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ABSTRACT

Physical, chemical and biological data were collected
from two sites between Separation Rapids and Pierce Ferry
for a ten month period. The purpose of the study was to
examine limnological effects of the Colorado River in

relation to Lake Mead and to supplement other research
on the Colorado River.

Water temperatures were 2° to 10°C cooler than those
reported before the closure of Glen Canyon Dam. Cooler
water temperatures have probably changed the density
relationship between the Colorado River and Lake Mead,
changing current patterns and limnological conditions in
Lake Mead.

Dissolved oxygen levels, nutrient concentrations, and
bacteria numbers generally indicate natural unpolluted
conditions. High phosphorus (greater than 300 ug/1) and
total coliform concentrations (11 60/ 1 00m 1 ) found on 4

January were exceptions and may have been due to a large
organic load discharged into the Colorado River. It is

suggested that sewage effluent from visitor use has
minimal overall effects on the water quality in
River due to dilution and biological decay, but
health hazards may exist at some camp sites.

the Colorado
potential

Primary productivity is extremely variable and
generally shows an inverse relationship with turbidity.
Colorado River water is potentially very productive but it
is limited by light due to suspended material. Higher
productivity would probably be undesirable due to the
possibility of phytopl ankton blooms and increased periphyton
growth .

Ten species of fish were collected from various
locations. Rhi nic hthys oscu 1 us , Ca tostomu s 1 a t i p i n n i s ,

and Pantosteu s d i scobol u s were the only native fish
col 1 ec ted .
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The purpose of the study was to examine limnological
effects of the Colorado River in relation to Lake Mead
and to supplement other research on the Colorado River
above Separation Rapids. Prior data have mainly been
restricted to physical and chemical conditions (Anderson
and Pritchard, 1951; Lara and Sanders, 1971; Smith et al

1960) and wery little information exists on biological
conditions. Information from this study and others
conducted above Separation Rapids will provide baseline
data to assess the effects of recreational use within the
canyon and any future changes which may occur.

METHODS

Two permanent collection stations were established
at Pierce Ferry and at Burnt Canyon (Mile 259). The above
sites were selected because Pierce Ferry was representative
of lake-like conditions directly influenced by the Colorado
River and Burnt Canyon was typical of the river within the
study area. Samples were collected on the following dates:
27 September, 25-26 October, 29-30 November, 3-4 January,
27-28 January, 6-7 March, 29-31 March, 24-25 April, 23-25
May and 10 June.

Water samples for chemical, phy topi ankton , and
bacterial analysis were integrated samples. At Pierce
Ferry, water samples were taken from surface to bottom
(7 meters) with an electrical water pump. Samples collected
at Burnt Canyon were a combination of three separate,
one-liter subsamples taken with a Van Dorn water sampler.
Water samples for nutrient analysis were preserved in
Hg C

1
2 and transported to the laboratory. Bacterial



samples were collected in a ten-liter stainless steel
container, previously sanitized with acetone-alcohol.
A three-liter sample was held on ice and returned to the
laboratory for phy topi ankton analysis and other chemical
determi nations .

Nutrient analyses were performed by the Land and
Water Monitoring Branch of EPA. Analysis included total
phosphorus, dissolved phosphorus, ammonia nitrogen,
nitrite plus nitrate nitrogen, Kjeldahl nitrogen, and
total al kal i ni ty

.

Suspended solids and chemical oxygen demand were
determined based on procedures in Standard Methods for
the Examination of Waste and Waste Water , 13th ed

.

(American Public Health Association et a 1 . , 1971).
Biological oxygen demand was determined using a Hach
Manometric BOD Apparatus. Turbidity measurements were
taken with a Hach Model 2100A Tubidimet'er. Temperature,
dissolved oxygen, conductivity and pH measurements were
taken with a Model 1 1 A Water Quality Analyzer (Hydrolab
Corporation). The analyzer was calibrated prior to
each collecting trip.

Total bacteria and
determined according to
in Standard Methods for

total coliform bacteria were
the membrane filter procedures
the Examination of Waste and

Waste Water . Filtration was performed in the field
using 0.45 u pore size membrane filters. The samples
were incubated in portable incubators in the field and
then transferred to laboratory incubators. Water samples,
taken on 6 March through 10 June, were blended using a

Panasonic MX 280 Blender.

Total coliform counts were determined for five
duplicate dilutions of 100, 10, and 1 ml. Total coliform
plates were saturated with 2 ml M-Endo Broth (Difco) for
samples collected on 27 September through 28 January,
and incubated at 35°C. Due to difficulty in maintaining
a constant temperature of 35° with the portable incubators,
Coliform Holding Media (CHM) was used from 6 March
through 10 June. Sample filters were transferred to
M-Endo Broth in the laboratory. Coliform counts were
made after the 24 hour incubation period.

Total bacteria counts were determined for five
duplicate dilutions of 1, 0.1, 0.01, 0.001, and 0.0001 ml.



Total bacteria plates were saturated with 2 ml of
tryptone glucose extract broth. Counts were made
after a 5 day incubation period of 25°C.

Phytopl ankton enumerations were made on samples
using a modification of the membrane filter technique
(McNabb, 1960). Suspended material made identifications
and counting difficult and, therefore, only the dominant
organisms are reported.

Chlorophyll analyses were made on 500 to 1000 ml
samples filtered through Watman GF/C filters. The
chlorophyll was extracted by grinding the filters in
5 ml of acetone. Pigment concentrations were determined
from formulas given by Parsons and Strickland (1963)
using data obtained with a Coleman Junior Spectrophotometer
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Fish were collected with minnow seines, experimental
gill nets, and by el ectroshoc ki ng . Four collections
were made from Spencer and Surprise Canyon on 7 March,
29 March, 24 April and 23 May. Other areas in the Colorado
River were also seined on the above dates. The shocker
was used between Miles 250 and 260 on 26 October, 24
April, and 29 March. An experimental gill net was set at
Burnt Canyon on 7 and 29 March.



RESULTS

Temperature, dissolved oxygen, conductivity, and
pH measurements at Pierce Ferry and Burnt Canyon are
given in Table 1. At Pierce Ferry, water temperatures
ranged from 7.0°C in January to 19° in June and were
from 2° to 10° cooler than those reported by Anderson
and Pritchard (1951). The cooler water temperatures
resulting from the effects of Glen Canyon Dam have
probably changed the density relationships of the
Colorado River and Lake Mead, therefore changing current
patterns and limnological conditions in Lake Mead.
Water temperatures at Burnt Canyon were always 2° to
4° cooler than Pierce Ferry, and ranged from 6.5° to
14°. Dissolved oxygen varied with water temperature,
remaining 90% to slightly super-saturated. Conductivity
at Burnt Canyon ranged from 900-1100 mic hrohoms/cm .

At Pierce Ferry higher conductivity levels were found
at the surface for some periods, probably due to incomplete
mixing of the Colorado River at that point. Hydrogen ion
(pH) showed little variation, ranging from 8.0 to 8.5.
Lower pH levels were found at Pierce Ferry below three
meters .

Turbidity and suspended solids were extremely
variable (Table 2). The highest levels occurred in
March through May due to spring rains and run off. The
highest figure found for suspended solids was 889 mg/1
at Burnt Canyon on 23 May. This is comparable to Kubly
and Cole's (1976) highest reported value of 986 mg/1 at
Mile 125 for the same time period in 1975.

Biological oxygen demand and chemical oxygen
demand were generally yery low (Table 3). These
measurements are usually taken in association with waste
water and are presented here only as possible guidelines
for future studies.

Nutrient concentrations for September through
March are presented in Table 4. Results for April through
June were not available at the time of writing this report
and will be supplemented at a later date. Total phosphorus
and nitrogen (nitrate N plus Kj el da hi N) were usually
below 60 ug/1 and 950 ug/1 , respectively. On 3 January,
unexplainabl e high phosphorus concentrations were still
evident at Pierce Ferry on 28 January. Vollenweider
(1970) states that phosphorus and nitrogen concentrations



are extremely variable for different waters but concluded
that flowing water with only a slight nutrient load
contained less than 100 ug/1 phosphorus, and that rivers
flowing through mountainous regions contain up to 1000
ug/1 of nitrogen. Total phosphorus and nitrogen were
usually below these levels and indicate natural conditions
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Phytopl ankton counts and chlorophyll ^concentrations
are presented in Tables 7 and 8. Phytoplankton numbers
and chlorophyll a_ concentrations were generally low.
Diatoms were the dominant organisms at both stations and
showed little seasonal variation. Dia toma vul gara had
the longest period of dominance (March through June).
Only the dominant organisms were identified and counted
and, therefore, these counts are not representative of
the diversity in the phytoplankton community. Sommerfeld
et. al., (1970) have reported a very diverse phytoplankton
flora for the Colorado River.

Primary productivity estimations at Pierce Ferry
were extremely variable ranging from 17 to 2880 mgC/m 2 /day
(Table 9). Light penetration appears to be the most
important limiting factor. Suspended material is primarily
responsible for light attenuation. The lowest primary
productivity was found on 25 October, when the surface
turbidity was low but the euphotic zone was yery narrow
(2.5 meters) due to high concentrations of suspended
material below the surface. Primary productivity
fluctuated in March through May, showing an inverse
relationship with turbidity. Production in May was



extremely high, comparable to reported values for the
Boulder Basin, Lake Mead (Deacon, 1976) and indicate
that the system could be very productive.
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CONCLUSIONS

This study was directed primarily at examination of
the water quality in the Colorado River. From these data,
only a few yery broad conclusions can be made. Further
research may or may not substantiate these conclusions.

Saturated dissolved oxygen levels, low nutrient
concentrations, and bacteria numbers, for all sampling
periods except January indicate natural unpolluted
conditions. The high phosphorus and total coliform
concentrations found on 4 January may possibly have been
due to a large organic load discharged into the Colorado
River. A continuous monitoring program should be
established, sampling at least monthly, or, preferably,
weekly, to determine whether or not the conditions found
on 4 January occur with any regularity.

Primary productivity appears to be limited by light
due to suspended material. The system is potentially
yery productive if turbidity is reduced. Higher
productivity is probably undesirable due to the possibility
of phytopl ankton blooms and increased periphyton growth.



Although there is not any conclusive data with
respect to visitor use, it is suggested that visitor
use has minimal or undetectable effects on the overall
water quality in the Colorado River. The number of
people per week leaving Lee's Ferry in 1974 varied
from 242 to 790 (Shelby and Nielsen, 1975). If these
figures are representative of the population densities
on the river at any one time, dilution alone would be
sufficient to minimize direct effects of sewage effluent
on water quality. This is especially true since human
waste materials are usually buried. Sommerfeld et. al.

(1975) has reported high total col i form counts adjacent
to some campsites, possibly due to seepage from
Porta-potty disposal. Potential health hazards may-

exist in these areas.
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Table 2. Turbidity in formazin turbidity units and
suspended solids (mg/1) at Pierce Ferry

and Burnt Canyon.

Pierce Ferry
Turbidity Suspended

Solids

Burnt Canyon
Turbidity Suspended

Solids

27 Sept.

26 Oct.

3 Jan

.

28 Jan.

7 March

31 March

25 April

23 May

10 June

14.

9.3

35.5

115

5

325

120

22

18

38

20

143

2

525

188

48

15

7.5

445

25

87

82

260

405

53

8

195

193

585

889

11+



Table 3. Biological Oxygen demand (BOD) and chemical
Oxygen demand (COD) in mg/1 at Pierce Ferry

and Burnt Canyon.

Pierce Ferry
BOD COD

Burnt Canyon
BOD COD

27 Sept. 51.7

26 Oct. 2.2

3 Jan

.

4.4

28 Jan. 57 .0

7 March 61. 9

31 March 0.3 94.8

25 April 7.9

23 May 9.4

10 June 10.7 7 .8

1.1

11.2

25.3

16.6

8.3 57 .2
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Table 6. Nonblended and blended total coliform counts
using M Endo B and coliform holding media
(CHM) , 6 March 1976. Number in parenthesis
equals 1 standard deviation.

Pierce Ferry Burnt Canyon

M Endo B

Nonblended

Blended

17.8 (6.9)

224 (164)

14.6 (6.9)

21.2 (8.3)

CHM

Nonblended

Blended

27.6 (10.8)

392 (109)

22.6 (9.1)

76 (24.1)
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Table 8. Chlorophyll a in mg/m^ at Pierce Ferry
and Burnt Canyon.

Date Pierc e Ferry Burnt Canyon

27 Sept.

26 Oct.

31 Nov.

4 Jan

.

28 Jan.

7 March

31 March

25 April

23 May

6 June

1.032

2.181

1.293

4.060

2.848

1.410

3.480

2. 734

1.732

1.221

1.034

0.865

1.812

1. 090

0.774

0.245

2.389

0.425
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Table 10. Fish collected at various locations between
Separation Rapids and Pierce Ferry.

Species Location Number
Collec ted

Cypr inus car p io
(carp)

Rhinichthy s osculus
( spec kled dace)

Notropis lu tr ens is
(red shiner

)

P imephales pr omelas
(fathead minnow)

Ca t os t omu s la t ip innis
(f lannelmou th sucker)

Pantosteus d isc obolus
(bluehead mountain sucker)

Fundu lu s z ebr inu s

(Rio Grande killifish)

Gambus ia af f ini s

(mosqu itof ish)

Lepomis cyauel lus
(gr een sunf ish)

Micropterus salmoides

Mile 253 2

Mile 260 2

Spencer Canyon 41

Surprise Canyon 2

Mile 253 9

Mile 255 1

Mile 259 2

Spencer Canyon 6

Surprise Canyon 94

Spencer Canyon 1

Surprise Canyon 7

Mile 255 1

Surprise Canyon 2

Mile 253 1

Surprise Canyon 1

Spencer Canyon 81

Surprise Canyon 113

Emery Falls 15

Surprise Canyon 2

Emery Falls 2
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Appendix. Flowering plants collected at Spencer Canyon, 1976

Family Boraginaceae
Ams inkia tessel lata Gray
Cryp tantha angus t if olia (Torr.) Greene
Cryp tantha barbigera (Gray) Greene
Cryptantha u tahensis (Gray) Greene

Family Composltae
Baileya multirad iata Harv. & Gray

Family Cruciferae
Ar abis pulchra Jones
Lepidium f remontii Wats.
Lesquerella palmer

i

Wats.
Ror ippa s inuata (Nutl.) A. S. Hitch.
S tanleya pinnata (Pursh) Britton

Family Gramilleae
Bromus ar izonicus (Shear) Stebbins

Family Hydr ophy llac eae
Phac el ia crenu lata Torr

.

Family Labiatae
Salvia Columbar iae Benth.

Family Malvaceae
Sphaeralcea ambigua Gray

Family Onagraceae
Oeno thera c lavaef ormis Torr. & Frem.

Family Ranuncu laceae
Aflu ileg ia chry santha Gray

Family Scrophulariaceae
Mimulus cardinal is Dougl.
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