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Preliminary Study on the Acute Toxicity of Nonylphenol Polyethoxylates (NPEO) and
Nonylphenol (NP) on the Growth of Marine Phytoplankton

Hideki KAeriyAMA? and Tsutomu IKEDAD

Abstract

Acute toxicity of nonylphenol polyethoxylates (NPEO) and its metabolite (nonylphenol ; NP) on the growth
of marine phytoplankton species including Chaetoceros gracilis, Phaeodactylum tricornutum, Pavlova sp. and
Isochrysis galbana was studied. Both NPEO and NP were added to the cultures of these algae at growth phase
and subsequent changes in cell concentrations were monitored by measuring in vivo fluorescence on daily basis up
to 3-5days. Effective concentrations of NPEO causing 50% death of cells in respective 24 h (24 h-ECy,) and 48
h (48 h-EC,,) were estimated to be 4.1 and 2.4 ppm for Chaetoceros gracilis, 29.4 and 23.6 ppm for Phaeodactylum
tricornutum, 16.9 and 9.8 ppm for Pavlova sp. and 17.8 and 17.3 ppm for Isochrysis galbana. The 24 h-EC;, and
48 h-EC,, values to the addition of NP were 1.9 and 1.6 ppm for Chaetoceros gracilis, both =3.0 ppm for
Phaeodactylum tricornutum, >3.0 and 3.0 ppm for Paviova sp. and 2.5 and 2.3 ppm for Isochrysis galbana. For
the four species tested, both 24 h-EC;, and 48 h-EC,, of NPEO were higher than those of NP. Dissimilar cell
volumes of these four phytoplankton species appear to be not attributed to observed between-species differences in

the effective concentrations. The present results are compared with reported data on freshwater and marine

organisms.
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i C & (2

J=n7x/—nNZx +F ¥ L—1t (nonylphenol
polyethoxylate ; NPEO) [33E4 4 > RAMEERIT7 V¥
NT7x/—NVIbF¥L—b (APEO) D—FETH 548
(APEO O TT7 NV NEDREFEHD 9 Db DA NPEO),
TERADOVWEH, S8F L LTl S5 &8, B¥ET
#r, RERSHEEH, £ KNREARE ()~
Yay) OALFE UTLAL b T &7 B - &H,
1998), NPEO HSBREEEHE & LU CRICRIER I NS & 5
2o 7o D, TAPHRAICERS hiz NPEO S
nNTEEDOBEW =V 72/ VYT bF¥L—}
(NP2EO), / =NV Tz / —VE /T FF ¥ V—©|
(NPIEO) WZEDL A Z BB HLIZEINTHLSTH D
(Giger et al,, 1984), # LT NPIEO 2SR HEE2Z I3 &
XoRBEROFEW ./ =27/ —V (NP) BEKEIND
(Comber et al, 1993), NP QPSHBEELIEROHI® THERR
ShizDix, AOAY Al MCFT) ORBERRTDH S
(Soto et al,, 1991), %7z, BHEHIZHB T NP X PCBED

BSOS R ERLE TR\, o FEEER
(A A4 o REEEFIOEHT VFAR ¥ ANVK VR
#H (LAS) %) i~ 3 &, BEPCERET 2HEALHEL
(&R =M, 1998), IT4E, A4 AWBU 2FHED S NPEO
BXUNP &% OMEMIEWEECHl, TK, &
B sk s, FTAMUEBS T2 MRS T ERAAN
FHLTWS Z eI TW5S (Ahel et al, 19%4a,
b),

NPEO ¥ & (! NP 0aM#Et, Stk TstcH
T3 ETOHRIIEE LT, B EERE, PokERE.
MEHEICEDLTBY, BEEMC OV TOHIRIZE
L D (B, 2001), AHFEIX, NPEO LU NP
DEHERRNGSZ 2HER AT L1 00F—FH L L
T, EREEETHIWEY T > 7 ORERIIHT A
HEEEREHES T 3 BTT o1,

D JEAEERFE AR ERI IR R SRR Y

(Laboratory of Marine Biodiversity, Graduate School of Fisheries Sciences, Hokkaido University)
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R b NS E

Ly A /A

BE®E (D Chaetoceros gracilis (RIATE: 194 4m®) B X
U Phaeodactylum tricornutum (205 ym?®), /N7 %D Pay-
lova sp. (74.5 ym®) B XL U Isochrysis galbana (91.2 ym®) O
AFEEFERA L, fiivd F/2 K8 CTX5HE 825 uE s
m~2, BAHA 1206, BEHA 120, 1RE 200C DG T Tk
REEE SN DDT, FRFROMRARIZEEAICEA
72 20 MBI D W THEHEE T T2 ORE, T, S8 2HE
LTRDIbDTHD, ERTRINZ LR 2 —7
A vy 7 ABE S R, N 25 mm) i F/2 5558 28 ml
AN, BENE (+— 71—, 1200C, 60 min) %1T-
7%, HISFERER 7 ml RERE USSP RIIA L 72, EEERF
O 7Z > 7 b > OMFE & 5 MBEERE O, in
vivo 707 4 VEIGEERHET 5 Z &£ ko TGERL
720 EEHAMREE 6, SRR L SEBLR, 5
B 2 —TBZDE FHEBOOEES (HESH, FP-550
AR DENVENVY — I AN THIGEEREIE LTz, 8%
BWERLU TGRS ZNFNOWMY 77> 7 v TR
HYCEE —HRBEREGRRE A BB s L iz,
7B, FHEEREZTL, @772 M lREEE R
F/2 553 8¥51C NPEO, NP DA 2L 72 & & OBOLE X
ZOEEEIZEEE L, 05101 0=8) Th->72DT, i
27507 UTBROEBROWEY 7Z > 7+ RO
HOCHIEE L D & L5z,

HHHE — M ORER

AREDOREY 77 > 7 b v OXMBIERERSIAOMIa 2 & T
BEBYRIC DWW in vivo HYEERRIE L 724, 20 5ml%
L, 1% VT — VIR CEE L 74k, MMEREHER% v
THMSET (f8%: X300) THIREECEEIBL 120 KiC, [
CHif % & D BRE 2 WEAIE U7 F/2 BRI C 6 B
& (K 80, 60, 40, 30, 20, 10%) (AL, R EEEDH
E LB O EITo 120 2O ORIE L5HEE 1346
WD SHEL DEL, 2OLI L TES - 8LE
—fifagcERt e 7o 7 Eic oy v L, EARELHEERE
S EITY, BREREIER L,

AT IES

FHOMBEREEEE» S, 7T > 7 b i3y
SEHAD AT £ T2 7 2 & 2T L 721, BEEWRIC,
NPEO D& 13K EE 0 (EEIM, 030, 3.0, 30 ppm, NP
DB ITIEEEE 0 (BRI, 0.03,0.30,30 ppm 1270 % &
ST, L 3~5 HEO®EGEEOE2HIEL 12,
EEiX NPEO, NP 5, ERIMZNFHIC DWW 2ET
To7e, 58, AXEETHA L NPEO, NP i3 biEE A%
KEFTCEBREFBERABE L LV FEINHOD
Ths,

FRRERE (ECy) DT

NPEO, NP 2L 72858 F o — 7 O 4 BB L U 48
B OMINEE O LR Fh Z ORI 81 2 BRI
CHR) EF 2 —7DFN L OfHME (%) TERbL, &
TR e L% (2EDH) % log-probit 77 7 ki
7ay b L72# (Sokal and Rohlf, 1995), ¥RiD 24 BFftiss
(24h-ECy) B X P48 KEf#E (48 h-ECy,) W M fTIE FE 3
50% WA 3 2 NPEO, NP EBE 234+ 577,

¥ S

HEE—MIER O S %8 2 MRS ORR, ITO
ERERLE SN,

Chaetoceros gracilis

N=30772] (1?=0997, n=8, p<0.0001)

Phaeodactylum tricornutum

N=282731 (r?=0995, n=38, p<<0.0001)
Paviova sp. N=301261 (r*=0.998, n=8, p<0.0001)
Isochrysis galbana
N=31321] (r?=0988, n=8, p<0.0001)
ZZTTIZHEEARDME, Nz 1ml bz OMifagc
b5,

NPEO DEINERRIZ DWWk, WIEIO 4 HE O Fiks
BTREY 77 7 b > a0 SRR ORI
BREIEMNL 72, 4 HEORE OEATEDWRED NPEO %
WML 7283, 48Efh &8 @RI Tidikk L CHilg
BEOHISFH L 7. (Fig 1),

Chaetoceros gracilis DFHIZEE X NPEORM 1 HEE T
1% 0.30 ppm TN T RS IFE & hiz b DDLU
EHE L, 4 BERICIINIRERE & RIF OISR IERE L 12,
—7%, 3.0, 30 ppm FIOTIX | HED SHEELIRA L, 3
H& DML B I R E D 2 Wi~ T 3.0 ppm THY
22%, 30 ppm THJ 6% % THA LTz, Phaeodactylum tricor-
nutum 1% 0.30 ppm FRANTIE 3 BREIC b 72 0 SRS EE 1338
e EERED zh EZIIFRER s o7z, 30
ppm Th TP EEE L D b HEE OB, ETE
TL, 30 ppm TIXEN | B0 & HIFGEE O 28w 28
AOoNIARICEINEREDOZND 32% £ TEWA LTz,
Paviova sp. DHIIEIERS iz NPEO ¥RiI 0.30 ppm TiTnE
HEEOZNEFREEN S HINUEE T 72, 3.0 ppm THM
% | HE» SHFRBRE ORI, 2HE» 58P L, 3
HETIEEEEDZ O 39% £ TET L7, 30ppm T
AR | HEWCHfRBRE IR SBAL, Dgdbir
WA LT3 HEI BB EOMIERED 3% & ko,
Isochrysis galbana 1% 0.30, 3.0 ppm OEINT 1 Big i Hifa
BEIL TR U LI RIE Lz, 30 ppm OFRIIT
HIFERE IR | HRCABKEA L, D bEPhr R
e 3 BRI EEREOMITEE D 4% £ TRE LK
DLz,
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Fig. 1. Changes in cell concentrations of four phytoplan-
kton species during static batch culture. The dates of

NPEO (left panels) or NP addition (right panels) was
indicated by arrows.

NP OFINEER T3, BINCHILH Chaetoceros gracilis
B X O Isochrysis galbana iz > \» T ¥ 3 H [,
Phaeodactylum tricornutum 3 & U Pavlova sp. i2 D\ T
5 BRD FhisgE 21T 72 (Fig 1), C gracilis ORISR
DO¥MNIE 0.03,030 ppm OFRANT | HED» WAL, &
BSHEOHMEBE IWBEEDOZLOZN TN TT%,
76% T > 1zo —H, 3.0 ppm OWRMTIE 1 HEICHIEERE
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Fig. 2. Log-probit plots between dose (NPEO or NP con-
centrations) and mortality (cell concentrations de-
creased to 50% of the control) of four phytoplankton
species during 24 h (left panels) or 48 h (right panels)
exposure.

B FhD 6% £ TR Utz, P. tricornutum 1% 0.03,0.30
ppm OFINT | BEETHITEE OB Lz 5%
DOEEE L7, 3.0 ppm OENITIE 1 HERIHIRSEREE b3
DL, BAR 2 BE» S BEEP,CRD, W3 B&D
R RE 1 BRE D 2 D 49% TH - 12, Paviova sp. ik
0.03 ppm OFEMIT 1 Bk & MIEEE OBEMME LTz,
0.30, 3.0 ppm OEHITI 1 HERCHBE ZEI L, &P
ISR DS F D b RESE L TEIN 3 B OHIDRE 3N
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Table 1. Effective concentrations (EC,) of NPEO or NP
which caused 50% reduction of cell concentra-
tions of each phytoplankton species during 24 h
or 48 h exposure.

ECs,

Phytoplankton Pollutants 24 h 48h
Chaetoceros gracilis NPEO 4.1 24
NP 1.9 1.6

Phaeodactylum tricornutum NPEO 294 23.6
NP >30 >30

Paviova sp. NPEO 16.9 9.8
NP >3.0 03

Isochrysis galbana NPEO 17.8 17.3
NP 2.5 2.3

BEBEOZNDZTNTh 43%, 33% X x5z, L galbana DY
FEdRAE 3 0.03 ppm AN TR RO T h E 2R IER S
Nz o7z, 0.30 ppm TIIERM 2 B % TliEgEED #
nNeERERoshihoidd, 3HELSBWA L, 30
ppm TR 1 HEICHIIGRE X ZBICEA L, Z0&kb
B R 2R CHRMS BRI IIBEED 7% &
otz

FE DR D NPEO, NP 2FRf0L 72 2 EDHEEF 2 —
7 L SEAINORER T 2 — 7T OMKEE SIS Th
BREPROILEEM STV 7 b 4ELTTHREREL
(F-test, p>0.1), 24 h-EC;, 3 & UF 48 h-EC, % log-probit 7
77 (Fig.2) oAz, DR, NPEO i3 3
24 h-ECy, B X U 48 h-EC;, 13 Chaetoceros gracilis T %
Zi 41,24 ppm, Phaeodactylum tricornutum T 29.4,23.6
ppm, Paviova sp. T 16.9, 9.8 ppm, Isochrysis galbana ¢ 17.8,
173 ppm ¥ %57z (Table 1), NP izx44 % 24 h-EC,, B8 &
U 48 h-ECy, i1 Chaetoceros gracilis T % h F 19, 1.6
ppm, Phaeodactylum tricornutum Cfilivd >3.0 ppm, Par-
lova sp. T =3.0, 0.30 ppm, Isochrysis galbana C 2.5,2.3 ppm
& 7tz (Table 1), Phaeodactylum tricornutum @ 24 h-
EC,, 48 h-EC,, {l, Paviova sp. D 24 h-ECs, {HiTFA NP
IR (3.0 ppm) BV THIFEBE D RERD Z h
D 50% 12 §K3 % probit f (5.00) KEL T holzlzih
ERERRITIE T E B ol s, ZhZh 502,501,508 &
500 288D GEML Tl 2 256, K E 238/NFH &
ToTwixneBbhs,

% =

AEESEOEFERIIB LT, EYTI 7 by (B
FOEEER) OBGCHIE IZEIZ S TCIZ V>, Yamane et
al. (1984) 3 EREERIH O REEERI S RAEMY 7 Z >
7 b OBRRICEZ DB FNTT 520, FOREDE
BEOREEEAREHICBA L, HEE2EERK 48h-72h
2 TOMIREOHINEE (REHEE) »ESMTETR

(T—NF—H T ¥ =) Eizid, KR LRI in vivo
BOLEE CHIE LTz, AR T, BB UYIIMITBE S
BEL 2D DHBEREOBENMEVERICLDY,

NPEO %7213 NP B F ORI A - 5B ICHmL, &
H024 h, 48 h HBOXIREFE L RIS EM OMITEE D=5
SENREMHT LT, ZDRER, W77 7 b 4D
RICBI 2 NPEO BX U NP DAMEROFERICI >0
N = BRENI, ZD | ZEERERINT—RE b D
T, SETEI0 24 BRI [l ilaEE OB TSR S 1,

ZOBERDBBIVRFET 5, D213, HEEOE
FZALHSEIN 2-3 BRI HEH T % (NPEO 3.0 ppm % ¥
fML 7> Paviova sp., NPEO 0.30 ppm %¥shnL 7z Isochrysis
galbana), % @ 3 i3 24 MR ERERIMET L 72082 D
#MmEE T2 (NPEO 030ppm, 30ppm 2L 7z Iso-
chrysis galbana) (Fig. 1), {875 > 27 + > @ in vivo B¥L
BETRE NI IS OB Y — v OF SRR
ESEAIEL <V TO 7 a7 4 VEBROER L SHRCE
i7 2 NPEO, NP OIS OB LETH 505, ZDF
B8 — > ONEDSFFFED 7 — 3 53 log-probit 7' 7 F
THTLHIERLERES RS THBO—D LI 5N D

(Fig. 2),

NP j& NPEO i bR TEMSELF W Z L BH 6T W3S
B3 (Giger et al,, 1984 ; Ahel et al, 1994a, b ; B33 - 5H,
1998), AR CHEMY 77> 7 b > DE ST 24h-
EC; 8 & UF 48 h-EC,, IEDFER & NP 53 NPEO iZ T
B/IN 1515 (Chaetoceros gracilis D 48 h-EC,, ) D SBK
3271 (Paviova sp. D 48 h-EC,, [H) B H LT & B
L7z (Table 1), ¥7-, NPEO & NP OF—EEIMERE 1z B>
T, 24h-ECy, BI U RBh-EC, fHRRZ &, HIZBVWT
XV EBRE THEENFE T 2ERABNR S5z (Table 1), 2
D& i, REFHOZBIFICE VLT L VEBE THEEY
BT HBERIIMOFEEER o EMEBR T H|E
INTW3 (i, 1993),

KR THWIAEY S > 7 v 4T 24h-EC, B &
U* 48 h-EC,, THHi L 72 NPEO, NP DR Izxtd 2 &
BFIEIC & > TRRY, P & o THIGEBE S 50% i
3% 3 JBEF i3 NPEO T Phaeodactylum  tricornutum>
Paviova sp.> Isochrysis galbana>> Chaetoceros gracilis ¥ 7z
N, NP TiX Phaeodactylum tricornutum>> Isochrysis gal-
bana> Chaetoceros gracilis> Paviova sp. £73 57> (ZDJHE
FPid 24h & 48 h ORBEFHITIIED S540v), ZOEEMED
ECy IR DEWIIEER (P. tricornutum, C. gracilis), N7 b
¥ (Pavlova sp., I galbana) DREFHZE Y #EEDE
fix ) TRFAHTE RV, Th s 4D 24h-EC, B &
U 4BhECy L ZhEFhOEOMROKE S (FH) L0
FB % R7: & 2 % NPEO D 24 h-EC;, & ORI iE r=0.04
(p>0.05), 48 h-EC;, & Oz r=0.06 (p>005), 7z NP
D 24 h-EC, & DRI IZ r=031 (p>0.05), 48 h-EC,, & D
Mz X 1=060 (p>005) L W & THEBE TR R o7z,
> T, 4EHEITA STz BECy, BEDEIMEOA R &2
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£ 5D TRV, BIHE, ECy BEIR S WAERZEDR
REPEET S I I TERWDY, R RERZ IR KERE
W77 v 7 b s 2 REEERIORRIERRTHE
ZAXhTvw3 (Yamane et al.,, 1984),

BIEA (2001) S[HME ] L L C® /- NP IZX3 % 72h
% 7213 96 h-EC,, {EIX 0.027-1.3 ppm T, H/MIFBEEY
5 v 7 » v Skeletonema costatum FEEE) X DOWTD

EBETORBERNSBLELEES D,

#t 33

FRERITICHID, BEL/ =7z /=T b
FylL—b, ST REHLTWEEE, &5
CERORE O £ L ol dtEE R KEER e

Ward and Boeri (1990) O$RETH 2, FRO LI, &
BREDEVWE EC;, HEWMET 2D TEEOHRIITE
BB, O S. costatum DFERIIEHIF TR/ L - NP
IO 48 h-ECy, i (Table 1) LD & 1-24T{Ev>, [E¥H]
ORDEZYAKERED T Z > 7 b, TF 7 HEIZDOWT
DbDT, BBLRAFROKERIA s ARTEFRIDIEA
A UREEER RV AFS L F LT UFLI—T V)
Wt BRAREREY T > 7 N> 35 (R Selenastrum
capricornutum, ¥ Microcystis aeruginosa, ¥ Nitzschia
Jonticola) @ 72 h-ECy, fEIZ 5-50 ppm TH Y (Yamane et
al., 1984), AHHFEC NPEO 2¥i0L 7-¥gEREY) 77 » 7 b
Y D¥ER (48h-ECs, fH: 24-236ppm) L ABRETH %,
—7, INBEOKEESHEO NP 3 Stz DT
13, EEcA BT AIEPEIREYE Corophium  volutator O
96 h-EC,, 1 1.7 ppm (Brown et al., 1999), H/KEEW) S5
> 27+ > ® | & Daphnia magna (Bifg%H) @ 24 h-EC,,, 48
h-ECq i # N 403,02ppm TH Y (Comber et al,
1993), #%E OE XA D Paviova sp. DFER I L
(Table 1), BijEi3ftho 3EOEY 7 > 27 b ¥ DAV,
nB, REE FLLT¥KA) THRESNL TS NPO
96 h-ECs, {1 0.1-0.3 ppm FBE TH 5 (FIEE, 2001), £
Brselt (kiB, BRERN, BOtHEREER L) BERY, B
HORoNTwaDOTHEIZEL VWS, EY 77 >
BE O ARBIDBY 7T > 7 b rRRBEICHART NP zxd s
ZitE IR ERME R S

KE, I—u v O FABERFO NP BEZHRE—&T
ppm TH YV, T FARLEKF TIE<1—4% 10 ppb
(ppb=0.001 ppm) BETH 2 (BEE-EH, 1998), WK
DO¥EkH D NP BEOERHIRD THRndl, I—a vy
Tik<1—# ppb TH %, HEDHERIZ B 5 FHEFR
&g, HEEB (059 ppb), FEEEEE (083 ppb), KFRE
(063 ppb) BT X, HHATO NPEEII T XT<04
ppb & L < ZEHBRALT (<005ppb) THo7z BT
FF, 199), 20X, AR CHEEEN TS 7 b4
BETE 51 NP O EC, fHICHAN S &, BHEHARER
THEZIN T3 NP EBEIZ SHTULEY, LA LSS,
SHEHOERIEY 7 > 7 b Y OREREET 2 234EE
ThHD, EEFEPTHEEZSRLIVEBETCHERTS L
PERTNT R, 2000, S5 RIFHICD: 2ER

FHRERARELICEHL T,
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