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Abstracts

To assess the effect of 1,4-dioxane on freshwater aquatic organisms, acute, chronic and multi-generational toxicity
studies for waterflea(daphnia magna) were conducted. Acute toxicity was assessed on the basis of immobility, while
chronic and multi-generational toxicity were assessed on the basis of reproduction and growth. In acute toxicity test, the
24h, 48h-ECso values were 8516.74 and 7405.67 mg/L respectively. 1,4-dioxane has very low acute toxicity to daphnia
magna. In chronic toxicity test, the NOEC, LOEC values for the reproduction of daphnia magna were 500 and 1000 mg/L
respectively, and the NOEC, LOEC values for the growth of daphnia magna were 2000 and 3000 mg/L respectively. These
results indicated that daphnia magna was susceptible to the reproduction than the growth. In multi-generational toxicity
test, the NOEC, LOEC values for the reproduction of 3-generation daphnia magna were 250 and 500 mg/L respectively,
and the NOEC, LOEC values for the growth of 3-generation daphnia magna were more than 10 mg/L, which is the
highest concentration in the range of test concentrations. Like the chronic toxicity, 3-generation daphnia magna was
susceptible to the reproduction than the growth. When the 1 and 3-generation daphnia magna exposed to 1,4-dioxane was
compared, there was no significant difference in the growth, but the 3-generation daphnia magna was less reproductive.
The NOEC values of the 1 and 3-generation daphnia magna were 500 and 250 mg/L respectively. The 3-generation
daphnia magna was more sensitive than the 1-generation daphnia magna.

As the results of the toxicity test, 14-dioxane has very low acute and chronic toxicity to daphnia magna. Therefore,
1,4-dioxane has a minimal risk to waterfleas in river.
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Fig. 1. Chemical structure of 1,4-dioxane.
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Table 1. Physical/Chemical properties of 1,4-dioxane”

Physical/Chemical property Value

C4HgO2
1,4-diethylene oxide

Molecular formula
Common synonyms

Molecular weight 88.1
Melting point 11.8 °C
Boiling point 101.1 °C at 760 mmHg
Density 1.0329 g/mL at 20 °C
Koc 1.23
LOg Kow -0.27

30 mmHg at 20 °C
4.88x107° atm m®/mol

Vapor pressure
Henry's Law constant

EHS

1) A B S(Daphnia magna)©] E4

EHZe AAAHoR 117 524 4504 %o
Qlom Ao A8 Daphnia magna's B4 -3

% B olsh 2e B S

Phylum : Arthopoda

Class : Crustacea
Order : Cladocera
Family : Daphniidae
Genus : Daphnia magna
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Fig. 2. Structure of Daphnia magna.
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Hol= F2 Chlorella, Selenastrum S3} 722
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Table 2. Preparation of Synthetic Freshwater Using Reagent Grade Chemicals

F 2% olge] BH% 9 A mE FE5n
7 kA AR A 24417 vlRke] of2l)
Al(neonates) E AF&-3FATE A1 A& 241 A
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Reagent added(mg/L)

Final water quality

Water type

NaHCO3 CaSQ4 - 2H0 MgSOq4 KClI pH Hardness Alkalinity

Very soft 12.0 7.5 0.5 6.4 - 6.8 10 - 13 10 - 13
Soft 48.0 30.0 30.0 2.0 72 -76 40 - 48 30 - 35
Moderately Hard 96.0 60.0 60.0 4.0 74 -78 80 - 100 57 - 64
Hard 192.0 120.0 120.0 8.0 76 -80 160 - 180 110 - 120

Very hard 384.0 240.0 240.0 16.0 8.0 -84 280 -320 225 - 245
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Fig. 3. Experimental design of the multi-generation toxicity test.
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oA el AFEAE wEtol gt webA
AES] Al edEdd gt AlEFEs= FZd
et sl FAEERE 15 S8
FFAEFAANDE sl 2 Adre
KOs AXSAHEZZ AMEsIHal B85
TSR FYg WHo R F83g). 1SO
AMe EFAAEET 2 mg/L o), BT
9 AslEol 10 %olstelr FEFAZFHEZL]
KoCr079] 24A)7F ECso3te] 0.9 - 2.0 mg/L2]
e ol lew Alge] HYsHAl olFARSS
dgetin . KCnO,s o83 F#A%
SAIE A3, 244171 ECsogke] 1.16 - 1.33 mg/L
2 1SOof|A] &g MY ol Sle AR gRlE]
om 71 Avpk= Table 39 Yep)Sich

Zdu 3 o
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Daphnia magnag ©]-8-3t>] 1,4-dioxane®| /3

= QAP 5% A Table 49 Lor] F4

=ANHe FUHE FHRe v 7 FE
% 2072l & A W) BEAgoe 7 S
=918 A7) EWE S 60u}2 %ok Table 4
HH 24A)7F 3 7000 mg/L oJske] FEAM= &
Bse] fdAs7h BasA) 2gkort 8000 mg/L
13.3 %, 9000 mg/L 81.7 %, 10,000 mg/L 100 %
FAAH7E UEbst: 4841 & F3ASE HF
S+ A3} 6000 mg/LAlA 3.3 % 94307 e
7] AlEFsl 9000 mg/L o] dell = 100 % 73
a7} Yehdt) Fig. 4= 14-dioxaneo] =Z%
Daphnia magna®] 24*]7, 48A13F A& Vet
W FERkg=o g2 Y2 SA; FElE Holu
Ak

Table 5= 1,4-dioxane®] Daphnia magnaol]
& FAEANY AHRE NI EFEE(ECo)
FAFAEEEINOEQ) oz A=Ealth 14-
dioxane?] 241|7¥} 48A17ke] ECsogkt 95 % 1=
7k b7} 8516.74(8384.24 - 8651.34) mg/L, 484]
7t 7405.67(7266.81 - 7547.19) mg/Le] )31, NOEC
2 24417+ 7000 mg/L, 48417 5000 mg/L=Z

0l oft off

Table 3. Acute responses(ECGsy) of test organisms to a standard toxicant, KoCryO;, demonstrating the inherent

variability of the toxicity test

KoCro07 EC5o(mg/L)

1 2

Mean SD CV(%)

24 hr 1.21 1.16

1.33 1.23 0.087 8.7

Table 4. Acute immobilization test of 1,4-dioxane to Daphnia magna

Concentration(mg/L)

Exposure
contents .
period 0 5000 6000 7000 8000 9000 10000
Immobilizied average individuals” o4 hr 0 0 0 0 8 49 60
Rate of immobilization(%) 0 0 0 0 13.3 81.7 100.0
Immobilizied average individuals” 48 hr 0 0 2 9 52 60 60
Rate of immobilization(%) 0 0 3.3 15.0 86.7 100.0  100.0

"Total tested individuals per concentration was 60
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Fig. 4. The concentration-response curve of Daphnia
magna toxicity test on 1,4-dioxane.

e 14-dioxaneo] EHS| g F454L

i e Ao mol AY|7he] A =EE S
EHR] YFS F 7FsA0] Yol TIEAHANY

9P 12 Ho= Paw

1,4-dioxane2| =8{50] tiet Trd=d
1) 14-dioxane©] EH]5-2] AFd v|X|= F3F
Table 6-2 Daphnia magna2s 2147} 1,4-dioxane

o =E2AZE W AE mXE JFE e
Aog, Ty o] 250 mg/LoAFE 2000
mg/L7MAIE AP S5 AR oot A
£ 100 %2 #FEH oM, 3000 mg/LolA 30 %
o] EHj5o] Abgalr] A1Zketed 4000 mg/LoflA]
= =5 AV APgsitE HdrEs B
3000 mg/LefA] #&A7|ZF vixet gl 2195 3
uhg] ApgoZ 20.7¢, 4000 mg/LoA 7|7t
1290 - 17 &<t & 10 v 257 Apdete] B
T 1462 Uepgtow, Byl sloire
3000 mg/L7HAlE tizate] 2197} frof gt tol&
1 o]2] ekot, 4000 mg/LolAlE 14.692 f9]
& FHAE HoF3Ati(Table 6).

2) 14-dioxaneo] EH|52] A4t 3= FF

14-dioxanee] EHE2] Astel] vx]= Fake
A% A WA dee AIRL 228, 2197
4k A71EH S FEA A Rgith

Table 794 3 EAWHA] Ze]e AFS 2H O
ZT 7698 BT F 7P W2 250 mg/Lo
A 75%, 500 mg/L 8.0¥% 2]5t xpo]E Kol
2] ¢F9ko1}, 1000 mg/L o] eAlE 57} o}

s 3 S Aele ARtel ARE =oiA

Table 5. Results of acute toxicity test with Daphnia magna exposed to 1,4-dioxane

ECso(mg/L)

Chermical Exposure period (95 % Confidence interval) NOEC(ma/L)
8516.74
, 24 hr (8384.24 — 8651.34) 7000
1,4-dioxane 10567
48 hr (7266.81 - 7547.19) 5000
Table 6. Survival rate of Daphnia magna exposed to 1,4-dioxane for 21days
Concentration(mg/L)
Parameter
0 250 1000 2000 3000 4000
Survival rate(%) 100 100 100 100 70 0
Longevity(day) 21.0 21.0 21.0 21.0 21.0 20.7 14.6

Significantly different from control(P<0.05, T-test)



14-dioxane°] =B 5l A= FAol thg H7} 153

Table 7. Reproduction of Daphnia magna exposed to 1,4-dioxane for 21days

Concentration(mg/L)

Parameter

0 250 500

1000 2000 3000 4000

Day to first brood

7.6 £052° 75+ 053 80 + 047 98+ 0.63 138 £ 1.03 19.8 + 1.87 -

No. produced brood 6.3 + 0.48 6.4 £ 0.52 6.1 £ 0.32 4.9 £ 0.577 2.6 £ 0.52° 0.4 + 0.52" -
Total offspring/adult 74.2 + 4.21 74.4 + 427 73.8 £ 3.49 435 + 548 21.8 £ 5.14° 0.6 + 0.84 -

Significantly different from control(P<0.05, T-test)
"Mean + standard deviation

1000, 2000, 3000 mg/LellAl z}z+ 9.8%, 13.8Y,
19.892 th2T 7.697} Foldk xjole HYr) 21
A7t EHFO] SA8IFE B 250, 500 mg/ Lol
A 247} 6.43], 6132 thz" 6339} o8k x}o]
E Koz ¥gtort, 1000 mg/LolA 4.93], 2000
mg/L 2.63], 3000 mg/L 0432 fo|st 7IAs
R tHTable 7). 2193t ejold &t F A7
B 5 HY gxToN 74202 250
mg/L 74.4v}2], 500 mg/L 73.8vlE]el= folsh
zpo]E HolR| ekekor), 1000 mg/L o HRE &
AsHA AYNAG7E 7H4ke] 1000, 2000, 3000
mg/Lolx] 247} 435, 21.8, 0.6n}8] = thx7 f
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2 A3 gk
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3, E2E F A7IEHSE 479 NOEC, LOEC
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mg/LoE UERtom, A3 A Agelxe
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Fig. 5. Reproduction of Daphnia magna exposed to 1,4-dioxane for 21days.

Table 8. Growth of Daphnia magna exposed to 14-dioxane for 21days

Concentration(mg/L)
0 250 500 1000 2000 3000 4000

Length, mm 3.39 + 0.25 3.37 £ 0.18 3.36 + 0.14 3.28 + 0.10 3.24 £ 0.11 3.09 £ 0.11 -
Molting time 9.5 £ 0.53 9.6 £ 0.52 9.6 £ 0.52 9.5 + 053 9.6 £ 052 9.4 £ 0.52 -

Parameter

Significantly different from control(P<0.05, T-test)
"Mean + standard deviation

Table 9. Results of chronic toxicity test with Daphnia magna exposed to 1,4-dioxane

Parameter Exposure period NOEC(mg/L) LOEC(ma/L)
Day to first brood 500 1000
No. produced brood 1da 500 1000
Total offspring/adult Y 500 1000
Length 2000 3000
Total 500 1000
NOEC 2000 mg/L, LOEC 3000 mg/Lo.& YE} HZEZ o2 A Parameter 71O Z 1,4-dioxane

U Ladioxanes] 4% BHse] 4Auc 44k o wEE BHge] wARAAY A3t RIFEE

2ol o W7k Aog ekt <1 NOEC 500 mg/L, #443F5%<] LOEC 1000
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mg/L3l Zo=Z UESIT

1,4-dioxane2| StH{=0 et CHICH=-E=4
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Y TET ISR A
£H AlFEEA EHF AEEoIY WA
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mg/Lo g2 XAsIATE Table 102 34t EHE
S 2147t 14-dioxaned| =FAIAS W B8
(Daphnia magna)2] A=, A2, A4S Yehla
oh;]_’

HA 3AMe] AEEL BT 100%= VRS
H, EHE sEs Adele A AL gz
T 7.8¢ = 250 mg/L 8.2, 500 mg/L 8.3¢7}=
rolgh xfolE KolA] gkgtor), 1000 mg/LoiA]
11592 27 §olst xfo]ls& BRHPTh =43
I U 6.13)2 250 mg/L 6.08)9k= ok
o7} g1d.o1}, 500 mg/Le} 1000 mg/Lel|A] 7t
7} 5.73]¢} 423]2 o3k ApolE HFom, 21

A7t Hold W F AEHEY] 5 BY dix
Foll A 7420}8]2 250 mg/Le] 704nlE]ok= &
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Table 10. Survival, reproduction, and growth of 3-generation Daphnia magna exposed to 1,4-dioxane in multi

generational toxicity test

Concentration(mg/L)

parameter

0 250 500 1000

Survival rate(%) 100 100 100 100
Day to first brood 7.8 £ 0.42 8.2 £ 0.63 8.3 £ 0.67 11.5 &£ 1.43"
No. produced brood 6.1 £ 0.32 6.0 £ 0.47 5.7 £ 0.48" 42 + 0.63
Total offspring/adult 72.4 + 4.01 70.4 + 3.78 67.0 £ 4.06 33.7 £ 5.23"
Length, mm 3.41 £ 0.16 3.35 £ 0.17 3.35 £ 0.28 3.26 £ 0.18
Molting time 9.5 £ 0.53 9.6 £ 0.52 9.4 £ 0.52 9.5 £ 0.53

Table 11. Results of chronic toxicity test with 3-generation Daphnia magna exposed to 1,4-dioxane

Parameter Exposure period NOEC(mg/L) LOEC(mg/L)
Day to first brood 500 1000
No. produced brood 1da 250 500
Total offspring/adult y 250 500
Length 1000 1000
Total 250 500
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Fig. 6. Comparisons of reproduction between first and third generations of Daphnia magna exposed to 1,4-dioxane.
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Fig. 7. Comparisons of growth between first and third generations of Daphnia magna exposed to 1,4-dioxane.
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