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ASSESSMENT OF LEACHABILITY
OF HARMFUL COMPONENTS FROM ALTERNATIVE FUELS
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Abstract: Fuels, inclusive of those produced with the usewaktes, must usually be stored before their
combustion or co-combustion in industrial proces8sen stored outside, the fuels are exposed teradv
atmospheric impacts. The fuel quality may get wdahen and fuel components which may be environntignta
harmful may be leached out as well. The paper ptedbe assessment of potential environmental disrednich
result from the storage of fuels which have beeasdpced with the use of municipal sewage sludge athdr
componentsie fuel made of the sewage sludge and coal slurns(RI), fuel made of the sewage sludge and
meat-and-bone meal (PBM fuel), and that obtaineth Wie use of the sewage sludge and sawdust (P& fu
Leachability of environmentally harmful componemias studied, with special attention paid to heawtais.
Four methods were employed to evaluate the poliléaichability levels; different environmental citiths were
simulated in those methods. The studies and arsatjsmonstrated that the temporary surface dumgifRB8,
PBM and PBT fuels was safe from the viewpoint aicleing of the harmful component to soil and/or wate
courses.
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Thermal processes make one of waste utilisationhadst which are increasingly
employed nowadays. The wastes may be subjectemiribustion in typical waste incineration
plants, or they may be used for co-combustion wdgthiventional fuels in industrial processes
like in the production of cement clinker, in povpdaints and in heat and power plants, etc. The
available range of wastes is extensive, and sortfeogé materials offer the properties which
make them directly applicable as alternative fuedth no need to modify their properties
and/or their form. Physical treatment is requirea the other hand, for other wasteg size
reduction or mixing with other components and gaggorming to facilitate the fuel handling
procedures (granulate, pellets, briquettes), astidf all to provide stable physical-chemical
properties of the fuels.
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The production of fuels with the use of the muratigewage sludge makes an example of
that outlet for waste materials. The author dewedofhe process for the manufacture of
granulated fuels in which the sludge and other @corapts can be utilisetk fuel made of the
sewage sludge and coal slurry (PBS fuel), fuel neidbe sewage sludge and meat and bone
meal (PBM fuel), and fuel made of the sewage sluatgk sawdust (PBT fuel) [1, 2]. Those
fuels offer the properties which make them applieas substitutes of hard coal in the cement
clinker production process.

Calorific values of wastes are essential for atilen of those materials as energy carriers.
Which is equally important, however, is their cangeof trace elements. In case of alternative
fuels applicable in the cement industry, particid#ention is paid to the contents of such
heavy metals as: Cu, Cr, Co, Cu, Zn, Sb and Nithese may adversely affect the clinker
quality, and to the contents of Cd, Hg and TI, aitlcey may be released as hazardous
pollutants. The heavy metal contents for selecteztrative fuels and for hard coal were
presented in Table 1.

Table 1
Contents of trace elements for selected alterntieis and for hard coal [3]
_ Type of alternative fuel Hard
Metal Municipal Im_pr_egnated Tyres coal
wastes municipal wastes
Contents [mg/kg]
Cr 8+612 13+1.406 5+640 1+260
Zn 245+2.875 80+1.059 14+20.500  4.5+405
Cd 1+19 2+8 0,1+20 0.01+1
Pb 3+152 13+443 3+760 5+27(
Co 3+22 3+11 5+207 0.5+43
Ni 1+240 9+291 17+380 1+110
Mn 23+505 91+331 6+890 5+356
\Y 1+23 5+147 1+60 10+250
Cu 22+3.906 132+534 10+300 0.3+60
Sr 12+94 25+214 NA* NA*
Ba 24+357 69+358 NA* NA*

" NA - no data available

As regards the sewage sludge derived fuels, majafriteavy metals which are present in
those materials comes from the municipal sewagigsluHeavy metals make the biggest and
most numerous group of micropollutants in the studince they are transferred to and
accumulated in the sludge in the sewage treatmeness [4-6]. The heavy metal contents in
the sewage sludge utilised for the production efsfuvere presented in Table 2.

The reference papers report that, the highest otmatiens of heavy metals are observed
for zinc and relatively high concentrations for pep chromium and lead (in accordance with
the series: Cd < Ni < PbCr= Cu < Zn) [5]. Paulsrud and Nedland [7] quote tbestkr's data
[8] and they claim that such metals like cadmiunereury and nickel are supplied by the
industrial wastewater while copper and zinc ardivdeed” predominantly by households. As
regards lead, this may come both from the domsstiage and from water which is drained
from the ground surface.
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Contents of heavy metals in the sewage sludgefoselde production of fuels from wastes [9']|'ab|e ?
Metal Range Median ci?grfiigit(ieonr:
[mg/kg] [mg/kg] [%)]

Zn 1.931+3.503 2.418 54.06
Fe 1.264+5.794 2.418 54.06
Mn 624.9+826.8 713.1 8.40
Cu 104+193.5 162.4 19.81
Pb 36.34+64.89 48.34 12.93
Ni 1.96+33.39 26.30 45.13
As 2.77+6.73 4.95 26.38
Sn 0.06+1.13 0.37 58.97
Cd 1.03+3.09 2.30 27.65
Cr 28.60+53.56 34.22 28.56
Co 2.88+9.30 4.74 26.83
Tl 0.15+0.64 0.30 41.90
Hg 0.91+2.57 1.16 34.98
\Y 5.6+10.79 10.06 58.97

Heavy metals are fixed in the sewage sludge bothdinorganic and organic matter [8].
Metals can be found in the sewage sludge in theoldisd form, they may be coprecipitated
with metal oxides, and adsorbed or associated itlpa of biological leftovers. They may be
present as oxides, hydroxides, sulphides, sulfgpé®sphates, silicates and/or organic
compounds - humic complexes and compounds with Epngaccharides [10, 11]. Fuentes et
al [12] says that the mobility, bioavailability amtotoxicity of the metals depend on the
specific chemical forms or bindings in which the aegxist in the sludge.

Mobility of pollutants and their leachability fromvastes attract the interest to a great
degree when the waste materials are to be stonedwhen they are to be discharged to the
environment or utilised in farming. The waste-dedvfuels need to be stored for some time
before they can be utilised in industrial proce$sesigh their combustion or co-combustion.

When the fuels are stored inadequately, their tyuglarameters may declineg
absorption of ambient humidity may impair their imeagical properties. Moreover, the organic
substances contained in fuels may show biologictiviy. And last but not least, the
environmentally harmful components may be leachetd ldence, when the fuels obtained
from wastes are stored just in the open, undersgiheric conditions, attention should be paid
to the fact that they will be exposed to atmosgherécipitation which may release pollutants
contained in those fuels. The rate of that rel@easg be affected by various climatic factaes,
rainfall, variable temperature, freezing-thawingleg, and time over which the fuels are
exposed to specific atmospheric conditions.

In order to verify mobility of the components whiahe present in the PBS, PBM and
PBT fuels, leachability of pollutants, inclusive lifavy metals, under various environmental
conditions were studied.
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Materials and methods
Materials

Three types of fuels were investigated which hadnbproduced with the use of the
municipal sewage sludge obtained from the mechiiclgical sewage treatment plant, and
with the use of other components. Enriched coahslitom the “Rydultowy” Coal Mine,
meat-and-bone meal from the animal waste utilisgtiant, and beech sawdust from the wood
processing plant had been used as additional dnehonents.

Fuels with the following compositions were studied:

PBS fuel - 60 wt. % of sewage sludge, 34 wt. % of coal gluand 6 wt. % of burnt lime,

PBM fuel - 75 wt. % of sewage sludge, 24 wt. % of meatdaode meal, and 1 wt. % of
burnt lime,

PBT fuel - 80 wt. % of sewage sludge, 19 wt. % of sawdust,Jamntl % of burnt lime.

The fuel manufacturing process comprised the migteg, forming operation, and drying
in a special device which had been designed justhfat purpose [13]. The tests involved
granulated fuels with the grain size of 35 mm anchidity about 10%; the samples were
subjected to seasoning over a few days beforevtbey investigated.

Methods

Various environmental conditions were simulatecialyse the possible environmental
hazards which would result from leaching pollutasftshe PBS, PBM and PBT fuels during
their temporary storage. Water extracts were pegpfor that purpose with the use of various
procedurese:

a) fuel samples were placed in distilled water at pknéthod I) - method according to

PN-EN 12457-4: 2006 [14],

b) fuel samples were placed in distilled water whiell lbeen acidified to pH 4ngthod

II') - simulation of the impact of acid rains on lealality of fuel components,

c) leachates obtained from the stored fuels, takem 2t h and after 8 dayséthod 1)

- actual environmental conditions,

d) extracts were prepared after freezing-thawing sydeethod 1V) - simulation of
winter conditions.

The methods applicable in preparing water extraet® presented below.

Method | - In accordance with the procedure provided inRbéish Standard PN-EN
12457-4: 2006 [14], the fuel samples were shakéen water during 24 hours at the liquid-
to-solid (L/S) ratio equal to 10 (weight). Aqueaeidracts were prepared at 20 +5°C. When
the shaking was finished, the containers weretteftand for about 15 minutes to let the
solid particles settle down. Extracts were themerdd: the filter pore diameter was
0.45 um. After measuring the pH value, concentrai&it acid(V) (HNQ) was added to
the extract to adjust that value to pH 1+2 (forrast preservation). The aqueous extracts
were then subjected to tests to find the contethi@pollutants.

Method Il - The procedure according to that method was lads®d on the standard
PN-EN 12457-4: 2006 [14], but the fuels were flodbadth distilled water which had been
acidified with HNG(V) to pH 4.

Method Ill - In that method, 100 g of fuel samples were plaicel dni of distilled
water and they were then subjected to freezingitigaeycles (50 times). That number of
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cycles was to simulate the average time for amli&nperatures below 0°C in winter. One
cycle involved freezing a sample down to —18°C Wwhieas followed by thawing and

bringing the temperature to +18°C [15]. Then, soldere filtered off and the level of

impurities in water extracts was analysed.

Method IV - As opposite to the methods described above, hwhiere conducted
under laboratory conditions, that method was basedactual storage conditions: fuel
samples (8 kg per each fuel) were exposed to diegtfall. A special stands were prepared
to collect the effluent, as shown in Figure 1.

fuel from sewage
sludge

erforated base
/\/pcontainer for
_/|l/ leachate

A volume of each fuel was arranged on a perforatggbort and a container was placed
below to collect the liquid effluent. The extrawiere collected after 24 h and after 8 days
of heavy rainfall. Basic pollution parameters wénen analysed in the aqueous samples
which were collected after respective exposureesyend filtered to remove any possible
solid matter.

Additionally, rainwater samples were also collecded analysed as blank samples.

The following parameters were analysed for all wateracts obtained as presented
above:

—  pH, according to PN-91/C-04540/05,

- specific conductivity, according to PN-EN 27888,

— leachability of chlorides, according to PN-ISO 9297

— leachability of sulfates, according to PN-74/C-0a58,

— ions of heavy metals were analysed with the usenahductively coupled plasma -
atomic emission spectrometer (ICP-AES), “Plasma 400" from Perkin-Elmer.

Heavy metal contents were also analysed in theyshaigrived fuels.

Fig. 1. Fuel leachate collection stand

Results and discussion

In order to be able to verify mobility of heavy ralkstto water extracts obtained from
test fuels, heavy metal contents were also analys&BS, PBM and PBT fuels as in the
initial materials. Those concentrations of tracements were listed in Table 3 along with
the levels established for the RDRefused Derived Fuel) fuel and for hard coal.

The highest concentrations were found for iron, gaswese (PBM and PBT fuels), zinc
(PBT fuel) and chromium (PBS fuel), which resultedm the highest concentrations of
those elements in the sewage sludge utilised ferpitoduction of fuels. The analyses
demonstrated that the heavy metals contents isttithed fuels were comparable with the
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values reported by Genon et al [16] for the RDH fuldich had been produced with the use
of municipal wastes. However, mobility of heavy aistfrom those fuels may be
completely different, depending on the ways anthothe metals are fixed in the fuel.

Table 3
Heavy metals contents in fuels from sewage sludderred to contents in
RDF fuel and in hard coal

Heavy Unit PBS PBM PBT RDF fuel Hard coal

metal fuel fuel fuel [16] [17]
Fe ma/kg 1150 2030 4305 NA* NA*
Mn mg/kg 165 350.9 319.3 28+210 4+1990
Cr mg/kg <181 22.08 93.68 11.3+140 0+60
Zn mg/kg 250 446.1 881.2 225+340 2+3560
Pb ma/kg 63.20 19.43 24.93 25+157 2+370
Co mag/kg 14.12 3.89 6.27 0.6+4 0+140
Ni mg/kg <25 4.92 15.92 0.85+21 0+130
\ mg/kg 1.14 2.53 3.10 0.3+7 2+100
Cu mag/kg 58.88 43.84 7177 45+266 0.5+50
As mag/kg 1.53 0.997 2.254 0.9+8.8 0+170
Sn ma/kg 0.478 0.0304 0.0282 4+500 0.02+1]
Tl mg/kg 0.048 0.051 0.089 | 0.186+1.282 NA*
Cd mag/kg 1.25 0.434 1.690 0.02+0.5 0.1+3
Hg mg/kg 0.987 0.421 0.859 0.1+0.4 1+10

* NA - no data available

Tables 4-6 provide specifications of pollutant keulity parameters for fuels
produced with the use of sewage sludge; four mathweete employed to measure those
parameters. The findings were compared with thiifioh levels which are permissible for
the treated industrial wastewater (in accordandh wie Regulation of the Minister of
Environment, of 24 July 2006, Journal of Laws N8&7 litem 984).

Specific conductivity makes one of essential patarsewnhich provide information on
the content of dissolved matter (ions) in wateraots. Higher conductivity is recognised as
potentially indicative for impurities, especiallyjogenic substances and heavy metals [18].
Hence, that parameter was measured and its higles/atere found for the leachates from
the fuels which had been stored for 8 days, andaiter extracts which had been obtained
with the use of dynamic methods. Extremely higtctele conductivity (7.460 uS/cm) was
found out for the acidic extract of the PBM fuel.

Such a high value may be accounted for by the flaat the fuel contained the
meat-and-bone meal which released biogenic compan@npta and Sinha demonstrated in
their research [19] that conductivity of extracts#ained from fresh sewage sludge might
reach 3.859 pS/cm. On the other hand, Merringtoa §20] reported that conductivity of
the sludge which had been dried by evaporationdcbelhigher than 12 S/m.

Rosik-Dulewska and Karwaczynska showed in theidisgi[21] that conductivity of
water extracts from ash-sludge mixtures, modifieith wK,SO,;, might be as high as
44.800 pS/cm.
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Table 4
Leachability factors for pollutants from PBS fuel
Method | Method | Method Method IV Max
Parameter Unit | 1l 1} Precipi- Leachate from permissible
tation stored fuel values*
Water extracts 1day| 8days
pH - 7.47 7.55 7.72 6.9 7.5 7.5 6.5+9
Conductivity uS/cm 1.520 1.510 599 43.61 950(5 1,588 -
Sulfates mgS@dm® 31.3 398 139 4.73 194 324 500
Chlorides mgCI/drﬁ 265 41.6 23.8 15.83 165 149.8 1,000
Chloridesand \ q3 | 2063 | 4306 | 162.84 11056 350 4733 1,500
sulfates
Zn mgZn/dni 0.119 0.134 0.059 0.059 0.3¢% 0.098 2
Fe mgFe/dﬁﬁ 3.73 4.21 0.152 <0.01 0.1% 3.1 10
Mn mgMn/dn? | 0.142 0.124 <0.0004 0.005 0.04 0.18 -
Cu mgCu/drﬁ 0.177 0.214 0.014 0.0029 0.14 0.04 0.5
Pb mgPb/dr | 0.0093 0.011 <0.010 0.00011 <0.p2 <0.02 0.5
Ni mgNi/dn? 0.147 0.116 <0.043 0.00049 0.12 0.15 0.5
As mgAs/dni 0.026 0.087 <0.050 0.0011 <0.03 <0,03 0.1
Sn mgSn/drﬁ 0.0043 0.0044 - 0.00021 <0.03 0.01 2
Cd mgCd/dm | 0.0008 | 0.00092] <0.001 0.0000b 0.0p2 <0.902 0.5
Cr mgCr/drﬁ 0.017 0.025 <0.001 0.00024 <0.01 <0.01 0.5
Co mgCo/dm 0.077 0.087 <0.001 0.0003¢ 0.029 0.036 1
TI mgTI/dnf’ 0.00015| 0.00017 <0.030 <0.03 <0.03 <0.08 1

* - for treated industrial wastewater (in accordamdth the Regulation of the Minister of Environmeof 24 July
2006, Journal of Laws No. 137, item 984)

Table 5
Leachability factors for pollutants from PBM fuel
Method | Method | Method Method IV Max
Parameter Unit | 1l i Precipi- Lesat\grséeﬁjreolm permissible
Water extracts tation 1day| 8days values
pH - 7.10 7.16 7.72 6.9 6.8 7.0 6.5-9
Conductivity uS/cm 7.250 7.460 782 43.61 950.b 2,954 -
Sulfates mgS@dm’ 414 43.2 28.8 473 149 216 500
Chlorides mgCl/drh 48.1 251 76.9 15.83 280.8 274.4 1,000
Chlorides and 0y | 4621 | 2042 | 1057 110.56| 4293  490|4 1,500
sulfates
n ngn/drﬁ 0.09 0.083 0.035 0.059 0.5( 0.23 2
Fe mgFe/dﬁ’l 0.508 0.77 2.345 <0.01 3.0d 9.95 10
Mn mgMn/drTf’ 0.081 0.133 0.013 0.005 0.1 0.2 -
Cu mgCu/drﬁ 0.018 0.019 0.014 0.0029 0.034 0.032 0.5
Pb mng/drﬁ 0.0013 0.0013 <0.010 0.00011 <0.02 <0.02 0.5
Ni mgNi/dnf’ 0.225 0.209 0.044 0.00049 0.14 0.18 0.5
As mgAs/drﬁ 0.04 0.0039 <0.050 0.0011] <0.03 <0.05 0.1
Sn mgSn/drﬁ 0.0026 0.0023 <0.001 0.00021 <0.003 <0.903 2
Cd mng/drﬁ 0.00014| 0.00014 | <0.001 0.00005 <0.002 <0.002 0.5
Cr mgCr/drﬁ 0.037 0.045 <0.001 0.00024 <0.01 <0.02 0.5
Co mgCo/drﬁ 0.038 0.036 <0.001 0.0003¢ 0.019 0.026 1
Tl mgTI/dnf’ 0.00001| 0.00001 <0.03 <0.03 <0.0 <0.08 1

* - for treated industrial wastewater (in accordamdth the Regulation of the Minister of Environmeof 24 July
2006, Journal of Laws No. 137, item 984)
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Table 6
Leachability factors for pollutants from PBT fuel
Method | Method Method Method IV Max
Parameter Unit | 1] I} Precipi- Lese:gr:éeﬁjrec;m permissible
Water extracts tation 1day | 8days values
pH - 7.12 7.25 7.01 6.9 6.9 7.2 6.5+9
Conductivity uS/cm 2,700 2,550 1,178 43.61] 784.8 2,014 -
Sulfates mgS@dn?’ 351 114 127 4.73 363 510 500
Chlorides mgCl/dm 45 40.2 11.2 15.83| 36.98 38.01 1,000
Chlorides ang /3 396 154.2 1382 | 11058 400 549 1,500
sulfates
Zn ngn/drﬁ 0.147 0.093 0.013 0.059 0.29 0.1% 2
Fe mgFe/dﬁ’l 1.599 0.499 0.243 <0.01 0.42 14.5 10
Mn mgMn/dnf’ 0.11 0.077 0.013 0.005 0.15 0.61 -
Cu mgCu/drﬁ 0.017 0.023 0.012 0.0024 <0.0p <0.02 0.5
Pb mng/drﬁ 0.0038 0.0036 0.021 0.00011 <0.02 <0.02 0.5
Ni mgNi/dnf’ 0.197 0.232 0.029 0.00049 0.14 0.1y 0.5
As mgAs/drﬁ 0.022 0.035 <0.050 0.0011 <0.0B <0.03 0.1
Sn mgSn/drﬁ 0.0024 0.0015 - 0.00021L <0.08 0.0 2
Cd mng/drﬁ 0.00024| 0.00031 <0.001 0.00005 <0.0p2 <0.002 0.5
Cr mgCr/drﬁ 0.014 0.071 <0.001 0.00024 <0.0[L <0.01 0.5
Co mgCo/drﬁ 0.014 0.013 <0.001 0.00036 0.01p 0.0B 1
Tl mgTI/dnf’ 0.0004 0.00006 <0.030 <0.03 <0.0B <0.03 1

* - for treated industrial wastewater (in accordamdth the Regulation of the Minister of Environmeof 24 July
2006, Journal of Laws No. 137, item 984)

Solubility of metal compounds is controlled prirgliy by the reaction of the medium.
The ion exchange sorption process (between matalaad hydrogen ions) is limited under
alkaline and neutral conditions, while it is mucbrm extensive in the acidic environment.
The reaction was similar for water extracts obtdinith various methods for all fuels and it
was within the range from 6.9 to 7.72. Wang [22{edlothe pH scope of within 6.8+7.4 in
his studies on various types of sewage sludge.|&imasults were also obtained by Polish
researchers: Biernacka and Pawlowska measured 2#7.6.for sewage sludge materials
[11].

The tests indicated that leaching the fuels ouh e use of rainwater with pH 6.9
over the period of 24 h resulted in extraction oifates at the levels of 194 mg/dor
PBS, 149 mg/drhfor PBM and 363 mg/dinfor PBT fuel. Those values were compared
with concentrations analysed in water extracty &tdays, and higher sulfate contents were
found in the latter case: by 51% for PBS, by 40%H8M, and by only 24.14% for PBT.
The high and excessive sulfate content in the ktacfrom PBT after 8 days of storage
(510 mg/dr) resulted probably from the highest fraction ofvage sludge in that fuel in
relation to fuels: PBS and PBM.

Extraction of chlorides, however, is more uniforthe( values for leachates after
1 and after 8 days of storage are closer to edwr)ot

Based on chloride and sulfate contents in wateraetd one may declare that the
freezing-thawing cycles (method 1ll) had the lowspact on chemical destabilisation of
the fuels obtained from sewage sludge, while lebitiha of sulfates and chlorides was
much more affected by the eluent reaction.
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The tests showed the highest leachability levetsHe from all investigated fuels.
Especially high concentrations of that element werend in extracts obtained by method
IV - in leachate after 8 days of storage3.1 mg/dm for PBS, 9.95 mg/dirfor PBM, and
as high as 14.5 mg/dnfor PBT which was unacceptably excessive (the fssibie value
for treated industrial wastewater is 10 mgfjiriThat high Fe concentration in the leachate
from PBT is connected with a very high Fe contenthie fuel - the highest content among
all tested fuels.

Despite relatively high contents of Cr, Pb and €duels, those elements were present
in leachates in trace elements. On the other hamdvin and Cu (which were also present
in fuels at high concentrations) were much easideach out; their levels were as follows:
0.035:0.5 mg/drh for Zn, 0.0004+0.61 mg/dm for Mn, and from 0.02 to
0.214 mg/dmfor Cu. Those concentrations are much lower tharvalues allowed for Zn
and for Cu (there is no permissible value for Mn).

As results from the data presented above, thedesfeheavy metals in water extracts
obtained after 1 and after 8 days of storage wiferent for individual elements. One may
not declare generally that leachability of testexhdy metals increases or decreases for
longer storage times. Such an assumption may be maithe analysis of a specific heavy
metal. For example, the concentration of Zn aftdag of storage is much higher for all the
test fuels than after 8 days. The trend is oppoiiteNi, Mn and Co. Additionally,
concentrations of heavy metals in water extraamffuels are known to be much higher
than the heavy metals contents in atmospheric tation.

It was concluded from the research findings thatoapheric precipitation was not
responsible for any considerable leaching pollstanit of the fuels, except for Fe. The
concentrations of heavy metals in leachates (dpam one case) were very low, much
below than the limit values as specified in JounfdlawsNe 137, item 984 [23].

The effect of reaction on leachability of heavy atetwas also verified in the study.
The papers [18, 21, 24] report that strong acidifan could induce extensive release of
heavy metals which are present as oxides (Fe, Al) bBf in other minerals. Cd is
considered the most mobile element; it undergoashieg as early as at pH 6.5. Alloway
and Ayres [25] declares the lowest solubility for, b and Hg. Some metals like for
example Zn, and to a lower degree Cu, show incdeasdubility also at the alkaline
reaction. However, no essential differences werecan our research in heavy metals
concentrations which had been obtained at the @@dd neutral media. Some regular
behaviour may be noticed only when the PBS fuel tvaated with water acidified with
HNO; to pH 4 (method I1): leaching of heavy metals @ptcfor Ni and Mn) was somewhat
better when distilled water is used (method I).

Leachability of pollutants was lowest after the wdefreezing-thawing cycles. The
experimental findings demonstrated that the comaBahs of heavy metals were much
lower (except for iron from PBM) than the concetitnas in water extracts obtained by
methods | and Il. The lowest leachability may bedemce of no effect from low
temperatures on the pollutants leaching process fhe stored fuels. However, it may also
prove that the shaking process (in which the flede their mechanical properties - they
become soaked) employed in methods | and Il addisetdancreased concentrations of test
elements in water extracts. The experiments suggastmobility of pollutants which are
present in the stored fuels may be lower in theeviseason.
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Conclusion

The fuels which are produced of wastes, beforer tiisation in combustion
processes for energy recovery, should be stordunaét properly prepared storage place.
Most waste materials which are utilised for theduation of fuels have capillary structures
and hygroscopic properties. Hence, fuels shoultepably be stored under some roofing or
in confined areas to maintain their good qualitet,Yfuels may also be stored in the open
area, under atmospheric impacts, which may be emvientally harmful since harmful
pollutants may be leached out from the fuels.

The studies presented in this paper covered thetaois leaching process from the
fuels obtained from sewage sludge, with considematiiven to impacts from various
environmental conditionse effect of atmospheric precipitation and time opesure, and
the effect of changing temperatures as well aziingethawing cycles.

Based on the conducted analyses, one may condiatle t
— the values for individual parameters in the condddests did not exceed the limit

values as established for industrial wastewatebeodischarged to the environment

(except for two cases: sulfates and iron for PBANfu
- any longer time of exposure of the stored wasteerizd$ to atmospheric precipitation

could apparently release more pollutants. Increasmtentrations for most of test

compounds in leachates were found after 8 daydéhsive rainfall,

— the highest level of leaching within the heavy rteeteas noted for iron,

- no considerable differences were found in heavyahwincentrations versus changes
in the reaction. However, the reaction was foundffect leachability of sulfates and
chlorides,

- no negative influence was noticed for changing lamdtemperatures (below’Q) - the
pollution levels in water extract after freezing¥ing cycles were lower than those in
fuel leachates,

— the fuels produced with the use of sludges, degspiefact that leachability of their
harmful components is below the permissible linf#part from two cases) should be
stored under some roofing to maintain their physicaperties and to avoid potential
environmental hazards.
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OCENA WYMYWALNO $CI SZKODLIWYCH SKtADNIKOW
Z PALIW ALTERNATYWNYCH WYTWORZONYCH
Z OSADOW SCIEKOWYCH

Wydziat Mechaniczny, Politechnika Opolska

Abstrakt: Skladowanie paliw, w tym tak paliw wytworzonych z odpaddw, jest jedrz operacji
poprzedzajcych proces ich spalania lub wspoétspalania w pandegprzemystowych. Czasowe magazynowanie
paliw prowadzone na otwartej przestrzeni stwarzaumii do niekorzystnego oddziatywania czynnikéw
atmosferycznych na jaké paliw, ale mae réwnie prowadzé do wymywania sktadnikéw, egto szkodliwych
dla srodowiska. W artykule przedstawiono o¢epotencjalnych zagéen dla srodowiska w trakcie sktadowania
paliw wytworzonych z komunalnych osadéeiekowych i innych komponentéw, tj. paliwo z osadéiekowych

i mulu weglowego (paliwo PBS), paliwo z osadd&wiekowych i maczki miesno-kostnej (paliwo PBM) oraz
paliwo z osaddwiciekowych i trocin (paliwo PBT). Zbadano wymywadt@ paliw sktadnikéw szkodliwych do
otoczenia ze szczeg6lnym uwadhieniem metali gzkich. Oceny poziomu wymywalsoi zanieczyszcze
dokonano, stosu¢ cztery metody symulgge ré&ne warunkisrodowiskowe. Na podstawie przeprowadzonych
bada i analiz mana stwierdz, ze czasowe sktadowanie paliw PBS, PBM i PBT w waaghiksrodowiska
naturalnego jest bezpieczne pod wdgim wymywania sktadnikéw szkodliwych do otageago srodowiska
glebowego czy wodnego.

Stowa kluczowe:paliwa z odpadéw, osadgiekowe, sktadowanie paliw, wymywaktozanieczyszcze metale
cigzkie



