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Literature Review on Duckweed Toxicity Testing

WUNCHENG WANG

Water Quality Section, Illinois State Water Survey, Box 697, Peoria, Illinois 61652
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Duckweed commonly refers to a group of floating, flowering plants of the family Lem-
naceae. Duckweed plants are fast growing and widely distributed. They are casy to culture
and to test. Some reports suggest that duckweed plants are tolerant to environmental tox-
icity. Other studJes, however, indicate that duckweed plants are as sensitive to toxicity as
otfier aquatic species. Duckweed plants are especially suitable for use in complex cffluent

bioassays, and for testing herbicide pollution in the aquatic environment, lake and river
pollution, sediment toxicity, and the like. Duckweed and algae represent different levels
of c.omplenty in the plant kingdom. They complement each other as phytotoxicity test
ofganisms, instead of mutually excluding each other. Many duckweed species have been
studied, primarily of the Lemna and Spirodela genera. Lemna minorand L. gibba have been
recommended as standard test species. Differences in duckweed test methodology occur
with regard to test types, test vessels, control tests, nutnem media, end points, and appli-
cations. © 1990 Academic Press, Inc. &

INTRODUCT!ON

Three base-set tests are currently used for freshwater envu‘onmemal monitor-
mg, efﬂuem toxicity testing, toxlc:ity assessment of a product etc. They are tests
cgpncomurum (Peltier and Weber, 1985; Horning and Weber, 1985). These tests
are generally applicable to important environmental laws such as the National
Pollutant Discharge Elimination System regulations, the Toxic Substance Control
Act, and the like. They are used routinely by federal and state regulatory agen-
cies, industries, and consulting laboratories. .

Recently the duckweed toxicity test has received much attention. Duckweed is
an aquatic plant and is relevant to many aquatic environments, including lakes,
streams, effluent, rain, and sediment. Additionally, duckweed is a vascular, flow-
ering plant which provides additional information unlikely to be obtained by the
three base-set tests.

The objective of this article is a critical review on the duckweed toxicity test. It
is intended to be methodology oriented, rather than an exhaustive literature cita-
tion. Other related review articles on duckweed are also available (Hillman, 1961 ;
Hillman and Culley, 1978; Wang, submitted for publication).

FEATURES OF DUCKWEED PLANTS

The term ‘‘duckweed’ commonly refers to a group of aquatic vascular an-
giosperms of the family Lemnaceae. Duckweed plants are divided into four gen-
era, Spirodela, Lemna, Wolffiella, and Wolffia. There are approximately 40 spe-
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8 WUNCHENG WANG

cies worldwide, half of which are found in the United States. Duckweed plants are
widely distributed in the world from the tropical to the temperate zones, from
freshwater to brackish estuaries, and throughout a wide range of trophic condi-
tions (Hillman and Culley, 1978). Duckweed plants are common in the aquatic
environment, especially in quiescent water bodies.

Duckweed plants are composed of two parts, frond and root. The plants are
colonial and form aggregates of two or more fronds in a colony. Lemna minor has
a single rootlet, while Spirodela has several rootlets (Correll and Correll, 1972).

l}qckweed plants are small. L. minor is 2-4 mm across, whﬂe Spirodela thallus

laboratory space is not required for cultunng or testing. Yet the size is sufficient!
large to be visually observed, allowing nondestructive, repeated observations.

Duckweed plants are extremely fast growing (Hillman and Culley, 1978). The
plants form a thick mat, frequently dominated by a single species, in a lake or a
pond. Fish kills have been reported as a result of duckweed and algal domination
(Lewis and Bender, 1961). In an 18-month study, the doubling time for L. minor
fronds ranged from 1.3 to 2.8 days, as shown in Fig. 1 (Wang, 1987a). The mean
value and standard deviation were 1.9 and 0.36 days, respectively. This series of
experiments were performed using a nutrient solution containing a double-
strength (2x) algal nutrient solution (American Public Health Association et al.,
1985). Frick (1985) reported that the frond doubling time for L. minor was about
1.4 days. In comparison, Hughes et al. (1988) reported the doubling time for L.
gibba to be 0.7 days. On the basis of results reported by Nasu ez al. (1984), the
doubling time for L. paucicostata was calculated to be 0.35 days. Duckweed
cultured in the laboratory can grow indefinitely if plant nutrients, light, and water
are provided, thus producing unlimited duckweed test specimens for use at any
moment.

Duckweed is a floating organism. It is especially susceptible to surface active
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FiG. 1. Quality of control tests as indicated by doubling time of duckweed frond number. Redrawn
from Wang (1987a).
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REVIEW ON DUCKWEED TOXICITY TESTING . 9

3 substances, hydrophobic compounds, and the like that concentrate at the air—
k. water interface (Wu et al., 1980).
k- There are indications that duckweed is tolerant to environmental toxicity, and
Pk it is commonly referred to_as the ‘“‘carp’ of plant species. Clark et al. (1981)
43 reported that duckweed (L. perpus:ﬂa) was the most abundant rnacrophytc in-
habiting a coal-ash retaining basin of a coal-fired power plant, occupying approx-
B imately 95% of the surface area. Gabrielson et al. (1980) found that duckweed
¥ grew under a wide range of nutrient conditions including high metal concentra-
& tions. Scto et al. (1979) reported that Cd caused chlorosm and death to L g:bba 0

R e T R —

¢ plant was cultured in a higher-nutrient solution than in a low-nutrient solution.
& There are other indications, however, suggesting that duckwecd is sensitive to
§ toxicity. Wang (1986a) conducted a series of duckweed toxicity tests on 16 aquatic
E pollutants. Of special interest is the comparison of the sensitivity to metal t toxicity
: of duckweed and fish species. The results in Table 1 indicate that duckweed was
8 as sensitive or sometimes more sensitive to metal toxicity than fish species.
- Duckweed is also sensitive to organic compounds. For example, Rowe er al.
£ (1982) reported that duckweed was as sensitive to epoxystearic acid toxicity as
B juvenile rainbow trout, while the severe toxic effects of catechol compounds on
& duckweed were comparable with those on daphnids. Furthermore, Hughes et al.
P (1988) reported that the toxic effects of atrazine on L. gibba, Anabaena flos-aqua,
13 " and Navicula pelliculosa were comparable. The 50% inhibition concentrations for
¥ these species were 0.17, 0.23, and 0.06 mg/liter, respectively. Huber et al. (1982)
R observed the toxic effects of pentachlorophenol on L. minor to be comparable to
those on grass shrimp, fish,-and snails.
g - The preceding discussion appears to be contradictory. On the one hand duck-
wecd plants are described as tolerant to environmental toxicity, while on the other
B hand the plants are mentioned as sensitive to toxicity. The contradiction_can be
explamed on the basis that the plants may be highly adapuvc Under optimum
¢ culture conditions, free of contamination, the plants are responsive to environ- o

" mental toxicity when they encounter it. At sublethal range, the duckweed plants

5 specimens were cultured "Duckweed was much more tolerant to Cd when the ‘

TABLE 1
CompaRrisoN OF FisH AND DUCKWEED Bloassays oN METAL ToxiciTy (mg/liter)

Duckweed
96 hr ECy,

0.2

Fish
96 hr LCsp

0.92

Cr (VD) 58.5 Kh]
Cu 0.08-1.2 (three species) 1.1
Pb 27.8 8

_ _Ni 13.6-48.8 (four species) 0.45
Se 18.7 ) 24

0.4-55 (six species) 10

Note. Reproduced from Wang (1986a) with permission from Elsevier Applied Science Publishers
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may adapt and/or develop resistance quickly due to their fast growth rate. Several
reports (Duncan and Klaverkamp, 1983; Benson and Birge, 1985; Dixon and
Sprague, 1981) indicate that fish can develop tolerance. Perhaps the same induced
tolerance is the reason that duckweed plants are somelimes insensitive to envi-
ronmental toxicity.

“Duckweed is uniquely suitable for testing herbicide polluhon in the aquatic
environment. The use of herbicides has steadily increased in the past 25 years
(Nielsen and Lee, 1987), and herbicide runoff into surface waters is widespread
(Leonard, 1988). Results obtained by Taraldsen and Norberg-King (in press) dem-
onstrated clearly that tests of duckweed, fathead minnow, and Ceriodaphnia com-
plemented each other for testing different types of wastewaters. No single test i
likely to be able to detect toxicity in every environmental sample

Duckweed vs Algal Toxicity Tests

Both algae and higher plants are primary producers and essential parts of a
balanced ecosystem. There has been a persistent question as to whether algal
species can be a surrogate for plant species and whether the plant kingdom is
sufficiently represented by algal species alone as a part of the three base-set tests.

In the aquatic environment, algae and duckweed are compentors There are
reports indicating that algal growth might interfere with the growth of aquatic
macrophytes through alleopathic effects (Van Vierssen and Prins, 1985; Kemp et

, 1984). Duckweed plants, being floating organisms, suppress algal growth by
blocking sunlight.

“There has been some information directly comparing results of duckweed and
algal toxicity tests. As mentioned, Hughes et al. (1988) reported that L. gibba,
Anabaena, and Navicula were almost equally sensitive to atrazine.

There are indications that duckweed is less sensitive to toxicity than algae.
Mangi er al. (1978) reported that both L. minor and Spirodela polyrhiza were less
sensitive to Cr (VI) than single or filamentous algae. Bioassays of solid was:
leachate from coal gasifiers with Selenastrum.capricornutum and S. oligorhiza
showed that the alga was more sensitive to toxicity than the duckweed (Klaine,
1985). Klaine reported the 50% inhibition effect concentrations for the test species
to be 55 and 76% leachate concentration, respectively.
~ Rowe et al. (1982) compared toxicity test results for spent chlorination and
caustic extraction liquors using an alga Chlorella pyrenoidesa and a duckweed L.
perpusilla. They found that the algae tended to be more sensitive than the duck-
weed to chlorinated phenolic compounds.

These results, however, should be interpreted with caution. As discussed in the
following section on end points, the conventional duckweed test grossly under-
estimates toxic effect. The advancement of a duckweed test protocol will improve
the test results in the future. Additionally, Klaine (1985) raised an important point
that *‘Since the alga is distributed throughout the water column and the duckweed
only inhabits the water surface, the alga maintains a more constant exposure to
the toxicant.” Similarly, results were also reported that submerged plant species

generally absorbed more Cd, Cu, Pb, and Zn than the floating species, L. gibba
and S. polyrhiza (Van der Werff and Pruyt, 1982). One should therefore bear in
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mind the different natures of the tests for algae and duckweed when companng
theLr results.

algae complement each other as toxicity 1est species when exposed to varieties of
toxicants s (Miller et al 1985 Thomas et al., 1986). Garten and Frank {1984} statecl

icity of herbicides to tcrresmal plant species."” Perhaps thc same conclusnon_may
one day be extrapolated to include aquatic macrophytes in general and duckweed
in particular. More research is needed for comparative toxicity tests usmg algac'

and duckweed._
Unhkc ke algal toxicity tests, duckwpu_:_q toxicity tests are especially suitable for.= e __,wgl
_______ ;olfc} CJ_L,& ot

£ With these samples, filtration is required to conduct algal testgchsultlng in the
. loss of sample mtegmy Duckweed tests, however, can be performed on ;l'u:H

sample * ‘as is.”” More importantly, some mdﬁstnai and almost all mﬁmbipal'
wastewaters are labile because of high organic content and microbial populatlon i

These samp]es requlre elther flow-through or _renewal tests Duckwced cgggg‘i\!

Duckwecd d toxicity v tests can also reveal ¢ cﬁ'ecls that cannot be obtained by using

. algal tests. Nasu et al. (1984) observed that Cu suppressed both frond multipli-
" cation and frond growth (wet weight increase of each frond) of L. pauc _paucicostata,
- while the Cd ion suppressed only frond multiplication and did not affect frond

growth Interestmg findings_such as these are _very important for con_lgaranve
- sfudies of environmental tox:cology

DUCKWEED TOXICITY TESTS

Species

Many duckweed species have been studied: L. minor, L. gibba, L. valdiviana,
L. polyrrhiza, L. perpusilla, L. paucicostata, S. polyrhiza, S. punctata, and §S.
oligorhiza. Features of three common duckwaed spccies are depicted in Fig. 2

B and Coley (1985) compared the sensitivity of L. gibba, L. minor, and L. pe perpu.u!la
B~ to aqueous extracts of natural and synthetic oils, as well as to coal distillate. They
- reported that L. gibba was the most resistant among the three species. The 10%
B> extract of coal distillate completely inhibited the growth of L. minor and L. per-
pusilla, whereas complete inhibition of L. gibba was noted only in the 15% ex-

“ tract.
- Under low irradiance, Takemoto and Noble (1986) found that sulfite toxicity
was most pronounced for L. gibba, less marked for §. oligorhiza, and not ob-
served with L. valdiviana. Staves and Knaus (1985) reported that S. polyrhiza
was least tolerant to Cr, while S. punctata and L. g:bba were more tolerant to

concentrations above 10 mg/liter.
The selection of test species is usually based on specimen availability, sensi-

zation and EE&Eé}abdny, two spec:es have been recommended. The American
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Spirodela polyrhiza, x 2.4

Lemna minor, x 2.4 Lemna perpusilla, x 2.4

FiG. 2. Features of Spirodela polyrhiza, Lemna minor, and Lemna perpusllfa Reproduced from
Correll and Correll (1972).

Society for Testing and Materials (in press) recommends L. gibba, while Standard
Methods for Examination of Water and Wastewater in’its 17th Edition Supple-
ment (American Public Health Association et al., in press) endorses L. minor.
Although the use of standard species is encouraged, other species should be tested
so that new information may help to evolve test methods in the future.

Test Types

Duckweed toxicity tests can be used in static, renewal, or flow-through exper-
iments. Static experiments are simple and economical. They are especially useful
for screening tests of unknown samples or samples which contain toxic metals
(Wang, 1986a, b, 1987a, b, 1988; Wang and Williams, 1988). Typical test condi-
tions for conducting duckweed static experiment are given in Table 2. Flow-
through and renewal experiments have also been reported (Bishop and Perry,

TABLE 2
TypicaL DUCKWEED STATIC TEST

Temperature 27-28°C
Light quality Cool white fluorescent
Light intensity 86 pE/m?¥/sec
Photoperiod Continuous
Test vessel 60 x 15-mm culture dish
Test solution/vessel 15 ml
Test specimens/vessel 20 fronds (10 colonies)
Replicates L]

Water control and dilution water Duckweed nutrient medium, i.e., 10-fold algal

nutrient medium
Test duration 120 hr

End point Frond increase/vessel

Note. Modified from Standard Methods (American Public Health Association er al., in press).
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: 1981; Davis, 1981; Walbridge, 1977). In general, flow-through and renewal exper-

- iments are useful for samples containing volatile or blodegradabie compourl_ds

- Test Vessel

. Several different test vessels have been used: glass beakers, flat-bottomed test
. tubes, jars, Erlenmeyer flasks, and culture dishes (Fekete et al., 1976; Nasu and
g Kugimoto, 1981; Hutchinson and Czyrska, 1975; Stanley and Madewell, 1976;

: Wang, 1986a, b). In general, only one type of test vessel should be used in an

more to accommodatc duckweed root Iength Elthcr 100 or 200 ml of tesl solutlon
can be used. Recently the author reduced the test solution to 15 ml by using 60 x
1S-mm culture dishes. The liquid depth was 5 mm. Twenty fronds of L. minor
- were placed in each dish. Lemna grew in a 15-ml solution containing 10-fold a]ga]
. nutrient solution (American Public Health Association et al., 1985) as well as in a
% 150-ml solution containing 2-fold algal nutrient solution (Wang, 1987a). The min-
" iaturization of the test solution gave reproducible results, as evidenced by the
frond doubling time of control samples 1.6 = 0.13 days in a 6-month test period,
. with a total of 22 tests. This result compared favorably with the doubling time of
%7 1.9 = 0.36 days as shown in Fig. 1. Taraldsen and Norberg-King (in press) used
< a 30-ml plastic cup containing 15 ml of test solution.

; The advantage of miniaturizing the test solution is obvious. In addition to being
more flexible in the expenrnental design because of its smaller volume, the smaller
test volume also r minimizes dlsposal problems after the ‘experiments are com-

pleted.

Control Tests

There are lwo types of control samples negatwe controls and pos:twe controls

The negative contro! servcs as a quahty control m an egpenment as well as a

r‘}'erence_pomt to Wthh atest sample is compared. Negative control values vary

= - ffom time to time as . shown in Fig. 1.
. _Positive controls are less frequently employed, although they are as important
as negative controls. A positive control is a sample to which'a reference toxicant
- is added to determine the degree of response over time. Orgamc and inorganic
> ~compounds have been studied as potentlal reference toxicants, including pen-
*" tachlorophenol, phenol, sodium dodecyl sulfate, sodium chloride, cadmium, and
chromate (Davis and Hoos, 1975; Fogels and Sprague 1977; Jop et al 1986;
., Threader and Houston, 1983). Wang (1987a) found that in an 18-mqn_tl_1_p_cngd the
i growth of L. minor underwent cyclic changes in the negative control, while the
dﬁ"Ekweed response to Cr loxu:lty was nearly constant (Flg 3). In general, Cr

2 toxicity to L. minor was not_ameliorated by differences in water quality factors
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Fi1G. 3. Duckweed growth in water control (W) and in sample control (O), and Cr toxicity in nutrient
medium (@) and in enriched water samples (O), using Illinois River samples. Redrawn from Wang
(1987a).

such as suspended solids or dissolved fraction (Wang, 1986b). On the basis of
these and other results, Cr (VI) has been recommended as a universal reference
toxicant.

Nutrient Media

Duckweed toxicity tests, which generally rely on growth and multiplication as
the test end point, require sufficient plant nutrients for optimum conditions. Plan:
nutrients are uniformly added to control and test samples.

“Several nutrient media have been reported. They included the medium used by
Ballard (1966), Bristol's medium as given by Eyster (1968); Jacob’s medium as
given by McLay (1976); Hoagland's, Hunter’s, and Bonner-Devirian’s media as
given by Nasu and Kugimoto (1981); and the medium used by Fekete et al. (1976).
The composition varied widely among these media.

Nasu and Kugimoto (1981) found that the pH of the nutrient media, the con-
centration and composition of the nutrients in the medium, and the temperature at
which cultures were maintained affected the sensitivity of L. paucicostata to
heavy metals. They recommended the use of Bonner-Devirian's medium at tem-
peratures above 25°C. Nasu et al. (1983) reported that the absorption of Cu and Cd
in L. paucicostata was suppressed by the addition of EDTA to the medium. Only
30 uMm of EDTA was sufficient to prevent Cu absorption at the concentration of
5-10 pM, whereas 400 uM of EDTA was required to prevent Cd absorption at the
same concentration as Cu..They found that the growth inhibition of Lemna was
proportional to the amount of metal absorption.

The green alga Selenastrum capricornutum and the common duckweed L. mi-
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nor are frequently used for phytotoxicity testing. It would be highly desirable to
share the same nutrient stock solutions for these two tests. Wang (1986¢c) used
double-strength algal nutrient solution, which is recommended by Standard Meth-
ods (American Public Health Association et al., 1985). Instead of seven stock
soluuons recommended by Standard Methods, Wang prepared three solutions.

The same approach has been adopted by the American Society for Testing and
Materials (in press), who recommend 20-fold (20x) strength. This same approach
will also be recommended in Standard Methods (American Public Health Asso-

ciation et al., in press) where 10-fold (10x) strength as shown in Table 3 will be

suggested.

End Points

Many end points have been used to express duckweed test results. These end
points are generally based on the population of duckweed plants: frond number,
plant number, root number, dry or fresh biomass, root length, frond diameter,

C-14 uptake chiorOphyIl and the llke (Bishop and Perry, 1981; Said et al., 1979;

Culley et al., 1981; Lockhart et al., 1983; Bishop and Perry, 1981; Glandon and

McNabb, 1978; Sahai er al., 1977; Fekete et al., 1976).

The most commonly used test end point is frond number. Any vlSlble, protrud-
ing bud is mcluded_ in order to avoid individual bias. The frond coum ‘can be made
repeatedly until accurate results are obtained. This determination is simple, rapid,
and nondestructive. These advantages, however, are weighted against disadvan-
tages.
~ The first disadvantage is that frond count is irrelevant to frond size or biomass.
It has been observed frequently that under toxic stress small buds may protrude

| LR R

. 1‘?‘%"‘ A

; _
'7'\_.t
< TABLE 3
* PREPARATION OF DUCKWEED NUTRIENT SOLUTION -
: Concentration
Stock Compound (mg/liter)
A NaNO, 22,500
NaHCO, _ 15,000
K,HPO, 1,040
B MgCl, « 6H,0 12,164
CaCl, * 2H,0 4,410
FeCl, 96
NazEDTA . 2H10 300
MIICI; 2“
C MgSO, * TH,0 14,700
H,BO, 185.5
ZnCl, _ 3.270
CoCl, 0.780
NaMoO, * 2H;0 7.260
CuCl, ] 0.009

i Note. Ten milliliters each of three stock solutions are diluted into 1 liter to make 10-fold strength
10x) of algal nutrient solution. (American Public Health Association er al., in press).
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and be counted as individual fronds. A small bud may be less than 5% of th
biomass of a healthy frond in a control group, yet these two fronds are conside; 3 : oo
equal The result of using frond count as the end point is to grossly underesti N i
the toxic effect to duckweed. In comparison, algal response to toxicit e 3 Test
kit e ’ y is unlikely [  subsunces S
o exhibit such a istortion. This is a reason why results of " duckweed and al i ¥
tozcrlﬁuy tlfm st;ould be interpreted with caution. el 3 g: ifﬁ:::o:
| e other and more tmportant disadvantage is that frond count d 4 e
! whether the pIam is alive or dead. This problem was clearly demoﬁirgzﬁﬂe: : ‘“gg i: vl
| experiment using industrial effluents (Wang and Williams, 1988). In the effluent, g R
'..‘E_W_Tro",ds.de'ff’!oped and died during 96 hr exposure. Live and dead fronds co Id [ Coo ’E: :‘;i
\ ot be distinguished by using the frond count method. : B CdsO. L. polyrr
‘Cowgill and Milazzo (1989) indicated that determinations of dry biomass (con- & Elda, L o
stant weight at 60°C) were the least time-consuming and least subject to human = E:(vn i s
error. This method, _although an improvement by taking into account change in E ng s;:;;z
biomass as a toxic response, does not distinguish between hve and dead p_lfnts - E:: i N?; :
‘Duckweed plants can also exhibit many symptoms when they are under stress. - C. L. min
These symptoms include chlorosis (loss of pigment), necrosis (localized dead = G L sibh
tlssp_g)_,__qplony breakup, root destruction, loss of buoyancy, and gibbosity (hump- i 4 C““gg: L iﬁbh
back_ or swelling). For example, Cd is known to cause chlorosis (Seto ez al., 197;; - “ m Ii e
Potentlally the most sensitive and accurate test end points include viable bio- 2 3 L min
mass and physiological activity. Examples are tests of adenosine triphosphate rsr: f. s
content, fluorescence emission (Caux et al., 1988), C-14 uptake (Lockhart et al., 2 so. L i
1983), ap_d_uxyge n production (Huber et al., 1982). More studies are needed in this i.is I!: ,::
area. = _' Alachlor L, min:
Test Results . 3 %.‘;rcm;;lr:rfm ?f:: ::E :
B 8 reso - gibk
Numcrou_s duckweed toxicity tests have been conducted. Table 4 gives test g"r'crf:ml i .
results for single compounds, including organic and inorganic substances. Table 5 r DE? L ;:;
shows the test results for complex mixtures. ' i < gphosatt f. ﬁ::f
Applications ' glfachlomphcml !E: e
Duckweed toxicity tests are highly ‘versatile in the aquatic environment. The 2. ?;;:;;ic acid !E::
tests ar are__apphcable to lake, river, or ground water; single chemical compounds or " gess-‘rcp IE mr?
complex effluents from industrial or municipal sources; organic or inorganic com- i . 246TCP L. i"b:
{J;::llll:llamas Sra;gsséaml;;l;g. ?Ind sediment samples (Wang, 1986a—d, 1987a, b; Wirg and M . AllIC,'s (0% inhibi
il artman and Martin, 1984; Fekete et al., 1976). Wang and E increase, except as noted. AF
illiams (1988, 1990) reported that duckweed was more sensitive to industrial [ e
e%g%ms than higher plants such as cabbage and millet. v A “-%T;E?mzr:u:-hl?::mpm
B . ;
sedfmg:::g;;oﬁ?t(;}; r:e;;u:zs;s‘;negltﬁuckweed is especially noteworthy because e - 8:‘::;_: ;z:i::t::;:sﬁ;e:
p er as aqueous extract or as sediment slurry ; -
(Wfang. ?986(1). .Sor.ne ‘compounds remained biologically active in the presence of o9
soil particles. Birmingham and Colman (1983) found that both Lemna species and - The use of herbici
an alga, Anabqena ﬂ?s-aquae, detected significant phytotoxicity of a herbicide, 1981 (Nielsen and L¢
Reglone {-&-R, in a soil-water mixture at a 33-ppm concentration level. Hartman % environment. Herbic
and Martin (1985) also reported that the presence of suspended sediment had a B been detected in t‘og

minor effect on the toxicity of alachlor and atrazine to L. minor. weed tests are an ine
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TABLE 4 :
DuckweeDp ToxiciTy TEsTs oF SINGLE COMPOUNDS
Test
substances Species Duration ICsy's References

Lemna minor 4 days 24 mgliter Wang (1988)

L. minor 4 26 Wang (1986a)
L. minor 4 >60 Wang (1986a)
L. minor 4 0.2 Wang (1986a)
L. valdiviana 7 ' 0.15 Hutchinson and Czyrska (1975)
L. valdiviana 14 0.3 Hutchinson and Czyrska (1975)
L. valdiviana 21 0.3 Hutchinson and Czyrska (1975)
L. polyrrhiza 14 0.9 Charpeantier et al. (1987)
L. polyrrhiza 14 0.6 Charpentier et al. (1987)
L. paucicostata 7 10 Nasu et al. (1984)
L. minor 4 930 Wang (1986a)
L. minor 4 35 Wang (1985a)
L. minor = 6 Mangi er al. (1978)
Spirodela polyrhiza 14 . >10 Mangi et al. (1978)
L. minor 4 1.1 Wang (1986a)
L. valdiviana 21 0.14 Hutchinson and Czyrska (1975)
L. minor 7 0.119 Walbridge (1977)
L. minor ™ 0.8 Bishop and Perry (1981)
L. gibba [ il 2.21 Davis (1981)
L. gibba ™ 3.51 Davis (1981)
L. minor 4 8 Wang (1986a)
L. minor 4 3 Wang (1986a)
L. minor 4 0.45 Wang (1986a)
L. minor 4 0.30 Wang (1987b)
L. minor 4 2.4 Wang (1986a)
L. minor 4 >1,000 Wang (1986a)
L. minor L 10 Wang (1986a)
L. minor ™ 21 Bishop and Perry (1981)
L. minor 14 0.01 Hartman and Martin (1985)
L. minor 14 >0.1 Hartman and Martin (1985)
L. minor 14 >10 Hartman and Martin (1985)
L. 3;‘&.&3 b o 152 Davis (1981)
L. gibba 7* 246 Davis (1981)
L. minor ¥ 0.1 Bishop and Perry (1981)
= L. gibba 7¢ 2,060 Davis (1981)
A L. gibba 7° 17,159 Davis (1981)
=  Glyphosate L. minor 7 2 Hartman and Martin (1984)
¥ Las L. minor 7 27 Bishop and Perry (1981)
%  Pentachlorophenol L. minor 60 hr 3.2% Huber et al. (1982) 3
@ Phenol L. minor 4 >12 Wang (1986a)
= Salicylic acid L. minor 7 107 Wang and Lay (1989)
SDS L. minor 7° 43 Bishop and Perry (1981)
2,4,6-TCP L. gibba ¢ 0.03 Davis (1981)
2,4,6-TCP L. gibba 7* _0.13 Davis (1981)

= _. Note. All IC4's (50% inhibition concentrations) are obtained with static tests and the test end point is frond count
', increase, except as noted. AE, Cy s alcohol ethoxylate; CATC, Cetyl trimethyl ammonium chloride; DEP, Di-
: (2-ethylhexyl)phthlate; EG, Ethylene glycol; LAS, C,; 4 linear alkylbenzene sulfonate; SDS, Sodium dodecyl sulfate;
% 2,4,6-TCP, 2,4,6-trichlorophenol.

= *® Flow-through test.

"~~~ * Oxygen production as test end point.

¢ Growth rate as test end point.

The use of herbicides in the United States increased 280% between 1966_ and
- 1981 (Nielsen and Lee, 1987) and resulted in their mdespread distribution in the
environment. Herbicides such as alachlor, atrazine, butylate, and cyanazine have
been detectedm.fogand-ram (Richards et al., 1987; Glotfelty et al., 1987). Duck-
weed tests are an ine xpensive and sensitive biomonitoring tool for detecting phy-
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Charpentier, S., Garnier, .. and FL
DUCKWEED TOXICIT\T %BLE , experimental cultures of ducks
ESTS OF COMPLEX SAMPLES : 1055-1061.
Sample Species Duration ICy References Clark, J. R., Van Hassel, V. H., Nic
- - and depuration of metals by du
SRC-11 fuel oil L. perpusiila 8 days 3.4% King and Coley (1985) Correll, D. S., and Correll, H. B.(1
SRC-11 fuel oil L. minor 8 4 King and Coley (1985) : EP‘A Water Pollution Control ]
SRC-11 fuel oil L. gibba 8 4.2 King and Coley (1985) & Washington, DC.
Raw coal distillate L. minor 8 3.5 King and Coley (1985) i Cowgill, U. M., and Milazzo, D.F
Raw coal distillate L. perpusilla 8 38 .. King and Coley (1985) 4 ASTM STP 1027, pp. 379-391.
Raw coal distillate L. gibba i 8 4.2 King and Coley (1985) < Culley, D. D., Rejmankova. E..Ke
Coal ash leachate S. oligorhiza NA 76 Klaine (1985) . o!lf"du;:k\;fECdS in aquaculture,
PIE | L. minor 5 20 Wang and Williams (1988) ;. 2749
2 L. minor 5 <2 Wang and Williams (1988) & S . Comparison o!
PIE 1| L. minor 4 38 Wang and Williams (1990) % Dm;‘, = E},ﬁ'i;fﬁ'c_pf?ms
2 L. minor 4 49 Wang and Williams (1990) Davis, J. C gand H0<;S. R. A. W.(
3 L. minor 4 49 Wang and Williams (1990) : o r:t' ::;nce toxicants for salm
4 L. minor 4 2 Wang and Williams (1990) : Dix“ 8. 6. sid Syegee.d, BiA1
5 L. minor . [ Wang and Williams (1990) - m;)d.i.-t‘ n factor in toxicity. C
6 L. minor 4 91 Wang and Williams (1990) : N ‘;1 4: and Klaverkamp,
T L. minor 4 43 Wang and Williams (1990) ( E Duncé.n. . m;, byl 59
8 L. minor 4 <L6 Wang and Williams (1990) e e Sci. 40, 128-138.
9 L. minor 4 <L.6 Wang and Williams (1990) ' i g Aq'gﬂ ) Mi::roorganic ar
PIE 1 L. minor 5 73 Wang (unpublished) ; Eyster.g. (1 ]-" D Tackson:
2 L. minor 5 47 Wang (unpublished) . & Fcki:vion:i:?l:;f 5 ' N..and ;{‘
Note. All IC,,'s (50% inhibition concentration, %) are obtained with static tests and the test end i the release of available PhOSP;
point is frond count increase. NA, not available; PIE, pretreated industrial effluent. " Fogels, A., and Sprague, J. B. (1

3 rainbow trout to five poisons

. Frick, H. (1985). Micronutrient tol
8, 1131-1145.

Gabriclson, F. C., Malatino, A. ¥
in phosphorus and nitrogen sj

Garten, C. T., and Frank, M.L.(
inhibition by herbicides. ORN
Oak Ridge National Laboratc

Glandon, R. P., and McNabb, C.

totoxicity in fog and rain samples. Effects of acid rain can also be measured by
using duckweed (Schindler, 1988). ain ca d t
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