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ABSTRACT‘ 

Two potable water quality monitoring tests, the H IS paper strip tel-S! Grid coltphage test, were evaluated 
on Chilean raw potable source waters and on drinking waters after receiving conventional treatment to 
render these waters safe for drinking. Turbidity, total colifomz MPN and residual chlorine measurements 
were also made on these water samples. Based on 108 samples compared in this study, it was found 
that the H ZS paper strip test provided consumers of these waters with equivalent to, or greater protection 
than, the total coltform MPN test. 
In treated ‘water, a highly significant relationship (p < 0.-00001) between total coliform and coliphage was 
observed as well as between total coliforrn, H; paper strip and coliphage (p<0.002). These studies 
provide evidence that the H25 Paper stnp test and the coliphage tests are viable indicators of potable 
water quality and water treatment in two medium sized cities in Chile. 

INTRODUCTION 

Safe potable water is a luxury that is generally unavailable to the majority of rural and 
suburban populations of developing and underdeveloped countries (WHO 1981). In the urban areas 
of these countries the potable water supplies are often contaminated due to inefficient and 
dilapilaied systems, old and decaying distribution systems, sporadic water flows which increase back 
siphoning and inadequate and non-sterile storage systems. Thus water-borne infections is the most 
common cause of infectious disease in these countries (Manja et al., 1982), in spite of the Nation's 
Water Decade Program (Gupta and Chauduri, 1990). 
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Important considerations in the development and maintenance of safe watersupplies are the 
setting of realistic standards and use of appropriate monitoring technology for assessing 
microbiological water qu_al_ity. Bacteriological water quality tests which are used and often devised 
in developed countries with temperate climatic zones have several disvantages for routine use in 
developing and underdeveloped countries. Firstly, these tests are not easily portable in rural areas. 
Also, they require trained technicians, sophisticated laboratory equipment or expensive supplies, 
most of which are not readily available in developing countries and in isolated communities in 
developed countries (Dutka ct al., 1990). 

To overcome these problems, simplified inexpensive reliable microbiological water quality tests 
are required. in 1983, the International Development Research Centre (IDRC), Ottawa, Canada, sponsored a seminar in Singapore to discuss the problems and options for developing such tests. As a result of this meeting, the lDRC‘funded research on four continents, and in nine countries 
to develope and evaluate these tests (Dutka & El Shaarawi, 1990). 

Two of the tests, the H28 paper strip test and the coliphage test were used in an IDRC sponsored study to evaluate the efficiency of several Chilean potable water treatment systems. The APHA Standard Methods (1989) total coliform test was used to provide traditional coliform 
information from these potable water treatment systems. The results of this study are described. Regarding the parameters discussed in this paper, current chilean regulations specify drinking waters not to exceed S NTU turbidity, 5 CFU (or MPN)/100 mL total coliforms, and 0.5 mg/L free 
residual chlorine (NCh 409.0f84, Instituto Nacional de Normalizacion). 
METHODS 
Samples ‘ 

Fifty-four water samples were collected from various raw water sources which after treatment would serve as potable water. These samples were collected from rivers, channels and groundwater, within two separated medium sized cities in Chile. The northern city was in a normal temperate zone while the southem was greatly influenced by prolonged rainy seasons and colder weather. 
Another 54 samples were collected, from the respective water treatment plants after the water had received their normal treatment. In most cases the water was treated using flocculation, sedimentation, filtration and chlorination processing in conventiona_l drinking water plants. 

Disinfection by chlorination was done with either hypochlorite or Cl, gas, using automatic chlorinators which provided a dose of 0,8 - 1 mg/L free residual chlorine. In these plants there were 0.5 - 1 hou_r contact time before the water was released. Samples from groundwater received only chlorination treatment. All disinfected samples were dechlorinated using thiosulphate, as per AP!-IA Standard Methods, 1989. 

Microbiological test 
Coliphage and total coliform (TC) MPN tests (S tubes, 3 dilutions) were performed as described in the 1989 edition of APHA Standard Methods. The H25 paper strip technique (Manja et al., 1982) was originally developed to test 20 mL of drinking water. For this study the testing procedure was modified to test 100 mL of water by increasing the media concentration on paper 
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tirfip (‘C;tsti‘l“lo ct al. W9-.3)‘. Dctziils on types nfnrgun_ism\ found in H:S pupcr strip positive sun-ml‘ 
'1 and their rel_ationship to the i'l|UCkl1¢.\.\'_£1ft3 described in Castillo 1992, and Castillo et a_l._ 199‘. 

RESULTS AN D DISCUSSION 
All total coliform and coliphage tests performed on the raw water samples were positive for 

total coliform and coliphage. The maximum, minimum and geometric mean of the MPN total 
eoliform were 92000, 110 and 4477/100 mL, while the maximum, minimum and mean for 
coliphage-s were 7500, 10 and 386 VPFU/100_mL. . 

Of 54 raw water samples tested with the I-I25 paper strip test-, only one sample was negative. 
This negative sample had a turbidity reading of 6.5 NTU, a coliphage count of 1265 plaque forming 
units/ 100 mL and a total colifor-m density of 3300/ 100 mL. 

Most of (42/S4) treated drinking water samples were simultaneously negative for total coliform, 
coliphage and the H25 paper strip tests. From these waters, the maximum, minimum and mean of 
MPN total coliform were 1600, < 2.0, and 2.0/ 100 mL; maximum, minimum and mean coliphage 
were 25, > 5, and S PFU/mL. Of all the samples, 50/54 were negative for coliphage, 4'8/54 
negative for total coliform, and 45/54 negative for the H28 paper strip test. Maximum, minimum 
and mean free. residual chlorine were respectively, 1.0, 0.0, and 0.5 mg/L Turbidity of the treated 
waters complied with Chilean regulations, as all samples were below 5 NTU. 

Table I presents all the data (12/54) from treated drinking water samples where at least one 
of the three indicator test produced a positive finding. It can beseen that only 4 treated sampl, 
(4/54) were positive for coliphage and two of these. #36 and #46, were negative for both tota 
coliform and the H28 paper strip test. These samples also had a free residual chlorine (DPD 
colorimetric) of 0.2 and 0,4 mg/L and turbidity of 2.4 and 0.4 NTU, respectively. Free residual 
chlorine and the relationship of the degree of difference in turbidity measurements, before and 
after treatment, appear to have no bearing on whether or not coliphage will be found in treated 
waters. Samples #53, #37-, and #36, #33 are excellent examples of this statement. 

Perhaps the nature of the flocculating material or the condition and nature of the sand filters are 
more important in coliphage removal, and those factors are not appropriately addressed by the free 
residual chlorine and turbidity measurements. The free residual contact time may also have been 
overestimated due to plant operational problems. Another consideration is that. due to flow and 
retention logistics, the exact same body of water was not sampled before and after treatment, as 
processes are assumed to be in steady state. 

Comparing total coliform and I-1,8 paper s_tr_ip responses on a_ presence/absence basis, it can 
be seen in Table I that both tests were positive in 6 samples and negative in 2. The I-1,8 test was 
positive in three samples where the total coliform test was negative (310, S1 and 53), while the 
coliform test was positive in only one sample (TC 2/100 mL) where the H28 paper strip test was 
negative. 

From the data presented in Table 1, it can be seen that the l-I28 paper strip test compared to 
the total coliform MPN provides consumers with equivalent or greater protection fror. 
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cnnta_rninat_cd potable water. The greater protection is provided. we believe. from the very frequent 
finding of Clo_rrrt'dimn spp. in the same samples with various Emr-mhucu-n'u<-<ruv (Castillo et ; 

1994). This conclusion is consistent with other reports from tropical and subtropical countries 
(Hazbun and Parker, 1983. Manja et al., 1982, Castillo et al., 1988, Ratto et al., 1988, Kromoredjo 
and Fujioka, 1991). Thus, these accumulaled studies support the belief that the H25 paper strip test 
in tropical and subtropical potable waters provides consumer safety at about a 20% of the cost of 
the TC procedure. _ 

The importance of the positive coliphage tests in-treated potable water with free residual 
chlorine values from 0.0 to 0.5 mg/L, and turbidity values of 0.3 - 2.5 NTU is that these___finding-s 
raise the question of which factors in the potable water treatment process are critical for removing 
coliphage and other vinises. The knowledge that coliphage and enteroviruses have more or less 
similar sensitivities to free. residual chlorine, suggests that enteroviruses it‘ present in these waters 
would also survive the same treatment process (Stetler, 1984; Simkova and Cerveka-, 1981; Kott et 
al.-, 1974).

_ 

Using correlation matrices (Pearson), relationships‘ between physical-chemical and 
microbiological variables were evaluated. Table II and Table III show relationships found in raw 
and treated water. 

TABLE II. Correlation (Pearson) between physical-chernical and microbiological variables in 
raw water samples 

Total Coliform Turbidity Coliphages ‘ 
Turbidity - 0.050“ 

cat/a,¢ 0.0623 0.4062"- 
H,S paper trip test - 0.2641 0.2718‘ - 0.2182 

I-=s=»d= Sample in = $4 
R = C9e_(fi_eient . 

p =1 Siptificanpe level 
p< n IIIII P‘ 0.02 9 on 

p< 0.Ql I "" p< 0.05 I ' 

P< 5 000 

A different pattern of the results in raw and treated water» was observed when the correlation 
matrix was applied, In raw water, a highly significant correlation between coliphage and mrbidity 
at the level of significance (p < 0.01) was observed. No correlation between coliphage and total 
coliforrn were observed as confirmed by other authors. This corroborates the findings of Martins 
et al. (1989) and disagrees with Isbister et al. (1983), who noted a correlation in North American 
temperate waters. In treated water a highly significant (p < 0.00001) relationship between total 
coliform and coliphage was seen, and also between total coliform, H25 and coliphage (p < 0.002). 
This suggests that any of these indicators can be used to assess drinking water quality. 
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TABLE Ill. Correlation matrix (Pearson) between physical-chemical and microbiological 
variables in treated water 

p H 'I‘otalColil'orm Turbidity Residual Chlorine Coliphages 
Turbidity -0.1698“ 
Residual chlorine ~0.0Z25 -O.45',/4"" 
Coliphages 0.5470""' 0.1624 -0.2055 
H25 paper strep test 0.473l"g"W 0.3215" 

, 

-0.4621"" s 

g 

0.4210"' 

Legend: Sample size I 54
. 

R I Caelficienr 
p I .Significance level > 

p< , 00000 P‘ om: ‘ 000 
' p< 0.Ml I "“ p< 0.02 I " 

Sig-rrificapnt correlatpionship (or asociation)‘: 

Negative: Residual chlorine versus turbidity. and residual chlorine versus H§ paper strip test. 
Positive‘: Turbidity versus H_,S paper strip test. coliphages "versus I-l,S paper strip tests; coliphages versus total eoliforrn. and HIS paper strip 

tests; eoliphages versus total coliiorrn, and H § paper strip rest versus. 

It was also noticed that there was a significant negative (p < 0.001) correlation between 
residual chlorine and the H25‘ paper strip test showing the high sensitivity of this test to assess 
chlorination efficcacy. Chlorine was also negatively associated with turbidity, supporting the 
observation that turbidity interferes with chlorination efficiency (Lee and Walker, 1970). 

In conclusion, these studies have provided evidence that both the H25 paper strip test and 
coliphage test are viable indicators of potable water quality and potable water treatment. Also 
finding that 22% of the treated drinking water samples were still contaminated, strongly 
supports the opening sentence of this paper "safe potable water is a luxury that is a generally 
unavailable to the majority of people in developing and underdeveloped countries“. 
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