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Acute toxicity test and behavioral change analysis of seawater acclimated Japanese medaka were conducted
to identify the brine effects on fish by seawater desalination. 7 day acute toxicity test of brine revealed linear
conceniration-response relationship from 40.0~80.0 psu treatment groups. There was no significant brine effect
for 30-40 psu groups and mass mortality was observed from >50 psu exposure (7-day LCs;=51.4 psu). Images
from the real time camera system were analyzed to observe the changes in behavioral patterns of medaka
exposed to various salinity. 40.0 and 50.0 psu exposed groups were stabilized in behavioral patterns after 3.1
and 4.6 hours, respectively and 60.0 psu group showed sharp increase in activity during first 12 hours and 50%
mortality thereafter. Similar patterns were observed to 70 and 80 psu groups and both experimental groups
showed 100% mortality within 12 hours. Acute toxicity test and behavioral patterns showed very similar tox-
icity results which revealed the increases in mortality and behavioral activities from 50.0 psu. This critical salin-
ity for fish impacts must be implemented to brine discharge strategy by seawater desalination into the coastal
area. Also, we recommend that real time camera monitoring system must be a useful tool for early warning of

fish toxicity for other applications. This research was funded by Ministry of Land, Transport and Maritime
Affairs, Korea.
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Table 1. Test conditions for the definitive acute toxicity test with the
japanese medaka Oryzias latipes. Values are means + SD

Test conditions Static acute

Test type Static renewal
Test duration (d) 7
Endpoint Mortality
Temperature (°C) 20.3+0.1
pH 7.8+0.1
Dissolved oxygen (mg/L) 6.5+0.1
Total length (mm) 18.75+£0.27
Body length (mm) 1573 £0.29
Wet weight (gWWt) 0.09 = 0.01
Dilution water Filtered seawater (0.5 um mesh)
Photoperiod (Light : Darkness) 12L: 12D
Test chamber volume (mL) 2,000
Test solution volume (mlL.) 1,800 mL
Age of test animals 3 months after hatched
Renewal period twice a day
Number of test animals per chamber (n) 10
Number of replicates (n) 3
Feeding regime Nauplius of brine shrimp

Test concentration Control and 5 treatment

Test acceptability criterion 90% or greater survival in control
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Table 2. Relationships of between three behavior parameters and
application scores (toxic unit)

Factor  Distance Speed Fractal
Score (pixel) (pixel/sec) dimension

0.00 0.0 0.0 0.0
0.10 0.4 4.0 0.2
0.20 0.8 8.0 0.4
0.30 1.2 12.0 0.6
0.40 1.6 16.0 0.8
0.50 2.0 20.0 1.0
0.60 24 24.0 1.2
0.70 2.8 28.0 1.4
0.80 4.0 35.0 1.6
1.20 5.0 40.0 1.7
2.00 6.0 45.0 1.8
4.00 7.0 50.0 1.9
6.00 8.0 55.0 2.0

VR

5
LN AN

———= Direction of water flow (inflow)

"""""" --m Direction of water flow (outflow)

Fig. 1. Schematic (not to scale) of apparatus used to observe behavior
pattern in the Japanese medaka Oryzias latipes. 1: Reservoir container
(control); 2: reservoir container (treatments); 3: aqua pump; 4: open/
closing valve; 5: test chamber; 6: water support chamber; 7: light emit-
ting diode (LED); 8: camera tracking direction; 9: web-camera; 10:
computer for control and data storage.
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Table 3. Experimental parameters, mean body length (mm), and wet weight (gWWt) for the medaka Oryzias latipes groups. Values are means + SD

Treatment ranges of salinity (psu)

30.0 > 40.0 30.0 - 50.0 30.0 —» 60.0 30.0 = 70.0 30.0 — 80.0
Temperature (°C) 203 +0.1 204+0.1 20.2+0.1 203+0.1 204+0.1
pH 79404 7.8+0.3 7.8+0.5 7.7+0.4 7.8+0.5
Dissolved oxygen (mg/L) 6.5+0.7 6.3+0.5 6.7+0.3 6.5+0.7 6.4:+03
Chamber volume (L) 1.2 1.2 12 1.2 12
Volume of test material (L) 0.3 0.3 0.3 0.3 0.3
Total length (mm) 21.81 £ 0.90 22.25+0.60 23.03+£0.86 22.60+0.56 22.80+£0.74
Body length (mm) 19.01 £ 0.86 19.13+£0.79 19.45+0.33 19.60 + 0.39 19.08 + 0.44
Wet weight (gWWt) 0.13£0.02 0.14+£0.02 0.14+0.02 0.13+0.01 0.14+0.01
Number of experiments (n} 3 3 3 3 3

12 12 12

Number of individuals (n) 12 12
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Fig. 2. Relationship of concentration-response of Japanese medaka
Oryzias latipes in each salinity concentrations during experiment.
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Fig. 3. Mortality of Japanese medaka Oryzias latipes exposed to
high brine water.
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Fig. 4. Behavior patterns by four Japanese medaka Oryzias latipes st 30.0 psu and after transfer to 40.0 psu salinity.
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Table 4. Comparison of the behavior change pattern of adapted saline water medaka Oryzias latipes before and after sudden changes in

salinity 30.0 psu to 40.0 psu and 50.0 psu. Values are means + SD

30.0 psu — 40.0 psu
Control (A) Treatment (B) After (C)  Variation rate (%)= [(B-A)/A] x 100Variation rate (%) =[(C-A)/A] x 100

Speed (pixel/sec) 0.00~1.20 0.10 ~2.50 0.10 ~ 1.50 0.0~108.3 0.0~25.0

(026+£024)  (0.65+0.54)  (0.49 +0.08) (150.0T) (88.5M)
Distance (pixel) 1.00 ~ 24.00 1.00 ~ 50.00 2.00 ~ 29.00 0.0~108.3 20.8~100.0

(5.17+4.44) (12.84+10.81) (9.70+31.92) (148.41) (87.6T)
Fractal dimension 0.00 ~1.10 0.00 ~ 1.60 0.00~1.80 0.0~455 0.0 ~63.6

(029+£0.19) (0.43+£0.27)  (0.40+0.05) 48.31) (37.9M
Toxic index 0.01 ~0.08 0.01 ~0.28 0.01 ~0.08 0.0 ~250.0 0.0~0.0

(0.02 £ 0.01) (0.05 + 0.05) (0.04£0.01) (400.01) (300.01)
Death individuals (n) 0 0 0 0 0

30.0 psu — 50.0 psu

Control (A) Treatment (B) After (C) Variation rate (%) = (B-A)/A  Variation rate (%) = (C-A)/A
Speed (pixel/sec) 0.10 ~ 0.50 0.00 ~ 1.90 0.00 ~ 0.40 -100.0 ~ 28.0 -100.0 ~ -20.0

(0.20+£0.07)  (0.97+0.52)  (0.14+0.07) (385.0M) (-30.04)
Distance (pixel) 1.00 ~ 9.00 1.00 ~ 38.00 1.00 ~ 7.00 0.0~322.2 -22.0~0.0

(4.04+£126) (1934+£1037) (2.82+1.39) (378.71) (-30.24)
Fractal dimension 0.00 ~ 0.90 0.00 ~ 1.80 0.00 ~ 1.00 0.0 ~100.0 0.0~11.1

(026+0.17)  (0.50+£0.27)  (0.21£0.14) (92.31 (-19.2)
Toxic index 0.01 ~ 0.04 0.01~0.12 0.01 ~0.03 0.0 ~200.0 -25.0~0.0

(0.02£0.01)  (0.06+0.03)  (0.02%0.01) (200.01) 0.00)
Death individuals (n) 0 0 0 0 0
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Fig. 7. Behavior patterns by four Japanese medaka Oryzias latipes st 30.0 psu and after transfer to 70.0 psu salinity.

Table 5. Comparison of the behavior change pattern of adapted saline water medaka Oryzias latipes before and after sudden changes in salin-
ity 30.0 psu to 60.0 psu and 70.0 psu. Values are means = SD

30.0 psu - 60.0 psu
Control (A) Treatment (B) After (C) Variation rate (%) = (B-A)YA  Variation rate (%) = (C-A)/A

Speed (pixel/sec) 0.20~ 1.10 0.20~2.30 0.10 ~0.30 0.0 ~109.1 -72.7 ~-50.0

0.50 % 0.16) (1.45+£0.64) (0.12+0.04) (190.01) (-76.04)
Distance (pixel) 5.00 ~ 22.00 3.00 ~ 47.00 1.00 ~ 5.00 -40.0 ~ 113.6 -80.0 ~-77.3

(10.00 £3.05) (29.00+12.68) (2.59£0.77) (190.01) -74.1%)
Fractal dimension 0.00~1.10 0.00 ~ 1.50 0.00 ~ 0.70 0.0~364 -36.4~ 0.0

0.50£0.16)  (0.70£0.27) (0.22£0.11) (40.07) (-56.04)
Toxic index 0.02 ~0.08 0.02~0.28 0.01 ~0.03 0.0 ~250.0 -62.5 ~ -50.0

(0.04 +0.01) (0.08+0.06)  (0.02+0.01) (100.0T) (-50.04)
Death individuals (n) 0 0 7

30.0 psu - 70.0 psu
Control (A) Treatment (B) After (C) Variation rate (%) = (B-A)YYA  Variation rate (%) = (C-A)/A

Speed (pixel/sec) 0.00 ~ 0.70 0.00 ~2.30 0.00 ~0.10 0.0 ~228.6 -85.7~0.0

(0.22+£0.13) (045+£0.57)  (0.00£0.02) (104.5T) (-100.0))
Distance (pixel) 0.00 ~ 14.00 1.00 ~ 45.00 0.00 ~ 1.00 0.0~2214 -92.9~0.0

(435+250) (9.02+£11.34)  (0.11 £ 0.31) (107.4T) (-97.59)
Fractal dimension 0.00~1.10 0.00 ~ 1.30 0.00 ~ 0.20 0.0~182 -81.9~0.0

(029+£0.19)  (0.37+£031)  (0.01%0.03) (27.6M (-96.64)
Toxic index 0.01~0.05 0.01~0.20 0.00 ~0.01 0.0 ~300.0 -100.0 ~ -80.0

0.02£0.01) (0.04£0.04)  (0.00£0.00) (100.0T) (-1004)

Death individuals (n) 0 0 12
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Fig. 8. Behavior patterns by four Japanese medaka Oryzias latipes st 30.0 psu and after transfer to 80.0 psu salinity.

Table 6. Comparison of the behavior change pattern of adapted saline water medaka Oryzias latipes before and after sudden changes in salin-

ity 30.0 psu to 80.0 psu. Values are means + SD

30.0 psu — 80.0 psu

Control (A) Treatment (B) After (C) Variation rate (%) = (B-A)/A Variation rate (%) = (C-A)YA
Speed (pixel/sec) 0.20 ~ 1.40 0.00 ~ 230 0.00 ~0.10 -100.0 ~ 64.3 -100.0 ~-92.9
(0.48 + 0.24) (0.60 + 0.64) (0.00£0.01) 250.0M (-100.04)
Distance (pixel) 5.00~ 28.00 0.00 ~ 46.00 0.00 ~ 1.00 -100 ~ 64.3 -100.0 ~ -96.4
(9.62+4.85)  (12.04+12.68)  (0.04 0.20) (2521 (-99.64)
Fractal dimension 0.00 ~ 1.00 0.00 ~1.20 0.00 ~0.20 0.0 ~20.0 -80.0 ~ 0.0
(048 0.17) (0.39 + 0.34) (0.00 £ 0.02) (-18.81) (-100.03)
Toxic index 0.02 ~ 0.08 0.00 ~0.28 0.00 ~0.01 -100.0 ~25.0 -100.0 ~ -87.5
(0.04 + 0.01) (0.05 £ 0.05) (0.00 + 0.00) 25.0M (-160.04)
Death individuals (n) 0 0 12
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