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TREATMENT OF PCDD/FS AND PCBS IN
FLY ASH EXTRACTS UNDER MILD CONDITIONS
Zhijun Yang 1,2,4, Chuanhai Xia 1, Qing Zhang 1,
Jiping Chen 1, Wenzhong Wu 1, Xinmiao Liang 1 and Antonius Kettrup 3
1

Dalian Institute of Chemical Physics, Chinese Academy of Sciences, 457 Zhongshan Road, Dalian 116023, P.R. China
2

Xinxiang Medical College, Xinxiang 453003, P.R. China

3

Department for Bio Sciences, Weihenstephan Center of Life and Food Sciences,
Technische Universität München, Weihenstephaner Steig 23 D-85350 Freising, Germany
4

Graduate School of the Chinese Academy of Sciences, Beijing 100039, P.R. China

SUMMARY
A highly efficient catalytic hydrodehalogenation method
for polyhalogenated organic compounds, including toxic
dioxin-like pollutants, was applied to the treatment of hazardous solid wastes, such as municipal waste incineration
fly ash. The catalyst of palladium/carbon (5%, w/w) showed
higher activities for fly ash extracts during reaction at 40 °C
under normal pressure in water-isopropanol solution, and
some other interesting phenomena were found. Either ordinary or trace-quantity components, almost all of the polyhalogenated organic compounds, especially dioxin-like pollutants, in fly ash extracts were dehalogenated with more
than 99% conversion within 6.5 h. The use of water was
maintaining the higher catalytic activities of Pd/C catalyst
for dehalogenation of aromatic halides and dioxin-like compounds, and was decreasing the costs of treatment. Isopropanol in the reaction system was increasing the solubilities of polyhalogenated organic compounds and accelerating the hydrodehalogenation rates by offering protons in the
catalytic reaction. This hydrodehalogenation reaction was
suitable for the treatment of dioxin-like pollutants in real
environmental samples, and has significance in the practical application.

ences in concentrations from ordinary to trace quantities,
and threatens the environmental safety. Hereby, suitable detoxification methods for polyhalogenated dioxin-like compounds and aromatic halides in fly ash need to be developed.
A large number of methods have been investigated
for the degradation of halogenated organic pollutants, especially polychlorinated dibenzo-p-dioxins, dibenzofurans
(PCDD/Fs), and polychlorinated biphenyls (PCBs) in the
environment, and the available techniques include photodegradation [2-4], biological degradation [5-7], as well as
physical and chemical degradations [8, 9], etc.. For complex hazardous wastes like fly ash, biological methods are
prohibitively slow and ineffective at high concentrations
toxic to organisms [10]. For the oxidation methods, more
halogenated organic compounds may not be decomposed
completely, and may release even more toxic compounds,
such as PCDD/Fs and PCBs [11]. An efficient dechlorination for dioxin-like compounds in fly ash using metallic
calcium in ethanol under mild conditions was reported by
Mitoma [9], and the concentration of each isomer of dioxin-like compounds was reduced by 98.32-100% conversion after a 24-h treatment.
Among these methods mentioned above, catalytic reductive hydrogenation offers greater flexibility and safety
with mild conditions [12], because no toxic compounds are
produced during the hydrodehalogenation procedures of
halogenated organics, and the products might be recovered
and reused as raw materials.

KEYWORDS: Palladium/Carbon, catalytic hydrodehalogenation,
dioxin-like pollutants, fly ash.

A wide variety of hydrodehalogenation systems have
been used over the years, and this subject has recently been
reviewed in detail [13]. Reduction is usually mediated by
a transition-metal catalyst (Ni, Pd, Rh, Pt) and performed
with molecular hydrogen or other hydrogen sources, such
as hydrazine, formic acid and its salts. In previous studies

INTRODUCTION
It is known that municipal waste incineration fly ash
is hazardous, and contains large amounts of dioxin-like compounds and other aromatic halides [1], with great differ-
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[14, 15] of catalytic hydrodehalogenation of organohalogens, the focus was usually on preparation and evaluation
of the highly active catalysts, and also the elimination of
dioxin-like pollutants in environmental samples, but the
dehalogenation of other polyhalogenated aromatic hydrocarbons in fly ash was generally neglected. For most dechlorination reactions of PCDD/Fs and PCBs in liquid phase,
generally organic solvents or multiphase systems were selected as the reaction medium [15-17]. Recently, a catalytic
hydrodehalogenation method, which offers greater flexibility and safety with mild conditions in aqueous solutions
for the degradation of aromatic halides with higher concentrations, was developed in our team [18]. Chlorophenol,
chlorobenzene, and other aromatic halides can be completely hydrodehalogenated in aqueous solutions under mild
conditions within shorter reaction times [19]. Palladium/
carbon catalyst has shown higher activities in water than
in organic solvents in our former studies. Chloride and HCl
deriving from the dechlorination have been shown to inhibit
the activity of Pd and Rh-Pt in liquid-phase dechlorination
of chlorobenzene [18, 20, 21]. However, the addition of
water greatly improved the reaction rates and the stability
of the catalyst in the catalytic hydrodechlorination of triclosan in liquid phase [18]. Additionally, the catalyst also
showed high activity in the hydrodehalogenation of aromatic halides in aqueous solutions [19]. It is very important that water is a green solvent, which is the cheapest, the safest, and causes no environmental pollution.

with 250 mL toluene for 24 h. Then, the concentrated extract was poured to a chromatographic column packed with
sulfuric acid treated silica (Silica:H2SO4=56:44 w/w), and
then eluted with hexane to eliminate the non-persistent organic compounds and other depositions from the extract.
Finally, hexane was replaced by isopropanol to increase the
solubilities of halogenated organic compounds in water.
The catalytic hydrodehalogenation was carried out in a
three-necked flask, which was equipped with a thermometer, a condenser and a hydrotreater (including a hydrogen cylinder, hydrogen flowmeter, three-way valve and
a nitrogen cylinder), with a magnetic stirrer. Under normal pressure, 40 mL isopropanol solution of fly ash extract,
stoichiometric NaOH (0.30 g), 5% Pd/C (25 mg) and 50 mL
water were added into the flask. At 40 °C, fly ash extracts
were treated with molecular hydrogen to dehalogenate
within 6.5 h. During the reaction, a series of solutions were
taken out at different time intervals and pretreated as quickly
as possible.
All these reaction mixtures (volume 1.0 mL) were extracted three times for 10 min with 5.0 mL hexane by ultrasonication. Then, the solid Pd/C catalyst was separated from
the reaction mixture by filtration, spiked with internal
standard solution and extracted with toluene for 24 h to
recover the residual PCDD/Fs and PCBs. The extracts were
combined and washed with distilled water until pH 7.0
in the aqueous phase. The organic phase was dried over
anhydrous Na2SO4, then filtered, and concentrated by
evaporation. The cleanup steps of PCDD/Fs and PCBs
were detailly described elsewhere [22].

Based on our previous work, more complex environmental pollutants, especially PCDD/Fs and PCBs, in fly
ash were treated by catalytic hydrodehalogenation. Simultaneous abatement of dioxin-like pollutants and other polyhalogenated compounds in fly ash and decrease of serious
environmental pollution caused by persistent polyhalogenated components in fly ash were the aims of this study.

The components in the extracts and the products after
the catalytic hydrodehalogenation were analyzed by GC/MS
(Finnigan trace 2000, USA) with a 60 m DB-5 column
(0.25 mm i.d., 0.25 µm film thickness, J&W Scientific,
USA). The trace dioxin-like compounds during the catalytic
hydrodechlorination were analyzed by high resolution gas
chromatography/high resolution mass spectrometry (HRGC/
HRMS) (Micromass Autospec Ultima, UK), operated in EI
mode at 37eV and with a resolution of 10,000 (5% valley)
by tracing the M+, (M+2)+, or the most intensive ions of the
isotope cluster. Samples (1 µl) were injected in the splitless
mode onto a 60 m Rtx-2330 capillary column (0.25 mm i.d.,
0.10 µm film thickness, Restek, USA) for PCDD/Fs analysis using the following temperature program: the initial temperature of the column was 90 °C, held for 1.5 min, and the
rate of temperature increase was 25 °C/min up to 180 °C,
then 3 °C/min up to 260 °C, finally held for 20 min. For
PCB analysis, a 60 m Rtx-5 ms capillary column (0.25 mm
i.d., 0.25 µm film thickness, Restek, USA) was used, and
the temperature program was as follows: the initial temperature of the column was 90 °C, held for 2 min, and the
rate of temperature increase was 20 °C/min up to 180 °C,
held for 15 min, then 3 °C/min up to 300 °C, finally held
for 10 min. The carrier gas was helium with a purity of
99.999%.

MATERIAL AND METHODS
The catalyst (5% Pd/C) used in this study was purchased from C&P Chemical Co., China. The catalyst was
not pretreated, but hermetically kept in a desiccator before
use. Water used in the reactions was deionized, and purities of hydrogen and nitrogen were higher than 99.99%.
Toluene (Tedia Co., USA), hexane (Tedia Co., USA), isopropanol (Yuwang Chemical Co., China) and other organic
reagents were of pesticide grade. 13C-labelled internal
standard solutions of PCDD/Fs (EDF-8999) and PCBs
(EC-4931) were purchased from Cambridge Isotope Lab,
Inc. USA. The sulfuric acid impregnated silica gel (44%,
w/w) was prepared by mixing 100 g activated silica gel
(100-200 mesh) with 78.57 g conc. sulfuric acid (98%,
w/w), and shaking the mixture to uniformity.
The samples containing large amounts of dioxin-like
compounds and aromatic halides were obtained by the extraction from 100 g municipal waste incineration fly ash

88

© by PSP Volume 15 – No 2. 2006

Fresenius Environmental Bulletin

RESULTS AND DISCUSSION

halogenated organic components can be completely hydrode-halogenated with rapid transformation rates, despite
of the interferences and competitions with each other, within
6.5 h.

In the fly ash extracts, which were pretreated by H2SO4,
about hundreds of chromatographic peaks of long chain
alkyl hydrocarbons, arene and polyhalogenated aromatic
hydrocarbons of quitely different concentrations were detected by GC/MS before catalytic hydrodehalogenation (see
Fig. 1). Some polychlorinated compounds with relatively
higher concentrations, such as chlorobenzene, chloronaphthalene, chloroanthracene, and other polyhalogenated polycyclic aromatic hydrocarbons (PAHs), were analyzed. Additionally, the trace components, such as dioxin-like pollutants, except some congeners like tetrachlorobiphenyls,
3,7-chlorinated dibenzofuran , or 2,7-chlorinated dibenzop-dioxin, were undetectable by GC/MS. In fact, the concentrations of PCDD/Fs and PCBs in fly ash extracts were
better determined by HRGC/HRMS and listed in the second column of Table 2. High amounts of polyhalogenated aromatic hydrocarbons, PAHs and alkyl hydrocarbons
are existing in fly ash extracts, indicating that municipal
waste incineration fly ash is a very complex waste in the
environment.

After the catalytic reaction, the hydrodehalogenated
products were determined by GC/MS, and some interesting
results were obtained. The number of chromatographic peaks
was evidently decreased (see Fig. 2), and all of them originate from ordinary quantity components (multivarious aromatic hydrocarbons and PAHs). Some of them were shown
in Table 1, and relevant halogenated compounds were undetectable by GC/MS. Dibenzo-p-dioxin, dibenzofuran and
biphenyl, which were the skeletons of PCDD/Fs and PCBs,
were found (No. 21, 11 and 1, Table 1). Furthermore, another dioxin-like skeleton (No. 22, Table 1) and lots of PAHs
were found in the products. Therefore, all aromatic halides
with higher concentrations (within the scope of detection
limit) were completely dehalogenated, because of the higher
catalytic activities of Pd/C in the reaction system of waterisopropanol solution. The existence of segmental saturated
PAHs (No. 8, 14, 16, 17; Table 1) after hydrodehalogenation may be related to oversupply of protons within reaction time. After the catalytic hydrodehalogenation, Pd/C
catalyst might be separated from the reaction solution and
reused in the next one without any treatment [19].

In general, dehalogenation and analysis of dioxin-like
compounds and aromatic halides in complex environmental
samples are also a big challenge for basic research [6]. In our
study, not only ordinary, but also trace quantities of poly-
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FIGURE 1 - Complex GC/MS chromatogram of fly ash extracts.
(Temperature Program: 90 ºC (3min), 1.3 ºC /min, 280 ºC (30min))
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90 ºC (5min),5 ºC /min, 260 ºC (30min); Reaction conditions: 5% Pd/C ,25 mg; NaOH, 0.30 g; 40 ºC; under normal pressure).

TABLE 1 - Chemical structures of some catalytic hydrodehalogenation products of fly ash extracts.
No.
1

Structure

No.
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The trace dioxin-like components in fly ash can be also
rapidly hydrodechlorinated. The dechlorination results of
2,3,7,8-substituted PCDD/Fs and PCBs in fly ash extracts
at 40 °C under normal pressure are shown in Table 2.
The initial concentrations of dioxins (total PCDD/Fs
1097140 pg/mL; total PCBs 47991 pg/mL) are listed in
the second column. The other columns present the concentrations of PCDD/Fs and PCBs determined during
Pd/C-catalyzed dechlorination at different reaction times.
Concentrations of all 2,3,7,8-chlorinated congeners show
a great decrease after catalytic hydrodechlorination. For
instance, the concentration of 2,3,7,8-TCDD, which is one
of the most persistent congeners in dioxins, decreased
from 4029 pg/mL to 11 pg/mL with a 99.72% conversion
rate within 6.5 h. Table 2 presents also the conversions of
other 2,3,7,8-chlorinated dioxins and PCBs. After the Pd/C
catalytic dechlorination, total concentrations of 2,3,7,8substituted PCDD/Fs and PCBs of the initial mixture were
reduced to 347 (99.97%) and 12 (99.98%) pg/mL, respec-

tively, and the total WHO-TEQ values of PCDD/Fs and
PCBs were decreased from 44291 to 45 pg WHO-TEQ/mL,
and from 979 to 0.051 pg WHO-TEQ/mL, respectively
(Table 3). Hence, trace PCDD/Fs and PCBs in the extracted mixture from fly ash can also be easily dechlorinated under mild conditions, without any tedious procedures. The decrease of dioxin-like pollutants was not caused
by adsorption on Pd/C catalyst, filtered out and extracted
after hydrodehalogenation. Hence, almost PCDD/Fs and
PCBs were eliminated because of the catalytic hydrogeneration.
For trace dioxin-like compounds, the dechlorination
rates were faster at the beginning of the reaction (see
Table 2). After a 6.5-h catalytic hydrodechlorination, the
rates of dechlorination for each of the 2,3,7,8-chlorine substituted dibenzo-p-dioxins/furans and PCBs exceeded 99%,
and the toxicity equivalents (TEQs) of 2,3,7,8-PCDD/Fs in
fly ash (listed in Table 3) were remarkable decreased.

TABLE 2 - The conversion and concentrations of toxic PCDD/Fs and PCBs in the process of Pd/C-catalyzed hydrodechlorination.

Congeners

Concentration (pg/ml)

Conversion(%)

0 min
4029
9756
11359
23080
16501
193708
521638
10449
23525
19322
31259
36840
2914
30914
112908
14300
34638

5 min
320
866
1037
1486
1242
6811
11165
500
1319
931
765
816
45
1356
2332
219
622

10 min
245
621
587
790
747
3306
4189
291
576
433
294
348
13
631
886
58
147

30 min
111
288
209
303
326
1172
1359
72
160
132
74
78
n.d.
161
255
8
27

60min
62
120
87
126
136
470
524
20
58
43
28
27
n.d.
55
133
n.d.
16

120 min
59
110
74
106
118
303
389
15
42
31
22
20
n.d.
38
115
n.d.
n.d.

240 min
20
35
23
38
41
137
159
5
14
13
11
10
n.d.
16
79
n.d.
n.d.

390 min
11
19
13
18
20
73
88
n.d.
n.d.
10
9
6
n.d.
11
68
n.d.
n.d.

1097140

31832
97.10

14163
98.71

4734
99.57

1905
99.83

1444
99.87

602
99.95

347
99.97

99.97

PCB77
PCB81
PCB105
PCB114
PCB118
PCB123
PCB126
PCB156
PCB157
PCB167
PCB169
PCB189

5986
4695
4339
1936
3134
874
9248
6631
1817
610
4707
4015

22
23
25
4
25
3
9
19
5
1
18
2

19
11
20
n.d.
27
5
6
12
4
1
18
2

15
43
16
n.d.
17
n.d.
5
11
3
n.d.
17
2

17
15
16
n.d.
19
n.d.
5
9
1
n.d.
18
2

13
26
9
n.d.
6
n.d.
4
5
n.d.
n.d.
18
1

9
5
10
n.d.
12
n.d.
3
4
n.d.
n.d.
12
n.d.

n.d.
n.d.
4
n.d.
3
n.d.
n.d.
n.d.
n.d.
n.d.
5
n.d.

100
100
99.91
100
99.90
100
100
100
100
100
99.89
100

total PCBs
Conversion (%)

47991

156
99.67

123
99.74

128
99.73

103
99.79

83
99.83

55
99.89

12
99.97

99.97

2,3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD
2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF
total 2,3,7,8-PCDD/Fs
Conversion(%)

92

99.72
99.80
99.88
99.92
99.88
99.96
99.98
100
100
99.95
99.97
99.98
100
99.96
99.94
100
100
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TABLE 3 - The WHO-TEQ of toxic PCDD/Fs and PCBs.
WHO-TEQ
0 min
4028.86
9756.17
1135.88
2308.00
1650.11
1937.08
52.16
1044.86
1176.25
9661.16
3125.86
3684.01
291.43
3091.37
1129.08
143.00
3.46
44219

Congeners
2,3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD
2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF
total PCDD/Fs

390 min
11.46
19.05
1.33
1.76
1.98
0.73
0.01
0
0
4.88
0.94
0.63
0
1.15
0.68
0
0
45
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300000
200000
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0
TCDDs

PeCDDs HxCDDs HpCDDs
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TCDFs

PeCDFs HxCDFs HpCDFs

390 min
0
0
0.0004
0
0.0003
0
0
0
0
0
0.05
0
0.051

	
 

	
 

	
 

a nucleus will weaken the C-Cl bond [9], and the less chlorine substituted congeners can be produced gradually during the degradation processes from the congeners with
more chlorine atoms. Fig. 3 shows the changes of PCDD/
Fs homologue patterns after dechlorination for 4 h, and the
relative concentrations of lower-chlorinated homologues
were higher than those of the higher-chlorinated ones. The
catalytic hydrodechlorination of PCBs within 1 h was faster
than that of PCDD/Fs (Table 2).

500000
400000

PCB77
PCB81
PCB105
PCB114
PCB118
PCB123
PCB126
PCB156
PCB157
PCB167
PCB169
PCB189
total PCBs

WHO-TEQ
0 min
0.60
0.47
0.43
0.97
0.31
0.09
924.80
3.32
0.91
0.01
47.07
0.40
979
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FIGURE 3 - Pattern of PCDD/Fs homologues during dechlorination.

¦Ã
From the results listed in Table 2, the dechlorination
rates of PCDFs were higher than those of PCDDs with the
same reaction times, for example, the conversion rates of
OCDD and OCDF were 97.86% and 98.20%, from 521638
and 34638 pg/mL to 11165 and 622 pg/mL in 5 min, respectively. This may correspond with the symmetrical structure of PCDDs, being more stable than the asymmetrical one
of PCDFs. The dechlorination rates of the more chlorinesubstituted congeners (octa- or hepta-CDD/Fs) were higher
than those of the less-substituted ones (tetra- or penta-CDD/
Fs), because a great number of chlorine atoms existing on

Clx

¦Ã
¦Ä

O

¦Ä Cly

PCDFs
FIGURE 4 - Different substitution positions of PCDDs and PCDFs.

The chlorine atoms on PCDDs and PCDFs have 2 (α
and β) and 4 (α, β, γ and δ) different substitution positions
based on their chemical structures, respectively (Fig. 4).
In the biodegradation processes of PCDD/Fs, the chlorine
atoms, which were adjacent to oxygen, showed to be de-
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chlorinated more easily [5]. The postulated dechlorination
route for 1,2,3,4-TCDD was presented by Ukisu and his
cooperators [15], the products of chlorines adjacent to oxygen seemed to be more easily formed and the chlorines in
para-positions of the C-O bond showed to be more easily
dechlorinated. In addition, chlorophenols and chlorobenzenes with chlorines in para-positions of C-O bond were
easier to be hydrodechlorinated than with those in orthopositions of C-O bond [19].

of different substitution positions of chlorines in PCDD and
PCDF homologues versus reaction time, respectively.
The high activity of 5% Pd/C was maintained in water systems, based on our former studies [19]. As one of the
by-products of dehalogenation, NaCl was completely dissociated into Na+ and Cl- in water, and did not deposit on
the surface of Pd/C, thus blocking the pores of carbon support to maintain the high activity of the catalyst. Hence, the
use of water insures the Pd/C catalyst against deactivation,
and decreases the use of organic solvents to avoid, secondly,
environmental pollution.

Results of hydrodechlorination rates of PCDD/Fs homologues with different substitution positions were not significantly different. Figures 5 and Fig. 6 show the relationship
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FIGURE 5 - Relationship of different substitution positions of chlorines in PCDDs versus reaction time.
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FIGURE 6 Relationship of different substitution positions of chlorines in PCDFs versus reaction time.

Furthermore, the addition of isopropanol could accelerate the solubilities of aromatic halides and dioxin-like
compounds in water, and improve the reaction conditions

and accelerate the reaction rate. In the presence of Pd/C
catalyst in liquid phase, isopropanol can be dissociated,
then providing protons (see Scheme 1). Thus, in water-
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SUMMARY
Samandağ coast, located in the northeastern corner of
the Mediterranean, is specifically used by Chelonia mydas
(green turtles) as nesting area. While predators, such as
foxes, crabs and dogs, naturally exist in the area, human
impact by means of solid waste accumulation on the shoreline helps such predators to prey on more than a quarter of
emerged green turtle hatchlings (an estimated value) in
the area, entrapping them during their short shoreline trips
from their nests to the sea or beach litter.

trying to reach the sea, and percentage of hatchlings reaching the sea was found to be negatively correlated with
beach litter amount (r2 = - 0.84 on 8th July 2003; and r2 =
- 0.74 on 16th of September 2003).

KEYWORDS: Asi River, beach litter, coastal pollution, Samandağ
beaches, solid wastes.

In this study, litter accumulation, as well as its causes
and types (recyclables, and medical, hazardous or hard-torecycle ones) and amounts of these solid wastes at the
Samandağ coast are assessed, and it was found that solid
waste transport to the Mediterranean Sea from various
sources accumulates the litter on the beach due to influence of wind. Moreover, the beach litter was found to be
one of the most important causes that impact turtle hatchlings, when they try to safely arrive to the sea. It was found
that River Asi, an international river passing through Lebanon, Syria and Turkey, mainly used for all types of solid
waste disposal purposes (including medical and hazardous
types) by its surrounding cities, is a notable solid waste
source to the shoreline. Additionally, coastal communities
had disposed all kinds of wastes on the coastal zone for a
long time that resulted in several heaps of waste nearby
and on the shoreline. Mid summer and early autumn were
chosen as sampling periods, and remarkable increase in
solid waste amount in the sampling area after the first
autumn rainfall event could be observed. Surprisingly,
medical and hazardous wastes on the beach were found to
be notably elevated, representing more than 5% of the
total beach litter. The study area is highly contaminated
with solid wastes on the coast, when worldwide compared
to similar beaches. It was found that solid waste accumulations on beaches negatively affect green turtle hatchlings

INTRODUCTION
The Mediterranean is known to be one of the most
contaminated water-bodies in the world, because of densely
populated coastal areas, unsustainable waste management
practices, especially in the developing countries, and heavily performed agrarian and industrial activities in the surroundings [1, 2]. According to UNEP [1], the annual population growth rate in the southern Mediterranean countries
is close to 3%, and this, alone, is a risk factor for both terrestrial and sea environments, especially the coastal zone,
since most of the urban areas of the northern African, southern European, and western Middle East countries are concentrated on or around the sea strip. Moreover, the diversity of produced and consumed goods and the average consumption of goods per capita have an increasing trend. While
various types and amounts of floating debris, mainly anthropogenic ones, were reported to be up-taken by some
living sea resources (e.g. sea turtles, sea birds, dolphins, sea
lions, etc.) [3, 5], and even cause the death of 13.2% green
turtles [4], certain waste materials entangle and badly wound
certain creatures, including sea-birds [6], pinniped [7], monk
seals [8, 9] and others. Moreover, plastic debris was noted
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not only to impair sea-water quality, but also to have probably caused plastic accumulation in plankton [10], thus impairing the quality of coral reef biota as well [11], and to
be likely to cause the death of sea creatures, since they eat
plastic items and feel their stomachs filled [12]. Furthermore, Golik and Gertner [13] showed in Israel that river
mouths elevate beach debris, generally those of dry rivers,
and particularly those located in arid and semi-arid regions,
bring remarkable amounts of debris.

were successfully monitored and green turtle hatchlings
counted in terms of the number of tracks of new individuals arriving the sea out of the total number of eggs found in
the nests. In other words, this study was tailored in order
to investigate human impact on endangered green turtle
hatchlings in the case of solid waste accumulation on the
beach, which is mainly generated by land-base human
activities, followed by fishing and shipping activities, but
also by estuarine systems affecting this environment,
which is one of the most vulnerable ones in the world, and,
finally, by the causes and consequences [23]. Beach litter
amounts and densities were directly collected by a team of
ten,
on
July
16
and
September 8, 2003, when the hatchlings emerge from their nests.
Temporal differences in terms of solid wastes collected from
the shoreline were discussed, as similarly done by Thornton
and Jackson [24]. It was found that the beach litter problem, along with light, impaired the success ratio of green
turtle hatchlings trying to reach the sea. It was occasionally observed by the monitoring team that sea turtle hatchlings cannot pass beach litter, such as plastic bags, and
then hunted by ghost crabs.

MATERIALS AND METHODS
The beach of Asi River Delta extends about 14 km on
NNE direction between two rocky headlands: Çevlik on the
north and Sabca on the south. The northern part of the beach
is much larger (about 10 km) than the southern one, due to
dominant long-shore transporting current towards north [25].
On this coast, about 6 km from the north and 4 km from
the south of the River Asi, 10 m wide strips, and perpendicular to the permanently wet area, located between the
sand hill and the sea from every thousand meters, were
shared by ten litter-collecting people. The beach litter sampling method was developed according to Velander and
Mocogni [26], whose study investigated the best litter sampling methodology out of ten different methods. Their study
underlined that ‘5 m wide strip from vegetation line to water’s edge’ is not effective, if time is a concern, but since the
method covers a large area and both old and new items
accumulated on the beach [26], it is very effective in terms
of total litter compiled. In the present study, instead of 5-m
strips, 10 m-wide strips between sand dunes and permanently wet areas were designed, because the total study area
is considerably large and the intervals between neighboring
beach litter collectors are notably wide. The beach litter
collection locations were carefully chosen using GPS Magellan® 315 model, and then marked by appropriate signs,
properly on the day prior to sampling days. The minimum
litter size was determined to be 1-2 cm in diameter, or larger
than 2 cm [27]. Collected wastes were deposited into 3 different types of first-time used clean plastic bags: blue bags
were used for medical and hazardous wastes, and other types
of litter that might include hazardous waste stuff (such as
grease-filled plastic strips to help illegally catching fish at
night), whereas white bags were used for easily recyclable

FIGURE 1 - The map of the study area .

Many works documented relationship between C.
mydas and waste problem on the Samandağ beach [1418]. Moreover, Baran and Kasparek [19], Kasparek et al.
[20], and Yalçın [21] note that beach litter is a serious
problem not only posing a risk to human health, but also a
threat to the coastal habitat on Samandağ beaches (Fig. 1).
The solid waste problem cannot be considered as a national issue, since Kasparek [22] also noted beach litters at
Syrian coastline. Many studies have been focused on marine floating debris, sea floor debris, and their effects on
the environment, whereas not much attention has been
given to the effects of beach litter on turtles visiting the
beaches to lay their eggs, and also on their hatchlings.
Therefore, this study was designed to determine beach litter
effects on Chelonia mydas hatchlings. During 2003 nesting season (late May through mid-September), the nests
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plastics, paper, and glass materials, and other types of recyclable matter, and, finally, black bags were used for collecting hard-to-recycle materials, including used foot wear,
plastic pieces, plastic bags, and similar wastes. The abovelisted solid wastes were collected on July 8 and September 16, 2003. All the members of the beach litter collection
team were equipped with strong medical gloves for safety
and health purposes, to prevent probable contaminations by
remarkable amounts of medical and hazardous wastes encountered on the beaches.

ferred into Asi river, and, finally, swept to the sea, if not
accumulated around the way throughout the river bank or
mouth.
The density of solid wastes (unit waste amounts) obtained was compared to different beach litter quantities
throughout the world, reported by different researchers
[29- 34].
The beaches were monitored daily by a volunteer group.
Nests were counted, marked by sticks, and numbered, in
order to easily recognize them in the future. Locations of all
nests both in horizontal and in vertical distance (from the sea)
were recorded in addition to the locations of turtles’ tracks.
The percentage of nesting success was computed using the
following formula:

Both sampling days were carefully chosen, since the
nesting season of green turtles ranges from late May to late
July, and hatchlings emerge between mid and late June and
late September.
Interpretation on the waste amounts at the northern
and southern sides of the river was made, in the light of
coastal dynamics based on meteorological data, such as
precipitation and wind directions. Having a Mediterranean
type climate, the study area takes very limited amount of
precipitation during this period, except early May and late
August/early September. Therefore, it is a valid assumption that litters accumulation on the beach between May and
September is only affected by wind from WSW/SW,
oblique to the coast from seaward to land.

100 * [Nest number/ number of all tracks (nests plus
tracks without nests)].
Nest density was calculated as number of nests on each
km, and percentage of hatchling success was computed as
follows:
100 * (hatchlings` number leaving their eggs)/ number of
total eggs).
The percentage of hatchlings reaching the sea was calculated with the formula:

Collected solid waste samples were air-dried in their
bags for 10 days, then weighed using an Oertling® balance (maximum weighing capacity = 5,000 g ± 1 g). Early
summer and early autumn total solid waste amount values
were compared by t-test and Cochran’s t-test, since beach
litter collection points were not changed. Moreover, based
on the equation obtained using solid waste amounts, beach
litter amounts on the total shoreline was computed and the
obtained values were compared with the solid waste production from the private and state hospitals in the Turkish
region of Asi River Basin.

100 * (number of hatchling tracks on wet area/ number of
hatchlings leaving their eggs.
It must be noted that, due to access problems at Meydan beach (south of Asi river mouth), the hatchlings reaching the sea could not been calculated there.
The correlation coefficients between the parameters
explained above and beach litter amounts were calculated
using Microsoft Excel® 7.0 spread-sheet program.

Medical waste quantity collected from the shore was
compared with the medical solid waste produced by both
state and private health care facilities located within Asi
Basin in the Province of Hatay, Turkey. Total medical solid
waste production capacity of the medical facilities was calculated using approximate solid waste amount produced per
bed of the state hospitals each day, giving 1.92 kg/ patient
and day [28].

RESULTS AND DISCUSSION
Solid waste types and amounts sampled on the shoreline at both collection days were tabulated in Table 1. Due
to NNW configuration of the coastal line, the prevailing
winds either from seaward or landward on the shoreline in
the entire Samandağ coast play an important role in solid
waste accumulation on the beaches. The long-term meteorological data show that the main direction of the prevailing wind is WSW/SW between April and October, and
ENE/E between November and March. Therefore, for the
July 8th sampling day, it is assumed that the land-borne waste
accumulation on the shoreline is lower than that on 16th of
September, because Asi with its tributaries continuously
carried waste to the sea during late autumn 2002, and winter and early spring 2003. In April and May 2003, these
litters were added to the beach with WSW winds (the
strongest winds were prevalent from SSW in February

The total Asi catchment area is approx. 22,000 km2,
and about 18% of this area is within Hatay Province,
Turkey. It is an international 380 km-long river flowing
through Lebanon, Syria and Turkey, respectively. The
length of the river in Turkey is 97 km (25% of total river
length). The ephemeral tributaries located around the city
of Antakya at river Asi are generally filled by solid wastes
of local residents, who have no effective municipal solid
waste management solutions, during dry summer months,
and then, under spasmodic rains, these wastes are trans-
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and March 2003 with speeds of 23.0 m s-1 and 23.5 m s-1,
respectively). It must be noted that a high flow happened
in Asi river from rain on 6th and 7th of September (4.5 and
2.2 kg/sqm area, respectively). This flow brought extra waste

to the coast, which was added back to the beach by dominant WSW/W winds. Wastes carried by Asi were blown
back to the shore by seaward winds.

TABLE 1 - Beach litter amounts collected from the Samandağ beaches on
July 8 and on September 16, 2003 (the mouth of Asi considered as (0) m).
Distance from
Length from
the river mouth, sand hill to sea,
Medical &
Medical &
m
m
hazardous waste hazardous waste
(Jul 8)
(Sep 16)
-6.000
64
15
40
-5.000
62
15
20
-4.000
76
100
400
-3.000
75
200
550
-2.000
61
215
200
-1.000
40
1.030
350
1.000
59
1.280
3.000
2.000
81
780
1.500
3.000
41
360
100
4.000
20
760
250
Sum
4.755
6.420
Mean
57.9
476
642
S.D.
19.03
453
933

Beach litter weight, g
Recyclable
waste (Jul 8)
800
2.030
900
3.800
4.260
3.400
2.420
2.250
3.000
2.840
25.700
2.570
1.138

100
1.500
2.300
9.000
2.900
2.000
2.100
3.200
5.200
2.800
31.100
3.110
2.444

The medical and hazardous beach litters are estimated
from the compiled amounts of Şeyhhızır and Çevlik beaches
on 8th of July 2003 to be approx. 414 kg, whereas that of
September 16, 2003 was found to be 224 kg. However, the
same or similar decline cannot be observed for the Meydan
beach, since the medical and hazardous solid waste amounts
on the southern side of the river were projected to be
more than 389 kg on July 8, 2003 and 813 kg on September 16, 2003, which is more than twice in terms of total
solid waste weight of the previous sampling effort. Total
medical ad hazardous waste amounts between both sampling days increased from approx. 803 kg to more than
1,037 kg, being about 234 kg, or 29.14%, within 70 days.
It should be underlined that some parts of this total waste
might originate from international open-sea vessels, because of dominant WSW winds.
In general, approx. 2% of total medical wastes produced in health care facilities are medical syringes, pill
bottles, serum products and bottles, and other similar types
of items [21], listed under medical wastes that should be
managed properly. In order to compare the medical waste
matter that was surprisingly found in high quantities in
the study area with that produced by health care institutions located in the Turkish part of the Asi basin, the total
bed numbers and expected solid waste production amounts
of the health care facilities were calculated to be 1.92 kg/
patient and day. In Table 2, the bed numbers compiled and
expected medical waste amounts from health care facilities
per day were summarized. Despite the fact that Thornton
and Jackson [16] reported that medical wastes composed
only 0.1% of total litter collected from Clifford beach, New
Jersey, USA, in our study the medical along with hazard-

Total waste weight, g

Recyclable
Hard-to-recycle Hard-to-recycle
waste (Sep 16) waste (Jul 8) waste (Sep 16)
2.000
1.900
2.800
3.650
11.200
16.250
4.060
3.080
5.000
3.630
53.570
5.357
4.660

Total beach
litter (Jul 8)

Total beach
litter (Sep 16)

2.815
3.945
3.800
7.650
15.675
20.680
7.760
6.110
8.360
7.230
84.025
8.403
5.613

1.750
3.320
18.600
28.050
13.200
20.450
14.500
14.800
11.500
8.050
135.120
13.512
7.917

1.600
1.800
15.900
18.500
10.100
18.100
9.400
10.100
6.200
5.000
96.700
9.670
6.229

ous waste from the examined beaches weighed more than
5.2% of the total solid waste. This indicates that the Asi
basin is a remarkably high medical/hazardous waste
transport source to the river`s delta and beaches near its
mouth.
TABLE 2 - Major health care facilities situated
around the Asi River Basin, Hatay, Turkey.
Name of the medical facility

Bed number

Samandağ State Hospital (H)
Private Eastern Med. H.
Private Hatay H.
Antakya State H.
Antakya Maternity Home
Social Insurance H.
Reyhanlı State H.
Total

50
60
35
250
105
100
75
675

Estimated daily medical
waste weight, kg day-1
96
115
67
480
202
192
144
1.296

In the light of total medical waste production capacity
(Table 2) from the Asi basin health care institutions, it is
expected that total medical waste widespread on the Samandağ beaches from the hospitals is 25.9 kg per day.
Therefore, in 70 days (period between sampling events), a
total of 1,814 kg medical waste was expected from the
medical facilities being in full capacity. However, the increase of total medical and hazardous wastes on Samandağ
beaches was actually found to be 335 kg in this 70-days
period. In other words, about 18.5% of medical wastes produced from medical care facilities in the Asi basin were
accumulated on the shoreline examined. However, based
on DPT [28], the oc-cupation proportion of total capacity of
hospitals in Turkey is 65%. When this is taken into account, total medical waste produced by the hospitals in
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the Turkish part of Asi basin was computed to be 1,209
kg, or 27.71% of the total medical waste compiled from the
beaches of Samandağ. It should be noted that some wastes
are burnt, though not safely, or buried in the environs of
the Asi, but the rest is assumed to be either trapped on the
way in the river or swept on-shore from the sea. The
amount transported to the sea either sinks or floats, ending
on that beaches, where flow and wind con-ditions are suitable. This critical increase between July 8th and September
16th is even dangerously high, since the ef-fects of such
wastes considered to be hazardous to environmental health
are not exactly known. On the contrary, during winter months, wind direction is from land to the sea.
This is another marine litter accumulation factor on and into
the sea, but also a sweeping factor for the land, or, particularly, for the shores.
Based on calculations in the light of Fig. 2, which
shows beach litter amount in grams as a function of distance from the river mouth, the total amount on the shoreline surface of the northern coastal region of the Asi river
was found to increase from 9,960,000 g (9.96 tons) to
almost 11,500,000 g (11.55 tons), just after the moderate
flood occurring in the 6/7th days of September, 2003. The

increase in beach litter on the southern part of the river
(Meydan beach) was computed to be approx. 4,333,000 g
(4.33 tons) and 5,000,000 g (5 tons) on July 8 and September 16, 2003, respectively. The increases were computed to be approx. 16% and 15%, respectively. Moreover,
it should be noted that the last segments (between -6,000
and -4,000 m) of Çevlik beach were continuously cleaned
up during the summer months of 2003 (thanks to a World
Bank supported project). It is easily seen that solid wastes
collected from these locations did not increase, if not reduced, due to this cleaning effort. However, due to the lack
of cleaning-up activities on the closer north side (Şeyhhızır
beach) and south side of the river mouth (Meydan beach),
it is obvious that the litter will continuously accumulate.
Naturally this threatens the beach health, when considering not only the natural environment but also the local people and other visitors, who swim in and use the area for
recreation. Based on the paired t-test, no temporal differences between first and second sampling event (t = 2.083 <
t 0.01, 9 = 2.821) could be observed. Moreover, the χsquared distribution t test applied to both sampling days
resulted in χ computed = 1.5517 < χ 0.01, showing a nonsignificant difference between the first and second beach
litter sampling event with regard to total beach litter com-

40000

was te	
  weight	
  o n	
  J uly	
  8 ,	
  2 003,	
  g
was te	
  weight	
  S ept	
  16,	
  2 003,	
  g

35000

P o lyno mis c h	
  (was te	
  weight	
  S ept
16,	
  2 003,	
  g )
P o lyno mis c h	
  (was te	
  weight	
  o n
J uly	
  8 ,	
  2 003,	
  g )

30000

Was te	
  weig ht,	
  g

25000

y	
  =	
  -‐0.0007x 2 	
  -‐	
  0.8368x 	
  +	
  21671
R 2 	
  =	
  0.6365

20000

15000

10000

5000

y	
  =	
  -‐0.0004x 2 	
  -‐	
  0.3943x 	
  +	
  12774
R 2 	
  =	
  0.478
0
-‐ 7000

-‐ 5000

-‐ 3000

-‐ 1000

North

Distance, km
Jul 8, g m-2
Sep. 16, g m-2

-6
4.40
2.73

-5
6.36
5.35

-4
5.00
24.5

-3
10.2
37.4

1000

-1
51.7
51.1

101

5000

South

Dis tanc e ,	
  m

-2
25.7
21.6

3000

1
13.2
34.7

2
7.54
17.9

3
20.4
36.1

4
36.2
40.3

Mean
18
27

© by PSP Volume 15 – No 2. 2006

Fresenius Environmental Bulletin

FIGURE 2 - Total waste amount illustrated and unit waste amount tabulated as a function of distance from the Asi River mouth.
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piled. When only the shoreline portion between -4,000
and 4,000 m is taken into account, in other words, distances
of -6,000 and -5,000 m are ignored, the temporal difference
was also found to be statistically indifferent (t = 2.323 (since
t 0.01, 7 = 2.988)). On the other hand, as shown and tabulated
in Fig. 2, the mean unit beach litter amount in the study area
was increased from 18 to 27 g m-2, and this increase is exactly 50% in 70 days (8th of July - 16th of September, 2003).
Chi-squared statistical calculations revealed that the
total beach litter between the sampling events was χ =
8762.456 (df = 18, p≤0.001), the medical and hazardous
matter was χ = 1808.505 (df = 9, p≤0.001), the recyclable
matter and that of the difficult-to-recycle one on the beach
between the two sampling days were χ = 4,274.338 (df =
9, p≤0.001) and χ = 14,342.586 (df = 9, p ≤0.001). These
results indicate that both the total beach litter amount and
those classified as medical and hazardous, recyclable and
hard-to-recycle materials differ statistically between the
sampling dates, which means that beach litter amounts between the samplings increased significantly.
The numbers of successful arrivals of new green turtle hatchlings were counted from the representative nests,
and, expressed as percentages, were compared with the solid
waste amounts on the corresponding distance. Table 3 summarizes the number of nests used in this comparison, and
the mean success ratio calculated by dividing the total number of successful arrivals and total number of eggshells obtained from the nest. In Figure 3, the relationship between
unit solid waste quantity (g m-2) and success rate of new
green turtles reaching the sea upon completion of their
incubation period is shown. In this stage, the success rates
of new green turtles were calculated by dividing the number of tracks reaching the end of the permanently wet area

line and the total number of eggshells counted in the representative nest. It is worthnoty to say that the northern river
side, namely Şeyhhızır and Çevlik beaches, have a higher
mean success rate (49.59%) compared to that (36.48%) of
Meydan beach on the southern side of the river-mouth.
The correlations between the unit total solid waste density
(g m-1) and biotic factors, such as successful arrivals of
newly emerged green turtles, are given in Table 4. Remarkably negative correlations between waste amount and
the number of hatchlings reaching the sea were computed
(for 8th July sampling r2 = -0.81, and for 16th September r2 =
-0.74), despite the fact that the correlations were not found
statistically significant (t = 2.56< t0.01, 4 = 3.75 for 8th of
July, and t = 1.55< t0.01, 4 = 3.75 for 16th of September).
Therefore, beach litter cannot be announced to be the mostinfluencing factor that reduces hatchling success, but when
beach litter amount increases, hatchlings safely reaching
the sea decreases. Furthermore, it is noteworthy suspected
that beach litter helps predator species to kill turtle hatchlings, and cause changes in their direction through artificial lights originating from inner terrestrial locations.
TABLE 3
The success ratios of new green turtle individuals.
Location. m
-6.000
-5.000
-4.000
-3.000
-2.000
-1.000
1.000
2.000
3.000
4.000
All locations

No of nests recorded in 2003
1
0
1
16
43
32
21
10
2
0
126
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FIGURE 3 - Unit solid waste amounts and green turtle success ratios on the Samandağ beaches.
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Mean success ratio. %
0
0
48.10
84.98
80.68
83.77
76.48
26.92
86.67
0
48.76
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TABLE 4 - The correlation values of waste amount collected from the beach and nests and
hatchling success of Samandağ C. mydas turtles (The bold ones represents significant correlations).
Parameter
Nesting success, %
Nest density
Hatchling success, %
Hatchlings reached to the sea, %
Beach litter on 8th Jul, g m-2
Beach litter on 16th Sept, g m-2

Nesting success,
%
1.000
0.379
0.639
-0.925
0.698
0.670

Nest density

Hatchling success,
%

Hatchlings reached
to the sea, %

Beach litter on 8th Jul,
g m-2

Beach litter on 16th
Sept, g m-2

1.000
-0.930
0.668
0.838

1.000
-0.837
-0.739

1.000
0.900

1.000

1.000
0.655
-0.798
0.321
0.405

TABLE 5 - Comparison of beach litter amounts throughout the globe.
Study area
Chatnam County, GA, USA
Curaçao, Caribbean
Transkei Coast, South Africa
Orange County, CA, USA
Volunteer Beach, Falkland Islands
Japanese beaches (Sea of Japan)
Russian beaches (Sea of Japan)
Samandağ beaches, Hatay, Turkey

Mean beach litter amount, g m-1
45
3832
101
16
19
14
8
1251

Study period
1989-1990
12/1992– 10/1993
04/1994– 04/1995
08-09/1998
11/2001-04/ 2002
09–11/2002
09–11/2002
07-09/2003

Based on Table 3 and Fig. 3, the overall success rate
of new green turtles on the southern part of river Asi was
found to be less with regard to that in the northern side.
The problematic areas are not merely disturbed in terms
of solid waste amounts accumulated on the shoreline, but
also have the illumination from summer resorts of Samandağ in -6,000 m, a remarkably high density of ghost
crabs (especially in -2,000 and -1,000 m), and illumination from Meydan Village at around 2,000 m. It is difficult to assess the importance of the impairment of these
three problems, namely, illumination (light-pollution),
ghost crab density, and solid wastes, on the shoreline.
However, the mentioned order (1. crab populations and
beach litter, 2. illumination from the settlements) is a
good estimate in terms of their impact on new green turtle
members that try to reach the sea. Furthermore, these problems, in addition to beach litter, are associated closely (ghost
crab populations are dense, especially between -2,000 and
3,000 m, where also beach litter densities are large). Especially in this area, the litters were huge obstacles for the
rushing hatchlings, and when they hang on the litter they
were easily hunted by ghost crabs living there.
In Table 5, findings on beach litter amounts in selected
shorelines throughout the world [27-31] were compared
with that of the Samandağ coast. By far, Caribbean and
Samandağ beaches (namely Çevlik, Şeyhhızır and Meydan)
exceed other beaches tabulated in Table 5, in terms of
beach litter quantities measured. Although organics, both
naturally occurring, such as sea grass, and land-borne ones,
such as vegetable and other plant wastes were not sampled
in this study, the amount of solid waste compiled from the
Samandağ coastline is dramatically higher than those of
other beaches located in the Sea of Japan, Falkland Islands, California, and South Africa (with the exception of
the studied Caribbean one).

Reference
Gilligan et al, [29]
Debrot et al [30]
Matzena and Lasiak [31]
Moore et al. [32]
Otley and Ingham [33]
Kusui and Noda [34]
Kusui and Noda [34]
The present study

CONCLUSIONS AND RECOMMENDATIONS
The solid waste collected from the shore region was
found to be remarkably elevated after a moderately high
flow (due to notable precipitation) event in the Asi river.
This indicates that urban and rural runoff caused an elevation in medical and hazardous, and recyclable and hard-torecyclable solid waste matter on Samandağ coast shoreline,
Hatay, Turkey. Although the impact of hazardous materials was not investigated in the present study, medical, hazardous and other types of potentially dangerous wastes have
negative effects on the sea-based and land-based creatures,
inhabitants of this region. Almost a two-fold increase in
total solid waste amount was found on the investigated
beaches after this moderate, but notable, stream flow increase in Asi river, illustrating that the river is the main
solid waste transporting source from inland locations.
It is essential and also critical to clean-up the shoreline,
just between May and September. Probably the best option to avoid beach litter problems is to construct an effective solid waste management program eliminating all types
of waste sources. As Metin et al. [35] noted, recycling could
be implemented in Turkey. If the shoreline that is used by
green and loggerhead turtles is cleaned-up, and people are
trained about the importance of healthy and clean beaches,
the success rate of both turtle species loggerhead ones not
examined in this study), will definitely increase. Solid waste
accumulated on shoreline will cease to be a handicap, and
ghost crabs will not easily prey on the new turtles.
Therefore, it is extremely crucial that the surrounding
municipalities build responsible and effective solid waste
management programs for solid wastes from houses, businesses, and other pollution sources on the Samandağ coast.
If solid wastes brought to the shoreline via the Asi could
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be controlled and minimized, the ghost crab population density on the shoreline is expected to decline naturally.

[13] Golik, A. and Gertner, Y. (1992) Litter on the Israeli Coastline. Marine Environ. Resear. 33, 1-15.
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EFFECTS OF 2,4-DICHLOROPHENOXYACETIC ACID (2,4-D) ON
SERUM GLUCOSE LEVEL AND KIDNEY FUNCTION ACTIVITIES
IN SUBCHRONICALLY EXPOSED RATS
Handan Aydın
Istanbul University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, 34320 Avcılar, Istanbul, Turkey

SUMMARY
The object of this study was to analyze the renal and
pancreatic effects of the herbicide 2,4-D in SpragueDawley (CD) rats. Animals were treated with drinking
water and food or 25, 50, 100 ppm of 2,4-D during 30 days.
Sub-chronic treatment of animals induced in the highest
dose (treated with 100 ppm 2,4-D in food) group a significant increase in the serum glucose level. We observed the
increase in serum urea levels in groups treated with 50 ppm
and 100 ppm herbicide in food but, these differences were
not statistically important. The serum creatinin activity was
at a similar level with the control group after 2,4-D exposure for 30 days.

KEYWORDS:
2,4-dichlorophenoxyacetic acid (2,4-D); Sub-chronic-exposure,
Glucose, Blood Urea Nitrogen (BUN), Creatinin.

INTRODUCTION
2,4-Dichlorophenoxyacetic acid (2,4-D) a member of
the chlorophenoxy family of herbicides, is used in control
the growth of broadleaf in agricultural and woody areas. It
was produced in 1946 and rapidly became the most widely
used herbicide in the world. There are many forms of 2,4-D
including esters, amines, and salts. It may be found in emulsion form, in aqueous solutions, and as a dry. The half-life
is between 10 and 20 hours in living organisms. There is
little evidence to suggest that the compound accumulates
to any significant level in mammals or in other organisms
[1]. But a previous study in our laboratory has demonstrated
that sub-chronic exposure caused accumulation of 2.4-D and
its metabolite 2.4-DCP in rat kidneys [2]. The adverse effects of 2,4-D and other metabolites of 2,4-D are periodically re-evaluated and extensively studied. A large number
of more modern studies have been conducted, which have
generated chemistry, mammalian toxicology, residue/ me-

tabolism, exposure, environmental toxicology and environmental fate data, to support the continued registration of
2,4-D many countries, including the United States.
While administration of drinking water dosed with
moderate levels of 2,4- D (about 50 mg/kg) to pregnant
rats did not result in any adverse effects on birth weights,
or litter size, higher levels (188 mg/kg) of 2,4-D resulted
in fetuses with abdominal cavity bleeding and increased
mortality [3]. It has been also suggested that low doses
fed to rats for two years caused an increase in malignant
tumors [4]. A recent study reported that even a minimum
dose of 2,4-D produced a significant (almost two-fold) increase in the occurrence of cytogenetic aberrations [5]. Exposure to 2,4-D, its ester and salt formulations, have been
associated with a range of adverse health effects on humans and different animal species [6]. However, their
mechanism of action for non-target organisms is not fully
elucidated yet. Also 2,4-D was a major component (about
50%) of the product Agent Orange used extensively throughout Vietnam. This association of 2,4-D with Agent Orange
has prompted new studies on the herbicide. A new study [7]
confirms that Vietnam veterans have an increased likelihood of getting diabetes if they have elevated levels of
dioxin in their blood. Careful evaluation of the effects of
this herbicide on health is necessary. With this aim in the
present study, quantitative levels of the activities, which
are used as the biochemical markers of kidney (the primary
target organ, in all species) and pancreas injuries were investigated during 30 days.
MATERIALS AND METHODS
Animals

Eight week old Sprague Dawley (CD) rats weighing
130-140 g were acquired from the Istanbul University,
Cerrahpaşa Faculty of Medicine, Experimental Animals
Production and Investigation Centre and acclimated to
laboratory conditions for one week.
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Four 2,4-D treated groups (8 rats per subgroups) were
included; group 1 and group 2 were fed supplemented
with about 100 and 50 ppm 2,4-D respectively. Group 3
and group 4 were given 50 and 25 ppm 2,4-D in drinking
water. 2,4-D mixed into the food and drinking water. 15 g
food was given to each rat. The water was available ad libitum. We did not measure the water consumption. Control
group was fed a normal diet and drinking water. The test
period was 30 days for all groups.
The treatment and care of the rats followed an approved protocol of the Istanbul University, Faculty of Veterinary Medicine, Experimental Animal Ethics Committee.
Test Chemicals

All standards, test chemicals and solvents used were
obtained from Sigma Chemical Co. (St. Louis, MO, USA)
or Merck (Darmstadt, Germany).
Measurements of serum activities

Serums obtained from the blood were collected from
the heart directly. Serum activities (Blood urea nitrogen,
Creatinin and Glucose) were determined using commercially
available kit (Bio-clinica).
The statistical analysis of data was done using ANOVA
as mean ± SEM by The GraphPad Instat software. The significance of test results was ascertained at P < 0.05.

RESULTS AND DISCUSSION
According to the results of this study serum BUN levels
were increased in groups treated with 50 ppm and 100 ppm
herbicide in food. These differences were not statistically
important as compared to controls and other treated groups
(P < 0.05). Serum creatinin activity was in similar level with
the control group after 2,4-D exposure for 30 days. Subchronic exposure to 2,4-D significantly caused an increase
in the serum glucose levels in the highest dose group treated
with 100 ppm 2,4-D in food (P < 0.001.) (Table 1).
It was reported [8] that the lowest 2,4-D dose (100 mg/
kg) did not change the level of urea and creatinin in serum
after administration of herbicide orally to cattles and this
result is similar to the results of the group treated with
100 ppm in the current study.
Poisoning by 2,4-D could result from a direct effect of
the herbicide from diet or through skin adsorption, or indirectly through nitrate poisoning. 2,4-D is reduced from nitrates to nitrites in the gut of ruminants. The nitrite ion (NO2)
oxidizes ferrous iron in blood hemoglobin to the ferric state
and methemoglobin is unable to act as an oxygen carrier. If
enough of the hemoglobin is changed to methemoglobin,
the lack of oxygen causes the death of the animal (tissue
anoxia) [9]. Affected vegetation may also increase the
levels of the toxin hydrocyanic acid and of sugars which
feed these plants. In the present study, serum glucose levels
increased in the group with the highest dose of 100 ppm
2,4-D (P < 0.05).

TABLE 1 - Serum activities of glucose, urea and creatinin in CD rats (mean ± S.E.M).
Group
Control
1 (Treated with 100 ppm 2,4-D in food)
2 (Treated with 50 ppm 2,4-D in food)
3 (Treated with 50 ppm 2,4-D in drinking water)
4 (Treated with 25 ppm 2,4-D in drinking water)
*
p<0.001 by one-way analysis of variance (ANOVA).

Glucose (mg/dL)
172.32 ± 14.08
233.37 ± 11.05*
211.87 ± 11.32
192.13 ± 3.41
181.35 ± 6.05

The polluting agent was thought to be 2,4-D and it may
cause contaminations. We focused our studies on the purified active ingredient of 2,4-D. Because there are many
findings that pesticide formulations with 2,4-D contain a byproduct of its industrial synthesis, polychlorinated dibenzodioxins (PCDD) [10], nitrosamines [11] and other chlorinated phenols that may cause possible contaminations. Such
contamination was responsible for some effects of Agent
Orange (a 50:50 mixture of 2,4-D and 2,4,5-T) used as a
defoliant during the Vietnam War. Recent studies have indicated that diabetes is increasing among the general population in the U.S. and worldwide [12, 13]. Also it was reported in the studies that the scientific evidence may be
between diabetes (type 2) and exposure to dioxin and other
chemical compounds in herbicides used in Vietnam [14].

BUN (mg/dL)
48.85 ± 3.21
54.28 ± 4.86
52.28 ± 2.09
49.95± 3.11
48.28± 3.32

Creatinin (mg/dL)
0.2 ± 2.18
0.27 ± 3.68
0.23 ± 2.13
0.25 ± 3.66
0.22 ± 4.91

In a report of the NIOSH medical study 281 dioxin-exposed workers employed in two chemical plants in New
Jersey and Missouri, showed a statistically significant increase in the frequency of diabetes and a high (≥140mg/dl)
fasting serum glucose level (P <0.01) with increasing serum concentrations of 2,3,7,8-TCDD [14]. In agreement
with these findings, we observed that there is a high suitable correlation between the exposure of dioxin and other
chemical compounds in herbicides (such as 2,4-D) and the
possibility to come down with diabetes.
On this subject only little information is available. To
understand the facts better, additional studies should be
carried out to determine the biological mechanism of effects
of these compounds and their commercial formulations.
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HEAVY METAL ACCUMULATION IN DIFFERENT ORGANS OF
PLANTS GROWN UNDER HIGH SEWAGE SLUDGE DOSES
Ayşe Yürük and Mehmet Ali Bozkurt
Yüzüncü Yıl University, Agriculture Faculty, Department of Soil Science, 65080 Van, Turkey

SUMMARY
Excessive applications of sewage sludge have led to the
accumulation of potentially toxic elements in plants and
soils. The objective of this study was to evaluate the effects
of various sewage sludge rates (0, 10%, 20% and 40%,
w/w) on yield and accumulation of heavy metals in different organs of plants grown on a calcareous soil. Bean and
chickpea plants were grown in pot conditions with four replications. The investigated heavy metals were Cd, Cr, Cu, Ni,
Pb and Zn. The translocations of such metals in the plant
leaf, grain, stem and root were also determined. Sewage
sludge treatments increased grain and biomass yield of bean
and chickpea, and did not cause any disturbances of mineral
nutrition. The level of heavy metals was higher in roots,
followed by leaves, with increasing amounts of sludge.
However, zinc was mostly accumulated in roots, but also
significantly increased in the other organs of both species.
Sludge treatments did not lead to large variations in Cd, Cu
and Pb concentrations of grain and stem of both species.
However, Cd, Cu and Pb were highly accumulated in
roots. With an increase in sludge amount, leaf, grain and
stem Cd concentrations of chickpea did not change, but root
Cd increased significantly, about 36-fold in relation to the
control. It is concluded that the largest heavy metal accumulation occurred in roots, and the phytotoxic levels of the
tested heavy metals on above-ground organs (leaf, grain and
stem) were not exceeded at high sewage sludge rates.

KEYWORDS: Heavy metals, biosolid, bean, chickpea, accumulation, different organs.

INTRODUCTION
There has been an increasing tendency in recent years
to use sewage sludge (biosolids) as fertilizer in agriculture.
Agricultural use of municipal sludge is justified by its fertilizer value in terms of nitrogen and phosphorus, and as a
source of organic matter and micronutrients (Cu, Mn, Zn).

However, besides the beneficial effects, sewage sludge is
generally also rich in heavy metals, such as Cd, Cr, Ni
and Pb.
Some researches, concerning the use of sewage sludge
as fertilizer, on the yield and heavy metal accumulation in
bean and chickpea have been carried out [1-3]. Metals may
become more available to plants with time, depending on
the biological and chemical conditions in soils after termination of sludge applications. Soil contamination by sludgeborne metals can result in a decrease of crop yield, due to
metal phytotoxicity, or in an increase of metal transfer into
edible plant parts and fodder [4]. Some of them, mainly Cd
and Zn, can be toxic to plants, animals and humans. A number of authors have documented the adsorption and phytotoxic effects of heavy metals by various crops grown on
sewage sludge amended soils [5-7].
Although plants can absorb large quantities of heavy
metals, the roots generally accumulate the most, and often
serve as storage sites preventing toxic dosages from reaching the stem and grain. Retention of Cd in roots reduces its
transport into aerial parts of the plants. This is desirable not
only because it alleviates heavy metal injury in plants, but
also because it reduces heavy metal entry into the human
food chain.
In an experiment, where young wheat plants were grown
with Zn supplement, roots had the highest Zn uptake rate,
followed by the shoots and the grain [8]. Dudka et al. [9]
found that Cd did not affect the biomass yield of spring
wheat, even at a level of 50 mg kg-1 soil, because it accumulated especially in the roots. Çakmak et al. [10] studied
the uptake and re-translocation of leaf-applied cadmium
in different wheat genotypes. The results showed the existence of substantial genotypic variation in the uptake and
re-translocation of Cd, with the highest percentage found
in roots.
The objectives of this work were to study the heavy
metal accumulation and translocation in the different plant
parts of pot-grown bean and chickpea, depending on sludge–
borne heavy metal inputs, and to compare the plant growth
at high sewage sludge levels.
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MATERIALS AND METHODS
Bean and chickpea plants were grown in pot-conditions
using sandy clayey loam topsoil in Yüzüncü Yıl University
farmland. The soil used in this experiment was a strongly
calcareous calcic regosol with low organic matter content.
Heavy metals in the sewage sludge (Table 1) were always below the maximum levels for land disposal of this
organic material [11]. Municipal sewage sludge was collected from the Van Wastewater Treatment Plant in Turkey. Selected chemical properties and heavy metal contents
of the sludge used in this study are also listed in Table 1.
TABLE 1 - Selected chemical properties
of the sewage sludge used in this study.
Properties
pH
Electrical Conductivity
Organic matter
Total Concentrations
N
P
K
Fe
Mn
Cd
Cr
Cu
Ni
Pb
Zn

Units
mS cm-1
%

Sludge
6.78
4.49
57.2

%
%
%
%
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1

2.70
0.44
0.34
2.24
789
1.42
74.9
117
77.5
55.8
677

three months after germination. Plant material was separated
to grain, stem and roots. Plant samples were washed with
deionized water and dried at 70 0C for 48 h, and ground for
chemical analysis. Total N in plant tissues was determined
by Kjeldahl method. Phosphorus was measured colorimetrically using the vanado molybdate method. Potassium, Fe,
Mn, Cd, Cr, Cu, Ni, Pb and Zn concentrations in digested
solution were determined using atomic absorption spectrophotometry [12, 13].
Soil samples were removed from the pots after harvest, air-dried and sieved through a 2 mm sieve. Particle
size distribution was performed using the method proposed
by Bouyoucos [14]. Soil pH (1:2.5), calcium carbonate, organic matter, electrical conductivity, total-N, Olsen-P, and
1N ammonium acetate-extractable K was determined by
the methods of Kacar [15]. DTPA-extractable Fe, Mn, Cd,
Cr, Cu, Ni, Pb and Zn contents were analyzed according
to Lindsay and Norvell [16]. Total metal contents of sludge
were determined after digestion of the samples with concentrated HCl+HNO3 [17]. Digested samples were analyzed
by atomic absorbtion spectrophotometry.
Data were analyzed by standard ANOVA procedures.
Differences (P<0.05) between individual means were tested
using Duncan’s multiple range tests. Simple correlations
were calculated [18].
RESULTS AND DISCUSSION

The properties of experimental soil can be summarized
as follows: pH (1:2.5), 8.57; calcium carbonate, 20.5 %;
electrical conductivity, 2.067 mS cm -1; organic matter,
0.60%; N-Kjeldahl, 0.09 %; Olsen-P, 6.55 mg kg-1; exchangeable K, 537 mg kg-1; DTPA-extractable Fe, Mn, Cu
and Zn values, 4.0, 10.4, 0.87 and 1.01 mg kg-1, respectively.
Municipal sewage sludge was added to experimental
soil in a series of proportions (0 %, 10 %, 20 % and 40 %,
on dry weight basis) for bean and chickpea plants. Treatments were replicated four times in a completely randomized design for bean and chickpea. For each plot were used
three pots (that means 12 pots (4x3) in each treatment), and
48 pots each for beans and chickpeas were used. Three kg
of air-dried soil and sludge mixture (< 2 mm) was filled
into the pots.
Six seeds of bean or chickpea were sown in each pot
separately and thinned to three plants after germination.
The experiment was carried out with natural light at temperatures from 10 to 30 0C. Pots were irrigated to field capacity with drinkable tap water throughout the growth period. A nutrient solution was added to the pots without
sludge amendment to present 200/80 mg kg-1 nitrogen/ phosphorus fertilization. Sludge-amended treatments were not
fertilized.
Leaf samples of bean and chickpea were taken at beginning of flowering. Plants were harvested by cutting, about

Grain and Biomass Yields of Bean and Chickpea

Table 2 shows the yield and dry biomass of bean and
chickpea plants grown in soil amended with sewage sludge.
With an increase in sludge amendment rate on the calcareous soil, grain and dry matter yields of both species increased significantly. The highest grain and dry matter yields
of chickpea occurred with 40% sludge addition. This indicates that application of sludge provided a good source of
nutrients and improved the soil conditions for plant growth.
However, in soil amended with more than 20% sludge, grain
and dry matter yields of beans decreased significantly.
This suggests that bean might be more sensitive than chickpea to heavy metal contents in high-dose sludge applications. Cimino and Toscano [19] reported that the use of
TABLE 2 - Grain and dry matter yields of bean and chickpea,
influenced by various sewage sludge doses (dry weight, g per pot).
Sludge Addition
(w / w)
Control
10 % Sludge
20 % Sludge
40 % Sludge
Significant F

Bean
Grain
Yield
24.5 b
45.8 ab
77.3 a
39.3 b
*

Dry Matter
Yield
40.8 b
62.9 b
97.6 a
56.3 b
**

Chickpea
Grain
Yield
10.5 b
32.5 b
25.9 b
80.4 a
**

Dry Matter
Yield
38.4 b
65.5 b
52.6 b
128.6 a
***

*, significant with P<0.05; **, significant with P<0.01; ***, significant
with P<0.001. Means followed by different letters within the same
column are statistically different (Duncan test, P<0.05).
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sewage sludge increased the yield of bean and pea more
than inorganic fertilizers. In addition, Bozkurt and
Yarılgaç [20] found that the addition of sewage sludge to
calcareous soil significantly increased fruit yield and
growth of apple trees.
Mineral Nutrition and Heavy Metal Concentrations of Plants

Table 3 shows the leaf nutrient concentrations (N, P,
K, Fe and Mn) of beans and chickpeas. With increasing
quantities of sludge in the amendments, the N, P, and K
of bean leaf, but also N, P, and Mn concentrations of
chickpea leaf changed significantly. Sludge treatment did
not affect the leaf-Fe of both species. The leaf element
concentrations of bean and chickpea did not show any
imbalance of mineral rations.
For both species, Cd, Cu, Pb and Zn concentrations
of different organs increased generally with an increase in

amended sludge (Table 4). The concentrations of bean
root-Cr and chickpea leaf-Ni increased with sludge applications, but Cr and Ni of the other organs did not show any
significant increase, compared with soil without sludge
amendment.
In general, heavy metal accumulation was higher in
the roots for both species. However, with sewage sludge
application there was no significant increase in grain and
stem heavy metal accumulation, compared to control soil,
except for Zn. For both plants, zinc was the mostly taken
up heavy metal. Zn concentrations increased significantly
in all organs with increase in the quantities of sludge in the
amendments. For example, leaf, grain, stem and root Zn
concentrations of beans increased significantly from 14.4 46.4 mg kg –1, 23.2-31.2 mg kg –1, 10.0-55.6 mg kg–1 and
36.0 - 588 mg kg –1, with an increase in sewage sludge
amendments, respectively. This might be explained by the

TABLE 3 - Leaf mineral concentrations of bean and chickpea at
beginning of flowering, when influenced by various sewage sludge doses.
Sludge Addition
(w / w)

Bean
Chickpea
N
P
K
Fe
Mn
N
P
K
Fe
Mn
%
%
%
mg kg-1
mg kg-1
%
%
%
mg kg-1
mg kg-1
Control
3.24 c
0.35 c
3.08 a
260
204
2.60 c
0.19 d
2.39
130
77 b
10 % Sludge
2.55 b
0.60 b
2.00 b
261
202
2.45 c
0.25 c
2.30
130
133 b
20 % Sludge
3.61 b
0.69 a
2.32 b
231
203
3.60 b
0.31 b
2.08
138
299 a
40 % Sludge
4.67 a
0.76 a
2.07 b
224
218
3.95 a
0.42 a
2.09
134
359 a
Significant F
***
***
***
ns
ns
***
***
ns
ns
***
***, significant with P<0.001; ns, not significant. Means followed by different letters within the same column are statistically different (Duncan test,
P<0.05).

TABLE 4 - Heavy metal concentrations (mg kg-1, dry matter) of leaf, grain, stem and
root of bean and chickpea at harvest stage, when influenced by various sewage sludge doses.
Sludge Addition
Bean
(w / w)
Cd
Cr
Cu
Ni
Pb
Zn
Leaf
Control
0.094b
0.92
7.80 b
1.91
0.49 b
14.4 b
10%Sludge
0.098b
0.98
10.2 a
1.90
0.45 b
47.7 a
20% Sludge
0.145 a
1.17
10.2 a
1.95
0.45 b
41.8 a
40% Sludge
0.174 a
1.32
11.4 a
1.98
0.58 a
46.4 a
Significant F
**
Ns
**
ns
**
***
Grain
Control
0.050
0.37
9.0
1.96
0.10
23.2 c
10%Sludge
0.063
0.40
8.6
2.40
0.12
35.3 a
20% Sludge
0.060
0.46
9.4
2.35
0.12
36.1 a
40% Sludge
0.068
0.47
9.0
2.26
0.14
31.1 b
Significant F
ns
Ns
ns
ns
ns
***
Stem
Control
0.092
1.19
9.10
0.42
0.42
10.0 c
10%Sludge
0.091
1.17
12.2
0.51
0.46
31.3bc
20% Sludge
0.076
1.15
12.0
0.47
0.44
53.1ab
40% Sludge
0.083
1.16
11.8
0.49
0.43
55.6 a
Significant F
ns
Ns
ns
ns
ns
**
Root
Control
0.21 c
33.5 b
9.60 d
73.7
1.98 d
36.0 c
10%Sludge
0.90 b
39.2ab
29.5 c
75.5
10.7 c
322 b
20% Sludge
1.06 b
39.6ab
47.7 b
73.9
17.6 b
452 a
40% Sludge
1.30 a
49.5 a
66.7 a
80.3
25.9 a
588 a
Significant F
***
*
***
ns
***
***
*, significant with P<0.05; **, significant with P<0.01; ***, significant with P<0.001;
each organ part of the table are statistically different (Duncan test, P<0.05).
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Chickpea
Cu
Ni

Cd

Cr

Pb

Zn

0.13
0.12
0.14
0.12
ns

0.68
0.73
0.78
0.78
ns

5.0
5.9
6.2
6.7
ns

1.98 b
1.91 b
1.95 b
2.29 a
***

0.39
0.46
0.44
0.49
ns

16.2 c
45.0 b
46.0 b
60.0 a
***

0.070
0.070
0.070
0.070
ns

0.50
0.45
0.46
0.46
ns

4.0 b
4.8 a
5.1 a
5.3 a
*

3.50
3.53
3.75
3.25
ns

0.23
0.22
0.21
0.24
ns

27.6 d
37.3 c
42.0 b
45.0 a
***

0.060
0.080
0.070
0.070
ns

0.96
0.99
0.96
0.91
ns

5.5
5.6
4.9
5.2
ns

1.35
1.42
1.43
1.45
ns

0.32
0.32
0.33
0.36
ns

11.0 c
26.3 b
29.5 b
40.0 a
***

0.053d
33.7
18.8 c
52.3
1.84 c
32.0 c
0.62 c
41.3
30.6 b
78.5
9.95 b
183 b
1.27 b
36.9
33.3 b
64.5
13.8 b
323 b
1.88 a
41.5
43.2 a
69.4
19.9 a
416 a
***
ns
***
ns
***
***
ns, not significant. Means followed by different letters within
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TABLE 5 - pH, DTPA-extractable nutrient and heavy metal concentrations of
bean experimental soil, influenced by various sewage sludge doses (mg kg-1).
Sludge Addition
pH
Fe
Mn
Cd
Cr
Cu
Ni
Pb
Zn
(w / w)
Control
8.80 a
3.40 c
8.90 c
0.012 c
0.006
0.83 d
0.83 d
0.73 c
1.13 d
10 % Sludge
8.13 b
9.43 bc
12.3 bc
0.098 b
0.007
3.19 c
1.89 a
2.27 b
46.4 c
20 % Sludge
7.33 c
17.0 ab
15.9 b
0.200 a
0.005
5.24 b
2.33 a
3.55 a
85.8 b
40 % Sludge
6.95 c
20.1 a
22.7 a
0.234 a
0.006
7.03 a
2.39 a
3.70 a
107.3 a
Significant F
***
**
***
***
ns
***
***
***
***
**, significant with P<0.01; ***, significant with P<0.001; ns, not significant. Means followed by different letters within the same column are statistically different (Duncan test, P<0.05).

TABLE 6 - pH, DTPA-extractable nutrient and heavy metal concentrations of
chickpea experimental soil, when influenced by various sewage sludge doses (mg kg-1).
Sludge Addition
pH
Fe
Mn
Cd
Cr
Cu
Ni
Pb
Zn
(w / w)
Control
8.30 a
6.30 c
19.1 b
0.015 d
0.007 b
1.33 d
1.42 c
0.97 d
1.60 d
10 % Sludge
8.00 a
18.4 b
24.3 a
0.093 c
0.007 b
4.00 c
2.81 b
3.49 c
64.0 c
20 % Sludge
7.50 b
25. 0 b
24.4 a
0.168 b
0.010 b
6.17 b
3.17 b
4.89 b
100.0 b
40 % Sludge
6.70 c
46. 0 a
27.1 a
0.261 a
0.014 a
9.70 a
3.98 a
7.66 a
120.0 a
Significant F
***
***
*
***
**
***
***
***
***
*, significant with P<0.05; **, significant with P<0.01; ***, significant with P<0.001. Means followed by different letters within the same column are
statistically different (Duncan test, P<0.05).

zinc found in more available forms than other heavy metals. Those results are in agreement with previous findings
[21, 22]: Cd, Cu, Ni and Pb are concentrated in roots, and
partly translocated to above-ground tissues, whereas zinc is
more easily transported over the plants. In addition, Frost et
al. [23] reported that the only heavy metal with significant
concentration measurable in grain and stem was Zn, among
the other heavy metals tested (Cd, Cr, Cu and Pb).
The Cd and Pb concentrations of chickpea leaf, grain
and stem did not increase with an increase in sludge amendment rate, while the increase in root-Cd and Pb was statistically important. Chickpea root-Cd and Pb concentrations increased significantly from 0.053 to 1.88 mg kg-1 and 1.84
to 19.9 mg kg-1 at the highest sludge application rate, respectively. Root-Cd was approx. 36 times higher in 40% sludgetreated soil than that in the control soil (Table 4). The rootCd, Cu and Pb concentrations of beans also showed a similar
increasing trend with increased amendment rate, confirming
other experiments [10, 24]. Reddy and Dunn [25] reported
that uptake of the heavy metals was greater by the roots than
by the shoots, indicating some barrier to the movement of
the metals from roots to shoots in soybean. In addition,
Mench et al. [26] found that Cd and Zn had the highest transfer coefficient from soil into plant. On the other hand, all
heavy metal concentrations in aboveground organs were
below the phytotoxic levels [27].
pH and DTPA-Extractable Metals in the Soil

Soil-pH decreased significantly with sludge applications
on calcareous soil in both experiments (Tables 5 and 6),
ranging for bean and chickpea soil from 8.80 to 6.95 and

8.30 to 6.70, with the highest sludge application rate, respectively. Decreases of soil-pH after sewage sludge application have also been observed in other studies [28, 29].
Palacios et al. [21] reported that sewage sludge application
to calcareous soil did not affect the pH of soil.
DTPA-extractable metals in both experimental soils increased significantly with an increase in sludge amendment
(Tables 5 and 6). The most noticeable increases in both experiments were observed in extractable Cd, Cu, Pb and Zn
contents. The extractable Cd and Zn in bean experimental
soil increased sharply from 0.012 to 0.234 mg kg-1 and
from 1.13 to 107.3 mg kg-1, according to sludge application
rates, respectively. For example, extractable Zn in the 40 %
sludge treatment was about 95 times higher than that of the
control soil. This tendency was also generally observed in
chickpea soil. These findings suggest the sewage sludge to
be a significant source of heavy metals in amended soils.
The important increases in the soil heavy metal contents
could be attributed to high doses of sludge and to the decreases of soil-pH [30]. In agreement with these findings,
Krebs et al. [31] stated that sewage sludge application increased extractable Cd, Pb and Zn contents in soil.
Correlations Between the DTPA-Extractable Heavy Metal
Contents in Soil and Different Organs of Plants

There are certain observations to be made on the correlation between the DTPA-extractable metals in the soil
and their concentrations in plants` leaf, grain, stem and root.
For this purpose, indices of simple correlation were calculated between the concentration of each heavy metal in the
soil and different organs of bean and chickpea (Table 7).
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With the exception of Cr and Ni, generally statistically positive correlations were observed.

metal toxicity occurs in roots, and may not be shown in
leaf analyses.

These heavy metals (Cd, Cu, Pb and Zn) were also accumulated significantly in the plants (Table 4). The highest
correlations were determined between soil-DTPA and root,
followed by leaf in all organs of bean and chickpea. For
bean-Pb and chickpea-Cd, there was found a highly significant correlation between soil-DTPA and root, while no
significant correlation was observed in the other organs.
This shows that heavy metal concentration of above-ground
organs does not reflect the real toxicity in the soil. Wallace and Wallace [11] suggested that some of the heavy

Among all the heavy metals, only for Zn significant
correlations were found between soil-DTPA and Zn in all
organs of the plants. Even for beans, the correlations determined by the Zn concentrations of leaf and grain were
found to be higher than that for roots. This can be explained
by the Zn distributed among the other organs, differently
from Cd, Cu and Pb. Korboulewsky et al. [22] reported
that Zn is homogenously distributed in all organs (leaf,
stem and root) of plants with sewage sludge applications.

TABLE 7 - Simple correlation indices between DTPA-extractable
heavy metal contents in soil and different organs of bean and chickpea.
Cd
Cr
Cu
Ni
Pb
Bean
Soil DTPA x Leaf
0.75***
-0.21 ns
0.75***
0.09 ns
0.30 ns
Soil DTPA x Grain
0.62*
-0.20 ns
-0.02 ns
0.36 ns
0.24 ns
Soil DTPA x Stem
-0.32 ns
0.49 ns
0.45 ns
0.32 ns
-0.01 ns
Soil DTPA x Root
0.87***
0.05 ns
0.92***
0.19 ns
0.89***
Chickpea
Soil DTPA x Leaf
-0.05 ns
0.23 ns
0.51*
0.47 ns
0.59*
Soil DTPA x Grain
-0.10 ns
-0.33 ns
0.70**
-0.07 ns
-0.04 ns
Soil DTPA x Stem
0.09 ns
-0.58*
-0.07 ns
0.42 ns
0.23 ns
Soil DTPA x Root
0.98***
0.11 ns
0.93***
0.41 ns
0.88***
*, significant with P<0.05; **, significant with P<0.01; ***, significant with P<0.001; ns, not significant.

CONCLUSIONS

Zn
0.76***
0.62*
0.83***
0.97***
0.96***
0.98***
0.89***
0.92***
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SUMMARY
The presence of low levels of natural and synthetic estrogens in the aquatic environment, and their biological
effects on aquatic organisms, are presently issues of concern. In this study, we investigated the temporal removal
of estrogenic activity of five potent and environmentally
relevant endocrine disruptors (EDs), estradiol (E2), estrone
(E1), 17α-ethynylestradiol (EE2), 4-nonylphenol (NP), and
4-octylphenol (OP), in water in the presence of ferric and
oxalate ions in a concentric reactor under a 125 W highpressure mercury lamp (λ ≥ 365 nm). At different time
intervals during the radiation, the concentrations of EDs
were analyzed using high pressure liquid chromatography
(HPLC). The photodegradation efficiencies were dependent on the pH values and ferric/oxalate concentration ratios
(Fe(III)/Ox) in the water, with higher efficiency at pH 3.50
and Fe(III)/Ox 10.0/120.0 µmol L-1. The initial rate of photo-degradation increases with increasing the initial ED
levels from 2.0 to 10.0 mg L-1.

KEYWORDS: Endocrine disruptors, photodegradation, Fe(III)oxalate complexes, hydroxyl radicals.

INTRODUCTION
The presence of low levels of natural and synthetic
estrogens in the aquatic environment, and their biological effects on aquatic organisms are presently of serious
concern in some countries. There are many estrogenic
pollutants in the environment, such as steroid estradiol
(E2), estrone (E1), 17α-ethynylestradiol (EE2), in addition
to xenoestrogens, which mimic the biological effects of
estrogen, e.g. 4-nonylphenol (NP) and 4-octylphenol(OP)
[1]. Steroid estrogens are eliminated from the body mainly
as biologically inactive forms, following their conjugation
to water-soluble glucuronide and/or sulphate ester groups
[2]. It was reported that the producing amount of estrogens from a mature female for estrone (E1) is 3-20 µg/d,

estradiol (E2) 0.5-5µg/d, and estriol (E3) up to 64 µg/d,
respectively [3]. 17α-ethynyloestradiol (EE2) is the principal synthetic estrogen, and is mass-produced as the main
constituent of the contraceptive pill and hormone replacement therapy [4]. Estrogenic substances act as endocrine
disruptors [5], and their reported effects include the perturbation of sexual differentiation in embryos [6], cancers in
reproductive organs [7], and altered glucose and fat metabolism [8]. These compounds can exhibit biological effects at
very low levels of concentration (0.1 ng dm-3) [9].
Alkylphenols, such as 4-nonylphenol (NP) and 4-octylphenol (OP), are the synthesizing materials of alkylphenol
polyethoxylates, as well as their main degradation products [10]. It was confirmed that NP and OP had estrogenic
activity by the fact that they could inhibit the testicular
growth in rainbow trout (Oncorhynchus mykiss) [11]. Although not as potent as the estrogens, xenoestrogens are
more abundant in the aquatic environment.
Normal methods of water and sewage treatment are not
completely effective in removing estrogenic substances [12].
The increasing regulatory pressures entail new methods to
reduce environmental levels of many endocrine disruptors
(EDs), such as steroid estrogens and alkylphenolic chemicals. We have previously shown that photooxidation is
effective for the degradation of organic dyes in water, in
the presence of Fe(III)-OH complexes, Fe(III)-polycarboxylate complexes, ferric oxides, and Fe(III)-humic acid complexes [13]. However, Fe(III)-oxalate complex systems had
higher efficiency than other ferric species systems in photooxidation and degradation of organic compounds [14].
MATERIALS AND METHOD
Reagents

Chemically pure E2, E1, EE2, NP, and OP were purchased from Sigma Chemicals Co. (USA) and used without purification. Acetonitrile was of HPLC-grade
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(Lingfeng Chemical Reagent Co., Shanghai, PRC). HCl
and NaOH were used to adjust the pH values of the solutions. All reagents were of analytical grade, and the water
used was doubly distilled.

-1

C E1 / E2(mg L )

5.0

Photochemical reaction

Make a certain concentration of ED solutions, and adjust their pH values with HCl and NaOH. Then transfer
these solutions into 10 mL quartzes, put them on the reaction frame, afterwards make them degrading under UVlight, and fetch one sample after an interval of some
minutes. Finally, examine it by HPLC analysis.

4.5
3+

E2+Fe
3+
E2+Fe +Ox
3+
E1+Fe
3+
E1+Fe +Ox

4.0

3.5

0

Analyses

UV absorbance spectrums of E2, E1, EE2, NP, and OP
solutions were recorded with a spectrophotometer UV-1601
(Shimadzu, Japan). The characteristic absorbance peak was
at 280 nm, respectively. EDs in water were detected by
HPLC [Shimadzu LC-6A pump, HP Zorbax SB-C18 column (4.6×150 mm, 5 µm)] at 280 nm (Waters 481 detector),
with a flow rate of 0.5 mL min-1 for E2, E1, and EE2,
but 0.8 mL min-1 for NP and OP. The mobile phase was
a CH3CN/H2O mixture (50/50 v/v), and injection volume
20 µl. The retention times and calibration cure equations
for ED detection were shown in Table 1, where CEDs were
the concentrations of EDs over the range of 0 ~ 10.0 mg L-1.
Measurements were made in triplicate in each experiment,
with errors less than 5%.

FIGURE 1
E1 and E2 concentration changes in the control experiments.
[Fe3+]0 = 10.0 µmol L-1, [Ox]0 = 120.0 µmol L-1, pH = 3.00±0.05

E1
E2
EE2
OP
NP

Retention
time (min)
12.40
8.94
11.42
9.05
7.89

Calibration equations

r

Peak area = 10327 CE1 + 522
Peak area = 9612 CE2 + 434
Peak area = 8961 CEE2 + 336
Peak area = 8627 COP + 248
Peak area = 3270 CNP + 116

0.9996
0.9999
0.9997
0.9963
0.9943

OP+Fe(III)
OP+Fe(III)+Ox
NP+Fe(III)
NP+Fe(III)+Ox

5.0

-1

COP/NP(mg L )

4.5

TABLE 1 - Retention times and calibration equations of EDs.
EDs

20 40 60 80 100 120 140 160
time(min)

4.0
3.5
3.0
2.5
2.0

0

20 40 60 80 100 120 140 160
time(min)

FIGURE 2
OP and NP concentration changes in the control experiments.
[Fe3+]0 = 10.0 µmol L-1, [Ox]0 = 120.0 µmol L-1, pH = 3.00±0.05

RESULTS AND DISCUSSION

pH effect

The control experiment

The concentrations of EDs in water in the absence of
Fe(III) and oxalate ions do not change after radiation for
160 min, because EDs in water did not show absorption to
the light with wavelength above 365 nm. Therefore, no direct
photodegradation of EDs occurred in our experiments. Since
the photodegradation of Fe(III)-OH complexes produce .OH
radicals in the reaction Fe(OH)2+ + hν → Fe2+ + .OH [14],
when ferric ions were added to the ED solutions, photodegradation occurred as shown in Figures 1 and 2. However, the photodegradation was enhanced by adding oxalate to the water containing EDs and ferric ions. After
radiation for 160 min, the removal efficiency of EDs in
water increased at pH 3.00±0.05. As previous studies have
indicated, this pH was the optimum value for Fe(III)-OH
complexes to produce .OH radicals and oxidize the organic
compounds [15, 16].

Photodegradation of EDs in water was studied in the
presence of Fe(III)-oxalate complexes with pHs ranging
from 3.0 to 6.0. The results are shown in Figures 3 and 4.
The photodegradation efficiencies were dependent on the
pH values, with higher efficiencies at pH 3.50+0.05, and
any deviation from this pH would lead to a decrease in
photodegradation efficiency. The pH of the reaction solution had a great effect on the photolysis of Fe(III)-oxalate
complexes in producing .OH, which had a high oxidizing
potential for ED degradation. The pH effect on photodegradation of EDs was consistent with the generation rate of
.
OH, a function of pHs [14]. This indicated that the pHs
3.0 - 6.0 had little effect on the molecular species of ED,
and the degradation efficiencies were mostly dependent on
the concentration of .OH in the solution. For this work,
excessively high pHs would make the experimental conditions unstable leading to precipitation of Fe(OH)3, which
would decrease the ions of Fe(III)-oxalate complexes.
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Subsequently, the generation rate of .OH would decrease,
so we did not do the experiment in alkaline conditions.

5.0
4.5
4.0
-1

CNP / OP(mg L )

5.0

-1

C E1/E2 (mg L )

4.5
4.0
E2 pH=3.0
E2 pH=3.5
E2 PH=5.0
E2 PH=6.0
E1 pH=3.0
E1 pH=3.5
E1 pH=5.0
E1 pH=6.0

3.5
3.0
2.5
0

20

40

60

-1

C OP/NP(mg L )

4.0
3.5
3.0
2.5

1.0

0

20

40

OP
OP
OP
OP

60

pH=3.0
pH=3.5
pH=4.0
pH=6.0

80 100 120 140 160

time(min)
FIGURE 4
OP and NP concentration changes at various pH values.
[OP]0 = [NP]0 = 5.0 mg L-1，[Fe(III)]0 / [Ox]0 = 10.0/120.0 µmol L-1

20

40

60

Effect of initial concentration of EDs

We did three groups of parallel experiments with varying concentrations (2.0, 5.0, and 10.0 mg L-1), to investigate
the effect of initial concentration of EDs. Figures 7 and 8
show that the photodegradation efficiencies decreased with
increasing initial concentrations of EDs.
E2 2.0mgL

60

E2 5.0mgL

-1

E/%

8.5
8.0
3+

EE2 Fe /Ox=10.0/30.0
3+
EE2 Fe /Ox=10.0/60.0
3+
EE2 Fe /Ox=10.0/120.0
3+
E2 Fe /Ox=10.0/60.0
3+
E2 Fe /Ox=10.0/120.0
3+
E2 Fe /Ox=100/1200

7.0
6.5
6.0
0

20

40

60

EE2 2.0mgL

-1

E2 10.0mgL

9.0

7.5

80 100 120 140 160

As Figures 5 and 6 show, increasing the concentration of oxalate would improve the photodegradation efficiency of EDs, when the concentration of Fe (III) was
10.0 µmol L-1 and that of oxalate 30.0~120.0 µmol L-1.
Considering the photodegradation, efficiencies were not
high with a Fe(III)/oxalate ratio 10.0/120.0. Therefore, we
did another experiment with a higher Fe(III)/oxalate ratio
of 100/1200. The result indicates that photodegradation
efficiencies were improved noticeably, compared with lower
Fe(III)/oxalate ratio, but the total removal rate was not
high.

9.5
-1

0
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OP Fe /Ox=10.0/30.0
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OP Fe /Ox=10.0/60.0
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FIGURE 6
NP and OP concentration changes at various Fe(III)/Ox.
[NP]0 = [OP]0 = 5.0 mg L-1，pH = 3.50 ± 0.05
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FIGURE 3
E1 and E2 concentration changes at various pH values.
-1
[E2]0 = [E1]0 =5.0mg L ，[Fe(III)]0 / [Ox]0 = 10.0/120.0 µmol L-1
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FIGURE 5
EE2 and E2 concentration changes at various Fe(III)/Ox ratios.
[EE2]0 = [E2]0 = 10.0 mg L-1，pH = 3.50 ± 0.05

FIGURE 7 - E2 and EE2 photodegradation
efficiencies at different initial concentrations.
[Fe(III)]0 /[Ox]0 =10.0/120.0 µmol L-1，pH = 3.50±0.05

118

© by PSP Volume 15 – No 2. 2006

Fresenius Environmental Bulletin

-1

NP 2.0mgL
-1
NP 10.0mgL
-1
OP 5.0mgL

80

REFERENCES

-1

NP 5.0mgL
-1
OP 2.0mgL
-1
OP 10.0mgL

[1]

Coleman, H.M., Eggins, B.R., Byrne, J.A., Palmer, F.L. and
King, E. (2000) Photocatalytic degradation of 17-β-oestradiol
on immobilized TiO2. Applied Catalysis B: Environmental 24,
L1-L5

[2]

Adlercreutz, H., Fostis, T., Bannwart, C., Hämäläinen, E.,
Bloigu, S. and Ollus, A. (1986) Urinary estrogen profile determination in young Finnish vegetarian and omnivorous
women. J Steroid Biochem 24, 289–96

[3]

Ternes, T.A., Kreckel, P. and Mueller, J. (1999) Behaviors
and occurrence of estrogens in municipal sewage treatment
plants—II. Aerobic batch experiments with activated sludge.
The Science of the Total Environment 225, 91-99

[4]

Coleman, H.M., Abdullahb, M.I., Eggins, B.R. and Palmera,
F.L. (2005) Photocatalytic degradation of 17b-oestradiol,
oestriol and 17a-ethynyloestradiol in water monitored using
fluorescence spectroscopy. Applied Catalysis B: Environmental 55, 23–30

[5]

Kavlock, R.J., Daston, G.P., DeRosa, C., Fenner-Crisp, P.,
Gray, L.E., Kaattari, S., Luster, M., Mac, M.J., Maczka, C.,
Miller, R., Moore, J., Roiland, R., Scott, G., Sheehan, M.,
Sinks, T. and Tilson, H.A. (1996) Research needs for the risk
assessment of health and environmental effects of endocrine
disruptors: a report of the U.S. EPA-sponsored workshop.
Environ .Health. Perspective 104, 715-740

[6]

Fry, D.M. and Toone, C.K. (1981) DDT-induced feminization of gull embryos. Science 213, 922–924

[7]

Hileman, B. (1994) Environmental Estrogens Linked to Reproductive Abnormalities, Cancer. Chem Eng News 31 January, pp. 19-23

[8]

Mathiessen, P. (1997) Oestrogenic Substances in the Environment, Royal Society of Chemistry (Analytical Division)
Meeting, 20 March, London

[9]

Routledge, E.J. and Sumpter, J.P. (1996) Estrogenic activity
of surfactants and some of their degradation productes assessed using a recombinant yeast screen. Environ. Tox. Chem
15, 241–248

E/%

60
40
20
0

0

20

40

60 80 100 120 140 160
time(min)

FIGURE 8 - OP and NP photodegradation
efficiencies at different initial concentrations.
[Fe(III)]0 /[Ox]0 =10.0/120.0 µmol L-1，pH = 3.50±0.05

CONCLUSION
The results of this work indicate that Fe(III)/oxalate
system can induce photodegradation of EDs. The degradation efficiency of EDs is subject to the pH values, Fe(III)/
oxalate ratio and initial concentration of EDs . The optimum
pH value for degradation of EDs in water is 3-4 within the
pH range of 3.0-7.0. The photodegradation efficiency decreases with increasing initial concentration of EE2. Due
to the limit of detection, the photodegradation of EDs was
not carried out under conditions of lower concentration (ng
dm-3), which reflects the true environmental conditions.
Nevertheless, according to our experimental results, we can
speculate that a higher degradation efficiency will be
attained with lower concentrations of EDs in the Fe(III)/
oxalate system, which shows a potential perspective for
its application in the treatment of water and sewage containing such kinds of EDs.

[10] Wang, H. and Shen, Y.W. (1999) Environmental estrogenic
effects of alkylphenol ethoxylates. China Environmental Science 19, 427-431

ACKNOWLEDGEMENTS
This work was financed by the Natural Science Foundation of P. R. China (No. 20177017 and No. 20477031).
Authors gratefully acknowledge the reviewers of this
article.

[11] Jobling, S., Sheahan, D., Osborne, J.A. Matthiessen P., and
Sumpter J.P. (1996) Inhibition of testicular growth in rainbow trout (Oncorhynchus mykiss) exposed to estrogenic alkylphenolic chemicals. Environ. Toxicol .Chem. 15(2), 194202
[12] Giger, W., Brunner, P.H. and Schaffner, C. (1984) 4Nonylphenol in Sewage Sludge: Accumulation of Toxic Metabolites from Nonionic Surfactants. Science 225, 623–625
[13] Wu, F. and Deng, N.S. (2000) Photochemistry of hydrolytic
iron (III) species and photoinduced degradation of organic
compounds. A minireview. Chemosphere 41, 1137-1147
[14] Wu, F., Zhang, L., Deng, N.S. and Zuo, Y.G. (2004) Quantitation for photoinduced formation of hydroxyl radicals in the
water containing Fe(III) and oxalate salts. Fresenius Environmental Bulletin 13, 748-752

119

© by PSP Volume 15 – No 2. 2006

Fresenius Environmental Bulletin

[15] Bajt, O., Mailhot, G. and Bolte, M. (2001) Degradation of
dibutyl phthalate by homogeneous photocatalysis with Fe(III)
in aqueous solution. Applied Catalysis B: Environmental 33,
239-248
[16] Deng, N., Fang, T. and Tian, S. (1996) Photodegradation of
dyes in aqueous solutions containing Fe(III)-hydroxy complex. I. Photodegradation kinetics. Chemosphere 33, 547-557

Received: August 12, 2005
Accepted: October 07, 2005

CORRESPONDING AUTHOR
Feng Wu
School of Resources and Environmental Science
Wuhan University
Wuhan, 430079
P. R. China
e-mail: fengwu@whu.edu.cn
FEB/ Vol 15/ No 2/ 2006 – pages 113 - 117

120

© by PSP Volume 15 – No 2. 2006

Fresenius Environmental Bulletin

PERSISTANT ORGANIC POLLUTANTS (POPS)
IN JORDANIAN HUMAN MILK
Mahmoud A. Alawi, Manar K. Fayyad and Sana’ Al-Aqqad
Department of Chemistry, University of Jordan, Amman-11942, Jordan

SUMMARY

INTRODUCTION

To reveal the concentrations of environmental chemicals in mothers’ milk residing in the vicinity of Marka old
municipal landfill site with open combustion, 132 individual
mother milk samples were analyzed for selected polychlorinated biphenyls (PCBs) and organochlorine pesticides (OCPs). Polychlorinated dibenzo-p-dioxin (PCDD)
and dibenzo furans (PCDFs) were determined for 10 pooled
mother milk samples, and twelve milk samples were collected from nursing mothers in Amman for comparison purposes.
All samples were extracted, cleaned-up, and analyzed
with a gas chromatograph equipped with electron capture detector (63Ni) for PCBs and OCPs, and GC/MS for
PCDD/Fs.
The results show the absence of PCDD/Fs, 9.1% of the
positive samples contained PCBs with an average concentration of 71 µg total PCBs per kg fat. PCB levels of almost
all of the positive samples were higher than acceptable daily
intake (ADI). All samples were found to contain total OCPs
with an average concentration of 730 µg/kg fat. On the
other hand, the nursing mothers living in Amman had
33.3% positive samples, with an average concentration
of total PCBs of 61 µg/kg fat. No significant correlation
between PCDD/Fs, PCBs, and OCPs contamination and
the existing old municipal landfill site with open combustion at Marka on the residence could be found. This is
reasonable, because the main route of exposure to environmental chemicals in the human body is not through the respiratory system, but through the digestive system.

KEYWORDS:
POPs, human milk, Jordan.

The production of organochlorine compounds grew
tremendously in the earlier nineteenth century during industrial revolution age. In the 1970s, organochlorine compounds became well-known as persistent organic pollutants (POPs). Due to their affinity for lipids plus their persistency, they tend to be biomagnified in the food chain
and the environment. Consequently, their concentration
range increases upon their transport from one environmental
component to the other, reaching at the end top-level predators, including humans, and bioaccumulate in their fluid
and fatty tissues, such as adipose tissue, brain, liver, kidney, and in the case of lacting women, in breast milk [1-6].
In Jordan, most of POPs were banned since 1975 by
the ministry of agriculture. Some of them, especially the
DDTs, were used by the malaria division in the ministry
of health until 1995 [7, 8].
The old solid waste landfill site with open combustion
at Marka, which had been used for more than 35 years (until
midst of the 1970s) was covered with a layer of phosphate
ore-containing soil of 30-50 cm depth. In spite of this, uncontrolled combustion of solid wastes is still going on in an
oxygen-poor atmosphere, which is suitable for the formation of environmentally toxic pollutants, such as dioxins,
furans, PCBs, HCB, and others like poly-aromatic hydrocarbons [9-12].
Persistency, concentration along the food chain and in
the environment, and the toxicological aspects of these pollutants, make it necessary to establish a data base-line over
the time, to assist in directing efforts in research, regulation, and policy making, to protect and improve public
health and safety. Breast milk is a convenient specimen for
bio-monitoring programs because of its relatively high fat
content, and large sample volumes (50 ml) that can be collected non-invasively. This makes it a suitable matrix for
studies of long-term exposure. On the other hand, breast
milk is one of the excretion pathways for POPs from the
mother’s body. At the same time, it is one of the first natural ways of intake of these pollutants by breast-fed babies
[1, 4, 7, 13, 14].
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The main objective of this research was to study the
effect of Marka landfill site with open combustion on the
contamination levels of selected PCBs, PCDD/Fs, and
OCPs, as biomarkers in mothers’ milk.
MATERIAL AND METHODS
Sampling

One hundred and thirty two mother milk samples, in
addition to a questionnaire about maternal factors (age,
weight, number of pregnancies, job, smoking, nutrition habits, and number of lactations), were gathered from nursing
mothers residing in the vicinity of the old municipal landfill
site with open combustion, at Marka (east of Amman,
Jordan). Each milk sample (20-30 ml) was collected from
the donor mother by manual expression or manual pumping into a clean glass container, and kept at -25 °C until
extraction. Mother milk samples were collected from nine
locations in the surrounding area of the old municipal landfill site at Marka, and also Ruseifa landfill site, as follows:
Group (A): North of Marka old municipal landfill, and
north- west of Ruseifa landfill.
Group (B): South of Marka old municipal landfill, and
south-west of Ruseifa landfill.
Group (D): West of Marka old municipal landfill, and
south-west of Ruseifa landfill .
Group (E): North-west of Marka old municipal and
Ruseifa landfills.
Group (F): East of Marka old municipal landfill, and
south of Ruseifa landfill.
Group (G): North east of Marka old municipal landfill
and north of Ruseifa landfill.
Group (H): North east of Marka old municipal landfill
and north of Ruseifa landfill.
Group (I): North west of Marka old municipal landfill
and Ruseifa landfill.

Group (K): North west of Marka old municipal landfill
and Ruseifa landfill.
Also 12 milk samples were collected from nursing
mothers in Amman away from landfill site for comparison
purposes. These mother milk samples, which represent
group (C) where analyzed for selected PCBs and OCPs.
Also 12 individual mother milk samples from each
group were used to prepare a pooled sample by mixing 6
ml of each sample for the analysis of PCDD/Fs. Table 1.
Shows the characteristics of the pooled mothers' milk
samples.
Materials

Acetone, n-hexane, diethyl ether, ethanol, petroleum
ether, dichloromethane, and ammonia were all of HPLC
grade purchased from M&B (England). Organochlorine
Pesticides and PCBs standards were purchased from Dr.
Ehrenstorfer Laboratories (Augsburg, Germany).
Silica gel 0.063-0.2mm which was purchased from
Riedel-dehän (Germany), was activated by heating at 550 °C
for 5 hours. After cooling in a dessicator, it was mixed
with distilled water to give 10% w/w mixture. Another
amount was prepared by mixing with sulfuric acid (98%
purity) to give 40% w/w mixture These mixtures were
shaken for 15 minutes and kept overnight in a closed
container prior to use.
Extraction and clean-up

Extraction of fat and clean-up steps for organochlorine pesticides and PCBs were mentioned in [15], and that
of dioxins and furans in [16].
Analysis

Organochlorine pesticides and PCBs were analyzed
by GC/ECD. The conditions are described elsewhere [7].
Dioxins and furans were analyzed by GC/MS using the
SIM-mode, and according to [9].

TABLE 1 - Characterization of the pooled mothers' milk samples.
Samples
No.
A

North

Average number
of pregnancy
3

B
C

South
Blank

3
3

2-385
7-531

27
30

1.92
2.17

D
E
F

West
North west
East

3
3
3

20-285
16-384
6-431

25
26
25

1.71
1.53
1.31

G
H
I

North east
North east
North west

2
3
3

3-555
19-397
44-321

24
24
26

1.23
1.67
1.44

62.8
60
61

K
North west
* = only for the last baby

3

14-298

28

1.36

73

Location

Range of feeding
time* [days]
10-384

Average mothers
age [years]
27

Fat content of
pooled samples [%]
2.85

Average body
weight (kg)
64.9
61.7
63.4
67.4
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RESULTS AND DISCUSSION
Levels of PCBs, PCDD/Fs, and OCPs in mother milk

The summary of the results of total PCBs and OCPs in
the mother milk samples are shown in Tables 2-4.

Group G shows the highest percentage of positive samples of total PCBs (26.6%), followed by group H (17.6%).
This could be explained that the wind, blowing in southwest direction of Marka airport, carries the pollutants from
south-west to north-east.

TABLE 2 - Average and concentration range of total PCBs in the mother
milk samples, in addition to the number and percentage of positive samples.
Group
A
B
C
D
E
F
G
H
I
K

No. of
positive samples.
2
--4
--1
--4
3
1
1

Average concentration of
total PCBs (µg/kg fat)
56
--61
--26
--224
53
56
13

Concentration range of
total PCBs (µg/kg fat)
49 − 62
--13 −96
--26 −26
--36 − 597
18 − 73
56 − 56
13 − 13

Positive samples
(%)
14.3
--33.3
--5.9
--26.6
17.6
7.7
9.1

TABLE 3 - Average and concentration range of total pesticides in the mother
milk samples, in addition to the number and percentage of positive samples.
Group
A
B
C
D
E
F
G
H
I
K

No. of
positive samples
14
12
12
15
17
17
15
17
13
11

Average concentration of
total pesticides (µg/kg fat)
605
644
535
702
623
574
637
806
1021
1156

Concentration range of
total pesticides (µg/kg fat)
302 − 1181
131− 1367
297 − 1005
134 − 1590
291 − 1120
181 − 1203
86 − 1103
348 − 1589
397 −2089
354 − 4087

Positive samples
(%)
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

TABLE 4 - Average and concentration range of PCBs and OCPs in the mother
milk samples, in addition to the number and percentage of positive samples.
Compound
PCB 28
PCB 52
PCB101
PCB 118
PCB 138
PCB 153
PCB180
HCB
α -HCH
β-HCH
γ-HCH
Heptachlor
p,p`-DDT
o,p`-DDT
p,p`-DDD
o,p`-DDD
p,p`-DDE
o,p`-DDE

No. of
positive samples.
1
----5
5
11
6
75
115
127
36
--17
--3
--139
---

Average concentration
(µg/kg fat)
45
----182
35
25
17
61
82
389
39
--80
--35
--263
---
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Concentration range
(µg/kg fat)
45 − 45
----18 − 597
16 − 81
10 − 49
6 − 25
10 − 209
6 − 354
36 − 2214
7 − 110
--14 − 346
--28 − 44
--10 − 3001
---

Positive samples
(%)
0.7
----3.5
3.5
7.6
4.2
52.1
79.9
88.2
25.0
--11.8
--2.1
--96.5
---
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The absence of PCDD/Fs in mothers’ milk samples
and the low percentage of positive samples for all sampling
groups (7.7-26.6%), with a total number of positive samples of 12 out of 132 (9.1%), indicate that there is no influence of the existing old landfill site at Marka on the levels of
PCBs and PCDD/Fs in mother milk. An average concentration of 71 µg/kg fat of total PCBs was found in group C,
which represents mothers living far away from the landfill
site vicinity. This was the highest percentage of positive
samples (33.3%) of total PCBs. On the other hand, percentage of positive samples for OCPs was 100% with an average concentration of 730 µg/kg fat. These results are reasonable, because the main route of these POPs` intake is not
through the respiratory system (air pollution), but via the
digestive system (food pollution).

of POPs) [28, 29]. Furthermore, the pesticide concentrations decrease, when the period of lactation increases.
Several authors [19-21] published quite similar results.

The highest percent of positive DDT samples was observed for p,p`-DDE (96.5%), which is the main metabolite of p,p`-DDT and has the longest half-life-time.

FIGURE 2 - Correlation between period of lactation (mothers
nursing first infant) and average total concentrations of pesticides
in mothers’ milk.

Maternal factors affecting the
concentrations of pesticides in milk

Mothers’ age: Correlation between mothers’ age (among
mothers nursing their first or second infant) and total pesticide concentrations is shown in Figure 3. The regression
correlation coefficient (R) was found to be 0.93. As mothers’ age increases, pesticides concentrations increase, which
means more accumulation of pesticides with time. This is
in accordance to results, obtained by Albers et al. [13] and
Vartiainen et al. [18].

Number of lactations: Correlation between number of
lactations and total pesticide concentrations are shown in
Figure 1. The regression correlation coefficient (R) was
found to be 0.98, and relationship between number of lactations and total pesticide concentration significant. The total
concentration of OCPs decreases with increasing number of
lactations, due to the excretion of OCPs with each lactation.
This agrees with the findings of other researchers [14, 1719], who found the same correlation.

concentration
(µg/kg)

1000
500
0
0,0

2,0

4,0

6,0

8,0

10,0

period of lactation (month)

2000

concentration
(µg/kg)

Maternal factors were found to affect POPs` concentrations in the mother milk, and their effects varied from one
factor to another.
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FIGURE 3 - Correlation between mothers’ age (mothers nursing
first or second infant) and average total concentrations of pesticides
in mothers’ milk.
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FIGURE 1 - Correlation between number of lactations and
average total concentrations of pesticides in mothers’ milk.
Period of lactation: Correlation between period of lactation (among mothers nursing their first or second infant)
and total pesticide concentrations is shown in Figure 2. The
regression correlation coefficient (R) was found to be 0.75,
which can be attributed to the fact that the milk fat content
is low (low concentrations of POPs) in the first few days.
Over the next 2-6 weeks, the transitional milk matures, and
the fat content increases to about 4% (high concentrations
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FIGURE 4 - Correlation between mothers’ weight (kg), (mothers
nursing first infant) and average total concentrations of pesticides
in mothers’ milk.
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Mothers’ weight: Correlation between mothers’ weight
(among mothers nursing first infant) and total pesticide concentrations is illustrated in Figure 4. The regression correlation coefficient (R) was found to be 0.99, which is significant. Pesticide concentrations increase as weight increases,
which is attributed to the increase in body fat content. The
authors mentioned above [13, 18] disagree with these results, and they have observed negative correlation between
POPs` concentrations in mothers’ milk and body mass index.

Average concentrations of total PCBs in this study were
also compared with different results from other countries
[14, 23-26]. Figure 6 shows that lower average concentrations of total PCBs were found, compared with other countries. This fact might be explained through the low industrialization levels in Jordan.
TABLE 6 - Average, minimum, and maximum PCB
marker concentrations in mother milk samples from
a study in 1993 (Amman) and this one.

Comparison between acceptable daily intake (ADI) and calculated daily intake

Concentration (µg/kg milk fat)
PCB
no.

The daily intake by breast-fed babies was calculated for
average and maximum values of PCBs and OCPs, and then
compared with that of ADI [22, 23], as shown in Table 5.
PCBs no. 28, 118, 138, and 153 have higher calculated daily
intake for average values and maximum concentrations of
PCBs than ADI. This means that all these samples are contaminated, whereas PCB 180 average and maximum concentrations have the same values as the ADI. For OCPs, all
average values of calculated daily intake and that of maximum concentrations were lower than ADI.

28
52
101
118
138
153
180

Maximum

1993

2004

1993

2004

1993

2004

30
22
35
--88
113
63

45
----182
35
25
17

10
22
8
--19
29
29

45
----18
16
10
6

99
22
99
--380
270
180

45
----597
81
49
25

concentration
(µg/kg fat)

ADI
(µg/kg body
weight . day)
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.50
8.00
8.00
8.00
0.10
20.00
20.00
20.00
20.00
20.00
20.00

140
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FIGURE 5 - Average concentrations of PCB markers in the mother milk samples from a study in 1993 (Amman) and this one.
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FIGURE 6 - Average concentrations of total PCBs in mother milk
samples from different countries and this study.

Comparison of PCBs levels with other studies

Average, minimum, and maximum concentrations of
PCBs in this study were compared with those of Alawi’s
study [16] for Jordanian mother milk (Table 6). In this study,
PCB 28 showed a higher average value, while PCBs 138,
153, and 180 were found at lower concentrations than those
of Alawi study. PCB 118 was not included in Alawi study.
Figure 5 demonstrates the difference of PCB average concentrations for both studies.

150

70

20
04

concentration
(µg/kg fat)

Compound
PCB 28
PCB 52
PCB 101
PCB 118
PCB 138
PCB 153
PCB180
HCB
α-HCH
β-HCH
γ-HCH
Heptachlor
p,p`-DDT
o,p-DDT
p,p`-DDD
o,p-DDD
p,p`-DDE
o,p-DDE

Minimum

200
180
160

TABLE 5- ADI of PCBs and OCPs compared with calculated daily
intake of average and maximum concentrations of PCBs and OCPs
in the mother milk samples, assuming a daily milk consumption of
150 µg/kg body weight.

Daily intake
(µg/kg body weight . day)
Average
Maximum
0.23
0.26
--------0.93
1.61
0.18
1.34
0.13
0.15
0.09
0.09
0.31
0.31
0.42
2.81
1.98
3.32
0.20
0.88
----0.41
1.56
----0.18
0.98
----1.34
13.50
-----

Average

U
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Comparison of OCPs levels with other studies

OCPs average and maximum concentrations, in addition to percentage of positive samples in this study, were
compared with those of the Alawi study [7], for Jordanian
mother milk listed in Table 7 and demonstrated in Figure 7.
All OCP average and maximum concentrations in this study
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TABLE 7 - Average and maximum concentrations of studied OCPs, in addition to the percent of
positive samples, in the mother milk samples, compared with the studies in 1993/94, and 2000 (Jordan).

Compound

N%
2000
44
34
78
25
32
73
17
19
22
96
12

1993/94
53
52
73
32
51
47
34
15
65
84
75

HCB
α-HCH
β-HCH
γ-HCH
Heptachlor
p,p`-DDT
o,p-DDT
p,p`-DDD
o,p-DDD
p,p`-DDE
o,p-DDE

Concentration [µg/kg milk fat]
Average
1993/94
2000
2004
130
80
61
130
90
82
380
520
389
100
80
39
130
230
-310
1240
80
210
1270
--220
1140
35
1110
500
--530
1190
263
960
430
---

2004
52
80
88
25.0
--12
--2
--97
---

concentration
(µg/kg fat)

1400
1200

1993/94
2000

1000

2004

800
600
400

o,p-DDE

p,p`-DDE

o,p-DDD

o,p-DDT

p,p`-DDD

p,p`-DDT

Heptachlor

γ-HCH

β-HCH

0
α -HCH

Maximum
2000
1100
940
7530
621
990
20600
6750
11901
2750
9830
750

2004
209
354
2214
110
--346
--44
--3001
---

• All mother milk samples contain OCPs at levels below
ADI.
• Sixteen mother milk samples (11.1%) from the vicinity of the old landfill site and Amman were found to
contain PCBs 28, 118, 138, and 153 at levels, which exceed the ADI.
• In this study, PCB 28 was found at higher levels than
reported in a previous study in Jordan, whereas PCB
138, 153, and 180 were found to be lower.

200

HCB

1993/94
7850
4340
12990
1400
4740
4220
3830
2110
5830
8440
15390

FIGURE 7 - Average concentrations of targeted OCPs in the mother
milk samples from the studies in 1993/94 and 2000 (Jordan), and
this study.

were lower than those observed in Alawi studies, which
might be attributed to the stop of DDT use by the Ministry
of Health in 1995, and to its degradation with time. Heptachlor, o,p-DDT, o,p-DDE, and o,p-DDD were not detected
in this study. Percentages of positive OCPs were found to
be approximately the same for HCB, γ-HCH, and p,p`DDE, but higher for α-HCH and β-HCH, and lower for
p,p`-DDT and p,p`-DDD.

• This study shows that the average concentrations of
total PCBs in Jordan mother milk are lower than in other
countries, which might be due to low industrialization in
Jordan.
• All OCP average and maximum concentrations in this
study were lower than those in previous studies in Jordan; which might be attributed to OCP banning by the
Ministry of Agriculture in 1975, and that of DDT by
the Ministry of Health since 1995, and also due to degradation possibilities.

CONCLUSIONS
• There is no relation between the levels of PCBs, OCPs
and PCDD/Fs in mothers’ milk samples and the old
landfill site with open combustion at Marka.
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Fe2+) and potassium permanganate (KMnO4). O3 was firstly
used in water treatment applications, more than 100 years

SUMMARY
Potassium permanganate has been shown to oxidize a
wide variety of organic and inorganic compounds in water
under varied conditions. Compared to Fenton’s reagent,
potassium permanganate is effective over a much wider pH
range. During the past ten years, a growing number of
investigators have conducted studies to explore the permanganate chemistry in oxidizing organic pollutants. This
study, therefore, was to explore the characteristics of permanganate process by using trichloroethenes (TCEs) as
model compounds. Results show that TCEs can be oxidized
by permanganate. When the molar ratios of TCE/KMnO4
ranged from 2 to 10, the oxidation rate increased with increasing ratio. Even though the theoretical dosage of [TCE]/
[KMnO4] is 0.5 for complete degradation of TCE, it still
needed, at least, four moles of KMnO4 to decompose this
chemical. This indicates that oxidation intermediates competed permanganate molecules with the parent TCE. Initial
pH has no significant effect on TCE oxidation, because
hydrogen ions were released during the period of oxidation.

KEYWORDS: Trichloroethene, potassium permanganate,
groundwater, soil contamination.

INTRODUCTION

ago, and is commonly used today. However, the half-life of
O3 limits its ability to migrate through soil over large distances. In Fenton process, hydroxyl radicals are generated
by the reaction of hydrogen peroxide and ferrous ions to
oxidize organic compounds. When using the Fenton’s reagent for the treatment of contaminated soil and groundwater, reaction pH needs to be controlled between 2-4. Therefore, this technology is difficult to apply in the field of insitu treatment [4-6].
KMnO4 is a dry crystalline material that turns bright
purple, when dissolved in water. Reacted KMnO4 is black
or brown, indicating the presence of MnO2 by-product.
Other KMnO4 oxidation by-products include carbon dioxide, water and potassium. KMnO4 has been used in drinking water and wastewater treatment for several decades to
oxidize raw water contaminants. In comparison to Fenton’s
reagent, potassium permanganate (KMnO4) can effectively
oxidize many water impurities, and is also effective over a
wide pH range. Reaction of KMnO4 with organic compounds produces manganese dioxide, which is naturally
present in soils. Therefore, the production of MnO2 is not of
environmental concern. In addition, KMnO4 is non-toxic to
microbes, making it compatible with bioremediation [2, 7].

TCEs are of particular concern because of the potential risks that they pose to human health as suspected carcinogens, and, hence, these compounds have stringent regulatory levels. They occur in the subsurface as zones of residual saturation, or occasionally as free products. Because
of their inherently low solubility, dense non-aqueous phase
liquids persist in aquifers, and provide a long-term source of
dissolved contaminants, capable of being transported [1-3].

Many scholars investigated oxidation of TCE by
KMnO4 and obtained good results. Yan et al. [8] reported
about their extensive kinetic studies of TCE oxidation by
KMnO4, and suggested that TCE degradation is a secondorder reaction. Yan et al. [9] also pointed out that the reaction involves several intermediate compounds. Other studies
showed that the degradation rate of TCE by KMnO4 is influenced mainly by reactant concentration and temperature, and
is independent of both ionic strength and pH [9, 10].

Chemical oxidation of TCE employed in studies included ozone (O3), Fenton,s reagent (a mixture of H2O2 and

There are so many studies focusing on TCE oxidation,
but no literature is available reporting on the optimum
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dosage of KMnO4. Therefore, this study was to investigate
the effects of the molar ratio of [TCE]/[KMnO4] and pH on
TCE oxidation in aqueous phase. In addition, the extent of
dechlorination is also reported.
MATERIAL AND METHODS

pared with the amount of H+ produced in TCE oxidation.
That is why the initial pH has no significant effect on TCE
oxidation in this study.
4 MnO4-（aq）+2 H2O →3 O2(g)+4 MnO2(s)+4 OH-

(2)

1.0

Analysis

A gas chromatograph (HP 4890), equipped with a
flame ionization detector (FID) and HP-5 column (15 m x
0.53 mm x 1.5 µm), was used to determine TCE concentrations. Chloride was analyzed by using a DIONEX ion
chromatograph (IC), equipped with a 4-mm DIONEX
AS14A Ion Pac column.

0.8

pH=4
pH=6
pH=8

C/C0

0.6

0.4

0.2

Methods

In headspace GC analysis, 25 ml of reaction mixture
and 1 ml of PeCl (internal standard)-saturated solution were
filled into a 43-ml vial, which was then immediately sealed
with a Mininert® push-button valve. In turn, the samplefilled vials were put into a water-bath with the temperature controlled at 70 °C for 30 min, allowing for complete
volatilization of TCE and PeCl. Following this, a volume
of 500 µL of head-space gas mixture was withdrawn for
GC analysis. The chloride was measured by IC analysis,
and samples were filtered through 0.45µm glass fiber filters
to remove the MnO2 particles [1, 3, 6, 8].
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FIGURE 1 - Effect of initial pH on the oxidation of TCE.
([TCE] = 1x10-3 M， [KMnO4] = 2x10-3 M).
TABLE 1 - Variation of pH with time of TCE oxidation.
Time(min)
0
5
10
20
30
60

RESULTS AND DISCUSSION

pH
6.00
2.87
2.82
2.79
2.77
2.77

4.00
2.82
2.76
2.72
2.76
2.76

8.00
2.88
2.83
2.80
2.78
2.79

Effect of pH

Effect of [TCE]/[MnO4 ] ratio

In general, permanganate can oxidize TCE under acidic
and alkaline conditions, but the oxidation efficiency is higher
at lower pHs. Fig. 1 depicts the effect of initial pH on the
oxidation of TCE. Under the experimental conditions of
[TCE] = 1x10-3M, [KMnO4] = 2x10-3M and initial pHs =
4.0, 6.0, and 8.0, there was no significant difference for the
oxidation ratios of TCE. Yan et al. [2] have reported that
pH did not affect TCE oxidation by permanganate, but
change the species and concentration of oxidation intermediates. They also found that 90% of carbon dioxide was
produced at acidic pH, and only s60% was detected under
alkaline conditions. In this study, although the initial pHs
were 4.0, 6.0, and 8.0, after 60 min of reaction time, the
final pH of the reaction mixtures were below 2.8 (Table 1).
There is no significant difference in TCE oxidation at different initial pHs.

In these experiments, the initial TCE concentration
was kept at 1.0×10 -3 M. The ratios of [TCE]/[KMnO 4]
were varied by changing the concentration of permanganate. Fig. 2 shows the effect of [TCE]/[MnO4-] ratio on
the oxidation of TCE. When the ratios of [TCE]/[KMnO4]
were 2.0, 1.0, 0.5 and 0.25, then 70 %, 45 %, 20 % and 5 %
TCE, respectively, were remaining in the reaction mixtures.

-

-4

-3
-3

KMnO4 4.0x10 M

C/C0

0.6

0.4

C2HCl3 + 2 KMnO4 → 2 MnO2(s) + 3 Cl- + H+ + 2 CO2(g) + 2 K+

0.0
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KMnO4 2.0x10 M

0.8

0.2

MnO2 is generated from the reaction of TCE oxidation, and H+ is then produced, leading to the reduction of
pH. Permanganate can also react with water molecules to
release OH- (see Eq. (2)) [9], but this is very slow, com-

-3

KMnO4 1.0x10 M

The equation of TCE oxidized by permanganate is illustrated as below [9]:
(1)

KMnO4 5.0x10 M

1.0

0

10

20

30

40

50

Time(min)

FIGURE 2 - Effect of [KMnO4] on the
oxidation of TCE at [TCE] = 1x10-3 M.

60

© by PSP Volume 15 – No 2. 2006

Fresenius Environmental Bulletin

Fig. 3 shows the results with 6x10-4 M initial TCE
concentration, and the ratios of [TCE]/ [KMnO 4] were
also 2.0, 1.0, 0.5 and 0.25. The remaining percentages of
TCE after 60 min of reaction were 70 %, 50 %, 20 % and
5 %. By comparing Fig. 2 with Fig. 3, it can be found that
the oxidation of TCE depended on the ratio of [TCE]/
[KMnO 4] under the experimental conditions. Complete
oxidation of TCE occurred at ratios of [TCE]/[KMnO4]
greater than 0.25. In other words, the concentration of
KMnO 4 has to be four times higher than that of TCE. According to Eq. (1), one mole of TCE needs 2 moles of
MnO4- for complete oxidation. However, from the results
obtained in Figs. 2 and 3, only 50-60 % of TCE was oxidized, as shown in Eq. (1). It is assumed that the oxidation
intermediates competed with TCE in capturing the MnO4molecules, leading to the inhibition of TCE oxidation.

of TCE, at most, releases three moles of chloride ions. In
this case, the ratio of [Cl-]/3[TCE]0 was applied to evaluate the dechlorination reaction. Results are illustrated in
Fig. 5. When 95 % of TCE was decomposed, only 80 % of
chloride ions was released into the reaction mixture; 20 %
of chlorine still remained in the organics. Yan et al. [8] reported on complete dechlorination of TCE at a [TCE]/
[KMnO4] ratio of 0.06. However, only 0.25 was applied
in the present study. Therefore, it is necessary to add
more MnO4-for intermediate oxidation.
TABLE 2 - Relationship between
initial [KMnO4] and TCE oxidation rate.
[TCE]
(×10-4 M)
10
10
10
10
8.0
8.0
8.0
8.0
6.0
6.0
6.0
6.0
4.0
4.0
4.0
4.0

-4

KMnO4 3.0x10 M

1.0

-4

KMnO4 6.0x10 M
-3

KMnO4 1.2x10 M

0.8

-3

KMnO4 2.4x10 M

C/C0

0.6

0.4

0.2

0.0

0

10

20

30

40

50

[KMnO4]
(×10-4 M)
40
20
10
5.0
32
16
8.0
4.0
24
12
6.0
3.0
16
8.0
4.0
2.0

Initial rate
(×10-5 M/ min)
14.3
10.5
7.22
3.62
11.4
7.33
4.64
1.22
8.05
4.37
3.37
1.85
4.18
2.30
2.34
1.94

60

Time(min)
-4

1.4x10

FIGURE 3 - Effect of [KMnO4] on the
oxidation of TCE at [TCE] = 6x10-4 M.

-4

1.2x10

-4

1.0x10

In Table 2, the initial rates of TCE oxidation at different molar ratios of [TCE]/ [KMnO4], namely 2.0, 1.0,
0.5 and 0.25, are listed. In order to explore the effect of
[KMnO 4] on the reaction rate, these initial rates of TCE
oxidation were calculated. Fig. 4 illustrates the relationship of initial oxidation rate and initial [KMnO4]. Results
show that the initial rate increased with increasing [KMnO4]
and [TCE]. As shown in Fig. 2, 70 % of TCE was removed
in the first 5 min of reaction time, when the concentration of
permanganate was 4.0x10-3 M. The removal ratio of TCE
was about 95 %, if the reaction was extended to 60 min. In
other words, most of the TCE molecules were decomposed
initially. With increasing reaction time, the amount of oxidation intermediates gradually increased, which may compete with TCE in capturing MnO4-.
Dechlorination of TCE

In general, the toxicity of organic chemicals increases
with their number of chlorine atoms. Therefore, removing
the chlorine from the chemical structure can initiate the
reduction of toxicity. In this study, chloride ions were detected during the oxidation reaction. Theoretically, one mole
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Effect of [KMnO4] on the initial oxidation rate
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FIGURE 4 - The relationship of
initial [KMnO4] and TCE oxidation rate.
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FIGURE 5 - Comparison of chloride ion production and
TCE decomposition. ([TCE] = 1x10-3 M， [KMnO4] = 4.0x10-3 M).

CONCLUSION
Experiments of TCE oxidation by permanganate were
carried out in this study. The initial rate of TCE oxidation
almost increased linearly with increasing the initial concentration of TCE. The factors, pH and ratio of [TCE]/
[KMnO4], affecting the reaction have been explored. Even
the theoretical dosage of [TCE]/[KMnO4] is 0.5 for complete degradation of TCE, it still needed, at least, four
moles of KMnO4 to decompose this chemical. This indicates that oxidation intermediates and the parent TCE
competed with permanganate molecules. Initial pH has no
significant effect on the TCE oxidation, because hydrogen
ions were released during the period of oxidation reaction.
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SUMMARY
The investigation of the reuse potential of liquid urban
wastes from Wastewater Treatment Plants (WWTPs) for the
irrigation of vinicultures is a new technique in Greece. It
requires holistic planning, which will take into account all
the parameters related to the WWTPs` operation, as well
as the geological, soil and hydrological characteristics of the
area, the microclimate, and the wastewater quality in terms
of chemical and microbiological composition. Finally, it will
take into account all the equivalent quality characteristics
of the soils and the vinicultures, for the successful and safe
reuse of the wastewaters. This holistic reuse planning will
substantially contribute to the protection of the environment,
and to irrigated viniculture’s expansion in the east of Attica,
since grapevine culturing is a single-crop farming in the
wider area.

KEYWORDS:
reuse, wastewater, irrigation, vinicultures, soils.

INTRODUCTION
The use of reclaimed wastewater for irrigation in agriculture has been researched in a wide range of areas worldwide [1-5]. The reuse of wastewaters in vinicultures is a
new practice, especially in the Mediterranean countries, and

will substantially contribute to the protection of the environment and the irrigation in different Mediterranean areas.
The wastewater’s influence on the plants’ growth differs in
different areas, and is related to their soil’s Na and Cl concentrations. These elements may cause toxic symptoms, and
might also affect the environmental conditions and cultivation techniques.
It has been identified that the concentration of P was
much higher on leaves of grapevines, which had been irrigated with reclaimed wastewater [6, 7]. The concentrations
of K and Ca on the grapevine’s petioles were found to be
increased, compared to those of similar petioles, irrigated
with regular water [6, 7]. There is also mentioned that K
concentration on the leaves, the sprout and the roots of
grapevines increased with salinity increase [8, 9]. The Mg
level on wastewater-irrigated grapevine petioles was clearly
lower, due to the K-Mg antagonism, since the wastewater
had higher K concentrations than the grapevine sample, but
the same Mg level [6]. The high concentrations of Na and
Cl in wastewater also increased their levels in the grapevine
organs. Finally, after five years of wastewater irrigation and
despite the high concentrations of Na and Cl, no serious
damages concerning the leaves’ growth were identified [6].
Sultanina grapevines, which had been irrigated with
wastewater, show decreasing augmentative long-term
growth. Decrease in the sprout’s length, the number of
leaves, and the leave`s surface was also observed [7, 10].
Thus, the composition of wine samples from wastewater-

132

© by PSP Volume 15 – No 2. 2006

Fresenius Environmental Bulletin

irrigated grapevines differed slightly, but the wine quality
itself was not affected.
The wastewater treatment plant (WWTP), representing the areas of East Attica, is situated close to Rafina, on
the Rafina and Spata border, approx. 500 m east of Marathon’s avenue, at a height of +38 to +45 m.
The central sewage pipeline from the WWTP up to
the discharge point, located at Velani promontory, passes
through relatively level terrain along existing roads, with

the exception of the first 1,100 m, at which it passes by a
force pipe to a tunnel (Artemis tunnel) through a hilly area
(beneath the Saint Kiriaki of Spata settlement). The WWTP
of Rafina will be constructed on agricultural land.
Table 1 features the design parameters of this WWTP.
The 2020s summer and 2040s summer wastewater discharge
volumes are considered to be the most important for this
research paper, since, as indicated, the irrigation will take
place during the summer period.

TABLE 1 - Phases in the planned W.W.T.P. of Rafinas, Greece.
Design parameters
Population
Sewage supply
Standard
(baseline)
supply
Peak supply

unit
residents

Summer of 2020
376,100

Winter of 2020
207,000

Summer of 2040
470,000

Winter of 2040
275,000

m3/day

107,240

69,759

155,511

88,785

m3/month
m3/day

3,217,200
178,357

99,088

4,665,330
258,127

132,726

Geological Data

The WWTP will be situated on an open valley consisting mainly of low-gauge quaternary sandy-clayish-silty
deposits, and lying on the ground Pliocene deposits from
Pikermi. The subsurface of the area consisted of clayishsandy, cohesive, dense alluvial deposits with gauges ranging approx. from 4.00-10.00 m. Beneath them bedrock
consisting alternately of schist, conglo-latipo-merates, psifidopagis, and bluestones, can be found. The hydro-geological
attributes of the geological formations of the wider study
area are presented below:
Lower and Higher Attica Marbles: They are highly water- permeable due to karstic erosion (secondary leachy).
Kesariani Schist (Shimmer Schist): In general, they are
impermeable, apart from the insubstantial, fragmented, and
lost few cm of surface zone, being semi-permeable.
Pleistocene Deposits (Pikermi ground deposits and Rafina marine deposits): These are impermeable layers (ar-

gyles, clays), which are locally interposed by semi-per
meable to water-permeable lenticular layers (bluestones and
conglomerates having sandy-clayish connective material).
On these lenticular layers, weak aquifers, divided by the
impermeable layers of clays and argyles, are formed.
Alluvial Deposits: These deposits are fluvial and coastal
ones of conglo-pebble-sandy and ooze-sandy composition,
which are high- to medium-degree water-permeable, allowing the development of low- to high-potential free (well)
horizons. In general terms, the aquifers are heavily utilised because of the high residential development of the
wider area (tourism, summer dwellings, irrigation, stock farming, industrial units, etc). Despite the fact that nowadays
many settlements are supplied by the Morno’s water pipe,
the groundwater exploitation has not been reduced significantly. Especially during the summer period, the impacts

caused become significant, since the groundwater levels are
lowered and the salinity of water increased. As a consequence, the salinity increase takes place along the coastal
zone.
The aquifers of the wider area are divided in:
Free (well) horizons

These are developed at the coastal sediment basins of
Rafina and Loutsa, and also at the narrow zones situated
along the streams, which are passing through the Mesogia
basin. The height of water in the wells of the Rafina and
Loutsa coastal basins is approx. at the sea level, at a depth
of 1.0 to 10.0 m. The well horizon at these basins is usually influenced by the sea, at a degree that depends on exact
location and intensity of exploitation. At the almost closed
Mesogia basin, the depth of the well horizon is determined
by the subjacent argil-clayish deposits of Pikermi, which
are impermeable. Generally, the depth of these impermeable deposits is low (a few m), and so the water-permeable
sediments are only a few m thick, and the aquifers of low
potential.
Deeper, depressed horizons

Such horizons are developed only at the basin of
Mesogia, in large compartments, at which the Pliocene
formation prevails. Pliocene formation consisted of impermeable argil-clayish layers, which are locally alternated by
lenticular, semi-permeable layers of bluestones and conglomerates. Generally speaking, these horizons are weak and
do not have significant horizontal development. Their depths
usually reaches 50-100 m. However, there have also been
conducted water bores upto 200 m.
Karstic horizons

The karstic horizons are developed in marble areas,
and discharged through coastal karstic springs, which are
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usually brackish, since the mixing with the seawater takes
place on land, at a great distance from the coast, because
of the karstic tubes (open fissures, cavitations).
Data for the reuse area and its surroundings

At the WWTP’s future location, alluvial deposits
(sandy-argyle-ooze deposits) are dominant. These deposits are high-to-moderate water-permeable and allow the
development of shallow well horizons, which are of low
potential at the area of the WWTP development. They are
developed on the semi-permeable to impermeable ground
deposits of Pikermi. The aquifer level varies from 5 to 11 m
(equivalent to heights of +31 to +37.50 m).
Soil characteristics

The soils of the area are divided as follows:
1. Deep, moderately grained, well-drained soils

These are quite deep (≥80-120 cm), highly calcic, moderate- to well-grained (clayish texture, sandy-argil-clayish
to argil-clayish), pebble soils (pebbles 3-44%). They are
present at the lowlands of the study area (ground slope 08%). Because of their generally good structure, their infiltration is moderate, ranging from 1.2 to >2.4 cm/h. The
largest portion of these soils (>80%) is mainly cultivated
with grapevines, and, secondly, with olive trees, pistachio
trees, almond trees, and, in a few cases, winter grains.
2. Shallow, moderately grained, well-drained soils

These are inclined soils (ground slope: 8-25%), present at the tops and banks of the small hills of the area,
and they are well- to very well-drained. They are suitable
for agriculture, but due to their location and the lack of
water for irrigation, they are being cultivated mainly with
grapevines, and, secondly, with olive trees.
3. Skeletal, hilly soils

These soils are very shallow (depths 5-30 cm), present at the tops and banks of the high hills of the area (roots
of Penteli Mountain), developed on limestone and marble.
They are well- to medium-grained (argil to argil-clayish
texture), pebble to very pebble, more stony-faced and very
well-drained. They are forest soils, mainly covered by
bushes and Pinus species.

The municipalities that have the largest agricultural land
area in the potential reuse area, are those of Peania (42.6%
of the total agricultural land), and Spata (46.3% of the total
agricultural land).
As it is evident from Table 2, the municipalities with
the most significant portion of viniculture land in the study
area are (in descending order): Spata, Peania, and Pallini.
Table 3 provides data taken from the agricultural census
of 2004 for these municipalities.
The data of Table 3 indicate that the viniculture land
decreased from 31,768*103 m2 in 1991 to 18,322*103 m2 in
2004, a percentage of 43.14%, at the areas of Peania, Spata,
and Pallini. This is highly significant, since in the wider area
there have been many infrastructure works, such as the El.
Venizelos airport, the Attica Motorway, and other developments related to the Olympic Games of 2004, on large
parts of the agricultural land. It is also clear from the data in
the table, that the largest portions of almost all the cultivations (apart from horticultural land) are not irrigated. Only
2,000*103 m2 (18%) of 18,322*103 m2 viniculture area
were irrigated, and for the arboraceous cultivations only
571*103 m2 out of a total of 10,470*103 m2 (5%), were
irrigated. The area is definitely underdeveloped as far as
irrigation is concerned, and this indicates that the reuse of
the area’s treated wastewaters for irrigation is a crucial
issue, which will contribute to the increase of agricultural
production.
The grapevine type, which is almost exclusively cultivated in the study area (in a portion of 90% compared to
other grapevine types), is called Savatiano, and is a white
wine-making type, from which the famous Greek ‘Retsina’
wine is produced. It is of moderate zest, a very productive
grapevine type, it evolves in low cups, and requires short
trim at one or two eyes. Its production is approx. 500 kg/
103 m2 at poor and dry soils, but may reach 2,600 kg/103 m2
at richer soils, when irrigated in drills. From its grapes
sweet and dry wines are produced, and Retsina is made by
mixing Savatiano with 10% of rosy grapes. Savatiano’s
features relative to irrigation are prematurity, high alcohol
concentration, and low acidity. It is a grapevine type of
high financial importance for many Attica regions, since
it needs poor and dry soils, unsuitable for the cultivation
of other species.

Agricultural lands and cultivation’s data

TABLE 2 - Agricultural areas in 1991 (unit: 103 m2).
Communities/ Municipalities
Artemis
Gerakas
Glyka Nera
Peania
Pallini
Penteli
Pikermi

Annual
cultivations
40
130
278
486
129
30
183

Arboraceous
cultivations
194
302
313
8,326
506
320
218

134

Vinicultures

Other areas

175
209
232
14,246
994
32
312

84
155
277
29
9
152

Total of agricultural land
493
796
823
23,335
1,658
391
865
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206
159
1,641

549
5,059
15,787

270
15,298
31,768

3
4,807
5,516

1,028
25,323
54,712

TABLE 3 - Data of 2004 for the agricultural land of the study area (unit: 103 m2).
Municipalities/
Communities
Peania
Pallini
Spata/ Artemis
Total sum

Plough cultivations
Total
33
709
742

Irrigated
3
13
16

Horticultural land
(Vegetables)
Total
Irrigated
180
180
70
30
65
65
315
275
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Arboraceous cultivations
Total
6,110
1050
3,310
10,470

Irrigated
500
50
21
571

Vinicultures
Total
6,500
1,500
10,322
18,322

Irrigated
1,000
1,000
2,000
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Water quality parameters relevant
to water reclamation and reuse

The problem of the pollution of sea receptors, and
also of lakes and rivers, due to wastewaters is one of the
most important problems of modern cities, and becomes
more complicated, when we refer to the coast of cities
with intense tourism for a long time as well as in tourist
islands [11].
However, at the same time, the proposal for reusing
the liquid wastes for irrigational purposes in agriculture
will have to fulfill the conditions and rules, so that the
disposal is safe and useful not only to man, but also to the
ecosystem [12].
In this study, the valuation of the suitability of urban
wastes for irrigation is according to the classification of
[12-14], shown in Table 4.
TABLE 4 - Guidelines for interpretation of the water quality for irrigation.

TDS
Permeability (affects
infiltration rate of water
into the soil. Evaluate
using Ecw* and SAR**).
SAR = 0 – 3
=3–6
= 6 – 12
= 12 – 20
= 20 - 40
Nitrogen
Phosphorus
BOD5
TSS
Cl2 residual
Turbitity
Fecal coliform
Boron (B)
Bicarbonate (HCO3)
pH

Units

Concentration

Ds/m or
mmho/cm
mg/l

< 0.7

mg/l
mg/l
mg/l
mg/l
mg/l
NTU
100ml
mg/l
mg/l

8
7

< 450

And Ecw = > 0.7
= > 1.2
= > 1.9
= > 2.9
= > 5.0
<1-30
<1-20
< 1-10
< 1-10
1
< 1-30
ND
< 0.7
< 90
Normal range 6.5 – 8.5

5
4
3

1
0
J AN

FEB

MAR

AP R

MAY

J UN

J UL

AUG

SEP

O C T NO V D E C

FIGURE 1 - Mean daily reference crop evapo-transpiration ΕΤο
(mm/day) for each month in Attica (1955-2001).

Then, using the following equation (2), the crop
evapotranspiration for each crop ETc was found for the
whole irrigation period:

Crop Water Requirements

In order to determine the water requirements for the
crops, which cover the largest area in Attica, at first the
mean daily reference crop evapotranspiration for each
month was estimated, by using FAO Penman-Monteith
equation [15]:
ETo =

6

2

where the concentrations of sodium and calcium are expressed in milliequivalents per litre (meq/L).
*** BOD5: Biochemical oxygen demand; ND: not detected; NTU: nephelometric turbidity units; TSS: total suspended solids

900
u2 (es − ea )
Τ + 273
Δ + γ ⋅ (1 + 0.34 ⋅ u2 )

The mean daily reference crop evapotranspiration ΕΤο
(mm/day) for each month in Attica was calculated from
equation (1), and is presented in Figure 1.

9

* Ecw: Electrical Conductivity;
** SAR: Sodium adsorption ratio is a calculated value and an indicator of the
probable influence of the sodium ion on soil properties. SAR is calculated
from the following equation:
,
Na
SAR =
(Ca + Mg ) / 2

0.408 ⋅ Δ(Rn − G ) + γ

For the calculation of the mean daily reference crop
evapotranspiration for each month we used the meteorological data of 47 years (1955–2001) of the meteorological station Elliniko of the National Weather Bureau.

Ε Τ ο	
  (mm/day)

Parameters for irrigation
Salinity
Ecw

where ΕΤο is the mean daily reference crop evapotranspiration, Rn is the net radiation at the crop surface (MJ m-2
day-1), G is the soil heat flux (MJ m-2 day-1), (es - ea) represents the vapour pressure deficit of the air (kPa), es is the
mean saturation vapor pressure (kPa), ea is the actual vapor
pressure (kPa), Δ represents the slope of the saturation
vapour pressure and temperature relationship (slope vapour
pressure curve) (kPa oC-1), γ is the psychrometric constant
(kPa oC-1), T is the mean daily temperature of air at 2m
height (οC), and u2 is the wind speed at 2m height [m s-1].

(1)

ETc = ETo x Kc

(2)

where ETo is the reference crop evapotranspiration
and Kc is the mean crop coefficient at stage of growth.
The calculations were accomplished by using the Papazaferiou’s [16] crop coefficient, Kc, in the climatic conditions of Greece for the vinicultures. The mean crop coefficients of the arboraceous cultivations, as they are given
by Allen et al. [17], coincide with the corresponding mean
crop coefficients that were defined by Papazaferiou [16]
under the climatic conditions of Greece. In Greece, the total
crop water requirements in the different agriculture areas
have been calculated [18, 19], and, especially that in the
agricultural region of Agrinion after the reuse of
wastewaters from W.W.T.P. [20]. The lengths and dates
of growth stages were taken from Papazaferiou [16], and
from farmer’s diaries.
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The values of average crop evapotranspiration ETc
(mm/period) for each crop are presented in Figure 2, where
it is obvious that the arboraceous cultivations present the
higher crop evapotranspiration, because of their higher crop
coefficient.

60
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   (mm/month)
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1
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2
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  V INIC UL T UR E S

FIGURE 3 - The effective rain Pe (mm/month) in Attica.

400
200

TABLE 5 - The net water requirements
for each crop In in Attica (mm/period).

0

Arboraceous cultivations
Vinicultures

The net water requirements of crops were calculated by the equation (3):
In = ETc – (Pe + Gw + SM)

(3)

where Pe is that part of the rainfall that can be utilized
from the crops, and it is called effective rain. G w is the
contribution of underground water and SM is the water
that is stored in the area of the roots at the beginning of
the germination period, and can be used by the crops. In
the present study, the term Gw was assumed to be equal to
zero, because the water table level in Attica is very low. It
was also assumed that the soil moisture during seeding
and harvest was in the same level, and, therefore, the term
SM was received equal to zero, too. Outside the net water
requirements that should be covered with irrigation, there
is need for additional quantities of water for the
wastewater of salts that is assembled in the area of the
roots as a consequence of irrigation. In this study, it is
considered that the needed wastewater of salts takes place
after the harvest.

From Table 1, it is obvious that the most demanding
in irrigation water are the arboraceous cultivations, while
significantly less demanding in irrigation water are the
vinicultures.
Finally, the total water requirements Intot of arboraceous
cultivations and vinicultures were found for the whole irrigation period according to the statistics of the crops of the
year 2004 (Table 2).
The calculation of the total water requirements for each
crop and for the whole irrigation period, In tot, was done by
multiplying the net water requirements In of the crops with
the corresponding areas they cover.
In Figure 4, there is a presentation of the total water requirements In tot (m3) for the whole irrigation period in Attica.
1,20E +06

2

1,00E +06

Consequently, for the calculation of net water requirements, we calculate the difference crop evapotranspiration
ETc of crops minus the effective rainfall Pe. The effective
rainfall was calculated with the method of USDA (Soil Conservation Service) [21] as follows:

3

(m )

8,00E +05
6,00E +05

1

1	
  A R B OR AC E OUS
C UL T IVAT IONS
2	
  V INIC UL T UR E S

4,00E +05

Pe = Ptot (125-0.2 Ptot)/125 for Ptot < 250 mm
Pe = 125 + 0.1 Ptot

Net water requirements, In
(mm/irrigation period)
898.81
497.01

Crop

FIGURE 2
Crop evapo-transpiration ETc (mm/period) for each crop.

2,00E +05

for Ptot > 250 mm

0,00E +00

where Ptot is the total rainfall.

FIGURE 4 - Total water requirements for each
crop and the whole irrigation period in Attica, In tot (m3).

In Figure 3, there is a presentation of the effective rain
Pe (mm/month) in the Attica region.
In Table 5, the net water requirements for each crop In
(mm/ period) are presented.

According Figure 4, the highest volumes of water
are consumed by the vinicultures, because they cover the
largest area.
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The total water requirements of these crops during the
irrigation period of the year 2004 for the 257.1 hectares of
irrigated areas in Attica are 1,507,240.5 m3, with an average of 5,842.5 m3/hectare.
For the irrigation of the 2,879.2 hectares, representing
the total agricultural land that these crops cover, would need
18,516,757.9 m3 of water with an average of 6,431.2 m3/
hectare.
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SUMMARY

especially in the East Mediterranean Region. European
legislation has increasingly recognized the importance of

Mires (peat lands, fens, bogs, etc.) are recognized
throughout the world, as a vital economic and ecological
resource, although until recently, they have received little
attention from the international community. In Greece
habitat types of mires, listed in Directive 92/43/EEC have
been recorded in a few locations, one of the most important is Kalodiki wetland. Dissolved nutrients, chlorophyll-α, pH, temperature, and dissolved oxygen, were
measured at four stations of Kalodiki wetland in order to
monitor the eutrophication process. Eutrophication has
been recognized throughout the European Union as one of
the most important threats of mires that as a result reduces
the area of calcareous fens and promotes the invasion of
plant
succession to more resistant species. Monthly samplings were
carried out for the period from March 2003 to June 2004.
Chlorophyll-α mean values ranged from 1.85- 33.6 mg/m3,
those of temperature and pH between 11oC and 37oC and
from 6.9 to 8.8 respectively. Mean concentrations of dissolved inorganic nitrogen (0.78-1.39 mg/l), soluble reactive phosphorus (0.03-2.61mg/l) and chlorophyll-α values
classified the Kalodiki wetland within the mesotrophic to
eutrophic waters. Agricultural run-off transferred by the
neighbor cultivations was identified as the main source of
the nutrients.

KEYWORDS: abiotic parameters, chlorophyll-α, fen, nutrients,
eutrophication, Kalodiki wetland.

INTRODUCTION
Wetlands are potentially valuable sites for biological
conservation but up to 70% of small wetlands (ponds,
mires, marshes, etc.) in Greece have been lost in the past
80 years due to human intervention [1]. Those that remain
are important refuges for wetlands plants and animals,

preserving aquatic shallow ecosystems (e.g. Directive 92/43/,
WFD 2000/60). Wetland inventory, assessment and monitoring have also been increasingly addressed in international fora [2]. Environmental perturbations to Greek lakes
and wetlands have increased dramatically in the past two
decades [3]. Kalodiki wetland (Elos Kalodiki in Greek term),
a remnant of the oldest extensive fen, is a small internal
wetland located in NW Greece, approximately 195 ha
topogenous mire, in a small basin representing a tectonic
depression in Epirus Region [4]. Kalodiki collects waters
coming from adjacent mountain limestone formations and
is filled by soil materials and products of the limestone
weathering. The aquifer is fed by karstic waters, which are
derived from springs, mainly lying close to the southwestern and northeastern edge of the fen, as well as by irregular
run-off from the surrounding drainage area [5]. From this
point of view, Kalodiki wetland is a particularly interesting
ecosystem for the study of fen wetlands of Greece. Recently, has been proposed as an internationally important conservation site under European Community legislation,
Natura 2000 site [6].
In order to assess the trophic level and to evaluate the
conservation status, an integrated monitoring system was
applied during the growing season of 2003-2004. The surface water chemistry at any point reflects several major influences, including the lithology of the catchments, atmospheric inputs, climatic conditions and anthropogenic inputs. Identification and quantification of these influences
should form an important part of managing land and water
resources within a particular catchment’s area [7]. Considering that this wetland has not been adequately studied
the work presented herein is a first attempt to present the
seasonal variation of key eutrophication parameters at four
stations of Kalodiki fen and to evaluate the trophic state.
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MATERIALS AND METHODS
Sampling of surface waters at four selected stations
(S1, S2, S3, S4,) took place with a monthly rate, during
the period March 2003 to June 2004 at the aquatic ecosystem of Kalodiki wetland. Stations S1, S2 are located at the
main northwestern part of the wetland, S3 and S4 at the
eastern shallower part (Fig. 1). Kalodiki wetland is a very
shallow system with mean depth ranging between 0.5 and
up to 3.0 m among the stations. It has experienced high
water level fluctuation between winter and summer depending largely on climatic features and also on human use. This
allowed complete drying in some regions. Positions of each
station were recorded using GPS.

were measured. pH values were measured by a portable
pH-meter PHM 80, temperature of water and air by a simple Hg-Thermometer and dissolved oxygen by a portable
oxygen-meter type 54 ABP YSI. Chemical analyses (NO3N, NO2-N, NH4-N, P-PO4) were carried out using APHA
standard methods [8]. For Chlorophyll-a determination, the
spectrophotometric absorbance of 90% acetone extracts was
measured.
RESULTS AND DISCUSSION
Temperature, pH, Dissolved Oxygen

Water temperature showed an expected seasonal variation and ranged from 11oC (March, 2003) to 37oC (August
2003), (Fig. 2). Generally there were found no differences
between sampling stations during the monitoring period.
Higher values were, only, observed at S3 station which is
the shallower sampling station.
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FIGURE 1 - Map of the study area
Kalodiki wetland and the sampling stations.
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The samples were transferred in a portable refrigerator to the laboratory. Particulate and dissolved matter was
separated by filtration. Water samples were filtered through
a 0.45µm glass fiber filters. Physicochemical parameters
such as temperature, pH, dissolved oxygen as well as nutrients (PO4-P, NO3-N, NO2-N, NH4-N), and Chlorophyll-α

141
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FIGURE 2 - Monthly variation of physicochemical parameters
(temperature, dissolved oxygen and pH) at the four sampling
stations of Kalodiki wetland.
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The seasonal variation of pH values is given in Figure 2.
It is obvious that pH was relatively stable among the sampling stations and it ranged between 6.9-8.8. The seasonal
variation does not show great differences. The observed
values are considered to permit all the natural processes of
aquatic life.
All the stations appeared the same seasonal pattern for
D.O. (Fig. 2). The wetland’s water was always oxygenated,
with supersaturation in most cases due to the shallowness
and the photosynthetic activity. Low D.O value (3.9 mg/l)
was recorded at once, at S2 station in May 2003.

Nutrients and chlorophyll-a dynamics

The mean concentration of nitrates displayed distinct
peaks at stations S3 and S4, while high concentrations of
NO2-N were found at S2 station. Nitrate concentrations,
generally ranged between 0.1 to 1.8 mg/l whereas nitrite
concentrations generally fluctuated from 0 to 0.03 mg/l
(Fig. 3).
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FIGURE 3 - Μonthly variation of DIN, NO3-N, NH4-N, NO2-N concentrations at the four stations of Kalodiki wetland.

Maximum concentrations of nitrates were observed
in winter and early spring during the rainfall period. These
concentrations are thought to be primarily derived from
the agricultural runoff. The increasing consumption during
the phytoplankton growth period (end of spring) results in
lower concentrations. Nitrate and nitrite concentrations were
variable probably reflecting the different non-point pollu-

tion sources from the surrounding agricultural area. It is
difficult to discern the controlling factors influencing nitrate
and nitrite concentrations. The complexicity of the sources,
the different pathways from the land to the wetland which
are influenced by many factors such as agriculture in the
whole catchment’s area, the nature of fertilizers, the soil
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moisture, may be some of the factors which control the nitrogen nutrients.
The spatial distribution pattern of ammonium showed
higher values at S1 and S3 stations. Ammonium concentrations were fluctuated in the range of 0.1 mg/l to 1.61mg/l
(June, 2003 at S1). Ammonium levels were relatively low
indicating that there was not intense urban or industrial pollution except values appeared at S3 and S1 station which
are located very close to stable establishments. Elevated
ammonium concentrations during the warm period at S3
station probably caused by the decomposition of the organic matter in that shallower area.
Concerning the dissolved inorganic nitrogen (DIN)
pool it seems that the most important form consisted of
nitrate-nitrogen (67.2%) followed by ammonium (32.76%).
Nitrite-nitrogen had an insignificant role contributing to the
DIN pool with an average percentage of 0.3%. The high
percentage of NO3-N suggests the agricultural activity as
serious nutrient’s source.
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Biological available phosphorus (SRP) and dissolved
inorganic nitrogen (DIN) are thought to control the primary
productivity. An increase in P or N concentration may cause
a corresponding increase in primary production supporting
a considerable algal growth. The monthly variation of DIN:
SRP ratio is presented in Figure 5. DIN:SRP ratios showed
a high variation ranging between 0.65 and 18.85. DIN:SRP
ratios < 10:1 by mass are considered to indicate strongly
nitrogen-limitation conditions that favor the growth and proliferation of N2-fixing cyanobacteria [10]. In our case a
strong nitrogen limitation occurs during the dry period of
2003 with a brief P-limitation period in winter of 2003-04.
Chlorophyll-a can be significantly predicted, as revealed
by the regression analysis, by SRP values only at stations S2
and S3 (r= 0.631; p<0.01, r= 0.921; p<0.01 respectively).
Literature suggests that it is very common in these shallow
wetlands phytoplankton abundance to be influenced by factors other than nutrients concentration [11].
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The seasonal and the spatial pattern of Chl-a is present in Figure 4b. Typical values of Chl-a were ranged between 1.85-33.6 mg/m3 representing a high seasonal and
spatial variability. High concentration (up to 33.6 mg/ m3)
was recorded at the shallow areas reflecting the excess of
algal biomass. The seasonal fluctuation and the concentrations of nutrients and chlorophyll-a reflect the mesotrophic
state in all stations. At the shallow station S3 the water
depth and also the phosphorus values changed to eutrophic conditions. This induced a shift between clearwater and turbid states in the wetland [2]. A reduction of
orthophosphate concentration below 0.01mg/l [9] is needed in order to minimize the eutrophication symptoms.
Stoichiometry
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Soluble reactive phosphorus (SRP) showed a less clear
seasonal trend during the study period (Fig. 4a). Concentrations of phosphates had a seasonal range of 0.01-0.77 mg/l
with two peaks, the first one at the shallow S3 (May, 2003)
where a value of 2.61 mg/l was measured and the other at
station S2 (1.88 mg/l, September, 2003). During the drywarm period elevated concentrations of phosphates were
observed. Assuming that the external loading is on average smaller, during the summer than during the wet period,
an internal loading process and the low water level may
control the phosphates values.
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FIGURE 5 - Variation of DIN/ SRP ratio during
the monitoring period of Kalodiki wetland.

[6]

Dafis, S., Papastergiadou, E., Georghiou, K. Babalonas, D.
Georgiadis, Th. Papageorgiou, M. and Lazaridou, E. (Eds)
(1996). The Greek Habitat Project: NATURA 2000 An
Overview. Commission of the European Communities, The
Goulandris Natural History Museum -Greek Biotope Wetland Centre, 967pp. + Appendix.

In Kalodiki wetland anthropogenic inputs which show
distinct, but variable, concentration peaks, mixing with
agricultural runoff and water level fluctuation are primarily responsible for wetland’s productivity, in terms of chlorophyll-a, leading to a progressive cultural eutrophication.

[7]

Bricker, O.P. and Jones, B.F. (1995). Main factors affecting
the composition of natural waters. In: Salbu, B. and Steines, E.
(Eds). Trace elements in natural waters, CRC Press, 1-19 p.

[8]

APHA. (1989). Standard Methods for the Examination of Water and Wastewater, 16th ed., Washington D.C.

Agriculture nearby the wetland and in the catchment’s
area resulted in higher levels of nutrients with direct impacts on algal biomass. The nutrients inflow, increase fen
eutrophication and as a result reduces the area of calcareous
fens and promotes invasion of plant succession to more
eutrophic waters [12]. In Kalodiki wetland water level fluctuation seems to be associated with landscape alteration via
agricultural expansion and also on increasingly limited surface water resources. Reduction of nutrients and more natural water level fluctuation could maintain the trophic state in
mesotrophic conditions. Further research on Kalodiki wetland monitoring is necessary in order to collect specific
information’s for management purposes.

[9]

Sas, H. (1989). Lake restoration by reduction of nutrient
loading: expectations, experiences, extrapolations. Academia
Verlag Richarz, S.Augustin.

CONCLUSIONS

[10] Havens, K., James, T., East, T. and Smith, V. (2003). N/P ratios, light limitation, and cyanobacterial dominance in a subtropical lake impacted by non-point source nutrient pollution.
Environmental Pollution 122: 379-390.
[11] Porteilje, R. and van der Molen,D.T. (1999). Relationships
between eutrophication variables: from nutrient loading to
transparency. Hydrobiologia, 408/409: 375-387.
[12] Papastergiadou, E, M. Agami, and Y. Waisel. (2002). Restoration of Aquatic Vegetation in Mediterranean Wetlands. 4769p. In: G. Zalidis, T. Crisman, P. A. Gerakis (editors). Restoration of Mediterranean wetlands. Medwet publ. 237p.
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SUMMARY
In a search for promising antimicrobial compounds,
seven derivatives of methyl-branched n-nonanoic acid
(MNA) at positions 2, 3, 4, 5, 6, 7, and 8 have been synthesized, and antimicrobial activity is described. Anti-microbial activities were determined by using disk diffusion
tests and expressed as MIC values for the n-nonanoic acid
using the microdilution broth method in vitro against Bacillus subtilis, Mycobacterium smegmatis, Sarcina lutea, Escherichia coli, Salmonella typhimurium and Streptomyces
nojiriensis for bacteria, and Candida utilis for fungi, and
compared with Penicillin G and Polymyxin B. All compounds exhibit varied antimicrobial activity against Grampositive bacteria, but remarkable inhibitory effects were observed against C. utilis and S. lutea in two compounds (2MNA and 5-MNA). Interestingly, only 4-MNA, 7-MNA and
8-MNA possess activity against Streptomyces.

KEYWORDS: nonanoic acid; antimicrobial activity; susceptibility,
growth inhibition.

The nonanoic acid and its derivatives are components
of new biodegradable polyesters [1]. Medium-chain-length
polyhydroxyalkanoates (MCL-PHAs), that consist of constituents with a chain length of typically C6-C12, are produced by a wide variety of Gram-negative bacteria, mainly
pseudomonads. Until now, more than 100 different hydroxyalkanoates have been incorporated into MCL-PHAs
as constituents of biosynthetic PHA [2]. Of the microorganisms capable of producing MCL-PHAs, Pseudomonas
oleovorans has been investigated most extensively. P. oleovorans grown on a mixture of octanoic or nonanoic acid with
alkanoic acid containing aromatic groups, such as the
methylphenyl, produces mixtures of more than one copolyesters with significantly different compositions [1].
Nonanoic acid is known to prevent swelling of the
spores, and to be a stable inhibitor of spore germination
produced by fungi [3, 4]. Microemulsions of methyl and
ethylene glycol esters of nonanoic acid were shown to
have nematicidal activity against root-knot and soybean
cyst nematodes [5]. We, therefore, determined the antibacterial activity of nonanoic acid and some derivatives
having methyl groups (MNAs).
MATERIALS AND METHODS

INTRODUCTION
Nonanoic (pelargonic) acid, which was originally obtained from Pelargonium leaves, is now usually prepared
synthetically. Nonanoic acid is a clear to yellowish oily
liquid, and insoluble in water, but soluble in ether, alcohol and organic solvents. It is used in lubricating oils for
thermal stability. It forms ethers with alcohols to be also
used as plasticizer for synthetic rubbers and vinyls. It is
used in modifying alkyd resins, to prevent discolor and to
keep flexibility and resistance to aging, since saturated
pelargonic acid will not be oxidized. Metallic soaps (barium and cadmium) and inorganic salts of pelargonic acid
are used as stabilizers for polyvinyl chloride (PVC) resins. It is also used as a chemical intermediate for synthetic
flavors, cosmetics, pharmaceuticals and corrosion inhibitors.

Chemistry

All chemicals used in this study were purchased from
Aldrich and Merck companies. A procedure similar to that
reported in the literature [1] was used to synthesize methylbranched nonanoic acids. Seven derivatives of the n-nonanoic acid varied at positions 2, 3, 4, 5, 6, 7, and 8 were
prepared in high yields by the reactions summarized in
Fig. 1. NMR spectral and synthesis data of the other nonanoic acid derivatives were reported previously [1]. A typical example for the synthesis of 8-methylnonanoic acid (8MNA) is as follows: 43.44 g (0.240 mol) of 5-bromovaleric acid was dissolved in 320 mL of anhydrous tetrahydrofuran (THF), the solution was cooled to -20 °C
under a dry argon atmosphere, and then 85 mL (0.255 mol)
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COOH
H3C

Br

+ Br

COOH

1.THF, MeMgCl,
Li2CuCl4

H3C
H3C

+

2. H

H3C

8-MNA
FIGURE 1 - Synthesis of methyl-branched nonanoic acids.

of a 3 M methylmagnesium chloride solution in THF was
added dropwise, while keeping the temperature below
-15 °C. After 15 min of stirring, 24 mL (0.240 mol) of a
0.1 M Li2CuCl214 in THF was added, followed by the
dropwise addition of a solution of the Grignard reagent
prepared from 42.28 g (0.280 mol) of 1-bromo-3-methylbutane and 6.8 g (0.280 mol) of magnesium in 300 mL of
anhydrous THF. The temperature was kept between -25
and -20 °C. The mixture was allowed to warm up to room
temperature and stirring was continued overnight, after
which the solution was poured into 1 L of an ice-cold, 20 %
H2SO4 aqueous solution. The aqueous phase separating was
saturated with NaCl and extracted with ether. The combined organic phases were extracted with a solution of 50 g
of KOH in 100 mL water. After these extracts were acidified with 1 L of 20% H2SO4, an oily layer separated. This
layer was dried over Na2SO4 and distilled under vacuum
(yield 31.4 g (76.1 %); bp 133-137 °C/11 Torr; NMR
(200 MHz, CDCl3, TMS) δ = 0.85 (d, 6 H, CH 3, 1.051.45 (m, 9 H, H-4, H-5, H-6, H-7, H-8), 1.45-1.70 (m, 2 H,
H-3), 2.33 (t, 2 H, H-2), 11.7 (s, 1 H, COOH)). Microanalyses were performed by TUBITAK-MRC (The Scientific and Technical Research Council of Turkey-Marmara
Research Center, Gebze-Turkey).
Antimicrobial activity

In vitro antimicrobial studies were carried out by the
agar-disk diffusion method [9] against the following test
organisms (Bacillus cereus CCM 99, Salmonella typhimurium CCM 533, Mycobacterium smegmatis CCM 2067,

Sarcina lutea ATCC 9341, Escherichia coli ATCC 11230,
Candida utilis La 991, and Streptomyces nojiriensis TEM).
Bacteria were inoculated into Mueller-Hinton medium
(0.1 ml of 106 cfu/ml), and spore suspensions of Streptomyces sp. were cultured on yeast malt extract agar. Filter paper discs (6 mm in diameter) were soaked with 10 µl of the
acids (20 mM), and placed on the previously inoculated test
microorganism plates. After keeping at 4 ºC for 2 h, they
were incubated at 28 ºC for 48 h. The diameters of the inhibition zones were measured in mm. Determination of minimum inhibitory concentration (MIC) of n-nonanoic acid
(NA) was performed using microdilution broth susceptibility assay. Serial dilutions of NA were prepared in sterile
dimethylsulfoxide (DMSO). After inoculation and disk
placement, the Petri dishes were covered with parafilm. As
reference, Penicillin G (1U) and Polymyxin B (300 U) antibiotic disks were used, added to the medium, and results
compared and evaluated. Experiments were repeated five
times and results expressed as average values.
RESULTS AND DISCUSSION
The zone diameters of the plates after incubation were
given in Table 1. All compounds had more antibacterial
activities against Gram-positive bacteria, but 4-MNA had
much more activity than the others. The best activity against
C. utilis and S. lutea was observed in two compounds, (2MNA and 5-MNA). Interestingly, only 4-MNA, 7-MNA and
8-MNA possess activity against Streptomyces.

TABLE 1 - Antimicrobial activity of nonanoic acid derivatives.
Inhibition zones of compounds (mm)
Bacillus cereus CCM 99
Salmonella typhimirium CCM 533
Mycobacterium smegmatis CCM 2067
Sarcina lutea ATCC 9341
Escherichia coli ATCC 11230
Candida utilis CCTMLa 991
Streptomyces nojiriensis TEM1

P
─
─
─
12
─
─
─

PB
7
─
─
7
9
12
10

n-NA / #
8 / ≥32
10 / ≥32
11 / ≥32
12 / ≥32
7 / ≥32
16 / ≤ 8
─

2-MNA
9
9
8
12
─
15
─

3-MNA
9
10
11
12
─
10
─

4-MNA
9
9
8
12
8
8
13

5-MNA
10
10
12
14
─
10
─

6-MNA
10
10
10
11
─
12
─

7-MNA
10
11
10
10
─
11
22

8-MNA
8
10
10
11
─
11
18

P: Penicillin G (1 U), PB: Polymyxin B (300 U); # Minimum inhibitory concentration (MIC), is the lowest concentration of the tested compounds that
inhibit visible growth of the organism after 24h at 28 °C. MIC values (µg/ml): ─: no activity CCM=Czechoslovak Collection of Microorganisms,
Brno, Czech Republic. ATCC -American Type Culture Collection, Manassas, VA, USA. CCTMLa-Centre de Collection de Types Microbiens, Lausanne, Switzerland. TEM-Temel ve Endustriyel Mikrobiyoloji, Ege University, Izmir, Turkey.
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Nonanoic acid is also a major constituent of nonanal
essential oil. In the medicinal field, essential oils have
been used to treat acute and chronic bronchitis and acute
sinusitis [6]. Essential oils are known to possess antimicrobial activity, which has been evaluated mainly in liquid
medium. Systematic evaluation of the biological activity of
essential oils was first reported by Maruzzella and Sicurella
[7], using the inverted Petri dish technique. Antibacterial
activity of major constituents of essential oils and related
compounds against some pathogens was also reported [8].
The results suggest that n-nonanoic acid and its derivatives
can be used to treat some lower respiratory tract infections.
In contrast to antibiotics, essential oils are highly volatile at room temperature. As a major component of some
essential oils, the toxicological properties of nonanoic acid
have not been fully investigated (oral, mouse: LD50 = >5 gm/
kg). Aspiration may lead to pulmonary edema, may also
cause systemic effects and chemical burns to the respiratory
tract. Comparison of nonanoic acid derivatives activity
results with Penicillin suggest its pharmacological potential
as surface sterilizer or an acid sanitizer that may be used to
sanitize hard, non-porous surfaces throughout food processing facilities on storage tanks, vats, processing surfaces, utensils, and similar equipment, in the future.
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