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Abstract

Chlorination of sewage effluents results in the lowering of faecal
coliform (FC) to faecal streptococci (FS) ratios, from levels typi-
cally indicating human faecal waste. This is due to a greater re-
sistance shown by faecal streptococei to chlorination. The use of
FC:FS ratios to predict pollution type must, therefore, be treat-
ed with caution.

i

Introduction

Faecal coliforms (FC) and faecal streptococci (FS) are the two
main groups of bacteria used to indicate faecal pollution. Geld-
reich, Clark and Huff (1964) suggested that the use of the FC:FS
ratio may be a valuable tool for assessing faecal pollution sources
in water. After analysing faecal samples from humans and a
wide range of animals, Geldreich and Kenner (1969) reported
that a FC:FS ratio of 4,0 or greater was indicative of human
faecal poliution and an FC:FS ratio equal to or less than 0,7 was
indicative of animal faecal pollution. Geldreich (1976) reported
a value of 0,6 for animal faecal pollution.

Geldreich and Kenner (1969) recommended that the use
of the FC:FS relationships would only be valid for 24 h after the
pollution has been discharged into the stream as the two groups
die off at different rates. Feachem (1975), however, concluded
that, depending on whether the ratio rises or falls with time, the
source could still be identified. He stated that an originally high
ratio which falls is indicative of human faecal pollution, and low
ratios which subsequently rise are indicative of non-human
faecal pollution.

Chlorination of sewage effluent also alters the FC:FS ratio
(Lin, 1974). In a preliminary study Lin analysed 18 unchlorina-
ted effluent samples finding a mean FC:FS ratio of 11,2. For 63
chlorinated effluent samples the ratio averaged 0,72. The values

from the chlorinated effluents are indicative of non-human'

faecal waste and would thus invalidate the use of the FC:FS ratio
as a pollution type indicator whenever chlorination of effluents
is applied. Lin ascribed this reduction of the ratios due to
chlorination to faecal streptococci being more resistarft to
chlorination procedures than faecal coliforms.

An opportunity to monitor the effect of chlorination of
purified sewage effluents was presented when the Pretoria
Municipality started in 1979 to. chlorinate the final effluent
from a.sewage works situated in the catchment of the Roode-
plaat dam. This began in October 1979. This study was supple-
mented by a small scale laboratory experiment. This note
presents data on the effect of chlorination of purified sewage ef-
fluents on FC:FS ratios.

66 Water SA Vol 8 No. 1 January 1982

Materials and Methods

Samples were routinely collected over a period of six months
from the sewage works, north east of Pretoria, covering periods
before and after commencement of chlorination of the effluent
(12.10.1979). Secondary purified unchlorinated sewage effluent
samples were also collected from this sewage works for the
laboratory study. On arrival at the laboratory (within 2'h of col- -
lection) the samples were pooled in a five litre flask, thoroughly
mixed and placed on a magnetic stirrer. A 100 cm? subsample
was taken from this unchlorinated effluent for bacteriological
analysis. Chlorine was then added to the flask in the form of
sodium hypochlorite solution while the sample was continuously
stirred. At various times intervals (up to 30 min) further 100
cm? subsamples were decanted into sterile bottles containing 1
cm? of a solution of sodium thiosulphate (100 g/f) to neutralise
the residual chlorine.

The residual chlorine levels were determined with a Lovi-
bond *“1000” Comparator (The Tintometer Ceo., Salisbury,
U.K.) using the N,N-diethyl-p-phenylene diamine (Palin-DPD)
method for total residual chlorine.

Faecal coliforms and faecal streptococci were enumerated
using the membrane filtration method (Standard Methods,
1975). Throughout the study Millipore HC membranes were
employed. Faecal coliform bacteria were enumerated-on M-FC
broth (Difco Laboratories) without rosolic acid (Presswood and
Strong, 1'9787; Sartory, 1980). The plates were incubated for 20
to 24 h at 44,5°C + 0,2°C and all blue colonies were recorded
as faecal coliforms. The faecal streptococci were enumerated
on m-Entereococcus agar (Slanetz and Bartley medium, Oxoid
CM 377). The plates were incubated for 48 h at 35,5°C +
0,5°C and all deep red colonies were recorded as faecal strepto-
cocci. Where dilutions were required, quarter strength Ringer
solution was used.

Results

The results of the laboratory experiment are depicted in Figure
1. The initial residual chlorine level was 1,2 mg/{. The level fell
to 0,8 mg/f after 30 min. The results show a rapid die-off rate
for faecal coliforms compared to that of faecal streptococci.
After 5 min contact time there was a 97% reduction in faecal
coliforms and a 66% reduction in faecal streptococci. The
FC:FS ratio dropped from an initial 4,4, as would be expected
from an effluent of a sewage works, to 0,4 after 5 min and 0,02
after 30 min, i'ndicating non-human waste. Similar results were
obtained in repeat experiments using higher doses of chlorine, .
but with increased die-off rates, particularly for faecal coli-
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Figure 1

Die-off of faecal califorms x-x and faecal streptococci (® — ®) in chiors-
nated secondary purified sewage effluent. Initial residual chlorine =
1,2 mg/t

forms. These results substantiate the view that faecal streptococ-
ci are more resistant than faecal coliforms to chiorination pro-
cedures. V

Table 1 showsthe FC:FS ratios of routine effluent samples
collected at the sewage works during 1979, before and after
commencement of chlorination of the effluent. Out of 15
samples collected before inception of chlorination, 10 were
clearly indicative of human faecal pollutibn. Three samples
show low ratios, not indicative of human faecal pollution. These
low ratios were probably-a‘result of stormwater overflow that
entered the sewage works during that period. The mean FC:FS
ratio for the period is 15,7. Of the results for the period follow-
ing inception of chlorination of the effluent, three out of eleven
samples had a ratio indicating animal faecal pollution of ef-
fluent from a works treating mainly human waste. Except for
one sample with a ratio higher than 4,0, the rest indicated
neither human nor animal pollution. The mean ratio was 1,7.

Discussion

The results of this study show that faecal streptococci are more
resistant to chlorination than are faecal coliforms. This is -in
agreement with the generally accepted statement in the water
supply industry that chlorine doses sufficient to kill E. coli may
not be sufficient to totally eliminate faecal streptococci (Windle
Taylor, 1958; Mead, 1966). This greater resistance to chlorine
by faecal streptococei results in a significant lowering of the
FC:FS$ ratio following chlorination of purified sewage effluents.
The data of Lin (1974) and our results show that; when purified
effluents are chlorinated, much reduced FC:FS ratios are

TABLE 1
FAECAL COLIFORM (FC):FAECAL STREPTOCOCCI
(FS) RELATIONSHIPS IN A SECONDARY PURIFIED
SEWAGE EFFLUENT FROM A SEWAGE WORKS
BEFORE AND AFTER COMMENCEMENT OF
CHLORINATION

Date 'FC:FS Ratio Comments Mean
1979
05.06 32,5 ]
19.06 52,2
26.06 4,0
03.07 8,1
10.07 1,5} low ratios as
17.07 1,7 a result of
24.07 0,6] stormwater over-

flow
31.07 6,3 15,7
07.08 3.3
14.08 4,8
21.08 7,2
28.08 5,8
18.09 12,1
25.09 79.4
02.10 16,3 |
12.10 chlorination

begins —
16.10 2,0
23.10 1,2
30.10 3,0
06.11 3.4
13.11 4,4
20.11 0,6 1,7
27.11 1,2
11.12 0,1
1980
08.01 1,6
15.01 1,3
29.01 0,1 J

recorded, in some cases indicating ‘animal faecal poliution from
a-'domestic sewage source. Thus the indicative power of the
FC:FS ratio to differentiate pollution types is abrogated. In this
day and age, where even small scale sewage works:chlorinate
their effluent, the use of the FC:FS ratio to predict faecal pollu-
tion type must, therefore, be treated with great caution.
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AIMS AND SCOPE

This journal aims at publishing original work in all
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water resources development; industrial and municipal water
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hydrology and geohydrology; agricultural water science; lim-
nology: the hydrological cycle; etc.
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Papers will be accepted in English or Afrikaans.

Papers should be accompanied by an abstract. In pre-
paring abstracts, authors should be brief but not at the
expense of incelligibility. Papers written in Afrikaans
should carry an extended English summary to facilitate
information retrieval by international abstracting agen-
cles.

Specialist terms which may be unfamiliar to the wider
readership should be explaincd freely in the body of the
text and, if essential, in the abstract.

Review articles will normally be prepared by invitation,
but authors may submit such papers or suggestions for
consideration to the Editor. A review is an authoritative
and critical account of recent and current research or

technology in a specialized field.

The submission of a paper will be taken to indicate that
it has not, and will not, without the consenct of the
Editor, be submitted for publication elsewhere.

Fifty free reprints of each paper will be provided. Any
additional copies of reprints must be ordered with return
of proofs and will be charged for. A reprint order form
will accompany proofs.

Manuscripts should be submiwed to: The Editor,
WATER SA, PO Box 824, PRETORIA 000].
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and followed by the authors’ names and complete ad-
dresses. One set of original line drawings on good quality
drawing paper or glossy photoprints should be submitted.
Photographs should be on glossy and not matt paper,
enlarged sufficiently to permit clear reproduction in half-
tone. Three sets of copies should accompany each sub-
mission. All illustrations (line-drawings and photographs)
must be fully identified on the back and should be
provided with descriptive legends typed on a separate
sheetr. lllustrations should be packed carefully, with
cardboard backing, to avoid damage in the post. The
appropriate positions of illustrations should be indicated
in the text.

Tables are numbered in arabic numbers (Table 1) and
should bear a short yet adequate descriptive caption.
Their appropriate positions in the text should be indicated.

The SI system (International System of units) should be
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paper and not given as footnotes. They should be ar-
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the date of publica-

with the name of the periodical abbreviated in the style
of the World List of Scientific Periodicals (4th edn,
Butterworths, London, 1963 —1965, with supplements)
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MATSONJ.V{. and CHARACKLIS W.G. (1976) Diffusion
into microbial aggregates. Water Research 10(10) 877
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