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ABSTRACT - The standards for heavy metal levels in crustaceans are 0.5 mg/kg and 1.0 mg/kg or lower for lead
and cadmium, respectively. Further, the contamination levels of arsenic, mercury, methyl mercury, and tin are being
continuously investigated, considering their current exposure levels. Shrimps are potentially exposed to heavy metals
because they inhabit areas with abundant organic matter, such as sandy or muddy shores, places with a lot of seaweed,
and estuaries. This study measured the monetary value of reducing consumer anxiety and increasing consumer confi-
dence if the government prohibits the sale of shrimp species that exceed the threshold for specific heavy metals and
of the top shrimp species for which no threshold for heavy metals is specified. We derived consumer willingness-to-
pay (WTP). Combining the estimated WTP with the number of households in the country, the total value of benefits
was estimated to be 363.9 billion won. The results of this study will provide an important empirical finding, showing
to what extent specific policies regarding heavy metals in seafood can alleviate consumer anxiety and provide psycho-

logical reassurance.

Key words: Heavy Metal, Consumer, Contingent Valuation Method, Willingness to Pay, Total Utility
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Materials and Methods
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(amount of willingness-to-pay, WTP)S 7Fd7Fx%H 71 S
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Table 1. Disease related to lead, cadmium, arsenic, and murcury

Heavy metals

Disease References

Respiratory system

Cardiovascular system

Musculoskeletal system

Pulmonary tuberculosis Hillam and Ozkan®"

25) 26)

Marino et al*, Batuman et al.”®,
Hypertension, Dyslipidemia, Cerebral stroke, Ahn and Kim?”, Wein et al.*®,
Myocardial infarction, Angina pectoris Navas-Acien et al.??,
Virtanen et al.*”

Arthritis, Osteoarthritis, Rheumatic arthritis, Blue

line
Lead Nervous system ..
. Neuritis
(peripheral nervous system) Food safety korea,
Gastric cancer, Liver cancer, Colorectal cancer, hazardous substance risk profile®”
Cancer Breast cancer, Cervical cancer, Lung cancer,
Thyroid cancer
Etc. Disorders of thyroid gland
. Abdominal discomfort, Abdominal pain, .
Digestive system L P SNUH N-medinfo™
Obstipation
. Hypertension, Dyslipidemia, Pulmonary Navas-Acien et al.”
Cardiovascular system . P L . . ’
tovaseular sy tuberculosis, Myocardial infarction, Angina pectoris Peters et al.’?, Agarwal®”
Renal dysfunction Renal Failure ATSDR*
. MUSCUIO.SI.{el.et?l system & Arthritis, Ostarthritis, Rheumatic arthritis
Cadmium Itai-itai disease
. . Food safety korea,
Lung cancer, Gastric cancer, Liver cancer,
hazardous substance
Cancer Colorectal cancer, Breast cancer, risk profile’”
Cervical cancer, Thyroid cancer P
Etc. Disorders of thyroid gland
. Pulmonary tuberculosis, Asthma, Hemorrhagic
Respiratory system .
bronchitis, Pulmonary edema
Hypertension, Dyslipidemia, Cerebral stroke,
Myocardial infarction, Angina pectoris,
Cardiovascular system Dipolari.zation, Cardiacarrhythmia, Ischemic Food safety korea,
heart disease, Black foot disease, Raynaud hazardous substance
) disease, Acrocyanotic and Hypertension, risk profile’”
Arsenic Hemagiectatic hypertrophy and Occlusion
Urinary system Renal Failure
Endocrine system Diabetes mellitus, Disorders of thyroid gland
Integumentary system Atopic dermatitis, Hyperkeratinization
Lung cancer, Gastric cancer, Liver cancer,
Cancer Colorectal cancer, Breast cancer, Zuckerman®®, Karagas et al.’’*®
Cervical cancer, Thyroid cancer
Minamata disease, Motility disturbance,
Nervous system . L .
(central nervous system, CNS) Language disorder, Hearing impairment,
’ Amnestic syndrome Food safety korea,
. . hazardous substance
Integumentary system Dermatitis, Skin cancer . 30
b Pul J c ) risk profile
Respiratory system yspnea, Pulmonary edema, Cyanosis,
Mercury bilateral pulmonary infiltrate
Gastritis and ulcer Gastritis, Ulcerosa necroticans
Chest pain Thoracic compression, Chest pain
Oral cavity Gingivitis, Stomatitis SNUH N-medinfo®”
Psvchiatric Insomnia, Anorexia, Amnesia, Intellectual
Y decline, Emotional unstable
Methvl Cardiovascular system Hypertension, Arteriosclerosis Virtanen et al.*”
cthy
N i . . o F fety k
mercury ervous systetn ADHD, Autism, Paralysis, Intellectual debility ood safety korea,

(central nervous system, CNS)

hazardous substance risk profile*"
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Table 2. Total costs of illnesses caused by blood concentration of heavy metals”

Direct and indirect cost of illness

Disease (Korean Won (KRW) 100 million) Total for each
Lead Cadmium Arsenic Mercury disease
Average thzlg’v";nf;r;:mraﬁon of ) ougdl 1.02ug/L 158.87pg/g_cr 424pg/L (KRWH100 million
Hypertension 14.88 5.24 150.55 7.61 178.28
Myocardial infarction 1.01 0.39 3.87 - 5.27
Hyperlipidemia 1.59 - - - 1.59
Cerebral stroke 7.27 - - - 7.27
Angina pectoris 0.77 0.35 3.37 - 4.49
Arthritis 153.26 27.40 - - 180.66
Ostarthritis 562.37 96.63 - - 659.01
Rheumatic arthritis 331.73 81.92 - - 413.65
Diabetes mellitus - - 20.54 - 20.54
Disorders of Thyroid gland 624.44 212.38 25.07 - 861.89
Thyroid cancer 69.59 42431 - - 493.90
Lung cancer 0.00 - 5.23 - 5.23
Gastric cancer 2,056.93 - 208.63 - 2,265.56
Cervical cancer 83.13 - - - 83.13
Asthma - - - 212.88 212.88
Total for each heavy metals 3,906.98 848.62 417.26 220.50 5,393.35

DThe numbers shown in the table are based on 2020
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Results

Azt #3 NPAEE BE 3] thaiA
43.6%7F HIzsieh, = 21F kAl tisi = 56.9%
7F QPdg Holop bl HEITh AEekd AR &
A= 9 18] o]} 36.7%, € 2-33] 24.7%, 5 135] 19.7%
2 Yegtt g A ELEies 98 Jmo g A=

oAZF YERg o, e HartA R 23789 =&
6,926 0] UEFRTE AAfg-o gk AETIERA oA =
H7H4 20,0709 thH] 3,8239 =& 23,893¢ o E e
yom MuUEe Ha ARt 44719 & 24,5410)
ettt 7 7K 2R dEvterRge e AgdE
ANA FH R =2 AEJAT YEST
Table 3¢ #AAgH F7HAEJAME A o= Qg &

Zke] Al molgtal AT, vy AP S

T TE5, 55 A9H % vlolg s, AFud, FFols A BT disix 2 &8 7IXE FA s Aolth
&, o Be AFHVE T e, s EE, 87 ek vhe o], £ AFA = AATE 7EeE =
9 IPANERYH 2d=4, 27 9 A F A8 =3} TH(Table 4).
= fsl8sd, olEdHE7tE, He §) £22 YEsT Table 4°] 2ol F71A| & b o] A= o] St F
NS QFAA 8 A= tisiAE ‘HEOITh 50.7%,  JHEXEANEAS A Au|AkSlo] obd 7PAAkSlo) A
SHEE "otk 29.9%, FHEA e Holth 16.5%  FWol7] wlFol = yehd 7FsAo] k. wekA
T2 YEgth AlS- el Al #8159 7HAE o8 A& WY T 7P BAQl gie] U RS A
25.7%, QAEA] 25.4%, ANAE 23.4% o2 YERtt) Af sk Aol uighAslt), oo AEII=E o] gsle] EEH
A el tisiMe 382%7F W R ovE] 2 A 3E FEEsinh 390l 290 AN FaE e
A F Ak AoE eyt Al W 55 4F < & AH|AETIA R F A EF P HFFRIEAFE

A Fo M= 52.6%7F ol 2 SR o
AW FF50] vRlE FAAA IF AA A= tis)
Me 76.8%7t o’ SEEAeH, A Tl Al FEE
AEFA] gelo] deirE 91.6%7F ol 9 = SE3IITh

FX|EAL % 2t

ART =9} N A H AR o3 A EJAL =& AT}
7} Table 3ol AAI= O] Sl S]] AE7I=r2]
oNME HF7H4 4,548€ thH] 1,2979 E2 58459 A&

Table 3. Amount of willingness to pay (WTP) of respondents

H]
2010 6] 202197k WskE HdpkS Wb ste] 2023
| 7R ke gho] A Eo] STt 4= AR
A AAE 20239% vt T 2
Zgate] =23 AA I g-8&gko] A gk =
AA A ¥ F a8 B Fol& A7t Aoy
HEE N7 ¥FE =E31, o) WAV §8 =
Zo] HE&AT. SAH 20208 % oG AT TR
o} S| YA 201990 FAHEEEHFE AT 90| A|A
H Ao Ak EF vleS g8t Age 2

Mean Mode SD Min Max
(KRW) (KRW) (KRW) (KRW) (KRW)
WTP of Whiteleg shrimp for shrimp dish (Payment Card) 5,845 5,248 1,133 4,548 9,096
WTP of Whiteleg shrimp for shrimp dish
(Open Ended Direct Question) 6,926 5,000 5,821 4,548 60,000
WTP of Mysis for pickled shrimp and soup (Payment Card) 23,893 22,300 3,918 20,070 40,140
WTP of Mysis for pickled shrimp and soup
(Open Ended Direct Question) 24,541 25,000 7,832 20,070 220,000
Table 4. Estimation result of the entire household utility
Average of WTP Average of WTP Utility of the entire Adjustment of Adjustment of proportion
(in 2022) (in 2023) household hypothetical situation  of non-consumers of
(KRW) (KRW) (million KRW) (million KRW) shrimp (million KRW)
Whiteleg shrimp 1,297.25 1,340.71 18,348 14,100 13,959.5
for shrimp dish
Mysis for pickled 3,822.52 3,950.57 32,190 24,738 22,425.0
shrimp and soup
Total - - 50,538 38,839 36,384.5
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2 ol g Al HIFE 62.68% 127 AL 2 HEE A
© 3732%% vERgTh 590)= spAkska Al
Ateloll #2]7t BAY 7] wiiel, Kim™9] A++4%
o FA3 gro] AAE o] Yt} upRjTo =z 64
= eyt 2R § AeRE YA ¥ Hls
&3te] =28 grol A vk dwzAr A,
Folu} 285 ¢ He HFL 1%Ron, Ao
£ ¢t HE HFe 935%% Uiyt HE 23
HH, ?LOM f2789] H%E Aoz A= 3
AA 7] Fa82 13969 9 282 A2
ﬂ HE A= XML A2 7§ 2243
Uebstth o] 25 $A= A 363.99 A4

% uF
oey

2 AFdM e AR F 54 5859 7IeAE 2%
ke 5 Z2 ZIEAU) e AE AEA AdS F5
< FofellM AlQlshs A4 2EAF B A B =

Aol st A 7S SAsH. Redo® e 2
=7tER S 7lz°i HH, 7|E7H dib] A
Al e ATk A-= 28.52% LE]AL & = 19.05%

H ] A}

Elicezl=s TW@AAFO—‘H A1EA
A5 B H(Table 5), BA Rt oA OI =A R

il
olg 4
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20223 oi(ﬁ}\g/\]—Eé‘]:}_/\],%)’oﬂ 7&1]/\]51 Ay AFol 3} 4=
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Zstaitt. &9, Ak 715 el Wz A3 27
el BAS Lee SVNAE 7137HE tiv] 3714
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rﬁ ULI Mo -

L

=

o du b rim&gﬁz_x%_@
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OALF N Y] B Eo] 17.05%E Ve on, FAH
HACCP =% ti3l #4138t Shin Emoﬂﬂb I H] &9
66.05%= EMETEH B Aol H]=d FAE TE Jind)

o] A AWk v 40009 i) w%ﬁ ebd Ao Eof
A 73S FHHoR 175898 AETY oAt YEge
H, ol 43.95%° dFE= FAolrh wEby B A
o] Ae 71EATAA Uehd Houles H2uE AL
ol¢] & WolETh

B ool A% FAE T gd 54 G0
am)Ae] Bolz 7hash AP Hel IS oln A= A
IAAFEAS o
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U 21k o2 1 K4 B4l o AuE A
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=

O =2 40, 60t £OE YEIRTE THFASEE t*&%z & 4
=, o2, 91w T E vedoen, 7 ‘41 #Zdd }ﬂﬂ H|-& ?Jr Hol g Atsle AlZEH 82
Eij ﬂ ols} ZhA7} A& A 2L =10 U= 4 % T Uk A WA A 28 e BV At
A UEbETh B3 Elo] AWS #3 Ue :LFOM stAY, o8 tit & HA o] BAYRES Zropl ALY, &
Aoider =4 JEET < AR F e dieto] o" AR Hlw-AdE = b
o] g ntFo R = 7H Foll FEs FaES AN ZAANER E8E F AS Aot
Table 5. WTP by group - Focusing on the payment card
WTPS(Lf;i\yn;lte]eg WTP of Mysis WTP of Whiteleg WTP of Mysis
(KRW) (KRW) shrimp (KRW) (KRW)
Male 5,728(1,070) 23,654(3,758) Low 5,729(1,131) 23,183(3,585)
Sex Household .
Female 5,910(1,162) 24,023(4,001) ) Middle 5,919(1,126) 24,297(3,985)
expenditure
Disease of  Yes 5,976(1,140) 24,134(3,833) High 5,956(1,137) 24,714(4,314)
him/herself  No 5,820(1,130) 23,846(3,935) 20s° 5,678(992) 23,082(3,272)
Child under  Yes 60,37(1,195) 24,626(4,467) 30s’ 5,930(1,163) 24,332(4,160)
elementary 40s’ 5,945(1,216) 24,270(4,173)
schoolinthe  Npo 5,790(1,109) 23,681(3,722) Age
family 50s’ 5,656(1,095) 23,483(3,786)
in  Yes 5,926(1,100 24,056(3,638
The elderly in (1,100) (3,638) 60s’ 5,982(1,049) 23,497(3,078)

the family ~ No 5,833(1,138) 23,867(3,962)

Note: Values in parentheses are standard devidation.
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