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Abstract: During the period 2003-2004, 110 samples of sewage sludge were examined
from 18 treatment plants located in the territory of the whole of Poland, the majority in the
Lublin Province. Samples of fermented and dehydrated sewage sludge were taken from
sludge drying beds. The bacteriological and parasitological determinations covered bac-
teria of the Salmonella genus and eggs of the helminths Ascaris spp., Trichuris spp., and
Toxocara spp. Chemical examinations for the presence of the heavy metals: chromium,
zinc, cadmium, copper, nickel and lead were carried out by the method of atomic absorp-
tion flame spectrophotometry. The results were subjected to statistical analysis with the
use of ANOVA and Student’s t-tests. In the sewage sludge samples examined, Salmonella
bacteria were isolated from 9 samples (8.2%), and the eggs of helminths from 31 samples
(28.1%). The eggs of Ascaris spp. were most frequently detected — in 24 samples of sew-
age sludge (21.8%), followed by Trichuris spp. eggs — in 11 samples (10.0%), and Toxo-
cara spp. eggs - in 6 samples (5.4%). Several samples of sewage sludge were infected by
eggs of all the parasites examined (ATT). A very high variation was observed with respect
to Salmonella bacteria and ATT eggs according to the origin, type of sanitation and dura-
tion of deposition of sludge. Levels of chromium, zinc, copper and lead in the sewage
sludge samples, in the majority of samples examined, remained below allowable values.
Very high values exceeding the allowable values for the levels of heavy metals were
observed only in the samples of sewage sludge from one treatment plant. This concerned
a cadmium level (201.1 mg/kg d.m.) which exceeded by 20 times the most rigorous al-
lowable contents of this metal for sewage sludge designed for agricultural use, and nickel
(288.7 mg/kg d.m.) — the standard being exceeded 3 times. A significant variation of the
levels of heavy metals was observed depending on treatment type. A longer period of
deposition of sludge on plots (over 6 months) causes a significant decrease of cadmium
level, a decrease in the amount of Salmonella bacteria, and total elimination of Toxocara
eggs. In the majority of cases no significant correlation was observed between the level
of heavy metals and biological contaminants. A weak correlation was found between the
concentrations of lead and chromium and the presence of the eggs of helminths (ATT), as
well as between the concentration of zinc and the presence of Salmonella bacteria.
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INTRODUCTION processing, and then properly utilized, managed or neutral-

ized. One of the forms of sewage sludge management, in

The exploitation of sewage treatment plant, is associ- Poland and abroad, is its use in agriculture, mainly for the
ated with the necessity for proper sludge economy. Sludge  production of fertilizers. With respect to the production of
produced in the process of treatment must be subject to  food, the sanitary requirements concerning sewage sludge
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are high and there is a need for constant monitoring [8].
Sanitary evaluation is conducted based on the results of
chemical, bacteriological and parasitological studies [12].

Chemical studies consist in the determination of the lev-
el of contamination with heavy metals.

The most dangerous heavy metals present in sewage
sludge, which are characterised by a high bio-accumulation
coefficient, are: chromium, zinc, cadmium, copper, nickel
and lead [1]. Heavy metals — without any harm to the en-
vironment, cultivated plants and their consumers — may be
introduced into soil in precisely defined amounts [2]. The
conditions which must be satisfied while using communal
sewage sludge are defined by the Polish Regulations of the
Ministry of Environment of 1 August 2002 [12].

The biological composition of sludge reflects the state of
health of the inhabitants, as well as epidemiological risk in
the area from which sewage flows to the treatment plant.
Sludge produced in treatment plants are subject to biologi-
cal or chemical stabilization procedures which considerably
reduce the abundance, but which, however, do not totally
eliminate pathogenic organisms. The bacterial sanitary in-
dicator for sludge and fertilizers produced from sludge are
Salmonella bacteria [4, 6]. Eggs of helminths including:
Ascaris lumbricoides, Trichuris trichiura, Toxocara canis,
and Toxocara cati, penetrate into sludge already during the
preliminary treatment. They create a special risk because
they are capable of surviving in various forms of sludge,
and already their small amount may cause pathological
symptoms in humans [3, 7, 15]. Soil-transmitted helminths
infections constitute a major public health problem in poor
and developing countries [14]. The introduction of sludge
into the soil environment may mean an inclusion into the
biochemical processes of a large chemical and biological
load. An important factor are pathogenic organisms which,
together with the sludge, may be transferred beyond the
area of their direct application and create a hazard for hu-
mans and animals [5, 7, 13].

In the literature available, no reports were found con-
cerning the correlation between bacteriological and para-
sitological agents and levels of heavy metals in sewage
sludge sediments. Therefore, studies were undertaken in
order to find out whether such a correlation exists.

MATERIAL AND METHODS

Sewage treatment plants examined. The study covered
18 municipal sewage treatment plants from which sludge
is agriculturally used. The plants were located in the area
of the whole of Poland; however, the majority of samples
(80 out of 110) were taken from treatment plants in the
Lublin province (Eastern Poland). The numbers of exam-
ined samples of sewage sludge from individual plants are
specified below in brackets. These were treatment plants
located in: Biata Podlaska (4), Biatystok (5), Czarnkoéw
(10), Krasnystaw (5), Krasnik (3), Lubartow (10), Lublin
(4), Lgczna (5), Lowicz (10), Milejow (10), Parczew (10),
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Piaski (5), Radzyn (4), Rejowiec (5), Ryki (5), Swarzewo
(5), Tomaszéw Lubelski (5), and Zamos¢ (5).

Sampling of sewage sludge. A total number of 550
samples of fermented and dehydrated sewage sludge were
taken from drying beds. 110 samples of sludge were desig-
nated for laboratory studies after the preparation of mean
samples. Sludge samples of ca. 0.5 kg were taken from
drying beds by the envelope method (4 samples from each
corner and 1 in the middle of the bed). Sludge was sampled
into sterile containers or clean plastic bags, with the use
of disinfected shovels. Each sample included information
concerning date and place of sampling, type of sample,
and date of sewage discharge. The quality of the sludge
produced and duration of its deposition in treatment beds
varied from 0.5-10 years, according to the type of sewage
treatment plant and technological processes applied.

Due to their volume, composition and characteristics,
municipal sewage sludge is subject to processing in the
area of the plant by concentration and dehydration, which
leads to the reduction of the volume of the sludge through
the disposal of water contained within it (thus increasing
the contents of dry mass) and stabilisation of its chemical
composition, i.e. elimination of its capability for putrefac-
tion and reduction or total elimination of pathogenic organ-
isms. The bacteriological-parasitological studies of sewage
sludge covered Salmonella bacteria and eggs of helminths.

Bacteriological examination. Identification of Salmo-
nella bacteria was conducted based on the Polish Standard
[9]. This standard is developed for soil, but is also used
for of Salmonella bacteria in sewage sludge. Salmonella
bacteria were identified with the use of bacteriological and
serologic methods. The following media were used for pri-
mary isolation and differentiation of Sa/monella: agar SS,
Rambach Agar, and bismuth sulfite agar according to Wil-
son-Blair. Sodium selenite medium was used for propaga-
tion of isolates. Salmonella isolates were identified with
API 20E microtests (bioMérieux, Marcy I’Etoile, France).
Serologic identification was carried out with latex test
(BIOMEX, Krakéw, Poland). Helminthological examina-
tion. Eggs of intestinal parasites were detected based on
the Polish Standard [10]. The eggs of Ascaris spp. and Tri-
churis spp. were detected by the flotation method accord-
ing to Wasilkowa, while eggs of Toxocara spp. — by the
floatation method according to Quinn et al. [11].

Determination of heavy metals. Chemical studies were
aimed at the determination of the level of contamination of
sewage sludge with heavy metals: chromium, zinc, cad-
mium, copper, nickel and lead. The preliminary prepara-
tion of samples for chemical examinations consisted in air
drying of the sample of sewage sludge, and then homog-
enisation in an agate mortar. For chemical examinations 1
g of air-dried averaged sample of sludge was weighed. The
mineralization of sewage sludge samples was performed
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with the use of a mixture of concentrated acids (nitric and
hydrofluoric) — by microwave method, in the microwave
type Milestone MLS 1200 Mega. The level of heavy metals
was determined by the method of atomic absorption flame
spectrophotometry, with use of Philips Scientific Pye Uni-
cam PU 9280. In addition, the concentration of hydrogen
ions was measured by the potentiometric method in a mean
sample of sewage sludge suspended in freshly re-distilled
water at the ratio of 1:10.

Statistical analysis. The results of studies were subject
to statistical analysis with the use of SPSS v. 4 package, by
ANOVA, and Student’s t-test.

RESULTS AND DISCUSSION

The results of the studies showed that sewage from mu-
nicipal sewage treatment plants are biologically contami-
nated, which may be determined in figures by isolating
Salmonella bacteria, and a conventional ATT index. The
ATT index is the sum of 3 types of helminths eggs: Ascaris
spp., Toxocara spp., and Trichuris spp., calculated per 1 kg
dry mass of sludge. This method of calculation has been
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imposed by the Polish Regulation by the Minister of the
Environment of 1 August 2002 in the matter of municipal
sewage sludge [12]. According to this regulation, sludge
designed for use in agriculture must not contain Salmonella
bacteria, nor live eggs of helminths: Ascaris spp., Toxocara
spp., and Trichuris spp.

The above-mentioned regulation covers also the allow-
able amounts of heavy metals (in mg/kg dry mass) in sew-
age sludge used in agriculture: lead — 500, cadmium — 10,
nickel — 100, zinc — 2500, copper — 800, and chromium
—500[12].

Tables 14 present the results of bacteriological, para-
sitological, and chemical studies of sewage sludge from
the 18 treatment plants. Salmonella bacteria were isolated
from 9 samples of sewage sludge (8.2%) from 7 plants.
Helminth eggs were observed in 31 samples of sludge
(28.1%) from 13 plants. The most contaminated sludge
came from 5 treatment plants (6 samples) — this sludge was
contaminated with Salmonella bacteria and helminth eggs
(Tab. 1). Only sewage sludge from 3 treatment plants may
be — without any reservations — designed for agricultural
use, because it contained neither Salmonella bacteria nor
helminth eggs.

Table 1. Salmonella bacteria, helminths eggs and heavy metals in sewage sludge samples.

Locality SE! Biological Heavy metals [ppm]
factors
SP? Cr Zn Cd Cu Ni Pb

Sal> ATT* mean SD  mean SD  mean SD  mean SD  mean SD  mean SD
Krasnystaw 5 0 2 449 239 3845 10.5 4.6 1.3 108.3 10.7 24.6 5.2 83.1 18.5
Biata Podlaska 4 0 0 47.6 26.0 360.3 543 3.6] 0.7 106.9 40.9 349 2.8 90.1 6.7
Piaski 5 0 1 29.0 10.0 377.6 18.1 2.5] 0.9 88.71 382 194] 34 100.7 21.1
Zamos¢ 5 0 3 67.7 11.5 3782 2.5 4.0] 0.5 110.6 6.1 43.67 6.0 66.3 12.4
Tomaszoéw Lubelski 5 2 4 428] 3.2 3819 5.8 29] 0.5 95.4 10.1 26.6 2.2 12597 229
Parczew 10 1 0 32.67 10.0 396.51 13.6 7.27 1.7 130.417 202 26.9] 44 51.2] 18.4
Lubartow 10 1 1 48.6 17.2 2849] 78.5 4.9 14 574] 13.6  26.7] 7.6 77.4 23.7
Ryki 0 3 61.6 19.3 3587 259 2.5] 1.1 87.6] 30.1  35.67 52 12877 37.3
Radzyn Podlaski 4 1 1 241] 1.4 3540 12.9 1.7] 04 113.0 15.7 25.7 0.9 442] 11.0
Krasnik 3 0 2 51.5 23 3795 11.8 1.5] 0.8 135.87 259 36.3 2.2 108.0 6.5
Leczna 5 0 0 47.8 23.8  329.1 49.1 6.1 1.3 89.3] 28.4 26.2 8.7 70.3 16.2
Milejow 10 0 5 29.3 5.7 356.7 15.0 6.51 1.5 68.0 6.8 20.5]| 22 634] 8.7
Lowicz 10 1 1 534 6.0 402.37 7.2 53 0.8 139.91 7.6  33.81 7.6 51.6| 10.8
Czarnkow 10 0 3 58.5 11.7  361.7 12.8 5.0 0.8 93.1) 83 36.37 4.0 064.38] 14.6
Rejowiec 5 0 0 17.1] 4.1 3754 33.1 6.2 0.5 778 222 16.1] 2.8 57.7] 11.0
Swarzewo 5 2 0 25.8 2.0 3759 2.5 8.41 0.7 104.2 19.9  23.6] 2.5 57.6] 18.0
Biatystok 5 0 4 7197 24.1 395.67 7.5 4.1 1.2 129.17 12.6 26.5 3.7 67.2 7.8
Lublin 4 1 1 8037 3.7 391.87 1.1 201.17 24 16587 3.4 288.71 6.5 81.9 6.2
TOTAL 110 9 31 45.7 21.0 367.0 44.1 12.1 36.8  102.7 33.7 37.8 49.4 73.3 28.3
Limit® 500 2500 10 800 100 500

!'SE = samples examined; > SP = samples positive; * Sal = Salmonella spp.; * ATT = Ascaris spp. and/or Trichuris spp. and/or Toxocara spp.; ° Limit =
limit in [ppm] established for heavy metals in sewage sludge according to [12]; |, 1 = means established by one-way ANOVA as stastistically lower (])
or higher (1) than the rest of localities (p<0.05); grey background for values exceeding limits.
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Table 2. Salmonella bacteria, helminths eggs and heavy metals concentration in sewage sludge samples depending on treatment type.

Treatment N Salmonella Helminths eggs positive samples Heavy metals (mean + SD) [ppm]
positive Ascaris  Trichuris  Toxocara ATT Cr' Zn’ Cd” Cu’ Ni* Pb’
samples
Fermentation 45 2 (4.4%) 11 (244%) 4(89%) 4(89%) 14 (31.1%) 52422 381422 22.5+56 114433 53474  67+18
Liming 7 1(14.3%) 2 (28.7%) 0 0 2(28.7%) 31x18 30550 3.1+0.9 72433  25+11 57+13
Other method 58 6(10.3%) 11(19.0%) 7(12.1%) 2(3.4%) 15(25.9%) 43£19 364449 5.0£2.3  98+31 2747 80434
Total 110 9(8.2%) 24 (21.8%) 11(10.0%)  6(5.4%) 31(28.1%) 46421 367+44 12.1+£37 103+£34 38449 73428
" statistically significant differences between treatments as assessed by ANOVA (p<0.05)
Table 3. Salmonella bacteria, helminths eggs and heavy metals concentration in sewage sludge samples depending on treatment time.
Time N Salmonella Helminths eggs positive samples Heavy metals (mean + SD) [ppm]
positive
samples Ascaris Trichuris Toxocara ATT Cr Zn Cd’ Cu Ni Pb™
Below 6 mo. 88 8(9.1%) 20 (22.7%) 7 (8.0%) 6(6.8%) 25(28.4%) 44+21 369438  14+41 102+32  40+55  67+24
Above 6 mo. 22 1 (4.5%) 4(182%) 4(18.2%) 0 6(273%) 51£21 359463 4.5£1.5 104+40 2948 97433
Total 110 9(8.2%) 24(21.8%) 11 (10.0%) 6(5.4%) 31(28.1%) 46+21 367+44 12.1+£37 103+34  38+49  73+28

*, " statistically significant differences between treatment times as assessed by ANOVA (" p<0.05; ** p<0.01)

Tables 2 and 3 show that Ascaris spp. eggs were most
frequently found (24 samples), followed by Trichuris spp.
eggs (11 samples), and Toxocara spp. eggs (6 samples).

Very high levels of heavy metals were observed in the
samples of sewage sludge from the Treatment Plant in Lub-
lin (Tab. 1). This concerns especially the level of cadmium
(201.1 mg/kg d.m.) — exceeding by 20 times the most rigor-
ous allowable contents of this metal established for sludge
used in agriculture, and the level of nickel (288.7 mg/kg
d.m.) — 3 times exceeding this standard. Individual places
were compared by means of ANOVA test, with respect to
the differences in the levels of heavy metals with the thresh-
old of p < 0.05. The levels of Cr, Cd, Cu, and Ni in sewage
sludge samples from the Treatment Plant in Lublin were sig-
nificantly the highest (Tab. 1). Due to such considerable lev-
els of the above-mentioned metals and the presence of Sal-
monella bacteria and ATT eggs — this sludge is not used in
agriculture, but consigned to the municipal dumping ground.

Table 4. Comparison of heavy metals concentration in sewage sludge
samples with the presence of Sa/monella and ATT index.

Metal Salmonella spp. ATT
[ppm] negative positive negative positive
N=101 N=9 N=79 N=31
Cr 46.3+£21.2 38.1+19.9 42.6+19.9 53.7422.5"
Zn 365+46 384+16" 363+50 37720
Cd 10.7+33.5 27.5+65.7 12.6+37.6 10.6+35.7
Cu 101+34 121+£27 102435 104+30
Ni 36.1+45.3 57.24+86.3 37.5£51.0 38.6+46.8
Pb 73.0+27.3 76.6+41.1 68.6+24.6 85.3+34.0"

“statistically significant difference assessed by Student’s t-test (p<0.05)

Sludge from the remaining treatment plants showed low lev-
els of heavy metals, which would qualify it for agricultural
use. However, the presence of the eggs of intestinal parasites
does not allow for agricultural use of the sludge.

Table 2 presents the levels of heavy metals and the pres-
ence of Salmonella and eggs of helminths depending on
type of treatment (fermentation, liming and other meth-
ods). The highest values for Cr, Zn, Cd, Cu and Ni were
noted at fermentation treatment, whereas the highest level
of Pb was observed at “other methods”. The lowest levels
of heavy metals were noted at liming treatment. No method
proved to be efficient for the elimination of bacteria and
parasites eggs (ATT).

In “younger” sludge, deposited for a period up to 6
months, the levels of zinc, cadmium, and nickel were
higher (Tab. 3). A statistically significant, higher level
was observed with respect to cadmium (14 mg/kg d.m.).
In “older” sludge, a higher significantly level of lead was
found (97 mg/kg d.m.). A longer period of deposition of
sludge on plots causes a decrease in the amount of Sa/mo-
nella bacteria and total elimination of eggs Toxocara.

Table 4 shows that there is a weak correlation be-
tween the occurrence of Salmonella bacteria, the eggs of
helminths, and the level of heavy metals. In sludge where
Salmonella bacteria and helminths eggs were found, the
levels of heavy metals were usually higher. The analysis by
Student’s t-test showed that in samples with a positive ATT
index, the levels of chromium and lead were significantly
higher (p < 0.05). The levels of 5 out of 6 examined metals
were higher in the samples positive for Sa/monella, and
this relationship was significant in the case of zinc (Tab. 4).
In the presence of Sa/monella bacteria higher levels of zinc
were noted only in a few samples.



Biological agents and heavy metals in sewage sludge

CONCLUSIONS

Low levels of heavy metals not exceeding the allow-
able values were recorded in all but one examined sewage
sludge deposition plants.

The prevalence of Salmonella spp. and the eggs of
helminths were not high, 8.2% and 28.1%, respectively.

A significant variation of the levels of heavy metals was
observed depending on treatment type.

A longer period of deposition of sludge on plots (over
6 months) causes a significant decrease of the cadmium
level, a decrease in the amount of Salmonella bacteria, and
total elimination of Toxocara eggs.

A weak correlation was found between the concentra-
tions of lead and chromium and the presence of the eggs of
helminths (ATT), as well as between the concentration of
zinc and the presence of Salmonella bacteria.

REFERENCES

1. Kabata-Pendias A, Pendias H: Trace Elements in Soils and Plants.
CRC Press, Inc, Boca Raton, Florida 1992.

2. Kabata-Pendias A, Piotrowska M: Pierwiastki Sladowe jako Kry-
terium Rolniczej Przydatnosci Osadow. IUNG, Putawy 1987.

3. Kazmierczuk M, Kalisz L: Wptyw czasu sktadowania osadéow na
ich stan sanitarny. [Effect of waste disposal on their sanitary composi-
tion]. In: Materials of Il Scientific-Technical Conference: Natural use of
sewage sludge, Putawy — Lublin — Jeziorko, 26-28.05.1997, 163-170.

4. Ktape¢ T: Salmonella bacteria as an indicator of sanitary evalua-
tion of sewage sludge used for fertilizer production. Pol J Environ Stud
2004, 13(Suppl. 1), 126-128.

5. Ktapeé T, Stroczynska-Sikorska M, Galinska E: Badania helmin-
tologiczne osadow S$ciekowych przeznaczonych do rolniczego wyko-
rzystania. [Helminthological studies of sewage sludge designed for ag-
ricultural use]. In: Materials of XV Scientific Conference in Wroctaw:
Parasitology in Environment and Health Protection, Wroctaw-Karpacz,
25-26.09.2003, 26.

299

6. Ktlape¢ T, Stroczynska-Sikorska M, Galifiska E: Badania sanitarne
osadow $ciekowych oraz nawozow przeznaczonych do rolniczego wyko-
rzystania. [Sanitary studies of sewage sludge and fertilizers designed for ag-
ricultural use]. In: Materials of VI Scientific Conference: Effect of Life En-
vironment Quality on Human Health. Med Srodowiskowa 2003, 6(2), 158.

7. Klape¢ T, Stroczynska-Sikorska M, Galinska E: Helmintologiczne
skazenie srodowiska — zagrozeniem zdrowia. [Helminthological contami-
nation of the environment — health risk.] Med Ogolna 2003, 9, 347-354.

8. Lara Al, Bonnet BRP, Andreoli CV, Ferreira AC, Pegorini ES:
Monitoring of the recycling of sewage sludge for use in agriculture in the
state of Parana, Brazil. In: Specilized Conference on Disposal and Utili-
zation of Sewage Sludge: Treatment Methods and Application Modalities,
Athens, Greece 1999, 1-11.

9. PN-Z-19000-1. Jakos¢ gleby. Ocena stanu sanitarnego gleby:
Wykrywanie bakterii z rodzaju Salmonella. [Soil quality — Assessment of the
soil sanitary conditions — Detection of Salmonella bacteria], February 2001.

10. PN-Z-19000-4. Jakos¢ gleby. Ocena stanu sanitarnego gleby:
Wykrywanie jaj pasozytow jelitowych Ascaris lumbricoides i Trichuris tri-
churia. [Soil quality — Assessment of the soil sanitary conditions — Detec-
tion of eggs of the intestinal parasites Ascaris lumbricoides and Trichuris
trichiura], February 2001.

11. Quinn R, Smith HV, Bruce RG, Gridwood RWA: Studies on the
incidence of Toxocara and Toxocara spp. ova in the environment. 1. A
comparison of flotation procedures for recovering Toxocara spp. ova from
soil. J Hyg Camb 1980, 84, 83-89.

12. Rozporzqdzenie Ministra Srodowiska z dnia 1 sierpnia 2002 w
sprawie komunalnych osadow sciekowych. Dz.U. 2002, nr 134, poz. 1140
[Regulation by the Minister of the Environment of 1 August 2002 in the
Matter of Communal Sewage Sludge, Warsaw 2002].

13. Stroczynska-Sikorska M, Klape¢ T, Galinska E: Biologiczna
ocena nawozOow organicznych oraz organiczno-mineralnych przeznac-
zonych do nawozenia gleb i roslin. [Biological evaluation of organic and
organic-mineral fertilizers designed for soil and plant fertilization]. Med
Srodowiskowa 2003, 6(1), 65-68.

14. Scolari C, Torti C, Beltrame M, Matteelli A, Castelli F, Guletta M,
Ribas M, Morana S, Urbani C: Prevalence and distribution of soil-trans-
mitted helminth (STH) infection in urban and indigenous schoolchildren
in Ortigueira, State of Parana, Brazil: Implications for control. 7Trop Med
Int Health 2000, 5, 302-307.

15. Telles Benatti C, Tavares CRG, Filho BPD, Moitinho MLR: Op-
eration of a slow rate anaerobic digester treating municipal secondary
sludge. Electron J Biotechnol 2002, 5, 216-222.





