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Selected physical, chemcial and bacteriological qualities of stream
water entering and leaving a campground were examined during the
summer of 1978 to investigate the influence of recreational use. Water
samples were collected and analyzed at approximately biweekly intervals,
and also three times daily before and after the Memorial Day, Fourth of -
July, and Labor Day weekends. Chemical and physical quality remained
unchanged and densities of indicator bacteria in surface water were not
significantly increased by recreational use of a campground equipped
with modern sanitation facilities.

Public agencies and many recrea-
tionists are concerned about health
risks, ecological effects of nutrient
additions, and site degradation of
public lands. More information is
needed to help make decisions and
plan recreational use of public lands.
For these reasons, a study was made
in a developed commercial camp-
ground to characterize the impacts
of concentrated recreational use on
the bacteriological, physical, and
nutrient quality of stream water on
the site.

Natural stream water contains dis-
solved solids and is affected by geo-
logic conditions, plant materials, and
human-caused disturbances. Com-
mon ions in solution include car-
bonates, bicarbonates, chlorides, sul-
fates, phosphates, and nitrates of cal-
cium, magnesium, sodium, and po-
tassium(13). Total dissolved solids
(TDS) of natural waters are usually
reduced or diluted by rainfall or
snowmelt(21) and increased by the
addition of wastewater effluents and
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runoff from feedlots, fertilized fields,
and pastures. Highly productive fish-
ing waters usually have a threshold
value of TDS greater than about 400
mg/1(18).

Nitrates are not normally a serious
problem in and near mountain camp-
grounds(8). The primary source of ni-
trogen pollutants in wastewater are
feces, urine, and waste food. De-
tectable nitrate-nitrogen (NO;-N) in
water usually indicates excessive
leaching from faulty disposal sys-
tems. Concentration of NO;-N above
about 0.3 mg/l may stimulate un-
wanted aquatic plant growth but is
not a potential health hazard to
humans until concentration exceeds
about 10 mg/1(18).

High concentrations of suspended
solids (SS) in mountain streams gen-
erally indicate active erosion and may
be associated with the impact of
human activities past and present. SS
may also vary with intensity and
amount of precipitation, vegetation,
season, topography, size of stream,
surface soil, stability of channel, and
intensity of land use(3). Waters
having average SS concentrations
greater than about 80 mg/1 generally
harm fish and other aquatic life(18).

Other pollution from human
sources that may affect mountain
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streams and lakes is characterized by
high densities of coliform bacteria.
The common indicator bacteria such
as total coliforms, fecal coliforms
(FC), and fecal streptococci (FS) are
widespread in fecally contaminated
environments and originate from di-
verse sources, including the intestinal
tract of humans, other mammals,
birds, reptiles, and lower forms of life
(15). The presence of coliforms in a
stream usually indicates recent fecal
pollution and the possible presence of
enteric pathogens. The relationship
of fecal coliform to fecal streptococ-
cus density (FC/FS) has been used to
provide information as to sources of
pollution(10, 11). Based on per capita
contributions of indicator bacteria
from man and domestic livestock,
FC/FS ratios greater than about 4:1
are usually indicative of man’s body
wastes. Ratios less than about 0.7:1
suggests contamination originated
from livestock, wildlife, stormwater
runoff and other non-human sources.

In one Colorado study, there was
no apparent association bétween in-
creasing levels of bacterial pollution
and increasing levels of camper con-
centrations in developed camp-
grounds where there were vault-type
toilet facilities and trash cans(2).
Aukerman and Springer(2) also ob-
served a general inverse relationship

5




between cases of bacterial-density in-
creases and low recreational-use
periods. They implied less compul-
sion on the part of campers to proper-
ly dispose of wastes in times of low
camper-use periods. In Washington,
Varness et al.(22) noted somewhat
different results in that indicator
bacteria densities were significantly
increased downstream from heavily
used camping areas without sanitary
facilities when compared to unused
upstream sites. Johnson and Middle-
brooks(14) also reported picnicking
and campground use resulted in de-
gradation of stream quality in Utah’s
Wasatch Front. They found that
sharp increases of FC counts coin-
cided with peak recreational use,
while concentration and mass flow of
FC dropped sharply at the end of the
recreation season. Surface runoff or
““flushing’’ as a result of rainfall or
snowmelt, usually low camper-use
periods, may also contribute to
bacterial contamination in many
Colorado streams(19, 16).
Campground recreation and day-
use recreation along mountain
streams do not always have a de-
tectable impact on existing water
quality. Streams polluted at any given
time and at any specific site tend to
return to a state similar to that before
pollutants were discharged. This
process of self-purification at the
point of pollution and for an indefin-
ite distance downstream is accom-
plished by physical, chemical, and
biological means, and depends on
time, temperature, oxygen supply,
and other environmental factors
which regulate biological growth(2)).

Study Area

The report study was conducted
along a 1-km section of Horse Creek
(below confluence of Trout and West
Creeks), adjacent to Colorado State
Highway 67, about 4 km above the
community of Deckers, in central
Colorado. The area surrounding the
study area is mainly public land.
Horse Creek is a major headwaters
tributary of the South Fork of the
South Platte River. The stream, fol-
lowing spring runoff, is generally less
than 3 or 4 m wide and less than 25
cm deep. The small commercial
campground located in the study area
is isolated from other developed land
uses and people activity, except for

occasional fishing. The nearest home
developments (< 1 home/ha) and
domestic livestock were more than 10
km upstream from the study site.

The floodplain in the study area is
mainly granitic gravel and rocks
washed down from mountain slopes
over geologic time. The area was last
covered by a new layer of gravel 15
cm or more thick in 1973 as a result of
heavy rains and three small dam fail-
ures 10 to 13 km upstream on West
Creek. The alluvium brought in by
the last flood was flushed from the
stream channel within a few weeks,
returning the amount to pre-flood
levels. The streambed is predomin-
antly coarse gravel (32-64 mm) and
rubble (64-256 mm) and riffles are
common. The streamside willows
(Salix sp.), generally 3- to 4-m tall,
had almost recovered to their former
density and height by 1977. There
were no beaver ponds in the study
area. The steep mountain slopes
above the floodplain are decomposed
granite, and vegetation cover is
mainly ponderosa pine (Pinus
ponderosa) with some Douglas-fir
(Pseudotsuga menziesii) on north
aspects.

Camping sites within the camp-
ground were on both sides of the
creek (Fig. 1). The trailer-motor
home sites were equipped with in-
dividual sewer hookups. The com-
mon sewer line drained into a nearby

m Trailer-motor home site

B Tentsite

@ Water sampling site

S Septic system
———— 30 meters

standard concrete septic tank de-
signed to hold wastewater at low
velocity under anaerobic conditions
and to obtain high removal of settle-
able solids(20). The final effluent was
discharged through perforated pipes
into a sub-surface leach field on the
south side of Horse Creek. Tent
campers were required to use sanitary
facilities in the headquarters area
which was served by a second septic
tank and leach field. The camp-
ground generally served as a base
camp for nearby recreational activi-
ties but also itself provided fishing
and various relaxed recreational ac-
tivities.

Nine water sampling sites 100 m
apart were established along an
800-m reach of the Horse Creek study
area (Fig. 1). There was little human
activity at three sites above the main
camping area, because dense willows
and old flood debris hindered stream
access. Three sites were in the main
camping area, and three sites were
downstream from the main recreation
area, in an area fenced to prevent
trespass.

Methods

Stream water level was recorded
continuously during the study using a
water stage recorder installed in a
stilling well, at the side of the stream,
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Figure 1
Location of camping units, septic tank systems and four of nine water sampling sites (scale

approximate). -
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near the downstream end of the
campground area. Stream discharge
at this site was later estimated after
developing a discharge-height rating
curve based on current velocity meter
readings and cross-sectioning tech-
niques(5).

Water samples for routine analysis
were collected about mid-morning, at
approximately biweekly intervals,
from April 20 through October 18,
1978. Additional water samples were
taken at sites 1 and 2 above and at
sites 6 and 7 below the main recrea-
tion area during the Memorial Day,
Fourth of July, and Labor Day week-
ends. Sampling was started the day
before (Friday) and ended the day
after (Tuesday) each holiday week-
end. The daily sampling was at 0600,
1200, and 1800 hours.

Water samples were taken in mid-
stream, were depth integrated and
were collected in sterile bottles, stored
on ice, and transported to the Mani-
tou Experimental Forest laboratory
about 20 km south of the study area.
Water samples were also collected
using an automatic sampler for SS
analysis during the holiday weekends.
The automatic water sampler intake
hose was placed in the center of the
stream, camouflaged with rocks, and
located adjacent to the water level
recorder. When children and/or
adults were in the stream, the float
arrangement on the water level
recorder bobbed rapidly and regis-
tered the time of disturbance. Water
collected at specific times by the auto-
matic sampler and analyzed for SS

was later verified as to whether local
streambed disturbance was caused by
recreationists.

In the laboratory, bacteria were
plated within two hours after coilec-
tion, and other physical and chemical
analyses were usually completed with-
in six hours. FC and FS were de-
termined using the membrane filter
technique (4). Sample size ranged
from 1 to 100 ml of stream water.
Membrane filters were placed on pads
saturated with m-FC broth for FC
and on m-enterococcus agar for FS
enumeration. FC were incubated in a
water bath at 44 + 0.2° C for 24
hours and FS in an air incubator at 35
+ 0.5° C for 48 hours.

SS and TDS were determined gravi-
metrically by procedures outlined in
Standard Methods(1). Sample vol-
ume for SS determinations ranged
from 250 to 500 ml and 100 ml for
TDS determinations.

NO;-N was determined colormetri-
cally after passing the water through
a 0.45 ym filter. This test was de-
termined using a modification of the
cadmium reduction method using
prepackaged reagent powder pillows
along with other reagents(12). Stan-
dard additions of NO;-N were de-
termined each measurement period to
check accuracy of test results.

Number of visitors using the camp-
ground were determined from daily-
use records kept and made available
by owners of the campground.

Figure 2

Overnight visitors in the commercial campground.

Results and Discussion

Campground Use and Water Regime

Along most of the Front Range in
Colorado, heavy use of campgrounds
begins on Memorial Day weekend
and continues through the Labor Day
weekend. Demand for camping
and/or campground use peaks on the
Memorial Day, Fourth of July, and
Labor Day weekends, with secondary
weekly peaks on Friday and Saturday
nights (Fig. 2). In this study, over-
night visitors at the campground
ranged from about 150 people the day
before Memorial Day 1978 to no
overnight visitors on Memorial Day
itself. This dramatically illustrated
camper mobility. Campground use
was relatively greater during July and
August than during May and June
and dropped rapidly after the Labor
Day weekend. The same seasonal
pattern of use apparently occurs in
most public campgrounds along the
Front Range in Colorado and in the
Southwest(17).

Peak runoff characteristically
occurs in May along the mid-eleva-
tions of the Colorado Front Range(9).
Stream velocity for Horse Creek
ranged from about 0.7 to 0.9 m/
second at the time of high flows in
May and from 0.2 to 0.4 m/second
during low flows in July, August, and
September (Fig. 3). The creek run-
ning through the study campground
is a major attraction of the camp-
ground and because most of the

150 _
140
S = Saturday %

130

120 b M
$ 10}
Q
g 100 p s
w 90 I
=]
T 80r S
> I n M
v 70f
E] S Sih S S
© 60t o] N N
2 A n K
E 50F
8 S S S

40 T

S S S
30 !
s T H |
20 -
w0t o > S 3 5
ol dh [ dll i ‘
n l S n
April I May i June July August September 1

July/August, 1982

Journal of Environmental Health




‘

camping use occurred after peak run-
off in May, the greatest chance for
stream pollution, other than SS,
| would likely occur during the time of

low flows and slower moving water.

07} Figure 3
Seasonal discharge of Horse Creek, 1978.

0.6

Seasonal Water Quality

Analysis of biweekly water samples
taken above, in, and below the camp-
ground did not indicate any consis-
tent change in water quality or in-
crease in health hazards attributable
N v to use of the campground (Table 1).

04

03 Good sanitation facilities were readily

available at most campsites and/or
the camp headquarters, and the sani-
02 tation facilities were apparently used
for most waste disposal. These results
further indicate that septic tanks in
0.1} use in the campground were appar-
ently providing adequate primary
wastewater treatment and that, under

Discharge (m*/second)

April ] May ! June | July 1 August 'September' October |

Table 1.

Seasonal pattern of mean water quality upstream,
in the campground, and downstream.

Sample Water Suspended Total Nitrate Fecal Fecal Ratio
date Sites temperature solids dissolved nitrogen coliforms streptococci FC/FS
solids (NO,-N) (FC) (FS)
°C -concentration mg/1- Mg/ 1- -colonies/ 100 ml-

u! 9.7 0.4 164 430. 0 1 —

4-20-78 C? 8.3 0.5 114 530 0 2 —
D? 7.3 1.0 124 820 0 2 —

U 9.3 0.5 127 590 2 3 0.7

4-26-78 C 8.2 0.9 125 750 1 3 0.3
D 7.2 < 0.1 128 670 92 6 16.3

U 9.0 1.1 114 550 1 4 03

5-11-78 C 8.0 1.1 111 550 1 5 0.2
D 7.5 0.8 124 400 67 7 9.6

U 11.0 33 79 200 13 240 << 0.1

6- 8-78 C 10.5 33 87 210 12 220 < 0.1
D 9.7 23 75 370 12 227 << 01

U 18.2 0.3 130 160 38 243 0.2

6-20-78 Cc 16.3 < 0.1 140 650 35 83 04
D 15.8 < 0.1 133 330 36 76 0.5

u 15.8 2.1 152 350 101 1820 0.1

7-11-78 C 15.3 2.4 154 390 73 1600 < 01
D 15.0 2.9 153 350 74 1340 0.1

u 145 1.7 166 320 64 2230 < 0.1

7-25-78 C 14.0 1.9 169 460 58 1890 < 01
D 13.2 2.1 164 450 54 2270 < 01

U 13.7 1.0 158 480 95 1260 0.1

8- 8-78 C 13.0 0.4 163 440 97 1160 0.1
D 12.3 0.6 159 360 61 950 0.1

U 14.5 << 0.1 152 320 46 1340 << 01

8-22-78 (e} 138 < 0.1 154 360 49 1940 < 01
D 13.3 << 0.1 152 330 50 1540 < 0.1

U 8.2 1.4 202 340 o] 30 —

10-18-78 C 7.9 1.2 199 400 0 34 —_
D 7.5 1.2 195 720 0 19 —

'Upstream from campground

2Campground

*Downstream from campground

“Measurements taken first downstream, and last upstream
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present campground use, any effluent
reentering the stream via leach fields
is greatly diluted by streamwater,
with no measurable deleterious effect
on existing water quality.

Low TDS values observed for the
study area were apparently a result of
extensive granitic formations
throughout the entire watershed(13).
The lowest TDS (75 to 87 mg/1) were
observed in early June and coincided
with the period of high streamflow,
when TDS falls to a yearly minimum.
Except for minor decreases following
summer rains in August, TDS grad-
ually increased to a range of 195 to
202 mg/1 in mid-October, the usual
period of minimum streamflow.

No;-N did not exhibit any definite
seasonal trend, and concentrations
observed at the three study sites were
not significantly different (P=0.0S5).
The NO,;-N range was 160 to 820
ug/1, but this relatively low concen-
tration range did not appear to pro-
duce excessive algal blooms. Filamen-
tous green algae, mainly Chlorophyta
cladophora, were present at all study
sites but were also observed in ‘“‘near
pristine,’’ first-order tributary
streams to Horse Creek.

Except for sample dates April 26
and May 11, 1978, FC and FS indica-
tor bacteria followed the expected
seasonal pattern of few colonies
during April and early May, when
water temperature was relatively low
and also when recreational activity
was low. The relatively high counts of
FC downstream from the camp-
ground on April 26 and May 11, 1978
(Table 1) cannot be explained. The
FC/FS ratios during these two sample
periods were considerably greater
than 4.0. Based on the widely
accepted FC/FS index (usually
computed when FS density > 100
colonies/ 100 ml), contamination by
human wastes was indicated. Con-
tamination was perhaps due to un-
authorized dumping of wastewater in
the stream. FC/FS ratios were 0.7 or
less during all other study periods.

Bacterial counts increased rather
sharply at all study sites during July
and August, when water temperature
was high. Bacterial counts were great-
ly reduced by mid-October, when
water temperature became seasonally
lower. High counts of FS apparently
were caused by insect activity and
other nonhuman sources. In another
study conducted about 25 km up-
stream from the present study area,

July/August, 1982

FS isolates were found to consist
mainly of Streptococcus faecalis(7).
The relatively high counts of FC at all
sites during July and August indica-
ted diffuse sources of upstream pollu-
tion, apparently from warm-blooded
animals including man, but also in-
dicated no distinguishable input from
recreation use of the campground.

Under the bacteriological stan-
dards adopted by the Colorado Water
Quality Control Commission(6), the
stream water above, in, and below the
campground was unacceptable for
potable water unless disinfected.
However, the water was acceptable as
Recreation-Class 1 (primary contact)
water. According to this classifica-
tion, << 200 FC/100 ml of water in-
dicates that water is suitable for pro-
longed and intimate contact with the
body or general recreational and/or
swimming enjoyment where small
quantities of water may be ingested.
Based on observed water tempera-
tures (consistently less than 20° C)
and low S8, the state water classifica-
tion criteria indicated stream water in
the study area was also suitable for
the protection and maintenance of a
wide variety of cold water biota,
including trout.

Bacteriological Density During
Weekends

The indicator bacteria densities on
the Memorial Day, Fourth of July
and Labor Day weekends were rela-
tively similar above and below the
campground during all sampling
times (Fig. 4). The most dramatic in-
crease in FC density was observed at 6
a.m. on Monday of the Memorial
Day weekend. For nine sampling
times prior to the 6 a.m. reading, FC
densities were less than 50, but in-
creased to 250, or fivefold, in a
12-hour period both above and below
the campground. No evidence was
found to link the FC increase to recre-
ationists or domestic livestock, but
the sharp increase of FC densities
both above and below the camp-
ground indicated these sites were
equally responsive to the bacterial in-
puts into the stream above the study
area. This finding also provided gen-
eral evidence that, had strong bac-
terial pollution originated in the
campground, it probably would be
detected at one or more of the down-
stream sampling sites.

Journal of Environmenta! Health

The FC densities observed during
the Fourth of July and Labor Day
weekends were generally highest
during the morning and evening
sampling times and lowest during
mid-day. The apparent drop during
the mid-day was probably more close-
ly related to greater ultraviolet light
over the relatively open stream rather
than activities of recreationists(20).

The FS densities followed about
the same trend observed during
routine sampling. FS densities, above
and below the campground, were
lowest during the Memorial Day
weekend and averaged 54 colonies/
100 ml of water. Water temperature
ranged from 9° to 18° C. FS den-
sities were highest during the Fourth
of July weekend and averaged 2,290
colonies/100 ml of water and water
temperature ranged from 13° to
23°C. The high densities during the
Fourth of July weekend_ were ap-
parently influenced by greater recrea-
tionist, animal, and insect activities
and by summer rain showers that may
flush bacteria directly into the stream
(19,16).

During the Labor Day weekend, FS
densitites were seasonally lower than
during the Fourth of July weekend.
Water temperature range was 12° to
21°C. FS densities averaged about
1,400 colonies/100 ml of water up-
stream from the campground, and
about 1,590 colonies/100 ml below
the campground. Higher counts
below the campground may have
been related to disturbances of the
streambed by people playing in the
stream.

Suspended Solids Fourth of July

Many children and a few adults
were personally observed on most
days (when taking water samples)
playing in the stream within the
campground, mainly after mid-day,
during the three holiday weekends
(Fig. 5). During the Memorial Day
and Labor Day weekends, no recrea-
tionists were observed near the auto-
matic water sampler, and the trace on
the water level recorder also indicated
the streambed was not disturbed. The
line trace made by the water level re-
corder indicated people were in the
stream near the water sampler on the
Fourth of July weekend, and a
measure of streambed disturbance
was obtained (Fig. 6). The automatic
sampler was set to collect water
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Figure 4

Mean bacteriological profiles upstream and downstream from the campground during

holiday weekends, 1978.
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Figure 5

Horse Creek was a major attraction for chitdren.

samples every 30 minutes, so that
maximum SS levels may not have
been sampled.

However, the observed increases in
SS were dramatic during the periods
of known human disturbance on
Sunday and for two periods on Tues-
day. As soon as recreationists moved
from the sample area, SS levels fell to
almost predisturbance levels. Because
the streambed is composed mainly of
coarse-textured rock and soil material
with little silt and clay fractions, the

short-lasting disturbance caused by
recreationists in and around the
campground probably had little net
effect on erosion or sedimentation of
the stream. In flood stage, Horse
Creek in the local area carries up to
300 mg/1 SS tor days (unpublished
data collected by the author), and
thus the reoccurring flood events far
outweigh any small periodic degrada-
tion caused by the few recreationists
either in or out of the campground.

Figure 6

Conclusions

Recreational use in a commercially
developed campground equipped
with good sanitation facilities did not
influence or impair existing chemical
and bacteriological properties of the
passing stream waters. Properly sited
campgrounds, whether commercial
or public, equipped with approved
wastewater disposal systems and pot-
able water supply, may not further
pollute recreational streams and can
provide excellent base camps for
nearby recreational opportunities.
Results of this study indicate that up-
grading wastewater treatment at
remotely located and undeveloped
recreation areas of the West can
reduce the potential health hazards.
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