastewater in the splitter box were necessary in order to recover isolates that

represented the human population. These isolates had 21 percent greater

resistance to five or more antibiotics compared to only 4 percent for the isolates

from the avian population. In addition, the bacteria isolated from the October 3,

2000 water samples had three to seven times the amount of antibiotic resistance



compared to the regrowth population observed in the bacteria from the

December 12, 2000 and January 16, 2001 samples. Optimum temperatures

(34°C) and chlorine concentrations (0.5mg/1) may have resulted in suitable

regrowth conditions for E. coll.

One of the limitations in this study is the limited data to determine any

seasonal patterns associated with E. coil from wildlife and human origins.

Monthly samples from the Cobble site and the animal population would help to

clarify any source patterns associated with the E. coil blooms in the wetland

effluent.
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