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Health effects of white-water canoeing

L . F e w t r h l l  a .  f .  G o d f r e e  F . Jo n e s  D . K ay  
R. L . S a lm o n  M . D . W y e r

There is little quantitative information on the 
relation between water quality and disease attack 
rates after recreational activities in fresh water. We 
conducted a prospective cohort study to measure the 
health effects of white-water and slalom canoeing in 
two channels with different degrees of microbial 
contamination.

Site A, fed by a lowland river, showed high 
enterovirus concentrations (arithmetic mean 198 pfu 
per 10 litre and moderate faecal coliform 
concentrations (geometric mean 285/dl); at site B, 
from an upland impoundment, all samples were free 
of enteroviruses and the geometric mean faecal 
coliform concentration was 22/d I. Between 5 and 7 
days after exposure canoeists using site A  had 
significantly higher incidences of gastrointestinal 
and upper respiratory symptoms than canoeists 
using site B or non-exposed controls (spectators).

Like seawater bathers, fresh-water canoeists can 
be made ill by sewage contamination. The  hazard of 
fresh water may be best measured by counting of 
viruses rather than bacteria.

la n c e t 1992; 3 3 9 :1 5 8 7 -8 9 .

Introduction
Much use is made of inland waters by canoeists, water 

skiers, sailboarders, and racial bathers; and, as with 
seawater bathing, the effects of sewage contamination give 
cause for concern.1-1 Opinions differ on whether the same 
microbiological safety standards should be applied to 
marine and fresh recreational waters.2-3 Further, there is 
currently a debate about possible changes to the 
microbiological standards in the European Bathing Water 
Directive/ Although the UK maintains that this directive 
relates exclusively to ooastal bathing waters, other member

countries apply h to inland freshwater sites and ics standards 
are used as a guide by recreational groups. Notwithstanding 
earlier research*'7 there are insufficient data to determine the 
microbiological dose-response relation between water 
quality and disease attack rates for the various freshwater 
activities. We have used methods developed in 
epidaniologicaJ studies at marine bathing sites* to measure 
the health effects of canoeing in two slalom channels with 
different water quality.

Methods
At site A, an artificial concrete riiannH diverts water around a 

war in the river’s main dtsnnd and provides facilities for white-water and slalom canoeing. The water oomes from a Large 
lowland river receiving effluent fxom several sewage treatment plants upstream. Site B receives water from a pristine upland 
impoundment. Water samples were taken at each site during the event. Bacteriological analysis included counts of faecal coliforms,* 
faecal streptooood* and total staphylococci.10 Samples were also assessed for enteroviruses*1 by measurement of plaque forming 
units (pfu) with Buffalo green monkey kidney cells and the suspended cell method; pobovints 2 was used as a oontrol.

Subjects were rocniited by advertising in the canoeing press and by approaching canoeists and spectators before the events. Data an 
age, sex, occupation, pbee of residence, water activities including canoeing, consumption of various foods, and were obtained
on a structured questionnaire by trained interviewers, initially on arrival. Participants were interviewed a rirrw on leaving thesite to determine warn exposure, and 5—7 days later a third interview was conducted by telephone to record subsequent tOness. A fourth questionnaire was sent by post so tharr subjects could 
record illness experienced between the second interview and 28 days.
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T A B L E  1—  R E S U L T S  O F  E N V IR O N M E N T A L  M IC R O B IO LO G IC A L 
S A M P L IN G

Site A

Bacteria indicator
Geometric

mean
Log*
SD Min Max N

Faecal colifom (/dl) 285 0 120 153 515 32
Faecal streptococci (/dl) 14 0213 9 45 32
To ta l siaphykjoocd (/dl) 14 0506 9 1780 32

Virus indicator
Arithmetic

mean SD Min Max N

Enterovirus (pfu/10 litre) 198 4 175 243 46 548 10

Site B

Bacteria indicator
Geometric

mean
Log*,

SD Min Max N

Faccal coliform (/dl) 22 0 517 9 475 36
Faecal strep totood (/dl) 13 0 366 9 240 36
To ta l staphylococci (/dl) 11 0276 9 105 36

Virus indicator
Arithmetic

mean SO Min Max N

Enterovirus (pfu/10 litre) 0 0 0-000 0 0 9

Differences in the bacteriological quality between the two sites were compared by the Mann-Whitney U test and virological 
differences by Student’s i test. 2x 2  tables were used to compare the frequencies of each of 33 symptoms in the exposed subjects from site A and site B with the combined non-exposed subjects from both 
sites; analysis for confounders was performed with the Mantel- Haensze! test. The frequencies of symptoms in those exposed at 
each site were compared in the same way with relative risks (RR) and confidence intervals (Cl).

Results

Site A showed higher counts of faecal coliforms 
(p < 0 001) and faecal streptococci (p < 0 05) than site B. The 
arithmetic mean enterovirus concentration from site A (198 
p fu /I0 litre) was likewise significantly higher than the zero at 
site B (p < 0  001) (table i).

A total of 572 subjects were recruited—304 at site A and 
268 at site B, of whom 160 and 218, respectively, engaged in 
canoeing. Information on exposure of 8 subjects from site A 
and 3 from site B was not obtained and these were excluded 
from further analysis. 516 subjects (90%) completed 
interviews at 5-7 days and 366 (64%) at one month.

Significantly different baseline results were as follows: 
M / F  ratios

Exposed 328/378 Non-exposed 95/183 p <0-001
Site A  exposed 78/136 Site B exposed 17/47 p < 0 0 5

A g e
Exposed 25 Non-exposed 28 p<0-05

(9 5 %  C l  23-26) (9 5 %  C l 26-29)
Ham burger consumption

Exposed 93/352 Non-exposed 27/173 p< 001

Canoeists at the two sites did not differ in M/F ratios or age; 
nor were there differences between any of the groups in 
frequency of self-reported illness before exposure.

At 5-7 days (table il) the frequency of self-reporting of 
’flu and of respiratory and gastrointestinal (GI) symptoms 
was significandy higher in those exposed at site A than in the 
combined control group. At one month there was an excess 
of car/eye symptoms (13/109 vs 5/131, p < 0  05: RR 312, 
95% Cl 115-8 49) and GI symptoms (40/109 l l s  27/131, 
p<001: R R  1-78, 95% Cl 1 17-2-70). Site B exposed 
subjects reported a significant excess only of respiratory 
symptoms at 5-7 days.

When we compare canoeists at site A with those at site B 
the frequency in the reporting of all symptom groups was 
significandy higher at 5-7 days and this excess persisted at 
one month for GI symptoms (40/109 vs 24/126, p<0-01: 
RR 1-93, 95% Cl 1 -25-2-98) and skin symptoms (14/109 vs 
6/126, p <  0-05; RR 2-70,95% Cl 1 07-6-78).

In site-A participants the excess of illness at 5-7 days in 
the exposed group persisted when allowance was made for 
age, gender, and hamburger consumption. By contrast, at 
site B the excess of respiratory symptoms observed in the 
canoeing group was no longer significant when stratified by 
gender, although the relative risk was not much altered (RR 
1 53 95% Cl: 0-94—2-48). With controlling for age and 
gender, at one month the only significant difference between 
canoeists from the two sites was an excess of GI symptoms in 
site-A participants.

Discussion

The two sites represent the extremes of water quality 
encountered by white-water canoeists in the UK. The 
results suggest that microbiological contamination, as 
reflected by indicator bacteria and enteroviruses, is 
associated with an appreciable burden of illness in canoeists.

A weakness of the study design is that the exposed and 
non-exposed subjects were self-selected.u Thus, the 
canoeists were more likely to be male and eat hamburgers; 
however, accurate recording of potential confounding 
factors was possible and these do not explain the differences 
observed.

Because there were no significant differences in 
symptoms between any of the groups before exposure, the 
most plausible explanation for the post-exposure excess at 
site A is poor quality water. A further indication that this is 
so is the similarity between symptom frequencies in the two 
exposed groups on the study day compared with the excess 
confined to canoeists at site A at 5-7 days. Indeed, at site B 
only respiratory symptoms were reported significandy more 
frequently in the exposed than the non-exposed group. This 
may be a gender effect, but previous investigators13 have 
suggested that certain symptoms developing after exposure 
at microbiologically uncontaminated sites are due to thermal 
shock, endogenous infection, or chemical irritation.

The response to the 4-week follow-up was low. These 
questionnaires were self-administered, unlike the previous 
interviews. However, the results are broadly consistent with

T A B L E  II— D IF F E R E N C E S  IN  S Y M P TO M  FREQ UENCY A T  S -7  D A Y S  IN S U B J E C T S  EITH ER  N O T  EXPOSED OR CA N O EIN G  IN TW O  
FRESH W ATER  SITES OF C O N TR A S TIN G  M IC R O B IO L O G IC A L  Q U A LITY *

Sym ptom
Site A  

146
Site B 

n=* 206
Unexposed

n«=173
A  vs unexposed 

RR (95% C l )
B vs unexposed 

RR (9S% C l)
A  vs B 

RR (95%  C l)

*F1u 65 52 32 2-41T (1-68, 3-45) 1 36 (0 9 2 ,2 0 2 ) 1-761(1-31,2-37)
Respiratory 47 44 23 2 421 (1 55, 3-79) 1-611 (1-01, 2-55) 1 511(106,2 14)
Ear/cye 10 4 5 2-37 (083, 6-78) 0 67 (0 18, 2-46) 3 53t (113,1103)
G I 61 29 17 4-25t (2-60, 6 94) I 43 (0  82,2 52) 2 971 (201,4  37)
Skin 20 14 13 1 82 (0 94,3-54) 0 90 (0 44, 1 87) 2021 (1-05, 3 86)
A ny 98 87 57 2041 (1 60, 2 59) 1 28 (0^8 , 1 67) 1 591(1 31,193)

'Full details are available (tom (he authors.
1p<0 05
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those at 5-7 days and the persistent excess of GI symptoms 
in the exposed group at site A may represent infection with 
pathogens such as Cryptosporidium spp or Giardia 
iniesanalis.

The finding rhar illness occurred more frequently after 
canoeing in fresh water at a site A receiving sewage effluent 
agrees broadly with results of sea bathing research in the 
UK.8 Bacterial concentrations were not strikingly high by 
comparison with UK seawaters. The enterovirus 
concentrations, however, were considerably higher14 than 
those recorded in marine waters with similar enteric 
bacterial concentrations." This may be explained by the 
contribution from sewage works effluent. Sewage treatment 
produces greater attenuation of bacterial than viraJ 
concentrations.1* Thus enteroviruses, although presumably 
not causing the symptoms, may provide a better indicator of 
fresh water quality than the bacteria measured.

White-warer canoeing in poor quality water leads to a 
measurable amount of illness. Further studies are needed to 
determine whether there is a dose-response relation with 
microbial contammarion. If so, knowledge of this relation 
would be valuable for both water quality standard 
formulation and public education.

W e adrow ledce the bdp o f M r Joton Davies and his staff; the British 
Canoe Union; M r Mike Hubbard a d  M r John Gregson; Miss Gillian 
Davies and h a  ooOcagpes in the National Rivers Authority; D r R_ 
Stanwcfl-Smith (Commtricabtc Diseases Surveillance Centre, Colindale); 
Prof Jay Fleisher (Scat: University at New York), M r T  revor Harris; M rs 
Paula Hopkins; Mr Jerome Whittingham; Dr Ann Delahunry; D r Helen 
Merrett (Enviros Ltd); znd Dr E- B. Pike and colleagues, Water Research 
Centre.

REFERENCES

1. Fewtrdl L_ Frediwatc recreation: a cause for concern. AppI G togr 1991;
11:215-26.

2. Godfree A K , Jones F ,  Kay D. Recreational water quality; the
management of environmental health risks u suciatod with sewage 
discharges. Marine PoQudan BuU 1990; 2 1 :414-22.

3. United Stares Environmental Puxcctian Agency anbicat water quality
criteria for bacteria--1986. EPA440/5-84-OQ2- Wadiiugton D C ; Office 
of Water RegubKioas and Standards D m a m , 1986.

4. Anonymous. E E C  Council Dinxnve of 8 December 1975 concerning the
quality o f  badixog water (76/160/EEC). O ffic J  Eiaop Com m a  1976; 
L /3 1 ,1-7.

5. Feriey JP , Ziznrou D , B alduod F ,a  aL Epidemiological significance of
microbiotagical poOntioo criteria for r i w  recreational watos. In! J  
Epidem iol 1989,18: 198-205.

6. Philipp R , Evans EJ, Hughes AO, Grisdale S K , Hrtaooo R G , Jephcon
A E . Health risks of snorkel swimming in umrcaifid water. Ini J  
Epidermal 1985; 14:624-27.

7. Philipp R , Waiddns S, Caul O , Roome A , McMahon S, Enticon R.
Leptospira] and hepatitis A  antibodies amongst windsurfers and 
waterskicrs in Bristol d tv  docks. PUA Heahh 1989; 103:123-29.

6. Jones F , K ay D , Sianwdi-Stnith R, VPycr M D . Results of the first 
pilot-scale controlled cohort epidemiological investigation into the 
possible health effects of bathing in seawater at Langland Bay, 
Swansea. _7 I  m l Waicr E m inm Marujgetnem 1990; 5:91-98.

9. Anonymous. T h e  bacteriological analysts of drinkingwater supplies. {Rep 
P M  Health M ed Subj ao 71). Loodon. H M  Starioooy Offict, 1983.

10. Alioo R K , Dngoojac M F . Evakmioo of media fix recovery of
Sutphyiacocaa o r a i  from swimming pools. Appl Environ Microbiol 
1986; 51: 699-702.

11. Goyal S M , Gerba CP. Coooaiirinoocf viruses from water by membrane
filters. Im  Gcrba CP, Goyal SM, cds. Methods in environmental 
virology. N e w  Yotfc Marcel Dekker, 1982: 59-116.

12. Lighifoot N H . A  prospective study of rerunning related iQness at six
freshwater beaches in southern Ooario. P h D  thesis, University of 
Toronto, 1989.

13. Stevenson A M . Studies of bathing water quality and health. Am J  Pub!
Heahh 1953; 43:529-38.

!4. M erm t-Joncs M , Morris R, CoopeC, Wheeler D . The relation between 
enteric viruses and indicators of sewage pollution in U K  seawaters. In: 
Morris R , ed. Meeting on health related microbiology, 1AWPRC, 
Glasgow, Sept 12-14, 1991,156-64.

95. Consultants in Environmental Sciences. Review of operational and 
experimental techniques for the removal of bacteria, viruses and 
pathogens from sewage effluents. P E C D  7/7/260, London: 
Department o f the Environment, 1968.


