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STUDY REGARDING THE PRESENCE OF
SOME HEAVY METALS (CHROMIUM, COPPER,
MANGANESE AND ZINC) IN THE GREEN
WASTE COMPOST

IRINA SMICAL®, ADRIANA MUNTEAN>,
VALER MICLE®, ZOLTAN TOROK¢

ABSTRACT. The composting is one of the most effective recycling method
of green waste. The presence of some heavy metals, such as chromium,
copper, manganese and zinc may influence the compost quality. The
bioavailable and unavailable metal forms for plants determined by sequential
analysis showed similarities in relation to the percentages of extracted forms.
The lowest percentages were recorded for the bioavailable metal forms for
plants uptake. Thus, the succession F6>F5>F4>F3>(F1+F2) is characteristic
for chromium, the succession F5>F6>F4>F3>(F1+F2) is characteristic for
copper and zinc and the succession F5>F4>F6>F3>(F1+F2) is characteristic
to the zinc and manganese. Thus, by adding some organic additives, like
manure, the micronutrients and heavy metals regime is influenced.
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INTRODUCTION

The bio-waste composting is an efficient method of organic waste
conversion into something valuable with positive consequences for the
economy and environment. The compost represents a good product for soail,
enhancing its quality due to the high nutritive elements content, especially
nitrogen and carbon, but also as sorbent for heavy metals in aqueous
environment [1].

Even the toxicity of some metals is reduced during composting, the
final product may have heavy metals which could be transferred to soil and
groundwater [2-4]. From soil, heavy metals may enter the human body
through the food chain and could cause ilnesses due to metals toxicity [5].
The manure addition to the compost in order to increase its quality may
enhance the heavy metals content by its own metals content [6]. The metals
transfer depends to the plant uptake which is directly correlated with metals
mobility and bioavailability [7]. A major role in the transferring process plays
the chemical forms of the metals and their binding in the soil structure
which is strongly influenced by the organic matter content [8-9].

Singh and Kalamdhad [10] showed that during water hyacinth
composting process the concentration of some metals, such as Criotal, Cu?*,
Mn?* and Zn?* was increased.

The data presented in this paper complete the study “Influence of
Some Natural Organic Additives on the Quality of Vegetal Compost” [11].

RESULTS AND DISCUSSION

The results of analysis of the final compost samples (18" June 2014)
[11], were compared with the values provided by the good practices codes
regarding the composting issued by the National Institute of Research-
Development for Pedology, Agrochemistry and Environmental Protection —
NIRDPAEP-IRPA, Bucharest [12], as it is showed in Table 1.

Table 1. The compost conductivity

NIRDPAEP-IRPA [12]

Minimum | Maximum
Conductivity, uS/cm | 2312424 | 2380+27 | 1786118 <5000

Analyzed parameter | Bulk A Bulk B Bulk C

Results are meantstandard deviation of 10 replicates per each group.
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The final values of the conductivity are much below the maximum
limit, the lowest value being for bulk C (Table 1) — without organic additives,
most probably because of the slowly micro-biological activity in this bulk.

Physical compost features

The compost colour was dark brown to black and its texture and
smell was similar to that of wet soil. The particles size was less than 2 cm
and they were homogenous distributed. However, the bulk C content was
slightly rougher than the other two bulks, which might be explained by the
less decomposing of the organic matter.

Statistical analysis performed using simple correlation by calculating
the Pearson coefficient showed negative or statistically insignificant
correlations for the confidence level of 5% between different forms of the
metals [13] (Table 2).

Table 2. Significant statistical correlation of the different metal forms

othhheef;’:t‘al Total F1 F2 F3
F1 Cra; Crc; Zna; Znc - - -
F2 Mna; Mng Cra; Crg; Crc - -
F3 - - - -
F4 - Cuc; Mng; Cuc -
F5 Cra; Crc Cra; Crc Cra; Crc -

Note: Xy — X- chemical symbol of the metal; y —bulk symbol

All analyzed metals in compost showed a decrease of their
concentration during composting with the exception of copper, which showed
a high value in bulk C (with no additives). This may be explained thought the
fact that the oxidations conditions were not met and that this element did
not leach despite of the high moisture in the compost. For all metals, the
sequential analysis revealed that no more than 1% of the total extractible
metal content might be available for plants uptake (F1+F2).

Significant quantities of metals were found in the fractions most
resistant to extraction, unavailable for plants uptake (F3, F4 and F5). About
30 - 40% of the metals were in the residual state (F6), considered as
constitutive form of the matrix. The percentage of the metal fractions in the
total extracted amount allowed the interpretation of the evolution of each
metallic element (Figure 1-16).
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The total chromium evolution

The total chromium showed the extreme values of the chromium
concentration of 59.2 mg kg' on 24" July 2013, reaching the maximal
compost decomposition phase, towards to 90.6 mg kg™ at the beginning of
the compost process on 29" April 2013 (Figure 1). The initial total chromium
concentrations ranged from 81.6 mg kg™ (in bulk C) to 90.6 mg kg™ (in bulk
A) much below the limit of 3000 mg kg™ provided by NIRDPAEP-IRPA [12].

The bulks A and B (with organic additives) showed a decrease of
the total chromium concentration up to the decomposition phase (24" July
2013) thereafter the values began to increase but however to the values
lower by 1.08 times in bulk B and by 1.25 times in bulk A towards to the
initial ones. In bulk C the evolution of the total chromium decreased by 1.15
time towards the initial values (Figure 1).
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Figure 1. The total chromium in compost

In bulks A and B for chromium, the forms F3 (organically bound
“mobilisable”) and F4 (organically complexed or carbonates ,mobilisable”)
are below 15% of the total extracted, while in bulk C these forms showed
values over 15% (Figure 2, 3, 4). It is noticeable that in all bulks, the form
F5 (sulfides ,mobilisable”) has negatively evolved during composting likely
to soluble forms F1 and F2 of the metal (Figure 2, 3, 4).
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Figure 2. The chromium concentration in bulk A
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Figure 3. The chromium concentration in bulk B
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Figure 4. The chromium concentration in bulk C
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The copper evolution

The total form of copper concentrations were below the value of
8400 mg kg provided by the Romanian regulations [12]. In the bulk A, the
total form of copper concentration was lower by 1.57% than the initial one,
while in bulks B and C the values increased by 1.72% and 2.13%,
respectively. This might be due to the cattle manure addition in bulk A
which positively influenced the copper evolution (Figure 5).
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Figure 5. The total form of copper in compost

The sequential analysis revealed the lowest values of the bioavailable
copper forms for plants in bulk A (1.01%) and the highest values (1.23%) in
bulk C in the thermophile phase of composting. Similar with other research
results [14, 15], the highest copper concentrations are contained by forms
F5 and F6 (sulfides ,mobilisable”) and residual, respectively (Figure 6, 7,
8). The correlation coefficients were identified only for bulk C for forms F4,
F1 and F2 (Table 2 4).
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Figure 6. The copper concentration in bulk A

26th April 15th May  24th July 3ath 30th April 18th June
2013 2013 2013 October 2014 2014
2013

W Cu-F14F2 H(u-F3 mCu-F4 W Cu-F5 mCu-F6

Figure 7. The copper concentration in bulk B
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Figure 8. The copper concentration in bulk C
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The zinc evolution

The zinc concentration value determined for each compost bulk did
not exceed the maximum value concentration of 7500 mg kg™' provided by
the Romanian in force regulations [12] (Figure 9). In each bulk the final total
zinc value decreased by 1.49 times (bulk A), 1.48 times (bulk B) and 1.36
times (bulk C) towards to the initial value (Figure 10, 11, 12). Similar results
revealed by other papers showed the same negative trend for zinc in

composting process [14, 15].
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Figure 9. The total form of zinc in compost

The highest bioavailable percent for the zinc form for plants (F1+F2)
was identified in bulk A (1.46%) at the beginning of the composting. This
might be explained by the presence of organic additives in the bulks A and
B. Referring to the correlation coefficients for zinc, distinct significantly
values have been identified among the exchangeable ,mobile” form (F1)
and total form, in bulk A and C (Figure 10,11,12). It was possible that the
cattle manure to stimulate the zinc leaching in close correlation with the pH
evolution.
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Figure 10. The zinc concentration in bulk A
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Figure 11. The zinc concentration in bulk B
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Figure 12. The zinc concentration in bulk C
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The manganese evolution

The total form of manganese showed a negative evolution in bulks A
and B and almost constant one in bulk C (Figure 13). The highest decrease
was noticed in bulk B (1.25 times). The total form of manganese ranged from
62.5 mg kg™ in bulk B at the final composting and 79 mg kg™ in bulk C at the
beginning of the composting process (Figure 14, 15, 16). The manganese
values are not provided by the Romanian in force regulations [12].
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Figure 13. The total form of manganese in compost
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Figure 14. The manganese concentration in bulk A
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Figure 15. The manganese concentration in bulk B
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Figure 16. The manganese concentration in bulk C
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At the final composting, the percentage of bioavailable magnesium
for plants uptake (F1+F2) increased as follows: bulk B < bulk C < bulk A. It was
obvious that the organic additive used in bulk B influenced the manganese
leaching. The highest percentages of manganese were noticed for forms
F4 and F5, namely the ,mobilisable” forms in the sulfide and carbonates, or
organically complexed forms where the additives probably did not allow the
manganese releasing from this forms. The similar trend of manganese for
forms F1 and F2 was revealed by other researches [14, 16]. The correlation
coefficients of the manganese and humic substances were statistically
insignificant but there were significant correlations among various metal
forms (Table 2).

CONCLUSIONS

The total form of the analyzed metallic elements did not exceed the
maximum limits, neither at the beginning nor at the end of composting.

The bioavailable and unavailable metal forms for plants determined
by sequential analysis showed similarities in relation to the percentages of
extracted forms.

The lowest percentages were for the bioavailable metal forms for
uptake of the plants. Thus, the succession F6 >F5>F4>F3>(F1+F2) was
characteristic for chromium, the succession F5>F6>F4>F3>(F1+F2) for
copper and zinc and the succession F5>F4>F6>F3>(F1+F2) for manganese.

In accordance with the experiment results it can be concluded that
the manure additives positively influenced the composting.

EXPERIMENTAL SECTION

The preparation of the bulks and sampling the compost for
physico-chemical analysis

The three bulks of bio-waste consisted in a mixture of wood chips,
fresh grass, dry leaves, hay. In addition to this, about 8% cattle manure
was added to the bulk A and about 11% of poultry manure to the bulk B.
The bulk C had no manure.

The bulks preparation method, the compost sampling and the
physico-chemical properties of the compost (table 3) are presented in detail
in the paper "Influence of Some Natural Organic Additives on the Quality of
Vegetal Compost” [11].

To establish the proportions of materials subjected to the composting
process the data from the literature on the C:N ratio were used for each
type of material according to table 3.
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Table 3. The C:N ratio of the materials included in composting process [17]

Ingredient of compost Ratio C:N
Wood chips 400:1
Poultry manure 12:1
Dry leaves 35:1
Fresh grass 20:1
Cattle manure 16:1
Hay 25:1

By Davidescu and Davidescu [18] the nutrients content in the cattle
and poultry manure (total N, P20s, K;O) are showed in table 4.

Table 4. The nutrients content in the cattle manure and the poultry manure [18]

Nutrient Cattle manure | Poultry manure
(%, dry weight)
Total N 0.7-2 3-5
P,Os 0.3-1._2 2-3 _
(0.13-0.52in P) (0.08-13inP)
K0 0.8 - 0'.9 1.1- 2.5
(0.6 -0.7in K) (09-2inK)

At the end of the 15 months (29" April 2013 - 218t July 2014) of
composting, samples from every bulk were taken and analyzed in the laboratory
[11].

Sampling and preliminary preparation of compost to determine
the characteristics

The Protocol used in this research provided that the samples of each
pile must be taken after removing a layer of 5-10 cm. The representative
sample was obtained by application of the quarter method [19] on the sample
resulted from the mix of 6 samples of about 1 kg each other, sampled from
each pile.

The study protocol provided that the samples of each pile were
taken after removing a layer of 5-10 cm and the representative sample that
arrived in the laboratory was obtained after applying the quarter method
[19] on the sample obtained by homogenizing 6 samples of approx. 1 kg,
taken from each pile. For the physico-chemical analysis, the samples were
prepared according to "Methods Book for the Analysis of Compost” [19].

To determine the conductivity the samples were ground to size <10
mm and analyzed in fresh state.
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Chemical analysis

To make the chemical analyses of the compost a representative
sample was taken from each bulk (A, B, C) of the homogenized compost at
various time of decomposing process.

Thus, the conductivity was potentiometric determined, using a ratio
of 10:1 of double-distilled water suspension and compost. It was measured with a
laboratory conductometer, Orion 3 Star type, manufactured by Thermo Scientific.
The quantification limit of the method is 3 uS cm.

The total form of the trace metalic elements (Cr, Cu, Zn, Mn) was
determined from the acidic digestions of the sample. The digestion was
made according to the ,Digestion Application Note DG-EN-04 for Milestone
microwave oven” [20]. In this regard, 0.25 g of the each compost sample was
mineralized with 7 ml of HNO3 65%, 1 ml of HCI 37%, 1.5 ml of HF 40%, 45
minutes at 240°C. After dissolution, volumetric solution was directly analyzed
by flame atomic absorption (Mn and Zn) and graphite furnance (Cu, Cr),
using the Perkin Elmer spectrophotometer, type Aanalyst 700. The bioavailable
and unavailable metals for plants were determined according to the method
of Sposito [21]. This procedure is also used in various researches regarding
the metals state [22, 14]. The extractable metals were analyzed using a ratio
of 1:4 of compost and different extractant solutions by flame atomic absorption
(Mn and Zn) and graphite furnance (Cr si Cu, table 5). Each result was
obtained as an average of three individual readings of the analyzed sample.
It was validated with the relative standard deviation using the equipment
software - WinChemLab. The used calibration curves were validated using
the quality coefficient (R2), being acceepted only values =0.990.

The content of each metal in the soil matrix was established after
achieving the extraction in accordance with the protocol of the sequential
extraction, provided by table 5.

Table 5. Experimental conditions used to determine extractable metals, in
accordance with the method of Sposito [11, 14, 21, 22]

Heavv metals Extractant Duration
y solution of shaking
F1 - Exchangeable - ,mobile” KNO3; 0.5 M 16 hours
F2 - Soluble -,mobile” H.0 2 hours, for
three times
F3 - Organically bound - ,mobilisable” NaOH 0.5 M 16 hours
F4 - Organically com'plexed”or carbonates - EDTA 0.5 M 6 hours
,mobilisable
F5 - Sulfides - ,mobilisable” HNO34 M 6 hours at 80°C
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The ashed residue obtaining from the last step of the sequential

extraction was subjected to the digestion procedure using a mixture of
HNO3, 65% with HCI 37% (volume ratio 1:1). It was put in Teflon tubes which
was inserted in a microwave oven (Milestone type), for 30 minute at 220 °C
[11, 23]. This metal form is called "Residual fraction - F6” [22, 23].
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