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ABSTRACT. Remains of hwnan activity, such as sewage sludge, caused by population 
growth, ate a challenge to the environment and need urgent solutions. Cadmium from 
contaminated biCJso/id (sewage sludge) in Red Nitosoil, in PVC tribes (J:() cm dtame& 
and 80 cm height) located in greenhouse, has been analyzed. Natural l:!iosolid in one 
treatment (control), cad:trfium-contctminated biosolidin two treatments (2,SOO and 5,000 
µg g~1),· cadmium- and lead-co:ntqminated biosolid in other two treatments (2,50{) Cd + 
2,SlJO Pb and 5,000 Pb µg g·1 respectively) were added to the 0- 20 cm soilsurfaqe 
layer. Maize. was the test plant in the trip1e replication experiment. The aerial part of 
maize plants, samples of surface sail (Q - 20 cm) and that Within the tu/Jes, divtded into 
internal and ~ternal samples qf each tube, were harvested seventy-frve tla:ps after 
sowing; After the preparation anti nitropercloric digestion of Bamples, Cd 
concentrations were measured by atomic absorption spectrometry. Cd cancen~ations in 
maize were within phytotoxic rolerance. There was no sign,iflcant difference 4mong 
treatments in the production of plant dry matter. Highest Cd concentration was found in 
the ·0-20 r.;m soil layer and differed signifwantlyftom the resL 

Key wards: heavy metal; percolatio~ organic residues; pollution; cadmium. 

RESUMQ: Os residuos cla atividade antr6prica em sociedade. com() o Jod() 4e esgoto, 
stir> riesafios ambientais do crescimentr:HJemograflco que tJecessitam $QlUfQes. Com est~ 
<1hjettvofoi estudado (). destino do cadmic> do loda de esgoto (bioss6lido) contaminada 
em Nitossolo Vermelha, em casa de ve{Jetaqao* em tubas de PVC (JO cm. de diametro e 
80 cm de alhira). A ;Ctunada sueetficiaJ de 0 a 20 cm fol incorporado:. 0 biossotido 
natural num tratamenta (testemunha); bJossolido contaminado CIJm cadmio em dais 
tratamentos (2.500 e 5. 000 µg g-1): e contamirzado· com dtdmio mais chumbo em outros 
dais tratametli@ (2.,SOQ Cd+ i5fJO Ph e, S.000 Cd + 5 •. 00() Pb µg g~1• respectivamente). 
No expetimento ,com tres r:epetH;oes fol 1i$ado o mtlM como planta teste. A.pas 15 dias 
da seme(ldura coletatam-se: a pane aereii das plantas de milho, as amostras de solo da. 
superjfcie {0-20 cm) e dos tiibos-sondti· que Joram dtvi<lidaf em amostra interna e 
amostra externa de .cacla tubo-sondfh Ap&s a prepara9qp e dige$llio . 1:1itfo,-percl'Prica 
d~ amostras, as l~tturas dflS c.rmcentra~oes de Cd f orO:m feitf!.s pela metodo de 
espectrametria de abs.or9ao atOmialJ_. As concetJtra(Jlies de Cd nas plantas de· milho 
apresentaram-se dentro dos llmites fitot6xicos~ Na produ<;ao de massa seca das plantas 
nlio houve diferenya slgnificativa entre os tratamentos. No solo, a maior concentra9fio 
de Cd fol encoritrada na camada de. (}-2(i pm,. que, diferenciau-se signifir:at1vamente das 
demais. 
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lNTRODtlCTIQN 

Mankind learned by experience that soil pr-0duced less and less when continually 
cultivated. Consequently humans started to adopt certain agricultµra.1 _practices" 
currently still in use, such as manuring, timing, cr()p rotation and others1• The addition 
of fertilizers to soil provides imPQttant nutrients to plants.. namely;, trltrogen (N),. 
phosphorus (P) and potassium (K) which may be in default in the soil2• 

Population growth and the subsequent appearance of urban center$ provided the 
dumping of human residues produced by development. Needless to say~ this gives rise 
to environmental pollution that affects the general biota and man himself· 4• Urban 
sewage5, whose treatment causes sewage sludge6, also kn()wn. as biosolid, is of special 
imPQrtance• Through their penetration into the soil its components form a chain in the 
cycle and influence all forms of life. Pollutants, known as heavy metals7, are among 
their C<ltnPQnents. Cadmium, the heavy metal currently under analysis, has been added 
to the environment in significa:Q:t qqantitie$ with residues of mining~ fot:mdries. 
industrial refuse, sewage s1udge and others8. On the other hand, studies are extant on the 
possibility of U$ing sewage sludge in agtjcµlture as -Organic manure even though it may 
have been contaminated by heavy metals 9• 10• 11 • 

Cd is naturally encountered in the soil as the prodµct of 1;ock meteorism whereby 
it is released~ Under heavy oxidization cadmium oxidized mineral fonns are CdO and 
CdC0112 and. its most im~rtartt valence in the natural environment is 2+. 

In soi1 soln,tion Cd2+ :ls rapidly divided among the mineral, otganic and solution 
phases. In fact, cl*, and probably Qther metallic ions such as zn.2+, is associated with 
water and forms a hydration complex; Ion Cd2+ is Lewis's strong acid and, associated 
with humidity, may cause the. dissociation of protons. O:f ·may also exist in soil solutfon 
as a corn{>lex ion associated with other ligands. In soil solution the most important 
compounds are Ci ·, so;·, HCOf, or organic links. Cd may also combine itself with 
ammonia ions in the form of [Cd(NH3)]2+ (aq) or [Cd(NH3)2] z+ (aq) 13 . 

Bram.s and Anthonyt4 analyzed cadmium absorption by wheat during a six-year 
period after addition of CdCl2, concentration 7.5 kg ha"1? to the soil. They noticed that 
concentration of cadmium greatly decreased in time. Data also indicated that 80% of Cd 
added was never recovered and failed to be detected up to 75 cm deep. The authors 
sugge$ted that Cd was, lost at the soil surface ot at the soil sub-surface thn>ugh the 
movement of soil particles. 

Using doses o, 20 and 40 t ha"1 of sludfe complemented with qo~ 80 and 100 kg 
ha"1 ofN, P and K respectively. ·$i,lva(l99S~1 observed a linear increase in sugar cane 
production during the· firsty~ and :did not detect an,y traces of heavy metals in the 
sugarcane broth. . . 

Studies on the use of bi()solids in soil for a variety of purposes 9• 10 are· extant 
There is, however. no agreement on the ad,eq~te dose fQr ~ch ¥J,dture, for each type of 
soil, for each typ.e of climate, etc, This .is'perbaps due to difficulties in. foreseeing the 
behavior ofmetals in different sQil types and the nutrition requirements ofeach culture. 

The C1UTent study analyzes the behavior of cadmium in contaminated sewage 
sludge applied to Red NitQsoil and its influence on maize culture. 
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MATERIALS AND METHODS 

Soil 
Red Nitosofl soil was catlected in the region of the city of Maring~ PR~ Brazil. 

Sampling crccurted at depths 0 - 20, 20 - 40, 40 ~ 60 and 60 - 80 cm. Samples were 
placed separately ip packages, taken t-0 greenhouse and used in the experiment 
according to the exact positions in which they had beert removed from the soil. 

Table l shows chemical results of the soil's surface layer or arable section used 
(0 - 20 cm deep) prior to any treatment. 

Table 1. Chemical characteristics of Red Nitosoil, 0•20 cm deep l?}'er, used in e?{peritnent,. 
Soil Cd(t) Pb,(t) ' Fe(t) Cu(t) Mn(t) Argila(t) silt(:) · sand(:t) 

µgfl1 -----....:. % 

RN(*) 4.SO 119 . 25.9 44$ 52~0 2LO 

(*J RN Red Nitosoil; · (t) detertninatk>l1 by atomic absorption .spectrometry after nitric-perchloric 
digestion; (t) Folk's granulometric classification 43 and calculation with method suggested by Suguio 44• 

Table 2 shows characteristics of soil fertility of Red Nitosoil soii, layer O -20 cm 
depth, used in the experiment. 

Table 2. Fertili <>fRedNitosoil b che:rnical anal sis(* . 
Soil pH Al· Ir'+Al + Ca* M + K+ P C CTC 

{H20) (CaCJi) 9molqdm·~ (µgg·t) (%) 

TR 5.90 ?JO 0.00 4.96 6.20 l.82 0.53, 3 .. 0 2.24 13.51 

{*)Techniques: l) pH in CaC12 0.,010 mol L-1 md pH in H2Cl 1:2,5; 2) extractor M~blich fot K 
and P; 3) extractor KCl 1 mol r 1 for Ca2+. M3Z+ and Al3+; 4) [H+ + Al31 method of SMP .. 

Sewage sludge, its properties and preparation 
The Parana Water Compatty (SANEP AR), Maringci sector, provided the sewage 

sludge which was coll~ted at the Maringa Sewage Treatment Plant (ETE-2). The 
sludge was dried, growid and homogenized before analysis. After nitric-perchloric 
digestion of the samples~ concentrations of K, Ca, Mg, Cu, Zn, .Fe,, Mn, Pb and Cd were 
obtained by at<>mic absorption spectrotnetry16• Whereas N concentration wa.s evaluated 
by · Kjeldahl method11•• P was, determined by UV-Vis spectrophotometry of the 
phosphorus-molybdenum complex18• Pete,Illlllu\tion of C occurred by oxidation <>f 
organic matter by K2Cr20r in exces.s an;d in a e<>J;icentrated sulfuric acid medium and 
posterior excess titration Qf .potaS,s,ium dichromate19~ Table 3 shows mean values 
obtained from analyses ~n triple. · 

Ru:tniditY artd liming (dcy) of sewage sludge were undertaken imm~ately on 
receptioP, pH was corrected to approximately 6.0 'by a mixture of -calcium carbonate and 
rnagilesiurit carbonate in the proportiou <>f 3: t Quantity of lime added was determined ~ 
by caiib17atfon curve20, , . -
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Table 3. Chemical characteristics of original sewage slime (without chemical treatment) 
in experiment. 

Material N p K Ca Mg s c Cu Zn Fe Mn Pb Cd 

% 

Lodo(*) 2.92 0.82 O.l& 3.08 1.02 0.32 24.3 146 1327 6128 262 122 3.50 

(*) sewage sludge (biosolid). 

Further, part of the sewage sludge was kept in its natural state, without any 
contamination, for control treatment; another part was contaminated by Cd (using 
CdCh) in µg g·1, in 2,500 and 5,000 concentrations; still another part was contaminated 
by a mix of cadmium and lead, in µg g·1, in 2,500 (Cd) + 2,500 (Pb) and 5,000 (Cd) + 
5,000 (Pb) concentrations respectively. Lead was added as a possible interference factor 
in the behavior and final destination of cadmium in the system. Consequently sewage 
sludge was prepared for its incorporation to the arable soil layer (0- 20 cm} 

PVC (polyvinyl chloride) tube 
Figure 1 shows PVC tubes (10 cm diameter and 80 cm high) for used the 

experiment. Two series of gauge tubes were placed laterally, perpendicularly and 
diametrically opposite in the PVC tubes, at 10 cm depth, starting from 20 cm off the 
surface, as shown in Figure 1 - Part A Gauge tubes collected soil samples at several 
depths without any damage to PVC tube or displacement of the soil column in the tube. 
Malleable plastic gauge tubes were fixed under pressure so that half remained in the 
interior of the PVC tube and the other half outside, with lid, as shown in Figure 1 ~Part 
B. The inner side of the gauge tube was completely perforated with small holes so that 
soil solution could penetrate the gauge tube, or rather, percolate and diffuse itself 
throughout the soil and throughout that in the external part, as shown in Figure 1 - Part 
B. The existence of percolation and diffusion of the heavy metal cadmium could be 
verified at this sector. 

Building, implantation and conduction of experiment 
Three PVC tubes with gauge tubes were first prepared (Figure 1); they formed 

three replications for each type of sludge contamination. A total of 3 x ( 4 
contaminations)+ 3 x (1control)=15 PVC tubes was used. 

A plastic screen was tied at the base and on the outside of each PVC tube to hold 
the soil in place and release the soil solution. Soil corresponding to the 60 - 80 cm layer 
was placed in each PVC tube together with the gauge tubes (e) filled with the same soil 
(Figure 1 - Part A). Identical process was used for the 40 - 60 layer soil with the 
respective gauge tubes ( d, c) and for. the 20 - 40 cm layer soil with the respective gauge 
tubes (b, a). 

Sewage sludge contaminated with a 6 t ha1 was added prior to placing the 0 - 20 
layer soil in the PVC tubes, for each of the four types of contaminations above. This 
amounted to the following: 3 tubes with control (manured soil without pollutant); 3 
tubes with contaminated soil containing Cd 2,500 µg g~\ 3 tubes with contaminated soil 
containing mixture of Cd 2,500 mg g1 +Pb 2,500 µgg-1; 3 tubes with contaminated soil 
containing a mixture of Cd 5,000 µg g"1 + Pb 5,000 µg g~1 . 
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In A: 

a, b, c, d, ~ ~ ,gauge tubes pQSited 
diametric$11y opposite another non­
labefed series, both have samples 
of sou identieal to th!lt in .PVC column; 

q ~ colk:!etion site d pereofated water. 

In B: 

h - holes in gauge tube; 
x • intemal part of gauge tube V!dth holes 

from. where $Oil si:>ltition percolates and 
.ditfus•s it$elf in sample soff; 

t - fid d gauge tube for removal of soil 
sarnple; 

p • crQSS•sectiQn Of PVC tube wall; 
1 and 2 • internal (i) and extemal (e~ parts of 

sample soil in gauge tube; 

5 

Figure L PVC tube (10 cm diameter; 80 cm high) wiili soil and test plant - maize: A -
frontal vertical cut shows different soil layers an(i gauge tubes {a,· b, c, d> e); B ~ 
amplification of frontal cut of gauge tube showing holes thr<>ugh which soil solution 
may percolate ~d diffuse itself through sampled soil in the internal {1) and external (2) 
parts. 

.,.;.··· 

After introdqcing non-contaminated (control) and contaminated sewage sludge 
in the first soil layer of each tube, the mixture was incubated for approximately 15 days, 
with humidity of each tube at 70% of field capacity and a 6.0 pH or whereabouts. 

At the end of preparations fot the experiment, 5 seeds of maize BR 300 were 
sown per vase. Pruning occurred with two plants per vase. 
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Tubes with maize plants were kept in a greenhouse. Plants were watered daily 
and position changes of tubes were done weekly at random. Watering occurred every 
seven days and double the amount of highest rainfall in the last 25 years in the region of 
Maringa (151.5111m) 21 was provided to percolate contaminant cadmium. Percolated 
solution was collected (Figure 1 - Part A), acidified at pH<2 with concentrated nitric 
acid and cadmium contents analyzed by atomic absorption spectrometry after pre­
concentration by volume reduction in a water-bath. 

Sample collection and analyses 
Harvest of plants (aerial part) was done two and a half months after sowing, all 

at the same time.~ plants were washed and dried naturally and separately according . to 
their distribution in vases. They were then placed in a buffer at 80°C for 48 hours22; 

weighted (Table 4) and ground in a Marconi MA 048 grinding machine. Plant samples 
(each formed by a set of plants) for analysis totaled 15. 

A week after harvest soil samples from the 0 - 20 cm layer and from the gauge 
tubes were removed. The latter were divided into two parts, or rather, the internal part 
(i), corresponding to soil of the gauge tube placed within the PVC tube, and the external 
part (e) in which possible diffusion of the pollutant was analyzed. This totaled 150 soil 
samples of gauge tubes and 15 corresponding to the 0 ~ 20 cm layer. 

Soil and plant samples, ground and dried at constant mass, were then 
decomposed by nitrate perchloride digestion. 

Cadmium concentrations of the respective samples in duplicates were obtained 
by atomic absorption spectrometry, flame mode, according to handbook calibration 
rules and instructions by Welz & Sperling23• Atomic absorption spectrometer CG model 
AA 7000 ABC was used, with detection limit23' 24 of 0.030 µg mL"1. Tables 4 and 5 
show the experimental results obtained. 

Statistics 
Experimental data was treated by variance analysis with Tukey test at 1% for 

mean comparison and SANEST was the software employed for statistical analysis. 

RESULTS AND DISCUSSION 

Rates 2,500 and 5,000 µg g-1 of pollutant were randomly chosen due to the fact 
that they represent highly contaminated sludge that would be applied to soils and in 6 t 
ha·1 doses. If nothing occurs with the heavy metal in percolation and exportation by 
plants when applied to sludge in a certain soil, the biosolids may be applied to the soil 
without any further concern. Such an inference may be done, since cadmium, in the 
form in which it has been added, is available in soil solution without any previous 
mineralization of the sludge's organic matter. 

Although lead is found naturally on the.earth crust at mean values of 12.5 mg 
kg·1 25 and 16 mg kg-1 26• 27 , it has been constant from the very beginning of human 
civilization28• In 1981 lead was the fifth element in world metal production ranking, 
following Fe, Cu, Al and Zn29. At present it is ubiquitous in the environment 30-35• Since 
it is also found in sewage sludge, it has been added so that possible interferences in Cd 
behavior could be studied. 
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Table 4. Production 9f dry matter from plant's aerial part and cadmium concentration, 
Treatment$ Production in g (*) . . .. Cd concentration in µg g'"1(1') 

Control 4.22 a {:f:) 0.80 b (t) 
Cd (2"500) 3.79 a(t) 7.10 a {t) 
Cd (5,000) 3.52 a{+} 6.71 a(t) 
Cd (2,500'.) e Pb (2,500) 3.82 a (t) 6. 7() a(t) 
Cd(5.000)ePb{5,000) 3.35a{f) 9.20aU) 

(*} mean values of the experiment"s three replications; (t) mean -values of two analytic 
replications; (t) means followed by different letters differ at 1 % level of significance. 

7 

Table 5. Mean of Cd. concentration {µg g 1) in Red Nitosoil for triplicates of different 
treatments. 

Depth 
{cm} 

Surface 
20 i 

·e 
30 i 

e 
40 i 

e 
50 i 

e 
60 i 

e 

Control 

4.94 a* 
4.88 a* 
4.87 a 
4.81 a 
4.86 a 
4.86 a 
4.83 a 
4.82 a 
4 .. 80 a 
4.73 a 
4.68 a 

Cd 
(2,500) 

21.77 a* 
4.86. b* 
4,86 b 
4.85 b 
4.85 b 
4.85 b 
4.83 b 
4.83 b 
4.82 b 
4.80 b 
4.77 b 

Treatments 
Cd 

(5,000) 
31.88 a* 

4.94 b* 
4.92 b 
4.92 b 
4.89 .b 
4.88 b 
4.86 b 
4,86 b 
4 .. 86 b 
4.83 b 
4.82 b 

(Cd+Pb) 
2,500(t) 
:Z0.82 a* 

4.:89 b* 
4.88 b 
4.86 b 
4.86 b· 
4.83 b 
4.83 'b 
4.80 b 
4.77 b 
4.76 h 
4.74 b 

. (Cd+Pb) 
. 5,(lOO{t} 
32.31 a* · 
4,85 b* 
4.83 b 
4.83 b 
4$2 b 
4.8() b 
4.79 b 
4.79 b 
4.71 h 
4.77 b 
4.76 b 

i - internal part of $aug~ tube; e- exteJ:Ual part of gauge tube; {t) oontatnfuati6n of biosolid il1. 
treatmen~ in µg g"1

1 for each element; (t} contamination ofbiosolid in treat:ment, in µg g·1, fot 
each element; * means followed by diffei:ent lett~rs differ at 1% significant level. 

Maize plants . 
Maize plants were harvested 75 days after germination since th~y exlu"bited 

certain deficiencies: leaves began to tum purple, probably due tQ P deficie®Y,; later, 
they manifested yellowing symptoms (chlorosis), probably due to N deficiency, 
according to Kabata-Pendi~ &;, Pen:dias36• Table 4 shows the dry part of the aerial part 
of the plant, Vari.ance analysis failed to. show any significant difference in dry matter 
production. 

Cd concentration in the aerial part of plant (Table 4) shows that :Red Nitosoil soil 
had similar values, including treatmentsirr which Pb h~ been empl0,yed as interference 
factor, It differed, however: from the control in which· the least absorption by plant 
occurred owfogto less availability or to low concentration. 

Lake ( 1987)37 states that absorption of Cd applied with sewage sludge 
inunediatcly before planting is at least 10 times higher than that when sowing is done in 
sludgt}--treated soils during consecutive years. 
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According to Kabata-Pendias & Pendias (1992) 36, cadmium may have the 
following concentration rates in the dry tissues of mature leaves for different species: a) 
normal or sufficient concentration, from 0.05 to 0.2 µg g~1 ; b) excessive or toxic, from 5 
to 30 µg i1; c) tolerated in agronomic species, 2 µg g·1. Experimentally obtained rates 
are found within the phytotoxic range (Table 4). Cadmium concentration in the control 
was lower than that tolerable, albeit above normal. 

Cadmium in the soil 
Results of Red Nitosoil soil treated with either contaminated or non­

contaminated sewage sludge (Table 5) showed an accumulation of heavy metal at the 
surface (0 ~ 20 cm depth level) where contaminated sewage sludge was applied in all 
treatments. Heavy metals generally fix themselves at 0 - 20 cm depth layer, precisely 
the layer with the highest fertility index and, obviously,, greatly used in agriculture38. 

Analyzing interactions between humus acids and heavy metals, Ladonin and 
Margolina (1997)39 present a hypothesis for heavy metal retention. They admit a 
chemical fixation between the active sites of humus acids and metals. 

Such a "fixation", or rather, a chemical link, occurs by the formation of external 
or internal layer complexes40. Interactions between cadmium cation and the simple or 
homologue composite ligand within the external layer are electrostatic according to [I]: 

CA (2+) + L -+. {[Cd (2+) L· (n·)][(n-)+(2+)].} 
Uaq aq +'- aq • • • aq . aq 

! 
electrostatic interaction 

[1] 

where L is the ligand which may be either a simple composite (Cl-, C032-, P043-, 

amino-acids etc) or a homologous composite (fulvic and humic acids, proteins, metallic 
oxides and hydroxides etc). 

In the internal layer complexes the interaction between cadmium and the ligand 
is covalent [2]: 

Cdaq<2+) + Laqcn-) +t {[M- L](n-)+(2+)J}aq + x.H20 
i 

covalent interaction 
[2] 

In all treatments Cd concentrations comprising horizontal direction, external and 
internal parts of the gauge tubes, and vertical direction, 20 - 60 cm depth layer, did not 
have statistically significant differences. Tuey were compatible with control and thus 
confirm that neither lixiviation nor diffusion of heavy metals occurred in these 
directions. A similar study with cadmium in Dark Red Latosol showed the same 
conclusion 41• 

Although clay makes up 52% of soi.I (Table 1 ), its cationic change capacity 
amounts to 1351smolc dm3 {Table 2). This is rather low when compared to certain 
types of clay and shows slightly expansive c1ay7• 

Studies on metal movements in soils treated with organic residues suggest that 
less than 1 % of metals may be lixiviated. These metals may either be adsorbed or made 
more complex, till changes occur in the system 42• This fact has been detected in current 
experiment since cadmium was not found in percolation water in the soil of the PVC 
column when irrigation, imitating torrential rain, was executed weekly. 
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When data in Tables 4 and 5 are analyzed with regard to treatments for possible 
Pb interference in Cd, it has been observed that the fonner failed to change Cd behavior 
in any treatment. 

CONCLUSIONS 

The experimental results led to the following conclusions: 
The heavy metal Cd in soil was retained at the arable soil level {0- 20 cm depth) 

in all treatments. 
No significant difference occurred in the production of dry matter from the aerial 

part of plants. 
When Cd absorption by the aerial part of maize plants is taken into account, Cd 

concentration rate maintained itself at the starting level of phytotoxic concentrations. 
Lixiviation and metal diffusion have not been observed in layers below the 

arable level. 
Pb interference with Cd behavior has not been detected in any soil or plant 

parameter. 
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