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Elimination of Harmful Heavy Metals from Sea Lettuce
Enteromorpha sp. with Acid Treatment
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The elimination of harmful heavy metals (Cd, Cr, and Pb) from sea lettuce Enteromorpha sp. was evaluated in filtered
seawater over a pH range of 2.0-4.0 using citric, hydrochloric, and nitric acids. We also evaluated the quality of sea
lettuce samples after release of their internal constituents into seawater solutions containing acids. The heavy metals
that accumulated in raw sea lettuce after incubation for 3 days in seawater containing Cd, Cr, and Pb were, in de-
scending order, Pb (120.45 pg/g), Cr (86.04 ng/g), and Cd (18.35 pg/g). The rate of elimination of heavy metals from
sea lettuce was higher at lower pH for all of the acids used. However, the color of the sea lettuce changed adversely at
below pH 2.5. The heavy metals in sea lettuce samples after 10 min in seawater at pH 3.0 containing the three acids
were eliminated in the order Pb (42.2-78.0%), Cd (51.8-55.3%), and Cr (14.0-32.8%). The quality of the sea lettuce
was not affected when it was incubated for 30 min at pH above 3.0. The maximum elimination of heavy metals from
sea lettuce occurred when it was soaked for 10 min in seawater at pH 3.0 containing citric acid.
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Seluets AlACA 2FE 7P wel AFske =7 5
o] stz oo AEH sj2FE S4 ol&3f it 2 s =
T GA7go] WEE o] Aibro] A F7HE AL glom, 92
Uehs 2014do] oF 1109 AJ4akste] AlAOIA 4R =
e QAR HITHFAO, 2014), E3], 125 ZoA] ute)
(Enteromorpha sp.)= 200599 1,060E0] AALEE Fo] 10
ol A 2015 olli= 7,66 1=0] AJAkE] o] Tulf o] F71519)
Ch(Statistics Korea, 2015). Bjt}o|| 4] Al5}= 3 %7+ Mg, Ca,
I, Fe, Zn & QUA|ol| L a3t A4 ngkedaE gol ehskal 9l
o, 27 Sl whaba QAo £-8-3 A2 g S LEt
= 4% FRdEE wol gskar Qe 53], Al vivt
oA ol a7t ek Aol W2 kAt ofsfiA] H %Sl
3, AZAIEC 2 AE FE-S Wk QItK(Cho et al,, 1995; Im
et al., 2006; Shon, 2009; Son et al., 2012; Mok et al., 2016).

SHH, SO A TR -l E s L HEH4ES 34, Sk &

ol 52 T2 F5ho] FAE|A|RE, o] b= Rt = Aol Slof
M= Aess e soto] 258 a5 59 2d =4
o] F=3HA Hrt. olo] Ak s ol A Al 4let= b, A, Wl
Y xFeTaE LH =2 ] AL SEE5S AW S
#3}e] o] F HASH Aol A4 G312 1A $e7t 9)
THMok et al., 2005; Son et al., 2012). &3], As, Cd, Cr, Hg, Pb
5o gl F24L vigrol EAstEltE AA] AaE oo
Z 4= ITHEOS Ecology, 2012; Mok et al., 2014; Mok et al.,
2015a, 2015b). S-2|uetol A ahef, 4 59 s 2/l EAsh=
$3 FFH(C, Cr L Phye] Fefol Bfol= ghe A7t 5
Y =] A tH(Choi et al., 1998; Kim et al., 2003; Kim et al., 2005;
Mok et al., 2005; Hwang et al., 2007; Son et al., 2012). =3},
2Tt ol Tas= & S5k §A= ol8sto] dlxw
£ 0|83 Ld Foll EASt= TaS5 AlA B A= ot
o BarE o] Q1e1k(Suzuki et al., 2005; Ahmady-Asbchin et
al., 2009; Mithra et al., 2012), T}2f] S0 2A45l= 55 AlA
of thgh =2 &<l & 4= ol
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u}ej(Enteromorpha sp.) A Fa= A A £ 24 9570l A
ol =37 Q= AS A G- 5ke] Whirl-Pak bag (25.4 % 50.8
cm, Nasco)ol| o} ofo]AvkAo] Wi 10T o]at= -2 A]7]
HA AFAR ST AFA R SHME Al 85e SA] o1t
Sz Ao H2HE AFES AAT ths E4ste] a5
A7) 8L gIsto] A8t

FTaS5 A4S IR " P Aleke & A 4K (Merck, supra-pure
grade, Darmstadt, Germany)= ARE-3IL, B2 2044
(Milli-Q Biocel, Millipore, Billerica, MA, USA)& A| %3 =
SPE ARt BE A7) 5% AL G0 24417F
ol WA F 22 Ahgo] Alo] A2AAN AFEEHS
o} 34 BAS 95 3-89 (Merck, Darmstadt, Germa-
ny) & 240 5] 45t0] ALE SIS,

ol 324(Cd, Cr, Pb) ¥ 0|42 &z 2M

H =

gl F ol o5 9 nlE T E4S R AR
A2l 43 H(KMEDS, 2016)0] 138 241
w7sto] ALEalIT). 2, Tl Al RS 2adw 7hE|
HAAx7|(FDU-2100, EYELA, Tokyo, Japan)= 7
Hsto] ARgSERATE 1ol upf 8 A& 1 g El:
of Y 65% HA4F 10 mLE H7tsto] A0 A] 150
23 80T ol A 40027t 7+ E-sfstqict. 7+ wafigt
N o) Ak &35 RUA7]AL, 2% ke = AA; &
o] 1}3k th 100 mLE 27 5to] Ao of] ARg-5H3IT

a4 W g S feddEetznt A 7| (ICP-
MS, Perkin Elan DRC II, Waltham, MA, USA)Z £43}%]
o, working 582 1,000 mgkg?] #E78H(Merck,
Darmstadt, Germany)& 3]4Jsto] ARESHGIT f3l S5
(Cd, Cr, Pb)9] 3l4=&-2 2221452 (Certified Reference
Material)2] Dorm-3 (National Research Council, Nova Scotia,
Canada)E AMg3lo] 24519 o, 3482 92.1-98.3%%
AOAC International (2002)0]| 4 &5l 452 W5t
o2 9| 7ol S35 MAHE flet 2H X2 =
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N5 ae Foll 552 552 A ol
5, ol S5 55 AeE Ssklen, A R H A
7hego| mE AlA B A s HESk] 4 A 212 A
E53i)

ol 55 5= flotd 552 44 0.5 ug/mL F=7}
S5 7R o Fsx(pH 8.2)0] Frdt uiH AlRE ¥l
2% 10+27C, 2% 550+ 10 Ixol| A FA] viFstHA] 343
Q1912 0 2 3 2 A7} ofuf, shef= shorol 1:30 (wh)HI &2
A7retslon, U3t Tase TR sl E 1Y 13] gs)
AT} w3 FEES QSIHOR 27 T AR
2o AT EA4S AAG] ool S oFe) ofzl
S AR Skl 17 S e AR et
(citric acid), ¥4H hydrochloric acid), 24K nitric acid)= 7}
3}o] pHE 2.0, 2.5, 3.0 D 4.02.2 243t sfj=of Wil A A
Zto| b2 T4 AAREN FAMSE SA5HI o,
o] FHAHS} A REA = A PR 24 8E W5 S
7g3l7] f15to] Ak A 2] 4 ] FF =5 265 nmol A S5kt
SAXZ

Al Auto] EAZ 2= SAS & 13(SAS Institute, Cary,
NC, USA)S o]g3t9on, Alm7te] zfo] A2 AdujA]|
BAFEA(ANOVA)YS ARE-3F9IT E3E Duncan’s multiple
range testol| T2t P<0.05 ol A S5 5= H] oS
#5314 th(Steel and Torrie, 1980).

Zn 9 D3

2ol 7ol S84 5

el fofl SEE= A LR 55A17]7] fl5te] Rl 5
F4(Cd, Cr, Pb)y& 71t slj=ol A st & g o At 7ol
2§38 s 5459 55 T W= Fig. 1o YeRHSIch &
o 5% ol = PbE 7MY & w5590, the e
2 Cr, Cd 0] QUEH(P<0.05). EJF AJZF Aol uhE whef 5
o] T4 FHF2 27| Tt AxFH T Cdo] 0.08 ug/g,
Cro] 2.57 ng/g % Pbo] 0.51 pg/gel o™ o], uj7|1to]
AR STk AFE e Sl e A7 ek
< ot o] A WA 5 uleff 22 o £ A JiFo] njA
T om, Al 3Y Fol= PbE AlQstals & HEL ¢l
oh, E3F 3U7E vl = S Al A AlE S IRt 78l 5
TE0] Tw0] TEFE = AR IRIE G} webA] e A
of oolA 3Y B FHAIX A EE FTEEAA AlFE e
N&E AMSEITE a4 ARIH & H7Iet sfiroll A 2}
) AlRE 3YZL i E W TS s ARTF T Pb
(120.45 pg/g), Cr (86.04 ug/g), Cd (18.35 ugle) 02 ==
3Tk Mok et al. (2016)2 55432 AYZ o2 X713 8l
oAl & 33Ut iSRS W TS Fee A AR AxT
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Fig. 1. Accumulation of heavy metals in sea lettuce Enteromorpha
sp. during incubation in seawater including Cd, Cr, and Pb.

o Pb (117.79 ng/g), Cr (33.53 ug/g), Cd (10.54 ng/g) 5=
tohal B aste] szt 1 E o 8 Fa45S U & 550
O =2 ZRRIF| QI T3, S-2utet Aol A =7lst =0 44
27 (3, ulS, A u, el F2] Sads o AP A = ot
2= Cr, Ni 2 PbE 71 wol -shar gl3len, Crat Pb
T sl x50l Hlste] ol 53t A28 B i(Mok et al.,
2005)3ke] 2 Avtel fARet AVE LR Qi) g, B A
ol A utefjof Ql¢F o2 HEH Fall S5 T2 Mok et al.
(2005)0] Hargh 9-2|ufet Aol A =gt ok 5] G5l &
S4(Cd, Cr 4 Pb)9] Harehef Bk 22 oF52.4,21.2 2 86.7
Bl -2 Zholdrh.

Fall a0l ool Al Y= &5 o] 9l oW =
A Q)R] Fztw]o] Qli= & dotr 7] fste] 3U7E el 5
5 SHAZ g ARE A dlo] 308 2 T4 A
o]EA|?] 0.1 mM EDTA g-9of 1027+ FA|AZ] A ] 5+
2 w2 8| walgdth(Table 1). Tt Al 2= Cd (12.34 pg/g),
Cr (65.73 ug/g) % Pb (118.72 ug/g)ol 242t s== 3o, o]
£ 35 2 0.1 mM EDTA &-9jof| I3t Sofli= Cdi= 22t
1021 2 11.70 pg/g, Cr 742} 58.03 2 64.11 ug/g, 121t
Pb 7F7F 11625 2 97.99 ng/golgitt. o]Are] At faf 3
TE5E AYH 0= FEAX] g AR sll4 2 EDTA £
of| AAgE Fof| = th 2o} 3-2] 3 Tkt fol 5 YER A] okt
.5, 018 TS 9] Al Yol & w5E] Je AL

(o ot

Y,

to] BF & k0 WE mffe Rl S=% A

TAAh Ak 9l AAkS ARESEe] pH 2.0-4.00.2 23T 3
20| 83 FE4(Cd, Cr, Pb)S QI9A o7 =2A7] w2
1:30 (w/v) HI&& H7lsto] A8 A3k Fig. 2, 3, 40 UE}
Wolet. 7 F-o] f-8ll a4 AlA BT AR AR B
of ZAgle] Pbo] 7Hg & Al A= Sl ow, o2 & Cd, Cr 20|
ek Aol ARS-E -3l T Foll Al Pba} Cdi= ARE-H A

3l F34 A7 3

Table 1. Stability of heavy metals concentrated in sea lettuce En-
teromorpha sp.

Concentration (ug/g dry weight)'

Heavy met-

al Control Seawater 0.1 mM EDTA
(non-treatment) (30 min) (10 min)

Cd 12.34+2.422 10.21+3.25 11.70+2.45

Cr 65.73+8.02 58.03+7.02 64.11+7.62

Pb 118.7246.52 116.25+7.62 97.99+8.98

'Heavy metal concentrations in sea lettuce samples were deter-
mined after soaked in seawater and EDTA (Ethylenediaminetet-
raacetic acid) solution using sea lettuce samples accumulating
heavy metals for 3 days. 2 Mean value+SD.

o] 2520] TAI910] pH 2.0-4.00] A= 7k ] 2 )7 E]g).0.
o), pH7} W& 11 ARRE Felsholeh. el Aj7rol wheb
L FF4004 27] 108 Aol B oFo] A7 E|m, 7L o
ol AIA LI Ik, Lot Cre b F R4 aks el 4
7o) A1 Grokek. he, whell= pH 2,000 4 T34k} G4k 4
2ol Al B 3, A4 A 2| oA 105 ¥, 123 pH 2.5
oK) AT RO A 155 5, QAL R o] A2 308 3
ol 27} Z o] Ok ARl A REE LrER 9ok, pH 3.0 ]
AP A= 308714 A|ZHA 0.2 waLe kel X opole. njek
A AR o] 8510] B34S AIAT A5 ke pH 3,004 10
£ AE Helshs Zo] 714 vk e Aoz AztE|glon, of
o) 7t 3] F242) A7 -2 ko] F5o] ma} cha Aol 9)
9101}, Pb (42.2-78.0%), Cd (51.8-55.3%), Cr (14.0-32.8%)
2 $0 AR Eal 471401 TS o] 85te] T
o2 pH 3.0014 108 A3t e o 3 54 AAL-S P
(75.6%), Cd (55.3%) 2 Cr (18.2%)°] 21}

sk, -eluet A1 0]oFE b H(KMEDS, 2016)]41 3]
25 FoI4 (@017 Zahol thaiAe Cd 7182 03 ugle (
WE 7)%, ABFeros sarshE oF 303 ugeol o
Ak glom, wefo] tfstolis E54 7]30] AAEo] 9]
2] ok}, =3k Mok et al. (2005)2] H.110] ©]5} Cri} Pb2- 5
2 AGIHET(H, 119, ThAITE 2 she) Fof skl A 7H
A AZ ek shelek. nebq T dig S8 B4 71
o A4 E|of 914 SOk, AR 3 F o] shefel 4 7 A
253 9lome o]o] gt T W AAT Aol7%o] Badt
Aoz gk,

olite] AT}, $714k AN} T2 Polbe] S FE4
AA EIe 2 Apol7} Lo m = Qo] Fafat f714k Tl
A A1 Ao] 714 uhebAle 20 2 ek gt

A XM2lof 2ofet mtefol FEH=E
A

AHFAAL, G R AAS ol gtol o) F9| fol FE4
& AAT ol A BLAst AERA Helole] FYE
F Alg

(265 nm) W35 S45}o] Fig. 5o WER Aek. oflv] Algol
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Fig. 2. Elimination rate of heavy metals in sea lettuce Enteromorpha sp. using citric acid.
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Fig. 3. Elimination rate of heavy metals in sea lettuce Enteromorpha sp. using hydrochloric acid.
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Fig. 4. Elimination rate of heavy metals in sea lettuce Enteromorpha sp. using nitric acid.

A AR H7Fel dla= ool & F XA 7|H & Fog |

EAE9 §&0| A= on, He|de] sk HAgh 2
7} 265 nmof| A 7H 15 4= 4 Yol o] S A2 Al

atoict. kel Al Wi B9 52 UEh= Ao &
Y g2 Aol Fol TARe] FARE A3 29oH, pH
2.0 Aol A= A AIZE 20872 = ST o U 11 o] %
L w37 glgleh BH, pH 2,504 2|43 0 2 Z7}s}o] |
AIZE S pH 2,020} 23] T 32 gk Yeb 9l pH 3.0 0]
Aol A= A AIZE 3087HA] A 9] W37t glof Al Wit B4
o] f-&o] 79 gl= Aoz wekE) 3t ujo] Fzay
& HIE APs] Ml gz SR gl ARF
2k 17,000 ug/go| AL, AHS A ej st el o] S22 F=F
& Ake] F5ol ARl pH 2.0 A2 -5 A 9]shd o249
Fog st Aol = WAE ] GEoITH (AT nlAA)).

ool Aol A AF X ]of o3t mtefjo] FAWMT} 2| HZ A}
SH 5= AEZ YR 59 T2 pH 3.0 o] A 1L
£ AbollA] M| AI7E 302714 A 9] §iskr} gioict. g, whef
o] S22 FFE pH 3.0 ool A= t2ek FAFSH L
wpeba] AR o] 85t S-S AAT Aols FURE
A4 58 1Este] §714H1 RS & pH 3.0014] 102 o]

W= A 2jshd e Ao 2 k.

ofd oxt K o

A XMe|=doilM ool =2 njuEeE Hat

ghefo] Abxle] HA 2710 2 TehE LAARS o] g5t p
3002 243 a0 4 AN 7ko] T Fp vy 4w
512 Z2781o] Table 20 LrER 2k, T-ol4ke H2]alx] oo
dz7o) 28 e Aite] seke AXFLOR Ca (2747
ug/g), Cu (8.7 ug/e). Fe (828 ug/g). Mg (8409 ug/g), Mn
(23.1 ugle), Zn (21.8 ug/g) o13Ick. 24 2] A7k 104 o]
Holl= Mg 7%, Ca 12%, Fe 15%, Cu 16%, Mn 20%, Zn 22%
o) R8-S 1900, Mg 9 Cax} 2ol 5ol go] T ¥
o9l nlylg HH%E Ale A Al AT

oAt 3k, o] A @il 4] Thellis Aol 3057k A 2)al
%S ) oF 5% Uj9]9] vjuj2k R0 AR o2 Zhasks A
o2 sholEgic).

Kim et al. (2005)2 8252 8} %ol wo] 245k Na,
Mg, Ca, K 59| a2 1\ th2 F0]] n]alo] 27 525)=
§hR, a4 o0l A7) EASHE vjekR e wol stk o
Qiet. S-2)9] Aol A= Tl 4 ) AL E o] wo] 5
of Q= Ul 4Ee] Mg 744 27 A7) sl uhg, s
7o) Q= QM o2 w27 o) F40] A7 gl o]5
R e AL S50 52T A AL a4 5] vl
So wxg P} ol Aoe 2AH,
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Fig. 5. Absorbance change of seawater during eliminating heavy
metals in sea lettuce Enteromorpha sp. using citric acid, hydro-
chloric acid, and nitric acid.
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Table 2. Change of mineral concentrations in sea lettuce Entero-
morpha sp. by soaking times in pH 2.5 seawater adjusted by citric
acid Enteromorpha sp.

Mineral concentration (ug/g dry weight)

Mineral - - - - .
0 min 5 min 10 min 20 min 30 min

Ca 2,747+42" 2506151 2414478 2,306+65 2,358+86
Cu 8.7:0.6 82+04 7205 6.8:0.7 6.6£0.6
Fe 828+15 8178 705#6 68211 679+9
Mg 8,409+124 8,062+205 7,820+356 7,621+422 7,661+326
Mn 23118 214#14 18510 17.9x08 17.9+1.2

Zn 21.8+16 18508 16.9+06 16.6+0.8 17.0+0.4
! Mean value£SD.

References

Ahmady-Asbchin S, Andres Y, Gerente C and Le Cloirec P.
2009. Natural seaweed waste as sorbent for heavy metal re-
moval from solution. Environ Technol 30, 755-762. http://
dx.doi.org/10.1080/09593330902919401.

AOAC International. 2002. AOAC guidelines for single labora-
tory validation of chemical methods for dietary supplements
and botanicals. Gaithersburg, MD, U.S.A.

Cho DM, Kim DS, Lee DS, Kim HR and Pyeun JH. 1995.
Trace components and functional saccharides in seaweed.
1. Changes in proximate composition and trace element ac-
cording to the harvest season and places. Bull Kor Fish Soc
28, 49-59.

Choi SN, Lee SU, Chung KH and Ko WB. 1998. A study of
heavy metals contents of the seaweeds at various area in Ko-
rea. Korean J Soc Food Sci 14, 25-32.

EOS Ecology. 2012. Heavy metals in fish and shellfish, EOS
Ecology, Christchurch, New Zealand.

FAO (Food and Agriculture Organization of the United Na-
tions). 2014. Global Statistical Collections. Retrieved from
http://www.fao.org/fishery/statistics/en on July 11, 2016.

Hwang YO, Kim MS, Park SG and Kim SJ. 2007. Contents of
lead, mercury, and cadmium in seaweeds collected in coast-
al area of Korea. Analytic Sci Technol 20, 227-236.

Im YG, Choi JS and Kim DS. 2006. Mineral contents of edible
seaweeds collected from Gijang and Wando in Korea. J Kor
Fish Soc 39, 16-22.

Kim JH, Mok JS and Park HY. 2005. Trace metal contents in
seaweeds from Korean coastal area. ] Korean Soc Food Sci
Nutr 34, 1041-1051.

Kim SY, Sidharthan M, Yoo YH, Lim CY, Jin HJ, Yoo JS and
Shin HW. 2003. Accumulation of heavy metals in Ko-
rean marine seaweeds. Algae 18, 349-354. http://dx.doi.org/
10.4490/algae.2003.18.4.349.

KMFDS (Korea Ministry of Food and Drug Safety). 2016. Ko-
rea food code. Retrieved from http:/fse.foodnara.go.kr/resi-
due/RS/jsp/menu_02 01 01.jsp on July 11, 2016.



Ab A 2lof ofet w o] e S

Mithral R, Sivaramakrishnanl S, Santhanam P, Dinesh Kumar
S and Nandakumar R. 2012. Investigation on nutrients and
heavy metal removal efficacy of seaweeds, Caulerpa taxifo-
lia and Kappaphycus alvarezii for wastewater remediation.
J Algal Biomass Utln 3, 21-27.

Mok JS, Kwon JY, Son KT, Choi WS, Kim PH, Lee TS and
Kim JH. 2015a. Distribution of heavy metals in internal or-
gans and tissues of Korean molluscan shellfish and potential
risk to human health. J Envron Biol 36, 1161-1167.

Mok JS, Park HY and Kim JH. 2005. Trace metal contents of
major edible seaweeds and their safety evaluation. J Kor Soc
Food Sci Nutr 34, 1464-1470.

Mok JS, SonKT, Lee TS, Lee KJ, Jung YJ and Kim JH. 2016. Re-
moval effect of hazardous heavy metals (Cd, Cr, Pb) in laver
(Porphyra sp.) by acid treatment. Korean J Fish Aquat Sci
49, 556-563. http://dx.doi.org/10.5657/KFAS.2016.0556.

Mok JS, Yoo HD, Kim PH, Yoon HD, Park YC, Lee TS, Kwon
JY, Son KT, Lee HJ, Ha KS, Shim KB, Jo MR and Kim
JH. 2014. Bioaccumulation of heavy metals in mussels in
the Changseon area, Korea, and assessment of potential
risk to human health. Fish Aquat Sci 17, 1-6. http://dx.doi.
org/10.5657/FAS.2014.0001.

Mok JS, Yoo HD, Kim PH, Yoon HD, Park YC, Lee TS, Kwon
JY, Son KT, Lee HJ, Ha KS, Shim KB and Kim JH. 2015b.
Bioaccumulation of heavy metals in oysters from the south-
ern coast of Korea: Assessment of potential risk to human
health. Bull Environ Contam Toxicol 94, 749-755. http://
dx.doi.org/10.1007/s00128-015-1534-4.

Sohn JW. 2009. A study on Korean seaweed foods by literature
review. Korean J Food Nutr 1, 75-85.

Son KT, Kwon JY, Jo MR, Choi WS, Kang SR, Ha NY, Shin
JW, Park KBW and Kim JH. 2012. Heavy metals (Hg, Pb,
Cd) content and risk assessment of commercial dried laver
Porphyra sp. Korean J Fish Aquat Sci 45, 454-459. http://
dx.doi.org/10.5657/KFAS.2012.0454.

Statistics Korea. 2015. Korean statistical information service
(KOSIS). Retrieved from http://kosis.kr on July 11, 2016.

Steel RGD and Torrie JH. 1980. Principle and procedure of
statistics; a biometrical approach (2nd ed.). MacGraw-Hill
Book Company, New York, U.S.A.

Suzuki Y, Kametani T and Maruyama T. 2005. Removal of
heavy metals from aqueous solution by nonliving Ulva sea-
weed as biosorbent. Water Res 39, 1803-1808. http://dx.doi.
org/10.1016/j.watres.2005.02.020.

1B

A~



