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This bulletin is published in furtherance of the pnlposes of the 
Federal Water Resources Research Act of 1964. The purpose of the Act 
is to stimulate, sponsor, provide for, and supplement present programs 
for the conduct of research investigations, experiments, and the train
ing of scientists in the field of water and resources which affect water. 
The Act is promoting a more adequate National program of water resources 
research by furnishing financial assistance to non-Federal research. 

The Act provides for establishment of Water Resources Research Cen
ters at Universities throughout the Nation. On Septmeber 1, 1961" a 
Water Resources Research Center was established in the Graduate School 
as an Interdisciplinary component of the University of Minnesota. The 
Center has the responsibility for unifying and stimulatinr; University 
water resources research through the administration of funds covered in 
the Act and made available by other sources; coordinating University 
research with water resources programs of local, State and Federal agen
cies and private organizations throughout the State; and assisting in 
training additional scientists for work in the field of water resources 
through research. 

'l'his Bull etin is number 93 in a series of publications designed to 
present information bearing on water resources research in Minnesota 
and the results of some of the research sponsored by the Center. This 
Bulletin reports the results of an experiment on application of secondary 
treated sewage effluent t,o taconite overburden. 

"his Bulletin serves as the final completion report for the following 
researc~h project: 

B-lm>-flinn 

11,-31-0001-5127 

Project Title: 	 Feasibility of Using Iron-Ore Overburden Material as a 
H(:dia for Disposal of Secondary Sewage Effluent in North
eastern .Minnesota 

Princiual Investigator: 	 A.C. '1ace, College of Forestry, University ot' 
14innesota 

Pro,j eet Begcm: 	 July 1, 1974 April 30, 1977 

05-]: 

Waste Water Renovation/Grounnwater Recharge/ 
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Open pit ~nlng for iron-ore and magnetic taconite in northeastern 
t1innesota has produced a l&~dscape with n~merous overburden deposits or 
man-made plateaus which are susceptible to erosion and have a physical 
environment hostile to natural revegetation. Hany of these plateaus 
are in close proximity to small rnlli~icipalities. This study investigated 
the sprinkler application of treated sewage effluent to the 
overburden material with respect to: 1) renovation effects on waste
water, and ( ) potential amelioration benefits on such nutrient-poor 
sites. 

'lvo sites were evaluated, one was deposited 20 years ago and the 
other months prior to the beginning of the study. Each site consisted 
of glacial tills of the Wisconsin Period and were of sandy-loam texture 
with to 30 percent rock by volume. Compaction and poor drainage of 
the older site restricted irrigation rates to 0.25 centimeters per hour; 
treatments consisted of 0, 3.7 and 6.0 centimeters in a total of 8 appli 
cations over a 9 week period. 'rhe newer site, more representative of 
recently deposited material, was irrigated at rates of 0, 5, and 10 
Centimeters per week for 12 weeks. 

Effluent and soil percolate were analyzed for total k,1eldahl nitro
gen, nitrate plus nitrite-nitrogen, total phosphorus, calcimn, magnesium, 
Potassium, sodium, chloride, specific conductance, and total alkalinity. 
Boil percolate samples were obtained at 30, 60 and 120 centimeter depths 
for the older site and at 50 and 100 centimeter depths at the newer site. 
The physical and chemical properties of soils were investigated before 
and after the irrigation season for both sites. 

The effects of effluent irrigation on the establishment of green 
Marsh. ), northern white cedar 

~==~~==~~ ) Voss), jack 
~trobus L.) and a poplar 

were evaluated on the older site. On the newer site the establishment of 
f,reen ash, sand cherry (Prunus L. ), ,jack pine, red 

Ait.), and Siberian sibirica Ledeb.) were studied in 

,,-::-~,-,-:-::..-=- to a gras s-legume mixture. 


Irrigation of 6 cm over 9 weeks on the older, poorly drained site 
resulted in 98, 89 and 99 percent renovations of nitrate plus nitrite
nitrogen, total kjeldahl nitrogen, and total phosphorus, respectively. 
On the newly deposited material, irrigation of 60 and 1;'0 cm over a 1:' 
week period resulted in renovations of 99 percent for phosphorus and 80 
to 90 percent for total k.jeldahl nitrogen. Nitrate plus nitrite-N, calcium, 
rnagnesilUTI and potassium concentrations in soil percolate were higher at 
a 1 meter depth than respective concentrations in the effluent. 

Effluent applications did not significantly affect the nutrient cap

ital in the soil profiles except that Bray's phosphorus, ammonium nitrogen 

and sodilun accumulations were detected near the soil surface. 
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Although irrigation of 6 cm on the old site did not increase the 
first year survival or growth of planted trees, green ash and the 
hybrid poplar exhibited a greater growth response than the other species. 

for the newer site were not measured at the time 
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The establishment and growth of municipalities and the extent of 
open pit mining in the Mesabi Iron Range of northeastern Hinnesota have 
created conflicts between economic development and environmental concerns. 
Although over sixty percent of all iron mined in the United States comes 
from this area, its endowment of lakes, streams and forests make the 
region also attractive for outdoor recreation and timber production. 
These industries have stimulated population growth which in turn has created 
water quality problems linked mostly to the discharge of sewage effluent 
and subsequent eutrophication. 

The discharge of secondary treated sewage effluent into streams and 
lakes by the numerous small Iron Range municipalities contributes to the 
eutrophication problem even though water quality standards may be achieved. 
The elimination of such nutrient pollution by means of tertiary treatment 
facilities would be for the most part, economically prohibitive for these 
small commu.!:lities. The disposal of treated sewage eff] uent on land, how
ever, could provide a more feasible alternative. '1'he close proximity of 

disturbed in the open pit mining process offers sites for dis
posnl with possible secondary benefits of nutrient enrichment for the estab
lishment and growth of vegetation. 

The establishment of more rigorous water quality standards aimed at 
the above problems, will likely result from the ~"ederal Water Pollution 
Control Act Amendments (FWPCA) of 1972. One of the s specifjed in 
Section 107 of the FWPCA is: 

"to demonstrate comprehensive approaches to the elimination of 
control of acid or other mine water pollution resulting from 
active or abandoned mining operatJ ons ... including techniques 
that demonstrate the engineering and economic feasibility and 
practicality of using sewage sludp;e mated als and other munici
pal wastes to diminish or prevent pollution affecting water 
quality from acid, sedimentation, or other pollutants and in 
such projects to restore affected lands to usefulness for for
estry, agriculture, recreation, Dr other beneficial porposes." 

The purpose or thi s study was to investigate the feasibil ity of 
sprinkler irrigation of sewage effluent on iron-ore overburden deposi.ts 
as a means of alleviating the aforementioned water quality problems. Spec
ific obciectives were to: (1) evaluate the efficiency of iron-ore over
burden material to renovate secondary sewage effluent and thereby reduce 
the levels of nutrients entering receiving waters, and (2) evaluate runel
ioratiion characteristics of secondary sewage effluent to increase the 
establishment of grass, wildlife forage, and forest species on overburden 
sites. 
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RENOVATION OF SEWAGE EFFLUENT BY LAND APPLICATIONS 

On land disposal of sewage effluent offers an economically feasible 
alternative to more costly water treatment facU ities, especially for 
small communities in close proxill'ity to forested or agricultural lanus 

, 19'13). Stephan and Wrinbergcr (1968) estimated the cost of 
conventional advanced waste treatment of a 10 mgd plant to be 
acre-foot of water, as contrasted to land disposal costs of from 
$15 per acre-foot. 1,0cal soil, and piping distance wiD 
affect such costs estimates. Nesbitt ) estimated that a spray 
system with effl uent piped one mile would cost approximately $.07 per 

gallons as compared to $.20 per gallons for tertiary treat-
by filtration and activated carbon. 

Spr inkIer i rrigat i on and other forms of applicat ion of sewage effluent 
on agricultural crops and forest lands have been demonstrated to be an 
effectlve means of wastewater renovation (Kardos, 1967; 19711 Larson 
et. a1., ; MUler and Pettyjohn, 19'(11; Sopper, ; ; 1975; 
'I'offlemire and Farnan, 1975; and U.S. gnvironmental Protection Agency, 

Long term studies have sUg/:;ested that terrestrial ecosystems 
efficient waste renovators. For example, Sopper (19'(5) reported 
aft er spra:r irrigat ing 10,4 meters of secondary effluent over a 

period, the renovation capacities of mixed hardwood, pine, and 
old field biosystems were still satisfactory, reported that the 
upper 120 cm of soil still reduced MBAS residual) and phos
phorous by to (31 and 97 99 percent, respectively. Nitrate-nitrogen 
was only reduced 0 to 57 percent at 120 em after '( years as compared to 
68 82 percent at a 30 cm depth during the first year. Kardos (19'74) 
also reported on the Penns1yvania State University work with forest and 
croplands and indicated that after a 10-year period, phosphorus removals 

forest cover were over 98 percent and nitrogen removal was observeu 
exeept when hardwoods were irrigated at a rate centimeters per week. 
Crops removed 20 to 80 and 100 percent of applied phosphorus and 
nitrogen, respeetively. 

Sutherland, et. a1. (1974) monitoreu the spray of effluent 
on a 20-year old stand of red pine Ait. a 2-year 

in southern Michigan. Nitrogen was 83 and 
percent, however, accumulation was observed. ) in

vestigated the concentrations of phosphorus and nitrogen in 
following sprinkler irrigation 2.5 inches per week for 44 weeks on a 
35-year old Jack pine Le.) stand on a l0a:m.y sand. Although 
phosphorus concentrations , nitrate-nitrogen concentrations 
increased significantly. 

Five feet of soil removed almost percent of phosphorus, biochemical 
oxygen demand (BOD) and ammonia nitrogen from uomestic wastewater irrigated 
on cropland s in Canada (Grave1und and Vickerman, 19'(2). Nitrate-nitrogcn 
moved freely through the soil profile and 1 itt1e renovation occurred; 
however, potassium was reduced 90 percent, calcium percent, and magnesium 
60 percent. 

2 

The above studies represent renovation effects of spray or sprinkler 
irrigation of sewage effluent to crop1 ands or forests. Summaries of pre
vious work have: been develooeu to Tofflemire and Farnan (l 9'(5) and U. S. 
Environmental Protection Ag~ncy (1974). 

Several systems of applying wastewater to land have been previously 
investigated. Pound and Crites (1973) sUJ1lmarized the different approaches 
as f01lows: (1) i rrigat ion, consist ing of spray or soil surface applica
tions on relatively flat surfaces; renovation occurs typically in the 
upper to h feet of soil, ) overland flow, in which wastewater is 
sprayed a sloped area usually covered with grass and litter; renovation 
occurs means of biological uptake and is dependent on detention time, 
and (3) infiltration-perc01ation, typically high rate sy~otems (5 to 10 
feet per week) using ponding and other approaches to induce movement into 
the soil and underlying geologie formations where biolop;ica1 and chemical 
action occurs. Irrigation was considered to be the most re1iabl e and 
widely used approach because of renovation efficiency, long term and 
minimal adverse effects on the environment. 

The rate of application greatly affects the renovation of wastewater 
and is closely associated with the method of application. Low rat" systems 
Of 1 to inches per week generally provide greater renovation than high 
rate systemB of a foot or more of effluent per week (Bouwer, 1973). Pound 
ancl Crites (19'13) indicated that Hquid loading rates to II inches 
per week by spray resulting in applications to fl feet 
per year only showed effects on groundwater, if depths r:round
water were at least 5 feet. 

'rhe and rate of cation selected to renovate sewar:e effluent 
should depend upon site characterist ics includinr, soil and biolor;i cal 
factors, climatic factors, and wastewater characteristics. Such factors 
affect the scheduling of irrigation dry periods which in turn affect 
infiltration rates, percolation rates, soil aeration and the decomposition 
of materials which soil pores (Bouwer, 19'(3). A rat io of dry periods 
to irrigation periods of 3 or 4 to 1 has been suggested to mFLintain renova
tion capabll ities (Pound and Crites, 19'(3). 

The physical and biological requirements and constraints for land 
disposal of municipal wastewater has been discussed thoroughly by others 
(Bouwer, 19 r (3; Kardos and Sopper, 1 Pound and Crites, ; Seabrook, 
19'73; and Sopper, 9'(3, , and 1975. Important factors in the renovation 
Process include: 

1) Characteristics of soil system, vegeta
, geology, and topography affect the renovation 

Soils act as physical, Chemical, and biological filter 
seabrook, 19'(3), The pore size distribution within a soil affects 

the infiltration and percolation rates as well as amount of surface 
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area available adsorption (Pound and Crites, 1973; Thomas, 
chemical filtering aspects of a soil, described by Ellis 
prim~i1Jally governed by ion exchange, adsorption and 

reactions. Microbial populations within the soil 
also affect renovation by means of decomposition of organic wastes 
and by their influence the mobi1ity and availability of ions 
for upt,ake by vascular , 1973). 

,['he role of renovation process has been outlined 
by Bouwer as: removing nutrients from the soil, (b) 
promoting greater depths drying the soil than would other
wise occur through , with the result of maintaining 
higher infiltration rates, (c) protecting the soil surface from 
rai ndrop impact, ( interceptinR: some of the suspended solids, 
((~) maintaining soil structure and breakinr; up impeding 
ayers by root growth, (f) preventin" or minimizing soil ero

sion. The success of plant species used for renovation, as pointed 
out by Sapper (1973), is on plant-water requirements, 
nutrient requirements and tolerance, season of r;rowth and dormancy, 
sensitivity to heavy metals, salts and other site factors. 

Physical factors such as groundwater, aqui fer character
ist ics, groundwater flow patterns, topographic relief, slopes, 
drainage densities, and proximity to streams and lakes also 
affe;ct the success of renovation. 

:-» Precipitation amount~;, type, and intensity 
on renovation capacities. Temperature, p;rowing 

seasons or frost-free periods, and wind conditions can also affect 
app:tie;ations of wastewater as weD as renovaLion. Many of these 
factors influence infiltration and biological activity. 

'I'he ehemi(~a] properties of secondary 
be characterized as low in suspended 

and organic maLter, varying amounts of microorganisms, and 
relatively high in salts and nutrients (PoTh~d and Crites, 1973; 

Kotalik, 1973). v:ffluents with concentrat ions of sus
greater than 10 can cause soil surface clogging 

reduced infiltration rates C!:louwer, 1973; Rice, 1974). 

The effects wastewater applications on land should 
be considered with respect to soil, water, flora and fauna. Because the 

reservoir which accumulate Ilutrients, heavy metals, 
organic constituents, toxic levels may be reached 

OVf!r time. ) discussed several such adverse effects 
On so11s including sodium accumulations resulting in a surface sealin!,:, 
and accumulations toxic concentrat ions of copper and zinc. Richenderfer, 
eL. al. ), however, indicat ed that detrimental effects on soils in 
Pennsylvania were observed aft er 9 years of sewage effluent applicat ions. 
Neverthf!less, irrigated plots had higher concentrations of calcium, mag
nesium, sodium, boron and phosphorus Lhan control plots. 
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AlL hough wastewater appltcation is usually considered beneficial to 
vegetation because of added nutrients, heavy applications can have adverse 
effects (Pound and Critcs, 1973). Such adverse effeets would depend on 
specie~o pre~"enL, wastewater characteristics and methods and rates of appli
cation. 

Before; WC1l'ltewaLer can be disposed on land wit,h a practical system, 
detrimental effects on rcceiving waters must be minimi~ed. High nutrient 
concentraLions, total dissolved solids, heavy metals and bacteria and 
viruses originating from effluent can result in eutrophication of receiv
ing watcrs and public health problems. Deveral studies have indicated, 
however, ".. . that most bacteria and viruses are removed after passage 
through a few feet of soil" (Pound and Crites, 1973). crhis fact, coupled 
with the argument that on-land didposal of sewage waste reduces nutrient 
concentrations below which would occur from direct diseharp;e into 
recei ving waters, has resulted in much of the contemporary interest in 
on-land waste disposal. 

Previous investigations have considered the ameliorative 1l0tential 
of sewage waste applied bituminous strip mine spoils (c,oTJper, 19T1; 
Hunt and Sopper, 1973; Sopper, ). Results at Pennsylvania State Univ
ersity indicated that m1micipal wastewater could promote the reclamation 
of barren bituminous mined spoil banks and anthracite refuse banks in 
Appalachia ( , 1974. The importance of addinfl: nutrients such as 
nitrogen and phosphorus enhance vegetation p;roW'th on strip mine snoils 
in souther Illinois was indicat ed by Ashby and Baker (1968). ~'he extent 
of such benefits would, course, be re;lated the composition of waste
water, the nutrient levels media, and the type of vegetation. 

'I'he large overburden str; pping dumps whiCh result from the open pi t 
iron mining process in northeastern Minnesota are in general low in nitro
gen (Leisman, 1957), and are high in rock content. During deposition, 
original surface may becollle mixed or completely buried by parent 
material. The result is typically a nutrient deficient and droughty 
soil, which coupled to the short growIng season in this region hampers 
the rapid establishment of a dense vegetative cover. The result is a 
landscape of numerous, sparcely vegetated plateaus which are esthetically 
offensive to some, and which are susceptible to erosion. The reclamation 
benefits of applying sewage effluenL to such sites, even though limtted 
in scope, can be considered in terms of nutrient enhancement of soils and 
increased survival and growLh of vegetation. 

The field experiment was located on t;rie Mi ning Company property 
about kilometers north of Duluth, Hinnesota in the central portion of 
St. Louis County 1). 'I'he sHe lies approximately 47°35'N and 
92°o8'w. 
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FIGURE 1. LOCATION OF ERIE MINING COMPANY IN THE MESABI IRON RANGE SITE 

OF FIELD EXPERIMENTS (FROM TRETIIEWAY, 1974). 

PHYSIOGRAPHY 

The predominant natural physiographic feature of the Mesabi Iron 
Range is a Precambium granite ridge which is noticeably higher than the 
surrounding terrain. The "Giants formation extends northeastward 
from Grand Rapids and reaches an elevation of 1900 feet above sea level 
in the vicinity of the study site which is approximately 1550 feet above 
sea level. The study area is encircled by end moraines and ice-contact 
deposits while the experimental site itself lies in an area where bedrock 
is at or near the surface. 

Open pit mlIllng has significantly altered the natural physiography 
of the region with the numerous man-made plateaus of glacial drift called 
stripping dumps. The height of these stripping dumps varies from 4 to 
150 meters, depending upon the mode of deposition and land area available 
for deposition. The stripping dumps involved in the irrigation experiment 
were less than 4 meters above the general terrain, and we~e situated in a 
depression relative to the surrounding topography. The average slope of 
both sites was less than two percent and the irrigation surfaces were 
leveled to represent the tops of stripping dumps produced from mining 
activities. 

RegionaJ surface deposits are largely of glacial orlgln. Bedrock 
outcrops in the area include precambrian crystalline and metamorphic rocks. 
The surficial deposits at the study site are glacial rubble consisting of 
a thin silty sand and gravel drift overlying bedrock; the characteristics 
of this drift vary considerably over short distances (Winter et.al., 19(3). 

The stipping dumps involved with the were constructed with 
glacial drift overburden. 'l'he first dump was reportedly deposited 
20 years ago, the surface (upper 30 em) of which consisted of a rather 
uniform bouldery sandy loam. Coarse ranging from 0.2 to 60 cm 
across composed 30% by volume or about weight of the parent material. 
The material was massive in place and did not show structure when displaced. 
An upper horizon of brown to dark brown (lOYR 4/3) sandy loam was separated 
with an abrupt boundary from either a not completely mixed horizon, featur

black (lOYR 2/1) loam with sapric material and wood fragments or a 
dark grayish brown (2.5YR 4.2) bouldery sandy loa~ horizon. Infrequently, 
all three horizons were present with the order of their appearance corres
ponding to their order of descripti on. The thickness of these horizons was 
highly variable (50-125 em) and the parent material was only described to 
a 180 cm depth. 

The second stripping dump (site II) was constructed specifically for 
the field experiment in J976. The overburden material was pJaced adjacent 
to site I and was from to 3 meters thick with a surface area of approx
imately 10 by 20 meters. 'rhe p,ross features of this parent material con
sisted of a brown (lOYR 4/3) sandy loam with 15% by volume or 20% weight 
proportion of coarse fragments ranging from 0.2 cm to 50 cm across. The 
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material was massive in place and horizontal development was not apparent. 
Isolated pockets of homogeneous sapric material, silt and clay were ob
served along the exposed slope of this mini-dump. 1'hese pockets were in
frequent and did not alter the gross characteristics of the dump. Typically, 
overblITden materials of this vintage are low in nitrogen and organic carbon 
content (less than .01 percent), low in cation exchange capacity (less 
than 10 me/IOO g), and with a pH of 6.4 to 7.6 (Leisman, 1957). 

'rhe twenty year old stripping dump (site I) supported a vegetative 
cover structurally similar to an old field. Woody vegetation, trees and 
Shrubs, were sparingly represented within a predominantly herbaceous 
community. 'l'rembling aspen tremuloides Michx.) and balsam poplar 

=-=.:.:::==- !::~~~~~ L.) to five meters tall had developed 
distribution on the site while pin cherry 

J;:C:=:'::':,-=-=::='~ L. shrubs were more frequent and evenly 
developed herbaceous vegetation was composed 

"?-~==~ 1.), white sweet clo~v~~er~1.T;'~~~~~' 
L.) and wild" '::...:...::::.t;.== -'...:::~==:::.. 

Site II did not support any vegetation due to the brief time lapse 

since its deposition. 


The climate of northeastern Minnesota is subhumid continental with 

long cold winters and short hot summers. Climato10gica1 records indicate 


that ,Tanuary is the coldest month with an average temperature of 
_111°C and 


the hottest month is July with an average temperature of 20.3°C. Monthly 


temperature and precipitation records are summarized in Appendix 1. 


Average annual prec ipitation in the region is approximately 72 cen
timeters, 63 percent of which occurs as rainfall during the growing season. 
,Tune is typicaJly the wettest month receiving 9.8 centimeters of precipita
tion and also represents the median month of precipitation in a bell shaped 
annual precipitation distribution. The total growing season precipitation 
in 1975 exceeded thc average annual growing season total fly less than 2 per
cent, while the total for the same period in 1976 represented only 57 
Percent of the growing season average. 

The experiment involved secondary sewage effluent applications on 
both site I and site II. Site I received effluent irrigation over the 
growing seasons of 1975 and 1976. Site II received effluent irrigation only 
during the growing season. 

Sixteen adjacent 0.05 hectare plots were laid out in 4 x 4 pattern 
On site I II). The natural vegetation and the upper 10 cm of 
parent material were removed with a dozer blade mounted on a crawler tractor 
to simulate conditions of a recently deposited stripping dump. Buffer 
strips, support inE, the original vegetation, separated the plots in site 1. 
Immediately following site preparation, four plots (two controls and two 
maximum treatments) were planted with two replications of twenty 2-year 
old rooted seedlings of the ash 

Marsh.) northern white cedar spruce 
) Voss), jack pine , eastern white 

-"-'-'-':";;";= L.) and rooted cuttings poplar (unknown origin). 

No site preparation was necessary on site II. Twelve adjacent plots, 
about 7 square meters each, were laid out in 3 4 pattern II). 
During the last two weeks of June 1976, each plot was planted with one 
replication of ten 2-year old rooted seedlings of green ash and sand 

L.), and containerized seedlings of pine, red 
-:----. .) and Siberian larch Siberica Ledeb. ). 

contained one replication of a grass-ler:clllle seed mixture 
in x 3.0 Neter serb;. 

The effluent was obtained from a secondary sewage treatment plant 
(activated sludge) operated by Erie Mining Company. The effluent was of 
domestic origin with no industrial wastes channeled to the facility with 
the exception of floor drains in the shop areas. A small tem1lorary 
detent ion dam was used to creat e a reservoir for effluent. A gasolj ne 
powered centrifugal pump was used to distribute effluent to both sites. 

Two methods of effluent application were implemented in the study. 
A plot centered high pressure impact sprinkler mounted on a 30 cm riser 
sprayed the effluent on each treatment plot at site 1. The spray covered 
a 15 meter radius with an application rate of approximately 0.25 cm/hr. 
Three irrigation rates were established at site I on the basis of volume 
of effluent required to attain 90, 80 and 70 percent of field saturation 
of the top 50 em of soil for the maximum, medium and minimum treatments 
respect i vely. No effluent was on control plot s . Weekly applic a
tions on site began on July ,1975 and continued throup;h 17, 
1975. Typically, each weekly application was completed over a hour 
period. The cumulative application resulting from this schedule was 6.05, 
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3.77 and 3.73 em for maximum, medium and minimum treatments, respec
tively. Applications were severly limited by the wet June-.July period 
(Figure 2) which resulted in periodic soil saturation and ponding of water. 

Effluent on site II was applied with a pressure regulated constant 
head spray irrigation system. Each irrigated plot was serviced by two 
constant head sprinklers, effecting a rectangular distribution pattern at 
an application rate approaching 0.3 cm/min. Plots irrigated at rates of 
10 cm/week and 5 em/week were compared to control plots with no treatment. 
Applications began July 1, 1976 and continued until September 16, 1976. 
Typically the weekly application was completed over a 
While under active irrigation, the plots were monitored for surface water 
movement. mIen surface flow was observed, irrigation was stopped until 
hydrologic conditions permitted a continuation of irrigation whithout ~ 
surface runoff. The cumulative applications resulting from these weekly 
schedules were 120 em and 60 em for the 10 em/week and S em/week treatments 
respectively. 

The average composition of the effluent applied and cumulative nut
rient additions for both sites are given in Table 1. Effluent concentra
tions of total kjeldahl nitrogen, total phosphorus and potassium were 
lower than typical effluent reported by Pound and Crites (1973). Although 
the sodium concentration was considerable (liS to rug/l), it was not 
present in a great enough concentration relative to other cations to cause 
Soil dispersion problems. The sodium adsorption ratio (SAR) as calculated 
On mean concentrations of cations in the effluent was well below the sug
gested problem levels , 196)1). The potential of foliar 
from this effluent appeared remote as the specific conductance at 
was 0.538 mmhos/cm as compared to an estimated critical value range of 2-4 
rnmhos/cm for foliar (l'lelsted, 1973). Elemental additions of N-P-K 
on site II for the 10 treatment were 187.5, 113.0 and 811.7 

This provided 187.5 .3 Ibs/ac} of nitrogen, .5 
} of phosphorus 102.1 kg/ha (91.1 lbs/ac of 

equivalent. This 
of a 20-10-10 fer

tilizer. 

Tension , as described by Hansen and Harris ), were 
used to collect soil percolate samples at various points in the soil profile. 
The lysimeters consistecl of a plastic PCV tube )1)1 em in diameter and 75 
em in length. One end was fitted with hemispherical porous ceramic cup. 
Rubber stoppers were placed in the opposite end and fitted with plastic 
tubing to allow evacuation and sample collection. 

Replicated lysimeters were installed at 30, 60 and 120 cm below the 
soil surface on each plot at site I and at and 100 cm below the soil 
surface on each plot at site II. Special care was taken to insure good 
soil-lysimeter contact. 

Manufactured by the Soil Moisture Equipment Corporation, Santa Barbara, 
California. 
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--

Soil percolate samples were collected and analyzed twice during the 
z respective irrigation periods (19'( :5-'(6) . Samples were collected from f;ite"" <: 

I on August 1" 19'r) and September 4, 19'r5; i. e., near the beginninr; and~ 

IS""," end of effluent applications, Sample collection on site II 
S <.) 

t- I::J S 
I -j" -j" u"\ N N ro -j" N "- a'" .-; corresponded to pre-irrigation ( post-Irri gation (9/16/76)~-r! I ..;,",lOa I rl N rl .-; .-; rl N ~ rl 

.............-l \.0 
 I N in a -j" -j" u"\ 
I C') C')Q'\?::'-..../H rl 


rl 

'" '"' "  percolate sampling procedure was the same for both sites.<11 N 

..c~ Before irrigat , the tens ion lys imeters were evacuated to 0.9 bars 0 f 
H
H 

bJ}H Approximately 24 hours after irrigation began, solution samnlesen H ~ 
Is~ were collected the soil lysimeter. on samples were placed inQJ ::J Ci IZ 
I co co a -:1" -j" r--- -j" ('") 00 .w S ° or-! "...-I 125 ml plastic bottles, transported Paul in an ice chest andI '"' 
I N -j" ('") N N ('") -j" N 


'liN 

en~o unti the analyses wereI co -:1" a N a ro ro 0 '"' '" 

I rl C') rl Lf'1~:8 
Lf'1 '"' '"' 

~·let,hods... 

Soil samples were collected after effluent application 
w :;31"" site Each replication of control, maximum, and minimum tr"utmentH <
".J 8S 
"" ::J <.) saml,led at the surface (to 1 CY1), and at 10, , 30, 60, 90, and 1~0 cm 

N co co C'"l N 0 ro -j":>WI 1F. I-r! I" -r! depths. Soil s(ilTlples (it sit" TT wore obtained (it the surface (to 1 em),"" < 10 •.w a C'"l a C') l"- N Lf'1 
rl .-;,,-, 10, , Bo and 100 cm depths prior irrip;ation. Camples Wf;re-r! C') N'Ii '"' 

-'-"0 ~" obtained at site II after the Lrrigation season for all depths except at"" 
~ '" 100 cm. Samples at the 100 em depth not be obtained without, d'ju"\~Icn l" 
H 

u turbing planted vegetation. [-)E.tmplinp;, performe,lthroup;h a combinatie 
:'.-0; rl S <.) '" 
lJ.1 excavation and use of a soil samplinp; tube. Bulk density ~;amTll wn.s 

-r! roH ..c N co co ,.j' ('") N I" " on site II thrOUGh the impact volumetric sflmpl "1'_::c: "- '" H!a! r.if-' OJ) a C') 0 C'"l l"- N Lf'1 
;.:i rl N 
?: 

~ rl '"'21~ '-' 
-.-1 

~ en 
,:) 

CiS 
:;j <)til Selected hydrolop;ic param:ters (hrrinp; the 

rrI C') u"\ a u"\ rrI 
0 
% 

field eXl1eriment. rNO standard nonrecord·i np: rain RaRes 
H 

'"' I-r!'" rl~ . 0 rl rl a I"- ,.j' rl 
H recording rai gap;e were installed the experimental site for'1l,", N .-; N ,.j' '"' H ?:~ 

In addition, precipitation volume and duration was monitored 
:=;] 
'-' 

sonnel at a location approximately kilometer south of the experimental 
plots. ::;oil moisture vollune was measured on each site to a depth~ 

,.' 
C') C')QJ meter with Ii neutron probe. Four replicated measurements were made 

H 
H 0 co a a 0 ro -j" a 

N -j" if) N N a N I".wH U'\'"' a 
rl 

-r! H each treatment level on ~5ite I and three re1'l icated measurern(>nts-11 '" "" 
C') I"-Ul a u"\ u"\ a a "- 0 N co".J til 

10 rl '"' N rl in Lf'1 Lf'1 for each treatment level on site II. Inf11 tratlon rates on site II8 0 ,.j' 
-r!S est irnated by a double ring i nfiltrometer method (Black, 1965). 
.wU 

a,J'Ii a 0 0 a a a a 

"" ).< .w in N N N '"' -M H.wZ '"' '"' '"' '"' 
N in 
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10 ""rl 0 a in cOU'l<t

.-; C') rl -j" '"'"' 
<.)U'l t>O -- '"' The height, growth and percent survival ot' all planted woody ver;etation10Z S 

'-"0 0 " 
C')H "" were measured on an annual basis. Observations T..;ere made during theU >,.-;1

H 
.-; ... .w<::! 

I"-
subsequent to "bud burst". All are recorded to the nearest 

;2 'Ii 'Ii <11 <::! a a 0 a a a a a 0 a '" 
QJ <.) '0 W 0 a aH a a a a a I"- 0 
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centimeter as measured from the Est ablishment the p;r(issz,......, -N 10 ::J 
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,.j'zO'\ H<ll"-4 .w aerial foliage cover taken during late September.
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j:zlH U EXPERIMENTAL DESIGN AND MEI'HODS 
C5H '0<::! 

;z: 0 0;2j:zl ,r!I 
.-; w"'lH 

Ol 
Soil Percolate and Soil flHJJJples

::--H ..c 0. '0 
<1'.U'l 'Ii ... <IJ §'0 0 '0 

rl <IJ ..-I 0 
a,J rl p.. 

or').w ~ 9 Q) o<t"" 
~j ~ p.. ..-I -r< '0 0 en10 S 

a,J ~ <IJ <IJ .r! 0 
f"1 ..."r! rl >'< rl -r! a,J S Ul ... <::! s:l rl 

H".J 'Ii I <11 10 'Ii 0 0 -r! Ol Ol ~ ,:t -r! 
.w .w .w rl ° bJ} '0 .w rl ... 'O~ .w 
;j 0 0 <11 'Ii 0 0 ..c 0 0 0 ""[':1 ;z: H i:§ H U ?: U'l U tJ:J H"" "" 

12 



The experiment on site I was designed as a 4 X 11 latin square split 
Plot and that of site II a randomized block split plot design. Whole 
plot analyses isolated effects due to the level of effluent application; 
the split plot isolated effects associated with changes in soil depth. 

The differences in mean concentration of inorganic constituents in 
and in mineral soil were tested by using an analysis of 

test statistic based on the Studentized Range, 
Q = (Snedecor and Cochran, 1967). 'I'he soil percolate and 
soil were statistically analyzed to determine differences 
between average treatments and depths as well as differences between 
treatments at various depths. ~~en possible, polyonimal contrasts were 
used to detect linear responses to quantitative factors, i.e., treatment 
level and depth. 1 

The departure from "normal" precipitation patterns previously described 
(Figure 2) resulted in soil percolate sampling problems. The tension 
lysimeter samplers provided a sample only at soil moisture tensions of 
-1 bar or greater. This tension threshold was surpassed frequently at 
the cm depth of the control plots on site II during Because the 
post-irrigation sample collection resulted in a large number of missing 
samples at the 50 cm depth of control plots, least square estimates of 
missing data were inappropriate. As an alternative analysis, the 100 cm 
depth samples were analyzed as a randomized block design while depth 
effects were analY7.ed only on the treated plots as a 2 x 2 randomized 
block, split plot design. 

Vegetation 

'I'he differences in mean vegetative growth, survival and aerial cover
age were tested with an analysis of variance and a pairwise test statistic 
based on the Studentized Range. The vegetation data were analyzed to 
determine differences between species responses at specific treatment 
levels, average vegetation responses treatment and average species 
responses to treatment. 

Soil percolates were analyzed for nitrate plus nitrite-nitrogen, 
ammonium nitrogen, total kjeldahl nitrogen, total phosphorous, calcium, 
magnesium, sodium, potassium, chloride, specific conductance and total 
alkalinity. 

,
All analyses were by the Research Analytical Laboratory, .. 

University of Minnesota III). 

on the less than 2 mm fraction. Chemical analyses included: nitrate 
Plus nitrite-nitrogen, ammonium nitrogen, total kjeldahl nitrogen, total 
phosphorous, Brays No.1 phosphorous, exchangeable cations (Ca, /4g, K, Na), 
pH and the cation exchange capacities. All analyses were performed by the 
Research Analytical Laboratory, University of Minnesota (Appendix IV). 

'''he soil samples were air dried, crushed and passed through a 2 mm 

sieve. Bulk density and soil chemical properties expressed were calculated 


Ilj 
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" No ,...; 0 N o '" '" '" " ""' o ,...; co co o One week after the last effluent a-pplicatj on for the 1976 season,co ,...; ""' ""' '" '" soil percolate concentrations were obtained for all plots and depths 

o N except control plots at the 50 cm depth ('Tabl e 4). Because of the droughtN '" r- r-'" o "., co'" 0 '" condi.tions of late summer, the upper portion of soi.ls in the control plotso ,...; N N ..;j" ..;j" 
r-- ,...;'" -c> were too dry for soil solute extraction by the suction lysimeters. Com'" 

Pari:?ons the cm depth, however, indicated that nitrate plus nitrite 
..;j" N,...; ""' ..;j" r-- ..;j" N N, totll~ phosphorus, and magnesium concentrations for both and 10 cm/weeko '" 0 '" ""' ...... N "., ..;j" o o treatments were less than control (Figure 3, a,b, c L Differences in 

N '"N ,...; 
,...; '" '" nitrate plus nitrite-N again may be attributed denitrification in 

treated plots resulting from short periods of saturated conditions. At 
.... the 50 cm depth the total phosphorus concentrations increased with highero o N N N 
I'Ll co o 0 N '" -<t "., l effluent application, but just the opposite was observed at the 100 cm 
l-< '" ,...;.... o N depth . 
(/) ..;j"'" ""''" ""' {'" " 
6 Soil percolate concE!ntrations obtained from site I at a 1. meter

N N N o 
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TABLE AVERAGE EFFLUENT AND SOIL PERCOLATE CONCENTRATIONS. POST-IRRIGATION (9/16/76) ON SITE II. 

~~~~_~_~_~___ oomo... ___ _ 

Effluent .2 15.4 6.93 3.58 25.2 10.2 

Treatment 50em 100em 50em 100em 50em 100em 50em 100ee: SOcm 100em 100em 

Control 

em/we.ek 

10 cm/lioJe.ek 

IS. 

14.04a 

68.0la 

.31b 

16.26b 

1. 92a 

2.00a 

.59a 

1. SOa 

2.lSa 

.086a 

.07Sb 

.212a 

.135a 

.980a 

.010a 

.01Sb 

.031a 

.015b 

.000e 

292.6a 119.4a 

160.3a l6l.30a 64.65a 76.6b 

l63.8a 171.3a 64.45a 72.8b 

:>a K Cl Specific Cond. Total Alkalinity 

(mg/l) (mg/l) (mg/l ) m':!os/em) (mgCaCO/1) 
Effluent 50.3 7.06 57.2 538 73.9 

Treatment SOem 100em 50cm 100em 100cm 50clr. lOOcm 
-  - - -

50em 100em 

Control 41. SOa 27.30a 47.33a 2179a 271.6a 

5 em/week 

10 em/week 

42.15a 

40.77a 

38.07a 

45.15a 

24.77a 

24.17a 

25.77a 

26.92a 

91.67a 

84.87a 

71. 92a 

75. 1417a 

1453a 

1520a 

31O.0a 

326.3a 

384.5a 

398. 

Means represent four observations. 


'2:./ Treatment means within a depth followed by a common letter do not significantly (.05) differ. 




Table 5. 	 POST-IRRIGATIO:.l AVERAGE SOIL PERCOLATE QUALITY AND AVERAGE 

GROUNDWATER QUALlTY OBTAINED iiITII1N AN MILE RADIUS OF :s 
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plus nitrite - N were significantly lower than those of contr~1 plots, 
they were in excess of levels recommended for drinking water. 

The only substantial renovation of nitrate plus nitrite - N was 
Observed with maximum treatment on site I in which anaerobic conditions 
and consequently denit ri fication may have occurred. 'fherefore, it appea:rs 
that methods of effluent application Which create anaerobic conditions, 
at least periodically, will tend to promote renovation of nitrate plus 
nitrite - N. 

High renovation efficiencies were observed with phosphorus for both 
sites. Renovation of phosphorus would be extremely important in this regfOl 
because of eutrophication problems associated with relatively small addi
tions or phosphorus to lakes. 

'" '" 
MSite I 	 '" 
o--
r' 

The chemical analyses of soil samples collected on site I indicated 
that soil nitrogen and phosphorus were present in quantities likely to be o 

z 

deficient for pioneer vegetation (Wilde, 195R). The ma,jor exchangeable 
H 

~ 
~ 

cations important to tree nutrition (Co., Mg, K) were all pre'ient in 
H 
Cl 

adequate am01mts for pioneer species b'lt more nutrient demanding species '"02 
may experience a potassium deficiency. H 

Cl z 
Wastewater applications to site I were too limited to significantly t"! 

o 
...:l(.05) affect soil nutrient (1'able 7). With the exception ...:l 
ochloride, no significant (.05 	 detected between the mean '" 
Heffluent application effects. Chloride concentrations showed a significant 

( .05) interact ion between effluent levels and depth of sampling. 
'fhe maximum treatment concentrations .1 ppm) at the 10 cm depth sig- ~ 
nificantly (.05) exceeded the control concentration.9 at the same 	 H 

depth. The pattern of increased concentrations at 10 cm was duplicated 	 <C 

c.n
by the minimum treatment lla). Chlorides were not thought to be 	 ...:l 

H 

retained by sorption processes and the increased chloride concentrations U) 
o 

on the treatment plots were assumed to be a function of the chloride con
tent. z 

o 
H 

The concentrations of total kjeldahL nitrogen, Bray's phosphorus, H 
H 

c.nchloride, manganese, ,;odium and potas,;ium averaged across treatment levels o 
showed significant (.05) depth effects. High concentrations or nitrogen, 

p., 

6
phosphorus, manganese and sodium were observed at the soil surface and at u 

the depth extremes while moderate depths exhibited reduced concentrations. -0: 
...:l 

uIn the case of manganese, concentrations at 120 cm actually exceeded con- H 

centrations at the soil surface l"b). High concentrations of ~ 
;::

sodium were observed in the surface soil with reduced concentrations in the U 

subsoil 11C). The wastewater applied to site I contained high Cl 
til 

concentrations of sodium and ch] oride and the response of these elements 	 ;;:i 
W 
:>
0," 

Y 	U.S. Environmental Protection AGenc~y. 1975. National interim primary ;.
drinking water regulations. Reg. Vol. 40, No. 248. 
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in the soil reflects their prominence in effluent relative to the 
other constituents. The remaining significant depth response curves 
were thought to related to reducing conditions promoted by a high 
watertab'J e and the interface of the original soil solum beneath the 
overburden veneer. 

Site II 

Soil samples were collected at site TT on May 21 October ,J, 

; pre and post irrIgation respective'J y. As with site I, the inherent 
nitrof,en phosphorus levels were inadequat,e for normal forest tree 
gram h; however, ample concentrations of' macro-nutrient base cations 
were indigenous the strippinv, overburden material (Appendix VI). 
Notably, direct measurement of' the cation eXChange capaci ty 
tion) as contrasted to the summation the exchangeable bases lndleates a 
supersaturation of bases, i. e., presence of readily soluble salts on pre
cipitates. pre-irrigaL ion overburden showed sign i ficant (.01) linear 
Changes in the concentration nitrate p'Jus nitrite-N, ammonium nitrogen 
and in pH wHh respect to depth sampling. Nitrov,en and acidity increased 
directly with depth. 'J'hese initial response Cl.ITVes were assumed be 
related to the leaching losses characteristic of soil anions and weakly 
adsorbed cations. 

Following effluent irrigation of "Lte IT, overburden samples showed 
no s Lgnificant (.05) differences to treatment 8). Wastewater 
irrigation enhanced relation sodiuril and ammonium nitrof,en concen
trations to depth of samplinr: but cLiminished the relation of nitrate plus 
nitrite-N concentration to soil samplinp; Significant, (. ) reduc
tions in concentartions of Bray's phosphorus, nitrate plus nitrite-N, 
ammonium nitrogen, and sOll.i.um were observed with depth followinG irrigation 

5). 'J'hese results suggest that irrigation promoted hi gher concen
trations of some nutrients near the soil surface as observpd by Richenderfer, 
et. al. (J,)TS) with inches per week applications over a year period. 

In an attempt to derive quantitative accumulation or depletion patterns 
of nutrients in the soil, water balance estimates seepav,e and soil per
colate composition at 50 cm were intep;rated with cumulative effluent nut
rient loads 6). 'J'he percentage inputs, outputs and net soil 
changes were based on the original ,ooil nutrient capital as calCUlated to 
the maximum observed rooting depth (50 em). Under natural conditions (no 
treatment), soil weathering and subsequent leachinG produced minor losses 

the soil nut,rient capital. Through the duration of the 1976 fi 
experiment, the new'Jy exposed soil parent material lost less than percent 
of the soil nutrient capital of any spec ific element by natural processes. 
It should be noted that these losses would be somewhat counterbalanced 
by precipitation and particulate inputs but local data indicate these 
inputs are general'Jy very small relative to the calculated outputs 
and Timmons, 1975; Comerford, 1976 

The two major plant nutrients thought to be present de:ficient 

levels (N, p) sho'W patterns of net accumulation subsequent to effluent 


4. AVERAGE SOIL CONCENTRATIONS OF A. CHLORIDE, B. MANGANESE, AND 	 irrigation. Although the net increase in nitrogen was less than one percent,FIGURE 
C. 	 SODIUM FOLLOWING EFFLUENT IRRIGATION, SITE I. 
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Table 8. AVERAGE CHEMICAL COMPOSITION OF SOILS AT SITE II FOLLOWING IRRIGATION (10/13/76). 

Treatment Depth 

(em) 

Kje1dah1 
Nitrogen 

% 

(NO 3+NO 2)
Nitrogen 

+ 
NH4 

Nitrogen 

.J.J ........ J S 

No. 1 
Phosphorus 

Total 
P Cl 

----------

Ca Mg Na 
me/lOO gms 

K pH 

ControL ....• 1 

10 

25 

50 

80 

.04~/ 

.080 

.073 

.090 

.074 

33.0 

15.2 

8.7 

11.1 

10.2 

4.0 

2.5 

2.0 

2.7 

3.0 

10.2 

3.1 

2.9 

4.6 

3.1 

564. 

574. 

577. 

565. 

566. 

20.3 

22.4 

5.9 

5.0 

6.2 

4.45 

6.81 

7.82 

7.32 

6.34 

1.65 

1.89 

1.63 

1.65 

1.58 

.44 

.29 

.28 

.26 

.26 

.51 

.52 

.56 

.57 

.53 

6.9 

7.0 

7.0 

7.0 

6.8 

I\) 
en 

5 em/week •.. 1 

10 

25 

50 

.070 

.098 

.062 

.092 

10.0 

5.8 

6.2 

5.1 

5.4 

2.5 

2.2 

2.5 

22.3 

5.4 

4.3 

3.7 

656. 

557. 

545. 

573. 

19.8 

12.0 

12.2 

14.1 

6.59 

7.08 

6.50 

8.14 

1. 53 

1.47 

1.39 

1.84 

.42 

.35 

.33 

.33 

.43 

.46 

.54 

.58 

7.0 

7.2 

7.1 

6.9 

80 .060 4.3 4.8 3.1 592. 29.6 5.63 1.50 .33 .56 7.0 

10 em/week.. 1 

10 

25 

.ll8 

.069 

.061 

15.9 

6.0 

8.9 

4.8 

2.4 

2.2 

22.4 

4.2 

3.6 

667. 

590. 

565. 

19.8 

8.4 

8.4 

9.01 

6.91 

7.20 

2.35 

1.54 

1.52 

.44 

.35 

.31 

.57 

.52 

.50 

7.1 

7.2 

7.2 

50 

80 

.098 

.065 

9.8 

5.0 

2.9 

2.5 

3.5 

2.6 

564. 

560. 

10.3 

7.8 

9.38 

6.76 

1.94 

1.49 

.29 

.28 

.52 

.52 

7.0 

7.0 

Means respresent four observations 
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FIGURE 5. AVERAGE SOIL CONCENTRATIONS OF: A. BRAY'S PHOSPHORUS, B. NITRATE PLUS NITRITE
NITROGEN, C. AMMONIUM NITROGEN, AND D. SODIUN FOLLOWING EFFLUENT IRRIGATION, SITE 
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a small increase in such a limiting factor may be important to plant growth. 
The accumulations calculated, however, may represent a buildup of organic 
and ammonium nitrogen or may represent denitrification losses promoted by 
the alternating oxidizing and reducing conditions created by the weekly 
irrigation schedule. 

Phosphorus accumulations represented a substantial increase in the 
total soil phosphorus reserves. The 10 em/week application produced a 
75% increase in total soil phosphorus. The mechanisms of total phosphorus 
accumulation in slightly acidic to neutral overburden include fixation as 
calcium phosphates and to a lesser extent fixation by hydrous oxides and 
silicate clays. Physical filtration of organics may also be related to 
the accumulation of total phsophorus. The relative availability of phos
phorus additions in the slightly acidic to neutral pH range is optimal and 
it would appear that wastewater additions of phosphorus might well enhance 
the phosphorus nutrition of the planted vegetation. 

Calcium, magnesium and potassium leaching was accelerated and resu1ted 
in losses approximately proportional to the quantities of effluent applied. 
In the case magnesium, overburden receiving 10 cm of effluent per week 
lost the equivalent of over of the original soil magnesium capitaL 
Calcium and potassium losses were approximately 20% of the original 
soil nutrient capital. 

Effluent appJ ications produced net accumulations of sodium in the 
soiL At an irrigation rate of 10 em/week, the soil sodium capital was 
increased by more than percent. The potential of this accmnulation pro
ducing deflocculation problems seemed remote as the proportion of sodium 
on the exchange complex remained small in comparison to the other base 
cations. 

The relative nutrient capital accumulation or depletion rates of 
these cations is dependent upon: the nature of the exchange material and 
the cations, the exchange capac ity, the composition of the adsorbed cations, 
the soil solution concentrations and the relation of these parameters to 
the quantity and quality of the applied wastewater. The initial soil 
srunples indicated a dominance of calcium and magnesium concentrations over 
potassium and sodium concentrations while the effluent was dominated by 
high sodium concentrations. At high soil solution concentrations the 
superior replacing power of divalent cations was diminished so that one 
might have expected the active effluent sodium ions, by mass action, to 
replace the adsorbed calcium, magnesium and potassium. Such replacement 
would be in relation to: (1) their respective adsorption strengths 

), 	 (2) their composition on the exchange complex, (Ca>Mg>K>Na) 
) their composition in the applied wastewater (Na>Ca>Mg>K). As a 

result, a net accumulation of sodium and a net depletion of magnesium, 
calcium and potassium has taken place. 

The high content of base metals in 'Wastewater applied to iron mining 
overburden material seems to promote alkaline leaching of abundant soil 
base cations and the accumulation of soil phosphorus and possibly nitrogen. 
Such accuJl1u"j ations, 'When combined with the improved soil moisture regimes 
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produced by spray irrigation, may provide more favorable conditions for 
vegetation establishment and growth. 

VEGETATION 

Effluent irrigation did not significantly (.05) affect the first year 
survival or height growth of trees planted at site I. The mean first year 
survival was 85 percent and the mean height of the trees did not change 
over the first year of the experiment. However, these average responses 
were confounded by significant (.05) species differences in survival and 
height growth. Green ash significantly (.05) outperformed white spruce, 
eastern white pine and northern white cedar (Table 9). The survival 
rate of green ash was 96.2 percent, whereas white spruce was 76.7 percent. 
LikeWise, the mean growth of green ash was greater than white spruce, 
eastern white pine and northern white cedar. Growth of hybrid poplar 
was also significantly (.05) greater than the above conifers, but did not 
significantly (.05) differ from them in survival. 

The incidence of deer browsing may have affected seedling survival 
and the apparent height growth responses. The frequency of deer browsing 
on green ash and hybrid poplar was less than 10 percent while white spruce, 

pine and eastern white pine browsing frequencies ranged from 30 to 
percent. Approximately 100 percent of the northern white cedar was 

damaged by deer browsing. 

Planting recommendations cannot be made on these preliminary one 
year results and all planted vegetation will continue to be monitored in 
Or<ler to provide more substantial results. 

Percent survival and height growth of tree seedlings planted at site 
II will be evaluated in May, 1977 and in subsequent years. 

The percent aerial coverage of the graSS-legume seeded strips was 
not significantly (.05) affected by wastewater irrigation. Mean percent 
cover ranged from 48.6 percent on the (~ontrol plots, to 30.4 and 20.6 
percent on the 5 em/week and 10 em/week treatments, respectively. Surface 
ponding of irrigation wastewater, however, seemed to promote mortality in 
the seeded strips as the frequency of micro depressions was well correlated 
with low cover estimates. 

TABLE 9. AVERAGE SURVIVAL AND GROWTH OF PLANTED SPECIES FOLLOWING ONE 
SEASON OF EFFLUENT IRRIGATION, SITE I. 

Species 

1/Hybrid poplar

occidentalis 

Pinus strobus 

Pinus 

glauca 

Unknown origin 

1/ Means followed by a common 

Mean Growth 
One Year 

(cm) 

6 all 
6 a 

-17 c 

o b 

2 ab 

o b 

letter do not significantly differ (.05) 

Mean Survival 
(%) 

96.2 all 
95.6 ab 

84.4 ab 

81.4 ab 

76.9 ab 

76.7 b 
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CONCLUSIONS 

RENOVATION 

a. 	 Irrigation of 6 em in 8 applications over a 9-week period on a 
poorly drained site resulted in 98, 89, and 99 percent renova
tions of nitrate plus nitrite-nitrogen , Lotal kj eldahl nitrogen, 
and total phosphorus, respectively, based on soil percolate con
centrations at the 1.2 meter depth. Surface ponding of effluent 
was observed during Lhese applications. Although renovation of 
sodium, poLassium and chloride was also indicated, calcium and 
magnesium concentrations at 1. me"ters were increased. 

b. 	 Irrigation of 60 and 120 em over a 12-week period on the newly 
site resulted in renovations of over 99 percent for 

phosphorus, and 80 to 90 percent for total kjeldahl nitrogen, 
based on soil percolate concentrations at the 1.0 meter depth. 
Nitrate plus nitrite-nitror;en, calcium, magnesium, and potassium 
concentrations were substantially higher at the J meter depth 
than respective concentrations in effluent. Renovation of 
nitrate plus nitrite-N is apparently dependent upon periodic 
anaerobic conditions in the soil which can be affected by method 
of application. 

ANELIORATION OF srl't: 

Soil chemical properties for both sites indicated that the over
burden material was deficient in nitrogf'll and phosphorus prior 
to irrigation. The soil nutrient capital Lo depths of 1;'0 cm 
on site I and 80 cm on site IT was signifi.cantly (. ) affected 
by irrigation. Accumulation" of Bray's phosphorus, ammonium nitro
p,en, and sodium were, however, detected near the soil surface 
with the 60 and 120 cm treatments on the new site. Effluent appli 
cations appeared to promote leaching of t he abundant soil base 
cations including calcium, magnesium, and potassium. 

a. 

b. 	 li:ffluent irrigation of 6 cm on site T did not increase the first 
year survival or the growth of planted trees . 
.:..::.=..;JL=-:...:::.;,.:=.:c.. Marsh.) and a hybrid poplar exhibi ted 

than northern white cedar (Thuja .:..=.c::.c:==:;.:;:.;==
--'''-'--.c....c..=- L. ), and white 

response of vegetation on 
until subsequent survival and growth 

data are 

c. 	 'l'he ameliorative effects of effluent irrigation on overburden 
stripping dumps would be limited in scope; however, if the estab
lishment and growth of vegetation is promoted on such sites a 
more effective physical and biological filter system for sub
sequent sewage effluent disposal may be realized. 
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APPENDIX III 

Analytical Methods as Performed by Research Analytical 
APPENDIX [l Laboratory, University of Minnesota 

Plot Layout 

t 1. Nitrate and Nitrite: In this automated procedure nitrate is first 
reduced to nitrite by a copper-cadmium reductor column. The nitrite 
ion then reacts with sulfanilamide under acidic conditions to form 
a diazo compound. This compound then couples with N-I-Napthylethylene
diamine dihydrochloride to form a reddish-purple Azo dye. The reported 
value thus includes both N0 -N and N0 -N. The analysis is performed on3 2a 3-Channel Technicon AutoAnalyzer II. The pH of the water sample 
must be between 2.5 and 8.5. 

/ 
/ Ref: Technicon Industrial Method AAII. Jan. 1971. IOO-70W. 

/ 
/ Ref: Methods [or Chemical Analysis of Water and Wastes. 1971. 

/ 
/ Environmental Protection Agency, Cincinnati, Ohio. 

/ 

/ 
/ 

/ 

I 
I 2. Ammonia: In this automated procedure ammonia reacts with alkaline-phenol 

/ and hypochlorite forming a green colored compound believed to be closely 
/' 

/ 
related to indophenol. The analysis is performed simultaneously with5 nitrate above on the AutoAnalyzer II. The pH of the water samples must 

Hard Sudoce be between 2.5 and 8.5.,
Road 	 Ref: Technicon Industrial Method AAII. Jan. 1971. 98-70W. 

Ref: Methods for Chemical Analysis of Water and Wastes. 1971. " , 	 ~I",---"" 
10m Pump 	 Environmental Protection Agency, Cincinnati, Ohio. 

srh;: II T~.---I 	 .. DAMHouse [ 

\ REm \"",,~r-'rl ~ ) 3 • Total Phosphorus and Total Kjeldahl Nitrogen: A lO-ml aliquot is 
..IJttJH;,Ir':~i9ation digested for both Nand P in a volumetric flask on a hotplate using a1''' P'pe, )I 

I 

mixture of fuming sulfuric acid, mercuric oxide and potassium sulfate. 
The 	 digested sample is analyzed simultaneously for Nand P on a two: 

( channel Technicon Autoanalyzer II by methods similar to those above 
)Eflluent Ditch 

I 

; 
SITE for ammonia and orthophosphate. Sodium nitroprusside is added to the 

, nitrogen chemistry to increase sensitivity. The sample is neutralized 
onstream. 

This method includes both inorganic and oxidizable organic phosphorus 
I forms, and ammonia and most organic nitrogen forms such as amino acids, 

proteins and peptides; it docs not include nitrate or nitrite nitrogen.) Ref: Jirka, M., Carter, M. J., May, D. and Fuller, F. D. 
I "Ultramicro semi-automated method for the simultaneous determination of 

5 total phosphorus and total Kjeldahl nitrogen in wastewaters". EPA 
Central Regional Laboratory, Chicago, IL. 

4. 	 Chloride: This automated procedure depends on the liberation of 
thiocyanate ion from mercuric thiocyanate by the formation of unionized 
but soluble mercuric chloride. In the presence of ferric ion, the 
liberated thiocyanate forms a highly colored ferric thiocyanate pro
portional to the original chloride concentration. The analysiS is 
performed on a Technicon Autoanalyzer II. 
Ref: Technicon Industrial Method No. 99-70W. Sept. 1973. 
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APPENDIX IV5. 	 Alkalinity: Titration with mixed indicator to pH 4.6. 
Ref: EPA and APHA references above. 

Soil Analysis 

6. 	 Metals: Analyses are performed on a Perkin-Elmer Model 303 Atomic 
1. 	 Nitrate, nitrite, and ammonium: 30 ml of 1 N KGl is added to 3g of airAbsorption Spectrometer. 

dry 	soil. shaken for 30 minutes and then centrifuged. An aliquot isRef: EPA reference above. 
transferred to 5 ml Technicon sample cups and refrigerated. The analysis 
is perforrued on a Technicon AutoAnalyzer II.7. 	 Specific Conductance: Readings taken on an Industrials Instruments 
Ref: Black, C. A., 1965. Methods of Soil Analysis, Part 2. Amer.Conductivity Bridge, RG 16B2. 
Soc. Agron., Madison, Wis. (Modified for auto-analysis). 

8. 	 pH: Readings taken on an Orion Model 701 digital pH meter. 
2. 	 Chloride: 25 ml of deionized-distilled water is added to 109 of air dry 

soil, shaken for 30 minutes and centrifuged. An aliquot is titrated for9. 	 Boron: Colorimetric Curcumin reagent. 
Cl with a Technicon AutoAnalyzer.Ref: Analyst, , Vol. 92, pp. 532-533. 

3. 	 Exchangeable/Extractable Cations (equilibrium extraction): 30 ml of10. 	Solids: Total and/or Volatile. 
neutral 1 N NH OAG is added to 3g of air dry soil, shaken for 30 minutesRef: EPA reference above. 
and centrifuge~. Analysis of the extract is by atomic absorption spectro
scopy. 

4. 	 Cation Exchange Capacity: After replacement of cations 
above method, the excess t-.1I4 + is washed out with methanol~or isopropyl 
alaohol until the last effluent is free of ammonium. The exchangeable 
NH + ions remaining are replaced by leaching the soil with a 10% 
solution of KGl containing 0.005 N HCI. The filtrate is brought to 
volume and distilled for ammonia. 
Ref: Soil survey Lab. source above except KGl is used here rather than 
NaGl. Also see Black, G. A., 1965, under 8. below. 

5. 	 Kjeldahl Nitrogen: .55g air dry soil digested in 3ml conc. H2S0 with 
1.4g of salt mixture (100 parts K2S04-lO parts GuS0 ·5H 0 )-1 part

4
Se)4

2 hrs. after clearing. Distilled and titrated. 

Ref: Black, C. A., 1965. Methods of Soil Analysis, Part 2. Amer. Soc. 

Agron., Madison, Wis. 


6. 	 Total Phosphorus: Nitric-Perchloric acid digestion. 
Ref: Tandon, n., M. P. Cescas and E. H. Tyner. An Acid-Free Vanadate
Molybdate Reagent for the Determination of Total P in Soils. 
Soil Sci. Soc. Amer. Proc., 32:48-51. 1968. 
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APPENDIX V. PRE-IRRIGATION (7/1/76) SOIL PERCOLATE QUALITY ON SITE II TREATMENT BY DEPTH 

(N03+N02)-N Total Kje1dahl-N Total P Ca(mg/l) Mg(mg/l) 

Treatment 50cm 100cm 50cm 100cm 50cm 100em 50cm 100cm 50cm 100cm 
~..---... .._-_.._---------------------------- 

xControl: 62.37a1 ,2 66.8Ba 2.l03a 1.802a 4.250a 3.25a 195.7a 253.7a 74.52a 99.03a 
SE 27.71 27.71 1. 555 1.555 .0085 .0085 50.50 50.50 25.10 25.10 

6.563a 64.05a 2.775a 2.412a 1. 75a 3.4l7a 8B.55a 222.la 33.10a 86.83a
5 cm/week: x 

SE 2.852 28.33 .9734 1.000 .0075 .0067 7.602 53.55 6.542 20.42 

14.8la 21. 96a 3. 650a 2.l75a 4.000a 4.000a 120.2a 135.0a 44.30a 57.l2a10 em/week: x 

SE 6.106 13.94 1.460 .7565 .0108 .0071 B.230 17.85 4.777 11.02 
.ro
~ 

Na(mg/1) K(mg/l) C1(mg/l) Specific condo Total A1ka1. 

Treatment 50em 100 em 50cm 100em 50cm 

Control: x 29.13a 38.22a l8.90a 31.80a 34.58a 41.67a l588a 1948a 237.8a 404.7a 

SE 8.035 8.035 6.893 6.893 17.34 17.34 420.2 420.2 83.42 83.42 

x l5.l5a 38.92a 15.47a 25.97a l2.60a 40.00a 760.0a 140la 281.0a 392.0a 
5 cm/week: SE 2.403 8.25 .9587 3.253 5.452 14.78 86.21 271. 7 43.25 39.21 

10 cm/week: x 23.60a 31. 25a l8.40a 24.00a 1O.12a l4.27a 10lla l352a 365.8a 428.3a 

SE 1. 268 6.813 1.014 3.802 1.477 4.437 77.68 214.6 35.13 63.12 

11 Means and standard erros represent four observations.

II Treatment means within a depth followed by a common letter do not significantly (.05) differ. 


APPENDIX VI. AVERAGE CHfu~ICAL COMPOSITION OF SOILS AT SITE II, PRE-IRRIGATION (5/23/76). 

+ .
Kje1dah1 (N0 +N0 ) NH4 Bray's No. 1 Total

3 2
Treatment Depth Nitrogen Nitrogen Nitrogen Phos~~&rus Phosphorus C1 Ga Mg GEG pH 

% 

ControL .•. 1 .045 11.2 4.5 3.4 552. 8.4 4.86 1.69 .05 .37 4.56 6.8 

9 .066 12.9 4.4 4.0 536. 16.4 7.14 1.62 .06 .40 6.03 7.0 

25 .061 14.0 4.8 4.8 558. 6.8 6.10 1. 39 .06 .37 5.69 7.0 

49 .073 25.8 5.8 4.5 8.9 7.39 1.56 .06 .37 6.80 6.6 

81 .072 21.8 5.9 3.4 9.0 5.70 1.41 .08 .77 5.92 6.6 

100 .060 21.6 6.0 3.9 562. 9.3 6.16 1.47 .07 .44 6.24 6.6 

5cm/week•.• 1 .088 16.5 6.4 4.5 548. 28.4 6.78 1.49 .06 .39 5.44 6.9 

9 .078 16.0 4.9 5.9 525. 15.9 6.72 1.50 .07 .48 5.55 6.9 

25 •056 12.7 5.2 4.5 502 • 14.6 5.16 1.22 .05 .35 4.66 6.9 

49 .094 13.4 5.4 5.7 12.1 6.02 1. 31 .07 .44 5.13 6.7 

81 .063 14.0 5.2 4.2 16.2 5.04 1.30 .06 .31 4.67 6.6 

100 .067 17.9 5.7 3.8 578. 11.2 5.18 1.40 .06 .33 5.11 6.6 

10 em/week .• 1 .036 8.7 4.0 3.6 540. 13.8 4.47 1.26 .06 .38 3.87 7.1 

9 .037 7.6 3.7 4.4 402. 10.0 4.03 1.06 .05 .35 3.12 7.2 

25 .090 17.6 6.0 6.0 539. 12.2 6.40 1.57 .05 .32 6.48 6.9 

49 .062 20.6 4.7 3.3 15.9 5.60 1.32 .08 .44 5.24 6.9 

81 .100 32.0 7.1 4.1 23.3 8.84 2.00 .06 .45 12.0 6.4 

100 .074 17.6 5.2 3.6 55.8 9.3 5.66 1. 32 .04 .42 7.10 6.5 


