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Abstract

The present study examined the chlorophyll content in a 7-day
contact time experiment series. Lemna minor was exposed
to caffeine, benzophenone, bisphenol A, 3,4-dichlorophenol,
metamizole-Na, Na-diclofenac, acetochlor, atrazine, diuron,
metazachlor and metolachlor to find a convenient sensitive
response to the tested chemicals including some emerging
micropollutants. The results demonstrated the differences in
sensitivity to the tested micropollutants. As anticipated the
industrial chemicals and the pesticides were the most toxic.
The lowest observed effect concentration (LOEC) values deter-
mined for 3,4-dichlorophenol, acetochlor, diuron, metazachlor
and metolachlor were 2.5 ug/L, 0.05 ug/L, 0.5 ug/L, 5 ug/L
and 0.5 pg/L, respectively. These values were comparable
with the environmental concentrations reported in literature.
Our study provides valuable information on the feasibility of
Lemna minor total chlorophyll method as a sensitive and reli-
able bioassay for testing toxicity at ug/L range and it may sup-
port risk assessment of organic micropollutants in freshwater
ecosystems.
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1 Introduction

Pollution of the aquatic ecosystems is a serious problem
worldwide. Many articles report about micropollutants found
in treated wastewaters, drinking water and surface or subsur-
face waters at trace concentrations. These chemical substances
represent possible environmental and human health risk [1-4].
Emerging pollutants (EPs) are referred to as new chemicals
because they have recently been analyzed and their impact on
human health and environment are not understood properly [5].
The main sources of these emerging pollutants and pesticides
are from industrial, municipal and agricultural applications
[1-3,6]. Municipal wastewaters and hospital effluents may con-
tain pharmaceuticals, personal care products (PPCPs), indus-
trial additives and pesticides, etc. which cannot be eliminated
by the conventional wastewater treatment technologies [7-13].

Many micropollutants and the above mentioned EPs have no
regulatory status and most of them are not considered priority
pollutants of concern. So the importance of detecting contami-
nants in the environment and studying their impacts has resulted
in the development and adoption of numerous chemical analyti-
cal and ecotoxicological methods [14,15]. Chemical analytical
methods have several limitations. The chemical analytical meth-
ods do not take into account changes in exposure and availability
of pollutants therefore they do not provide ecologically relevant
information. Moreover the sample preparation is a complex
procedure and chemical analysis needs expensive equipment
and reagents [16,17]. To compensate these drawbacks numer-
ous ecotoxicological tests including also plants tests have been
developed and applied to investigate the adverse effects of the
above mentioned chemical substances [4,16,18-21].

The objective of this work was to identify the environmental
toxicity of different micropollutants, especially emerging pol-
lutants and pesticides to the Lemna minor aquatic macrophyte.

Aquatic and terrestrial plants are sensitive test organisms
to numerous environmental pollutants and have been used for
monitoring the toxic effects in water quality studies. Freshwater
plants are considered usually less sensitive to chemicals than
animal species, but aquatic macrophytes were found to be more
sensitive to some toxic metals and pesticides than fish [22,23].
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Duckweeds (Lemnaceae) are key components of freshwa-
ter ecosystems. Lemna minor compared to algae is a new test
organism, which is widespread all over the world; it is a vas-
cular plant floating on the water surface. Two different spe-
cies are widely applied in ecotoxicity studies, the L. minor and
L. gibba. Because of its small size, simple structure (root and
leaves) and thanks to its vegetative propagation and easy cul-
tivation L. minor is an ideal test organism. The doubling time
of the leaves is between 0.35-2.8 days, the tests are simple and
cost effective. There are a number of different test methods
applying L. minor for environmental toxicology assessment.
The duration of these tests is usually 4—7 days. The most com-
monly measured parameters are the frond number, biomass
production, leaf diameter and root length [24,25].

Inrecent years, scientists have primarily dealt with the effects
of heavy metals on Lemna species, using different measurement
endpoints. Drost et al. [26] studied the effect of heavy metals
applying fluctuating concentrations in time, thereby modelling
the exposure of the test organism to varying pollutant concen-
trations in the environment. They found that at low pollutant
concentrations a so-called recovery phase occurs. After 7 days
of exposure Cd and Cu resulted in EC,=1.9 and 9.7 uM respec-
tively, Ni and Zn resulted in EC,=56.3 and 46.1 pM respec-
tively in case of growth rate toxicity endpoint. Dirilgen [27]
found that the simultaneous application of lead and mercury
caused synergistic toxic effects on L. minor growth rate, mutu-
ally reinforcing each other.

The EC, (7 days) value for Pb was 5.5 mg/L, while the
EC, (7 days) value for Hg was 0.48 mg/L. Horvat et al. [28]
studied the feasible utility of L. minor for multi-component
samples containing heavy metals. The applied toxicity end-
points were relative growth rate, Nfronds/Ncolonies ratio, dry
to fresh weight ratio and frond area. They also measured guai-
acol peroxidase activity as early indicator of oxidative stress.
Their results indicate that not only single-component samples,
but multi-component samples containing heavy metals can be
studied successfully. Park et al. [17] developed, proposed and
applied a novel method applying root re-growth as a sensitive
endpoint for testing toxicity of metals. For Ag the EC, value
was 5.3-37.6 ug/L, for Cu EC,=470.4 pg/L. Gubbins et al.
[29] studied the toxic effects of nano-silver on L. minor, the
results showed that nanomaterials may have harmful effects
on the ecosystem. 5 pg/L silver nanoparticle caused inhibition
of plant growth which became higher with a longer exposure
time. Radic et al. [20] determined the toxicity and genotoxic-
ity of surface water samples using L. minor applying growth
parameters and other endpoints such as pigment content, per-
oxidase activity, lipid peroxidation and alkaline comet assay.
Juneau et al. [30] determined the toxicity of various water sam-
ples measuring the total chlorophyll fluorescence of L. gibba.
An alga species (C. ehrenbergii) proved to be 400 times more
sensitive to hydrophobic components than L. gibba.

The single or joint toxicity of different pesticides and deg-
radation products to the aquatic environment has been also
widely investigated/tested using Lemna species [16,21,31-35].
Toxic effect of pesticides was generally evaluated by growth
inhibition, but sometimes the sensitivity of this endpoint was
not adequate compared to the environmentally realistic effect
concentration values.

Currently, little literature is available on the potential hazard-
ous effect of emerging pollutants on Lemna species. Although
Cedergreen et al. [36] and Gorzerino et al. [37] tested the toxic-
ity of various pesticides on L. minor, their studies did not cover
any emerging pollutant type such as pharmaceuticals, indus-
trial additives and agents or personal care products.

Brain et al. [38] studied eight different pharmaceuticals
(atorvastatin, acetaminophen, caffeine, sulfamethoxazole, car-
bamazepine, levofloxacin, sertraline, and trimethoprim). In case
of L. gibba a clear concentration-effect was observed.

Table 1 shows the Lowest Observed Effect Concentration
(LOEC), the No Observed Effect Concentration (NOEC) and
the median effective concentration (EC, ) data from current lit-
erature concerning the investigated substances in our research.

Concerning these facts L. minor is a promising test organ-
ism to study the effect of micropollutants. The main objective
of our study was to provide information on different micro-
pollutants including several emerging compounds and pesti-
cides applying the total chlorophyll content as endpoint in the
Lemna minor growth assay, which according to the current lit-
erature is scarcely applied for the testing of micropollutants.

Table 1 Selected EC_, NOEC and LOEC values from current literature about
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the freshwater toxicity of the tested micropollutants on Lemna minor and

Toxicity of Micropollutants on L. minor Chlorophyll Content

Lemna gibba
Chemical Ecotoxicity . .
Concentration Endpoint Ref.
substance parameter
Caffeine LOEC (7 d) 0.608 umol/L frond number! [38]
Caffeine EC,, (7 4d) 12.3 pmol/L chlorophyll-a' [38]
Caffeine EC,, (7 d) 5.38 umol/L chlorophyll-b! [38]
Bisphenol A EC,, (7 4d) 32 mg/L growth rate' [40]
Bisphenol A NOEC (7 d) 7.8 mg/L frond biomass' [40]
Diclofenac EC,, (74d) 7.5 mg/L total frond area>  [41]
. population
Diclofenac EC,, (7 4d) 47.6 ug/L [42]
abundance’
population
Acetochlor  EC, (14 d) 3.4 ug/L [43]
abundance'
. abundance, frond
Atrazine EC,, (10 d) 56 ng/L [44]
’ number?
Diuron EC,, (7d) 28.3 ug/L frond number? [31]
Metazachlor EC,, (7 4d) 2.8 ng/L frond area’ [45]
population
Metolachlor EC, (54d) 21 pg/L [43]
abundance'
ITest organism: Lemna gibba
*Test organism: Lemna minor
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2 Materials and methods
2.1 Chemicals

Nicotine (N0267-100MG, >99% TLC liquid, CASRN:
54-11-5), 3,4-dichlorophenol (99%, D70406-5G, CASRN:
95-77-2); benzophenone (B9300-25G-A, 99%, CASRN: 119-
61-9), metolachlor (36163-100MG-PESTANAL®, analytical
standard-FLUKA, CASRN: 51218-45-2), bisphenol A (239658-
50G, >99%, CASRN: 80-05-7), Na-diclofenac (D6899-10G,
CASRN: 15307-79-6) and acetochlor (33379-100MG-PESTA-
NAL®, analytical standard-FLUKA, CASRN: 34256-82-1) were
purchased from Sigma Aldrich; Metazachlor (Sultan 50SC,
CASRN: 67129-08-2) was purchased from Makhteshim-Agan
Industries Ltd. Israel with 500g/L metazachlor content. Atrazine
(>97.0%, CASRN: 1912-24-9) and diuron (>97.0%, CASRN:
330-54-1) were supported by KISCHEMICALS Manufacturing
and Mercantile LLC. Caffeine (CASRN: 58-08-2) and Metami-
zole-Na (CASRN: 8017-81-0) pharmaceutical drug were manu-
factured by Sanofi-Aventis Ltd. at Veresegyhdz (Hungary).

Standard solutions were prepared from these chemical sub-
stances according to their water solubility. The standard solu-
tions were introduced without further treatment into the test
systems. Table 2 contains the applied nominal concentrations
of test substances.

Table 2 Applied nominal concentrations of the tested micropollutants and

pesticides

Test substance Nominal concentration [mg/L]

Caffeine 0.01;0.1; 1; 10; 100
Benzophenone 1.5635; 3.125; 6.25; 12.5; 25
Bisphenol A 1.5635; 3.125; 6.25; 12.5; 25

3,4-dichlorophenol 0.000025; 0.00025; 0.0025; 0.025; 0.25; 2.5

Metamizole-Na 0.01; 0.1; 1; 10; 100

Na-diclofenac 3.125;6.25; 12.5; 25, 50

Acetochlor 0.00005; 0.0005; 0.005; 0.05; 0.5; 5
Atrazine 0.00001; 0.0001; 0.001; 0.01; 0.1; 1
Diuron 0.0005; 0.005; 0.05; 0.5; 5

Metazachlor 0.0005; 0.005; 0.05; 0.5; 5; 50

Metolachlor 0.00005; 0.0005; 0.005; 0.05; 0.5; 5

2.2 Test organism

A colony of Lemna minor cultured in the laboratory was used
in this experiment. The applied growth medium was the origi-
nal Hoagland’s nutrient medium (Missouri Botanical Garden).
All salts were dissolved in distilled water. The test organism
was cultured in a 20x30x7 cm glass container in a 21.5+1°C
thermostat with 16:8 hr light: dark cycle (illumination: Juwel
Aquarium, Day-Lite, I5W, 438 mm lamp, 560 Lumen, 6500 K).
Healthy, two-leaf L. minor individuals cultivated in Hoagland’s
nutrient medium were used for the test.

Hoagland s nutrient medium

MgSO,-7H,0 (24.6 g/100 mL): 1.0 mL/L
Ca(NO,),4H,0 (23.6 g/100 mL): 2.3 mL/L
KH,PO, (13.6 g/100 mL): 0.5 mL/L
KNO, (10.1 g/100 mL): 2.5 mL/L
Microelement solution: 0.5 mL/L
Fe-EDTA solution: 20.0 mL/L
Microelement solution:

H,BO, 2.86 g/L
MnCl,-4H,0 1.82 g/L
Na,MoO,-2H,0 0.09 g/L
CuSO,-5H,0 0.09 g/L
ZnSO,-7H,0 0.22¢g/L

Fe-EDTA solution:
FeCl,-6H,0
EDTA

0.121g/ 250mL
0.375g/ 250 mL

2.3 Lemna minor bioassay

The experiment was carried out with three parallels in
150 c¢m? beakers. On the first day 10 healthy and two-leaf
L. minor individuals were placed into 50 mL of each dilution
member of the test solutions. Hoagland’s nutrient medium was
applied as control. The beakers were covered with a translu-
cent plastic film to avoid evaporation and concentration of the
test solutions during the experiment. The assembled test sys-
tems (beakers) were incubated in a 21,5 = 1°C thermostat for
7 days under the following light conditions: 16:8 hr light:dark
cycle (illumination: Juwel Aquarium, Day-Lite, 15W, 438 mm
lamp, 560 Lumen, 6500 K).

On the seventh day L. minor individuals were removed from
the test solutions, then surface-dried on filter paper to constant
weight. The dried biomass was placed into ground-necked test
tubes containing 5 mL of 96% ethanol. After 24 hours the opti-
cal density of the samples was determined spectrophotometri-
cally (Sanyo SP55 UV/VIS spectrophotometer) at 470, 649 and
664 nm wavelength values.

The total chlorophyll content was determined for all tested
chemical substances. The tested chemical substances were dis-
solved in the original Hoagland’s nutrient medium in a series of
five or six members decimal or twofold dilution explained above.

For three selected model compounds (nicotine, Na-
diclofenac and 3,4-dichlorophenol) the correlation between
the frond number and the total chlorophyll content as meas-
urement endpoints was also examined and evaluated in a pre-
liminary experiment. The inhibition effect of nicotine, Na-
diclofenac and 3,4-dichlorophenol on the frond number and
the total chlorophyll content was followed and determined in a
7-day contact time experiment.
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2.4 Evaluation and interpretation of results — statisti-
cal analysis

From the measured optical density values the total chloro-
phyll content was determined using the following formula [39]:

C,.,=(524% 4, +2224% 4 )*E 1)

664
where:

C,,,: total chlorophyll content of the sample (ng)

A,,,- absorbance values at 664 nm wavelength

A,,, absorbance values at 649 nm wavelength

E: the amount of EtOH (96%) applied for the extraction (mL)

One-way analysis of variance (ANOVA) was performed
by STATISTICA 12® software identifying significant effects
(»<0.05). Univariate Tests of Significance were performed and
the homogeneity of variances was examined. In case of signifi-
cance the lowest observed effects concentration value (LOEC)
was determined using Dunnett’s test (o = 0.05).

3 Results

The correlation between the frond number and the total
chlorophyll content was determined in a preliminary experi-
ment. We found, that there is a linear correlation (y = 0.648 x
—0.0572; R?=0.9774) between frond number and total chloro-
phyll content in the control (uncontaminated) samples.

But three selected model compounds (Na-diclofenac, nico-
tine and 3,4-dichlorophenol) caused higher inhibition of the
chlorophyll content than of the frond number (Fig. 1). These
chemicals may have caused chlorosis manifested in the loss of
chlorophyll content however not yet necrosis and disintegra-
tion in fronds of the affected plants.

Thus, in case of Na-diclofenac, nicotine and 3,4-dichloro-
phenol the chlorophyll content proved to be a more sensitive
endpoint than the conventionally applied frond number.

The effect of 5 pesticides (metazachlor, acetochlor, meto-
lachlor, atrazine and diuron) and 5 other micropollutants (caf-
feine, metamizole-Na, Na-diclofenac, bisphenol A and benzo-
phenone) on the total chlorophyll content was determined. The
following STATISTICA 12 BoxPlot diagrams show the effect
of the micropollutants on Lemna minor at different concentra-
tions where 0 refers to the control group. From these diagrams
we can see which concentration caused significant decrease in
the total chlorophyll content compared to the total chlorophyll
content of the control group (Fig. 2-3).

As shown in Fig. 2-3 concentration-dependent declines were
observed in the chlorophyll content only in case of benzophe-
none and bisphenol A. In case of caffeine, 3,4-dichlorophenol,
metamizol-Na and most pesticides the chlorophyll content did not
show monotonic concentration dependence with the exposure to
the substances but showed statistically significant high toxicity at
ng/L concentration level compared to the control group.

Table 3 shows the inhibition percentage values (H%) at dif-
ferent concentrations of the applied micropollutants. In case of
Na-diclofenac inhibitory effect was detected (H%=33-38) at
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Fig. 1 Inhibition effect of Na-diclofenac (a), nicotine
(b) and 3,4-dichlorophenol (c) on the frond number and the total chlorophyll

content expressed in inhibition percentage (H%).

all tested concentrations (3.125-50 mg/L), except for 25 mg/L
Na-diclofenac, which caused 65 H%. In case of caffeine at
0.01 mg/L concentration 28% inhibitory effect could be detected.
1.5625 mg/L benzophenone solution resulted in 53% inhibition,
while in case of bisphenol A 12% inhibition effect was detected
at 1.5625 mg/L concentration level. 0.01 mg/L metamizole-
Na solution caused 45% inhibition. Metazachlor resulted in
84-93 H% at 0.0005-50 mg/L concentration range. 0.0025 mg/L
3,4-dichlorophenol solution resulted in 22 H%, while 0.025—
2.5 mg/L concentration caused 92—-100 H%. 0.05 pg/L ace-
tochlor caused 94 H%, while 0.05 pg/L metolachlor caused
11 H%. 0.5 pg/L Metolachlor at 0.5 pg/L concentration resulted
in 47 H%. 0.1 and 1 mg/L atrazine solution resulted in 71 and
85 H% respectively. Diuron caused 33 H% at 0.0005 mg/L con-
centration, but 0.5 mg/L diuron solution resulted in 86 H%.

Toxicity of Micropollutants on L. minor Chlorophyll Content
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Table 3 Inhibition effect on the total chlorophyll content of the tested micropollutants in inhibition percentages (H%)

Conc.

3,4-dichloro-

(mg/L] Caffeine mg/L.  Benzophenone Bisphenol A mg/L phenol mg/L Metamizole-Na mg/L  Na-diclofenac
- — — - — 0.000025 5 — — — —
0.01 28 1.5625 53 12 0.00025 9 0.01 45 3.125 36
0.1 41 3.125 52 13 0.0025 22 0.1 35 6.25 38
1 38 6.25 56 35 0.025 92 1 57 12.5 33
10 44 12.5 87 46 0.25 100 10 53 25 64
100 51 25 91 88 2.5 100 100 47 50 37
Conc.
(mg/L] Acetochlor mg/L Atrazine mg/L Diuron mg/L Metazachlor mg/L Metolachlor
0.00005 94 0.00001 11 0.0005 33 0.0005 0 0.00005 11
0.0005 64 0.0001 -2 0.005 16 0.005 84 0.0005 47
0.005 89 0.001 9 0.05 38 0.05 93 0.005 61
0.05 91 0.01 -3 0.5 86 0.5 93 0.05 44
0.5 90 0.1 70 5 89 5 92 0.5 92
5 93 1 85 - - 50 93 5 95

- not measured

4 Discussion

We found linear correlation between the frond number and the
total chlorophyll content in case of the uncontaminated samples,
however in some cases the contaminants did not cause any change
in the frond number or biomass rather in the total chlorophyll con-
tent. In the preliminary experiments the effect of three chemical
substances was investigated. In case of Na-diclofenac the effect
of inhibition on the frond number was H%=-1-68, while on the
total chlorophyll content H%=8-88 at 6.25-100 mg/L concentra-
tion range (Fig. 1a). In case of nicotine the inhibition in the frond
number was H%=-4-74, while in the total chlorophyll content
H%=7-99 at 0.1-1000 mg/L concentration range (Fig. 1b). In
case of 3,4-dichlorophenol the effect of inhibition on the frond
number was H%=-5-71, while on the total chlorophyll content
H%=5-92 at 0.025-25 ng/L concentration range (Fig. 1c).

Therefore we found that determination of the total chloro-
phyll content was a more sensitive endpoint compared to the
counting of the frond number.

Regarding diuron our tests showed similar inhibition values to
the results of Teisserie et al. [46]. The applied toxicity endpoint
was growth inhibition calculated from frond number data. They
found the EC, value to be 25 pg/L and the inhibition effect was
detected at 5 pug/L concentration. Measuring the total chlorophyll
content we detected 33% inhibition effect at 0.5 pg/L concen-
tration level. Therefore at 0.5 pg/L diuron concentration the
detected significant inhibition effect was higher than for Teiserie
et al. [46] (H%=33) therefore the LOEC value was considered to
be 0.5 pg/L. Teisserie et al. [46] reported about the increase of

the chlorophyll content in the diuron solution compared to the
control, but we could not detect this phenomenon. Metazach-
lor induced 84 H% at 5 ng/L concentration in our experiments,
while Miiller et al. [45] determined EC,=2.8 pg/L. measuring the
frond area. We did not find any inhibition effect at 0.5 pg/L con-
centration, so further experiments are needed to determine the
EC,, value between 0.5 and 5 pg/L. Calculated from the meas-
ured data the LOEC value for metazachlor is <5 pg/L. For atra-
zine EC,=56-153 ng/L data can be found in the current litera-
ture [44]. Based on our experiments measuring the frond number
and the fresh weight, the LOEC value for atrazine is 100 pg/L.
Mihaich et al. (2009) determined EC,=7.8-32 mg/L (Table 1)
for bisphenol A measuring frond biomass and frond density,
while the LOEC value is 12.5 mg/L according to our results.
In terms of the population abundance [42] and the total frond
area [41] EC, values were 47.6 pg/L and 7.5 mg/L respectively
for Na-diclofenac (Table 1). In our research the LOEC value is
3.125 mg/L. EC, value could not be determined, because the
inhibition was not concentration dependent, the curve did not
exhibit the typical sigmoid shape.

Brain et al. [38] determined the LOEC values of caffeine
solutions, they found the LOEC value to be 118 pg/L-
4.746 mg/L, while our result was LOEC=10 pg/L measuring
the total chlorophyll content. In the USEPA/OPP, EFED;
[43] EC,,
abundance) of acetochlor on Lemna gibba is 3.4 ng/L. In our

Pesticide Ecotoxicity Database (population
research the LOEC value was 0.05 pg/L. EC,; (population

abundance) of metolachlor on Lemna gibba was 21-95400 pg/L.
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Fig. 2 BoxPlot diagrams of the effect of the applied emerging pollutants on the total chlorophyll content grouped by concentration. Significant inhibition effect
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Based on the statistical analysis Table 4 shows the significant
lowest observed effect concentrations of the applied micropol-
lutants determined by the total chlorophyll content.

The measured data clearly show that the L. minor bioas-
say measuring the total chlorophyll content may be an appro-
priate and sensitive test method to detect the micropollutants
in water matrices. In comparison with the routinely used test
methods it proved to be more sensitive to Na-diclofenac, nico-
tine and 3,4-dichlorophenol. Further research is needed for the
investigation of the non-concentration depending effect and
the mode of action.

Table 4 LOEC values of the total chlorophyll content assay of the tested

chemical substances

Chemical substance LOEC [mg/L]
Acetochlor 0.00005
Metolachlor 0.0005
Diuron 0.0005
3.,4-dichlorophenol 0.0025
Metazachlor 0.005
Caffeine 0.01
Metamizole-Na 0.01
Atrazine 0.1
Benzophenone 1.5625
Na-diclofenac 3.125
Bisphenol A 6.25

5 Conclusion

Duckweeds such as Lemna sp. are key components of fresh-
water ecosystems. These aquatic vascular plants are active
components of many biogeochemical cycles and play vital
role as primary producers. The genus Lemna has gained wide-
spread acceptance also as tesorganism in environmental toxi-
cology because of its small size, fast growth rate along with
ease of culturing and handling. In ecotoxicity tests applying
Lemna minor the most favourable measurement endpoints are
the growth parameters (frond number, dry biomass), while the
total chlorophyll content is less commonly determined.

Our results proved that Lemna minor bioassay based on
determination of the chlorophyll content was highly sensitive
to the tested micropollutants. The frond number and the chlo-
rophyll content determinations were directly compared to each
other and proved that the frond number was a less sensitive
measurement endpoint in the case of nicotine, diclofenac and
3,4-dichlorophenol.

The lowest observed effect concentration values obtained
suggested that the duckweed assay maybe used in water
quality studies to monitor pesticides (acetochlor, atrazine,
diuron, metazachlor, metolachlor) and industrial chemicals

(3,4-dichlorophenol) at pug/L concentration level. The Lemna
minor bioassay based on determination of the total chlorophyll
content may be an ideal test system due to its sensitivity, simple
handling, easy culturing and cost-effectiveness.
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