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Toxicity Assessment of Heavy Metals (As, Cr and Pb)
Using the Rates of Survival and Population Growth
in Marine Rotifer, Brachionus plicatilis

Ju-Wook Lee, Hyang-Mi Ryu, Seung Heo and Un-Ki Hwang*

National Fisheries Research & Development Institute, West Sea Fisheries Research Institute,
Marine Ecological Risk Assessment Center, Incheon 22383, Republic of Korea

Abstract - Toxicity assessment of heavy metals (As, Cr and Pb) has been investigated by using
the rate of survival and population growth(r) of marine rotifer, Brachionus plicatilis. The survival
rate was determined after 24 hours of exposure to As, Cr and Pb. As and Cr reduced survival rate
in dose-dependent manner and a significant reduction were occurred at concentration of greater
than 30 and 150 mg L', but Pb had no effect on survival rate. The r was determined after 72 hours
of exposure to As, Cr and Pb. As, Cr and Pb reduced r in dose-dependent manner and a significant
reduction were occurred at concentration of greater than 5, 25 and 50 mg L. The toxicity of
heavy metals were ranked As> Cr>Pb, with ECsy values of 12.98, 82.34 and 110.14 mg L_l,
respectively. The no-observed-effect-concentration (NOEC) of r in As, Cr and Pb exposure were 1,
12.5 and 50 mg L7, respectively. The lowest-observed-effect-concentration (LOEC) of r in As, Cr
and Pb exposure were 5,25, and 50 mg L_l, respectively. From the results, the concentration of As,
Cr and PDb (greater than 5, 25 and 50 mg L7, respectively) have toxic effect on the r of B. plicatilis
in natural ecosystems. These results (including NOEC and ECso) might be useful for the mixing
toxicity assessment and toxic guide line of heavy metals in marine ecosystems.

Key words : rotifer, Brachionus plicatilis, heavy metal, toxicity assessment

M = A e TEEHE A AFolA 34 d #Aiks B4 =

dol 4R F2EHA, HAEY dYE FMA 2 B

AR Y ed 222 SACZRE 715 (Kang £ 7He Aoz A Itk (Martin and Whitfield 1983).
2005), ol23t L HEE FolA 540l A Aoz F L ol LHEAL Y=Y YA HolE dod Eut of
Uzt Al £24& g8l T 28R 7 AAelx o
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EXEEE TR ERTE
™ (Irving er al. 2008), @5 F7to| A= AgoA HEE
o] MAZAC EAZ HFEH7 = sFET(Lewis et al. 1999;
Bhattacharyya et al. 2003; Lamm et al. 2004; Xia and Liu
2004; Caceres et al. 2005). Z& (Chromium, Cr)2 549
=3 9 20l 9o AgEn, 255 TR} BE 5o
A7) AstEH BEeZ23 Q=208 Aldsts Aoz oy
AL Qlth(Suh et al. 1999). 'F (lead, Pb)-> H| Q1 E Q] AHE
AL AEA S8 D HA A ' Sl 2E ] glen, v
Solehs 4717 B Al Aol ZATo] F - wAe] Hy
A4 =4 (non-carcinogenic toxicity) S o= AoRE &
24 Qlth(Mahaffey er al. 1981; Mahaffey 1983; Park et al.
2006; Lee et al. 2009).
F343} 2ol SAIN FATE kR eAEAL o
Q9G] 93] Ak Aol HE BE BARA
Ae o] g1, A= @2 2APE AP ik shA|Tt,
F AR tiiiEo]l 9 eH4EdS AP de Ve
Ao ¥tz o - B}ahA] FA o —4—":@ Lol Thakgt &

Jedol TESIUA VAT 4 Y SHY A B8L

As)e AzAY AFA 5

rﬂ

gofsts AL 715 0}4—— @S 7HA 2L 1ok (Rand and
Petrocelli 1985). T3t A oA ¢ o2 FAHE= &
A 9] F77} 39ko] Fof °] g At FEEE E40]
4o F ol Ho] fFYEHE BE S g9 9 Aot

7l= W3] ofFth(Hwang er al. 2012). o] TS Het
3}7] $938Fe] SETAC (Society for Environmental Toxicology
and Chemistry)ol A& 8742 SdH o= Fdstr] Y A
542 o]83 WET (Whole Effluent Toxicity) test7} &
Ao]| o]&o]& ok strku A|otsta gtk WET testS 283}
7] Y APk el A A PP oA FH I
o] o]Rojxjof atH, o] F FalA ALt A FoA LHEZH9]
AYH 9 % 523} BB 0 HEE FAL % 9
t}. ASTM (American Society for Testing and Materials) &
USEPA (U. S. Environmental Protection Agency)©l| A& 9]
o] drsgekg| g o} (Vibrio fischeri)®t 2 u]Ay =0 AEH
ILNS (Mysidopsis bahia) 53 22 FASF5=1 oF
Cyprinodon variegatus®l| ©|27|7kX] % 54L& ¢
3t Ad 7ho)=E1elS A 12 ™ (Martin et al. 1981;
Beiras and Albentosa 2004; Geffard et al. 2004), < <
w2t = A (Hemicentrutus pulcherrimus), 735 (Skel-
etonema costatum) Y FHZT (Ulva pertusa) 52 B=
FEFE ol ASHAEHAY 8-S Brtekele A &
9H5HA XY Itk (Han er al. 2008; Hwang et al. 2009,
2011, 2012).

2 Aol AFEEA WolA 12k avjRbe|H, T E

/\1%"%‘%01] vl AR W wejrt 3 AL Erob Al

_% g‘j oﬂ?sl:.g_ Iﬁ }?‘51- A OL‘E 8H/$}§E]Tl1,3rachio—
nus pllcatllls—e- AR5 £F<4 3% (As, Cr, Pb)o] FEH
g Ammlth T3, A% 238 B9 FYFEENo
Observed Effective Concentration, NOEC), A Fd=r
(Lowest Observed Effective Concentration, LOEC), ¥4~
=1 (50% Effective Concentration, ECso)E A|A| I3 T}
LOECE S{SAEA oA FEFFol Uetve 7Ies=
ZH 89 4 913, NOECE= WET test A| LFEAEH &
& B 4 9k 7|ZARE AHEE R0)8, ECx
2d =49 AI71E Uetdle 7IzAtsz 9 &§

LARRE

A2 €] 9 (Brachionus plicatilis)= 7r 5] 8tnl Ho| W&
Aol A FEFRtol Aafjpatdta 244 25+1.0
°C, 6714 ol AhujFstHas ARk i gFA-S A
5 0.45 um membrane filter2 oI} & HF5}o] AL}

3, Ho|AER Chlorella vulgariss 3F5of g+ H S5
FalA . Ao A]%UP B. plicatilise= A3 Y 23

A A (amitic female)S ste], 2417 o] Rt 4
WA (neonate) & A °l %“%‘i‘& neonates A8 3to] ALE
SFATh(Fig. 1).
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Fig. 1. Shape of adult (A) with egg and neonate (B) less than 2 hours of B. plicatilis.

2 ImLA GUEoR BRG §, RakE 247 ol
neonateS 57|A|A Wil 25+ 1.0°Col| A 24417 etufjersta
o} (Table 1). 24417} 0% B3 @ S o] &s}e] AZ B,
plicatitis AR%E A%ste] AEES AT A o
HL B plicatilis® WE7)1H &4 & - Fof wat Bdety
I, 2T AR 90% oY A A A= ALt
Tk (Table 1).

4. MAZ ABE

NAZE AFEL 24 well plated] FFE A HLAS =
HE | mLY iR o2 BEF G HolWEQ C.vulgaris
= 94 £9F AEE&AE Hrsto] AT 2008t cell
mL™'2 FFstgon, 23452 247 o] 9 neonateS
wellg STAAIA ¥ 5§ AAE O] 25+ 1.0°Co A 72412 H
¥} STt (Table 1) (Jansen et al. 1994). 72A|7F o] & 39 3
2L OR B plicatiliss 113t @u|F o2 BE JhA|4
£ AlFsto AAZE AFES ALt AT AT AFES
ANBAE r=(InNg—InNo)/d (r=74A2 B3-S, No=2%
dol A 9] A4, No=27] HAS, d=%Y)S o]-&5}o]
AASEE AL, 2 WA AEC] 05 ol AS A7t
o AY A= ARE-SHETH(Table 1).

5. 3484

AEE 9 AT BAEE S WY 35 (50% Effec-
tive Concentration, ECso), 95% A&7+ (95% Confidence
Limit, 95% Cl1)< Toxicalc 213 (Toxicalc 5.0, Tidepool
Scientific Software, USA)2| probit A4S o]-&3}¢x F

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+0.5psu
Photoperiod Darkness
Test volume 1mL
Solution Filtered (0.45 pm) and sterilized seawater
Feed organism Chlorella vulgaris (2,000,000 cell mL_l)
Validity >90% survival rate,

>0.5 population growth rate

938% = (No Observed Effective Concentration, NOEC)2}
24935 T (Lowest Observed Effective Concentration,
LOEC)+= Toxicale T2 13 9] Dunnett’s testS ©]-83}9]
EA5t . A2 94 HBAL SigmaPlot software
(SigmaPlot 2001, SPSS Inc., USA)2] Student’s t-testS A&
S p7h 2 thH] 0.05 °]skE F9J3 Aoz whst
pile

2 o

LE3a&0 BE&d vA= %

As, Cr 2 Pb7} B. plicatilis®] ZEE0| v]x]+= 4 Fig.
2] YER It ti 2] AEEL 90% o)A4S YEPH o,
As®t Cro] AEEL 5= &0 2 st FFS e
W RhE Pb AT = 200mg L A= EE] 9333+
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Fig. 2. Change of survival rates of B. plicatilis exposure to As, Cr
and Pb. Vertical bars represent the SD of the mean for six
times. **P <0.01 for control.

1033%% 27 tiH] F2< H@P} UERLEA] gt
As9 A9L XF % 30mg L HE HEE0] 5000+
16.73%(P<0.01)§ Solxog 7Aaste] 50mg L olA=
AZE A7 BREA Forod, Cr FLE 150mgL
E 63.33+15.06% (P<001)E $oH oz 7taste Ay
3 %% 200mgL "ol A 43.33+15.06% (P<0.01)Z Ure}
Stk

2. 55950 AMAZ BRE nA= eF

As, Cr @ Pbol] 72A17F =29 B. plicatilisQ) WAL A%
E< Fig. 39 ettt 219 AATE AFES 2F
0.5 o142 el o] Ase] HL Smgl ™' A1F FEolA
0.48+0.06 (P<0.05)22 7+A3st7] A&ste] Ao & 20
mg L' A AZEC] 0.18+0.12 (P<00D)E thZ
T tHH] 68.97%7t HAAadt FETF SIS AT A
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Fig. 3. Change of population growth rates of B. plicatilis exposure
to As, Cr and Pb. Vertical bars represent the SD of the mean
for six times. ¥*P <0.05 and **P <0.01 for control.

FEol Faste 4TS HA Cr) HLE 25mgL” Al
3 FEoA 0621005 (P<00DE F4a3dt7] A2t
=7} F7VE4E AT AREC) Bastgen], 200mgL”
oA 0.02£0.03 (P<00DCE ANATE AAEC| =T o
H] 97.18%7} 7438ttt Pbo] A9T 50mgL ™' A1F &
TolA 04440.10 (P<0.05)02 7437 A& ste] o)
=% 200mgL oA 0.03+0.05(P<00)E AT AZE
o] 2T thH] 9231%7t Aad =7t Z71342 A
T+ BFEO| Aadte AFE B

AEEL As® CrolA 527t 37Hd 8 AEE0] A4
3= = 45:—** 1S Hyow ST BANLS E
=4 W= &4l Sigmoid Q] SAlE YERTH(Fig.
4). WA= E3F As, Cr 2 PbollA & 924 uk-g
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Fig. 4. Concentrations-response by As (A) and Cr (B) treatment using survival rates of B. plicatilis.
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Fig. 5. Concentrations-response by As (A), Cr (B) and Pb (C) treatment using population growth rates of B. plicatilis.

Table 2. Toxicity evaluation using survival rates (SR) and population growth rates (PGR) in the B. plicatilis exposed to 3 heavy metals (As,

Cr and Pb)

Toxicant NOEC (mgL™") LOEC (mgL™) ECso(mgL™) 95% Cl(mgL™)

A SR 20.00 30.00 30.27 27.51~32.49

s PGR 1.00 5.00 12.98 9.14~18.44
o SR 100.00 150.00 185.43 160.58~255.86
PGR 12.50 25.00 8234 59.13~117.32

Pb SR N N N N

PGR 10.00 50.00 110.14 91.82~133.10

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 Pb in 200 mg L™ limits.

2 el o Fxuke A 4L Sigmoid FE|E YEF T & 2 A AR EY F55 As, Cr 2 Pb°ﬂ gk ECso
(Fig. 5). As & Crof| tj3t B. plicatilis®] &L NOEC= H| A, Ase AJELO)A 3027 mg L™, A AREL
20.007} 100.00 mg L™, LOEC: 30.00Z+ 150.00mgL™' 0.2 1298 mgL™' 02 AAZE AZEo] YE2LRT; oF 234 &
byttt 183 As, Cr 2 Pboll 3t B. plicarilis®] 74| 2 7S YEhi T, B3 Cre AELoA 18543 mg L™, A
# AFE9 NOECE 1.00,12.50 € 10.00mgL™", LOECE A AAENA 8234 mgL ' 02 NAE Ao HEE

5.00,25.00 @ 50.00 mgL™'& UebgTh. B. plicatilis®) & B} oF 238 B2 FFS YR QITH(Table 2). Pb= | &
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= 200mg L7 oA BEL] WEkrL LehA] GFgEA| Rt A
 AAE) A ECs500] 110.14mgL ™" © & Uebth (Table 2).

oo

24712 2GR R At B9 oF F=E B}

st7] 93k thFEY A W2 AF5HQ o] - 3hshy Hrt
HH o o] 8511 QIth(Bidwell e al. 1998). o] - 3}3HELA] |}
W setEds At 71EA9 vud 5 vk AA
< 7 QAR B A 9] @ AEHo| Higt FAsE2 T3]
AgrElo] 9l Eut ofyet AE) vA= FFE AHHL

= udd 5 gloe dS AU vk (Hwang er al. 2012,
2013). T3, et L HEA 9 Fazrgo] s WA EH=

Ar% (synergism), F-7}(addtion) @ Z &} (antagonism)
Agg At o gloke AE AYIL UTH(AIf er al.
2002; Chu and Chow 2002). |2 <23}, ¥4 H7te=
o - 3}ahd BA W tEo| YHEAHE o8 WET
(Whole Effluent Toxicity) test7} Ao o]Fo]#of & A
° 2 FEth(Hwang ef al. 2012). £ Ao A= oF4] o]
79 Zof7]9 HolYaE= FHASHA A= (Molly and
Krishnan 2010), f-8 2t wl=ollA 4t 9 FAled el o
3 B4 Ao AMREE B. plicatilisE ©]-8-3}o] (Sladecek
1983; Halbach 1984; ASTM 1991) 3% £+ (As, Cr € Pb)
off tiet s S eA HHE =L} WET testg gt 712 A+
7F A= At

2 A1AT FF4 As, Cr 2 Pb k&0 93t B. plicarilis
O] AEEZ As® Cro A = E2Q1 Aag o] vyt
o1} P T HE 200mg L oA E YEE MEo] U
OJUA] 9kt (Fig. 2). Philodina roseola (Shaefer and Pipes
1973), B. plicatilis (Snell et al. 1991)2} B. calyciflorus (Snell
and Persoone 1989; Snell et al. 1991)| XA = B. plicatilis=
PbETH As®} Cro A W3Rt QR Vibrio fishceri
bacteria®] 5] = Pb7} As & Crojl H]3 1008] o]4F SA0| &
A Yeht= AL% glo] (Fulladosa et al. 2005), HEZ o]
wet 549 UEe] Aok 4BF UE 54 UPE
#ol7} 912 & 4 vk,

As,Cr 9 Pb =2l 2% B. plicarilis®] WAZ AZEE
Ash Cre] BES ARG AV 339 FFEANA BE
B 4EHOE Fastt AN HOH (Fig 3). 42
I A BAES] ECso ol-&3t F5% 3%°| B. plica-
dlisol] PIX & FEFS H|wsHH, AEEHET AT EE
9] EC500| As®} Cr oF 234}, Pb= oF 24 o)A R3S
T} (Table 2). Hwang et al. (2012, 2013)9] H. pulcherrimus

At NE &3} oA &2 S0 tigt U= X
o7} yetyton, A ERT woptAYEAA Fa45Y I
o] o WsHA vebgTt ol e 42 A& G0
HjoPRFA& (644171 Y] =& A7 20| 2 H o A B (Wui et al.
1992), B. plicatilis®] &S (24A7H3} WA 745 (724
ZhHe] ECso 3] zbo] T3t k& A 7bo] iftEof 7H 2
FE FAha AztE
22 SEvE o A 1249 (1, BE, &
%, T, PA, A, FARGE), BAEY, 2
@Y BH HAZANA FES =
7} As¢} Pb ZH7F 3.9~60.1 mg L't 20.2~386 mg L' 9]
w2 FMER o] 714 =9k (Choi et al. 2012), Cre)
ALE 11~40l mg L' 08 RAbdgo] 71 & Aog
Uebgth A2} As, Cr 2 Pboll th3t B. plicatilis 7N A2
AAEO|l gL 7| AFshe HA9FsE (LOEC)7H 2
75,25 9 50mg L2 7o) B3 HHE| FFA Ko}
T HA 2 sEoln, o]F HAE & xFE| Ye o
¥t L AEH ) H5 LS HIVH] YNl B. plicatilis=
A7 B AE LAB AMEE = e AEAER Bud
o, E3t B. plicatilis WA+ AE2] Q4985 = (ECs)
9] =YL As>Cr>Pb £ 22 LEMGTE Hwang et al.
(2013)2 Hemicentrotus pulcherrimus®] BljoPEA}Eof 0] X
= EAYEFS Cu>As>Zn>Pb>Cr>Co>Cd &2 2 B
138} Kobayashi (1994)= Cu>Hg>Zn>Cr>Ni <24
Stk (Fulladosa et al. 2005).

B. plicatilisg ©]-§38t] T2 Fa&ol tigh Alde] &=
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el o

HE EBCx g2 ol§3te] 348 SHY A7 e A
23} 3jo)7} QA Abvneln g,

2 AFoA As(>500mgL™), Cr(>2500mgL™) &
Pb(>50.00mg L9 A% sy e)A WollAl B. plicarilis
22 12 28R 98E gdets AEOA dFS v

L eg 889 4 oty 3 B. plicariliss 0] &3}
HAEE Y FTAES BIHsH] 1% WET testol A As,
Pbo] 8= (NOEC)S! 1.00, 1250 D 10.00 mg
g Aol HPY Ao petEn, FF UL 5
THg Hlgro 2 WS P (ECs) & Ml mstel )

BT Bl Fg3uA Tk,
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I e
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o we
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o ol
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=
o

q 2

A2 €l 9 (Brachionus plicatilis)®] &g 9 NA+ A
REL AHETI0] $34 As, Cr D Pbol i SHBIE 4
YatAch TS0l 24A7 &S AEELE As} Cre 30
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I 150mg L™ SEolA FAT Fart AZE o] Hroz
o7 gastg o, PoollAle GeFol e A gdtth 5
&0 72A17F k&3 AR AHES As, Cr 2 Pb9] 5,25
2 50mgL” RO FAG gavt A=, 3% FFE
oA BE FEoEHoR Fadte AFE HYth As, Cr
4 pboll =2H JHAIE AFES ECs a2 212 12.98,
8234 @ 110.14 mgL™'0] 2 =4 9] A|7]& As>Cr>PbZE
RBEET Tt B As, Cr % Pboll gt A 4
£ 9] NOECE 7427} 1,125 9 50mgL™', LOECE 242} 5,
259 50mgL' 2 vreERTh. sjoFeh ol A Z2e) LOEC o
4] =& B.plicailis|A 549 vl = de 5%
2 B m, NOECS} ECso 32 WET testg 913 EF54
o S A W FFEFF Hg stol=eeles A
A &84 4 gl Aolth.

Al Al

B ATE 201695 FYSATEL FATA (R2016058)
Q7o) QYO R FPLABIY HSpAATL NP
s A St
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