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Heavy Metals (Hg, Pb, Cd) Content and Risk Assessment of Commercial
Dried Laver Porphyra sp.

Kwang-Tae Son", Ji-Young Kwon, Mi-Ra Jo, Woo-Seok Choi, Sung-Rim Kang,
Na-Young Ha, Jin-Wall Shin, Kunbawui Park' and Ji-Hoe Kim

Food Safety Research Division, National Fisheries Research and Development Institute, Busan 619-705, Korea
!Southwest Sea Fisheries Research Institute, National Fisheries Research and Development Institute, Yeosu 556-823

To investigate heavy metals (Hg, Pb and Cd) and their potential health risks in commercial dried laver (Porphyra sp.),
we collected 45 samples from the major production areas on the western and southern coasts of Korea (Hwaseong, Seo-
cheon, Gunsan, Muan, Shinan, Jindo, Haenam, Wando, Jangheung, Goheung and Busan). The Hg, Pb and Cd concentra-
tions were measured using inductively coupled plasma spectrometry (ICP-MS) or a mercury analyzer. The average Hg,
Pb and Cd concentrations in the dried laver were 0.006+0.0017, 0.196+0.0614 and 0.894+0.4882 mg/kg, respectively.
Based on the 2007 Korean Public Nutrition Report, these levels are 0.02, 0.11 and 2.47% of the provisional tolerable
weekly intake (PTWI) for Hg, Pb and Cd, respectively, established by the FAO/WHO. The hazard quotient (HQ) deter-
mined from the ratio of exposure and safe levels were less than 1.0. Therefore, the levels of overall exposure to Hg, Pb
and Cd for dried laver were below the recommended JECFA (Joint FAO/WHO Expert Committee on Food Additives)
levels, which indicate safe levels for public health.
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Table 1. Operating conditions for a mercury analyzer

Parameter Analysis condition
Drying temperature (°C) 650
Drying time (sec) 90
Decomposition temp. (°C) 650
Decomposition time (sec) 180
Purge time (sec) 60
Amalgamator heating temperature (°C) 850
Amalgame time (sec) 12
Recording time (sec) 30
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Table 2. Operating conditions of an I[CP-MS

Parameter Analysis condition
RF power 1400 Watts
Lens voltage 8.0V
Nebulizer gas flow (Ar) 0.97 L/min
Plasma gas flow (Ar) 15 L/min
Auxiliary gas flow (Ar) 1.275 L/min
Dwell time 50 ms
Scanning mode Peek hop
Number of replicate 3
Detector Dual

Analytical elements Pb (207.98), Cd (110.9)
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Table 3. Recovery test of certified reference materials (CRM)
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Reference material Analyte N’ Certified value (mg/kg) Mean value (mg/kg)  Recovery (%)
Hg 0.382+0.06 0.380+0.003? 99.5
DORM-3 Pb 0.395+0.05 0.373+0.021 94.4
Cd 5 0.290+£0.02 0.285+0.008 98.3
N, Number of samples; “Mean value£SD.
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Table 4. Heavy metal concentrations of dried laver Porphyra sp. collected from eleven cities of Korea

Sampling regions N’ Hg (mg/kg) Pb (mg/kg) Cd (mg/kg)
Gunsan city 6 0.008+0.00052 0.224+0.034 1.506+0.861
Hwaseong city 3 0.005+0.0006 0.121+0.004 0.516+0.022
Jindo county 3 0.007+0.0002 0.220+0.005 1.27940.016
Muan county 3 0.010+0.0011 0.177+0.005 1.192+0.069
Seocheon county 6 0.005+0.0007 0.186+0.026 0.939+0.201
Shinan county 3 0.008+0.0002 0.180+0.011 0.368+0.018
Busan city 3 0.003£0.0002 0.094+0.006 0.109+0.009
Goheung county 6 0.006+0.0010 0.217+0.026 0.977+0.017
Haenam county 3 0.006+0.0005 0.234+0.002 1.02040.010
Jangheung county 3 0.006+0.0010 0.111£0.002 0.341+0.005
Wando county 6 0.007+0.0007 0.302+0.014 1.101+0.097
Total 45 0.006+0.0017 0.196+0.061 0.894+0.488
(Max. 0.011) (Max. 0.316) (Max. 2.282)

N, Number of samples; "Mean value + SD.
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Table 5. Estimated human exposure assessment of Hg, Pb and Cd for dried laver Porphyra sp. in the Korean overall population

. Exposure of Hg Exposure of Pb Exposure of Cd

Sample Foodmeanintake (g/day) —\ iq'b wiyiday) (ug/kg bwiday)  (ug/kg b.widay)

D] s 12 x 104 40%10°3 18x10°2
riedaver ' (2.3 x 1042 (6.5 x 10°9) 4.7 %107

'b.w, body weight; “Maximum value for each heavy metals of dried laver in this study.
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Table 6. Comparison of average weekly intakes of heavy metals from dried laver Porphyra sp. with PTWI established by

FAO/WHO
Food mean Daily intake of heavy Weekly intake? PTWI
Metals intake') (g/day) metals? (ug/person/day) (ug/kg b.w./week) % PTWI (ug/kg b.w./week)
H 0.0068 0.00087 0.02 4
9 (0.0124) (0.0016) (0.04)

0.22 0.0280 0.1

Pb 113 (0.36) (0.0458) (0.18) 25
1.01 0.6164(/month) 2.47

Cd (2.58) (1.4073) (5.63) 25 (PTMI)

'Food intake of Korean general population from Korea National Health and Nutrition Examination Survey, 2007.

Daily intakes of heavy metals per adult (ug/day/person) = X[Concentration of heavy metals in each food x daily intakes of

foods (g/person/day)].

SWeekly intake of heavy metals (ug/kg b.w/week) = [daily intakes of metal per adult (ng/day/person) x 7days/week] / 55 kg

(average body weight per adult).

“Maximum value for each heavy metals of dried laver in this study.
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Table 7. Hazard quotient (HQ) for Hg, Pb and Cd in dried laver Porphyra sp. for age category population

Category Classification A\\:\i}riz%? (?(S?y i nthck)g (rgzg;) Hg Pb Cd
General General 55 113 2.2x10™ 1.1x1073 2.2x1072
<2 12.31 0.61 5.2x10™ 2.7x107° 5.3x107?
3-6 19.65 1.26 6.7x10™ 3.5x1078 6.9x107?
712 36.86 1.21 3.4x10™ 1.8x1073 3.5%x1072
Age 13-19 57.88 110 2.0x10™ 1.0x1073 2.0x107?
(vear) 20-29 62.69 1.07 1.8x107 0.9x1072 1.8x1072
30-49 63.03 1.36 2.3x10™ 1.2x1073 2.3x107?
50-64 62.21 1.04 1.8x10™ 0.9x1073 1.8x107?
65> 51.84 0.53 11x107 0.6x1073 1.1x1072
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