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METALLURGICAL SLAG USE EFFECTS ON SOIL
CHEMICAL, PHYSICAL AND MICROBIOLOGICAL
PROPERTIES

Abstract

The aim of this rescarch was to investigate the effect of Ca - containing metallurgical slag
on the changes of basic chemical characteristics, and granulometric composition of Stagnosol,
a type of soil with very acid reaction, through the vegetative experiments performed in semi-
controlled conditions. The effect of metallurgical slag was compared to those of other
commercial lime materials in combination without and with standard fertilizers. The obtained
results imposed that all the lime materials, along with metallurgical slag, showed positive effects
on the main chemical properties and microbiological activity of experimental acid soil comparing
to non-fertilized one, which could not be said for soil granulometric composition, possibly duc
to a short time period before analyses.

Key words: metallurgical slag, Stagnosol, chemical properties, granulometric
composition, microbiological activity

INTRODUCTION

The majority of Serbian soils is characterized by high soil acidity and
- application of only organic and mineral fertilizer is not enough to sustain their
productivity. Thus, on these soils it is necessary to apply Ca-containing fertilizers —
. calcifiers, for improving their physico-chemical and biological properties. The
~ application of traditional alkaline liming materials for the amelioration of soil acidity




RPS [SO 10390: 2007, 2007); total N was analyzed on elemental CNS analyzer
i0 EL 111 (Nelson and Sommers, 1996); available P705 and K5O were analyzed by
ethod according to Egner-Riehm (Riehm, 1958), where K was determined by
me emission photometry and P by spectrophotometer after color development with
mmonium molybdate and SnCly; Ca and Mg were extracted by ammonium acetate
pllowed by determination on atomic adsorption analyzer SensAA Dual - GBC
cientific Equipment Pty Ltd, Victoria, Australia (Wright and Stuczynski, 1996); trace
Sements (Fe, Mn, Zn, Cu) were determined with an ICAP 6300 ICP optical emission
pectrometer, after the samples were digested with concentrated HNO3 for extraction
total forms, and by DTPA for extraction of soluble forms of the elements (Soltanpour
% al., 1996); the total content of CaCO3 in slag studied was determined using the
apid titration method” by Piper (van Reeuwijk, 2002).

Soil granulimetric composition was analyzed by determination of particle size
Estribution in mineral soil material, using the standardized method by sieving and
edimentation (ISO 11277: 2009(E), 2009).

i Microbiological activity of the study soil was determined using the following
rameters: total number of soil microorganisms was determined using agar plates
ethod on the soil extract nutritive medium; the number of fungi was determined by
direct dilution method on Chapek nutritive medium; the number of® Azotobacater
spp. was determined using Tchan method in the liquid N-free manite nutritive medium
Sari¢, 1989); soil dehydrogenase activity (DHA) was assayed under standard
ponditions (24 hours of incubation at 30°C + 1) by measuring the intensity of the red-
oloured triphenyl formazan extinction, spectrophotometrically (Thalmann, 1968).
The number of the tested microorganisms was calculated on 1.0 of an absolutely dry
goil, while DHA was expressed in pg TPF:10 g*! of anair dry soil.

Statistical analyses were performed using SPSS/SYSTAT - 16 software. The
eifects of treatments on all the variables were tested using ANOVA method.

consequently improving crop production and it’s a common practice (Foth and Ellis,
1997). However, the alkaline nature and the need for sustainable and environmentally
acceptable disposal options for metallurgical slag have prompted its use as a liming
material on acid agricultural soils. The slag consists primarily of calcium silicate
minerals, and has nearly the same ability to neutralize soil acidity as agricultural
limestone (Lopez et al., 1995). Therefore, it is particularly important to develop new
technologies to utilize metallurgical slag as resource materials in order to decrease the
land used for disposal of slag and reducing environmental pollution.

Along with other lime materials (ground slag stone, saturated slag etc.) present
in Serbia, metallurgical slag from Steel factory - Smederevo (Serbia) can be of great
importance. Thus, these investigations were aimed to define the main parameters for
possible wider usage of this secondary raw materials for amelioration and fertilization |
of acid soils in Serbia,

MATERIALS AND METIHODS

The study was carried out in pot experiments, under semi-controlled condition
in the greenhouse of the Institute of Soil Science, Belgrade, from April to July, during
2009. In the experiments the comparisons of the effect of metallurgical slag with other
lime materials (ground limestone and hydrated lime) in combination without and with
standard fertilizers (organic and mineral) were studied. The experiment was undertaken
with Stagnosol (World Reference Base for Soil Resources, 2006), a type of soil that has
very low pH. The designed experiments were in three replications: Control — no
fertilizer (T1); NPK mineral fertilizer [composite NPK (15:15:15)] + manure -
standard fertilization (T2); CaCO3 no standard fertilization (T3); Ca(OH),, no
standard fertilization (T4); Metallurg ElCﬂl slag, no standard fertilization (T5); NPK
mineral fertilizer [composite NPK (15:15:15)] + manure + CaCO3 (T6); NPK mineral
fertilizer [composite NPK (15:15:15)] + manure + Ca(OH); (T7); NPK mineral
fertilizer [composite NPK (15:15:15)] + manure + metallurgical slag (T8). The
experiment was performed in plastic pots with 4 kg of homogenized soils. Spring
barley was chosen as an experimental crop due to its good response to neutralization
of soil acidity. Before planting, the amount of fertilizers and slag was measured
according to the experiment design and mixed with soil (calculated as for 1 ha): NPK
~15:15:15 = 500 kg ha"'; Manure = 30 t ha!; CaCO3 =4 tha''; Ca(OH); = 2,8 t ha'!;
Metallurgical slag = 4 t ha™' (same as the amount of CaCOg3, in spite of lower amount
of slag). All three lime materials with granulation of 0.2 mm were applied in the
experiment.

Before industrial homogenizing and standard grinding the chemical
composition of five composite samples of metallurgical slag used from different
deposition sites was analyzed.

Chemical properties of the study soil were determined using the following
chemical analyses: pH in 1M KCl was analyzed potentiometrically with glass electrode

RESULTS AND DISCUSSION

The results of the laboratory investigations of properties and composition of
metallurgical slag studied (Table 1) showed that this material has very alkaline reaction
ipH = 12.50), with the content of Ca in oxide forms (CaQ) from 33-45 %, of which
about 50 % is easily soluble (in | M ammonium acetate). Content of total magnesium
s about 0.40 % that was mainly in forms of MgO (0.70 %). Total phosphorous
gontained in the material is about 0.60 % where nearly all the amount was in plant
ailable forms. Content of total iron is expectedly high enough (about 15 %), while
the amount of soluble forms is only (.30 %. The third element (along with Ca and Fe)
s Mn, with total amount about 1.8 % , but with low (insignificant) amounts of soluble
forms. The studied metallurgical slag contains lower amounts (10-20 mg kg™) of zinc
a little higher amount of Cu (about 200 mg kg™).



According to Yusiharni et al. (2007), metallurgical slag stone (ground steel slag)
contains 22-38 % CaO and 3,5-6,5 % MgO. Oxides of calcium and magnesium are
partially free, and partially bound to carbonates and silicate that are easily hydrolyzed.
Upon the neutralization rate this slag stone material is classified between burned
(oxide) slag and ground slag stone (calcium carbonate). Together with Ca and Mg the
major partt of Si (7-15 % as Si03), especially free Si acids, can have influence on
increasing of Si0;:R03 ratio (sesquioxide of Al and Fe) in soil, what reduces t.hc
phytotoxic effects of soluble Al and Fe on crops. Besides above mentioned positive
effects of Ca, Mg and Si, content of citrate-soluble phosphorus that varies betwe.en
0.5-2 % P O3 and other biogenic and microelements in smaller amounts improves its
fertilization benefits compared to the other slag materials that are applied for soil

neutralization.

Table 1. Properties and composition of metallurgical slag
(means * standard deviation)

Property Value Property Value
pHinH-0 12.4820.04 Total P-Os (%0) 061=0.10
Total Ca ("o} 2620348 Total Fe (o) 133420.79
Total CaQ (%6} 36.60=4.83 Available Fe (in DTPA, me ke'*) 3.382090
Total CaCOs (%)  65.80=8.64 Total Mn (%) 1.8020.15
Available Ca (%3)  17.1821.98 Available Mu (in DTPA. me kg™ 3.12:1.04
Total Mg (%0) 0.41+0.04 Total Zn (%) 14.60=3.59
SoisiifbinMe 0.0720.02 Total Cu (%) 228.8+15.4

(%)

All above mentioned benefits of metallurgical slag confirm the fact that for the
past years the production and application of this material in agricultural areas has
increased in many developed countries. In several researches an increase of pH,
exchangeable Ca and Mg and decrease of mobile Al in acid soils by using different

doses of metallurgical slag was reported (Rodriguez et al., 1994).
In Table 2 the results of soil physical and chemical properties before the

experiment was established are given. The results shows that the study soil is medium
heavy by mechanical properties, with total technical clay fraction about 69% and

colloidal clay fraction of 24%.

Table 2. Physic I
ble 2. Physical and chemical properties of Stagnosol before
the experiment was estublished

Granulometric composition Vale T : e
Bulicv sand. 2-0.2 1 alue (means + standard deviation)
50=0.59 =K

Miniature sand. 0.2-0.02 mm
Dust. 0.02-0.002 mm iy

Clay. < 0.002 mm 45.1£1.22
Total sand. > 0.02 mm 24.0£0.21
Dust+ clay, < 0.02 1mn 309108
Chemical properties and ele 69.1+1.05

— = PROPCIUCS and elementary compositi P P T 5
pHin 1M KCI ————Lcompostion Value (means = standard deviation)
Total N (9%) 4.45=0.01 i

0.24=0.01

Available P-O: (ing 100g)

Available K:O (mg 100g1) e

Available Ca (mg 100g 1) o

Available Mg (g 100g) g
— a2 Sl 35+3.89

The opti ¢ 5 i
e Whicﬁrﬁz:;nl p};-l range for growth of most crops in soil is between 5.5 and 7.0
St plant nutritives are available (Pr: ; The il
' ' . nt nu S b rasad and Power i
f:’aglm;ol had very acid soil reaction, with pH in KC1 4.45, then lolvl: 973. i
;)0;[,1;' e p(l;osphoms and soluble calcium and is wc!ll ﬂ;ui)pliedon i;ﬂ .
assium. Favai i , o
Th1e e;:-ntfntfof zlv(llla})]e Mg is generally within the range of optim
A :CT ;)blthg a$?lled treatments on the changes of sojl chemical propertie
€ 5. I'he results show sienific i '
i gunificant decrease in soil acid;
manﬁre) ﬁ :’) t]:‘: control and to the treatments with classical ferIiIiZ'ltioxlid; E\)I/PEI){DH]
o 7).'1ﬁ &T— m]g thfe content of the main available biogenic macmeiemeu{ P +
;m;{ “n;;e .m ::; rierlrlt; :Zmﬁn 1by [lune materials, it could be noticed that all the ferstigi;f.K‘
als resulted in increased availability of : ot
o ! : : ility of these elements. Applicati 3
avaﬁ"lab;e ;l‘z)l:,lespccmlly of metallurgical slag, resulted in increaseé’ I?l:lfgtlf’;‘ Oi‘
phosphorous and magnesium comparing to the classical lime 1n'1;criulll;“ c

readily
available
al supply.



Table 3. Effect of metallurgical slag and selected lime materials on the changes of

soil acidity and content of available macroelements (means + standard deviation) Tuble 5. Lffect of metallurgical slag and selected lime materials

e pHin Available biogenic macroelements (mg k') _ onm the changes of soil microbiological properties
R IMKCI P.Os K-O Ca Mg ~ Average number of microorganisms TN T
Tl 1362001 263033 11825164 21467=1890 3503392 (number-g* of absolute dry soil) DHA
12 467003 5552120 19932285 21500854  35.60:2.52 Treatment Total number of " (g TPF10 &
T3 3412004 3232067 13852062 2906722055  33.80:3.44 microorganisms Fungi  Azotobacter ' ofairdry
T4 $35:0.14 2362080 12365146 265675551  29.17:3.40 (x109 =10} Spp. soil)
TS 498:002 4082130 11822208 26767=11.59 34232379 | nitially stage o - - )
T6 535:011 6932080 23172204 3233321943  38.00:0.85 B V) ; 135 - 8667
T7 522:016 6782003 2223:169 272001253 31.70:3.16 TI 16.78 867 32 3714
TS 493002  820:1.05 21962207 2603321097 3467142 T2 834 11.57 22 10423
et e e
LSD (0.05) 0.15 1.50 346 25.02 520 Is g e : 63;;-*
LSD (0.01) 0.21 2.07 4.76 3448 717 6 1111 i s o
LSD - least significant differences; NSD - no significant difference at the P=0.05 level 17 16.00 7.67 3 7908
of significance whereas *, ** and *** indicates statistical significant differences at the 18 2322 10.45 72 12673
LSD (0.05) 629 376 29 2305

P<0.05, P<0.01 and P<0.001 levels, respectively.

The effect of the applied treatments on the changes of soil microbiologica
rop erties is presented in Table 5. In the control treatment the number o
= oorganisms is significantly increased due to the presence of plants in relation t
- the treatment with no vegetation (initially stage, NV), thus confirmin g the influency
', the rhizosphere root on increase of the number of microflora (Mandi¢, 2001)
Metallurgical slag and selected lime materials did not show a significant effect on the
mmber of microorganisms in study soil. The number of microorganisms was the
west in the treatment with slag, and the highest - in the control and the treatmen
with the NPK and manure in combination with slag. The number of Azotobacter spp
mdicates that the soil biogenity is not disturbed by using the reclamation measures ir
studied treatments. Higher values of dehydrogenase in all the treatments compared
D the control indicates that the use of the reclamation measures and slag increased its
ftivity, which is most pronounced in the following  treatments:
WPK -+manure+Ca(OH), and CaCO3. High dehydrogenase activity indicates a higher
mate of respiration and increased mineralization of fresh organic matter and humus
[Cvijanovié et al., 2008).

Experiments in several European countries have demonstrated the ability of
metallurgical slag to raise the pH of acid soils, increasing at the same time the Ca and
Mg contents of the soils exchange complex (Adriano, 2001), and it has been shown that
the slag modified the physical and chemical properties of the soil and lead to an
increase in production of between 15 and 40% when 1.6 t ha™' of metallurgical slag was
applied to soils with pH 4-5.

The data on granulometric composition of studied soil after application of
fertilizers and lime materilas could’nt give an information about significant changes
both of initial status and after application of lime materials (Table 4). Although the
lime treated soils show generally a deep modification of the physical and mechanical
properties (Russo et al., 2007), in this study the opposite effects are expected probably
due to a short time period before analyses.

Table 4. Effect of metallurgical slag and selected lime materials on the changes
of main soil physical properties (means + standard deviation)

Gramilometric composition (mm)

Treatment Bulkysand — Mimature Dust Clay  Total sand Dusttclay
202 sand02-002 0020002 <0002 2002 <0.02 CONCLUSION

T1 4.6=0.6 26.6=1.3 44912 239:02 31.2=1.1 68.8+1.1

T2 4.9:0.7 25708 451205 243218 307=14 693x14

T3 4902 26,103 44.1=09 24908 31.0:02 69.0=02 Th I ) o s 3 !

T4 18407 26,921 4 238:08 311209  689:09 E e results of the paper indicate that the studied metallurgical slag showed
Ts 43206 36.0:0.7 218510 305505 69505 PO mve' effects on basic chemical properties and microbiological activity of Stagnosol
5 4.9:0.5 258208 248510 307403  693:03 seomparing to non-fertilized one, which could not be said for the soil granulometric
T7 48506 26.0:0.2 240504 308204  69.2:04 position, possibly due to a short time period before analyses. In general, it was
T8 4907 26.6=1.3 443+11 242411 315207 68.5:07 iestimated that the studied metallurgical slag of the standardized chemical composition

be added to the acid soils toward amelioration the fertility without adverse effects,
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UTICAJ PRIMENE METALURSKE SLJAKE NA HEMIJSKA,

FIZICKA I MIKROBIOLOSKA SVOJSTVA ZEMLJISTA

Apstrakt

Cilj ovog istrazivanja bio je da sc ispita uticaj primene Ca metalurike dsljake na

promene osnovnih hemijskih karakteristika kao i granulometrijskog sastava stagnosola. tipa
zemljista veoma kisele reakeije, kroz vegetativne cksperimenate izvrSenc u polukontrolisanim
uslovima. Ispitivan je efckat primene metalurske $ljake u odnosu na kemercijalne kreéne
materijale u kombinaciji sa i bez standardnih dubriva. Na osnovu dobijenih rezultata moZe se
konstatovati da su svi ispitivani kreéni materijali, ukljuujuci metalur$ku Sljaku, imali pozitivne
cfekte na osnovne hemijske osobine i mikrobiolosku aktivnost ispitivanog kiselog zemljista u
odnosu na kontrolu, §to se ne moZe re¢i za granulometrijski sastav zemljista, verovatno zbog
kratkog vremenskog perioda izmedu analiza.

Kljuéne redi: metalurska sljaka, stagnosol, hemijska svojstva, granulometrijski sastav,
mikrobioloska aktivnost



