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INTRODUCTION

The conventional methbd of treatment and disposal of on-site
w%stewater'consists of the septic tank-soil absorption system (2}.
This is an adequate énd economical method of wastewater dispdsal
under proper soil conditions (5). Where poor soil conditions
exist, alternative methods of treatment and disposal are'felied
upoﬁ'(1,4). One such alternative involves the discharge of treated
wastewater to surface waters. To prevent significant environmental
iﬁpacts and public health problems, a highly treated and disin-
fected éfflueﬁt will bé required-before surface discharge is a
feasible alternati?e.l

On-site wastewater treatment studies on sand filtration of
septic tank aﬁd aerobic unit effluents have shown that a high
guality effluent can be obtained (6). This paper concentrates on
disinfection of on-site wastewater via dry fed chlorination of
sand filtér effluent. Evaluation of ﬁhe chlorination unit was
based upon the following criteria: 1. disinfection performance,
2. hypochlorite tablet uptake rate, and 3. maintenance require-

ments.



EXPERIMENTAL FIELD SET-UP

Intermittent sand filters and disinfection fécilities ware
constructed and monitored at two home sites located on University
experimental farms. The treatment system located at the Ashland
Experimental Farm treated septic taﬁk effluent while the treatment
system at the Electric Research Farm treated aerobic unit effluent.
The sand filters, utiliziﬁg commercially available sand, had an
open sand surface with insulated wooden cbvers and were underdrained
0 collect the filter effluent. The effluent from the sand filter
flowed by gravity through a commercially available dry-fed éhlorw
inator and finally into a chlorine contact chamber. See Figure 1
and 2.

According to manufacturer claims, the chlorinator utilized
Wés capable of treating flows up to.lSOﬁ GPD. It had a removable
eover for maintenance purposes and contained an internal baffle
for regulating and directing the flow. Calcium hypochlorite in the
form of tablets that contain a minimum of 70% free chlorine were.
~ housed in 2-3" diameter plastic feed tubes with caps. The feed
tubes were 24" in length and slipped through the removable cover.
The chlo:inator_contained 4" diameter ihlet and outlets and were
installed in the level position to permit smooth flow.

Due to the low flow rates, 100 to 800 GPD, only one.feed tube
was charged with hypochlorite téblets. This tube was placed in
thé No. 1 position as shown in Figure 3. Each tube had a 29 tablet

capacity; however, to prevent over chlorination only 5 to 10

tablets were kept in tube No. 1 during the experimental studies.
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FIGURE 1. Dry Feed Chlorinator
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Aé the effluent trickled through the chlorinator, the tablets
slowly dissolved, thereby releasing chlorine. As the bottom
tablets dissolved, the upper tablets drdpped, coming into contact
with wastewater and were also dissolved. Addition of replacement
tablets and periodic cleanihg were recommended as the‘only forms
of m;intenance to the unit. |

The chlorine contact chamber allowed sufficient time for the
chlorine to disinfect the wastewater. The contacﬁ chamber was
3' in diameter and was baffled as shown in Figure 2, to prevent
éhort circuiting. The volume of the contact chamber at the
Electric Research Farm was 114 gallons and, thus, prdvided an
dverage detention time ranging from 14 to 17 hours. The volume of
the contact chamber at the Ashland_ExpériméntaL;Farm was 150 gallons

providing an average detention time from 3 to 21 hours.

FIGURE 3. Chlorinator Tube Arrangement




PRESENTATION AND DISCUSSION OF RESULTS

Disinfection Performance

To measure the effectlveness of the experimental disinfection
unit, bacteriological analyses were performed on the disinfected
effluent (6). Parameters monitored included fecal streptococci,

nseudomona aeruginosa, fecal and total coliforms and total bacteria.

Samples were taken weekly or bi-weekly from September, 1973 through
‘March, 1975. Results of these tests are listed in Tables 1, 3 and
4.

Results from the disinfection ef_aerobic unit-sand filter
effluent are shown in Table 1. Flow rates over the experimental
period were approximately 150 GPD. Listed in Table 2 are surfece
discharge recommendations fof primary contact recreational waters
for fecal and totai coliforms (8).

I+ is apparent that the chlorine contact chamber effluent met

and exceeded by the 95% confidence interval, the requirements for

surface discharge. Fecal strep. aﬁd gﬁj,aeruginosa were also
signlflcantly reduced. |
Measurement of resldual chlorine in the disinfected effluent
is equally important when evaluating chlorinator performance.
TABLE 2. Recommendations for Surface Discharge
for Primary Contact Recreational Waters
Fecal Coliforms < 200/100 ml

Total Coliforms < 1000/100 ml
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High chlorine residuals have toxic affgcta on aquatic plant and
animal 1ife. 2illich (8) reported that chlorine residuals >
6.04~0,05 mg/l caused lethal affects on fresh water fish. Of the
47 values of residual chlorine recorded over the experimeﬁtal
period, only 13 were < 0.1 mg/l. This indicates that although good
disinfection of the .sand filter effluent was attained by the :
chlorinator, lack of sufficient control of the rate of application
of hypochlorite caused toxic leveis of residual chlorine to be
present in the chlorine contact chamber effluent.

| Acceptable discharge of this effluent to receiving watersris
dependent upon the daily dilution effect. For example, assumihg
a 300 GPD household flow rate and a chlorine residual of 0.1 mg/1,
a receiving water flow rate of > 300 GPD would be necessary to
prevent toxic effects on aguatic plant and animal life. However,
for each additional 0.1 mg/l of chloriné residﬁal, an increase in
receiving water flow rate of 600 GPD would be necessary to dilute
the chlorine concentrations to acceptable levels. Thé point should
be.made that acceptable concentrations of chlorine residual is
determined entirely by a case by case basis dependent upon existing
dilution effects.

Results from the disinfection of septic tank-sand filter efflu-
ent are shown in Tables 3 and 4. Table 3 contains data covering
the period of October, 1973 ~ May, 1974 when fiow rates through the
systems were 400 to 800 GPD. Table 4 contains data covering the
period of August, 1974 -~ March, 1975 when flow rates through the

system were 200 to 400 GPD.



Under both flow rate conditions, bacteriological analysis
show that the number of fecal and total coliform were below the
surface diécharge requirements for municipal wastewater, although
slightly higher numbers were obse;ved at the high flow rate.

| Measurement of chlorine residual levels at both flow rates
were quite high (0.1-1.0 mg/l). One chlorine residual was as high'
as 160 mg/l. As reported earlier, chlorine residuals > 0,05 mg/l
are toxic to aguatic plant and animal life (8). Again, acceptable
discharge of this effluent to.receiving waters is depéndent upon

existing dilution effects.

Hypochlorite Tablet Uptake Rate

buring the operation of the disinfection unit, a record waé
kept of the amount of hypochlorite tablets utilized. Figure 4
is a graph of the hypochlorite uptake (tablet/1000 gal.) vs. flow
rate (GPD). From the graph, disinfection of aerobic unit-sand
filter effluent resulted in an uptake rate of 0.6 to 0.9 tablets/
1000 gal. at the flow rate of 100-150 GPD. A distinct relation
between uptake rate and fiow rate cannot be established due to
small range of operating flow rates. Disinfection of septic tank-
sénd filter effluent had an uptake rate inversely dependent upon
the flow rate. At a flow rate of 20Q GPD, the uptake rate was 1.5
tablets/lood gal. while at a flow rate of 800 GPD the uptake rate
was only 0.3 tablets/1000 gal. Apparently, at high flow rates |
the wastewater flows rapidly thfough the chlorinator, thus, limit-
ing the contact time with the hypochlorite tablets. Since the

uptake rate is expressed as tablets per 1000 gallon, the rate of
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erosion on a volume basis decreases at the higher flow rates.
This relationship is exactly opposite of manufacturers claime.
Abcording to the manufacturers of the chlorination equipment, the
fate of erosion of hypochlorite tablets should increase in pro-
portion to an increase in flow rate.

Knowing the hypochlorite tablet uptake rate, an approximate
cost of ehemical for chlorination may be determined. Present
coet of hypochlorite tablets = $.53/tablet (3). From Figure 4,
at a flow rate (septic tank-sand filter effluent) of 280 GPD,
an uptake rate of 1 tablet/lOOO‘gal. was found. Using these
figures, the cost of chlorinating the 280 GPD flow for 1 year
would be approximately $54. At.a-flow rate_(aerobic unit—send
filter effluent) of 100 GPD, an uptake rate of 0.75 tablet/1000
gal. was found. Cost of chlorination of this flow for 1 year

would be approximately S$15.

Maintenance Requirements

Another important aspect in the evaluatiop of the chlorination
unit was the amount and type'of maintenance required for proper‘
operafion; With no mechanically moving parts in the chlorinator,
the major maintenanee was the addition of hypochlorite tablets
to the unit. The frequency of this addition has been discussed
above.

Another maintenance problem experienced during the study was
the periodic failure of the hypochlorite tablets to move vertically
downward as the bottom tablets dissolved. Apparently the tablets

within the tube became somewhat moist and partially_dissqlved.
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in the dissolved state the tablets adherred to the sides of the
tubes, preventing downward movement as the lower tablets dissolved.
It is speculated that part of the problem may. be poor air ventil-
ation. In northern climatés where temperatures ére below freezing;
'ingulated covers must be used for the disinfection chamber. When
this occurs} poor air ventilation'results in a high moisture
.condition in the chlorinator causing the tablets to partially
dissolve. Anothef possible reason for the problem could be due

to the fact tﬁat only 5 to 10 tablets were kept in the chlorinator
tube. Maintaininé a higher number of tablets in thg chlorinator
tube could help force the téblets downward.

Another minor problem that reoccurred periodically was the
breaking off of small pieces of hypochlorite within'the chlorinator
tube. These small pieces were carried by the wastewater flow from
the chlorinator and into the contact chamber causing exceésive
amounts of chlorine in the treated wastewater as previously shown.
The age of the hypochlorite tablets may have an affect on this;
however, the manufacturer believes it to be due to poor tablet
quality (3). Although control over tablet guality has increased
over the past few years, it should be remembered that the problem
does exist and probably will exist to some degree in the future.

To help control chlorine residuals, there are also a number_

- of maintenance techniques utilized. One of these includes the
placement of the chlorine feed tube slightly above the bottom of
the chlorinator. This would prevent continuous contact of the
hypochlor;te tablets with fhe wastewater. Another adjustment

would involve blocking some of the openings in the bottom of the
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chlorine tube. Again this would limit hypochlorite tablet con-
tact with the wastewater. Finally, the chlorine tube could be
placed in the numbef 2 éosition, Figure 3, where hypochlorite fab-
let uptake is less‘than in position number 1.

Another possible means of residual chlorine control could
involve thiosulf&ﬁe addition after chiorine contact. However, it
is felt that this would not be too practical for individual
systems. Finally; a by-pass system could be installed such that
only a desired percentage of wastewater is directed through the |
chlorinator. The remaining flow would by-pass the chlorinator

entirely.

CONCLUSIONS AND RECOMMENDATIONS

i

Experiments were conducted over an 18 month period to evalu-
ate the use of dry feed chlorination equipment as a disinfection
method for on-site wastewater. Two units installed and operated
under field conditions were closely.maintained and monitored.
Significant conclusions and fecommendations from the study follow:

1. Adequate disinfection of the saﬁd filtered effluent Qas
attained by chlorination. Concentration of fecal and total coli-
forms were below recommended surface discharge requirements for
primary contact recreational waters. |

2. Residual chlorine concentrations after 4.5 to 18 hours of
contact time ranged from 0.1 to 1.0 mg/l. Since residuai chlorine
concentrations >0.05 mg/l can be toxic to aquatic plant and
animal life, acceptable discharge of this effluent is dependent

'updn the dilution effects of the receiving water.
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3. The chlorine uptaké rate for the aerobic qnit—sand
filter effluent at a flow rate of 100-150 GPD was 0.6 to 0.9
tabiets/lOOO gal. The chlorine uptake rate for the septic tank-
sand filter effluent was inversely proportional to the flow rate
as shown ih Figure 4. At 280 GPD, an uptake rate of 1.0 tablet/
1000 gal. was found.

4. Using hypochlorite tablet uptake rates obtained from this
study, approximate costs of chemicals for chlorination was deter-
mined. For flow rates of 100 to 280 GPD, the cost of chlorination
ranged from $15 to $54 per year.

5. Although the chlorination does not have mechanical
moving parts, periodic maintenance was required to insure proper
operation. This maintenance included providing ample supply of
hypochlofite-tablets in contact with the wastewater.

6. One of the major problems associated with this dry feed
chlorinator is the lack of control of the hypochlorite dose to the
wastewater. Various maintenance techniques are describéd. These
techniques require evaluation through field testing if.such
chlorinators are to be used as a final treatment before surface

discharge of effluents.
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