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LITERATURE REVIEW

Water pollution has long been a problem in the United States. The problem

has largely been created and aggravated by the disposal of sewage effluent into

streams, rivers, and lakes. In 1969, about 10% of the sewage effluent dis-

charged from communities into surface waters was untreated—raw sewage (40,67).

In 1972, over 26 billion gallons of effluent were discharged daily nationwide,

the results of various degrees of treatment. Late in 1972, passage of the

Federal Water Pollution Control Act Amendments (Public Law 92-500) was a major

step "to restore and maintain the chemical, physical and biological integrity

of the Nation's waters" (71). In order to eliminate pollutant discharge into

navigable waters by 1985, the Act strongly recommended reclamation and recycling

of effluent, and required the consideration of a land application system as one

of the alternatives to present sewage treatment systems (58)

.

Land application of sewage effluent is the passage of primary or secondary

effluent* through soil-plant systems (a "living filter") (63) , providing a very

advanced degree of treatment. The United States Environmental Protection Agency

endorses land treatment of effluent as a form of tertiary treatment, recommend-

ing it as a way to "convert what was originally a wastewater into a valuable

resource too good to throw away" (70). The history of land application of

sewage effluent dates back to ancient Athens, and has been used for centuries

*Primary treatment removes from incoming sewage only materials that settle or

float, leaving all soluble constituents, and removing 35% of the biological

oxygen demand (BOD). Secondary treatment removes 85% BOD, more of the soluble

constituents and suspended solids, and kills most of the pathogenic bacteria,

protozoa, and viruses. Tertiary treatment is any treatment beyond secondary

treatment. It is considered advanced treatment, producing a very clean, odor-

less effluent (70)

.
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in many parts of the world. However, it did not become widespread in the

United States until the late 1800's (26,60). Though many land application

systems in the U.S. were replaced by sewage treatment plants in the early

1900' s, many communities continued to apply effluent to the land as a means of

disposal, or as supplemental irrigation. Today, with government support evi-

dent through the 1972 legislation and further legislation in 1977 (the Clean

Water Act) (61) , recognition of the need to supplement declining groundwater

supplies (19,61), and the economic savings gained by using land treatment

rather than treatment in conventional facilities (47,61), there are numerous

land application systems operating throughout the United States.

Land application sites in the United States

The growth of land treatment systems in the United States over the last

decade is illustrated in Table 1 (21).

Table 1. Municipal land treatment systems 1972 and 1981.

Type of system 1972 1981

Slow rate 315 839

Rapid infiltration 256 323

Overland flow 18

Total 571 1180

Perhaps the largest and most recognized land treatment system in the

nation is in Muskegon County, Michigan (59). Over 5300 acres, planted in field

corn, are irrigated with secondary effluent. The Muskegon Metro Wastewater

Management System is innovative in that it was the first system of its magni-

tude to be planned as a land application system from the start. Another system

often referred to is the Flushing Meadows project west of Phoenix, Arizona (11,

12). Installed in the Salt River bed in 1967, the objective was to study the
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use of rapid infiltration to renovate treated effluent for unrestricted irri-

gation, recreation, and certain industrial uses. Based on the project's

positive findings , a system was established near Phoenix to filter effluent

through soil, then pump the renovated water up for irrigation of a large

lettuce-producing area (4). Another irrigation district in Arizona, near

Buckeye, mixes secondary effluent with excessively salt-laden well water to

improve the well water's quality for irrigation (28).

A 1977 California State Department of Health Services survey reported

effluent reclamation at over 200 treatment plants for application to more than

360 locations for fodder, fiber, and seed crop irrigation (2). Land application

is thus recognized as a well-established practice in California, with sites at

Santa Rosa, San Luis Obispo, Lodi, Modesto, Fresno, Bakersfield, and Petaluma

(2,21). Palm Springs uses recycled secondary effluent to irrigate its golf

courses (36).

Other land application systems include sites both on the mainland and off.

In Hawaii, secondary effluent augments restricted natural water resources for

the irrigation of sugarcane, bermudagrass golf courses, forage crops, tropical

nuts and fruits, and commercial vanda orchid production (45). Nevada land

application systems include the Las Vegas wash, where treated effluent trans-

formed a dry desert wash to a marshy, attractive wetlands (69) , and use of

Lake Tahoe effluent for irrigation (24). Farmland near Toole, Utah, has

received effluent since 1957 for crop irrigation (60). In Hayden, Colorado,

mountain meadows have received effluent (62), and in Westminster, Colorado,

farmers exchange portions of their irrigation water for equal amounts of the

city's secondary effluent in order to expand significantly the domestic water

supply (19). Bennett Spring State Park, in the Missouri Ozarks, keeps its

waterway effluent-free for recreation use by applying its partially- treated

effluent to a 5-acre forested area (5) . Golf courses in Chicago and Benson-

ville, Illinois, use secondary effluent as irrigation to avoid competition for
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declining groundwater supplies, and to cut fertilization costs by 60-100% (61).

Wetlands in Michigan receive treated effluent as irrigation, providing a sub-

stantial cost savings for the community while improving and protecting delicate

natural marshland (72) . Treated effluent has been applied to cropland and

forest stands in the Penn State Wastewater Renovation and Conservation Project

since 1963 to study land application principles and results (67) . In the

southern United States, 3500 acres of hilly woodlands are irrigated year-round

with treated effluent in Clayton County, south of Atlanta, Georgia (48). In

the mountains of north Georgia, the state government funded an effluent irri-

gation system in Unicoi State Park in 1973, in part to study effluent applica-

tion to southern Appalachian forests; the system continues to operate success-

fully (3,57). And in Florida, effluent irrigation of forage crops has been

conducted since 1970 near Tallahassee (54). Other systems using private land

are in El Reno, Oklahoma; Vandalia, Missouri; and Lubbock, Texas (21).

Concerns regarding land application of sewage effluent

The land application systems listed above are successful examples of the

"living filter" concept of effluent treatment and reclamation for beneficial

use—but not without public apprehension. One public reaction to land appli-

cation was noted by Dr. Wade L. Nutter, soil scientist and hydrologist at the

University of Georgia, who has worked extensively on land application systems

in Georgia: "When we first talked about spraying wastewater on forests, people

got all kinds of weird ideas about what it would look like. I think they were

expecting to find toilet paper hanging in the trees." (48). This indicates

some of the ignorance surrounding effluent treatment with land systems, but not

all concerns are unfounded. Sewage effluent does contain plant nutrients, but

levels of these nutrients may be excessively high, and may be accompanied by

unacceptable levels of heavy metals and other potentially toxic substances.



Effluent contains pathogenic bacteria, protozoa, and viruses, the levels depend-

ing on the extent of treatment and disinfection. Disease transmission by these

pathogens is a legitimate public concern. Each of these factors may pose

environmental and/or health hazards, directly or indirectly, if abnormally high

levels accumulate in groundwater, soil, or vegetation. The public might also

question methods of site selection and management, the Federal and State regu-

lations that must be met, and the overall safety of the system. Obviously, the

aspects of land application of sewage effluent are numerous, all worthy of

separate discussion. This review will concentrate on the responses of soil

and vegetation to effluent constituents.

Soil responses to land application of sewage effluent

"The success of a land disposal site depends upon the

ability of the soil to fix and store effluent consti-

tuents for use by plants and microbes and to prevent

excessive migration of certain constituents to the

ground water." (41)

Soil has long been recognized as an efficient purifying medium, acting as

a complex filter with particle sizes ranging from over 500 microns to less than

1 micron (47). In the renovation of sewage effluent, soil acts as 3 filters:

a physical filter, a chemical filter, and a biological filter.

Physical filter . Soil may be viewed as a maze of channels, and it is the size

distribution and nature of these channels that controls the soil's capacity to

filter suspended solids from effluents (68). In most soils, pore size distri-

bution and nature of water movement channels are such that suspended solids are

completely removed after effluent has traveled short distances through the soil.

Chemical filter . Many organic and inorganic reactions occur as effluent passes

through a soil profile (33). These reactions include ion exchange, adsorption,



and precipitation. An example is the rapid adsorption of P by most soils. In

acid soils, removal of PO, , as well as Ca and Mg , from effluents may

occur by formation of a complex gel with Fe, Al , and Si in the soil (38).

+ 2+ 2+ +
Cations (K , Ca , Mg , Na ) in effluent may complex with insoluble organic

matter, precipitate as insoluble oxides, or be reversibly adsorbed on the soil

surface (15,42,49).

Biological filter . The organisms comprising the soil biological filter are

bacteria, actinomycetes, fungi, protozoa, algae, soil micro- and macro-animals,

and higher plants (49). A very significant function of soil microbes is the

degradation of organic compounds in effluents, reducing the biological oxygen

demand (BOD) in the water by converting the organic materials to CO (33,49).

Equally important are microbial reactions involving effluent N. Nitrogen in

the effluent is mineralized by soil microbes, and the mineralized NH, -N as

well as NH, -N still in the effluent are held by soil exchange sites until

nitrified by chemosy.nthetic bacteria (Nitrosomonas sp. and Nitrobacter sp.)

(14,49). The NO- -N formed is very mobile and subject to leaching, presenting

a hazard if excessive amounts reach groundwater. However, research indicates

that application of effluent containing NO. or a potential source of NO

(organic N, NH, ) to soil surfaces will probably not result in unimpeded move-

ment of that N0_ to the water table, due to interception by plant roots and

denitrifying bacteria (39). Anaerobic heterotrophic bacteria denitrify 15-20%

of the NO, passing through the soil rhizosphere, converting it to innocuous

N gas. Therefore, denitrification is an ideal decontamination process, a very

important factor in the soil biological filter.

Clearly, soil may act as a purifying filter, but true renovation efficiency

is closely correlated with soil type. A study of 6 diverse Connecticut soils

concluded that acid soils with relatively low permeability and medium to high

clay and organic matter contents were the best effluent renovators, exhibiting
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an anion removal pattern of PO )> SO ~ > NO = CI , and removing 85% K and

2+ 2+
75% Ca and Mg (38). The alkaline, calcareous soil studied removed low

amounts of chemical constituents despite its high clay and organic matter

content, allowing PO^ ~ to leach beyond the A horizon, removing 95% K
+

, less

2+ 2- 2+than 50% Ca , and was totally ineffective in removing SO and Mg . In a

separate study, it was concluded that fine-textured soils have a greater ion

removal capacity due to a greater number of adsorption sites (clay minerals,

metal oxides, organic matter) (21). As for specific soil types, research at

Pennsylvania State University has shown that Ultisols (Hublersburg silt loam

and Morrison sandy loam) , irrigated with 5 cm effluent /week, are suitable for

effluent renovation. Studies in Arizona found a Mollisol (Grabe silt loam)

still efficiently renovating effluent after 14 years of crop irrigation with

effluent (30) . Research in Florida has shown that Tavares sand is an effective

remover of P from effluent, and that Spodosols (Immokalee fine sand and Pomello

fine sand), under proper management to maintain soil aeration, may be used as

disposal fields for the renovation of effluent (40)

.

The above discussion has focused on the effect soil has on effluent, but

equally important is the effect effluent has on the soil. Continued application

of sewage effluent may affect a soil's physical and chemical characteristics.

Physical characteristics . There is a tendency in many land application systems

to inundate and submerge the soil surface with effluent, concentrating on

disposal of the effluent rather than on the consequences to the soil or vegeta-

tion. This failure to maintain adequate soil aeration intensifies clogging of

the soil with microbial cells, polysaccharides, and ferrous and manganous

sulfides (49) . The zone of clogging is an impervious mat formed at the soil

surface, plugging the soil channels through which effluent moves (68). The

clogging zone can be removed by allowing the soil to dry, followed by better

management to avoid anaerobic conditions that lead to the development of the
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clogging mat. Another instance of lowered soil infiltration rate due to efflu-

ent application was observed near Cortaro, Arizona, where crops had been irri-

gated with treated effluent for 14 years (30). The rate of infiltration of the

effluent-irrigated soil (Grabe silt loam) was lower than that of near-by soil

that had received well water as irrigation. Apparently, continued use of

effluent as irrigation may result in some deterioration of surface soil struc-

ture, perhaps caused by accumulation of soluble salts. The researchers suggest

that, to prevent effluent-irrigated soils from becoming more difficult to irri-

gate, consideration be given to mixing effluent with well water in proportions

which provide adequate, but not excessive, amounts of plant nutrients for the

specific crop grown.

The study in Arizona also examined the effect of 14 years of effluent

application on soil bulk density and modulus of rupture. The bulk density was

not affected by the effluent, but the modulus of rupture (a measure of the

force required to disrupt a soil after it has been wet, then dried) was greater

in the Ap horizon (plow layer, 0-25 cm) of the effluent- irrigated soil than in

the control soil. This suggests that more power is needed to plow soil irriga-

ted with effluent than for soil irrigated with well water. A higher concentra-

tion of Na in the effluent-irrigated soil may be a partial explanation. Overall

the study concluded that effluent irrigation for 14 years had no adverse effects

on Grabe silt loam that could not be corrected with minor changes in field crop

culture, specifically, the mixing of effluent with well water before use for

irrigation.

Chemical characteristics . Soil pH may be affected by effluent application. Soil

irrigated with effluent for 14 years in Arizona had pH similar to that of soil

irrigated with well water for the Ap horizon, but the pH values for the C hori-

zon (sub-soil, 38-51 cm) were higher in the effluent-irrigated soil (30). Soils

planted in barley and irrigated with a 50:50 mixture of effluent and well water
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for 2 years in Arizona showed no significant pH difference from the control

soil in the 0-30 cm depth (28). Effluent application in Muskegon, Michigan,

increased soil pH from its previously acid condition because H ions in the

+ 2+ 2+
soil were replaced with Na , Ca , and Mg ions from the effluent (59)

.

Land application of effluent results, to some degree, in increased soil

levels of various elements. Levels of NO are most often greater in soils

receiving effluent than in soils, at the same site, irrigated with well water

(12,28,30,59). High soil NO is cause for concern because it increases the

danger of N0_ poisoning from food crops, such as in forage crops grown for

livestock pasture (30). Also, since N0_ is subject to leaching, high soil

NO- may increase NO- levels in surface or ground water to above 10 mg/liter,

the U.S. Public Health Service standard for NO. in drinking water (49).

However, some researchers view the total N content of effluent as being suffi-

ciently low to not warrant concern over excessive N0„ build-up in the soil or

groundwater (33) , feeling that what NO does accumulate in the soil is largely

intercepted by plant roots, or denitrified.

Soils rapidly adsorb P until their adsorbing capacity is reached— a situ-

ation not expected at the normal levels of P in effluent (approximately 10 mg/

liter) (33). When land application systems are properly managed, most of the

P added through effluent remains in the soil at the site or is removed as a

nutrient in harvested crops (39). Toxic levels of P in soil have not been

observed, but there is a danger of Zn deficiency when levels of P are high in

the soil. Levels of K are generally so low in effluent that supplemental fert-

ilization is necessary for crops irrigated with effluent (43,51,52,53), and

what K does reach the soil is retained only by normal exchange reactions, not

strongly complexed (49). Trace element concentrations in effluent are not high

enough to cause any short-term acute effects in crop irrigation— in fact, a

typical effluent may be applied for almost 100 years before any trace element
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accumulation in the soil may reach currently proposed upper limits for trace

element-soil deposition (2)

.

Soluble salt levels in effluent vary from city to city and from time to

time in the same facility, usually ranging from 300 to 700 ppm in concentration

(7). These levels fall well within the recommended range for sewage treatment

plants. In comparison, salt content of normal irrigation water ranges from

60 to 1000 ppm or more. Salt levels in irrigation well water near Buckeye,

Arizona, were so high that phytotoxicities resulted. The farmers found that

mixing effluent with the well water improved the quality of the irrigation

water, thus improving crop yields (28). Accumulation of soluble salts in the

soil from effluent application is of concern, but research suggests that soluble

salts in the soil do not accumulate if adequate drainage and sufficient water

is added to leach the ions from the root zone (7) . Salt ions such as Na are

not complexed strongly in the soil, so leaching does occur (49).

The activity of heavy metals in soil has received much attention due to

fear of heavy metal accumulation to phytotoxic levels, or movement of the

metals into the groundwater, possibly creating a health hazard. Heavy metals

3
are elements with a density greater than 5.0 g/cm , such as Zn, Cd, Co, Pb, Cu,

Mn, Hg, and Cr. Most heavy metals are precipitated in the sludge of secondary

sewage treatment, and, thus, are not present to great extent in effluent (6).

Those metals found in effluent are usually soluble heavy metal chelates formed

by the combination of heavy metals and organic materials in the effluent. When

effluent is applied to soil, the behavior of the heavy metals present depends on

the soil-plant-water relationships of the specific metal in question (16,35),

but the availability of all heavy metals is generally dependent on certain soil

factors. The cation exhange capacity (CEC) of a soil is an important factor in

binding heavy metal ions—a soil with a high CEC is inherently safer for efflu-

ent disposal than soil with low CEC (35). Soil pH is another factor controlling

heavy metal solubility. When soil pH is above 7.0, most heavy metals precipitate
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as hydroxides or carbonates, so that levels remaining in solution are quite low

(33). As soil pH decreases, there is an increase in solubility and mobility of

heavy metals, making them more available for plant uptake (35). However, if

organic matter is present, metal availability is reduced at lower soil pH's due

to the high cation-retention capacity of organic matter. Soil P limits metal

availability by combining with metal ions to form soluble or insoluble complexes,

in this way decreasing injury due to excessive levels of toxic metals. Other

factors influencing the availability of heavy metals are soil aeration, moisture,

and temperature. Whatever the influence of each of the above factors, mobility

of heavy metals is restricted to the soil surface (0-12.7 cm) (16,66), remaining

in proximity of plant roots. Thus, good management is needed with land applica-

tion of effluent to minimize metal movement via soil erosion, and to use tillage

for incorporation of metals throughout the plow layer, decreasing surface con-

centrations. Fortunately, toxic metals revert with time to unavailable forms

—

a process poorly understood, but known to be most rapid in calcareous soils (35).

Soil pH, phosphate, organic matter, and the amounts of heavy metals added through

effluent affect the reversion rate and extent.

The survival of pathogenic bacteria, protozoa, and viruses which reach

soil through effluent application remains the subject of research and debate.

Several research findings are presented in the literature (8,9,17,18,49,50).

Vegetative responses to land application of sewage effluent

"Under the "living filter" concept the higher plants

growing on the soil are an integral part of the system

and assist the microbiological and physico-chemical

activities occurring within the soil to renovate the

sewage effluent through removal and utilization of

the nutrients applied." (67)
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The importance of vegetation at land application sites for increasing the

efficiency of the total "soil filter" is well documented (38,49,65). Selection

of vegetation must be based on the renovative capacity of the vegetation first,

with potential economic returns a very close second; a regional approach to

selection is essential, and selection cannot be made independently of the site

selection or the system design chosen (1,67,73). Options for vegetative cover

range from public and private landscaping to greenbelts, wildlife habitats,

commercial forest plantings and natural forests, to agronomic and horticultural

crops (perennial or annual, including intertilled crops) (73). Several research

projects have determined the capacity of various plant species to renovate

effluent, with emphasis on the removal of N and P.

A 5-year study at the Penn State Wastewater Renovation and Conservation

Project determined reed canarygrass (Phalaris arundinacea i. ) and corn (Zea

mays L.) to be the most efficient crops tested for the renovation of effluent

(67). Other studies disagree that corn is an efficient renovator of effluent,

pointing out that the crop only removes extensive amounts of N from the soil

during a 4-week period of rapid growth near maturity (1,34). Because of the

inability of corn to remove/reduce effluent N0_ in the soil solution during

much of the growing season, many researchers feel it cannot be recommended as

the sole crop for land treatment systems. A study at Michigan State University

suggested intercropping corn with forages such as ryegrass (Lolium perenne L.)

for effective effluent renovation throughout the season (34). A separate study

suggested using a corn field and an adjacent hay field to renovate effluent;

the corn would receive the effluent when it would use both water and N, other-

wise the effluent would be diverted to the hay (1). Forage crops alone have

proven suitable for effluent renovation due to their long growing seasons, high

nutrient requirements and uptake, and the capacity to stabilize the soil and

prevent erosion during effluent application (10,52). Research has shown reed
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canarygrass, timothy (Phleum pratense L. var. 'Climax'), smooth bromegrass

(Bromus inermis Leyss var. 'Lincoln'), and quackgrass (Agropyron repens L.)

to remove suitably N and P from applied effluent (56) , as does coastal bermuda-

grass (Cynodon dactylon (L.) Pers.) (51) and pearl millet (Pennisetum

glaucum L.)(52).

Just as research has determined the capacity of vegetation to renovate

effluent, much attention has also been given to the response of vegetation to

effluent irrigation. A study near Tucson, Arizona, compared wheat (Triticum

aestivum L.) irrigated with treated effluent to wheat irrigated with either well

water plus recommended NPK or well water plus NPK levels equal to those found

in effluent (31). With effluent irrigation no undesirable effect on plant

growth or general quality of wheat grain for feed was noted. In fact, wheat

irrigated with effluent produced a greater number of heads per unit area, had

higher grain yields, more tillers per plant, and greater protein content than

wheat in the other irrigation treatments. The study concluded that treated

municipal effluent could be used for irrigation to produce high quality, high

protein wheat grain for livestock consumption. In another study using wheat,

near Buckeye, Arizona, the effects of irrigating wheat with a 50:50 mixture of

effluent and well water were compared to irrigation with well water alone (26).

Wheat irrigated with the effluent :well water mixture produced taller plants, a

greater number of heads per unit area, heavier seeds, higher grain yields and

higher straw yields than wheat receiving well water alone. However, due to

greater vegetative growth, more lodging occurred in wheat irrigated with the

effluent :well water mixture, and lower grain volume weights resulted, reducing

the quality of the wheat in the marketplace. Therefore, the higher straw yields

obtained with the effluent :well water mixture should be the focus of the grower,

who could expect higher yields of pasture forage, green chopped feed, and hay

from wheat irrigated in such a manner.

Further experiments near Buckeye, Arizona, examined the effect of a 50:50
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mixture of effluent and well water on row crops other than wheat. Barley

(Hordeum vulgare L.) irrigated with the mixture produced taller plants, more

heads per unit area, heavier seeds, higher grain yields and higher straw yields

(28). Drawbacks were just as with the wheat—more lodging and lower grain

volume weights, the latter indicative of lower grain quality and marketability.

However, if it were the grower's objective to produce barley as pasture forage,

irrigation with effluent :well water would produce higher vegetative yields than

irrigation with well water alone. Cotton (Gossypium hirsutum L.) was another

crop irrigated with the effluent :well water mixture, resulting in more lint

cotton, more seed cotton, higher seed weight, higher total number of seeds, and

taller plants than cotton irrigated with well water alone (27,29). Though

taller cotton plants are not desirable (promotes lodging, makes defoliation

difficult, lowers fiber quality), the study concluded that treated municipal

effluent mixed equally with well water could be an effective irrigation and

plant nutrient source for the commercial production of cotton in Arizona.

Near Tucson, Arizona, municipal effluent alone was used to irrigate oats

(Avena sativa L. ) for pasture forage and grain (25) . There were no differences

between oats irrigated with effluent and oats irrigated with well water plus

recommended NPK, leading the researchers to conclude that treated municipal

effluent can be utilized to produce oats with grain yields and forage and grain

protein contents approximately equal to those obtained from oats grown with

well water plus recommended fertilization, but at lower cost.

Soybeans (Glycine max (L.) Merr.) irrigated with effluent were the subject

of a field study in Michigan (23). Higher seed yields, due to a greater number

of pods per plant, resulted from irrigation with effluent, as compared to soy-

beans receiving well water or no water.

Forage grasses have long been recognized for their ability to provide high

levels of effluent renovation with less operational and maintenance costs than
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row crops such as corn and wheat, at the same time growing vigorously to produce

high yields. Reed canarygrass is a good example, a primary choice for overland

flow systems because of its water tolerance and vigorous growth (1,10,67).

Quackgrass is another recommended recipient of effluent irrigation, removing

large quantities of N while forming a thick sod (prevents erosion) and providing

a good quality animal feed (1). Studies in Florida have shown ryegrass to

respond positively to effluent irrigation (53). Commercial production of

bermudagrass in Arizona can benefit from effluent irrigation, for the grass

responds with more and longer stolons and greater yields (32).

Woody plants as well as herbaceous plants may respond positively to efflu-

ent irrigation. Christmas trees on a Michigan farm were irrigated with sewage

treatment pond effluent, resulting in enhanced survival and growth of white

spruce (Picea glauca Moench Voss.), balsam fir (Abies balsamea (L.) Mill.), and

3 varieties of Scotch pine (Pinus sylvestris L.) (20). Studies using fruit

trees showed that effluent irrigation can cut 25-30% from the production costs

normally incurred for fertilizer, machinery, and labor (7). Cypress (Taxodium

distichum var. nutans (Ait.) Sweet) -dominated wetlands in Florida have received

effluent for as long as 70 years; secondary effluent enhances cypress tree

productivity (46). Effluent application in the hardwood-pine forests of Unicoi

State Park, near Helen, Georgia, has resulted in increased stem diameter growth

in the overstory canopy (oaks (Quercus sp.), white pine (Pinus strobus L.),

Virginia pine (Pinus virginiana Mill.)J (13). Effluent irrigation caused a

significant increase in upper stem diameter due to increased radial growth

along the stem. Maximum radial increment on the stem of a tree occurs within

the live crown, implying that effluent irrigation maintains a longer active

crown in trees, and, hence, a greater crown biomass.

Clearly, irrigation with sewage effluent can have positive effects on the

growth and productivity of some agronomic row crops, forages, grasses, and
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trees. This response is largely attributed to the presence of plant macro-

nutrients and micronutrients in the effluent. Data from the Penn State

Wastewater Renovation and Conservation Project best illustrates this fact.

From 1963 to 1970, crop areas received 2 inches of effluent weekly for a total

of 392 inches of effluent, resulting in a nutrient loading equivalent to

applying 10,000 lbs. of a 13-6-15 commercial fertilizer (67). The annual crop

yield increased over control plots from -8 to 346% for corn grain; 5-130% for

corn silage; 85-91% for red clover (Trifolium pratense L.); and 79-139% for

alfalfa (Medicago sativa L.).

A further explanation for the positive response plants have to effluent

irrigation may be the presence of cytokinin-like substances in treated effluent

(32,44). Researchers have isolated from municipal effluents ureido adenosine

chromaphores which exhibit a moderate cytokinin-like activity. There may also

be present in sewage effluent organic components which simulate certain aspects

of RNA synthesis , which might explain increased protein content in wheat grain

irrigated with effluent (31).

Research has shown that sewage effluent can serve well as a source of

water and plant nutrients, but the user must realize that not all uses of efflu-

ent irrigation are without complications. When effluent is the sole source of

irrigation, control over timing of fertilizer applications is lost, and this

may result in toxic levels of plant nutrients. Decreased crop quality may

result from excessive applications of N—orange trees produce grainy, pulpy

fruit, apricots develop green shoulders, sugar beets contain less sugar, and

apples experience color development problems (6) . Total tons of yield may not

decrease, but excessive vegetative growth due to excessive N may result in

fewer fruit, of smaller size, thus reducing yield quality. Excessive vegetative

growth may also result in production complications. Overfertilization and

overwatering of tomatoes produces excess growth, causing excessive vine-clogging

of harvest equipment. When melons, squash, and grapes are overfertilized, the
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excess growth shades fruit, keeping moisture high, resulting in fruit rot.

Grain crops supplied with excessive levels of N and P lodge more severely,

causing harvest problems (6,30).

Overfertilization due to continuous effluent applications is problematic

in less apparent ways. Plant removal of K from soil increases as the amount of

N increases (55). When the K/N ratio is low, plant uptake of K will exceed

what the effluent supplies, reducing plant and soil concentrations of K to

deficient levels. As nutrient deficiencies can occur, so can nutrient toxi-

cities. High soil NO from continuous effluent application may increase the

danger of NO. poisoning to consumers of crops grown on that soil (6,30).

Toxicities of major concern are those that may stem from heavy metal

accumulation in plant tissue. When soil factors are such that some heavy

metals are available for plant uptake, certain plant factors determine the up-

take and accumulation of the metals (35) : 1) plant species and cultivar

—

vegetable crops are relatively sensitive, field crops are moderately tolerant,

and grasses are tolerant to toxic heavy metals, 2) organs of the plant—grain

and fruits accumulate less than leafy tissue, and 3) plant age and seasonal

effects—older tissues contain greater amounts of heavy metals than do younger

tissues. Research has shown that levels of heavy metals are somewhat higher in

effluent-irrigated plants than in plants irrigated with well water, or receiving

precipitation only. The metals most likely to be phytotoxic are Zn, Cu, and

Ni (35,65). Cadmium can be extremely toxic to plants, as well as to consumers

of those plants, but Zn levels greater than the levels of Cd suppress Cd uptake

by plants (65) , and Zn phytotoxicity is usually visible before the plants might

be consumed. Since heavy metals are not present to a great extent in effluent

as a whole, irrigation with effluent can proceed without undue concern as long

as effluent monitoring and, if necessary, dilution, are accomplished.

The presence and survival upon vegetation of pathogenic bacteria, protozoa,
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and viruses present in effluent is of legitimate public concern, and the topic

of several research projects (3,22,37,64).

Research findings in the literature present land application of sewage

effluent as a means of disposing of effluent while simultaneously giving it

further treatment, as a form of irrigation to supply moisture and plant nutri-

ents for plant growth, and as a source to recharge ground water. Land applica-

tion systems appear, on the whole, successful, and strongly supported. But

research continues in order to fulfill several needs in the area of land appli-

cation of effluent. Management techniques must be more clearly defined for each

type of system (overland flow, slow-rate, rapid infiltration), and for systems

in general—timing and rates of application, creation of buffer zones around

irrigated areas, sludge application during effluent irrigation, determination

of dilution needs, and effective use of monitoring of soil, plants, and ground

water (8,21,34,73). Additional data are needed regarding possible public

health hazards from long-term land application of effluent. Testing continues

to identify species suitable for effluent irrigation, especially crops with

high economic value (such as vegetables and other horticultural crops) . What-

ever the specific focus of further research on land application of effluent, it

must always be accompanied by consideration of environmental pollution, soil

pollution resulting in crop damage, and consequences to the human food chain

(35). The answers to these questions will largely determine the continued

growth of land application as a productive means of renovating and recycling

sewage effluent in the United States.
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Abstract . To determine the effect of secondary municipal sewage effluent on

soil in which vegetables were grown, a 3:2 mixture of unsterilized Haynie very

fine sandy loam (Mollic Udifluvent; coarse-silty , mixed, calcareous, mesic) and

washed river sand was seeded, in a temperature-controlled greenhouse, with

spring and fall crops of radish (Raphanus sativus L.), mustard (Brassica

perviridis ) , or green beans (Phaseolus vulgaris L.) . The soil:sand mixture was

1) fertilized, prior to seeding, with (NH ) HPO, and KC1 and irrigated with tap

water, 2) fertilized, prior to seeding, with (NH,)„HP0, and KC1 and irrigated

with secondary municipal sewage effluent, or 3) not fertilized and irrigated

with secondary municipal sewage effluent. Nitrate levels were the same or

higher in effluent-irrigated soil as compared to soil fertilized and irrigated

with tap water. Phosphorus and potassium in soil receiving only effluent were

lower than in soil fertilized and irrigated with tap water or effluent. In
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general, levels of micronutrients Ca, Mg, Fe, and Zn in soils irrigated with

effluent were similar or higher than micronutrient levels in soil that received

fertilizer and tap water. Concentrations of Pb, Cd, and Mn in effluent-

irrigated soil were not significantly different from heavy metal concentrations

in soil fertilized and irrigated with tap water. Soil irrigated with effluent

showed almost no difference in pH from that of soil irrigated with tap water.

Effluent did not contribute to the salinity of the soil. Therefore, secondary

municipal sewage effluent appears to be a good source of water and plant

nutrients. The greatest increase in nutrient levels was in the fertilized soil

that was irrigated throughout the season with effluent.
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The Federal Water Pollution Control Act Amendments (Public Law 92-500)

stongly recommend reclamation and recycling of treated sewage effluent, and

require the consideration of a land application system as one of the alterna-

tives to conventional sewage treatment systems (14). Since passage of this

legislation in 1972, land application of municipal sewage effluents has become

an accepted practice, with numerous land application systems operating through-

out the United States. The United States Environmental Protection Agency's

suggestion that "Land treatment of wastewaters can provide moisture and nutri-

ents necessary for crop growth" (19) has led to the establishment of many

successful irrigation systems. In Muskegon County, Michigan, over 5300 acres

of field corn are irrigated with secondary municipal effluent (15). In

Hawaii, secondary effluent augments restricted natural water resources for the

irrigation of sugarcane, bermudagrass golf courses, forage crops, tropical nuts

and fruits, and commercial vanda orchid production (8). Farmers in Westminster,

Colorado, exchange portions of their irrigation water for equal portions of the

city's secondary effluent (5). Over 3500 acres of hilly woodlands south of

Atlanta, Georgia, are irrigated year-round with treated effluent (12). Golf

courses in Chicago and Bensonville, Illinois, use secondary effluent as irriga-

tion to avoid competition for declining groundwater supplies, and to cut

fertilization costs by 60-100% (17).

Clearly, there are numerous reports of effluent irrigation, ranging from

agronomic crops to forests to turf grasses. However, the literature is defi-

cient in reports of effluent irrigation of horticultural crops, such as

vegetables. It was the objective of this research to determine the extent to

which irrigation of vegetables with secondary municipal sewage effluent is

feasible. Since monitoring the effects of applying municipal effluents on the

soil and on the vegetation is a necessary follow-up of such irrigation, the

effects of effluent irrigation of vegetables were determined by recording
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1) the soil response through pH, electrical conductivity, and elemental compo-

sition and 2) the plant response through growth, yield, and elemental composi-

tion. Because both the soil response and the plant response to effluent

irrigation are equally important to the success of the system, they will be

examined individually. This, the first article of a two-part series, will

discuss the effect of effluent irrigation on the soil in which 3 vegetables

were grown.

Materials and Methods

In a temperature-controlled greenhouse, 36 19-liter black plastic pots

(45 cm tall, 37 cm upper diameter, 35 cm lower diameter) were filled with a

3:2 mixture of unsterilized Haynie very fine sandy loam (Mollic Udifluvent;

coarse-silty, mixed, calcareous, mesic) and washed river sand. The pots were

divided into 3 groups of 12 pots each, and each group was seeded with either

radish (Raphanus sativus L. cv. Fancy Red), mustard (Brassica perviridis

cv. Tendergreen II), or green beans (Phaseolus vulgaris L. cv. Bush Blue Lake).

Pots within each group were divided equally into treatments:

Treatment 1 (control) : recommended NPK fertilization, irrigated with tap water

Treatment 2: recommended NPK fertilization, irrigated with secondary municipal

sewage effluent

Treatment 3: no fertilization, irrigated with secondary municipal sewage

effluent

Within each crop the 3 treatments were replicated 4 times, then all 36 pots

were arranged in a randomized complete block design.

Fertilizers applied to Treatments 1 and 2 were 2.3 g of 18-46-0 diammonium

phosphate ( (NH
4
)
2
HP0

4 ) (18% N, 20% P) and 2.3 g of 0-0-60 muriate of potash

(KC1) (50% K) per pot. The fertilizers were worked into the upper 15.24 cm of

soil. The amount of fertilizers was determined by converting the recommended

3rate in kg/ha to g/cm after calculating the volume of the pot to a 15.24 cm
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depth. Though no fertilizer was applied to Treatment 3, soil in those pots was

also hand-cultivated to a 15.24 cm depth.

Field capacity of the soil: sand mixture was estimated to guide the amount

of irrigation to apply. One liter of the soil: sand mixture required 250 ml of

water, or 25% by volume, to reach apparent field capacity. Therefore, 25% of

the volume of the pot to a 10.16 cm depth was needed for irrigation to reach

field capacity when the soil:sand was 100% dry. This amount was 2830 ml, but

since the soil would not be allowed to become totally dry, it was decided only

about 1/3 of this amount (900-1000 ml) would be used as the maximum amount per

irrigation.

On 19 May 1984 the groups of pots were seeded with either radish, mustard,

or green beans. A greenhouse tensiometer (Irrometer Moisture Indicator,

Irrometer Company, Riverside, CA) was placed in the center of each pot to aid

in scheduling irrigations. Irrigations occurred when soil moisture potential

at 7.6 cm depth reached approximately -0.05 MPa. Irrigation began with

500 ml/pot. Treatment 1 received water from the Manhattan Municipal Water

System through the faucet within the greenhouse. Treatments 2 and 3 received

secondary municipal effluent from the Manhattan Municipal Wastewater Treatment

Plant. The effluent was obtained periodically and stored in a greenhouse

cooler at 4 C to prevent bacterial reproduction. On the average, the crops

were irrigated every other day, all pots included in each irrigation and

receiving equal amounts. As the crops matured, irrigation reached a maximum of

1000 ml/pot. Drainage water never appeared from the bottom of the pots after

irrigation.

The radishes were harvested on 18 June and 29 June, the mustard on 20 June,

and the green beans on 19 July. Harvest involved pulling each plant up by the

roots and rinsing the roots with water. After the last harvest, a soil sample

was taken from the upper 15.24 cm of each pot and submitted for aaalysis to the
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Soil Testing Laboratory of Kansas State University. Levels of NO and NH were
3 4

determined by the 1 N KC1 extract method, in which 2 g of soil were mixed with

20 ml of 1 N KC1, shaken for 2 hours, then filtered and analyzed colorimetri-

cally with a Technicon Auto Analyzer II. Levels of P were determined by the

Bray PI test (2). Calcium, Mg, and K were analyzed by the 1 N NH OAc method(3).

Levels of Zn, Fe, Mn, Cd, and Pb were determined with the DTPA soil test (9).

A fall crop of radishes, mustard, and green beans (same cultivars) was

seeded on 1 September 1984. Materials and methods were the same as for the

spring crop. The soil used was the soil: sand mixture in which the spring crop

was grown. The same soil was used to determine possible accumulations of

elements in the soil after irrigation of spring and fall crops with secondary

effluent. The radishes were harvested on 2 October and 11 October, the mustard

on 12 October, and the green beans on 27 October. At harvest, all plants were

pulled up by the roots, and the roots rinsed with water. After the last harvest

soil samples were again collected from the upper 15.24 cm of each pot and

analyzed by the Soil Testing Laboratory. The same elements were analyzed by the

same methods as the spring crop.

Soil pH and electrical conductivity were determined for the soil from each

pot at the completion of the fall crop. Soil pH measurements followed the

method outlined by McLean (11), using a 1:1 soil/water ratio and a Fisher

Accumet Model 620 pH Meter. For measurement of soil electrical conductivity, a

1:5 extraction ratio was used according to the method described by Rhoades (16).

Conductivity of the extracts was measured with soil sensors attached to a

Salinity Bridge (Cat. No. 5500, Soil Moisture Equipment Corp., Santa Barbara,

CA) . Readings were plotted on the standard curves for each sensor to determine

soil solution conductivity at 25 C in mmhos/cm.

All data were subjected to analysis of variance to determine treatment

differences within each vegetable crop. Statistical comparisons were not made
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between the different vegetables. Mean separations were by least significant

difference (LSD) for soil pH and soil elements.

Results and Discussion

Irrigation water quality

Elemental composition, pH, and electrical conductivity of the municipal

sewage effluent and the tap water used for irrigation are shown in Table 1 and

Table 2, respectively. Tolerance limits for heavy metals in irrigation water

include 0.005 mg/liter Cd, 5.0 mg/liter Pb, 2.0 mg/liter Mn, and 5.0 mg/liter

Zn (13). Levels of these elements in the effluent and tap water conformed to

these limits, with the possible exception of Cd.

Irrigation water having pH values 4.5 to 9.0 should not present any insur-

mountable problems in crop production (13). The pH of the sewage effluent fell

within this range, as did that of the tap water. Irrigation water having an

electrical conductivity between 1.5 and 3.0 mmhos/cm @ 25 C may have adverse

effects on many crops and will require careful management practices (13). The

EC of the effluent and tap water fell within this range. The municipal sewage

effluent appeared to rank favorably as a source of irrigation water, containing

nutrients (N, P, K, Ca, Mg, Zn, Fe) and being similar in quality to the water

normally used for irrigation in the area as far as trace elements, pH, and EC

were concerned.

Soil pH and electrical conductivity

The pH of the soil: sand mixture before treatments was 7.8. The soil pH

after treatments, measured following the fall harvests, is shown in Table 3.

Significant treatment differences for soil pH did not occur except for the soil

of the radish crop, in which Treatment 3 had the highest pH and Treatments 1

and 2 were not significantly different. The lower pH in Treatments 1 and 2 was

probably due to the fertilizers added to those treatments—diammonium phosphate

is known to have an acidifying effect (18). Though the soil pH for each
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vegetable crop dropped after treatments were applied, the pH values were within

the range recognized as best for most vegetable crops (10).

Soil electrical conductivity was measured as an indication of sewage

effluent's effect on soil salinity. Measurements made following completion of

fall harvests are shown in Table 3. Even though the tap water and effluent had

electrical conductivities between 1.5 and 3.0 mmhos/cm, the electrical conducti-

vity of each soil saturation extract was below the lowest point (1.15 mmhos/cm

@ 25 C) on the standard curves of each salinity sensor used. At this level,

salinity effects on vegetable crops are mostly negligible (10). Therefore,

there was no salt build-up in the soil to a depth of 15.24 cm after 2 crops had

been irrigated with effluent or tap water.

Soil elemental composition

Radish . Elemental composition before and after treatments applied to the

radish crop is shown in Table 4. Since soil concentrations of the elements

examined showed the same statistical relationships after the fall crop as after

the spring crop, the following discussion applies to both crops.

Levels of NO, were highest in the soil that received both effluent irriga-

tion and fertilization (Treatment 2). Soils that received effluent alone

(Treatment 3) or fertilization and tap water irrigation (Treatment 1) had no

significant difference between levels of NO,. Ammonium added to Treatment 2

through fertilization may have undergone nitrification, helping explain the NO,

levels in that treatment. Soil levels of NH were not significantly different

among the 3 treatments.

Significant differences occurred among all treatments for P levels in the

soil. Phosphorus levels were highest in the soil of Treatment 2, with Treat-

ment 1 having the next highest concentration and Treatment 3 the lowest. This

may be attributed to the P fertilizer added to Treatments 1 and 2. The high

levels of Ca in the effluent, as well as the calcareous nature of the soil, may
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have tied up some of the P added to Treatment 3 (1,6,17).

Significant differences also existed among all treatments for K levels in

the soil, with Treatment 2 having the highest concentration, followed by

Treatment 1, then Treatment 3. The addition of K fertilizer to Treatments

1 and 2 is an explanation for these differences.

The soil levels of Ca in Treatments 1 and 2 were not significantly

different. Treatment 3 contained the highest Ca levels. The higher levels of

K in Treatments 1 and 2 may have caused the loss of some Ca through leaching to

lower levels of the soil (1).

Magnesium levels in Treatments 1 and 3 and in Treatments 2 and 3 were not

significantly different. These levels may be expected from the levels of Mg

applied through irrigation. Zinc levels in Treatments 2 and 3 were not signi-

ficantly different, with Treatment 1 having the highest concentration. A

possible explanation is the soil pH. If the soil pH is 6.5 or higher, Zn

becomes less available (1). Treatment 1 had the lowest soil pH of the 3 treat-

ments (Table 3), even though it was above pH 6.5.

The concentrations of Fe, Cd, Pb, and Mn in the 3 treatments were not

significantly different.

Mustard . Table 5 shows the soil elemental composition before and after treat-

ments to the mustard crop. After the spring crop there were no significant

treatment differences for N0_ levels in the soil , but after the fall crop all

treatment means were significantly different. Treatments 2 and 3 had higher

levels of NO., than did Treatment 1, probably due to amounts of NO. in the

effluent.

After both crops, there were no significant differences between levels of

NH in Treatments 1 and 3, with Treatment 2 having the highest level. Treat-

ment 2 received the largest amount of NH, , through irrigation and fertilization.

Though Treatment 1 appears to have had more NH, added than Treatment 3, it was
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added at one time, whereas Treatment 3 received some NH at each irrigation,

through the effluent.

The mean P levels in the soil of all treatments were significantly

different, with Treatment 2 having the highest concentration, followed by

Treatment 1, then Treatment 3. This was true after both crops, as it was for

the soil from the radish crop, and is subject to the same explanations.

Following the spring crop there were significant differences among all

treatments for K levels in the soil. Treatment 2 contained the highest K

levels, with Treatment 1 having the next highest levels, both probably due to

the K fertilizer added to those treatments. After the fall crop, the K levels

in Treatments 1 and 2 were not significantly different, both treatments having

higher levels than Treatment 3. Treatment 3 actually received more total K

fertilizer, through effluent irrigation, than did Treatment 1, but it contained

the lowest K levels for both crops.

Treatment means for Ca and Fe were not significantly different after either

crop. Following the spring crop, Mg levels were not significantly different

between Treatments 1 and 2, or between Treatments 2 and 3. The amount of Mg

added to each treatment may be a partial explanation. After the fall crop,

Mg levels were not significantly different among the treatments.

The soil levels of Zn, Cd, Pb, and Mn showed no significant treatment

differences, after both crops.

Green bean . Soil elemental composition before and after treatments applied to

the green bean crop is shown in Table 6. Soil concentrations of the elements

examined after the spring and fall crops showed the same statistical relation-

ships, so the following discussion applies to both crops.

Mean levels of NO- were not significantly different between Treatments 2

and 3, with Treatment 1 having the lowest levels. The levels can be attributed

to the amount of NO, added to each treatment through effluent irrigation. There
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were no significant treatment differences for NH. in the soil.
4

Phosphorus levels differed significantly among all treatments, with Treat-

ment 2 having the highest concentration, followed by Treatment 1, then Treat-

ment 3. The same pattern was observed in the soil after the radish and mustard

crops, and the same explanations apply.

Potassium levels in Treatments 1 and 2 were not significantly different,

with Treatment 3 having the lowest levels. This was probably due to the

addition of K fertilizer to Treatments i and 2.

Levels of Ca were highest in Treatment 3, with the levels in Treatments 1

and 2 not significantly different. The higher levels of K and P in Treatments 1

and 2 may have interacted with Ca in those treatments (1,17,18).

Magnesium levels were not significantly different between Treatments 1 and

2 or between Treatments 2 and 3. Levels of Fe in Treatments 1 and 2 were not

significantly different, with Treatment 3 having the lowest levels. The high

level of Ca in Treatment 3 may be the reason for low Fe availability; Fe defi-

ciency occurs most often in calcareous soils (1,4,7,18).

Levels of Cd, Pb, and Mn showed no significant treatment differences.

Soil fertility

In Table 7, the rates of N, P, and K (kg/ha) suggested for each vegetable

are compared to the kg/ha of N, P, and K resulting in the soil after treatments.

The levels of N in each treatment fell well below the suggested rate for each

vegetable. Foliage color reflected low levels of N in each treatment during the

growth of both spring and fall crops. Chlorosis was most evident on the bean

plants, with the leaves of the radish and mustard plants being pale to medium

green in color. This observation suggests that the irrigation water, whether

tap water or sewage effluent, could not supply all the N required by the

vegetable crops, even when supplemented prior to seeding with inorganic N ferti-

lizer (Treatments 1 and 2). However, the soil in Treatments 1 and 2 contained
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high to excess levels of P (10), while Treatment 3 contained medium to high

levels of the nutrient. The P levels in each treatment exceeded the suggested

rates of P for the vegetables. Potassium levels in each treatment also exceeded

the suggested rates. Levels of K in the soil of Treatments 1 and 2 were suffi-

cient for the growth of vegetable crops, so that, if additional K fertilizers

were applied, no crop response would be observed (10). Levels of K in Treat-

ment 3 were somewhat lower, so that a few susceptible crops might require

additional K fertilization.

Additions of micronutrients to the soil were observed after each treatment.

Magnesium levels remaining in the soil after harvests were such that only a

few susceptible crops might benefit from fertilizer additions (10). Zinc levels

in the soil fell within the range in critical levels (0.5-1.0 ppm) (10), so no

Zn deficiencies were likely. In some cases, Zn levels exceeded the range (see

Tables 4-6). In all treatments, Fe levels exceeded the range in critical levels

(2.5-4.5 ppm) (10) below which deficiencies occur.

There was an abundance of Ca in the soil before treatments due to the cal-

careous nature of the very fine sandy loam. Treatments did not significantly

increase the Ca levels in the soil. In fact, Ca levels dropped after most of

the treatments, probably due to elemental interactions and leaching further into

the soil (1,4,18). Slight, if any, increase in the levels of heavy metals Cd,

Pb, and Mn occurred after each treatment, and there were no significant

differences among the treatment means for these elements. This was anticipated,

since the effluent used for irrigation contained low concentrations of heavy

metals. A trend toward toxic accumulation of heavy metals in the soil was not

indicated.

Conclusion

Nitrate levels were the same or higher in effluent-irrigated soil as com-

pared to soil managed by the standard method of recommended fertilization and
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irrigation with tap water. Phosphorus and potassium levels in soil receiving

only effluent were lower than in soil receiving inorganic fertilizer and irri-

gated with tap water or effluent. In general, levels of the micronutrients Ca,

Mg, Fe, and Zn were similar and sometimes higher, than micronutrient levels in

soil receiving inorganic fertilizer. Concentrations of the heavy metals Pb,

Cd, and Mn in effluent-irrigated soil were not significantly different from

heavy metal concentrations in the soil with inorganic fertilizer. Soil irriga-

ted with effluent showed almost no difference in pH from that of soil irrigated

with tap water. Effluent did not contribute to the salinity of the soil.

Therefore, secondary municipal sewage effluent appears to be a good source of

plant macro- and micronutrients, as well as an abundant source of water. The

greatest increase in nutrient levels was in the soil fertilized once, prior to

seeding, then irrigated throughout the season with effluent. Such an increase

in plant nutrients in the soil could possibly mean a reduction in fertilizer

costs for the vegetable grower.

Equally important in determining the feasibility of effluent irrigation of

vegetables is consideration of the plant response to effluent. This topic is

addressed in another paper (6)

.
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Table 1. Elemental composition, pH, electrical conductivity of secondary

municipal sewage effluent used to irrigate Treatments 2 and 3?

NO y NH/ P K Ca Mg Zn Fe
X

Cd
X

Pb Mn pH
W

EC
V

^g/g
(mmhos/

cm)

27.1 0.43 6.75 16.0 47.0 18.0 0.17 <0.11 <0.05 0.04 0.05 7.0 2.5

Treatment 2 received 2.3 grams of (NH,)„HP0, and 2.3 grams KC1 prior to

spring and fall seeding. Treatment 3 received no fertilization.

yMean values for NO- and NH, were obtained from 6 values and 5 values,

respectively, provided by the Manhattan Municipal Wastewater Treatment Plant,

Manhattan, Kansas. The values were the results of measurements taken over

a period of 8 months. The measurements indicated that levels of elements in

the effluent fluctuate little during the year, month to month. Therefore,

mean values for the other elements were obtained from 2 effluent samples

collected in the fall and analyzed by the Campus Emission Spectroscopy

Laboratory, Kansas State University. All measurements and analyses were

made in 1984.

values for Fe and Cd were below the detection limits shown.

w
pH value given by the Manhattan Municipal Wastewater Treatment Plant

,

Manhattan, Kansas. Effluent pH ranges from 6.8 to 7.3, but usually lies

close to 7.0.

Electrical conductivity in mmhos /cm @ 25 C. The value is the mean of

8 measurements.
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Table 2. Elemental composition, pH, electrical conductivity of municipal tap

water used to irrigate Treatment 1
Z

.

N0,y NH y P
x K

3 4
Ca Mg Zn

X
Fe

X
Cd

X
Pb

x
Mn
W

PH
V

EC
U

., / (mrnhna/

0.07 <0.58 8.10 30.0 13.5 <0.15 <0.05 <0.04 <0.04

cm)

6.8 1.7

2
Treatment 1 received 2.3 grams of (NH

4
)
2
HP0

4
and 2.3 grams KC1 prior to

spring and fall seeding, and was irrigated with tap water.

yThe value for N0
3
was from the 1984 Report of Inorganic Water Analysis of

the State of Kansas Department of Health & Environment. The report provided

no value for NH^. Mean values for the other elements were obtained from

2 samples taken from the greenhouse faucet from which the plants were irri-

gated, collected in the fall (1984) and analyzed by the Campus Emission

Spectroscopy Laboratory, Kansas State University.

values for P, Zn, Fe, Cd, and Pb were below the detection limits shown.

w
A mean value for Mn could not be calculated because one sample was below

the detection limit (0.015 </g/g).

v
pH value was the mean of 7 measurements.

Tllectrical conductivity in mmhos/cm @ 25°C. The value is the mean of

8 measurements

.
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Table 3. Soil pH and electrical conductivity after the fall crop of radishes,

mustard, and green beans.

Soil PH
Z Soil electrical conductive

(mmhos/cm)
tyy

Trt. l
x

Trt. 2
X

Trt. 3
X

Trt:. ] L

X
Trt . 2

X
Trt.. 3

X

Radish 6 84
b

6.93
b

7 24
a

<1. 15 < 1. 15 <\. 15

Mustard 6 72
a

6.66
a

6 89
a

<1. 15 <1. 15 < 1. 15

Green
bean

6 89
a

6.93
a

7 07
a

<1. 15 <1. 15 <1. 15

Mean separation by LSD, 5% level. Means with the same letter are not

significantly different. Treatment means are compared within rows; means

for the different vegetables are not compared.

ySoil electrical conductivity was below the lowest point on the salinity

sensors' standard curves (1.15 mmhos/cm @ 25 C)

.

Treatments 1 and 2 each received 2.3 grams (NH ) HPO, and 2.3 grams KC1 prior

to spring and fall seeding. Trt. 1 was irrigated with municipal tap water and

Trt. 2 was irrigated with secondary municipal sewage effluent. Trt. 3 was

not fertilized, and was irrigated with secondary municipal sewage effluent.
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Table 4. Soil elemental composition before and after treatments applied to

the radish crop.

Soil
Before
Trts.

Spring

Trt. l
y Trt. 2

y Trt. y

Fall

Trt. l
y Trt. 2

y Trt. 3
y

-

fg/g

NO 17.0 1.28
b

2.38
a

1.58
b

3.60
b

5.75
a

4.28
b

NH,
4

3.0 3.03
3

2.65
a

2.63
a

1.73
a

1.80
a

1.50
3

P 28.0 53. l
b

65.

8

a
32.

3

C
69.

6

b
75.

4

a
38. 5

C

K 145.0 223.

8

b
263.

8

a
161.3° 248.

8

b
267.

5

a
143.

8

C

Ca 1330.0 1137.

5

b
1175.

b
1302.

5

a
1100.

o

b
1175.

b
1250.

a

Mg 60.0 74. 5
b

91.

3

3
83.5

ab
77.5

b
92.

5

a
85.0

ab

Zn 0.7 0.95
3

0.73
b

0.63
b

0.65
3

0.60
b

0.63
b

Fe 5.0 5.00
a

5.00
a

5.00
3

7.00
a

6.25
a

6.50
a

Cd 0.07 0.07
3

0.08
a

0.07
3

o.io
a

o.io
a

o.io
a

Pb 0.6 0.68
a

0.68
a

0.68
a

0.98
a

0.98
a

0.90
a

Mn 6.0 5.75
a

5.25
a

5.50
a

3.00
a

2.75
a

2.75
a

Mean separation by least sign, diff . , 5% level. Treatment means are

compared within rows. Means with the same letter are not significantly

different. Values for the spring crop and the fall crop stand separately,

and are not compared statistically.

yTrts. 1 and 2 each received 2.3 g (NH ) HPO, and 2.3 g KC1 prior to spring

and fall seeding. Trt. 1 was irrigated with municipal tap water and Trt. 2

was irrigated with secondary municipal sewage effluent, both treatments

receiving 17 liters (18,688 g) in the spring and 16.5 liters (18,138 g) in

the fall. Trt. 3 was irrigated with effluent, receiving the same volumes

as the other 2 treatments, but with no fertilization.
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Table 5. Soil elemental composition before and after treatments applied to

the mustard crop.

Soil
Before
Trts.

Spring

Trt. l
y Trt. 2

y Trt. y

Fall'

Trt. l
y Trt. 2

y Trt. 3
y

• f g/g

N0
3

17.0 4.18
3

4.68
a

4.30
a

4.68
C

7.20
a

6.23
b

NH
4

3.0 2.83
b

3.35
a

2.78
b

1.53
b

1.78
a

1.53
b

P 28.0 46.

6

b
58.

a
29.

8

C
60. 5

b
71.

5

a
36.

1°

K 145.0 205.
b

231.

3

a
157.

5

C
241.

3

a
225.

a
150.

b

Ca 1330.0 1170.
a

1190.
a

1357.

5

a
1250.

a
1125.0

a
1325.0

3

Mg 60.0 74. 3
b

86.0
ab

87.

5

a
80.

a
80.

a
87.

5

a

Zn 0.7 0.73
a

i.io
a

1.03
3

0.65
a

0.70
a

0.80
a

Fe 5.0 5.50
a

6.00
a

5.75
a

7.50
3

7.50
a

7.25
a

Cd 0.07 0.07
3

0.07
a

0.07
a

0.15
a

o.io
a

o.io
a

Pb 0.6 0.68
3

0.73
3

0.75
3

0.77
a

0.98
3

0.98
a

Mn 6.0 5.75
a

6.00
a

5.50
a

3.50
3

3.75
a

3.50
3

Mean separation by least sign, diff., 5% level. Treatment means are

compared within rows. Means with the same letter are not significantly

different. Values for the spring crop and the fall crop stand separately,

and are not compared statistically.

yTrts. 1 and 2 each received 2.3 g (NH KHPO, and 2.3 g KC1 prior to spring

and fall seeding. Trt. 1 was irrigated with municipal tap water and Trt. 2

was irrigated with secondary municipal sewage effluent, both treatments

receiving 14.3 liters (15,719 g) in the spring and 17.4 liters (19,128 g) in

the fall. Trt. 3 was irrigated with effluent, receiving the same volumes

as the other 2 treatments, but with no fertilization.
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Table 6. Soil elemental composition before and after treatments applied to

the green bean crop.

Soil

Before
Trts.

Spring

Trt. l
y Trt. 2 J Trt. 3J

Fall

Trt. l
y Trt. 2y Trt. 3 3

fJ g/g

N0
3

17.0 3.05
b

5.48
a

5.33
a

2.93
b

5.23
a

4.58
a

NH
4

3.0 2.73
a

2.53
a

2.80
a

1.70
a

1.85
a

1.65
3

P 28.0 42.

5

b
50.

8

a
30. 3

C
63.

9

b
84.

4

a
42.

4

C

K 145.0 201.

3

a
192.

5

a
132.

5

b
232.

5

a
247.

5

a
147.

5

b

Ca 1330.0 1117.

5

b
1055.

b
1202.

5

a
1100.

o

b
1150.0

b
1275.

a

Mg 60.0 74. 2
b

77.3
ab

80. 5
a

87.

5

b
102.

5

ab
no.

o

b

Zn 0.7 0.75
a

0.98
a

0.75
3

0.78
3

0.85
a

0.75
3

Fe 5.0 6.00
a

6.00
a

5.25
b

8.50
3

7.75
a

7.00
b

Cd 0.07 0.07
3

0.08
a

0.07
a

o.io
a

o.io
a

o.io
a

Pb 0.6 0.65
a

0.63
a

0.63
3

1.05
a

0.98
a

1.03
3

Mn 6.0 5.00
a

5.00
a

5.00
a

3.75
a

4.00
a

3.50
a

Mean separation by least sign, diff., 5% level. Treatment means are

compared within rows. Means with the same letter are not significantly

different. Values for the spring crop and the fall crop stand separately,

and are not compared statistically.

yTrts. 1 and 2 each received 2.3 g (NH.) HPO, and 2.3 g KC1 prior to spring

and fall seeding. Trt. 1 was irrigated with municipal tap water and Trt. 2

was irrigated with secondary municipal sewage effluent, both treatments

receiving 26.4 liters (29,021 g) in the spring and 22.8 liters (25,064 g) in

the fall. Trt. 3 was irrigated with effluent, receiving the same volumes

as the other 2 treatments, but with no fertilization.
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Table 7. Suggested rates of N, P, and K for radish, mustard, and green bean

compared to levels of N, P, and K in the soil after species were harvested.

K

Radish Sugg.

Rates

Trt. 1

Spring Trt. 2

Trt. 3

Fall

Trt. 1

Trt. 2

Trt. 3

168.2

9.66

11.3

9.44

11.9

16.9

12.9

kg /ha

48.2

119.1

147.5

72.4

156.0

169.0

86.3

232.6

501.8

591.4

361.6

557.8

599.7

322.4

Mustard

Spring

Fall

Sugg.

Rates

Trt. 1

Trt. 2

Trt. 3

Trt. 1

Trt. 2

Trt. 3

168.2

15.7

18.0

15.9

13.9

20.1

17.4

48.2

104.5

130.0

66.8

135.6

160.3

80.9

139.6

459.6

518.6

353.1

540.9

504.5

336.3

Green bean

Spring

Fall

Sugg.
Rates

Trt. 1

Trt. 2

Trt. 3

Trt. 1

Trt. 2

Trt. 3

56.1

12.9

17.9

18.2

10.4

15.9

13.9

36.2

95.3

113.9

67.9

143.3

189.2

95.1

46.5

451.3

431.6

297.1

521.3

554.9

330.7

Suggested rates from Knott's Handbook for Vegetable Growers (10), p. 111.

Levels converted from lbs/acre to kg/hectare. Rates for P and K are percent-

ages of the rates of PjO,- and K„0 given in the book. The rates are the levels

of the elements suggested for addition to the soil—if not already present

—

prior to seeding.
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MANUSCRIPT

This manuscript is written in the style of and for publication

in the Journal of the American Society for Horticultural Science .
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Municipal Sewage Effluent as a Source of Water and Nutrients for Vegetable

Crops II. Plant Response: growth, yield, and elemental composition

1 2Teresa L. Davis, J.K. Greig , and M.B. Kirkham

Kansas State University, Manhattan, KS 66506

Additional index words : radish, mustard, green beans, heavy metals, nitrate

Abstract . Radish (Raphanus sativus L. cv. Fancy Red), mustard (Brassica

perviridis cv. Tendergreen II), and green beans (Phaseolus vulgaris L. cv.

Bush Blue Lake) were used in a greenhouse study to determine the response of

a root vegetable crop, a leafy green vegetable crop, and a fruit-bearing crop

to irrigation with secondary municipal sewage effluent. Spring and fall crops

of the vegetables were seeded into a soil: sand mixture 1) fertilized, prior to

seeding, with (NH.) HPO, and KC1 and irrigated with tap water, 2) fertilized

prior to seeding, with (NH,)„HP0A and KC1 and irrigated with secondary munici-

pal sewage effluent, or 3) not fertilized and irrigated with secondary munici-

pal sewage effluent. Yields from radishes and beans irrigated with effluent

were not significantly different from radishes and beans with fertilizer and

tap water irrigation. Mustard irrigated with effluent produced higher yields

than mustard irrigated with tap water. Effluent-irrigated plants and plants
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receiving fertilizer and tap water irrigation were not significantly different

for most growth characteristics. Nitrogen levels in effluent-irrigated

plants were similar, or higher, than levels in plants irrigated with tap water.

Levels of P, K, Ca, Mg, Zn, and Fe were not significantly different between

effluent-irrigated plants and plants receiving fertilizer and tap water irri-

gation. In the edible portions of each vegetable, concentrations of P and Fe

were close to or above the published levels for each vegetable, but levels of

Ca and K were low. There were no toxic accumulations of Zn, Mn, and Cd. Lead

levels were within the expected range for vegetables, except for bean pods, in

which levels were elevated. Overall, secondary municipal sewage effluent

appeared to be a good source of water and nutrients for vegetable plant growth.
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Vegetation is an integral part of the "living filter" concept recognized

as a means of treatment and disposal of municipal sewage effluent. The response

of vegetation to effluent irrigation is well documented. In Arizona, wheat

(Triticum aestivum L.) irrigated with treated municipal effluent produced a

greater number of heads per unit area, had higher grain yields, more tillers

per plants, and greater protein content than wheat irrigated with well water

and receiving NPK fertilization (13). Researchers near Tucson, Arizona, con-

cluded that effluent can be used to produce oats (Avena sativa L.) with grain

yields, and forage and grain protein contents, approximately equal to those

obtained from oats grown with well water and recommended fertilization, but

at less expense to the farmer (12). Irrigation of soybeans (Glycine max (L)

.

Merr.) with effluent in Arizona resulted in higher seed yields than soybeans

receiving well water or no water (10). Other studies in Arizona concluded

that commercial production of bermudagrass (Cynodon dactylon (L«) pers.) bene-

fited from effluent irrigation— the grass responded with more and longer sto-

lons and greater yields (14). On a Michigan farm, Christmas trees irrigated

with sewage treatment pond effluent demonstrated enhanced survival and growth

of white spruce (Picea glauca Moench Voss.), balsam fir (Abies balsamea (L.)

Mill.), and 3 varieties of Scotch pine (Pinus sylvestris L.) (9). Studies

using fruit trees have shown that effluent irrigation can cut 25-30% from the

production costs normally incurred for fertilizer, machinery, and labor (2).

Clearly, irrigation with municipal sewage effluent has had positive

effects on the growth and productivity of some agronomic row crops, forages,

grasses, and trees. However, the literature lacks reports concerning the

response of vegetable crops to effluent irrigation. The objective of this

research was to determine the extent to which irrigation of vegetables with

secondary municipal sewage effluent is feasible in light of D the soil

response through pH, electrical conductivity, and elemental composition, and
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2) the plant response through growth, yield, and elemental composition. Soil

response to effluent irrigation was discussed in the first article of this

series (11), so that the following discussion will focus upon the plant

response.

Materials and Methods

Radish (Raphanus sativus L. cv. Fancy Red), mustard (Brassica perviridis

cv. Tendergreen II), and green bean (Phaseolus vulgaris L. cv. Bush Blue Lake)

were chosen to represent a root vegetable crop, a leafy green vegetable crop,

and a fruit-bearing vegetable crop. In preparation for seeding the vegetables,

36 19-liter black plastic pots were filled with a 3:2 mixture of unsterilized

Haynie very fine sandy loam (Mollic Udifluvent; coarse-silty, mixed, calcare-

ous, mesic) and washed river sand, and placed in a temperature-controlled

greenhouse. Twelve pots were labeled for each of the 3 vegetable crops, and

divided equally into treatments:

Treatment 1 (control): recommended NPK fertilization, irrigated with tap water

Treatment 2: recommended NPK fertilization, irrigated with secondary

municipal sewage effluent

Treatment 3: no fertilization, irrigated with secondary municipal

sewage effluent

Within each group of pots the 3 treatments were replicated 4 times,

then all 36 pots were arranged in a randomized complete block design.

Prior to seeding, 2.3 g of 18-46-0 diammonium phosphate ( (NH,)
2
HP0.)

(18% N, 20% P) and 2.3 g of 0-0-60 muriate of potash (KC1) (50% K) were

worked into the upper 15.24 cm of the soil in each pot of Treatments 1 and 2.

Though no fertilizer was added, the soil in pots of Treatment 3 was also

hand-cultivated to a 15.24 cm depth.

On 19 May 1984 the vegetables were seeded and thinned to 35 radish plants/

pot, 17 mustard plants/pot, and 10 green bean plants/pot. At the time of
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seeding, a greenhouse tensiometer (Irrometer Moisture Indicator, Irrometer

Company, Riverside, CA) was placed in the center of each pot to aid irrigation

scheduling. Irrigations occurred when soil moisture potential at 7.6 cm depth

reached approximately -0.05 MPa. Irrigation began at seeding with 500 ml/pot,

Treatment 1 receiving water from the Manhattan Municipal Water System through

the greenhouse faucet and Treatments 2 and 3 receiving secondary municipal

effluent from the Manhattan Municipal Wastewater Treatment Plant. Effluent

was obtained periodically from the treatment plant and stored at 4°C in a green-

house cooler to prevent bacterial reproduction. On the average, irrigations

took place every other day, with all pots included in each irrigation and re-

ceiving equal amounts of water or effluent. As the plants matured, irrigation

reached a maximum of 1000 ml/pot.

Poor germination necessitated reseeding the beans on 30 May. A severe

infestation of aphids on all plants was controlled with 2 applications of

endosulfan, sprayed according to label directions. After harvests of the

radish and mustard crops, whiteflies appeared, and the bean plants were sprayed

4 times with resmethrin, following label directions.

Radishes were harvested on 18 June and 29 June, mustard on 20 June, and

beans on 19 July. At harvest, plant heights were recorded, then all plants

were pulled up by the roots. Fresh weights were taken of separated plant parts

(leaves and stems, roots, pods). Leaf area was measured on 10 leaves/pot with

a Li-Cor Model 3100 Area Meter (Li-Cor, Inc., Lincoln, Nebraska). The plant

parts were rinsed thoroughly with distilled water and dried in a forced air

oven (65°C) for 24 hours. Dry weights were recorded.

Radish leaves/stems and roots, mustard leaves/stems, and bean leaves/stems

and pods were ground in a Wiley Mill to a 40 mesh. The ground tissue was mixed

to a homogenous state, then analyzed by the micro-Kjeldahl method to determine

total N content (18). The remainder of the ground sample was wet ashed (1) by
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the Kansas State University Animal Nutrition Laboratory, and the digest anal-

yzed by the Campus Emission Spectroscopy Laboratory, Kansas State University.

Analysis was by the inductively coupled plasma (ICP) method (16) for the

elements P, K, Ca, Mg, Fe, Zn, Cd, Pb, and Mn.

A fall crop of radishes, mustard, and green beans (same cultivars and

seed source) was seeded into the pots on 1 September 1984. The soil was the

same as used in the spring crop, and materials and methods were the same as

those used for the spring crop, except no pesticide applications were made.

Radishes were harvested on 2 October and 11 October, mustard on 12 October,

and beans on 27 October. Measurements were the same as for the spring crop:

plant heights, fresh and dry weights, and leaf area. Tissue preparation for

analysis, the analytical methods used, and the elements analyzed for were the

same as those described above.

All data were subjected to analysis of variance to determine treatment

differences within each vegetable crop. Responses of the different vegetables

were not statistically compared. Mean separation for fresh weights, dry

weights, leaf area, and plant heights was by Duncan's Multiple Range Test.

Mean separation for levels of elements in the plants was by least signifi-

cant difference (LSD).

Results and Discussion

Growth and yield

Growth characteristics of radishes, mustard, and green beans, spring

and fall crops, separated by treatment, are shown in Table 1.

Radish. Plant growth reflected the same treatment responses in both the spring

and fall crops. Treatments 1 and 2, both of which received inorganic fertili-

zers and were irrigated with tap water and sewage effluent, respectively, had

greater leaf weights (fresh and dry) and leaf areas than did Treatment 3,
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which received sewage effluent as a source of water and the only source of

nutrients. However, the treatments did not differ significantly for root

fresh weights and root dry weights, so there were no yield differences among

the 3 treatments. There were also no significant differences in plant heights.

Mustard. The plants exhibited the same treatment responses in both the spring

and fall crops. Plants in Treatment 2 had the highest leaf weights and leaf

area, and, thus, the highest yield. Treatment 3 had the lowest root fresh

weight, and the shortest plants, but did not differ significantly from Treat-

ment 1 in leaf fresh weights, root dry weights, or leaf area.

Green bean. The plants in each treatment did not adapt well to the greenhouse

environment, and had poor leaf development and leaf scorch. Nevertheless,

Treatment 2 produced greater leaf weights in both crops, and the greatest leaf

area in the spring crop. Treatments were not significantly different for root

weights and plant heights. Though there were some treatment differences for

pod dry weights, the lack of significant treatment differences for pod fresh

weights indicated no yield differences among the treatments.

Elemental composition

The elements added through irrigation and fertilization are shown in

Table 2, and are the same for each crop.

Radish leaves . Table 3 shows the elemental composition of radish leaves after

harvest. The following discussion applies to both spring and fall crops.

There were no significant differences between Treatments 1 and 2 for total

N in the radish leaves, or between Treatments 1 and 3. The higher levels of

N in Treatments 1 and 2 are probably due to the amounts of N added to those

treatments through fertilization and irrigation, and to the cumulative amounts

of NO^-N and NH^-N resulting in the soil (11)

.

There were no significant treatment differences for levels of P, K and

Ca. Magnesium levels were not significantly different between Treatments 1
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and 2, with Treatment 3 having the highest Mg concentrations. It is difficult

to explain the levels of Mg in the leaves strictly by the amount of Mg added

through irrigation. One possible explanation may be an ion interaction, or

"antagonism," between Mg, K, and Ca, so that Mg absorption was depressed due

to relatively high concentrations of K and Ca present in the soil before and

after fertilization and/or irrigation (3,4,11,15).

There were no significant differences among treatments for leaf concentra-

tions of Zn, Fe, Pb, or Mn. Cadmium levels were not significantly different

between Treatments 1 and 2, or between Treatments 1 and 3. The higher levels

of Cd in Treatments 1 and 2 may have resulted from Cd contamination of the P

fertilizer added to these treatments, since Cd contamination often occurs in

mining of phosphorus rock for phosphate fertilizers (6).

Radish roots . Table 4 shows the elemental composition of radish roots after

harvest. The following discussion, except that of Cd and Mn levels, applies

to both spring and fall crops.

There were significant differences among the 3 treatments for levels of

total N in the radish roots. Treatment 2 contained the highest concentration

of N, followed by Treatment 1, then Treatment 3. These levels may be attri-

buted to the levels of N added to each treatment, and possibly to N accumula-

tion in the soil (11).

Phosphorus levels were not significantly different between Treatments 1

and 3, with Treatment 2 having the lowest P levels. The apparent reduction/

depression of P absorption in Treatment 2 may have resulted from the K ferti-

lizer applied or the Ca levels in the soil (4,11,26).

There were no significant treatment differences for levels of K, Ca,

Mg, and Zn in the radish roots. Levels of Fe were not significantly different

between Treatments 1 and 3. Treatment 2 contained the lowest levels of Fe,
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possibly a result of reduced Fe absorption from the calcareous soil, to which

additional Ca was applied through effluent irrigation (4,15,26).

Cadmium levels in Treatments 2 and 3 were not significantly different.

Treatment 1 contained an unusually high level of Cd as compared to the other

treatments. This level of Cd is difficult to explain by the amount of Cd in

the soil or the Cd added through irrigation, and might best be attributed to

lab contamination which easily occurs in trace element analysis (21).

There were no significant differences among treatments for Mn levels in

the radish roots from the spring crop. Radish roots harvested in the fall

showed no significant differences between Treatments 1 and 2, or between Treat-

ments 2 and 3, for Mn. Lead levels in the spring crop of radish roots were

not significantly different between Treatments 2 and 3, or between

Treatments 1 and 2. In the fall, there were no significant treatment differ-

ences for Pb in the radish roots.

Mustard leaves . The elemental composition of the mustard leaves following

spring and fall harvests is given in Table 5. With the exception of the dis-

cussion of N and P levels in the leaves, the following discussion applies to

both the spring and fall crops.

Levels of total N were not significantly different between Treatments 1

and 3. Treatment 2 contained the highest levels of N, and this can be attri-

buted to the amount of N added through fertilization and effluent irrigation.

Mustard leaves in Treatments 1 and 2 of the spring crop contained levels

of P that were not significantly different, while leaves from Treatment 3 con-

tained the highest levels of P. For the fall crop, P levels in Treatments 2

and 3 were not significantly different, with Treatment 1 having the lowest

levels of P. The continual application of P through effluent irrigation may

explain the higher levels of P in Treatments 2 and 3.

There were no significant treatment differences for levels of K and Ca
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in the mustard leaves. Magnesium levels were not significantly different

between Treatments 1 and 2, or between Treatments 2 and 3. The same relation-

ship was seen for Mg levels in the soil after the spring crop (11), and may be

partially attributed to the amounts of Mg applied through the irrigation water.

There were no significant treatment differences for levels of Zn, Fe, Pb,

and Mn. Cadmium levels differed significantly among the treatments, Treatment

3 having the highest levels, followed by Treatment 1, then Treatment 2. The

Cd present in the irrigation water (tap water or effluent), though in trace

amounts, is one possible explanation, for it is known that leaves are capable

of accumulating even excessive amounts of Cd when the solution concentration is

only of the order of a few tenths of yt/g/ml (23).

Bean leaves . The elemental composition of bean leaves is shown in Table 6.

Levels of total N in the bean leaves from the spring and fall crops showed no

significant treatment differences. Phosphorus levels in Treatments 1 and 2

in the spring crop were not significantly different, with Treatment 3 having

the lowest P levels. The higher levels of P in Treatments 1 and 2 may have

been due to the P fertilizer added to those treatments. In the fall crop, P

levels were not significantly different between Treatments 2 and 3, with Treat-

ment 1 having the lowest P levels. In this case, the continual application of

P through sewage effluent irrigation might explain the P levels resulting in

the leaves.

Potassium levels in the spring crop were not significantly different

between Treatments 1 and 3, or between Treatments 2 and 3. The difference

between K levels in Treatments 1 and 2 is puzzling in light of the fact that

both treatments received K through fertilization and irrigation. It is possible

that an ion interaction, most likely with Ca, took place, slightly reducing K

absorption in Treatment 2 (3,22,29). In the fall crop, K levels were not sig-

nificantly different between Treatments 1 and 2, and Treatment 3 contained the
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lowest K levels. The addition of K fertilizer to Treatments 1 and 2 may ex-

plain K levels in this case.

There were no significant treatment differences for Ca levels in the bean

leaves from either the spring or fall crops. In bean leaves from the spring

crop, Mg levels in Treatments 1 and 3 were not significantly different. Treat-

ment 2 contained the lowest Mg concentration, possibly due to an ion inter-

action with K or Ca (15). In the fall-harvested bean leaves there were no

significant treatment differences for Mg levels.

Zinc levels were not significantly different among treatments. Levels of

Fe were not significantly different between Treatments 1 and 2 or between Treat-

ments 1 and 3 in the spring crop. Perhaps the Ca levels in Treatment 3 in-

duced a reduction in Fe uptake (4,15,26), resulting in the lower Fe levels in

that treatment. Bean leaves from the fall crop showed no significant treat-

ment differences for Fe content.

Cadmium levels in Treatments 1 and 3 were not significantly different.

The high level of Cd in Treatment 2 as compared to Treatments 1 and 3 might

be due to lab contamination (21) , though it is possible for leaves to accumu-

late high amounts of Cd from trace amounts (23).

There were no significant treatment differences for Pb and Mn in bean

leaves from either crop.

Bean pods . Table 7 lists the elemental composition of the bean pods from both

the spring and fall crops. There were no significant treatment differences

for total N and P in the bean pods from either the spring or fall crops. In

the spring crop of bean pods, K levels were not significantly different among

the treatments. In the fall-harvested bean pods, K levels were not significant-

ly different between Treatments 1 and 3, or between Treatments 2 and 3. Per-

haps the higher level of K in the sewage effluent used to irrigate Treatment 2,

as compared to the K in the tap water used to irrigate Treatment 1, was the
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cause for the difference between those treatments.

There were no significant differences among treatments for Ca, Mg, Zn, Fe,

and Mn in the bean pods. Cadmium levels in Treatments 1 and 2 were not signi-

ficantly different. Levels of Cd in the irrigation waters appear to be the

only explanation for the levels of Cd in the pods.

In bean pods from the spring crop, levels of Pb were not significantly

different between Treatments 1 and 2, or between Treatments 2 and 3. In the

fall crop of beans, there were no significant treatment differences for Pb

levels in the pods.

Elemental composition of edible portions as compared to established and

toxicity levels

One question arising from the irrigation/fertilization of vegetables with

sewage effluent is whether or not the composition of the edible portions of

vegetables receiving effluent applications differs from the composition estab-

lished, and normally expected, for that vegetable. Table 8 lists levels of P,

K, Ca, and Fe established for radish roots, mustard leaves, and bean pods (30)

as compared to the levels resulting after treatments. Another concern with

effluent irrigation is whether or not toxic concentrations of heavy metals

accumulate in the edible portions of the vegetables. Table 9 is a comparison

of toxic concentrations of the heavy metals Zn, Cd, and Mn to the heavy metal

concentrations resulting after treatments, with a comparison of the expected

levels of Pb in vegetables to the levels resulting after treatments.

Radish root . Radish roots from all treatments contained levels of P and Fe

close to the levels established for radish root. This was true for roots from

both the spring and fall crops. Phosphorus and Fe levels in Treatment 1, the

control, and in Treatment 3, which received only effluent, were closest to the

established level.
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Potassium levels in roots from each treatment were noticeably lower than

the established K level. Radish roots from the fall crop contained higher

levels of K than those from the spring crop, but levels were still below the

established level. The same trend was seen in Ca levels in the radish roots,

with the exception of Treatment 1 in the fall crop, which contained Ca levels

exceeding the established level. Levels from the other treatments fell below

the level expected. Though K and Ca deficiencies were not evident during the

growth of either the spring or fall crops, these findings suggest that the ef-

fluent used did not supply the amount of K and Ca apparently normally available

to radish crops, or that the forms supplied were not readily available. How-

ever, it is important to note that K and Ca levels resulting from the control,

Treatment 1, considered the standard method of fertilizing/irrigating a radish

crop, also fell below the established K and Ca levels, except the results for

Ca in the fall crop.

Concentrations of Zn and Mn in radish roots from each treatment, and both

spring and fall crops, were well below levels recognized as toxic to adults.

Cadmium levels in roots irrigated with effluent (Treatments 2 and 3) were be-

low toxic levels, but roots from the control, Treatment 1, contained toxic

levels of Cd. The concentration of Cd in this treatment is, as discussed in

the preceding section on plant elemental composition, something of an anomaly.

Levels of Pb in radish roots from all treatments fell within the range of

Pb normally seen in vegetables, and generally considered below excessive levels

(20,25,27). As of 1980, the U.S. Food and Drug Administration had not published

regulations/limits for Pb content in foods except for the foods and beverages

of infants (8). The World Health Organization's recommended limit of Pb intake

from food is 3 mg/week (17)

.

Mustard leaves . Mustard leaves in each treatment of the spring crop contained

P levels exceeding the level established for the vegetable. Leaves from the
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fall crop contained P levels slightly below the established level.

Levels of Ca in mustard leaves from each treatment were well below the

established level of Ca. Though Ca levels increased in leaves of the fall

crop, levels were still below the established level. The same relationship

was seen for Ca levels in the radish roots, and the comments made for that crop

apply here. Calcium deficiencies were not noted in the mustard crop.

Spring-harvested mustard leaves contained Fe levels close to the level of

Fe established for the vegetable. The treatments irrigated with effluent

(Treatments 2 and 3) were closest to the established Fe level, with Treatment 3

exceeding the level. Iron content in mustard leaves from the fall crop exceeded

the Fe level established for mustard leaves.

An established level of K for mustard leaves was not available. Mustard

leaves are described by one source (24) as containing moderate to high amounts

of potassium. The levels of K resulting from each treatment are provided for

the reader's interpretation. Potassium deficiency was not noted during either

the spring or fall crop

.

Toxic concentrations of Zn, Cd, and Mn did not result in any treatment

of the mustard crops. Levels of Pb in mustard leaves from each treatment fell

within the range of Pb values expected in vegetables.

Bean pods . Phosphorus levels in bean pods from each treatment were close to

the level of P established for bean pods. In the fall crop, treatments irri-

gated with effluent (Treatments 2 and 3) exceeded the established P level.

Bean pods from each treatment contained K levels below the established

level of K. The fall crop of bean pods contained higher levels of K than those

from the spring crop, with Treatments 2 and 3 having the highest levels, but

still below the established concentration. Potassium deficiency was not evi-

dent in either crop of beans.
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Levels of Ca in bean pods from each treatment of the spring crop were

below the established level of Ca for the vegetable. Treatments 2 and 3 con-

tained the highest levels of Ca, though still below the level expected. The

fall crop of bean pods in each treatment contained Ca levels in excess of the

established level of Ca.

Iron concentration in bean pods from each treatment were above the estab-

lished level, in both crops.

Concentrations of Zn, Cd, and Mn in bean pods from each treatment, and both

crops, fell below concentrations considered toxic to adults. Except for the

spring crop of bean pods from Treatment 1, the concentration of Pb in bean pods

from each treatment exceeded the range of Pb values expected in vegetables. By

this standard, the levels of Pb would be considered excessive, and possibly harm-

ful to the consumer. As stated before, the World Health Organization's recom-

mended limit of Pb intake from food is 3 mg/week (17) . An adult consuming bean

pods with the highest level of Pb (3.38 ug/g fresh weight, Treatment 2, fall

crop) would have to eat 888 g of bean pods in one week to ingest 3 mg of Pb.

Consumption of bean pods from the lowest level of Pb still considered excessive

(1.63 Ug/g fresh weight, Treatment 2, spring crop) would require ingestion of

1840 g of pods to reach the 3 mg/week limit. The possibility of an individual

consuming these volumes of bean pods within a week is dependent on the indivi-

dual, but seems unlikely.

*******************
Since municipal sewage effluent, on the whole, is regarded as a source of

excessive amounts of N0_-N, N0_ accumulation in vegetables irrigated with efflu-

ent may be a concern. The effluent used in this study contained N0„-N in excess

of the U.S. Public Health Service's standard for drinking water (10 ppm) (28),

but N0--N standards for irrigation water could not be located. Total N in the

vegetables was measured as an indication of the level of N fertilizer supplied
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by sewage effluent, but the amount of free NO in each plant was not deter-

mined. In general, the fraction of N in a plant present as free NO ions

is 10-20% or less (15). At this level, possible NO levels in the radish roots,

mustard leaves, and bean pods (as calculated from total N contents) are below

the toxic daily dose to humans of 560 mg NO -N and the toxic single dose of

700 mg (19). Also, varying degrees of chlorosis were noted in each vegetable

crop, indicating the level of N (as NO or NH ) supplied by the effluent was

low. Nevertheless, the toxicity of NO -N to humans may warrant future studies

as to the effect effluent irrigation of vegetables has on NO -N levels in the

vegetables—especially leafy green vegetables and notorious NO accumulators

such as radishes.

Conclusions

There were no significant differences between yields from radishes and

beans irrigated with municipal effluent compared to radishes and beans ferti-

lized with inorganic fertilizer and irrigated with tap water. Mustard irriga-

ted with effluent produced higher yields than mustard receiving tap water and

fertilizer. Effluent-irrigated and control plants of the 3 vegetables did

not differ significantly for most growth characteristics. Nitrogen levels in

effluent-irrigated plants were similar, or higher, than levels in control

plants. In general, levels of P, K, Ca, Mg, Zn, and Fe in plants irrigated

with effluent did not differ significantly from levels in control plants.

In the edible portions of the vegetables—radish roots, mustard leaves, and

bean pods—concentrations of P and Fe were close to or above the published,

established levels for each vegetable. Toxic accumulations of Zn, Mn, and

Cd did not occur, and Pb levels were in the expected range of Pb values for

vegetables except in bean pods, which had levels above the expected range.

Overall, secondary municipal sewage effluent appeared to be a good source

of nutrients, and water for vegetable plant growth, with radishes, mustard,
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and green beans responding well to effluent irrigation,
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Table 1. Fresh weights, dry weights, leaf area, and plant height of radishes,

mustard, and green beans, spring and fall crops, fertilized and irrigated with

tap water (Trt. 1), fertilized and irrigated with secondary municipal effluent

(Trt. 2), and not fertilized and irrigated with secondary municipal

effluent (Trt. 3).

z z z
Leaves Roots Leaf Plant Pods

F.W. D.W. F.W. D.W. area
2

ht.
z F.W. D.W.

2
g/pot (cm ) (cm) g/pot

Radish
Trt ^ j U62a 868a

iy?
^a n ^a 3Q1a

lQ()
a

Spring Trt. 2 111.6
a

7.60
a

167.

7

a
8.75

a
31.

5

a
10.

2

a

Trt. 3 90.

2

b
5.9Q

b
156.

9

&
10.

6

a
21.

5

b
9.83

a

Trt. 1 105.
a

7.18
a

173.

5

a
10.

9

a
26.

a
11.

5

a

Fall Trt. 2 123.

l

a
7.93

a
175.

4

a
10.

l

a
26.

6

a
11.

7

a

Trt. 3 80.

3

b
5.23

b
155.

4

a
9.63

a
17.

8

b
9.93

a

Mustard
Trt. 1 210.

3

b
24. 8

b
13.

9

a
0.93

ab
73.

2

b
19.

9

a

Spring Trt. 2 227.

5

a
29.

6

a
14.

6

a
2.93

a
82. 7

a
19. l

a

Trt. 3 157.

l

b 21.1° 9.45
b

0.35
b

64.

6

b
17.

9

b

Trt. 1 130.

8

b
19. l

b
16.

5

a
2.05

ab
66.

2

b
19.

5

a

Fall Trt. 2 248.

9

a
23.

2

a
15.

9

a
2.23

a
93.

3

a
22. l

a

Trt. 3 115.

8

b
14.2° 10.

i

b
1.38

b
63.

5

b
17.

9

b

Bean
Trt. 1 172.

4

b
34.

5

b
7.38

a
1.50

a
62.

9

b
29. 3

a
110.

7

a
10.

6

b

Spring Trt. 2 186.

2

a
37.

9

a
7.68

a
1.48

a
76.

5

a
30.

2

a
140.

2

a
13.6

ab

Trt. 3 155.
2°

32.5° 7.20
a

1.53
a

63.

6

b
31.

3

a
149.

2

a
16.

4

a

Trt. 1 165.

l

b
27.

9

b
7.38

a
3.13

3
59.

l

a
33. l

a
95. I

3
6.85

b

Fall Trt. 2 197.

9

a
33.

4

a
9.25

a
2.08

3
59.

7

a
35.

9

a
106.

a
9.80

ab

Trt. 3 150.7° 25.5° 7.70
a

1.83
a

53.

7

a
30.

9

a
97. 6

a
7.95

a

Mean separation in columns by Duncan's Multiple Range Test, 5% level. The

treatment means should be compared within the spring crop and within the fall

crop—spring and fall crops are not statistically compared. The different

vegetables are not statistically compared. Means with the same letter are

not significantly different.
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Table 2. Elements applied to each vegetable crop, spring and fall, through

irrigation and fertilization.

Applied via irrigation
and fertilization

Trt. 1

NO, 0.07

NH
4

(irrig.)

NH
4

(fert.)

P (irrig.)

P (fert.)

K (irrig.)

K (fert.)

Ca

Mg

Zn

Fe

Cd

Pb

Mn

25.4

<0.58

28.2

8.10

70.4

30.0

13.5

<0.15

<0.05

<0.04

<0.04

Trt. 2'

27.1

0.43

25.4

6.75

28.2

16.0

70.4

47.0

18.0

0.17

<0.11

^0.05

0.04

0.05

Trt.

27.1

0.43

6.75

16.0

47.0

18.0

0.17

<0.11

<0.05

0.04

0.05

Trts. 1 and 2 each received 2.3 g (NH ) HPO and 2.3 g KC1 prior to spring

and fall seeding. The x/g/g NH -N, P, and K from the fertilizers are labeled

separately from the NH -N, P, and K added through irrigation. Trt. 1 was

irrigated with municipal tap water and Trt. 2 was irrigated with secondary

municipal sewage effluent, both treatments receiving total volumes

of irrigation according to crop and season (Tables 3-7). Trt. 3 was irrigated

with secondary municipal effluent, receiving the same volumes as the other

2 treatments, but with no fertilization.
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Table 3. Elemental composition of radish leaves after harvest,

Trt. 1
J

Spring

Trt. 2
J Trt, Trt. 1-

Fall'

Trt. 2 J Trt,

N 28.5
ab

29.

6

a
23. 6

b
30.0

ab

P 3000.
a

2987.

5

a
2962.

5

a
3887.

5

a

K 5787.

5

a
6750.

a
6275.

a
19125.

a
1

Ca 3645.
S

1965.
a

6337.

5

a
24000.

a
2

Mg 1083.

8

b
933.

8

b
2300.

a
4387.

5

b

Zn 68.

5

a
38.

6

a
62.

4

a
48. 5

a

Fe 245.
a

227.

5

a
211.

3

a
1396.

3

a

Cd
x

20.8ab 32. 3
a

8.9
b

Pb 4.63
a

9.66
a

6.46
a

51.

4

a

Mn 55.

8

a
57.

8

a
54.

5

a
106.

7

a

37.1

4212. 5
l

19375.
£

21337.

5

£

3900.0*

35.
3*

605.
£

3.41

94. ?

30.3

3812.

5

£

16500.
£

19150.0
5

5112.

5

£

42.

4

£

532.5
£

10.4

82.6*

Mean separation by least significant difference, 57„ level.

Treatment means are compared within rows. Means

with the same letter are not significantly different. Treatment means in

the spring crop and the fall crop are not statistically compared.

yTrts. 1 and 2 each received 2.3 g of (NH ) HPO and 2.3 g KC1 prior to spring

and fall seeding. Trt. 1 was irrigated with municipal tap water and Trt. 2

was irrigated with secondary municipal sewage effluent, both treatments

receiving 17 liters (18,688 g) in the spring and 16.5 liters (18,138 g) in

the fall. Trt. 3 was irrigated with secondary municipal sewage effluent,

receiving the same volumes as the other 2 treatments, but with no fertilization,

A large number of values below detection limits created an incomplete data

set for Cd levels in the fall crop, and statistical analysis was not done.

The detection limits ranged from 6.0 to 11.0 yfg/g.
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Table 4. Elemental composition of radish roots after harvest

N

P

K

Ca

Mg

Zn

Fe

Cd 3

Pb

Mn

Trt. 1-

13.3

4162. 5
i

6175.0'

1692.

5

£

832.

5

b

45.

5

a

206.

3

a

18.

4

b

17.

I

3

17.
a

Spring'

Trt. 2
J

16.

2

C

3737.

5

l

6437.
5*

1612. 5
i

1120.
£

34.

1

£

148. 8
l

7.59

10.3

14.

r

a

ab

Trt.

Fall

Trt. T Trt. 2-

10.8

^g/g

4212.

5

C

6212.5*

1673.

8

£

.a
1012.5

35.

4

£

165.
£

6.9
£

7.00
1

13.

6

£

13.2

4412.5'

14875.
£

6662.5'

1325.0*

25. 6
£

173.

4

£

13.2

13. I
1

16.
6'

3825.0*

15000.
£

3171.3*

1387.

5

£

24.
£

155.

O

1

12.6'

17.0
ab

Trt. 3
J

11. V

4375.
£

15625.
i

3450.
£

1575.
£

30. 3
£

191.3
S

18.1'

18. I
1

Mean separation by least significant difference, 5% level.

Treatment means are compared within rows. Means

with the same letter are not significantly different. Treatment means in

the spring crop and the fall crop are not statistically compared.

yTrts. 1 and 2 each received 2.3 g of (NH ) HPO, and 2.3 g KC1 prior to spring

and fall seeding. Trt. 1 was irrigated with municipal tap water and Trt. 2

was irrigated with secondary municipal sewage effluent, both treatments

receiving 17 liters (18,688 g) in the spring and 16.5 liters (18,138 g) in

the fall. Trt. 3 was irrigated with secondary municipal sewage effluent,

receiving the same volumes as the other 2 treatments, but with no fertilization.

V
A large number of values below detection limits created an incomplete data

set for Cd levels in the fall crop, and statistical analysis was not done.

The detection limits ranged from 6.0 to 11.0 yvg/g.
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Table 5. Elemental composition of mustard leaves after harvest

N

P

K

Ca

Mg

Zn

Fe

Cd*

Pb

Mn

Trt. 1
J

14.9

4737. 5
l

5600.0'

2930.
0*

1212. 5
l

35.6'

88.
4*

8.74
b

7.20

54.9
a

Spring

Trt. 2 J

16.7'

4325.
l

6012.5*

3437.
5*

1337.5

30.

9

£

101.
4*

6.74
c

4.93*

58.4
s

ab

Trt

Fall

Trt. 1- Trt. 2 J

15.1

5362.5
s

5812.

5

£

3175.0
s

1587. 5
l

37.5
s

168.1
£

13. l
a

7.35
a

55.
a

—
A'g/g

b
13.1

1862.5

6875.
S

6962.5
s

1512.5
s

17.1
S

256.3
S

7.59

42.0*

20.2

2550.0
s

8925.0
S

7600.0
S

1912.5

24.8
s

328.8
s

10.7

62.
4*

ab

Trt,

16.3

2525.0
S

8737.5
S

7437.5
S

2137.

5

l

26.9
s

213.8
3

8.63°

56.4
S

Mean separation by least significant difference, 57„ level.

Treatment means are compared within rows. Means

with the same letter are not significantly different. Treatment means in

the spring crop and the fall crop are not statistically compared.

yTrts. 1 and 2 each received 2.3 g of (NH
4

)
2
HP0

4
and 2.3 g KC1 prior to spring

and fall seeding. Trt. 1 was irrigated with municipal tap water and Trt. 2

was irrigated with secondary municipal sewage effluent, both treatments

receiving 14 liters (15,719 g) in the spring and 17.4 liters (19,128 g) in

the fall. Trt. 3 was irrigated with secondary municipal sewage effluent,

receiving the same volumes as the other 2 treatments, but with no fertilization.

A large number of values below detection limits created an incomplete data

set for Cd levels in the fall crop, and statistical analysis was not done.

The detection limits ranged from 6.0 to 11.0 i/g/g.
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Table 6. Elemental composition of bean leaves after harvest

Spring' Fall

N

P

K

Ca

Mg

Zn

Fe

Cd
X

Pbx

Mn

Trt,

12.

8

C

1862.

5

£

7012.

5

£

2550.
£

1527.5

32. I
1

256.3

12.

7

l

7.03
£

71.6'

a

ab

Trt. 2
J

13.7'

1875.0*

6025.
l

2712.5'

697.5*

31.
£

333. 8
l

25.

7

£

9.29
a

65.

3

a

Trt Trt. 1
J

^g/g

15.

2

C

1612.5*

6450.0

6037.

5

£

1231.
3*

25. I
1

166. 3
i

10.

8

b

7.70'

57.

5

£

ab

16.6

2237.5*

14500.
0*

3450.0'

2075.
£

20. 6
£

108.

3

£

48.5'

Trt. 2
J Trt. 3^

16.3'

2537.5'

14500.0'

4562.5'

2375.
£

19.

1

£

63.

4

£

52.8

i6.r
2425.

£

13125.
l

8512.

5

£

2212.5
3

23.
a

100.

6

a

53.0

Mean separation by least significant difference, 5% level.

Treatment means are compared within rows. Means

with the same letter are not significantly different. Treatment means in

the spring crop and the fall crop are not statistically compared.

yTrts. 1 and 2 each received 2.3 g (NH ) HPO, and 2.3 g KC1 prior to spring

and fall seeding. Trt. 1 was irrigated with municipal tap water and Trt. 2

was irrigated with secondary municipal sewage effluent, both treatments

receiving 26.4 liters (29,021 g) in the spring and 22.8 liters (25,064 g) in

the fall. Trt. 3 was irrigated with effluent, receiving the same volumes as

the other 2 treatments, but with no fertilization.

"A large number of values below detection limits created an incomplete data

set for Cd levels in the fall crop, and statistical analysis was not done.

This explanation also applies to Pb levels in the fall crop. The detection

limits for Cd ranged from 6.0 to 11.0 /^g/g. The detection limits for Pb

ranged from 4.0 to 7.3i/g/g.
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Table 7. Elemental composition of bean pods after harvest,

Spring

Trt. 1- Trt. 2 J Trt. y

Fall

Trt. 1- Trt. 2' Trt. 3
J

N 20.

4

a
19.

8

a
20. 6

a
f>g>

'g

22.

2

a
22. 7

a
22.

7

a

P 3900.
S

3537.

5

3
3825.

a
4300.

a
4837.

5

a
4600.

a

K 6475.
a

6437.

5

a
6012.

5

a
15125.

a
16000.

b
15625.

ab

Ca 1338.8
3

2343.

8

a
3000.

a
7296.

3

a
7175.

a
6087.

5

a

Mg 1393.

8

a
1712.

5

a
1712.

5

a
2675.

a
2837.

5

a
2737.

5

a

Zn 36. l
a

32.

5

a
34. 5

a
39. 3

a
39. 3

a
40. l

a

Fe

Cd
X

185.
a

8.39
ab

121.
a

5.94
a

167.

3

a

10.

8

b

146.

3

a
135.

a
138.

8

a

Pb 11.

7

a
16.3

3b
21.

9

b
30.

9

a
33.

8

a
25. 3

a

Mn 28.

8

a
20.

a
26.

6

a
36. 9

a
33. l

a
34.

5

a

Mean separation by least significant difference, 51 level.

Treatment means are compared within rows. Means

with the same letter are not significantly different. Treatment means in

the spring crop and the fall crop are not significantly compared.

yTrts. 1 and 2 each received 2.3 g (NH^KHPO, and 2.3 g KC1 prior to spring

and fall seeding. Trt. 1 was irrigated with municipal tap water and Trt. 2

was irrigated with secondary municipal sewage effluent, both treatments

receiving 26.4 liters (29,021 g) in the spring and 22.8 liters (25,064 g) in

the fall. Trt. 3 was irrigated with effluent, receiving the same volumes as

the other 2 treatments, but with no fertilization.

A large number of values below detection limits created an incomplete data

set for Cd levels in the fall crop, and statistical analysis was not done.

The detection limits ranged from 6.0 to 11.0 fg/g.
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Table 8. Levels of P, K, Ca, and Fe established for radish roots, mustard

leaves, and bean pods as compared to levels of P, K, Ca, and Fe resulting

from treatments.

Publ. Spring7 Fall7

Comp.

Trt. 1 Trt. 2
X

Trt. 3
X

Trt. 1
X

Trt. 2
X

Trt. 3
X

ng/100 g (f.w.)
W

-
i

Radish
Roots

P 31.0 25.0 22.4 25.3 26.5 22.9 26.3

K 322.0 37.1 38.6 37.3 89.3 90.0 93.8

Ca 30.0 10.2 9.7 10.0 40.0 19.0 20.7

Fe 1.0 1.24 0.89 0.99 1.04 0.93 1.15

Mustard
Leaves

P 28.0 52.1 47.6 59.0 20.5 28.1 27.8

K N.A.
V

61.6 66.1 63.9 75.6 98.2 96.1

Ca 210.0 32.2 37.8 34.9 76.6 83.6 81.8

Fe 1.5 0.97 1.12 1.85 2.82 3.62 2.35

Bean
Pods

P 44.0 39.0 35.4 38.3 43.0 48.4 46.0

K 243.0 64.8 64.4 60.1 151.3 160.0 156.3

Ca 56.0 13.4 23.4 30.0 72.9 71.8 60.9

Fe 0.8 1.85 1.21 1.67 1.46 1.35 1.39

2
Composition levels from Composition of Foods, Agriculture Handbook No. 8 (30).

yEmphasis in the table is on comparison of each treatment mean for P, K, Ca,
and Fe to the established levels of those elements for each vegetable, not on
comparison of treatment means. Treatment mean separation for P, K, Ca, and Fe
can be found in Table 4, Table 5, and Table 7 for radish roots, mustard leaves,
and bean pods, respectively.

Trt. 1 was fertilized prior to spring and fall seeding and irrigated with
municipal tap water. Trt. 2 was fertilized prior to spring and fall seeding
and irrigated with secondary municipal sewage effluent. Trt. 3 was not
fertilized, and irrigated with secondary municipal sewage effluent.

w
Conversion of i/g/g dry weight (d.w.) to mg/100 g fresh weight (f.w.):

fJ g x
1 mg _ rag _ 0.1 mg According to experimental results

g 1000 jjg 1000 g 100 g d.w. and Agriculture Handbook No. 8 (30):
In radish roots, 6% of the fresh wt,

0-1 rag % d.w. 0.1 mg
was dry wt -

100 g d.w.
x

f~^~.
"

100 g f.w.
In mustard leaves, 11% of the fresh

wt. was dry wt.
In bean pods, 10% of the fresh wt.

was dry wt.
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Table 8 (continued)

v
Not available. Levels of K established for mustard leaves were not available
from Agriculture Handbook No. 8 (30).
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Table 9. A comparison of toxic concentrations of Zn , Cd , and Mn, and of Pb

levels most often seen in vegetables, to heavy metal concentrations after

treatments.

Cones. Spring7 Fall7

toxic to
adults Trt. 1 Trt. 2

x
Trt. 3

x
Trt. 1

X
Trt. 2

X
Trt. 3

X

(ppm) /
" f 8/ 5 u ,w.

Radish
Roots

Zn 5000-10000 45.5 34.1 35.4 25.6 24.0 30.3
w

Cd 15 18.4 7.59 6.90

Mn 1000-2000 17.0 14.1 13.6 13.1 17.0 18.1

Mustard
Leaves

Zn 5000-10000 35.6 30.9 37.5 17.1 24.8 26.9

Cd
W

15 8.74 6.74 13.1

Mn 1000-2000 54.9 58.4 55.0 42.0 62.4 56.4

Bean
Pods

Zn 5000-10000 36.1 32.5 34.5 39.3 39.3 40.1

Cd
W

15 8.39 5.94 10.8

Mn 1000-2000 28.8 20.0 26.6 36.9 33.1 34.5

Expected
Levels of Pb

f»%t{I f.w.

Radish Roots 0.0-1.26 1.03 0.62 0.42 0.79 0.76 1.09

Mustard
Leaves 0.0-1.26 0.79 0.54 0.81 0.83 1.18 0.95

Bean Pods 0.0-1.26 1.17 1.63 2.19 3.09 3.38 2.53

Toxic concentrations in the dry diet from Toxicants Occurring Naturally in
Foods (7).

yEmphasis in the table is on comparison of each treatment mean to toxic conc-
entrations (Zn, Cd, Mn) or the range of expected levels (Pb) . Treatment mean
separation can be found in Table 4, Table 5, and Table 7 for radish roots,
mustard leaves, and bean pods, respectively.

Trt. 1 was fertilized prior to spring and fall seeding and irrigated with
municipal tap water. Trt. 2 was fertilized prior to spring and fall seeding
and irrigated with secondary municipal sewage effluent. Trt. 3 was not
fertilized and irrigated with secondary municipal sewage effluent.

w
Mild symptoms of Cd poisoning are first seen at 15 ppm. Due to incomplete
data sets, statistical analysis was not done for Cd levels in the fall crop.
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Table 9 (continued)

v
Range of values most seen in vegetables from Schroeder and Balassa (25) and

the U.N. Environment Programme (27).

Conversion of i/g/g dry weight (d.w.) to»>g/g fresh weight (f.w.):

tJ g % d.w. jjg
x = -J.

g d.w. f.w. g f.w.

According to experimental results and Agriculture Handbook No. 8 (30):

In radish roots, 6% of the fresh weight was dry weight.
In mustard leaves, 11% of the fresh weight was dry weight.
In bean pods, 10% of the fresh weight was dry weight.
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The determination of fertilizer rate per pot .

The recommended rate of 18-46-0 diammonium phosphate and of 0-0-60 muri-

ate of potash is 224.7 kg/ha. This rate was used to calculate the amount of

each fertilizer to add to the upper 15.24 cm of soil/sand in each 19-liter

pot.

2
Volume of pot to 15.24 cm depth = Ti r h

V = 3.14(18.8 cm)
2
(15.24 cm)

V = 16913.4 cm
3

Volume of 1 hectare to 15.24 cm depth:

9919.6 m
2

x 100 cm x 100 cm x . _ _. _ _, . .9 3*.
15.24 cm = 1.51 x 10 cm /ha

ha mm
Therefore, the fertilizer rate per hectare may be expressed as

224.7 kg/ 1.51 x 10
9

cm
3

.

224.7 kg = ? kg

1.51 x 10
9

cm
3

16913.4 cm
3

.0025 kg

= Z.5 g* of each fertilizer for addition to each pot

*When the fertilizer rate was used in the above manner to calculate the amount

of each of the 2 fertilizers to add to the upper 15.24 cm of soil/sand in each

2 3
pot, values were kept in the units of the English system (ft, ft , in ) . The

amount of each fertilizer to add was calculated as 2.3 g, and this was the

amount of each fertilizer used in each pot (pp. 29, 52). The difference

between this value and the value calculated above is attributed to round-off

error.
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The determination of field capacity of the 3:2 soil/sand mixture used in

each pot .

The field capacity of the 3:2 mixture of Haynie very fine sandy loam

(Mollic Udifluvent; coarse-silty, mixed, calcareous, mesic) and washed river

sand was estimated as an indication of the amount of irrigation to apply to

each 19-liter pot. Seven 1-liter containers (15.24 cm tall) were filled with

the soil/sand mixture. The containers did not have drainage holes. The fol-

lowing amounts of H»0 were added to each container.

(1) 100 ml — wet to 7.6 cm depth

(2) 150 ml — wet to 10.2 cm depth

(3) 200 ml — wet to the bottom of the container, with no excess water

sitting in the bottom of the container

(4) 250 ml — wet to the bottom of the container; more saturated than

soil/sand wetted with 200 ml H„0, with no excess water

sitting in the bottom of the container

(5) 300 ml — wet to the bottom of the container; "muddy"

(6) 350 ml — wet to the bottom of the container; very wet, pasty

(7) 400 ml — excess water, soil/sand would not hold structure

It was determined that 250 ml of H„0 were needed to reach apparent field

capacity of the soil/sand mixture, or 25% by volume. The volume of the 19-

liter pot to a 10.2 cm depth was determined.

"*
fio. a V = IT r h

Is Cm

V = 3.14(18.8 cm)
2
(10.2 cm)

V = 11,230 cm
3

.25(11,230 cm
3
) = 2830 cm

3
, or 2830 ml

To reach field capacity, 2830 ml would be needed per irrigation, assuming

the soil/sand was 100% dry. Since the soil/sand was not allowed to become
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100% dry, about 1/3 of the calculated amount, or 900-1000 ml, was used for

the maximum amount of irrigation.
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Micro-Kj eldahl determination of total nitrogen in plant tissue .

The following procedure is bascially that of Ma and Zuazaga (1) with

minor modifications .

Materials

Micro-Kj eldahl digestion flasks

Micro-Kj eldahl digestion rack

Micro-Kj eldahl distillation unit

Glass beads

Catalyst-potassium sulfate mixture (96 g Na.SO ; 3.5 g CuSO, * 5H
? 0;

0.5 g Se0
2
)

Concentrated sulfuric acid

Sodium hydroxide solution (40%) (4 g NaOH/100 mis H„0)

Boric acid solution (2%) (2 g powdered boric acid/100 mis H~0)

Standard hydrochloric acid solution (N/100) (10.0 mis of 1 N HC1 mixed

with 1000 mis HO, standardized with 5 mis of 0.02 N NaOH)

Screened indicator (5 parts of bromocresol green to 1 part of methyl

red in ethanol, 0.1%)

Procedure

1. Forty mg of homogenous dried, ground plant tissue were weighed into a

digestion flask. A glass bead, 0.5 g of catalyst, and 2 ml of cone,

sulfuric acid were added to the flask. The flask and contents were

placed on a digestion rack under a hood and heated gently at first,

Minor modifications according to advice of Dr. Mary Lewnes Albrecht from

her laboratory experience as a student in Horticulture 603, Ohio State

University, 1977. Dr. Albrecht is presently an Assistant Professor in

the Department of Horticulture, Kansas State University.
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then more vigorously until the solution became clear. Heating continued

for a total of 2 hours.

2. The contents of the flask were washed into the chamber of the distilla-

tion unit. Distilled water was added until there were 5 ml of solution

in the chamber. The solution was released into the unit, and 10 ml of

40% NaOH solution were added. Distillate was collected in a 50 ml beaker

containing 5 ml of 2% boric acid solution with a few drops of mixed indi-

cator. The tip of the condenser was kept below the surface of the liquid

in the beaker for accurate results. Distillation continued for about 2

minutes or until 20-30 ml had accumulated in the beaker.

3. The contents of the beaker were titrated to a steel gray endpoint with

N/100 HC1, with the mis of HC1 used recorded (1 ml - 0.14 mg N)

.

4. The N content of the sample was calculated:

ml HC1 x 0.14
mg N/g sample = wt. of sample

Thirty-six plant samples (dried and ground) were analyzed for total N

by the above procedure. The distillation unit was thoroughly rinsed between

each sample. Five blanks were also analyzed for total N.

Literature Cited

1. Ma, T.S. and G. Zuazaga. 1942. Micro-Kjeldahl determination of nitrogen.

Ind. Eng. Chem., Anal. Ed. 14(3) : 280-282.
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Conversion of plant analysis data from dry weight basis to fresh weight basis ,

The established levels of P, K, Ca, and Fe in edible portions of vege-

table plants were given in mg/100 g fresh weight in the source used (2) . In

order to evaluate the levels of P, K, Ca, and Fe in radish roots, mustard

leaves, and bean pods after treatments, it was necessary to convert the data

from yug/g dry weight to mg/100 g fresh weight.

fJ% x
mg

m
mg = 0.1 mg

g 1000 l/g 1000 g 100 g dry wt.

0.1 mg % dry wt. 0.1 mg

100 g dry fresh wt. 100 g fresh
wt. wt.

In radish roots, 6% of the fresh wt. was dry wt. (94% water). In mustard

leaves, 11% of the fresh wt. was dry wt. (89% water). In bean pods, 10% of

the fresh wt. was dry wt. (90% water). Watt and Merrill (2) reported these

values, and the experimental results agreed with the findings.

The standard for Pb levels in vegetables was given in yug/g fresh wt. (1),

Therefore, it was necessary to convert levels of Pb in radish roots, mustard

leaves, and bean pods from yvg/g dry wt. to yug/g fresh wt.

yug % dry wt. m /yg

g dry wt. fresh wt. g fresh wt.

Literature Cited

1. Committee on Food Protection, Food and Nutrition Board, and National

Research Council. 1973. Toxicants occurring naturally in foods.

National Academy of Sciences, Washington D.C.

2. Watt, Bernice K. and Annabel L. Merrill. 1963. Composition of foods.

Agr. Handbook No. 8. Agr. Res. Ser., U.S. Dept. of Agr., Washington D.C,
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Levels of copper in radish leaves and roots, mustard leaves, and bean leaves

and pods, and in the soil in which they were grown .

Copper was initially one of the elements analyzed for in the soil samples

from each crop. Laboratory confusion of "Co" (cobalt) for "Cu" (copper) led

to a lengthy delay in analysis of the plant tissue for copper. Therefore, the

data was omitted from the discussion of elemental composition of the soil and

plants.

Table A-l. Levels of copper in soil in which radish, mustard, and green beans

were grown and fertilized and irrigated with municipal tap water (Trt. 1),

fertilized and irrigated with secondary municipal sewage effluent (Trt. 2), or

not fertilized and irrigated with secondary municipal sewage effluent (Trt. 3).

Spring Fall

Trt Trt. 2 Trt. 3 Trt. 1 Trt. 2 Trt. 3

ffU /g

Radish 1.03
a

1.03
a

0.98
a

0.90
a

0.90
a

0.88
3

Mustard 1.03
a

1.03
3

0.98
a

0.83
a

0.85
3

0.83
a

Green Bean i.oo
a

0.98
a

0.93
a

0.85
a

0.85
a

0.80
a

Mean separation in rows by least sign, diff., 5% level. Means in the

spring and fall crops are not statistically compared, nor are the different

vegetables. The soil before treatments contained 1.10 i/g/g copper.

(continued)
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Table A-2. Levels of copper in radish leaves, radish roots, mustard leaves,

bean leaves, and bean pods.

Spring

Trt. 1 Trt. 2 Trt. 3

Fall

Trt. 1 Trt. 2 Trt. 3

Radish leaves 16.

7

a
7.90

a
13.

2

a f<
5/8

9.20
3

9.03
a

6.83
a

Radish roots 7.60
3

6.03
a

5.53
a

4.75
a

5.00
a

4.88
a

Mustard leaves 7.90
a

7.53
a

8.08
a

7.55
a

8.53
a

8.78
a

Bean leaves 10. 3
a

8.73
E

11. 2
a

7.10
a

7.43
a

7.68
a

Bean pods 16.

9

a
9.58

a
9.78

a
10. 3

a
11.

4

a
10.

9

a

Mean separation in rows by least sign, diff., 5% level. Means in the spring

and fall crops are not statiscally compared, nor are the different vegetables.

The secondary municipal sewage effluent contained 0.06 mg/liter of copper,

measured over a 7-month period by the Manhattan Municipal Wastewater Treatment

Plant. The municipal tap water contained levels of copper below detection

limits (0.01 wg/g) , analyzed from 2 samples collected in the fall from the

greenhouse in which the vegetables were grown, and analyzed by the Campus

Emission Spectroscopy Laboratory of Kansas State University (1984).
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Levels of cobalt in radish leaves and root s, mustard leaves, and bean leaves

and pods .

Laboratory confusion of "Co" (cobalt) for "Cu" (copper) resulted in

analysis of the plant samples for cobalt. The soil samples were not analyzed

for cobalt.

Table A-3. Levels of cobalt in radish leaves, radish roots, mustard leaves,

bean leaves, and bean pods.

Spring Fall'

Trt. 1 Trt. 2 Trt. 3 Trt. 1 Trt. 2 Trt. 3

fg/g
Radish leaves 29.1

Radish roots 24.0'

Mustard leaves

Bean leaves 25.1'

Bean pods 18.

5

C

32.5

7.19

33. T

8.79

10.6

8.06

14.3

12.
L

11.2

va

Mean separation in rows by least sign, diff., 5% level. A large number of

lues below detection limits (3.00 i;g/g in spring, 20.0 i/g/g in fall) created

an incomplete data set for the fall crops, and statistical analysis was not

done. Means not shown in the spring crop could not be calculated because the

majority of values were below detection limits.

Levels of cobalt in the secondary municipal sewage effluent used to irri-

gate Trts. 2 and 3 were below detection limits (0.30iyg/g) in the 2 samples

collected in the fall, 1984, and analyzed by the Kansas State University

Campus Emission Spectroscopy Laboratory. The levels of cobalt in the 2 samples

of munpipal tap water analyzed by the laboratory were below detection limits,
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but the laboratory did not provide the detection limits. The tap water samples

were collected from the greenhouse in which the vegetables were grown, in the

fall, 1984.
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Research was conducted to determine the extent to which irrigation of

vegetable crops with secondary municipal sewage effluent is feasible. The

effects of effluent irrigation were determined by recording 1) the soil response

through pH, electrial conductivity, and elemental composition and 2) the plant

response through growth, yield, and elemental composition. Spring and fall crops

of radishes (Raphanus sativus L. cv. Fancy Red), mustard (Brassica perviridis

cv. Tendergreen II), and green beans (Phaseolus vulgaris L . cv. Bush Blue Lake)

were grown in a greenhouse, seeded into a 3:2 mixture of Haynie very fine sandy

loam and washed river sand. The plants and soil were 1) fertilized, prior to

seeding, with (NH ) HPO, and KC1 and irrigated with tap water, 2) fertilized,

prior to seeding, with (NH )„HPO, and KC1 and irrigated with secondary municipal

sewage effluent, or 3) not fertilized and irrigated with secondary municipal

sewage effluent.

Effluent-irrigated soils contained NO levels the same or higher than levels

in fertilized soil irrigated with tap water. Phosphorus and potassium in soil

receiving only effluent were lower than in soil fertilized and irrigated with

tap water or effluent. In general, levels of the micronutrients Ca, Mg, Fe, and

Zn in soil irrigated with effluent were similar or higher than micronutrient

levels in soil receiving fertilizer and tap water irrigation. Concentrations

of Pb , Cd, and Mn in effluent-irrigated soil were not significantly different

from heavy metal concentrations in fertilized soil irrigated with tap water.

Soil irrigated with effluent showed almost no difference in pH from that of soil

irrigated with tap water. Effluent did not contribute to the salinity of the

soil.

Yields from radishes and beans irrigated with effluent were not signifi-

cantly different from radishes and beans fertilized and irrigated with tap water.

Effluent-irrigated plants and plants receiving fertilizer and tap water irri-

gation were not significantly different for most growth characteristics.

Nitrogen levels in effluent-irrigated plants were similar, or higher, than



levels in plants irrigated with tap water. Levels of P, K, Ca, Mg, Zn, and

Fe were not significantly different between effluent-irrigated plants and

plants with fertilizer and tap water irrigation. In the edible portions of

each vegetable, concentrations of P and Fe were close to or above the published

levels for each vegetable, but levels of Ca and K were low. There were no

toxic accumulations of Zn, Mn, and Cd, and Pb levels were within the expected

range, except in bean pods, where levels were elevated.

Overall, secondary municipal sewage effluent appeared to be a good source

of nutrients and water for vegetable plant growth. Radishes, mustard, and

green beans responded well to effluent irrigation, and soil nutrient levels

increased with no accumulations of toxic metals or increase in salinity.


