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ABSTRACT

The general purpose of this research was to determine the effects

of paper-pulp mill wastewater disposal on the quality of the soil, .

vegetation, groundwater, and environment in north central Arizona.

Analytical laboratory procedures were used to determine the physical,

chemical, and biological properties of the soil, vegetation, and water

samples.

Analysis of Variance was computed on soil, water, and plant ana-

lytical data to determine the significance of; downward distribution of

wastewater constituents in clay soils under natural environment and

ponded conditions; the heavy metal contents of natural and ponded

vegetation in the area; and any changes in the environments surrounding

and water sources due to disposals for the past 23 years.

There was very slight movement of paper-pulp mill wastewater con-

stituents into the clay soil below the disposal basin. Vegetation was

not altered by irrigation with SWFI paper-pulp mill wastewater, either

with respect to heavy, trace, or common ions or growth responses.

viii



INTRODUCTION

Paper can be considered as any kind of matted or felted sheets

of fibers formed on a wire screen from an aqueous suspension. The

ancient Egyptians of Alexandria used the pith of the papyrus reed to

make a visible sheet, and the word "paper" is derived from the name

of the plant. Papyrus sheet used for writing documents date back to

3,600 B.C. Paper as we know it today originated in China about 100

A.D. T'sai Lun is called the father of papermaking. By 1390 a number

of paper plants existed in Spain, Italy, France and Germany (U. S. EPA,

1980).

As the world's largest producer of forest products, the United

States supplied roughly 35 percent of total world pulp, paper and

paperboard in 1980. However, the United States is also the largest

consumer of these products, at a per capital consumption of 635 pounds

per year. Future production and consumption levels are projected by

(U. S. EPA, 1980) Data Resources, Inc. (DRI), who expect paper demand

to increase in response to quickened economic growth in the 1980's.

However, paper markets will not keep pace with general economic growth

in the late 1980's due to rising real prices of paper and increased

competition from electronics and alternative packaging methods and

materials. DRI does not foresee any wood shortage in the U. S.

through the 1980's, even with the large increase in pulp demand they



are forecasting. The Paper Pulp industry invests 1, 430 million doll-

ars a year in pollution control engineering, monitoring, and recycling

(U. S. EPA, 1980).

Sensitivity over waste disposal is heightened because of the

failure of certain present disposal programs adequately to accommodate

the burden of larger and larger quantities of wastes created by

accelerating populations and expanding industrial production. As new

rules and regulations proliferate through legislative action and reg-

ulatory agencies, and continue to restrict disposals into air and

water sources, the land must accept the increasing burden of waste

disposals. Because of the recent awareness given to the acceleration

in quantity of waste requiring "safe" disposal and to the accumulation

of leachates and wastewaters which create a threat to the quality of

surface and groundwaters, and often the soil itself, many industries

are assuming leadership in determining the environmental impace of

their disposals and are undertaking full responsibility for securing

potential pollutants from reaching underground waters and entrance into

food chains. For example, in the development of the wastewater dis-

posal program for the Southwest Industries' paper-pulp mill, the

aspects of the present critical need for manageable and safe site

selection were given paramount attention. A dry lake-bed disposal

site was chosen for its unusual thickness of clayey soil that should

act as an effective barrier for downward migration of wastewater con-

stituents, and for its remoteness from population cent ers and other

competing industries (Fuller and Erickson, 1961) (Figure 1). Thus a

watershed was selected which was feasible and confined.

2



Figure 1. Map showing the location of Dry Lake, Twin Lakes, stream, river

monitor well, and town sites surrounding the paper-pulp mill of

the Southwest Forest Industries, Inc. Snowflake, Arizona.

3



4

Despite these special precautions, an extensive and continuing

water quality monitoring program was established in 1964 (Fuller,

1979) (Figure 1). The program involves frequent water quality eval-

uations of ranch wells and surface waters broadly within the vicinity

of the mill and disposal basin to establish natural long-term stand-

ards of groundwater quality. Samples for water quality analyses of

paper-pulp mill wastewater were taken monthly as waters left the mill

and'after they emptied into the disposal basin and mingled with pre-

viously disposed waters. Migration of constituents of pulp mill waste-

water into the ground water sources has not occurred according to the

analytical data collected over 23 years (SWFI Reports, Fuller, 1979,

1980, 1984, and 1985).

In order to evaluate the integrity of wastewater management

programs further and provide evidence of the protection of natural

water sources, research was undertaken to follow the actual attenu-

ation of constituents from paper-pulp mill wastewater ponded on clay

soils under natural environment. The specific objectives are to a)

identify the downward distribution of the wastewater constituents in

the clay soil of the Dry Lake disposal pond and h) further to evalu-

ate the effects of wastewater on the metal quality of alfalfa and

natural vegetation having grown in contact over many years with soil

wetted or irrigated with wastewater.

Being able to identify wastewater constituents' downward mi-

gration through the lake bottom clay soil under natural conditions,

will provide information as to the "safeness" of the water quality
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of local aquifers. Likewise, by determining wastewater constituents'

uptake by natural vegetation, a basis for a model can be established

to predict the potential pollution hazard to local food chains.

Analysis of variance were computed on all soil, plant, and

water data to determine the significance of the analytical procedures

and differences between sample environments.



LITERATURE REVIEW

Kraft Process 

The basic purpose of pulping is to loosen and separate the

individual fiber cells from each other as they exist in wood. Once

softened and separated, these fibers are in a much more adaptable

state for papermaking operations. Pulping is accomplished by the

application of either mechanical energy, chemical energy or both to

the wood.

In chemical pulping, fiber separation is accomplished entirely

by the expenditure of chemical energy. Pulp yields are normally in

the range to 35% to 50%. For the majority of chemical pulp grades,

about 95% of the lignin is removed on pulping. The two major chemical

pulping processes are the acid-sulphite and the alkaline Kraft pro-

cesses. The basic chemical ions of sulphur, oxygen, and alkali, exist

in different chemical states depending on the pH of the process

employed. Sulphur compounds are utilized over the entire range of pH.

The main operating variables in pulping are: a) liquor composition

(reagents); h) cooking temperature; c) cooking time; d) cooking

pressure, and; e) pH.

The Kraft process is now the dominant pulping process. (EPA-

600/3-76-111). Chemical recovery and bleaching technology developed in

the 1930's and 1940' gave rise to its growth. It's versatility and

flexibility make it suitable for use with any wood species. Extract-
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ives of certain wood species which lead to pitch troubles in acid

sulphite pulping are dissolved or dispersed by alkaline liquors.

Kraft pulping utilizes an alkaline solution referred to as white

liquor and composed of Na2S and NaOH to delignify the wood for fiber

separation. The spent cooking liquors, following digestion, are

separated from the pulp and treated in the Kraft recovery system.

The recovery system regenerates the cooking chemicals of Na2S and

NaOH while utilizing the heat value of the organic residues to gener-

ate steam for Power and process. Because of increasing cost of chem-

icals, chemical recovery has become an economic necessity of this

process.

In general, the dilute chemical concentration of additives

used in a Kraft mill should have no inhibitory effect on most living

systems. However, it is worth noting that at high concentrations,

almost any salt, even some necessary nutrients, can retard normal

growth of living systems. Saline and alkaline soils of western U. S.

are examples where natural salt may become sufficiently concentrated

to adversely affect plant growth.

Technology has not yet overcome the problem associated with

the total recycle of liquid waste streams and thus external discharge

stream becomes necessary. The major constituents in the final mill

wastewaters are temperature, color, dissolved solids, suspended so-

lids, pH, and BUD, and trace metals. Unfortunately, there is no

single treatment process that can effectively remove all of these

contaminants, so a monitoring program should be established if the



mill wastewaters have a remote chance of entering other established

water supplies (Environmental Canada, 1974).

Geology and Hydrogeology of SWFI Mill Area 

The SWFI Co. Paper-pulp Mill is located about 12 miles west of

Snowflake, Arizona in open range land with no homesteads in the area

(Fuller and Erickson, 1961). Dry Lake disposal basin is located about

7 miles northwest of the paper-pulp mill bordering Highway No. 377

between Heber and Holbrook (Figure 1). The mill wastewater is de-

livered to Dry Lake basin via Phoenix Wash, which is a natural drain-

age wash in the area. Dry Lake is a natural geological depression or

called a "local subduction zone" which has many inlets but no outlets

for flow of surface waters. These local subduction zones are common

geological features in this area and could be done possibly to the

Karst (cavernous) limestone bedrock having large voids which are event-

ually filled in by overlying alluvial material or due to sharp faults

in underlying bedrock creating voids between bedrock fault block. The

material overlying the bedrock at Dry Lake is on the average of eighty

feet deep and is composed of a high percentage of clay (< 2um) all the

way to the surface, making a very impermeable strate between Dry Lake

surface water and limestone bedrock (Chronic, 1983).



MATERIALS

Soils

In this research, a total of eight soil pits (0 to 90 cm) were

analytically analyzed for physical, chemical, and biological properties

(Table 1, Figure 2). Seven of the eight soil pits were sent to our re-

search staff by SWFI; these samples were collected at predetermined

depths and locations as outlined in Figure 3. The eighth soil pit was

collected during a period of time (June 1984) when Dry Lake was receding

and exposing areas of lake bottom soil which had been ponded with waste-

water for 24 years. The receding water line was due to the installment

of Twin Lake reservoir upstream from Dry Lake. This reservoir was in-

stalled to h elp regulate the amount of depth of wastewater in Dry Lake

making it a more effective evaporative disposal basin (Fuller et al.,

1985).

Wastewater

The two types of water collected for analysis were, a) waste-

water from mill discharge and wastewater in Dry Lake disposal basin,

h) fresh water from surrounding ranch wells, production wells, creeks,

and municipalities. These water samples were also collected by Floyd

Fusselman and sent to Dr. Fuller for analysis. By monitoring and

analyzing the soil, plants, wastewaters, and fresh waters for paper-

pulp mill constituents, an understanding of the environmental impact

of paper-pulp mill constituents was evaluated.

9



1 0

TABLE I. LOCATION, DESCRIPTION, AND TIME OF SAMPLING OF THE SOIL RESOURCES
INVOLVED IN THIS RESEARCH

LOCATION
	

Date
	

Soil description
No.	 Description
	

sampled

All soils were selected either from Dry Lake bottom or adjacent to the lake bottom
at a level above the wastewater accumulation.

Soils not ponded with wastewater (control profiles)

4-18-84

4-18-84

5=3-84

1	 NE side of ery
Lake above 1980
wastewater level.
114N, R19E, Sec.
SW14, SW1/4, SW 1.6.
14-19-7CCC

2	 NE side of Dry
Lake above 1984
wastewater level.
Slightly south of
#1

3	 East side of Dry
Lake above level
of wastewater

4	 East side of Dry
Lake above level
of wastewater

North Worth East
side of Dry Lake
above the maximum
height of wastewater

Soil profile from an area about 500 meters
south of profile number 2. Soil was never
in contact with the wastewater.

Near profile number 3. See map (Figure 1).

rhipst—northernly soil profile above waterline.
Soil was never in contact with wastewater.

9-18-80	 Soil profile from North East side of Dry Lake
disposal basin along side of a fissure above .

the level of wastewater. The area is now
covered with wastewater. Three buckets of
soil collected of the top 30cm. See map (Figure
1).

3-8-84	 Soil profile from an area about 100 meters
south east of number 1. Control pit was
sampled to 90 cm depth. Soil was not in-
fluenced by wastewater. See map (Figure 1).



TABLE 1 (continued)
	 11

Soils ponded with paperpulp mill wastewater for	 22 years

6	 NE side of Dry

Lake on lake
bottom, below
pulp mill waste-
water line

3-18-84	 NE side of Dry Lake disposal basin 
soil pro-

file. The profile pit was dug 1.646 m. The

fiber mat was 73.15 cm thick. Since the mat

was not sampled, the soil profile of 3 feet

or about 90 cm was sampled. Depths of 0 to

7.5, 7.5 to 15, 15 to 30, 30 to 60 and 60 to

90 cm were represented. Covered 22 yrs with

wastewater.

7	 NE side of Dry	 4-14-84

Lake, on the
lake bottom below
the waste water
line

A few meters down slope from soil profile

number 3 but from an area covered 22 years

with wastewater. The fiber mat measured

approximately 70 cm here.

8	 SE side of Dry
Lake, on the lake
bottom below the
wastewater line

6-20-84	 Both fiber mat and the soil layers were

sampled. The fiber mat was approximately

15 cm thick south corner of Dry Lake. Soil

profile was from the lake bottom. It had

been covered with wastewater for 22 years.
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Vegetation

Above ground parts of plants collected for analysis of metal

uptake were natural vegetation growing in Dry Lake in the presence of

wastewater and in surrounding areas under the natural environment

where no wastewater had been applied. Three plant types which were

collected include alfalfa, salt cedar, and tooley.



METHODS

Soil Sampling 

The soils of the Dry Lake basin were sampled in a shovel-pit

dug to a depth of 100 cm then sampled from the bottom up at five deter-

mined intervals, Figure 3. At each of the five depths intervals, a

five kilogram representative sample was taken and sealed zip bags

which was then boxed and shipped to our laboratory for analysis. An

overall map view of Dry Lake and sample pit locations is shown in

Figure 2. The location, description, and time of sampling of each

soil pit is summarized in Table 1. When soil samples were received by

our lab, they were labeled, moisture determined, rolled, and sieved

through a 2 mm sieve. Then the soil samples were stored in waterproof

containers until analyses were performed.

The soil pits were given a number by the order in which they

were sampled. For example, pit number one was first sampled in 1980

and pit number eight in 1984. The soil pits were also separated by

two treatments either the soil never received wastewater, as for pits

one through five, or the soil pit was ponded with wastewater for 22

years as in pits six through eight (Figure 2). Which brings about the

terms "non-ponded" soil pits and "ponded" soil pits which will be used

throughout this report. Soil samples taken within the Dry Lake water

level for the last 22 years are labeled as ponded samples, and samples

taken where the water level never reached are labeled as non-ponded

(Table 1).

14
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Plant Sampling

Plant samples were taken by hand cutting at ground level. The

whole plants were cut with scissors at the soil surface and stored in

zipilock bags. These plant samples were taken by Dr. Fuller and my-

self while visiting the Dry Lake area, or by Floyd Fusselman and sent

to our laboratory. The location, kind of plant, description, and time

of sampling of the vegetation having grown in the presence and absence

of SWFI paper-pulp wastewaters are outlined in Table 2. The various

locations of where the plant samples were taken are shown on maps of

the area in Figures 4 through 7. When the plants were ready for analy-

sis, they were divided into stem and leaf subsamples by hand separ-

ation then each subsample was ground to 20 mesh sieve in a Wiley

grinding mill. Subsamples were dried at 60°C for 4 days and digested

for analysis.

Water Sampling

In cooperation with Dr. Fuller swFr has been monitoring waste-

waters, surface, and well waters for the past 24 years (Fuller and

Larson, 1985). All water samples are collected monthly in 500 ml PCE

plastic bottles and sent to the lab for analyses. The wastewater which

is ponded in Dry Lake is sampled monthly at the mill wastewater outlet

and from Dry Lake itself. The water well samples are collected from

ranch windmills in the mill and Dry Lake area. Well #5, which is lo-

cated within Dry Lake basin above the wastewater level in lake as

shown in Figures 1 and 2, is of main concern. If there is any waste-

water migration it should be detected in Well #5 because of its close
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T14N, R18E, Sec. 3	 10-13-83
NE1/4, NE1/4, NE1/4

Tooley growing near salt cedar
in Dry Lake wastewater (10-15
cm deep)

8	 Tooley
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TABLE 2.
	 THE LOCATION, KIND OF PLANT, DESCRIPTION, AND TIME OF SAMPLING

OF THE VEGETATION HAVING GROWN IN THE PRESENCE AND ABSENCE OF
SWFI PAPER-PULP WASTEWATERS.

Date
Plant
	

Location
	

Sampled
	

Plant description

Plants not grown in contact with wastewater

1	 Alfalfa	 113N, R21E, Sec. 13	 10-27-83
SW1/4, NW4, SEI4
About 1 mile north
of Snowflake, AZ

Green growing alfalfa about
30 cm tall in healthy condit-
ions and receiving irrigation
water from Silver Creek by the
grower. Leaves and stems were
separated

2	 Alfalfa T14N, RISE, Sec. 7
NE1/4, NE1/4, NE4
Above Dry Lake, AZ

6-20-84	 Green growing alfalfa about
40 cm tall located on the hill-
slope about 50 meters from dry
lake where there was no influ-
ence from wastewater

3	 Salt cedar T18N, R19E, Sec. 21	 10-27-83
	

Young plants about 3 feet tall
SE4, NE1/4, SE 1/4
	

were pulled from the bank of
About 2 miles south
	

the Little Colorado River, whole,
of Joseph City, AZ
	

entire, and healthy

Plants grown in contact with wastewater from SWFI paper-pulp mill 

	

Alfalfa	 T14N, R19E, Sec. 16	 10-13-83	 Young green growing alfalfa
	(tall)	 SE1/4, SW1/4, NW1/4- 	pasture about 20% in bloom, 40

South of SWFI	 cm tall. Land irrigated 20 years
paper-pulp mill	 with SWFI mill wastewater

Alfalfa	 T14N, R19E, Sec. 16	 10-13-83
(short)	 SE1/4, SW1/4, NW4

About 30 meters
north of Sample No. 4

Young green growing alfalfa
pasture, no blooms, mostly
short 15 cm sprouts. Land
irrigated 20 years with SWFI
paper-pulp mill wastewater

6	 Alfalfa
	

T14N, R18E, Sec. 7	 6-20-84
	

Green growing alfalfa about
(tall)
	

Shoreline of Dry 	35 cm tall growing in SWFI
Lake
	 paper-pulp mill wastewater

along the shoreline of Dry Lake

7	 Salt cedar T14N, R18E, Sec. 3	 10-13-83
	

Salt cedar was growing well in
NE1/4, NE4, NE4
	

shallow water of Dry Lake
Dry Lake, AZ
	

wastewater



22

proximity to the disposal basin and the well is pumping water from a

shallow perched water table which underlies the disposal basin. The

aquifer for Well #5 will often be depleted during the dry seasons but

is slowly recharged annually by surface and ground water.

Soil Analyses 

The analyses performed on each soil sample were categorized

into three criteria; physical properties, chemical properties, and

biological properties of the soil. Duplicate sub-samples are run on

all soil samples for statistical comparison of variance between sub --

samples and soil samples.

Physical

The pH, electrical conductivity, and total dissolved solids

were evaluated on water-saturated soils (soil-paste) and its extrace,

the method as recommended by the USDA (Page et al., 1982). The pH

values were measured using a glass electrode with a reference elec-

trode. ECe and TDS were measured on extrace by use of a solu bridge

conductivity instrument.

Standard X-ray (1982) and mechanical analysis procedures were

used to identify the < 2 um clay minerals and the particle size dis-

tribution (texture) of the soil samples.
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Chemical

Organic Carbon: The organic matter content influences many

soil properties, including (a) the capacity of a soil to supply N, P,

S, and trace metals to plants; (h) infiltration and retention of

water; (c) degree of aggregation and overall structure that affect

air and water relationships; (d) cation exchange capacity; (e) soil

color, which in turn affects temperature relationships; and (f) ad-

sorption or deactivation (or both) of induced chemicals (fertilizers,

pesticides, wastes (Schnitzer, M. 1978). Determination of organic

matter content is a routine procedure carried out in soil analysis and

testing laboratories throughout the United States because of the

importance of organic matter in supplying plant available nutrients

and deactivating some toxic wastes. However, no completely satis-

factory method exists for determination of the organic matter content

of soils. Carbon is the chief element present in soil organic matter,

comprising from 48% to 58% of the total weight. Therefore, organic C

determinations are often used as the basis for organic matter estimates

through multiplying the organic C value by a factor called the Von

Bemmelen factor. However, a number of studies have shown that the

proportion of C in soil organic matter is highly variable for a range

of soils, and thus any constant factor selected is an approximation at

best. It is therefore more appropriate to determine and report organic

C concentration in a soil rather than convent the analytically deter-

mined organic C value to organic matter content through use of an

approximate correction factor (Page et al., 1982).
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The organic carbon was determined on each soil sample by the

Walkley-Black Procedure (Page et al., 29=3.5.2., 1982). This method

is a rapid dichromate oxidation technique involving the oxidation of

soil organic matter by t reatment with a mixture of K2Cr207 and H2SO4.

After the reaction the excess Cr207 2- is titrated with Fe (NH4)2

(SO4)2.6H20, and the Cr207 2- reduced during the reaction with soil is

assumed to be equivalent to the organic C present in the soil sample.

The set-up is a basic bench top titration unit using a buret for

K2Cr207 and Fe solution.

Metals: The elements determined in all soil consisted of

common ions (Ca, Mg, K, Na) and Heavy Metals (Mn, Cd, Co, Dr, Cu, Ni,

Pb, Zn). Two different methods were used in analyzing for both common

ions, and heavy metals (Fuller, 1977, 1978). The first method called

total analysis uses a sample size of 1.0 g of finely ground soil dried

at 105°C until moisture free. The soil sample is then digested in a

distillation apparatus by additions of double distilled nitric acid

(20 ml), Agua reqia acid (20 ml), hydrofluoric acid (6 ml), hydrogen

peroxide (4 ml), and dilute hydrochloric acid at a constant temper-

ature of 100°C. The soil solution is then cooled to room temperature

and brought up to a volume of 50 ml by addition of 0.1 N hydrochloric

acid. The diluted soil solution is then run on the Perkin Elmer 503

flameless atomic absorption of heavy metals. standards are prepared

from stock standard solutions diluted with 0.1 N HC1 acid.

After analyzing for all heavy metals lanthanum is added to

soil solution and standards alike so common ions can be run on the
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Jorrell Ash 810 Atomic Absorption Spectrophotometer. The lanthanum

solution is added to help in equalizing the dissolution matrix (re-

leasing agent) for all common ion samples. (Method 3030 standard EPA

methods 1980.

The second method used in analysis of common ions and heavy

metals was in 1 N nitric acid extraction procedure. This method uses

10.0 g of finely ground soil put into a 125 ml PCP nalgene bottle,

and 50 ml of 1 N HNO3 acid is added, the bottle is capped and put on a

side arm shaker for 16 hrs. The sample is then filtered through a

fast filter paper. The extract is run on flameless atomic absorption

unit and flame atomic absorption unit same as for previous procedure

except standards are made in 1 N HNO3 instead of 0.1 N Cl (Fuller,

1979 and 1984).

Biological

Dehydrogenase is an enzyme common to microorganisms. It's

activity, therefore, is often measured in soils because of it's--re-

lationship to the total range of oxidative activity of the soil micro-

flora (Ladd, 1978). The dehydrogenase method as originally presented

by Casida, et al., 1964, related dehydrogenase activity to microbial

respiration. There still is some controversy concerning a proportional

relationship between the two although a direct positive response is

well documented (Frankenberger and Johnson, 1982).

Dehydrogenase activity involves the transfer of H atoms and

electrons from a reduced substrate to a terminal H and electron

acceptor in the absence of 02. It is simplified as follows:
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AH2 + B 	  A + BH2

The reduced substrate is available for oxidation for each dehydro-

genase reaction (Frankenberger and Johnson, 1982). Skujins (1978)

suggest s that the correlation between dehydrogenase activity and mi-

crobial numbers are inconsistent. On the other hand, Stevenson (1959)

claims such a correlation can be made when organic residues are mixed

into soil.

Plant Analyses

Two different and separated environments related to vegetation

growth in the presence and absence of SWFI paper-pulp mill wastewater

were sampled. The plants (alfalfa and salt cedar) not in contact with

SWFI paper-pulp mill wastewater came from near Snowflake, (Figure 4)

and Joseph City, (Figure 5), Arizona which are located over 20 miles

from Dry Lake disposal (Figure 6). Both alfalfa and salt cedar were

grown in fields along natural stream banks that do not make contact

with the paper-pulp mill disposal. The plant samples having contact

with paper-pulp mill wastewater came from an alfalfa pasture irrigated

for 20 years with wastewater (Figure 6). The salt cedar and tooley

were growing in the Dry Lake disposal in about 30-45 cm of wastewater

(Figure 7) at the time of collection.

The fresh green plant materials were washed in deionized water,

dried three days at 65°C, ground in a Wiley mill to pass a minus 0.5

mm mesh screen, and put into solution with Agua-regia according to the

wet-ash procedure. The leaves and stems were separated after washing

as part of the plant-preparation procedure. The concentration of
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common cations, trace and heavy metals were determined using the

standard flame emission (USEPA, 1980) for heavy metals As, Cd, Co, Cr,

Cu, Fe, Mn, Ni, Pb, and Zn.

Water Analyses

Water quality was determined by a number of different methods,

specific for the constituent (Fuller, 1979 and 1984; Fuller and

Warrick, 1985a, b). pH was measured by the use of a glass electrode

and reference electrode immersed in water sample (Page et al., 1982).

Electrical conductivity (EC) was measured by the use of a solu-bridge

unit calibrated with a KC1 solution (Page et al., 1982), total dis-

solved solids (TDS) is estimated by multiplying ECe by 640. The

Beckman Model 915 A Total Organic Carbon Analyzer was used to deter-

mine total, inorganic, and organic carbon content (USEPA, 1980).

Trace and heavy metals were determined by flameless atomic

absorption spectroscopy with a Perkin-Elmer 503 Atomic Absorption

Spectrophotometer using standard procedures (Page et ai., 1982).

Common cations were determined by standard emission spectroscopy on

the Jarrell-Ash 810 Atomic Absorption Spectrometer, with lanthanum

added to each sample for matrix adjustment (USEPA 1980). Anions were

determined by a Technicron 511 Auto Analyzer.

Quality Assurance and Quality Control

During the period of analyses on all research samples we were

participating in a water pollution performance evaluation study with

the Environmental Monitoring and Support Laboratory, EPA Cincinnati.
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Bi-annually samples sent by the EPA were prepared and analyzed by

using the same methods as for the SWFI samples; the results of the

past two years are presented in Table 3. These results should indi-

cate that our analyses for referee samples are representative for a

particular method and sample. Particular attention should be centered

on the analyses of sodium (Na) and zinc (Zn) as these two elements may

vary quite often within 10% confidence interval of "true value".

Statistical Analyses 

All of the soil, plant, and water samples from SWFI paper-pulp

mill were subdivided into subsamples so analysis variance could be

calculated. It should be not ed that, significance is more difficult

to establish when a sample mean is compared to a single observation

than when two sample means are compared to each other. With the help

of the statistical support unit at the University of Arizona an

analysis of variance program was chosen which could "apply" to the

SWFI paper-pulp mill soil sample data. The computer program was

chosen from Statistical Package For The Social Sciences (SPSS) 7-9

which is published by Hicks, 1973, p. 195. The program used is a

manova-nested design and the factors of this experiment are treatment

(ponded or non-ponded), soil pits (1 through 8), soil depth intervals

(0 to 90 cm), and sub-samples of soil depth intervals. The results of

these analyses are presented in the results section, where signifi-

cance between treatment ponded vs. non-ponded for the entire soil pro-

file (pit) is given as Pond X Pit which if significant (LSD 0.05)
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TABLE 3. QUALITY ASSURANCE & CONTROL. E.P.A. ANALYTICAL MONITORING

Date pH
mmhos/cm
Ec T.O.C. Ca

mg/L
Mq Na

PPm
K

5/83 A A A UN Ch Un Ch

11/83 A Ch A Ch A Ch A

5/84 A A A A A Ch A

11/84 A A A A A A A

mg/mL ppb
Date Cd Co Cr Cu	 Fe	 Mn Ni Pb Zn

5/83 A Ch A A	 A	 A Ch A Ch

11/83 A A A A	 Ch	 A Ch Ch Ch

5/84 A A A A	 A	 A A A A

11/84 A A A A	 A	 A A A A

A Accept within limits 15 • 0%

Ch Check for errors limits 110.0%

Un = Unusable data ± 10.0%



means a difference between treatments, not caused by any one depth

difference. The other parameter, Pond X Depth, if significant

(LSD 0.05) means a difference between treatment (ponded vs. non-

ponded) at one particular depth segment.
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RESULTS

Composition of Wastewaters 

The content of selected metals, organic carbon, salts - and other

paper-pulp mill wastewater constituents in the Dry Lake Disposal basin

is listed in Table 4 (Fuller and Larson, 1985). The analyses for

wastewater constituents are for a five-year period which is the same

period of time for collection of all soil samples. These data are in-

cluded to show the variance and common characteristics of ponded

wastewater in the Dry Lake basin which overlays the ponded soil

samples. Mean analyses values are not given for each parameter as

there is a large amount of variation due to, (a) seasonal rains with

runoff into the Dry Lake basin, (h) changes in wastewater discharge

quality from the mill which differs with the paper-plant productivity

levels, and (c) incomplete monthly and yearly sampling periods.

The waste constituents which appeared somewhat elevated in

ponded compared with non-ponded soil should be examined closely in re-

lation to the wastewater quality which is ponded at the lake disposal.

For example, pH in the wastewater varies from a value of 7.2 to 810

which would appear to be in a natural range for most surface waters in

the area. ECe or total dissolved solids (salts is at a higher concen-

tration range than common surface waters showing a large amount of

salts in the Dry Lake wastewater compared to the original well water.

Total organic carbon is also at a h igher concentration and also

varies quite clearly from monthly and yearly sample.

31



CO
Cl

L.
CL/

o

32

N. cn cD cD cm cD up mn co un cm er mu Cu CD mr N. CD CD un CD uD CD CD en un
.cD up	 • v •	 ,r v • • • v N. -• • up v	 cD

N. ete	 ••eTCD	 1,4	 4=1.(1 	N. %ID	 1/40	 er
IN

ul 01

cD cD cp cD ... cu co 01 .n CD er CD vD o. cu on on CD CD VD 0.1 CD un CI CD en o.
.un 04 N. • ,./ .Cs1	 CO	 NI	 • v en er CV • al	 •'•	 om o. 	CJ

po c Csi Cn4 0	 .--•	 Ln	 ...	 on cu CO	 un	 u/. .

co cD cD cm 0Q N. un ro vo er cn o, er ou er cm C) CD CD on <D ul CD m. .. CO
. cD cm cD •	 • nr	 un	 •	 01 er CU	 un	 Cu	 \./ m.

Ms un 00 04 CD o.	 un	 CD	 o. o. Cl mr vD

N. cD up cD	 • cD un on un co cD vp cu Cu CD CD CD uD Cl CD Un er Cy un co
• w, 01 •	 u1 	Q 	cu CJ • N./ er un m.	 Cl. 	 vo	 cm

N. uu o. Cu <D cu o. vD	 CD	 on-Cl un

• on

Lo	 vo *, 611 CD CV	 •cr L,L1 IX) CD 444	 up Q Lo 0 0 N. LO un un N.
• en 1/4.0 e1/4.1 •	 • N. • up	 • v	 mr N. 	01	 CV 4, 4

N. N. N, eu cD	 cu o. un	 CD	 on CD	 er un

.1 el	 4,4

CU C) CD er OU CQ er vD un cD en Cl CD CD cu cm CD CD un 00 CD CZ er <D m. CD cm
.0U ms Ms •	 • er .ul	 m. 04 • V er on er	 0,,J 01	 CD m. Cu m.

	Ms 00 .r o. <D C4 CD er	 ,4	 ro m. Cl eh CO

01 01

•- Q C al

•	

co Lo Q N. Q LA eV 01 CO 0 0 CO Q 0 N. N. tcr CI
• C1/4.1 tu) co •	 • N. • mr	 •-• • V MC .r .T • co	 CO

co (v1 4, 4 (D	 C1/4.1	 0 1/40	 ,44	 I•21

	cu

•	

azr (DI 4*** 4;1•• 01 01 C) CV	 ••0 CC CZ	 CD Ln Q n.44 r•-•
	• • •IIT CM 01 •	 • mr • Q CO	 • v/	 •	 4..4 V CD ••,

N. I,. 04 1.	 CV	 CV 1/40	 *4	 01	 LO	 Len

01

un CI C) up m. CV es- cr% tr) N. co) mu c0 nr C‘I un Cl CD Ci •-. 0 CM I.n *Cr •••••• CI r•••••
• ocr• LO co •	 • ro • .....	 eV C1/41 • V cr Cv cp • co eV Cl V al .-.• 0•4 ..,

1.•••• N. Cl •• CD•	 eV	 0 en	 ,4t	 44, .,.. N. 	eV	 •Cr
a m	 V

en Cn1

	U1 CD CD N. 04 CV 1/40 mi- 1.0 CV	 044.I 141 CI eV eV CO CD CD CD Q CD Gr 04 4.44 nct. Lo
• er ct3 Ch •	 • mr• • •Cr 	C1	 V '•er en 01 • •Cr 4, a.	 4, P..1	 4,4

N. 44. co	 CV	 CD en- 	CD-	 r•••n_ CNI	 {X)

Cl C1/4.1

▪ cD up cD cv cu yo cD Q on er er 04 un er Co ul Cl- CD u1 Ou m. un CD
• el 0 1/40 •	 • CD • CD	 un 	 • v un en CD .un CD cD \/ ms .. Mn

erN. N:.lQ	 Osi	 er	 -o	 er Cvvp m. un	 01

01 Cu

er cD	 er Cn CQ un GO CD 04 01 m. CU cD cu Cl ml CD CD CD co CD ul OU m. Cu Cl
• 0 mg' Cl •	 .c0	 o.	 un	 • V me 01 o. .00 o. co \./ N. .. .n

N. Cu ter CD	 eu	 o. 01	 ml CU 140 .. v1 	en

•1 Cs1

er cp cD un Cl Cl up vo ou on on on cu cm Ou un m. cD cD er er CD N. N. -cn C4
• 0 Ln N. •	 • 4,4 • Cl	 .4.C) 4'• • V ••e • N LC3 • CD 4, 1 Cl 	••:1"	 •CP

• co	 cu •-n ('4Lo

Ln en

c-,
e E
EE 	S CL

	

CL CL E .1=	 E -0 E 1:1 Lt .0 E .0	 E an	 E -0 -CD CL CL -0
tri CL CL ni_ ot_in CL CL CL CL CL CL CL CL E CL CL e cl. CL.0 CL CL	 CL
O CL CL CL CL CL CL Ci CL CL CL CL CL CL CL CL CL CL CL CL	 1 CL
10 1 t	 CL	 •	 CL	 CL	 CL	 1
E I	 1 	It 	 I	 1	 i	 II 	 i	 i	 i	 I	 1	 I	 eV I
D. Ln C...)	 I	 I	 I	 i	 er0	 ct

	= L.) CZ101-•VI	 M177.-05.•=CUCT	 Ct/0	 ro •,- 	•1:à 0 •,- = eZ
=Lu 1.- 1.- cc cC CO c..) C..) cm) C.) C..) C.) LI- 2 Y MC DE nt Mt 2= C, C, 1.1 vl 0.1 ,1

.cr
4.2 CO

>,
cC

• mn
• 00
1.) C.

• .4
4-, on
y a.
0

• 4, 4

•Ma CO
U

n-•I

•
= CO
etn Cri

••••4

• 0
C.) CO

CeI

• 0
O CO
• 0••

• Ct,
4-1 CD
C.) 0•
Ct

0. CO
Cl 01

• Ch
U

1.1 Cm

• Cn
>
O al

• Cm
N.
0%

CD -.



33

The element sodium (Na) is at high concentrations as compared

to other cations (Ca, Mg, K), i.e. about an order of magnitude differ-

ence. The anions chlorine (Cl), and Sulfate (SO4) also show a rela-

tively high concentration in the wastewater and both cations and

anions have large variance between sampling dates, compared to the

original well water used in the pulping process.

The heavy metals show no abnormal concentration in the waste-

water. They are at a relatively low concentration as would be ex-

pected since the values in both the pulping process and in wood fiber

are low. The heavy metals show a large variation between sample

dates which probably is mostly due to variation Dry Lake water level

as explained previously due to variability in rainfall patterns.



34

Wastewater Effects on Soils 

Physical

The results of some physical characteristics of soils from Dry

Lake disposal basin as influenced by ponding with paper-pulp mill

wastewater for 22 years and control soil profiles not influenced by

wastewater are reported in Table 5. The statistical comparisons

between the physical properties of the ponded and non-ponded soils is

shown in Table 6.

The first two physical soil parameters for the ponded and non-

ponded soils are shown by a bar graph in Figure 8, these mean values

for the two treatments show a significant difference at the uppermost

soil sample depths. The pH of the surface soil layer (0 to 7.5 cm)

appears to be much lower for ponded soil with a mean pH value of 4.5

than the non-ponded soil which has a pH value of 7.4. The surface

soil layer for ponded and non-ponded soils show a significant differ-

ence at 95% probability while the next soil depth 7.5 to 15 cm and all

layers down to 90 cm show no significant difference of pH even at a

90% level of probability. This indicates that the pH of the shallow

surface soil layer only has been changed by wastewater disposal during

the 22 years.

Another physical soil parameter determined was EC e (electrical

conductivity), Figure 8, and reported as total dissolved solids (TDS)

in Table 5. The EC e appeared to differ between ponded and non-ponded

soils for the first two soil depths (0 to 7.5 and 7.5 to 15 cm) with a

significant difference at the 95% probability level (Table 6).
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TABLE 5.	 SOME COMMON CHARACTERISTICS OF SOILS FROM DRY LAKE DISPOSAL
BASIN AS INFLUENCED BY PONDING WITH PAPER-PULP MILL WASTE-
WATER FOR 22 YEARS AT SNOWFLAKE, AZ.

Soil Salts
(TDS)

Organic
Carbon

Texture Clay
Number	 Depth pH Clay Silt Sand	Mineral

cm ug-g -1 Dominant

Control	 Profiles - Soils not receiving wastewater

1 0-30 7.7 410 0.57 61 33 6	 Illite	 &
Kaolinite

2 0 to 7.5 7.95 128 0.63 19 11 70
7.5 to	 15
15 to 30
30 to 60

8.05
8.20
7.85

128
128
160

0.60
0.54
0.42

7
7

10

13
10
10

80 Illite	 &
83
80	

Kaolin ite

60 to 90 7.95 160 0.20 12 8 80

3 0 to 7.5 7.37 749 0.59 17 10 73
7.5 to	 15
15 to 30
30 to 60

6.90
7.60
7.80

1,133
640
640

0.56
0.57
0.44

30
15
13

9	 .
2
4

61
Illite	 &

83
83	 Kaolinite

60 to 90 7.70 470 0.18 4 2 94

4 0 to 7.5 7.57 147 0.62 25 10 65
7.5 to	 15 7.67 128 0.64 lg 11 70	 Illite &
15 to 30 7.87 192 0.60 17 17 66	 Kaolinite
30 to 60 7.97 181 0.43 11 8 81
60 to 90 7.97 224 0.23 16 18 66

5 0 to 7.5 7.93 160 0.52 24 11 64
7.5 to	 15 7.97 320 0.47 22 20 58	 Illite	 &
15 to 30 7.90 371 0.41 31 17 52	 Kaolinite
30 to 60 8.07 384 0.36 31 26 43
60 to 90 8.07 576 0.18 34 43 23

Soils flooded with paper-pulp mill wastewater for 22 years

6 0 to 7.5 6.10 2,432 0.62 57 19 24
7.5 to	 15 6.90 2,048 0.65 61 19 20	 Illite &
15 to 30 7.15 1,024 0.57 59 22 19	 Kaolinite
30 to 60 6.90 864 0.55 63 14 23
60 to 90 6.75 356 0.44 65 20 15
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TABLE 5 (continued)

Soil 	 Salts	 Organic	 Texture 	Clay
Number	 Depth	 PH	 (TDS)	 Carbon	 Clay -51 it -5 and	 Mineral

cm	
ug-g

-1 	 %---	 Dominant

Soils flooded with paper-pulp mill waste water for 22 years

7 0 to 7.5 3.50 4,160	 0.61 23	 14 63
7.5 to	 15 7.47 770	 0.63 32	 27 41 Illite	 &
15 to 30 7.67 640	 0.55 29	 32 39 Kaolinite
30 to 60 7.70 640	 0.49 25	 38 37
60 to 90 7.87 450	 0.48 29	 38 33

C/N Ratio Fiber raft

8 0 to 7.5 7.05 544 0.0003 13.14 ----Organic
7.5 to 15 7.20 448 0.0003 12.55 ----Organic

C/N Ratio So il

0 to 7.5 5.00 2,560	 0.0308 2.57 20	 11 69
7.5 to 30 7.25 1,020	 0.64 25	 18 57 Illite	 &
30 to 45 7.41 889	 0.63 22	 25 53 Kaolinite
45 to 60 7.70 457	 0.51 29	 34 37
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TABLE 6.	 EXAMPLES OF SOIL TEST OF SIGNIFICANCE (LSD 0.05) USING SPSS MANOVA
NESTED DESIGN PROGRAM ON DEC10 COMPUTERt

Constituent
variables

Parameters
compared

Soil
depth

Significance
of F

Least Significant Difference
(LSD 0.05)

cm

pH	 (sat.	 soil) Pond X Pitt 0 to 90 0.700 N/S

Pond X Depth 0 to 7.5 0.015 Significant

ECe	(salt) Pond X Pit 0 to 90 0.745 N/S
(Elec.	 cond.) Pond X Depth 0 to 15.0 0.018 Significant

Organic Pond X Pit 0 to 90 0.194 N/S
carbon Pond X Depth 0 to 7.5 0.017 Significant

Dehydrogenase Pond X Pit 0 to 9O 0.457 N/S
activity Pond X Depth 0 to 7.5 0.020 Significant

Calcium Pond X Pit 0 to 90 0.950 N/S
Magnesium Pond X Pit 0 to 90 0.428 N/S
Sodium Pond X Pit 0 to 90 0.091 Significant	 (at LSD 0.10)
Potassium Pond X Pit 0 to 90 0.674 N/S
Iron Pond X Pit 0 to 90 0.685 N/S
Manganese Pond X Pit 0 to 90 0.100 Significant	 (at LSD 0.10)
Cadmium Pond X Pit 0 to 90 0.343 N/S
Cobalt Pond X Pit 0 to 90 0.487 N/S
Chromium Pond X Pit 0 to 90 0.950 N/S
Copper Pond X Pit 0 to 90 0.181 N/S
Nickel Pond X Pit 0 to 90 0.683 N/S
Lead Pond X Pit 0 to 90 0.128 N/S
Zinc Pond X Pit 0 to 90 0.067 Significant (at LSD 0.10)

t(From: Hick. 1973. Manova Nested Design. 7-9:22-23. In SPSS Update.
McGraw-Hill Book Co., N.Y.)

*Pond X Pit	 Differences caused by Ponded soil vs. Non Ponded soil for
entire soil pit.
&Pond X Depth	 Differences caused by Ponded soil vs. Non Ponded soil for
each soil pit depth.
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The soil layers below a depth of 15 cm showed no significant differ-

ence even at 90% probability between ponded and non-ponded soils indi-

cating no difference due to disposal at lower depth.

Organic carbon analyses for the soil samples is shown in Table

5, and the mean values for the ponded and non-ponded soils with depth

is illustrated in Figure 9. The differences indicated between ponded

and non-ponded soils appears once again in only the soil surface layer

(0 to 7.5 cm) with a significant difference at a 95% level of prob-

ability. No difference appears at depth below 7.5 cm, Table 6. Or-

ganic carbon analyses were performed on the fiber raft layer which

floats on top of the ponded soils, Figure 9. The fiber raft which has

an average thickness of about 15 cm is highly organic with values

several magnitudes higher than average surface soil values.

In summary, therefore, only small soil differences were identi-

fied with wastewater disposal. The physical characterization of the

ponded and non-ponded soils indicated an accumulatfon of total dis-

solved solids at 0 to 15 cm depth and organic carbon at 0 to 7.5 cm

depth, for the ponded soils as compared to non-ponded soils. As for

pH a decrease in the soil surface layer (0 to 7.5 cm) appeared for

ponded soil as compared to non-ponded soil.

Chemical

The analyses for total metal content was performed by Agua-

regia digestion on all soil samples. The results for the control soil

profiles are listed in Table 7; these are the soils which have never

received the wastewater from paper-pulp mill. The results of the
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1.05 0.51 0.13 1.24 0.71 417 0.02 2.7
0.85 0.33 0.19 1.24 0.76 484 0.01 2.6
0.35 0.30 0.17 1.30 0.56 525 0.03 2.4
0.83 0.33 0.11 1.00 0.53 511 0.13 2.6
0.82 0.40 0.34 1.30 0.66 503 0.02 2.6

17	 11	 16	 3	 68
19	 13	 12	 5	 62
16	 8	 9	 3	 31
15	 8	 14	 2	 51
15	 24	 12	 3	 50

0 to 7.5
7.5 to 15
15 to 30
30 to 60
60 to 90

297 0.11 2.9
390 0.09 3.2
231 0.08 3.0
247 0.09 3.0
213 0.06 2.9

17	 12	 10	 4	 45
26	 15	 14	 4	 62
12	 14	 8	 4	 36
11	 10	 7	 6	 38
9	 7	 5	 6	 32
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TABLE 7. TOTAL METAL CONTENT OF CONTROL SOILS PROFILES NOT PONDED WITH
PAPER-PULP MILL WASTEWATER.

1 
depth	 Ca	 Mg	 Na	 K	 Fe	 Mn	 Cd	 Co	 Cr	 Cu	 Ni	 Pb	 Zn

	 %  	 u9.9-1

Control soil profile No. 1 - Not ponded with wastewater

0 to 30	 1 1.30 0.90 0.25 0.56 2.54 1547 0.02	 8.4	 39	 26	 51	 9	 77

Control soil profile No. 2 - Not ponded with wastewater

Control soil profile No. 3 - Not ponded with wastewater

Soil Total Metal

CM

0 to 7.5 0.28 0.30 0.19 0.94 1.62
7.5	 to	 15 0.32 0.36 0.16 0.88 2.24
15 to 30 0.28 0.28 0.20 0.77 1.22
30 to 60 0.74 0.29 0.21 0.94 1.24
60 to 90 0.25 0.14 0.26 1.21 1.00

Control soil profile No. 4 - Not ponded with wastewater

0 to 7.5 0.37	 0.29	 0.17	 0.25	 1.31
7.5	 to	 15 1.05 0.28 0.18 0.15 1.14
15 to 30 2.03 0.29 0.15 1.15 1.20
30 to 60 0.78 0.16 0.16 0.08 0.95
60 to 90 1.13 0.32 0.20 0.14 1.29

310 0.05 2.6
282 0.04 2.6
275 0.04 2.5
247 0.03 2.5
366 0.05 2.6

10	 11	 7	 6	 37
9	 9	 5	 4	 23
8	 12	 5	 5	 29
5	 11	 5	 3	 24
7	 12	 5	 4	 35

Control soil profile No. 5 - Not ponded with wastewater

2.53 0.36 0.11! 0.21 1.31 452 0.06 2.6
2.33 0.42 0.12 0.24 1.33 498 0.07 3.0
3.46 - 0.49 0.14 0.30 1.71	 _ S14 0-07 3.1
5.01 0.55 0.14 0.26 1.65 498 0.10 3.2
5.53 0.74 0.15 0.32 1.90 454 0.11 3.2

9	 10	 11	 6	 44
11	 9	 11	 6	 46
13	 17	 13	 8	 57
14	 12	 12	 8	 - 53
15	 16	 14	 9	 60

0 to 7.5
7.5 to 15
15 to- 30
30 to 60
60 to 90



P age Missing
in Original

Volume
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TABLE 8. TOTAL METAL CONTENT OF SOIL PROFILES PONDED FOR 22 YEARS WITH
PAPER-PULP MILL WASTEWATER AT SNOWFLAKE. AZ.

Soil
	

Total metal
deptr
	

Mg 	Na 	K	 Fe	 Mn	 Cd	 • Co 	Cr	 Cu	 Ni Pb Zn

C M
	

ug-g -1

Wastewater Ponded Soil Profile No. 6

0 to	 i0.57	 0.69	 0.24	 1.30 1.30	 1237	 0.08	 2.8	 37	 23	 28	 1 99

	

7.5 to 15 10.57	 0.65	 0.20	 1.12 1.10	 450	 0.06	 2.9	 25	 20	 24	 1 76
15 to 30	 ! 0 .57	 0.69	 0.33	 1.41 1.35	 475	 0.05	 3.1	 34	 23	 17	 3 86
30 to 50	 10.17	 0.14	 0.29	 1.24 0.58	 1 1.29	 0.06	 2.4	 10	 25	 7	 3 41
50 to 90	 0.26	 0.51	 0.22	 1.06 1.30	 i447	 0.07	 2.9	 29	 18	 19	 3 31

Wastewater Ponded Soil Profile No. 7

0 to 7.5	 0.34	 0.32	 0.21	 0.99 1.57	 121	 0.07	 3.0	 27	 12	 17	 6 55
	7 .3 tc 15 2.13	 0.45	 0.21	 0.99 1.99	 447	 0.12	 3.3	 26	 16	 16	 7 59

15 co 30	 1.68	 0,47	 0.22	 0.81 2.04	 376	 0.11	 3.0	 27	 12	 17	 5 52
30 tu 60	 1.32	 0.34	 0.18	 0.76 1.83	 414	 0.10	 2.9	 23	 14	 15	 5 56
63 cc 90	 1.12	 0.45	 0.20	 0.79 1.83	 471	 0.12	 3.0	 24	 14	 14	 4 52

Wastewater Ponded Soil Profile No. 8

Disposal pond fiber raft 
O to 7.5	 10.40	 0.21	 0.20	 0.10 0.17	 39	 0.01	 1.2	 27	 64	 12 11 106
7.5 tp 15 '0.86	 0.28	 0.17	 0.08 0.47	 1130	 0.01	 2.9	 34	 40	 13 54 151

Lake bottom soil profile 
0 to 7.5	 !0.12	 0.11	 0.01	 0.08 1.12	 89	 0.03	 3.1	 29	 19	 18 12 44
7.5	 30 10.86	 0.47	 0.10	 0.39 1.89	 350	 0.11	 4.7	 31	 21	 36	 8 56
30	 0.53	 L3 1.	 0.11	 0.29 1.85	 409	 0.10	 2.6	 22	 6	 10 21 43
45	 6C	 1 0.3 1 	0.12	 0.14	 0.43 2.65	 394	 0.06	 2.8	 20	 7	 11 16 53
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TABLE 9. THE CONTENT OF VARIOUS ELEMENTS IN THE LITHOSPHERE AND IN SOILS

Element

Atomic
Weight
(9)

Content in
Lithosphere

(PPm)

Common Range
for Soils

(PPm)

Selected Average for Soils
Molar Conc. at
10% Moisture

ppm	 log M

Ag 107.87 0.07 0.01-5 0.05 -5.33
Al 26.98 81,000 10,000-300,000 71,000 1.42
As 74.92 5 1-50 5 -3.18
B 10.81 10 2-100 10 -2.03
Ba 137.34 430 100-3,000 430 -1.50
Be 9.01 2.8 0.1-40 6 -2.18
Br 79.91 2.5 1-10 5 -3.20
C 12.01 950 20,000 1.22
Ca 40.08 36,000 7,000-500,000 13,700 0.53
Cd 112.40 0.2 0.01-0.70 0.06 -5.27
Cl 35.45 500 20-900 100 -1.55
Co 58.93 40 1-40 8 -2.87
Cr 52.00 200 1-1,000 100 -1.72
Cs 132.91 3.2 0.3-25 6 -3.35
Cu 63.54 70 2-100 30 -2.33
F 19.00 625 10-4,000 200 -0.98
Fe 55.85 51,000 7,000-550,000 38,000 0.83
Ga 69.72 15 5-70 14 -2.70
Ge 72.59 7 1-50 1 -3.86
Hg 200.59 0.1 0.01-0.3 0.03 -5.83
I 126.90 0.3 0.1-40 5 -3.40
K 39.10 26,000 400-30,000 8,300 0.33
La 138.91 18 1-5,000 30 -2.67
Li 6.94 65 5-200 20 -1.54
Mg 24.31 21,000 600-6,000 5,000 0.31
Mn 54.94 900 20-3,000 600 -0.96
Mo 95.94 2.3 0.2-5 2 -3.68
N 14.01 -- 200-4,000 1,400 0.00
Na 22.99 28,000 750-7,500 6,300 0.44
Wi 58.71 100 5-500 40 -2.17
0 16.00 465,000 490,000 2.49
P 30.97 1,200 200-5,000 600 -0.71
Pb 207.19 16 2-200 10 -3.32
Rb 85.47 280 50-500 10 -2.93
S 32.06 600 30-10,000 700 -0.66
Sc 44.96 5 5-50 7 -2.81
Se 78.96 0.09 0.1-2 0.3 -4.42
Si 28.09 276,000 230,000-350,000 320,000 2.06
Sn 118.69 40 2-200 10 -3.07
Sr 87.62 150 50-1,000 200 -1.64
Ti 47.90 6,000 1,000-10,000 4,000 -0.08
V 50.94 150 20-500 100 -1.71
Y 88.91 -- 25-250 50 -2.25
Zn 65.37 80 10-300 50 -2.12
Zr 91.22 220 60-2,000 300 -1.48

(From Lindsay, 1979)5
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The concentration of metals extracted from soils by 1 N HNO3

ponded soils is listed in Table 10, and from ponded soil profile in

Table 11. These analyses performed acquire an understanding of plant

available nutrients and micronutrients. These results will be of

importance for a revegetation study in the future. The 1 N HNO3-

extractable metals show a slight increase in heavy metals in ponded

soils as compared to non-ponded soils, and also a slight increase in

common cations (Mg, Na, K) for ponded soils as compared to non-ponded

soils. Calcium shows a decrease in ponded soil profiles as compared

to non-ponded soils indicating possibly a leaching of calcium from

ponded soils or higher accumulations of calcium in non-ponded soils.

Biological

In our studies, the greatest dehydrogenase activity centers in

the surface layer (0 to 7.5 cm) of the soil profile for non-ponded

soils (Figure 9) as may be expected since the surface soil is high in

organic matter (Figure 9), and is most aerobic for soil profile. In

comparison of the surface layers of ponded with non-ponded soils, the

anaerobic layer (0 to 7.5 cm) was much lower in dehydrogenase activity

(or microbial activity) than the more aerobic 7.5 to 15 cm and 15 to

30 cm layers in the ponded soil profile. The highest dehydrogenase

values occur in the fiber raft that floats on the surface of the waste-

water disposal pond. The differences are of several orders of magni-

tude compared with the soil below.
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TABLE 10. SOME 1 N HNO3 - EXTRACTABLE METALS OF SOIL PROFILES PONDED
FOR 22 YEARS WITH PAPER-PULP MILL WASTEWATER AT SNOWFLAKE,
AZ.

Soil	 •
depth

1 N HNO3 - Extractable metals
Ca Mg Na X	 FP Mn	 Cd	 Co Cr Cu Ni Pb Zn

CM mo- - 1

Wastewater Ponded . Soil	 Profile No.	 6

0 to 7.5
7.5 to 15
15 to 30
30 to 60
60 to 90

0.37
0.57
0.50
0.21
0.25

0.10
0.11
0.10
0.04
0.05

0.07
0.05
0.05
0.03
0.04

	

0.07	 0.64

	

0.06	 0.36

	

0.05	 0.27

	

0.03	 0.13

	

0.04	 0.20

110	 0.008
446	 0.007
420	 0.005
156	 0.003
480	 0.005

.67

.80

.82

.42

.61

4.8
3.2
2.1
0.9
1.9

5.8
6.9
7.1
3.6
5.3

5.5
6.8
6.3
3.6
5.3

1.2
1.0
2.0
2.5
2.6

18
10
10
3
5

Wastewater Ponded Soil	 Profile No. 7

0 to 7.5 0.26 0.04 0.04 0.03	 0.39	 1 38	 0.005 .39 2.1 5.7 0.7 3.2 12
7.5 to	 15 1.27 0.11 0.05 0.03	 0.22 193	 0.007 .70 1.7 5.3 5.8 5.7 6
15 to 30 1.17 0.16 0.04 0.03	 0.21 301	 0.009 .67 1.7 5.0 5.2 5.8 5
30 to 60 0.76 0.15 0.03 0.02	 0.14 338	 0.011 .60 1.4 4.0 4.3 5.2 5
60 to 90 0.75 0.16 0.03 0.02	 0.15 380	 0.009 .70 1.4 4.1 4.1 7.7 5

Wastewater Ponded Soil	 Profile No. 8
Disposal	 pond fiber raft

0	 to	 7.5 0.32 0.08 0.20 0.03	 0.12	 1 31	 .005 .07 7 •7 49 1.2 9.1 64
7.5 t'-.J	 15 0.63 0.10 0.15 0.02	 0.29	109	 .009 .14 9.7 39 1.1 12.9 98

Lake bottom soil	 profile
0	 to	 7.5 0.20 0.04 0.03 0.03	 0.49 33	 .006 .17 5.4 7.1 2.0 8.9 36
7.5 to 30 0.71 0.00 C , .03 0.03	 0.19 230	 .005 .50 2.6 4.7 4.3 6.8 40
30 to	 45 0.09 0.22 0.08 0.06	 0.28 392	 .004 .45 2.0 5.4 5.4 13.4 36
45 to 60 0.27 0.20 0.07 0.05	 0.28 313	 .004 .47 1.9 5.1 5.9 13.4 35
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TABLE 11. SOME I N HNO3 - EXTRACTABLE METALS OF CONTROL SOIL PROFILES
NOT POOED WITH PAPER-PULP MILL WASTEWATER.

.;c1 I
	

IN HNO3 extracLapie metal
Ca --TR!	 Na re	 f Mn Co	 Co	 Cr	 Lu 	N.	 Pb 	Zn

CrL       11(1.g - 1           

23r;trol Soil Profile No. 1 - Not ponded with wastewater

U :0	 '"0	 f ' 22 0.12 0.01	 0.03	 0.1 ,31 313	 .001	 .56	 2.8	 5.2 6.4	 5 •7	 8-	 1 " 
r:,o.t,-ol Soil Profile No. 2 - Not oonded witn wastewater

0 to 7.5 1 2.02 0.07	 0.01	 .0.03 0.12

	

7•5 to 151 3.04 0.35 0.01	 0.02 0.10
15 t ,„ 30	 1.51 0.0e, 0.01	 0.02 0.06
30 to 63	 1.32 0.05 0.01	 0.02 0.08
60 to 90	 1.86 0.06 0.01	 0.02 0.08

382	 .007	 .61	 1.2	 3.1	 3.9	 1.1	 7
310	 .007	 .61	 0.8	 2.6	 4.3	 1.9	 3
156	 :105	 .50	 0.5	 2.1	 3.2 0.2	 2
160	 .005	 .50	 1.1	 3.1	 4.2 0.8	 3
231	 .006	 .54	 0.9	 2.8 4.3 1.6	 3

Control Soil Profile No. 3
O to 7.5	 0.19 0.05 0.03	 0.03 0.09 216

	

7.5 to 15 0.41 0.07 0.04	 0.04 0.11 308
15 to 30	 0.23 0.04 0.02	 0.02 0.07 147
30 to 60	 0.61 0.04 0.02	 0.02 0.08 133
60 to 90	 0.12 0.03 0.01	 0.01 0.06 128

- Not ponded with wastewater

	

.011	 .44	 1.0	 3.3	 5.3 4.8	 9

	

.009	 .63	 1.3	 4.1	 6.1	 5.9	 5

	

.010	 .40	 1.5	 2.3 2.8	 3.5	 3

	

.008	 .40	 1.1	 2.3	 2.3 3.0	 4

	

.004	 .39	 1.0	 1.6	 1.9 2.4	 3

Control Soil Profile No. 4 - Not ponded with wastewater

0 to 7.5	 0.28 0.05 0.01	 0.05 0.12
7.5 to 15 0.57 0.05 0.01	 0.03 0.09
15 to 30	 0.57 0.07 0.01	 0.05 0.08
30 to 60	 0.68 0.04 0.01	 0.02 0.07
1K. to q0_1 0 57 0.12 0.01	 0.03 0:09

230	 .008	 .53	 1.0 3.3 4.3 4.9	 4

	

210 .006	 .50	 0.9 2.8 4.3 4.4	 3
217	 .007	 .50	 0.8 3.3 3.8 4.1	 3
147	 .004	 .39	 0.5 2.5 2.1 3.0	 3
234	 .007	 .49	 0.1	 2.5 3.1	 4.2	 4 

Contro1 Soil Profile No. 5 - Not Ponded with wastewater

	0 u 7.5 1 1.43 0.11	 U.01	 0.03 0.11	 312	 .007	 .50	 1.0	 3.0	 3.2	 4.7	 7

	

7.5 to 15 '1 I 27	 0.16	 0.02	 0.03 0.10	 680	 .010	 .46	 1.0	 4.6	 3.5	 3.6	 7
- 	 • 015 to .J0	 1.9,	 2.19	 0.3	 0.03	 (.11	 297	 .008	 .50	 1.1	 4.6	 3.1	 4.0	 6

	

tr.-• .6A) ' 7.36	 0.21	 0.03	 3.02	 0.35	 257	 .009	 .55	 0.6	 3.3	 2.2	 2.5	 6
".0 to 30	 3.32 0.3u 0.04	 0.03 0.001-275	 .009 	 .53- 	1:0- 2 -.8 3.T 4.-0	 6-
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The differences between the surface layer (0 to 7.5 cm for the

ponded and non-ponded soil is significantly at a level of 95% prob-

ability, but below 7.5 cm there is no significant difference between

ponded and non-ponded soils (Table 6). Incubating the soil for 14

days prior to testing for formazan makes only small differences in

non-ponded soil but appears to reduce the activity in ponded soils

(Table 12).

Wastewater Effects on Groundwater 

The content of heavy metals and organic carbon constituents in

waters from Ranch Well 5, and surface waters in the area are listed

in Table 13 (Fuller and Larson, 1985). Ranch Well 5 is located in

the Dry Lake basin above wastewater level and draws water from under-

neath Dry Lake basin. The surface waters are from streams from which

plant samples were collected.

Low organic carbon concentrations for waters from Ranch Well 5

and their minimal variance, indicate good separation from wastewaters

ponded above with high concentrations and large variance in organic

carbon values. The heavy metal concentrations for waters from ranch

wells show very low concentrations and only vary slightly from samp-

ling dates. The surface wat er samples of Silver Creek and Little

Colorado River show no absnormal concentrations of either organic

carbon or heavy metals although they differ from sampling dates due

to seasonal rains and variations in flow volume.
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TABLE 12. DEHYDROGENASE ACTIVITY OF MICROORGANISMS FROM SOIL PROFILES
IN DRY LAKE COMPARING PONDED AND NOT PONDED SOIL

Standard Incubated
Soil	 Pit Depth Methoc1 4- For 14 Days-- 	 Soil

No. CM
mg formazan mg formazan 	Source

g	 soil g soil

Pit #1 A 0-30 50.9 41.8	 Not
0-30 48.6 45.3	 Ponded
0-30 49.0 45.5

Pit #2 A 0-7.5 -90.2 61.5
7.5-15 13.2 13.2
15-30 0.9 7.8	 Not

D 30-60 4.9 8.6	 Ponded
60-90 1.2 1.6

Pit #3 A 0-7.5 132.3 68.9
7.5-15 52.8 39.2
15-30 6.2 26.0	 Not

D 30-60 68.3 12.0	 Ponded
60-90 1.6 19.1

Pit #4 A 0-7.5 122.3 64.9
7.5-15 76.7 31.5
15-30 21.8 22.6	 Not

D 30-60 11.2 14.0	 Ponded
60-90 4.8 18.0

Pit #5 A 0-7.5 26.4 8.3
13 7.5-15 3.2 5.7

15-30 2.0 3.4	 Not
D 30-60 2.8 6.3	 Ponded

60-90 1.9 2.0

Pit #6 A 0-7.5 1.2 1.0
7.5-15 7.2 12.8
15-30 69.3 42.3	 Ponded

D 30-60 14.9 8.4	 22 yrs.
60-90 12.4 8.2

- Pit #7 A 0-7.5 4.3 2.6
7.5-15 26.3 29.0
15-30 22.3 20.8	 Ponded

D 30-60 19.5 11.3	 22 yrs.
60-90 25.7 7.5

Pit #8	 1 +15 to + 7.5 163.2 161	 Fiber
2 +7.5 to 0 141.2 111	 Raft
A 0-7.5 3.9 4

7.5-30.0 39.0 24	 Ponded
30-45 18.1 22	 22 yrs.

D 45-60 53.0 16

Dry Lake
Lake Bottom Clay 0-30 16.5 81.78	 Not
Lake Bottom 0-30 17.5 58-80	 Ponded
Mill	 Area 0-30 45.5 61.60

tStandard 	Procedure:6.00g soil; 1.0 ml	 H20; 1.0 m'	 7 	C	 (2.0% glucose);
37 0c 24 hrs; Extract Methanol.

'tIncubated Soils:6.00g soil; 1.0 ml H20 (1,0.75 P.V.); Room Temp. 14
days; Followed with Standard Proc.
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TABLE 13. TRACE AND HEAVY METALS AND ORGANIC CARBON CONSTITUENTS
IN WATERS FROM RANCH WELL 5, SILVER CREEK, LITTLE
COLORADO RIVER, AND PHOENIX WASH.

Sampling
date

Carbon Content Trace and Heavy Metals
Inorganic Organic Al	 As Cd	 Co	 Cr	 Cu	 Fe	 Mn Ni Pb Zn

mo/yr 	mg/1 uq/1 	 -mg/1 	 ugh---

10/78 16 to 40 <1 810	 <5 10	 <4	 <5	 <4	 <0.05 <0.05 <3 <10 <10
3/80 24 2 883	 <2 12	 <4	 41	 <4	 5.5 <0.05 <3 7.0 138
8/80 42 1 879	 <2 12	 <4	 42	 <4	 5.5 <0.05 <3 2.1 520
1/81 42 1 -	 <2 0.4	 6	 14	 6	 0.3 <	 .05 4 <10 975
4/82 25 <1 -	 <2 0.5	 5	 5	 5	 <0.05 7.5 2 <10 260
12/83 25 <1 -	 <2 <3	 5	 9	 3	 <0.05 <0.1 5 <10 346
4/84 26 2 -	 <3 <0.3	 <4	 <3	 5	 <0.1 <0.1 <3.0 3.7 189
5/84 13 2 -	 <2 0.1	 <5	 <5	 <2	 <	 .05 0.4 <2 2.5 395
8/84 26 <1 -	 -	 <2 <0.3	 <5	 <5	 <2	 <0.7 <3 <2 <2 410

SILVER CREEK

3/80 19 9 1300	 <5 <10	 -	 <2	 <1	 1.01 - <10 12 70
8/80 35 10 1300	 <5 <10	 -	 <2	 <1	 1.00 - <10 15 20
1/81 40 8 -	 <5 <10	 <1	 <2	 12	 1.00 <0.05 10 5 <10
4/82 5 5 -	 <5 0.5	 <1	 <2	 2	 174 1.4 5 5 8
12/83 100 5 -	 <5 <10	 <1	 <2	 2	 1.00 <0.05 5 5 8
4/84 63 21 -	 <5 0.5	 <1	 <2	 30	 5.0 0.1 4 0.5 8
8/84 62 5 -	 <5 0.5	 <1	 <2	 2	 0.5 0.1 5 0.5 <2

LITTLE COLORADO RIVER

1/81 30 90 <5 0.5	 <1	 <2	 2	 30 <0.05 <1 2 3
4/82 51 3 <5 0.5	 <1	 <2	 2	 50 0.47 <1 5 3
4/84 47 9 5 0.5	 <1	 <2	 2	 50 0.5 <1 9 2
8/84 49 3 5 0.4	 <1	 <2	 2	 50 0.5 <1 6 2

PHOENIX WASH

3/80 7 11 2950	 <5 <10	 <1	 <2	 <1	 1.9 17 <50- -<5

(From Fuller and Larson,1985 Report).



51

Wastewater Effects on Vegetation 

There was no statistically significant differences between the

concentration of metals in the tissues of alfalfa or salt cedar as a

result of contact with SWFI pulp-mill wastewater. Compare data from

Tables 14 and 15. For example, the concentration of Cd and Cu were

highest for alfalfa plants in contact with SWFI-paper mill wastewater

but Cr, Fe, Mg, Ni and Zn were lowest compared with plants not in con-

tack with SWFI paper-pulp mill wastewater. The concentration of Cd,

Co, Mn, and Pb were highest for salt cedar in contact with wastewater

and highest for Cr, Cu, Fe, Mg, Ni, and Zn not in contact with waste-

water.

The differences are not usually high and have no significance,

except to warn us that the concentration of metals in the same plant

material will differ when obtained from different locations. More

important is the observation that: (a) There is no evidence that con-

tack of certain plants, such as alfalfa and -salt cedar, resulted in

the accumulation of unusual levels of Cd, Co, Cr, Cu, Fe, Mg, Ni, Pb,

or Zn when growing in disposal ponds of SWFI paper-pulp mill waste-

water or irrigated with this wastewater and (h) Alfalfa, a cattle

(animal) feed, did not accumulate unusual or excessive levels of the

above metals beyond approved threshold for feed despite the soil hav-

ing been irrigated with wastewater in excess of 20 years.

The data showing the metal content of alfalfa irrigated with

SWFI paper-pulp mill wastewater grown on a farm near the mill and two

weed plants, tooley and salt cedar, grown from natural seedlings in
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TABLE 14. THE METAL COMPOSITION OF SOME PLANTS NOT IRRIGATED WITH SWFI
PAPER-PULP MILL WASTEWATER BUT GROWN IN NORMAL SOILS AND
IRRIGATED WITH SILVER CREEK WATER.

Total	 Metal
in	 Plant

	Alfalfa= No.	 1
Stem	 Leaf

AlfalfelNo.
Whole Plant

2	Salt Cedart No.	 3
Stem	 Leaf

Cadmium

Cobalt

Chromium

Copper

Iron

Magnesium

Manganese

Nickel

Lead

Zinc

ug-g -1

	0.22	 0.22

	

1.71	 1.71

	

10.00	 10.00

	

17.16	 9.36

	

197.50	 345.00

	

254.00	 293.00

	

8.20	 38.90

	

15.14	 4.45

	

19.87	 8.14

	

107.50	 120.00

<0.05

0.48

2.84

9.06

176.60

270.00

33.30

4.00

0.50

35.00

	1.42	 0.98

	

0.28	 0.28

	

45.00	 34.98

	

29.81	 14.26

	

242.00	 579.00

	

131.00	 729.00

	

10.30	 35.33

	

4.1	 2.8

	

10.59	 6.46

	

44.50	 96.00

tSalt cedar (No. 3) came from the shores of the Little Colorado River
south of Joseph City, AZ.

= Alfalfa (No. 1) came from a field irrigated with Silver Creek water
near Snowflake, AZ.

&Alfalfa (No. 2) growing in depression above Dry Lake not influenced
by paper mill wastewater.
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TABLE 15. THE METAL COMPOSITION OF SOME PLANTS IRRIGATED WITH OR
GROWN IN WASTEWATER FROM THE SWFI PAPER-PULP MILL AT
SNOWFLAKE, AZ.

Metal
in

plant

Irrigated With Wastewater From Dry Lake Grown in Dry Lake Wastewater
Alfalfa No.	 4 Alfalfa No.	 5 Alfalfa No.	 6 Salt Cedar No.	 7 Tooley No.

ug-g -1

Leaf Stem Leaf Stem Whole Plant Top Top Root Top Root

Cadmium 0.3 0.2 0.4 0.2 <0.05 1.9 1.42 0.4 0.4

Cobalt 0.3 1.7 0.5 1.7 0.8 0.4 0.3 0.5 0.4

Chromium 18.5 10.0 15.9 10.0 2.2 18.3 45.0 6.2 3.1

Copper 11.5 9.4 21.7 9.4 21.4 18.1 29.8 15.0 14.0

Iron 60.0 197.5 90.0 197.5 139.4 30.0 24.2 110.0 30.0

Magnesium 190.0 254.0 350.0 254.0 390.0 190.0 131.0 160.0 140.0

Manganese 79.4 8.2 99.1 8.2 99.7 35.9 10.3 213.7 284.7

Nickel 2.0 15.1 2.2 15.1 4.7 1.4 4.1 1.2 1.0

Lead 16.3 19.9 15.0 19.9 0.1 18.0 10.6 15.0 10.0

Zinc 50.0 107.5 100.0 107.5 32.0 40.0 44.5 50.0 30.0

8
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the disposal pond are provided in Table 15. The metal composition of

Cd, Cu, Ni, Zn, Pb, Cr, Fe, Mn, and Mg are not excessive for the

different kinds of plants represented. This is more clearly demon-

strated by comparing plant composition given in Tables 14 and 15.

None of the alfalfa metal levels of plants grown on land irrigated

with SWFI paper-pulp mill wastewater exceed those for typical ranges

given in Table 14 for plants not in contact with wastewater. The

general concentration of heavy metals in young alfalfa was higher than

that of mature alfalfa.

The composition of swamp tooley plants growing directly in the

paper-pulp mill wastewater of the disposal basin did not appear to be

excessively high in heavy metals. There was no indication that un-

usual accumulation of specific heavy metals occured.

The young salt cedar shrubs growing at the disposal basin edge,

accumulated the highest levels of heavy metals, as expected, since

this plant is a typical metal accumulator no matter where it grows.

Yet, there appeared to be no unusual levels of heavy metals in these

tissues. Cattle usually do not eat salt cedars, but if they did, the

metal levels are not excessive and they range below toxic limits.

Wastewater Effects on the General Environment 

Data are also provided in Table 16 comparing the disposal basin

pulp mill wastewater metal composition with that of sewage feedlot

manure, and soils. Note the relative low metal content of the pulp

mill wastewater of the disposal basin as compared with that of other

residues commonly placed on the land.
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TABLE 16.	 A COMPARISON OF METAL COMPOSITION OF VARIOUS ORGANIC WASTES
USED ON AGRICULSTURAL LAND FOR CROP PRODUCTION AND SOME
AVERAGE SOIL AND PLANT METAL ANALYSES.

Metal SWFI °
effluent

Sewa g e Feedlot manure Alfalfa	 tops
Typical	 range

Agric.	 crops
Av.	 rance

U.S. 	Soil s°
rangessludae fucson'Red Rock

Cadmium <0.01 15 9 9 0.05	 to 0.5 0.05	 to 0.20 0.01	 tc	 0.70

Copper <0.03 800 34 28 10 to 30 3 to 40 2 to 200

Nickel <0.01 80 135 40 0.1	 to 20 5 to 500

Zinc 5 1,700 84 112 20 to 100 15	 to 150 10 to 300

Lead <0.10 500 40 39 36	 to	 136	 . 0.1	 to	 50 2 to 200

Cobalt 0.07 10 23 22 0.1	 to	 30 1	 to 40

Chromium 0.028 500 338 59 0.1	 to	 50 1	 to	 1,000

Iron 600 17,000 8,200 7,300 30 to 400 20 to 300 7,000	 to	 550,000

Manganese 3.1 260 328 332 30 to 250 15 to 150 20 to 3,000

Knezek,	 B.D.	 and	 R.H.	 Miller.	 1978'
	

Applications	 of	 sludaes	 and	 wasteaters	 to
agricultural	land:	 A	 planning	 and	 educational	 guide.	 U.S.	 EPA,	 WH:546,	 Wash.	 D.C.

2 Artiola-Fortuny, J. and W.H. Fuller.	 1980.	 Evaluation procedure for solid wastes: Trace
metals in feedlot manure. Compost Sci. (3) 21:30-34.

3 Jones, J.B.	 1972.	 Plant tissue analysis for micronutrients.	 In Micronuitrients in
Agrtculture, (Eds.) Mort-vedt, Gi-orano, and Landsay.	 Soil Sci. Soc. "Wier., Madison, WI, pp
319-246.

Laaerwerff, J.V.	 1972.	 Lead, mercury and cadmium as environmental contaminants.	 In
Micronutrients in Agriculture, (Eds.) Mortvedt, Giorano, and Lindsay.	 Soil Sci, S6E7
Amer., Madison, WI.	 pp. 593-636.

5 Average for forage in the U.S.A. 	 CAST p. 12, 1976.

6 See Table 1	 in this text, also SWFI Disposal Basin Effluent Report 1982.
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Additional comparisons of natural sources of indigenous soil

metals is shown in Table 16 to provide comparative information. Heavy

metal concentrations in vegetable crops grown in the field on Sango si

1 (pH 6.4) in Alabama with and without applications of sewage sludge

from a typical municipal sewage plant is shown in Table 17. Again,

these data are reproduced here to illustrate what one can expect in

tissues of different sludge-treated soils. There is no evidence that

the paper-pulp mill effluent has elevated the heavy metals concen-

tration of the alfalfa or tooley or salt cedar above what may be ex-

pected in soil alone or even in sewage-sludge-treated soil.

A further comparison of metal concentrations of natural agri-

cultural residues applied to land is provided in Table 17. Animal

manures that have been sought-after as valuable fertilizers for edible

crop plant production contain far more heavy metals than the paper-

pulp mill wastewater. Comparisons, however, care on a wet basis

for the paper-pulp mill wastewater and dry weight basis for the

manure. Despite this discrepancy, the paper-pulp mill wastewater is

relatively low in heavy metals compared with that of other sources of

organic residues, historically applied to agricultural food-crop land.
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TABLE 17. HEAVY-METAL CONCENTRATIONS IN VEGETABLE CROPS GROWN IN THE
FIELD ON SANGO SILT LOAM (pH 6.4) IN ALABAMA WITH AND WITH-
OUT APPLICATION OF SEWAGE SLUDGE (GIORDANO AND MAYS, I976a).

Crop
Treat-
mend!

Concentration in dry mat-
ter of fruit or rootli, ppm

COncentratio in dry matter
of leaves£/ , ppm

Zn Cu Ni Cd Pb Zn Cu Ni Cd Pd

Lettuce C
FPrn

47.5
74.2

5.2
9.6

2.4
1.7

0.9
3.6

2.4
3.1

Broccoli C 86.8 7.5 3.3 0.3 2.4 --
S 99.4 12.2 2.1 0.5 2.6

Potato C 15.7 7.8 0.8 0.1 1.3 26.7 14.9 4.1 0.8 5.1
19.4 8.6 0.9 0.1 1.4 33.4 31.3 2.3 0.7 4.6

Tomato C 25.7 5.0 1.3 0.5 1.6 37.5 20.7 2.5 1.1 7.3
40.4 9.6 1.3 1.2 1.7 47.1 22.5 2.0 3.6 8.1

Cucumber C 40.4 7.7 3.4 0.1 2.6 39.2 17.1 6.2 7.8 0.5
67.5 14.4 2.2 0.4 2.6 80.0 12.0 3.9 10.9 0.9

Egg Plant C 14.8 25.1 1.1 0.5 1.2 20.9 14.4 2.3 0.8 4.7
22.5 26.5 1.0 1.6 1.3 22.1 17.7 1.8 2.0 4.6

String Beans C 45.4 8.1 7.6 0.4 2.5 32.9 8.6 4.3 0.4 5.0
60.5 8.9 2.8 0.4 2.7 49.2 7.6 3.0 0.5 6.8

Cantaloupe 44.4 10.2 4.8 1.1 8.2
40.0 9.2 3.1 2.3 8.4

- C n control. S = Anaerobically digested sludge from Decatur, Alabama, applied in
the fall of 1974 at a rate equivalent to 224 metric tons of dry matter per hectare.
The heavy metal concentrations in the sludge were as follows: Zn n 1800 ppm, Cu n
730 ppm, Ni n 20 ppm, Cd n 50 ppm, and Pb n 530 ppm.

-'TheThe plant samples were taken in the summer of 1976.



DISCUSSION

When comparing the surface few centimeters of soil from ponded

and non-ponded pits the pH and ECe show a signifidant difference (LSD

0.05). The decrease in pH of the ponded soils surface layer (0 to

7.5 cm) may be attributed to the anaerobic conditions which exist in

the soil layer due to ponded wastewater on soil surface. Also the de-

creased pH may be caused by the accumulation of anions (SO4 and Cl),

whichever the case it only effects the ponded soil surface layer (0 to

7.5 cm) and does not penetrate much below 7.5 cm. The accumulation of

total dissolved solids at the soil surface layers (0 to 15 cm) is

likely due to the precipitation and attenuation of salts from the

wastewater. This downward trend of salts in the soil profile only

persists to a depth of about 15 cm. As the salts enter the soil pro-

file they disperse the clay particle which causes a near impermeable

barrier, not allowing movement of salts to a depth past surface soil

layer. One must remember the accumulation and attenuation of waste-

water salts in the ponded soil profiles has been continuous for over

22 years and the salts have only been detected to a depth of about 15

cm (6 inches).

The accumulation of organic carbon on and in ponded soil pro-

files for the past twenty years shows very shallow deposition, com-

pared with the very thick clay layer below the disposal pond.
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The organic carbon complexes which settle on the ponded soil

surface undergo very slight biodegradation due to the high carbon:

nitrogen ratio (over 1000) and anaerobic conditions which are limiting

factors for the break-down of carbon molecules. The small amount of

degraded organic carbon molecules are strongly absorbed to clay part-

icles which makes them almost immoble as far as migration into the

soil profile is concerned. The upward accumulation of the cellulosic

fiber raft on the ponded soil surface increases with time and amount

of paper-pulp mill wastewater discharge. This accumulation of the

organic matter on the soil surface is only decreasing the permeability

of wastewater at the soil surface (Fuller, 1984) and decreasing the

ability of organic and heavy metals to migrate into soil profile.

The results of the total metal analyses on ponded and non-

ponded soils indicated no significant (LSD 0.05) metal movement in

ponded soils from wastewater ponded above. The metal content in the

wastewater is low so accumulations of metals at best is -only-a_minor

factor. Many organic constituents may become soluble or slowly solu-

ble when combining with metals, although, there is also evidence of

chelate formation of more soluble compounds of metals (Fuller, 1984).

The ponded soil profiles seemed to prove neither of these assumptions

since accumulation or movement of metals into the soil was not evident.

Sodium (Na) in future analyses of soils should receive close

attention, as this research showed an accumulation and attenuation in

ponded soils at a 90% probability. Na is relatively high in waste-

water. When it comes in contact with lake bottom clay it disperses
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clay particles and impedes wastewater permeability. With time the

significance of Na movement could increase or possibly Na has already

traveled to its maximum depth in the last 22 years. Na will also be

an important factor in future land uses of the Dry Lake area when a

time comes when the paper-pulp mill no longer exists.

The significance of the dehydrogenase activity data centers al-

most exclusively on: (a) enhancement of formazan production in the

non-ponded soil profile where organic matter is highest, and (h) a

marked supression of dehydrogenase activity under anaerobic conditions

(oxygen deficient) as demonstrated in the wastewater pond where organic

matter accumulates at the soil surface on the bottom as compared with

both non-ponded surface soil and the fiber raft where dehydrogenase

activity is the highest.

The groundwater quality in the area surrounding the paper-pulp

wastewater disposal basin has been monitored two or three times a year

since before the mill was built in 1961. Thirty-five ranch wells em-

compassing more than a 20-mile radius (Figure 1), four creeks, one

river, and six SWFI company wells have been included in the monitoring

program. No measurably significant quality change in ground waters or

surface waters attributable to wastewater disposal has occurred during

this time (Fuller and Larson, 1985).

The present disposal of paper-pulp mill wastewaters, therefore,

cannot be considered to have a significant impact on groundwater

quality. Chemical data of water from Well 5 which is within a few
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hundred feet of Dry Lake shoreline, exemplify the maintenance of

ground water quality during the time of this research (Table 13).

The main reasons that the plants grown in the paper-pulp mill

wastewater are low in heavy metals are: (a) paper-pulp effluent is

derived from wood extraction and therefore naturally low in heavy

metals as is most living biological tissue, (h) the paper mill pro-

cessing of pulp requires no ch emicals having even low levels of

heavy metals, and (c) sulfide gases evolved during the processing

and in the disposal ponded soil (which is anaerobic) have a tendency

to precipitate the heavy metals as insoluble sulfides. The precip-

itates, not being in true solution, are readily retained by the ponded

soil which is particularly high in clay content.



CONCLUSIONS

From the laboratory analyses data accumulated for this research

project a fairly direct correlation can be made between attenuation of

paper-pulp mill wastewater constituents and the results of physical,

chemical, and biological analyses. For the Dry Lake area of north-

eastern Arizona which has had paper-pulp wastewater ponded for over

the past twenty-two years, only slight downward attenuation of waste-

water constituents into the soil has been detected by analyses. The

accumulation of some wastewater constituents at the soil surface

layer is noticeable and detectable but the downward accumulation is

non-detectable by soil analyses. Since the wastewater has been ponded •

in the Dry Lake area for over twenty years and wastewater constituents

have only moved downward less than 15 cm into the soil, one could say

the clay soils of the Dry Lake basin work very good as an impermeable

layer to impede the movement of wastewater constituents.
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