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ABSTRACT

THE INFLUENCE OF TWO SEWAGE SLUDGE SOURCES

UPON SOIL AND SOYBEAN GROWTH

BY

Ediccio Jose Ramirez

Sewage sludge fruit two small nunicipalities were each

incorporated at seven rates with the surface material of an Oshterro

sandyloamsoil. 'meyieldofsoybeansgromintlegreenhousewere

decreased with each sludge material and each rate.

The sludge containing low levels of heavy metals adversely

affected the physical condition of the soil and soybeans would not

grow where rates exceeded 103 metric tons/ha. 'Ihe sludge containing

relatively high levels of Cu, Ni, Mn and Cr also contained consider-

able salt. Therefore leaching was required before soybeans would grow.

The use of this sludge increased the pH, organic matter and

cation exchange capacity of the soil. Calcium and M3 levels were also

increasedwhileKandPlevelsdecreased. TotalCu, Ni, Zn, Fe, Pb

amiCrlevelsincreasedgreatlywhilebhandCdlevelsweremt

greatlyaffected. 'IbeconcentratimofNiinthesoybeantopsterfied

to increase with rate of sludge while the concentration of Cu, Zn,

Mn and Fe tended to decrease. Sludge rates did not significantly

affect concentrations of Cd, Pb or Cr.

fetal levels in the soil-sludge mixtures were also evaluated

using HCl, DI'PA and M14Qllc as extractants.
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INTRODUCTION

Sewage is a complex mixture of solid and liquid

wastes derived from either domestic or industrial sources.

Sewage sludge represents primarily the solid material that

is precipitated in a sewage treatment plant, which is

usually owned or Operated by a municipality. Because so

many sewage treatment plants are owned by local govern-

ments both industrial and doemstic wastes are mixed.

The mixing of waste from several sources results

in wide ranges in chemical composition and physical pr0per-

ties. Several treatment processes increase the hetero-

geneity of sludge materials so that today no realistic

average value can be reported to represent the chemical

composition of sewage sludge derived from different

municipilities.

Disposing of the sludge is a major problem for

many municipalities, especially the larger ones. To

illustrate the magnitude of the problem, Farrell (34)

estimated that 4.7 million dry tons of sludge were pro—

duced in the United States in 1972 and that the number

would increase to 6.6 million tons by 1985.



Land disposal represents one method of handling

the evergrowing amount of sludge. Theoretically sludge

should improve the productivity of soil because it con-

tains considerable organic matter. In addition it con-

tains varying quantities of many of the essential plant

food elements.

Unfortunately many of the sludges produced today

contain varying amounts of heavy metals, most of which at

least theoretically can be toxic to plants and animals if

present in sufficient quantities. The heavy metals

originate primarily with industry. As a result industry

is being asked to remove the toxic materials before the

sewage is added to that of the city or town.

At the present time the sludge from some munici-

palities contain relatively large quantities of Cd, Zn,

Ni, etc. The sewage from other smaller municipalities,

those without industry, contain insignificant quantities

of such materials.

The general purpose of this research was to

determine the effects of two sludges with widely different

chemical properties upon plant growth. More specifically

the research was designed to investigate the movement of

heavy metals from the sludges into the soil and finally

into plants.



REVIEW OF LITERATURE

Copper in Soil
 

Copper is found in all soils, and its concentration

usually ranges from 10 to 80 ppm. In soils, Cu occurs in

association with hydrous oxides of Mg and-Fe and as soluble

and insoluble complexes with organic matter. Copper is

found in soils principally as the Cu2++ ion. Keeney and

Walsh (56) found that the extractable Cu content of sludge-

treated soil decreased with time, which suggests that a

reversion of the Cu to less soluble forms was occurring.

Also, experiments have shown that Cu is adsorbed appre-

ciably by quartz and much more strongly by clays (78, 2).

Strong complexing of Cu by soil organic matter is believed

to be an important factor explaining why Cu deficiencies

are not as prevalent as Zn deficiencies on high pH soils

(47, 32), even though both cations show similar decreases

in solubility with increase in pH.

Copper compounds have been used for many years as

fungicides and bactericides. Continued overuse of Cu con-

taining fungicides and bactericides can result in soil

accumulation of Cu toxic to economic crops (28, 45).

Reuther and Smith (84) reviewed damage by added Cu to

orchard soils in Florida. They emphasized the importance

3



of pH and concluded that Cu adsorption was greatly

increased with increased soil pH levels.

Cepper in Plants
 

Copper is required by both plants and animals.

The normal range for Cu concentration in plant tissue is

between 5 and 20 ppm. When Cu concentration in plants is

less than 4 ppm in the dry matter, deficiencies are likely

to occur. When Cu levels exceed 20 ppm in mature leaves,

toxicities may occur (53).

Many workers have reviewed different aspects of

Cu toxicity in vineyards and orchards (27, 84). Since Cu

accumulates in the topsoil, several investigators have

pointed out that relatively shallow-rooted cereals are

more sensitive to excess Cu than deep-rooted perennial

plants (22, 38). Copper toxicities may be related to the

effects of Cu on the uptake and utilization of other

elements by plants. Reuther and Smith (85) showed that

continued applications of Cu salts and Cu fungicides

induced Fe deficiency in Florida citrus crops. Spencer

(96) noted interactions between Cu and P in pot experi-

ments with citrus seedlings.

Also, Cu toxicity may develop in plants from

application of sewage sludge if the concentration of Cu

in the sludge is relatively high. Copper toxicity to

plants from sludge applications was reported by Cunningham



et a1. (25), who suggested that Cu is about twice as toxic

as Zn. Corn and rye took up more Cu from soil treated

with an inorganic salt of Cu than from soil treated with

sewage sludge supplying an equal amount of Cu (26).

Nickel in Soil
 

According to Vanselow (106), soils normally con-

tain from 5 to 500 ppm of Ni, with an average of 100 ppm.

Soils derived from sandstone, limestone, or acid igneous

rock generally contain less than 50 ppm Ni, while those

soils derived from igneous rocks may contain from 5 to

500 ppm Ni. In a few areas, soils derived from ultra-

basic igneous rocks contain as much as 2000 ppm of total

Ni (47).

Nickel behaves similarly to Zn and Cu, although

it forms stronger chelate links with organic groups (61).

The ability of organic matter to retain Ni up to 2000 ppm

has been related to plant growth (88). Nickel toxicity

in nature has been observed chiefly on serpentine soils

or Ni ore outcrops (22).

Nickel in Plant
 

Nickel has no known essential function in plants.

It is toxic to plants at concentrations above 50 ppm in

plant tissues. No significant plant toxicity due to Ni

was observed by Cunningham et a1. (24). However, Cropper

(23) indicated that the addition of Cr, Cu, Zn and Ni as



inorganic salts to a sandy soil decreased yields of corn.

Patterson (83) found that land application of a sewage

sludge high in Ni decreased yields, although liming the

soil alleviated the problem. Webber (108) confirmed that

decreased toxicity of inorganic Ni salts occurred as soil

pH levels increased (39).

Roth et a1. (89) used NiSO in a pot experiment
4

involving neutral peat, oats and soybeans. Both crOps

were unaffected at 1000 ppm and damaged at 2000 ppm, at

which level the plant content exceeded 50 ppm. Hunter

and Vergano (50) indicated that different crops vary con-

siderably in their susceptibility of Ni toxicity. The

crops tested and their resistance to Ni toxicity are

listed in the following order: barley, wheat, ryegrass,

beans, oats, clover, potatoes, turnips, swedes, cabbage,

kale and beets.

Zinc in Soil
 

The total Zn content of soils varies from 10 to

300 ppm (1). In most soils the total Zn content exceeds

crop requirements. Zinc availability is the important

consideration. Some highly leached soils are very poor

in Zn with total values ranging between 10 and 30 ppm.

Soil solution concentrations and labile Zn levels in

particular are often low, and Zn deficiency may result

from the inherently low Zn content of the soil (33).



Zinc, under acid condition, occurs in solution as

the Zn2+. The most important mechanisms for Zn retention

in soils are sorption on clay and hydrous Fe oxide sur-

faces and chelation by organic matter. Zinc deficiency

in crops has been noted with increasing frequency and it

has been suggested that some of this increase is due to

field crop removal without the return of animal manure to

the soil (107). Copper, Zn and Ni appear to be the metals

most likely to become toxic to plants from sludge applica-

tion (108). Lunt (69) and Rhode (86) attributed the poor

growth of crops on sludge--amended soils to the toxicity

of both Cu and Zn.

Zinc in Plants
 

Zinc was one of the first so-called trace elements

(micronutrients) known to be essential for both plants and

animals. Despite this, problems of Zn nutrition of plants,

animals and peOple are still of pressing importance (27).

High levels of Zn are more toxic to plants than animals

or humans. King and Morris (57) recently described the

phytotoxic effects of Zn contained in liquid sewage sludge.

In this example, the yield of rye declined whenever rye

foliage contained a concentration of 500 ppm or more of

Zn. However, few indications of toxic effects of Zn are

found in the literature.



Tiffin (103) and Ambler et a1. (3) reported Zn

concentrations in xylem exudates from decapitated tomato

and soybean plants well above the ambient concentrations.

Such an accumulation against a concentration gradient sug-

gests an active absorption of Zn. Many workers have

reported that Cu and Zn compete for the same absorption

site (92, 32). It has been shown that high levels of Zn

in the growth medium can materially lower the concentra-

tion of P and Fe in plant tissues. Melton, Ellis and Doll

(71) conducted an experiment in which three levels of Zn

were added to 20 Michigan soils and pea beans were grown.

Pea bean growth was reduced by both Zn deficiency (below

20 ppm) and toxicity (above 50 ppm Zn in plant tissue).

Manganese in Soil
 

Manganese in soil exists primarily in two valence

states as manganous (Mn2+) and manganic (Mn4+) ions.

Above pH 8, Mn may be oxidized chemically to MnO2 by the

addition of citric and butyric acids (111) though autoxi-

dation normally occurs at pH 10. Below pH 5.5, chemical

equilibria tends to favor the Mn2+ ion.

The manganese contained in soils originated from

the decomposition of ferromagnesian rocks (102). The

quantities present vary from a trace to several thousand

ppm (99). The most important fraction in plant nutrition

2+
is Mn In addition, easily-reducible Mn contributes to



the plant supply. The levels of available Mn2+ in soils

depend on oxidation—reduction reactions (36, 101). Man-

ganese availability is also higher in acid soils due to

the higher solubility of Mn compounds under low pH condi-

tions (64, 82).

According to Geering et a1. (37), the Mn2+ level

of the soil solution of acid and neutral soils is in the

6 to 10-4. These workers suggest that in soilrange of 10-

solution Mn is present largely as organic complexes. On

the other hand Lindsay (65) found that the affinity of

Mn2+ for synthetic chelates is comparatively low and com-

plexed Mn can easily be replaced by Zn and Ca.

Manganese in Plants
 

Manganese is absorbed by plants as the manganous

ion, Mn2+ and molecular combinations with certain organic

complexing agent such as EDTA. Manganese is required by

plants in only small quantities, large amounts being toxic.

Like iron and others in the heavy metal group, Mn

functions in the activation of numerous enzymes concerned

with carbohydrate metabolism, phosphorylation reactions

and with other metals in the activation of enzymes such as

arginase, cysteine, etc. (62, 79). The rate of Mn uptake

differs considerably between plant species. In its chemi-

cal behavior, Mn shows properties of both the alkali earth

cations such as Mg and Ca and the heavy metals (Zn, Fe).
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It is, therefore, not surprising that these ions species

affect uptake and translocation of Mn in the plant or vice

versa (42, 95).

Manganese excesses or toxicities commonly occur

in strongly acid soils or in waterlogged soils. Loew and

Sawa (66) found that barley showed toxicity symptoms when

tOps had 1000 ppm of Mn in the dry matter. Deatrick (29)

showed that both the chloride and the sulfate of Mn in

high concentrations exerted a toxic effect on wheat.

Busler has described manganese toxicity symptoms in detail

as mentioned by Mengel and Kirkby (72). Literature com-

paring toxicity symptoms in high pH levels due to over-

fertilization with Mn is lacking.

Iron in Soil
 

Iron makes up about 5% by weight of the earth's

crust and is invariably present in all soils. The greatest

part of soil Fe usually occurs in the crystal lattices of

numerous minerals. This metal is trivalent in soils. The

valence in soil applied Fe2+ is unstable in the ordinary

pH range of soils and in the presence of oxygen (58). The

solubility of Fe is largely controlled by the solubility

of the hydrous Fe (III) oxides. These give rise to Fe3+

and its hydrolysis species (64): Fe3+ + 3 OH- + Fe (OH)3

(solid). The equilibrium is very much in favor of Fe (OH)3

precipitation and is highly pH dependent, the activity of
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Fe3+ falling with increasing pH. Therefore, acid soils

are relatively higher in soluble inorganic Fe than cal-

careous soils where levels can be extremely low. This

may well contribute to Fe deficiency in crops growing on

these soils (51, 91).

Iron in Plants
 

Iron may be supplied to plants as Fe2+, Fe3+ or as

Fe chelates. However, absorption appears to be dependent

on the ability of the root to reduce Fe3+ to Fe2+ (20).

Many microelements cause an interveinal chlorosis,

similar to that of simple Fe deficiency when they are

present in phytotoxic concentrations (19).

Nicholas et a1. (80) showed that Ni additions to

soils induced low Fe chlorosis. It is generally recog-

nized that Cu, Ni, Cr, Mn and Zn induce Fe deficiency when

present in excess; Hewitt (41) has investigated the action

of all these when supplied in nutrient solution and

Millikan (75, 76) has dealt with all except Cr. Roth et

a1. (89) found that Ni and Cu caused chlorosis in oats and

Soybean in an organic soil at pH 6.5. Sewage sludge appli-

cations caused Fe-chlorosis of beets, spinach and bean in

experiments by Lunt (68, 69).

Iron toxicity occurs when certain highly weathered

Oxisols, Ultisols or Sulfaquepts are flooded. Iron

toxicity has recently been identified as the primary cause

of "manaranjamiento" disorder of Colombia (18).
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Cadmium in Soil
 

Cadmium concentration in the soil ranges from 0.01

to 7 ppm with 0.06 ppm being common (1). The chemistry of

Cd in soil is not well understood, but Cd appears to be

influenced by certain soil chemistry properties. For

instance, Haghiri (40) showed that the influence of soil

organic matter in retarding the uptake of Cd by oat shoots

was primarily due to its high cation exchange capacity

rather than its chelating ability. Street et a1. (98)

and Hahne and Kroontje (44) suggested that as Cd formed

relatively insoluble precipitates with carbonates, phos-

phates and hydroxides, it is quite probable that Cd will

be less available to plants at higher soil pH values.

Santillan-Medrano and Jurinak (96) noted that Cd solu-

bility decreased as soil pH increased. They suggested,

as did Street at al. (98), that solid phase CdCO and
3

Cd3(PHO control the solubility of Cd in the soil
4)2

solution.

More recently, Miller et a1. (74) investigated Cd

uptake and growth of soybeans in relation to soil pH, CBC

and available P in nine soils exhibiting a range in these

properties. They found that as the pH and CEC of soils

increased, the absorption of Cd by soybeans decreased;

available P had a positive effect on Cd uptake.
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Cadmium in Plants
 

There is considerable current interest in Cd in

plant nutrition. Cadmium and Zn are chemically very

similar (35). Cadmium is thus able to mimic the behavior

of the essential element Zn in its uptake and metabolic

functions. Unlike Zn, however, CD is sometimes toxic to

both plants and animals.

Cadmium is absorbed by roots and readily trans-

located to shoots, but most Cd is absorbed on the roots

of important food crops (54). Cuttler and Rains (17) made

a detailed study of the mechanism of Cd uptake by roots

and concluded that diffusion coupled with sequestration

might account for the accumulation of Cd in barley tissue.

Bingham et a1. (8, 9) found that Cd concentration

in the dry matter of edible tissues of various crops

ranged from 1.7 to 80 ppm and that Cd additions to soils

caused a 25% yield reduction. Haghiri and Shaeffer (40,

93) found that an increase in soil temperature led to an

increase in uptake of Cd by crops whether the added Cd

was inorganic or sludge-borne. Andersson and Nilsson (4)

found no increase in Cd in rape fodder after 15 years of

sludge applications.

Because many soil chemical properties are involved

in the solubility of Cd and its subsequent uptake by

plants, management needs to consider ways to keep the
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concentration of Cd in food and feed crOps at a low level

in sludge-treated soil.

Lead in Soil
 

Lead is a normal soil constituent with widely,

varying concentrations generally in the 1 to 200 ppm range

(52, 100). However, a few investigators have reported

higher soil lead contents (16). In general, these higher

levels occur near smelters or along heavily traveled high-

ways and may range up to 1000 ppm or even beyond.

Plants take up Pb in the ionic form from soils.

The amount of Pb take-up from soil decreases as soil pH

levels increase, cation exchange capacity levels increase,

and as available phosphorus levels of the soil increases

(43). Soluble Pb added to soil reacts with clays,

phosphates, carbonates, hydroxides and sesquioxides.

Such reactions greatly reduce the solubility of Pb (55).

Baumhardt and Welch (10) added up to 1400 ppm Pb

to corn and found no detrimental effects on growth or

grain yield. Lagerwerff (59) found that a 10 fold increase

in extractable Pb did not double Pb uptake by radish. Low

Pb uptake by plants is probably due to the rapid fixation

in soils (15). Baerut and Martinsen (6) found that

increasing amounts of Pb in sludge did not result in

higher concentration in the tubers.
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Lead in Plants
 

Lead is a nonessential element that exhibts a low

degree of potential toxicity to plants and a high degree

of potential toxicity of animals (11). From the view-

point of plant nutrition it is important to remember that

Pb pollution mainly arises from airborne sources.

Toxic effects of Pb can result in a reduction in

plant growth but this is not generally seen in the field

and almost all detailed observations of Pb toxicity in

plants are restricted to water culture experiments (12).

The reason for Pb toxicity in plants is not clear at this

time.

Today studies have centered on Pb uptake from soil

sources, but the results of such investigations are incon—

clusive. Marten and Hammond (70) studied Pb uptake by

bromegrass from sandy loam soils with a range in Pb con-

tent between 12 and 680 ppm. Results indicated that only

plants grown in the soil with the 680 ppm level accumulated

a significant amount of Pb. This accumulation was enhanced

by the addition of a chelate, but the maximum accumulation

was only 34 ppm. Rolfe (87) stated that most of the Pb

taken up by plants seems to accumulate in the root system,

and appreciable amounts are only translocated to leaves at

relatively high soil Pb levels. This author has reported

significant increases in levels of Pb in leaves. These
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investigations involved eight tree species grown in soils

containing Pb in the range 75 to 600 ppm.

Chromium in Soil
 

Concentration of Cr found in soils range from 5 to

300 ug/g of soil (60). Chromium forms many pretty colors

in solutions; hence, its name. Within the ranges of Eh

and pH normally found in soils, it has the capability of

existing in four states--two trivalent forms, the Cr3+

cation and the CrO2 anion, and two hexavalent anion forms,

2 2-

207 4 '

nate in octahedral configurations with oxygen--and

Cr - and CrO The trivalent cations tend to coordi-

nitrogen containing ligands (73). Bartlett and Kimble

(13) found that Cr III formed a complex with soil organic

matter at low pH levels and appeared to remain stable and

soluble even when soil pH's were raised to levels where

the Cr would be expected to precipitate. The hexavalent

form of Cr in soils is of particular concern because this

form is toxic in low concentrations to both plants and

animals. There is evidence that it can be mobile in soils

(104). Deutsch (30) reported ground water contamination

by Cr (VI).

There have been few studies of the chemistry of

Cr added in sludge to soils. The concentration of Cr in

sludges ranges from very low values to well over 20,000

ppm. The decomposition of sludge in soils is likely to
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progress at a sufficiently slow rate so that the released

Cr will change to insoluble compounds without a build-up

of appreciable levels of soluble Cr in the soil (105).

Chromium in Plants
 

Chromium is one of the most recent additions to

the list of elements essential in the nutrition of man and

animals. Chromium in leafy plants has not been found to

be nutritionally effective. Seed crops, especially wheat,

contain very low levels of Cr (109). Although some

instances of plant responses to soil applications of

chromium have been reported, tests of the essentiality

of Cr to plants growing in highly purified culture solu-

tions have been negative (48).

Mortvedt and Giordano (77) reported that in green-

house experiments the Cr concentration in forage maize was

unaffected by the Cr content of municipal waste. In con-

trast, equal levels of Cr added as sodium dichromate were

highly toxic, presumably as a result of higher availability.

Trivalent Cr, added as Cr sulfate was found by these

authors to be considerably less toxic to maize than hexa-

valent Cr.

Toxicity effects have been observed by Hunter and

Vergano (49) in cats supplied with excess of 5 ppm Cr as

Cr sulphate. Plants suffering from severe Cr toxicity had

small roots and narrow brownish red leaves, covered in
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small necrotic spots. Scan and Saunder (94) reported

that the Cr content of tobacco roots were 20 times the

content of the leaves of plants showing Cr toxicity.

Cropper (14) reported Cr toxicity symptoms of corn

similar to those reported by Soane and Saunder.



EXPERIMENTAL METHODS

Materials
 

.5211

An Oshtemo sandy loam (Soil Management Grout 3a)

was selected for this study. Surface soil samples (0-20

cms) were collected and composited from the Warren Malkin

farm in Clinton County (NW%, SE%, Sec 21, Victor Twp.).

Soybeans were growing in the field at sample time. The

soil was air-dried, screened through a sieve and stored

in plastic containers. Samples for laboratory work were

passed through a 2 mm stainless steel screen.

Plant nutrient analysis, pH, cation exchange

capacity and the organic matter content were determined

by Standard procedures in the M.S.U. Soil Testing Labora-

tory (112).

Sludge

The experimental plan included two types of

digested sewage sludge, one poor and one rich in heavy

metals. One sludge was collected from the Dimondale

(Eaton County) sewage treatment plant, where the waste-

water does not receive any chemical treatment. This

sludge is derived primarily from domestic sources and is

19
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low in heavy metals. Diamondale has a population of

approximately 1000 people. The other sludge was from the

Saline (Washtenaw County) sewage treatment plant and was

chemically treated with materials such as FeC13, Polymers,

Zimite, Cl- and Lime. This material represents a city/

industrial area and is high in heavy metals. The popula-

tion of Saline is in excess of 6000.

Both sludges were transported in metal barrels

lined with polyethylene bags to the M.S.U. soil barn.

After air drying, they were ground to pass a sieve and

then stored in plastic containers.

The sludges were analyzed for plant nutrients and

total heavy metals by standard procedures (97).

Greenhouse Studies
 

The effect of sludge-borne heavy metals (in both

low and high quantities) on growth and mineral composition

of soybeans (Glicine max L. Amsoy) were evaluated in the

greenhouse. A completely randomized treatment design was

used in the low and high quantity sludge-borne heavy metal

experiments. Six treatments in quadruplicate were in-

volved. Sludge rates in both experiments were: 0, 26,

52, 103, 258, 515, 1030 tons (metric)/Ha. The rates used

in these experiments far exceed the recommended rates and

were intentionally high to induce maximum possible effects.
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The sludges were hand mixed with the soil, but

homogeneity was difficult to obtain. Also, it was dis-

covered that the sludge adversely affected the soil water

relations. As the sludge rates increased an extra

quantity of water was required to reach field capacity.

With the sludge from Diamondale, high rates caused poor

drainage. Therefore, the higher treatments were not

included in the research.

The soil amended with the sludge which contained

the high heavy metal levels was placed in 2-liter plastic

containers containing drainage holes to permit leaching

of excess salts. The soil mixture was leached with suf-

ficient water to bring the specific conductivity of the

leachate to below 3 mmhos/cm. After drying, the soil/

sludge mixture, as well as the soil amended with the

sludge containing low heavy metal were placed in plastic

lined pots and arranged on greenhouse benches to have a

completely randomized design. The controls (without

sludge) and sludge-amended soil treatments were not

directly fertilized since fertilizer had been used in

the field before the soil was collected.

All of the treatments received the proper amount

of water to maintain the moisture level at field capacity.

The soil was incubated aerobically two weeks prior to

planting soybean. Ten soybean seeds were planted per pot.

After emergency the seedlings were thinned to five plants.
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Harvest was made after four weeks of growth. Plants were

cut at the soil surface level, washed in 0.1 N HCl, and

then twice in distilled water. The plant material was

then put in paper bags and dried at 60°C. The plant

samples were ground in a Wiley Stainless Steel Mill with

a 20 mesh screen. Soil from the pots was air dried,

screened (2 mm) and then placed in the oven for 24 hours

at 60°C.

Plant Chemical Analysis
 

Chemical analysis of plant material involved a

0.5 g sample predigested with 15 m1 of nitric acid and

then digested with perchloric—nitric acid (2:1) in a 100

ml Kjeldahl flask. The total volume was brought up to 50

ml with deionized water and analyzed for Cu, Ni, Zn, Mn,

Fe, Cd, Pb and Cr using a standard atomic absorption

spectrosc0pe.

Calcium and Mg levels were determined with a

Perkin Elmer 303 atomic absorption spectrophotometer.

K and P levels were evaluated with the use of a flame

emission spectrophotometer and technicon autoanalyzer II

(88 mm), respectively. Total nitrogen levels were

determined by the semimicro-kjeldahl method (97).

Soil Chemical Analysis

Samples, 0.5 g from each pot, were predigested

with 20 ml nitric acid, then digested with perchloric
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nitric acid mixture (5:1) in teflon beakers on a hot

plate and evaporated to dryness. The final digestion was

made using a HF-HClO4 mixture (5:1), then dissolved in

6 N HCl (5 ml) and completed up to 50 ml for total heavy

metals analysis by atomic absorption spectrophotometry.

The M.S.U. soil testing laboratory analyzed the soil

mixtures reporting pH, available P, exchangeable K, Ca

and Mg, total carbon and cation exchange capacity.

Samples from soils amended with sludge high in

heavy metal were analyzed with the atomic spectrophoto-

meter after making three different extractions described

as follows:

0.1 N HCl: Five grams of soil and 50 ml

0.1 N Hcl were shaken for 1 hour.

DTPA: Five grams of soil and 50 m1 of a

solution containing 0.05 M DTPA

0.1 M TEA and 0.01 M CaCl2 (pH 7.3)

were shaken for 1 hour.

NH4OAC: Five grams of soil and 50 ml of

NH4OAc (pH 4.8) were shaken for 1 hour.



RESULTS AND DISCUSSION

Chemical Characteristics of Sludge

and Soil Material

 

 

From the time this research was initiated it was

clearly evident that the two sludges had greatly differ-

ent chemical and physical properties and that their

effects upon soil and soybean growth were distinctly

unique. For identification purposes and to facilitate

discussion the sludge from Dimondale will be referred to

as "D" since it originates primarily from domestic

sources and contains little or no material from industry.

The sludge from Saline will be referred to as "MI" since

it represents a composite of municipal and industrial

waste. This sludge is high in heavy metals.

Some of the chemical characteristics of the two

sludges and the soil material used in this research are

reported in Tables 1 through 3.

The information in Table 1 suggests salt and

organic matter levels in the sludge are distinctly higher

than in the soil material and that these affect the

electrical conductivity and the cation exchange capacity.

In Table 2, it is important to distinguish between "total"

nutrients which are reported for the sludge materials and

24
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TABLE l.--Chemica1 Characteristics of Sludge and Soil

 

 

Materials.

Chemical

Characteristics Sludge D Sludge MI Soil

pH 6.7 6.8 6.3

Electrical Conductivity 5.4 4.5 .3

mmhos/cm

Organic Matter % 35.6 25.1 2.2

Cation Exchange Capacity 8.9

meg/100 g

Total Nitrogen % 5.45 1.75 .01

 

TABLE 2.--Major Nutrient Levels in Sludge and Soil

 

 

 

Materials.

mg/kg Dry Matter

Chemical Sludge D Sludge MI Soil

Ca 13,085 21,580 600

Mg 2,505 3,570 40

K 10,550 10,150 135

P 23,400 30,000 245
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TABLE 3.--Heavy Metal Levels in Sludge and Soil Materials.

 

mg/kg Dry Matter

 

 

Chemical Sludge D Sludge MI Soil

Cu 365 5,217 41

Ni 25 10,785 13

Zn 1,501 1,076 38

Mn 195 346 264

Fe 11,252 14,456 9,139

Cd 8 8 1

Pb 201 285 30

Cr 245 5,496 89

 

"available" nutrients for the soil material. The "avail-

able" levels are those conventionally reported by the soil

test laboratory. Available forms are those that are con-

sidered to be in such a state that they can be utilized

by plants. They are either relatively soluble or in an

exchangeable form.

In contrast with the information in Table 2, the

data in Table 3 are all for total heavy metals. In addi-

tion to other differences between the two sludges the MI

sludge is characterized by exceptionally high Cu, Ni and

Cr levels. This was known before the research was
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initiated and in reality served as a basis for this

thesis.

Chemical Characteristics of Soil:

Sludge Mixtures

 

 

Some chemical characteristics of the soil-sludge

mixtures are reported in Table 4. Soil reaction (pH)

levels tended to increase with rates of sludge D, while

the increase was definite for each rate of sludge MI.

This is an important consideration because the solubility

and availability of both plant nutrients and heavy metals

is regulated by pH levels (81).

Organic matter levels decreased, as measured in

percent, when small increments of sludge were used. How-

ever, where the higher rates were used, in excess of 100

t/ha, organic matter levels increased greatly. This is

explained as a dillution effect. An explanation of the

decrease was greater with sludge D which contained 10%

more organic matter is not evident at this time. Since

the Samples for analysis were taken after an incubation

period and after the soybean crop was grown, it could be

related to the rate of decomposition of the organic matter

in the sludge. Possibly there was greater microorganism

activity in the sludge D soil mixture.

Theoretically the check pots of soil should have

had the same cation exchange capacity (CEC). A slight

difference, however, was obtained in that in the set with
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sludge D treatments, the CEC averaged 7.4 meg/100 g, and

with the other set averaged 6.6. This possibly could

reflect the effect of the leaching process used with

sludge MI that was necessary before soybeans would grow.

CEC levels with sludge D varied slightly, but with

sludge MI there was an increase with each of the extra

amounts of sludge used. It is theorized that this indi-

cates that much of the organic matter in sludge MI was in

a relatively stable colloidal form. It seemingly was more

resistant to microbial decomposition than sludge D. I

In evaluating CEC levels, it is also important to

recall the exceptionally high heavy metal levels in this

sludge (sludge MI). It is possible that the levels of

heavy metals reduced the activity of the organic matter

decomposing microorganisms, thus influencing the CEC

levels.

The relatively high CEC levels represent a desir-

able situation especially when beavy metals are added to

the soil. The higher the CEC, the greater the ability of

the soil mixture to bind heavy metal and other toxic

materials. They then become less available to plants (40).

As previously shown (Table 2) both sludge materials

contained large amounts of both Ca and Mg which undoubtedly

explains the high pH levels as related to rates of sludges.

Exchangeable Ca and Mg levels in the soil-sludge mixtures
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increased proportionally to the amount of sludge used.

The sludge also contained relatively large amounts of

total K. When sludge D was mixed with soil material,

exchangeable levels of K increased greatly. In other

words, this sludge is a good source of K.

The opposite occurred with sludge MI. Exchange-

able levels of K decreased with increased rates of this

sludge. An explanation of this is not available at this

time, but obviously a tremendous amount of K was fixed

into nonexchangeable or unavailable forms.

While both sludge materials contained relatively

large amounts of P, the effects upon soil test levels

were distinctly different. With sludge D, available P

levels increased with sludge rates. The opposite occurred

with sludge MI. One explanation to this situation is

related to the metal composition of the two sludges. With

low metal levels in sludge D, there was little opportunity

for the P to react with the metals to form relatively

insoluble compounds. Since the metal content of sludge

MI was relatively high, the more soluble forms of P in

the soil could react with the metals to produce forms of

phosphates which are relatively insoluble and unavailable

to plants.
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Soybean Yields
 

The dry matter yields of soybean tops as affected

by two sources of sludge are shown in Figure 1. No yields

are reported for the three highest rates of sludge D

because this material adversely affected the physical con-

dition of the soil and no way could be discovered to

eliminate this situation. Sludge D is an exceptionally

hydrophilic material and when used at rates in excess of

103 metric tons/ha water would not enter the soil-sludge

mixtures. This situation was not anticipated since there

is no reference to it in the literature. The experience,

however, is significant and should be evaluated by others

who anticipate using this sludge or similar materials in

field crop production or in other research projects.

Dry matter production decreased significantly with

increasing levels of both sludges. The plants grown in

the soil enriched with MI sludge showed growth and color

differences during early stages of plant deve10pment (two

weeks after emergence). Seedling emergence was uniform

in both soil-sludge mixtures. However, the soybean plants

exposed to MI sludge were stunted and more chlorotic in

comparison to the control treatment. In addition, leaf

size and number of trifoliate leaves were reduced by the

higher rates of MI sludge. In contrast, the soybeans

grown in the D sludge pots appeared to be normal.
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While root development was not part of this

research, certain observations should be reported. Root

size and distribution were similar in all of the pots that

contained sludge D. This was not the situation with

sludge MI. Dense and healthy roots filled the soil

volume where rates up to and including 103 metric tons/ha

were used. Root volumes and size were greatly reduced in

those pots where rates in excess of this level were used.

As will be shown, levels of heavy metals in the soybean

tops were not sufficient to cause a phytotoxic condition.

Since roots were not analyzed, it is assumed that there

may have been some heavy metal accumulation in or on the

roots which contributed to a reduction in top growth.

Such an evaluation is based on the research of Wells and

Whitton (110), who observed that in tomato plants, the

heavy metal concentration in roots were more closely

related to soil concentrations than the concentrations

in leaves or fruit.

Macronutrient Levels in Soybean Tops

Levels of the macronutrients Ca, Mg, K, P and N

in soybean tops as well as yields are reported in Table 5.

Calcium levels in the tops of soybeans grown on sludge D

decreased with yield (r = 0.99). The relationship was

not as strong with sludge, but the trend was significant

(r = 0.94). See Table 6.



T
A
B
L
E
5
.
-
Y
i
e
1
d

a
n
d

M
a
c
r
o
n
u
t
r
i
e
n
t

C
o
n
t
e
n
t

o
f

S
o
y
b
e
a
n

P
l
a
n
t
s
.

 T
r
e
a
t
m
e
n
t

Y
i
e
l
d

C
o
n
c
e
n
t
r
a
t
i
o
n

(
i
n

p
e
r
c
e
n
t
)

 

C
a

M
g

K
P

 T
o
n
s

m
e
t
r
i
c
/
h
a

S
l
u
d
g
e

D

0

2
6

5
2

1
0
3

S
l
u
d
g
e

M
I

0

2
6

5
2

1
0
3

2
5
8

5
1
5

1
0
3
0

g
/
p
l
a
n
t

1
.
1
1

1
.
1
2

0
.
9
7

0
.
5
1

0
.
9
5

0
.
8
8

0
.
7
1

0
.
7
1

0
.
4
7

0
.
3
2

0
.
2
1

1
.
4
1

1
.
5
7

1
.
2
2

0
.
5
4

1
.
1
3

1
.
1
0

0
.
9
0

0
.
6
5

0
.
5
8

0
.
4
3

0
.
4
6

0
.
4
4

0
.
4
7

0
.
4
7

0
.
4
7

0
.
3
4

0
.
4
2

0
.
4
3

0
.
4
0

0
.
3
7

0
.
3
6

0
.
2
7

2
.
0
2

2
.
6
9

2
.
8
2

2
.
3
1

1
.
7
0

1
.
4
6

.
1
.
6
2

1
.
5
0

1
.
2
3

1
.
0
0

1
.
1
2

0
.
2
3

0
.
6
5

0
.
8
0

0
.
6
8

0
.
4
0

0
.
4
6

0
.
4
0

0
.
2
0

0
.
2
3

0
.
3
0

0
.
3
6

3
.
4
3

4
.
9
7

5
.
4
3

6
.
7
6

1
.
8
2

2
.
1
0

2
.
5
3

3
.
3
0

5
.
7
0

7
.
8
0

8
.
3
0

 

35

 



36

TABLE 6.--Simple Correlation Coefficients Between Soybean

Yield and Rates of Sludge, Macronutrient Levels

in Plants and Rates of Sludge and Between

Macronutrient Levels in Plants and Yield.

 

  

 

 

Sludge D Sludge MI

Yield Rates Yield Rates Yield

Yield -0.95** -- -0.90** --

Element

Ca -0.92** 0.99** -9.76* 0.94**

Mg NS NS -0.85* NS

K NS NS -0.79* 0.91**

P NS NS NS NS

N -0.97** -0.86* -0.91** 0.98**

* i *

’ Significant at the 0.05 and 0.01 levels,

respectively.

In contrast with Ca, Mg levels of soybeans grown

in sludge D were not affected. This was not the situation

with the sludge MI treatments where Mg levels varied

between 0.43 and 0.27%. The concentration of Mg in the

tops tended to decrease with both yields and increased

rates of sludge.

Yields and rates of sludge D, as well as K levels

in soybean tops, were not closely related. K levels in
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the tOps of soybeans grown on sludge Mi were almost one-

half those grown on sludge D. Yields were also less.

In contrast with what occurred with sludge D, there was a

significant correlation between K level and yield

(r = 0.91) with sludge MI.

Phosphorus levels in soybean tops were increased

with the use of sludge D, but were not closely associated

with yield. The levels in tops that were grown in sludge

MI were somewhat lower than those grown on sludge D and

also were not closely related to either yield or rates

of sludge.

In contrast, N levels in soybean tops increased

with rates of application of both sludges. Nitrogen

levels increased as yields decreased. The correlations

of N levels with yields were both negative and significant

to the 0.05 and 0.01 levels, respectively (r = -0.86 for

sludge D and r = -0.98 for sludge MI). An explanation to

the differences in macronutrient composition of soybean

tops as affected by two sources of sludges is not clearly

evident, but is thought to be closely related to soil-

plant relationships as affected by the rates of sludge

used. Since root size was reduced by increasing incre-

ments of sludge MI, the levels could be partially

explained on the basis of nutrient mobility, N having

the most and P the least.
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Heavy Metals in Soybean Tops
 

Considering the wide variations in heavy metal

levels within the two sludges, wide levels within the

soybean plants were expected. Heavy metal levels in soy-

bean tops are reported in Table 7. Copper levels were

relatively stable and not greatly affected by the rela-

tively high levels in either sludge. Mean Cu levels in

plants treated with both sludges were identical, equal-

ing 31.1 ppm.

These observations are in agreement with those of

Dowdy and Larson (32), who worked with barley. They sug-

gested that the Cu may be immobilized by the organic

matter in the sludge or that they are not translocated to

the top. As was the situation with most of the metals,

the use of low rates of sludge, especially sludge MI, had

little effect upon Cu uptake (Table 8). Increasing rates

of both sludges tended to reduce the uptake of Cu.

The Ni levels in the tops of plants grown with

sludge D treatments, were not determined because Ni levels

in the sludge were low. This was also the situation with

Cd, Pb and Cr.

The use of sludge MI always greatly increased the

uptake of Ni, but the level was not closely related to

either sludge rate or yield (Table 8). Some researchers

(5) report that Ni toxicity is a possibility when soil is

treated with high Ni sludges. No visual symptoms of Ni
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toxicity, as previously described, occurred on the soy-

beans as they were grown in the greenhouse. Reduced

yields at the higher rates of sludge MI are attributed to

a combination of several factors and not just high Ni

levels.

The Zn concentration in soybean tops increased

with the rates of sludge D and tended to decrease slightly

with sludge MI (Table 7). The higher levels associated

with sludge D is explained by the fact that sludge D con-

tains higher concentrations of this metal. As frequently

occurs, uptake of Zn tended to decrease as the growth of

plants decreased. This was the situation for both sources.

Degree of oxidation or reduction regulate the

solubility of such metals as Fe and Mn which could par-

tially explain the greatly increased concentration of Mn

with increased rates of sludge D. In contrast, Mn levels

decreased with increased rates of sludge MI. In explain-

ing these data it is also important to note that MN

levels in sludge D are significantly lower than in sludge

MI (Table 3). Also pH levels tend to be higher in soil-

sludge MI mixtures (Table 4). As with all of the other

metals, the uptake of MN decreased with increased rates

of sludge MI (Table 8).

Levels of Fe within the soybean plants associated

with both sludges varied so greatly, they are difficult
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to interpret. In contrast with this, the uptake of Fe

decreased as the rate of sludge MI increased. This was

associated with a decrease in yield of soybean tops.

Cadmium levels in soybean plants as affected by

sludge MI were very low, less than 1.4 ppm. The uptake

of this metal was proportional to the yield. Levels of

Pb in plant tissue were increased slightly with increased

rates of sludge MI. Uptake, however, tended to decrease

with increasing amounts of the sludge. Such observations

have been previously made (6, 63).

Levels of Cr in plants grown with sludge D, for

reasons previously mentioned, were not determined. Levels

in soybean tops were less than 3 ppm with the MI sludge.

This is in agreement with the data of Dowdy and Ham (31)

who found that Cr in sludge is not sorbed by soybean

plants.

Total Metal Levels in Sgil-Sludge

Mixes and Soybean Tops

 

 

Frequently there is a poor relationship between

total metal content of a soil and utilization of the metal

by plants. This explains why total analyses are not used

as a basis for fertilizer recommendations and why modern

research on waste materials sometimes reports metal con-

tents of soil sludge mixtures on an "extractable" basis.
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The total metal analysis for soil-sludge MI mixes

is reported in Table 9. Sampling time occurred after the

soybean harvest.

As anticipated, the metal content of the mixes

tended to increase with an increase in rate of sludge.

Levels of Cu, Ni, Zn, Fe and Cr increased dramatically

because they were present in the sludge in large amounts.

Levels of Mn, Cd and Pb increased only where relatively

high rates of sludge were used because the sludge con-

tained very low levels of these metals.

The effect of rates of sludge upon metal content

of soybean t0ps are reported in Table 10. Levels of Cd

and Cr were low and were not affected by the use of the

MI sludge. Copper levels were variable with maximum

levels being less than 6 ppm higher than that in plants

that received no sludge. Levels of Ni tended to increase

with rates of sludge, but there was variability as related

to rates. All levels of Zn in soybean tops grown in soil-

sludge mixtures were lower than the soybeans grown without

sludge. Low rates of sludge tended to increase Mn levels,

but the levels in the plants grown with the higher rates

of sludge decreased rapidly to levels below those obtained

in the check treatments. Levels of Fe were variable and

were highest where no sludge was used. Lead levels were

variable, but were slightly higher in the soybean tops

representing sludge treatments.
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The information in Tables 9 and 10 illustrate

well why agronomists do not use total metal analysis as

a basis for fertilizer recommendations and why researchers

on soil sludge mixtures are finding it difficult to relate

total metal content of treated soil to toxic levels in a

crop.

Extractable Levels of Metals

from Soil-Sludge Mixes

 

 

At the moment, several researchers are reporting

extractable levels of metals from sludge-soil mixtures by

two or more methods. Seemingly, the researchers use one

method for interpretation of results as related to pre-

vious investigations at their experiment station, and

another so that the data can be easily interpreted by

others who have not had experience with such procedures.

DTPA appears to be the standard now used in many labora-

tories, while historically some laboratories have used

HCl or NH4OAc. Because of this situation, the soil-sludge

mixtures were extracted with these three extractants.

Extractable Cu levels increased with rate of

sludge with all three extractants, with HCl removing the

greatest amount (Table 11). This was also the situation

with N1 and Zn, and with two exceptions with Fe. Levels

of Cd, Pb and Cr tended to increase with rates of sludge,

but the increases were not as consistent and were pro-

portionally less than with other metals.
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Extractable Mn levels are usually difficult to

interpret because the degree of oxidation affects its

extractability as well as availability to plants. The

degree of oxidation of this heavy metal apparently

changes very rapidly and can change even in the process

of sampling and preparing the sample for analysis. With

the HCl extractant, levels tended to decrease slightly

with increased rates of sludge. With DTPA, extractable

levels varied and there was no significant trend asso-

ciated with rates of sludge. Levels of NH4OAc extractable

Mn increased with rates of sludge.

Correlations Between Soybean Yields, Metal

Levels in Soybeans andiMethods of Testing

for Metals in Soil-Sludge Mixes

 

 

 

Simple correlations coefficients between the heavy

metal concentrations in soybean plants and the yield as

affected by increasing rates by both sludges are reported

in Table 12. Only the coefficients for Mn were statisti-

cally significant. When interpreting these data, it

should be remembered that the soil used in the research

represented a highly productive soil despite the fact that

K and Mg tests were relatively low. The second point to

recall when interpreting these data is that the rates of

sludge used represents extremely high levels of some

metals, especially Cu, Ni, Zn, Fe and Cr.
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TABLE 12.--Simple Correlation Coefficients of Heavy Metal

Concentrations in Soybean Plants as Related

 

 

to Yields.

Element Sludge D Sludge MI

Cu -0.11 -0.58

Ni -- -0.73

Zn -0.54 0.50

Mn -0.77* 0.84*

Fe 0.20 0.70

Cd -- -0.50

Pb -- -0.50

Cr -- 0.10

 

*

Significant at the 0.05 levels.

Correlation coefficients between the total metal

content of soil-sludge mixtures and the metal content of

soybean plants are reported in Table 13. Little is known

about the forms of metals that occur in specific sludges.

In the MI sludge, the metals are present as relatively

insoluble materials or else they reacted with soil com-

ponents to form compounds that are insoluble or are very

slowly available to plants. One other explanation is

possible. Plants may not have the ability to translocate

metals in preportion to that in the soil to the tops of
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TABLE l3.--Corre1ation Coefficients Showing Relation

Between Total Metal Content of Soil-Sludge

Mixtures ** and Metal Concentrations in

Soybean Plants.

 

 

Metal

Cu 0.40

Ni 0.64

Zn 0.34

Mn 0.75

Fe -0.45

Cd 0.40

Pb 0.30

Cr 0.20

 

*

MI Sludge

plants. Correlation coefficients illustrating the rela-

tionship between total metal content of the soil-sludge

mixture and the concentrations within the soybean t0ps

were low. The range extended from 0.75 down to 0.20 with

most of the coefficients being less than 0.50. When

interpreting these data, it is well to recall the excep-

tionally wide range in the metals of the soil-sludge

mixtures.

The correlation coefficients in Table 14 illu-

strate well one of the major problems faced by researchers
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TABLE 14.--Correlation Coefficients Showing Relation

Between Total Metal and Extractable Metal

Levels of Soil-Sludge Mixtures.

 

 

 

Extractant

Metal HCl DTPA NH4OAC

--------Correlation Coefficient --------

Cu 0.97** 0.93** 0.95**

Ni 0.92** 0.98** 0.98**

Zn 0.94** 0.99** 0.99**

Mn -0.92** 0.60 0.72

Fe 0.76 0.99** 0.99**

Cd 0.85* 0.98** 0.90**

Pb 0.25 0.90** 0.99**

Cr 0.42 0.72 0.96

 

who are attempting to relate plant nutrient or heavy

metal levels in soil-sludge mixes to plant growth.

Already it has been shown that total metal analysis of

soil-sludge mixtures and plant growth or metal contents

of plants are not closely related. The correlation

coefficients in this table suggest a close relationship

between total metals in soil-sludge mixes and extractable

levels. If this is the situation, then high correlations

between metal levels in plants or crOp yields and extract-

able levels of metals could not be expected. This
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thought suggests the need for an improved way to relate

heavy metal levels in soil materials to plant growth.

Interestingly, there was a statistically signifi-

cant negative correlation coefficient with HCl extract-

able Mn. Also there was a high coefficient for more

metals extracted with NH4OAC than DTPA in that the

coefficient involving Cr was significantly higher with

the NH4OAc extractant.

As anticipated, there was no close relationship

between metal levels in soybean tops and the three metal

extractants used on the soil-sludge mixtures (Table 15).

The only significant correlation coefficients obtained

were with HCl and NH4OAc extractable Mn. The coefficients

were low enough to be significant to only the 5% level.

Interestingly, with the HCl extractant, the correlation

was positive and with the NH4OAc, the coefficient was

negative.

Correlation coefficients between metal levels as

extracted from soil-sludge mixtures are shown in Table 16.

The highest and most frequently significant correlations

were between metals extracted with DTPA and NH4OAc. The

only instance where correlations were not exceptionally

high involved Mn. Curiously, the coefficient was rela-

tively high and statistically significant at the 5% level

when the HCl and NH4OAc extractants were compared. Again
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TABLE 15.--Correlation Coefficients Showing Relation

Between Extractable Metal Content of Soil-

Sludge Mixtures and Metals in Soybean Plants.

 

Extractant

 

Metal HCl DTPA NH4OAc

 

--------Correlation Coefficient -------

Cu 0.43 0.55 0.52

Ni 0.59 0.70 0.66

Zn -0.38 0.35 -0.32

Mn 0.78* -0.10‘ -0.86*

Fe 0.53 -0.42 -0.45

Cd 0.52 0.21 0.31

Pb 0.52 0.52 0.34

Cr 0.20 0.10 0.20

 

TABLE l6.--Corre1ation Coefficients Between Three

Extracting Agents for Heavy Metals.

 

 

DTPA and ’ DTPA and HC1 and

Metal HCl NH4OAc NH4OAc

---------Correlation Coefficient------

Cu 0.86* 0.99** 0.90

Ni 0.86* l.00** 0.87*

Zn 0.99* l.00** 0.98**

Mn -0.50 0.06 -0.86*

Fe 0.73 0.98** 0.80*

Cd 0.83* 0.88** 0.86*

Pb -0.03 0.89** 0.21

Cr -0.15 0.84* 0.14
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these data suggest that there is a similarity of results

obtained with the three extractants and that there is a

need for an improved method for relating heavy metal

levels in soil materials and in soil-sludge mixes to

plant growth and metal utilization.



SUMMARY AND CONCLUSIONS

The low heavy metal content sludge (D) affected

the physical condition of the soil so that soybeans would

not grow when rates in excess of 103 tons/ha were used.

Soybean yields decreased with an increase in rate of this

sludge. This was also the situation with all rates the

heavy metal sludge (MI) which did not adversely affect

physical condition of the soil.

To grow soybeans in the MI sludge treated soil it

was necessary to leach the excessive salts from the soil-

sludge mixes.

Organic matter, pH, and cation exchange capacity

were increased with the use of both sludges. Exchangeable

Ca and Mg levels were also increased. Soybean yields were

higher with D sludge than MI sludge. Plants grown with

the MI sludge were stunted, and chlorotic. Treatments

with this material also reduced leaf size and number of

trifoliate leaves. There was also a great reduction in

root volume associated with increased rates of MI sludge.

Calcium concentrations in soybean tops decreased

with increased rates of both sludges. Magnesium levels

were not greatly affected. Potassium concentrations

tended to increase with D sludge and decrease with sludge

55
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MI. Phosphorus concentrations in soybean tops were not

closely related to rates of sludge applications. In con-

trast, N levels increased greatly with increased rates of

both sludge materials.

The concentration of heavy metals in soybean t0ps

varied greatly. Copper and Fe levels were not affected by

sludge D while Zn and Mn concentrations increased greatly.

In contrast, with sludge MI, Zn and anlevels decreased

significantly while Cu, Cd, Pb and Cr levels were not

greatly affected. Nickel level increased greatly with

rate of sludge.

The uptake of heavy metals by soybean plants was

greatly affected by the yield. With sludge D, Cu uptake

decreased with increased rates of sludge. Manganese

levels tended to increase while Zn and Fe levels were

variable. The uptake of most heavy metals by soybean

plants decreased with increased rates of sludge MI with

Ni and Cr being exceptions. With this sludge Ni levels

tended to increase while Cr levels were very low.

Heavy metal concentrations in soybean plants were

not closely related to yield with one exception. With

both sludges the correlation coefficients involving Mn

were statistically significant. All correlation coeffi-

cients relating total metal content of soil sludge mixtures
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and metal concentrations in soybean plants were not

statistically significant.

In evaluating HCl, DTPA and NH OAc for extracting
4

heavy metals from the sludge-soil mistures, NH4OAc

extractable metals were closely related to total metal

levels with one exception, Mn. The fewest statistically

significant correlation coefficients were obtained with

HCl. Such data suggests that there is need to improve

the methods currently used to relate heavy metal levels

in soil materials and in soil-sludge mixes to plant

growth and metal utilization.
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