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Evaluation of Environmental Toxicities for Priority Water
Pollutants in a Small Watershed by Bioassays

— Comparision between Lettuce Seed Germination Test
and Microtox Bioassay —

Ji-Na Lee and In Young Hwang

Dept. of Environmental Science, Inje University

ABSTRACT

Environmental toxicities of priority water pollutants were evaluated by two selected bioassays, Lettuce seed
germination/elongation test and Microtox acute toxicity test. Toxic chemicals (heavy metals, polycyclic
aromatic hydrocarbons, and phenolic compounds) inhibited the germination rate and root elongation of Lettuce
seed, as well as the bioluminescence of Microtox bacteria. When test biota were exposed to target chemicals,
the sensitivity of Lettuce bioassay was relatively lower than that of Microtox bioassay. However, Lettuce
bioassay may be a good candidate for prescreening the environmental toxicities of priority water pollutants,
since the testing method with Lettuce seed was relatively easier and more economic than with Microtox
bacteria.

Toxicity tests were conducted to compare the validity and sensitivity of both bioassays for sediment from a
small stream passed through urban area as well as leachate from a municipal solid waste landfill. From
experimental results, we found that Lettuce test and Microtox test are compensated each other as a battery of
bioassay for evaluating the environmental toxicities of field samples obtained from a small stream contaminat-
ed by pollutants.
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Fig. 1. Scheme for Lettuce Seed Germination and Root Elongation Testing Chamber.
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Fig. 2. Time Course for Root Elongation of Lettuce A at
25°C. All experiments were done at least triplicate.

Vol. 14, No. 4

Table 1. Relative Seed Germination Rate as Various Incu-
bation Temperature and Time
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3. Relative Rate of Lettuce Seed exposed to Chemicals
for First 24hr at 25°C.
Data means at least the average of triplicate experi-
ments and vertical bar the standard deviation.Each
experiment was conducted with 20 grains per chem-
ical concentration. Deionized distilled Water was
used for control.
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Fig. 4. Effect of Chemicals on Lettuce Seed Root Elonga-
tion at 25°C during 120 hr after Chemical Treat-
ment. Data means at least the average of triplicate
experiments and vertical bar the standard deviation.
Each experiment was conducted with 20 grains per
chemical concentration. Deionized distilled water
was used for control.
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Table 2. Inhibitory Effect of Chemicals on Lettuce Seed Root Elongation and Microtox Bioluminescence. ECXX means the
chemical concentration at which xx% of the test biota were observed the effective response. NOEC and LOEC

- means indicates the no-observable effect level and the lowest observable effect level, respectively (unit: ppm)
Root Elongation Microtox
Chemical EC
ECso ECy NOEC LOEC @30 [5]‘;1 n
Zinc sulfate 30 11 10 20 1.90
Zinc chloride 29 7 4 10 0.41
Cadmium chloride 3.6 1.2 0 4 5.36
Copper chloride 8 5 0 4 0.76
Barium chloride >80 >80 >80 >80 7691.67
Heavy Ferric chloride® 68 33 Ob 4b 35.03
Metal Lead acetate 28 14 10 20 0.18
Magnesium chloridec >80b >80b 20b 40b -
Mercury chloride 19 79 4 10 -
Nickel chloride 6 2 0 4 34.06
Chromium chloride 62 35 20 40 -
Arsenic oxide 6 2 0 4 73.06
Anthracene NE NE 40 80 249
Fluorene 18 13 5 10 231
Pyrene? >80 >80 5b 10b 2.44
PAH Phenanthrene 62 17 0 5 0.26
Acenaphthene - - - - 1.29
Chrysene NE NE 20 40 -
B~Naphtol 53 13 0 5 0.36
Phenol 20 8 10 20 18.60
Phenolic PCP 1.1 0.5 0 1.25 0.60
Compound TCQ 15 9 0 6.25 0.58
TCHQ 27 9.5 12.5 25 0.25
. DMSO 23000 18200 10000 20000 98000
g;lgva:n‘f Acetone NE NE NE NE 15000
Ethyl Alcohol NE NE NE NE 35000

NE: no—effect; PCP: Pentachlorophenol; TCQ: Tetrachloroguinone; TCHQ: Tetrachlorohydroquinone

a: There was the induced effect on root elongation in the range of 0~ 20 ppm while the inhibitory effect above 20 ppm.
b: The induced effect of chemical was observed at a given concentration range.

c: There was the induced effect on root elongation as increasing concentration of chemical.



December 1999 Lee and Hwang : Evaluation of Environmental Toxicities for Priority Water Pollutants by Bioassays 141

332 5E 2= Microtox FA45A A13-&
P59, 2 ZA2HE Table 29} 3o AHsldoh
whopx|d| & 2}e} Microtox 5A4& vl2Y o, Zn,
Cu, Pb 59 242 Microtox S4} o] 733A o}
Ebt wbe, ol A3 &= v]u]shgd et (Table 3).
PAHs 2} %) 3&72) 739, Microtox 573 o] *lo}A] 8
v e Asjageog 2 ez AEHe
1} (Table 2, 3), Phenol, PCP &5 dX BxE2
Microtox 543} f-ARtH wejAdA As|as}st 9l
et

AFa dbel Wl we|AdA s AlF W
Microtox 54 A3} vlwd o, s}stEAel] g
7o) At oz w)§ WA ePgon) 4y
EA 5] dsiME 238 ¥AY fAMsg e,
o]2]gt A& Microtox SAHA A &7 A5
# wbol 1l WA AHAEL AE mhAQ)
AESH 54 EA7|Hel E 4 AdeT 9vlst
I 9lct 3HE, A1 Aot £olA T 29l
€+ 28 A (s A, 34 AEEe
Microtox Al §ell A el AP A oz

Table 3. Inhibitory Effect of Chemical on Germination
Rate of Lettuce Seed and Microtox Biolumines-
cence. ECXX means the chemical concentration at
which xx% of the test biota were observed the

effective response (unit : ppm)

Seed Germination | Microtox
Chemical ECso
ECwo  ECx | @30min
Zinc chloride NE NE 0.41
Cadmium chloride ] NE = NE 5.36
Deavy | Copperchloride | NE  NE 0.76
Lead acetate NE NE 0.18
Arsenic oxide NE NE 73.06
Anthracene | 37 15 249
Fluorene 11 7 2.31
Pyrene 20 12 2.44
PAH Phenanthrene 9 4 0.26
Chrysene 40 16 —
—-Naphtol 21 8 0.36
Phenol NE NE 18.6
Phenolic {PCP 149 115 0.60
Compound | TCQ 9 3 0.58
| TCHQ 9 5 0.25

NE: no-effect; PCP: Pentachlorophenol; TCQ: Tetrachloroquinone;
TCHQ: Tetrachlorohydroquinone
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Table 4. Comparison of Lettuce Seed Test and Microtox

Bioassay with Field Samples, Sediment in a small
stream and Leachate from a municipal solid waste

landfill
Germination Root Micro-
Rate Elongation  tox
Sample EC
ECSO ECZO ECSO ECZG @30;:)11,1
Site 1
(gsed./ml) 0.275 0.188 (0.688 0.2 0.0246
Sediment Sie 2
ite
(gsed./ml) 0.388 0.175 0.825 0.15 0.0547
Leachate
before 59 54 37 12 108
treatment (%)
Leachate
Effluent after
treatment | 245 21 50 20 450
(%)
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