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Abstract: A survey was established to study the mobility of metals (Cr, Mo, Cu, and Zn) from soils amended with 

municipal sewage sludge (SS) into plants grown at three locations in Kentucky and compare metal concentrations in 

plants to their permissible standard limits. The field experiments were established at Meade, Adair, and Franklin 

Counties in Kentucky areas where commercial growers use SS as alternative to inorganic fertilizers. Metals in soil and 

plant tissue were quantified using Inductively Coupled Plasma (ICP) spectrometer. Results revealed that different trace 

metals had different uptake pattern by different plants. Cr concentrations in beans has shown very little accumulation in 

bean seeds. Cr and Mo concentrations in plants grown at the three locations were below the permissible level of 1.3 µg g
-

1
 tissue. Other than onion bulbs, Cu concentrations were above the permissible level of 10 µg g

-1
 tissue in plants grown 

at Meade site. At the Adair site, Cu was above the limit only in tobacco leaves. Whereas at Franklin site, Cu was above 

the limit in potato tubers, onion bulbs, and tomato fruits. Zn concentration in all plants tested never exceeded the 

permissible level of 0.6 µg g
-1

 tissue. 

Keywords: Agricultural Soils, Biosolids, Bioaccumulation Factor, Metal Contamination, Root-to-Shoot Translocation 

 

1. Introduction 

Municipal sewage sludge (SS) is processed at the 

Wastewater Treatment Plant (Metropolitan Sewage Facility, 

Louisville, Kentucky) to eliminate their odor, pathogens, and 

reduce its volume by drying to make it easier to handle and 

transport to agricultural lands. SS has non-biodegradable 

trace metals and some of these metals are toxic to humans 

and animals even at trace concentrations. However, in 

agricultural production systems soil microorganisms need 

certain metals for their existence and survivals. Metals are 

toxic to soil microorganisms when present above certain 

concentrations [1] as indicated by diminished activities of the 

enzymes they release. Accordingly, accumulation of trace 

metals in soil and edible plants grown in municipal SS 

amended soil [2, 3] requires a continuous monitoring. Risks 

of soil contamination when waste materials such as SS are 

used as organic fertilizer have been a matter of frequent 

concern [4]. Some of these metals also can be detrimental to 

human and plants when present above certain limits. Thuy et 

al. [5] indicated that some metals are toxic pollutants of most 

concern around the world. Elevated concentrations of trace 

metals in plants could expose consumers to excessive levels 

of potentially hazardous chemicals [6]. 

Plants require copper (Cu) as an essential micronutrient for 

normal growth and development. In plants, Cu exists as Cu
2+

 

and Cu
+
 and acts as a structural element in regulatory 

proteins and participates in photosynthetic electron transport, 

mitochondrial respiration, oxidative stress responses, cell 

wall metabolism and hormone signaling [7]. However, redox 

cycling between Cu
2+

 and Cu
+
 can catalyze the production of 

highly toxic hydroxyl radicals, with subsequent damage to 

DNA, lipids, proteins, and other biomolecules [8]. Cu 

concentrations in cells need to be maintained at low levels 

since this element is extremely toxic in view of its high redox 

properties. Chromium (Cr) is ubiquitous in nature; it can be 

detected in all matter in concentrations ranging from less 

than 0.1 g m
-3

 in air to 4 g kg
-1

 in soils (WHO) [9]. Naturally 

occurring Cr is usually present as Cr [III]. In addition, 

hexavalent chromium (Cr VI) in the environment is almost 
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totally derived from human activities (WHO, 1990) [9]. 

Studies in humans and experimental animals have established 

the essential role of trace amounts of Cr (III) at 50-200 µg 

day
-1

 for the maintenance of normal glucose metabolism. 

Such intake concentration by the oral route does not 

represent a toxicity problem. [9] Cr, that is toxic to plants, 

does not play any role in plant metabolism [10]. However, 

accumulation of Cr by plants can reduce growth, induce 

chlorosis in young leaves, reduce pigment content, reduce 

enzymatic function, damage root cells and cause 

ultrastructural modifications of the chloroplast and cell 

membrane [11]. Zinc (Zn) is an essential plant micronutrient 

involved in a wide variety of physiological processes [12, 13] 

and is one of the most ubiquitous trace metals in soil. 

Industrial and agricultural activities, such as smelter and 

incinerator emissions, dispersal from mine wastes, excessive 

applications of Zn-containing fertilizers or pesticides and use 

of Zn-contaminated SS and other manures or industrial 

wastes, such as industrial production of fertilizers [14] can 

increase Zn concentration in the environment and make it 

dangerous. 

Molybdenum (Mo), a transition metal, occurs in the 

lithosphere (rigid, rocky outer layer of the Earth) at an 

average abundance of 1.2 mg kg
−1

 and represents one of the 

scarcest trace elements in biological systems [15]. In soil, 

Mo exists predominantly in the form of oxyanion 

molybdate, which serves as an essential micronutrient in all 

kingdoms of life. Yet, Mo alone does not exhibit biological 

activity, but is bound to an organic pterin backbone (one of 

a large family of bicyclic N-heterocycles called pteridines), 

which upon binding is converted into the molybdenum 

cofactor (known as Moco). Moco becomes part of the 

active site of molybdo-enzymes, where Mo can vary its 

oxidation state among Mo (IV), Mo (V), and Mo (VI) forms, 

thereby enabling the respective protein to transfer electrons, 

and oxygen from or to a substrate [16]. Kubota [17] 

reported that the range of Mo in U.S. soils is from 0.08 to 

over 30 ppm. A very high content of Mo, up to 24 ppm, is 

reported in soils of British Columbia (Canada) where 

commercial production of vegetables takes place [18]. The 

behavior of Mo in soils has been extensively studied 

because it has a rather unique position among other 

micronutrients in that it is least soluble in acidic soils and 

readily mobile in alkaline soils. This is due to the great 

affinity of Mo to be adsorbed by organic matter. Liming of 

acidic soils is a common practice to increase Mo 

availability to plants. However, at higher rates of liming, 

the solubility of Mo may decrease due to its adsorption by 

CaCO3 [19]. Mo is known to be essential to 

microorganisms, and some bacteria species are able to 

oxidize molybdenite in soils. Rhizobium bacteria and other 

N-fixing microorganisms have an especially large 

requirement for Mo. Some fungi and nitrogen-fixing 

bacteria tend to concentrate Mo up to 100 ppm. Since the 

most important function of Mo in plants is NO3 reduction, a 

deficiency of this micronutrient causes symptoms similar to 

those of N deficiency [20]. 

In terms of solubility of trace-elements in soil and water, 

two groups can be classified: readily soluble compounds 

(salts of mineral acids) and weakly soluble compounds 

(mineral oxides). Metal oxides and salts entering the soil 

present different potential dangers to environment and 

living organisms. This means that trace-element oxides 

getting into the soil have lower ecological danger compared 

to metal salts because of their low water solubility. The 

environmental impact of soil mixed with SS depends on the 

solubility and thus availability of trace metal content that is 

highly governed by soil pH conditions. Antonious et al. [21] 

found that the presence of high levels of total metals in soil 

does not necessarily reflects metals bioaccumulation in 

plants, but only the soluble and extractable metal ions are 

available to plants. In addition, variability in trace metals 

uptake exists among plant species and even accessions 

within the same species [22]. Toxins that are diluted in the 

soil can reach toxic levels inside plant cells and tissues 

through the potential of metals uptake by plant root-to-

shoot translocation (bioaccumulation). Accordingly, the 

objectives of this investigation were to: 1) assess the impact 

of soil incorporated with municipal SS on Cu, Cr, Zn, and 

Mo concentration in soil at three locations in Kentucky 

(Adair, Meade, and Franklin Counties), 2) determine the 

bioaccumulation factor (BAF) of each metal in plants 

grown under this practice, and 3) compare metal 

concentrations detected in edible plants to their standard 

limits. 

2. Materials and Methods 

The field study was conducted at three locations in 

Kentucky (Adair, Meade, and Franklin Counties) (Figure 1) 

in areas where limited resource farmers used municipal SS as 

alternative source of fertilizers for commercial production of 

fresh vegetables. Before planting, the soil was mixed with 

municipal SS obtained from Metropolitan Sewer District, 

Louisville, KY at 37.5 t hectare-
1
 on dry weight basis. SS 

was incorporated into the top soil with a plowing depth of 15 

cm. Thirty-cm of extra space was allowed between planting 

rows, and the plants were watered, irrigated, and weeded as 

needed according to Kentucky Vegetable Growers Guide [23], 

but no mineral fertilizer was applied. At harvest, eight plants 

(green beans, Phaseolus vulgaris cv. Blue Lake; green pepper, 

Capsicum annuum cv. Aristotle X3R; green squash, 

Cucurbita pepo cv. Costata Romanesco; yellow squash, 

Curcurbita pepo (Conqueror III); onion, Allium cepa cv. 

Super Star-F1; tomato, Lycopersicon esculentum cv. 

Mountain Spring; okra, Abelmoschus esculentus cv. Clemson 

Spineless; and beets, Beta vulgaris cv. Red Ace-F1) were 

collected randomly from Meade experimental site; four 

plants (tobacco, Nicotiana tabacum cv. Burley; red potato, 

Ipomoea batatas cv. Norland Red; onion, Allium cepa cv. 

Super Star-F1; and sweet potato, Ipomoea batatas cv. 

Beauregard) were collected randomly from Adair 

experimental site; and seven plants (white potato, Ipomoea 

batatas cv. Kennebec; green pepper, Capsicum annuum cv. 
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Aristotle X3R; tomato, Lycopersicon esculentum cv. 

Mountain Spring; onion, Allium cepa cv. Super Star-F1; 

broccoli, Brassica oleracea cv. Packman; yellow squash, 

Curcurbita pepo cv. Conqueror III; and sweet potato, 

Ipomoea batatas cv. Beauregard) were collected randomly 

from Franklin experimental site. Randomly selected fruits, 

pods, bulbs, or leaves (n=3) from each location were 

harvested at full maturity. In each instance, fruits were 

harvested from throughout the plants to reduce the effect of 

fruits, pods, bulbs, and leaves position on the concentration 

of metals analyzed.  

2.1. Collection and Characterization of Soil Samples 

Soil samples (three replicates per location) were collected 

from the rhizosphere (a zone where soil and plant root make 

contact) of growing plants to a depth of 15 cm using a soil 

core sampler equipped with a plastic liner (Clements 

Associates, Newton, IA, USA) of 2.5 cm i.d. Soil texture and 

organic matter content were determined at the University of 

Kentucky Laboratory (Lexington, KY 40546). Soil samples 

were air-dried, passed through a 2 mm sieve, and kept at 4°C 

up to 48 h before use. Soil samples from each location were 

mixed with double-distilled water soil/distilled water slurry 

of 1:5 (w/v) ratio. After mixing thoroughly using a magnetic 

stirrer, soil pH and electrical conductivity (EC) were 

measured using a hand-held portable combination (WTW 

Weilheim, Germany) of glass electrode with calibrated 

millivolt meter (pH meter) and an EC meter that was 

standardized with a KCl solution. Percent organic matter was 

calculated by weight loss on ignition of dried soil samples at 

450°C as dry weight minus ash content. 

 

(A). Municipal Sewage Sludge. 

 

(B). Sites Locations. 

Figure 1. Municipal sewage sludge (SS) known as "Louisville Green” (A, 

upper picture) produced by the Metropolitan Waste Management Plant 

(Louisville, Kentucky, USA) and three location on Kentucky map (B, lower 

picture) where farmers used SS as soil amendment showing the 

concentrations of organic matter (OM), soil type, soil texture, soil pH, and 

cation exchange capacity (CEC).  

2.2. Metals Extraction and Quantification 

Total metal concentration in soil was extracted using nitric 

acid (HNO3) as described by Antonious et al. [24]. Since total 

metal concentration in soils is not a useful predictor of 

bioavailability of soluble metal uptake by plants, a mild 

solvent (calcium chloride, CaCl2) was also used to extract the 

readily soluble and extractable metal ions. Ten g dried soil 

samples were suspended in 25 mL of 0.01 CaCl2 and heated 

at 90°C on a hot plate for 30 min and mixed thoroughly. The 

resulting supernatants were filtered hot through Whatman 

filter paper #42, and 2 drops of 1 M HNO3 trace metal grade 

was added to prevent metal precipitation and to inhibit 

microbial growth in sample extracts [21]. 

For quantification of Cr, Mo, Cu, and Zn in harvested 

plants, ten fruits, pods, bulbs, or leaves of comparable size 

were collected at random from each of the three field 

locations in Adair, Meade, and Franklin Counties (three 

replicates from each plant) at full maturity from throughout 

the growing areas to reduce the effect of fruits, pods, bulbs, 

and leaves position on the concentration of metals monitored. 

Plants were removed from soil carefully and washed with 

deionized water to remove any attached soil particles, 

separated into leaves, roots, and fruits and dried in an oven at 

65°C for 48 h. The dried samples were ground manually with 

ceramic mortar and pestle to pass through 2 mm non-metal 

sieve. Samples were re-dried to constant weight using an 

oven. To one g of each dry plant powder, 10 mL of 

concentrated nitric acid (HNO3) trace metal grade was added 

and the mixture was allowed to stand overnight, and then 

heated for 4 h at 125°C on a hot plate. The mixture was then 

diluted to 50 mL with double distilled water and filtered 

through Whatman filter paper No. 1. Concentrations of 

metals monitored were determined using inductively coupled 

plasma-mass spectrometer (ICP-MS) in standard mode 

following the U. S. EPA method 6020a [25] using an 
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octopole collision cell ICP-MS (7500cx, Agilent, Santa Clara, 

CA, USA). All metal standards were NIST traceable. Spike 

metal recovery ranged from 85-100%. 

Metals root-to-shoot translocation (bioavailability) is the 

proportion of the soluble metals concentration in soil that is 

available for incorporation into biota. The bioaccumulation 

factor (BAF) is calculated by dividing the metal content in plant 

by the soluble metal content in the soil on dry weight basis [26], 

where metal concentration in soil is the concentration extracted 

using the mild solvent (calcium chloride, CaCl2) that represents 

soluble metals available to plants. 

Metal concentrations in SS mixed soil and plants grown in 

soil amended with SS for each of the three locations were 

statistically analyzed using ANOVA procedure (SAS Institute) 

[27] and the means were compared using Duncan’s multiple 

range test.  

3. Results and Discussion 

Table 1 shows the results of dual extraction procedures of 

trace metals from soils using an aggressive solvent (HNO3) 

that extracts total metals in soil and a mild solvent (CaCl2) 

that extracts metals from soil in their soluble forms that are 

available for plant uptake. To assess soil-to-plant transfer of 

various elements more accurately, the concentrations of the 

elements extracted from soil samples using CaCl2 was used 

in calculating metals uptake and their bioaccumulation factor 

(BAF). Although total elements concentrations in soils are 

vital, they are not always appropriate for the assessment of 

plant uptake, impact on human health, and side effects of 

trace metals present in agricultural products. In general, 

phytoavailable fractions of the soil elements comprise only 

part of total metals present in soil that is convenient for the 

assessment of metal accumulation in edible plants. 

Table 1. Concentrations of trace metals expressed as µg g-1 dry soil, 

extracted with nitric acid (HNO3) or calcium chloride (CaCl2) in soil 

amended with municipal sewage sludge at three locations in Kentucky. 

Element Extraction Meade Adair Franklin 

Cr HNO3 0.28±0.06 1.97±0.25 13.85±1.55 

 
CaCl2 0.19±0.00 0.97±0.02 5.85±0.95 

Mo HNO3 0.52±0.01 0.91±0.10 0.77±0.08 

 
CaCl2 0.22±03 0.59±0.06 0.03±00  

Zn HNO3 21.02±3.02 10.05±1.92 66.17±5.33 

 
CaCl2 11.02±1.20 4.85±0.95 23.04±1.51 

Cu HNO3 14.50±1.50 7.18±0.94 30.80±4.22 

 
CaCl2 5.56±1.05 2.78±0.26 9.07±0.85 

Each value in the table is an average of three replicates ± 

standard deviation. 

Soils in the three regions investigated in the present study 

have different organic matter content, pH, and cation 

exchange capacity (Figure 1) that impact nutrient availability 

to growing plants.  

Cr concentrations in plant grown in the Meade site ranged 

from 0.08 in been seeds to 1.4 µg g
-1

 dry tissue in onion 

bulbs (Figure 2, upper graph). Cr BAF of onion bulbs (7.1 µg 

g
-1

 dry tissue) was significantly greater than all the other 

plants tested at this site (bean pods, bean seeds, green pepper, 

green squash, yellow squash, onion leaves, tomato fruits, 

okra, and beets). 

As described earlier, BAF is defined as the concentration 

of a metal in plant tissue divided by metal concentration in 

soil. Therefore, BAF values > 1 indicates the ability of a 

plant to tolerate and accumulate a trace metal. Onion bulbs 

accumulated more Cr than onion leaves, although the surface 

area of the leaves is much greater compared to the bulb. This 

could be attributed to the proximity of the onion roots (bulbs) 

to the soil compared to the leaves. In soil, high 

concentrations of Cr can reduce seed germination [11] 

making arable land unproductive and unfertile. In addition, 

degradation of protein by high Cr in plants can result in an 

inhibition of nitrate reductase activity [28, 29], the enzyme 

that catalyzes the reduction of nitrate N to organic forms 

within the plant. Most soils contain significant amounts of Cr, 

but its availability to plants is highly limited. A higher Cr 

content was observed in the roots than in leaves or shoots. 

The root to shoot translocation of Cr was found quite limited 

due to the tendency of Cr 
3+

 to bind to cell walls of plants 

roots [20]. Symptoms of plant Cr toxicity are wilting of tops 

and root injury, chlorosis in young leaves, chlorotic bands on 

cereals, and brownish-red leaves are typical features. 

However, none of these symptoms was observed on any of 

the growing plants in the present investigation. According to 

Kabata-Pendias and Pendias, [20] the highest concentration 

of Cr, is usually supplied in two forms (Cr 
3+

 and Cr 
6+

), in 

roots of plants of the Brassicaceae family, and the lowest in 

roots of Allium sp. 

BAF is a useful indicator in screening plants for 

bioaccumulation (phytoremediation) through phytoextraction of 

trace metals from soil. The main attraction of using 

hyperaccumulator plants for phytoremediation is to remove and 

concentrate large amounts of a particular element from 

contaminated soil. Metal-tolerant plant species are a valuable 

and useful biological resource needed for soil remediation in 

many parts of the agricultural fields. Defining 

hyperaccumulation is based on concentration ratios [plant]/[soil] 

that exceeds 1.0. The aim in phtoremediation is to increase 

metals uptake from contaminated sites through translocation to 

the plant roots to shoots for soil cleanup [30-35]. 

Figure 2 (upper graph) also revealed that BAF of bean 

pods, onion leaves, and onion bulbs exceeded 1.0 reaching 

7.1 in onion bulbs when soil Cr concentration was 0.2 µg g
-1

 

dry soil. In normal soils, plant Cr is often <1 and rarely 

exceeds 5 µg g
-1

 [36]. However, there are some reports of Cr 

being accumulated by plants that contain 500-5000 µg g
-1

 Cr 

[36]. Figure 2 (lower graph) revealed that Mo concentrations 

ranged from 0.08 in onion bulbs to 1 µg g
-1

 dry tissue in bean 

pods and the Mo BAF values were lowest in onion bulbs 

(0.37) and highest in bean pods (4.5). Soil at this location 

contained 0.22 µg g
-1

 Mo available to plants at pH ranged 

from 5.1-7.3. In soil, the bioavailability of Mo is favored 

above pH 5.5 and impaired at lower pH, due to its adsorption 

to soil oxides [15]. Under low pH conditions, molybdate 

assimilation is limited resulting in Mo deficiency associated 

with reduced molybdo-enzyme activities and reductions in 
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plant growth and yield. Fortunately, this type of Mo 

deficiency can be compensated by fertilization with 

molybdate or by increasing the soil pH by liming (addition of 

CaO or CaCO3). Animals exposed to Mo in drinking water or 

while foraging for plants are likely to suffer from 

molybdenosis or Cu deficiency [37]. Humans exposed to Mo 

in food [38] or circumstances releasing high levels of Mo [39, 

40] are likely to suffer from anemia, anorexia, profound 

diarrhea, gout-like disease, and reduced sexual activity 

(United Kingdom Food Standards Academy) [41], and neural 

tube defects (birth defects of the brain or spinal cord). 

Excessive amounts of Mo can cause adverse reproductive 

effects [42-44]. 

 

Figure 2. Concentrations of Cr (upper graph) and Mo (lower graph) expressed as µg g-1 dry plant tissue ± standard deviation and bioaccumulation factor 

(BAF) of plants grown in soil amended with municipal sewage sludge at Meade site (Meade County, Kentucky, USA). 

Concentrations of Cu and Zn extracted from soil by HNO3 

were greater compared to those extracted by CaCl2 (Table 1). 

According to Verkleij et al. [45] there is a duality in plant 

tolerance to trace elements. Certain elements like Cu and Zn 

at low concentration are beneficial for plants either through 

improving plant growth, biofortification, or both, and in this 

way, they are beneficial for all living organisms in the food 

chain. Normal concentrations of Cu in plants are in the 

ranges 5-25 mg/kg [36]. 

Cu concentrations in plants grown in Meade area ranged 

from 7.7 in onion bulbs to 26 and 25 µg g
-1

 dry weight in 

tomato and yellow squash fruits, respectively with BAF 

values ranged from 1.4 in onion bulbs to 4.7 and 4.5 in 

tomato fruits and squash fruits, respectively (Figure 3, upper 

graph). The average Cu content in plant tissue is 10 µg g
-1

 

dry weight [46]. Toxic levels of Cu occur naturally in some 

soils as a result of anthropogenic release of trace metals into 

the environment through mining, smelting, manufacturing, 

agricultural activities, and waste disposal technologies. 

Chronic Cu toxicity is rare in humans, and mostly associated 

with liver damage. Acute Cu intoxication leads to 

gastrointestinal effects characterized by abdominal pain, 

cramps, nausea, diarrhea, and vomiting [47]. Minnich et al. 

[48] observed that the Cu concentration in shoot tissues of 

snap beans increased linearly with the Cu content of the 

sludge applied to soil. Removal of Cu by crops is negligible 

when compared to its content in soil. An average cereal crop 

removes Cu in amounts of about 20 to 30 g ha
-1

, whereas 

forest biomass removes about 40 g ha
-1

 year
-1

 [20]. The same 

authors also reported that the prediction of the Cu content of 

soil that results in toxic effects on plants is extremely 

complex. Before toxic symptoms and yield reductions are 

evident, the nutritive value of the crops having increased Cu 

levels seems to create the most significant health risk. 
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Figure 3. Concentrations of Cu (upper graph) and Zn (lower graph) expressed as µg g-1. dry plant tissue ± standard deviation and bioaccumulation factor 

(BAF) of plants grown in soil amended with municipal sewage sludge at Meade site (Meade County, Kentucky, USA). 

Zn concentrations ranged from 31 to 83 µg g
-1

 dry weight in 

onion leaves and green squash fruits, respectively (Figure 3, 

lower graph) among other vegetables grown in Meade location.  

Soluble Zn-organic complexes that occur particularly in 

municipal sewage sludge are very mobile in soils and 

therefore are easily available to plants [49]. Roots often 

contain much more Zn than do plant tops, particularly if the 

plants are grown in Zn-rich soils. With luxury Zn levels in 

soil, Zn may be translocated from the roots and accumulated 

in the tops of the plant. Zn is reported to be concentrated in 

chloroplasts, especially in some plants such as spinach. Zn is 

also accumulated in vacuole fluids and in cell membranes 

[50]. There is evidence that Zn influences the permeability of 

membranes and stabilizes cellular components and systems 

of microorganisms [51]. Zn stimulates the resistance of 

plants to dry and hot weather and to bacterial and fungal 

diseases [52]. Accordingly, Zn-deficient plants are more 

susceptible to diseases. Zn BAF in plants grown in Meade 

location exceeded 1.0. Figure 3, lower graph revealed that 

green and yellow squash fruits are two Zn hyperaccumulator 

plants. 

In Adair plants, leaves of tobacco grown in soil amended 

with SS contained the greatest Cr concentration (0.25 µg g
-1

 

dry tissue) compared to 0.06, 0.08, and 0.06 µg g
-1

 dry tissue 

in red potato, onion bulbs, and sweet potato, respectively 

(Figure 4, upper graph). This could be due to the large 

surface area of tobacco leaves g
-1

 dry tissues compared to 

edible tissues of plants tested at this site. Mo BAF values 

were < 1.0 in red potato, onion bulbs, and sweet potato 

(Figure 4, lower graph). Whereas Cu concentrations in plants 

grown in Adair ranged from 8.9-12.2 (Figure 5, upper graph) 

and Zn concentrations ranged 14.8-37.8 µg g
-1

 dry tissue, 

respectively (Figure 5, lower graph). Accordingly, all Cu and 

Zn BAF values were >1.0 in tobacco leaves reaching a 

maximum of 4.5 and 7.8, respectively. 

Concentrations of Cr in plants grown in Franklin location 

ranged from 0.04 in sweet potato to 0.72 in potato tubers 

(Figure 6, upper graph), whereas Mo concentrations ranged 

from < 0.01 in tomato fruits to 0.05 in pepper fruits (Figure 6. 

Lower graph). Overall, Cu and Zn concentrations extracted 

by CaCl2 from Franklin soil samples were high (9.1 and 23.0 

µg g
-1

 dry soil respectively) compared to other soil locations 

tested (Meade and Adair, Table 1). 

Cr BAF values were <1.0 in potato tubers, pepper fruits, 

onion bulbs, tomato fruits, broccoli heads, yellow squash, 

and sweet potato (Figure 6, upper graph). Mo BAF values 

were > 1.0 in pepper fruits (BAF 1.5), onion bulbs (BAF 

1.16), and sweet potato (BAF 1.18) (Figure 6, lower graph). 

Cu concentration in Franklin plants ranged from 6.5-30.0 

µg g
-1

 dry tissue with a maximum BAF value of 3.0 in onion 

bulbs (Figure 7, upper graph). As expected, Zn 

concentrations were high and ranged from 4.2 in sweet potato 

to 28.2 µg g
-1

 dry tissue in broccoli heads. However, Zn BAF 

values in all plants tested in Franklin location were all either 
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below or around 1.0 (Figure 7, lower graph). These numbers 

support Antonious et al. [21] report who also found that 

elevated concentrations of trace-elements in soil do not 

necessarily reflect metals available to plants. 

 

Figure 4. Concentrations of Cr (upper graph) and Mo (lower graph) expressed as µg g-1 dry plant tissue ± standard deviation and bioaccumulation factor 

(BAF) of plants grown in soil amended with municipal sewage sludge at Adair site (Adair County, Kentucky. USA). 

 

Figure 5. Concentrations of Cu (upper graph) and Zn (lower graph) expressed as µg g-1 dry plant tissue ± standard deviation and bioaccumulation factor 

(BAF) of plants grown in soil amended with municipal sewage sludge at Adair site (Adair County, Kentucky, USA). 
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Figure 6. Concentrations of Cr (upper graph) and Mo (lower graph) expressed as µg g-1 dry plant tissue ± standard deviation and bioaccumulation factor 

(BAF) of plants grown in soil amended with municipal sewage sludge at Franklin site (Franklin County, Kentucky, USA). 

 

Figure 7. Concentrations of Cu (upper graph) and Zn (lower graph) expressed as µg g-1 dry plant tissue ± standard deviation and bioaccumulation factor 

(BAF) of plants grown in soil amended with municipal sewage sludge at Franklin site (Franklin County, Kentucky, USA). 
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Regarding the permissible limits of trace metals in soil and 

edible plants, the world health organization (WHO) [53] 

reported that the desirable levels of Cr, Cu, and Zn in 

unpolluted soil should not exceed 100, 36, and 50 µg g
-1

 dry 

soil, respectively. Whereas these values should not exceed 1.3, 

10, and 0.6 µg g
-1

 dry edible plant tissue, respectively. 

Regarding Mo, plants vary widely in their requirements for Mo 

and their ability to extract it from soils. Sims [54] reported that 

Mo level in Kentucky plants was found at 0.3 µg g
-1

 dry tissue 

and generally detected at high level of 1.6 in Leguminous 

crops and 0.1-0.5 µg g
-1

 in non-Leguminous crops. In this 

investigation Cr in plants grown in the Meade, Adair, and 

Franklin sites was below the permitted level of 1.3 µg g
-1

 

tissue. Similarly, Mo concentrations were below the level in 

Leguminous crops and non-Leguminous crops at three sites 

tested. Other than onion bulbs, Cu concentrations were above 

the permissible level of 10 µg g
-1

 tissue in all plants grown in 

Meade site. At the Adair site, Cu was above the limit only in 

tobacco leaves. Whereas at Franklin site, Cu was above the 

limit in potato tubers, onion bulbs, and tomato fruits. The Zn 

permissible level in plants is 0.6 µg g
-1

 and this level was never 

achieved in any of the plants tested at the three sites. 

4. Conclusions 

Three field experiments were conducted at three locations 

in Kentucky (Adair, Meade, and Franklin Counties). The 

locations were selected in areas where commercial growers 

apply municipal sewage sludge (SS) biosolids as alternative 

source to mineral fertilizers. The main objectives were to 

assess the impact of soil incorporated with SS on Cu, Cr, Zn, 

and Mo concentrations in plants (green beans, pepper, green 

squash, yellow squash, tomato, onion, beet, and okra, tobacco, 

red potato, onion, and sweet potato, potato, pepper, onion, 

tomato, yellow squash, broccoli, and sweet potato) and 

determine the bioaccumulation factor (BAF) of each plant. 

The total metal concentration in soils after strong acid (HNO3) 

digestion was used as an overall soil pollution indicator, but 

provided no information on the solubility of metals in soil. A 

mild solvent (calcium chloride, CaCl2) was used to extract 

the readily soluble metal ions to monitor bioavailability of 

soluble metal uptake by plants. Crop species differed in their 

trace metal uptake from agricultural soils and accumulation 

in their tissues. This process of elemental flow from 

nonliving (soil particles) to the living compartments (plants) 

determines metals toxicity. Selecting plants with low BAF 

reduces metal concentration in edible plants and 

consequently in the food chain. Plants with high trace metal 

uptake have been recommended for phytoremediation [55]. 

In addition, organic amendments like biosolids have been 

recommended to reduce bioavailability of trace metals in 

soils due to their high content of organic matter [56]. Cr and 

Mo concentrations in plants grown at the three locations were 

low. Other than onion bulbs, Cu concentrations were above 

the permissible level of 10 µg g
-1

 tissue in all plants grown in 

Meade site. At the Adair site, Cu was above the limit only in 

tobacco leaves. Whereas at Franklin site, Cu was above the 

limit in potato tubers, onion bulbs, and tomato fruits. Results 

revealed that low metal accumulating plants might be 

appropriate selections for growing in Cr, Mo, Cu, and Zn-

contaminated soils. 
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