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ABSTRACT 
 
Maternal dietary exposure to heavy metals like methylmercury (MeHg) through fish consumption has long been 
associated with neurological disabilities, including Intelligence Quotient (IQ) reduction. The most common 
exposure pathway to MeHg is dietary intake through fish consumption. However, there has been limited re-
search comparing the IQ reduction caused by different fish species in different coastal areas. As Kuwait, Hong 
Kong, and Shanghai are three coastal areas with different cuisines and fish consumption rates, they are chosen 
as sites where the health risk of children’s IQ reduction due to the consumption of fish is to be assessed in this 
analysis. The results of this study suggested that among the fifteen types of seafood examined in Kuwait, ha-
moor was determined to be the most dangerous species, causing the highest mean IQ reductions in Kuwait. 
Frozen cod fillet was estimated to cause the highest mean and median IQ reductions amongst the twenty-six 
seafood types in Hong Kong, China. River eel and sardine are considered to be capable of inflicting the highest 
mean and maximum IQ reductions in Shanghai. Overall, seafood in Kuwait is more prone to causing serious 
intellectual disabilities because of its highest mean IQ reduction on average amongst the three locations exam-
ined. On the other hand, most types of seafood in Hong Kong and Shanghai have much lower mean IQ reduc-
tions, and are thus considered generally safe for consumption. 
 

Introduction 
 
Methylmercury (MeHg) is a powerful neurotoxin that can damage the human central nervous system with 
symptoms such as ataxia and paresthesia (Bakir et al., 1973). Being the most toxic form of mercury compound, 
MeHg can also adversely affect various organs and organ systems, including the immune, reproductive, and 
cardiovascular systems (Farina & Aschner, 2019). Both natural processes, such as volcanoes and forest fires, 
and anthropogenic activities, such as fossil fuel combustion and waste incineration, can cause mercury to de-
posit in water bodies. The mercury deposited will be methylated by micro-organisms to create MeHg (Bellinger 
et al., 2016). The methylated mercury then biomagnifies and bioaccumulates until ingested by humans through 
food intake. The MeHg concentration in long-lived predatory fish tends to be higher due to their longer life 
span and higher trophic position in the aquatic food chain. 

MeHg can have severe health impacts on the exposed population. For adults, exposure to MeHg can 
induce loss of coordination, impairment of hearing and vision, tremors, et cetera (Diez, 2009). Apart from these 
issues related to the nervous system, MeHg can also affect other parts of the human body, and is suspected of 
triggering autoimmune diseases (Gardner et al., 2010) and cardiovascular diseases (Virtanen et al., 2012). 
Women of child-bearing age and young children are most susceptible to developmental problems that result 
from MeHg exposure (Laird et al., 2017). Maternal dietary exposure to MeHg through consumption of MeHg-
contaminated seafood may cause impairments of the baby’s neurological development, resulting in various 
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forms of intellectual disabilities (Bellinger et al., 2016), including reduced IQ score, cerebral palsy, and delayed 
onset of walking and talking (Diez, 2009). 

Among all pathways, nearly all MeHg exposures to humans are by ingestion (Bellinger et al., 2016). 
Although other categories of food also contain MeHg, its concentration in fish was measured to be about “three 
to four orders of magnitude greater than that in fruit and vegetable” (Cheng et al., 2013), making seafood con-
sumption the primary pathway to MeHg dietary exposures.  

Many studies have been done to assess MeHg levels in food and health risks due to dietary exposure 
to MeHg. The concentration of MeHg in fifteen different species of fish common in Kuwaiti marketplaces had 
been measured by previous research (Laird et al., 2017). In Cambodia, researchers determined the MeHg con-
centrations of different types of foodstuffs, including vegetables, rice, meat, and fish (Cheng et al., 2013). Stud-
ies have also been conducted concerning IQ loss due to maternal dietary exposure to different sources in various 
places. In Nepal, researchers established a relationship between MeHg in rice consumption and IQ loss and the 
subsequent economic costs (Wang et al., 2021). Similar studies were done in the Faroe Islands, Seychelle Is-
lands, and New Zealand, where researchers determined the relationship between MeHg concentration in mater-
nal hair and the IQ points reduced using biomarker samples and cognitive test scores (Axelrad et al., 2007; 
Cohen et al., 2005). In addition to studies that connected MeHg with intelligence, some researchers also as-
sessed other adverse effects of MeHg. For example, one study suggested that MeHg exposure may trigger au-
toimmune diseases by increasing the concentration of pro-inflammatory cytokines (Gardner et al., 2010); an-
other research suspected that MeHg could increase the mortality caused by cardiovascular diseases (Virtanen 
et al., 2012). 

However, despite the abundant research done by previous studies, there have been few comparative 
analyses examining the varied patterns in IQ reduction due to different fish species in different coastal regions. 
Since Hong Kong, Shanghai, and Kuwait are all coastal areas with fish being an important part of the cuisines 
(FAO, 1988), they are fitting study locations for this analysis. 

The main objective of this research is to estimate and compare the IQ points loss of children due to 
MeHg through maternal dietary exposure to different types of seafood in Kuwait, Hong Kong, and Shanghai. 
This study quantitively compares different types of seafood for their MeHg levels and how each affects chil-
dren’s IQ, providing citizens in these coastal areas with scientific evidence to understand the underlying risk of 
fish consumption on their children’s IQ prenatally. The results obtained from this study are hoped to assist the 
Kuwaiti and Chinese government in more accurately assessing the risk of MeHg on local children’s IQ, and to 
help women in coastal regions to make better-informed decisions in their dietary choices regarding fish con-
sumption. 
 

Methods 
 
Study Site and Study Population 
 
This study focused on women of child-bearing age (18-45 years of age) and young children in coastal areas in 
the assessment of IQ reduction due to maternal dietary exposure to MeHg by seafood consumption. The sample 
size was 2393 households (10646 individuals) in Kuwait (Laird et al., 2017), 7593 children aged 3–5 years in 
Hong Kong (Chan et al., 2018), and 771 pregnant women in Shanghai (Cai et al., 2023). 
 
Risk Assessment 
 
In this study, four steps of risk assessment were conducted, namely hazard identification, exposure assessment, 
dose-response relationship, and risk characterization. 
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Figure 1. MeHg and IQ Loss Model. This is the Analytica model used in this study to calculate the IQ loss of 
children in coastal regions due to maternal dietary exposure to MeHg through fish consumption 
 

First, MeHg exposure was identified as a cause of IQ reduction for children. Then, the average daily 
dose of MeHg intake (DD) was calculated using the formula DD = FMC × DCF ÷ BW, where FMC is the 
concentration of MeHg in various seafood species in the study locations. DCF is the average mass of seafood 
consumed daily by a typical citizen, estimated to be 103 g·day-1 (Laird et al., 2017) with a geometric standard 
deviation of 1.11554672 (Evans et al., 2012) in Kuwait, a mean of 31.7 g·day-1 and a median of 44.5357 g·day-

1 in Hong Kong (Chan et al., 2018), a mean of 66.24 g·day-1 and a median of 50 g·day-1 in Shanghai (Cai et al., 
2023). BW is the estimated body weight of a woman of child-bearing age in the study locations. Due to the 40 
percent obesity rate among Kuwaiti women, BW’s value for Kuwait was estimated to be 72 kg (Weiderpass et 
al., 2019), with a standard deviation of 10. For Hong Kong and Shanghai, the BWs are estimated to be 57.12 
kg (Hong Kong Centre for Food Safety et al., 2021) and 55 kg (Cai et al., 2023) respectively, with a standard 
deviation of 9.77. 

As for the dose-response relationship, previous studies have presented two possible coefficients to 
connect MeHg concentration in maternal hair with IQ reduction. The central estimate of IQ points gained per 1 
μg/g increase in maternal hair MeHg concentration was determined to be -0.18 (Axelrad et al., 2007), while -
0.7 was the upper-bound estimate (Cohen et al., 2005) of IQ points gained per 1 μg/g increase in maternal hair 
MeHg concentration. -0.7 was identified as the upper-bound estimate because it extrapolated the results from 
exposures in the Faroe Islands to much lower levels of exposure in the USA (FAO/WHO, 2010). 

Last but not least, the IQ reduction due to maternal dietary exposure to MeHg (IQR) was determined 
using the formula IQR = DD × MC × LC, where MC is the correlation between the average daily dose and 
MeHg concentration in maternal hair, estimated to be 9.3 (FAO/WHO, 2010); LC is the relationship between 
MeHg concentration in maternal hair and the IQ points reduced, containing the two previously mentioned co-
efficients: the central estimate of -0.18 and the upper-bound estimate of -0.7. The definitions and values of the 
parameters used in the model are summarized in Figure 2. 
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Figure 2. Parameters used in the model. This table shows the definitions and values of the parameters used in 
the model. 
 
Statistical Analysis 
 
Data were analyzed by Analytica. MeHg concentrations in fish and average daily fish consumption were de-
scribed. The underlying risks were described through the probability density distribution and cumulative density 
of IQ points reduction due to maternal dietary exposure to MeHg in different types of seafood. The statistical 
significance was set at p-value < 0.05. 
 

Results 
 
This analysis demonstrates how different species of fish can affect children’s IQ in Kuwait, Hong Kong, and 
Shanghai through maternal dietary exposure to MeHg. 
 
Kuwait 
 
As displayed in Figure 3, hamoor and sha’em contain the highest concentrations of MeHg among the 15 types 
of seafood measured in Kuwait, with 0.55 and 0.42 μg/g, respectively. Their high concentrations of MeHg also 
result in a high daily intake of the substance by Kuwaiti women: the average daily doses of MeHg for hamoor 
and sha’em were determined to be 0.7971 and 0.6115 μg·kg-1·day-1, which are substantially higher than the 
0.2623 μg·kg-1·day-1 average of the fifteen species combined. 
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Figure 3. MeHg Concentration in Seafood (Kuwait). This shows the mean MeHg concentration and standard 
deviations of 15 types of seafood purchased in Kuwaiti marketplaces (Laird et al., 2017). 
 

Consequently, hamoor (orange spotted grouper) and sha’em (yellowfin seabream) had been identified 
as the two most hazardous species of fish for Kuwaiti children in terms of IQ reduction due to MeHg exposure. 
As displayed in Figure 4, the mean and median IQ reductions caused by MeHg in these two types of fish were 
estimated to be higher than all thirteen other species. The central estimates of mean and median IQ reduction 
caused by hamoor were 1.334 and 1.089, respectively, those for sha’em being 1.024 and 0.9060. This assertion 
is also supported by Figure 5, which shows that hamoor and sha’em have a higher probability of inflicting IQ 
reductions of more than one IQ point. 
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Figure 4. Statistics of IQ Loss (Central Estimate) (Kuwait). This figure demonstrates the central estimates of 
minimum, median, mean, and maximum IQ loss for 15 species of seafood in Kuwait due to dietary exposure to 
MeHg, along with their standard deviations. 
 

 
 
Figure 5. Probability Density of IQ Loss (Central Estimate) (Kuwait). This graph illustrates the probability 
density of central estimate IQ loss for 15 species of seafood in Kuwait due to maternal dietary exposure to 
MeHg. 
 

Although lessen althour (largescale tonguesole) was estimated to have the highest maximum IQ re-
duction of about 9.13 (central estimate), it is less notable than hamoor and sha’em due to its relatively large 
variance. As shown in Figure 4, lessen althour has the second-highest standard deviation (central estimate: 
0.6720), making the result very uncertain. Moreover, lessen althour’s mean IQ reduction was only the seventh 
highest, which further reduces its potential risk. 
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Figure 6. Cumulative Probability of IQ Loss (Central Estimate) (Kuwait). This is a graph showing the cumu-
lative probability of central estimate IQ loss for 15 species of seafood in Kuwait due to maternal dietary expo-
sure to MeHg. 
 

The safest type of seafood among all fifteen was determined to be tilapia (mango fish). The cumulative 
probability graph, Figure 6, suggests that it is almost impossible for tilapia to cause an IQ reduction of more 
than 0.2 IQ points. Combining with the fact that it also has the lowest mean (central estimate: 0.04885) and 
median (central estimate: 0.04764) IQ reduction, as displayed in Figure 7, tilapia is most likely to be the least 
harmful kind of seafood among all species tested, with respect to possible IQ reduction due to maternal dietary 
exposure to MeHg through fish consumption. 
 

 
 
Figure 7. Statistics of IQ loss (Kuwait). This is a table displaying the estimates of minimum, median, mean, 
and maximum IQ loss for 15 species of seafood in Kuwait due to dietary exposure to MeHg, together with their 
standard deviations. 
 
Hong Kong, China 
 
The central estimate of the mean IQ reduction of children caused by the 26 species of fish in Hong Kong is -
0.09 IQ points. As displayed in Figure 8, amongst all types calculated, frozen cod fillet is estimated to cause an 
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IQ reduction of -0.89 on average and 10.9 on maximum, significantly more than all other 25 species.  This is 
also supported by Figure 9, where the cumulative probability line of frozen cod fillet is always above that of 
other fish species, suggesting a higher chance of causing more IQ reduction to children in Hong Kong compared 
with other fish species. The high IQ reduction caused by frozen cod fillet can be explained by its high MeHg 
concentration, with a mean of 0.58 μg/g, shown in Figure 10. 
 

 
 
Figure 8. Statistics of IQ loss (Hong Kong). This is a table displaying the estimates of minimum, median, mean, 
and maximum IQ loss for 26 species of seafood in Hong Kong due to dietary exposure to MeHg, together with 
their standard deviations. 

 
 
Figure 9. Cumulative Probability of IQ Loss (Central Estimate) (Hong Kong). This is a graph showing the 
cumulative probability of central estimate IQ loss for 26 species of seafood in Hong Kong due to maternal 
dietary exposure to MeHg. 
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Figure 10. MeHg Concentration in Seafood (Hong Kong). This shows the mean MeHg concentration and 
standard deviations of 26 types of seafood in Hong Kong (Chan et al., 2018). 
 

Grouper, hairtail, golden-threadfin, and halibut can also be potentially dangerous relative to other fish 
species in Hong Kong. They all have a mean IQ reduction (central estimate) of more than 0.12 IQ points, and 
can all cause more than 1.8 IQ points losses. Although they are less dangerous compared with frozen cod fillet, 
these four fish species may still cause nonnegligible prenatal IQ reduction for children in Hong Kong. 
 

 
 
Figure 11. Probability Density of IQ Loss (Central Estimate) (Hong Kong). This graph illustrates the probabil-
ity density of central estimate IQ loss for 26 species of seafood in Hong Kong due to maternal dietary exposure 
to MeHg. 
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The other 21 species of fish are much less notable. Given the fact that all of their mean IQ reductions 
in central estimate are below 0.1 and can almost never cause an IQ reduction of over 1.4, they are viewed as 
considerably less harmful and virtually harmless compared with the other five fish species, particularly frozen 
cod fillet. In Figure 11, it is evident that most of the fish species cause an IQ reduction very close to 0, which 
is also supported by Figure 12, where the maxima and mean IQ reduction of 21 fish species are evidently lower 
than that of the other five species. 
 

 
 
Figure 12. Statistics of IQ Loss (Central Estimate) (Hong Kong). This figure demonstrates the central estimates 
of minimum, median, mean, and maximum IQ loss for 26 species of seafood in Hong Kong due to dietary 
exposure to MeHg, along with their standard deviations. 
 
Shanghai, China 
 
River eel and sardine are considered the most dangerous species in Shanghai in terms of prenatal IQ reduction 
caused by MeHg. As displayed in Figure 13, the maximum IQ reductions in central estimate are 4.26 and 4.75, 
respectively, which can be accounted for by their high MeHg concentration, 0.068 μg/g for river eel and 0.066 
μg/g for sardine, shown in Figure 14. 
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Figure 13. Statistics of IQ loss (Shanghai). This is a table displaying the estimates of minimum, median, mean, 
and maximum IQ loss for 21 species of seafood in Shanghai due to dietary exposure to MeHg, together with 
their standard deviations. 
 

 
 
Figure 14. MeHg Concentration in Seafood (Shanghai). This shows the mean MeHg concentration and standard 
deviations of 21 types of seafood in Shanghai (Cai et al., 2023). 
 

Snapper and conger eel are also worth mentioning. Having mean IQ reductions in central estimate of 
0.14 and 0.11 respectively, they ranked second in fourth among the 21 species of fish in mean IQ reduction in 
Shanghai. Compared with conger eel, snapper is considered the more dangerous species of the two because it 
can cause an IQ reduction of up to 2.58 in central estimate. This is also demonstrated in Figure 15, where the 
probability of causing an IQ reduction of more than 0.2 is higher for snapper than for conger eel. 
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Figure 15. Probability Density of IQ Loss (Central Estimate) (Shanghai). This graph illustrates the probability 
density of central estimate IQ loss for 21 species of seafood in Shanghai due to maternal dietary exposure to 
MeHg. 
 

Although large yellow croaker has a maximum IQ reduction of 2.9 in central estimates, it is considered 
not so dangerous due to the fact that its mean IQ reduction in central estimate is only 0.05, which is relatively 
low compared with species like river eel, sardine, and snapper. In Figure 16, the cumulative probability of large 
yellow croaker causing an IQ reduction of more than 0.4 is a lot lower than the fish species considered to be 
more dangerous. Similarly, squid is also considered less harmful to children’s IQ despite the fact that it can 
cause an IQ reduction of 1.61 in central estimate; squid’s mean IQ reduction in central estimate is also 0.05. 
 

 
 
Figure 16. Cumulative Probability of IQ Loss (Central Estimate) (Shanghai). This is a graph showing the cu-
mulative probability of central estimate IQ loss for 21 species of seafood in Shanghai due to maternal dietary 
exposure to MeHg. 
 

All the other 15 species are considered not dangerous to Shanghai infants in terms of prenatal IQ 
reduction caused by MeHg through fish consumption. As shown in Figure 17, the maximum and mean IQ 
reduction caused by these fish species are visibly lower than the aforementioned species because they are nearly 
unable to cause an IQ reduction of over 1 in central estimate, and their mean IQ reductions are all below 0.08 
in central estimate. 
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Figure 17. Statistics of IQ Loss (Central Estimate) (Shanghai). This figure demonstrates the central estimates 
of minimum, median, mean, and maximum IQ loss for 21 species of seafood in Shanghai due to dietary expo-
sure to MeHg, along with their standard deviations. 
 
Comparisons 
 
As shown in Figure 18, among the three locations studied in this research, Kuwait has on average the greatest 
mean IQ reduction caused by maternal dietary exposure to MeHg in fish consumption, with 0.44 IQ points in 
central estimate. The fact that it is almost four times that of Hong Kong (central estimate: 0.09) and eight times 
that of Shanghai (central estimate: 0.06) makes children in Kuwait more prone to neurological disabilities 
caused by prenatal intake of MeHg through fish consumption than their counterparts in Hong Kong and Shang-
hai. Additionally, a fish species in Kuwait can cause up to 2.49 IQ points reduction on average in central esti-
mate, just short of that for Hong Kong and Shanghai combined (2.56 total, Hong Kong: 1.21, Shanghai: 1.35). 
 

 
 
Figure 18. Statistics of Average IQ Loss (Central Estimate). This shows the central estimate of the minimum, 
median, mean, and maximum IQ reductions on average for a fish species in Kuwait, Hong Kong, and Shanghai. 
 

Between Hong Kong and Shanghai, fish species in Hong Kong are generally considered more danger-
ous than those in Shanghai in terms of IQ reduction. Not only does Hong Kong have a higher mean IQ reduction 
for each fish species on average, but it also has a higher median IQ reduction of 0.06 in central estimate, com-
pared to Shanghai’s 0.03. However, it is notable that fish species in Shanghai are more capable of causing 
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higher IQ reductions on average compared with those in Hong Kong, since the maximum IQ reduction of av-
erage for each fish species in Shanghai is higher than in Hong Kong. Yet it still needs to be stressed that IQ 
reductions caused by MeHg in fish in Hong Kong and Shanghai are minimal compared with those in Kuwait. 
 

Conclusion and Discussion 
 
This study conducted hazard identification, exposure assessment, dose-response relationship, and risk charac-
terization regarding IQ reduction due to maternal dietary exposure to MeHg in Kuwait, Hong Kong, and Shang-
hai by establishing a risk assessment model. 

The results demonstrated that all types of seafood reduced children’s IQ to some extent, but most fish 
species had only mild effects. The mean and median IQ reduction for hamoor consumption was the largest in 
Kuwait and also in all three locations studied in this research. Frozen cod fillet was estimated to cause the 
largest IQ reduction in Hong Kong, with its mean, median, and maximum IQ reduction significantly higher 
than the rest of the 25 species in Hong Kong. River eel and sardine are speculated to be the more hazardous 
seafood types in Shanghai, due to their high mean and maximum IQ reductions. In general, fish species in 
Kuwait are more likely to inflict higher IQ reduction on local children, while most species in Hong Kong and 
Shanghai can be considered safe in terms of prenatal IQ reduction caused by MeHg in various types of seafood. 

This research indicates that certain regulations may be needed to reduce the MeHg concentration in 
fish, thereby protecting the children from possible neurological disabilities. Also, pregnant women in coastal 
regions should be aware of the potential risk of consuming fish with high MeHg levels in their regions, such as 
hamoor in Kuwait, frozen cod fillet in Hong Kong, river eel and sardine in Shanghai, and therefore make more 
careful dietary choices.  

This study has several advantages. First, uncertainty was included when constructing the model, thus 
increasing the validity of the result. For example, the average daily consumption of fish in Kuwait was estimated 
to have a geometric standard deviation of 1.11554572. Likewise, standard deviations were also taken into ac-
count in this study for the MeHg concentrations of all 15 types of seafood in Kuwait, 26 types of seafood in 
Hong Kong, and 21 types of seafood in Shanghai. Second, the IQ reductions due to maternal dietary exposure 
were compared between different types of seafood and different coastal regions. Instead of solely evaluating 
the risk of consuming one fish species, this study assessed the risks of numerous types of seafood common in 
the marketplaces, encompassing almost all types of fish available to the public in the three study locations. The 
general IQ reduction caused by MeHg through fish consumption is also compared between the three study 
locations, making this study not solely concentrated on one population, but more applicable to women of child-
bearing age in many coastal regions in their seafood choice. Furthermore, IQ losses for consuming MeHg in 
different fish species were displayed quantitatively in terms of IQ points. Instead of using complicated and 
technical terms, this study used IQ points, a concept in everyday use, to demonstrate IQ reduction. Its applica-
tion makes the results very direct and understandable to possible stakeholders, including the government and 
pregnant women in these coastal areas.  

There are limitations in this study that need to be addressed. First, since no experiment was conducted 
in this study, the sample size of the seafood was small, making the MeHg concentration of the species more 
uncertain. Second, some of the values are used deterministically in this model. For example, although uncer-
tainty has been considered, the body weight and daily fish consumption of women of child-bearing age in 
coastal areas are deterministic in this study. Third, different species of fish contain various nutrients, which may 
help the children grow in IQ maternally. However, the potential IQ gained from the nutrients was not considered 
in this research.  

Based on the aforementioned analysis, there are several recommendations for future research. First. 
further studies can collect more seafood samples to increase the precision of the result. Second, future studies 
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can divide the citizens in coastal areas into subpopulations by their body weight or average daily fish consump-
tion, and then determine the IQ reduction for each of the groups. Last but not least, future studies can examine 
the nutrients in different fish species and assess their influence on the intelligence of children living in coastal 
regions. 

Despite the limitations present in this study, it still has some significance that should be emphasized. 
This study assessed the IQ reduction of children in coastal areas due to maternal dietary exposure to MeHg in 
fish, and quantitively demonstrated how consumption of different types of seafood can affect children’s IQ to 
different extents. It also compared the potential impacts of different fish species in Kuwait, Hong Kong, and 
Shanghai on children’s IQ across the study locations. Finally, this research provided scientific evidence for 
pregnant women in coastal regions on their dietary choices, with the knowledge about the connection between 
MeHg exposures and IQ reductions in mind. 
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