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Fig. 1.

Lemna aequinoctialis Welwitsch

Time (day]

Quality of the control test as indicated by duckweed frond number. The duckweed
frond increase during the 7 cultured period in HY PONeX nutrient solution. The tests
took place in August 1997, November 1997, January 1998, and March 1998,

respectively.
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Dw2 pH95
0.95 Km 2. E.C.
receiving water Conductivity Meter, WTW LF320
3. D.O. Dissolved
Oxygen Meter, WTW OX196
WA 5 4.
1997 11 1998 2 Inductively
4 6 coupled plasma spectrophotometer, JOBIN
10 12 YVON 138 ULTRACE ICP-AES
6 8 5.
lonic
Chromatography DX-100, DIONEX
pH
11 cm 35 ml
15
25
1. pH pH pH Meter, WTW 14 3,500-5,000 lux
Table 1. Test conditions of Lemna aequinoctialis Welwitsch
Duckweed Growth Test
Test species Lemna aequinoctialis Welwitsch
Test type Static renewal
Test vessel Petri dish (diameter: 11cm)
Test solution/vessel 35 ml
Test specimens/vessel 30 fronds (15 colonies)
Temperature 25 £2
Light intensity 3,500-5,000 lux
Photoperiod 14 hr
Water control Duckweed growth nutrient solution?
Replicates 4
Test duration 7 days

End point of test

Frond increase/vessel

Y Modified from Sandard Methods for the Examination of Water and Wastewater®.
2 To prepare the duckweed growth nutrient solution, 1g nutrient powder was dissolved in 3 L
of deionized water. The nutrient powder is a commercial product named “HYPONeX No.1”,
from the HY PONeX CO. Marysville, OH, USA.
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Table 2. Water quality of test samples from the industrial park

Irrigation water quality standard /effluent quality standard
IV/EY  D/IT? UP1 PS DW1 DW?2 WA
D 235+8.0 24.6%¥65 24.1+69 24.0+75 24.3%+6.0
T 25.844.0 26.2+35 26.1+3.6 259+3.7 254428
7.4+0.2 7.7+0.3 7.5+0.2 7.4+0.2 7.5+0.4
7.2+0.3 7.4+0.1 7.5+0.2 7.1+0.1 85+1.1
480+143 1423+431 1181+312  461+153 1226+102
689+199 1428+82  1230+84 403+93  3178+812
4.4+2.1 4.9+1.0 5.4+1.9 5.4+0.9 4.3+0.6

Items

Temp. () 35
pH 6-9

E.C. (uS/cm) <750/ --

D.O. (mg/l) 31+12 42405  3.8+05  39+04  3.7+0.8
AR ) 1.4+07  67+38  6.1+37  16+14  88+3.1
25412  7.0408  54+19 11+04 19.1+56
N (mgll) 30.1418.2 186.6+98.8 182.8+113.9 48.3+43.1 206.9+80.4
94.0460.5 227.4+259 180.8+40.0 32.5+10.6 571.4+227.6
<* (/) 02440 27.046.2 262+7.8  75+31  9.7+47
129432 32.0%84 269462  58+14 157453
Mg (malh) 78423 05423  93+10 10.8+0.7  8.1+2.1
125449  141#57 14561 129452 122445
» 458+100 436+115 519+58  467+39  282+66
Ca™ (mgll)

80.6+304 565+132  67.84250 482+23 489+33.1
13.0+£95 7.5+3.8 6.6+3.3 4.7+3.7 22.3+14.6
16.2+8.8 152+100  13.3+10.0 4.3+1.7 40.8+36.6
8.9+4.8 4634 50+39 8.0+15 14.5+8.0
43+2.1 4.1+14 3.3+0.7 9.8+2.7 17.6+8.2
0.5+0.1 0.7+x0.1 0.6+0.1 05+0.1 0.4+0.1
0.7+04 0.9+0.3 0.6+0.2 05+0.1 15+14
392172 1894+760 15641923 424+347 213.0+43.7
6344381 1751+253 15144338 2504146 679.3+249.7
433+12.0 2389+116.7 181.0+771 651+274 108.9+48.8
471+69  211.9+462 2115+344 51.3+99  3329+1514
0.3+04 0.2+0.1 0.2+0.2 0.1+0.0 0.7+0.9
0.1+0.1 0.2+0.2 0.3+0.3 0.0+0.0 10.4+31.8

NH," (mg/l) T-N¥/<20
NO; (mg/l) T-N /<100
F (mgll) <15

CI™ (mg/l) <175/ --
SO, (mg/l) <200/ --

NH; (mg/l)

Y12 Irrigation water quality standard. E: Effluent quality standard.

2 D: upper data are the water quality of samples obtained in daytime. T: data listed below are
the water quality of samples obtained at night.

% SAR: sodium absorption ratio, SAR=Na'A[(Ca™> Mg™/2).

D T-N (Total Nitrogen): the sum of organic and inorganic nitrogen. The irrigation water quality
standard of total nitrogen is less than 1.0 mg/I.

Student t-tests P<0.05
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NH3
Caicedo® pH
WA
PS DwW1
1.0 mg/L
UP1 DW?2 UP1 DW1 DW2
116 mg/I DW1 1000 pS/cm
2-3 UP1 750 pS /cm
PS Dwil sodium absorption ratio, SAR SAR =
PS DW1 WA Na'/A/(Ca™ Mg™/2)
DW2 DW1
UP1L PS DW1 DW1 DWw2
265 26.2 24.4 mg/l 1.0 mgl/l
WA DW1 DW2
39.8 mg/l 94.6 mg/I
WA
pH
UP1
PS DW1
0.1 mg/l 0.139 0.125
0.128 mg/I
Table 3. Summary of heavy metal content in water sampled from the industrial park
Heavy 1/ED Range of heavy metal content 2
metal uP2 PS DW1 DwW2 WA
Zn <2.0/<5.0 ND-0.106 ND-0.113 ND-0.091 ND ND-0.012
Cd <0.01/<0.03 ND ND ND ND ND
Pb <0.1/<1.0 ND-lO.lgg ND-2.125 ND-2.128 ND-0.060 ND-0.071
Ni <0.5/<1.0 ND-0.329 0.047-0.188 0.026-0.178 ND-0.033 ND-0.044
T-cr  <0.1/<2.0 0.003-0.089 0.004-0.018 0.004-0.049 0.002-0.031 0.003-0.088
Cu <0.2/<3.0 ND-0.023 ND-0.029 ND-0.020 ND ND-0.007

U1 Irrigation water quality standard. E: Effluent quality standard.

2 The dataincluded samples of daytime and nighttime.

¥ The number of times that heavy metal content of water sample is over the irrigation water
quality standard.

Y «T.Cr"  thetotal Cr content, include Cr™ and Cr*®.
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coefficient of variation <5%
(3,7,9,10, 11, 13)
growth inhibition
a
C F
(inhibition %)= ( c )><100% PS
C
F
60.0%
DW1
200 & 5 20
B Average =
; 180 0y =
-4 o Chlorosis 15 "
S z
& 160 | % =
&= ¥ E ) 110 =
e ] § 5
=140 b i & S
"E @ i} & -
g @ ] 4 s o
'z o
(2%
].ﬂU I I [] ] 1 I |:|
R ERERE QK 8 E
Batch

Fig. 2. Frond increase and ratio of chlorosis of duckweed in each batch of the control tests.
Sampling time: 1D, the numeral means the sampling number and the letters “D” and

“T" means daytime and nighttime, respectively.
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Fig. 3. Phytotoxicity test results of industrial effluent and irrigation water samples on

duckweed. (@) Inhibition of growth is compared to the dilute HYPONeX nutrient

solution. (b) Inhibition of growth is compared to the DW2 sample.

*: Significantly different from the control at p<0.05.
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28.0% 43.2% DW2

1997 11
100%
12.1-18.0%
13.3% breakup
WA definitive test
ICso
95% 57% 48% 66%

(a)DW1 (b)

Fig. 4. The growth inhibition of duckweed (Leman Aequinoctialis Welwitsch). (a) Duckweed
growth in sample DW1. Some of the frond exhibit chlorosis. The growth rate
decreased. (b) The water sampled from WA site. The frond exhibit chlorosis, necrosis
and then colonies breakup.
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Fig. 5. Inhibition of duckweed grown in different dilutions of WA sample at the night in
November 1997. Y: WA origina sample diluted with deionized water to prepare
different concentrations of test water for the definitive test.
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ABSTRACT

Shyu, T. H.*, Lee, Y. H., and Chung, M. Y. 2002. Investigations of water
quality in a ditch from the Taichung Industrial Park and evaluation of effluent
toxicity using a duckweed toxicity test. Plant Prot. Bull. 44. 157-169. (Taiwan
Agricultural Chemicals and Toxic Substances Research Institute, Council of
Agriculture, Wufeng, Taichung, Taiwan 413, ROC)

The quality of effluents from a sewage farm at the Taichung Industrial Park and
surrounding irrigation water was studied. Sampling was performed at 5 sites: the PS
site is the effluent discharge point, the UP1 site is upstream of PS, and the DW1,
DW?2, and WA sites are downstream of PS; DW1 and DW?2 are located around the
industrial park in irrigation ditches. Water samples were collected during the daytime
and nighttime in November 1997, and February, April, and June 1998. Items for
irrigation standards such as pH, electrical conductivity, anions, cations, heavy metals,
etc. were analyzed in each sample. The 7-day growth inhibition experiment of the
common duckweed species Lemna aequinoctialis Welwitsch was used to evaluate the
phytotoxicity of effluent and irrigation water samples. Results of water analysis
showed that the values of €electrical conductivity, Na , Cl , S0,?, and total nitrogen
content of the industrial effluent (PS site) were high, and influenced the qualities of
DWL1. The quality of water from the WA site was the worst; it is highly probable that
illegal factories stealthily discharge untreated wastewater. The duckweed growth
inhibition experiments indicated that the water samples collected at nighttime were
more toxic. The first to the third nighttime water samples of industrial effluents (at
the PS site) inhibited the growth of duckweed by more than 60%. The first nighttime
water sample of the WA sites showed 100% inhibition in the duckweed growth test.
There was no significant correlation between duckweed growth inhibition and the
concentration of each item in the chemical analysis. It is hard to evaluate the toxicity
of an effluent merely using chemical analysis. Phytotoxicity data must be considered
in the development of water quality criteria to protect crops and aquatic life and for
the toxicity evaluation of industrial effluents. Lemna aequinoctialis Welwitsch is one
of the common duckweed species in Taiwan. According to its growth rate and
response to pollutants, L. aequinoctialis Welwitsch is suitable for the determination
of the phytotoxic effects of industrial effluents and evaluation of the impacts of
pollutants in aguatic systems.

(Key words: water pollution, phytotoxicity, Lemna aequinoctialis Welwitsch, growth
inhibition, industrial park)

* Corresponding author. E-mail: ths@tactri.gov.tw
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