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Removal of Hazardous Heavy Metals (Cd, Cr, and Pb) from Laver
Pyropia sp. with Acid Treatment

Jong Soo Mok*, Kwang Tae Son!, Tae Seek Lee!, Ka Jeong Lee, Yeoun Joong Jung and Ji Hoe Kim!

Southeast Sea Fisheries Research Institute, National Institute of Fisheries Science, Tongyeong 53085, Korea
!Food Safety Research Division, National Institute of Fisheries Science, Busan 46083, Korea

We examined the removal of hazardous heavy metals (Cd, Cr, and Pb) from laver Pyropia sp. using citric, hydrochlo-
ric, and nitric acids. Under the same conditions, the quality of the laver samples was also evaluated using the varia-
tion in absorbance and major mineral levels. The heavy metals that accumulated in raw laver samples after 3 days
in seawater included Pb (117.79 ng/g), Cr (33.53 pg/g), and Cd (10.54 pg/g) in descending order. The rate of heavy
metal removal from laver was higher at lower pH for all acids used. However, its color changed unsatisfactorily at
pH 2.0. After 10 min in seawater at pH 2.5, the heavy metals in laver were eliminated in the order Cd (68.7-81.6%),
Pb (57.7-67.0%), and Cr (31.9-49.4%) using the three acids. The differences in heavy metal removal among acid
types were not significant. The laver quality was not affected after 20 min at the pH range of 2.5—4.0. The maximum
removal of heavy metals was from laver soaked for 10 min in seawater at pH 2.5 using the organic acid, citric acid.
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SHA ¥4, o5 AdFsh= AltelAl A7 Rl mE £
7} JITH(Mok et al., 2005; Son et al., 2012). £3], 7}=5(Cd)
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Fig. 1. Accumulation of heavy metals in laver Pyropia sp. during
incubation in seawater including Cd, Cr, and Pb.
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) 13 = L SAS 2 72(SAS Institute, C
0% 4022 2a sheoll HAI5H] A2 A Base A (SAS Institut, Cary,

=
pH=2.0,2.5,3. & NC, USA)S olgatglom, Amgte] Alo] A5 Udul|
7ol W2 2340 A A Ze1 EAMEE 245k HAEA(ANOVA)YS A}&g}oﬂq E3F, Duncan’s multiple
Zo| ExlHs & range testo]] T2t P<0.05 =o)X S5 B 1He] fo4S

X
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Table 1. Stability of heavy metals concentrated in laver Pyropia sp. samples

Before Concentration (ug/g dry weight)'
Heavy metal . . .
concentration Control (non-treatment) ~ Seawater (30 min) 0.1 mM EDTA (10 min)
Cd 0.09+0.012 47.146.2 48.245.9 44.416.0
Cr 2.13+0.58 35.2+8.6 38.619.4 32.2+8.8
Pb 0.18+0.06 197.2+46.9 188.1+42.0 188.1+52.4

'Heavy metal concentrations in laver samples were determined after soaked in seawater and EDTA (ethylenediaminetetraacetic acid) solu-
tion using lavers accumulating heavy metals for 3 days. >?Mean value+SD.
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Fig. 2. Removal rate of heavy metals in laver Pyropia sp. using citric acid.
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Fig. 3. Removal rate of heavy metals in laver Pyropia sp. using hydrochloric acid.

3l %%%(Cd, Cr, Pb)& Q198 0 & H7}at sj=o) A Aj7)
& ol WiSst S W foll 5459 5% W= Fig. 1] U

E]_q%)iq_ % H j_/\ Zoﬂ/\‘] 710 Pb§_i_ 7].7(]— Z} l.—_jTO]_o:lo
1, T30 2 Cr, Cd 0] QTH(P<0.05). E3H 2} A|Zol A &

%%%%%HH 7]7PO] AFEL=E Z7leH= 7 “E‘%EPH%
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i, EFH A 3 ?01] = Alelskile 2 Hat glo] &
5 Aol glolA] 32 anxl? NREFFEAA NBS
Q3 Al EE A]‘—Q'O]' E]’ FoE T allgollA 37t uiekst
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Table 2. Change of mineral concentrations in laver Pyropia sp. samples by soaking times in pH 2.5 seawater adjusted by citric acid

-3

- oleh4]

Lol7Hy - HEF -

Ax3]

Mineral concentration (ug/g dry weight)

Mineral - - - - -
0 min 5 min 10 min 20 min 30 min
Ca 1,016+22! 9047 897+31 898+55 948110
Cu 6.0£0.4 5.0£0.3 4.410.3 4.0£0.4 3.6£0.1
Fe 289+11 244+4 23718 224+7 228+14
Mg 2,995+326 2,987+445 2,806+285 2,712+169 2,793+363
Mn 125+13 10511 99.2+11.7 84.3+13.2 81.817.3
Zn 31.6£0.7 26.4+0.9 22.5+0.2 20.9+1.5 21.120.5
"Mean value£=SD.
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Fig. 4. Removal rate of heavy metals in laver Pyropia sp. using nitric acid.
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AT Ao yzEglen, o] ff 7 folf FE&] AAE
& Aol F5ol whet ozt Akol= 9l Cd (68.7-81.6%), Pb
(57.7-67.0%), Cr (31.9-49.4%)2] £=0] 3It}.

T, S-Elubel Ao oFE P A (KMFDS, 2016)0f 41+= 4
oA Cdef L. Fo] -2 = o] A& 2ghel vk Cd V&=
0.3 ug/g (A& 71%, 2155702 3461 ©F 3.03 ng/goll sf
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Fig. 5. Absorbance change of seawater during eliminating heavy metals in laver Pyropia sp. samples using citric acid, hydrochloric acid,

and nitric acid.
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f Z24) o A ek A A A 2] o] F3 (253 3 340 nm)
S SASHAEH(Fig. 5). AP Aol A Ak A 2] Fofl 12 A
2l Fo= njFe A5 FEHNeH, T S A
253 51 340 nmol| A 7P 52 g2 el o] ol & ghe AlE
2 AR A Al Y829 fras Uil A2 &
FEs WE A RzdoA 208714 = 7 9] W3t glglont,
1 ol% 57}0}3 A= UEr 2™ Ak ol HA§lol
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AL 2 A XM2|Z2AM ol 2 fjiEdsE Het
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