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Toxicity Assessment of Phenanthrene
using the Survival and Population Growth Rate of
the Marine Rotifer, Brachionus plicatilis

Un-Ki Hwang, Hoon Choi, Soo-Jung Jang, Seung Heo and Ju-Wook Lee™

Marine Ecological Risk Assessment Center, West Sea Fisheries Research Institute, NIF'S,
Incheon 22383, Republic of Korea

Abstract - The oxicity assesment of Phenanthrene (PHE) has been investigated by using the
rate (r) of survival and population growth in rotifer Brachionus plicatilis. The survival rate was
determined after 24 h of exposure to PHE. The survival rate of PHE had no effect at a maximum
of 300 mg L™". The r was determined after 72 h of exposure to PHE. It was observed that r in the
controls (absence PHE) was greater than 0.5, but that it suddenly decreased with an increased
concentration of PHE. PHE reduced r in a dose-dependent manner and a significant reduction
occurred at a concentration of greater than 37.5 mg L™". The ECso value of r in PHE exposure was
63.7 mg L™". The no-observed-effect-concentration (NOEC) of r in PHE exposure was 18.8 mg L.
The lowest-observed-effect-concentration (LOEC) of r in the PHE exposure was 37.5 mg L. From
the results, the concentration of PHE (greater than 37.5 mg L") has a toxic effect on the r of B.
Plicatilis in natural ecosystems. These results (including NOEC, LOEC and ECso) might be useful
for the Polycyclic aromatic hydrocarbons (PAHs) toxicity assessment in marine ecosystems.
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2 2% 4 Qlth(Wilson and Jones 1993; Chiapusio et al.
2007). PHE= AEA] Woll S2=o] thAR-g-S Wafd &
T otue}, HolAbeS wEh A ZAA AT A7HA]
FFS A = o] A AAALE ZA7F HaL Ik (Wolf
et al. 1999; Wu et al. 2007). PHE= &9 %27] WAITA
oM FA4E Uehlin Ad 9 4 55, A 7157 ele
22 71%8e UeA U DNAEA, AAL 24 el Al AL
H 9 g doyj= Ao AdHA Ut} (Heintz et al. 2000;
Lin 2005; Yu and Lin 2005; Incardona et al. 2006, 2009).
Zhang (2013)2 PHE| k=&% A|E2t"| 4 (Danio rerio)°l
A Aol v E S 9 BAE o] AdY FA7L
dashs A% 7138 BESHE AL, Hodson (2017) FA|7H
40 (Oncorhynchus mykiss)2} $A+2] (Oryzias latipes)©l| A
489 713 % DNA &/4¢] U= Z& Haskqich
PHE®| 9J3i4d& B71st7] flste] ohgdt 2ol o
ol gtou, ALg 9 HE7F AR o JYE
= o] 8% 54 A= oRAE muE Ao® HH
F2 S ERE YT LAEH] fFYEE Zold, ¥l
WsHA A== FR7ARL ol o8 PHE 53 22 PAHs
of FA =22 4 ol A=A A7t gt AFYE
= o]&3to] PHES] 5/4%717t o] FojAof & Zlo s wth
Hoh weba] 2 dFtolA s sFEA WA 13 28|=}
24, 08 A=l vsl AR 2 FE7F H3 AZAE
ol Aldails 58 FEFFE F7HE & e fieF

=
% Brachionus plicatilis®] A& U A+ AZES o] 83}

of PHES] S4%712 A5t}

Mz A G

LARAE

Uub# 0 2 Rotifere 177|019 HolYE= FHA &
L5 FPH e g Fa3 FEo|H (Hwang er al. 2016), ¥
o7} 247 25°C8) -0l oF 109 HE AL (Snell
and King 1977). 412 7§A]| (neonate)= 2447t Qtof] A=
AAsto] Aldja o] 7153kl (Yoshinaga er al. 2000) T4
AT §A 0] A0 7stel Szl Fua Bl
A 1918 9] femaleS 20~4070 A1 2] neonateS AJAFE 4= Q)
T} (Jassen et al. 1993). o] 3t W2 Az H £=2 ZE
R AAE HRES SHYNE AT BPPROR A8
o] ght}(Preston et al. 2000). A @AY= B. plicatilis= A
SfpatA s SFE e B E 2 AodA 371 ol
& At o]-&shlet. v A s=S 0.45 um
membrane filter2 g Fof FFsle] AREs1G L, Hol
MEZ2 Chlorella vulgarisE 370l 3+ H FF3Ict A&
g AjuioF £ B. plicatiliso| A % 391 AA| (amitic
female)E w23t 2417 oW H3E neonate 5 =570l

23t neonates A ste] AHE-SFATH(Fig. 1).

Fig. 1. Shape of adult (A) with egg and neonate (B) less than 2 h of B. plicatilis.



Toxicity Assessment of Phenanthrene using Rotifer 575

Table 1. Culture condition of B. plicatilis

Class Condition
Culture type Static non-renewal
Parameter Survival rate (24 h) and population growth rate (72 h)
Temperature 25°C+1.0°C
Salinity 30+0.5
Photoperiod Darkness
Test volume I mL
Solution Filtered (0.45 pm) and sterilized seawater
Feed organism Chlorella vulgaris (2,000,000 cell mL~ )
Validity >90% survival rate, >0.5 population growth rate

2. Phenanthrene =& 24

A& o] AF4% Phenanthrene (Sigma-aldrich, USA)2
DMSO (Dimethylsulfoxide, Sigma-aldrich, USA)E carrier
solution® & A3+ 100,000 mgL ™" 2] stock solution A
A% 7, BRE AGASR 4ol At ATE
Aol ALEH DMSO0Q At HE= 0.3%Z B. plicatiliso
N 40 YA 9 SER AHaAtHGallardo ef al.
1997). BEEo) v = FFE got7] §I5te] PHEY &
EE 0, 10,50, 100, 300 mg L™ 2 A1, AAZ A%
Eol nAe FFS Lot fste] F=F 0,94, 188,
37.5,75, 150 mg L™'2 2Astgtt A2 AZE AR
FE A AR dudE S g e AL AES
AR i s=E AR 43E v 282 248t

LAZES

AZE AEL 24 well plateo]] A EENES F=EZ2 | mL
2 oHkE AAJsteh £343HA] 2417 oW 9] B. plicatilis 2]
neonateZ welld S7RA| A ©I1 25+1.0°Co|A] 24X 7F &Haj
Fet H, AuAFE o]gsto] HET MAFE At Y&
S AAFSFSTH(Table 1). B. plicatilis®] A& oJHE= 7)A

54 Ee ARe A7 9 &4 f - Fol uheh wg
AL (Fig. 2), N2 HEE0] 90% o4 A §oju]
NAATZ ARGt

g S olo o

4. A+ BEE

MAZE AFES 24 well plateo] AJFEN S FEER |
mLA, 6¥HE A5t HolBE C. vulgarise YAE
6}oq woFale AAT 5 2z AP 2009 cell mL 'S

S5} T}. B. plicatilis®] neonateE welld 57|A|% @il
2511.0°C°ﬂ}ﬂ T2A1ZE ekt ¥ (Jansen 1994), 3% Z=2
deog uAPsty dujFor BE JNAFE AlSsto] A
A2 AFES AAIG T (Table 1). A E AZAEL o}

ﬂll

J

Fig. 2. Cilia and trophi of B. plicatilis.

o e ARYOE EEFHAT YR AHZE AREo|
0.5 o]4r 7Aoo Sojuld AW AL AHEFATH
pGR=w M

PGR=NAIZ 4BE, Na=2% doA 2 7A, No=27]
A, d=HlFL

5. oz]ltlkl

g2 AEEY 94 AA-2 SigmaPlot software
(SigmaPlot 2001, SPSS Inc., USA)9] Student’s t-test2 H| L
e p7k 005 oJakel AS Y3 Ao g wHskqich
AEE 9 A AFEl et WF3FE = (50% Effect-
ive Concentration; ECs0)2} 95% A& G7F(95% Confidence
Limit; 95% Cl)2 Toxicalc =213 (Toxicalc 5.0, Tidepool
scientific software, USA)2] probit FAHS o]-&35lo] £4
3R F 4935 % (No Observed Effective Concentration;
NOEC) ¥ #4943k (Lowest Observed Effective Con-
centration; LOEC)E Toxicale 213 2] Dunnett’s testS

olg-3he] BAlahect.

2 o

1LAEE WS

Phenanthrene (PHE)®|| 24A17F =% B. plicatilis®] 23
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Fig. 3. Change of survival rates of B. plicatilis exposure to phenan-
threne.
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Fig. 4. Change of population growth rates of B. plicatilis exposure
to phenanthrene. The vertical bars represent the S.D. of the
mean for six times. *p <0.05 and **p <0.01 for control.

£8 WFE Fig. 39 e, 2T HESE 0%
o= NP AYSAT BEES 0mgL” oA
933+11.6%2 AE A4S o §297F Q] 2po]E e
A ggron), An swelAE foHQ WIS BEY &

ST (Fig. 3).

B. plicatilis®] WA 44 HIE Fig. 40 Yeti o,
2o AAE AFEL 05 olFez Ao AFge A
© 2 ghElQlth PHES] F& Hslo] mt2 /A AFES
18.80mgL™" o]8}2] FEo A& tjzTe #-23 Hol7} ¢l
ARG, 37.50mg L™ ol A 0.42+0.04 (p<0.01)Z hRT of
8] 16.17% 21231 47k Ueh7] A2 750 mg L
oA 0.11+£0.07 (p<0.0D)Z 2T ] 76.93% 23| 7
adtgon, 1 & 150mg L7 A= ARZ ARl U
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Fig. 5. Concentrations-response by phenanthrene treatment using
population growth rates of B. plicatilis. Closed circles indi-
cate the observed values, and black and blue lines indicate
the estimated values and 95% confidence limit, respective-

ly.

EFUR] kot B. plicatilis®) MAE AAES PHEQ| 5= &
kol whe} gHashs AL et (Fig. 4)

3.AE R AAZE BRES 187 5497

i
o
Mo
‘\-ﬁ:

AE2 PHEY ¥E71 271342 Zasts
) A3} deten], B E B WAL BESY W
2 427 Sigmoid F4& YelHth Fig. 5). PHEO] =
© B. plicaiilis®) WA H4ES) ECso 63.7 (48.4~
84.5)mg L™, NOECE 188mgL ™', LOECE 37.5mgL &
vheh ik

lo 2~ oz

e oo N 2

[

i

ArASteL St AR o] AHE O 2 WA PAHs= ES
3 dctez felEo HFAHAE LA et 59
PHEL G452, U717, 257 § TR 02 BUY
BEON 54E deslt BHoQR LN, 27, 44, W
o, 4, wE W AFHY 5 ofz) 2204 B4L g
e Aoz dHA Utk (Alves ef al. 2017). PHEE Al Ha}
94 (Danio rerio)| X 3715 D FHFE Hall, 8 S
4 AlA) &2 §25HH (Incardona et al. 2004), Zrclato]
(Thunnus thynnus)$} 3ctkego] (Thunnus albacares) 52 t2
T ofF ot M= AR 71¥& dLIth(Incardonma
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Table 2. Toxicity evaluation using survival rates (SR) and population growth rates (PGR) in the B. plicatilis exposed to Phenanthrene.

Toxicants NOEC (mgL™) LOEC (mgL™") ECso(mgL™) 95% Cl(mgL™")
SR* - - - -
Phenanthrene
PGR 18.8 375 63.7 48.4-845

NOEC: No observed effective concentration, LOEC: Lowest observed effective concentration, ECso: 50% Effective concentration, 95% Cl: 95% Confidence

limit., SR: Survival rates, PGR: Population growth rates.
*No effect of survival rate by Phenanthrene in 300 mg L™ limits.

et al. 2014). =AY BRI olyg} Wu e al. (2007)2 PHE
o =25 SAE X F | (Eisenia fetida)| A lysenin I3
A3} Jombricine kinase 59 H3}E 2619 11, Sasaki
(1997)= A7+ FZ oA P4503} epocide hydrolase -7
A2 ¥+ 3= human B-lymphoblastoid cell linZ} MCL-5%
o] &3t FAR} FEoA EHWolE Rttt PHE=
B AEA FFS AL Q7] Wzl okt AE
A 2)919] FFBES o83 PHEY H3lidS B7lshe
A7 Bastrta BZrE ], mebs 2 Syl A
=% A= FEsHA AREHIL e B. plicatilis®] BE
9 AT AFES o183t PHEY 3= B718H

& A543} PHEO| W3t B. plicarilis®] NAZ 3852
PHE9| s%7} Z715te] wet =94 e ddS &2
QAT BELLS A FEGE0mgL HHE ZE A7
100% AHE3HAT. AEE 24AZH3 AT AFE (724
7He] A= Zfol= o] " AFo\A B. plicatilisg a4
LE5tge o AT AAECl AEEC v 2~98) o4
Uz dubA Q] Aate A 5 gtk (Hwang er al. 2016;
Lee et al. 2016). T3 o|& 3t DA Brachionus koreaus
AA= E1EJEH, Won er al. (2016)9] Ao =21
WAF (Water Accommodated Fractions)®] 8 4 &<l
naphthalene, PHE, fluoranthene®l] %=&% B. koreausol| A *]
A EIE gon, 12 oY Akl dxal
A aslo] AAE 4B Hh 40% o)t Z2ET,
o9t 72 o] 8L B. koreanus® cytochrome P450 (CYP) &
Z A9} glutathione S-transferase A R}7} 7814 JaS 2+
o} &L stA|RE A2 o] A E o] AT JFEC] Ha
g AWEka QIh(Won er al. 2016). AA| @A ko] A
715 FFEARL7E B. plicatilis®] A& A8t A A
FES AaA At den, Ag 9 FE=E 2polrt
o}l ®31E o] Qlth(Roberto et al. 2013). W2kA] PHES]
47kl oY B. plicatilis®] NAZ AEES °l-&st=
o] ¢ g3t Broleta whEth

PHE A upz7tR| 2 ohefet 54 W7t vedd &
8|2 (Daphnia magna) 3 A8)&2 ECse 342.1 pgL™
(Zindler et al.2016), 383 ug L (Munoz and Tarazona 1993),

[e3

POy V)

950 pg L' (Xie er al. 2006)& WrepETh, whaate] g of
(Vibrio sp)2] ECso ¢F 1 mgL™" (Johnson and Long 1998),
Photobacterium phosphoreuma 0.53 mg L™'& el
(McConkey et al. 1997), Z/07-21%t (Lemna gibba)| A+ 5
mgL™" o]Ato & 1 &9t (McConkey er al. 1997). PHEY]
et $AM (Oryzias latipes)?F TR 7040 (Oncorhynchus
mykiss)2] ECso= 96, 180~320 ug L™'2 Jehdh (Turcotte
et al. 2011). @A7HA] PHES] ECso® ThFE 5= 8 91o]
A BAED 2 el A3 gut ¥ 548 By
U EE7|F (Folsomia sp)®] LCs0] A% 41 mgkg ' 0|4
(Sverdrup et al. 2002), 67.7 mg kg_1 (Tourinho et al. 2015)
o] T¥Z+7 (Porcellionides pruinosus)©ll A 137 mg kg_I
02 2 A7ABY FASAY BT B 4 ek
= A= 931t (Tourinho et al. 2015). T3t DellaGreca et
al.(2001) Ao w2 24742] PHE 3H3HE9] &39S
o) w)M|ZF (Raphidocelis subcapitata) ECs02] F 9= 1.2~
168.9 uM, E¥E (Daphnia pulex)& 0.6~42.8 uM, ZE| 1
(Brachionus calyciflorus)= 43~1,098 yMZ YEY 2]
© LAY AP E 7Y Zpol 7t vkttt whEkA gt
AEFTI S AEste] 2 gafjoF & a7t St

22 vt g oA PAHs L9 B8] 9
3 A= 1177 s HAES 24T 23 16714 PAH
=9] 4|7} 8.80~18,500ng g dry wt.o] QLI (Yim et al.
2007), A AFATEA] RO 257] A 99| PAHsE &A%t
A}t 65~12000ng g dry wt.2 ZAFE Q2.1 (Kwon and
Choi 2014), ul= S5 =A] W9 PHE #4243 B+
200000 ng g ' dry wt.2 23|28 3 (965ngg " dry wt.) L
222 (825ng g ' dry wt)ETH H& 2008] A YeERG AF
AR Joh(Kim er al. 2008). S-uheh= A2 S44 3
QER| Aol Thekgt tfE AFATEAl 9 FARo] gL, HA QL
T 33% ol/e] st Thrte] At UA|RE, =2 A%
Q@A o gt FHoA & A D F7P} o] FA 1
Atk (Kim ef al. 2002). webA ek AFera] @ HekA| o
3} 3¢t t=A] FHAE PHE 2A} o35hcha Bk
™, B. plicatilis®] WA 4FES XA H 9 PHE L HE
7holl 8384 A8 4= & Ao g AztE E3 PHE
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o =29 B. plicatilis®) EHATE o] L3slo] RAFEw
(NOEC), 2935 % (LOEC) ¥ 33 &= (ECso)E Al
AEte] B B7HE A 7€ niS g V2R R
2 Z-§staA} skl

¥ 2

S ALZ €] 9 (Brachionus plicatilis)®] &8 9 AA A
A5 AHE-3F9] Phenanthrene (PHE)O| tfdt SAH7IE 4=
Y35 ch PHEO| 24A17F k&3 ELL W & 300
mgL~'olA FaFo] YehtA] &gtk PHEO] 72417 =23t
AAZE AFEL 375megL” SEo)A FA3 a7t A%
ol 1 H% 1500mgL oA AAZ BFo] vehtA|
Yol FEoEHORE it FAFE HYth PHEY| &
29 WA AFEY ECso B 63.7 (48.4~84.5)mg L™,
PHES| t&t A4 4459 NOECE 188 mgL™', LOEC
£ 375mgL”'2 Yehgth A723 PHES B7}ets o
ol AEgHTh MAL 4FEC] AFst aAFTH oA
PHE®] LOEC o4 =X B. plicatiliso| A S49FS
ud 4 Qe =2 #gETh £33 NOEC ECsoS E4
< Frlsle 71EH0 2 0|88 4 9lon, A5 PAHsS §
FAQ HEIFS BGs] A3t 7| 2ARE S SFAVEHA
Aol

=
[e]

H7tel 288 4 9)

o

A A

B A= 20179 E FPPAEY HATHA (R2017031)

A7u] Agon FYLTEY Asjeitd e sl
Shm s ol A4 Syt
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