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ABSTRACT

Effect of Sunlight and Other Factors on the Population



Dynamics of Coliform Bacteria: Francisco Folch Castafier,

Ph.D., Principal Advisor; William fi. McDowell, Ph.D.,

Associated Advisor; Iraida Robledo, M.S., Associated

Advisor.

The effect of sunlight on the population dynamics of

coliform bacteria was studied ina stream receiving the

effluent from Caglias' Sewage Treatment Plant (STP). The

effects of nutrients and chlorine were also studied.? Five

stations were established in El Caflo (into which the STP

discharges) and Rfo Cagitas (which merges with £1 Camo

approximately 0.5 kilometers downstream from the STP

discharge). Samples were taken during the daytime and

nightine, and dissolved oxygen, water temperature, light

intensity, and chlorine were measured in the field, Samples

were taken back to the laboratory for analysis of fecal and

total coliforms, nitrates and nitrites, ammonia, and

 

The results of this study show that the water quality

of these streams is extremely poor. Both the fecal

coliforms and dissolved oxygen had a high rate of non~

compliance with the water quality regulations. Moreover,

Rfo Cagiitas, which does not receive a discharge from a

STP, usually had a higher density of coliform bacteria than



EL Cano, whose waters are composed almost solely of the

effluent from an STP. A multiple regression-correlation

analysis demonstrated that there was no significant effect

of either the nutrients or chlorine on the density of

either coliform group.

An ANOVA analysis showed that the stream segment

Significantly affected the change in the density of

volifoums between adjacent stations, but the hour of

sampling did not. ?This result shows that segments of the

streams had different rates of inccease or decrease in the

density of bacteria, probably due to the fact that Rio

Cagiiitas had a higher density than £1 Cafe. The fact that

the hour of sampling did not have a significant effect

sows that there was no difference between daytime and

nightie samplings, therefore suggesting that sunlight did

hot cause substantial coliform die-off in these streams.
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INTRODUCTION



?The use of non-pathogenic bacteria as indicators of

pollution with pathogenic bacteria has generated much

interest in the population dynamics of coliforms once they

are released into streams, lakes or the ocean. Public

health officials need to be able to predict the population

dynamics of these bacteria in the environnent in order to

determine what uses can be given to a body of water that

receives fecal pollution, In Puerto Rico it is necessary to

predict coliform population dynamics because the high human

populational density creates a water pollution problem that

is increased by industrial waste discharges. The small

number of water bodies fit to serve as water supply sources

and as recipients of wastes, makes water reuse a necessity

that amplifies thie problem.

Based on a review of the literature Chamberlin and

Mitchell (1978) concluded that eunlight ie the most

important factor in the mortality of coliform bacteria

released into the ocean. Exposure to sunlight can kill

over 90% of a populetion of total coliforms in @ hours

(Grigsby and Calkins, 1980). Sunlight therefore appears to

be an effective bactericidal agent that is not being

utilized optimally to disinfect sewage effluents that are

�
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released into the environment. However, other factors have

also been found to affect coliform survival. The chlorine

applied to sewage treatment plant (STP) effluent kills a

large proportion of bacteria in the effluent (Camper and

MeFeters, 1979), and the density of these bacteria can also

be affected by the concentration of nutrients in the water

(Hazen and Aranda, 1980).

?Therefore, it is obvious that the survival of bacteria

released into the environment may be determined by more

than one factor. This experiment was conducted to assess

the effect of sunlight on the survival of fecal and

total coliform bacteria (FC and TC, respectively) released

by @ STP into a small, tropical stream in Puerto Rico.

Samplings were carried out at day and at night to determine

the effect of sunlight on their mortality pattern. The

effect of other factors, especifically chlorine and

nutrients, was also examined.
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oBJECTIVES

The purpose of this study is to assess the effect of

sunlight on the population dynamics of total and fecal

coliform bacteria, and to assess the effect of other



factors, specifically chlorine and nutrients.
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LITERATURE REVIEW

Coliform Population Dynamics

Measurement of Coliform Population Dynamics

?The magnitude of the die-off of a population of

bacteria once it is released into a body of water is

measured using Chick's decay coefficient, k (hour), which

is a function of the initial density of coliforms (,

jo) the

 

final density (B), and the time elapsed (t, hovr-})

(Chamberlin and Mitchell, 1978):

log (B/B,)

 



a

t

The final density of bacteria must be corrected for

dilution of the plume, and this procedure is explained in

John (1978) and Hubbard, et al. (1982).

?This equation is based on the assumption that bacteria

released into an unfavorable environment will experience

first-order aie-off, This die-off pattern is characterized

by the death of an equal proportion of the remaining

Population of bacteria in a given time period (See Pig. D.

Wowever, bacteria populations do not always follow this

pattern,
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Population Dynamics in Temperate Regions

and lakes

 

Studies carried out in temperate stre

show a great variability in k values. In their review of

the Literature Chamberlin and Mitchell (1978) report that k



values range from 0.010 to 1.0 and generally fall between

0.015 and 0.20 hour?. Another author (Velz, 1970) reports

that during the warm weather period k values for temperate

rivers ranged from 0.46 to 0.96. The discrepancy between

these authors is not easily explained. One possible reason

is that Chamberlin and Mitchell (1978) corrected the k

coefficient for the ailution of the effluent, but velz

(1970) apparently did not. The most likely explanation is

that the studies they cited lasted different time periods.

The studies used by Velz (1970) lasted 1 to 2 days and were
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Fig. 1. Patterns of bacteria mortality. 1st indicates

 



first-order and 31a indicates third-order die-off. Adapted

from Mancéni (1978).
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carried out during the sunser, but Chunberlin and mitenell

(1978) do not state how jong the studies they reviewed

lasted or in what season they were done.

Based on a review of the literature and on his own

sampling, Velz (197C) concluded thst the most common

pattern of coliform mortality is third-erder die-off. This

 

pattern congists of rapid initial die-off followed by much

slower mortality (See Fig. 1), He found that 99.518 of a

coliform population had » nal!-1ife ef 0.64 days, and the

other 0.49% had a half-tife of o

 

S days. Therefore, he

concluded that the mortsiity pattern ses basically first~



order since such a large fraction of a population of

bacteria die during the first day in a river.

Population Dynamics in Puctto Rico

?The dynamics of coliforms appear to be different in

the tropics than in temperate regions. k values are much

higher, and regrowth of hucteria has been reported, one

 

study of coliform mortality carried out in Puerto Rico

found k values that ranged from 0.8 co 2.9 day"? (19.2 te

23.2 hour?l) (mumoz,et al., 1969). The k values reported

ate much higher than those reported for temperate regions

and demonstrate that die-off in the tropics can be much

quicker than in temperate regions. Kowever, the came study

also reports that in two Puerto Rican streams coliform

density increased instead of decresced. niambn and Hazen

 

(1983) also report that colifoms in an effluent plume
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dumped into the ocean showed an initial increase followed

by a decrease in density. ?These findings may be explained

in part by the fact that in both cases of regrowth the

polluting material was the organic-rich waste material from

sugar cane. This effluent may provide nutrients necessary

for bacteria reproduction that are not provided by sewage

effluent. Another possible explanation is that in the

tropics phytoplankton is involved in the control of

population levels of coliforms (Hazen and Aranda, 1980).

Population Dynamics of Pathogenic Bacteria

It is important to remember that the population

dynamics of pathogenic bacteria do not necessarily have to

be the same as the dynamics of coliforms. Several studies

 

have demonstrated that pathogens have greater resistance to

lethal agents than coliforms (Chamberlin and Mitchell,

1978; Jagger, 1981). In their study of bacteria in an



industrial effluent, Biamin and Hazen (1983) found that the

density of FC was not correlated with the density of

Aereomonas hydrophila, a pathogenic bacteria, Therefore,

care must be taken when making generalizations of bacteria

mortality based on studies of coliforms.
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Zactors That Affect Coliform Population Dynamics

Sunlight

Based on an extensive review of the literature

Chamberlin and Mitchell (1978) concluded that sunlight is

the most important factor in the mortality of indicator

bacteria released into the ocean, ?They found a significant

Linear relationship between the decay rate of coliforms ané

the depth-corrected intensity of sunlight. Evidence of

sunlight's lethal action to bacteria in freshwater vas

provided by Grigsby and Calkins (1980) vho placed samples

of effluent from a sevage treatment plant in tanks exposed

to the sun. ?they found that the density of TC decreased

steadily during the day and increased slightly at night

(See Pig. 2). Several other in vitro experiments have

 



Tine ¢hours)

Fig. 2, Fffect of exposure to sunlight on total coliforms.

The bar represents daytine (empty) and nightime (filled)

exposure. Adapted from Grigsby and Calkins (1980).
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onstrated that sunlight causes a decrease in the density

of coliforms (Chojnowski, et al-, 1979; Fujioka and

Narikawa, 1982; Tuveson and March, 1980).

Therefore, there is widespread evidence that sunlight

causes mortality in vitro, but there have been no

experiments to our knowledge to test the effect of sunlight

on coliform mortality in sewage plumes, Proving this effect

nay be difficult because the turbulence and turbidity of

plumes may attenuate sunlight's lethal action. However,

at least indirect evidence has been presented by Fattal, et

al. (2983) who detected a negative correlation between the

mean monthly FC density in a sewage plume and the mean



monthly duration of sunlight.

 

?The ultraviolet (Uv) component of sunlight is at least

partially responsible for its lethal effect. All three

components of UY light {near (A= 320-400 nm), mid (A=

290-320 nm), and far (A~ 200-290 nm) UV} can kill bacteria

(Peak, 1983), Their modes of action are different. the mid

UY component causes mixed results, but the far and near WV

cause the same end result:

 

death of the bacteria due to DNA

damage (Peak, 1983). The near UV can also cause sub-lethal

damage to the permeability of the cell membrane and protein

synthesis apparatus (Jagger, 1961).

Chlorination

Chlorine is the most commonly used disinfectant of

waste water effluents, It rapidly reduces coliform

�
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Gensities by as much as 90% (Camper and McFeters, 1979).

However, recent experiments have shown that this decline is

only temporary and, that after a lag period, the density of

coliforms begins to increase, Following exposure to

chlorine the density of indicator bacteria decreases for an

hour (Camper and McFeters, 1979), but after this initial

decline the density can increase for as long as five days

(Kinney, gt al.» 1978).

?The explanation of this "regrowth" lies in chlorine's

mode of action. A large proportion of the bacteria

exposed to chlorine are not killed; they are injured sub-

lethally. Although chlorine damages the cell's genetic

material and protein synthesis apparatus (Haas and

Engelbrecht, 1980), the greatest damage occurs in the cell

membrane. Pores are opened in the membrane that disrupt

active transposrt and allow low molecular weight material

to escape the cell (Raas and Engelbrecht, 1980). The net

result is that the bacteria is not dead but is injured to

such an extent that it is unable to grow on selective media

such as m-FC and m-endo, Proof of this hypothesis was

Provided by an experiment in which the absorbance of a

suspension of chlorine-injured coliforms was measured

simultaneously with plate counts, The former remained

unchanged while the latter decreased (Camper and McFeters,



1979). Given time, the cells repair the damage and are

again able to grow on the plating media, creating the

 

illusion of regrowth?

10
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ALL research involving indicator bacteria must take

into consideration the fact that the most commonly used

plating media do not detect these sub-lethally injured

cells. m-endo can recover 95% of the uninjured and 668 of

the chlorine-injured cells, and n-PC can recover 1058 and

7%, respectively (McFeters, et al., 1982).

Nutrients

Little emphasis has been placed on the role of

nutrients on the population dynamics of coliforms in the

environment. In their review of factors influencing

coliform mortality, Chamberlin and Mitchell (1978)

concluded that nutrients could explain only a small

fraction of coliform die-off. However, several experiments



have demonstrated that a correlation can exist between

nutrients and coliform density. Research conducted in a

Swedish estuary showed that the density of FC was

positively correlated with total nitrogen and nitrate

(Hirn, et als, 1980). Razen and Aranda (1980) found that

the density of FC in several stations along a Puerto Rican

stream was positively correlated with ortho-phosphate and

nitrate concentrations. A study of the population dynamics

of bacteria in a plume of organic-rich industrial effluent

dumped into the sea showed that the density of the bacteria

Acreowsnes hydrophila was positively correlated with total

phosphorous, total organic carbon, and orthophosphate;

whereas the density of FC correlated only with conductivity

n
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(Biam?n and Hazen, 1983). Since a relationship between

 

bacteria density and nutrients does not always exist, and

since the nutrients involved vary, it is possible that the



effect of nutrients is indirect or only one of many. One

possibility is that phytoplankton mey be modifying the

effect of nutrients on coliforms (Hazen and Aranda, 1980).

other

Various other factors have been proposed to cause

coliform mortality, including predation. In one

experiment, predation was found te remove 107 coliforms in

10 days (McCambridge and McMeekin, 1979), but in another

experiment predation did not cause cignificant die-off

(DeLeval and Remacle, 1979). This discongruity is probably

due to the different methodologies used. The latter

experiment removed the protozoans by filtering the water

through a 0.8m membrane, but the former experiment

emonstrated that it is this component of the fauna that is

most active in predation,

Sedimentation could also affect coliform population

dynamics. £. coli and Vibrio cholera can survive for

considerable periods of time and even reproduce in

sediments (Hood and Ness, 1982). Furthermore, activities

such as dredging the bottom of a stream can resuspend

coliforms bound to the sediment and increase their density

in the water column (Grimes, 1980). Therefore, sediments



jay act as a sink or a6 a source of coliforms.

12
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Still other factors have been proposed, including

heavy metals, bacteriophages, algae, and bacterial toxins.

However, their effect on the population dynamics of

bacteria is deemed to be minimal (Chamberlin and Mitchell,

1978).

a3
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MATERIALS AND METHODS

Location

The source of fecal bacteria for this study was the

city of Cagiias' STP, The trickling filter plant received

mostly domestic wastes at an average flow of 6.9 Mod

(PRASA, 1984). ?The plant discharged the treated effluent

into a channel locally called £1 Cafio (See Fig. 3). During

stable flow conditions the plant's effivent makes up the

entire flow of El Cafio, which runs through 0.5 km of



Pasture before merging with Rio Caglitas. Downstream from

the point of merger with El Cafic, Rio Cagilitas flows by a

sand and gravel quarry; however, this activity does not

seen to affect the river's flow significantly.

Both Rio Cagiitas upstream from £1 Cafle, and the stP's

effluent have highly variable water quality, At times both

the river and the plant's effluent bear almost raw sewage

and at other times the water they bear are moderately

Clean. For other studies of this river see Quiffones-Marquez

(1980) and Font, et al. (1972).

Sampling Procedure

Five stations were established in a 1-km stretch of

the Caguitas and £1 Cafe (See Fig. 3). Station 1 was

4
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?resiocntia seca ©



 

STREET wemeer

   

ster ©). sawpune stariow

EL eNE rc war MARKER

Fig. 3. Location of the sapling stations. Cagilas

Sewage Treatecnt Plant (SIP in the eup) ds located in

  

 

 

eastern edge of the city. Adapted from USGS
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located at the point of discharge of the STP into El Caflo.

Station 3 was located in Rio Caglitae upstream from its



 

merger with El Cafio and is equivalent to the Geological

 

Survey's water quality station number 50055250 (Curtis,et

al., 1984).

Samples were taken once a week beginning in March

1984, Pive daytime samplings were followed by three

 

nightime samplings. All samplings were carried out in

stable flow conditions beginning at 9 a.m, and 9 p.m,

respectively. The order in which the stations were

sampled varied but was generally: 3, 1, 2, 4, 5.

Two samples were taken at each station, A sample for

microbiological analysis was taken in a sterile bottle with

1 mb of 108 sodium thiosulfate to neutralize residual

chlorine (APHA, 1980). A sample for chemical analysis was

taken in a plastic bottle. ?The samples were taken

simultaneously 10 cm from the water surface and were

Protected from sunlight immediately. All samples were



Placed on ice as soon as possible (but never more than five

minutes after sampling) and were kept on ice until they

were analyzed,

Several other parameters were measured in each station

at a depth of 10 em. Dissolved oxygen (00) and water temp-

erature (Temp) were measured using a Model 57 Meter (Yellow

Springs Inst. Co.). Light intensity was measured using an

underwater photometer (Protomatic). Total Chlorine was

measured in Station 1 with a Model Ch-66 meter (Hach Coo.

16
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Coliform Enuoeration

Coliform densities in the eamples taken for

microbiological analysis were determined using the membrane

filtration method as described in Standard Methods (APHA,

1980). M-endo and M-Fc broths (Difco) were used to

determine total coliform and fecal coliform densities,

Tespectively. These media were filter cterilized through

0.20 4m pore diameter membranes (Type SM, Sartorius Co.)

and dispensed into sterile petri dishes with absorbent pads

(Millipore Co.)



A sample was chosen randomly for analysis. Using

sterile phosphate buffer (APHA, 1980), two dilution series

(one for each medium) were made. The final filtration

volume was always 10 mL, and these dilutions were filtered

in less than 30 minutes, A sterile filtration unit and

0.45 jum pore diameter membranes (Type HA, Millipore Co.)

Were used, The four dilutions for one medium were filtered

beginning with the most dilute, The filter was then

sanitized by rinsing it with ethanol, was allowed to air

dry, and was rinsed with sterile buffer before beginning

the remaining filtrations for that ctation, The same

Procedure was followed for each station, and the maximum

time elapsed between collection and examination of the

samples was 8 hour

 

TC were incubated at 35°C for 24 hours, and red

colonies with green metallic sheen were counted. FC were

7
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incubated at 44.5°C for 24 hours, and blue colonies were

counted,

Chenical Analysis

Samples were analyzed for nitrite and nitrate,

ammonia, and chloride, using automated analysis

(autoAnalyzer II, Technicon Instrument Co.) as described in

Standard Methods (APHA, 1980). The samples were prepared

by filtering them through Whatman filter paper (W & R

Balston Co.) and then through 0.45 ym pore diameter

membranes (Type BA, Millipore Co.). The filtered samples

were diluted 1 in 10 using distilled-deionized water

(Wanopure, Barnstead Co.) before analysis.

4 portion of each diluted sample was stored at 4°C for

@etermination of nitrogen as nitrate and nitrite

(W02"/N03-) and, chloride ion (C1?) (holding time < 5 days,

and 3 weeks, repectively). A second portion was acidified

by adding concentrated sulfuric acid and stored at 4°C for

analysis of nitrogen as ammonia (wig*) (holding time (< 6

ays).

Data Analysis

Data analyses were done using the SPSS statistical



Package (Nie, et al., 1975).

18
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esuuts?

Water Quality

A summary of the values obtained for several

indicators of the water quality of Rio Cagilitas and £1 Cao

appears in Table 1. As expected, the high densities of

FC and TC, low concentrations of DO, and extremely high

concentrations of Nig*, corroborated that both streams

receive sewage effluent.

?Two of these parameters (FC and DO) had a high rate of

non-compliance with the applicable water quality

regulations (EQB, 1983). Whereas the standard is that no

more than 20% of all samples taken in a given location

shall have more than 40 CFU/mL of fecal coliforms, 80% of

the samples in this study exceeded that value. Over 908 of

all samples analyzed for DO had a concentration lower than

that stipulated by the standard, 4.0 ppm. on the other

hand, both C1~ and No2"/NO3 had 100% compliance.



1. All volves obtained in this study appear in Table 4 in

the Appendix.

a9
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Table 1, Water quality summary for Rio Caglitas and El

Cafic. Results based on all samples taken during this

study.

OO

 

 

 

 

re ena) yes swoo | aan aes

Nag* (ppm) | 9.9 = 14800 } 1350 £ 2971

 

 



 

 

1, Measured omly in the STP outfall (station 1).

20

�

---Page Break---

Effect of Physico-Chenical Factors

A multiple regression-correlation analysis was carried

 

out to detect any correlations between the logarithm of

either coliform group and the physico-chemical factors

studied. Te correlation coefficients appear in Table 2,

but there was no significant multiple correlation with the

logarithm of the bacteria (p=0.05). In addition, the

jogarithm of neither coliform group in the STP w

 



significantly correlated with the concentration of chlorine

in the STP (See Fig. 4).

Coliform Population Dynamics

Although the number of bacteria fluctuated greatly

with each sampling, a prevalent populational trend was

evident (See Fig. 5 and 6). In general, there was a

decrease in density between the STP and Station 2, which

 

followed by an increase between Stations 2 and 3 and a

Moderate decrease between Stations 4 and 5. Bowever,

instead of the expected decrease in density between the

first (Station 1) and Jast stations (Station 5), there was

@ slight increase in density. This increase may be

attributed to the fact that Rie Cagiitas (station 3)

usually had a much higher density of coliforms than £1 Caflo

and therefore greatly increased their density in Stations 4

and 5 (See Fig. 5 and 6).

Several other trends could be detected. A foreseeable

result is that the total coliforms had a higher density of



21
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Table 2. Coefficients for the correlation of the physico-

chemical parameters with the logarithm of fecal or total

goliforms. & stepwise multiple regression-correlation

analysis with forward inclusion proved that none of the

Parameters were significantly correlated to either coliform

9roup (p=0.05).

eee

 

 

 

 

 

T

1 Dependent Variable

1



r T

1 Logarithm 1 Logarithm

Independent Variable | Fecal Colif. | Total Colif.

ee ee

r r

Dissolved Oxygen 1 -0.60 I 0.48

1 !

?Temperature 1 0.83 ' 0.37

1 '

Light I -0.03 1 0.12

i 1

8027/03? 1 0.44 1 0.64

' 1

way | -0.50 1 -0.68

I '

Discharge 1 -0.34 ' 0.55

' 1

Chlorine 1 ~0.62 1 -0.50

ne as 1
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Fig. 4. Correlation #f chlorine with the Toparithm of coliform:

in the Sewage Treat went Plant outfall. Neither correlation was
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bacteria than the fecal coliform:



 

contrary to what was

expected, the average density of both groups of bacteria

was greater during the daytime samplings than during the

nightime samplings.

An ANOVA analysis was carried out to determine if the

stream segment, the group of bacteria, or the hour of

sampling affected the change in the logarithm of coliform

bacteria between adjacent stations (See Table 3). of the

Patterns that were apparent in the graphs only the

Gifference between stations was statistically significant

(p<0.05), thereby proving that the increases or decreases

 

in the density of coliforms were not the same for ali

reaches of the river. Since there was no effect of the hour

of sampling, the apparent differences between daytime and

Aightime samplings that could be observed in Pig. 5 and 6

Were not statistically significant, Likewise, the apparent

@itferences in the change in the number of bacteria

measured by the two coliform groups were not substantial.

AS expected, the logarithms of the two groups of



bacteria (PC and TC) were highly correlated (See Fig. 7).

The logarithm of TC accounted for 64.5% of the variation of

the logarithm of Fc.
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Table 3. ANOVA used to examine the effect of the strean

Segment, the hour of sampling, and the group of bacteria on

the change in the logarithm of coliform bacteria between

adjacent stations. The stream segments were classified into

the areas between Station 1 and 2, 2 and 3, 3 and 4, and &

and 5. The hour of sampling was claseified into daytime and

nightime, and the group of bacteria was classified into

total and fecal coliforms, ?The dependent variable was the

difference in the logarithm of coliforms between these

stations.

 

 

 

 



 

Source of sum of Mean Signif.

Variation Squares DP square oF of F

Bour 0.69 1 0.69 0.63 0.432

Segnent 29.00 3 © 9167 8.78 0.000

Group 012-2 0112 or1 0746,

?Two-way Interactions:

 

Segment and Hour 3.19 3 1.06 0.97 0.416

Segment and Group «11743-0158 05302665

Hour and Group 0:78 =i) 0:78 = 02710403,

?Three-Way Interaction:

Segment, Hour and

Group? or Error 0.10 3 0.03 0.03 0.992

Residual 52-83 48 © 1.10

Total 68.45 63 1.40
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DISCUSSION

water Quality

The results of this study agree with the findings of

another study carried out in Rio Cagiitas (ouinones-

Miequez, 1980). The values of dissolved oxygen, chloride,

end total and fecal coliforms detected in both studies were

in the same range. But the values obtained for NO2"/103~

and especially for NHg* were much higher than the values

reported by Quiffiones-Marquez. The averages obtained in



this study were 0.41 and 1350 ppm, respectively, whereas

the averages obtained by Quitones-mMarquez were

approximately 2.2 and 4 ppm, respectively. This

@iserepancy could be due to the fact that they only sampled

the Cagiiitas upstream from ite merger with £1 Cafe

(equivalent to station 3 in this study). this station

Generally had a lower concentration of Niig* than the other

stations, Another possible explanation might be found in

the large fluctuation in these parameters with each

Sampling (See Table 4). Whereas in one sampling the NH4*

concentrution was 87 ppm, the next sampling it was 2290

ppm, With such large fluctuations, the discrepancy could

29
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be explained. Of course, the best explanation may be that

the quality of the river has worsened since Quinones-

Marquez studied it.

The high concentrations of nutrients, low

 

concentrations of dissolved oxygen, and the high densities



of coliforms found in Rio Caglitas and E Caflo corroborate

Quifiones-marquez's (1980, p.51) conclusion that ".. the

quality of its water ranks among the worst in Puerto Rico."

The similarity in the values obtained in both studies

Proves that the quality of the river has not improved in

four years despite a doubling of the s7P's capacity in

1963. In fact, it appears to have worsened as far ac Niig*

?and NO2"/NO3 are concerned. & disturbing conclusion that

can be drawn from these data is the fact that Rlo Cagitas,

which Goes not receive STP effluent, is equally as polluted

a6 El Cafio, whose waters are composed almost solely by the

effluent from a sewage treatment plant.

Coliform Population Pynanics

The two groups of coliforms, the fecal and total

coliforms, behaved as expected in detecting fecal pollution

(APIA, 1960). A lower number of bacteria grew on the fecal

coliform medium than in the total coliform because it is a

more selective medium, On the other hand, the number of

bacteria detected by the two plating media were always

te because they both measure fecal pollution,
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Although there was a significant effect of the strean

segment on the density of coliforms detected, it wa

impossible to detect any clear-cut die-off or regrowth of

the bacteria. The decrease in the density of coliforms

between Stations 1 and 2 suggests that the bacteria

released by the STP experienced die-off. However, the

overall trend inthese streams was an increase in the

density of bacteria, as indicated by the increase between

the STP and Station 5. An ANOVA showed that the stream

Segment significantly affected the change in coliform

bacteria (See Table 3). This result is probably due to the

fact thet Rio Cagiiitas had such a higher density of

bacteria than El Cafio that it resulted in a change in

density between Stations 2 and 3 that was significantly

different from the other segments, Therefore, it is

impossible to tell whether the increase between Stations 1

and 5 was due to the addition of bacteria by the Caguitas

or the regrowth of chlorine-injured cells.



To determine if the bacteria released by the stp

experienced dic-off or regrowth, a mathematical calculation

must be carried out to correct for the number of bacteria

added by Rio Cagliitas (velz, 1970). This study attempted

to carry out this correction using the chloride that is

naturally found in these waters as a conservative tracer,

but the calculation was not successfull apparently due to

the addition of sub-surface Clow that diluted the chloride.
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Effect of Nutrients and Chlorine

Neither NH4*, nor No2"/NO3~, nor chlorine affected the

density of the coliform bacteria. This result does not

agree with a study conducted in Puerto Rico that found a

correlation between NO2"/NO3? and the fecal coliforms

(Hazen an@ Aranda, 1980), However, the authors

hypothesized that this relationship is indirect and is due

toa direct symbionism between algae and the coliforms.

Their hypothesis is corroborated by other studies (Cole,

1982).



Hazen and Aranda studied a clear mountain stream where

there should be an abundant population of algae. Rio

Cagiitas and £1 Cafio, on the other hand, which carry a

heavy load of suspended and dissolved solids (Curtis, et

al.) 1984) which filters out sunlight and may inhibit algae

from growing. Therefore, the correlation of nutrients with

coliform density should not be expected in these streams.

A surprising result is the lack of an effect of

chlorine on the density of the coliforms. It was not

correlated with the density of either group of bacteria in

the STP outfall. The lack of correlation shows that the

Plant's operators applied excessive quantities of chlorine

to the effluent. The concentration of total chlorine in the

outfall surpassed 3.0 ppm more than once, This excess did

not cause a proportionate decrease in the density of

coliforms but instead may have caused damage to the

strean's biota (Esvelt, et al., 1973).

32

�

---Page Break---

Effect of Sunlight

Sunlight did not affect the dynamics of the coliforms



in this stream, The non-significant effect of the hour of

sampling on the change in the density of the bacteria

between stations indicates that there was no difference

between day and night samplings (see Table 3). In

addition, the average density of both groups was higher

Guring the daytime than during the nightime (See Fig. 5 and

6). If sunlight had acted as a bactericidal agent as

Suggested by Grigsby and Calkins (1980), then the coliform

density should be lower during the daytime. ?Therefore,

sunlight was not an effective bactericidal agent in this

stream,

Sunlight's bactericidal action has only been proven in

highly controlled experiments so it is not too surprising

that no effect was found in this experiment. The turbidity

and turbulence of the stream's water may attenuate the

effect of sunlight by filtering out the uv rays and moving

the bacteria to the bottom of the stream where the Uv

tadiation does not penctrate, Tuveson and Hareh (1980)

found that clear water filtered out UV rays and attenuated

its lethal effect. The reduction of UV lethality should be

even greater in these streams that carry a heavy load of

@issolved and suspended solids (Curtis, et al., 1984).

This finding demonstrates that the hypothesis put

forth by Chamberlin and Mitchell (1978) that sunlight is



the most important factor in the mortality of coliform
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bacteria released into the ocean cannot be extrapolated to

all streams, El Cafio and Ric Cagiiitas do not behave as

expected probably due to the high degree of turbity of

their waters.
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CONCLUSIONS AND RECOMMENDATIONS

The results of this study show that there vas no

Significant effect of sunlight on the population dynamics

of coliform bacteria released into £1 Caflo. There were

also no effect of nutrients or of chlorine. In addition,

the water quality of these two streams was extremely poor.

It would be useless to suggest ways to enhance the

bactericidal effect of sunlight when the water quality of

both streams is so poor. Sunlight-induced mortality should



be used as a second 1ine of defense against fecal

Pollution; the first line of defense must be the efficient

functioning of the sanitary system, Not only is the sevage

treatment plant not functioning correctly, but the Cagiiitas

Feceives pollution from cources other than the STP that

Give it a higher degree of fecal pollution than £1 Cafe.

The first step in correcting the gross pollution of

thie area is to identity and eliminate the source or

sources of fecal pollution in Kio Cagiiitas. The next step

 

must be to increase the efficiency of Cagiias? stP, which

now barely provides primary treatment, Only when this

Plant removes the high load of solids in its effluent can

suntight begin to be a contributing factor in the control

of indicator and pathogenic bacteria.

25

�

---Page Break---

LITERATURE CITED



APHA. 1980. Standard methods for the examination of

water and wastewater, 15th ed. American Public Health

Association, Washington, D.C. 1134 pp.

+ Biamén, £.J. and 7.c. Hazen, 1983, Survival and

 

distribution of Aeromonas hydrophila in near-shore

coastal waters of Puerto Rico receiving rum distillery

effluent. Water Res, 17:319-326.

Camper, A.K. and GA. McPeters, 1979. Chlorine injury

and the enumeration of waterborne coliform bacteria.

3s Appl. Environ, Microbiol. 37(3):633-641,

Chamberlin, C.E. and R, Mitchell. 1978, A decay mode)

for enteric bacteria in natural waters. p. 325-347 in

R. Mitchell, ed. Water Pollution Microbiology. Wiley

and Sons, W.¥.

Chojnowski, K.J., J.L. Mancini, and J.8. Jeris. 1979.

Influence of light on coliform mortality rates in fresh

water and sea water. J. Water Poll. Cont. Ped.



51(10) 2538-2539,

Cole, J.J. 1982. Interactions between bacteria and

algae in aquatic ecosystems, Ann. Rev. Ecol. Syst.

13:291-314.

Curtis, R.E., S. Guemin-rios, and P.L. piaz. 1984.

Hater resources date for Puerto Rico and the is.

Virgin Islands, 1983. uscS Water Data Report PR-83-1-

available from: USGS, GPO Box 4424, San Juany PR 00936.

 

 

 

DeLeval, J. and J. Romacle. 1979. The estimation of

bacterial predation by aquatic microfauna, Water Res.

135133571337.

 

+ 80B. 1983. Puerto Rico water quality standards

 



regulations. Environmental Quality hoard Resolution No,

R-83-5-2, ?as amended February 28, 1983, Available fro

OR, ox'11488, Santurce, Px, 00910,

 

-Esvelt, GA, W.J. Kaufman, and R.B, Selleck. 1973.

 

Toxicity

Je Watee P

scasuent of treated municipal wastewaters.

V1. Cont, Ped, 45(7) 21558-1972,

   

36

�

---Page Break---

a.

12.



13.

aa

as.

16.

a.

19.

20.

a.

Fattal, B., RJ. Vasl, E. Katzenelson, and B.1. shuval.

21983, Survival of bacterial indicator organisms and

gnteric viruses in the Mediterranean coastal waters off

Tel-Aviv. Water Res. 17(4):397-402.

 

Fon

  



feghGrr Sh al. 1972. Report of the sanitary

gonditions of the Loiza river and its

Unpublished report. ?Available from: Puerto iyas

Aqueduct and Sewer Authority, San Juan, PR. 9 pp,

Fujioka, R.S. and 0.7. Narikawa, 1982. Effect of

sunlight on enumeration of indicator bacteria under

field conditions, J. Appl. Environ. Microbiol.

44(2) 2395-401,

Grigsby, P. and J. Calkins, 1980. Inactivation of a

natural population of coliform bacteria by sunlight.

Photochem. Photobiol. 31(3):291-294.

Grimes, D.9. 1980, Bacteriological water quality

effects of hydraulically dredging contaminated upper

Missiscippi river bottom sediment. J. Apple Environ,

Microbiol. 39(4): 782-789,

Haas, C.N. and R.S. Engelbrecht. 1980. Physiological

alterations of vegetative microorganisms resulting from

ghlorination, J. Water Poll. Cont. Ped. S2(7)s1976~

1987.

   



Razen, TC. and C.F. Acanda. 1981. The relationship

between the distribution and abundance of bacteria ano

yater quality in the Rio Mameyes waterhsed. p. 87-111

in Séptimo Simposio de Recursos Naturales. Available

from: Department of Natural Resources, San Juan, PR,

Hirny J... Viljamaa, and M. Raevuord., 1980, The

effect of physichochenical, phytoplankton and seasonal

factors on faecal indicator. bacteria in northern

brackish water. Water Res, 14(3):279-265-

 

Hood, M.A. and G.E. Ness. 1982. Survival of Vibrio

ghelezae and Eechecichia coli in ertuarine water and

Sediments. J, Appl. Environ. Microbiol. 43(4):578-564,

 

 

   

bubbard, f.., FA. Kilpatrick, L.A, Martens, and J.P.

Gilgen. Je. 1982. Meocurement of time of travel and



Sispersion in streans by dye tracing. U.S. Geological

Survey Techniques of Water Recources Investigation, ch.

AG, Mook 4. Available from: Branch Distribution, Wscs

1200 South Fads St., Arlington, VA

 

Jagyer, 1981. wear-UV radiation effects on

microorganisms. Photochem, Photbiol. 34:761-768,

 

w

�

---Page Break---

22.

24.

25.

26.

27.

28.



29,

30.

a.

32.

33

John, P.H. 1978, Discharge measurement in lower order

streams, Int, Rev. ges. Hydrobiol, 63(6):731-755,

Kinney, E.C., D.W. Drummond, and N.B. Hanes. 1978.

Effects of chlorination on differentiated colitors

groups. J, Water Poll. Cont, Fed, §0(10):2307-2312,

 

Mancini, J.L. 1978, Numerical estimates of coliform

Rortality rates under various conditions. J. Water

Poll. Cont, Ped. 50(11):2477-2483.

McCambridge, J. and T.A. McMeekin. 1979. Protozoan

Predation of Escherichia coli in estuarine water



Water Res. 13:659-663,

 

McFeters, G.h., S.C. Cameron, and M.W. LeChevallier.

1982. Influence ?of diluents, media, and membrane

filters on detection of injured waterborne coliform

bacteria, J. Appl. Environ. Microbiol. 43(1):99-103,

Mufoz, Roy M. Martinez, A, Rodriguez, M. Pedraja, R.

Seda, and C.m. Chan. ?1969. The gself-puri

ates of polluted gtreams in Puerto Rico. Final Report,

WRRI Project No. A-006-PR. Available from: Water

fesources Research Institute, Univ. Puerto Rico,

Mayaguez Campus.

Nie, N.H., C.H. Hull, J.G. Jenkins, K. Steinbrenner,

and D-H. Bent. 1975. ?Statistical Package for the

Social Sciences, 2nd'ed. McGrav-Hili Book Con Noe

675. pp.

Peak, M.J. 1983. Killing and mutation by solar uv in

bacteria. Photochem, Photobiol. 37(Suppl.)

 



PRASA. 1984. Annual report. Available from: PR

Aqueduct and ?sewer Authority, San Juan Operationny

Area, San Juan, PR.

Quiftenez-Marquez, P. 1980. Limnology of Lage Loizas

Puerto Rice. US ?Geological Gurvey Water Resources

Investigations 79-97. Available fron: USGS+ GPO Box

4424, San Juan, PR 00936.

 

 

Tuveron, R.W. and ME. March. 1980. Photodynamic and

sunlight inactivation of Escherichia coli strains

Qiffering in near-vy recombination proficiency,

Photochem. Photobiol. 31(3):267-269.

 

 

  

5, 1977. Topographical map, Sheet 1322 1. stock No.



734%1 3221. Available from? USGS, GPO Box 4424, Sen

van, Ee 00936.

 

38

�

---Page Break---

34. velz, C.J. 1970. Applied Stream sanitation. Wiley-

Interscience Publ. Cov, N.Y.

39

 

�

---Page Break---

APPENDIX

40.

 

�

---Page Break---

 

Table 4a. Sampling results. NA represents missing valu



Date 3/21/84-Digenal

STP Discharge (n?/hr) 900

Chlorine Applied (kg/hr) 7.56

Parameter

 

Tine

  

wig? (ppm {52.0 | 714 | 9.8 | 18.8 | 38.2

a
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Table 4b. Sampling results. NA represents missing valve!

 

Date 3/28/84-Diyrnal

STP Discharge (m?/hr) 792

Chlorine Applied (kg/hr) 9.45



T ~

 

 

 

 

 

 

 

!

Parameter 1

r T T T

Paro2s 31 #7 5

? 1 1 I 1 1

r r 1 r '

Time 12010 | 1130 | 0945 | 1215 | 1045,

1 ' ' 1 '

Fecal Coli. (CFU/mL) 1330 110 128 $ ae 170

1 1 1 1 1



Log Fecai Coli. 12.52 11.00 12.451 a | aes

1 ' I 1 1

Total Coli. (Cru/mL) lego00 175° 1 250} «200 | 2400

i 1 ' 1 '

Log Total Coli. 13.92 11.881 2.401 <2 1 3.38

I ' 1 ' 1

Dissolved Oxygen (ppm) 13.50 1 3.40 | 3.40 1 1.80 | 1.80

1 1 1 1 I

Temperature (°c) 128.3 | 29.2 | 28.0 | 28.9 | 26,2

' I ' 1 '

Oxygen Saturation (8) 1441 44143123 | 23

1 1 ' ' '

Light Inten. (Candle/ft?) 1800 1 78 1 570 | 2900 | 2700

1 I 1 1 I

809°/NO3~ (ppm) $0.83 10.51 1 0.31 1 0.27 | wa

' ' I 1 1

Nig* (ppm) 183.6 1 34.2 1 14.8 1 26.1 1 KA

1 1 ' 1 1

cl? (opm i173 147 169 twa

' 1 ! I

FWA TNA TNA LNA

1 I I

Chtorine (ppm 11.00

1
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Table 4c. Sampling results. NA represents missing values.

Date  4/8/84-Diugnad

STP Discharge (m*/hr) 890

Chlorine Applied (kg/hr) 4.54

T

'

Parameter to

r T

1

 

  

riatbobels

epee ds

ng (ppm {93.0 1 73.0 1 110.01 150.01 68.0



 

3
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Table 4d. Sampling results. WA represents mi

 

ing values.

Date 5/2/84-Diugnal

STP Discharge (m3/hr) 792

Chlorine Applied (kg/hr) 5.67

eee

Parameter

 



T

'

1

'

1

I

1

wm fo | ane |

NHg* (ppm) 1140.01 150.01 280.01 ma na

 

?4
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Table 4e. Sampling result.

Date $/9/84-Diugnad

STP Discharge (m4/hr)

Chlorine Applied (ko/he)

 

Paraneter



 

Time

Fecal Coli. (C¥U/mL)

Log Fecal Coli.

Total coli. (CU/ mt)

Log Total Coli.

Dissolved Oxygen (pa)

Temperature (°C)

Oxygen Saturation (W)

Light Inten. (Candie/£t?)

NOQ"/NO5? (ppm

Niig* (ppm)

cl? (ppm)

Chlorine (pad

 

5. NA represents missing values.



946

Tae

 

 

 

 

1

i cation

Hi rs rs

' 2) 31 #1 os

I cee Ve

r ' ' i

10930 | 1008 ; O90 1 1036 | 2045

1 ' ' i

1115001 8700 | $60 1 2200 1 300

I ' 1

14.00 i 3.94 1 ».75 13,34 1 2.48

1 1 ? '

1430001 22000; 2300 | 120001 3000

1 ' I 1



14.63 1 4.34 1 5.36 1 4.08 1 3.48

1 1 1 ?

INA TNA fue TNA Ena

1 ' ' '

IWA ENA 1 RA TNA INA

It 1 1 1

INA TNA 1 RR OT NA TNA

1 1 ' '

1300 1 2000 1 3000 1 3500 | 1000

' ' ' 1

10.64 1 6.61 | 0.12 | 0.23 1 0.08

? 1 1

148.0 1 150.0} 38.0 1 100.01 68.0

1 1 t 1

Ws 166 150 173 1 69

' ' 1 4

Ho.20 1 NA TNR OT NA NA

i 1
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Table 4f. Sampling results. NA represents missing values.

Date 6/20/84-Nockurnal

STP Discharge (m3/hr) 890

Chlorine Applied (kg/hr) 8.98

 

 

Parameter

 

Tine ta0s2

Fecal coli. (cru/m) 14720

log Fecal Coli. ta.aa

Total cous. ccru/my 18500

og otal coli. [3.93

Dissolved Oxygen (ppm) INA

I

Temperature (°C) INA

Oxygen Saturation (9) INA



§02"/1105~ (ppm tent

fag* (ppm) 185.0

c1- (ppm hs

emtorine (ppm) h.s0
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Table 4g. Sampling results. NA represents missing values.

Date 6/28/84-Nogturnal

STP Discharge (m/hr) 1003

Chlorine Applied (kg/hr) 3.92

Parameter
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Table 4h. Sampling results, NA represents missing values.



Date | 7/2/84-Nockurnal

STP Discharge (mé/hr) 1003

Chlorine Applied (kg/hr) 3.92

 

Parameter

 

Terenure 0 fase | asso fate Fane | ae

wry cm hn tan ban fn ba

nay* (ppm 13300 1 2330 1 mn | S650 1 7680
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