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Abstract
In this study, the bioaccumulation of some metals by Phragmites australis plants exposed to poultry slaughterhouse waste-
water was investigated. For this aim, Mo, As, Cd, Se, Cu, Zn, Cr, Ba, Ti, Fe, Al, and Mn metals were determined in slaugh-
terhouse wastewaters, P. australis plants, and sediment samples. The uptake of metals by P. australis was investigated. Also, 
BCF and TF values were calculated and compared with reference plant values. The maximum metal accumulation in P. 
australis plants exposed to poultry slaughterhouse wastewaters was 5900% for Al and 33.5% for Mn when compared with 
reference plant values. According to the BCF values, P. australis was bioaccumulative for Mo, Se, and Al. As a result, it 
was determined that P. australis plant can be used in the remediation of metals found in poultry slaughterhouse wastewaters 
and would be a good accumulator.
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1 Introduction

Due to industry and rapid urbanization, water use has also 
led to an increase in the amount of wastewater. The waste-
waters that have heavy metal sourced from metal processing 
plants, fertilizer plants, battery, battery production, paper 
industry and slaughterhouses are either directly discharged 
into the receiving environment or treated. Wastewaters con-
taining heavy metals and untreated or not properly treated 
have toxic effects on living organisms in receiving environ-
ments and cause environmental pollution [1].

The poultry slaughterhouse wastewater has medium 
strength because the wastewater has a high concentration of 
organics, inorganics (i.e., heavy metals), suspended solids, 
fats, disease-causing microorganisms and nutrients [2–5]. 
Wastewaters containing heavy metals cause contamination 
of drinking water when they enter the groundwater. When 
heavy metals enter the food chain, they have a carcinogenic 
effect on living organisms and adversely affect their living 
health. In order to eliminate these negative effects, heavy 

metal in wastewater needs to be removed by different treat-
ment methods. Adsorption, membrane purification technol-
ogy, biological treatment, and physicochemical processes 
are used in the removal of heavy metals. However, they are 
not economical and not easy to operate. Therefore, more 
economical and easier-to-use phytoremediation technologies 
are preferred to remove heavy metals from wastewaters.

Phytoremediation technology can be describable as the 
accumulation of pollutants such as heavy metals, nutri-
ents, pesticides causing environmental pollution by plants. 
Rooted, floating and submerged plants can be used in phy-
toremediation technology. Example of plants used in phy-
toremediation technology is P. australis. P. australis plant 
commonly found in Turkey is a rooted plant. It is usually 
found in water basins, swamps, rivers, lakes and streams 
along the coastline. P. australis is used in phytoremedia-
tion technology for wastewater treatment in environmental 
engineering. Therefore, information is needed on the metal 
bioaccumulation properties of P. australis plant to improve 
environmental environments and reduce the environmental 
impact of metals.

In this study, the accumulation of some metals in P. aus-
tralis plants exposed to PSW was investigated. The studies 
in the literature are generally laboratory-scale studies. The 
reason for a large number of studies in the literature under 
controlled conditions in the laboratory is that there are many 
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environmental matrices in the real-scale wastewater environ-
ment. The difference of this study from the other studies is 
the investigation of the remediation potential of P. australis 
in the polluted areas taking the discharged wastewaters of a 
real-scale poultry slaughterhouse. In the study, P. australis, 
water, and sediment were sampled by a poultry slaughter-
house wastewater system to determine whether P. australis 
can bioaccumulate certain metals in the water. This is an 
interesting study to measure metals from a point that many 
researchers ignore. In addition, stating that some metals 
accumulate in different organs by P. australis increases the 
authenticity of the study. Therefore, the translocation factor 
(TF) and bioconcentration factor (BCF) values were calcu-
lated. In this respect, the study is an original and novelty 
study.

2  Materials and Methods

2.1  Study Area

The area including a poultry slaughterhouse and a stream 
as the receiving environment (Elazığ, Turkey) was chosen 
(Fig. 1). The stream (Hinsor river) has about 6–7 km length. 
The stream flows to a dam lake named Cip which is used for 
irrigation purposes. Fruit and vegetable cultivation is car-
ried out in the irrigation areas. Therefore, it is possible that 
the Cip Dam Lake will be exposed to metal pollution due 
to poultry slaughterhouse wastewater. The P. australis plant 
selected in this study is commonly found at the point where 
the slaughterhouse wastewater is discharged. The amount 
of wastewater from the slaughterhouse is approximately 
1600 m3/day.

2.2  Sampling and Analysis

P. australis plants were selected in the study. P. australis plants 
were collected from the point where poultry slaughterhouse 

wastewater was discharged. The samples were transported 
to the laboratory. The organs of the plants were separated. 
Plant roots were washed with water to separate sediment par-
ticles. The dried plants were ground by a grinder. Wastewa-
ter samples were collected from slaughterhouse wastewater. 
Sediment samples were collected from 6 various points at the 
discharge point. The samples were sent to a laboratory with 
ISO 9001:2000 accreditation for analysis. They were analyzed 
by ICP/MS (ICP/MS-Perkin-Elmer ELAN 9000) in the labo-
ratory. Also, translocation factors (TFs) and bioconcentration 
factors (BCFs) were calculated to evaluate the mobility of 
metals.

2.3  Bioconcentration and Translocation Factor

Bioconcentration factor is calculated from (Eq. 1)

where Cplant is metal value in the P. australis and Cenv is 
metal value in the environment [6].

The values of bioconcentration are calculated by the fol-
lowing equations:

where Csed is the value of the metal in sediment, Cr is the 
value of the metal in root, Cs is the value of the metal in 
stem, and Cw is the value of the metal in water.

Translocation factor is calculated by the following 
equations:

(1)BCF = Cplant∕Cenv

(2)BCF
a
= Cr∕Csed

(3)BCF
b
= Cs∕Csed

(4)BCF
c
= Cs∕Cw

(5)BCF
d
= Cr∕Cw

Fig. 1  Study area
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where Cl, Cr and Cs are values of metal in leaves, roots and 
stems, respectively.

2.4  Statistical Analysis

Results were analyzed using the IBM SPSS Statistics 21 
program (SPSS Inc., Chicago IL, USA), and values shown 
were the means of three replicates (n = 3). Results were ana-
lyzed by a two-tailed Pearson correlation test to determine 
the relationship among the metals.

3  Results and Discussion

3.1  The Concentrations of Some Metals Detected 
in P. australis

The concentrations of some metals detected in organs of P. 
australis are given in Fig. 2. As the concentrations deter-
mined for each metal differ, they are shown in the graphs 
separately. To explain the accumulation mechanism of met-
als accumulated by P. australis, metal concentrations were 
determined separately in root, stem, and leaves of the P. 
australis.

Due to its antimicrobial and growth-stimulating effects, 
it is common practice to add minerals such as copper (Cu), 
zinc (Zn), and arsenic (As) to animal feed through mineral 
additives [7–9]. Arsenic compounds are generally used to 
improve the weight gain, the feed efficiency and the pigmen-
tation of animals [10, 11]. Cang et al. [12] reported average 
arsenic content of feed of chickens in Jiangsu Province as 
.02 mg/kg and As the content of chicken feeds as 6.7%. Li 
et al. [13] reported mean Cd in feeds of chicken as 8.13 mg/
kg in China. In addition to the high cadmium level in animal 
feeds, cadmium accumulation in animal edible offal has been 
reported to exceed food hygiene criteria of cadmium occur-
rences in animal production, which may be closely related to 
animal feed [9]. Therefore, it is possible to encounter these 
metals in poultry slaughterhouse wastewater.

In this study, the highest Fe, Al, and Mn metals, fol-
lowed by Cu, Zn, Cr, Ba and Ti metals, and then Mo, As, 
Cd and Se metals were detected in the root, stem and leaves, 
respectively. The maximum metal value in the roots of the 
plant was 3940 ± 19.7 mg/kg for Fe, and the minimum metal 
value was .1 ± .05 mg/kg for Se. The total value of Mo in 
the plant was 2.13 ± .1 mg/kg (Fig. 2). 17.84% of this value 

(6)TF
a
= Cl∕Cr

(7)TF
b
= Cs∕Cr

(8)TF
c
= Cl∕Cs

was found in the roots (.38 ± .02 mg/kg), 7.51% in the stems 
(.16 ± .01 mg/kg) and 74.65% in the leaves (1.59 ± .08 mg/
kg). For Mo, the best accumulation was seen in the leaves. 
It has been suggested that the ability of the plant to trans-
port metals to aboveground parts is one of the main factors 
affecting heavy metal accumulation in the aboveground tis-
sues of macrophytes [14–16]. Gupta et al. [17] found that 
metal accumulation/gr.dw is more in leaves than in roots. 
El-Nahhal et al. [18] found a high concentration of heavy 
metals in the leaves of Chinese cabbage and corn [19].

The total arsenic concentration in P. australis was 
2.2 ± .1 mg/kg (Fig. 2). 54.54% of this value was deter-
mined in the roots (1.2 ± .06 mg/kg), 4.54% in the stems 
(.1 ± .05 mg/kg) and 40.92% in the leaves (.9 ± .05 mg/kg). 
It was determined that the best accumulation for arsenic took 
place in the roots, unlike Mo metal. Total Cd concentra-
tion in P. australis plant was found to be .17 ± .01 mg/kg 
(Fig. 2). 64.70% of this value was determined in the roots 
(.11 ± .01 mg/kg), 5.88% in the stems (.01 ± .05 mg/kg) and 
29.42% in the leaves (.05 ± .02 mg/kg). It was determined 
that the best accumulation for Cd was in the roots as in 
As metal. Vymazal [20] reported concentrations of Cd in 
Phalaris arundinacea belowground/aboveground biomass 
were 150/80 μg/kg. Total Se concentration in the plant was 

Fig. 2  Concentrations of some metals detected in P. australis 
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.5 ± .01 mg/kg (Fig. 2). 20% of this value was determined 
in the roots (.1 ± .01 mg/kg), 40% in stem (.2 ± .02 mg/kg) 
and the remaining 40% in leaves (.2 ± .02 mg/kg). The total 
Cu value in the plant was determined as 21.78 ± 1.1 mg/kg 
(Fig. 2). 57.98% of this value was determined in the roots 
(12.63 ± .6 mg/kg), 11.20% in the stem (2.44 ± .13 mg/kg) 
and 30.82% in the leaves (6.71 ± .8 mg/kg). It was deter-
mined that the best accumulation for Cu took place in the 
roots such as Cd and As metal. The total Zn concentration in 
P. australis was 68 ± 3.2 mg/kg (Fig. 2). 70.14% of this value 
was determined in the roots (47.7 ± 2.3 mg/kg), 6.32% in the 
stem (4.3 ± .2 mg/kg) and 23.54% in the leaves (16 ± .8 mg/
kg). It was determined that the best accumulation for Zn was 
found in the roots such as Cd, As and Cu metals. The total Cr 
value in P. australis plant was determined as 34.8 ± 1.7 mg/
kg (Fig. 2). 39.08% of this value was determined in the roots 
(13.6 ± .7 mg/kg), 9.48% in the stem (3.3 ± .16 mg/kg) and 
51.44% in the leaves (17.9 ± .9 mg/kg). It was determined 
that the best accumulation for Cr took place in leaves such 
as Mo metal. Vymazal [20] reported concentrations of Cr 
in Phalaris arundinacea belowground/aboveground bio-
mass were 5420/228 μg/kg. The total Ba concentration in 
P. australis was 80.4 ± 4.1 mg/kg (Fig. 2). 14.30% of this 
value was determined in the roots (11.5 ± .6 mg/kg), 20.27% 
in the stem (16.3 ± .8 mg/kg) and 65.43% in the leaves 
(52.6 ± 2.5 mg/kg). It was determined that the best accumu-
lation for Ba took place in leaves such as Mo and Cr metal. 
The total Ti concentration in P. australis was 137 ± 6.5 mg/
kg (Fig. 2). 59.12% of this value was determined in the 
roots (81 ± 4.0 mg/kg), 2.19% in the stem (3 ± .2 mg/kg) 
and 38.69% in the leaves (53 ± 2.5 mg/kg). It was deter-
mined that the best accumulation for Ti was in the roots 
such as Cd, As, Cu, and Zn metals. The total Fe concentra-
tion in P. australis was 6470 ± 32 mg/kg (Fig. 2). 60.89% 
of this value was determined in the roots (3940 ± 19.7 mg/
kg), 2.16% in the stem (140 ± 7.0 mg/kg) and 36.95% in the 
leaves (2390 ± 11 mg/kg). It was determined that the best 
accumulation for Fe was observed in the roots such as Cd, 
As, Cu, Zn, and Ti metals. The total Al concentration in the 
plant was determined as 4800 ± 24 mg/kg (Fig. 2). 56.25% 
of this value was determined in the roots (2700 ± 13 mg/
kg), 2.08% in the stem (100 ± 5.0 mg/kg), and 41.67% in the 
leaves (2000 ± 10 mg/kg). It was determined that the best 
accumulation for Al took place in roots such as Cd, As, Cu, 
Zn, Ti, and Fe metals. The total Mn concentration in P. aus-
tralis was 267 ± 13 mg/kg (Fig. 2). 42.69% of this value was 
determined in the roots (114 ± 5.5 mg/kg), 7.86% in the stem 
(21 ± 1.1 mg/kg), and 49.45% in the leaves (132 ± 6.0 mg/
kg). It was determined that the best accumulation for Al took 
place in roots such as Cd, As, Cu, Zn, Ti, and Fe metals.

The distribution of the metal concentrations determined 
in P. australis plants exposed to PSW according to their 
presence in organs is summarized in Table 1.

3.2  The Concentration of Metals Detected in PSW

Mo, As, Cd, Se, Cu, Zn, Cr, Ba Ti, Fe, Al, and Mn were 
determined in poultry slaughterhouse wastewater. The metal 
concentrations determined in the poultry slaughterhouse 
wastewaters are given in Fig. 3.

According to Fig.  3, the highest Mn concentra-
tion detected in the slaughterhouse wastewater was 
83.22 ± 4.2 mg/L, while the lowest Cd concentration was 
.05 ± .01  mg/L. The metal concentrations in the poul-
try slaughterhouse wastewaters were as follows: Mn: 
83.22 ± 4.2 mg/L, Ti: 38 ± 2.0 mg/L, Cr: 24.1 ± 1.2 mg/L, 
Ba: 21.81 ± 1.1 mg/L, Zn: 15.5 ± .8 mg/L, Al: 8 ± .4 mg/L, 
Cu: 3.3 ± .16 mg/L, As: 2.4 ± .12 mg/L, Se: 1.6 ± .08 mg/L, 
Mo: .2 ± .01 mg/L and Cd: .05 ± .01 mg/L, respectively.

3.3  Concentrations of Metals Detected in Sediment 
Samples

Since P. australis is a rooted plant, sediment samples were 
taken from the poultry slaughterhouse wastewaters and 
metal concentrations were determined. The concentrations 
of metals determined in the sediments (Hinsor stream) are 
shown in Fig. 4.

According to Fig. 4, the highest metal concentration 
was determined as Fe in sediment samples taken from P. 
australis area. Fe concentration in sediment samples was 
determined as 26,500 ± 132 mg/kg. Fe metal was followed 
by Al, Mn, Ti, Zn, Ba, Cu, Cr, As, Mo, Se, and Cd, respec-
tively. The lowest metal concentration in sediment samples 

Table 1  The distribution 
of the metal concentrations 
determined in P. australis 

a It shows the same accumula-
tion property
b It shows the same accumula-
tion property

Metals The order of 
accumulation in P. 
australis

Moa Leaf > Root > Stem
Asb Root > Leaf > Stem
Cdb Root > Leaf > Stem
Se Stem = Leaf > Root
Cub Root > Leaf > Stem
Znb Root > Leaf > Stem
Cra Leaf > Root > Stem
Ba Leaf > Stem > Root
Tib Root > Leaf > Stem
Feb Root > Leaf > Stem
Alb Root > Leaf > Stem
Mna Leaf > Root > Stem
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was observed as .16 ± .08 mg/kg for Cd. The reason for the 
higher occurrence of Fe and Al metals in sediment samples 
compared to other metals is the immediate deposition of Al 
and Fe metals and their accumulation in sediment.

3.4  BCF and TF

BCF and TF values were calculated to evaluate the 
accumulation mechanism of plants exposed to poultry 

Fig. 3  The concentration of metals detected in PSW Fig. 4  Concentrations of metals detected in sediment samples

Table 2  BCF and TF values of metals in P. australis 

BCFa (root/
sediment)

BCFb (stem/
sediment)

BCFc (stem/water) BCFd (root/water) TFa (leaf/root) TFb (stem/root) TFc (leaf/stem)

Mo 1.02 .43 800 1900 4.18 .42 9.93
As .22 .018 41.6 500 .75 .08 9
Cd .68 .06 200 2200 .45 .09 5
Se .5 1 125 62.5 2 2 1
Cu .46 .089 739 3827 .53 .19 2.75
Zn .89 .08 277 3077 .33 .09 3.72
Cr .56 .136 136 564 1.31 .24 5.42
Ba .28 .404 747 527 4.57 1.41 3.22
Ti .18 .006 78 2131 .65 .03 17.6
Fe .14 .005 10,769 3030 .6 .03 17.07
Al .19 .007 12,500 337,500 .74 .03 20
Mn .23 .43 252 1369 1.15 .18 6.28
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slaughterhouse wastewaters, and the values obtained are 
summarized in Table 2.

Bioconcentration factor and translocation factor val-
ues > 1 have been used to evaluate the potential of plant spe-
cies for phytoremediation [21–23]. BCF values are signifi-
cantly > 1. This shows efficient metal accumulation to plant.

According to Table 2, the  BCFa value for Mo was calcu-
lated as 1.02. This shows that Mo metal is bioaccumulated 
from sediment to roots. When  BCFb values were examined, 
the highest  BCFb value was calculated for Se metal. It shows 
that Se metal accumulates well from sediment to the stem. 
The highest  BCFc value was calculated as 12,500 for Al. 
This showed that Al metal is good bioaccumulation from 
poultry slaughterhouse wastewater to the stem. The  BCFd 
value was the highest for Al metal, like the  BCFc value 
(337,500). According to  BCFd value, Al metal was well 
accumulated from poultry slaughterhouse wastewater to 
roots.

Plants with high TF values are suitable for phytoextrac-
tion, which is based on the translocation of heavy metals 
in easily harvestable plant parts [23, 24]. Low TF indicates 
the immobilization of trace elements from root to shoot or 
vacuole [25]. The highest  TFa value for P. australis was 4.57 
for Ba metal. This shows that Ba metal in poultry slaughter-
house wastewater is transported well from roots to leaves. 
Metals carried from roots to leaves in terms of  TFa values 
followed. Ba > Mo > Se > Cr > Mn > As > Al > Ti > Fe > Cu 
> Cd. The metal with the highest  TFb value was determined 
as Se. This showed that Se metal was well transported from 
the roots to the stem. Metals carried from roots to stem in 
terms of  TFb values followed: Se > Ba > Mo > Cr > Cu > Mn 
> Cd = Zn > As > Ti > Fe > Al. When  TFc was examined, the 
maximum  TFc value was calculated as 20 for Al metal. This 
showed that Al metal had good transport from the stem to 
the leaves. For other metals, the order of transport followed 
Ti > Fe > Mo > As > Mn > Cr > Cd > Zn > Ba > Cu > Se.

Table 3  The comparison of the 
metal concentrations

Mo As Cd Se Cu Zn Cr Ba Ti Fe Al Mn

Determined 2.13 2.2 .17 .5 21.78 68 34.8 80.4 137 6470 4800 267
Ref. [26] .5 .1 .05 .02 10 50 1.5 40 5 150 80 200
(%) 326 2100 240 2400 117.8 36 2220 101 2640 4213.3 5900 33.5

Table 4  Correlation coefficient among metals in P. australis 

*Correlation is significant at the .05 level (two-tailed)
**Correlation is significant at the .01 level (two-tailed)

Mo Se Cu Zn Cr Ba Ti Fe Al Mn As Cd

Mo Pearson correlation 1
Sig.

Se Pearson correlation .371 1
Sig. .758

Cu Pearson correlation .050 − .909 1
Sig. .968 .274

Zn Pearson correlation − .116 − .965 .986 1
Sig. .926 .168 .106

Cr Pearson correlation .818 − .231 .616 .476 1
Sig. .390 .852 .578 .684

Ba Pearson correlation − .008 − .932 .998* .994 .569 1
Sig. .995 .237 .037 .069 .615

Ti Pearson correlation .300 − .774 .968 .912 .794 .951 1
Sig. .806 .436 .162 .268 .416 .199

Fe Pearson correlation .247 − .808 .980 .934 .759 .967 .998* 1
Sig. .841 .401 .127 .233 .451 .164 .035

Al Pearson correlation .393 − .708 .938 .868 .851 .916 .995 .988 1
Sig. .743 .499 .225 .331 .353 .262 .063 .098

Mn Pearson correlation .730 − .363 .719 .594 .990 .677 .871 .842 .915 1
Sig. .479 .763 .489 .595 .088 .526 .327 .362 .264

As Pearson correlation .389 − .711 .939 .869 .849 .918 .995 .989 1.000** .914 1
Sig. .745 .497 .223 .329 .355 .260 .061 .096 .002 .266

Cd Pearson correlation .028 − .918 1.000* .989 .598 .999* .962 .976 .930 .704 .932 1
Sig. .982 .260 .014 .092 .592 .023 .176 .141 .239 .503 .237
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Table 3 shows the comparison of the metal concentra-
tions detected in plants exposed to the PSW with the metal 
concentrations of the reference plant [26].

According to Table 3, the highest metal concentration 
in P. australis plant was determined as 6470 mg/kg for Fe 
and Fe concentration in the reference plant was 150 mg/
kg. In terms of Fe metal, 4213% uptake of the plant was 
determined. The lowest metal concentration detected in P. 
australis plant was 0,17 mg/kg for Cd. Cd concentration in 
the reference plant was .05 mg/kg. The uptake percentage 
of the plant in terms of Cd metal was calculated as 240%. 
When % values were compared, it was determined that the 
highest uptake percentage was calculated for Al metal. This 
shows that the P. australis plant preferred Al more than other 
metals.

3.5  Statistics of the Metals in P. australis

Correlation coefficients showing the relationship between 
Mo, Se, Cu, Zn, Cr, Ba, Ti, Fe, Al, Mn, As and Cd concen-
trations detected in P. australis are given in Table 4.

There was important correlation between Fe–Ti (p = .05), 
As–Al (p = .01), Cd–Cu (p = .05) and Cu–Ba (p = .05). 
Correlations between Cu–Se, Zn–Mo, Zn–Se, Cr–Se, 
Ba–Mo, Ba–Se, Ti–Se, Fe–Se, Al–Se, Mn–Se, As–Se and 
Cd–Se were observed as negative and not significant. It was 
observed that there was a significant correlation between 
Al–As (R2 = 1, p = .01) and Cd–Cu (R2 = 1, p = .05). This 
may show that elements have similar input sources or are 
precipitated in the same environment similarly reported by 
Oyebamiji et al. [27].

4  Conclusions

When the ability of P. australis exposed to PSW to accu-
mulate metals was investigated, Al, Fe, Cu, and Mo metals 
were found to be well accumulated. This was controlled by 
calculating BCF and TF values. According to BCF value, 
P. australis was a bioaccumulator for Mo, Se, and Al. Also, 
in the study, it was found that the best metal accumulation 
was obtained for Al metal when the metals detected in plant 
exposed to poultry slaughterhouse wastewater and the metal 
concentrations in the reference plant were compared. It was 
determined that P. australis plant can be used as a bioac-
cumulator plant in areas contaminated with poultry slaugh-
terhouse wastewater. As a result, this study showed that P. 
australis performs well for bioaccumulative pollutants and 
can be used in phytoremediation technology. Furthermore, 
the answer was given to the question of how fragmentation 
accumulates various metals and other pollutants from waste-
water and flow, and how new this study is to investigate the 
bioaccumulative properties.
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