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Abstract: Results of research of effects of a chemical product which contains synthetic surfactants on plant 
seedlings are presented. The chemical product studied was a shampoo made in China, namely, Ginger 
Polygonum Multiflorum Nutrient Shampoo. This is a herbal shampoo that contains lauryl polyether 
ammonium sulfate, ammonium lauryl sulfate, and components of medicinal plants. Effects of this mixture 
chemical product on Vigna radiata were studied. It was shown that at some concentrations, water solutions 
of this chemical product produced toxic effects on the plant seedlings. At a concentration of 0.5% and after 
the 48-96 h exposure, the shampoo produced toxic effects and caused a more than 50% inhibition of the 
root elongation. The new results are in full accord with the previous experiments conducted by the research 
group of S.A. Ostroumov at Lomonosov Moscow State University. 
 
Keywords: plant science, phytotest, phytotoxicity, plant seedlings, aquatic toxicology, surfactants, bioassay, 
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Sažetak: Prikazani su rezultati istraživanja uticaja hemijskog proizvoda koji sadrži sintetičke tenzide na 
sadnice biljaka. Hemijski proizvod koji je proučavan bio je šampon proizveden u Kini, odnosno Ginger 
Polygonum Multiflorum Nutrient šampon. Ovo je biljni šampon koji sadrži lauril polieter amonijum sulfat, 
amonijum lauril sulfat i komponente lekovitih biljaka. Proučavani su učinci ovog hemijskog proizvoda na 
Vigna radiata. Pokazano je da su u nekim koncentracijama vodeni rastvori ovog hemijskog proizvoda imali 
toksične učinke na sadnice biljaka. U koncentraciji od 0,5% i nakon izloženosti od 48-96 sati, šampon je 
imao toksične učinke i uzrokovao više od 50% inhibicije produženja korena. Novi rezultati u potpunosti su u 
skladu s prethodnim eksperimentima koje je obavila istraživačka grupa S.A. Ostroumova na Moskovskom 
državnom univerzitetu Lomonosov. 
 
Ključne riječi: botanika, fitotest, fitotoksičnost, sadnice biljaka, vodena toksikologija, tenzidi, biološki test, 
opasnosti za životnu sredinu, ekotoksikologija, Vigna radiata.  
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INTRODUCTION  

In several previous publications, results of the 

bioassay of synthetic surfactants and surfactant-

containing chemical products were reported and 

facts about their phytotoxicity were discovered (Cai, 

Ostroumov, 2020, 2020a; Goryunova, Ostroumov, 

1986; Ostroumov, Khoroshilov, 1992; Nagel et al., 

1987; Ostroumov, Semykina, 1991; Maximov et al., 

1988, 1988a; Ostroumov, 1990, 2001, 2004, 2006; 

Ostroumov, Golovko, 1992; Ostroumov et al., 1995; 

Lazareva, Ostroumov, 2009; Ostroumov, Solomono-

va, 2013; Ostroumov, Kotelevtsev, 2015, 2015a; 

Solomonova, Ostroumov, 2007; Poklonov et al., 

2012). The concentrations of detergents and surf-

actants in water which produced toxic effects on a 

number of biological species were determined. 

Phytotesting approaches were used to characterize 

toxicity and environmental hazards from detergents. 

Recently these studies were continued using 

detergents and biological species Lens culinaris and 

Vigna radiata for bioassays (e.g. Cai, Ostroumov, 

2020, 2020a; Poklonov et al., 2012). It should be 

noted that surfactants and detergents are membra-

notropic chemical ecotoxicants. The molecular 

mechanisms of biological effects of them include 

interaction with biological membranes (Ostroumov, 

2001, 2006).  

The goal of this work was to study a herbal 

shampoo using a bioassay on Vigna radiata. The 

hypothesis to test was that the herbal shampoo may 

produce a toxic effect on the higher plant Vigna 

radiata.  

1. MATERIALS AND METHODS 

The chemical product that was tested in this 

work was a Chinese herbal shampoo, namely, 

Ginger Polygonum Multiflorum Nutrient Shampoo. 

It was manufactured by BAWANG International 

(Group) Holding Co., Ltd (Guangzhou, China). The 

nontransparent liquid shampoo appears brown 

color. The chemical composition of this commercial 

shampoo included the components: lauryl poly-

ether ammonium sulfate, ammonium lauryl sulfate, 

cocamidopropyl betaine, cocamide MEA, glycol 

distearate, PDMS (polydimethylsiloxane), fragran-

ce, sodium chloride, piroctone olamine, polyquat-

ernium-47, polyquaternium-10, DMDM hydantoin, 

panthenol, EDTA-Na2, methylparaben, zingiber of-

ficinal (a type of extract from ginger roots), polyg-

onum multiflorum (a Chinese medicine), and water.  

The method was described in detail in the mon-

ographs (Ostroumov, 2001, 2006) and our articles 

(Cai, Ostroumov, 2020, 2020a; Ostroumov, 1990). 

The seeds were put in Petri dishes. The tested 

water solutions of the chemical studied were added 

to the Petri dishes. The quantitative parameters of 

the seedling growth were measured and the aver-

age values and standard errors were calculated. 

Statistical data analysis was performed using Mic-

rosoft Excel 2019 Program.  

Number of seeds was 30 per Petri dish. For 

each concentration, there were three Petri dishes, 

each with 30 seeds. As a result, each concentrat-

ion was tested with 90 seeds in toto. 

The volume of the shampoo solution added to 

each Petri dish was 20 mL. 

The isometric volume (20 mL) of ultrapure water 

was used as the control. The ultrapure water was 

obtained using Heal Force Water Purification Sys-

tem (Canrex Analytic Instrument Co., Ltd, Shang-

hai, China).  

Temperature of the incubation of the Petri dis-

hes was 25.0±1.0 °C.  

Seed germination index (SGI) and root length 

index (RLI) that exemplified phytotoxicity index 

were described in Eq. (1) and (2),  

 

       

SGI =  
NT i − NC

NC
                                                                                                                               (1) 

                             

(1)

 
 

      

RLI =  
LT i − LC

LC
               

                              

(2)

 

where NT(i) and NC represent the number of germ-

inated seeds in test (i) and in control, and LT(i) and 

LC refer to the mean root length in test (i) and in 

control. Based on the published empirical value of 

risk assessment (Bagur-González et al., 2011; 

Mtisi, Gwenzi, 2019), the phytotoxicity can be sor-

ted into four classes such as:   

(1) slight (-0.25 ≤ SGI or RLI < 0),  

(2) moderate (-0.5 ≤ SGI or RLI < -0.25),  

(3) high (-0.75 ≤ SGI or RLI < -0.5), and  

(4) extreme toxicity (-1 ≤ SGI or RLI < -0.75).  

Other details of the method of the experiments 

were described in (Ostroumov, 2001, 2006). 

2. RESULTS AND DISCUSSION 

The main results are presented in Tables 1 and 

2. In Table 1, the average lengths of the roots of the 

seedlings after 48 h exposure are presented, as 

well as the standard errors. In Table 2, the analog-

ous data for the seedlings after 96 h exposure are 

given. 
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It is seen from Table 1 and 2 that the increased 

concentrations of the chemical tested (Ginger Poly-

gonum Multiflorum Nutrient Shampoo) produced 

increased toxicity on the biological species used, 

namely, the higher plant Vigna radiata. 

The increased concentrations induced a dec-

rease in the root length. 

The largest concentration tested (5%) produc-

ed the most pronounced toxic effect, both at 48h 

and 96h incubation time periods. 

The interpretation of the data obtained is pres-

ented in Table 3. 

The obtained results are in accord with the pre-

vious results of research projects conducted in the 

group of S.A. Ostroumov at Lomonosov Moscow 

State University (Cai, Ostroumov, 2020, 2020a; 

Goryunova, Ostroumov, 1986; Ostroumov, Kho-

roshilov, 1992; Nagel et al., 1987; Ostroumov, 

Semykina, 1991; Maximov et al., 1988, 1988a; 

Ostroumov, 1990, 2001, 2004, 2006; Ostroumov, 

Golovko, 1992; Ostroumov et al., 1995; Lazareva, 

Ostroumov, 2009; Ostroumov, Solomonova, 2013; 

Ostroumov, Kotelevtsev, 2015, 2015a; Solomo-

nova, Ostroumov, 2007; Poklonov et al., 2012). 

Previous data obtained in this group demonstrated 

phytotoxicity of surfactants and several surfactant-

containing chemical mixtures to higher plants, both 

terrestrial plants (Cai, Ostroumov, 2020, 2020a; 

Goryunova, Ostroumov, 1986; Ostroumov, Khoro-

shilov, 1992; Nagel et al., 1987; Ostroumov, Semy-

kina, 1991; Maximov et al., 1988, 1988a; Ostrou-

mov, 1990, 2001, 2004, 2006; Ostroumov, Golov-

ko, 1992; Ostroumov et al., 1995; Poklonov et al., 

2012) and aquatic macrophytes (Ostroumov, Solo-

monova, 2013; Solomonova, Ostroumov, 2007; 

Ostroumov, 2004, 2006). 

The new results obtained in the experiments 

described in this article discovered a new relevant 

example of toxicity of the chemical mixtures that 

contain membranotropic substances (synthetic 

surfactants). At concentrations 0.5% and more, the 

chemical product, namely, Ginger Polygonum 

Multiflorum Nutrient Shampoo, produced pronoun-

ced toxic effects of , which means that the hypo-

thesis formulated at the beginning of this article 

was correct and confirmed. 

  
Table 1 - The mung beans (Vigna radiata) test results for 48h exposure to various concentrations of the 
water solution of Chinese herbal shampoo (namely, Ginger Polygonum Multiflorum Nutrient Shampoo,  

20 mL) at 25.0±1.0⁰C 

Concentration 
(%)  

0.0 % (control) 0.1% 0.5% 1.0 % 5.0% 

Average length 
of root (mm)  

19.68 22.63 13.51 7.15 0.27 

Standard error 0.64 0.92 0.80 0.61 0.13 

SGI  0.00 -0.01 -0.04 -0.16 -0.93 

RLI  0.00 0.15 -0.31 -0.64 -0.99 

Note to Table 1. The numbers of seedlings, the roots of which were calculated to obtain the mean 
(average) length of roots were: n= 89 for 0.0% (control); n= 88 for 0.1% shampoo solution, n=85 for 0.5%, 
and n=75 for 1.0, n= 6 at 5.0% shampoo solution. 
 
 

Table 2 - The mung beans (Vigna radiata) tests for the 96h exposure to various concentrations of the 
water solution of the shampoo (namely, Ginger Polygonum Multiflorum Nutrient Shampoo, 20 mL) at 

25.0±1.0°C 

Concentration 
(%)  

0.0 % (control) 0.1% 0.5% 1.0 % 5.0% 

Average length 
of root (mm)  

58.47 50.48 22.36 8.19 0.35 

Standard error 1.70 2.24 1.38 0.66 0.13 

SGI  0.00 -0.01 -0.03 -0.08 -0.91 

RLI  0.00 -0.14 -0.62 -0.86 -0.99 
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Table 3 - Interpretation of the data obtained in our experiments after 96h exposure of the seedlings of 
Vigna radiata to various concentrations of the chemical product tested, namely, Ginger Polygonum 

Multiflorum Nutrient Shampoo (see Table 2) 

Concentration (%) of the 
chemical product tested 

Interpretation of the results of 
the phytotest in this study 

Comments 

0 No toxicity No inhibition of growth 

0.1 Slight toxic effect A slight inhibition of growth 

0.5 A pronounced toxicity Inhibition of growth almost 50% 

1.0 Strong toxicity 
Inhibition of growth more than 

50% 

5.0 Lethal effect No root growth observed; 

 

It worth mentioning that the chemical mixture 

which was tested in this research project, namely, 

the herbal shampoo (namely, Ginger Polygonum 

Multiflorum Nutrient Shampoo), is a broadly used 

body-care product. 

The chemical products of this type are manuf-

actured and sold in large quantities. The discharge 

of these chemicals into aquatic bodies and streams 

is substantial. The aquatic pollution with these che-

micals is significant. Therefore, the potential envir-

onmental impact of the water pollution with these 

type of chemicals is of increasing concern.  

As for the molecular mechanisms of biological 

effect of this mixture product and its constituents, 

the goal of this study did not include these issues. 

However it is a well-documented fact that synthetic 

surfactants and detergents can intercalate into lipid 

bilayer or other parts of biomembranes and by do-

ing so may change relevant structural and functi-

onal parameters of the biomembranes (Ostroumov, 

2001, 2006). As a result there are serious reasons 

to consider these chemicals membranotropic ag-

ents. 

The environmental and ecotoxicological cons-

iderations associated with water pollution with sur-

factants and surfactant-containing chemical prod-

ucts were analyzed in detail in the previous publi-

cations, namely, the monographs (Ostroumov, 

2001, 2006). The new results presented here prov-

ide a further substantiation to the main conclusions 

made in these monographs.  

CONCLUSION   

• The phytotest with Vigna radiata was suc-

cessfully applied to detection and quantif-

ication of potential toxicity of a shampoo. 

• The hypothesis formulated at the beginning 

of this article was confirmed. 

• It was found the the phytotest with Vigna 

radiata is an effective method to quantitat-

ively study biological (phytotoxic ) effects of 

the shampoo. 

• It was discovered that at certain concentrat-

ions (0.5% and more) and time exposures 

(48 h and more) the chemical tested, nam-

ely, the Chinese herbal shampoo, Ginger 

Polygonum Multiflorum Nutrient Shampoo, 

produced toxic effects on the plant seedl-

ings (Vigna radiata). 

• There are extracts of medicinal plants in the 

herbal shampoo. However, there presence 

does not nullify the toxic effects from this 

shampoo. 
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