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Effects of Nonylphenol and Diethylhexyl Phthalate on the Population Growth of Freshwater
HABs, Microcystis and Stephanodiscus. Lee, Ju-Han, Baik—-Ho Kim and Myung-Soo Han*
(Department of Life Science, Hanyang University, Seoul 133-791, Korea)

Effects of two endocrine disrupters (EDs), nonylphenol (NP) and diethylhexyl
phthalate (DEHP), on the population growth and morphology of two freshwater
HABs (harmful algal blooms), Microcystis aeruginosa and Stephanodiscus hantzschii,
which frequently evoked the hazard bloom in an eutrophic lakes and reservoirs
worldwide, were examined with seven different concentrations of EDs (0.01, 0.05, 0.1,
1, 2, 2.5 and 3 ppm). Even at concentration below 0.01 ppm, NP strongly inhibited the
algal growth of both M. aeruginosa and S. hantzschii, regardless of the algal growth
phase. Morphologically, the algal cell treated with NP gradually lost green color in
cytoplasm, became smaller in cell size, and then, was hardly seen in microscopic
field. On the other hand, DEHP employed did not affect two algae at all concen-
trations, and rather stimulated the growth by about 10% with a treatment at 3.00
ppm compared to control. These results indicate that the continuous input of EDs,
DEHP into the natural water system plays a crucial role to enhance or help an
outbreak of algal bloom in eutrophic waters.

Key words : nonylphenol, diethylhexyl phthalate, Microcystis aeruginosa, Stephano-
dicus hantzschii, growth, algal bloom
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M = resin®] 23 A A E-ql Bisphenol A 52 AWe|A A5
2ZE Estrogen®} §-AFg 228 gk} (Dunier and Siwicki,
W8] A A& (Endocrine Disrupters, EDs)-> A} 1993). e > 3EHEA S WEu|A AefEA

gl o]27]74A] ] 2A 94 Hx sle

, U]=F EDSTAC (Endocrine Dis-

A% e wE ABA el A A WAl )
Lo W3l=E do 7;] HA7| = 23} 2 42 A7A =
do | oA 3IeEALS TW3lch(EPA, 1998; OECD,
1996). o5& 37 Foll d] ExshHA A7)kl AA
ZE2A W] AMA3] B AT, =223 722 z2he
< 37 " Fe] dw 3A S = E (Environmental hor-

mone) |2t x B2t} (Amaral Mendes, 2002). o] 74 ¢l

ruptor Screening and Testing Advisory Committee)ol] 4]
£ woh BUoEAE 5 4vlgEe daseed
AN AF 2 AR, H4E = 5 29 o
86,00009%-2] 3}stEA Lo s K o2 En]A
Aol foAd o35 A 9t

Nonylphenol (NP)-2 alkylphenol polyethoxylation2]
B AEEA] 2 HE]F B Lo]-2A] AHIAA =N AFY
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At Aol A goz A5 AbgEle] gtor Gier et
al., 1984), Ethylene oxideE AH7MFSA1A Af-32E2]
A7} T Eo) ALL3}= YiEA el EDso|t}(Soto et al.,

1001). AAANMNE F2 7 Fol AFHD, s AkEo]
U oFellA ¥ xS ¥t} (Ferrara et al., 2001;
Tsuda et al., 2001). Diethylhexyl phthalate (DEHP)&
293 1 (PVO)9 Ashl= AbgEE BA=A 7
B PVCAFlY Sl A 9 A% g0 ol 3
¥ 2B Fo= A§H T Qe EDselch o] 5
Fa4e] shiel ool vmd g BT FHE o)
A3 glew, BEAY At 7k A4, A, 35} ol
d A F3, 713k 24 AN A 58
Fale 242 A 9o, 1998).

SAYEAE Agoz she A Fohgre 9
AN Ak F2 AR, TEF EZ4F 2F 5L A4
oz 3 =A w1l QA H3F Ay} 2] gk
o} (Mann and Bidwell, 2000; Amaral Mendes, 2002). L
vt Al AE f98 faEel A9 mx a9l
AselA B A el B AFE F2 TSt ¥
F Sof AEF5 o] ¢)om™ (Sugiura, 1996; Traunspurger
et al., 1996), TBT, PCB, DDT 52| -2l 37} 9l
©1} (Harino et al., 2000; Guruge and Tanabe, 2001;
Manning et al., 1999), £3] A EZ&ga3E3} 72 3194
E+ 3 NP, DEHP 59| 7% 3] A Helo}
SANEAE 24 $19 a8k Aaba aul, 2
A5 AR ahe T glom, oEe] B4siy
hekt 2ol s A SAe] ARA o ren
B S4B SAZ 498 A9 e ARl 63
HEFIAEL 1Y AR B E o5, LA

iﬂ]x}v}ﬂ AL E o)8nt AETH w534
S fushed 531 4uslsh olee 24
BNl 3Ae4ed o1& A A
Aol e sFuct H3 24w o)) ¥ 5w
£ Ho]7|= 3t} (Eriksson and Burton, 2003).

%W NP, DEHP?] sxi= SEjuets 233t A
AR oz Vel xelo] we} vle W wWelE epd
o} (Naylor, 1992; Ahel et al., 1994; Blackburn and
Walddock, 1995). =Zej|A{= &3] 317} (Li et al., 2004)
o] & ]9 (%], 2002a, b; 71 %, 2003; Li et al., 2004)¢]|
Hlg 5~20u) o]AFe] ¥ FEE el ik Y
o} HEAAE W JEHE RS e P
Microcystis aeruginosa (Han et al., 1995), 274 &% & *
2 B7lx] % Stephanodiscus hanztschii®] ©ia] o]
dejutar glek(Haet al., 2002). v£40]4 AefE42 =

Sy
!
40 4

g

F
>>4.

< Fxoll® BFsla o3 2R o] ALHE ¢
ol A 2 eixA) gk )k @A EDss) 4]
BEemEe] BAE ATele AL % W 4RI
52A9e olslgenn olft dfel e A4
A B2 Aol 7 EalA] vanlA mtel
9e el dusla a9 BelE AT 7)2A A
A AT 5 e s,

2 A7 WA ool S5 17 AAkAl
AgggaEe] Aol ofud JFe T A2 et
22}, g 37k G2t A A& sk= Y& Microcystis
aeruginosa®} 7% Stephanodiscus hantzschii ©+
oFAlo] NP2} DEHPE Z+7} thekst ez 23l
7 Az BEe 9 Yo wale Faslo.

L ERCT

1 =7

=A% AFE-E PFE Microcystis aeruginosa NIES
44= JB7 37 144 (National Institute for Envi-
ronmental Studies, Japan)oilA] F-ofrol AL4-3lgic). &
TFE 7P S0 oF3h wjoFF2 4] (Yasuno et al., 1998),
AEE 79w doli, Z7)% 3~5umeln, A v
o F 2AE YAYshA @k vk CBulA (Cyano-
bacterial Broth: Ca(NO3). 4H,0 15 mg, KNO; 10 mg, -
Na,glycerophosphate 5 mg, MgS0O,.7H,0 4 g, Vitamin B,
0.01 pg, Biotin 0.01 pg, Thiamine HCI 1 pg, FeCl;.6H,0
19.6 mg 100 mL "%, MnCl,.4H,0 3.6 mg 100 mL %, ZnSO,.
7H,0 2.2 mg 100 mL™%, CoCl,.6H,0 0.4 mg 100 mL %,
Na,M00,.2H,0 0.25 mg 100 mL %, Na,ETDA.2H,0 100 mg
100 mL~*-0.3 mL, Distilled water 99.7 mL, pH 7.5)& A}
23193 o (Watanabe et al., 1997), wjF=x=7-& 25~28°C,
40~ 80 pmoL photons m™2 s, 12: 12 (Light : Dark) cycle,
150 rpmeo]git}. 9% Stephanodiscus hantzschii UTCC
267+ 7yt =2 o) (UTCC; University of Toronto
Culture Collection of Algae and Cyanobacteria)ol| 4] A
Fol AbgslgTh MEE 4% AWy oz AU =
10~12pmel™, Al Slp7} Z7Mdes Aap 27170 3
aalels, 2AE FASA ksteh ok DMuA|
(Diatom Media: Ca(NO;),.4H,0 4.000 g, KH,PO, 2.480
g, MgS0,.7H,0 5.0 g, NaHCO, 3.180 g, EDTA-FeNa
0.450 g, EDTA-Na,, H;BO; 0.496 g MnCl,.4H,0 0.278g,
(NH,)6Mo0,0,.4H,0 0.200 g, Cyanocobalamin 0.008 g,
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Thiamine HCI 0.008 g, Biotin 0.008 g, NaS0O3.9H,0
11.400 g 200 mL™, Make up 1 liter with Distilled water,
pH 6.9)2 ©]8-3}%] 2 (Beakes et al., 1988), v =72
15°C, 50 ymoL photons m2s™%, 12:12 (L : D) cycle &7
oA A whrahede.

2. EDse] £79 A7

B 28] A% NP (nonylphenol, C,sH,,0, Aldrich
Inc., USA)3} DEHP (diethylhexyl phthalate, CsH,
[COOCH,CH (C,Hs) (CH,) 3CHg],, Junsei Chemical Co.
Ltd., Japan)= 93t % %=9] stock solution (100 ppm)
& 27 A zshs AR 4sle] AH4sich EDse
FA%E 918 ATA) Wad SHEI} AL 100%
acetone2 o] 83191t} (Meregalli et al., 2001; Kwak and
Lee, 2004). EDs®] Eolxx2 AR17] $5te] UnbA
22 Ads =E P FolM HEE = 5= (Fromme
et al., 2002; Li et al., 2004)E & 3dle] oW} 2 4%t
A Fx=(x1, X10, X100, X 1,000) A|x3}ed wjoFE=
9l % /q]io]] 27+ A2 g & AMA ] AR 2 Fed

3. 5Aa% =4

WA Aol B e] 2F7AA | wAE 54 JFs
z2AF8}7] $18ke] 2F2] AAA7e wle) log phase (13}
Al38), exponential phase (23} Ald)& xo] AAEIS
o, AAAZE =F UxE= Fx M. aeruginosa (1 X
107 cells mL™, 1 x 10%cells mL™%), 7% S. hantzschii (4 X
10%cells mL™%, 1 x 10°cells mL 1) o] gl ).

Nonlyphenolo] §3] =5 M. aeruginosa$} S. hantzschii
o A Al mIRE SHESE 2] S8,
217 25 mm test tubeol] CBHj#]¢} DMujx|= 20 mL%
Zrzy BF3sta 2 mLe] M. aeruginosa NIES 449} S.
hantzschii UTCC 2672 #Z£3t & gollA] dgst A
FAg vk i oFetdeh. EDsA 2= 13 Aol
A= wjoFA) =tz g7 NP2 0.01, 0.05,0.10 2 1.00 ppm
A Aeeksdar, gl ke #<lshr] $3sled 3.00 ppm
9] acetoneE ﬂa]%]-ﬁﬁ} 22} A8 exponential phase
ol 11Y4) F ZFo] NP= 0.01, 0.05,0.10 3 1.00 ppm
o] Hx% ity m, vl 2N 13 AT P Fre)
acetoneS A=|sliet =3 NPE 2] ¢4 dx2Ls
Z3ete] RE AP 334 ubE 233tk 7 279
AT A7l wAE NPe| A avts #qlstr] 913
of FA|AE] o] F wid FFA xS FEH WIZ AL

oY
ok
ok

4

et Mz Age AlE MEdt F ol wjekA R
B 20uL® AW Lugol solutione g A3 o8 33y
"] 7 (Olympus, Japan) 4000 &lollA] Al4=3}9 ot NP
g o]F =RAZ] FejH w3ts HA] st B
&3 n| 7 (Olympus, Japan) 1,0004] s}ell A} 2373 3o vt

DEHP7} $38]%5F M. aeruginosa®} S. hantzschii2]
NAZ el A SAEHAE 2AF87] 913k, NP
o} Zre U whoz AMzuif B A E AA
&9tk DEHP 22l F 279 log phase o] 77+ 1.00,
2.00, 2.50 @ 3.00 ppme] H == z]stelw, guje] o
S Beld)r] ¢)3le] 6.00 ppme] acetoneS w3}
o}. acetone?| Fxi= AP Cu|ARPE B3l 2fFel o
ol gl wes AT EDs) ol wHsle] 2
7Fskd ok 231 4132 exponential phased] wlloF 114
kA= 0.01, 0.05, 0.10 2! 1.00 ppm# =]2)3}d 1, L-vi
o] e3gke okotrr] )3 3.00 ppm Acetones 7t 2] 2]
atolch =3k DEHPS 9] o2 272 233t =
T AlgL 3 3] ulE3lgith. DEHPYF & 2FA| =22 A
bl A edake Bls) $1% NPAY AR £
s vl AZAS 9 Hepste zAesch

ON

4. A 524

= 712 WER]A AefE2 NP, DEHPX |7} & A
Aol M2 SAatE 2}016}7] 93led, mE AL 3
34 WSt on, dazst Ao Fa7re] Folo
W3t freld 45> SPSS package v 12.0% ©]-8-3
Student t-testZ Al A|3}¢3 5} (SPSS, 2003).

2 3

1. Nonylphenol (NP)©o] 3| 25F A A u|x):=
3%

wjeF =<l Sallx=F M. aeruginosa®} S. hantzschiiol]

S 5 NPE AT S, BRI o)
G F 27 EF NPAHY Z7|d= F23
Fela Wl BAHA sl e A2 2043
J=x M. aeruginosa NIESE= NP x2] o]% A= W chl-
oroplast7} ®#] E9s}A Wal7] A|zbstz M= =77}
S s AEA B4 2] ojele Az Abashy
o}. % S. hantzschii UTCC 2672 NPx]2] 244 XE]
ol AE A7) doldid, pAlA W) 2AE
ElR A ZAL QA o] el oz Wl

e
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Fig. 1. Effects of nonylphenol on the algal growth of
Microcystis aeruginosa NIES44 (NP: nonylphenol,
ACT: acetone, arrow: injection time of endocrine
disrupters, A: the NP treatment experiment at the
log phase, B: the NP treatment experiment at the
exponential phase).

9 A% FHE AZ AT wieel Yordh 7
M Z2] log, exponential phaseol] NPZ xjg]3t &,
AE) 4 MBE A A She 2ok WA,
% Microcystis aeruginosa A1%}%7] (log phase)el] NP
A& 74, 32 5= (0.01 ppm NP)A 2ol = 2FA]
o] JA=ler, 0.05ppm o] 2] sl A= uiek 10
ARE 2FAEI BAHA Skt (Fig. 1-A). T,
$22127] (exponential phase)e] NPZ 223 7%, 0.1
ppm °]&}e] FEeM= 2L fARRE AAHESE B
o}, 15 (10ppm)ol A= 61Tk shelaiA] Abeat
9t} (Fig. 1-B). =31 3.00 ppm acetonex]2]A] © =3}
719 §AFsE AAS ®e] Wz M. aeruginosaol] T3
acetone®| ek =7 b oz uE AT (Fig. 1-A,
B). 2=, NP2 M. aeruginosa®] AAz7]d ©S 57

BB

© o mt of FJu Ju
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Fig. 2. Effects of nonylphenol on the algal growth of
Stephanodiscus hantzschii UTCC267 (NP: nonyl-
phenol, ACT: acetone, arrow: injection time of
endocrine disrupters, A: the NP treatment exper-
iment at the log phase, B: the NP treatment exper-
iment at the exponential phase).

& AAAAE nel W, ARl e EAQ
=038k ®w9ylth 7% Stephanodiscus hantzschii:
AAH o2 M. aeruginosa?] 4 IH®ld} FAslAC
ok A7d27] (log phase)el] 2|3k NP2 A g ek
0.01 3 0.05ppm 2]l A vk 7Ud7HA] &= ¢ e
HAxr) =g o) I o] FRE nE HLdA 2F
AEF As) BAHA Qske (Fig. 2-A). A+4%7)
(exponential phase)el] ]2]3t 22} A& A= 71 =2
% (LOOppm)elA = ERE bl AbdalA eske.
o Wl 7AARE BA Z7lske 548 dehish o
%), 0.05 ppm 5ol A A A|7re] Ajrl ThA] AlEL =
7} =7}sbsdd) (Fig. 2-B). =3 20 3.00 ppm acetone
Azl A e dzes SR A deh) 54 de
Aoz Wi} (Fig. 2-A, B). Heti, NP §3) 2
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Fig. 3. Effects of phtalate on the algal growth of Micro-
cystis aeruginosa NIES 44 (DEHP: diethylhexyl
phthalate, ACT: acetone, arrow: injection time of
endocrine disrupters, A: the DEHP treatment
experiment at the log phase, B: the DEHP treat-
ment experiment at the exponential phase).

M. aeruginosa®} S. hantzschiiel|
DEHPE A3 & Jefjx] w3}
EF 5 Tobe FEo] DEHP A
M Aol dehix @stew, oz
Jol &t wo]| sholeh. g, DEHP
] &% M. aeruginosa2} S. hantzschii®] log,
exponential phasee| g3t &, NAZ AAS o3}
7o}, W% DEHPZE Z* Microcystis aeruginosa ®f 2=

Wi

u's
foi
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Fig. 4. Effect of phthalate on the algal growth of Stepha-
nodiscus hantzschii UTCC267 (DEHP: diethylhexyl
phthalate, ACT: acetone, arrow: injection time of
endocrine disrupters, A: the DEHP treatment
experiment at the log phase, B: the DEHP treat-
ment experiment at the exponential phase).

7] (log phase)el] 2]&t APNM= ZE FxollA iz
Zud o w49 vehild (Fig. 3-A). A ¥E
¥ (3.0ppm DEHP)®] 739, A2]¥ 3dARE HAHH
o2 YzxFEd =& AAE Bgoh =3 6.00 ppm
acetone 2| ol dx2Ld vlms] A
oA Sket (Fig. 3-A). 3%, DEHPE H5477] (exp-
onential phase)dl] g3 & AL, A=<
Ho|z] ko™ (p>0.5), FEl® f23 ztel7}t B
o]#] okgkr} (Fig. 3-B). gHH, 3.00 ppm acetone *]2]A]
N AAH Nzt 2helE HolA] kbt (Fig. 3-
A, B). 7F% Stephanodiscus hantzschiiol] DEHP7} 1]%]
54 Q¥ AAX o= M. aeruginosast fAFRE )
& Bolor, BE pEo] A W2 Z Aol

o] A] o3k

T
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DEHPE i} %7] (log phase)ell A2]ati& 7 2
=% (2.50, 3.00 ppm)el|A] M. aeruginosa$} w}zt7}A| =
dzLEg oa 2> A4S Jekldlo (p<0.01, Fig. 4-
A). =3t | 5=AA}7] (exponential phase)el]l x#]& 7%,
M. aeruginosax3 5x=o]EH A FEEA| dte
U 9A] 7% % DEHP A ZoA =& AAS nedh
(Fig. 4-B). &9 acetonex]2]e] 7% AAA| 7)o A&
o] xw¥ ZA zpolZ Ho|A| 3kt (Fig. 4-A, B).
A DEHPE % folfel el ds) oA mze
Bol7] Qokor], W 24 fAERe) AAE &
Aoz WA zRAAS FeT fEdRel
ook 2 A3 4 9l ¥

|
sk

Nonylphenol (NP)2 wjeF=<l §-3] &F M. aeruginosa
¢} S. hantzschii2] AAAFA7)¢ M)zl AT o] F
Aell oA e W, DEHPE: 2318 2FA4E 5713}
Ak ol AT o848 SN F Ao LCxt
o] Zt7} NP (5~40g kg )& DEHP (20g kg h)¢} & =}
o]2 Ho]x| ¢& A (Nakamura et al., 1979)F}+= o=
9l Asfoln, Yol ALEH NP=E: 22l (Naylor,
1992; Ahel et al., 1994; Blackburn and Walddock, 1995;
7], 2002a, b; 7} %, 2003; Li et al., 2004) ¥ c}= 10~ 100
ol 01“91 —3— FFEOZ 100pg L FEAA FAHEF
o} ZEZEHFE S8 7}3 A B e vy AEZ
YIEL 271] J3ke ukx] ok 7 (Sibley et al., 2000)
1]~— 2pol2 BT} HIT P70P(23.2~187.6 Hg L% Liet

. 2004)3 57 (EHE 25.1ug L A 5, 2003)9]
NPER 2 A7o4 44 & el 998l =l o
27 ot B AgelA e =4S 2" NP o8
712 $ZFAE-o]F (17~3000 pg L1, Kashiwada et al.,
2002; Matozzo et al., 2003), 3] 355 (20~3000 ug L™,
Bettinetti et al., 2002; Matozzo et al., 2003), TEZ&=
E(65~85ug L™, Tanaka and Nakanishi, 2002) Sl ©
ated wlwH 2 54 (LCs)E Zetth vnt Vs
ZF2 o7 3l7}eA] F=E Microcystis (Han et al., 1995)3}
27| %7} Stephanodiscus 924 (Ha et al., 2002)2-

Zkekgiebd, 0.10 ppm o] Ae] HA NPF M= ZF7/
37tol %’Zﬂ-‘»l?l A AL T TS o]83 AY
A3} AdaFe] AEEEIESS] Al dg
”-4 X}°li *PEE}U# wpeta] @Al EAshE whekst

)

[}
o) SHERT} PGPS 9

o

rlo

wWeFro A Ztad Hoz FdE e
Diethylhexyl phthalate (DEHP)*= M. aeruginosa ¥ S.
hantzschii®] AZA]7] & A2]x=zol Aol AR
Fe 34 Qoron], 238 13w (3.00ppm) Az A o
2R 10% o4 £FAAE S5 Ado] A&
% DEHP:%2: o]HFE %33t $x]<= Chironomus
(Meregalli et al., 2001; 23} o], 2005) 2.t} 10~1008] ©]
Al =0 pZ2 0 2] DEHPZF Ao =2HozA] AF
8 AL AL A A1 A
Q) AEEGIEN} WA o] B ARES] AL <
oA A FAQHAS mF ez s 53
DEHPx]g]el| 98t 289 AR 22L& X|Z7HK] 28
whAlo] F= cultural eutrophicationel] 2|3t =34 =
74 oJeFEA N, P, Siyolvt 3 el (¥, &=, vishel
-‘%HH fredohe ©egt o FE2A M wlelut
Al 9% EDs7} 134 AJAkAkQl A EEFIE 9104
5o AAAAE B3 A 39 3 A= 5o 3
AL AA #AEHA 2FHEAE =8 5 dde A
A eJm|7} Znt wiebra EDs7F A AJEfAlC] WA &
Jeks AEsHA elslislr] H8ted 1) 45 EDs %
2 AMEEFIEIR] AR, 2) 7% 2 AEL -t
2o}, A E-ZHFE, protozoa, TEZHIE, I15FE A
W] EDs 2AFE B3t Al wE5IA e 1, 18
1 3) DEHPS} 2& 2847 29150 2|3t S Qe A
P AL F 712 A7 FubEeiof &

L o

F2e] EDsell 3 AT F2 FFNE, 53] 29
o\ 52 A olielrt %4 ol FFH o] glom Gray
and Metacalfe, 1997; Gimeno et al., 1998; Schwaiger et
al., 2000; Yadetie and Male, 2002), A EZ a3} 72
5ol T A7 F3) 4 Holok A AF
g upel o] F9le] NP, DEHPS] 4% $27} A9
ofut ol whel wlg 2 89l LehiA L, o) o] w)
= A=z A =EFHee Heold S A
49w HFavAe) Al wrEe FHgosy
ss el o M—ﬂ] b oleh. 2 Aol NP:
DEHPe|| w3} 5 MM FEEE 2FAAF AsE 7t
Agkont, g Tﬂ?‘%fﬂ% FAFTE 55 =3 B
7hed ek AEEA

Td =
Srh wak ohe B APeAME T GRS o) T
61] = I

AR A BRge] FESE o A4S
o) SRS Seahl FAS)E w9 oI, weba]

5] EDs7} “REAY

= =3
gl = =
I Aol BARA AZpAlE Fa En] 75 W



310 NES

2

g zdske 94 A= FAH 9o (SIDS,
1995; OECD, 1996; EPA, 1998), 2}-&Hdx] £ A3 A3}
A FFol 222 AS 2SS Y2 2R
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