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Phytotoxicity assessment plays an important role in envi-

ronmental monitoring and risk assessment of metal-con-

taminated places. Since, only a few guidelines are available

for the assessment of heavy metal phytotoxicity (Römbke

and Moltman, 1996), quality-controlled toxicity data using

standardized methods are actually quite rarely reported in

the literature. Efroymson et al., (1997) developed toxico-

logical benchmarks for screening the effects of contami-

nants that have the potential to arouse concern. This

included the effect of certain heavy metals on terrestrial

plants. They also reviewed phytotoxicity data derived from

experiments conducted in nutrient culture and spiked soils

(Efroymson et al., 1997). Phytotoxicity tests generally use

toxicological endpoints such as root and shoot growth,

biomass production and germination percent. However,

physiological responses of plants to toxic metals consist

not only of growth and production inhibition, but also in

intensity alterations of various physiological parameters,

e.g.. photosynthetic activity, chlorophyll fluorescence and

some enzyme activity in plant tissues (Vassilev et al.,

1998), which are not yet standardized (Hartley-Whitaker

et al., 2001). Also, relationships between metal toxicity and

metal tissue concentration have so far been poorly char-

acterized.

This article describes the chronic toxicity of wastewaters

from washing reservoirs of a cutlery production line to

terrestrial mustard plant seedlings (Sinapis alba L.). Root

and shoot growth inhibition, fresh and dry mass production,

and water content were used as observed parameters. All

contamination of tested washing wastewaters came from

heavy metals (Ni, Cr), non-polar extractable compounds

(NEC; residues of oils and waxes from polishing of

stainless steel cutlery) and detergents (used for cutlery

degreasing). Since the tested wastewater was previously

classified without verification as dangerous, it is necessary

to question the justice of such classification under the new

legislation for waste management (Waste Law No. 223/

2001, Slovak Republic).

Material and Methods

Mustard (Sinapis alba L.) seeds, obtained from Central

Control and Testing of the Institute of Agriculture in

Bratislava, Slovak Republic, were germinated in Petri

dishes with a 9-cm diameter and lined with filter paper.

Washing wastewaters for inhibitory tests were used in ten

varying concentrations (from 1 to 150 mL/L) and tap water

(80 mg/L Ca, 27 mg/L Mg; pH 7.3 ± 0.05) was used for

their dilution. In each Petri dish 20 healthy-looking seeds

of similar size were spread on filter paper and flushed with

5 mL of tested washing wastewater. Normal tap water was

used as the control. The covered Petri dishes were placed in

a dark thermostat (25 oC; air humidity 80%) and, after 72

hr, root and shoot lengths were measured.

Basically the same procedure utilized for growth inhi-

bition was used to determine the dry mass and water

content. In these tests, Petri dishes with a 17-cm diameter,
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and lined with filter paper and a plastic net were used. They

contained 50 seeds and 50 mL tested washing water, and

they were placed in a dark thermostat. After 72 hr, Petri

dishes with germinated seeds were transferred from the

thermostat into the laboratory box with a day-light cycle

and a constant temperature of 23 ± 1�C. The dishes were

shielded from direct sunlight and cultivation lasted for the

next 7 days. After 10 days growth (3 + 7) the plants were

divided into roots and shoots and the fresh mass was

immediately weighed. The plant material was then dried in

a drying plant (80�C) to a constant weight. The water

content of the plants was determined on the basis of fresh

and dry mass using Drazic and Mihailovic’s equation

(2005):

WC¼ðFM � DMÞ=DM

where WC, water content; FM, fresh mass; DM, dry mass;

in g/g DM).

The tested samples comprised three different samples of

wastewater from washing reservoirs of a cutlery production

line mainly polluted by heavy metals (Cr, Ni). Heavy metal

content in wastewater is required to be disposed of as

hazardous liquid waste. The total metal and non-extract-

able organic compounds (NEC) contents are shown in

Table 1. The first two reservoirs (R1, R2) collected

wastewaters from degreasing baths, where the cutlery was

degreased from residual oils and furniture creams (Polo

Titan produced by Triumph Partizánske, Slovakia – mix-

ture of tensides, alkali and water), while the third reservoir

(R3) collected waters from the final cutlery washing pool.

All toxicity tests were carried out in triplicate, and they

included a tap water control. Chronic toxicity was assessed

by the inhibition of root and shoot growth, and the results

were evaluated by the Gryck-Haustein method. IC50

concentrations and their 95% confidence intervals (CI)

were determined. The results were statistically evaluated

using the Toxicity 3.01 and the Adstat 2.0 programs. A ttest

was used to assess the significant difference between the

control and other treatments (P £ 0.05). The data was

expressed as the average ± the standard deviation (SD).

Results and Discussion

This study was carried out to determine the adverse effects

of wastewater from washing reservoirs of a cutlery pro-

duction line to S. alba seedlings. Since the main contami-

nants in these waters were Cr and Ni, the adverse effects

were related to these heavy metals. The deleterious effect

was expressed as root and shoot growth inhibition couched

in regression analysis calculated IC50 values (Table 2). On

the basis of these values, and their statistical evaluation,

waste washingwaters can be arranged for both measured

parameters in the following order of inhibition: R1 > R2 >>

R3. Both root and shoot prolongation was most inhibited

by wastewater from the R1 reservoir, which collected

wastewater from degreasing baths. Here, the cutlery was

firstly degreased of residual oils and furniture creams. In

this reservoir, the metal concentration of Cr and Ni was

more than twice as much as that in the R2 reservoir, which

collected wastewater from degreasing baths where the

cutlery was moved from the R1 reservoir and washed a

second time. However, the R3 reservoir collected water

from the final cutlery washing–pool, where the metal

concentration was very low. It was evident that the toxicity

of wastewaters decreased with decreasing metal concen-

tration from the start to the end of the cutlery washing line.

All wastewaters reduced more root than shoot growth.

The presence of Cr and Ni in the external environment

leads to changes in the growth and development pattern of

plants, and both these metals are reported to be very toxic

for root and shoot growth (Fargašová, 1994; 1998). Ni in the

presence of up 0.1 lM NiCl2 inhibited root and shoot

elongation of canola and tomato seedlings, and the roots

appeared more sensitive then the shoots (Burd et al., 1998).

Prasad et al. (2001) reported that the root length in Salix

viminalis was affected more by Cr than by Cd and Pb; and

Fargašová (1994) stated that the Cr adverse effect on S. alba

Table 1 Composition of tested washing wastewater from cutlery

production line

Sample Cr (mg/L) Ni (mg/L) NEC (mg/L)

R1 41.6 50.2 1.78

R2 18.8 6.52 2.24

R3 0.3 0.255 6.49

NEC, non-polar extractable compounds

Table 2 IC50 values and their 95% confidence intervals (CI) (mL/L) and Cr/Ni content (mg/L) for wastewaters from cutlery washing line after

72 hr application; the mean of three determinations with a standard deviation 6% or less

R1 R2 R3

IC50 (95% CI) Cr/Ni IC50 (95% CI) Cr/Ni IC50 (95% CI) Cr/Ni

Root 8.35 (6.83–9.72) 0.35/0.42 17.66 (17.17–18.3) 0.33/0.12 48.45 (46.76–50.0) 0.15/0.01

Shoot 12.56 (12.1–13.61) 0.52/0.63 14.43 (14.0–15.07) 0.27/0.09 52.46 (50.3–54.48) 0.16/0.01
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root growth was equal to that of Hg, and stronger than that

of Cd and Pb, while Ni reduced root length less than Cr

(Fargašová, 1998). The EC50 values established by Far-

gašová (1998) were at least 10 times higher than those

observed for washing wastewaters from this cutlery pro-

duction line. These values indicate a strong synergistic ef-

fect between Cr and Ni, as well as a NEC supported adverse

effect. However, root growth was reported as a more sen-

sitive indicator of metal toxicity than shoot growth (Burd

et al., 1998; Chatterjee and Chaterjee, 2000). Herein, this

was significantly confirmed only for washing water from

the R1 reservoir. The general response of decreased root

growth due to Cr and other metal toxicity may be evoked by

the inhibition of root cell division/root elongation or by the

extension of the cell cycle in the roots. Under high con-

centrations of Cr, Ni and many other heavy metals, the

reduction of root growth may be due to the direct contact of

seedlings roots with metal present in the medium, causing

collapse, and subsequent inability of roots to absorb water

from the medium (Barcelo et al., 1986).

Adverse effects of Cr, Ni and other metals on plant

height and shoot growth were published by Rout et al.

(2000), Barton et al. (2000) and Sharma and Sharma

(1996). The significant reduction in plant height of S. alba

observed in this present research was also reported for this

plant by Hanus and Tomas (1993) when the Cr level was

present at concentrations of 200 or 400 mg/kg soil, with

accompanying N, P, K and S fertilizers. The reduction in

plant height may be due mainly to the reduced root growth

and consequent lesser nutrient and water transport to the

shoots. Additionally, Cr and Ni transport to the aerial part

of plant can have a direct impact on the cellular metabo-

lism of shoots, thus contributing to the reduction in plant

height (Shanker et al., 2005).

The main prerequisite for a higher yield in plants is an

increase in biomass production in terms of dry matter.

Tested washing wastewaters influenced the dry and fresh

mass production of both parts of S. alba seedlings (Fig. 1).

With increasing wastewater concentration, a reduction in

root dry mass was observed for all washing waters,

whereas the dry mass of shoots in the majority of applied

concentrations was either not affected, or it increased. The

washing water from reservoir R3 showed the strongest

stimulatory effect mainly on shoot growth – 140% more

than that on the control, even in a concentration of

25 mL/L. A reduction in shoot dry mass was determined

only for wastewaters from the R1 and R2 reservoirs in

concentrations of higher than 60 and 40 mL/L, respectively

(Fig. 1, DM). The effect of tested washing waters was

stronger on fresh mass production than on dry mass pro-

duction (Fig. L, FM). This indicates problems in water

reception and translocation. Again, root fresh mass pro-

duction was reduced more strongly than that of shoots.

Only washing water from the R1 reservoir seriously re-

duced the production of shoot fresh mass. The weakest

inhibitory effect was observed in washing water from the

Fig. 1 Dry (DM) and fresh

mass (FM) production [%] and

their polynomic trend lines after

10 days growth in the presence

of tested washing wastewaters

(H, shoot; R, root; C, control);

mean of three determinations,

standard deviation 6% or less
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R3 reservoir. These results agree with those of the cabbage

(Brassica oleacera L.) reported by Pandey and Sharma

(2002), where the root dry mass was diminished by a nickel

excess. They also correlate with those stated by Bennicelli

et al. (2004) for the water fern Azolla caroliniana, with its

biomass reduction in the presence of chromium. It was

found that dry matter production in Vallisneria spiralis L.

was severely affected by Cr(VI) concentrations above

2.5 lg/mL in the nutrient medium (Vajpayee et al., 2001),

which indicates at least a 10 times higher value than that

for the adverse effects of washing waters on S. alba dry

mass production. Zurayk et al. (2001) reported that salinity

and Cr(VI) interaction caused a significant decrease in the

dry biomass of Portulaca oleracea; and Chatterjee and

Chatterjee (2000) found a restriction in dry biomass pro-

duction in the cauliflower (cv. Maghi) when it was culti-

vated in 26 mg/L Cr(VI). Kočı́k and Ilavský (1994) stated

that dry matter production in sunflower, maize and Vicia

faba was not markedly affected in 200 mg Cr(VI)/kg soil.

Supporting the experiments with young seedling described

here, a distinct reduction in dry biomass was also reported

by Hanus and Tomas (1993) for the flowering stage of S.

alba when Cr(VI) was introduced at rates of 200 or 400

mg/kg soil along with N, P, K and S fertilizers. Phaseolus

vulgaris and maize plants exposed to 1 lM Cr(III) showed

a higher root and leaf dry weight (DW) than controls, and

this DW increase was more pronounced in Fe-deficient

conditions (Barcelo et al., 1993). In this study of S. alba,

the increase in dry mass was exhibited in the majority of

washing wastewater concentrations utilized.

The effect of Cr and Ni on plant processes during their

early growth and development culminates in a reduction of

yield and total dry mass due to poor production, translo-

cation and apportioning of assimilates to the economic

parts of the plant. The negative effect on yield and dry

matter is essentially an indirect effect of Cr and Ni on

plants. The overall adverse effect of Cr on the growth and

development of plants may be serious impairment of the

uptake of mineral nutrients and of water, which leads to

deficiency in the shoots. Wilting of various crops and plant

species due to Cr toxicity has been reported (Turner and

Rust, 1971), but little information is available on the exact

Fig. 2 Relation between dry

(DM) and fresh mass (FM) [%]

and their polynomic trend lines

after 10 days growth of S. alba
seedlings in the presence of

tested washing wastewaters

from a cutlery production line

(H, shoot; R, root; C, control);

mean of three determinations,

standard deviation 6% or less

Fig. 3 Water content (g/g DM)

in roots and shoots of S. alba
seedlings and their polynomic

trend lines after 10 days growth

in the presence of tested

washing wastewaters from a

cutlery production line (H,

shoot; R, root; C, control); mean

of three determinations,

standard deviation 6% or less
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effect of Cr and Ni on water relationships in higher plants.

When the relationship between dry and fresh mass was

determined herein (Fig. 2), the dry mass fraction increased

as the concentration of tested washing water increased.

This indicates a reduction in water uptake and translocation

through the plant. Water content reduced very rapidly in

comparison to that in control seedlings, and this occurred

mainly in the roots where water content varied with tested

water concentrations (Fig. 3). Water content in the shoots

was not significantly reduced in the presence of tested

wastewaters (Fig. 3). It can be concluded that tested

washing wastewaters containing Cr and Ni inhibited water

absorption by the root, but not water translocation into the

upper seedlings parts. These results agree with the Chat-

terjee and Chatterjee (2000) conclusion, that excess Cr

decreases the water potential and transpiration rates, and

increases diffusive resistance and relative water content in

cauliflower leaves. However, Barcelo et al. (1985) ob-

served a decrease in leaf water potential in a Cr treated

bean plant. Decreased turgor and plasmolysis was also

observed in the epidermal and cortical cells of bush bean

plants exposed to Cr, because toxic levels of Cr decreased

tracheary vessel diameter, thereby reducing longitudinal

water movement (Vazques et al., 1987).

Tests confirmed that the toxicity of the tested waste-

waters declined in direct relationship to the decrease in Cr

and Ni content. Since the toxicity of the presented waste-

waters from the metal surface finishing was confirmed,

they were designated as hazardous waste by legally as-

signed persons.
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