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INVESTIGATION OF CHEMICAL COMPOSITION AND NUTRITIONAL VALUES OF PULP AND PAPER
MILL SLUDGE COMPOST

Pulp and paper industry generates million tons of wastes annually and become one of the major environmental
problems worldwide. In recent years, the nutritional values of pulp and paper mill sludge compost attract researchers’
attentions. Present study was conducted on paper mill based on used paper. In the present study, distribution trend of the
chemical composition and nutritional values of sludge generated from the pulp and paper industry was assessed during
composting under different environmental conditions. Aim of the study was to utilize paper mill sludge in environment
friendly manner. Standard extraction and analytical methods were employed to test the samples for different parameters
including total nitrogen, organic carbon, Electrical Conductivity (EC), pH, phosphate, sulfate, sodium, potassium and
four micro-nutrients (Zinc, Copper, Nickel and Chromium). Results demonstrated that many parameters significantly
varied during composting and efficiently enhanced the nutritional contents of the compost. The concentration of organic
carbon before composting was 8.25 % as compared to the composted sample (> 26 %). An increasing trend of total
nitrogen content in the compost was also observed, which revealed the outcome of the ammonification process during
composting. In addition, micro-nutrients levels were found in increasing pattern to further improve the nutritional
values of the compost. Findings from this study suggested that the nutritional values of sludge significantly improved
after amended composting, which could be one of the promising sources of nutrients for enhanced agricultural
productivity. Also, the composting process greatly reduced the pathogens in sludge and helps to recycle the important
nutrients for enhanced agriculture productivity. It is therefore recommended to use waste of paper mill waste as a rich
source of macro and micro nutrients.

Keywords: composting; nutritional values; chemical composition; micro-nutrients; organic carbon.

1. Problem statement and analysis of the recent sludge as soil conditioner is becoming more favorable
researches and publications. and environmental-friendly option in present scenario

Pulp and paper industry is one of the largest [7]. Previous studies reported that paper mill sludge
industries, playing an integral role in the global contains lower concentration of heavy metals and higher
economy [1]. Nearly 90 % of pulp and paper is concentration of organic matter making the sludge to be
manufactured from wood based materials while the reused as valuable source of organic matter for soil [8].
remaining 10 % is manufactured from other kinds of
non-wood materials such as bagasse, reeds, rice, straw 2. Statement of the problem and its solution.
and wheat straw [2]. This industry is considered to be 2.1. Purpose of the study.
the major consumer of natural resources (wood, water) Pakistan like many other developing countries the
and energy in the form of fossil fuels plus electricity demand of paper and paper board steadily increased due
[3]. Due to high demand for paper and paper board, the to the economic stability. At present nearly 100 small
production capacity of this industrial sector is and medium sized paper and paper board mills with the
expanding day by day worldwide, generating huge production capacity of about 650 thousand tons per
amount of sludge, thus creating serious environmental annum are functioning in the country. In addition,
issues. Safe sludge disposal is a matter of main concern Pakistan imports about 36.5 thousands ton of paper and
for all the pulp and paper industries [4]. Majority of the paper board products per annum [9]. But the sludge
sludge is land filled or incinerated in developed generated from the pulp and paper industry is mostly
countries but it becoming unfavorable disposal option dumped in open available areas. During rainy seasons the
due to financial constraint and environmental pollution dumped sludge is carried out by runoff water to the
[5]. Therefore, it attracts researchers’ attention towards ultimate receiving water body affecting flora and fauna.
some beneficial reuse of paper mill sludge after some Thus, the study was designed to investigate the variation
pretreatment processes. of chemical composition and nutritional values of the

Composting could potentially reduce the C: N ratio, sludge during composting. The aim of this study was to
odor and volume of the waste produced in paper mill. analyze the sludge collected before and after composting
The prepared compost can suitably be used in horticul- to determine the quantity of various nutrients present.
ture and agriculture [1, 6]. Application of paper mill Also, application of different amendments and analyze
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the prepared compost for macro and micro nutrients’
content.

2.2. Materials and methods of investigation

Composting and analysis. The sludge samples
from Olmpia Paper and Board Mills, Hayatabad
Industrial Estate Peshawar (Pakistan) were collected in
plastic containers and analyzed before composting.
Sludge samples (before and after composting) were air
dried and grounded to pass through a 1 mm stainless
sieve and were then stored in the plastic bottles prior to
analysis. Paper mill sludge was collected and was
composted by blending it with sawdust (organic
structural amendment), fruit and wvegetable wastes
(nitrogenous component). Both, sawdust and kitchen
wastes were added manually to the paper mill sludge in
different proportions. These mixtures were placed in
windrows and were allowed to compost for three
months [7]. The compositions of the three compost
amendment were made according to the specification:

1. Compost Amendment 1 (CAL): In 1st compost
sludge, saw dust and kitchen wastes were mixed in the
ratio of 4 :1: 1. For this 20 kg of sludge was mixed
with 5 kg of each kitchen waste and sawdust.

2. Compost Amendment 2 (CA2): In 2nd amend-
ment sludge, sawdust and kitchen waste were mixed in
the ratio of 4 : 2 : 1. For this ratio 17 kg of paper mill
sludge were mixed with 8.5 kg of kitchen waste and
4.5 kg of sawdust.

3. Compost Amendment 3 (CA3): In the 3rd
compost sludge, sawdust and Kitchen waste will be
mixed in the ratio of 4:3:2. For making this ratio
6.7 kg of sawdust 10 kg of kitchen waste was mixed
with 13.3 kg of paper mill sludge. The final product
obtained was dark brown to black in color with no
irritating smell.

These three windrows were watered on every
alternate day to maintain the moisture content around
55 %. Windrows were turned over manually with the
stick to regulate the oxygen level inside the pile.
During early days temperature increased up to 55 —
60 °C later it dropped down to ambient air temperature
at the end of process completion.

Compost extraction with Agua Regia. Compost
samples and sub-samples were digested by deploying
Agua Regia digestion method. For this purpose 1 g of
powdered samples were taken in digestion tube and
15 mL of aqua regia (3:1, HCI : HNO3) was added.
The mixture was kept overnight and heated at 80 °C till
brown fumes finished to produce. Afterward, it allowed
to cool down and 5 mL of HCIOs was added and
heated in the fume hood near to dryness or color of the
solution becomes white. Extracts obtained were filtered
into volumetric flask and diluted upto 50 mL using
distilled water [10].

Analytical methods. All the prepared compost
samples sub-samples and sample of paper mill sludge
before composting were taken, air dried and sieved
through 2 mm sieved and extracts were processed for
physico-chemical analysis. Each parameter and method
of determination is discussed below in detail. The
sample pH value was determined by using glass

electrode (Model: InoLab pH level-1, WTW, Germany).
For this purpose, each sample was mixed with distilled
water in the ratio of 1:10 sample/water [11]. The
compost-water solution was stirred thoroughly and
allowed to stand for 30 minutes. After calibrating the pH
meter with buffers of pH 7.00, the pH was read by
immersing the electrode into the solution and the pH
value was recorded [12, 13]. Electrical conductivity was
measured of extracts obtained by diluting the samples
through distilled water. Saturated solution was made in
the ratio of 1 : 10 (compost 10 g: distilled water 90 mL)
[11].

Organic carbon in all samples and sub-samples was
determined by the modified Walkley-Black method [14].
The process involves a wet combustion of the organic
matter with a mixture of potassium dichromate and
sulfuric acid. The volume of ferrous ammonium sulfate
solution used was recorded and % C calculated [15], as
given in equation (1).

B-S)-Mof Fe?*-12-100
Sample weight (g) - 4000

%C=(

: M)

where B and S present the amount Fe 2 * solution used

to titrate blank solution and titrate sample in mL,
respectively. In addition, 12/4000 is milli-equivalent
weight of C in g, as given in equation (2).

0 .
% Organic Matter = % . 2

Total organic nitrogen was determined by Kjeldahl
digestion method. For this purpose, 1 g of air dried
grinded samples was taken in digestion tubes and various
other chemicals were added in different times according
to the instruction manuals [16]. And the absorbance was
measured at 450 nm against reagent blank via UV-visible
spectrophotometer [17]. For determination of phosphates
in the extracts ammonium molybdate ascorbic acid
method was deployed and measurement was made by
using spectrophotometer at wavelength of 740 um. The
guantity of sodium and potassium was determined by
using Flam Photometer (Model: Jenway PF-7, USA).
Extracted solution was tested for sulfates by using turbid
metric method, in which barium chloride was used to
make precipitates of sulfates. Precipitation made the
solution turbid; turbidity was measured by using
spectrophotometer at wavelength of 425 pm [18]. Total
concentration of heavy metals was determined by using
aqua regia extraction method [10] and the extract was
analyzed on atomic absorption spectrophotometer.

Data analysis and interpretation. Different statistical
analysis techniques including descriptive statistics and
correlation to interpret the obtained results.

3. Results and discussion

3.1. Variations in different chemical contents
during composting.

pH values of soil and all compost samples ranged
7.68 —8.11, as summarized in table 1. The soil pH was
alkaline in nature with pH 8.02. However, variation in
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pH value was observed after mixing compost materials.
Lowest value was recorded in CAl1 —10 % soil with
average pH value of 7.92, while highest was observed
in CA2-15% and CA2 -20 % with the average pH
value of 8.11. Results showed that pH of all samples
were relatively higher as compared to the sludge before
composting (table 1).

Table 1 — Summary of pH values of soil and composts

Table 2 — Summary of EC (uS/cm) values of soil
and composts

S

No Sample Min  Max Average Std. D
S'“C%%ﬁ;):sftore 718 818  7.68 0.34
2 Soil (100%) 7.62 8.42 8.02 0.27
3 CAl 753 853 8.03 0.34
4 CA2 7.44 8.44 7.94 0.34
5 CA3 7.15 815 7.65 0.34
6 CA1-10% 7.42 842 7.92 0.34
7 CA1-15% 7.47 847 7.97 0.34
8 CA1-20% 7.48 8.48 7.98 0.34
9 CA2-10% 759 859 8.09 0.34
10 CA2-15% 7.61 861 8.11 0.34
11 CA2-20% 7.61 861 8.11 0.34
12 CA3-10% 742 842 7.92 0.34
13 CA3-15% 7.48 8.48 7.98 0.34
14 CA3-20% 751 851 8.01 0.34

NS(') Sample ID Min Max  Average Std.D
1 Cor?]%?srfmg 987.30 990.00 988.65  0.97
2 CA1 14983 15410 15203  1.47
3 CA2 15350 15850 15570  1.88
4 CA3 15570 15650 15610  0.29
5  CAL-10% 207.00 20750 207.25  0.18
6 CAL-15% 309.60 31050 31005  0.32
7 CAL-20% 41240 41400 41320 0.8
8  CA2-10% 22400 22620 22510  0.79
9  CA2-15% 337.80 339.00 33840  0.43
10  CA220% 44160 45200 44680  3.74
11 CA3-10% 22200 22430 22315  0.83
12 CA3-15% 33210 33300 33255  0.32
13 CA3-20% 442.80 44400 44340  0.43
14 100%Soil 22540 227.00 22620  0.58

Generally, high pH values make the compost
samples alkaline in nature and paper mill sludge
compost may neutralize acidic soils for better crop.
Variation of compost pH indicates the process
decomposition and stabilization and it drops initially,
but later on it suddenly increase up to the range 8 — 8.5
due to ammonification process. Generally, compost
stabilizes at pH 8 [19] and the maximum acceptable
range of pH range 5.5-9 in good quality compost
[20]. In this study, the pH of soil and compost recorded
was moderately alkaline to strongly alkaline and can be
considered as a good soil conditioner for acidic soil.

In the present study, EC values ranged from
152.03 uS/cm (CAL) to 988.65 uS/cm sludge sample
before composting (table 2). General range of EC range
200 — 1200 pS/cm for agricultural soil. Lower EC
(<200 pS/cm) demonstrates of lower plant nutrients
availability while above 1200 pS/cm may lead to saline
conditions [21]. In compost low conductivity is desir-
able as it indicates the presence of complex nutrients.
Decrease in EC in composting process occurs due to
the increase in nutrient concentration such as nitrates
and nitrites. Finished compost may show quite lower
values of EC than that of the raw material [19]. EC
values of the present study revealed significant varia-
tions between the initial and after composting EC
values of paper mill sludge. However, the EC values
were within the maximum permissible limit for
agriculture soil i.e. 4000 puS/cm [22].

Figure la present the composition of total nitrogen
during composting. Soil organic carbon and nitrogen are
the most important factors in determining soil fertility.
Results revealed of highest total nitrogen value (0.35 %)
in CA3 — 20 % sample, while lowest value (0.08 %) was
recorded in the sludge sample before composting, as
shown in figure 1a. It can be seen that the values in pure
compost samples (CA1, CA2 and CA3) were 0.11, 0.14
and 0.22 %, respectively. The content of total nitrogen in
CAL treated soil (10, 15 and 20 %) was 0.18, 0.2 and
0.23%, respectively. Relatively high nitrogen content in
CAS3 treated soil may be attributed to the addition of
highest amount of kitchen waste (initial ingredient) in
CA3 compost. Total nitrogen is the sum of organic and
inorganic nitrogen present in the compost and the
inorganic nitrogen is present in the form of ammonium
and nitrate nitrogen. However, from research in [20]
concluded that the addition of amendment could increase
corn yield but had no significant impact on concentration
of nutrients organic matter and pH of soil.

The value of phosphates before composting was
observed to be about 1.11 mg/kg while concentration of
phosphates recorded in soil was 0.67 mg/kg. Sludge
composting slightly enhanced the level of phosphorus
compounds and the values observed in pure compost
samples (CAl, CA2 and CA3) were 0.98, 1.80 and
1.13 mg/kg, respectively, as shown in figure 1b. The
values observed in CALl treated soil samples (CA1 - 10,
15 and 20%) were 0.68, 0.70 and 0.73 mg/kg,
respectively, while in CA2 treated soil samples (CA2 -
10, 15 and 20 %) values of phosphates observed were
0.78, 0.82 and 0.90 mg/kg, respectively (figure 1b).

Figure 1c present the results of potassium during
composting. Results obtained from the present study
showed that sludge sample before compost contained
1035 mg/kg potassium, while pure soil has 945 mg/kg
potassium. Pure compost samples CA1, CA2 and CA3
were observed K values of 1638, 1820 and 2025 mg/kg,
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respectively (figure 1c). Slightly increasing trend in
level of K was observed after composting, as shown in
figure 1c. This increase may be attributed to the usage
of fruit and vegetable wastes as initial ingredient in

0.41 Nitrogen, %
0.35 M
0.3 —
0.25
0.2
0.15
0.1
0.05 H
G T T T T T T T T T T T T T 1
(AT R A P BN §\° slegle ol glo glo oo gl
Q:\c%d\ C’Y.C“YJ(’?‘\'\ Q\"\ cj\"’Q'w > > '\1\‘\'199 w\ Q'*-\'\ > ":79
v Pl
N FFFF FF FFF
a
2500 ;
Potassium, mg/kg
2000 ]
1500
1000
500 H
0 CI\\ |Y~\ TR, T T Q\\‘I 0\Ql e\nl c\QI oo 0\ol Q\o Q‘Q 0\Ql
T T TSI II ISP
O\ 1
& FFFFFFFFF
c
800007  Sulfates, mg/kg
70000 M
600001
50000 M
40000
30000
20000
10000 H H H H H
O |‘\l I\'f»"\; | l‘ T T T T T T T \I ‘l l|
?i S C%»Cv\,\s\\f\éfﬁ,e“\ m@:\‘? st @f@‘}f‘-“
\ v / P
N FFF FFF FFF

@D

compost. The recommended value of K in good quality
compost ranges 6000 — 17000 mg/kg [24] and the pure

compost samples were deficient of K.
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Figure 1 — Concentrations of elements in compost and treated soil samples: a — of total nitrogen; b — of phosphate;
¢ — of potassium; d — of organic carbon; e — of sulfate; f— of sodium

The highest organic carbon (C) content of 26.55 %
was observed in CA2 pure compost sample while
lowest percentage of 6 % was recorded in 100 % soil,
as shown in figure 1d. The concentration of organic C
in sludge before composting (8.25 %) was found low
as compared to compost samples. In the three compost
samples (CA1, CA2 and CA3) the values of organic C

recorded were 19.5, 26.55 and 22.2 %, respectively. In
CAL1 treated soil (10, 15 and 20 %) the organic C content
recorded was 10.95, 16.42 and 21.9 %, respectively
(figure 1d). An increasing trend of organic C was
observed while amendment from 10 % to 20 % samples
and can be clearly seen in figure 1d. Organic amend-
ments generally increases organic matter content of the
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soil which in turn enhances water holding capacity,
aeration, aggregating property and  microbial
community structure [25]. Organic matter of soil has
strong tendency to adsorb essential metals from soil
and make it available to plant [26]. The organic matter
in all the composts as well as treated soil samples
calculated was found enough according to the
international standards for agricultural soil.

In sludge sample before composting sulfates was
found to be about 56344 mg/kg, as shown in figure 1le.
Highest sulfates content was determined in pure
compost sample CA2 (70053 mg/kg) while lowest was
observed in soil sample was found to be about
13325 mg/kg (figure 1e). In CA3 treated soil samples
(10, 15 and 20 %) values of sulfates were 18568,
21176 and 23792 mg/kg, respectively (figure 1e).

Figure 1f shows trend of varying Na concentration
in all treated soil samples. Sodium (Na) is not
considered as essential nutrient required for plants but
its concentration effects soil structure. Presence of high
concentration of Na may cause adverse impacts on
growth of plants and physical and chemical properties
of soil. In present study, the concentration of sodium
ranges 1200 — 370 mg/kg in all the samples. Highest
level was recorded in sample sludge before composting
(1200 mg/kg) while lowest was 370 mg/kg in soil
sample (figure 1f). In all treated soil samples
concentration of Na was quite in normal range.
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3.2. Essential micro-nutrients’ variation during
composting.

There are many bio-essential nutrient elements
required to plants and animals in trace quantities to
maintain essential body functions. In the present study,
four micronutrients were focused to be studied different
samples (soil, sludge and compost).

Zn is one of the important trace elements for plants,
animals and human beings. It is needed for plants in
various enzymatic activities, oxidation-reduction reac-
tions as well as in metabolic processes [27]. Sludge
sample before composting contained highest content of
zinc (255 mg/kg), but once it was subjected to
composting along with sawdust and kitchen waste its
concentration declined, as shown in figure 2a. For
instance, the concentrations were 213, 207.4 in CA1 and
CA2, respectively. The values of Zn recorded in various
amendments were 80.5, 87.5, 95.2 mg/kg in CA1 - 10,
CA1-15 and CA1-20%, respectively (figure 2a).
Similarly, Zn concentration in CA2 —10 %, 15 % and
20 % was recorded as 81.8, 89.3 and 96.6 mg/kg,
respectively. All Zn values were within the maximum
concentration of metals in the good quality compost.
However, Zn content was well below maximum toxic
level of 700 mg/kg for metals in compost reported earlier
[22]. Similarly, Zn values in the treated soil samples
were observed in the same level (87.6 mg/kg) from a
previous study reported from China [28].
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Figure 2 — Concentrations of micro-nutrients in compost and treated soil samples: a— Zn; b — Cu; ¢ — Ni; d - Cr
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Figure 2b presents the distribution trend of Cu in
compost and treated soil samples. Cu value in sludge
sample before composting was found 75.4 mg/kg while
the maximum level in all other samples was recorded
72.1 mg/kg. However, low concentration (60 mg/kg)
was recorded in soil sample (figure 2b). A gradual
increased Cu level was observed with the increasing
amount of compost in CAL as well as in CA3 treated
soil samples, as shown in the figure 2b. Results find-
ings revealed that the Cu level in all treated soil sam-
ples was below the maximum permissible limit for soil
135 — 270 mg/kg and also for agriculture soil set [22].

Figure 2c presents the distribution trend Ni in
compost and other samples. Results demonstrated that
highest concentration of Ni was found 47.6 mg/kg in
sludge before composting while lowest was observed
(22.4 mg/kg) in CA3 sample. In addition, the Ni values
in CA3-10, 15 and 20% were 33.4, 33.8 and
33.2 mg/kg, respectively (figure 2c). The maximum
desirable level of Ni in unpolluted soil was reported to
be about 35 mg/kg [26]. The concentration of Ni in the
treated soil samples was found within the maximum
allowed range of trace elements in soil (US-EPA
1995).

Figure 2d presents the concentration of Cr recorded
in compost and other treated soil samples. Results
showed that the highest Cr level in sludge before
composting was recorded 98.3 mg/kg while lowest
value was recorded in CA3 sample (39.3 mg/kg). In all
the treated samples the value of Cr showed an
increasing trend, as shown in figure 2d. For instance,

Cr value in sample CA2 for 10, 15 and 20 % values
observed were 37.7, 39.3 and 40 mg/kg, respectively.
Anthropogenic activities may enhance Cr content in the
soil [29].

Conclusions.

In the present study, variation of the chemical
composition and nutritional values of the compost was
investigated. Results demonstrated that all the compost
samples were found rich in organic carbon content and
alkaline pH values, which can be considered to enhance
the buffering capacity of soil. EC ranged (207.25 —
446.80 pS/cm) in all the samples. Two major macro
nutrients (total nitrogen and phosphate) were found
lower than the desired level. However, potassium level in
soil after treatment with compost was found significant.
Micro-nutrients (Zn, Cu, Cr and Co) levels were found
higher in compost samples but did not exceed the
maximum permissible limits. Findings from this study
suggested that the optimized composting process can
improve the nutritional values and could be a promising
source of nutrients for enhance agricultural productivity.
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JOCJIKEHHS XIMIYHOT'O CKJAJIY I MOXHBHOI IIHHOCTI KOMIIOCTY 3 OCAXIY
IEJIOJIO3HO-ITAITIEPOBOI ®ABPUKHI

Hemono3Ho-nanepoBa MPOMUCIOBICTh MIOPIYHO BHIIISLE MIUTBHOHM TOHH BiAXOIIB 1 CTa€ ONHIEI0 3 OCHOBHHX
€KOJIOT1YHUX TPoOJIeM B yChOMY CBiTi. B 0CTaHHI pOKHM MOKHMBHA IIHHICTH OCaIy HEI0I03HO-TIATIEPOBOr0 KOMOIHATY
MpUBEpTae yBary NOCTHiAHWKIB. lle mOCHiMKEHHS TNPOBONMIOCS HA OCHOBI BiIXOIiB, YTBOPEHHX Ha IIEITIOIIO3HO-
manepoBiii pabpurii. Y mocmiKeHH] OliHeHa TEHACHIIIS PO3IMOILTY XIMIYHOTO CKIIAY i MMOXUBHUX PEUOBUH OCAIY, 110
YTBOPIOETHCS B IIEMIOIO3HO-TIATICPOBI MPOMHUCIOBOCTi, NMPH KOMIIOCTYBaHHI B PI3HUX yMOBaX HAaBKOJHIITHHOTO
cepenoBma. Mera IOCHTIKEHHS IMOJATaia B TOMY, 100 BHKOPHCTOBYBATH OCAaJl MarepoBoi (paOpHKH B €KOJOTidHO
gucTOMY BUTIIIAI. J{J1s mepeBipku 3pa3KiB 3 pi3HUMU MapaMeTpaMH, BKIFOUAIOYH 3aralIbHAH a30T, OpTaHiYHUNA BYTJICI,
€IIeKTPONpPOBiHICTh, pH, docdat, cynpdar, HATPiH, Kadiil i HOTHPH BUAM MIKPOCIEMEHTIB (IIMHK, Mib, HIKEIb i XpOM),
BHKOPHCTOBYBAJI CTaHAAPTHI CKCTPAKIIHHI 1 aHANITHYHI MeTOmu. Pe3ynabpTaTd moka3anw, o il 9aC KOMIIOCTYBaHHS
0arato mapaMeTpiB iCTOTHO 3MiHIOBAIUCS 1 €(PEKTHBHO IOKPAIIyBAIM IIOKUBHY IIHHICTH KOMIOcTy. KoHmeHTparis
OpraHigHOro BYTJIEIIO MTEPe KOMITOCTYBAHHAM CTAHOBIIA 8,25 % y MOpiBHSAHHI i3 3pa3KoMm, 1110 KOMIOCTyBaBcs (> 26 %).
Croctepiranacss TaKOX TEHICHITSI M0 30UIBIICHHS 3aralbHOTO BMICTY a30Ty B KOMIIOCTi, IO BUSIBIJIO PE3YIBTaTH
IpoIiecy aMMOHH(UKAIIMA TIPU KOMIIOCTYBaHHi. KpiM TOro, piBHI MiKpOETIEMEHTIB 3MIHIOBAIIHCS 33 3POCTAI0YOI0 CXEMOIO
JUTS TIOHAJBIIOTO TIOJIIIICHHS ITOKUBHOI MIHHOCTI KOMITOCTY. BHCHOBKH 3 IIHOTO JOCIIIKCHHS TTOKA3ajH, M0 TOKUBHI
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IIHHOCTI OCaJy 3HAYHO ITOKPAIMINCS IICIS BHECCHHS TIIONPABOK B KOMITOCTYBAaHHS, IO MOXKE CTaTH OJHHM 3
MIEPCICKTUBHUX JPKEPENT IMOKUBHUX PEYOBHH [UIS IMiABHINCHHS MPOIYKTHBHOCTI CUTBCBKOTrO rocrmomapcera. Kpim Toro,
IPOIIeC KOMITOCTYBaHHS 3HAYHO 3MCHIIMB KiTBKICTh MATOrEHHUX MIKPOOPTaHI3MIB B 0Cali 1 CIIPHSIB MEPEPOOITi BXKITHBHX
MMOXKWUBHUX PEYOBHH IS IABUIICHHS MPOMYKTHBHOCTI CITBCHKOTO TOCIOJAapCTBA. TOMY pEKOMEHIYETHCS
BHUKOPHCTOBYBATH BiJIXOX TAiepoBoi paOpHKH sk Oarate [PKepeo Makpo- i MiKpOeIeMEHTIB.

Ki1040Bi cj10Ba: KOMIOCTYBaHHS; MTOXKUBHA [IHHICT; XIMIUYHHIA CKJIAJl; MIKPOCJIEMEHTHI; OpraHiYHUH BYTJICIIb.

JITEPATYPA

1. Rashid M.T., Barry D., Goss M. Paper mill Bio-solids Application to Agricultural Lands: Benefits and
Environmental Concerns with Special Reference to Situation in Canada // Soil & Environment. 2006. Vol. 25, Issue 2.
P. 85-98.

2. Sridach W. The Environmentally benign Pulping Process of Non-wood Fibers Suranaree // Journal of Science and
Technology. 2010. Vol. 17, Issue 2. P. 105-123.

3. Avasar E., Demirer G. N. Cleaner Production Opportunity Assessment Study in SEKA Balikesir Pulp and Paper mill
// Journal of Cleaner Production. 2008. VVol. 16, Issue 4. P. 422-431.

4. Suriyanarayanan S., Mailappa A. S., Jayakumar D. et al. Studies on the Characterization and Possibilities of
Reutilization of Solid Wastes from a Waste Paper Based Paper Industry // Global Journal of Environmental Research.
2010. Vol. 4, Issue 1. P. 18-22.

5. Karcher D., Baser W. Paper mill sludge as mulch during turf grass establishment // Horticultural studies, alabama
agriculture experiment station. Research series. 2001. VVol. 494. P. 67-69.

6. Akhtar M., Naeem A., Akhter J. et al. Improvement in nutrient uptake and yield of wheat by combined use of urea
and compost // Journal Soil & Environment. 2011. Vol. 30. Issue 1. P. 45-49. Online ISSN: 2075-1141.

7. Gopinathan M., Thirumurthy M. Evaluation of phytotoxicity for compost from organic fraction of municipal solid
waste and paper & pulp mill sludge // Environmental research, engineering and management. 2012. Vol. 59, Issue 1.
P. 47-51. doi: 10.5755/j01.erem.59.1.

8. O’Brien T. A., Herbert S. J., Barker A.V. Growth of corn in varying mixtures of paper mill sludge and soil //
Communication of soil sciences and plant analysis. 2002. Vol. 33, Issue 3-4. P. 635-646. doi: 10.1081/CSS-120002769.

9. Shabbir A.S., Mehmood S. Report on Paper and Paper Board Industry of Pakistan // School of Professional
Advancement (University of Management Technology). 2010. Available: www.scribd.com/doc/36021911/Paper-and-
Board-Industry-Report.

10. Khan S., Rehman S., Zeb Khan A. et al. Soil and vegetables enrichment with heavy metals from geological sources
in Gilgit, Northern Pakistan // Eco-toxicology and Environmental Safety. 2010. Vol. 73, Issue 7. P. 1820-1827.
doi: 10.1016/j.ecoenv.2010.08.016.

11. Afzal M., Yasin M. Effect of soil to water ratio on chemical properties of saline-sodic soil and normal soil, Pakistan
/l Journal of Agriculture Resources. 2002. Vol. 17, Issue 4. P. 379-386.

12. Tiquia S. M., Tam N. F. Y. Co-composting of spent pig litter and sludge with forced-aeration // Bio-resource
Technology. 2000. Vol. 72, Issue 1. P. 1-7. doi: 10.1016/S0960-8524(99)90092-5.

13. Preethu D. C., Prakash B. N., Srinivasamurthy C. A., Vasanthi B. G. Maturity indices as an index to evaluate the
quality of compost of coffee waste blended with other organic wastes // In: Proceedings of the International Conference on
Sustainable Solid Waste Management. 2007. September 5-7, Chennai, India. P. 270-275.

14. Nelson P. W., Sommers C. E. Total C, Organic C and Organic matter // In: Page A. L. (Ed.). Methods of sail
analysis. Part 2. Chemical methods. Madison: SSSA. 1996. P. 539-579.

15. Schulte E. E., Hoskins B. Recommended soil testing procedure for Northeastern United States. 2009. 3™ Edition,
Northeastern  Regional ~ Publication Ne  493.  Available:  http://extension.udel.edu/lawngarden/soil-health-
composting/recommended-soil-testing-procedures-for-the-northeastern-united-states/.

16. UoM (University of Minnesota). Research Analytical Laboratory in Soil Analysis and Method. 2004. Available:
http://edis.ifas.ufl.edu/hs1227.

17. Arnold G. E., Lenore S. G., Andrew O. E. Standard methods for the examination of water and waste water. 1999.
20th Edition, American Public Health Association, 1015 Fifteenth Street, Washington DC. ISBN 0-87553-235-7. ISSN 55-
1979. Available: https://mww.mwa.co.th/download/file_upload/SMWW_10900end.pdf.

18. Rehm G. W., Caldwell A. C. Sulfur supplying capacity of soils and the relationship to soil type // Soil Sciences.
1968. Vol. 105, Issue 5. P. 355-361.

19. Bernala M. P., Alburquerquea J. A., Moral B. Omposting of animal manures and chemical criteria for compost
maturity assessment. a review // Bioresource Technology. 2009. Vol. 100, Issue 22. P. 5444-5453.

20. Tucker P. Co-Composting Paper Mill Sludges // University of Paisley, Scotland. 2005. Available:
http://mww.wellowgate.co.uk/Files/Co-composting.pdf.

21. Capewell M. The why and how to testing the Electrical Conductivity of Soils // Agriculture Solutions. 2014.
Awvailable:  http://www.agriculturesolutions.com/resources/92-the-why-and-how-to-testing-the-electrical-conductivity-of-
soils.

Scientific and technical journal <TECHNOGENIC AND ECOLOGICAL SAFETY», No 4(2/2018) 119


http://www.scribd.com/doc/36021911/Paper-and-Board-Industry-Report
http://www.scribd.com/doc/36021911/Paper-and-Board-Industry-Report
https://doi.org/10.1016/j.ecoenv.2010.08.016
https://www.mwa.co.th/download/file_upload/SMWW_10900end.pdf
http://www.wellowgate.co.uk/Files/Co-composting.pdf

HayxoBo-texniunuii ;xypaan « TEXHOT'EHHO-EKOJIOTTYHA BE3ITEKA», Ne 4(2/2018) ISSN 2522-1892

22. Nafees M., Amin A. Evaluation of Heavy Metals Accumulation in Different Parts of Wheat Plant Grown on Soil
Amended with Sediment Collected from Kabul River Canal // Journal of Agriculture Research. 2014. Vol. 52, Issue 3.
P. 383-394.

23. Curnoe E., Irving D. C., Dow C. B. et al. Effect of spring application of a paper mill soil conditioner on corn yield
/I Agronomy Journal. 2006. Vol. 98, Issue 3. P. 423-429. doi: 10.2134/agronj2005.0041.

24. Manohara B., Belagali S. L. Characterization of essential nutrients and heavy metals during municipal solid waste
composting // International Journal of Innovative Research in Science, Engineering and Technology. 2014. Vol. 3, Issue 2.
P. 9664-9672.

25. Tvergyak J. L. Organic by-product materials as soil amendments (Doctoral dissertation, The Ohio State
University). 2012. Available: http://rave.chiolink.edu/etdc/view?acc_num=0su1339463187.

26. Igbal M. A., Chaudhary M. N., Zaib S. et al. Accumulation of heavy metals (Ni, Cu, Cd, Cr, Pb) in agricultural
soils and spring seasonal plants, irrigated by industrial waste water. // Journal of Environmental Technology and
Management. 2011. Vol. 2, Issue 1. P. 89-97.

27. Hafeez B., Khanif Y. M., Saleem M. Role of Zinc in plant nutrition — a review // American Journal of Experimental
Agriculture. 2013. Vol. 3, Issue 2. P. 374-391. doi: 10.9734/AJEA/2013/2746.

28. Cheng J. L., Shi Z., Zhu Y. W. Assessment and mapping of environmental quality in agricultural soils of Zhejiang
Province, China // Journal of Environmental Sciences. 2007. Vol. 19, Issue 1. P. 50-54.

29. Ngeno K. Analysis of essential trace elements in soils, amaranthus cruentus and amaranthus hypochondriacus
grains, leaves and stems from selected parts of Kenya (Doctoral dissertation). 2012. Awvailable: http://ir-
library.ku.ac.ke/bitstream/handle/123456789/5959/NGENO%20KIPYEGON.pdf?sequence=3.

Haoitwna: 12 eepecnsn 2018 p.
THputinama: 23 scosmus 2018 p.

H. Myxamman, C. A. Baiir, C. 3axun

UCCJIEJJOBAHUE XUMUUYECKOI'O COCTABA U MMUTATEJBbHOM IIEHHOCTHA KOMITOCTA U3
OCAJIKA LEJIOJIO3HO-BYMAKHOU ®ABPUKU

Lennrono3Ho-0yMa)kHast MPOMBILUICHHOCTh €XETOHO BBIACISAECT MIIJIMOHB! TOHH OTXO/OB U CTAaHOBUTCS OXHOH M3
OCHOBHBIX PKOJIOTMYECKHX IP0o0JIeM BO BCeM Mupe. B mocienHue rofpl muTaTelbHas HEHHOCTh OCAAKa IIEJUTION03HO-
Oyma)kHOro KoMOMHATa NpHBJIEKaeT BHUMaHHE HccienoBaTerneill. Hacrosdmee nccienoBanue MpoBOIMIOCH HA OCHOBE
OTXO0JI0B, 00pa30BaHHBIX Ha LEIUIIOJIO3HO-OyMakHOH (abpuke. B nccnenoBaHuy oneHeHa TEHICHIMS paclpeeIeH s
XMMHYECKOTO COCTaBa M NMUTATENbHBIX BELIECTB OCa[Ka, 0Opa3yrollerocs B LEUTI0I03HO-0yMaXHOH IPOMBIIUICHHO-
CTH, IPY KOMIIOCTHPOBAHUHU B Pa3IMYHBIX YCIOBHAX OKpYKaromel cpeasl. Llenb nccnenoBanus coctosia B TOM, YTOOBI
UCIIONB30BaTh 0CaNOK OyMakHOHW (paOpHKM B IKOIOTMYECKH YHCTOM BHAE. g mpoBepku o0pas3LoB ¢ pa3IHYHBIMH
rnapameTpamH, BKJIrouast oOIIMil a30T, OPraHW4ecKHid yriiepoJ], 3J1eKTpornpoBoAHocTh, pH, docdar, cynsdar, HaTpui,
KaJIUA ¥ YeThIpe BUJa MHUKPOJIEMEHTOB (IIMHK, Me/b, HUKEJb U XPOM), HCTIONB30BAIN CTAaHAAPTHBIC SKCTPAKIMOHHbIE
U aHAJIUTHYECKUE METOABL. Pe3ynbTaThl MoKas3aiy, 4To BO BpeMs KOMIIOCTUPOBAHHS MHOTHE MapaMeTpbl 3HAYUTEINEHO
U3MEHIUCh U 3(G(QEKTUBHO YIy4IIadyd MUTATeNbHYI0 LEHHOCTh KOMIIOcTa. KOHIEHTpanus OpraHn4ecKoro yriepona
nepen KOMIIOCTHPOBaHWEM cocTaBisuia 8,25 % mo cpaBHEHHIO ¢ 00pa3noM, KOTOpblil kommoctupoBaimu (> 26 %).
Habnromanace Taxoke TEHASGHLIMA K YBEIMYCHHIO OOIIETO COAEPIKAHHSA a30Ta B KOMIIOCTE, YTO BBIBHIIO PE3YIbTAThI
mporecca aMMOHH(UKAIMKM HpH KOMIIOCTHpOBaHMH. Kpome TOro, ypOBHH MHKPODJIEMEHTOB H3MEHSINCH 110
BO3pacTarouled cxeMe Ui [JaJbHEWIIEro YAy4YLIEHWs IWTATEIbHOM LIEHHOCTH KOMIIocTa. BeiBoapl M3 3TOro
HCCIIeIOBAaHMS TIOKA3aJIM, YTO INHUIIEBas [EHHOCTh OCaJka 3HAYHUTENBHO YIYYIIMIACH IOCIE BHECEHHS IONPAaBOK B
KOMIIOCTUPOBAHHE, YTO MOXKET CTAaTh OIHHM W3 MEPCIIEKTUBHBIX MCTOYHUKOB IMUTATENIBHBIX BELIECTB JUIS MTOBBIICHUS
NPOAYKTUBHOCTH CEIBCKOT0 X03s1icTBa. Kpome Toro, nmpouecc KOMIIOCTUPOBAHUS 3HAYUTEIFHO YMEHBIIHIT KOJTHIECTBO
MATOreHHBIX MHKPOOPTaHM3MOB B OCaJKe M CIOCOOCTBOBAN MepepabOTKe BaXKHBIX IHTATEIBHBIX BELIECTB IS
TIOBBIIICHUS MPOAYKTUBHOCTH CEIBbCKOro xo3siicTBa. [103TOMY peKOMEeHIyeTcs HCIONb30BaTh OTXOIBI OyMa)KHOM
(habpuku Kak 60raTHIil HCTOYHHK MaKpO- M MUKPORJIEMEHTOB.

KnrodeBble c0Ba: KOMIIOCTUPOBaHWE; NHTATEIbHAs IEHHOCTh, XWMHYECKHI COCTaB; MHKPOIJIEMEHTHBIE;
OpraHUYECKUN Yriepo.
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