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Abstract

Three major streams flow through Zion Hational Park: the North
Fork of the Virgin River, the East Fork of the Virgin River, and LaVerkin
Creek. The water quality of these three streams was studied during the
summer of 1977. Bacterial indicators and the background water chem-
istry were measured.

Given the location and frequency of the recreational use of the
Park, emphasis was placed on the bacterial concentratioﬁs of the North
Fork. Water samples were taken both inside and outside the Park to
determine bacterial inputs of surrounding areas. It is shown that some
upstream uses on private land do have an impact on water quality in the

North Fork.



Introduction

Zion National Park is drained by three major streams, the North

and East Fork (of the Virgin River) and LaVerkin Creek. The headwaters
of all three streams are located outside the Park. Because the water
quality of these streams has been determined in part by land use outside
the Park, this stﬁdy was designed to monitor the water quality entering
the Park, and; when possible, to study key areas of water quality degra-
dation outside the Park. The study includes the analysis of both the
water chemistry and bacteriology of the three major sfreams._ Emphasis

was given to the North Fork because of its heavier recreational use.

Study objectives

1) To determine the bacterial water quality of the North Fork

as it enters Zion National Park.

2) To evaluate land use pfactices outéide the Park as they may
influence the water quality of the North .Fork.

3) To establish water chemistry baseline data for the North Fork,
East Fork and LaVerkin Creek during summer low flows.

4) To present conclusions and recommendations.



Previous Investigations

Nonpoint sources of pollution are receiving increased attention in
wildland water quality management. One of the primary sourées of non-
point bacterial pollution comes from domestic animal grazing. Cattle
and sheep grazing contribute to increases in bacterial concentrations
of mountain streams; however, the magnitude of this increase varies
.greatly. | |

One of the primary factors affecting bacterial inputs is the prox-
imity of the grazing animal to the live stream channel. Kunkle (1970}
found that increases in bacterial levels of mountain streams were
directly related to the atcessabiiity of cattle to the stream. Similar
results were found in studies by Morrison and Fair (1966) and Kunkle and
Meiman (1967). R |

In addition to the accesSﬁbiiif} factor, the simple presence of
grazing animals influences wildland watér quality. Darling and Coltharp
(1973) found significant increases in bacteria concentration in streams
directly downstream from cat;lgwgnd;sheep grazing. Skinner et al.

(1972) showed a strong correlafion Eetween grazing periogs and increased
bacterial numbers within high mountain watersheds.

There seems little QUest{bn thgt grazing does have an impact an
wildland water quality; however, there are other factors to be cénsidered.
First, Watler and Bottman (1967), and Stuart et al. (1971) have shown

that wildlife can also cause increases in stream bacteria levels.



Second, Mack (1974) has demonstrated that bactc~ie can survive and even
multiply in natural waters. This factor complicates the accurate
measurement of bacterial inputs--regardless of the nonpoint source.
Third, Buckhouse (1975) showed that.bacterjal life spans can be greatly
influenced by the conditions of cattle feces. If the feces are allowed
éo dry quickly, the associated bacteria become encased within a protective
media and may survive there for several years. These all add to the
complexity of evaluating the impact of grazing on wildland water quality.
In addition to the above considerations, some bacterial indicators
are better than others for monitofing the impact of domestic animai
wastes on water quality. Kunkle (1977) used total coliform (TC), fecal
streptococci (FS), enterococci and fecal coliform (FC) as the primary
indicator organisms. Using a controlled environment, Kunkle found the

fecal coliforms to be the most responsive and accurate measurement of

cattle feces contamination of wildland waters.



Sampling Methods

During the summer of 1977 three streams were sampled. Each has
headwaters outside Zion Nationa] Park and each represents a major surface
water resource for the Pérk. This section discusses the study areas and
reasons for their selection, the parameters measured, the sampling

sites, the equipment used, and the analysis of data.

Study area

Figure 1 shows the location of Zion National Park with respect to
the three drainage basins. The area of each of these watersheds is given

in Table 1.

Table 1. Drainage basin areas for the Worth Fork and East Fork of the
Virgin River and LaVerkin Creek.

Drainage basin Area (mi]esz)
forth Fork 328

East Fork ' ‘ 365
LaVerkin Creek : | 41 ,

The southwestern section of the Park shows no drainage network.
‘This section has not yet been studied for water quality. The area
consists primarily of ephemeral streams with their headwaters located

totally within the Park boundaries.
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korth Fork Yatershed

The North Fork watershed receives the heaviest visitor use of the
three drainages. This visitor use is restricted to the narrow canyon
bottom and consists primarily of sightseeing, camping, and stream channel
hiking. Flash flood threats and low water temperatures often restrict
-recregtional water use to mid and late summer periods. These periods
usually coincide with the periods of grazing use upstream of the park
boundary.

This watershed represents a mosaic of land ownerships (Table 2).
Private lands total 65 percent of the watershéd, all of which lie sttream
from Zion National Park. The most frequent land uses include cattle
grazing, summer hdmes, and private hunting clubs.

This study measured the impact of cattle grazing on the water quality
of the North Fork. Two sampling sites were located on the North Fork,
one at the park boundary and another 2.5 miles upstream (Figure 2).

The cattle grazing within this 2.5 mile reach is tonfined to narrow pas-
ture lands adjacent to the North Fork. The cattle have free access

to the stream.



Table 2. Land ownership of the North Fork of the Virgin River above
the Zion National Park Headquarters (BLM, 1975).

Percent of 2
total area Mi
Private Land 65 236
State Land 3 10
Federal Land
National Park Service 21 | 78
Bureau of Laﬁd Management 9 32
U.S. Forest Service 2 8
TOTAL 100 364

East Fork Watershed

From a water quality perspective, thé East Fork is the most
complex of the three drainageé;?fﬁgiégﬁ be seen from Figure 1, the
drainage bésin encompasses severéi small communities. These communities
and their associated agricultural and livestock holdings are adjacent to
the East Fork of the Virgin River. After passing through these com-
munities, the East Fork flows tHfBugh the most primitive and inaccessable
section of the Park, Parunuweap Canyon. Thus, the drainaée:basin

receives heavier use outside the Park than within the Park.
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LaVerkin Hatershed

Like the North Fork, LaVerkin Creek drains private lands before
entering National Park Service land. Here the private land use consists
of cattle and sheep grazing. Grazing occurs between April and October
and as many és 300 head of cattle and 600 head of sheep may be grazing
per season within the basin headwaters (Gre?ﬁ;uﬁ§77).

This area of the Park is referred to as the Kolob Section. Visitor
use is light, compared to the North Fork section of the Park. Also,
unlike the North Fork, visitors are not restricted to the active stream

channel; they have much greater flexibility in se1écting areas of use.

Sampling sites

Five sites were sampled: three on the North Fork and one each on
the East Fork and LaVerkin Creek. The East Fork, LaVerkin Creek, and
one of the North Fork sampling sites were located within Zion Nétiona]
Park. These sites were designed to measure the water chemistry and
bacteria levels of the water resources within the Park. The remaining
two sites on fhe North Fork were located-outside the Park and were chosen
to measure the bacterial inputs into the Park from upstream use. These

two sites were located above and below specific land uses, as shown in
Figure 3. '

The parameters measured

Three bacterial indicato-s were measured: total coliforms (TC),

fecal coliforms (FC), and fecal streptococci (FS). The physical parameters
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included turbidity and total dissolved solids. A broad spectrum of
chemical elements were analyzed in addition to conductivitiy, alkalinity

and total hardness.

Equipment used

The membrane filter technique was used for all bacterial analysis.
Incubators, sample bags, filter holders, filter papers and procedures
were used in accordance with Standard Methods 14th Edition (1976).
M-FC and M-Endo growth mediums were taken from prepared ampu]es,and.used ,
for the FC and TC incubations, respectively. M-enterococcus agar Qés used

in the incubation of the FS.

Analysis of data

The bacterial samples were collected between 9:00 a.m. and 12:00
noon and were processed at the Park headquarters within 12 hours after
“collection. Colony identification and p]ate count methods were followed

as outlined in Standard Methods (1976). Standard blanks were taken of %

ERFCACT VY ¥ Y

the'buffer water, filter holders, filter pads, and petri dishes.

One sample was taken at each site. From this sample, three replicates
were taken for each of the bacterial indicators. This was done to
determine the proper sample volume necessary to achieve the optimum plate’
count (Standard Methods 1976). ’

The chemical analyses, including conductivity and turbidify, were’ . .
performedat Ford Chemical Laboratory in Salt Lake City. These sdmples

viere iced during transport and were delivered to Ford Laboratory within

24 hours after their collection. . ?-,~
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Results and Discussicn

Bacterial results

The results of the analysis for the three stations on the North
Fork are given in Tables 3a, b, and c. For ali three tables, bacterial
concentrations are given for the boundary, the upstream and the head-
quarter 1ocati6ns. The total and fecal coliform concentrations measured at
the upstream station were greater than the concentrations measured at
the headquarters station (Table 3a and 3b). Table 3c shows a similar
trend for tﬁe fecal strep concentrations.

Table 4 gives the mean concentration of the three'bacterial
indicators for the upstream and boundary stations. The.percent increase
in bacterial concentrations was then calculated using these means. The
TC increase was the largest, 526 percent, and the FS increase was the
lowest, 216 percent.

| A group comparison of the mean bacterial concentrations was cal-
culated for the upstream and boundary stations. This analysis indicates
that the bacterial concentrations at the boundary station were greater
than the bacterial concentrations at the upstream station. The zon-
centration means for the two stations were found to be significantly

different at the 95 percent or higher confidence level (Table 5).



Table 3a. Total coliform concentrations for the upstream, boundary,
and headquarter sampling stations (3 replicates of one sample
were analyzed for each date).

Bacteria concentrations (colonies/100 ml)

Date Upstream Boundary Headquarters
July 27, 1977 1,200 12,000 ~no sample taken
28 1,600 14,600 10,700

29 120 5,300 no sample taken
30 300 11,300 4,800
31 1,160 5,450 no sample taken
Aug. 1, 1977 , 2,300 5,400 3,600
2 3,700 4,600 1,800
3 1,800 11,000 3,500
4 2,000 12,800 4,200
Sept. 2, 1977 1,320 10,700 3,800
3 1,100 7,600 3,200
4 1,200 10,300 2,800
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Table 3b. Fecal coliform concentrations for the upstream, boundary
and headquarter sampling stations (3 replicates of one sample
were analyzed for each date).

Bacteria concentrations (colonies/100 ml)
Date Ups tream Boundary Headquarters .

July 27, 1977 ~ 0* 400 no sample taken

28 0* 600 0* _
29 0* 220 no sample taken

30 100* 200 0*

31 35 1,300 no sample taken’

Aug. 1, 1977 S0 200 60

2 80 100* 80

3 320 420 120

4 - 360 460 140
Sept. 2, 1977 20%* 1,600 20*
3 80* 1,200 72 -

60 620 63

4

* The colony count was below the optimum range recommended B} the
Millipore Company and is thus less reliable than other values.

L 4



Table 3c¢. Fecal streptococcus concentrations for the upstream,
boundary and headquarter sampling stations {3 replicates
of one sample were analyzed for each date).

Bacteria concentrations (colonies/100 ml1)

Date Upstream Boundary Headquarters
July 27, 1977 60 500 no sample taken
28 100* 1,000 160

29 80 700 no sample taken
30 © 100* ' 400 600
31 _ 120 500 no sample taken
Aug. 1, 1977 520 ' 800 110
2 400 , 600 200
3 240 700 180
4 280 760 230
Sept. 2, 1977 80* . 560 40
3 : 140 700 - 160

4 120 ‘ 720 80*

*
The colony count was below the optimum range recommended by the
Millipore Company and is thus less reliable than other values.



16

Table 4. Mean bacteria concentrations with percent i-crecases for the
upstream and boundary sampling stations.

Bacteria concentration
(colonies/100 ml)

Bacteria Upstream Boundary Percent increase
TC 1,480 9,270 526%
Fc! 127 630 435%

FS \ 190 | 600 216%

L The sampling dates having "0" bacteria concentrations were not included

in the mean calculations for either of the sampling locations.

Table 5. Group comparison of means and associated confidence levels for

the upstream and boundary sampling stations.

Degrees 1 . ? percent

Bacterial of Computed”. Table t confidence.
parameter freedom t value at level
Total

Coliform 11 7.242 3.106 99%
Fecal :

Coliform 8 2.707 2.306 95%
Fecal

Strep. 11 B.861 3.106 99%

' Dixon, Wilfrid J. and Massey, Frank J. 1969. Introduction to Statistical
Analysis. McGraw Hill, New York. p. 116.

2 Dixon and Massey, p. 464.
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The East Fork and LaVerkin Creek were also sampled {u: iaclerial
concentrations. Tables 6 and 7 give the bacterial results for these
tﬁo streams. Samples were taken at three dates at each of the locations.
These results are presented as summer baseline data and are not intended

to represent trends or absolute concentrations.

Table 6. Bacteria concentrations for the East Fork of the Virgin River
as measured near South Park boundary.

Bacteria Concentration {colonies/100m1)

Date

TC o FC FS
July 26, 1977 2,700 620 270
August 2, 1977 2,500 640 400
September 2, 1977 2,300 580 360

Table 7. Bacteria concentrations for LaVerkin Creek, as measured at
- Lee Pass Trail, 1977.

Bacteria Concentration

Date (coTonies/100m1)
TC FC FS
. July 27, 1977 2,120 60 240
August 2, 1977 1,400 360 200

September 3, 1977 1,600 © 420 280




Bacteria discussion

The large increases in bacterial concentrations over the 2.5 mile
reach of the North Fork indicate that the current land use does have
an impact on the water dua]ity. The. statistical analysis of this report
indicates that the two sampling points represent different populations.
From bacterial analysis and field observations, the cattle grazing
between the upstream and boundary sampling points have the greatest
single imbacf on the water quality of the North Fork as it enters Zion
National Park.

Once within the park, the North Fork bacterial doncentratjon becomes
diluted by tributary inflows.. PreQious studies (Maddox, 1977) have
shown the bacterial concentrations of beep Creek and Kolob Creek to
be substantially lower than the bacterial concentrations of the North
Fork for any given sampling day. This dilution effect accounts for
the lower bacterial concentratidﬁs for the headquarter station when
compared to the boundary concentratioﬁ.

In 1975, the Utah State Division of Health published its suggested
water quality criteria for swimming waters (Table 8). The upstream and
boundary bacteria concentrations for both TC and FC exceed these sug-
gested upper Timits. The headquarters bacterial concentrations exceed
the upper limits for TC, but not for FC. LaVerkin Creek ihd East Fork

also exceed the upper limits for both TC and FC.



Table 8. Water quality standards for swimming waters, Utah State Division
of Health (1975).

Standard Number

Standard .
definition Coliform Density Fecal Coliform Density

(colony/100m1) (colony/100m1)

Monthly mean may not
+ exceed 1000 200

No more than 20% of
samples collected
in one month may 1000
exceed

No more than 10% of
samples collected
in one month may’ 4000 ' 400
exceed

No more than 5% of
samples collected
in one month may o 4000 -
exceed




Chemical results

Table 9 gives the chemical analysis fdr'the North Fork. The three
samples were taken during the summer months over a three year period.

The sampling dates ranged from late spring runoff (May) to early fall.
These concentrations suggest that many of the chemical parameters remain
relatively constant throughout the sampiing perinds. This indicates that
as flows increase the chemical inputs increase proportionately, thus the
concentrations remain relatively constant thrdughout the sampling periods.
This indicates that as flows increase the chgmica] inputs increase
proportionately, thus the concentrations remain relatively constant.

Table 10 gives the recommended-upper limits for swimming and fishery
waters for several chemical elements. Sodium (as Na) in the only chemical
parameter exceeding thése limits. This exceedence is true for the three
sampling dates. Sodium is common in most wildland waters with concen-

trations varying both locally and regionally. The human intake limits

D
LY

for sodium vary greatly, but unless the intake gxceeds 1000 mg/1 (wateﬁgf

Quality Crtieria, 1972), there is little goncerﬁ. e
However, fisheries are more susceptable to high sodium concentrations.

McKee and Wolfe (1963) have found 10 mg/1 concentration to be an

acceptable upper limit for most fresh water fish. : 3T
Table 11 gives the water chemistry analysis for LaVerkin Creek.

Three samples were taken during a single summer season. One sample :

was taken near the city of LaVerkin, the other two samples were takeé

within Zion National Park. Between the two sampling locations there are

numerous agricultural Tands, row crops, pasture lands, fruit trees, and -



Table 9, MWater quality data for the North Fork of the Virgin River near

the Park headquarters.

Sample dates

Water qualify

parameter Sept. 17, 1975 July 23, 1976  May 16, 1977
Turbidity (JTU) ' 4.2 20.0 2.00
Conductivity (umhos/cm) 793.0 820.0 900.0
pH - 7.14 : 7.56 7.81
Total dissolved solids

at 180°C. (mg/1) 516.0 535.0 600.0
Alkalinity as CaCO3 (mg/1) 158.0 234.0 " 168.0
Aluminum as Al (mg/1) <0.01 - 0.070 0.071
Arsenic as As (mg/1) <0.01 0.008 - <0.001
Bicarbonate as HC03 (mg/1) 191.49 . 202.5 204.9
Barium as Ba (mg/1) : <0.01 0.144 0.091
Boron as B (mg/1) <0.01 <0.001 0.22
Cadmium as Cd (mg/1) 0.002 : - <0.001 <0.001
Calcium as Ca {ma/1) 55.2 51.2 21.6
Carbonate as €0y (mg/1) <0. 01 <0.01 <0.01
Chloride as Cl ?mg/l) 88.0 © 90.0 130.0
Chromium as Cr (Hex) (mg/1) <0.01 <0.0071 <0.001
Cyanide as Cn (mg/1) - <0.01 <0.01 - <0.01
Copper as Cu (mg/1) 0.02 0.006 0.007
Fluoride as F (mg/1) 0.13 0.32 0.28
Total Hardness as CaCO3

(mg/1) 250.0 234.0 230.0
Iron (Total) as Fe (mg/1) 0.15 . 0.120 0.086
Iron {Filtered) as Fe (mg/1) 0.02 0.100 0.050
Lead as Pb {mg/1) <0.01 0.005 <0. 001
Magnesium as Mg (mg/1) 26.88 25.4 T 42.24
Manganese as Mn (mg/1) 0.01 0.035 0.034
Mercury as Hg (mg/1) <0.001 <0.0002 <0.0002
Nitrate as NO3-N (mg/1) 0.04 0.02 0.10
Phosphate as PQO, (mg/1) 0.100 0.065 . 0.035
Potassium as K (mg/1) 3.69 3.32 3.14
Selenium as Se (mg/1) <0.01 0.077 <0.001
Silica as Si0y (mg/1) 4.15 9.9 21.5
Silver as Ag (mg/]) 0.007 <0.001 <0.001
Sulfate as S0q (mg/1) 85.50 92.0 "82.0
Sodium as Na (mg/1) 57.00 73.0 122.50

Zinc as In (mg/1) ‘ 0.01 0.007 0.

042




Table 10. Recormended upper Timits of chemical concentrations for swimming
and fishery waters (McKee and Wolfe, 1963).

Recommended

Chemical parameter upper limit
Aluminum as A1 (mg/1) 0.50
Arsenic as As (mg/1) 0.10
Barium as Ba (mg/1) 5.00
Boron as B (mg/1) --
Cadmium as Cd(mg/1) -~
Calcium as Ca (mg/1) 1000.00
Chloride as C1 (mg/1) 1500.00
Chromium as Cr (Hex) (mg/1) 5.00
Cyanide as Cn (mg/1) 0.05
Copper as Cu (mg/1) 0.10
Fluoride as F (mg/1) 5.0
Iron (Total) as Fe (mg/1) n.20
Iron (Filtered) as Fe (mg/]) --
Lead as Pb (mg/1) 0.10
Magnesium as Mg (mg/1) 100.0
Manganese as Mn (mg/1) 40.0
Mercury as Hg (mg/1) 0.004
Nitrate as NO3-N (m /I) 4.20
Phosphate as PO 1 15.00
Potassium as K ?mg/] 50.00
Selenium as Se(mg/1) 2.0

- .. Silica as Si0, (mg/1) 50.0

- Silver as Ag %mg/l) 0.033

Sulfate as S04 (mg/1) 500.00
Sodium as Na ?mg/]) 10.00
Zinc as Zn (mg/1) 0.10
Conductivity (umhos/cm at 25°C) 2000.00
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Table 11.
and at Lee's Pass Trail,

Water quality data for La Verkin Creek near Lu

verkin, Utah

Sample location and date

LaVerkin

Lee's Pass Trail

Water quality

parameter May 16, 1977 Aug. 5, 1977 Sept. 4, 1977
Turbidity (JTU) 3.0 1.5 2.0
Conductivity (umhos/cm) 1,670.0 677.0 655.0
PH - 7.62 ) 7.97 7.80
Total d1ssolved solids

at 180°C. (mg/1) 1,105.0 : 432.0 422.0
Alkalinity as )

CaCo0, (mg/1) 180.0 148.0 152.0
Aluminim as Al (mg/1) 0.043 0.063 0.149
Arsenic as As (mg/1) <0.001 <0.001 <0.001
Bicarbonate as HCO., (mg/1) 219.6 . 180.6 185.4
Barium as Ba (mg/1} 0.048 0.063 0.184
Boron as B (mg/1) 0.22 - 0.15 0.04
Cadmium as Cd (mg/1) <0.001 <0.001 <0.001
Calcium as Ca (mg/1) 86.4 84.8 80.8
Carbonate as C0q (mg/1) <0.01 <0.01 <0.01
Chloride as Cl ?mg/]) 16.0 . 8.0 10.0
Chromium as Cr (Hex) (mg/1) <0.001 <0.001 <0.001 .
Cyanide as Cn (mg/1) <0.01- . <0.01 <0.01 -
Copper as Cu {mg/1) ' 0.005 - 0.002 0.004 ; -t
Fluoride as F (mg/1) 0.40 0.20 0.15 - -
Total Hardness as CaCO3

(mg/1) 486.0 330.0 336.0
Iron (Total) as Fe (mg/1) 0.096 0.069 0.133
Iron (Fiitered) as Fe {mg/1) 0.044 0.040 0.100
Lead as Pb (mg/1) <0.001 <0.001 <0.001
Magnesium as Mg (mg/1) 64.8 2.3293 32.16
Manganese as Mn (mg/1) 0.Q27 0.004 0.007 .#:d
Mercury as Hg (mg/1) <0.0002 <0.0002 <0.0002 .
Nitrate as NO3-N (mg/1) 0.36 0.010 <0.01
Phosphate as PO (mg/]) 0.045 0.010 0.01
Potassium as K (mg/1) . 2.93 2.653 3.70 .
Selenium as Se (mg/1) <0.001 <0.001 <0.001
Silica as Si0y (mg/1) 26.0 - 7.0 8.0
Silver as Ag %mg/] 0.005 0.014 <0.001 -~
Sulfate as S04 (mg/I) 580.0 202.0 194.0
Sodium as Na (mg/1) 143.0 17.10 11.93
Zinc as Zn (mg/1) 0.025 - 0.006 0.033




grain crops. Conduclivit,, total dissolved solids, total hardness, SR
AR ER ¢
g (et ae’ oy

magnesium, sulfate and sodium all show marked increases. However, these '/
increases cannot be totally attributed to agricultural use. The dif-
ferent dates of sampling and subsequent flow volumes may have an impaet

on these water chemistry variations.

With the exception of sodium, the water samples taken within the
Park (Lee's Pass Trail) are within the récommended limits shown in
Table 10. Sodium again exceeds this limit, but, as stated above, this
becomes of concern only to_fresh water fisheries. In this case, the
LaVerkin Creek samples are only slightly above the recommended lim{t
and would probably have little, if any, impact on the fisheries.

Table 12 gives the water chemistry for the East Fork. The two
samples were taken in the summer of 1977 just upstream from the confluence
of the East Fork and the North Fork. These results represent the upstream
water use of the East Fork by the municipal and agricultural users in

Glendale, Orderville, Mt. Carmel and Mt. Carmel Junction.” In comparingf;" g

these data with the recommended 1imits of Table 10, Phézéodium concen-
tration once again exceeds the recommendéd limit.

The water chemistry of the North Fork changes as it flows through
the Park. Table 13 illustrates the magnitude of the downstream change ..} fé.
fpr one sampling day. On this particular day, 21 of the 34 chemical
parameters increased, 8 remained unchanged, and 5 decreased in concen-

tration. There are numerous variables that may account for these

changes, not the least of which is the tributary inflow. The concentrations



Table 12, Water quality data for the Essi erk of the Virgin River
near the confluence with the Horth Fork of the Virgin

River.

Water quality

Sampling dates

parameter May 13, 1977 Aug. 5, 1977
Turbidity (JTU) 2.50 1.6
Conductivity (pmhos/cm) 600.0 490.0
pH 7.73 8.10
Total Dissolved Solids at

180° C. (mg/1) 400.0 316.0
Alkalinity as CaCO3 (mg/1) 150.0 148.0
Aluminum as Al (mg?l) 0.025 0.113
Arsenic as As (mg/1) <0.001 <0.001
Bicarbonate as HC0; (mg/1) 183.0 180.6
Barium as Ba (mg/l? 0.038 0.040
Boron as B (mg/1) 0.14 0.17
Cadmium as Cd (mg/1) - - <0.001 - <0.001"
Calcium as Ca (mg/1) -+ . 28.0 55.2
Carbonate as CO; (mg/1) <0.01 <0.01
Chloride as Cl %mg/l) 24.0 24.0

. Chromium as Cr (Hex) {mg/1) <0.001 <0.001
Cyanide as Cn {mg/1) <0.01 <0.01~
Copper as Cu (mg/1) 0.003 0.002
Fluoride as F (mg/1) 0.35 0.17
Total Hardness as CaCO3 (mg/1) 220.0 230.0 -

~ Iron (Total) as Fe (mg/1) 01079 0.125:."

Iron (Filtered) as Fe (mg/1) 0.050 0.100:
Lead as Pb (mg/1) <0.701 <0.001
lagnesium as Mg (mg/1) 36.0 22.08
Manganese as Mn (mg/1) 0.009 0.007
Mercury as Hg (mg/1) <0.0002 <0.0002
Nitrate as NO5-N (mg/1) 0.70 0.70
Phosphate as 30 (mg/1) . 0.045 0.010 " i
Potassium as K ?mg/l) 2.97 3.57
Selenium as Se (mg/1) <0.001 * 0.003
Silica as Si0p (mg/1) 22.0 8.0
Silver as Ag %mg/l) <0.001 <0.001 .
Sulfate as S04 (mg/1) 97.0 98.0 " =
Sodium as Na’?mg/l) 30.30 24.38
Zinc as Zn (mg/1) 0.020 0.008




Table 13. Water chemistrv data for the North Fork of the Virgin River as mea-
sured at the headquarters and Chamberlain's Ranch, July 23, 1976.

Sampling lozation

Parameter Chamberlain's Ranch Gage
Turbidity (JTU) 15.0 20.0
Conductivity (umhos/cm) 570.0. . 820.0
pH , 7.60 7.56
Total dissolved solids at ‘

180°C. (mg/1) 370.0 535.0
Alkalinity as CaCO3 {mg/1) 206.0 234.0
Aluminum as Al (mg/1) 0.065 ‘ 0.070
Arsenic as As (mg/1) , <0.001 0.008
Bicarbonate as HCO; (mg/1) 251.3 202.5
Barium as Ba (mg/l§ 0:089 0.144
Boron as B (mg/1) <0. 001 <0.001
Cadmium as. Cd (mg/1) <0.001 : <0.001
Calcium as Ca . (mg/1) 47.2 * - 51.2
Carbonate as C03 (mg/1) : <0.01- . <0.01
Chloride as C1 (mg/1) 4.0 - 90.0
Chromium as Cr (Hex) (mg/1) <0.001 <0.001
Cyanide as Cn (mg/1) <0.01 <0.01
Copper as Cu (mg/1) 0.005 - - 0.006
Fluoride as F (mg/1) 0.30 0.32
Total Hardness as CaCO3 (mg/1) 208.0 . - 234.0 .

© . Iron (Total) as Fe (mg/1) 0.110- + 0.120 :. /&
Iron (Filtered) as Fe (mg/1) 0.100 : ... 0.100 .00
Lead as Pb {(mg/1) <0.001 - " 0.005 = :xn
Magnesium as Mg (mg/1) 21.6 25.4
Manganese as Mn (mg/1) 0.025 0.035
Mercury as Hg (mg/1) - <0.0002 <0.0002
Nitrate as NO-N (mg/1) 0.05 0.02
‘ Phosphate as 80, (mg/1) 0.035 0.065 .
R Potassium as K ?mg/]) ~ 1.62 3.32 -
- Selenium as Se img/lg 0.007 . 0.077 '
Silica as Si0p (mg/1) : 15.0 9.9
Silver as Ag (mg/1) <0.001 <0.001
Sulfate as SO0, (mg/1) 18.7 92.0
Sodium as Na (mg/1) 18.7 73.0

Zinc as Zn (mg/1) 0.012 0.007




given in Table 13 serve to indicate pussible directions of water chem-
istry changes with respect to time and Tocation. These concentrations

offer baseline water chemistry data.
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Conclusion and Recommendations

The following conclusions are the result of analyses of samples
collected during the summers of 1976 and 1977. |

1) The total coliform and fecal coliform concentrations of the
North Fork of the Virgin River, the East Fork of the Virgin River, and
LaVerkin Creek all exceed the Utah State Division of Health recommended
1imits for swimming waters.

2) The bacterial concentrations within Zion National Park are
influenced more by the uses outside the Park than the uses within the
Park.

3) Cattle grazing, adjacent and upstream from the Park, does have -
an impact on the bacterial concentrations of the North Fork of the
Virgin River. '

4) Over a 2.5 mile reach of the North Fork of the Virgin River
total co]ifofm, fecal coliform and. fecal streptococcus inéreased
526, 435 and 216 percent, respectively.’ These increases are attributed
primarily to cattle grazing within the 2.5 mile reach outside the park.

5) With the exception of sodium, all of the measured chemical
element concentrations were within the recommended Iimit§ for fresh
water fisheries.

6) Because of the bacterial concentrations, recreationists should
be made aware of the potential health hazards of human injestion'of the

waters of the North Fork, East Fork, and LaVerkin Creek.
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Appendix A .

‘Chemical analysis of Zion National -Park water resources
as analyzed by Ford Chemical Laboratory, Inc.

Salt Lake City, Utah
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LABORATORY, INC.
Bacteriological and Chemical Analysis
40 WEST LOUISE AVENUE
SALT LAKE CITY, UTAH 84115
PHONE 485-5761
Date; _October 6, 1975
Qqﬁe Mr, Geonrge Hart CERTIFICATE OF ANALYSIS
\ddress ___Forestry & Outdoor Recreation 75~4199
Utah State University
Logan, UT 84321
sample Water from North Fork of Virgin River at Highway 89 received
on September 17, 1975.
!
'u;'lbidify 4.2 JTU Fluoride as F 0.13 —mg/1
“onductivity 793.0 umhos/cm Total Hardness as CaCOs '250 - 0 mg/1
H, & 7.14 Iron (Total) as Fe 0.15 mg/1
[ | . 0 Al
‘otal Dissolved Solids Iron (Filtered) as Fe .02 mg/1
° 516.0
:tjil 80° C. —mg/1 Lead as Pb <0.01 mg/]
‘\.Iﬁclmgty as CaCO, L0 mg/1 Magnesium as Mg 26.88 . - mg/1
Mumingm as Al go * 31 mg/1 Manganese as Mn 0.01° mg/1
. 0 . .
\rsenic as As 191 49 mg/1 Mercury as Hg <o0.001 mg/1
icarbonate as HCO» - —5=52 mg/1 Nitrate as NO.—N 0.04" mg/1
'q:rilum = <0.01 mo/! Phosphate as PO. 0.100 mg/1
ofon 8s B 0. 002 mg/1 Potassium as K 3.69° " mg/1
-admium as Cd 5.5 5 mg/1 Selenium as Se ’ <0.01 mg/1
calcium as Ca <q o1 ma/] Silica as SiO, 4.15 mg/1
.a;boﬁate as CO, 8; mg/1 Silver as’ Ag 0.007 mg/1
-t . . 0
.h_lgorlde as Cl <0.01 mg/1 Sulfate as SO, 95.50 mg/1
..hzgomlum as Cr (Hex) <o ; o1 : mg/1 Sodium as Na 57.00 mg/1
.y:?nlde as Cn - R mg/1 ZincasIn 0.01 mg/1
oppef as Cu 0.02 ___mg/]} ,
A
o o S 7
i s /-/4"’“ >/
oot Ford Chemical Laberatory, Ine.
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LABO RATORY

Bacteriological and Chemical Analysis
40 WEST LOUISE AVENUE
SALT LAKE CITY, UTAH 84115
PHONE 485-576)

Date:

August 17, 1976

Jome

ATTN: George Hart
\ddress _Forestry Science Laboratory .

Logan, UT 84321

Utah State University CERTIFICATE OF ANALYSIS

76-5008

Water at North Fork-Virgin River, Chamberlin Ranch. Received on

.ample
| July 23, 1976 - Zion Park Research:
‘urbidity _15.0 JTU Fluoride as F 0.30 mg/1
~onductivity _570.0 umhos/cm Total Hardness as CaCOa 208.0 mg/ 1
H 7.60 Iron (Total) as Fe 0.110. mg/}
‘otal Dissolved Solids Iron (Filtered) as Fe 0.100 mg/1
-t 180° C. 370.0—mg/1 .. .. ead as Pb £ 0.001 ma/1
\kalinity as CaCOs . .~ 206.0 mg/] Mognesuum as Mg 21.6 mg/1
\luminum as Al , 0.065 mg/1 Mdnganese as Mn 0.025 mg/}
\rsenic as As . 50.001 mg/1 Mercury as Hg {0.0002  mg/l
icarbonate as HCO, 251.3 mg/1 Nitrate as NO. —N 0.05 mg/
iarium as Ba . _/MB—?——"‘Q/] ..... Phosphate as PO, 0.035 mg,/ 1
ioron as B - 0.00L _mg/1 T g agsiom as K 1.62  mg/l
“admium as Cd £0.001 mg/1 Selenium as Se ' 0.007 mg,'1
~alcium as Ca : 47.2 mg/1 ~ Silica as SiO: 15.0 mg,’
larbonate as CO; Q-_QL___mg/l R Silver as Ag {0.001 mg/1
-hloride as Cl 4.0 mg/1 i Elfate as SO. 34.0 mg/1
-hromium as Cr (Hex) 40.001 mgn .. Sodium as Na 8.7 mg/)
-yanide as Cn 4 40.01 mg/1 .7 Zincas In 0.012 mg/1
Zepper as Cu 0.005 mg/1 e

—" :‘_{ ’/(.’ ,"

P

Ford Chemlcol Lc:borolory, Inc.
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LABORATORY, INC,
Bacteriological and Chemical Analysts
40 WEST LOUISE AVENUE
SALT LAKE CITY, UTAH 84115
PHONE 485-5761

Date:

August 17, 1976

CERTIFICATE OF ANALYSIS

ame ATTN: George Hart
idress __Forestry Science Laboratory 76-~5010
Logan, UT 84321
:mple ___Water labeled Deep Creek Received on July 23, 1976, Zion.Park
Research:
rbidity 7.5 JTU Fluoride as F 0.27 . mg/1
>nductivity _630.0___ umhos/cm Total Hardness as CaCOs 180.0 mg/1
i 7.58 lron (Total) as Fe 0110 mg/
tal Dissolved Solids 410.0 - Iron (Filtered) as Fe 0.100 mg/1
180" C. ; mg/'ll U Lead as Pb 40.001 mg/1
kalinity as CaCOs 138:0  mg/1i L nesivm as Mg 15.84 01
uminum as Al 0.130 mg/1 Mafganese as Mn 0.038 g/
senic as As £0.001 mg/1 Mercury as Hg 0.0002 mgn
:arbonate as HCOs 168.4 mg/1 Nitrate as NO,—N 4£0.01 mg/1
wrivm as Ba 9' 083 mg/1 Phosphate as PO, ~0.035  _mg/1
fon as B £0.001 mg/1 Potassium as K 1.58 mg/1
: idmium os Cd 0.002 mg/1 Selenium as Se 0.006 mg/1
tlcium as Ca 195 mg/1 Silica as SiOs 0.90 mg/1
rbonate as COa _S_O_.__O_L____mg/] Silver as Ag gO .001 mg/1
loride as Cl 4.0 mg/1 Sulfate as SO. 130.0 mg/1
_wromium as Cr (Hex) _&O,-0.0l__‘mg/l Sodium as Na 45.0 mg/1
ranide as Cn £0.01  mg/1 Zinc as Zn 0.008 mg/1
pper as Cu’ 0.005 mg/1

Ford Chemical Laboraiory, Inc.

.:/

—

¢
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Utah State University
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LABORAT URY, INC.

Bacteriological and Chemical Anulysis
40 WEST LOUISE AVENUE

SALT LAKE CITY, UTAH 84115
PHONE 485-5761
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Date:

August 17, 1976

CERTIFICATE OF ANALYSIS

Jame
ATTN: George Hart
\ddress __Forestxy Science Laboratory 76-5009
Logan, UT 84321
ample _Watexr Labeled Kolob Creek Received on July 23, 1976-2ion Park
Research:
Y
i
‘urbidity 8.0 Ty Fluoride as F _ 0.30 mg/1
“onductivity 480.0 umhos/cm Total Hardness as CaCOs 190.0 mg/1
H' 7.170Q Iron (Total) as Fe 0.080 mg/1

‘otal Dissolved Solids
it ‘] 802 C'.

‘ \||:<Pnnny as CaCO;

uminum as Al
wrsenic as As
icarbonate as HCOs
'.c;r_ium as Ba

‘.o?on as B

-admium as Cd

-alcium as Ca

" larbonate as CO,

*hloride os Cl
:h'rfomi'um as Cr {Hex)
IYt':nid'e as Cn
fo:;;spgr- as Cu

z

.
.

315.0 mg/1
158.0 mg/1

0.060 mg/1
4.0.001 mg/1
192.8 mg/
0.099 mg/1
<0.001 mg/1
{0.001 mg/1
50.4 mg/1
40.01 mg/1
4.0 _______mg/l
£0.00)1 ___ _mg/]
£0.01—_mg/]
0.011 ____mg/]

Iron (Filtered) as Fe
Lead as Pb

Magnesium as Mg ... "

Mdnganese as Mn
Mercury as Hg
Nitrate as NO«—N
Phosphate as PO,
Potassium as K
Selenium as Se
Silica as Si0,-. . ...
Silver as Ag
Sulfate as SO,
Sodium as Na

Zinc as Zn

Ja

0.050 mg/1
{0.001  mg/1
15.36 " 'mg/1
0.030 "~ mg/1
{0.0002__mg/l

0.035 mg/1
1.72 mg/1

£ 0.001 ma/1
0.40 mg/1

45.0 mg/1
10.0 mg/1
—0.003  mg/l

Ford Chemical Laboratory, Inc.
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Utah State University

ATTN:

George Hart

ddress Forestry Science Laboratory

Logan, Utah

84321

Date:

.
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LABORATORY, INC.
Bucteriological and Chemical Analysis
40 WEST LOUISE AVENUE
SALT LAKE CITY, UTAH 84115
PHONE 4855761

August 17, 1976

CERTIFICATE OF ANALYSIS

76-5007

e _Water Labeled Gage Received on July 23, 1976, Zion Park Research:

arpl

i

urbidity -
“onductivity
H »

o‘i:cl Dissolved Solids
- +:180% C. -

! .
' l}(:o"n“y as CQCO; S

Diminum as Al
rsenic as As
icarbonate as HCO,
c;r;ium.'us Ba

c;éon as B

f&;imium as Cd
Ao_-lcium as Ca
arbonate as CO;
l}!oride as Cl
fH}omiOm as Cr (Hex)
i)éémidé as Cn
‘o:ipp)er' as Cu

i
i
ie

20.0  j1u
820.0
7.56
535.0  mg/
234.0 mg,/1
0..070 mg/1
0.008  mg/1
—202.5_ mg/l.
0.)l44 mg/1
£0.001 _ mg/1
£0.00)___mg/1
51.2 mg/1
0.0} mg/1
90.0 mg/1
£0.001  mg/1
£0.01 mg/1
0.006 mg/1

umhos/cm

Fluoride as F

Total Hardness as CaCO,

fron (Total) as Fe
Iron (Filtered) as Fe
lead as Pb

Magnesium as Mg

. Mdnganese as Mn

Mercury as Hg
Nitrate as NO.--N
Phosphate as PO,
Potassivm cs K
Selenium as Se
Silica as SiO-

Silver as Ag
Sulfate as SO,
Sodium as Na

Zinc as Zn

0.32 mg/1 -
234.0__ mg/1
0.120 _mg/1
0.100  mgn
0.005 g/
25.4 '« ﬁg/]
0.035 mg/1
£,0.0002 g,
0.02 mg/1
0.065 mg/1 -
3.32 ¢ mg/1 "
0.077 __mg/i
9.9 mg/1
£ 0.001 __mg/1
92.0 mg/1
73.0 g/l
0.007 g/l

Ferd Chemical Loboratory, Inc.

/
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LABORATORY, INC.

Bacteriological and Chemical Analysts

Lay

40 WEST LOUISE AVENUE
SALT LAKE CITY, UTAH 84115

PHONE 485.5761

Date:

June 6,

1977

CERTIFICATE OF ANALYSIS

~opper as Cu

-

t

[

T -
. -
;,4.//'5, -
[

— LT

Nome . Utah State University
Forest Department ’
Address _ATTN: Mr. George Hart 77-2632
860 North 12th East
Logan, UT 84321
Sample _Water Labeled NFVR at Gage Received on May 16, 1977:
|
Turbidity 2.00 JTu Fluoride as F 0.28 °  mg/
Conductivity 900.0 umhos/cm Total Hardness as CaCOs 7230° 0 mg/1
PHi ; 7.81 Iron (Total) as Fe &%__G___mg/l

. Total Dissolved Solids Iron (Filtered) as Fe 0.050 mg/1

at:180° C. 600.0 mg/1 . Z4.0.001 .
i 168. 0 lead as Pb mg/1
it . .
thhnl y as CaCO, oo mg/1 Magnesium as Mg ... -° 42.24 “mg/
Aluminum as Al . mg/1 ‘ 0.034
. < 0.001 Manganese as Mn mg/1
A .

. .rsenlc as As 204.9 mg/1 Mercury as Hg 4.0.0002 mg/1
ch?rbo‘note as HCO, - 0;1 mg/1 Nitrate as NO. —N 0.10 mg/1
Boénum as Ba mg/1 Phosphate as PO, . 0.035. .:;mg/l

- Joron as B 0.22 mg/1 . ‘ 3.14 .. "
] . 20 ool ] Potassium as K . mg/
~admium as Cd 2:,-- - mg/ Selenium as Se £ 0.001 mg/1
-alciurh as Ca T mg/1 Silica as SiO. 213 mg/1
-o:rbc-nate as CO, ~ l:;o - mg/1 Silver os Ag 4 .0.001 —_mg/]
-h!orld(? as Cl <5 0(.)]_ mg/ | Sulfate as SO, 82.0 mg/ 1
_h{omlum os Cr (Hex) T ——mg/1 Sodium as Na 122.50° __mg/l
-y?mde as Cn mg/1 Zinc as Zn - 0.042 mg/1

0.007 mg/1

Cd

S
~

el

e T

Ford Chemical Laboratory, Inc.
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LABORATCRY,

Bacteriological and Chemical Analysis

INC.

40 WEST LOUISE AVENUE
SALT LAKE CITY, UTAH 84115

PHOMNE 485-5761

Utah State University

Name

Date:

June 6, 1977

CERTIFICATE OF ANALYSIS

Copper as Cu
o

Iy
"
'

—

e 5

Forest Department
Address ATTN: Mr. George Hart 77-2633
860 North I1Zth East
Logan, UT 84321
' Sample Water rabeled East Fork Virgin River at Confluence w/VR Dated
May 13, 1977 Received on May 16, 1977:
1
Turbidity 2.50 JTU Fluoride as F 0.35 mg/1
Conductivity 600.0 umhos/cm Total Hardness as CaCO, _220.0 _ mg/}
i
pH: 7.73 Iron (Total) as Fe ’ 0.079 mg/1
To!@;l Dissolved Solids 400.0 ' Iron (Filtered) as Fe 0.050 mg/1
t80° C.- .
a Iil’ 150 0 n‘g/] Leod as Pb = .< 0 ° 001 ] mg/]
Alkalinit . =
A'~!° ity as CTCO: WL mg/1 Magnesium as Mg a 36.0 _mg/1
. A . , )
uminum as £0.001 mg/1 Manganese as Mn 0.009 mg/1
Arsenic as As - mg/1 < (0.0002
B 183.0 ’ Mercury as Hg mg/1
xcc;zrbonote as HCO, 5 0;8 mg/1 Nitrate as NO. —N 0.70 mg/1
Barium” :
ciri:um as Ba ~ mg/1 Phosphate as PO. - 0.045 . mg/
Boron as B 0.14 mg/1 , 2.97 ‘
. < 0.001 Potassium as K . L2 . mg/l
Cod :
odmium as Cd 28.0 mg/1 Selenium as Se <_0.001 mg/1
qu;c:um as Ca y mg/1 Silica as SiO. 22.0 mg/1
~ <
,a‘ribonote as CO; (2)—‘;—03;__“19/] Silver as Ag < .0.001 mg/1
Nad 'dr’ E
Chloride as Ci - £48.0 _  mg/l Sulfate as SO, 97.0 mg/1
0.00
hromlum as Cr (Hex) < (())11 mg/1 Sodium as Na —30.30 _ mg/l
,ycnlde as Cn . mg/1 Zinc as Zn 0.020 " mg/1
0.003 mg/1

ford (.hemlccn Laboratory, Inc.




LABO RATORY.

INC.

Bacteriological and Chemical Analysts

40 WEST LOUISE AVENUE
SALT LAKE CITY, UTAH 84115
PHONE 4855761

June 6, 1977

CERTIFICATE OF ANALYSIS

Utah State University

Name
Forest Department
Address ATTN: Mr. George Hart 77-2634
860 North 12th East .
Logan, UT 84321
Sample Water Labeled LaVerkin Creek at Hurricane Received on May 16, 1977:
7
i
“urbidity 3.00 JTU Fluoride as F 0.40 mg/1
anducﬁvity 1,670.0 umhos/cm Total Hardness as CaCO; 486.0 mg/1
>H§ - 7.62 lron (Total) as Fe - 0.096 - """9/'|
ofc:l Dissolved Solids 1,105.0 Iron (Filtered) as Fe 0.044 mg/1
it 180 C. ‘ mg/1 lead as Pb ¥t 4 0.001 ¢ ‘"‘Q/'|
,' \Ikzahmty as CaCOy’ 180.0 mgs Magnesium as Mg 64.8 ' " mg/1
\luminum as Al £ g * ggi mg/1 Mdnganese as Mn 0.027 mg/1
wrsenic as As - mg/1 Mercury as Hg < 0.0002 mg/1
}icqrbonote as HCOs 219.6 mg/1 Nitrate as NO. —~N _0.36 mg./1
L 0.048 o0 o0as
afum as Ba 0 25" mg/1 Phosphate as PO, . 1- 0.045 mg/1..
orom = B £ 0.001 me/1 Potassium as K —2.93 _ mg/l*
-admium as Cd - mg/1 Selenium as Se ' < _0.001 mg/1
“ s 86.4
“alciuni as Ca mg/1 Silica as SiO. 26.0 mg/1
. . £ 0.01
‘arbonate as COs 7 mg/1 Silver as Ag 0.005 mg/1
| Ihloridb as Cl <_é~.6.6-81———-—-m9/1 Sulfate as SO, 580.0 mg/"l
+chromium as Cr (Hex L . —mg/1 Sodium as Na 143.0 mg/1
. 0.01
-yanidé as Cn mg/1 Zinc as Zn 0.025 mg/1
‘oppet as Cu 0.005 mg/1
. H -
(“' et -"___/':. ( , s

Ford Chemical Lobororory, Inc

“ )



LABORATORY. INC.
Bacteriological vad Chemical Analysis
40 WEST LOUISE AVENUE
SALT LAKE Q117 UTAH 84115
PHONE 485-5761

Date:

August 23,

10

7y
ol ;/,,;‘c,,«ML&[/ et e e

1977

Utah State University

Department or Forestry

ddress UMC 52 77-4237
ATTN: Mr. George Hart

Logan, UT 84321

Jame

W

CERTIFICATE OF ANALYSIS

ater Labeled Bast Fork Virgin River at North Fork Conf.; Recelved on

ample
August 5, 1977:
urbidity 1.6 JTu Fluoride as F 0.17 mg/1
‘onductivit 490.0 umhos/cm- . . Total Hardness as CaCOs: . 230.0 mg/\
Y :
H | _8.10 lron (Total) as Fe 0.125 mg/1
otal Dissolved Solids 316.0 Iron (Filtered) as Fe 0.100 mg/1
t ':BOQ:C. N mg/l Lead as Pb - £ 0.001 . mg/]
Ikalinity as CaCO, 148.0 mg/1 Magnesivm cs. Mg 22.08-% fz.r:ng/l
" 0.113 .
Juminum as Al mg/1 Manganese as Mn 0.007 mg/1
rsenic as As 0.201 mg/1 Mercury as Hg 40.0002 mg/1
icarbonate as HCO; 180.6 mg/1 Nitrate as NOs —N 0.70 mg/1
arium as Ba —2.0%0_.ing/1 Phosphate as PO, - 0.010°. ‘g1
oron as 8 < g 331 mg/1 Potassium as K . 7. 3.57 mg/1
admivm as Cd 19/ Selenium as Se 0,003 mg/1
alcivai'as Ca 55.2 mg/l Silica os SiO: - 8.0 mg/]
arborate as COs < 0.01 mg/1 Silver as Ag < 0.001 mg/1
. 24.0 ’ '
hloride as Cl mg/1 Sulfate as SO, ' ' 28.0 mg/1
hromiu'm as Cr (Hex) “~0.001_ " mg/1 Sodium as Na - ‘s 24.38 _mg/1
ycmdecan “ .01 mg/1 " Zinc as Zn : 0.008 ' mg/
opper as Cu 0.002__  mgyt '
."-:/.I )

.
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Ford Chemical Laboratory, l;c.
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LABORATORY,

Buactertodogival and Chemical Analysts

INC.

40 WEST LOUISE AVENUE
SALT LAKE QITY, UTAH gatis

PHOMNE 485 %761

Date: August 23, 1977
lame _Utah State University CERTIFICATE OF ANALYSIS
Department of Forestry
ddress UMC 52 77-4238
ATTN: Mr. George Hart
Logan, UT 84321
ample _ater Labeled Laverkin Creek at Lees Pasg geail Recejved on
Auqust 5, 1977:
urbidity 1.5 JTU Fluoride as F 0.20 mg/1
‘onductivity 677.0 umhos/cm Total Hardness as CaCOs 330.0 mg/1
H: 7.97 Iron (Total) as Fe 0.063 mg/1
otal Dissolved Solids 432.0 Iron (Filtered) as Fe 0.040 mg/1
t380° - mg/1 lead as Pb - - - . < 0-00 mg/1
' Ikalmify as CaCOs 148.0 - ‘}ng/l Magnesium as Mg 2.3293 .'tn;g/'l
3 0.063 ' |
Juminum as Al <o mg/1 Mdnganese as Mn 0.004 mg/1
~rsenic as As mg/1 Mercury as Hg < _0.0002 mg/1
- icarbonate as HCOs 180.6 mg/1 Nitrate as NO, —N 0.010 mg/1
-or!ium as Ba 2.063 mg/1 Phosphate as PO, : 0.010 mg/1
oron Gs B 0.15 mg/1 , 2.653 . .
. <0.001 Potassium as K , mg/1
‘admi cd : . mg/1 ’ 0.001
_ admium as g Selenium as Se < mg/1
T 84.8
: ..aljcxum as Ca . mg/1 Silica as SiOs 7.0 4 mg/1
arbonate as CO; 4 0.01 mg/1 Silver as Ag 0.014" mg/1
hloride as Cl 8.0 mg/l Sulfate as SO. 202.0 . mg/1
hremiom as Cr (Hex) <. 0.001 mg/1 Sodium as Na 17.10 mg/1
yanidé as Cn “ 8 2 332 —mg/L ZincasZn < 3 0.006 mg/1
opper.as Cu i mg/1
i ‘ .. o ° ,
Ry Pt
= - I

Ford Chemical Loborolory; Inc.
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LABORATORY, INC.

Bacteriological und Chemical Anulysis

40 WEST LOUISE AVENUE

SALT LAKE CITY, UTAH 84115

PHONE 485 5761

Utah State Univefsity

Date:

September 26, 1977

S°m° Department of Forestry CERTIFICATE OF ANALYSIS
add ATTN: Mr. George Hart .
"% —ome 52 , 77-5017
- Logan, UT 84321
sample __Water Labeled "La Verkin Creek at Lee Pass Trail" Dated September 4,
1977; Received on September 6, 1977:
‘urbidity 2.0 JTU Fluoride as F - 0.15 = mg/1
“onductivity 655.0 umhos/em - Total Hardness as CaCOs 336.0 mg/1
H ¢ .80 Iron (Total) as Fe: .. 0.133 mg/1
‘otal Dissolved Solids 422.0 Iron (Filtered) as Fe 0.100 _mg/1
807 G TP tead as Pb 40.001 mg/l
\";;almhy as CaCO: 0 l;l 9 mo/1 Magnesium as Mg 32.16 - »1m9/l
Aluminum as Al . mg/1 Manganese as Mn 0.007 :;.:mg/l
\rsenic as As <2-901 mg/1 Mercury as Hg <« 0-0002 mg/1
licarbonate as HCOs }_8_5_.'.?-_____1119/] Nitrate as NO. —N 2.0.01 mg/1
larium’as Ba 2 134 mg/1 Phosphate as PO 0.01 mg'/'l
Y .0 ) - 2
roren 6; 8 < 0.001 mg/1 Potassium as K , ,_3 70 mg/1
admium as Cd s mg/ 1 Selenium as Se <0001 " on
~alcium as Co 80.8 mg/1 Silica as SiO: 8.0 mg/1
R 40.01 ' : .
-arbonate as CO: — mg/1 Silver as Ag < 0.001 mg/1
s 10.0 ,
“hloride as Cl ) a._.d(_).i mg/ 1 Sulfate as SO, . 194.0 ma,/1
“hromium as Cr (Hex) - mg/1 Sodium as Na 11.93 mg/1
qunidé. as Cn > “~0.01 mg/1 Zinc as Zn 0.033 mg/1
‘oppef as Cu 0.004 mg/1
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Ferd Cheniical Laboratory, Inc.




