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ABSTRACT

The primary objectives of this study were to characterize the

chemical, physical and bacteriological quality of streamflow from

ponderosa pine watersheds on sedimentary soil.

The following relationships were statistically evaluated:

(1) equality of mean water quality characteristics among watersheds

and years; (2) correlation of discharge versus individual variable

concentrations; (3) correlation of pH versus individual variable con-

centrations; (4) correlation of suspended sediment concentrations

versus dissolved chemical concentrations; and (5) correlation of

electrical conductivity versus total soluble salt concentrations.

There was no significant difference in the mean variable con-

centrations among the watersheds. Therefore, differences in land use

patterns and physical characteristics of the watersheds were insig-

nificant regarding effects on average water quality.

The mean concentrations from year to year were significantly

different, particularly for the year 1973-74. The 1973-74 samples

were all taken during the falling stage of streamflow, which could

account for the yearly difference.

Comparisons of water quality of ponderosa pine watersheds on

sedimentary soils to EPA proposed criteria and to water quality of

ponderosa pine watersheds on basalt soils were also made.

viii



INTRODUCTION

Due to rising demands for water of high quality, accompanied

with increasing encroachment into areas that produce this water, there

is a need to determine baseline water quality characteristics of

streamflow from watersheds in a relatively natural state. With this

knowledge, the effects of a perturbation to a watershed and resultant

change in water quality can be detected, and the factors which natu-

rally control water composition can be understood. The resource mana-

ger can use this knowledge to prevent or ameliorate water quality

problems that may develop.

Streamflow in the western United States frequently originates

from high elevation watersheds that are in a relatively natural con-

dition. Little quantitative information exists to characterize water

quality of the ponderosa pine (Pinus ponderosa Laws) forested water-

sheds of Arizona's high country (Ffolliott and Thorud 1975). These

forests occupy approximately 2.02 million hectares of land, and they

supply the state with many natural resource products. This vegetation

zone yields water for municipal, agricultural and industrial develop-

ments, is a source of primary wood products, and serves as a wildlife

and domestic livestock habitat. Recreational use is another important

feature provided by these forests.

The limited water quality knowledge that does exist is based

on data collected from watersheds located on soils derived from basalt

parent materials (Ffolliott and Thorud 1975).
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Knowledge of water quality from ponderosa pine forested water-

sheds on sedimentary soils has been non-existent. Since approximately

45 to 50 percent of important water yield areas of the Salt-Verde River

Basin in Arizona are on sedimentary soils (Ffolliott, Fisher and Thorud

1972), the need for water quality research efforts to fill this void is

outstanding. This study was initiated to alleviate this deficiency.



FACTORS INFLUENCING WATER QUALITY ON
FORESTED WATERSHEDS

The origin of constituents found in natural waters have four

major sources: (1) the atmosphere; (2) the biological community; (3)

the soil; and (4) the geologic substrate. The water quality variables

that will be discussed herein will be dissolved chemical load, sus-

pended sediment, and bacteria populations.

Dissolved Chemical Constituents 

The hydrologic cycle describes the movement of water through

a forest ecosystem (Fig. 1). From Figure 1, it can be seen that water

flow is a major component of the environment, linking together the

atmospheric, soil, biotic and stream compartments of the system. Since

water is the carrier of materials and energy between the atmospheric

and terrestrial portions of the system and the stream (Fig. 2), an

understanding of the processes which affect water quality in forest

streams has as its basis an understanding of the hydrologic process.

To understand various impacts of disturbances on water quality,

one must realize that forest streams are not separate and distinct

from the area they drain, but are an integral part of the ecosystem.

As water comes in contact with each part of the system, the chemical

characteristics adjust accordingly. Chemical reactions and physical

processes occur as the water contacts the atmosphere, soil and biota.

3
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It is these processes and the condition of each compartment that deter-

mine the amount and kind of chemical species in solution.

The major sources of dissolved constituents in water draining

forested watersheds are: geologic weathering of parent rock (soil is

included in this category); meteorological inputs; and biological in-

puts (including the activities of man) (Hem 1970). Chemical and

physical weathering convert rock minerals into soluble or transportable

form. Dissolved matter, including organic compounds and mineral ions,

are added to the forest ecosystem in precipitation, dust and other

aerosols. Biological inputs originate from the biomass found on the

watershed. This includes contributions from photosynthetic and non-

photosynthetic organisms including man.

In essentially undisturbed ecosystems, the rock substrate and

soil generally control the available amount of metallic ions (cations,

such as Ca
++ , Mg++ , K+ , and Na+ ), while the relationship of biological

and biochemical processes in the soil to precipitation largely governs
--

the anionic (i.e., HCO3
-, NO3- , 

and PO4-) yield (Hem 1970). Anions,

such as chloride (C1-), nitrate (NO3- ), and sulfate (S°47), at least

in the absence of abundant sulfide minerals, originate from the atmos-

phere (Hem 1970).

Although appreciable quantities of nitrogen, sulfur and other

elements are often found in precipitation and dry fallout between

rains, the soil under natural forest conditions is considered the

greatest contributor of dissolved elements to runoff. Other components

of the ecosystem (i.e., biologic 5ther than in the soi17, atmospheric,



and rock substrate), through their influence on soil processes and

properties, play an important role in determining the chemistry of

outflow.

Such dissolved compounds can leave a system by water transport

over and through the soil or forest floor to either groundwaters or

surface flow.

The above processes are often lumped under the term nutrient

cycling, which consists of inputs, outputs, and the movement of dis-

solved solids within the system (Fig. 2). This study was concerned

with outputs, that is, the streamflow from forested basins and the

various factors influencing the chemical components in this runoff.

The movement of water through the soil along with biological

activity essentially controls the ionic composition of water leaving

the forest as streamflow. The most chemically active physical com-

ponents of a forest soil are the clay and organic colloids. Soil

colloids have a large capacity to exchange ions in solution for these

adsorbed on their surfaces. Clays have high exchange capacities com-

pared with most other minerals because of their large surface area

per unit volume and their negative electrical charge.

A simplified picture of the exchange process would be that

cations adsorbed on soil colloids are selectively exchanged for hydro-

gen ions from the soil water. The hydrogen ions come principally from

the solution of carbon dioxide in water and dissociation of the re-

sulting H2CO3 molecule into a hydrogen ion and a bicarbonate ion.

The dissolved carbon dioxide originates chiefly in the metabolism of

7
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microorganisms and plant roots in the soil. Based on the above assump-

tions, only the water remaining for some time in interstices between

soil particles is likely to pick up an appreciable load of dissolved

carbon dioxide and consequently be effective in leaching mineral ions.

Studies have shown that the ionic concentrations and their

relationships to discharge are quite variable. Johnson et al. (1969)

found a direct relationship between H+ , NO3 	and dis-

charge, but found no relationship between discharge and the concen-

++trations of Mg, Ca++ , SOC, and K+ in streams on an experimental

forest in New Hampshire. Johnson and Swank (1973), working on four

experimental watersheds in the southern Appalachians, found that indi-

vidual cation concentration, when considered throughout the year,

appears to be independent of discharge rate. Stottlemeyer and Ralston

(1968) reported an inverse relationship to cation concentrations and

discharge of selected streams in Colorado. Johnson and Needham (1966)

also reported an inverse relationship between ion concentrations and

discharge from a stream in California. The studies cited above were

all conducted on small forested watersheds. Livingstone (1963) dis-

covered that the general ionic concentrations in larger streams are

commonly lower at times of high flow than at low flow due to the long

residence time of water in the soil during dry weather, which gives

more opportunity for chemical reactions.

Toler (1965) reported that concentrations at a given flow rate

are often greater when a stream is falling than when it is rising.

This phenomena might be explained by noting that during periods of a
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rising hydrograph following rain or rapid snowmelt, most water movement

occurs as subsurface flow. Also, some water enters root channels, worm

holes, and other crevices and flows through these openings without

coming into direct contact with the soils chemically active compart-

ment. On the falling hydrograph, moisture is confined to soil pores

for longer periods, where it comes into intimate contact with active

colloids.

It is thought that thin films of water moving slowly through

unsaturated soil make a major contribution to base flow of streams

during dry periods (Hewlett 1961). This unsaturated flow is particu-

larly important in forest drainage basins that are relatively steep

with deep soil profiles.

Just how the mechanism of mass flow works through unsaturated

soil is still not completely known, but active water films are in close

contact with soil particles for long periods. It might be well to

point out that more research is needed in the area of the removal and

transport mechanisms of ions in unsaturated flow and the role of this

flow in determining the ionic composition of streams draining forested

lands.

McColl and Cole (1968) reported on the mechanisms of ion trans-

port involved during short periods of rapid flux, such as those associ-

ated with a wetting front through a forest soil. These authors

hypothesized that one probable factor controlling cation leaching in

a mineral forest soil is the anion level of the soil solution. As

previously mentioned, the soil has a large component of immobile
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negative charges in the form of the exchange complex, cation mobility

is dependent on the production of a mobile anion. The bicarbonate ion,

which comprises a large portion of the total anions present in the soil

solution, is formed from carbon dioxide dissolved in percolating water.

Microbial action in the forest floor is the primary source of such

carbon dioxide. McColl and Cole (1968) also proposed that hydrogen

ions associated with the bicarbonate ions replace exchangeable cations

from the soil complex. These cations are transported along with mobile

bicarbonate ions during periods of soil water flow.

Land management practices can significantly influence ionic

balances. For example, if the cation-anion balance of the soil solu-

tion is changed temporarily by the addition or subtraction of an ionic

species due to logging or fire, the equilibrium is restored by an

equivalent change in the concentrations of oppositely charged ions.

This will be considered in more detail later.

Once water has reached an effluent stream, it is often con-

sidered to consist of a base flow fraction made up of ground water that

infiltrates into the channel and a direct runoff fraction which enters

the drainage system during and soon after precipitation periods. The

direct runoff presumably has no residence time in the ground water

reservoir and only a short contact with soil or vegetation. As men-

tioned earlier, reactions in the soil zone are commonly extensive

enough that the direct runoff has a considerably higher dissolved-

solids content than the original rain or snow. Usually the base flow,

when present, has a still greater dissolved load. Based on the
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assumptions above, the solute concentrations of river water would be

inversely related to flow rate. This would not necessarily be the case

if the stream were influent with base flow nonexistent. The streams

in the study described herein are influent.

The determination of the composition of base flow and the

separation of chemical effects of base flow completely from those of

direct runoff is usually unfeasible (Cooper 1969).

Other natural factors in the stream itself that influence ionic

composition include the reactions of water with mineral solids in the

streambed and in suspension, reactions among solutes, losses by evapo-

ration and by transpiration from plants growing in and near the stream,

and effects of organic matter and aquatic organisms. This latter set

of natural factors results in fluctuations of composition that bear

little relation to discharge rates (Hem 1970).

Chemical equilibria probably control a few properties of water

in flowing streams (Hem 1970). For example, the ion-exchange reactions

of solutes with suspended sediment probably are rapid enough that they

usually are at equilibrium. Certain oxidations, such as ferrous to

ferric ion, also normally reach equilibrium. For biological processes

such as the utilization and production of carbon dioxide and oxygen,

the equilibrium approach does not fit. If the stream is to be con-

sidered a dynamic system, which it is, kinetics would better describe

its chemistry rather than using a steady-state equilibrium approach.

For example, the processes whereby biological organisms consume organic

loads of the stream can often be better studied and understood by

applying rates of reactions and processes.
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When a forest is harvested (especially clearcut), trees no

longer take up nutrients, and the nonmerchantable parts of trees in-

crease forest litter. The removal of the forest canopy changes the

microclimate, making it warmer and reducing evapotranspiration, the

latter resulting in an increased soil water content (Bormann et al.

1968; Cole and Gessel 1967; Fredriksen 1971; Likens et al. 1970;

Packer 1967; Pierce et al. 1972). This increased temperature and

water content of the soil accelerates the activity of microorganisms

that break down organic matter. The greatly increased respiration of

these organisms raises the carbon dioxide partial pressure of the soil

atmosphere, which in turn increases the bicarbonate anion level and

leaching loss of cations from the system.

Nitrogen losses as nitrate may also occur, when it is produced

by the oxidation of organic matter (nitrification) and not utilized by

the forest vegetation which has been removed.

Recent studies do show that following clearcutting, there is

an increased transport of nutrients (cations and nitrate) through the

soil and streamflow along with greater volumes of subsurface water flow

and runoff (Brown 1972; Cole and Gessel 1967; DeByle and Packer 1972;

Eschner and Larmoyeux 1963; Fredriksen 1971; Likens et al. 1970;

Pierce et al. 1972; Reinhart 1973; Snyder, Haupt and Belt 1975). Ele-

vated ionic mobility and flow volumes could tend to give concentrations

of ions a less noticeable increase, but total ion movement should be

quite outstanding.
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Studies have also shown that slash burning following logging

can produce an even greater increase in the release of ions from the

forest floor litter and mineral soil (Brown 1972; Fredriksen 1971;

Grier 1972; Hart and DeByle 1975; Snyder et al. 1975). This is due to

the breakdown of the organic debris to a soluble form, which often pro-

duces rapid removal of the decomposed organic matter from the soil by

leaching water. This process can lead to an increase in nutrient con-

centrations and/or the total loss of nutrients in streamflow. Johnson

and Needham (1966) discovered that the above does not always happen.

These authors reported that a moderately severe fire in a conifer stand

++
had no specific effect on the concentrations of Ca, Mg

++ , K+ 1 or

HCO
3
- in the stream. The authors postulated that ash constituents were

dissolved by light rainfall and leached into the permeable forest soil

before the first snow. Because of the acidic nature of the soil, the

dissolved cations were adsorbed on the exchange complex instead of

being washed directly into the stream. Of course, rains of high in-

tensity following a severe fire could move large quantities of soluble

ash compounds into flowing streams.

As the forest regenerates following a perturbation, the dis-

solved load of the stream also returns to levels experienced before

the disturbance (Brown 1972; Brown, Gahler and Marston 1973; Fredriksen,

Moore and Norris 1973; Hart and DeByle 1975; Marks and Bormann 1972;

Pierce et al. 1972).

In summary, the dissolved load of streams after various forest

activities, such as clearcutting or burning, is a function of the
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several soil, vegetation, and climatic characteristics that describe

a forest ecosystem. Soil characteristics, such as porosity and tex-

ture, determine the pathway and rate of water movement in or over soil,

soil erodibility, and how strongly nutrients will be held within the

soil matrix. Vegetation characteristics, such as species composition,

influence the rate of nutrient uptake. The rate of revegetation con-

trols the rapidity with which recycling begins after system disruption.

The leaching rate is influenced by form, chemistry, amount and inten-

sity of precipitation. Generalization of effects of forest management

in widely differing forest ecosystems is precluded by the intricate

interaction among these many variables.

Suspended Sediment

Undisturbed forested watersheds generally have low suspended

sediment concentrations (i.e., 10 to 20 ppm mean concentration /grown

and Krygier 1970; Packer 1967; Reinhart, Eschner and Trimble 1907).

Higher concentrations are usually the result of a perturbation to the

drainage area such as roads, logging or natural catastrophies which

can cause accelerated erosion.

Erosion of soils produces sediment in waters draining forest

lands. Three major erosion processes are of concern: surface erosion,

mass soil movement and channel erosion.

Surface 'erosion is the direct result of rain striking unpro-

tected soil surfaces. Soil particles are detached and transported by

overland flow across the soil surface. This process is relatively non-

existent in the non-disturbed, well protected forest floor which has a
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high infiltration rate. Accelerated erosion can be expected in cases

where the protective forest floor litter has been removed exposing

mineral soil along with soil compaction.

Mass soil movement is the process by which large volumes of

soil and rock materials move downslope under the influence of gravity.

This movement is usually, prevalent in areas where the geologic sub-

strate is naturally unstable.

Channel erosion is the result of abrasion by water or debris

on the stream bank and bed. This can contribute heavily to suspended

sediment, as reported in a study by Anderson (1954). He found that 25

percent of the sediment yields in the Willamette River in western

Oregon could be attributed to logging activity, 25 percent to agricul-

ture and 50 percent to bank cutting in the main river.

In general, increased velocity of streamflow will give an in-

crease concentration of suspended sediment. Also, any practice that

reduces the stability of the streambank or other watershed surfaces

will cause suspended sediment to increase.

Roads and road building are considered to be the principle

sources of suspended sediment (Megahan and Kidd 1972; Fredriksen 1970).

There have been numerous studies relating forestry activities

to accelerated erosion and sedimentation (Table 1). It has been found

that in most cases, watershed damage from felling, limbing and bucking

of trees is probably negligible.

Skidding and yarding can cause accelerated erosion, but the

great variety of techniques and machines used in this operation



16

0 te 0	 CII I
d 0 0 ais-1

H 	0) I
LO cd	 ai	 cl-4 0

-I-) CO 0 •	 T.4	 4-) 4-1 0
0 0 e-I 61)	 -P	 0 .ri 0
O r-I 0 0	 0 CIO 0 '0	 •
O 5.4r4 	(3.) 0 E 	Or-4

er-1	 0	 C.) -ri 0 •r1 •rf
'ri .0 ln TH	 f.-1 '0 -P g 0
a)	 ca a	 0 0.) 0	 0 U)
Ul 0 3 ..0	 -ri 4-n U) a) tO

a)	 4-4	 o 5.4Q)
.4-) 5:1, r0 $.4	 a) -,--1 40-4 le 0 ...0
O 0 0 0	 0 A 0	 -P
,g CO CO -P	 0	 ›• g
-P P.(	 4-1	 'd	 CO H *ri 4-i

	4- , CO CIS	 • -P XI	 0
CO	 •rf	 ›. 0 g al 0
12) 0 /4 ›..4	 'ZI X 0 X' 0 A-)
-I-) 0 .0 H	 000000
O 0 CD 0	 -4) "0 E	 0 0
Z ..0 "CS 0	 Er) 1-1 CC 0 0 -I-)

g
Q) 	›,
to

....
i.,-4 .--,

si (z)
.-0. c.--	

r-i LN-.„a ..oo cr, 	4.) as,
t.4 H	 o ,-1
p., ......	 pcl •-_,

	I 	 •
E •	 I-t	 I	 H

4)	 00)	 0	 00)	 0 • •-r-I	 '0

	

I	 0	 Si ;4	 4., 	(0 +' 	!%.	 0	 r--I
•*--1	 0	 4-1 .1-1	 0 ftl •	 0 • 0 -P 0 ›a •

	cri 	 X	 I..-i	 0 Cs- 4 3 CO Eu)
	.1-4	 ai	 -P	 0 n0 -P	 '0

0	
0 g `7

eo	 g	 01 /-1
0 0	

H	 0 4-)	 r.ig	 0 Ir \ 0 U1
0 n-,0g0.1--1	 gOft1S-4

k 0 .0 F-n 0	 ..10 0 0 tO a)
	(Q 	 4)	 CO	 cH	 (Q0 .-Z $.1 0 0 ta	 0 0 0 .0

0	 -P 0 Pi • r -I-) -P	 CA 3 -P0	 U3 0
'0 0 0 l'cl 0

	

-P	 0	 0	 0	 0	 -P
g CO	 Si	 0 E 	•r-I GO ;-n CO 0	 a) HQ)0	 0 4-) g

	a) 	 a)	 0	 -ri P-4	 4,-I's	 4L.1j) ; 14 g	 ( 0 0 4 0 .0 ..00
I.. 4-) 0 0E H	 0	 -1-) 0

	-el 	 .-...,	 •ri	 45	 ;.4 0 0 0 CO '0 0 0 -r-I 0 0 -P
• ,0 -I-) ?-, a) 0

	

4-) 0	 -P	 CO	 +31 8 -P	 g Si	 0 r(t °	 'H g A

	

g '''	 g	 RI	 g V.') g
H	 0 • 0	

0 CJ b..0 0 .0 0 0 Cn1 0 4-)	 4-)
O ai -P 0 r4 -1- a) gl H

O G)	 0	 a) 	ON 0	 0 $.4 CO	 7.-I 0	 fan a) al 4-1

	

9-4 cr)	 .?-1	 ..-1	 0	 .,-1	 004)0h0 04-1.00E4-)0

	

4-1 al	 4-4	 7.)
ri
	00 -2 .47.4 	0 4-1 E 0 0	 0 I 4-1 H •f-1 0

	

.i.-1 a)	 -	 -1-1	 -,-1	 •--I -1- -ri (Q 'd -P -P
g s-1	 g • -P	 4-) ..--. 4-) Ti	 CD	 Z
ta0 0 •	 hO ..---,	 Z • E E	 eo	 0 E	 a)	 tO 7..)	 • VI a) a)

•r4 0 ?) '1'1 E 0 0 0 Pi -ri	 0 01C0 "0 '0 el .0 0 'Y	 .O.•
-1-4	 0 • • -I-) S-t 00 -rl ri CO 04 E 1-1 E 0 U)	 E 0 (% /..4

4-3 	P-I 'H 0 •ri	 .1-1	 0'd 	k0 4-) P, Z a)	 a) P24

+t) g g 0' 111 re1-2) ti-4 g R- to'	 Ti ig• 10 0 a) h0 0 0	 4
Q) 0 0 ,z 0 0 r-i 0	

0-) 004 
1-1

ZOO0 zr-1 tn Ln z cr• z	 tn .-.1 cts $-1 CO •-2 E 0 0 X .0 trn 03

7-»
4	 ..0
En	 60

	

02	 -ri	 0	 0

	

bi)	 .0	 S a)	 -,-I

	

bo o 	E 	 •	 Ie
O H	 4

R	
44.1 4.e0 HO	 to00.0

•ri	 -P	 i	 0

	

4-) 4-1	 .1--1 E	 g	 4-1 CO H .1-1	 H •
	- P 0	 3 0 al	 : ›- 0 0	 -P

Z	 -P	 (D eH 5-1	 4-4 0
	C.) Ei0	 -P 0 -P	 4->	 0	 00)

O 0 ›. 0 bl)
0 CO 0 0	

0 11) 0 .0	 0
	I-. -f-1	 0 0	 0	 -P Ci)

0 0 Si	 /4 -ri 	Si r4 •r4 4	 C.) Cd
	.0 0	 0 ai Z air-4 ri 0	 0

E -ri	 0 ta	 a) f•-i	 0 7-)	 ›.) cli	 cri 'd
• H a) H 0-ri	 ,-l4	 H	 cn-n 0

	

E-I C/2	OH O. 	OU) Cf) U)	 G.) 0

• •	 •	 •	 •
c‘.1	 re\	 tr\



le

O I
le (0 0

1	 t>a	
-g
..0 • g g "

'411 
,0	

• z

	 rg	
r 0

Ln o .,-.1	 al
t-i g	

= 
g

F-i a) 	-ri c:4 0 -H
-1-' .4 •• d	 0 .ga) -4-) CO Q) r1	 g 4-, 4-) 4-, 0 g 0
a)	 0 g .0 •r-I ai4-) 0 •	 4-1 •

0 0.4	 OS-1	 -ii - -)) g 4-) Ô rg
O 0	 Z 0	 0	 (f)	 4-1 ;.., g).n
.1-1 g CD	 0 fr.,	 -H cd -H	 0 fa, PiO 4 	-H (/) a)	 aO ol	 ci) •	 0 gi 0 Cao ID	 .
g .0	 0 Pl Q)	 g d 5.1 'd ,ci 0 ,g ca
0 4-1 g	 04S-,	 0 to• 1 -r1 (D s-4 4-) 0

1:1 -H 0	 10 Exl -ri	 'd H g S.4 4.0 rl 7.4 -ri
H	 •	 .0	 ›-4 0	 IO 0 0 0

›.• 0 0 Eil	 t,•-+ .. 03	 CO •ri 0 A4 ›, Z 4-,iti .0	 0
0 4-) 1 7-11	

'CS 0 PA	 'CI 0 EO 0 cD
0 OE	 0 0 0 0 .4-) 1:1 0 0

4-1 cd -0 0	 -i-) Li aS	 -1-) 0 e., 4-) d g ,g 0
ta .0 H IO	 En P:1 =	 VI I:14 0 UD 3 ci -P =

TS ••••n 	 •	 $.1
g co	 H 	41)0

1:i e".	 al -d- 	Cd	 Pi ta

Cs.4ri	
ON

g H	 4-)	
Pi le
O -H

Cr• cd'.-	 a)	 ta C.
g r-I	 E	 4-)
0 ..-..,	 S-I /4	 VI .....	 . cd ...--.
.0 41)4) 	0 0	 .0 04 (N.I

,c)	
.0 >
0 o	

0 es-
..	 (7\	

c.)	 Cs--
V. ,z) c7\

r10	-Hr--i	 0 ri
Z	 14 =	 44 -....	 44 (j .....-

I	 ›.-	 Xi	 I	 a)
Ito 	 X	 rd I	 .4-)	 a)	 $44 Si	 4
O g	 0	

t). 
g-H g -4-)	 0 cci

f.• -ri	 ......	 10 a	 .-.. 4- 0d 0 - )	 ait 4-)1 
,0 (D S-I C) 	e	 .,-1 to 0 E d H • 5-1 b0

g ntd ,g	 0 60 4-)	 0 $4	 OS a)	 .0 E 	 Pi 0 0 4-) -P 0
0 •r1 -1-, 	g 0 0 Q + 	a) A	 b° 1:14 t (1) (ail) g TI0U) 0	 Q(11 • $.4 -P I	 0
(0 (0 g	 ,--I 0 .0	 0	 +) 4-1 	0	 4) .0 ai Cs-	 ,.g 54Q Z
O -H	 -0 0 d	 -4-1 g	 0 f-t *ri	434) • U3 4-, 0 0 10
f-i 0	 P.!	 -1-1 0 0	 a)	 /-1	 E (\J 0)	 E4-1 0
0.) 3 '0	 U) C),	 g .C3 0 0	 (0	 a) • -ri	 E 0	 0 4)

-P 0	 0 0 .0	 a)	 ;..1 -H CD 0 • -P 5.i -P 0 -H 0 4-) 	H
g	 •ri	O-r-4	 E .- ID-1-1 4-)

-ri	
0 0 .0

0 ri	 -ri	 0	
3 3 10 cd cd

.1-1 f. 0, 0 0	 H	 3 0 n0	 ,---. 0 .1--1 -H
. P1	 -P .---, 0	 Ir) 0	 IO ..g 5-a 0	 ›-a	 rd -1- E g	 to

a) -P Pi	 Cd CO -Ti	 4.) 0L1\	 Cd	 a) c)-1	 0	 ta Q,,-1 pi 0 (0 -ri
O ad	 $.4 TS +)	 E0 ›-) n.0	 0 •• 4-) I	 04-' ai $.4 e Pi 0 :13) ri-1 10
O E	 0 0 0	 $.3 P,-a -P 4- 	Ei) 3 d
O 0 CO	 10-1 0 0 • 0 -P 10	 0 -P al	 4.) $.4	 0. 0 1.41 .0 g 0
ir $4 05	O5- 	 4-) -4-1 Ul 0 0 -H E -P V •ri Z E E • -P 0 g •
0 tH	 4-) 0	 r-I E0 -H 'CI	 0	 0 EH 0 0 -1--1 Er\	 $..1	 U3

Erl	 02	 60 fat/ g 0	 0	 ad	 -H 0 0 44.4 r4 Q4	 o o s.,g 0 g
4-1 le a	 g g o g	 (1) CD ell	 QI ,-<Z -P .0 li-i a) -i-)

a) CD	 H H E f. , al .0 C., H Si ai d 0 .0 cif E E 4-) 	4-1

	

° cl-4 	c<11H .)
rd 4-) +-) .-d to ml -i-i a)	 a) 4-> 0 .0 0 ri	 4-) S-4 sa.	 g -H 0

r-I (.0 0 00 0 1:1 sa,	 $-n 	 0	 -1-1 4-) 0 10	 S.4	 4-) Pi ci) E ni 't:J tl)
O 0 ›.) +) 0 r-I a)	 0 Ea0 •H b0	 0 0 0 b0 g	 .0 P.I .0	 .0 4'
Z 07 CO CC 1-4 0 07 nC)	 0 g	 -ri $.-1 -ri Go	 g g o 1..1-\ 4-> Pi -I-) o

-i-i -,-i 3 H 0 -i-) cd -H H 0 •	 ta g -i-)
.444.4,	 444'1	 :44 0	 Se.) 4.' T-4 0	 E 1.4 SZI '40 'd N 4.3 0.) 0 >4
H	 N	 0 0 H 0 al d t-i	 0 0 ri 0 C•-• 0 .0 -H 0)
..-.	 -..-.•	 Z '0 4-1 Z 3 g:14 0 •=C g 0 ..--., 0 s•-• C) Ei -P 0

a.)
O Mi	 0)	 1 	ø.0
g 0	 a)	 a) .0 0 al

-1-1	 0	 a)
ri	 5.4

+) • 	4)

• 

. 	0	 ,J0 0
0	 C. ca

1	
a)

'd c.)	 1::$ c.)	 Id iii 0
g ai	 g ai	 g a) -P ri

mi	 d H	 05 H	 cd 6.0 (O -,-I
O lai	 Pi	 ELO -,-1 o
ai •	 4.)	 -P	 4-) 0 10 (0

CID	 0 g	 0 g	 0 ri
$.1 g	 0 -H	 0 -ri 	0 	41)41)

S-i0) -ri
-3	

''a H .e
CrS H 4-) 4-)

1	 fl
	4)44-I
 4-)	 4

o
44-1

,i a)	
cu ci-+
HQ,
	0 H -i-)

H 0 -ri 0
F.D r-4 Or--4	 OH	 0 EH ri -4-,

I	 •	 a	 •
C•-	 CO	 0•	 0

ri

17  

0
ta  



0
r
. 4-)
p4 •ei
P-n 	 •
.4

0 .0
0 0 P4

•
'd	 Q) 0 1,4
0	 0 4-) b0
0	 -I-) 0 0
$-•	 0 0 01
0 000
,0	 (/) E 4-)

18

N
'CS 	O N-
O 'd On
0 	H 0 ri

ri	 01 .....,
O H
O Q) rn 	O	 0 $-1	 $.4 ..--.

ri ID
(0 t.) C \ -• Cd 4)›.) .. 

PH 4-) Cr.	 PO 0	 00'
O 0 H	 G) Cd 	Or-4

= L".-1 •---,	 A (a,	 = ......,

I	 LIO	 I
O 0	 I	 E 0	 $.4	 S4
O 0 "CI	 E 0 H 00 	0- 	0
O +•	 tO 0 0 cu	 n

03 ta0	 a) .0 0 +)	
ai I 0 t-i $4	 E

r

	.,..,.
-I 0 0 0 I	 -4-) -1-)	 0	

0 f.4 E 4-I 

rd

0	 4-) ai	 0	 N1 S-1

H 0 .r1 -P 0	 0	 CO r-I	 .4 >4) .ri	• ZIO 1:ig a9 4)0 0°) :Ori	
-P 0

ES2	
0.-.	 tri eri

0O A4 0	 0	 0 H tl) •	 0	 0.) (0 -P	 CD 1.1 I:10 0 +)
03 0	 C • -

	0 	
$4 -r-I 	 CO 0	 0Z $-1 0 0 E	 0 •ri -ri 	0G)
0	 4-) ;-4 0 4-) ^0	 0 3 0 0 0 (rt	 4-) 3	 C`..- 0

• Q) .0 E .0	 f.-1	 0 7-1	 al a)	 0	 E $4 F.4 4-n 	 H	 re\ 0
' as ,0	 O+ 	3 0 • -,-... 3 4-) c1-4 0 •ri	 mi caCO 0 (4-1 t.) 0	 + tf-4
O 4-) 'CI $.4 Q) -r4 0	 -P	 0 0	 0 0	 cd 'Cd • 0 0	 -.1- ;-I

-.-1	 a) 4-1 0	 S4 S-1	 >. cii ,"0 a) 0 .0 r-I CD 0 \	 'd 0 4.)	 0
rd 0 .0	 -P
O c	4-1 -I-1 hi)	

-,-i 1.1 >, 4--4 k	 a) i., -1-1 H 4-i 4!-Ij .2 42ca al 1.) 0 _pat
i-t 0 +) 0 0	 A4 c.) 0	 •/-1

(11 0)

+)	 SI 0 'd	 .0 -r4 > P., ••••1 0 0 CO 'V	 (11 r-I 0 LO rCi La	 ,0
cc) $.4 c..) -ri 0	 4-)	 $.1 •rl E	 0 ••••1 P ,.0 0 Id 0	 0 $-4 CD	 (0 0

(1) CO (4 ;-1 •	 0 -P CD -4-) a)	 A	 0 r-1 cd 0 P4 ri	 0 g t:d3 	COO •
03 4-) cu 0 cD (0	 0 d > .1.-1 -P	 E 'CI	 •-• r-I 01 (1) U" \ 41 4-) ;.., 0	 0 $-1 .0
O 0 f.4 01 s:), 4-)	 ii 0 0 al	 ..-1 g V	 ;-1	 r-I 1.4 0 Z -ri	 r-1	 0
O 0 RI $-( E GO	 0 r-i (C) 0 t10	 0 0 0 0 Ai r-I	 0 3 4-) EEO	 'd •ri

-4s1 400$-.	 to c .0 c4.4) tu H	 Sa• 0	 0 0 > 0 -r1 (1) ccf	 0 bp	 c4-1 •ri &.•
(1) Q)	 •ri H 0	 -ri o 0 0 $.4 --..., g-f S.., 0	 0	 0

O ,10 L.	 c)	 E 0, ,d i.0 g •r-1 0 3 U3	 LO 0 (0 0	 r-I	 0 01
O 0	 Ø(O 4-4	 0 ru E-1 ,--1 $4	 ;-I •ri 0 0 4-)	 3 .0 -P ›.) 0	 0
O 0 'V +) 0	 ;-I $.-1	 0	 0 4-) r-I ;-1 /-1 '0 E	 r-I 0 f-t f-i	 4-) 4-I ,.
r-I 3 0 0	 'd ti-I ;., • g JO r.4 0 ,4-1 0 0 0 0 0	 0 a) a. • 0 0 -P

-)

	

4 CD 0 0	 0 0) 	ENEE nOE>	 0 ;-.	 0
Lrn 0 CdO el-4 	0	 4-) 0 r-I -r-I .4	 PI 4-, 'CS r-I 3	 •ri S..i 0 -r1 0 ;-I F-t	 II) 0

0 G) 	IIN .4	 10 -I-) -ri -P 4-)	 E o g .,-, o a)	 -4C3 l•r n. $(1-1) ,!•D) 0 0	 0 $4 E
0 •r4	 >.- .• 0	 0 0 0 -I-I 9-1	 0 $.4 al 0 0 .0	 -0)0 0)0) , O
H 03 +) .0 r-I ,0 = 3 U) 'Cd 3 E-i P.. ,--I ca (0 4-, Z ta r-I Pi	 0	 E--I 0 Kl

U)
bo
0

Ts r-i
,t5	 0
P	

0 cl-,
0 0

+)	 t 6.0 (0.
O 0 E
O Ti	 4-) •,-1 0

0	 04)	
c.) '0 a)
a) ,c3 -P

P.•	 0 F-4	 ;4 •r4
-ri	 H 0	 9-1
AL4	 0 ,0	 A ta .0



0
I	 0

s• 0 i:"-J	 -ri 1 ti0 44
I 	4-) cd • 4-) E 0	 0

;-1	 ri 0 ..--i •,-4 -ri
g Q) U) P'a	 0d 	LI d	 g

•r-I c*4 0 H 'd 9-4 -ri 'd 110 a)	 -ri

	

c4-4 -ri -ri ai 4-) 4 0 0	 I-I
t4 -ri 4-) 1.1 0 0 F4 ni r-I	 cd	 mi
O'd-ridi$.4dd	 0

rx4	 Ti E	 $4 4-) I)0 I4	 ai	 .-0
0 •r4 -.4 ni 4-)	 0 cu	 cd	 cf)
4 .0 f.4 •r4 CO E -r4 +) cb

• E-1	 P4	 01 0	 14-4	 a)

11.4	
W0E001 H	 4-)

 4-) mi	 c.) -ri d	 0)	 d
.r..1	 • Q) -P 	k >a d) •

cd 0 +) 0 r0 cd ,0 H 4 0
3 -0-1 -1-1 d 0 g E 0 0 3 mi 	 •
O 0	 .0 $4 cd	 4-)	 cd	 rg
0 .1-1 CD •H a)	 a) Il ai	 0 I-1	 +) 0
1.4 b.0 a) t.4 cl-i ci) La d -ri 	00 	0 0
O 4-n 4-) a) u 'd	 b0 r-1	 cd a)

	4 -1 .1-1 Z .0 0 Cd	 Cd 0	 0 f-4
> 0) al rd 0 H 0 E:7,-- 0	00

19

4-)

9-1 cT
C1) r-I

(:4

,->-?	 1 A 4?)	 mi 4

1	
1i ô Si) to 3	 ..--.	

.--i	 Ot
O 0	 I	 I

Q) cti •r-1 f:14 'd	 d	 ci-i 0	 CO	 g
r.4 g -I-) o 0 g 0 -ri

CO 4-)
1 ,g	 d

ta
rli 	+1:1) 0 fl .e.i gS3 $4
CO o al 4 F-4 0 a)	 fo	 +4 • 0	 d
d o•Joo,	 a)	 0	 4-1 -ri
3 'CI P4	 4-) •ri 0	 -ri	 0 • ,d	 0

g 0 7.1 cd +) 0	 4-)	 4 cd I2 cl)	 ai)
mi cd cf-i a) 3 0 •,-1	 -,4	 ozi o •H	 ro	 0 •
O 0 4-)	 d	 'd	 $4 r-1	 cd	 aS 4-'
4 mi I-1 ci-4 mi mi 0	 •,-1 0 8 	0 Ir\	 1-.1 cd CO a)	 4 0
4-) dl	 Cd eu ai 0	 A	 H ri	 a)	 P • C.) 0
0) ,C) .g	 hi) P-1	 •	 F4 	(N 	C‘J	 0 -1-) 'd	 0 4-, 	E
E -ri 4-) g 60	 •• ,--, d	 d d 0 g g 4-, 4-1

	

S4 .r1 0 0 0 • g -P	 if\	 a) o 0 ..-1 a) 0 m:$
4-) c) 3 0 r-I ri 0 0	 if\	 f-i I.$ -ri	 E al a)

cc?) tg mi 
U)

0) 'eâ3 •rei -;31 	S	
c.) co cd 4-1 ..-1 c.) cO
O a) E	 0 ..0 -ri

• 0 rd rZ (1) n-• ai E	 -ri ri CD d o 4-4 0
• Pi co o +) c.)	 -P •ri	 0	 c.) c0 -,-4 -ri
cd	 -ri 4-, 	-0 4 ›.; g	 >4	 g	 4-1	 g

› ai •• -P -P a)	 al 	0Q)(0(11 c4-4 ,«0 b0 a)

	

H $4 .ri cd 0 4-( E X	 •ri .0 ›) ..-1 a) •ri 1.0
O o o +) 0 g r-f -ri	 Dl 4-, Cd g ,cs a) cd
a) cr) gori 0	 COI 'd	 0	 3 h0 g	 Cl)
.g •.-i d g •r-1 0 1 d a)	 $.4 g r-I -ri 0 0

0 LO •H 4-) 0 I (z" U1	 G1 -el CO cf) la, Z c.)

	I 	 I	 •

	

Q 	a) 	
4-) E g	-P o	 S.i

	'r-4H 	-ri	 ,g g 0 -H
.X	 E a)	 -P	 0 0	 4-)
0	 •ri CO	 g	 -1-, 0 4-3 Cil
O ri	 ri	 I
ri tiO	 Q) r-4 	o	

o	 Cd P 0 4-,

	

'd P., a)	 a)
4 g	 4-) $-1 › (1) e-'s	 T7	 -I-) CD	 0, 4-) be

9-1	 0 a) -ri	 Ti r-I	 ‘...,	
e) 19 1	 clCD ti) <4)d 4-) 	0 4-) 0 ,--, il) 0

-P d	 ti) :ri, lich ri
C)g -PO

f-, a) 0	 0 f-1
	cd E o 0 0 +)	 0	 a)

O a) cd -P 0 co 0	 c) 4-,	 A' 1	 -) `E -.11-1Pi ril	 H -ri X •ri 1-4 0a.
9•ri co	 c.) A Ç..1 4-) Pl 0	 0 3 0, 0 cd IO

I-I a)	 a) 1.4
• • •	 •	 HO	 •	 •

tr) o	 af .0 o	 ^d	 c.) q-i

• .	 .	 4.

Lf1	 n0	 C,-	 co
r-i	 ri	 H	 H

cil  



ta

14

• 0

TS
-P as •

5 O 0
H r..4
0

4-4 0 •

4-)
• C Çr
O $4
O 4-,

O 0)
• 03

b.0	 $.4
-r4 0 4.4

ca

C.0

I -1-)
-ri cd

s-1 0
a) i-4

0
P4 4-1

f-t	 0	 tl
0	 • 	4)-4-4

fr-I	 .X 4-) 	0 /.1
4) 0)

• ial

	

4)4) 	PA

	.r4 0	
fi-i $4

	

0 0	 ai 
H

F.1 •r4	 4-1	 (0 $.1

	

b0 	0-P
3 1-1	 g r-i	 14 0
O ',1 	E 41	 4)4)
g ›.	 ...

	

4-) 	Ti c.)
$-1	 s., 0	 0
0 • 	04)	 0-4
Pi	 E p40

20

(0
-1-)	 'd

n-n 	 4	 H
,..0	 '20 g	 0	 c-V
n.0	 • r4 0

g-3	
\ C1

!:3	 $.1 8-1	 4-1	 0n
/--I	 1-1	 0 fo	 H......	 0 ...--.	 .-...	 P4 cp ..---,	 ..-.0

	•• p:1 LI\	 4 ---1- 	••	 ,--1cri	 H	 %..0	 0 Cs-	 -0	 N.0	 -4ai	 cd 'ci O•	 -ri a\	 0 Ti ON	 c.)
4)	 a) 0 r-I	 0 H	 "-I g r-I	 "-I
14	 Z cd ..-.•	 r:4 ....,	 SZ4 rd .......	 P4

i	 ho1 0	 b	 0
O E I 'r"-D	 I ITI	 -g-4	 (a
.0 0 o cd	 *ri 	5.-1 •	 <C

O $.4 E	 • cd 0	 0 H ta cd I
'd o	 (0 0 ›-, •ri tO TS ri 4)	 g
0 (If a) cd H 0 ,0	 •P	 CO 4-, g•-1 C1) I
O -1-1	 04 r-.1 -r1 a) 4-1	 45 ,--1 4-) CO
O TI g -P 'Ci 0	 •H	 5-1 01 Ai 0 0 MS

CH 0	 0 0 0 0 0 4.) 0.ri
ai	 .0 05.s .0 03 0 4-) 0 0	 o

0)• 4-) ri a) 4-, 	0 0 P 0 Ti H ,it
o ^5	 a)	 c3 -ri

O E a) 4-) r-I 03 4 a) 0 r-i . 47.)1 2 1 -H
id -ri cri ...r.-10-P0o 144-)PEP

0 crt r-i cd a) 0	 a)	 (1-4 5.iCCQ
O E00E0 4-) tri 0 ,13 .i.4 -P E -1-4
-ri ca › -ri -ri 0:1 g-1 0 -1-)	 4-) H4) ai 0
4-) a)	 T1 z-.1 4	 cd	 0 0 -ri 1.-1 5-4 0

id i3 id o	 ,4-4al p 4) 0 o u
H 4-, g •r-1 CO	 t20 0 ai Xit 1-1	 0 r,O E +)
O 0 0	 E 0 -ri	 ai Ri -H 0 0 P.
54 ., E 0 0 0 .14 4-) .0	 -f-1 g a.)
14	 •ri 5:11 .0 f-i	 0 i-i 0 0 cri 4-) bd H 0
O cd 'd H 4-) cri 	5-1 a) 0 4-, 0	 cd t.0	 X
c.) 4) a) .0	 0 i:1-1 id	 .0 0 al cU

1:4 01 i.0 cri •0,c) 0	 03 -I-) H E
0 0rd	 a)	 0S4 14 4-) ms

O 0 -cl 0	 4 10.4 a) •r-1 0 13 14 o a)
O o a) -ri 4) -ri	 03	 r-I 4-1	 0 0 > •r-I
(10 0 4-) 4-)	 OS	 g -1 t-,	 0 4-> o 4.)

CTS3 d cd	 Cr	
H	 -r

	) 	 r-i ,5 ai .0 0	 0 '4-1 ,.0 4-1
4:4 4-) r-I r-t 04 Mi C!) 0 E cd p, fr., ai cd ca

4., 'co
S.,0 .4-) cd

S-I	 E 0 3
P-1 E -ri 4-1 0 H

-ri rd HG)
ai 'ci G) 'd 0 0

G) V) G) .Q 0
54(0
a)E•	 r-i 0

O 0 ,P

,c:1 o •r-1 cri -ri to
0 5-1 .X ai
ai 0 02 Pl -P 0
H 3 ›) 0 (C)	 4-1

4-3
0
C)	 iziD	 1

I 0	 -ri
cd
cd	 o	 4-) 1-.1 0
H	 H	 4-1 r-i o
td.)	 C.)	 0 0 t)
O C.) 4-1
0 • 0 '0
A .0 4) 5_4 G)

	03 	 .1-1
t10 Cd	 0•r-1 (...) (-I
O H	 A-s	 -P	 0 •

-r-1 (0	 0	 0 5.4	 Cr)
0 E	 0 0 4-, g

Ti 0 0
§ .111 O 	H 0	 a) 0 0 -ri
Pr) ei-4	 o	 til 0 0 4-)

• •	 •
O H	 CV
CV	 (V	 (V



g
g
E

0 03 te\

•r-I .6-1 ON
Ei 4-) IA

1.7.-4
r-I	 3 1-4

E-I	 C/1 ••••-,

I

21

e	 >, 23	 m0 m 14 cd 0 o
1 .0 p o m c•-• c.) g	 Si 	SiI-10/40>I-1	 4)	 0	 I a)0.1-4 	.1-I	 0 CO 0 CO	 4-)	 0	 0 ?a 7-a
P. .0 0 C./3 0 CO .1-1 0 ..e)

3 0	
co-1
0	

4.).0 t 1:14$4 riad .0
O 0	 Si 0
A 1-1 4-1 ! 4) 0 ri .r1 4.4 4-) '0 000
4-1 .rI	 Pl ? 4-)

	

.P..-1 0
	

r-I
.1-I 0

?a	
CO

O 0 0 0	
0 .0 ri •.-1
$4 4-) .0 CC1

MS 03	 9-4 0 4-) cd r-1 03 I.:	
0

 CO	 CO	 ai 0
m	 41	 00100	 44	 0 ?a ?a 44 f-o
0 0 0 0 ?) A	 /4 9-1 0
0 .0 .ri /4 r-I !	 0 4-) .ri	

11 •
0 b.0	 il

03	 y ri .0 -P 0

'0 4-)	 4-1 1 CO 30 'A -P nts g I4 E
O e O

'Cl 0
0•r1	 Si 	 aS 0 m 1 a)

14 a g ,-, 0 cP4 a)	 04 ta	 $4 ho	 W	 14 4-) +) 0 CO

	

9-1 O3 ..-I ta 0 g 0 0 ..-1 	WO 	4.)	 0 0 0 0 0

O 07.40	 4 H0 0 -I-) 0. ,0
CaD	 0 0 0	 Pi .0 14

4-

	

0	 4-i
0	

E24 cd 14 0 a) •
14 3

ri +) 0 	00.0 	0	 0	 04)0000
0 CII 0 t'IO 0 -ri I -P 0 -1-1	 ev-i	 0	 4-) 0 0	

•r9 04 § +4 .0 cd	 0	 Si 	0 .4-1 cn-n
O $.4 (13 .Z b lz	0 	 Si 0	 w 4., 4., 0.0 0 g ca Al 0 cd 4-) +) 4-)	 ai	 14 14 cd	 h0 V

O al 0	 P4 F.1 	(0(0 	2	 N.,	 -ri 0 /4 0
'''.., 0	 .0	 4 g0 n-1	 ai m	 (a 'le •14	 es-1 03 -1.4 0

/4 44 0 0 $.1 r-1	 0 0 CO	 .0 So-a	 r-4	 r-1 .r4 o r-I
O 0 0	 4) r-f cd Tl a H	 r-I	 .0 .--1 -H -I-) 0 I4
? r-I ? CH t• 0	 0	 vi	 44	 hel	 bl) -r-1 44 0 V 0

I	 0.
0 0 -ri_ 461 20) g

 480 0 (0	
LA( 0f_i 0 0 K,	 or10

VC.) 0	
000>

LI \ r•I...1- 	= 02 -ri '0 -el 0

CO
'V	 r-I	 CO
4)	 4-1 0 Si
0 • 0 0

•1-1 CO k 	' .0
0 RS ti 4-2 4-1 4.' Si

g	
MI	 $4 H  2 Ti .r1I 0 0

0	 E- 4) +1
•1-1	 .X	 C4- 	/4 .1-1 .rl 94 ai
O Cl)	 Sr g 14 41 1 f-1 "

..	
0

§	
.0	 0 m	 ai

I ...-1 a) cd	 01.1 0
.0	 14 •-n -0 Ts 0 X 14 0 bo

0 1.0 1:10 cd 14	 0
4.) mi gi

CO	 0 .r.1 ,Z tO 140)4 "i' Z) g	
•

 0.1 0
Cii	 ai ai	 SiH	 •	 -1-1cl) 	.0	 ri4
I	 •	 •

LA nI:)
CNJ	 ("1/41	 CV



22

provide alternatives for minimizing damage on many sites. A major rule

here is, the less compactive and disturbing the contact with the forest

floor, the less will watershed damage result from Skidding and yarding.

Some comparisons of various modes of logging techniques and

their disturbance to the watershed are described in Table 2.

Balloon logging probably results in the least compaction and

disturbance because the logs are transported free in the air over most

of the cut area. Grapple and yarding systems are intermediate between

skyline and high lead, as they combine features of each. The most

destructive technique of all is tractor logging.

Harvest areas are subject to erosion until new vegetative

cover is established, since it is the exposed mineral soil that is a

major source of suspended sediment. Various harvest methods and how

much of the mineral soil is exposed are given in Table 2. Varying

degrees of damage to the forest floor results from the several combi-

nations of harvesting and log transport systems.

Clearcutting by the balloon system of logging resulted in the

lowest soil sediment deposited in streams and also had the smallest

exposure of bare soil (Dyrness 1967). Clearcutting by tractor, as

expected, exposed the most mineral soil (over 29 percent /Wooldridge

19607).

Once an area is logged, slash is frequently eliminated by

controlled burning. Intense fires often lead to accelerated erosion.

Extremely hot fires consume vegetation, litter and duff materials and

leave the soil unprotected. Such fires may also reduce the organic
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content of the soil and alter the stability of surface soil aggregates.

Infiltration rates are often reduced and surface runoff can be in-

creased by the production of a non-wettable surface layer.

Controlled burns are usually not intense enough to cause

erosion problems.

Fire can also be a contributor to accelerated mass wasting.

This is due largely to the destruction of the natural mechanical

supports of soils. A study by Croft and Adams (1950) in northern

Utah reported that logging and burning produced increases in mass soil

movements due to the loss of mechanical support of the root systems of

trees and plants. Other studies support the relationship of fire,

logging and road building to accelerated mass movements and resulting

stream sedimentation (Bishop and Stevens 1964; Dyrness 1967; Kramer

1963; Rothacher and Glazebrook 1 968).

Bacteriological Quality 

Quite often, bacteriological indicators are employed to gain

knowledge of the biological quality of stream flow. Ideally the

source of bacterial indicators is the excrement of warm blooded ani-

mals. The presence of such indicator organisms assumes or demonstrates

the occurrence of pollution. Total coliform which is a frequently

used bacteriological indicator, includes non-fecal coliforms

(Enterobactor aerogenes) found in unpolluted sources (e.g., soils) and

fecal coliforms (mostly Escherichia cou) found mainly in the intes-

tine of warm blooded animals. Fecal streptococci (strict definition

of group is not possible) is another indicator found in the intestines
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of warm blooded animals. An estimate of these organisms is a rela-

tively simple, fast and inexpensive index of pollution, especially

when the membrane filter technique is used. Knowledge of cycles and

variability of bacteria in natural waters and the relationships of

bacteria to physical environmental factors is sparse.

There have been some studies of relatively undisturbed water-

sheds describing some environment-bacteria relationships.

Teller (1963) reported seasonal trends for coliforms and found

evidence of relationships between coliform counts and certain physical

environmental factors (e.g., streamflow and air temperature). Great

increases in logging and stream turbidity over a period of years did

not affect coliform densities, but it should be noted that logging was

on municipal watersheds and disturbance was probably minimal.

The causes of variation in bacterial numbers of a small, un-

polluted stream in Colorado were studied by Morrison and Fair (1966).

These authors reported that the most important cause of bacteria

population fluctuations was summer rainstorms of short duration, pro-

ducing overland flow. When streamflow is stable during periods of no

precipitation, bacterial numbers can be related to the size of the

water-streambed contact surface. As streamflow increases after pre-

cipitation, bacteria are deposited in the ground water associated

with the stream and are later released into the stream as it recedes.

Bacterial numbers fluctuate during the winter, even when temperatures

are as low as 0° - 5.5°C. The authors also found that when cattle
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graze in marshy areas adjacent to the stream, the bacterial density of

the stream rises. The bacteria counted was coliform and total bac-

teria.

Kunkle and Meiman (1967) measured bacterial groups in stream-

flow from mountain watersheds in Colorado. Total coliform, fecal

streptococcus, and fecal coliform bacterial groups were closely re-

lated to the physical parameters of the stream and were especially

dependent on the "flushing effect" of runoff from snowmelt and rain,

summer storms, or irrigation. The seasonal trend from all bacterial

groups was similar: (1) low counts prevailed while the water was at

0°C.; (2) high counts appeared during rising and peak flows caused by

June snowmelt and rain; (3) a short "post-flush" decrease in bacterial

counts took place as the runoff receded in early July; (4) high bac-

terial counts were again found in the July-August period of warmer

temperatures and low flows; and (5) counts declined in September.

The major sources of fluctuations in bacterial content (espe-

cially fecal coliform) that can lead to pollution levels in stream

water are concentrations of any warm blooded animals on the watershed

including man, livestock or big game animals. If bacterial content

of stream water is to be kept below pollutional levels, strict atten-

tion must be given to all sources of potential contamination by living

organisms. Land use patterns (e.g., logging or fire) could probably

affect bacteria densities if overland flow is increased, since Morrison

and Fair (1966) found that overland flow is the most important cause

of bacteria fluctuations.



DESCRIPTION OF STUDY

The primary objectives of this study are to characterize the

chemical, physical and bacteriological quality of stream flow from

ponderosa pine watersheds on sedimentary soils. Three major areas of

investigation were explored: (1) to obtain baseline information con-

cerning the chemical, physical and bacteriological water quality, and

relate this to varying discharge regimes; (2) to empirically associate

these parameters to previous land use patterns; and (3) to analyze

interactions among the parameters that define the chemical, physical,

and bacteriological quality of streamflow from these watersheds.

Study Area 

The study area was composed of five watersheds containing

ponderosa pine stands on sedimentary soils. Four gaged watersheds

(1, 2, 3, and 4) and one ungaged watershed (1A) were located on the

Apache-Sitgreaves National Forest in the Mogollon Rim country of east-

central Arizona (Fig. 3). The gaged watersheds, which are approxi-

mately 15 miles from Heber, Arizona, were established, instrumentated,

and are being evaluated in cooperation with the USDA Forest Service

(Rocky Mountain Forest and Range Experiment Station) to provide a

basis for validation and refinement of natural resource response

models.

No descriptive information was available for Watershed 1A,

but it is assumed to have essentially the same characteristics as

27
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Watershed 1 since it is immediately adjacent to this watershed (Fig. 3).

However, Watershed lA exhibits greater fire disturbance, which will be

discussed in a later section.

The watersheds are covered with uneven-aged stands of cutover

ponderosa pine (89 percent of the number of trees per unit area), with

intermingling Gambel oak (Quercus gambelii Nutt.) (5 percent) and

alligator juniper (Juniperus deppeana  Steaud.) (2 percent). White fir

(Abies concolor /ord. and Glend.7 Hoopes) and Douglas-fir (Pseudotsuga 

menziesii Doug.) are also found on Watersheds 1 and 2 (9 percent).

The average volume of timber found on the watersheds is 116.4

cubic meters per hectare. The average number of trees is 515 trees

per hectare, with an average basal area of 16.1 square meters per hec-

tare. Densities of timber for each watershed are presented in Table 3.

The annual precipitation on the four watersheds averaged 635

millimeters. Precipitation was fairly equally distributed annually

during the 3-year study period. Winter precipitation was largely snow,

while during the summer, intense thunderstorms usually provided the

moisture.

It is estimated that the forested lands of Arizona contribute

approximately 90 percent of the total streamflow in the state, in

addition to providing unknown quantities of water to subsurface reser-

voirs (Ffolliott and Thorud 1975). Barr (1956) reported that these

forests are a source of nearly one-half of the total runoff in the

Salt River Basin. Most of the annual water yield is associated with

winter precipitation. Such was the case on the Heber Watersheds.
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Table 3.	 Timber density characteristics.

Watershed 1 2 3 4

Number of trees
per hectare 921 615 279 245

Basal area
(square meters/
hectare) 17.7 16.3 15.6 14.7

Volume
(cubic meters/
hectare) 121.2 115.5 118.8 110.0
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Usually, major runoff on the watersheds occurs during the

period beginning in January and extends through March. Streamflow from

the study watersheds averaged 9,256 cubic meters annually. Watershed 1

and 2 had higher peak discharges than Watersheds 3 and 4.

It is generally the case that infiltration capacities are high

and overland flow is at a minimum on forested watersheds. Streamflow

results largely from subsurface or interflow that infiltrates into

shallow soils but quickly drains into natural channels. This was

assumed to be the case for the Heber Watersheds.

Watersheds 1 and 2 are underlain by alluvial materials formed

during the Tertiary and uplifted during the Laramie Revolution. The

sandy loam soils derived from the materials are extremely stoney. The

Overguard soil series which characterize these watersheds is typical

of those developed on the material with the profile deep, well drained

and fine textured. This was also the assumed condition of Watershed

1A.

Watersheds 3 and 4 are underlain by cretaceous undivided mate-

rial. Some of the type is unnamed sandstone material. Soils derived

from the material are principally fine sandy barns such as the

McVickers type.

In general, most of the soils found in these areas are rela-

tively shallow and average 60 to 150 centimeters (Ffolliott and Thorud

1975). Quite frequently, the shallower soils are located on the upper

slopes and ridges, with the deeper soils in the lower portions of the

watershed.
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The size, mean slope, mean elevation and aspect of each water-

shed are reported in Table 4. Watersheds 1 and 2 are much steeper

than 3 and 4, which could have an effect on the rate of subsurface

flow and resultant water chemistry. Watersheds 1 and 2 are at a

higher elevation and, as a result, receive more precipitation and run-

off. The other physical parameters describing the watersheds are

quite similar.

As previously mentioned, the timber on the study area has been

cutover. The harvest method employed was generally a form of group

selection, with approximately 40 to 50 percent of the merchantable

volume of ponderosa pine removed at each cutting. The last cutting on

the watersheds was in the early 1960's.

In earlier days, continuous grazing systems were generally

followed. Recently, the area has been subjected to a form of rest-

rotation. Visual observations of fecal accumulations suggest that

Watersheds 3 and 4 receive greater livestock use than Watersheds 1,

1A, and 2.

The area has been under fire protection since the early 1900's.

Occasional wildfires caused mostly by lightning have passed through

the watersheds. Slash burning in piles is practiced following a har-

vest. All the watersheds show evidence of fire, with the timber on

Watershed lit having the most extensive fire scars and fire-attributed

mortality.
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Table 4.	 Physical characteristics.

Watershed 1 2 3 4

Parent material Alluvium Alluvium Sandstone Sandstone

Size (hectares) 8.10 11.30 24.30 24.70

Mean slope (percent) 20.30 14.20 9.00 9.30

Flume elevation
(meters) 2256.00 2256.00 2103.00 2103.00

General aspect
(degrees) 150.00 198.00 132.00 138.00
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Field Procedures 

Most of the source data for this investigation were collected

from the four gaged watersheds (1, 2, 3, and 4). Samples of water were

collected at the mouth of a three foot H-flume at the base of the

watersheds. Sampling was scheduled to coincide with weekly instrumen-

tation maintenance, although samples were also collected during extreme

or otherwise unusual hydrologic events. To supplement these data,

additional samples were collected from the ungaged watershed (1A).

The number of water quality samples collected over the 3-year

period of sampling are presented in Table 5. Flow depth was noted for

each sample to subsequently correlate discharge with water quality

parameters. At the time of sampling, two polyethylene bottles were

filled with approximately 1 liter of water. One sample was used for

chemical analysis and the other for suspended sediment determination.

Laboratory Analysis 

Dissolved chemical constituents in each sample were analyzed

by the Soil and Water Testing Laboratory at The University of Arizona,

Tucson. Constituents assessed include: calcium (Ca++ ), magnesium

(1.1g++ ), sodium (Na), chloride (C1- ), sulfate (SO4
=
), carbonate (CO3 ),

bicarbonatebicarbonate (HCO3-), fluoride (F-), nitrate (NO3-), phosphate (PO I:),

total soluble salts, and hydrogen ion (pH).

Concentrations of the major cations (Cat+, Mg7+-1- , and Na+ ) were

determined by using atomic absorption spectrophotometry (limits of

detection, 0.008 ppm). Alkalinity, described by CO 3= and HCO3- was

measured by titrating with standard acid (limits of detection, 1.0 ppm).
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Table 5. Number of samples collected over the 3 year sampling period.

Year

Watershed 1973-74	 1974-75	 1975-76	 Total

1 5 7 17 29

lA 0 0 11 11

2 5 7 15 27

3 0 1 0 1

4 3 4 1 8

Total	 13	 19	 44	 76
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Fluoride, sulfate, phosphate, and chloride ion concentrations were

determined by colorimetric methods using a Technicon Autoann1yzer 1

(limits of detection, 0.01, 3.0, 0.005, and 1.0 ppm respectively).

Hydrogen ion concentration was measured by using a glass electrode

(reproducibility 0.05 pH units).

Suspended sediment concentrations were measured by the Rocky

Mountain Forest and Range Experiment Station at Flagstaff, Arizona

using a filtration method for the years 1974-75 and 1975-76. An

evaporation method was used for 1973-74 data by the laboratory at The

University of Arizona.

Bacteriological quality was determined by testing for fecal

coliform (Eschericia cou, E. cou, var. 2., E. intermediens) using

the membrane filter technique, as described by Millipore publication

AB313 (1974). This method was used to determine if there has been

recent fecal pollution of the stream by warm blooded animals.

Statistical Analysis 

The primary statistical analysis of the source data was com-

pleted by computer using the Statistical Package for the Social

Sciences (SPSS) (Nie, Bent and Hull 1970).

Samples were separated according to the period of time between

each collection. Samples collected over the 3-year study period with

just one sample to represent streamflow for a given day were called

seasonal samples; samples collected over specific intervals for a

1. Mention of trade names does not imply endorsement.
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24 hour period were diurnal samples. If the concentration of a con-

stituent was below the limit of detection, that concentration was not

used in the analysis.

Analysis of variance was used to test for equality of means of

the water quality variables among the watersheds and among years at a

0.05 alpha level.

Bivariate correlation analysis was used to test whether sig-

nificant relationships existed between specified variables, also at a

0.05 alpha level. Scatter diagrams indicated tests for linear rela-

tionships should be made. A correlation coefficient was computed to

indicate the degree to which change in one variable was associated with

change in another. The empirical relationships tested were: (1) dis-

charge and concentrations of individual constituents; (2) concentra-

tion of suspended sediment and concentration of individual dissolved

constituents; (3) pH and individual dissolved constituents; and (4)

conductivity and total soluble salts. These were tested for both

seasonal and diurnal fluctuations of the hydrograph.

The suspended sediment samples collected in 1973-74 were not

used for analysis since their values were consistently higher than

1974-75 and 1975-76 values. This probable bias may have been due to

a difference in laboratory techniques, since the 1973-74 suspended

sediment samples were analyzed using an evaporation technique rather

than filtration.

The number of the seasonal samples used for the summarization

of the concentrations of each constituent is presented in Table 6.
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Table 6.	 Number of samples
quality parameters

used for statistical
for the seasonal time

analysis of water
period.

Watersheds

Parameter 1 2 4 lA Total

Total Soluble Salts 20 17 7 5 49

Conductivity 20 17 7 5 49

Ca++ 20 17 7 5 49

Mg++ 20 17 7 5 49

Na
+ 20 17 7 5 49

Cl- 20 17 7 5 49

s ok 20 17 7 5 49
-

HC03 20 17 7 5 49

CO3 17 7 5 49

F- 15 12 5 5 37

NO
3

17 16 7 5 45

-=
P01+ 13 11 3 5 32

pH 20 17 7 5 49

Suspended
Sediment 13 12 5 5 35

Fecal Coliform
Bacteria 2 2 0 0 4
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Watershed 1 and 2 were sampled more intensely since runoff was more

frequent; furthermore, the watersheds themselves were more accessible

under extreme weather conditions. The streamflow samples from four

watersheds (1, 1A, 2 and 4) were analyzed for seasonal fluctuations

(Table 6). Watershed 3 was not statistically analyzed since only one

sample was collected. Three watersheds (1, lA and 2) were tested for

diurnal fluctuations. For these diurnal fluctuations, a total of 21

samples were used for analysis. Watersheds 1, lA and 2 had seven, six,

and eight water quality samples taken, respectively, over a 24-hour

measurement period.



RESULTS AND DISCUSSION

Dissolved Chemical Constituents 

The data showed no significant differences in mean concentra-

tion of variables among watersheds, but there were significant differ-

ences in the means from year to year. The 1973-74 data had quite a

number of significantly different mean chemical concentrations when

compared to the 1974-75 and 1975-76 values. Specifically, total

soluble salts, conductivity, calcium, magnesium, sodium, chloride,

sulfate, and nitrate showed significant differences. Tables 7, 8 and

9 present the summarized values of dissolved chemical constituents for

each year of study.

The ranges of dissolved chemical constituents were compared to

proposed EPA water quality criteria (Table 10). These unpublished

criteria were issued by the Environmental Protection Agency, Office of

Water Programs, Washington, D.C. in October 1973. The proposed values

specifically consider level of acceptability for aquatic life, irri-

gation and public water supply. In many cases, levels of acceptability

have not been listed or prescribed. Each individual state is ulti-

mately responsible for setting standards.

As expected, the concentrations of dissolved chemical con-

stituents were well within the acceptable levels. One exception to

this was the maximum value of fluoride, which exceeded the level of

acceptability for public water supplies.



Table 7.	 Baseline chemical quality of the Heber Watersheds for
1973-74.

Parameter Units

1973-74

Range Mean

Total Soluble
Salts ppm 61.00 - 99.00 76.30

Conductivity umhos 50.00 - 90.00 59.90

Ca ppm 3.00 -	 8.00 4.8o

Mg ppm 0.60 -	 6.70 3.00

Na+ PPm 1.80 -	 2.70 2.10

Cl- ppm 2.00 - 13.00 4.70

04 PPm 30.00 - 60.00 40.00

03 PPm 0.00 -	 0.00 0.00

HC03

F-

PPm

ppm

14.60 - 31.70 20.90

NO
3

ppm 0.20 -	 2.30 0.80

pH pH unit 6.60 -	 7.30 7.00

04 PPm 0.05 -	 0.15 0.10

*Data not available.

Ll



Table 8.	 Baseline chemical quality of the Heber Watersheds for
1974-75.

Parameter Units

1974-75

Range Mean

Total Soluble
Salts ppm 23.00 - 86.00 49.53

Conductivity umhos 40 .00 -180.00 75.88

Ca PPm 4.00 - 10.00 6.39

Mg++ PPm 0.30 -	 4.20 1.82

Na
+

PPm 1.00 -	 3.00 1.37

Cl- PPm 1.40 -	 8.80 2.45

04 PPm 1.00 - 39.00 13.18

=
CO3 ppm 0.00 -	 0.00 o.00

HC03 - Plom 9.80 - 44.00 24.82

F- ppm 0.02 -	 0.16 0.07

NO
3

ppm 0.03 -	 0 .75 0.21

pH pH unit 7.20 -	 8.10 7.45

P	 -04 ppm

*Data not available.



Table 9.	 Baseline chemical quality of the Heber Watersheds for
1975-76.

Parameter Units

1975-76

Range Mean

Total Soluble
Salts ppm 40 .40 - 68.00 52.75

Conductivity umhos 40 .00 - 9o.00 52.00

Ca
I.+

++

ppm 4.00 - 20.00 8.10

Mg ppm 0.80 -	 1.70 1.13

Na
+

PPm 0.07 -	 2.00 1.36

Cl- PPm 1.40 -	 3.40 1.85

(3,4 PPm 3.00 - 18. 00 8.75

co
3
= PPm 0.00 - 	0.00 0.00

HCo3 ppm 14.6o - 44. 00 30.50

F- ppm 0.02 -	 0.13 0.07

NO
3

pmp 0.03.- 	0.24 0.10

pH pH unit 6.30 -	 7.40 6.76

-
P0 ppm 0.04 -	 0.35 0.13
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The dissolved chemical constituents were also compared to

values for steamflow from ponderosa pine forested watersheds on

basaltic soils located on Beaver Creek in central Arizona (Ffolliott and

Thorud 1975). The streamflow from watersheds on sedimentary soils

appear to have greater maximum values for total soluble salts, con-

ductivity, calcium, chloride, bicarbonate, and sulfate than the

basaltic soils (Table 11). However, due to insufficient data from the

basalt watersheds, statistical comparisons could not be made.

Correlation analysis showed few significant linear relation-

ships between discharge and dissolved chemical constituents in the

streamflow from the watersheds on sedimentary soils. This analysis

was conducted for each year of study (i.e., 1973-74, 1974-75, and

1975-76). There were a total of 73 possible correlations for the

seasonal time period. However, only the significant relationships

are presented in Table 12. Diurnally, there were 28 possible corre-

lations; Table 13 presents the significant relationships. These lat-

ter correlations were for 1975-76 data since samples were not collected

diurnally before this period.

Insufficient data prevented a statistical analysis that would

compare water quality on the rising limb of the hydrograph with that

on the falling limb. However, inspection of the limited data available

suggests that concentrations of total soluble salts and sulfate might

- have higher concentrations on the falling limb, while the other con-

stituents were not noticeably different. Collection of more data

would be needed to test this conjecture, and a soil chemical analysis
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Table 11.	 Water quality characteristics of basalt and sedimentary
watersheds.

Parameter Units

Sedimentary Soils Basalt Soils

Range Range

Total Soluble
Salts PPm 23.00 - 99.00 36.00 - 48.00

Conductivity umhos 40.00 -180.00 38.00 - 65. 00

Ca PPm 3.00 - 20.00 3.30 -	 6.60

++
Mg PPm 0.30 -	 6.70 1.80 -	 3.90

Na
+

PPm 0.07 -	 3.00 1.60 -	 2.29

Cl PPm 1.40 - 13.00 0.10 -	 2.50

PPm 1.00 - 60.00 4.00 -	 8.00

HC o3 PPm 9.80 - 44.00 19.00 - 29.00

F- PPm 0.02 -	 0.16 0.00 -	 0.20

NO3 PPm 0.03 -	 2.30 0.10 -	 0.19

04 PPm 0.04 -	 0.35 0.15 -	 0.18

pH pH unit 6.30 -	 8.10 6.40 -	 8.00



Table 12. Significant correlation coefficient values for seasonal 
fluctuations of discharge vs. dissolved chemical
constituents.

Parameters	 Correlation Coefficient	 Year

Total soluble salts vs. Discharge 	 -0.45	 1975-76

Sodium vs. Discharge	 -0.57	 1975-76

Fluoride vs. Discharge 	 0.74	 1975-76

Nitrate vs. Discharge	 0 .64	 1975-76
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Table 13. Significant correlation coefficient values for diurnal
fluctuations of discharge vs. dissolved chemical
constituents.

Parameters	 Correlation Coefficient	 Year

Conductivity vs. Discharge	 0.77	 1975-76

Calcium vs. Discharge	 0 .86	 1975-76

Magnesium vs. Discharge	 0.91	 1975-76

Sodium vs. Discharge	 0.98	 1975-76
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might also be needed to determine whether the high sulfate concentra-

tions on the falling limb are due to atmospheric contributions or from

the soil and parent material.

All of the above results were based on samples collected during

the snowmelt runoff period. Two additional samples were collected

under somewhat different conditions, one during a summer runoff event

and another from a pool above the flume during a period of no flow.

Since one sample was collected for each condition, only subjective

interpretations can be made.

Summer flows, often the result of intense precipitation events,

generally occur under warmer air, soil and water temperatures. Higher

temperatures bring increased rates of decomposition of organic matter,

evapotranspiration and chemical weathering. All of these conditions

should indicate higher concentrations of dissolved chemical constitu-

ents in streamflow runoff. However, the summer sample taken from

Watershed 2 does not conform to such a hypothesis. The chemical con-

centrations were all within the range concentrations of all the sedi-

mentary watersheds (Table 14). A reason for the lower than expected

concentrations might be the precipitation of salts, which are less

soluble at higher temperatures, rapid subsurface flow, and the uptake

of nutrients by aquatic organisms or dilution effects. Additionni

samples should be collected during summer runoff events to determine

the baseline characteristics of this summer streamflow.

The ponded water sampled above the flume on Watershed 2 was

probably due to rain and melting snow resulting in subsurface flow.



Table 14.	 Water quality of one sample taken during a summer runoff
event and one sample taken under ponded conditions and
no flow from Watershed 2.

Parameter Units

Sedimentary
Watersheds Summer

Sample
Ponded
SampleRange

Total Soluble
Salts ppm 23.00 - 99.00 47.00 118.00

Conductivity umhos 40 .00 -180.00 60 .00 200.00

++
Ca PPm 3.00 - 20.00 5.00 54.00

Mg++ PPm 0.30 -	 6.70 1.80 1.40

Na+ PPm 0.07 -	 3.00 1.60 0.40

Cl- PPm 1.40 - 13.00 2.60 10.00

=
SO PPm 1.00 - 60 .00 8.00 27.040

=
C03 PPm 0.00 -	 0.00 0.00 0.00

HC03 - PPm 9.80 - 44.00 27.00 20.00

F- PPm 0.02 -	 0.16 0.10 0.32

N03 - ppm 0.03 -	 2.30 0.03 4.35

=
P(31	 -4 ppm 0.04 -	 0.35 * *

pH pH unit 6.30 -	 8.10 6.90 7.20

*Data not available.
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The stream was not flowing when the sample was taken, but there were

ponded sections in the channel holding water. This sample could be

. considered an extreme case of runoff occurring on the falling limb of

the hydrograph. As mentioned earlier, the water chemistry is fre-

quently different on the falling limb versus that of the rising limb.

This sample does conform to such a hypothesis. The concentrations of

total soluble salts, calcium, chloride, sulfate and nitrate are com-

paratively high (Table 14). As stated earlier, this was probably due

to the soil water being in closer contact with the active soil colloids

for a longer period of time, and also due to similar conditions for

the streambed-water interface.

The study watersheds have all been subjected to basically the

same land use patterns. As mentioned earlier, the timber on each

watershed has been cutover using group selection as a harvest method,

with the last cutting occurring in the early 1960's. Along with timber

harvest, the watersheds were also subjected to burning of slash piles.

Watershed lA had the most evidence of fire damage, which was probably

the result of a wildfire of lightning origin. From studies cited

earlier, a difference in water chemistry could be expected (Brown 1972;

Fredriksen 1971; Grier 1972; Hart and DeByle 1975; Snyder et al. 1975).

However, this was not the case on Watershed 1A, which did not have

significantly different water chemistry than the other watersheds in

the study. This could be explained by revegetation of a watershed

following fire, which often is responsible for the return of water

chemistry to its origin' levels. Another explanation might be the
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one as stated by Johnson and Needham (1966). They concluded that the

elemental constituents in the ash layer were washed into and adsorbed

by the soil exchange complex following a gentle rain. These authors

also found no difference in water quality following a rather severe

burn. In general, it can be stated that the effect of past land use

of the watersheds did not significantly alter the chemistry.

On the seasonal time frame, pH exhibited significant linear

relationships between calcium, sodium, chloride, nitrate, and bicar-

bonate (Table 15). Diurnally, total soluble salts, conductivity,

calcium, magnesium, bicarbonate, fluoride, and sulfate had significant

linear relationships to pH (Table 16).

Conductivity and total soluble salts showed significant posi-

tive relationships for the seasonal time mode with 0.68 (1973-74 and

0.58 (1974-75) and for the diurnal time mode with 0.48 (1974-75) cor-

relation coefficient values. This is to be expected, as the electrical

conductivity of a solution is a function of the number of charged

particles therein.

Suspended Sediment 

All but one suspended sediment value were substantially under

the proposed EPA criteria. The one exception from Watershed 3 had a

value of 181.6 ppm. Streams draining undisturbed forested watersheds

are generally low in suspended sediment concentrations, and this

proved to be true on the Heber Watershed. The range of suspended

sediment concentration on sedimentary soils (3.4 to 181.6 ppm) versus

basaltic soils (1.0 to 296.0 ppm) were quite similar.
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Table 15.	 Significant correlation coefficient values
fluctuations of pH vs. dissolved chemical

of seasonal
constituents.

Parameters Correlation Coefficient Year

Calcium vs. pH -0 .66 1975-76

Sodium vs. pH 0.49 1974-75

Chloride vs. pH 0.45 1975-76

Nitrate vs. pH 0.83 1973-74

Bicarbonate vs. pH 0 .64 1973-74

Bicarbonate vs. pH o.48 1975-76
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Table 16.	 Significant correlation coefficient values
fluctuations of pH vs. dissolved chemical

for diurnal
constituents.

Parameters Correlation Coefficient Year

Total Soluble Salts vs. pH o.64 1975-76

Conductivity vs. pH 0.83 1975-76

Calcium vs. pH 0.65 1975-76

Magnesium vs. pH 0 .84 1975-76

Sulfate vs. pH 0.94 1975-76

Bicarbonate vs. pH 0 .77 1975-76

Fluoride vs. pH -0 .86 1975-76
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The summer runoff suspended sediment value (66.8 ppm) was

greater than the mean (12.6 ppm) value derived from winter streamflow

for all the watersheds. This was to be expected, since summer runoff

events are often due to intense storms, which possibly produce some

overland flow and rapidly increasing stream discharges, accompanied

with increased suspended sediment.

The ponded suspended sediment value (13.2 ppm) was close to

the mean (12.6 ppm) of the other watersheds. This sample could be

considered the extreme case of low discharge. One would expect the

suspended sediment to be at its lowest value, but this was not true.

Concentrations of suspended sediment were statistically tested

for relationships with discharge. However, there were no significant

correlations.

Analysis of variance shows no significant differences among

watersheds for suspended sediment. Therefore, the land use patterns

and physical characteristics of the watersheds for suspended sediment

are not significant.

Relationships between suspended sediment and chemical concen-

trations also proved to be generally non-significant. The exceptions

to this were sodium and fluoride. On the seasonal time frame, there

was a negative linear correlation (r = -0.50) between sodium and sus-

pended sediment concentrations while fluoride concentrations showed a

significant positive correlation with suspended sediment (r = 0.76).
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Bacteriological Quality 

Only four samples were collected for fecal coliform analysis.

Samples had to be analyzed within six hours after being collected to

obtain reliable results. The results of the laboratory analysis showed

no fecal coliform per 100 ml of sample for Watersheds 1 and 2. This

was not startling, since the samples analyzed were obtained during the

winter, and there was no evidence of the presence of warm blooded

animals on the watershed at this time.

These watersheds are subjected to big game animals, grazing

stock and human use, especially during the summer months. Sampling

during the summer would probably give quite different results due to

the increased activity on the watersheds.



SUMMARY AND CONCLUSIONS

Streamflow from ponderosa pine forested watersheds on sedi-

mentary soil was analyzed to determine its baseline water quality

characteristics and the effect of specific variables and variable

interactions on these values. Statistical analysis showed the means

of water quality variables among watersheds to be from the same popu-

lation, but the means among years were different. The baseline charac-

teristics were compared to proposed EPA criteria and to the water

quality characteristics of ponderosa pine watersheds on basaltic soils.

Statistical analysis showed few significant linear relation-

ships between discharge and concentration of chemical constituents.

Dissolved chemical concentrations and pH also had few significant

correlations. Electrical conductivity and total soluble salt concen-

trations had positive correlations, as expected.

Comparison of variable concentrations to proposed EPA criteria

showed the water to be of high quality. Some differences were noted

when compared to basaltic watersheds.

Concentrations appear to be related to which limb of the

hydrograph the sample was taken. Total soluble salts, conductivity

and sulfate appeared higher on the falling limb of the hydrograph.

However, there was not sufficient data to do a statistical analysis.

There were no significant correlations between suspended

sediment and discharge. However, suspended sediment and dissolved

chemical constituents did have two significant correlations.

57
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Only four samples were collected for fecal coliform bacterio-

logical analysis. The laboratory analysis showed no fecal coliform

per 100 militera on the sites sampled.

With the information provided by this study, the quality of

streamflow from these watersheds in a relatively undisturbed state

has been documented. Disturbances to the watershed and resultant

changes in water quality can now be verified.

The importance of water in Arizona is well known, and, as a

result, a large investment of time, talent, and funds has been made

over the years to assess the role of watershed management in the de-

velopment of water resources. However, as previously mentioned, little

effort has been directed toward the evaluation of water quality, both

in forms of existing watershed conditions and possible changes in

conditions following the implementation of water yield improvement

practices and other disturbances.

As demands for water resources increase, the quality standards

that are associated with these resources will undoubtedly ascertain,

in part, the ultimate allocation of water supplies among potential

users. The baseline water quality information, as presented in this

study, is necessary for the synthesis of future water policies re-

lating to the allocation of existing and possibly, increased water

yields from upland watersheds.
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