Korean Journal of Environmental Biology

Original article

https://doi.org/10.11626/KJEB.2019.37.2.189

Korean J. Environ. Biol.
37(2) : 189-195 (2019)
ISSN 1226-9999 (print)
ISSN 2287-7851 (online)

QAN s HBlo|| W2 K (Hizikia fusiforme)2] 27[H| & (As (V) £ Y
YEE WS
27|, 3 2, 20, 2, 2EL 5 5, 01F8"

Accumulation of inorganic arsenic, and growth rate by changing of

phosphate concentration in Hizikia fusiforme

Un-Ki Hwang, Hoon Choi, Min-Kyu Choi’, Min-Seob Kim?, Jong-Woo Choi?,

Seung Heo and Ju-Wook Lee*

Fisheries Resources and Environment Division, West Sea Fisheries Research Institute, NIFS, Incheon 22383, Republic of Korea

"Marine Environment Research Division, NIFS, Busan 46083, Republic of Korea
Department of Fundamental Environment Research, National Institute of Environmental Research, Incheon 22689,

*Corresponding author
Ju-Wook Lee

Tel. 032-745-0684
E-mail. leejuwook84@gmail.com

Received: 5 June 2019
Revised: 13 June 2019
Revision accepted: 17 June 2019

Republic of Korea

Abstract: In this study, we performed an analysis of the accumulation of inorganic
arsenic and growth rate with changes in phosphate concentration in Hizikia fusiforme.
When exposed to inorganic arsenic for fourteen days, we found that the collection
of inorganic arsenic hardly increased at high phosphate concentrations (2 mg L™).
However, when the phosphate concentration was low (0.02 mg L™"), accumulation of
inorganic arsenic increased. Additionally, H. fusiforme decreased in a growth rate of
14.5% in low phosphate concentration (0.02 mg L") and fell in a growth rate of 30%
when exposed to inorganic arsenic (10 ug L™). H. fusiforme cannot distinguish between
phosphate and inorganic arsenic. Thus, when phosphate concentration was lower, the
inorganic arsenic accumulation increased, and accumulated inorganic arsenic inhibited
photosynthesis and cell division, reducing the growth rate. H. fusiforme is known to
have higher inorganic arsenic accumulation than other seaweeds. Therefore, various
studies are needed to secure the food safety of H. fusiforme which is an essential
aquaculture species in Korea.
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ol

A HEE o] AAAS BAIZF H ATt (Lee et al. 2016). i
FeH W vlA= oF 100 F ool 1=, §71H]
A HUb= F2 As (V) As (1) FEjo] Fr7u 47t o @
o] ZAsl= Ao 7 A& A QI (Ronan et al. 2017). LHF
Aoz 7| Ae AEA nA]= F/do] u¢ A5k
7 ae AiA o R ofsttil A A Ut (Hughes et

al. 2011). 729 sfitzols A4 oz 540 W2

A
2007), X{E F71H| & o]Qofk As (V) 22 &
7HAE v S45h= 2 o= dHA At (Yokoi and
Konomi 2012).

T U ol2wet S Tl HAet A2
FTEES WEA 5ot SAD 4 229 (Jarvis and

Bielmyer-Fraser 2015), 24 (Gymnogongrus torulosus), 2

mt2l| (Ulva lactuca), THAUF(Laminaria digitata) 5 THERE
xFolM F552] S0l HUEI QITh(Omar 2008;
Areco and Afonso 2010; Ronan et al. 2017). F7|H| A= =

LT 9 AT 50 22t siEFolA
Arseno-sugars FHIZ FA &= 208 A 31 O0™ Ma
et al. (2018) 9] Ao W= ZAXFoA o F7]H]A
o] 2%l 115.56 mgkg ' DW.2 Z7 3.0mgkg” DW,
=25 0.4mgkg_1 DW.EL X =2 7o g BEQc}
e Az FolA Sargassum 2] HEF= Bt 73.48
mgkg ' DW. 0]449] 78|47t HER o] FH7Fo] 7P
=T} (Ma et al. 2018). Taylor and Jackson (2016)2 2=
7ol H|AaSAo] sl f FAT vl =2 dWd= 7t
2™, Ma et al. (2018)2 ZZF+= A4FE (phosphate) Tt F
7IH| A5 FESHA] Eoto] SR B[4S
aot7| felotttal H15kITh Almela ef al. (2006)-2 5
giutet £ A FF Foll shRl % (Hizikia fusiforme)
wg g Ru 4 SATT Baskd,

FE v si2F LTS 20179 V|ER
1,761,526 =0 ™, 59 &0 A3t 7] (Phophyra tenera),
A1} (Saccharina japonica), P19} (Undaria pinnatifida), 5 (H.
fusiforme) <A 2 =UATH(MOF 2019). H. fusiforme= 771
H| & FA o] 7P Fohal 44 Sargassum <ol g
= FE0R 20179 71 54,624=0] AYAtEO] S §
T % ofe]2 Z = H(MOF 2019). H. fusiformer= T
A, udlE, vletdl 2 2S4S FTSHH (Wells et

al. 2017; Kim and Jung 2018; Ma et al. 2018), &&5, A3},

=z =
—-1—_”_)

o

o ol
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’5(‘31—%1% lg_l ’6‘]’]:]]-0] 21/_\_ = q—oké MESHA S 7].1]}5
fucoidane E3SIL QUTH(Senthilkumar et al. 2013). ©]|2
2Isf, A AAZ S & tho]ol E B 24, o]k, AA=4 &
At S 2 TRt AF o g IS AR E AL
2|9t (Dhargalkar and Verlecar 2009), H. fusiforme AWl =
A& F718| Ao HisfiAe F deE A 2] 23T (Taylor
and Jackson 2016). @A CFIA (Canadian Food Inspection
Agency), UKFSA (UK Food Standard Agency), FSANZ (The
Food Standards Australia-New Zealand) @ HKCFS (The
Hong Kong Centre for Food Safty) “5-ollA] H]A 41 ol Tf
oF AL 7|ES AASkL QAT (Yokoi and Konomi 2012),
= E= FAH o= siERFol ZH F7]8]40] A
Ql A= 2ot R 7] o] ATt (Park et al. 2018).

webA], 2 Ao s AXF] R A F2of A
do] Akl gl QA o] W F ol whet U F8 A
&1 H. fusiforme 2J7¢5 2 AW F71H] 4 S Fo] #ist
= A Eerh

=

30

&% X (Hizikia fusiforme)< A2 FHet
ZZto| A do] 4~5em HEL] o JHAE
HE A A7 A L= AR5t
AAZ 29§, 15°C Aol A] 2
F ] o] %o BEHF(FW) 2+0.5g oW HAE A

2, QM 9l BIH[A(As (V) ==/

H. fousifome’= ¥l st7] 918 si-2= OTT Ql5alE
AFESFAC ™ (OTT 1969), OTT Ql-53ll2] 0lAty s
ZAS 93 Na,HPO, (Sodium phosphate dibasic, Sigma-
Aldrich)©] & X5t (Table 1). As (V) 9] & 5
= AsS5 (Arsenic + 5, Inorganic ventures) & AF-8-Fo] 2/J5H
ATk A FE= 0.02,2mgLT 2 20T, As (V)
o] A& IS nfolslr] IRt k= 0,05,2, S5, 10pug
L2 ZASHTE <Ak T) A (V) l==°] H. fusiformegl
AEE HEel mAs FFS E46H] At As (V) %



£05,2,5 10pgL' 2 ZASHATLE

3. H. fusiforme®| As(V) MY HE

olatd B As (V)7F Z3HH 200 mLo] AlE-8l7} H.
fusiforme 37HAIE 250 mL2] AFZFE2tA T 0] a1, Table 2
of U0 ® FIFF7INA 14%1 Hj ¥ Al
217 v AEetaa] 3ukE a3 E A 144 ©]
H. fusiforme’= SOmL polyethylene tubeoﬂ do] BAE &
SHAL 1% A4F 50 mL-2 47F5F Vortex (Vortex Maxi Mix
II, Thermo Scientific, USA)Z w235t w23 A

S 30127t sonicator (Power sonic 520, Hwasin sec, Korea)
£ ARgste] &3 F, 60°C 150 rpm O 2 4 A7t X EF Wt
skt wHtE AleE AHEe 0}01 e AFIeE
microfilter® o375} T oJTtE A] SHAT AT
2ol FHFSh= HlA 3F8FE (Arsenic spec1es) o] A A
e A BEAY AFA (NIFS 2017) WH-& £-8519
As (V) 9] ¥ 245

ol -{Ol'

by

0:

I

Chemical mgL™’
NaCl 21,000
MgSOs - 7H20 6,000
MgCl; - 6H.0 5,000
CaClz- 2H.0 1,000
KCl 800
NaBr 100
NaNO3 200
NaHCO3 200
HsNO3 60
Na2SiOs - 9H20 10
Sr(NO3)2 30
NazHP04 20

Table 2. Culture condition of Hizikia fusiforme

Arsenic accumulation and growth rate in H. fusiforme

4. H. fusiforme®] A&

rE
fn

A Hfustforme—/] z7] #AE
Toledo, Canada) S ©]-&35to] A3t ¢
mL Z2HH 250 mL jlakg] %%E‘r ol H. fusiforme 3
A2 E AL, Table 2] 27 0% F2oF7]14 1447T
SRR
SI90ck. QUH ol ThE AR RS WES A 9
5ted 1,3,5,7, 10, 14990 H 2 A8k HAHA
== oot AFES = 3’5}9&5} AT} As (V) &
Lo g AFES HE 2 14Y i ¢ H f siforme’s
AskT AAALE ol gste] AEFE =

921242 (PB303-S,
, A &-8-Ho] 200

:LrN

of

5 SAEN

ety |

2w Ao 979 A4 SigmaPlot software
(SigmaPlot 2001, SPSS Inc, USA) 2] Student’s t-test= H| 1L
Sko ™ p710.05 oI5kl A= ot Ao = TSI

2
1. AMH Sk W3l WE As (V) XY W3t

Zy7] ofE QAT As (V)oll keEH %, H. fusiforme®]
AW As (V) S25= Fig. 19 HeFHSieh 914EE 0.02mg

L9} As (V) TFSt 5ol leE 9 H. fusiforme®] As (V)
o] ZHFHL y=0.722x+4.2345 (¥ =0.9202) 2] AT
2, 53557t S7VEF H. fusiformeol] S == As (V)
2 Z7Fst= A2 UE T (Fig. 1).

A4 FE7F 2mg L' %, H. fusiforme®] As (V)

Condition
Class
Accumulation Growth rate

Incubation period 14 days 0,1,3,5,7 10 and 14 days
Culture type Renewal 2 days
Temperature 156°C+1.0°C
Salinity 30+0.5
pH 8.0+0.5
Light intensity 80+0.5 umol photonm™?s™"
Photoperiod Light 12h : Dark 12 h
Test volume 200mL
Seawater OTT artificial seawater
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O] ZATFL As (V)9 &5 =9} y=-0.070x+5.3543
(*=0.1264) 2] APA 02 As (V) =&EFH0| Z7H1% H.
fusiforme®] As (V)] 472 & #aP7t gle o= u
EFLLTH(Fig. 1). 0.02mg L™ 9] Q1ATA0l e Z5 H. fusiforme
o] As (V)9 SHH2 As (V) 23557 S7HE =
Hego] 271517 Al2stel, 10 gL SENAL 1078mg

12

--- 0.02 mgL!
—e— 2.00mgL!

I —

722x+ 4.2345
R2=10.9202

Accumulation of As (V) (mgkg ™" wet weight)
EN

47 *———— o ——
E{ y=-0.0703x+ 5.3543
R2=0.1204
2 -
0 T T T T
0 2 4 6 8 10

As (V) Concentration (ugL")

Fig. 1. Accumulation of As (V) in Hizikia fusiforme exposure to
phosphate (0.02, 2.00mg L") and As (V) (0, 0.5, 2, 5, 10 ug L™
after 14 days.

210
- 0.02mg Lt
—e- 2mgL!
200 1
<
< 150+
%E
g 100
Qo
50 1
0 T T T T T T
0 2 4 6 8 10 12 14

Days

Fig. 2. Change of growth rate in Hizikia fusiforme exposure to
phosphate (0.02, 2 mg L") for 14 days. The vertical bars represent
the standard deviation of the mean for three times. *p<0.01 for
0 day.
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kg™ wet weight® 2mg L™ Q4 5 ZATtE T} 34 o]}
S %o] =3t (Fig. 1).

ZY7] g QA Fkofl E% H. fusiforme®] A E
52 Fig. 20 YEFHITE 2mg L7 9] QI4HE FZo A&
Zvo] AgSE PAFo| Zrfsto] odAET}E 144 A

|
DA ASFol 15%7F AAaSHIH. Alto] A= <l

419 510) Aolo] T2 AFEL 7URE §olg Hol

EHT2mgL ™o )4t FEOlA BEC] 75% =4 Y
BT (Fig. 2) (p<0.01).

3. ALt As (V) s=tHeio IHE WHE HE

A4+ (0.02, 2mg L) T} As (V) 5(0,0.5,2, 5, 10 ug
L )¥ste] o2 H. fusiforme®] HE WS Fig. 30 U
ERATE 0.02mg L7 QA Sl A= As (V) 5275
Va4E Aok A UERloH, 2ug L olA 79
Ao g Tr4adl(p<0.05), H15E 10pg L A E o
| 30%7F A48t (Fig. 3) (p<0.01). 2mgL™
A SEA A= As (V) 57t S7V5 H. fusiforme

IN
-
Ew)
o

rO

250
-0 0.02mg L
—-o— 2mgL!
200
<
< 150+
g
Lep 100 T
50 A
0 T T T T
Control 0.5 2 S 10
Days

Fig. 3. Change of growth rate in Hizikia fusiforme exposure to
phosphate (0.02, 2mg L") and As (V) (0, 0.5, 2, 5, 10 ug L") after
14 days. The vertical bars represent the standard deviation of the
mean for three times. *p<0.05 and **p<0.01 for control.
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Fig. 4. Annual changes in DIP concentration in Korea (KSIS 2019).

2 WS UERHA] Q9o m, 10 gL olA

H] 13% Z715H9th (Fig. 3) (p<0.01). 1424
s 10pgL "9 As (V) B0l A 14FE 2mg L' 7}
0.02mgL Kt} 78% =7 LrERtTh

(electrostatic attraction)< &3 ©]
= Ao AlZd g o]FAl7

goste] 2Hsiel, 334 5
A=l

259 Aol JaFe W Aoz

2
rlo
rfo
l_r]

A

o]
AR

s

(bioavailability) ]l

= = = 1
55| dxFv 52X

%10 ™ (Besada et al. 2009),
g2RET 234 Aol

99; Besada et al. 2009).
H 4= sl Wl 2281 = go] EAjst, T2 F7]H]
4 JH2 Z2]517] =0l (Ronan et al. 2017), S|ZF+=
SAAERT FIH|IAE 517 25ttt (Ma et al.
2018). JPErELE F2 BIHAE Arseno-sugar glycerol, ol
At (phosphate), &EA4TH (sulfonate) E FATA (sulfate)
T F7E5kA] FSE] wlzel] Sohes Ao w deA QL
(Madsen et al. 2000), Taylor®} Jackson (2016) 2] 1] w}
2w ZxRe) A% H2Re FEA0 Mo, A 2
218)49] §47h SUEL, AT} 5]
ol

)

r

R
9 @ 2]
Mo o2

o
A

grot7] Sl Ao, w2 5=
F7u 4 AgS FaAA F7HA 545
St (Ma et al. 2018). B AF AT 22 FQl
fusiforme)-2 Q4R ] FE7} AT
o] Z7Fsto], QlAtA T} As (V)9 2l
2t As (V) S5o] Biststadct. shAqt B
St o] 7HA] §217F 93wl A 2ol H]
oF 22 Adf sjxFo] FrHA £24 9 54
gestA Bl 2] 2] QE3tTH(Ma et al. 2018).

2

b

>
Hy
)

P~ olr

H

N

s

ox N i =
Mo 41 & & o =

=)
>
oy

FoA FUHE BT HEFE] Al w1
e FelA|A) SLAITH (Ma et al. 2018), ANEFTH F
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E]Ji 376]-1:}-/3 L'Eﬂoﬂ .J_/\T'
212 (Jarvis and Bielmyer-Fraser 2015), 771
Z5F (Macrocystis pyrifera) 914 3 ©]F (nuclear
migration)< oot AlZEES A 57| W&
(Garman et al. 1994; Levy et al. 2005) 372 A A1 4= QL
o} 2 A1 AT A % 4] 5 %71 0.02mg L ollA] F7]
H| 4 0] SA o] 201, AFEC] BotoH omgL ' 2 w2
785 7 Al AR WAl AEC] Eot(Figs. 1, 3),
A4EGol ot Fr1H] A 94 2oz QI8 H. fusiforme
el JAE AL T
2002 E5H 2016714 ‘H—Eﬁﬁ HgSAT ZUEHTY
A et Asl, Sl 2 el ko] sfiroflA §&
77191 (DIP) 9] #A Z7Fo] Ledtt (Fig. 4). 20161 7]
T Ut AA DIP Fh+= 2 A9 W2 4t
5221 0.02mg L' Xt WO (Fig. 4), H. fusiformeSt 32
ZxFo)|A DIP FFo 2 QI s 9] FrH| A &
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