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ABSTRACT: Various adverse effects can occur due to direct exposure from toxic substances when toxic materials are used to
restore river ecosystems. Thus, this study performed analysis on the development of toxicity in terms of survival and
abnormality rates using embryos of Bombina orientalis living in Korea to analyze the toxicity of materials used in the river
projects. The results showed that the toxicity in cement (C group) was the strongest whereas the toxicity in plant-based
polyurethane (P1 group) was the weakest. Survival rates of B orientalis embryos were 100%, 94 - 95%, 66 - 89% and 0% in
control, P1, polyurethane (P2) and C groups, respectively. Abnormalities of embryos were 10.5%, 5.3 - 10.5%, 26.3 - 27.8% and
35.7%in control, P1, P2 and C groups, respectively. Furthermore, we verified that having a sufficient curing time reduced toxic
substances that were extracted. The above result suggest that cement and polyurethane hamper the early development of
amphibians. In conclusion, it is highly important to review biological safety with respect to the selection of materials used to
restore rivers. This study shows the importance of the selection of eco-friendly materials and processes.

KEYWORDS: Amphibian, Cement, Developmental toxicity, Plant-based polyurethane
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£3], AlHlES] E4o] Bt A T HE Bol
;ﬂ°§ﬂo1ghfﬂ I F AHES 283 Al AL
pHE W3- =2 P7Heds HERIIAL (A9 & pH
12.4), Pb, Cr, F= H|1 3 @ oko] AZE|Q=m|
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Fig. 1. Installation of aggregates and binder mixture (a) and curing the concrete surface (b) in glass tank (450 mm x

450 mm x 450 mm).
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Statistical
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Fig. 2. Schematic drawing of preparations of test media for the toxicological experiment (MR, Marc's Modified Ringer's

solution).

o)af AUuf] EAREA] (one-way ANOVA)S AL
stk 22 9 vl Az|, vhlEA B 9148

3} Zo] wAER UeR)ott (Fig. 2).
3. Z 1}

Ag A F 308 A3 Al C AFE F 50%,
100% Ajzoll A m= vfjolrt HARsITh (Fig. 3). 1
2L C AT 10% He|tollA= wHAksEA] ottt
TUA ER1E 100% AlmoA] 7F 3] AEg2
100% (Control), 95£10% (P1-1), 89+13% (P2-1),
94+13% (P1-2), 66+28% (P2-2), 0% (C)%.21, 50%
AFofA] ZF Ao AEE-2 86+13% (Control),
90+14% (P1-1), 70+41% (P2-1), 86+22% (P1-2),
83+17% (P2-2), 0% (C)SIth 10% A=A 2+ A
o] AZL-2 100% (Control), 100% (P1-1), 100%
(P2-1), 100% (P1-2), 95+10% (P2-2), 75+38% (C)
2 ZRIESItt wepA] C Afee Alefet vmA] A
Hatolld E4 9 Fwol wpE uljore] AYEgof njz|
© QF Aol FEEHA vehbA] gl Boldd
HOoEA P2-2 A4 Hjof HEES HAE
ANE sE EHORE Fadh= AoE Ueyt

Fig. 3. Bombina orientalis embryos which died after 30
min when the treatment of 50% diluted cement effluent.

(Fig 4).

37l vijore] 7|FUABES AFNA & 7Y
73Ur Al 10% AlzollA ZF ARTe] 7| 3EdE
10.5£11.5% % (Control), 5.3£10% (P1-1), 26.3+9.5%
(P2-1), 10.5+11.5% (P1-2), 27.8+31.9% (P2-2), 35.7+
10% (O)2 FRI=om, & Atz C AT Hf
ol9] 7|gEo] 7MY =2 A& UEsitt (Table 1).
FAEAA P2-1, C AdTolA FoJsHA 719
g F718E A EIT 4= 9Tt (Fig. 5). T
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7189] S3o g BH 4~ (ventral blister; VB),
2 714 (head malformation; HM), H|AANA 2
Q] (abnormal gut coiling; AG), &% (hematoma;
T), 72| ¥ (bent tail; BTL), 7|33} (unhatched,

oA e
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050%
2100%

Survival rate (%)

0% +— = — = = T .
Control P1 P2 P12 P22 Cc
Experimental groups

Fig. 4. Survival rate of Bombina orientalis embryos at 7
days after the treatment of test media. Embryos
exposed to 10%, 50%, 100% diluted each test media,
respectively. Error bars indicate SE (n=4) (Control,
aggregates were cured for 20 minutes; P1-1, aggre-
gates and plant-based polyurethane mixture was cured
for 20 minutes; P2-1, aggregates and polyurethane
mixture was cured for 20 minutes; P1-2, aggregates
and plant-based polyurethane mixture was cured for
1 day; P2-2, aggregates and polyurethane mixture was
cured for 1 day; C, aggregates and cement mixture
was cured for 1 day).
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UH) 5o]3leH, &% ¥ (bent trunk; BT), Z12|v]

WAL (tail dysplasia; TLD)S-2 #&ER] okgkch

(Fig. 6). 53|, 27/ w21 falo] Fafsia %

she @4 (UH)2 C AdollAnt ehd=glom, b

1] =]
S S
*

N
S

Abnormal rate (%)
N w
(=3 o

a
=)

o

P1-1

Control P21 P1-2

Experimental groups

P2-2 [od

Fig. 5. Percentages of Abnormal embryos at 7-days after
treatment of each 10% diluted test media. Error bars
indicate SE (n=4). * indicates the significant difference
from control at p < 0.05 by one-way ANOVA (Control,
aggregates were cured for 20 minutes; P1-1, aggregates
and plant-based polyurethane mixture was cured for
20 minutes; P2-1, aggregates and polyurethane mixture
was cured for 20 minutes; P1-2, aggregates and plant-
based polyurethane mixture was cured for 1 day; P2-2,
aggregates and polyurethane mixture was cured for 1
day; C, aggregates and cement mixture was cured for
1 day).

Table 1. Occurrence of various abnormality in Bombina orientalis by treatment of 10% diluted concrete effluent.

Experimental groups**
Abnormality* Total
Control P1-1 P2-1 P1-2 P2-2 c

VB 1 1 2 1 2 1 8
HM 0 0 1 1 1 1 4
AG 0 0 2 0 0 0 2
HT 1 0 0 0 1 0 2
BTL 0 0 0 0 1 1 2
UH 0 0 0 0 0 2 2
BT 0 0 0 0 0 0 0
TLD 0 0 0 0 0 0 0
Total 2 1 5 2 5 5 20
Survival embryos 19 19 19 19 18 14 108
Abnormal rate (%)**| 10.5%11.5 5.3x10 26.3+9.5 10.5¢11.5 | 27.8+31.9 35.7+10 18.5+19.6

*VB: Ventral blister, HM: Head malformation, AG: Abnormal gut coiling, HT: Hematoma, BTL: Bent tail, UH: Unhatched,
BT: Bent trunk, and TLD: Tail dysplasia.

** Control, aggregates were cured for 20 minutes; P1-1, aggregates and plant-based polyurethane mixture was cured for
20 minutes; P2-1, aggregates and polyurethane mixture was cured for 20 minutes; P1-2, aggregates and plant-based
polyurethane mixture was cured for 1 day; P2-2, aggregates and polyurethane mixture was cured for 1 day; C, aggregates
and cement mixture was cured for 1 day.

*** MeantSD (n=6)
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Fig. 6. Occurrence of various abnormality in Bombina orientalis by treatment of the concrete effluents.

1.4 ® Tail OHead

Length (cm)

Control P1-1 P2-1 P1-2 P2-2 Cc
Experimental groups

Fig. 7. The average body and tail length of Bombina
orientalis embryos at 7 days after treatment of each
10% diluted test media. Error bars indicate SD (n>8)
(Control, aggregates were cured for 20 minutes; P1-1,
aggregates and plant-based polyurethane mixture was
cured for 20 minutes; P2-1, aggregates and polyurethane
mixture was cured for 20 minutes; P1-2, aggregates
and plant-based polyurethane mixture was cured for
1 day; P2-2, aggregates and polyurethane mixture was
cured for 1 day; C, aggregates and cement mixture
was cured for 1 day).
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