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Abstract The acute toxicity of potassium thiocyanate

(KSCN) and ammonium thiocyanate (NH4SCN) to rice

seedlings was tested. Hydroponically-grown plants showed

different responses to the two species of thiocyanate.

NH4SCN caused more severe stress to rice seedlings than

KSCN. A significant reduction in transpiration and relative

growth was observed with all NH4SCN treatments

(p \ 0.01), while the effect of KSCN on rice seedlings was

more evident at greater than 100 mg SCN/L (p \ 0.01).

Both chemicals had a negligible effect on total chlorophyll

content in shoots of rice seedlings (p [ 0.05). Although

phyto-transport of thiocyanate was apparent, rice seedlings

showed significantly higher removal potential for NH4SCN

than KSCN.
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A natural source of thiocyanate (SCN-) has been observed

in plants during the in vivo biological detoxification of

cyanide (Boening and Chew 1999; Sorokin et al. 2001).

However, the majority is derived from photofinishing,

herbicide and insecticide production, dyeing, acrylic fiber

production, manufacturing of thiourea, metal separation

and electroplating (Hung and Pavlostathis 1998). The

extensive output from industrial activities has led to its

widespread occurrence in wastewater, which may result in

serious environmental problems (Lee et al. 2008). It is

evident that thiocyanate occurs as a primary constituent in

industrial coke-oven wastewater at concentrations of

50–650 mg/L (Chakraborty and Veeramani 2006). The

toxicity of thiocyanate to various animal species is well

documented (Watson and Maly 1987; Speyer and Ray-

mond 1988; Bhunia et al. 2000). Because of its strong

binding tendency to protein, thiocyanate causes inhibition

of halide transport to the thyroid gland, stomach, cornea

and gills of fish (Katz et al. 1982; Heming et al. 1985). It

also acts as non-competitive inhibitors to block a variety

of enzymatic reactions (Wood et al. 1998; Lee et al. 2008).

Additionally, thiocyanate affects the nervous system in

humans, causing irritability, nervousness, hallucinations,

psychosis, mania, delirium and convulsions (Boening and

Chew 1999). However, nothing is known yet about the

phytotoxicity of thiocyanate. The objectives of this study

were to investigate responses of plants to thiocyanate using

rice seedling grown hydroponically, and to estimate phyto-

removal potential for thiocyanate.

Materials and Methods

Seeds of rice (Oryza sativa L. cv. XZX 45) from the Hunan

Academy of Agricultural Sciences, PR China after cleaning

were planted in sandy soils at 25�C until shoots appeared.

After another 15 days of growth, young rice seedlings with

similar height and weight were transferred to a pre-treat-

ment solution containing 1 mM CaCl2 ? 2 mM MES-

TRIS buffer (pH 6.0) for 4 h to clear the cell wall space of

ions (Ebbs et al. 2008), and then ten rice seedlings were

transferred into a 50 mL Erlenmeyer flask filled with

50 mL modified ISO 8692 nutrient solution (Yu and Gu

2007). The plants were first conditioned for 24 h to allow

adaptation to the new environmental conditions. The flasks

were all wrapped with aluminum foil at the flask mouth to
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prevent escape of water, and the flask wall to inhibit

potential growth of algae inside. All flasks were housed in a

plant growth chamber with constant temperatures of

25 ± 0.5�C and a relative humidity of 60% ± 2% under

continuous artificial light. Then, the nutrient solution in

each flask was replaced by spiked solution, except for the

controls. Potassium thiocyanate (KSCN) and ammonium

thiocyanate (NH4SCN) (Sinopharm Chemical Reagent Co.,

Ltd., Shanghai, PR China) of analytical grade with C98.5%

purity were used. For each testing chemical, six difference

concentrations were applied. For each treatment concen-

tration, four replicates were prepared. Exposure periods

were 48 h.

The concentrations of thiocyanate in solutions were

determined spectrophotometrically by a standard method

(State Environmental Protection Administration of China,

1989, method number GB 7487-87).

Mean measured initial concentrations of SCN- in

treatments spiked with KSCN: 0, 25.3(SD: 0.68), 50.3(SD:

0.79), 100(SD: 8.47), 150(SD: 13.0), and 200(SD: 11.5) mg

SCN/L. Mean measured initial concentrations of SCN- in

treatments spiked with NH4SCN: 0, 25.2(SD: 0.71),

50.1(SD: 2.76), 100(SD: 7.39), 150(SD: 4.34), and 200

(SD: 8.05).

Transpiration and biomass growth of rice seedlings were

used as endpoints for phytotoxicity determination. The

weight loss of the plant-flask system was expressed as the

transpiration rate (g/d). Relative growth (%) was calculated

from the weight change of rice seedlings with respect to the

initial weight. Total chlorophyll content in shoots of rice

seedlings were also measured (Yu and Gu 2007).

Results and Discussion

Figures 1, 2 and 3 show the changes of selected parameters

of rice seedlings exposed to KSCN and NH4SCN. Com-

pared with the non-treated seedlings, a remarkable reduc-

tion in transpiration was observed (p \ 0.01) with all

NH4SCN treatments (Fig. 1), while a significant reduction

in transpiration was only detected with rice seedlings

exposed to KSCN at greater than or equal to 100 mg SCN/L.

Although all plants showed positive growth, a significant

declining trend in relative growth of rice seedlings was

observed in both thiocyanate treatments with increased

concentrations (Fig. 2). Visible toxic symptoms of chlo-

rosis were not observed in any of the treatments at the

termination of 48-h exposure. Indeed, the changes in total

chlorophyll content were negligible in shoots of rice

seedlings exposed to KSCN and NH4SCN (p [ 0.05),

compared with non-treated seedlings (Fig. 3).

The removal rates of KSCN and NH4SCN from the rice

seedling growth media are presented in Fig. 4. Phyto-

removal rate (lg SCN/g FW. h) was positively related to

doses of the applied KSCN and NH4SCN (B150 mg SCN/

L), while the highest concentrations of 200 mg SCN/L

impaired the removal rate significantly in both treatments

(p \ 0.01).

The results presented here indicated that rice seedlings

showed different responses to the two species of thiocya-

nate. Indeed, NH4SCN caused more severe stress to rice

seedlings than KSCN, showing a significant difference in

relative growth between the two thiocyanate treatments

(p \ 0.01).

Fig. 1 Transpiration rates of rice seedling exposed to thiocyanate for

48 h. The values are the mean of four replicates. Vertical lines
represent standard deviation. ‘‘a’’ refers to the significance difference

between KSCN treatments and the control (p \ 0.01). ‘‘b’’ refers to

the significance difference between NH4SCN treatments and the

control (p \ 0.01)

Fig. 2 Relative growth of rice seedling exposed to thiocyanate for

48 h. The values are the mean of four replicates. Vertical lines
represent standard deviation. ‘‘a’’ refers to the significance difference

between KSCN treatments and the control (p \ 0.01). ‘‘b’’ refers to

the significance difference between NH4SCN treatments and the

control (p \ 0.01)
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It is known that thiocyanate can be used as a source of

energy, nitrogen, and carbon by microorganisms (Hung and

Pavlostathis 1998; Sorokin et al. 2001; Kwon et al. 2002;

Lee et al. 2008). Biodegradation of thiocyanate is evident

(Sorokin et al. 2001; Bezsudnova et al. 2007), in which

thiocyanate hydrolase (SCNase) catalyzes hydrolysis of the

nitrile bond of thiocyanate, with the formation carbonyl

sulfide (COS) and ammonia (Bezsudnova et al. 2007;

Arakawa et al. 2007). An endogenous source of thiocyanate

has been observed in tissues of cyanogenic plants during

cyanide detoxification (Boening and Chew 1999; Bezsud-

nova et al. 2007). The organisms carrying thiocyanate-

degrading ability are considered to be distributed widely

(Katayama et al. 2006). We therefore have good reasons to

propose that plants would be able to metabolize thiocya-

nate in vivo. Indeed, phyto-transport of thiocyanate was

apparent in our work. It is also of interest to note that rice

seedlings showed significantly higher removal potential for

NH4SCN than KSCN (p \ 0.01). This could be an expla-

nation why NH4SCN caused more severe effects on rice

seedlings than KSCN. Results also suggest that the pres-

ence of NH4
+ and K? in nutrient solutions may play dif-

ferent roles on the botanical removal of thiocyanate

(SCN-).
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