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INFLUENCE OF FLY ASH ON CHANGES OF POLYCYCLI C AROMATIC... 81 

Table I. The physico-chemical properties of composted materials 

Properties Sewage sludge Fly ash 

1-lh I emo I(+ )/kg] 47.3 - 

CEC [cmol(+)/kg] 500.4 98.8 

TEB [cmol(+)/kg] 547.7 - 

BS[%] 99.4 - 

pl-I in KCI 6.2 9.8 

N,[%] 1.40 0.2 

TOC [g/kg] 19.9 2.58 

I 16 PAI-l s [µg/kg] 10385 5.4 

Hh - hydrolytic acidity; CEC - the cation exchange capacity; TEB - the total of the exchangeable bases; 
BS -the degree of the base saturation: N, - the total amount of nitrogen; TOC - total organic carbon 
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Fig. I. Temperature during composting process 

PA Hs analysis 
The samples (IO g) were extracted in an ultrasonic bath (Sonic-3, Polsonic, Poland) 

with two batches of dichloromethane (2 x 40 cm3). The extract was centrifuged and evaporated 
to dryness. The residue was then dissolved in a 4 cm3 mixture of acetonitrile : water 
( I: I v/v) and purifi ed by soli d phase extraction (SPE) using C

18 
Octadecyl columns 

(JT Baker-Mallinckrodt, Germany) [31, 32]. PAH was determined using the HPLC-UV method. 
A Spherisorb-PAH (Schambeck SFD GmbH, Germany) was used for PAH separation. 
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Table 2. The initial and final content [µg/kg] and half li fe [days] of PAHs in investigated materials during composting process 

PAI-I s Sewage sludge ( I 00%) Sewage si udge (80%) + fl y ash (20%) Sewage sludge (700/o) + fl y ash (30%) 

I II 1112 I II 1112 I II 1112 
Naphthalene n.d. n.d. - n.d. n.d. - n.d. n.d. - 

128 

Acenaphthy Jene 7 ±12 488 ±15' 165 2553 ±10 306 ±1( 75 668 ±12 299 ±Il * 199 

298 

Acenaphthene 2 ±14 1194 ±13" 175 1709 ±12 853 ±!cf 230 1240 ±10 881 ±r:J' 469 

Fluorene 597 ±11 446 ±9* 549 415 ±10 336 ±8* 754 463 ±IO 341 ±I t 521 

Phenantrene 141 ±Il 137 ±11 - 95 ±14 89 ±11 - 94 ±12 110 ±8 - 

Anthracene 53 ±10 65 ±12 - 37 ±li 39 ±9 - 45 ±11 40 ±8 - 

Fluoranthene 775 ±8 581 ±15' 558 297 ±9 373 ±I t - 443 ±9 363 ±1 805 

Pyrene 906 ±8 655 ±IO* 493 151 ±9 366 ±It - 438 ±13 296 ±I t 407 

Benzo[ a ]anthracene 459 ±12 642 ±8 - 174 ±12 101 ±9* 295 165 ±8 51 ±Hf 137 

Chryzene 555 ±14 38 ±8* 59 130 ±12 33 ±13' 117 175 ±11 15 ±Ii* 65 

119 

Benz o [b] fl uoranthene 6 ±Il 1043 ±I t 1164 597 ±Il 441 ±Hf 529 242 ±12 290 ±9* - 

Benz o [k ]fl uoranthene n.d. n.d. - n.d. n.d. - n.d. n.d. - 

Benzo[a]pyrene 573 ±13 444 ±13* 628 249 ±7 200 ±9* 721 163 ±10 98 ±9* 317 

Dibenz[ ah ]anthracene 90 ±12 77 ±IO - 51 ±9 n.d. - 23 ±12 n.d. - 

Benzo[ghi]perylene 392 ±IO 331 ±13 - 228 ±li 179 ±I t 650 105 ±13 93 ±12 - 

lndeno[ 1,2,3-cd]pyrene 377 ±10 303 ±I t 733 176 ±12 187 ±8 - 96 ±9 69 ±11* 493 

I i Il - beginning and end of composting respectively; T112 - half life of PAHs calculate on the basis of equation (I) and (2); ± - relative standard deviation (n = 3) 
[%]; · indicates statistically signifi cant differences (P ~ 0.05) in relation to beginning of experiment 
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matter in the sewage sludge than in the soil meant that sorption signifi cantly infl uenced 
PAH degradation. This can lead to the limiting of bioavailabili ty (a decrease in the PAH 
degradation range), or else to a decrease in the toxicity of pollutants (a process favoring 
biodegradation). Moreover, high content ofnutrients may signifi cantly increase degradation 
of persistent organic poll utants through stimulating activity of microorganisms capable of 
their minerali zation [20, 21, 33]. 

Changes in the content of 16 PAHs during composting process were characterized by 
clear dynamic in all variants of experiment (Fig. 2). When analyzing changes of 16 PAHs 
sum content it was noted that they were dependent on amount of fl y ash addition. 
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Fig. 2. Changes [%] of I 16 PAHs content in materials during composting process 

In sewage sludge composted for 150 days, gradual decrease of PAHs content was 
noted. An increase of investigated compounds content was observed about 51 st day of 
process, but it had no signifi cant infl uence on it's course. A decrease in the sum of 16 PAHs 
was determined primaril y by all changes in the content of3- and 5-ring compounds and, to 
a lesser degree, 4-ring PAHs (Fig. 3). The content of 6-ring PAHs remained unchanged 
almost through a whole period of composting. An insignifi cant decrease was noted in the 
second part of the experiment, although an increase of their content foll owing it indicates 
(Fig. 3 A) that it was related to the process of strong sorption of investigated contaminants 
by compost components. Organic matter present in sewage sludge was subject of continuous 
changes and transformations [2], what could affect its abili ty to adsorb PAHs. In Figure 4 
the content of total organic carbon (TOC) changes in composted materials is presented. 
Our earlier paper [2] showed that in sewage sludge-amended soils, after initial decrease of 
PAHs content, an increase followed. Moreover, clear dependence on total organic matter 
content was noted. In the present studies, signifi cant relations were observed in the 
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Fig. 4. Changes of total organic carbon (TOC) content during composting process 

observed by other authors [12, 26, 34, 35]. In no case in a variant with 20% fly ash addition, 
significant relationships between TOC and individual PAHs were noted. 

Changes of PAHs content in sludge with both, 20 and 30% fly ash addition were 
similar. Some differences were noted only between the 50th and 80th composting day, and by 
the end of experiment (Fig. 2). However, the differences observed did not influence high 
coefficients of correlation (statistically significant for P ~ 0.001 ), changes in the individual 
PAHs' content and their sum between experimental variants with the 20 and 30% fly ash 
share. Similarly, during composting of the sewages sludge only, the least significant influence 
on the changes of the studied compounds was noted for 6-ring PAHs. Changes in the 
content of3, 5 and 6-ring compounds between experimental variants with 20% and 30% fly 
ash share were very much alike (Fig. 3 Band C). However, distinct changes were observed 
for 4-ring PAH (Fig 3 B and C). In sewage sludge with 20% fly ash addition, a gradual 
increase of these compounds up to the I 00th day of composting was observed, and then 
their content fell to the level noted at the beginning of the experiment. In the experiment 
with 30% of fly ash addition, in initial period (0-21 days) the content of 4-ring PAHs 
remained constant, after which insignificant increase was observed, followed by a rapid 
decrease of investigated compounds content (from 1200 to 200 µg/kg) between the 25th and 
75th day of composting. During later stages of the present experiment, the content of 4-ring 
PAHs was slightly below the initial content of these compounds (Fig. 3 C). 

It is difficult to explain causes for such shaping of 4-ring PAH content. Most probably, 
it is related to sorption of investigated compounds by fly ash. An important role of fly ash 
in this process is suggested by the fact that no such phenomenon was observed when 
sludge without fly ash addition was composted. Only in initial stage of sewage sludge 
composting, an increase of 4-ring PAHs, like in experiment with 30% fly ash addition was 
noted. Solving this issue requires more research, especially on sorption properties of ash 
as a background for content ofbioavailable forms of investigated compounds. 
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and benzo[ghi]perylene. In the case of phenanthrene and anthracene no statistically 
significant change of their content was noted (Tab. 2), what may indicate a great persistence 
of these compounds in investigated materials. However, low persistence of chrysene and 
relatively high fluorene and phenanthrene is surprising. Presented in literature data 
concerning T

112 
for fluorene and phenanthrene range from 20 to 70 days [27, 28] and from 16 

to 123 days [29] respectively. The research show [27, 33] that T112 values may differ 
significantly depending on soil properties, and especially soil organic matter content. High 
T112 values in presented experiment may be related to a strong interaction of mentioned 
compounds with sewage sludge and/or fly ash. Previous research [5] indicates a significant 
influence of sewage sludge on persistence of phenanthrene. Determined half-life of 
phenanthrene in sewage sludge-amended soil ranged from 360 to 2000 days, depending on 
an applied sewage sludge dose [5]. 

Low solubility in water and low volatili ty of chrysene should rather point to high 
persistence of this compound in the composted materials. In earlier studies [33] on PAHs 
decomposition in soils polluted with aircraft fuel, half-lives of chrysene were noted several 
times greater ranging from 400 to 450 days. In soils fertilized with sewage sludge [5] T112 
values were even higher and ranging from 300 to 2000 days. Determined by Maliszewska­ 
Korybach [27, 28] half-lives times of chrysene in soils polluted with this compound were 
from 120 to 365 days. Author noted [28] that effect of compost application into soil on 
chrysene degradation depended on type of soil as well as on a compost dose. In soil 
originating from strong loamy sand, addition of 3% of compost (w/w) caused over 50% 
decrease of T

112
, while in soil originating from sandy loam addition of compost favored 

increase of chrysene persistence. Observed in this research, relatively short half-life of 
chrysene ( I 7 days) may result from favorable conditions, increasing rate of its degradation 
during composting. This compound could also be strongly entrapped by organic matter 
( e.g. sequestration or bound residue). In the case of other PAHs, the observed T112 values 
were similar or slightly higher than data presented by other authors [5, 20, 21, 27, 33 ]. 

CONCLUSION 

The results obtained in the present research indicate distinct differences in degradation 
of investigated compounds. Addition of coal fly ash to sewage sludge had - depending on 
its amount - various effects on PAHs disappearance. Regardless to the amount of fly ash 
added it always caused increase of PA Hs losses from sludge in the first 50- 75 days period 
and decrease of losses in later period. These differences concerned 3 and 4-ring PAHs 
mainly. The positive correlation coefficients between content of most PAHs and TOC, 
when sludge and sludge with 30% fly ash addition are taken into consideration, indicate 
that transformations of PAHs in these experiments are closely related to organic carbon 
transformations. Lack of significant dependencies in experiment with 20% fly ash addition, 
for which relatively best PAHs degradation was observed, does not preclude role of organic 
carbon in this process. It may only indicate a weaker interaction between PAHs and TOC 
(expressed by lack of significant dependencies) allowing more effi cient degradation of 
these compounds. However, additional studies, concentrating especially on the 
determination of the bioavailable PAH fraction share, are necessary to confirm the above 
observations. It is also important to determine sorption properties of these compounds in 
relation to composted materials. 
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