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ABSTRACT

Background: Perfluoroalkyl substances (PFASs) are non-aromatic organic compounds, 
whose hydrogen atoms in the carbon chain substituted by fluorine atoms. PFASs 
exhibit developmental toxicity, carcinogenicity, hepatotoxicity, reproductive toxicity, 
immunotoxicity, and hormone toxicity. PFASs are used in the production of disposable 
food packages, aircraft and automobile devices, cooking utensils, outdoor gear, furniture 
and carpets, aqueous film forming foam (AFFF), cables and wires, electronics, and 
semiconductors. This study aimed to determine the association between crustacean 
consumption and serum PFASs.
Methods: Adult participants (2,993) aged ≥ 19 years were extracted from the 4th cycle data of 
the Korean National Environmental Health Survey (KoNEHS). Based on the 50th percentile 
concentrations of serum PFASs, participants were divided into the low-concentration group 
(LC) and the high-concentration group (HC). General characteristics, dietary factors, coated 
product usage, and personal care product usage, an independent t-test and χ2 test were 
analyzed. The odds ratio (OR) of serum PFAS concentration against crustacean consumption 
was estimated via logistic regression analysis adjusting for general characteristics, dietary 
factors, coated product usage, and personal care product usage.
Results: The OR for the HC of serum PFASs was higher in individuals with ≥once a week 
crustacean consumption than in those with < once a week crustacean consumption. 
Estimated ORs were perfluorohexanesulfonic acid 2.15 (95% confidence interval [CI]: 
1.53–3.02), perfluorononanoic acid (PFNA) 1.23 (95% CI: 1.07–1.41), and perfluorodecanoic 
acid (PFDeA) 1.42 (95% CI: 1.17–1.74) in males, and perfluorooctanoic acid 1.48 (95% CI: 1.19–
1.84), perfluorooctanesulfonic acid 1.39 (95% CI: 1.27–1.52), PFNA 1.70 (95% CI: 1.29–2.26) 
and PFDeA 1.43 (95% CI: 1.32–1.54) in females.
Conclusions: This study revealed the association between the crustacean consumption and 
concentrations of serum PFASs in general Korean population.
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BACKGROUND

Perfluoroalkyl substances (PFASs) are non-aromatic organic chemical compounds, in which 
hydrogen atoms within the carbon chain are substituted by fluorine atoms.1 PFASs are highly 
stable based on the strong binding between carbon and fluorine, and their non-stick and 
surface tension-lowering properties allow application in many fields.1,2 The main uses include 
disposable food packages, aircraft and automobile devices, cooking utensils, outdoor gear, 
furniture and carpets, aqueous film forming foam (AFFF), cables and wires, electronics, and 
semiconductors.3 The high stability of PFASs prevents degradation, continuously affecting 
the marine environment.4

Crustaceans include shrimps, crayfish, crabs, krill, and etc., and they feed on seaweeds, 
plankton, small fish, and organic matter in sediments.5-7 High concentrations of PFASs 
are detected in crustaceans due to high PFAS exposure from food and habitat conditions.8 
Crustaceans are abundantly found in the marine environment and can be used to quantitatively 
assess the level of marine pollution, so they are used as biomonitors for PFAS contamination.9,10

The PFAS exposure pathways in the human body include oral intake, dust inhalation, and 
skin contact, while the main pathway is through food intake.11 The elimination half-life 
of PFASs in the human body is 2.7 years for perfluorooctanoic acid (PFOA), 3.4 years for 
perfluorooctanesulfonic acid (PFOS), and 5.3 years for perfluorohexanesulfonic acid (PFHxS), 
which is considerably long.12 Various symptoms may be induced with long-term persistence 
of PFASs in the body, from developmental toxicity to carcinogenicity, hepatotoxicity, 
reproductive toxicity, immunotoxicity, and hormone toxicity.13,14

South Korea’s seafood consumption is one of the highest in Asia, and like ganjang-gejang (soy 
sauce marinated crab), there is a recipe for eating the intestines of crustaceans.15,16 So far, 
few large-scale studies in South Korea have investigated the association between crustacean 
consumption and serum PFAS. Thus, this study aimed to determine the association between 
crustacean consumption and serum concentrations of PFASs in the Korean population 
using the 4th cycle data (2018–2020) of the Korean National Environmental Health Survey 
(KoNEHS).

METHODS

Study participants
This study used the KoNEHS data collected between 2018 and 2020. 4,239 participants, who 
were aged ≥ 19 years were selected. The KoNEHS is a national monitoring program that has 
been conducted by the Ministry of Environment and the National Institute of Environmental 
Research in 3-year intervals since 2009.17 Those with missing values on the main variables of 
this study were excluded. After excluding 1,246 participants, 2,993 individuals were included 
in the analysis (Fig. 1).

Serum PFAS concentration
Investigated in KoNEHS data were 5 PFAS types: PFOA, PFOS, PFHxS, perfluorononanoic 
acid (PFNA), and perfluorodecanoic acid (PFDeA). Blood samples were collected in a 
container and stored in a −70°C freezer.17 After protein precipitation via centrifugation and 
removal of, and using the Q-sight Triple Quad High-Performance Liquid Chromatography/
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Mass Spectrometer (PerkinElmer, Waltham, MA, USA), serum PFASs were isolated and 
quantitatively analyzed.17 The limit of detection (LOD) in this study was as follows: PFOA 
0.071 μg/L, PFOS 0.056 μg/L, PFHxS 0.071 μg/L, PFNA 0.019 μg/L, and PFDeA 0.017 μg/L.17 
In this way, serum PFAS concentration was divided into quartiles, and participants were 
divided into the low-concentration group (LC) and the high-concentration group (HC) based 
on the 50th percentile concentration.18

Consumption of crustaceans
The question on crustacean consumption in the KoNEHS is on the following frequency scale: 
rarely, once a month, 2 to 3 times a month, once a week, 2 to 3 times a week, 4 to 6 times a 
week, once a day, twice a day, and 3 times a day. The survey about crustacean consumption 
was conducted from year 2018 to 2020.17 In this study, responses of rarely, once a month, and 
2 to 3 times a month were grouped as < once a week consumption, and those of once a week, 
2 to 3 times a week, four to 6 times a week, once a day, twice a day, and 3 times a day were 
grouped as ≥ once a week consumption.19

Potential confounders
The confounders in this study were set as follows: general characteristics, including age, body 
mass index (BMI), marital status, smoking, the usage of products containing PFASs, food and 
water intake, and ventilation time. To exclude additional PFAS exposure other than crustacean 
consumption, the usage of products known to contain PFASs for waterproofing or anti-stick 
purposes, which leads to exposure via oral or dermal was included.11,20 Those are, coated frying 
pans, coated pots, coated electric cookers, coated containers, hiking suits, hiking boots and 
sneakers, disposable paper cups, hair products, make-up products, and ultraviolet (UV) block 
sunscreen.2,11,20,21 The food and water intake items included seafood, the type of indoor or outdoor 
water drinking, and the average ventilation time per day. 2,11 Consumption of grilled meat and 
grilled fish was included because frying or grilling can increase the total PFAS, while popcorn and 
hamburger-pizza-chicken consumption was included because PFAS is used in packages.22,23

Statistical analysis
Since previous studies recommended separating the analysis of males and females, we 
stratified the analysis according to the sex of the participants.24 An independent t-test and 
χ2 test were employed to compare serum PFAS concentrations, general characteristics, 
dietary factors, coated product usage, and personal care product usage. The odds ratio (OR) 
of serum PFAS concentration against crustacean consumption was estimated via logistic 

3/17https://doi.org/10.35371/aoem.2024.36.e12

Crustacean consumption and serum perfluoroalkyl substances (PFAS)

https://aoemj.org

KoNEHS cycle 4
Total adults (age ≥ 19)

(n = 4,239; 1,889 men and 2,350 women)

Persons excluded (n = 1,246)
- Without serum PFAS value

Final study subjects
(n = 2,993; 1,298 men and 1,695 women)

Fig. 1. Flow chart of the selection of study participants. 
KoNEHS: Korean National Environmental Health Survey; PFAS: perfluoroalkyl substance.



regression analysis after adjustments for general characteristics, dietary factors, coated 
product usage, and personal care product usage. In this study, a complex sample analysis was 
performed, including stratification, clustering, and weighting.17 In all analyses, IBM SPSS 
version 28 for Windows (IBM Corp., Armonk, NY, USA) was used, and statistical significance 
was set at p < 0.05.

Ethics statement
This study received approval from the Institutional Review Board of Soonchunhyang 
University Gumi Hospital (IRB No.2023-12-02).

RESULTS

Table 1 describes the general characteristics of the study participants. Among 2,993 
participants, 1,298 (43%) were males, and 1,695 (57%) were females. The mean 
concentrations of PFOA, PFOS, PFHxS, PFNA, and PFDeA were consistently higher in 
males than in females. Males exhibited higher consumption of large fish and tuna, fish, and 
seaweeds, and disposable paper cups. Conversely, females showed higher usage frequency of 
hair products, make-up products, and UV block sunscreen.
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Table 1. Baseline characteristics of the participants
Category Total (n = 2,993)a Men (n = 1,298) Women (n = 1,695) p-value
PFAS

PFOA 7.66 (7.33–8.00) 7.99 (7.53–8.45) 7.34 (7.13–7.55) < 0.001b

PFOS 18.87 (18.64–19.10) 20.26 (19.53–20.98) 17.48 (17.02–17.94) < 0.001
PFHxS 5.76 (5.39–6.12) 6.42 (6.11–6.74) 5.09 (4.68–5.50) < 0.001
PFNA 2.54 (2.52–2.57) 2.73 (2.71–2.75) 2.35 (2.32–2.39) < 0.001
PFDeA 1.08 (1.06–1.10) 1.15 (1.13–1.17) 1.01 (1.00–1.03) < 0.001

Age 47.4 ± 0.13 46.4 ± 0.18 48.5 ± 0.10 < 0.001
BMI group 0.003c

≤ 25 kg/m2 1,577 (53.4) 595 (46.1) 982 (60.7)
> 25 kg/m2 1,416 (46.6) 703 (53.9) 713 (39.3)

Marital status 0.001
Single 354 (22.8) 176 (26.5) 178 (19.2)
Married 2,286 (67.8) 1,035 (69.0) 1,251 (66.6)
Others 353 (9.4) 87 (4.5) 266 (14.2)

Smoking < 0.001
None or ex-smoker 2,527 (80.9) 879 (64.7) 1,648 (97.0)
Current smoker 466 (19.1) 419 (35.3) 47 (3.0)

Coated frying pans usage < 0.001
< Once a week 199 (5.5) 96 (6.0) 103 (5.0)
≥ Once a week 2,794 (94.5) 1,202 (94.0) 1,592 (95.0)

Coated pot usage 0.046
< Once a week 1,250 (41.1) 543 (39.7) 707 (42.4)
≥ Once a week 1,743 (58.9) 755 (60.3) 988 (57.6)

Coated electric cookers usage 0.770
< Once a week 411 (14.1) 173 (14.1) 238 (14.1)
≥ Once a week 2,582 (85.9) 1,125 (85.9) 1,457 (85.9)

Coated containers usage 0.047
< Once a week 2,594 (86.4) 1,126 (86.1) 1,468 (86.7)
≥ Once a week 399 (13.6) 172 (13.9) 227 (13.3)

Hiking suit usage 0.002
< Once a week 1,869 (62.4) 697 (54.6) 1,172 (70.0)
≥ Once a week 1,124 (37.6) 601 (45.4) 523 (30.0)

Hiking boots and sneakers usage < 0.001
< Once a week 1,872 (61.1) 708 (52.9) 1,164 (69.3)
≥ Once a week 1,121 (38.9) 590 (47.1) 531 (30.7)

(continued to the next page)
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Category Total (n = 2,993)a Men (n = 1,298) Women (n = 1,695) p-value
Disposable paper cups usage < 0.001

< Once a week 1,286 (41.3) 419 (30.8) 867 (51.6)
≥ Once a week 1,707 (58.7) 879 (69.2) 828 (48.4)

Coated agent or polish usage 0.006
< Once a week 2,969 (99.2) 1,279 (98.7) 1,690 (99.7)
≥ Once a week 24 (0.8) 19 (1.3) 5 (0.3)

Consumption of grilled meat 0.001
< Once a week 1,813 (53.6) 730 (47.2) 1,083 (59.9)
≥ Once a week 1,180 (46.4) 568 (52.8) 612 (40.1)

Consumption of grilled fish 0.001
< Once a week 2,377 (79.3) 1,019 (77.3) 1,358 (81.3)
≥ Once a week 616 (20.7) 279 (22.7) 337 (18.7)

Consumption of popcorn 0.405
< Once a week 2,976 (99.1) 1,291 (98.9) 1,685 (99.3)
≥ Once a week 17 (0.9) 7 (1.1) 10 (0.7)

Consumption of hamburger-pizza-fried chicken < 0.001
< Once a week 2,558 (78.1) 1,084 (72.7) 1,474 (83.4)
≥ Once a week 435 (21.9) 214 (27.3) 221 (16.6)

Consumption of large fish and tuna 0.002
< Once a week 2,700 (88.0) 1,148 (84.5) 1,552 (91.5)
≥ Once a week 293 (12.0) 150 (15.5) 143 (8.5)

Consumption of fish 0.001
< Once a week 1,349 (48.9) 552 (46.8) 797 (50.9)
≥ Once a week 1,644 (51.1) 746 (53.2) 898 (49.1)

Consumption of crustacean 0.076
< Once a week 2,753 (91.8) 1,189 (91.6) 1,564 (92.1)
≥ Once a week 240 (8.2) 109 (8.4) 131 (7.9)

Consumption of seaweed 0.136
< Once a week 700 (23.6) 287 (22.8) 413 (24.4)
≥ Once a week 2,293 (76.4) 1,011 (77.2) 1,282 (75.6)

Consumption of shellfish 0.001
< Once a week 2,600 (85.4) 1,121 (84.2) 1,479 (86.5)
≥ Once a week 393 (14.6) 177 (15.8) 216 (13.5)

Consumption of other seafood items 0.004
< Once a week 2,634 (87.4) 1,125 (85.3) 1,509 (89.4)
≥ Once a week 359 (12.6) 173 (14.7) 186 (10.6)

Type of water drinking indoor 0.001
Water purifier, bottled water, etc. 2,047 (71.4) 896 (73.5) 1,151 (69.4)
Underground water, small-scale water-supply 
system, tap water

946 (28.6) 402 (26.5) 544 (30.6)

Type of water drinking outdoor < 0.001
Water purifier, bottled water, etc. 2,747 (93.3) 1,207 (95.1) 1,540 (91.4)
Underground water, small-scale water-supply 
system, tap water

246 (6.7) 91 (4.9) 155 (8.6)

Average ventilation time per day 0.043
< 30 min 354 (10.5) 174 (11.3) 180 (9.7)
≥ 30 min, < 60 min 371 (11.1) 156 (10.6) 215 (11.4)
≥ 60 min, < 600 min 1,112 (36.6) 488 (37.7) 624 (35.6)
≥ 600 min 1,156 (41.8) 480 (40.4) 676 (43.3)

Usage of hair products < 0.001
< Once a week 2,019 (67.6) 1,102 (81.2) 917 (54.1)
≥ Once a week 974 (32.4) 196 (18.8) 778 (45.9)

Usage of make-up products < 0.001
< Once a week 1,399 (50.7) 1,139 (87.3) 260 (14.4)
≥ Once a week 1,594 (49.3) 159 (12.7) 1,435 (85.6)

Usage of ultraviolet block sunscreens < 0.001
< Once a week 1,405 (49.2) 1,086 (82.2) 319 (16.4)
≥ Once a week 1,588 (50.8) 212 (17.8) 1,376 (83.6)

Data are presented as mean (95% confidence interval), number (%) for categorical variables and as mean ± standard error for continuous variables.
PFAS: perfluoroalkyl substances; PFOA: perfluorooctanoic acid; PFOS: perfluorooctanesulfonic acid; PFHxS: perfluorohexanesulfonic acid; PFNA: 
perfluorononanoic acid; PFDeA: perfluorodecanoic acid; BMI: body mass index.
aUnweighted count; bp-value by t-test; cp-value by χ2 test.

Table 1. (Continued) Baseline characteristics of the participants



Tables 2 and 3 show the distribution of serum PFASs according to the tested variables, with 
the participants divided into the HC and LC based on the 50th percentile concentrations of 
serum PFOA, PFOS, PFHxS, PFNA, and PFDeA. For all PFASs; PFOA, PFOS, PFHxS, PFNA, 
and PFDeA, the average age of males was higher in the HC. Males in the HC had higher 
percentages when frequently using a coated frying pan or with ≥ once a week crustaceans, 
shellfish, or seaweed consumption than those with < once a week consumption. Females 
in the HC had higher percentages when using a coated agent or polish or hiking suit or 
boots once or more in 1 week and those with ≥ once a week consumption of fish, shellfish, 
or seaweeds. In both males and females, HC percentages were higher for those consuming 
groundwater or tap water for drinking compared to those drinking purified or mineral water.

Table 4 describes the results of multiple logistic regression analysis, indicating the 
association between crustacean consumption and serum PFAS concentration in males and 
females. The OR was higher in males with ≥once a week crustacean consumption than those 
with < once a week consumption: PFOA 1.57 (95% CI: 0.85–2.90), PFOS 0.94 (95% CI: 0.71–
1.25), PFHxS 2.15 (95% CI: 1.53–3.02), PFNA 1.23 (95% CI: 1.07–1.41), and PFDeA 1.42 (95% 
CI: 1.17–1.74). The OR was higher in females with ≥ once a week crustacean consumption: 
PFOA 1.48 (95% CI: 1.19–1.84), PFOS 1.39 (95% CI: 1.27–1.52), PFHxS 1.56 (95% CI: 0.68–
3.57), PFNA 1.70 (95% CI: 1.29–2.26), and PFDeA 1.43 (95% CI: 1.32–1.54).

DISCUSSION

This study demonstrated that the OR for the HC of serum PFASs was higher in individuals 
with ≥once a week crustacean consumption than in those with < once a week crustacean 
consumption. PFASs exhibit developmental toxicity, carcinogenicity, hepatotoxicity, 
reproductive toxicity, immunotoxicity, neurotoxicity, and hormone toxicity.13,25,26 PFOS, 
PFOA, PFHxS, PFNA, and PFDeA decrease neonatal antibody concentration;27 PFOA, PFNA, 
and PFDeA cause congenital hypothyroidism;28 PFOA and PFOS increase LDL cholesterol, 
total cholesterol, and ALT while suppressing antibody responses t, vaccines.25 PFOA and 
PFOS are associated with testicular cancer, kidney cancer, and low birth weight infants.29,30 
Furthermore, PFOA is associated with ulcerative colitis, thyroid disease, and pregnancy-
induced hypertension, and PFHxS is associated with developmental disability.31-34

PFASs are mainly released to the marine environment from industrial and urban wastewater 
treatment plants.35 From the treatment plants, wastewater with incomplete removal of PFASs 
is released to river and ultimately flows into seawater.36 For this reason, rivers are considered 
the main source of PFASs in the marine environment.37 Among different PFASs, PFOA, PFOS, 
PFNA, PFHxS, and PFDeA (C ≥ 6) which has a linear isomer or long carbon chain exhibit 
high hydrophobicity to be present abundantly in seawater sediments.38,39 With thermal and 
chemical stability conferred by the strong C-F bond, PFASs are not readily degraded in the 
natural environment.1 The half-life of PFOS in underwater environment is 41 years and that of 
PFOA is 92 years, which is considerably longer in comparison.40 Hence, PFASs, once released 
into seawater, can persist for a long time without degradation to continuously exert negative 
effects on marine ecosystems.

A study on marine organisms collected from an urban estuary and a nearby coastal area 
in Rhodes Island, U.S., revealed a high concentration of PFASs found in crustaceans.41 In 
Tunisia, it was found that the sum of 8 kinds of PFAS was the highest in crustaceans (2.24 
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ng/g dry weight [dw]), followed by fish (0.751 ng/g dw), and mollusk (0.510 ng/g dw).42 In 
a study on seafood in a coastal area on the northeastern side of Brazil, PFOS concentration 
was the highest in shrimps.43 In a study examining the Bohai Sea in China, the total PFAS 
was 4.64 μg/kg in crustaceans, 1.82 μg/kg in fish, and 1.40 μg/kg in cephalopods.8 Total PFAS 
concentration varies where the habitat is, for example, Mexican crab shows 0.16–0.37 μg/kg, 
while Indonesian crab shows 0.6–2.2 μg/kg of total PFAS concentration.44 Crustaceans feed 
on PFAS-contaminated sediments, resulting in a higher level of PFAS exposure.10,44

Once absorbed through the gill and food intake by crustaceans, PFASs accumulate in the 
hepatopancreas, which is responsible for absorbing and storing nutrients.45,46 Long-chain 
PFASs accumulate at a high density in hepatopancreas due to high affinity to liver fatty acid 
binding proteins.9,45 In a study on Chinese mitten crab, high levels of perfluorododecanoic 
acid, perfluorotridecanoic acid, and perfluorotetradecanoic acid were observed in the 
hepatopancreas compared to muscle or shell tissues.9 In a study on PFOS in the crabs of the 
Bohai Sea in China, the PFOS concentration was higher in the intestines at 105 ng/g than in 
other parts at 1.17 ng/g.47,48 In a study conducted in Spain, the total concentration of PFASs 
was higher in the head of crustaceans, where the hepatopancreas is located.49 In previous 
study, the correlation between crustacean intestine consumption and blood cadmium level 
was already shown.15 For humans, PFAS exposure increases as the consumption of flesh and 
intestines of crustaceans increases.

The PFAS exposure pathways in the human body include oral intake, dust inhalation, and skin 
contact, while the main pathway is through food intake.11 A study analyzing the statistical 
data of the National Health and Nutrition Examination Survey in the U.S. reported that the 
concentrations of serum PFOA, PFOS, PFHxS, perfluoroundecanoic acid, PFNA, and PFDeA 
increased after crab consumption.50 A study conducted in Japan verified the association 
between crab or shrimp consumption and increased levels of PFOS and PFOA in blood.51 The 
largest proportion of PFASs (86%) absorbed via food intake is through seafood, especially 
fish and crustaceans which are the main causes of PFAS exposure.52 Currently, the European 
Food Safety Authority set the tolerable weekly intake of 4.4 ng/kg bw per week.25

PFASs consist of 2 parts: the anionic head and the aliphatic tail.53 These 2 parts exhibit 
strong binding with albumin, while they migrate to various organs via blood.45,47 As they 
reach the liver, PFASs accumulate inside hepatocytes through binding with liver fatty acid 
binding proteins.45,54 In the kidney, PFASs released in urine are reabsorbed by the organic 
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Table 4. Adjusted ORs and 95% CIs of crustacean consumption with high concentrations of serum PFAS
Category Men Women

Unadjusted Adjusteda Unadjusted Adjusteda

< Once a week ≥ Once a week < Once a week ≥ Once a week < Once a week ≥ Once a week < Once a week ≥ Once a week
PFOA 1 2.38 (1.80–3.15) 1 1.57 (0.85–2.90) 1 1.16 (1.00–1.35) 1 1.48 (1.19–1.84)
PFOS 1 1.43 (1.24–1.64) 1 0.94 (0.71–1.25) 1 1.02 (1.01–1.04) 1 1.39 (1.27–1.52)
PFHxS 1 2.25 (2.16–2.35) 1 2.15 (1.53–3.02) 1 1.38 (0.76–2.49) 1 1.56 (0.68–3.57)
PFNA 1 2.08 (1.98–2.18) 1 1.23 (1.07–1.41) 1 1.27 (1.17–1.37) 1 1.70 (1.29–2.26)
PFDeA 1 2.05 (1.98–2.12) 1 1.42 (1.17–1.74) 1 1.18 (1.15–1.21) 1 1.43 (1.32–1.54)
OR: odds ratio; CI: confidence interval; PFAS: perfluoroalkyl substances; PFOA: perfluorooctanoic acid; PFOS: perfluorooctanesulfonic acid; PFHxS: 
perfluorohexanesulfonic acid; PFNA: perfluorononanoic acid; PFDeA: perfluorodecanoic acid.
aAdjusted for age, body mass index, marital status, smoking, number of coated frying pans usage, number of coated pot usage, number of electric cookers 
usage, number of coated containers usage, number of hiking suit usage, number of hiking boots and sneakers usage, number of disposable paper cups usage, 
number of coated agent or polish usage, number of consumption of grilled meat, grilled fish, popcorn, hamburger-pizza-fried chicken, large fish and tuna, fish, 
crustacean, seaweed, shellfish, other seafood items, type of water drinking indoor, type of water drinking outdoor, average ventilation time per day, usage of 
hair products, usage of make-up products, usage of ultraviolet block sunscreens.



anion transporter 4, and in the small intestine, PFASs are reabsorbed by organic anion 
transporting polypeptide, sodium taurocholate co-transporting polypeptide, and apical 
sodium-dependent bile acid transporter to remain in the body for long.45,55-57 The elimination 
half-life of PFASs in the human body is 2.7 years for PFOA, 3.4 years for PFOS, and 5.3 years 
for PFHxS.12 As a result, continuous consumption of crustaceans can cause prolonged effects 
of PFASs in the human body. Additionally, PFOA, PFOS, PFHxS, PFNA, and PFDeA can serve 
as key indicators in assessing PFAS exposure associated with crustacean consumption.

This study has limitations. First, the causality remains unidentified as this study was a cross-
sectional study. Second, due to the COVID-19 pandemic, the KoNEHS in 2020 had been 
conducted using non-face-to-face methods and the number of participants in blood analysis 
was small. Third, the possibility of occupational exposure, such as work environment and use of 
protective gear, had not been taken into account. Fourth, since the data has only 5 kinds of PFASs 
in the KoNEHS 4th cycle, other types of PFAS frequently used nowadays were not accounted for.58 
Fifth, it was impossible to identify the total PFAS concentration of crustacean in the KoNEHS 
4th cycle. Finally, the comparison in this study was based on the frequency of crustacean 
consumption, the data of which were obtained through recall, implying potential recall bias.

So far, few large-scale studies have been conducted on the association between crustacean 
consumption and serum PFASs in the Korean population. This study is significant in 
exploring the association between crustacean consumption and concentrations of serum 
PFASs by analyzing the data of samples representing the general population of South Korea. 
Considering that the toxicity of PFASs in the human body is well-known, research on the 
amount of crustacean consumption which can affect human health, and periodic monitoring 
is necessary regarding the PFAS concentration in crustaceans.

CONCLUSIONS

This study revealed the association between crustacean consumption and concentrations of 
serum PFASs in general Korean population. Periodic monitoring of PFAS concentration in 
crustaceans is needed due to toxicity of PFAS on human.
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