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WEENHOSHO®mS 13, I Y raick LT AE>IENES b ) 2 4 >a-SF, LAS>AOS>AS>AES,
$lcxt LT AOS>AE, a-SF>LAS>EiEEF + ) 9 4 >AS>AES DTS - 72,

ECyw & LCy & OB, REFEEFEMIc W T IRAEOHEBSED Shichs, LWALWAREHIBA-TWS
HRIC O LW T RABEOHBMIED S, -7,

ECy & LCx BRER T T 2 /KO B & i WREEHER3IEA £ v RD AE T, KOWEOEEER
VB RETEHRIIRE A 4 »FD LAS, AES, AOS, o-SF, B+ b)Y ATH-7,

I3 Bl AR T O RETEMFIOEREY R 7 A2kl & 25, XFRUEOREIKSERERAT S /NI
TLAS & AEDSEFBELRNVCELTWE EEZEZ LN,

Summary

Using in conformity to the OECD Guidelines, we carried out acute immobilization test to Daphnia
magna and acute toxicity test to Oryzias Latipes for some surfactants and some commercial detergents for
clothes. AE had the strongest toxicity of the surfactants to Daphnia magna and was follwed by hard soap
>a-SF, LAS >AOS>AS>AES. AOS had the strongest toxicity of the detergents for clothes to Oryzias
Latipes and was followed by AE, a—SF >LAS >hard soap >AS > AES. The order regarding the strength of
toxicity of AOS and hard soap was different in acute immobilization test Daphnia magna and acute
toxicity test to Oryzias Latipes. As for commercial detergents for clothes, No. 12 (AE) showed the
strongest toxicity to Daphnia magna and was followed by No. 10 (hard soap)>No. 15 (AS, LAS), No. 9
(AES, AE), No. 14 (a-SF, AE)>No. 13 (AOS, LAS), No. 8 (LAS), No. 11 (soft soap). As for toxicity to
Oryzias Latipes, No. 12 (AE) was strongest and followed by No. 13 (AOS, LAS), No. 15 (AS, LAS), No. 14 («
-SF, AE)>No. 9 (AES, AE), No. 8 (LAS), No. 10 (hard soap)>No. 11 (soft soap).

Correlation of acute immobilization test to Daphnia magna such as 24h—-ECs and acute toxity test to
Oryzias Latipes such as 96h-LCs on surfactants was statistically significant. However, correlation
between 24h-ECs and 96h—LCs for commercial detergents in which various builders were included was
not statistically significant.

Water hardness did not influence toxicity of nonionic surfactants such as AE, and did anionic
surfactants such as LAS, AES, AOS, a—SF, AS and soaps. These findings of ECy and LCsx showed the same
trend.

Ecotoxicological risk quotients, which calculated from the concentration of some surfactants in the
rivers that drained into Lake kojima, were warnning levels in LAS and AE in a winter season.

Key words : Daphnia magna, Oryzias, Latipes, Surfactats, Toxicity assessment, Enviromental assessment

* Toxicity and Environmental Assessment of Surfactants and Detergents to Aquatic Animals
** Toshiyuki YOSHIOKA, Yasuo OGINO, Tadashige MORI (ffiLIREEifRfE+ % —) Okayama Prefectural
Institute for Environmental Science and Public Health
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1. T C &I

REB I EETS I AE L, BKERICHELT
WEEEDL L, WEAO L VWEIT, MlH - g%
FEO i D & T EFYKBTHA L, KEE#EDS
HEITLTWA, FAKERMESIERED STV BT
BRI 27U LKL, KKEoRENELIEHLRSH
BVWORBIRTH 57, RESFREOEEYE OHEH
BOHETUMBEFIKTEDLONED, Tod bk
HEYCH L TROFEEOREZ VWb D E L THETH
HEh2EFBEL SN B, RIS O > b Rk
AloREEYNCH T 2 2B I >V TE L gD
BEhTWE™, LiL, KEEYOZHE KR
ICfEH T A/KkD pH, KiE, WEZFOKESRMESLHY
O, HMEERBICLXORE(RETZIEBHONT
WBYY, F 1o, AEAE, HERIR, RiiE R o
DEWFICL Y, [EUREEERTEZoBMHEIZL0
~100f5LI EOEMBELEZ EbHY, F— ¥ ZEE
g 5 C EBREREEPL VY,

T, REMETREHOREEHR & 8 O™
HRAKBHHBEANC - W CRIRRIC B EE R AT - T
B LT, AvtEtalBRic BKEEY O S b iR
PEAS S WHL D v oo S B & U A W,
OECD #14 K54 YIic#EL T ¥ ¥ v ad 50% sk
FHIRE (ECx) &t £ 54 O¥EBEILHE (LCw) &L

TRdtee Fh, KERMGE L THIARR GEED
REWVWEEZ SN AHEOREIEEROEMECS
BB VWTHH Lz, &5, REEHRozR
PN & HEERAKBRTORMBE» S zhTh
DHEPN S BB ARG L.

2. R A E

21 HEHAFEEEFS L UHRERRES

BRI L 7o iiAR FEERl o sk T
& B FETEER (7 FERD B & OThlAKRHHBER (8 /&
¥) 2RU7 &/, EYMORSIWARET 572D D
BEHEYEE LTR, vy s70072/—F b)Y
& (HEERC T EEW, HEEE 83%) MW7,

2.2 H#HEEY

KEFHYO S5 LHBIHE LTAA ¥ Y~ 3 Daph-
nia magna %, HIE LTk * % #H Onyzias Latipes
ABE L, ABRICEAL 7.

A A Yy adkKiR20E1°C, RUAR (BA16HE
i, B 8 gl D&M T, & L T2 v L 5 Chio-
rella vulgaris 5.2 THE L1z, HEBIHICH:: v
varidESEL, BHUBMLNICEENFI Y
v ZEERICEE Lt

Ex AR HROKEEBAL, ERENT2E
1CDA 7 Z/KERTI4HMEI LB L, Zoo

# 1 Samples of surfactants and commercial detergents for clothes used acute toxicity test

Sample No. Surfactant content Chemical structure of surfactant
Surfactant
1 LAS 26.29 R—~0)-50,Na R:C,o~C,,
2 AES 25.3% RO (CH,CH,0), SO;Na R:Cy~C,; n=1~6
3 hard soap 89.5% RCOONa R:C,~0,,
4 AE 100% RO (CH,CH,0). H R:Cs~C,5 n=3~15
5 AOS 95.0% RCH=CH (CH,). SO,Na C,,,C,:,C, s
RCH(OH)(CH,), SO;Na
6 a —SF 91.0% RCH(COOCH,;)SO;Na oGy T
7 AS 99.4% ROSO;Na Ra@'
Sample No. Surfactant content Other content
Commercial
detergent
For clothes
8 LAS 28% Alminium silicate, Carbonate, Fluorescent agent, Enzyme
9 AES, AE 43% Enzyme,Fluorescent agent
10 hard soap 70% Carbonate
11 soft soap 38%
fatty acid
alkanol amide
12 AE 20% Alminium silicate, Carbonate, Fluorescent agent, Enzyme
13 AOS, LAS 23% Sulfate, Alminium silicate, Carbonate, Fluorescent agent, Enzyme
14 a—SF, AE 22% Carbonate, Alminium silicate, Sulfate, Fluorescent agent, Enzyme
15 AS, LAS 27% Sulfate
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RN WL T o 2Bl L, #ile #
¥ H OFEER G 2.6cm, EHEAEIZ0.16g TH -
oo

2-3 @HBEK

K7k % 2~3 HRE L THEEZEZ O BV k%,
ABB L UHBERR R oKE LTER LI, 3V v
fAEHOKIZESICT7 v b v EEEGF/C THRAL
THHL7 CDKD pH 127.5~7.7, BEEEIE 26~30
mg - £, K 22E£1CTH -1z, BEOFHE I
A/Kic CaCl, « 2H,0 2L T, 3 ¥ v oStk
EXER T2 CaCO, & LT 26, 97, 187, 367Tmg -+ £,
Ao E MR T 13 CaCO, & L T 26, 70, 200
mg « £ OREREBE = F W 7o

2.4 FEHEHBAE

EEEMAERIZOECD 7 R A F 54 202 B
L 02037 I HE U TEM L oo [Fl— RmmiEHAl B £ O
MIRAR HBERN o L TatkEralER % 2~3 [l b
g2 Wl

I Y v a2tk ERR | REEA] 8T B
OHRBRBREER L, HARAER AO0meducfI vy
I 5 5% AN, KR 20+ 1°C OBSHET T4MRAMEE L 1=
% OB ER A L7, WS X UREEXIET
T 4 TIT » 120 50% Wk BHE IR (ECx) 13, XL
I R e SR AE 0 Ry o RUAITE RERIRE %, At e pkPH
ERAE LD, 50%H[HOMEBERTHR U ECy Z3K8
foo F1o, WEOEEBLRHT /00, ABREEOE
EAEZTERBICHER L 7o HEREROTAEDEE, N5
% b ) A REEATAPERS L TH—ITOE
LicWhw({ e, BERETERATAZED/NESLT
HERAW TR L 1,

A MEMERE C BEEAKL BT T B0
Bimm = ER L, RSBAR 20hice 2 A 10B%
A, Kl 2221°C, HEEHEH (BHIH16MFRE, B5HA 8 Kf
M), MERGRH, JREARST24BE O & BABRIA K 23S
L, 96KRIfRE Lo MEARBFKRLLZVEDBRE,
24, 48, 72, 96WFfITEROFHBIMEE (LCx) % ECs
EEEEIC LTkt 1, WEOEEEARNT S
¥, ABRBKROWEAZZA T, [FERICEERL 7.

3. ¥ 23

3.1 KEFMICTIRMESHE

3 Vv oAtk ERE T, MRX OWEKBHE
BH W LIT OREFEREERA Lo, REHAEEMNES
BTid, MBRXOEERIVWEFNDS 0%LITFTH -
fro M1IBIVVaICHTBECo & b A A iTxd
31LCe 2R LTWVA, OHEMEZHEEEORK

4_

% 2 Results of acute toxicity tests to Daphnia magna

and Oryzias latipes (EC;, and LC;,)

94h BCg; LCs, (mg-£7") .
(mg-¢-") 24h 48h 72h 96h
Surfactant
| LAS 13.3 g0~ 71 omL %4
2 AES 92.5 60.0 540 515 506
4 hard soap 8.1 4.0 365 325 270
1 AR 3.3 3.2 29 25 2.3
5 AOS 19.2 1.7 1.3 1.2 1.2
6 a-SF 10.6 3.2 3.2 3.2 3.2
7 AS 36.1 42.5 37.0 37.0 37.0
Datergent
8 (LAS) 15.6 17.8 15.5 14.5 13.3
9 (AES,AE) 8.0 12.6 10.8 10.8 10.3
10 (hard soap) 4.1 28.0 24.5 18.5 16.0
11 (soft soap) 17.0 31.5 29.3 26.3 24.5
12 (AE) 2.7 4.6 4.0 2.6 2.4
13 (AOS,LAS) 13.3 5.0 4.5 3.8 3.5
14 (o —SF,AE) 8.4 5.7 4.9 4.7 16
15 (AS,LAS) 7.2 5.7 4.9 3.5 3.5

Note : Values show containing concentration of surfactant.

K ERMEOTA B E I VY aTLO~1.36%, &
AFHTLO~1.6f5ThHY, HYRdERE L TIdEBEM
BRP-1, £, REYHEORY Y /o077 >/ —
W+ by ADRBRERIZ, 3 Y v 24K ECy 13
0.32mg * £7', & 2 ¥ H96W5] LCs 1% 0.30mg « £7'C
b0, SETHEIN TV AHEYYERENLD 5 12,

REEHROFHEoMmE I3 Yoty L TAE>
NEffifg+ ~ Y @ & >a—-SF, LAS>AO0S>AS>AES,
bt A ¥ Hicxt LT AOS>AE, a-SF>LAS >[5k
+ b )9 £A>AS>AES DIETH » 12, AOS &GN
FrUYDLD, IVvakerFHICHTEEREOR
SOIEFBRE -7, RS F YV YAk, 3V va
LTk bmuEsgERL, AOS idk # ¥ ioxt
LTk mwiEEER L, REEHFHOEHICX S
FHHEMEOZE WG, IV v LT28kE (AES/AE),
kA ¥ hicstLc4efE (AES/AOS) Tdh - 1o

OB HBER (ERkar RETER) oFEMoms 2%
mHiEHRIMEE R L EX, 3 Yy aizxt LT No.
12 (AE) >No. 10 (f5lsB&+ ~ YV > &) >No. 15
(AS, LAS), No. 9 (AES, AE), No. 14 (a-SF,
AE) >No. 13 (A0S, LAS), No. 8 (LAS), No.
11 (5 A ) 2 4) OIETH > 1o B X F AL
T No. 12 (AE), No. 13 (A0S, LAS), No. 15 (AS,
LAS), No. 14 (a-SF, AE) >No. 9 (AES, AE),
No. 8 (LAS), No. 10 (J5liE&+ + Y v &) >No.
11 (NERAEEA U v &) OIETH - foo FETEHERIH
DS LEBEIC, AOS & LAS 2Fm4S & LdkHlo
No. 13 (AOS, LAS) L5 b ) v &2 F RS &
L7<¥EHD No, 10 (I5HiEEF r Y o &) I P vad
EX AT 2BHOMSDIAFNRELE s, £
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fo, BILATATS, EBATADTZIZL W No. 11
DWIEGTA (A VY L) BIvvakexry
it U T bt 5eh - 1o,

3:2 BEOXE

£3, R4ZERICHEHT 5/KOEEE 3~4 Bl
Zh& 8 T atEEEREEE L o RmiEtH o
IV Va4 ECy & B A ¥ A 9685 LCy 2R LT
VB

6] U A aiE A o 2 tkEtk s, HBicid 5K
DOEEOEVICEIDRESEL -/, IV vyarxl
T LAS O (250 26mg « £ 'D3.1{5 L 120, f5
[HBES b ) o LA OFEMEIR0. 145 T, B4 5 A
2%t LT a-SF oFH i 26mg « £ 'D3.6f£&75 0,
NEHAfE s + ) v L OFMEIR0.1fEIC -/, IV
D ECx 130.14~3. 1£5DZHE), & X 551D LCyx 130.11
~3.6f5 DA Ui, WEORE /D LRI S0,
IVvalk A SAICECMEENS SN, EitEl
DRERICHHT 2/KOWEICIEEAEHEIRET VD
DIIEA & v RETEHFRIO AE T, HEICEEINS
bR 4 Y REEERITH - 1o, BESEVIEL
Atk 725 DIk LAS, AES, AOS, a-SF, AS
T, BENEL 5 EHEENTEL 125 o5
FrYUDLTH T,

4, E =

41 KEEWICHTIRHESME

KT O Z kBB & Rl — 0 ik & & TEM
L, O BVWHERMSE oW, Ivvadtersd
ATkt BB AL X H A o - D ISR F b
) 56d& AOS Tho1, IEHEF F )V o3IV

Tt LTENEL, AOSIRE X YhiextLTHE
DB VAR L1 572, AE & AS O#FMIE I ¥ v T,

EXTAHICHLTIEEALRE CEET, LAS, AES,
a-SF i3, b4 #hicxt L cEEdsEd - 72, LAS,
AE, AOS, AS @4 FcHiEsh TV 3 REEEFIO
=YEEY LE UCEEoBH T, IYryarxds
IEHiBe+ Py atIvvablexdhicd s
AES O#MNRIL R LT - 12, IEEEF F U
LD I Yy B AMEEN 2 5EEEL, AES
DIVl FHITHTZ2EEEEESETEDP -
foo TORAE, RIS P Y v 4120 TOH
EPRDIEN T &0, RETGHERORE OBV & BB
&, FRICKOBEREY, Y ORSEHEOEVED D
EEZ 6N 3B,

St ERRE R, S, IV IUBEC, &t
A % 7196 LCsw DBRIC W TS L 7. REE
AT,

LC:%=0.522ECs+4.664 (n=7, r=0.8182)
Ly, fERRER5%THEICEOHBBGENED Sh
foo PR E 2 o RiniEHAIC 4 2 &5,
AT A DFHEEAER L fo, ABHERITII,

LCx=0.749EC,+2.612 (n=8, r=0.5020)
iy, HECHEIMBRIED o il - 7z, (LFEY)
Hicxtd 5 3 v v a & ORI S O HBIR R A
BHohTEY, SROHERT S REEHFHELT
i, MHBHBAROSED Shitc, L L, KEHERIOB
SREESHBEMESED Sl -1z, Thid, &
BRI SRAmEEERLA I EERHORSBEE N
THH, BRI ->-THKLEELEL > TRASH
FEOMDIHTH B EEZ 5N D, EEEICEREETHNL

% 3 Effects of water hardness on acute immobilization test
to Daphnia magna (24h EC;,, mg-£~')
Surfactant 1. LAS 2. AES 3. hard soap 4. AE 5. AOS 6. a—SF 7. AS

Water hardness

(mg+g~") 26 13.3 92.5 8.1 3.3 19.2 10.6 36.1
97 8.4 85.0 29.3 2.0 12.2 4.3 27.5
187 5.5 65.0 27.3 3.2 10.6 3.4 27.2
367 4.3 64.0 96.1 2.3 il 4.0 22.0
# 4 Effects of water hardness on acute toxicity test
to Oryzias latipes (96h LC;,, mg- £ 1)
Surfactant 1. LAS 2. AES 3. hard soap 4. AE 5. AOS 6. a—SF 7. AS

Water hardness

(mg+¢°") 26 T:l 50.6 27.0
70 3.8 20.5 67.0
200 3.1 24.0 235.4

2.3 1.2 3.2 37.0
3.3 0.5 1.3 21.9
3.4 0.7 0.9 11.9
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2RAH AR, BEtEWEL OO L AEEILFE
WBIc L AEMEEE L TESARTAER SN
LAV BRIE S S0 AR ERI OB LEY
BrlLcoEtomxid, I YvaixlLTNo 10
(IEA®EF+ + Y » &) >No. 12 (AE), No. 9 (AES,
AE) >No. 15 (AS, LAS) >No. 14 (a-SF, AE)
>No. 11 (J&ii## 1) 7 4) >No. 8 (LAS), No.
13 (AOS, LAS), Ex ##icxfLT No. 15 (AS,
LAS), No. 13 (AOS, LAS), No. 12 (AE), >No.
14 (a-SF, AE), No. 10 (IgHiE&+ bV ¥ &), No.
9 (AES, AE) >No. 8 (LAS), No. 11 (igffmE» v
Y &) ONEIZTE - Foo BEHIBEE TR 722455 ECs &
96 8] LCs & ORI r=0.4165 BBHE TN -
to HAWHE I Ol AL I X DM, FE3EH,
FEHi s hs 1, 3 v v o S EIHO SRR i FHRARE
BHEADSNLED-12bDEEZ LN,

4.2 WEOXE

EMiEE S b Y o o, ABRBEREIERT S LEEIC
Ca, Mg &4 L THREROEEA T ADTERKE 1,
IV v o SR ERER T, BEEICKE L ki
HESEEI NPT, @BRATAD IV VY IDH
2 ICE L TVWADNEAELN, IV VIRKNTS
GiFAOEM IS, NAHOLBA AL 3 lEKIHE
bEZOND, LIH-T, AFAZHRICHERL -
1Tk, 2BRAFAVRRERDTEH—ICHBLT
W Ww, IV v a0 2 ficeBad AR
T REGHRIT Y, WK E RO REAKA D
bhiih-ftEAONSE. TORYH, BHRS + Y
v A DHRERIARAVER T 5 & X IClEE TSRO T A
REONSSAKSETHR LI L T A, HBRERE
KEEOBWERESAE SN, AEENEHEERTE
HERTAHE ORSIAE OB HEIC D 597, 96/ LCs
12 26.0mg £, 27.0mg L't B ELAERUCMET
H-1,

(b2 E o kA4 2 RS I3 pH PR,
MBSO KEREI L D ARECRE BT &%
ThTwa?, SRORBTH, FHTHKOERED
EWIT X b [E CREEER oBEEES0.14~3.18 &
050.11~3.5fDE WA Uz, [BIHEEF b U ¥ &1,
WENE L BhEEB LT AOEKNSEML, ECs,
LCo lMAZHBEELZONS, BB+ 7 4
PIADfaA A+ v REEHRIE, —S0s (Ruk vH)
MH»—08S0, (FiEgxzzsE) #HLTVWT, Ihb
O RETERF IR OBEORED 2 VWIFRED ¥ 7
Bl L, SEOFFREEEE otk O 0 BRBEKZIRE
EH-TRET A EATFHENLTELY, Kb

67

Ca* WED LRI L SLVHEFTO A 4 v FHHiIcA
st L, KOHL Y AHROEINE QARSI
& D EHEE O REDISHH TREE A C, HHAE <
BokdbDEFELOND,
4.3 REEEFOBRERETME
MRS ERER I BT A AR " E BB, K
Bl AJKIR R & s B RS o e R
LAHEOREBTE SN ECy & LCuw 22 5 Z 0K T
OKEFYICEZ 5 ) 27 2L FOHERD S5KD,
E5icn LT,
(EEEY 2 7 1) = —log (BREDTORMEMERD
e R /ECy or LCx)
HEE) R 7 A2 LITOEE %, o v EHEHE
DOESD | ZHERERE & GEL 1256, TOYWHED
BRI, EEAETALANAMCELTVWAT L
EEWT 5, 2L, AR O 07K ORERE % HIE
LizE T A, CaCO, ELTT70~90mg e« £ ' ThH 7D
T, ECy 1235 3 OFFR 97mg « L' TOfE%, LCy 13X
4 OFFRE T0mg « £ TOMAMH Lic, &5 55Kl
DIEWAFICFEIKPEERA T 2 KR LA
Lot/ NI TiE, LASEAENI Y vadbe A s
AicH L TAELRET R LNMCELTEY, KESE
YIHhIERICAER LIC WEREEE M- TV A EEZ O N
3, BEKbh oSN BT Y v A, £
WISk D & O G AHRD & O RETE LA,
Kt o SSHED & DME LY, KehDKEHY)IC
IO WEEZIONE, LL, EBATADS
fRvEZE L, KRPIHELTVWEEEZ LN, K
HHEMNC X B8R E S h b, AS ZEREIKAR»
SEHXNTY, BEEIEALANMCEELTVLEL

# 5 FEcotoxicological risk quotient of surfactants
in the rivers that drained into Lake Kojima

Surfactant LAS | AES | soap | AE

Detected highest

i 0.90* | 0.21%7 | 0.25%% | 0.25**
(mg+ g1

ERQ

(Daphnia magna) | 0.97 |2.61 |2.07 |1.06

ERQ 0.63 [2.00 |2.43 |1.12

(Oryzias latipes)

Note:
1)} Sampled at Senocgawa Bridge of River
Senoogawa (February)
2) Sampled at Shirasagi Bridge of River
Aioigawa (March)
3) Sampled at shimonada Bridge of River
Kurashikigawa (February)
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r#zo5hb, AOS & a-SF 13, @A 4 v AifniEtk:
HloRHBOK SRRETH 20", ZTomEtkld LAS
2 AE k9 $VIESHL D, FEEZET L LN
ELTWAAEHENEZL Sh b,

SMESEBROK, HHOERE IR\ R HPE
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L OBROEROEZXIIETHAY, IYVryad
R L WEIB THE S W, B0 Y ya0E
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#£Z5N%LAS & AE K20 TR, KEEY OB
miABRAEEEL T, X OWERT— 55 5 RENE
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LAS), No. 15 (AS, LAS), No. 14 (a-SF, AE)
>No. 9 (AES, AE), No. 8 (LAS), No. 10 (g
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FEOHMMEED SN, L L, Fix oh#Fh
A TWAHRARRERIC> LW TREEOHEBEL
A ontihotz,

4) AR OB I EE S hs W RETEERE,

4 & %D AE T, KO OFELZ T 5 Riig
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