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Septic Tank Additive Impacts
on Microbial Populations

Ab stract Environ.menlal h-eall?l specialists, other onsite wastewater ‘
professionals, scientists, and homeowners have questioned
the effectiveness of septic tank additives. This paper describes an independent, third-party, ‘

. field scale, research study of the effects of three liquid bacterial septic tank additives and a

control (no additive) on septic tank microbial populations, Microbial populations were mea- .

sured quarterly in a field study for 12 months in 48 full-size, fanctioning septic tanks. Bacte- ‘

‘ rial populations in the 48 septic tanks were statistically analyzed with a mixed linear model,

' Additive effects were assessed for three septic tank maintenance levels (low, intermediate, |
and high). Dunnett’ t-test for tank bacteria (x = .05) indicated that none of the treatments
were significantly different, overall, from the control at the statistical level tested. In addi-
tion, the additives had no significant effects on septic tank bacterial populations at any of

. the septic tank maintenance levels. Additional controlled, field-based research is warranted, ‘

' however, to address additional additives and experimental conditions,
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Introduction

In the United States, 25 percent of the 1otal
housing units and 33 percent of all new de-
velopment rely on onsite wastewater treat-
ment systems (septic systems) [or their
houschold wastewater treatment (U.S. En-
vironmental Protection Agency [U.S. EPA],
2003). Some states, such as North Carolina,
where 50 percent ol the population depends
on onsite systems, utilize these technologies

ter systems is substantial and growing, The
increasing popularity of onsite wastewaler
treatment systems has led 10 widespread pro-
duction and use of septic system additives,
Over 1,200 additives are currently available
on the market (National Small Flows Clear-
inghouse, 2002). Many additive manulactur-
ers and distributors claim additives enhance
bacterial populations and eliminate or reduce
septic tank pumping frequencies needed

even more extensively. The number of onsite
waslewdler [reatment syslem users increases
every year as a result ol continuous urban
and suburban sprawl and the high cost of
central sewer systems. Hence, the cumulative
number of homes served by onsite wastewa-
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remove solids accumulated in septic tanks
(Scow, 1994),

There are three basic calegories of septic
tank additives: chemical, physical, and bio-
logical. Chemical additives usually are cither
strong oxidizing agents or organic chemicals,

S. Pradhan, Ph.D.
M.1. Hoover, Ph.D.
G.H. Clark, M.S.

M. Gumpertz, Ph.D.
A.G. Wollum, Ph.D.
(. Cobb, MS.

J. Strack, Ph.D.

but this category can also include inorganic
chemical compounds. Strong oxidants znd
organic chemicals may be detrimental
septic systems and the environment; hence,
they have limited use today (Dow & Loomis,
2005; Friedman, 1996; Kaplan, 1983). Physi-
cal additives consisting of mineral micropar-
ticles have been used in Europe (Maunoir,
Sabil, Rambaud, Philip, & Coletli-Previero,
1991: Philip, Maunoir, Rambaud, & Philip-
pi, 1993). Most hinlogical additives are de-
signed to enhance the biological activity in
the septic tank through the addition of or-
ganisms such as bacteria, enzymes, or both
Maost wastewater experts are nol concerned
abour environmenial damage from biologi-
cal additives (Dow & Loomis, 2005, Kaplan,
1083; Lee, Jones, & Turco, 2005).

On the basis of manufacturer lab and
bench-scale tests, additive formulations are
selected to have high levels of enzyme pro-
duction, rapid bacterial organism growth
rates, the ability 1o survive environmental
conditions in waste systems, and the ability
to withsiand a large range of pll and tem-
perature conditions as well as detergents and
household chemicals (Scow, 1994). The pri-
mary hacteria in additives include a variety
of aerobes and facultative anaerobes such as
members of the genera Bacillus, Pseudomo-
fus, Ruminococcus, Bacteroides, Lactobacillus,
and others (Scow). Many of these organisms
can promote hydrolysis via liquefaction, con-
version of more complex molecules to fatty
acids via acid fermentation, and conversion
to gases via methanogenesis and other reac-




GURE 1

; Cross-Sectional View of Two Compartment Septic Tanks Used

in the Study

PC' 0 ~vS ) soe

Wastewater

enters

First —
compartment

s P (—:?
Greases | Sewage
H—
°\ effluent
_/4 o|  Effluent
9 filter/tee
—1_ Second
= compartment

Used with permission from Hoover and Konsler (2004),

tions. Additives also often include added en-
zymes such as proteases, amylases, lipases,
and cellulase (Scow)

Septic tank addinves are promoted exten-
sively across the United States, and many ho-
meowners desire information about their ef-
fectiveness. The advertisement of additives in
local magazines, national publications, phone
solicitations, Internet ads, and TV ads, as well
as their easy availability in hardware stores,
building supply stores, and supermarkers, is
raising questions among homeowners. The
question that homeowners and many onsite
professionals, such as environmental health
specialists, installers, and service provid-
ers, ask most [requently about maintenance
ol onsite wastewater, trealiment systems is
whether additives have any henefit. Unfortu-
nately, very little peer-reviewed and published
research exists about the microbial effective-
ness ol bacterial septic tank additives (Scow,
1994). Currently, verification ol the effective-
ness ol additives relies primarily on laboratory
or benchrop studies (Jantrania, Sack. & Farp,
1994), often conducted by product manufac-
wurers, or on more theoretical literature review
assessments that have not been substantiated
in the Aeld with controlled, third-party, repli-
cated experiments (Scow),

The objective of this article is to report on
a replicated and controlled hield scale experi-

ment designed to measure the impacts of se-
lecred bacterial additives on 1oal microbial
populations in septic tanks. Additive manu-
facturers keep bacteria and enzyme [ormu-
lations confidenual. Hence, neither enzyme
levels nor specific genera of organisms were
assessed in our study. Rather, we used the to-
tal bacterial-microbe content in septic tanks
as a performance benchmark, or proxy, for
assessment of efficacy.

Methods and Materials
The impacts of three septic tank additives and
a control were assessed for a 12-month pe-
riod in 48 tull-scale functioning septic tanks
at existing home sites (Clark, 1999). Levels
of septic system sludge, scum, five-day bio-
chemieal oxygen demand (BOD.), and total
suspended solids (TSS) usually vary substan-
tially [rom home (o home because of variation
in humeowner water use, chemical-cleaning-
compound use, solids disposal habits, family
size, and family work situation. To estimate
the replication needed for this experiment,
we made an informal assessment of inherent
variability and variance [rom prior septic tank
data sets, Il was determined that 12 replicates
were necessary for each treatment.

Additive product manufactures were not
involved in the study, nor in its funding.
Liguid bacterial additives were purchased in
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bulk at local commercial retail stores lor the
study. They were stored in a locked closet al
room Lemperature in the manufacturers con-
taners until they were added to the septic
tanks. No expiration dates were observed on
the packaging for these additives

Research Sites

The study sites were located in Chatham and
Orange Counties, North Carolina. These loca-
tions included septic systems serving residenc-
es at mobile home parks. Over 80 two-com-
partment septic tanks (Figure 1) were initially
screened at the sites before the 48 experimen-
tal units were selected (Clark, 1999). In addi-
tion, we used a homeowner survey to exclude
any systems that had heen uiilizing septic tank
additives before the study was initiated. Forty-
eight septic tanks were selecied for the study
sample, primarily on the basis of inspection of
the initial sludge depth and scum thickness.
An access riser was added [rom the tank inlet
up to the ground surface lor any system that
did not already have a riser.

Experiment Design

A randamized complete block design was
utilized for this study. The 48 septic tanks
(experimental units) were suatified into
12 blocks. Each block consisted of four ex-
perimental units that contained similar ini-
tial solids contents (sludge depth and scum
thickness). The initial solids contents repre-
sented one of three maintenance levels (low,
intermediate, or high prior maintenance).
Maintenance level was defined as the site
parameter in the statistical model, since the
maintenance level was consistent within each
ol the three sites: All low-maintenance tanks
were located at one of the three sites, and so
tarth. Three blocks consisting of 12 experi-
mental units at the Chatham County location
had the lowest level of mainienance (great-
est initial sludge depth and scum thickness).
These tanks had not been pumped during the
prior 15 to 20 years. Hence the initial existing
sludge and scum levels were greater here than
at the other two maintenance levels. The Or-
ange County location included two sites: an
old section ol a mobile home park and a new
section ol the same mobile home park, Five
blocks consisting of 20 experimental units
in the new mobile home park at the Orange
County location were, at the start of the ex-
periment, ar a high level ol maintenance—all
had been pumped two Lo three years before
initiation of the study. Four blocks consist-
ing of 16 experimental units in the old sec-
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tion of the mobile home park at the Orange
County location had an intermediate initial
maintenance level. As a result, there were 12
replicates of each treatment: three blocks at
the low maintenance level, [our at the inter-
mediate maintenance level, and five at the
high maintenance level.

Distribution, Sampling, and Analysis

of Additives

Distribution of the additive application treat-
ments followed the double-blind approach
commonly used in the medical community.
Secondary researchers randomly assigned the
three additives and the control to the four
experimental units within each block. These
secondary researchers then applied the addi

tives each month following collection of the
experimental data by the primary research-
ers. The primary researchers made field mea-
surements, collecled samples, and analyzed
the data, but had no information about which
treatments (or control) were assigned 1o the
experimental units. The liquid bacterial sep-
tic tank additives selected [or the study were
added approximately once a month (every
four weeks) to the septic tanks. Three treat-
ments were evaluated: a Drano septic tank
additive (Additive 1), a Liquid-Plumr septic
tank additive (Additive 2), and a Rid-X sep-
tic tank additive (Additive 3). The volumes
added monthly were 591 5 ml. (20 oz) of Ad-
ditive | and Addirive 2, and 310.5 mL (10.5
oz) of Additive 3.

The viability of biological organisms in the
additive containers was evaluated monthly
with a small sub-sample collected before
their application. A 5-mL sample collected
[rom each additive conrainer was diluted and
plated onto tryptic soy agar with a spiral plat-
er (Wollum, 1982). The plates were checked
daily, and colony forming units (CFUs) were
counted as growth appeared (Clark, 1999).

Additives were added directly to the inlet
of all septic tanks except the 12 control sep-
tic tanks. Total organism counts (Wollum,
1982) in the seplic tanks were measured a1
approximately 12-week intervals (quarterly)
for all 48 experimental units. The first count
was not taken until the 12th week ol the
study. A cross-sectional sample was collected
from near the inlet of the septic tank with a
Pinpointer™ sampler for each experimental
unit (Clark, 1999), Wastewater collected in
the Pinpointer™ sampler was poured into a
bottle, held in a cooler, and transported to
the lab. The sample was allowed 1o settle, a
supernatant sub-sample was diluted, and ali-
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quots were plated onto tryptic soy agar with
a spiral plater (Wollum, 1982).

The total countable bacterial population in
the septic tanks was used as a biological bench-
mark for assessment of the bacterial efficacy of
the additives. This method was used because
additive formulations (number and types of
organisms, enzymes, and so {orth) are com-
pany trade secrets and not readily available.

Statistical Assessment

The total-bacterial-count repeated-measures
daa [rom the experimental units were log-
transformed because of the high variability of
the data and then were statistically analyzed ac-
cording to 2 mixed linear model, with repeated
measures implemented according to the MIXED
procedure (Little, Henry, & Ammerman, 1998)
in the SAS System (SAS, 2003). The model used
for this study was as follows:

‘7 Y = Site + Block (Site) + Treatment
+ Treatment*Site + Time + Time*Site
+ Time*Treatment + Time*Treatment*Site
+ within-tank error

Block (site) and within-tank error are ran-
dom, and all other terms are fixed effects.
Observations are assumed to be correlated

over time within a tank, Dunnett’s t-test at
an o = .05 level according to the Hsu cor-
rection was used to compare the eflectiveness
of treatments to the control and to test for
significant differences.

Results and Discussion

Additive Viability in Containers

Monthly analysis of the products revealed
that all additive containers had substantial
numbers of viable microbes at the time of
enumeration (Figure 2). The geometric mean
CFU concentrations in Additive 1, Additive
2. and Additive 3 were 0.66 x 10%/mL, 1.21
108mL, and 1.46 x 10%mL, respectively. For
comparison, these bacterial populations were
similar to another bacterial additive ealled
Super Shock, which claims to have 1.00 x
10%mL bacteria according to the manulac-
turer’s literature (Septic-1™, 2005).

Septic Tank Bacterial Populations

The septic tank log average bacterial popu-
lations were 5.98/mL, 5.94/mL, 5.83/ml.and
5.98/mL, for experimental units receiving
Additive 1, Additive 2, and Additive 3, and
for the control, respectively These concen-
trations correspond to geometric mean bac-
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terial populations in the septic tanks ol 9.50
« 10%ml., 8.63 x 10°%mnL, 6.81 x 10°/ul, and
9.60 x 10%mL ol septic tank liquid for Addi-
tive 1, Additive 2, Additive 3, and the control,
respectively. The mass number of organisms
added to the septic 1anks per month via the
additives were typically less than the cumula-
tive mass number of organisms already pres-
ent in the control septic tanks. For instance,
Additive 2 added 1.21 « 10* CFUs/mL, which
is equivalent to a mass of 7.15 x 10" organ-
isims added from one container of Additive 2

to a septic tank. The control tanks, however,
alreadly contained a geometric mean of 9.60
x 10° CFUs/mL, which is equivalent w a Lo-
tal cumulative mass of 3.64 x 10" organisms
in the 3,780-L (1,000-gallen) tanks, with-
out the henefit ol any additives. Hence, the
muss number of organisms in the non-addi-
tive control tanks was between 10-fold and
100-fold greater than the number of organ-
isms added from Adduive 2. During the four
quarterly sampling events, the average bacte-
rial populations for the control and for the

three additives did not indicate a pattern of
any one additive having a greater effect than
the others on the total numbers of hacteria in
the septic tank (Figure 3).

Additive Effects and Interactions
No significant effect on septic tank bacte
rial population was found (i.e, total bacteria
concentrations in CFUs/mL) over the pe-
riod of study (Table 1). On the other hand,
both the treatment*time interaction and
siteftreatment interaction effect on hacterial
concentralions in septic lanks were nearly
signiheant at the & = .05 level.
Estimated-least-square  means plots for
wreatment effects at different times (Figure 3)
and [or dilferent sites (maintenance levels) in-
dicated that the means for the controls were
not consistently less than the means for the
additives (Figure 4). This result demonstrated
that the additives were not having the desived
biological effect, ar least with respect o total
bacteria concentrations in the septic tanks. [L
is of interest that at the low-maintenance site
(i.c., the septic tanks that had not been pumped
during 15 to 20 years ol operation), the bac
terial populations in additive-treated septic
tanks were numerically greater than those in
the control tanks (Figure 4). On the other
hand, Dunnetls (-test [or septic tank bacterial
populations for Site 1 (low maintenance level)
indicated that none af the treatments gave re-
sults significanily different than the control
(ot = .03 level). While our study did not show
any significant interaction ellects, additional
assessments of potential interactions between
additives and prior maintenance levels in sep-
tic tanks should be studied since some inter-
actions were almost significant at the o = .05
level. Also, we recommend that controlled,
full-scale field studies be conducted [or assess-
ment of any potential additive elfects on spe-
cific aerobic and facultative anaerobic genera
and species important to hydrolysis. fermen-
tation, anacrobic oxidation, sulfate reduction,
or methanogenesis processes within poorly
mainained seplic tanks.

Time Lilects

The time ellect was signilicant at the oo = 05
level (Table 1). The reason for a time ellect
over the entire study period is unknown. It is
important 10 note, however, that despite the
relative downturn in bacterial conventrations
in the June sampling period (Figure 3). all 48
experimental units still maimained very high
numbers of organisms throughout the entire
study. Bacterial populations had ranges of

I
January/February 2008 « Journal of Environmental Tlealth 25




148 % 10°-1.72 x 107 CFUs/mL, 1.04 x
10%-7.80 x 10° CFU«/mL, 2.09 x 10°-6.74 x
10° CFUs/ml, and 4.90 x 10'-6.13 x 10° CFUs/
mL in the tanks receiving Additive 1, Additive
2, and Additive 3, and in the control, respec-
lively. Dunnetts t-tests over time showed no
significant difference (¢t = 05) in total micro-
bial concentrations between treated and control
tanks at any of the individual sampling events,
including the June sampling event.

In summary, there were consistently large
quantities of microorganisms in the septic
tanks assessed in our study, regardless of the
significant time effect and the June bacterial
population reduction. It is theoretically pos-
sible that reductions in bacterial populations
in June resulted from ubiquitous spring-
cleaning activities during April and May.

Summary and Conclusions

All treatments maintained large total organism
populations throughout the study. Across all
maintenance levels, the septic tank additives
did not significantly increase total bacterial
concentrations in the septic tanks compared
with concentrations in the control (no addi-
tives), Dunnetts t-tests, performed to evaluate
treatment effects by site at the a = .05 level, in-
dicated that the treatments did not give results
that were significantly dilferent from those ob-
tained in the control tanks for any given main-
tenance level (low, intermediate, or high).
Therefore, none of the additives significantly
increased the number of organisms in the sep-
tic tanks. In addition, the total mass load of
bacteria in the control septic tanks exceeded
the mass of bacteria added via these additives.
Note, that while the site*treatment interaction
and the treatment*time interaction were not
significant, they were almost significant at the
o = .05 level (Table 1). Hence, t-tests made at
other ¢ levels could give different results. An
.= .05 level of significance was selected hefore
the field assessment to minimize any chance
that erroneous sty results could affect the
guidance provided by thousands of scientists,
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environmental health specialists, and other
onsite wastewater professionals to the millions
of homeowners using septic tank systems.

Finally, our experiment did not attempt
to measure the effects of biological addi-
tives on concentrations of specific bacterial
genera or species or related enzymes that
could potentially influence hydrolysis, fatty
acid dissolution, or methanogenesis. In ad-
dition, only three of the 1,200+ septic tank
additives on the market were assessed in
the study. Therefore, additional replicated,
controlled, full-scale field research studies
should be designed to determine whether
these findings about septic tank additives
can be expanded beyond the experimental
conditions tested here.
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