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Impact of Drinking, Surface and Underground Water on Urolithiasis
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Summary: Sixty two drinking water samples (39 from underground and 23 from surface water
sources) from six districts of Sindh were chemically analysed for pH, sodium, potassium, calcium,
magnesium, phosphate and silicate contents. Samples from the same sources were also analysed
for total bacterial count and total and differential coliform densities. Results show that the total
alkalinity, total hardness and mineral contents of underground waters were significantly
(P<0.001) higher than the surface waters while reverse was true for the pH and phosphate. Sur-
face water was also found to be highly contaminated by faecal coliforms. Although no direct
relationship between microbial coatamination of surface water and urinary stone disease was ob-
served, low calcium intake alongwith increased ingestion and excretion of oxalate and phosphate
due to faulty dietary habits might be a possible cause of higher incidence of urolithiasis in surface

water users.

Introduction

Since people in the developing countries
drink unchlorinated and untreated water [1},
prevalence of many communicable diseases may be
associated with this polluted water. Some 4,600,000
children under the age of five and some two million
people die every year of diarrhoea and malaria,
respectively [2]. Also dehydration secondary to an
atiack of malaria or following an acute diarrhoea
and vomiting has been attributed to urinary stone
formation [3,4]. Practically, all natural waters con-
tain dissolved minerals and definitely exert sig-
nificant effect not only on potability and palatability
of drinking water but also influence the human
health [S]. The greater danger associated with
drinking water has been its contamination with
sewage or excreta from human or animals [6,7] and
this results in outbreaks of many complications. The
incidence of urolithiasis varies widely in different
parts of the world and this may be caused by dietary
and climatic variations or due to some other factors
[8,9]. The finding of Rose and Westbury [10]
revealed a relationship of urolithiasis with soft
water supporting the results of Mates [11] and con-
tradicting the old historical belief of hard water and
renal calculi relationship. Most population based
studies from Newfoundland [12] and Sweden [13],
also show no relationship between the hardness of
drinking water and stone prevalence. Conversely,
negative correlation has been found in the United
States {14,15), the Great Britain [10,16] and Ireland

(17]. Unfortunately, no such studies have so far
been reported for Pakistan. In an epidemiological
survey (unpublished data) we found that majority of
our population including urolithiatic patients con-
sume surface later than underground water.

The present study, therefore, was undertaken
to elucidate the role of drinking surface and under-
ground water in the pathogenesis of urinary stones
with respect to their chemical and microbial con-
tents.

Results and Discussion

The details of the chemical analyses of water
samples obtained from different sources of the six
districts is given in Table 1. The data shows that
water from these sources varied in pH. The highest
pH (7.9) was noted for canal water while lowest for
hand pump and it was nearly neutral. The mean
total alkalinity of these samples ranged from 90.6 to
308.7 mg CaCOs/LL whereas, total hardness and
non-carbonate hardness, N-C.H (which is the hard-
ness of water exceeding total alkalinity) was be-
tween 114.85 and 336.13 and 24.10 and 55.44 mg
CaCO3/L respectively. Lower values of alkalinity
and bardness were found in canal water whereas
the highest in well water. The N-C. H levels were
lower in band pump water and higher in motor

pump.



A.F.ANSARI _¢t. al-

Jour.Chem.Soc.Pak.Vol. 15,No0.1,1993 45

Table 1: Chemical differences (Mean +_ 1 SEM) in the water from various sources.

Parameter pH T.A TH N-CH Na K Ca Mg P Si02

as mg CaCO3/L. as mg CaCOv/], as mg CaCO¥L. mg/L mg/L mg/L mg/L He/L mg/L
Handpump 7.35 303.15 27715 8.14 160.47 19.20 62.13 28.80 21.69 27.73
(26) (+-0.05) (+_18.88) (+_16.04) (2.2.95) (2.36.34) (+.6.70) (507 (+ 2.63)(+_3.82) (+_1.58)
Motorpump  7.60 281.40 292.07 55.44 175.67 6.82 61.54 33.45 43.07 29.62
(06) (+_0.10) (x_24.94) (+_38.93) (+_18.15) (£.48.01) (+.1.36) (+_13.77) (+_5.25) (+_10.13) (+ 3.62)
Well 7.62 308.70 336.13 41.88 199.40 24.52 73.10 36.05 30.59 24.06
©7) @_0.12) (+_37.83) (+_37.30) (2 17.62) (+-68.53) (+9.07) (x_1262) (x_397) (£ 815 (1514
Tapwater 7.87 101.69 127.45 2174 31.34 487 31.90 10.74 49.16 10.12
(16) (005 (+.3.28) (+_11.24) (+_9.90) (£.9.22) (£.033) (+289) (& 1.70) (+.744) (= 1.01)
Canal water 7.94 90.60 114.85 24.10 21.52 5.36 3130 849 125.69 9.57
on (£.0.04) (x.2.38) *12.79) (£ 11.15) (£-3.68) (+0.53) (x3.03) (£ 122) (x29.0) (=089
F. Value 14.77 2525 17.79 342 346 1.49 6.51 13.02 12.10 17.06
Level of < 0.0t <0.01 <0.01 <0.05 <0.05 NS <0.01 <0.01 <0.01 <0.01
significance

() indicates number of samples. T.A. = Total alkalinity, T.H. Total hardness, N-C.H.= Non-carbonate hardness, N.S. = Non significant.

Among the mincrals the mean values for cal-
cium and magnesium were significantly lower in tap
and canal waters than hand pump and well waters,
The maximum levels of both the elements (73.10
and 36.05) were found in well water while canal
water showed the lowest (31.30 and 8.49) values,
respectively. The contents of sodium and potassium
showed similar pattern. The concentration of phos-
phate (as orthophosphate) ranged between 21.69
(Hand pump) to 125.69 pg/l. (surprisingly in canal
water). The silicates (as SiO2) showed the highest
level (29.62 mg/L) in motor pump water and the
lowest (9.57) was recorded in canal water.

When compared statistically (Table 2), all the
constituents of the water (except N-C.H* and K)
present in underground sources (hand pump,
motor pump and wells) differed significantly (P<
0.001) to that of surface water (tap and canal).

All water samples were found to contain
various microbial species. Total bacterial and
coliform counts were noted to be maximum in canal
water (Mean 54x10 and 110 respectively), followed
by tap (37x10° and 62 respectively), well (11x10?
and 11 respectively), and hand pump (9x10” and 2
respectively) waters. Samples obtained from large
sized earthenware pitchers (used to store bulk of
water to be used frequently as in hotels or other
public places) were found to be highly con-
taminated (Mean 35x10° and 73 respectively), u'-
respective of their source.

Table 2: Overall comparison of the chemical consti-

tuents (Mean +_ SEM) of underground and surface
walters.

Chemical constituent  Underground waters Surface waters

n =39 n=23

pH 744 1 005 789 i+ 003
T.A 3008 + 149" 983 1 26
T.H 29003 &+ 14417 12361+ 882
N-CH 2047 &+ 546, 2663 + 7.69
Na 169.79 + 2826 2835 1 657
K 1826 + 483 502 & 028
Ca 6401 i+ 463 3172 & 221
Mg 3084 + 211 1001 + 126
P 2658 1+ 355 7245 & 1259
$i02 2736+ 153 995 £ 075

P <0.001

Some investigators believe that urinary stone
formation is caused by type of water in the area.
Since the quality of water differs according to
geographic and climatic conditions [25], the
analysis of quality drinking water, being used by the
local inhabitants of six districts (mainly Hyderabad,
Sindh, which bad been claimed as the second
highest lithiatic area after D.G. Khan, in the sub-
continent) [26] was carried out. The data about the
chemical constituents of drinking water samples,
obtained from different sources, show that except
pH and phosphate, all the variables (total alkalinity,
hardness and mineral contents) were significantly
higher in underground than surface waters.
Though, the pH of surface water was significantly
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higher than the underground, it was never beyond
the limits permitted by WHO {7], while, the in-
creased content of phosphate might have a link with
the frequent use of phosphate containing fertilizer
and the soil itself.

In the epidemiological survey (unpublished
data) we noticed that 69 per cent of the lithiatic
patients have been consuming surface water (39.3%
water supply, 28% canal and 1.4 % pond water)
.and the rest underground. Although, the total hard-
ness of surface (soft) drinking water was com-
parable to the data reported by Okumara [27] for
Karachi and Islamabad, the higher incidence of
urolithiasis in surface water users of Hyderabad
and its adjoining areas is really deplorable.

Our finding that Ca levels of all drinking
water samples were below the desired levels of 75
- mg/L [28], being significantly lower in surface
waters than underground, suggests that the reduced
content of Ca might be one of the contributing fac-
tors towards urolithiasis [29]. Since, our previous
results [30,31] confirm Ca as a principal element
alongwith oxalate and phosphate, the genesis of
such stones seems to appear due to excessive excre-
tions of oxalates and phosphates but not the cal-
cium alone.

The detection of sufficient number of total
bacteria (especially coliforms) in all water samples
provides good evidence of microbial contamination
at the source, between the source and storage place
{32). Owr results clearly demonstrate that surface
water is highly contaminated than underground and
therefore, is likely to favour the water bome dis-
cases [33] and/or carbonate- apatite and mag-
nesium ammonium phosphate type calculogenesis
[34].

However, our failure to get pure Mag. Amm.
Phosphate (infection)stone from patients and the
presence of Amm. urate only in the central cores of
children’s (0-14 years) bladder stones [30,31] sug-
gests that there seems no direct association be-
tween infection and urolithiasis in surface water
drinkers.

Since, formation of stones in urinary tract
seems t0 be a complication of varied metabolic dis-
orders [35], it may be concluded that increased in-
cidence of urolithogenesis in surface water users

UROLITHIASIS

could be due to dehydration (secondary to exces-
sive gastrointestinal disturbances) and increased
excretions of oxalate and phosphate (owing to
decreased intake of calcium and/or faulty dietary
habits of the people in this area), which is open for
further investigation.

Experimental

62 drinking water samples from different
sources (23 surface and 39 underground) were col-
lected at random from various locations of six dis-
tricts of Sindh (Hyderabad, Badin, Tharparkar,
Nawabshah, Dadu and Khairpur) according to
WHO criteria [18]. All the samples were collected
in a day time in 1000-ml screw caped dried plastic
bottles, sequentially cleaned according to Meranger
et al., [19]. Each bottle was filled to the brim with
the sample to avoid any air space, tightly caped and
labelled. In case of tap water samples, the taps were
run at their maximum for 2-3 minutes before collec-
tion. Most of the samples were collected from those
sources which were being actually used by the
inhabitants of that area.

Chemical studies

pH, total alkalinity and total hardness were
determined using the techniques described by Lind
[20]. All these determinations were carried out on
the day of the collection and afterwards nitric acid
(conc.) was added into the water samples to avoid
metal losses [21]. The levels of Na and K were
detected by flame photometry and of Ca and Mg by
atomic absorption method [22]. For orthophos-
phate a modified method of Murphy and Riley [23]
and for silica Lind’s method [20] were followed.

Microbial studies

A total of 33 (10 hand pump, 3 open well, 3
tap, 4 canal, and 13 reservior and clayware) water
samples were aseptically collected in pre-sterilized
500-ml glass bottles from the same locations.

Every care was taken to prevent the con-
tamination of the stopper from hands and any other
source. All the samples thus collected were imme-
diately transported to the laboratory and processed
within 1-2 hours and tests were carried out for total
bacterial count, total coliform count and differen-
tial densities of coliforms and other organisms.
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Total bacterial count was performed after 10-fold
dilution of the samples. After incubation, number
of positive replications were noted and most prob-
able number (MPN). was computed [24]. Total
coliform density and differential density tests were
carried out by membrane filter (MF) technique [22]
i.e., after passing the water samples through pre-
sterilized membranes (Whatman 0.45 um) under
vacuum pressure, the membranes were incubated
on different nutrient agars (Merck) and the colo-
nies grown were counted under the Coloney
Counter (Gallenkamp 220-240 volts). The iden-
tification of different bacteria was confirmed with
api Strep and api Staph kits.

Statistical analysis

For comparison of chemical differences in the
water from different sources ANOVA test was
used. For comparisons between surface - and un-
derground - waters, Student’s t-test was used.

Acknowledgement

The authors are grateful to authorities of the
University of Sindh for financial support, which
made this study possible.

References

1.  R. Faechem, Lancet, 2, 255 (1980).

2.  Anonymous, United Nations Environment
Programme (UNEP/G.C) 14/5, Nairobi,
Kenya, p. 3 (1986).

3. D. A. Andersen, J. Oslo City Hosp., 16, 101
(1966).

4. M. A. Rahman and R. VanReen, Internation-
al Urinary Stone Conference, Ed. J.G. Brockis
and B. Finlayson, littleton Publ. Co., p. 205
(1981).

5. Q. R. Ahmad, M. A. J. Kamran and T.
Mubammad, J. Pak. Med. Assoc., 38, 100
(1988).

6. M. A, Khalique, S. P. Khan and J. A. Khan,
Pak. J. Med. Res., 25, 97 (1986).

7. W. H. O. Guidelines for drinking water
quality, 2,3 (1984).

8. K. Smith, Medicine Intern., 2, 1358 (1986).

9. C. L. Prince and P. L. Scardino, J. Urol, 83,
561 (1960).

10. G. A. Rose and E. G. Westbury, Urol. Res., 3,
61(1975). .

11. J. Mates, Proceedings of the Renal Stone Re-
search Symposium, Ed. A. Hodgkinson and

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.
26.
27.
28.
29.

30.

3L

32.
33.

34.
35.

Jour.Chem.Soc.Pak.Vol.15,No.1,1993 47

B. E. C. Nordin, Churchill, London, p. 59
(1969).

D. N. Churchill, C. M. Maloney, J. Bear, D.
G. Bryant, G. Fodor and M. H. Gault, J.
Chron. Dis., 33, 727 (1980).

S. Ljunghall, Brit. Med. J., 1,439 (1978).

D. N. Churchill, D. G. Bryant, G. Fodor and
M. H. Gault, Ann. Intern. Med., 88, 513
(1978).

J. Shuster, B. Finlayson, R. Scheaffer, R.
Sierakowski, J. Zoltek and S. Dzegede, J.
Urol,, 128,422 (1982).

D. J. P. Barker and S. P. B. Donnan, Brif.
Med. J, 1,67 (1978).

S. P. A. Allwright, J. Ir. Med. Assoc., 71, 112
(1978).

W. H. O. International standards for drinking
water. 3rd Ed., WHO, Geneva, p.3 (1971).

J. C. Meranger, K. S. Subramanian and C.
Chalifaux, Envir. Sci. Technol., 13, 707 (1979).
O. T. Lind, In: Handbook of Common
Methods in Limnology, The C. V. Mosby Co,,
St. Louis, USA, (1974).

R. D. Ediger, At. Absorpt. Newsl, 12, 151
(1973).

APHA, Standard Methods for the Examina-
tion of Water and Wastewater. 14th Ed.
American Public Health Association
Washington, DC (1976).

J. Murphy and J. P. Riley, Analytica Chim.
Acta, 27, 31 (1962).

Anonymous, Laboratory Mannual  for
Postgraduate Training course on Isotopic and
Advanced Techniques in Biological Nitrogen
Fixation, NIAB, Faisalabad, Pakistan, p. 28
(1983).

Y. lenaga, In: The living water in South East
Asia, Tokyo, Asia Institute (1969).

R. McCarrison, Brit. Med. J., 1, 1009 (1931).
E. Okumara, Asian Med. J., 29, 582 (1986).

N. Ahmed, F. Khan and S. Noor, Phys. Chem.,
4,15 (1985).

B. Finlayson, Urol. Clinics North Amer., 1, 181
(1974).

F. D. Khand, M. S. Memon, A. F. Ansari and
J. M. Memon, J. Pak. Med. Assoc., 36, 300
(1986). _

F. D. Khand, A. F. Ansari and J. M. Memon,
Proc. Natl. Chem. Conf., 1, 394 (1989).

R. Bagai, J. Pak. Med. Assoc., 38, 90 (1988).

. U. A. M. Cutting and P. Howkins, Ann. Trop.

Med. Hyg., 85, 31 (1982).
D. P. Griffith, Kidney Intern., 13,372 (1978).
L. H. Smith, Kidney Intern., 13, 383 (1978).






