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ABSTRACT 

Plots of field corn established in Michigan an~ Arizona were 

fertilized with two industrial wastes of nitric acid as nitrogen 

fertilizers. Major contaminants before processing (gre~ter ~han 1000 

mg/1) were Cu, Pb, Ti, Zn, and Zr. Of these, only Cu and Zn were 

present in significant quantities after neutralization with ammonium 

hydroxide. App1 ication rates of 0, 67, 135, and 202 kg N/ ha were 

used, and compared with commercial ammonium nitrate fertilizer at 202 

kg N/ ha. 

No significant differences were found in Pb, Zr, and Ti con

centrations in corn tissue or grain due to treatments. Higher Cu and 

Zn levels occurred in plants from plots receiving the swent acids, 

but the concentrations were not significantly different fro~ those 

found using commercial ammonium nitrate. No significant differences 

were found in corn grain Cu and Zn levels due to treatm~nts. 
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CHAPTER 1 

INTRODUCTION 

Since the great depression of the 1930s a steady growth in 

heavy industry in the United States has resulted in an ever increasing 

stream of waste materi~ls, Imany of which are quite toxic to both 

plants and animals und~r c~rtain circumstances. Associated with the 

establ ishment of the U.S. Environmental Protection Agency (EPA) a 

large number of procedlJres,1 and considerable data, have evolved to 

ensure that this potentially toxic pollution wil I be avoided where

ever possible. However, the ability to use these wastes in a positive 

way, in particular as fert~l izer materials for the agricultural 

industry, has curiously reoeived only modest attention. The feasi

bil ity of util izing a part~cular waste material is primarily dependent 

on its capacity to supply one or more nutrients to plants without 

causing an accumulatior of ,toxic materials, primarily heavy metals, 

in either food and fib~r plants or the soil reservoir. 

The purpose of thi~ study therefore is to determine whether 

or not selected industrial Iwastes can be used beneficially by the 

agricultural sector, after Iminimal reclamation, with 1 ittle or no 

detriment to the quality of the crops receiving the wastes as a 

fertil izer. The specific objectives are: 1) to compare the nutritive 

value of selected indu~trial spent nitric acid solutions with conven

tional nitrogen fertil izer lat various rates by measuring the nitrogen 



content and yield of field corn, 2) to study the extent to which 

sele~ted heavy metal contaminants in the spent acids make their way 

into plant tissues and grain as a result of soil appl ication, and 

3) to examine the effects that various fertility programs, corn 

varieties, climatic locations, cultural practices, sources of acids, 

and soil types have on the aforementioned parameters. 
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CHAPTER 2 

LITERATURE REVIEW 

In the past several years, since the passage of PL 92-500 

(Clean Air and Water Act), industry has responded in numerous ways 

to the originally stated goal of zero discharge 0f water pollutants 

by 1985 (Williams, 1975). Certainly among these responses is a much 

closer look at the discharge of toxic wastes that are taking place, 

with an aim to\tJards reducing this output through "in-house"disposal 

operations or recycling of waste materials. 

One particular area where recycling of wastes is receiving 

strong attention is that of spent plating or "pickl ing" solutions, 

which arise primarily from stripping and cleaning metal. Several 

useful techniques exist for reclaiming these wastes (Sitting, 1976). 

It is estimated that over 1.2 billion gal Ions of solutions are 

generated yearly, while less than 10% of these are recycled in any 

manner (Behmer, 1976). Obviously this large volume has the potential 

to be recycled to a much larger degree than is presently being done. 

Often industrial wastes are simply diluted into municipal 

waste treatment systems. Behn (1976) estimates that one-fourth of 

industrial wastes are treated jointly with municipal wastes. This 

seems to be particularly true in the metal finishing industry. A 

recent survey of 191 plants in the National Association of Metal 

Finishers (NAMF) disclosed that 75% used municipal sanitary sewers, 

3 



12% used storm sewers: 5% used natural streams and lakes, and only 

3% used land disposal as an outlet for their metal-laden wastes 

(\~atson, 1973). 

The results of this course of action are often less than 

desirable for the sanitary sewer system. The same survey (Watson, 

1973) noted that "serious structural damage from corrosion has 

occurred from concentrated and acidic wastes not adequately diluted 

or neutral ized before disposal." A further hazard is the effects 

these materials have on the capacity of the municipal system for 

digestion of sludges due to the increased volume of sediments, 

primarily metal precipitates, in the system. Therefore an alterna

tive such as land disposal would "free-up" capacity in a municipal 

treatment plant and provide a much less expensive method of treatment 

(Conway and Ross, 1980). 

According to Bridgwater and Mumford (1979), treatment of 

industrial wastes is basically of three types. Chemical treatment 

consists of such things as neutral ization, precipitation, oxidation, 

and reduction. Physical treatment, on the other hand, encompasses 

processes such as filtration, distillation, and solvent extraction. 

Finally, biological treatment consists of operations such as disin

fection and anaerobic digestion. 

4 

Overwhelmingly the most common method of treating the plating 

and other acid wastes is by chemical means, in particular neutraliza

tion (Barnes and Braidech, 1942; Dickerson and Brooks, 1950; Fales, 

1948; and Gray, 1947). Although many variations exist, the usual 



neutralizing agents are basic wastes, limestone beds, lime slurries, 

and strong bases such as sodium hydroxide (Nemerow, 1971). The 

result is precipitation of metals as hydroxides, carbonates, phos

phates, or the oxides in various hydration states (Laney, 1976). 

In addition, many other less commonly used methods of metal removal 

exist, such as ion exchange, ultrafiltration, electrochemical, and 

evaporative recovery (Sitting, 1976). 

There are several reasons, in addition to the already 

mentioned negative effect on municipal sanitary sewer systems, why 

land disposal of wastes of this type should be considered. Wallace 

(1976) lists several of these, such as the proximity of most plants 

to rural areas, the increasing cost of conventional waste treatment, 

and increasingly restrictive water quality and effluent discharge 

regulations. This final point is worthy of special mention, and it 

should be noted that most land appl ications of liquid wastes do not 

fall under the u.S. Environmental Protection Agency DP-DES permit 

authority regulations. Finally, many waste materials contain 

inorganic chemicals, such as nitrates, which can contribute to the 

nutrients in the soi 1 (Lund, 1971). 

Several steps should be followed when considering hazardous 

waste disposal and management on land (Curry, 1976). First should 

be a complete evaluation of all toxic effects a material might have, 

whether they are caused by radioactivity, pathogens, oxygen demand, 

or toxic elements. Next, d careful examination should be made of all 

restrictions placed on residual disposal of wastes containing such 

5 
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pollutants. The third step consists of examining the potential or 

need to pre-treat the waste in order to lessen the effects of the 

determined toxic aspects. At this point it is possible to determine 

the specific type of land disposal best suited to the particular 

material, whether it be landfilling, landfarming, or spray irrigation. 

A final step is the determination of the continuing needs for acti

vities with regard to control and surveillance after disposal. 

With respect to the proposed use of these processed acid 

solutions, two potential hazard areas are evident. The first is 

groundwater pollution from nitrates in the solution, and the second 

is toxic effects of heavy metals in the solution, in particular Cd, 

Cu, Pb, Zn, and Zr. 

Nitrate (N0
3

) pollution in groundwater and streams, usually 

from over-irrigation or from feedlot runoff, has been extensively 

studied (Peele and Gillingham, 1972; Olsen, 1969; Nightingale, 1972). 

Certainly the use of spent nitric acid, for instance, on agricultural 

land has the potential, as the National Research Council states, to 

"perturb the nitrogen cycle of the ecosystem receiving the waste if 

the capacity of the system to assimilate the nitrogenous inputs is 

exceeded. 1I They also note that most nitrogen discharging industries 

used no control measures other than dilution to treat their waste 

streams, and those that did directed them at sol ids, oils, toxic 

metals or BOD. These treatments had 1 ittle or no effect on the 

nitrogen content of the waste materials (NRC, 1978). 
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It therefore appears that control of potential hazards rela

tive to nitrate content of these wastes consists primarily of utiliz

ing rates of appl ication which do not represent amounts in excess of 

what can be naturally assimilated and utilized. 

The negative impacts of heavy metals are much more difficult 

to quantify. Certainly, well documented are the negative effects 

of such heavy metals as Pb, Cr J Cu, and Zn after they are ingested 

by humans or animals, where they exert their action indirectly through 

destruction of detoxifying and excreting organs such as the 1 iver 

and kidneys (Oehme, 1977). But it is much less clear-cut exactly 

what residual levels of metals in the soil pose a threat to plant 

growth, and also difficult to arrive at limits within plant tissue 

that should be considered toxic. The presence of heavy metals in a 

variety of organic and inorgan~c forms, various oxidation states, as 

well as the effects of microorganisms on these two factors, make 

definitive statements regarding Ifacceptable lf levels of heavy metals 

in the soil environment difficult to assess (Purves, 1977). Addi

tionally, the use of plant tissue analysis to determine the relation

ship between substrate metal concentrations and poor growth represents 

difficulties, because many heavy metals are accumulated in the roots 

and translocation rates to the shoots are slow (Goodman and Chadwick, 

1978). 

A further problem making identificatton of what constitutes 

toxic levels of heavy metals within the soil difficult is the tendency 

for plants to develop tolerance to high levels of particular heavy metals 



in the environment. It has been reported that plants growing on 

ground underlain by metallic ore bodies have developed a tolerance 

8 

to the elevated available levels in the soil and often reflect this 

tolerance by higher metal levels in the leaves and roots (Goodman and 

Chadwick, 1978). This wide diversity in the response to given metal 

concentrations by different plants indeed presents difficulties in 

arriving at suitable guidelines for metal disposal on land. Leeper 

(1978) notes that IIplants differ in metal uptake, not only between 

genera and between species, but between varieties of the same species, 

where a single gene may be responsib1e. 1I Not only do plants differ 

in metal uptake from a given set of soil and environmental conditions, 

but also exhibit large differences in the concentration of metals in 

the tops that exhibit toxic effects on plant growth, as well as having 

a tendency to inhibit movement of metals into the flower and seeds. 

It has been hypothesized that the ability to tolerate large internal 

metal concentrations stems from a mechanism of excluding heavy metals 

from susceptible sites in the protoplasm (Ernst, 1975). The conclu

sion that has often been drawn is that availability in the soil 

appears to be as much a plant function as a physico-chemical soil 

property (Purves, 1977). 

Regardless of the extent to which soil and plant factors can 

be said to be responsible for heavy metal uptake, a set of factors 

which either increase or decrease plant uptake of metals can be 

elucidated. Ryan (1977) describes the uptake of an element as being 

governed by the availability in the soil, movement to the root, 
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and translocation within the plant. The first two of these are 

largely, though not totally, influenced by soil factors such as pH, 

cation exchange capacity, organic matter, nutrient status, and the soi 1 

content of phosphates, sulfates, and sulfides (Overcash and Pal, 1979). 

Additionally, such factors as permeability, climate, soil temperature 

and moisture, and the presence of hydrous oxides, primarily of iron 

and manganese, seem to exert some effect (Bernard, 1977). There also 

appear to be some interactions between these variable factors, such 

as the effect of pH level on the heavy metal absorption by soils of a 

given cation exchange capacity (Carlson, 1976). In general·, heavy 

metal retention (as opposed to plant uptake) is favored by relatively 

high cation exchange capacities and organic matter contents, and tends 

to be greatest where pH values are maintained in the area of 6.0 to 

9.0. The presence of hydrous oxides as well as phosphate and sulfate 

also seems to favor retention of metals. A final consideration, with 

regard to the soil, when incorporating waste treatments is the effect 

of placement on heavy metal uptake, with greater uptake occurring when 

metals are placed throughout the root zone in high concentrations 

(Romney et al., 1981). 

As was alluded to earlier, several aspects of the plant itself 

have major impacts on heavy metal uptake. Aside from the species and 

varietal effects mentiofled above, plant uptake is also affected by 

such factors as growth rate, root size and depth, transpiration rate, 

and nutritional requirements (Overcash and Pal, 1979). In general 

the conditions favoring vigorous plant growth also favor the uptake 



of heavy metals, but it should again be no~ed that wide differences 

between plants exist, and the ability to ~olerate or exclude one 

metal does not imply similar behavior towar:ds a:ll metals in the soil 

solution (Purves, 1977). 

10 

The ability of plants to affect t~e level of heavy metal 

uptake seems to be closely related to the relat[onship between soil 

bacteria and the plant root system. It has been observed that the 

large amounts of soluble organic acids in this region can have the 

effect of increasing heavy metal uptake by incr.asing solubil ity of 

these metals (Bolter and Butz, 197::;). Certainly in this "rhizosphere ll
, 

where the soil solution contains organic aqids, lorganic complexing 

agents, and exudates from the root system in comjunction with micro

bial action, many more forces are at work with regard to metal 

uptake than traditional soil chemical parameters. One author goes 

so far as to say that it is not a question of s0il pH or CEC, but 

this complex interaction that determines m~tal uptake (Lancy, 1976). 

Although the preceding discussion should certainly make it 

clear that heavy metal uptake is a very COlTlplic<llted and complex 

phenomena, it is nonetheless necessary to qeterrrine broad guidelines 

as to what level of metals in soils or pl~nts constitute an excessive 

level. Table 1 lists the probable avai lable form and suggested 

tolerance level for several metals in agronomic crops according to 

HeIsted (1973). Since soil levels and plant uptake are not strictly 

correlated, it is much more difficult to arrive at suitable guidelines 

for soil levels, but some proposed loading limits will be included 



Table 1. Suggested Tolerance Level of Metals and Probable Available 
Form in Agronomic Crops.l 

Probable Common Tolerance Element Form Range Leve 1 in Crops 
ppm ppm 

Cadmium Cd++ 0.05-0.20 3 

Cobalt Co++ 0.01-0.30 5 

Copper Cu++ 3-40 150 

Iron Fe++ 20-300 750 

Manganese Mn++ 15-150 300 

Mercury H~++ 0.001-0.01 0.04 

Nickel Ni++ O. 1-1.0 3 

Lead Pb++ 0.1-5.0 10 

Zinc Zn++ 15-150 300 

Arsenic As04 
0.01-1.0 2 

Chromium Cr04- 0.1-0.5 2 

Selenium Se0L;- 0.05-2.0 3 

Vanadium VO-
3 

O. 1-1 .0 2 

1 Me1sted (1973) 

11 
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in the discussions of each metal. Since the major contaminants in the 

materials we propose to use in this study are Cu and In, and to a 

lesser extent Pb and lr, the remainder of this discussion will focus 

on these metals. 

Copper (Cu) concentrations in plant tissue are reported to be 

in the range of 3-40 ~g/g, with 150 ~g/g proposed as the toxic limit 

(HeIsted, 1973). Other authors are considerably more restrictive, 

giving the common range as 4-15 ~g/g and toxicity at anything over 

20 ~g/g (Bernard, 1977). One agreement, however, is that Cu toxicity 

occurs relatively infrequently and is usually under conditions of low 

soil organic matter and extremely acid conditions. Leeper (1978) 

reports that tissue Cu levels rarely exceed 30 ~g/g without damage 

to the plant, but that even under these conditions Cu does not appear 

to be translocated to the seeds. Cu toxicity seldom appears due to 

its affinity for soil organic matter and Fe and Hn hydrous oxides, 

but when it does occur it results in leaf chlorosis, stunted roots, 

and reduced growth (Overcash and Pal, 1979). It has been suggested 

that maximum loading rates of Cu be 125 kg Cui ha for soils with 

CEC values less than 5 meq/lOOg, 250 kg Cu Iha for soils with CEC 

values in the range of 5-15 meq/100g, and 500 kg CuI ha for soils with 

CECvalues greater than 15 meq/lOOq (Dowdy, Larson and Epstein, 1976). 

Few reports can be foun'd in the 1 i te rature of crop damage 

caused by excessive In levels (Leeper, 1973). The common agronomic 

crops contain between 15 and 150 lJg/g of In, and levels over 300 lJg/g 

are considered toxic (HeIsted, 1973). However, some researchers feel 
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that toxicity is reached at 200 ~g/g (Bernard, 1977). Zn chemistry 

in soils appears to be intimately associated with Fe and Hn hydrous 

oxides (where it is sorbed on the solid surfaces), and also to be 

chelated with organic matter (Walsh, Sumner and Corey, 1976). As was 

the situation with Cu, control of soil pH usually controls toxic 

effects of high available Zn levels. Acceptable soil levels of Zn 

again vary with local conditions, and one study (Overcash and Pal, 

1979) reported Zn toxicity at 400-700 kg Zn/ha on a low CEC soil 

while another soil received over 2000 kg Znl ha with no detrimental 

yield effects. Guidelines proposed by Dowdy et al. (1976) call for 

a maximum loading rate of 250 kg Znl ha for soils with CEC values 

less than 5 meq/lOOg, 500 kg Znl ha for soils with CEC values in the 

range of 5-15 meq/lOOg, and 1000 kg Znl ha for soils with CEC values 

in excess of 15 meq/lOOg. 

Brief mention should be made of lead (Pb), not so much because 

of the hazards of plant uptake but because of its presence in both 

of the original spent acids used in this study. HeIsted (1973) 

reports common ranges of Pb at O. 1-5 ~g/g in agronomic crops, with 

10 ~g/g considered toxic. Pb solubil ity in soils is very low due 

to its tendency to react with solid soil surfaces, such as clay 

minerals, sesquioxides, carbonates, sulfates, and organic matter. 

The primary mechanism here is cation exchange precipitation, but it 

also can be removed by various chelation mechanisms (Walsh et al., 

1976). As one author put it, "if there is reason to worry over con

tamination of crops with Pb, it should be over deposition from the 



air, not uptake by plants," (Leeper, 1979). A study by Overcash and 

Pal (1979) revealed that Pb appl ications from sewage sludge of 200 

14 

kg Pb/ ha resulted in no elevation of tissue Pb levels, and applica

tions of 3200 kg Pb/ ha as inorganic salts to corn were able to 

increase the leaf tissue levels but not the grain levels. Recommended 

loading rates for Pb (Dowdy et al., 1976) are 500 kg Pb/ ha for soils 

with CEC values less than 5 meq/100g, 1000 kg Pb/ ha for soils with 

CEC values in the range of 5-15 meq/100g, and 2000 kg Pb/ ha for soils 

with CEC values greater than 15 meq/100g. 

Zirconium (Zr) deserves brief mention only because it is also 

present in one of the two spent acid materials. Most Zr wastes are 

water insoluble, environmentally inert, and have low human toxicity 

(Smith and Carson, 1978). It is reported that within the pH range of 

4.0-9.5, virtually all Zr precipitates as the highly insoluble 

zirconia (Zr02), and concluded that "environmental exposure to 

naturally occurring or industrially discharged Zr does not pose any 

human health hazard" (Smith and Carson, 1978). 

In summary, there are three major factors which protect plant 

tissues from substantial contamination by heavy metals (Martin et al., 

1976). The first is the decreased solubility and availabil ity which 

characterize most metals in the neutral to alkaline pH range. The 

second is the wide diversity in species and variety susceptibility to 

heavy metal uptake. The final factor is a tendency towards decreased 

levels of metal accumulation in storage and reproductive tissue versus 

vegetative tissue. 



Brief mention should be made of traditional N fertilizer 

appl ication rates on corn in order to put the rates used in this 

study into perspective. Corn is a relatively high nitrogen user 

among agronomic crops, taking up slightly less than 1 kg of N for 

every 25 kg of corn grain produced (Nelson, 1966). However, a por

tion of this N is supplied by the soil so N application rates do 

not reflect exactly the amount removed by the crop. 

15 

N application rates for maximum'yield appear to vary from 

one site to another, but most researchers report maximum yields occur 

when 100 to 200 kg N/ ha is added. Perry and Olson (1975) found 

grain yields increased when both 90 and 180 kg N/ ha N was added, 

but did not increase significantly further when 270 kg N/ ha N was 

applied. Bandel, Dzienia and Stanford (1979) reported maximum corn 

grain yields when 180 kg N/ ha was applied. Grove, Ritchey and 

Naderman (1979) reported maximum corn grain yields when 203 kg N/ ha 

was applied. 

In summary, it appears that rates of N application of 180 

to 200 kg N/ ha result in maximum corn grain yields, with higher 

rates of N not resulting in higher corn grain yields under most 

conditions. It also appears that when going from low N appl ication 

rates to that rate needed for maximum yield in increment, the yield 

response for the last N increment will be smaller than that for the 

earlier N increments (Balko and Russell, 1979). 



CHAPTER 3 

MATERIALS AND METHODS 

Materials 

The two spent acids compared in this study were obtained from 

two companies in the Detroit, MI, area. The first company, the 

Wolverine* Division of Universal Oil Products, is located in Dearborn, 

MI, and uses nitric acid in the manufacture of high temperature 

zirconium-titanium (Zr-Ti) tubing for industrial and other purposes. 

The second company, GTE Sylvania*, is located in Sylvania, OH, and 

uses nitric acid as a rinsewater in the manufacture of television 

picture tubes. The materials wil I hereafter be referred to as 

Wolverine and Sylvania, respectively. These materials were stored 

in 45.7 kl (12,000 gal) poly-olefin tanks. Approximately 1.7 kl 

(450 gal) of each were neutralized with 25% NH 40H (w/w) unti 1 a pH of 

7.0 was achieved. They were then stored until used in 190 1 (50 gal) 

plastic lined steel drums. 

The composition of the acids for some common cations and 

metals, both before and after neutralization, is presented in Table ?. 

The neutralized Sylvania material had a final N content of 8.0%, 

while the Wolverine had a final N content of 9.2% 

*Use of trade names or products of the companies referred to 
does not imply approval or endorsement of their use for the purpose 
discussed herein. 
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Table 2. Analysis of Acids Used. 

SYLVANIA \~OLVER I NE 

Element Original Neut ra 1 i zed Original Neut ra 1 i zed 
\.Ig/g 119/9 \.I9/9 \.I9/9 

Al 304.0 9.3 74.0 10.7 

B 595.0 516.0 336.0 226.0 

Cd 3.0 < 0.5 3.0 < 0.5 

Ca 0.7 0.3 2.0 0.7 

Co 0.2 < 0.1 0.8 < 0.1 

Cu 2400.0 1400.0 26,700.0 6350.0 

Fe 402.0 < 0.5 477.0 < 0.5 

Pb 15,000.0 4.0 9747.0 5.0 

Mn 2.5 0.8 3. 1 < 0.1 

Hg 1.0 0.1 2.0 0.4 

Ni 9.3 5.7 42.6 27.4 

P 188.6 7.3 129.0 28.7 

K 100.0 91.0 nd 48.0 

Si 283.0 0.5 212.0 < 0.5 

Na 103.0 77.0 100.0 94.0 

Ti 32.0 0.8 1043.0 0.5 

Zn 2850.0 950.0 1477.0 722.0 

Zr 12. 1 11.7 1937.0 10.9 

Unspent 
acidity 3.0 4.6 
(moles/I) 

N0
3

-N (pet) 5.3 3.7 5. 1 4.0 

NH4 -N (pet) nd 4.3 nd 5.2 
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The commercial fertilizer used in the field experimentation 

was a dry ammonium nitrate (NH4N03) material containing 33.5% N. The 

concentration of Cu, Pb, Mn, Ti, Zn, and Zr metals were below detect-

able 1 imits of .06, 0.5, .05, . .01, .02, and .05 119/9, respectively. 

Field tests were carried out at seven different locations over 

two years. The locations of the field plots can be found in Table 3. 

Analysis of the soils for both common nutrients as well as DTPA- and 

HN03-extractable metals may be found in Tables 4 and 5, respectively. 

Methods 

Initially all of the data on the spent acid solutions were 

obtained using a Spectrospan inductively coupled plasma emission 

unit. Data also were obtained for AI, Cd, Cu, Fe, Pb, Mn, Ni, and 

Zn using a Jarrel-Ash 810 Atomic Absorption Spectrophotometer equipped 

with a single element hollow cathode tube. 

Analysis of the neutralized acid materials for both nitrate 

nitrogen (N0
3
-N) and ammonium nitrogen (NH4-N) was carried out using 

the methods of Bremner (1960) as well as the nitrate modifications 

of Olsen (1929) as modified by Bremner and Shaw (1958). 

Total N in the soils was determined using the method of Bremner 

(1960). Organic matter was determined using the Walkley-Slack method 

(1934). Cation exchange capacity (CEC) was determined using a modifi

cation of the sodium-saturation method of Bower, Reitemeier and 

Fireman (1952). Values for pH and electrical conductivity (EC) were 

obtained from a 2:1 water:soil extract. Phosphorus was determined 



Table 3. Field Plots in This Study. 

Location I: 

Location II: 

Loca t i on I I I : 

Location IV: 

Locat i on V: 

Loca t i on V I : 

Loca t i on V I I : 

1980 Field Plots 

Norman Ries Farm 
Adrian, Michigan 

Mike.Zook Farm 
Adri an, Mi ch i gan 

Doug Cook Farm 
St. Johns, Michigan 

1981 Field Plots 

University of Arizona Farm 
Marana, Arizona 

Mike Zook Farm 
Ad ri an, M i ch i gan 

Leman Kl ink Farm 
Adrian, Michigan 

Kellogg Biological Station (KBS) 
Michigan State University 
Hickory Corners, Michigan 
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Table 4. Analysis of Soils in the Experiment. 

LOCATION AND FARM NAME 

Constituent I. Ries II Iv. Zook I I I. Cook IV. Marana V I. K 1 ink V II I. KBS 

N-Total % 0.10 O. 19 0.18 0.08 o. 16 O. 11 

OM % 2.0 3.0 2.8 1.1 2.5 2.0 

Exch. Cations 
Kmeq/l00g 0.5 0.3 0.3 1.2 0.4 0.2 
Ca meq/l00g 3.8 7.1 6.3 17.8 6. 1 2.1 
Mg meq/l00g 1.7 1.4 1.9 3.3 1.5 0.4 
Na meq/l00g 0.2 0.2 0.2 2. 1 O. 1 O. 1 

CE.C meq I 1 OOg 13.8 10.9 12.4 26.2 9.8 6 .. 7 

Base Satn. % 45.0 83.0 70.0 96.0 83.0 42.0 

2: 1 1 
extract pH 5.3 6.1 5.8 7.8 6.5 5.0 

EC (mmhos/cm) 0.6 0.3 0.6 1.2 0.6 0.7 
2 P04-P ~g/g 9.0 16.0 5.0 2.0 6.0 13.0 

sand % 51.3 40.0 49.3 33.6 32.4 65.9 

si 1 t % 36.2 37.0 32.0 41.3 46.8 25.2 

clay % 12.5 23.0 18.7 25. 1 20.8 8.9 

1procedure consisted of 10 9 soil with 20 1 H20, shaken for 2 h on a wrist action shaker and 
then centrifuged. 

2 Olsen (1954) 
N 
0 
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Table 5. DTPA- and HN0
3
-Extractable Metals in So i 1 s. 

.005 M DTPA-Extractable metals (~g/g) 

Location/Farm Cu Zn Ni Fe . Mn 

I. Ries 3. 11 2.2 1.7 80.0 31.1 

II /V. Zook 2.3 2. 1 0.8 48.9 31.8 

III. Cook 1.5 1.7 0.9 25.4 23. 1 

IV. Marana 3.2 1.2 0.5 2.9 14.7 

VI. Kl ink 4.5 1.8 0.6' 36.9 17. /1 

V II. KBS 1.3 4.7 0.6 25.7 37.0 

1 N HN0
3
-Extractable Metals (~g/g) 

Location/Farm Cu Zn Ni Fe Mn 

I. Ries 5.1f 12. 1 6.2 3804 67.8 

I I /V. Zook 3.4 13.2 3.8 2631 75.4 

III. Cook 2.1 11. 1 2.5 1982 71.7 

IV. Marana 8.5 21.1 5.4 787 86.3 

V I. Kl ink 6.0 13.1 3.2 2189 42.7 

V II. KBS 1.8 13.4 2.3 1506 102.4 
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using the sodium bicarbonate method of Olsen et al. (1954). Particle 

size distribution was accompl ished by the method suggested by Day (1965). 

In addition to these parameters, the lev(\l of soil extractable 

metals (Cu, Zn, Ni, Fe, and Mn) was also determined (Table 4). The 

DTPA extraction procedure consisted of 20 ml of a DTPA extracting 

solution (see Appendix A) and 10 g of soil for two hours on a wrist 

action shaker, followed by suction filtration and taking to 250 ml 

volume (see Appendix B). 

In addition, a second extraction was done using 1 ~ HN0
3 

in a 

5:1 ratio of extractant to soil for 24 hours (see Appendix C). 

Conventional analytical methods involved in the analysis of 

corn leaf and grain tissue were unacceptable for our purpose. The 

preliminary method used was the standard nitric-prechloric method 

of Gieseking, Snider and Gets (1935), but after analysis of early 

results, this method was discarded because of the relatively high 

amounts of low purity acids that are required. A method proposed by 

Havlin and Soltanpour (1980) proposes the use of nitric acid alone for 

samples to be analyzed by use of inductively coupled plasma spectrome

try, but difficulties occurred in obtaining complete digestion of the 

samples. In addition, it was not particularly well-suited for Pb 

analysis using the flameless graphite furnace. It too was discarded. 

Jones (1981) discussed wet ash methods and difficulty obtaining a pro

per instrument-method fit. He noted that often the suitability of a 

technique for obtaining resul ts us ing a given instrument determines the par-

ticular method of sample preparation that should be used. Ultimately a 
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technique utilizing small volumes of ultra-pure nitric and hydrochloric 

acids in conjunction with dry ashing was developed which permitted com

plete digestion of the plant material without substantial amounts of 

contamination of heavy metals due to impure acids. It is basically 

a modification of the dry ashing method of Knight (1980). The specific 

~teps in this procedure can be found in Appendix D. 

Several instruments were used in the analysis of the solutions 

obtained by the digestion procedure. Cu, In, and Mn were all analyzed 

using a Jarre1-Ash 810 Atomic Absorption Spectrophotometer (AAS) 

equipped with hollow cathode tubes. In addition, inductively coupled 

plasma spectrometry was used to analyze for S, lr, and Ti. Pb was 

analyzed using a Perkin-Elmer f1ame1ess graphite furnace. 

Nitrogen in the tissue and grain samples was determined using 

the method of Bremner (1960). 

The 1980 field plot design consisted of a randomized complete 

block design (Hicks, 1973) utilizing the two neutral ized spent acid 

materials shown in Table 1 at rates of N application of 0, 67, and 

135 kg NI ha. All treatments were replicated four times at the three 

sites shown in Table 2. The material was side dressed on field corn 

(lea mays) and tissue and grain samples were taken, Table 6, on speci

fic dates. It should be noted, however, that two of the 1980 plots 

had additional N placed on the field before the experiment was con

ducted. Location I (Ries) had 224 kg/ha of a 6-26-16 fertilizer 

applied pre-plant, which provided 13.4 kg NI ha in addition to that 



Table 6. Dates of Planting, Fertil izer Application, Tissue Sampling, 
and Harvest for the Two Growing Seasons. 

Location/Name Planting Appl ication Tissue Sample Harvest 

1980 Growing Season 

I. Ries 5/16 7/3,7/11 7/29,8/13 10/21 

I I. Zook 6/20 7/24 8/7, 8/19 10/5 (silage) 

I I I. Cook 5/20 7/12 7/28,8/14 10/22 

1901 Growin~ Season 

IV. Marana 4/20 5/10 7/7 9/10 

V. Zook 5/25 6/29 8/10 10/20 

V I. Kl ink 5/30 7/7 8/11 10/21 

V II. KBS 6/12 7/8 8/12 10/5 (silage) 



provided in the experiment. Location I II (Cook) had 134.4 kg NI ha 

applied as NH3 prior to planting. 
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The 1981 field plot design again consisted of a randomized 

complete block design, but in this case a commercial NH4N03 fertilizer 

was compared with the two processed spent acids previously uti lized. 

Rates of application consisted of check plots receiving 0 kg NI ha 

and plots receiving 202 kg NI ha from the three different N sources 

(two spent acids and commercial NH4N0
3
). All treatments were repl i

cated four times. In addition to three locations in Michigan a fourth 

location was established in Marana, Arizona, to examine the effects 

that different soil types and climatic conditions would have on uptake 

from these solutions (Table 2). The materials were side-dressed on 

field corn (Zea mays) as in the previous year and samples of both 

tissue and grain were obtained. See Table 5 for specific dates. 

Again, as was the case in the 1980 grO\'Jing season, some of the plots 

received additional N prior to the onset of the experimentation. 

Location IV (Marana) received 336 kg/ha of a 16-20-0 fertilizer 

material, which provided 53.8 kg NI ha. Location VI I (KBS) received 

112 kg/ha of an 8-32-16 fertilizer material. This supplied 9.0 kg 

NI ha to the corn crop. 

Tissue samples consisted of 15-25 entire leaves at the ear 

node (Walsh and Beaton, 1973). These samples were obtained when the 

corn was at early to middle tassel stage. The samples were air dried 

at 65°C for 48 hrs, after which they were ground using stainless steel 



40 mesh screens in a Wiley Mill. They were then placed in snap cap 

vials and stored until analyzed for r~ and heavy metals. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

The results of the statistical analysis for treat~ent differ

ences in corn tissue and grain for yield, nitrogen response, and 

selected heavy metal uptake for the 1980 and 1981 growing seasons can 

be seen in Tables 7 and 8, respectively. With the~xception of two 

farms, Ries and Cook, which showed a significant (.05 level) early 

effect of treatment on tissue N content, the only location in 1980 

showing treatment significance for an~ of the measured variables was 

Location I I (Zook). At this location highly significant effects 

of treatment were observed for nearly all variables. This is consis

tent with the observed presence of severe N deficiency symptoms at 

this location on the untreated plots, and it is a reflection of the 

fact that the Cook and Ries locations had been treated with other N 

sources prior to the experiment (see Materials and Methods section). 

Moreover, the relatively low rates of N application (67 and 135 kg 

N/ha) could be a factor in the lack of significant results at the 

other locations. 

In the 1981 growing season significant treatment effects were 

observed for one or more of the variables studied at every location 

except the one in Arizona (Location IV, Marana). A number of factors 

contributed to the lack of significant results at this location. The 

27 



28 

Table 7. Significance of Treatment Differences for Yield, Nitrogen 
Content, and Selected Metal Concentrations for 1980 Season. 

Treatment Significance 
for Ti ssue or Grain 

Farm Samp 1 ing Material Yield N Cu Zn Mn Locat i on Date Sampled 

I. Ries 7/29 tissue iI, ns ns ns 

I. Ries 8/13 tissue ns ns ns ns 

I. Ries 10/22 gra i n ns ns ns ns 

I I . Zook 8/7 tissue ;':;', ;': ns ;': 

II. Zook 8/19 tissue ;': ;': ;':i', ..,',;', "",it, 

I II . Cook 7/28 tissue 1 
i

l
: ns ns ns 

I I I . Cook 7/28 tissue 2 it: ns ns ns 

III. Cook 8/14 tissue 1 ns ns ns ns 

I I I. Cook 8/14 tissue 2 ns ns ns ns 

III. Cook 10/22 grain 1 ns ns ns ns 

III. Cook 10/22 grain 2 ns ns ns ns 

= Variety 1 , Gutwein #112 

2 = Variety 2, Gutwein #EX015 

ns = not significant at .05 level 
it: = significant at .05 levf::l 

,;':;': = significant at .01 level 
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Table 8. Significance of Treatment Differences for Yield, Nitrogen 
Content, and Selected Metal Concentrations for 1981 Season. 

Treatment Significance 
For Ti ssue or Gra in 

Farm Samp 1 i ng Material Yield N Cu Zn Mn Location Date Sampled 

IV. Marana 7/10 tissue ns ns ns ns 

IV. Marana 9/14 grain ns ns ns ns 

V. Zook 8/5 tissue it:;': it: I': *':~' .. i':;', 

V. Zook 10/21 grain I':;': it:;': ns ns 

V I. K1 ink 8/11 tissue 'it: .. }: ;':"#': ns ns 

VI. Klink 10/22 grain ns i': ns ns 

V II. KBS 8/12 tissue il: i': ns ns 

ns = not significant at .05 level 
;': = significant at .05 level 
;':;': = significant at .01 level 
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material was appl ied at very early stages of growth relative to the 

other locations, and it is possible that losses through leaching or 

volatilization occurred due to lack of sufficient biomass to utilize 

the applied N. In addition, N had been applied as a required farm 

procedure prior to the outset of the experimentation. This tended 

to minimize the impact of any applied N on the nutrient status of the 

corn crop. Finally, a severe insect infestation put the plants under 

considerably more stress than is normal. 

The presence of significant effects at the other locations is 

probably related to the higher rates of application used in the second 

year (1981), as well as the use of soils with a lower residual N 

content (see Materials and Methods). 

Effect of Materials on Yields of Corn 

As can be seen in Table 7, no significant yield effects due to 

treatments were observed in the 1980 growing season. Location I (Ries) 

appeared to have an overall high level of N fertil ity and did not 

respond significantly to the spent acid-based fertilizer. Also, the 

date of appl ication was quite late, probably after the period of peak 

N demand. 

The second location (I I, Zook) had a very pronounced set of N 

deficiency symptoms and it appeared that ~onsiderable differences in 

yield would occur from trented to untreated plots, but unfortunately 

this field was harvested for silage. This occurred as a result of 

unusually wet weather and the late planting date. No yield data were 

obtained at this location in 1980. 
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At Location III (Cook) no differences in corn grain yield were 

observed, due to the relatively high rates of N (135 kg N/ha) appli

cation which was made independently by the farmer prior to the onset 

of the spent acid experiment. Also, the materials were appl ied 

relatively late in the growing season, possibly after the period of 

peak N demand. It should be noted, however, that on this location, 

although there were no significant yield differences due to treatments, 

there was a significant yield advantage of Variety 2 (Gutwein EX015) 

over Variety 1 (Gut\-Jein #112). Variety 1 averaged 7390 kg/ha, vlhile 

Variety 2 yielded an average of 0408 kg/ha. This indicated that the 

second hybrid was probably better able to take advantage of the some

what high overall N fertility program (200 kg N/ha). 

Corn yield in the 1981 groltJing season was significantly related 

(.01 level) to treatments at one of the three locations (Table 7). 

The levels of yields at these three locations can be seen in Figure 1. 

Only on Location V (Zook) were the differences in observed yields 

significantly increased by N application. 

The reason for the lack of significant yield effects at Loca

tion IV (Marana) is probably a combination of the relatively high N 

levels both in the soil and applied preplant, which enabled yields 

in excess of 4319 kg/ha to be obtained without additional N during 

the growing season. The second major factor was the severe inset 

problems, which undoubtedly reduced yields for all treatments. The 

early application date also precluded maximum utilization of the 

appl ied tL 
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Figure 1. Corn Yields at Three Different Locations in the 1981 
Growing Season. 
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Location V (Zook) had a highly significant (.01 level) treat

ment effect on yield, with all treated plots yielding higher than check 

plots (Figure 1). It is apparent that residual N fertility levels 

are quite low at this location, since check plots receiving no N 

yielded only slightly more than 1230 kg/ha. This is quite consistent 

with the observed severe N deficiency symptoms at this location. The 

differences between the three N sources with regard to yield are also 

significant at the .05 level (Table 9). The Sylvania ~ateria1 yielded 

significantly (543 kg/ha) higher than the Wolverine material at the 

same rate of N application, while the commercial ammonium nitrate 

(NH4N0
3

) material yielded 580 kg/ha better than the Sylvania materiel 

at the same rate of N application. 

At location VI (Klink) no significant yield differences were 

found, although the treated plots yielded slightly better than the 

check plots. The reason for this lack of response is not completely 

evident, since the residual N content at the Klink location is 

actually lower than at the Zook location (V), where considerable 

effects due to treatments were found. Possibly varietal differences 

played a role, as well as the somewhat later date of application at 

the Klink location. It is important to note, hovlever, that spent 

acid-based fertilizers did not yield significantly less than the 

commercial material. 

No crop yield data were obtained for Location 'fli (KBS), due 

to the late planting date in conjunction with an early frost. The 

corn was chopped for silage rather than harvested for grain. 
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Table 9. Corn Grain Yield and Midseason Ear Node Leaf Tissue Zn and 
Mn Concentrations with Significance of Treatment Means for 
Zook Farm, 1981. 

PARAMETER 
Nitrogen Fertilizer Grai n Ti ssue Samples 
Treatment Source Yield Zn Mn 
kg N/ha (kg/ha) (~g/g) (~g/g) 

0 Check Plot 1302 a 49.0 a 20.9 a 

202 Wolverine 7114 b 87.0 b 36.4 b 

202 Sylvania 7651 c 95.8 b 44.5 c 

202 NH4N03 8231 d 90.5 b 46.0 c 
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Nitrogen Content of Plant 

In the 1980 growing season five different locations had signi

ficantly higher N content in the tissues due to treatments (Table 7). 

Location I (Ries) had a significant treatment effect on N con

tent for the early tissue sampling time (7/29), but the effect appears 

rather difficult to explain (Table 10). It appears that the N content 

increases when going from the check plots to the lower rate of both 

processed spent acid materials (67 kg N/ha). At the highest rate (135 

kg N/ha) the N content stays about the same with the Holverine but \'Jas 

significantly less (.05 level) with the Sylvania material. The reason 

for this phenomenon is unclear, but perhaps some sort of dilution effect 

is occurring in response to the additional N with these treatments. 

Loca t i on I I (Zook) had much more clear-cut responses to N 

treatments. The N applications at this location were made earlier in 

the growing season. The visible N response was much greater, \'Jith 

check plots exhibiting pronounced chlorosis due to N deficiency. The 

N content on both the 8/7 and the 8/19 tissue samples (Table 10) 

increased significantly (.01 level) when going from the check plots 

to the intermediate (67 kg N/ha) rate of application, and appears to 

increase still further at the higher rate (135 kg N/ha). though not 

significantly so (Figure 2). 

Corn at Location III (Cook) also exhibited a" significant (.05 

level) treatment effect for tissue N content. As was the case with 

Location I (Ries), the effect is not clear and disappears by the time 

of the second sampling period. In both cases the N content seems to 
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Figure 2. N Content of Midseason Corn Earn Node Leaf Tissue on Zook 
Farm, 8/19/80. 
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Table 10. Nitrogen Content of Corn Ear Node Leaf Tissue and Signifi
cance of Means for Selected Treatments, 1980. 

FARM LOCATION 

I. Ries II. Zook III. Cook 

SAHPLE DATE 
Nit rogen Fe rt i 1 i ze r 7/28 1 7/28

2 
Treatment Sou rce 7/29 8/7 8/19 
kg N/ha 

--------------- N content - % --------------
0 Check #1 2.2 a 1.8 a 1.8 a 2.6 a 2.7 a 

O' Check #2 2.6 b 2.2 ab 2.0 a 2.8 b 2.8 ab 

67 Holverine 2.8 b 2.5 bc 2.9 b 2.7 ab 2.8 ab 

67 Sylvania 2.7 b 2.6 c 2.7 b 2.8 b 3.0 b 

135 Ho 1 veri ne 2.7 b 2.8 c 2.9 b 2.7 ab 2.8 ab 

135 Sylvania 2.3 a 2.8 c 3.0 b 2.8 b 3.0 b 

= Variety 1, Gutwein #112 

2 = Variety 2, Gutwein #EX015 



38 

rise somewhat when going from the check plots to the 67 kg N/ha rate, 

but does not seem to rise significantly further when the 135 kg N/ha 

rates were applied (Table 10). These results do not appear very clear, 

though, and on Variety 1 the two check plots are significantly differ

ent from one another, with the higher of the two having the same N 

content as the plots treated with the highest rates of appl ication. 

The Sylvania-treated plots tend to have higher N levels than the 

Wolverine, but in both cases they are not statistically significantly 

greater than at least one of the check plots. 

The overall 1980 data indicates that, although the treated 

plots showed somewhat higher N contents at the early tissue sampling 

time for Location I (Ries) and Location III (Cook), differences were 

not significant between the two spent acid-based fertil izers. All 

differences disappeared by the second tissue sampling time at these 

loc.ations. At location II (Zook), however, clear N-content trends 

are apparent for tissues at both sampl ing times, with treated plots 

having significantly (.01 level) higher N content than untreated plots. 

Plots receiving 135 kg N/ha seem to have higher N contents than the 

67 kg N/ha rate, but the difference is not statistically significant. 

In the 1981 grO\"ling season, there were five occasions when 

significant treatment effects on N content were observed (Table 8). 

The effects of the treatments seem to be much more identifiable in 

the 1981 data, with higher N levels occurring on the plots treated 

with both of the spent acid materials and the commercial NH 4N03 at 

the 202 kg N/ha rate when compared to the check plots. Differences 



beyond this with regard to the three fertilizer materials are less 

clear and vary from one location to the next. 

Location IV (Marana) showed no significant treatment effect 

on N content for either the tissue or grain samples (Table 8). IJ 

content in the tissue was virtually the same for all treatments 

(Figure 3). Some differences in N content of the grain (Figure 4) 

occurred with slightly higher levels for the ferti lized plots as 

compared to the check plots, but the differences were small and not 

statistically (.05 level) significant. Again, three factors are 

probably responsible for the lack of N response: N application too 

early, pre-plant N, and stress caused by severe insect damage. 
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As in 1980, Location V (Zook) demonstrated a highly signifi

cant response (.01 level) to N treatments both in corn tissue and in 

grain levels (Table 8). The N content in the leaf tissue is consider

ably higher for all of the fertilizer treatments as compared to the 

check plots (Figure 5). A closer examination of the data for the 

three fertil ized plots (Table 11) reveals that the N content of 

the Wolverine plot is not significantly (.05) different from that of the 

Sylvania plot at the same rate of application (202 kg N/ha). The 

Sylvania plot is not significantly lower than the commercial NH4N03 

plot. However, the Wolverine plot and the NH4N0
3 

plot are signifi

cantly different. This indicates that while the spent acid-based 

fertilizers may be slightly less effective than commercial NH4N0
3 

in 

supplying N to corn plants, they are certainly very comparable. 
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Figure 5. Cu, Zn and N Concentrations in Midseason Corn Ear Node Leaf 
Tissue on Zook Farm, 1981. 
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Table 11. Nitrogen Content of Corn Ear Node Leaf Tissue and Grain 
and Significance of Means for Selected Treatments, 1981. 

FARM LOCATION 

V. Zook VI. K1 ink VII. KBS 

MATERIAL 
Nitrogen Fert i 1 i ze r Treatment Source tissue gra in tissue grain tissue 
kg N/ha 

----------------N content - % -------------

0 Check plot 1.4 a 0.8 a 2.4 a 1.1 a 3.3 a 

202 \0/01 ver i ne 3.2 b 1.1 b 3.2 b 1.3 b 3.7 b 

202 Sylvania 3.3 bc 1. 3 c 3.4 b 1.4 b 3.9 b 

202 NH4N0
3 3.5 c 1.4 c 3.3 b 1.4 b 3.9 b 



With regard to the N content of the grain on Location V 

(Zook), it again is evident that the spent acid-based fertilizers 

and the commercial NH 4N0
3 

are significantly higher than the check 

plots. A closer examination (Table 11) reveals that while all 
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three fertil ized plots were significantly (.05 level) better than check 

plots at concentrating N in the grain, the Sylvania and NH4N03 

materials seem to be somewhat better than the Holverine material at 

the same rate of N application (202 kg N/ha). Sylvania and NH4N03 are 

not significantly different from one another. 

Location VI (KlInk) shows the same trend in tissue N content 

as was evident at the Zook location (Figure 6). All fertil ized plots 

showed higher N levels in corn leaf tissue than check plots, but none 

of the three N sources was significantly different from the others 

at the .05 level (Table 11). In this case the highest tissue N content 

was achjeved with Sylvania fertilizer at the 202 kg N/ha rate, as 

opposed to the commercial NH4N0
3 

at the Zook location. 

Grain N levels at Location VI (Klink) continue to show the same 

trends illustrated in the other locations (Figure 4). N content of 

all fertil ized plots is significantly higher than the check plots. 

None of the grain from plots receiving the three fertil izers is statis-

tically significantly lower in N content from the others, but the N 

content from the Vo I veri ne mater i a lis reported to be s light I y 100<Jer 

than the other two materials. This again illustrates that the 

Holverine material may be slightly less effective than the 

NH4N03 in supplying N to the corn, although practically it is certainly 
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Figure 6. Cu, Zn, and N Concentrations in Midseason Corn Ear Node Leaf 
Tissue on Klink Farm, 1981. 



very comparable. Sylvania fertilizer does not appear to be signifi

cantly less effective than commercial NH 4N0
3 

in supplying N to corn. 

The final location for which N content was significantly 

related to treatments was Location VII (KBS). As can be seen in 

Figure 7, the three fertilizer materials resulted in higher tissue N 

levels as compared to the check plots. It appears that the residual 

N level provided by the previous crop (alfalfa) kept check plot N 
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levels from fa1 ling far below the fertilized plots as in the previous 

examples. None of the fertilized plots were statistically significantly 

lower than the others, but the less effective uptake of N from 

\~olverine (Table 11) indicates while it is statistically comparable 

to the others, in reality it may be slightly less effective in promot

ing N uptake in corn tissues. 

Effect on Metal Content of Corn 

Several different elements were analyzed from the corn leaf 

and grain samples. Of these, Cd, Zr, and Ti were all present in 

quantities too small to be detected using standard analytical tech

niques in either the corn leaf tissue or the grain samples. Ni, B, 

and Pb were all present in minute background quantities, but in no 

instance were significant differences between treatments found and in 

no instance did levels of Ni and Pb approach the top of the commonly 

accepted ranges in agronomic crops according to Melsted (1973). In 

several instances significant differences were found in plant tissue 

levels of Cu, Zn, and Mn. Therefore, these wi 11 occupy the whole of the 
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discussion hereafter. No significant differences in content of Cu, Zn, 

and Mn in grain were observed during either of the two growing seasons. 

Effect on Cu Content of Corn 

~lith the exception of Location II (Zook) ,no significant 

effects of treatment on Cu content in corn leaf or grain tissue were 

observed in the 1980 growing season (Table 7). Figure 8 shows the in

crease in tissue Cu content at Location I I as a function of rate of 

N application from the Sylvania and Wolverine processed spent acid 

fertil izers at the 8/19/80 sampl ing date. It can be seen that there 

is a statistically significant (.01 level) increase in tissue Cu con

tent as the rate of appl ication is increased. It can also be seen that 

the effect is more pronounced with the Wolverine than the Sylvania 

material, with the highest rate of Wolverine fertil izer (135 kg N/ha) 

giving a treatment average Cu level significantly higher than any of 

the other treatments (Table 12). This is not unusual in view of the 

fact that the Wolverine material has the highest Cu concentration, 6350 

~g/g, as opposed to 1400 ~g Cu/g for the Sylvania material (Table 1). 

There is no significant difference between the Cu content of plant 

material at the intermediate (67 kg N/ha) and the high rate (135 kg 

N/ha) of appl ication of the Sylvania solution. But both of these plots 

are significantly higher than the check plots at both tissue sampl ing 

times (Table 12). 

There are several possible reasons for the increasing tissue 

Cu content as the rate of application of the two materials is 

increased. A possible reason is greater solubility of native Cu as 
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Table 12. Cu, In, and Mn Content of Corn Ear Node Leaf Tissue and 
Significance of Treatment Means for look farm, 19Bo. 

METAL CONTENT 

Cu In Mn 

SAMPLING DATE 

Nitrogen Ferti 1 izer Treatment Source 8/7 8/19 8/7 8/19 8/7 8/19 
Kg N/ha 

0 Check #1 n.2a 3.5a 18.9a 20.4a 43.8ab 34.4a 

0 Check #2 li.9a 4.3a 22.1a 22.6a 38.5a 35.2a 

67 Wo lver i ne 11.9ab 10.0b 23.4a 30. 1 b 47.9ab 46.8ab 

67 Sylvania 13.4b 9.8b 15.9a 31.5bc /-I4.5ab 49.8b 

135 Wo 1 veri ne 16.Gb 13.8c lB.6a 35.7c 49.9b 60.5bc 

135 Sylvania 17. 1 b 10.7b 26.4a 35.Bc 63.5c 73.4c 
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a result of localized pH reduction accompanying the nitrification of 

the applied ammonium nitrogen. But it should be noted that even at 

high ratesofapplication the tissue Cu levels do not approach "toxic" 

levels as defined by either Melsted (1973) or Bernard (1977). It 

is probable, however, that a portion of the elevated Cu content at 

the higher rate of appl ication is a response to the Cu content of 

the materials. This possibility is supported by the finding of a 

more pronounced uptake pattern on the Wolverine material that cOIHained 

the highest Cu level. It is also possible that the difference in Cu 

content is a reflection of a dilution effect caused by the more vege

tative growth on Sylv~nia material as compared to Wolverine material. 

Significant effects on Cu levels in corn leaf tissue were 

observed at three of the four locations tested in the 1981 growing 

season. Location IV (Marana) was the only location where significant 

differences (.05 level) were not present, a finding consistent with 

the overall lack of response to all treatments at this location 

(Figure 3). This is perhaps due to the higher pH of the soil and 

smell 1 amounts of "free" lime indigenous in this arid land soil. 

Location V (Zook), as in the 1980 growing season, showed 

highly significant (.01 level) treatement effects on tissue Cu content. 

It can be seen in Figure 5 that the Cu content of corn ear node leaf 

tissue rises sharply when going from check plots to the three different 

fertilized plots (Wolverine and Sylvania processed spent acids and 

commercial NH 4N0
3
). Analysis of the differences between the tllree 
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fertilizer treatments (Table 13) reveals no diHerence amoung the 

fertilizer treatments with regard to Cu conten~: in :the tissue. This 

lends support to the earlier stated hypothesis that differences in 

tissue Cu content are indicative of a normal re;spon'se to lower pH levels 

on N treatments rather than a result of greater" Cu luptake in response 

to the Cu content of the processed spent acid materials. 

Location VI (Kl ink) also showed a highly silgnificant (.01 

level) treatment effect on leaf tissue Cu leve's. IThe response appears 

similar to the one occurring at Location V (Zoqk), with higher tissue 

Cu levels on all fertilized plots as compared with Ithe check plots 

(Figure 6). The difference, however, was not ~s pnonounced at this 

location, a finding consistent with the lack of severe N deficiency 

symptoms, and supported by the higher N conten~: of :tissues from the 

check plots (Table 11). Analysis of the differences between treatment 

means (Table 13) reveals no significant differ.nce~ between the two 

spent acid materials as compared to the commeq:ial :NH4tl0
3 

with regard 

to Cu content of the corn tissue. 

The final location for which significaMt (J05 level) differ-

ences between treatment means with regard to C~ content in corn-ear-

node leaf tissue was Location VII (K85); where again higher Cu levels 

were found in all fertilized plots as compared to aheck plots (Figure 

7). In contrast to the other locations, howev~r, higher tissue Cu 

levels were encountered with both spent acid m,terlals than with the 

commercial NH 4N0
3 

fertil izer. Least significant difference (LSD) 

testing between the means at the .05 level rev~als I (Table 13) that 
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Table 13. Cu Concentration of Corn Ear Node Leaf Tissue and Signi
ficance of Treatment Means for Selected Locations, 1981. 

FARM LOCATION 

Nit rogen' Fertilizer Treatment Source V. Zook V I. KI ink VII. KBS 
kg N/ha 

0 Check plot 6.9 a 9.4 a 9.4 a 

202 Wo Iverine 13.7 b 13.6 b 15.8 c 

202 Sylvania 14.7 b 13.6 b 15.8 bc 

202 NH 4N0
3 

14.6 b 13.0 b 12.3 ab 
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the Holverine resulted in significantly higher corn leaf tissue Cu 

content than either the check plots or the commercial NH4N0
3

, but not 

significantly greater than the Sylvan~a treated plots. Plots receiving 

Sylvania fertil izer did not result in corn tissue Cu levels which were 

statistically different from either the Vlolverine- or commercial 

NH 4N0
3
-treated plots. Commercial NH 4N0

3 
plots resulted in tissue Cu 

levels that were not significantly different from either the check 

plots or the Sylvania-treated plots, but significantly less than the 

Wolverine-treated plots. The reasons for these findings are not 

immediately clear, but it is certainly a possibil ity that Cu content 

of the materials was related to Cu uptake by the corn plants, since 

uptake patterns followed the same pattern as the concentration levels 

of Cu in the materials. An additional factor at this location is the 

relatively coarse texture and low pH (5.0) as compared to the other 

locations (Table 3). These conditions should tend to favor Cu uptake. 

The relatively low levels of DTPA- and HN0
3
-extractable Cu (Table 4) 

may tend to support the uptake of applied versus residual Cu, and 

possibly are related to the uptake patterns observed. It should be 

noted, however, that under no treatment did tissue Cu levels approach 

toxic or elevated levels as defined by either Melsted (1973) or 

Bernard (1977). 

Cu levels in grain were all very low «2 ~g/g), and as a 

result it was not possible to obtain quantitative analytical data 

regarding these concentrations. 
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Overall it appears possible that tissue Cu levels are more 

related to pH changes accompanying the N fertilization of the crop 

than to the Cu content of the fertil izer material, and that appl ica

tions of these Cu-containing fertilizers result in either no signifi

cant rise in tissue Cu content or minor rises within the normally 

accepted range when compared to commercial NH 4N0
3 

which does not con

tain Cu at the same rate of appl ication. 

Effect on Zn Content of Corn 

As was the case with Cu, no significant treatment effects (.05 

level) on Zn content of corn grain or ear node leaf tissue occurred 

in the 1980 season except on Location I I (Zook), where a highly (.Ol 

level) significant effect was observed at the second tissue sampl ing 

time (Table 7). It can be seen (Figure 8) that tissue Zn levels in

crease when going from the check plats to the two different rates of 

the processed spent acid fertilizers. With the exception of Sylvania 

at the 67 kg N/ha rate, Zn tissue levels at each rate of appl ication 

(0, 67, and 135 kg N/ha) for both materials are significantly different 

from one another but not different for one acid as compared to the 

other (Table 12). This intermediate rate of Sylvania appl ication 

results in tissue Zn levels which are no different from the Wolverine 

material at the same rate of appl ication, but are also not signifi

cantly (.05 level) different from either solution at the high (135 

kg N/ha) rate of appl ication. 

The reason for the greater uptake of Zn at higher rates of 

application appears to be the same reason for similar responses in Cu 

content, perhaps Zn solubilization in response to NH4 fertility levels. 



It is possible, however, that the Zn content of the materials (950 

and 722 pg/g for the Sylvania and Wolverine materials, r~spectively) 

was a factor in the observed uptake patterns. 
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In the 1981 growing season, Location V (Zook) was again the 

only location where significant differences in treatment means with 

respect to Zn content in corn leaf tissue were obtained (Table 8). At 

Locations IV (Marana) and VI (Kl ink), very few differences in tissue 

Zn content occurred, although in both cases the Wolverine material at 

the 202 kg N/ha rate resulted in sl ightly higher, though not signifi

cantly higher, tissue Zn levels (Figures 3 and 6). Location VII 

(KBS) had higher tissue Zn levels with all fertil izer treatments as 

compared to the check plots, but this difference was not significant 

at the .05 level (Figure 7). 

At Location V (Zook) highly significant (.01 level) effects of 

treatment on Zn ~ontent of corn leaf tissue were observed (Table 8). 

It can be seen (Figure 5) that corn tissue Zn levels in all fertilized 

plots were significantly higher than check plots receiving no N fertil

izer. A closer examination of means (Table 9) reveals that while all 

fertil izers resulted in significantly higher tissue Zn levels than 

check plots, there were no significant differences between the two 

spent acid-based fertil izers and commercial NH 4N0
3 

\~ith regard to Zn 

content of the corn leaf tissue. This further reinforces the hypothesis 

that differences in tissue meta I content a re a response to the pH changes 

accompany i ng NH 4 fe rt iIi zat ion, because othe n" i se one wou I d expec t d i ffe rences 

in Zn content between the treatments to reflect the higher Zn content 



of the Sylvania and Wolverine processed spent acid solutions as com

pared to the commercial NH4N0
3

, and this is not the case. 

No significant differences in the Zn content of corn grain 

were observed in either growing season. 

Overall, Zn uptake as a result of fertil izer treatments 

utilizing the two spent acid-based materials does not appear to pose 

any hazards for plant growth or excessive Zn uptake, and tissue and 

grain levels of Zn encountered are well within the commonly accepted 

ranges of HeIsted (1973) and Bernard (J977). Zn levels appear to be 
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a response to oH changes induced by N fertility programs rather than an 

effect caused by the Zn content of the fertil ity materials used. 

Effect on Hn Content of Corn 

In order to further test the hypothesis that differences in 

metal uptake by corn tissue and grain are reflections of localized pH 

reductions rather than uptake of the metals appl ied in the fertil izer 

solutions, it is desirable to monitor the tissue levels of another 

netal not present in appreciable quantities in the processed acid 

solutions to determine if the trends in metal uptake observed for Cu 

and Zn continue with other metals. Mn was selected due to its status 

as a common metal micronutrient in corn, and the very low levels of 

this metal present in the processed spend acid solutions (both less 

than 1.0 pg/g Mn). 

The results showed (Tables 7 and 8) that statistically signi

ficant (.05 level) differences in Hn content attributable to treatments 

occurred at the Zook location (Locations II and V) in both growing 
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seasons, the same location where the greatest Cu and Zn differences 

in concentrations occurred. This supports the hypothesis that dif

ferences in tissue meta1 content are primarily a response to pH changes 

accompany nitrification rather than a reflection of the metal content 

of the fertilizer solution. 

As can be seen in Figure 9, Mn content of corn leaf tissue at 

the Zook location increased steadily as the rate of application was 

increased, suggesting that Mn uptake is indeed a response to the 

nitrogen fertility program. An examination of treatment means (Table 

12) reveals that whi Ie no significant differences (.05 level) resulted 

from applications of the two processed spent acids at any level of 

application, the Sylvania material gave rise to corn tissue Mn levels 

statistically higher at each successive rate of application, while the 

Wolverine applications resulted in tissue t1n levels not significantly 

greater than the check plot at 67 kg N/ha and not significantly higher 

than this intermediate rate when applied at 135 kg N/ha. 

The reason for this difference in performance of the two spent 

acids with regard to Mn uptake by corn can be explained in a number of 

ways. The most obvious possibil ity is the sl ightly higher value of 

the Sylvani~ material as a fertilizer, as evident from the higher N 

content of corn leaf and grain tissue when compared to the Wolverine 

material (Figure 4 and Table 10). Alternately, a dilution effect 

caused by the nitrogen in the Wolverine treatments' increasing vegeta

tive growth relative to the Sylvania treatments is a possibility, but 

this is unlikely due to the same rate of N being appl ied with both 
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Figure 9. Mn Content in Midseason Corn Ear Node Leaf Tissue on Zook 
Farm, 8/19/80. 



treatments and the still lower values for Mn content for the check 

plots which received no N fertilizer. 
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Figure 10 shows the Mn content for three locations in the 1981 

growing season. The most obvious finding here is the elevated levels 

of t1n in corn tissues from all three N treatments (two spent acids 

and commerical NH 4N0
3
) as compared to the check plots. It should be 

noted, however, that although the trend is apparent at all locations, 

it is only statistically significant at Location V (Zook). An examina

tion of the means (Table 9) shows that while all fertilizer treatments 

resulted in tissue Mn levels that were significantly greater than the 

check plots, both the Sylvania material and the commercial NH 4N0
3 

resulted in tissue Mn levels that were, while not significantly dif

ferent from one another, higher than the levels obtained with the 

Wolverine treatments. This again indicates the slightly higher 

fertilizer value of the Sylvania material relative to the Wolverine. 

In summary, t1n uptake patterns followed the same general trends 

observed for both Cu and Zn uptake, and strongly suggest that levels 

of tissue metal content from plots receiving spent acid-based fertil

izers are not significantly different from the levels encountered with 

commercial NH4N03 materials. Tissue metal levels are more a response 

pH changes accompanying N fertil ~ty programs than indicative of metal 

uptake from the solutions that are applied. 
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Figure 10. Mn Concentrations in Midseason Corn Ear Node Leaf Tissue 
at Three Different Locations, 1981. 



CHAPTER ) 

SUMt1ARY 

Differences in tissue and grain metal and nitrogen content, 

as well as yield, were measured in seven field plot studies over a 

two year period. Late application dates and heavy pre-plant N appli

cations made it difficult to obtain meaningful yield and metal uptake 

results in the first year, but differences in N and heavy metal con

tent at one location indicated that heavy metal uptake may be more 

closely associated with pH changes accompanying nitrification of applied 

ammonium than with the metal content of the solutions applied. 

The 1981 field studies included commercial NH 4N0 3 to test the 

effects of a pure N source as compared to the processed acid solutions 

with regard to N anc;J heavy metal (Cu, Zn, and ~ln) uptake by corn leaf 

and grain tissue. 

Results indicated that in most cases spent acid fertilizers 

were comparable to commerical NH 4N0
3 

in their ability to raise N con

tent in corn tissue and to affect yields, but in those cases \vhere dif

ferences occurred the commercial NH4N03 was sl ightly more effective 

than the Sylvania material, and the Sylvania material was slightly 

more effective than the Wolverine fertil izer. 

Significant differences in Cu, Zn, and Mn uptake occurred, 

with metal concentrations increasing when both spent acid-based and 

commercial NH4N0
3 

fertilizers were applied as compared to the check 
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plots receiving no N fertil izer. Spent acid-based fertil izers, how

ever, did not give rise to metal concentrations in corn leaf and 

grain tissues which were significantly greater than those levels 

resulting from commercial NH 4N0 3 fertil izers at the same rate of 
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appl ication. No significant differences in tissue metal levels 

occurred under arid climatic soil conditions, indicating pH and CaC03 

levels in these soils minimize the availability of added metals. 



CHAPTER 6 

CONCLUSIONS 

It appears that under the rates of application and growin9 

conditions present in this study, spent acid-based fertil izers are 

comparable to commercial NH4N0
3 

materials in their abil ity to raise 

N content of corn tissue and effect yields of corn grain. Heavy 

metal concentrations resulting from these applications under no 

circumstances approached toxic levels as outlined by Melsted (1973) 

or Bernard (1977). Tissue levels of Cu, Zn, and Mn increased with 

spent acid-based fertilizer treatments, but were not significantly 

greatar than those tissue levels resulting from commercial NH 4N0
3 

at 

the same rates of application. 

Lack of any significant differences in tissue metal levels 

under arid conditions may indicate that the relatively high pH and 

CaC0
3 

levels found in these soils minimize metal avai lability, and 

therefore represent an attractive environment in which to util ize 

these solutions, possibly with less extensive neutralization than 

was undertaken ih this case. 

It appears that spent acid-based fertilizers show great 

promise as an effective, economical way to increase plant growth 

while lowering the burden on the municipal waste treatment facil ities 

and hazard to the environment of these materials. 
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The materials and the time frame present in this study indi

cated that these two spent acid-based fertilizers do not pose any 

threat of increasing substantially the content of toxic or other 
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heavy metals in corn grain or leaf tissue. However, further research 

is needed to determine the long-term effects of spent industrial acids 

such as these on land used for crop production. In addition, wide 

variabil ity in the composition of industrial wastes of all types pre

cludes definitive statements about the positive or negative effects of 

other similar waste materials applied to agricultural land. 



APPENDIX A 

PROCEDURE FOR MAKING 5 LITERS 

OF DTPA EXTRACTING SOLUTION,': 

1. In a 51 container add 66.3 m1 of triethanolamine (TEA). 

2. Add 10.04 g DTPA (granular). 

3. Add 7.35 g CaC1 2 2H20 o' 5.55 g Anhydrous CaC1 2. 

4. Fill to 4.5 liters with H20. 

5. Add a crystal of phenol. 

6. Adjust a ph to ~ 7.35 using 40 m1 of 50% HC1. 

7. Allow to stand overnight. 

S. Adjust pH to ~ 7.30 with about 3 m1 of 50% HC1. 

9. Bring to 51 volume. 

*Lindsay and Norvell, 1979. 

66 



APPENDIX B 

PROCEDURE FOR DTPA EXTRACTIONS 

1. Grind soil or sludge (dry) sample to pass a 2 mm sieve. 

2. Weigh out 10 gms soil or 5 gms sludge into a 500 ml poly
thylene bottle. 

3. Add 20 ml DTPA extracting solution and place on shaker for 
2 hours. 

4. Suction filter extract through Whatman #42 filter paper. 
Wash through with DTPA. 

5. Bring to volume in a 100 ml volumetric flask (for soi 1 
extracts) or a 250 ml volume-ric flask (sludge extracts). 

6. Transfer to polyethylene bottles for st·orage. 

NOTE: When analyzing for metals, sample bottles must be acid 
rinsed with 1:1 HNO~ and 1:1 HCl after washing, then 
deionized water rin~ed. 

67 



APPENDIX C 

PROCEDURE FOR IN HN0
3 

EXTRACTION 

1. 62 ml HN03 in 1000 ml volumetric and fill to volume. This is IN 
HN0

3 
extractant. 

2. After passing through a 2 mm sieve, weigh out 10 gms of either 
soil or sludge (lyophilized). 

3. Place in a 125 ml Ehrlenmeyer flask and add 50 ml of IN HN0
3 

giving 
a 1.5 dilution ratio. 

4. Let the sludge sit 24 hours to allow for gas evolution. Shake soil 
and/or sludge samples 16-24 hours. 

5. Centrifuge at 12,000 rpm's for 20 minutes. 

6. Collect supernatant and filter through Whatman #41 filter paper. 

7. Solutions are available for further dilutions. 
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APPENDIX D 

CO~1B I NAT I ON WET AND DRY ASH I NG PROCEDURE 

USED IN THE OIGESTIOII OF CORN LEAF AND GRAIN TISSUE 

Place an oven dried (48 hrs at 65°C) 2 g sample of ground plant 
material in an acid washed 200 ml pyrex beaker. 

Place the beaker in a muffle furnace. Heat the furnace to 450°C 
over a period of four hours by increasing the temperature 50°C 
every 30 minutes. (Note: temperatures in excess of 450°C are 
I ikely to result in Pb losses through volatilization.) 

Ash the sample an additional 4 hours at 450°C. 

When cooled after removal from the muffle furnace, add 5 nl of 
ultra pure HCI to dissolve the ash. 

Add 2 ml ultra pureHNO and slowly take the sample to dryness 
on a hot plate. (Note~ failure to take the sample to complete 
dryness will result in splattering when it is returned to the 
muffle furnace.) 

Re-ash the sample residue for 4 more hours at 450°C. 

When cooled after removal from muffle furnace, dissolve the 
residue in 5 ml ultra pure HCl and heat gently on the hotplate 
to dissolve all residue. 

The solution is now ready for filtration or dilution to 50 ml 
with double distilled water for analysis. The diluted sample 
should be stored in an acid washed, screw-top polyethylene 
bottle until analysis. (Note: if analysis for Pb is desired, 
the sample should not be filtered). 
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