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Il le gal land fills pose a po ten tial threat to the aquatic en vi ron ment due, in part, to the un pro tected sub soil be neath them. We
de scribe the tox ic ity of soil sam ples and in cin er ated solid waste from two il le gal land fills in Po land, and dis cuss the po ten tial
neg a tive im pact on ground wa ter. Fifty sam ples were taken, in clud ing 32 from an il le gal land fill in Trzebinia (south ern Po -
land), and ana lysed by GC-MS. The PAHs de tected in cluded naph tha lene, fluorene, phenanthrene, anthracene, acena -
phthene, acenaphthylene, fluoranthene, pyrene, benzo(c)phenanthrene, benzo(a)anthracene, chry sene,
ben zo(b+k)fluoranthene, benzo(a)fluoranthene, benzo(c)fluoranthene, benzo(a)pyrene, benzo(e)pyrene, perylene,
indeno[1,2,3-cd]pyrene, benzo(ghi)perylene and dibenzo(a+h)anthracene. The organophosphates de tected were tris-
 -(2-chloroisopropyl) phos phate, trisphenyl phos phate, tri-cresyl phos phate, tri(butoxyethyl)phos phate and tris(2-chloroethyl) 
phos phate. PAHs at <50 ppm/g pre dom i nate in the sam ples, though sam ples with to tal PAHs rang ing to >100 ppm/g were
also iden ti fied in both study ar eas. Among the or ganic phos phate con cen tra tions in the leachates, tris-(2-chloroisopropyl)
phos phate was most fre quently ob served, with con cen tra tions reach ing ~0.7 µg/l. These com pounds within burnt waste and
soil can neg a tively im pact the safety of ground wa ter. Con stant mon i tor ing and re search is needed to as sess the neg a tive ef -
fects of waste fires on un sealed ground be neath, and to help pre vent fur ther in stances.
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INTRODUCTION

Land fills, es pe cially those that are il le gal or not iso lated from 
the ground, are a po ten tial source of threats to the soil and wa -
ter en vi ron ment (Moqsud et al., 2004). These risks are mainly
re lated to the pos si bil ity of fire (�ygard et al., 2005; Kremser et
al., 2021) and leach ate gen er ated from waste (Gounaris et al.,
1993; Christensen et al., 2000; Paxeus, 2000; Alk Jaffar et al.,
2009; Boruszko and Wojciula, 2022). Leachates are formed as
a re sult of phys i cal, chem i cal, and bi o log i cal changes tak ing
place in the land fill and in fil tra tion of rain wa ter through waste
(Bojakowska, 1994; Theepharaksapan et al., 2011). Leach ate
com po si tion is in flu enced by many fac tors, in clud ing types of
waste de pos ited in a land fill, mois ture con tent, par ti cle size,

geo mor phol ogy of the area, cli mate, and time of dis posal
(Kjeldsen et al., 2002; Kumar and Alappat, 2005). The chem i cal 
com po si tion of the leach ate is vari able, but typ i cal com po nents
in clude dis solved or ganic mat ter, in or ganic macrocomponents,
heavy met als, and xenobiotic or ganic com pounds, e.g. ar o -
matic hy dro car bons (Mor et al., 2006). 

In Po land, the re quire ments for mon i tor ing and the con di -
tions for de sign ing, build ing, and op er at ing land fills are reg u -
lated by le gal acts, such as the Jour nal U. 2021 item 673, Reg u -
la tion of the Min is ter of Cli mate and En vi ron ment of March 19,
2021, amend ing the reg u la tion on land fills. This reg u la tion
spec i fies the min i mum num ber of mon i tor ing points per aqui fer
and the ba sic range of pa ram e ters that should be mea sured in
ground wa ter and leach ate (D¹browska et al., 2018; D¹browska
and Witkowski, 2022). The min i mum scope of field and lab o ra -
tory tests com prises the spec i fied EC, pH, to tal or ganic car bon
(TOC), Cu2+, Zn2+, Pb2+, Hg2+, Cd2+, Cr6+, and PAHs. The range
of pa ram e ters has been ques tioned be cause it does not re flect
the ac tual com po si tion of ground wa ter in the area ana lysed
(Quevauviller et al., 2009; Witkowski and D¹browska, 2017). 

Polycyclic ar o matic hy dro car bons (PAHs) are com pounds
with two or more ben zene rings that have many neg a tive con se -
quences re lated to en vi ron men tal, wa ter or food pol lu tion. They
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are ubiq ui tous through in com plete com bus tion of ma te ri als
(Hisamuddin et al., 2022). In ad di tion, they can be iden ti fied at
long dis tances from the epi centre of com bus tion. Im por tantly,
PAHs are eas ily dis persed in the at mo sphere due to their phys i -
cal and chem i cal prop er ties. PAHs also pose a risk to hu man
health and are there fore in cluded in lists of haz ard ous sub -
stances.

The study of PAH con tent in ground wa ter around mu nic i pal
waste land fills is of ten con tro ver sial be cause their mi gra tion to
soils and wa ters is pri mar ily as so ci ated with in com plete com -
bus tion of fos sil fuel, bio mass, or biofuel (Almouallem et al.,
2023). There fore, their con cen tra tions in the area of mu nic i pal
waste land fills are small. How ever, PAHs are known to be toxic
(Abdel-Shafy and Mansour, 2016), and are clas si fied as muta -
genic and car ci no genic sub stances (Wu et al., 2008). Pol lut -
ants en ter ing the soil with leach ate cause trans fer of PAHs to
the li chens, and then also to wa ters (Jiries et al., 2005; Öman
and Junestedt et al., 2008; Chiedozie et al., 2022).

The ac cu mu la tion of PAHs in soil oc curs very quickly as
they are hy dro pho bic (Abdel-Shafy and Mansour, 2016), mak -
ing it im por tant to study the risk from them to hu man health and
ground wa ter. Sen si tiv ity anal y sis is a tool that can be help ful in
such cal cu la tions (Roy et al., 2020) tak ing into ac count the age,
body weight, du ra tion of ex po sure, fre quency of ex po sure, and
skin sur face area of peo ple who may be at risk. The con tent of
PAHs in soils and ground wa ter has been doc u mented in many
stud ies over the years (e.g., Lundstedt et al., 2007; Schlan ges
et al., 2008; Lemieux et al., 2009; Wilcke et al., 2014; Bandowe
et al., 2018; Idowu et al., 2019; Dreij et al., 2020; Krzebietke et
al., 2020). Be cause these com pounds in ter act strongly with
par tic u late mat ter (Bouzid et al., 2017), they pose a sig nif i cant
threat to ground wa ter (Zhou et al., 2000). The con cen tra tion of
PAHs in the aquatic en vi ron ment is in flu enced by fac tors such
as evap o ra tion and bi o log i cal deg ra da tion. Com pounds with a
lower mo lec u lar weight are ad di tion ally de graded by mi cro or -
gan isms, such as bac te ria (Thomas and Li, 2000).

Mon i tor ing the for ma tion and mi gra tion of PAHs is an im por -
tant part of the pro tec tion of the soil and wa ter en vi ron ment.
PAHs are very mo bile (Zhou et al., 1996), and the rec la ma tion
of sites con tam i nated by PAHs is a com plex and lengthy pro -
cess (San Miguel et al., 2009). There fore, it seems es sen tial to
mon i tor their con tent in soils and wa ters.

The sec ond type of chem i cal com pound that de serves at -
ten tion when mon i tor ing ground wa ter qual ity in the area of pol -
lu tion hotspots is or ganic phos phates. These are com pounds
com monly added to lu bri cants, hy drau lic flu ids, and also to re -
duce the flammability of some prod ucts (Hoffman et al., 2017;
Deng et al., 2018; He et al., 2018). Organophosphates eas ily
mi grate to other en vi ron ments by vol a til iza tion and leach ing
(Marklund et al., 2003). These com pounds are con sid ered toxic 
and cause eye and skin ir ri ta tion, neurotoxicity, re pro duc tive
tox ic ity, en do crine-dis rupt ing ef fects and car ci no ge nic ity (Cas -
tro-Jimenez et al., 2014).

The first re cords of these com pounds in wa ter date back to 
the 1970s (Shel don, 1978). For some time, how ever, they
were over looked in re search, but in the late 1990s their im por -
tance in the en vi ron ment was re dis cov ered. The oc cur rence
of organo phosphate triesters and diesters in ground wa ter,
sur face wa ter, and leach ate has been re ported since the
1980s (Ishikawa et al., 1985; Meyer and Best er, 2004), al beit
only rarely (Marklund et al., 2005; Sayyah and Azooz, 2011).
Mon i tor ing these com po nents as well as study ing their dis tri -
bu tion and mi gra tion is ex tremely im por tant due to their in -
creas ing pres ence in the en vi ron ment. This, in turn, can over -
come the dif fu sion lim i ta tion of sub strates into cells and in -
crease bioavailability (Zdarta et al., 2018).

Our re search as sesses the de gree of en vi ron men tal and
health risk from PAHs and OPEs in mu nic i pal waste and soil
sam ples col lected in the area of a il le gal land fill fire in south -
west ern Po land, and com pares the re sults ob tained with those
from a land fill in Trzebinia city (south ern Po land) us ing the
mutagenicity equiv a lent (MEQ) and car ci no ge nic ity (TCDD-
 TEQ), the tox ic ity equiv a lent RTBaP, Toxic Equiv a lent (TEQ)
and ra tio SPAHcarc/SPAH. This com par a tive anal y sis al lows as -
sess ment of the im pact of fires on the soil and wa ter en vi ron -
ment in both re gions. Al though as sess ment of the de gree of risk 
from PAHs and OPEs is im por tant due to the wide spread ex is -
tence of them in the en vi ron ment, iden ti fi ca tion of these com -
pounds in the ar eas of land fills affected by fire is still rarely per -
formed. A com pre hen sive ap proach to as sess ing the risk of
these two groups of com pounds is a novel as pect of this ar ti cle.

MATERIALS AND METHODS

GENERAL DESCRIPTION OF STUDY AREA

Both il le gal land fills are in Po land. The first (Trzebinia city) is 
lo cated in the south ern part of the coun try. The land fill is sur -
rounded by a for est and a nearby road. In dus trial ar eas are far -
ther away. The fire oc curred in 2018, and it took all night to ex -
tin guish it. Solid waste that was burnt com prised used tyres,
plas tic pack ag ing, tex tiles and black rub ber.

The sec ond il le gal land fill is lo cated around the city of
Wroc³aw, in the south west ern part of Po land. It is sur rounded by 
mead ows and farm land, while in the dis tance there are in di vid -
ual house holds. The fire oc curred in 2021, and >20 fire bri gades 
took part in ex tin guish ing it. Plas tics, tex tiles and plas tic car
parts were burnt at this place.

In both cases, the fire pro duced thick, poi son ous black
smoke, which cov ered the neigh bour ing area and then mi -
grated down wind. The nearby res i dents were ad vised to close
win dows for the du ra tion of the fire and of the on go ing fire -
fighting op er a tion. In both cases, no firefighter was in jured while
putt ing out the fire.

Our re search was car ried in sev eral stages. The re search
plan is shown in Fig ure 1.

While re search ing these two land fills in Po land, we fo cused
on de ter min ing the po ten tial neg a tive im pact of a land fill fire on
the nat u ral en vi ron ment and ground wa ter, and on the health of
nearby res i dents. The data col lected helped de tail this im pact
and de ter mine pos si ble fu ture con se quences from the pol lu tion
pro duced in the epi cen ter of the fire. Ex am ples of neg a tive ef -
fects in clude pol lu tion of nearby ag ri cul tural ar eas and ground -
wa ter, and long-term health threats to nearby in hab it ants. How -
ever, our stud ies were re stricted to the il le gal land fills them -
selves, with no sam pling of sites be yond.

HYDROGEOLOGY OF THE STUDY AREAS: AQUIFER SYSTEMS
AND GROUNDWATER STATUS

The hydrogeological fea tures of the two ar eas dif fer sig nif i -
cantly from each other. The il le gal land fill in Trzebinia is lo cated
on a Tri as sic aqui fer, in an area where two aqui fer tiers are sep -
a rated from each other by a poorly per me able unit of marl and
lime stone. Cracks, fis sures and karst chan nels be tween these
two tiers lead to close hy drau lic con tact be tween them. Ground -
wa ter in over ly ing Qua ter nary de pos its oc curs within sands and
grav els of both Ho lo cene and Pleis to cene age. The Qua ter nary
units vary in thick ness and are dis con tin u ous. The ground wa ter
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ta ble within the Qua ter nary level is un con fined and oc curs at
depths from 0 to ~20 m b.g.l. (Fig. 2). The hy drau lic con duc tiv ity 
of the Qua ter nary de pos its are in the range of 1.7 x 10–5 – 5.0 x
10–5 m/s. The wa ter sup ply ing the Qua ter nary aqui fer orig i nates 
from both in fil tra tion of pre cip i ta tion and sur face wa ter courses. 

By con trast, in the area of il le gal land fill, ground wa ter oc curs 
in sandy Qua ter nary de pos its, Neogene sands, and within
tectonized zones in un der ly ing frac tured crys tal line rocks. The
ground wa ter ta ble in the sands and grav els of river ter races has 
typ i cally sta bi lized at a depth of over 2 m. Within lo cal Mio cene
clays, there are sev eral aqui fers with dif fer ent pa ram e ters. Out -
crops of Neo gene clays, boul der grav els and silty clays are very 
poor in ground wa ter.

DATA COLLECTION PROCEDURES

At the Trzebinia lo cal ity, 32 sam ples of soil and in cin er ated
solid waste were col lected dur ing two days of field work (Fig. 3). 

The sam ples were de scribed in de tail by Ryka³a et al.
(2022). In ad di tion, leachates were ob tained from 12 in cin er -
ated solid wastes, which sim u lated pre cip i ta tion in fil trat ing deep 
into the aqui fer (Ta ble 1).

In the Il le gal land fill around the city of Wroc³aw in the south -
west ern part of Po land, 18 soil and in cin er ated solid waste sam -
ples were col lected dur ing the field work (Ta ble 2), to a pre de ter -
mined plan (Fig. 4).

Sam ples of ~20 g of sur face soil and waste were col lected
with a steel spat ula, placed into glass jars that were then closed
tightly and trans ported to the lab o ra tory. Next, the soil sam ples
were air-dried in a clean lab o ra tory room.

Sam ples of soil and in cin er ated solid waste at both il le gal
land fill sites were taken at dis tances of sev eral metres be tween
each other, from both from the land fill cen tres and ad ja cent to
them. 32 sam ples were taken from the Trzebinia site, 13 of
which were soil sam ples, and 19 of dif fer ent types of in cin er ated 
solid waste. 18 sam ples were taken from the around the city of
Wroc³aw, 12 of soil and 6 of var i ous in cin er ated solid waste.
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Fig. 1. Flowchart of the re search
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LABORATORY ANALYSIS

All soil and in cin er ated solid waste sam ples
were dried, cat a loged, and ex tracted with di -
chloro methane in an ul tra sonic bath for 15 min at
30°C. The ex tracts were fil tered, the sol vent eva -
p o rated, and the ex tract yields were cal cu lated.
All sam ples were derivatized (silanized) prior to
gas chro ma tog ra phy mass spec trom e try (GC -
-MS) anal y sis.

For leach ate prep a ra tion, the in cin er ated so -
lid waste was pre vi ously dried, cured, flooded
with de min er al ized wa ter, and then washed ac -
cord ing to the PN-EN 12457-2 Norm. The
effluents were then sub jected to solid phase ex -
trac tion (SPE), with the fol low ing pro ce dure (Ka -
psi et al., 2020):

  I. Vac uum-fil ter the wa ter sam ple through
1 mm glass fi bre fil ters GF/B (Wha tman,
UK) prior to anal y sis, in or der to re move
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Fig. 2. Hydrogeological map of the first (Trzebinia) 
study area

Fig. 3. Lo ca tion of the sam ples col lected 
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sus pended solid mat ter, avoid ing in this way po ten tial in -
ter fer ences dur ing the anal y sis; 

  II. Pre con di tion the C18 col umns with 10 mL of meth a -
nol, and 10 mL of deionized wa ter; 

  III. Be fore the col umn be comes dry, pass the wa ter sam -
ples (500 mL) through the SPE col umns, at a flow rate of 
~10 mL/min, us ing a vac uum man i fold that main tains a
con stant pres sure dif fer en tial be tween the in let and the
out let of the col umn;

  IV. Once the to tal sam ple is per co lated, rinse the col -
umns with 2 × 5 mL of deionized wa ter; 

  V. Dry the col umns un der vac uum for 10 min to re move
re sid ual wa ter; 

  VI. Elute the analytes with 9 mL of ethyl ac e tate/di chloro -
methane (85:15), drop-by-drop, at a flow rate of 1 mL/min; 

  VII. The fi nal re sult of the ex trac tion was also the trans fer 
of the re sult ing bi tu mi nous mass into 2 ml am ber vi als
for gas chro ma tog ra phy-mass spec trom e try (GC-MS)
anal y sis.

Gas chro ma tog ra phy with mass spec trom e try (GC-MS) is a 
method widely used in the anal y sis of en vi ron men tal sam ples
as re gards wa ter and soil con tam i na tion, where as sess ment of
chem i cal com po si tion is re quired. As sess ments of con tam i na -
tion by PAHs (Fabiañska et al., 2017; Suterio et al., 2018) and
by or ganic phos phates (Fabiañska et al., 2019) have been de -
scribed. The method al lows the iden ti fi ca tion of in di vid ual sub -
stances based on mass spec tra, and quan ti ta tive anal y sis.

Sam ples were ana lysed us ing an Agilent Tech nol o gies
7890A gas analyser chromatograph and Agilent 5975C net -
work mass spec trom e ter with a tri ple-axis de tec tor sys tem at

the Fac ulty of Nat u ral Sci ences (Uni ver sity of Silesia in Kato -
wice, Po land). He lium (6.0 Grade) as the car rier gas was used
at a con stant flow rate of 2.6 mL/min. Sep a ra tion was ob tained
with a J&W HP5-MS (60 m x 0.32 mm i.d., 0.25 µm film thick -
ness) fused sil ica cap il lary col umn coated with a chem i cally
bonded phase (5% phenyl, 95% methylsiloxane), for which the
GC oven tem per a ture was pro grammed from 45 (1 min) to
100°C at 20°C/min, then to 300°C (hold 60 min) at 3°C/min, with 
a sol vent de lay of 10 min. Mass spec tra were re corded from 45
to 550 da (0–40 min) and 50–700 da (>40 min) elec tron im pact
mode, with an ion iza tion en ergy of 70 eV. Hewlett Packard
Chemstation soft ware was used to pro cess pre vi ously ac quired
data in a full scan model. The com pounds were iden ti fied by
their mass spec tra, and a com par i son of peak re ten tion times
with those of stan dard com pounds was car ried out, as well as
an in ter pre ta tion of MS frag men ta tion pat terns, and pub lished
data (Philip, 1985; Mass Spec tral Da ta base, 2014).

PAH peaks were in te grated man u ally. The 5-point cal i bra -
tion curves for the an a lyt i cal stan dards were used for quan ti ta -
tive anal y sis. The lin ear cor re la tion be tween the peak ar eas and 
PAH con cen tra tions was checked within the range of
0.10–10 µg/mL, with cor re la tion co ef fi cient val ues within the
range of 0.997–0.998. The method per for mance was ver i fied by 
an a lysing the NIST SRM 1649b ref er ence ma te rial and com -
par ing the re sults with the cer ti fied con cen tra tions of the PAHs
in ves ti gated. The lim its of de tec tion (LODs) were cal cu lated as
three times the stan dard de vi a tion of back ground peaks in the
pro ce dural blanks re peated three times. The av er age LOD val -
ues were 2.0 ±0.05 ng/mL. Con cen tra tions be low the LOD were 
con sid ered zero for all cal cu la tions. For qual ity as sur ance and
qual ity con trol (QA/QC), the anal y sis of each sam ple se ries was 
ac com pa nied by the anal y sis of a blank sam ple com pris ing the
whole anal y sis pro ce dure to as sess pos si ble con tam i na tion
dur ing the pro ce dure. 

For organophosphate, peaks were also in te grated man u -
ally. The fol low ing an a lyt i cal OPEs stan dards were used
(prod. Sigma-Aldrich): TCiPP (a mix ture of iso mers), TPhP,
TCEP, TBEP, and Sigma Aldrich re agents for syn the sis: TCP,
TBP, and TEP 99%. All stan dards pu rity was checked prior to
cal i bra tion curves prep a ra tion in the same an a lyt i cal con di -
tions as used for ex tract anal y ses. The lin ear cor re la tions be -
tween peak ar eas and OPE con cen tra tions were checked
within the range of 0.10–10 µg/mL (cor re la tion co ef fi cients:
0.997–0.998). For qual ity as sur ance and qual ity con trol
(QA/QC), the anal y sis of each sam ple set was ac com pa nied
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T a  b l e  1

Sam ple code and de scrip tion of burnt wastes
at the Trzebinia illegall land fill

Sam ple De scrip tion  
of the sam ple Sam ple De scrip tion 

of the sam ple

T1W burnt tyres T7W un burnt wall pa per

T2W burnt rub ber black waste T8W burnt tex tiles

T3W burnt rub ber black waste
and brown sponge T9W burnt tex tiles

T4W burnt rub ber black waste T10W burnt tires

T5W burnt rub ber black waste T11W burnt tex tiles

T6W burnt rub ber black waste T12W burnt tex tiles

W – burnt solid waste sam ple

T a  b l e  2

Sam ple code and de scrip tion from the south west ern 
part of Po land in a il le gal land fill

Sam ple De scrip tion
of the sam ple Sam ple De scrip tion 

of the sam ple

S1S soil sam ple S10S soil sam ple

S2S soil sam ple S11S soil sam ple

S3S soil sam ple S12S soil sam ple

S4S soil sam ple S1W burnt waste sam ple

S5S soil sam ple S2W burnt waste sam ple

S6S soil sam ple S3W burnt waste sam ple

S7S soil sam ple S4W burnt waste sam ple

S8S soil sam ple S5W burnt waste sam ple

S9S soil sam ple S6W burnt waste sam ple

S – soil sam ple, W – burnt solid waste sam ple

A B

Fig. 4. Sam pling places for test ing

A – il le gal land fill in Trzebinia; B – il le gal land fill around 
the city of Wroc³aw
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by blank sam ple anal y sis to as sess pos si ble con tam i na tion
dur ing the an a lyt i cal pro ce dure. Con tam i na tion of the chem i -
cals used was not ob served be cause no blank val ues were de -
tected. The in stru men tal lim i ta tions of de tec tion (LOD) were
cal cu lated as three times the back ground noise level (S/N ³3). 
The lim its of de tec tion (LODs) were 3.5 ±0.05 ng/mL. Con cen -
tra tions be low LOD were con sid ered zero for all cal cu la tions.

RESULTS AND DISCUSSION

DISTRIBUTION OF PAH COMPOUNDS 
IN THE SUBSOIL

The re sults of con cen tra tion stud ies of in di vid ual PAHs from 
the Trzebinia lo cal ity were pub lished by Ryka³a et al. (2022),
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T a  b l e  3

Polycyclic ar o matic hy dro car bon (PAH) con cen tra tions in the south west ern part of Po land 
in il le gal land fill sam ples [ppm]

Sam ple N F P A Ace Acy Fl Py BcPhe BaA Ch Bb+kF BaF

S1S – 0.269 12.969 0.536 – 0.926 14.642 11.958 0.299 5.350 6.640 9.718 2.810

S2S – – 1.174 0.032 0.093 – 1.836 1.506 0.049 0.723 0.751 1.392 0.358

S3S – 0.005 0.589 – – – 1.050 0.870 0.036 0.380 0.532 1.092 0.250

S4S – 0.001 0.207 – – – 0.388 0.336 0.011 0.106 0.200 0.358 0.103

S5S 1.400 4.628 166.920 10.850 6.799 19.473 134.405 108.268 3.306 53.639 85.016 77.793 25.190 

S6S – 0.093 2.691 0.095 0.080 0.376 3.028 2.395 0.080 1.115 1.743 2.142 0.562

S7S – 0.001 1.328 – – – 0.740 0.586 0.022 0.217 0.245 0.328 0.097

S8S – 0.585 15.934 0.793 0.420 1.488 12.012 9.549 0.269 4.417 6.052 8.607 2.563

S9S – 0.232 27.662 1.823 0.784 2.592 28.003 23.227 0.660 10.777 14.395 15.513 4.962

S10S – 0.020 15.141 0.452 0.077 3.968 12.538 9.634 0.302 5.132 7.670 11.955 3.590

S11S – 0.421 0.221 0.077 – 0.301 1.707 1.489 0.056 0.577 1.167 2.287 0.637

S12S – 0.602 12.003 0.480 0.172 1.344 11.533 8.967 0.316 4.455 6.655 7.025 2.081

S1W 1.520 0.943 2.380 0.045 2.012 – 1.453 0.207 0.267 2.979 0.090 0.630 0.130

S2W – 0.857 0.471 0.031 0.250 – 0.451 0.185 0.016 0.030 0.050 0.416 0.078

S3W 0.240 1.750 0.772 0.058 4.205 – 0.599 0.248 0.019 0.045 0.039 0.484 0.238

S4W – 1.741 1.426 0.098 1.560 – 1.429 0.566 0.042 0.114 0.090 0.807 0.166

S5W – 0.593 0.421 0.007 – – 0.349 0.147 0.015 0.031 0.035 0.473 0.099

S6W 0.037 1.258 0.700 0.046 1.319 – 1.135 0.563 0.042 0.246 0.107 1.168 0.277

Sam ple BcF BaP BeP Pe IP BghiP DB
PAH
sum

ppm/g
RTBaP SPAHcarc

/SPAH
MEQ TCDD-

TEQ
BaPE
ppm/g

S1S 1.118 5.250 6.239 1.556 0.526 2.436 5.507 88.747 34.701 0.372 10.454 0.03 9.60

S2S 0.159 0.917 0.949 0.193 0.089 0.533 1.852 12.607 10.464 0.454 2.003 0.01 2.18

S3S 0.080 0.737 0.709 0.144 0.094 0.493 0.698 7.758 4.441 0.455 1.375 – 1.26

S4S – 0.275 0.198 0.042 0.028 0.153 0.076 2.483 0.725 0.421 0.437 – 0.35

S5S 10.516 34.534  43.103 9.697 3.435 15.480 39.079 853.532 246.366 0.344 75.176 0.27 66.92 

S6S 0.252 1.019 1.151 0.305 0.148 0.613 2.161 20.049 12.255 0.415 2.465 0.01 2.54

S7S 0.041 0.213 0.245 0.055 – – – 4.117 0.273 0.244 0.317 – 0.25

S8S 1.036 4.436 5.591 1.318 0.771 3.523 7.520 86.884 43.879 0.366 10.143 0.04 9.88

S9S 1.883 7.719 9.208 2.348 1.041 4.779 10.133 167.742 61.842 0.355 16.897 0.06 15.62 

S10S 1.154 6.078 6.507 1.559 1.015 4.829 9.791 101.411 57.447 0.411 13.691 0.05 13.18 

S11S 0.100 1.206 1.377 0.382 0.238 1.092 1.975 15.308 11.516 0.487 2.699 0.01 2.60

S12S 0.651 3.394 4.062 0.737 0.445 1.963 5.354 72.240 31.656 0.378 7.693 0.03 7.40

S1W 0.066 0.374 0.268 0.052 – – – 13.417 0.745 0.304 0.778 – 0.60

S2W 0.076 0.296 0.156 0.022 – – – 3.387 0.344 0.234 0.403 – 0.33

S3W 0.092 0.247 0.186 0.109 – – – 9.330 0.309 0.087 0.372 – 0.28

S4W 0.139 0.462 0.321 0.053 – – – 9.013 0.562 0.163 0.674 – 0.52

S5W 0.287 0.130 0.018 0.042 – – – 2.648 0.183 0.253 0.252 – 0.17

S6W 0.173 0.528 0.473 0.074 – – – 8.144 0.676 0.252 0.842 – 0.62

N – naph tha lene, F – fluorene, P – phenanthrene, A – anthracene, Ace – acenaphthene, Acy – acenaphthylene, Fl – fluoranthene, Py –
pyrene, BcPhe – benzo(c)phenanthrene, BaA – benzo(a)anthracene, Ch – chry sene, Bb+kF – benzo(b+k)fluoranthene, BaF – benzo(a)fluo -
ranthene, BcF – benzo(c)fluoranthene, BaP – benzo(a)pyrene, BeP – benzo(e)pyrene, Pe – perylene, IP – indeno[1,2,3-cd]pyrene, BghiP –
benzo(ghi)perylene, DB – dibenzo(a+h)anthracene, “–” com pound not found
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who showed the sim i lar ity of the re sults ob tained to the data of
con tam i nant leach ing ob tained by Hennerbert et al. (2014). In
the sam ples from the il le gal land fill around the city of Wroc³aw,
20 dif fer ent types of PAHs were iden ti fied (Ta ble 3): naph tha -
lene (N) (m/z = 128), fluorene (F) (m/z = 166), phenanthrene (P) 
(m/z = 178), anthracene (A) (m/z = 178), acenaphthene (Ace)
(m/z = 154), acenaphthylene (Acy) (m/z = 152), fluoranthene
(Fl) (m/z = 202), pyrene (Py) (m/z = 202), benzo(c)phe nan -
threne (BcPhe) (m/z = 252), benzo(a)anthracene (BaA) (m/z =
228), chry sene (Ch) (m/z = 228), benzo(b+k)fluoran thene (Bb + 
kF) (m/z = 252), benzo(a)fluoranthene (BaF) (m/z = 252),
benzo(c)fluoranthene (BcF) (m/z = 252), benzo(a)pyrene (BaP) 
(m/z = 252), benzo(e)pyrene (BeP) (m/z = 252), perylene (Pe)
(m/z = 252), indeno[1,2,3-cd]pyrene (IP) (m/z = 276),
benzo(ghi)perylene (BghiP) (m/z = 276) and dibenzo(a + h)an -
thra cene (DB) (m/z = 278).

In all sam ples ana lysed the fol low ing PAHs were de tected:
phenanthrene, fluoranthene, pyrene, benzo(c)phenanthrene,
benzo(a)anthracene, chry sene, ben-zo(b+k)fluoranthene, ben -
zo(a)fluo ra nthene, benzo(a)pyrene, benzo(e)pyrene and pery -
lene. The U.S. The En vi ron men tal Pro tec tion Agency has clas -
si fied seven PAH com pounds as prob a ble hu man car cin o gens: 
benzo[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene,
benzo[k]fluoranthene, chry sene, dibenzo[a,h]anthracene and
indeno[1,2,3-cd]pyrene (Nasr et al., 2010). The high est con -
cen tra tions of these PAHs (ppm) were de tected in sam ples
S5S (293.496) and S9S (59.579). Naph tha lene was de tected in 
the fol low ing sam ples: S5S (1.400 ppm), S1W (1.520 ppm),
S3W (0.240 ppm) and S6W (0.037 ppm). The high est fluo -
ranthene and pyrene con cen tra tions (ppm) were re corded in 6
soil sam ples.

Fig ure 5 shows the dis tri bu tion (%) of 2–6 cy clic PAHs
(ppm) in all sam ples from the around the city of Wroc³aw il le gal
land fill. The larg est % share in the sam ples had 4-ringed PAHs
(Fl, Py, BaA, Ch) with a to tal con cen tra tion of 627.757 ppm in
18 sam ples. In sec ond place are 5-ring PAHs (BcPhe, Bb + kF,
BaF, BcF, BaP, BeP, Pe, and DB) with a to tal con cen tra tion of
461.417 ppm in 18 sam ples. Then, 3-ring PAHs (P, A, Ace,

Acy, and F) with a to tal con cen tra tion of 337.351 ppm in 18
sam ples, where phenanthrene was dom i nant, as also in di cated
by Jiries et al., (2005). The 6-ring PAHs (IP, BghiP) rep re sent a
value of 43.724 ppm in 11 sam ples. Fi nally, 2-ring naph tha lene
reached val ues of 3.195 ppm in 4 sam ples. Low mo lec u lar
weight PAHs may likely have higher con cen tra tions and be re -
leased in less time in wa ter than high mo lec u lar weight PAHs
(Dobaradaran et al., 2020).

The RTBaP in dex is the sum of the con cen tra tions of in di -
vid ual PAHs and their rel a tive tox ic ity fac tors (Nisbet and
LaGoy, 1992). The RTBaP in dex value in the sam ples ana lysed 
was 518.384 ppm. The av er age con tent was 28.799 ppm. Re -
sults higher than the av er age con cen tra tion were re corded in
the 6 soil sam ples. The cu mu la tive health haz ard from a PAH
mix ture is ex pressed quan ti ta tively as the car ci no genic equiv a -
lent (CEQ) or mutagenicity equiv a lent (MEQ) rel a tive to the car -
ci no ge nic ity or mutagenicity of BaP (Rogula-Koz³owska et al.,
2013). The to tal mutagenicity equiv a lent MEQ was
146.673 ppm. The av er age con tent was 8.148 ppm. Re sults
higher than the av er age con cen tra tion were re corded in 5 soil
sam ples. The TCDD-TEQ in dex was cal cu lated in 11 sam ples.
In the re main ing ones, the TCDD-TEQ in dex was not cal cu lated 
due to the lack of one of the six PAHs needed to cal cu late this
in dex (BaA, Ch, Bb+kF, BaP, IP and DB). These were mainly
sam ples of in cin er ated solid waste. Great em pha sis is placed
on the study of car ci no ge nic ity and mutagenicity in di ca tors of
PAHs (Abdel- Rasaq, 2012). The av er age con tent
SPAHcarc/SPAH was 0.333. Re sults higher than the av er age
con cen tra tion were re corded in the 11 soil sam ples. 

The av er age PAH con cen tra tion per sam ple in the soils was 
45.940 ppm, and in in cin er ated solid waste 7.657 ppm. Higher
to tal con cen tra tions of 4–5-ring PAHs were re corded in soil
sam ples than in sam ples of burnt waste. In ad di tion, 6-ringed
PAHs (IP, BghiP) were not ob served in sam ples of in cin er ated
waste, whereas they were pres ent in 11 soil sam ples. Low mo -
lec u lar weight (LMW) and high mo lec u lar weight (HMW) PAHs
be have dif fer ently when re leased into wa ter. LMW PAHs, e.g.
naph tha lene, are usu ally emit ted to the at mo sphere, while
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Fig. 5. Dis tri bu tion pat tern (%) of 2–6 ring PAHs around the city of Wroc³aw il le gal land fill
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HMW PAHs benzo(a)pyrene and benzo(ghi)perylene will re -
main in the wa ter or set tle in wa ter course sed i ments (Malaka -
hmad et al., 2016). The sums of in di vid ual PAHs in soil and wa -
ter sam ples have been given in var i ous stud ies (Li et al., 2010;
Chen et al., 2015; Ogunbisi et al., 2022).

In the sam ples from both study ar eas, a sim i lar num ber of
PAH types was de tected. Naph tha lene was de tected more fre -
quently at both sites in the burnt waste sam ples than in the soil
sam ples. Of the 3-ring PAHs, the most dom i nant was phena -
nthre ne with the high est con cen tra tion in sam ples T4W 96.113
ppm (Trzebinia) and S5S 166.920 ppm (sam ple from around
the city of Wroc³aw). Among 4-ringed PAHs, fluoranthene and
pyrene pre dom i nated in both ar eas. Above-av er age con cen tra -
tions of 5-ringed PAHs in the sam ples in both ar eas were sta tis -
ti cally slightly dif fer ent. In the Trzebinia land fill, they were: T1S
= 9.031 ppm, T2S = 19.238 ppm, T4S = 13.108 ppm, T6S =
8.768 ppm, T7S = 8.525 ppm, T8S = 7.604 ppm, T9S =
7.266 ppm, T12S = 11.684 ppm (8 soil sam ples with an av er -
age value of 7.113 ppm) and T1W = 8.675 ppm, T4W = 60.225
ppm, T5W = 17.224 ppm, T1.W = 8.762 ppm, T6.W = 7.808
ppm (5 sam ples of in cin er ated waste above the av er age value
of 6.996 ppm). In the around the city of Wroc³aw il le gal land fill:
S5S = 243.219 ppm, S9S = 52.426 ppm, S10S = 40.935 ppm (3 
soil sam ples above the av er age value of 37.617 ppm), and
S1W = 1.788 ppm, S4W = 1.989 ppm, S6W = 2.734 ppm (3
sam ples of combusted waste above the av er age value of 1.668 
ppm). In the Trze binia il le gal land fill, the av er age con cen tra tion
ex ceeded that found in soil sam ples, while in the around the city 
of Wroc³aw il le gal land fill, the con cen tra tions in soils were com -
pa ra ble to those in the burnt waste sam ples. Con cen tra tions of
in de no[1,2,3 -cd]py rene and benzo(ghi)pery lene (BghiP) were
de tected in both study ar eas. In the Trzebinia il le gal land fill, the
con cen tra tions of IP in soil sam ples were within the range of
0.012–0.676 ppm, BghiP 0.032–2.407 ppm, while in the sam -
ples of in cin er ated solid waste, the con cen tra tion of IP ranged
from 0.012 to 0.187 ppm, BghiP 0.047 to 1.450 ppm. In the il le -
gal land fill, the con cen tra tion of IP in the soil sam ples was within 

the range of 0.028–3.435 ppm, BghiP 0.153–15.480 ppm, while 
in the sam ples of in cin er ated solid waste, no IP and BghiP were
de tected.

Ac cord ing to the to tal con tent of PAHs, the sam ples were
clas si fied in the fol low ing way, (i) the to tal range of PAHs >100
ppm/g, (ii) the range of to tal PAHs 50–100 ppm/g, and (iii) the
range of to tal <50 ppm / g (Fig. 6). Sam ples S5W, and S9-10W,
be longed to the (i) group, sam ples S1S, S8S, and S12S to the
(ii) group, whereas the S2-4S, S6-7S, S12S, S1-6W sam ples
be longed to the (iii) group. The sam ples from the Trzebinia lo -
cal ity (Ryka³a et al., 2022) can be as signed to the par tic u lar
groups in the fol low ing way, (i) 4 sam ples, (ii) 4 sam ples, and (iii) 
24 sam ples. The sam ples of in cin er ated waste dom i nated
group (iii) in both re search ar eas. The car ci no ge nic ity level is
cal cu lated us ing PAHs, e.g. BaA, BaP, Bb + kF, Ch, DB, IP. In
the Trzebinia il le gal land fill, the sum of these PAHs os cil lated
within the range of 0.35466.189 ppm in soil sam ples and
0.000–14.056 ppm in sam ples of in cin er ated waste. By con -
trast, in the il le gal land fill in the around the city of Wroc³aw, there 
was found to be 1.003–293.496 ppm in soil sam ples and
0.669–4.074 ppm in sam ples of in cin er ated waste. In both
cases, higher con cen tra tions of these PAHs can be ob served in 
soil sam ples than in in cin er ated solid waste. The MEQ in dex in
the il le gal land fill in soil sam ples ranged from 0.317 to
75.176 ppm. 3 of these sam ples (S5S, S9-10S) ex ceeded the
av er age value of 11.946 ppm. In the sam ples of in cin er ated
solid waste, the MEQ ranged from 0.252–0.842 ppm, where 3
of these sam ples (S1W, S4W, S6W) ex ceeded the av er age
value of 0.553 ppm. The BaPE in dex in the il le gal land fill in soil
sam ples ranged from 0.249 to 66.920 ppm. 3 of these sam ples
(S5S, S9S, S10S) ex ceeded the av er age value of 10.982 ppm.
In the sam ples of in cin er ated solid waste, the in di ca tor ranged
from 0.165 to 0.625 ppm, where 3 of these sam ples (S1W,
S4W, S6W) ex ceeded the av er age value of 0.420 ppm. Soil
sam ples from the il le gal land fills both in Trzebinia and in around
the city of Wroc³aw showed higher MEQ and PaPE val ues than
did the sam ples of in cin er ated solid waste.

Anthropogenic PAHs come mainly from
the com bus tion of fos sil fu els and the spill -
age of pe tro leum (Mzoughi and Chouba,
2011). Ta ble 4 shows the re la tion ship of in di -
vid ual PAHs to each other. PAH con tam i na -
tion caused by com bus tion is in di cated by
the ra tios of phenanthrene/anthracene <10
and fluora nthene/pyrene >1 (Benlahcen et
al., 1997). Such a re la tion ship was ob served 
in al most all soil sam ples but in none of the
combusted solid wastes from around the city 
of Wroc³aw. A sim i lar de pend ence was ob -
served in the sam ples from Trzebinia. In
sam ples T3S, T11S, T13S, T8.W, T12.W
(Trzebinia), and S5W (around the city of
Wroc³aw), the P/A ra tio was higher than 15,
which may sug gest smaller py rol y sis sour -
ces in this place (Zhou and Maskaoui, 2003). 
On the other hand, a fluoran thene/pyrene
ra tio >1 in di cates a pyrolytic or i gin and val -
ues <1 in di cate a petro genic so urce (Sicre et 
al., 1987). Con tam i nants of PAHs in the
aqua tic en vi ron ment can oc cur in dis solved
form and as ad sorbed par ti cles form ing a
sus pen sion. Con densed ar o matic com po -
unds are usu ally non-po lar or very weakly
po lar; their sol u bil ity in wa ter is very low
(Miller et al., 2001). Photodegradation of
PAHs, and also other light-in duced pro -
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Fig. 6. Ex am ple PAH dis tri bu tion in a soil sam ple
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cesses oc cur ring in wa ter, can con trib ute to a re duc tion in the
con cen tra tion of dis solved PAHs (Œwietlik et al., 2002). Wa ter -
courses and wa ter bod ies in the vi cin ity of a given land fill are
most sus cep ti ble to PAH con tam i na tion. 4-ringed PAHs (Ch,
BaP) are al most in sol u ble in wa ter (Adeniji et al., 2018). This
can lead to the de po si tion of par tic u late mat ter on the sur face,
which in turn is no tice able mainly through the trans port of PAHs
from land and air to wa ter sys tems (Mojiri et al., 2019).

Our re search has pro vided data re flect ing the be hav iour of
PAH pol lut ants pro duced through the in flu ence of fire, and their
po ten tial im pact on the en vi ron ment, in clud ing on ground wa ter.
The re sults help de ter mine the neg a tive im pacts aris ing from
the un sealed base of the il le gal land fill, and con strain the mi gra -
tion of pol lut ants over time. In ad di tion, the re search helps as -
sess pos si ble neg a tive im pacts of the land fill burn ing on the
health of lo cal in hab it ants.

DISTRIBUTION OF ORGANIC PHOSPHATE COMPOUNDS IN
THE LEA CHATES

Among the 12 leachates ob tained from the wash ing of in cin -
er ated solid waste from the Trzebinia lo cal ity (Ta ble 5), three
types of or ganic phos phates were de tected: tris-(2-chloro iso -
propyl) phos phate (TCPP), trisphenyl phos phate (TPP) and
tris(2-chloroethyl) phos phate (TCEP). TCPP was de tected in 7
leach ate sam ples (T2-3L, T5-9L). The con cen tra tion lev els os -
cil lated be tween 0.005 and 0.671 ppm. TPP was de tected in 4
leach ate sam ples (T3-4L, T7L, T9L) at lev els of 0.002–0.024
ppm. Ad di tion ally, TCEP was found in 3 leach ate sam ples
(T4-5L, T9L), at 0.011–1.366 ppm.

When it co mes to ap pli ca tions of or ganic phos phates, we
can dis tin guish (Hsin-Chieh et al., 2022):

– TCPP – flame re tar dant, di elec tric; 
– TPP – plasticizer;
– TCP – flame re tar dant for PVC film, ep oxy, and phe nol res -

ins, plasticizer, and lu bri cant oil ad di tive;
– TBEP – plasticizer, flame re tar dant, antifoam agent;
– TCEP – flame re tar dant, plasticizer.

Or ganic phos phates are sol u ble in wa ter. They are used as
a start ing ma te rial of plas tics. TCPP and TBEP are ir ri tat ing to
the skin and eyes and have been clas si fied as po ten tially car ci -
no genic (Bruchajzer et al., 2015). These com pounds can in fil -
trate into the aqui fer from un pro tected land fill sites (Regnery et
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T a  b l e  4

Val ues of di ag nos tic PAH ra tios around the city of Wroc³aw il le gal land fill sam ples

Sam ple P/A A/P A/(A+P) Fl/(Fl+Py) Fl/Py Fl/(Fl+P) BaA/
(BaA + Ch) BaP/BghiP IP/BghiP IP/

(IP + BghiP) BaA/BaP Py/BaP

S1S 7.14 0.14 0.12 0.53 1.14 0.80 0.53 2.58 1.10 0.52 1.63 4.05

S2S 10.72 0.09 0.09 0.53 1.14 0.85 0.58 2.06 0.85 0.46 1.27 2.92

S3S – – – 0.53 1.13 1.00 0.50 1.78 0.97 0.49 0.83 2.10

S4S – – – 0.52 1.08 1.00 0.43 2.14 0.94 0.48 0.62 2.17

S5S 4.54 0.22 0.18 0.54 1.16 0.74 0.47 2.71 1.13 0.53 2.45 5.49

S6S 8.37 0.12 0.11 0.54 1.18 0.80 0.48 1.99 1.23 0.55 1.76 4.18

S7S – – – 0.54 1.18 1.00 0.56 – – – 1.63 4.90

S8S 5.93 0.17 0.14 0.54 1.17 0.73 0.51 1.51 1.11 0.53 1.60 3.83

S9S 4.48 0.22 0.18 0.53 1.12 0.78 0.52 1.94 1.11 0.53 2.23 5.34

S10S 9.88 0.10 0.09 0.55 1.21 0.75 0.49 1.51 1.07 0.52 1.35 2.82

S11S 0.17 5.73 0.85 0.52 1.07 1.00 0.41 1.32 1.11 0.53 0.77 2.20

S12S 7.38 0.14 0.12 0.55 1.20 0.77 0.49 2.07 1.15 0.54 2.10 4.70

S1W 7.47 0.13 0.12 0.50 0.99 0.35 0.30 – – – 1.05 5.33

S2W 13.82 0.07 0.07 0.55 1.20 0.32 0.12 – – – 0.48 6.01

S3W 12.14 0.08 0.08 0.54 1.19 0.28 0.21 – – – – –

S4W 13.20 0.08 0.07 0.55 1.24 0.33 0.22 – – – 1.14 11.79 

S5W 51.37 0.02 0.02 0.54 1.17 0.29 0.17 – – – 1.11 10.85 

S6W 13.80 0.07 0.07 0.50 0.99 0.44 0.34 – – – 2.15 10.25 

P – phenanthrene, A – anthracene, Fl – fluoranthene, Py – pyrene, BaA – benzo(a)anthracene, Ch – chry sene, BaP – ben-zo(a)pyrene, BeP
– benzo(e)pyrene, Pe – perylene, IP – indeno(1,2,3-cd)pyrene, BghiP – benzo(ghi)perylene, “–” com pound not found

T a  b l e  5

Or ganic phos phate con cen tra tions of leachates from 
the il le gal land fill in Trzebinia [ppm]

Sam ple TCPP
[µg/l]

TPP
[µg/l]

TCP
[µg/l]

TBEP
[µg/l]

TCEP
[µg/l]

T1.L – – – – –

T2.L 0.005 – – – –

T3.L 0.031 0.004 – – –

T4.L – 0.002 – – 0.902

T5.L 0.013 – – – 1.366

T6.L 0.001 – – – –

T7.L 0.014 0.024 – – –

T8.L 0.037 – – – –

T9.L 0.671 0.009 – – 0.011

T10.L – – – – –

T11.L – – – – –

T12.L – – – – –

TCPP – tris-(2-chloroisopropyl) phos phate, TPP – trisphenyl phos -
phate, TCP – tri-cresyl phos phate, TBEP – tri(butoxyethyl)phos -
phate, TCEP – tris(2-chloroethyl) phos phate, “–” com pound not
found, L – leach ate sam ple

https://doi.org/10.1039/c0em00419g
https://doi.org/10.1016/j.scitotenv.2019.133971
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al., 2011). Organophosphorus Flame Re tar dants (OPFRs) are
not chem i cally bound in prod ucts and may be re leased into the
en vi ron ment by abra sion, vol a til iza tion or leach ing (Marklund et 
al., 2005). OPFRs are mainly used as flame-re tar dant plasti -
cizers in en gi neer ing plas tics (Brandsma et al., 2013). This may 
in di cate the pres ence of a num ber of such wastes in the study
area due to their ap pear ance in the leachates. In ad di tion,
OPFRs are in dus tri ally added to all kinds of plas tics and ma te ri -
als, lead ing to easy re lease into the en vi ron ment through heat
and/or fire.

SUMMARY

Soil and in cin er ated solid waste sam ples from two il le gal
dumps in Po land were an a lyzed and com pared. The in cin er -
ated solid waste de pos ited in il le gal land fills poses a po ten tial
threat to the soil and wa ter en vi ron ment. This is mainly due to
the un sealed land fill bed in these ar eas, which in turn leads to
waste leach ing and leach ate in fil tra tion into the ground. In both
re search ar eas, high sums of PAH con tent in the sam ples were
noted, with higher con tents be ing re corded in the soil sam ples.
SPAHcarc/SPAH in soil sam ples was re corded as higher than in
burnt solid waste sam ples, which is taken into ac count when
de ter min ing car ci no ge nic ity and po ten tial ad verse ef fects on
hu man health. How ever, the to tal con cen tra tions of all PAHs in
the sam ples are high. Mon i tor ing the pres ence of organo -
phosphates in leachates from land fills should be stat u tory due
to their ad verse im pact on hu man health. One of the fac tors that 
may af fect their pres ence in leachates is their re sis tance to deg -
ra da tion. Con cen tra tions of OPEs in leachates from an il le gal
land fill can also be caused by firefighting ac tiv i ties (lu bri cants,
die sel en gines). How ever, the fire in ques tion hap pened a few

years ago, which may mean a long pe riod of de po si tion in the
aquatic en vi ron ment.

Per sonal pro tec tive equip ment is re quired for fu ture em -
ploy ees who carry out clean ing ac tiv i ties in the ar eas of il le gal
land fills, i.e.: gloves, pro tec tive cloth ing, and pro tec tive masks.
These are de signed to re duce the neg a tive im pact of skin con -
tact and re duce the risk of pol luted dust par ti cles en ter ing the
body, which can lead to lung dis ease.

Re search of this type should be car ried out sys tem at i cally
due to the im pos si bil ity of de ter min ing which type of waste is
found in a given area of an il le gal land fill. Ul ti mately, such waste
will have a neg a tive im pact on ground wa ter. In ad di tional, there
is a con stantly grow ing num ber of il le gal land fills in the coun try.

The re sults ob tained from these two il le gal land fills can lead
to im por tant find ings with po ten tial fu ture con se quences. Con -
cen tra tions of both PAHs and OPEs may pose po ten tial risks to
ground wa ter treat ment. Al though the con cen tra tions of some
PAHs are not very high, due to the in flu ence of time and stor -
age, they can lead to con tin u ous en vi ron men tal pol lu tion, which 
may last un til the dis posal of these land fill wastes. Our re sults
help de ter mine which type of waste may have a more neg a tive
im pact on the en vi ron ment. We show that, with out proper seal -
ing of the ground, such il le gal land fills are a con stant emit ter of
haz ard ous sub stances into the en vi ron ment.

Sim i lar re search is cur rently be ing car ried out at a il le gal land -
fill site fol low ing a fire in Sosnowiec. In fu ture, these is sues may
be ex panded to in clude the de tec tion of in or ganic el e ments.

Ac knowl edge ments. The re search and lab o ra tory equip -
ment used to an a lyze the sam ples in this pa per were funded by
the Doc toral School at the Uni ver sity of Silesia in Katowice (Po -
land) in 2022/2023.
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