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1. Introduction 

This dissertation addresses health risks factors associated with mercury (Hg) intake as a 

consequence of fish consumption among the Kuwaiti population.  Hg is an established 

neurotoxin, and some studies have shown that it may also cause atherosclerotic lesions in blood 

vessels, leading to cardiovascular disease.(Harada 1995; Grandjean 1998)  For both of these 

reasons, it is important to gain a comprehensive understanding of the levels of fish consumed by 

the Kuwait population, the levels of mercury in fish consumed, as well as the physiological 

factors that influence uptake of Hg in the body.  The three papers in this dissertation address each 

of these areas, individually. 

In ―Fish Consumption among Kuwaiti Nationals,‖ we assess the consumption patterns of the 

Kuwait population, including the types of fish that are consumed, the frequency with which they 

are consumed, and the average quantity of consumption among various age, sex, and ethnicity 

groups.  In ―Human Health Risks from Mercury in Fish,‖ we investigate the potential health 

effects to the Kuwaiti population as a results of current levels of fish consumption.  In ―Fish 

Consumption as a Determinant of Hair Mercury Levels among Kuwaiti Nationals,‖ we relate this 

consumption information to overall body burden of mercury for the purpose of better 

characterizing the relationship between intake of fish and corresponding hair Hg levels.   

The order of papers in this dissertation is determined by the chronology of their conception.  It 

should be noted that the third paper, ―Fish Consumption as a Determinant of Hair Mercury Levels 

among Kuwaiti Nationals‖ indicates several changes should be made to ―Human Health Risks 

from Mercury in Fish‖ risk assessment.  This is primarily due to our treatment of fish with 

unknown Hg.  In ―Fish Consumption as a Determinant of Hair Mercury Levels among Kuwaiti 

Nationals,‖ we ultimately dropped from the analysis of the effect of fish consumption on body 
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burden of mercury any and all fish with unknown Hg concentrations.  ―Human Health Risks from 

Mercury in Fish‖ was completed before this paper and instead extrapolated these values for fish 

or, as in the case of tuna, took as a proxy US and Canadian test values for Hg in fish.  

Subsequently, we decided that this was not an ideal approach.   

It is hoped that these studies will inform future work in the areas of risk reduction and risk 

management, such that more accurate risk assessments may be undertaken in the future. 

 

References 

Grandjean, P., P. Weihe, R. White, F. Debes Cognitive performance of children prenatally 

exposed to ―safe‖ levels of methylmercury. Environmental Research, 1998. 77: p. 165-

72. 

Harada, M., Minamata disease: Methylmercury poisoning in Japan caused by environmental 

pollution. Critical Reviews in Toxicology, 1995. 25(1): p. 1-24. 
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Abstract 

Due to risk-risk tradeoffs, such as those relating to cardiovascular and neurological endpoints, 

fish advisories are difficult to construct and often controversial in their implementation.  To 

support the development of fish advisories in Kuwait, we surveyed the fish consumption habits of 

3713 participants in a stratified random sample of Kuwaiti nationals.  Participants completed a 

comprehensive fish consumption survey, which incorporated both 4-week and 24-hour recall 

periods, as well as species-specific and ―overall‖ fish consumption questions.  Average fish 

consumption from species-specific 4-week recall (71 g/day) and from 24-hour recall (68 g/day) 

periods were virtually identical. Though they differed significantly in terms of total fish 

consumption, average fish consumption from the overall (35 g/day) and species-specific (71 

g/day) recall methods reflected similar patterns by age, sex, and ethnicity.  Within the 4-week 

recall results, large differences were seen in intake among men (102 g/day) and women (48 

g/day), young adults (55 g/day) and their parents (87 g/day), and Bedouin (40 g/day) and non-

Bedouin Kuwaitis (90 g/day).  As reports emerge linking mercury to neurocognitive declines, as 

well as to cardiovascular disease, data from highly piscivorous societies, such as Kuwait, become 

crucial to our understanding of the effects of fish consumption, both positive and negative, on 

various segments of the population. 

 

Key Words:  Fish Consumption, Fish Advisories, Exposure Assessment, Kuwait 
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Introduction 

Mercury (Hg) is an established neurotoxin.  The primary human health concern with regard to Hg 

is that exposure to Hg by pregnant women may increase the risk of subtle neurotoxicologic 

effects in the fetus.  At high levels of exposure, Hg has been shown to result in loss of 

coordination, blurred vision or blindness, as well as impairment of speech and hearing.(Harada 

1995)  Lower levels of in utero exposure can hamper cognitive development in 

children.(Grandjean 1998)  Most regulatory guidelines for mercury exposure are intended to 

protect against developmental effects.(European Food Safety Authority 2004; U.S. Department of 

Health and Human Services/USEPA 2004)  For instance, the WHO Provisional Tolerable Weekly 

Intake and U.S. EPA reference dose are based upon this concern.(Joint FAO/WHO Expert 

Committee on Food Additives 1999; United States Environmental Protection Agency (USEPA) 

2001)  Recently, however, it has also been suggested that exposure to mercury could be 

associated with increased risk of cardiovascular disease.  This hypothesis is supported by a series 

of small studies in Finland.(Salonen 1995; Salonen 2000; Virtanen 2005)  If this hypothesis is 

valid, its implications would be profound in terms of the advice given to various segments of the 

population, such as those at risk for atherosclerosis and other cardiovascular diseases. 

 

Exposure to Hg occurs primarily through fish consumption and research in many countries has 

shown that frequent consumers of fish have higher body burdens of Hg, as evidenced by 

measurements of Hg in blood, hair, urine, and toenails.(Grandjean 1999; Salonen 2000; Salonen 

2000; Bouzan 2005)  Where mercury concentration in fish are high, consumption advisories have 

been developed with the hope that women who are, or intend to become, pregnant will reduce 

their consumption of large predatory fish known to contain high concentrations of mercury, while 

increasing consumption of small, fatty fish, laden with beneficial polyunsaturated fatty acids 
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(PUFAs).  Some experts are concerned that unless these advisories are carefully worded, they 

may have the unintended effect of reducing fish consumption throughout the population with 

detrimental effects on public health.(Oken, Kleinman et al. 2003; Cohen 2005; Institute of 

Medicine 2006)   

 

The Food Safety Department of the World Health Organization (WHO) publishes regional diet 

profiles, which seek to describe the consumption patterns of populations in the Middle East, Far 

East, Latin America, Africa, and Europe. In the WHO’s Global Environmental Monitoring 

System’s (GEMS) typical ―Middle Eastern‖ diet, fish intake is roughly 13 g/day.(World Health 

Organization) While these regional diets may adequately describe average fish consumption rates 

throughout the region, they are not likely to provide good characterizations of diets in coastal 

areas, such as Kuwait, which have relied on the sea for centuries.   Evidence of this within-region 

variability is supported by previous studies in Kuwait, which suggest that Kuwaitis may consume 

nearly 70 or 80 grams of fish per day, on average.(Al-Yakoob 1995; Saeed T. 1995)  In view of 

these differences, fish advisories in the coastal regions of the world would benefit from a better 

understanding of human consumption patterns at the national level.   

 

To support the development of public advisories, we believe that it would be important to learn 

more about, (i) the rates of overall fish consumption and the mix of species consumed; and, (ii) 

the concentrations of mercury typically found in various species of fish, both those caught in 

Kuwait Bay and the Arabian Gulf and those sold in markets, whether caught locally or imported.  

This paper addresses fish consumption.  Other groups, such as Kuwait Institute of Scientific 

Research (KISR) and the Kuwait Public Authority for Assessment of Compensation for Damages 

Resulting from the Iraqi Aggression (PAAC) have conducted studies of contamination 

concentrations in fish harvested from Kuwait waters.(KISR 2009a) 
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Background 

The Kuwaiti population today consists of roughly 2.7 million individuals, about 1.4 million of 

whom are Kuwaiti nationals.  The other 1.3 million residents of Kuwait consist largely of 

expatriates from India, Bangladesh, Egypt, the Phillipines, Malaysia and Palestine.(CIA 2010)  

Because the primary focus of the larger public health study, of which the fish consumption study 

was a part, was to determine the health effects of Iraq’s invasion on Kuwaiti citizens, this study 

did not include residents of Kuwait from other countries.  Ethnically, Kuwaiti nationals may be 

divided into two more or less distinct groups.  Those who consider themselves ―Bedouin‖ 

originate from nomadic desert tribes.  Their diet is based largely on lamb and other red meats.  In 

contrast, most Kuwaiti nationals have lived by the sea for the last several hundred years and have 

a diet based largely on seafood. 

 

 Kuwait has traditionally been a sea-dependent society, historically removed from the spice and 

commerce routes that have characterized the rest of the region.  The traditional Kuwaiti diet 

consists primarily of fish caught from local waters – the Kuwait Bay and the Arabian 

Gulf.(Clayton 1992)  During the 1970s, a chloralkali plant located in Kuwait Bay used mercury 

(Hg) cathodes to produce chlorine and bleaching powders.(Al-Majed 2000)  The runoff from 

chloralkali plants is often laden with elemental Hg that can then be taken up and converted to 

methyl mercury by microbes present in aquatic sediments, with subsequent biomagnification up 

the food chain.(Maserti 1991)  Though the chloralkali plant was removed and the area dredged, it 

is possible that a legacy of Hg pollution remains in the sediments.(Maserti 1991; Al-Majed 2000)  

In addition, there are likely to be contributions from atmospheric deposition of Hg to Gulf waters 

and possibly significant contributions from the Shaat al-Arab River, which releases waste 

materials from Iran and Iraq into the Arabian Gulf.(Al-Nabelsi 2009) 
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Previous work in Kuwait has revealed elevated environmental exposures to Hg.  Among 100 

Egyptian fishermen living in Kuwait, the mean hair Hg concentration was 4.2 µg/g, a 

concentration that is associated with a daily intake of about 4 times that of the US EPA reference 

dose.(Al-Majed 2000)  These concentrations were found to be strongly correlated with quantity of 

fish consumed and propensity for consuming the entire fish, including the head.  In a separate 

study of Kuwaiti citizens, the observed mean hair Hg concentrations were 4.6 µg/g.(Bu-Olayan 

1994)  These results suggest that the body burden of Hg in Kuwaiti citizens is quite large and that 

rates of Hg intake in Kuwait exceed those in the United States, according to figures reported by 

the National Health and Nutrition Examination Survey (NHANES).(McDowell 2004)   

 

In addition to studies on the body burden of mercury amongst Kuwaitis, a great deal of work has 

been done to determine fish consumption rates.  These Kuwait-based fish consumption studies 

have produced a wide range of estimates of fish consumption.  In 1995, Al-Yakoob et al. 

undertook a study that assessed the public health risks associated with PAH intake through fish 

consumption in the Kuwaiti population.(Al-Yakoob 1995)  As a part of the study, a year-long fish 

consumption survey was conducted in the homes of 1106 adult Kuwait citizens.  Al-Yakoob et al. 

used a one-week recall, questionnaire-based approach, which makes their study very relevant to 

our own.  All results were reported by district and fish species.  The average total consumption 

per day per person was found to be 69.7 grams wet weight. 

 

In 2000, Al-Majed and Preston examined the relationship between fish intake and hair mercury 

concentrations in a sample of 100 Egyptian fishermen and 35 Egyptian control subjects, ages 16 

to 58, residing in Kuwait.(Al-Majed 2000)  Subjects were asked questions relating to their one-

week recall of fish eaten, the geographic source of the fish, preferred fish species, as well as parts 
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of fish eaten.  The authors concluded that the fishermen’s diets consisted mostly of fish from their 

own catches with no preference for species, while the control group purchased fish from the local 

fish market with strong preferences for certain species.  Fish consumption among the majority of 

the fisherman was approximately 250 grams per meal with 1 to 2 fish meals per day. In contrast, 

average consumption within the control group was only 1 to 2 fish meals (of approximately 

similar size) per week.  While this study appears to be well executed, it examined a small group 

of highly exposed, relatively young, non-Kuwaiti nationals.  Additionally, this study did not offer 

detail on daily fish consumption habits. 

 

In 1991, Khordagui and Al-Ajmi conducted a study to assess the potential risks posed to Kuwaiti 

fish consumers as a result of mercury intake.(Khordagui 1991)    In order to effectively determine 

mercury intake, it was necessary for the authors to first determine per capita fish intake.  For this 

purpose, Khordagui and Al-Ajmi utilized market statistics obtained from Kuwait’s Ministry of 

Planning Annual Fisheries Statistics Bulletin (1985-1988).  The total number of individuals 

represented in the Fisheries Statistics Bulletin was unclear, though the authors stated that the 

projected number of consumers was derived from the Kuwait Central Statistics Office’s 1986 

census.  The annual average daily consumption rate of commercially caught fish and shrimp, as 

reported by Khordagui and Al-Ajmi, was approximately 7.5 grams wet weight, which 

incorporated a 0.8 correction factor to account for those not eating fish, such as infants and the 

very poor.  The consumption rates reported by Khordagui and Al-Ajmi seem quite low when 

compared to the other, survey-based studies reviewed above.  It was unclear whether the study 

reflected the fish consumption habits of Kuwaiti citizens, or whether it reflected consumer 

behavior for the country’s entire population, a large percentage of which is non-Kuwaiti. 
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Preliminary Investigation 

The largest study previously conducted in Kuwait was undertaken shortly after Iraq’s invasion of 

Kuwait and the concomitant pollution of the Arabian Gulf.(Al-Yakoob 1995)  These results could 

have been affected by the perception that the Gulf was polluted at the time of data collection.  

Our study offers new data, as well as a unique approach to assessing exposures.  It provides a 

comparison between 24-hour and 4-week recall, as well as between overall and species-specific 

consumption.  Our study also provides consumption patterns disaggregated by sex and age group 

(middle aged/elderly individuals and young adults), both of which are vital to risk assessments 

concerning a chemical that poses different health risks for different population strata.  For 

example, neurological effects are of greater concern in pregnant women, women of childbearing 

age, and children, whereas possible cardiovascular effects are of greatest concern for adults and, 

especially, for adult males. 

 

In 2003, the Kuwait Public Health Study (PHSI) assessed the public health impacts of the 1990 

invasion of Kuwait and the related environmental disaster.  This study was subsequently 

expanded to include a long-term evaluation of the health of the Kuwaiti population (PHSII).  As 

an element of this study, pilot medical monitoring and screening was undertaken. Blood Hg levels 

and basic fish consumption patterns were assessed in 189 Kuwaiti nationals who were 50-69 

years old at the time of the 1990 invasion.  This sample was drawn using a stratified probability 

sampling approach, and individuals participated between December 2003 and April 2004.  Blood 

Hg concentrations in this population were approximately three times higher than those seen in US 

females.(Centers for Disease Control and Prevention 2005)  Roughly 50% of the Kuwaiti subjects 

had blood Hg concentrations corresponding to daily intakes above the US EPA’s reference dose 

(RfD) for mercury of 0.1 µg/kg-d, which corresponds roughly to a blood Hg limit of 5µg/L.  

Almost 20% of the sample had blood Hg concentrations exceeding the more permissive WHO 
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Provisional Tolerable Weekly Intake (PTWI) of 0.2 µg/kg-d (≈10 µg/L).(United States 

Environmental Protection Agency (USEPA) 2001; Joint FAO/WHO Expert Committee on Food 

Additives 2003)   

 

Note that in establishing the RfD, the EPA considered the benchmark dose values (BMDL05) for 

a variety of endpoints (and domains) of neurotoxicity. These BMDs, which ranged from 48 to 79 

ug Hg/L blood, were from studies which related maternal cord blood levels to neurotoxicity risks.  

To estimate the level of daily mercury intake that would correspond to these maternal cord blood 

concentrations it was necessary to account for a number of factors, including fractional absorption 

of mercury, blood volume, body weight, biological half-life of mercury, and the fraction of 

mercury found in blood at equilibrium.  All of these parameters vary from person to person and 

are also uncertain.  Nonetheless, using nominal values of these parameters – thought to be 

appropriate for pregnant women – the EPA concluded that a daily intake of methyl mercury of 

0.1 ug/kg-day would be expected to correspond, on average, to an equilibrium maternal blood 

mercury of slightly more than 5 ug/L.  The order of magnitude difference between this value and 

the BMDs in the underlying epidemiological studies is due to the application of a combined 

uncertainty factor of 10 to estimate the RfD from the BMD. (Joint FAO/WHO Expert Committee 

on Food Additives 1999; United States Environmental Protection Agency (USEPA) 2001) 

 

Participants in the pilot study completed a simple dietary questionnaire and provided a blood 

sample.  Subjects were asked to recall the average number of days per week that they consumed 

fish during the prior four weeks and to distinguish between consumption of local fish, imported 

fish and shrimp.  Again, rates of fish consumption among Kuwaitis were substantially higher than 

among similarly aged groups in the US.(McDowell 2004; Akashah 2007)  A strong, and 

statistically significant (p<0.0001), positive relationship was seen between frequency of 
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consumption of local fish and concentrations of Hg in blood.  The relatively high concentrations 

of blood mercury found among the participants in the pilot medical monitoring/screening study 

are thought to be a direct result of the high rates of fish consumption and not due to 

extraordinarily high concentrations of mercury in local fish.  To determine Hg concentrations in 

blood among Kuwaiti women of child-bearing age and to better determine the sources of Hg 

exposure, the Kuwait Public Health Study (PHSII) was modified to include a more 

comprehensive fish consumption survey.  This paper reports the results of that study.  A 

companion study will analyze the results of the biomarkers research for which participants were 

asked to provide hair samples that could be analyzed for mercury and other contaminants. 

(Chapter 4 of this thesis.)  

 

Methods 

Study Population 

Subjects for the Kuwait Fish Consumption Study were Kuwaiti citizens.  These individuals were 

drawn from 5000 families, which were organized into 250 replicates of 20 families each, to 

obtain a target sample size of 3600 individuals.  Heads of household were asked by phone for 

their family’s participation, and calling continued until 1389 heads of household agreed for their 

families to be a part of the study, allowing us to reach our target sample size of 3600.  These 

families, at the time of Iraq’s 1990 invasion of Kuwait, included at least two pre-pubescent 

children.  A total of 3713 individuals participated, including 1863 parents (1116 mothers and 747 

fathers) and 1850 children (1023 females and 827 males).  The overall participation rate was 

59%, with higher participation rates among women (67%) than among men (55%).   
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Among the cohort of ―children,‖ the females, between 16 and 28 years old at the time of the 

study, were of childbearing age.  The parents, between 32 to 92 years old at the time of interview, 

were at risk for cardiovascular disease.  The presence of these two age groups in the survey 

affords us the opportunity to examine the impact of fish consumption and mercury exposure on 

two very different ―at risk‖ groups.   

  

In May of 2006, we began administering the expanded fish consumption survey and extended 

medical monitoring to include the collection of hair samples for subsequesnt Hg and co-

contaminant analysis.  Questionnaires were administered by trained staff during interviews 

conducted within the participant’s home.  The protocol was reviewed and approved by both the 

Kuwait Faculty of Medicine Medical Ethics Committee and the Harvard School of Public Health 

Institutional Review Board.  

 

The survey and medical monitoring continued until June of 2007.  Our final data set of 3713 

subjects was then assembled.  Table 1 shows the composition of the sample, as well as 

participation rates.  

 

Fish Consumption Questionnaire 

The fish consumption questionnaire was more comprehensive than the pilot medical monitoring 

dietary questionnaire and included questions about overall fish consumption and about the 

consumption of each of ten species thought to be most commonly consumed – hamoor (orange-

spotted grouper), halwayo (jack pomfret), maid (Klunzinger’s mullet), nagroor (javelin grunter), 

nuwaiby (tigertooth croaker), shaary (starry pigface bream), sheam (yellowfin seabream), sobaity 

(silvery black porgy), suboor (Hilsa shad), and zobaidy (silvery pomfret), as well as shrimp and 
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canned fish – and about methods of preparation and organs consumed.(Kuronuma 1972)  These 

fish were chosen after consultation with focus groups and a review of the literature to determine 

which fish were the most frequently consumed in Kuwait.  Participants were also asked about fish 

consumption during two recall periods – the past 24-hours and the past 4-weeks.  See Appendix B 

for the complete questionnaire. 

 

The fish consumption questionnaire was an element of a broader survey, which asked these same 

individuals about socioeconomic status, ethnic identity, smoking, diet and exercise, and self-

reported health status.  

Calculation of Fish Consumption 

There are three basic approaches to calculating average fish consumption from these data.  Two 

rely on 4-week recall and differ in whether they use the ―overall‖ or the ―species-specific‖ fish 

consumption questions – FO, 4 wk and FS, 4wk respectively.  The third method relies on the 24-hour 

recall data which only involves ―species-specific‖ questions – FS, 24 hr.  The equations below show 

how each of these estimates is computed: 

 

F O, 4 wk =                 
 

 
 
 
    

 

 
 
 
            

 

   
 

F S, 4 wk =                                                  
 

   
   

F S, 24 hr =                                        
 

   
    

 

Where  Ei (unitless) is 1 if subject i ever eats fish and is 0 otherwise; 

Mi (unitless) is 1 if subject i ate fish in the past 4 weeks and is 0 otherwise; 

(D/W)i (days/week) is the average number of days per week that subject i ate fish in the 
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past 4 weeks; 

 ―once a week or less‖  0.5  

 ―about two days a week  2 

 ―about three days a week‖  3 

 ―about four or five days a week‖  4.5 

 ―pretty much every day‖  7 

 (D/W)ij (days/week) is the average number of days per week that subject i ate fish j in 

the past 4 weeks; 

 same coding as for (D/W)i above 

 (S/M)i (unitless) is the typical serving size for subject i (expressed as number of 

―standard servings‖ per meal); 

 number between 0.2 and 15 

SS (grams) is the assumed serving size –112.5 grams (the midpoint between 85 and 

140g);
i
 

7 is the number of days in the week; 

i is an index of subjects that runs from i = 1 to I; 

j is an index of fish species that runs from j = 1 (shrimp) to 13 (other fish) 

Yi (unitless) is 1 if subject i ate fish in the past 24 hours and is 0 otherwise; 

Fi,j (unitless) is 1 if subject i ate fish species j in the past 24 hours and is 0 otherwise; 

Si,j (unitless) is the number of standard servings of fish j that subject i ate within the past 

24 hours; 

 number between 0.2 and 15 

                                                           
i
 The basis for the 85-140 gram serving size is taken as the equivalent of 3 to 5 ounces of fish represented 

by 1 deck of playing cards, allowing for differences in thickness, density, and method of preparation. 
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Results 

Species-Specific Data, 4-Week Recall 

Daily mean (and standard deviation of mean) fish consumption amongst Kuwaiti Nationals is 

estimated to be 71 ± 114 g/day per capita, based on 4-week species-specific recall summed across 

all species (Table 2).  This value reflects a wide distribution of individual daily mean fish 

consumption rates among the population, with 26.4 % of subjects not consuming any fish within 

the 4-week recall period, and a daily mean consumption of 96 ± 124 g/day among all those who 

reported eating fish. Daily consumption rates among those who do consume fish varied from a 

mean daily consumption of 4 g/day to 1350 g/day.  Figure 1 is a histogram of these results.  

 

As can be seen in Table 2 (species-specific consumption) and Table 3 (overall consumption), 

there are differences in fish consumption of Kuwaitis by sex, by age, and by ethnicity.  For 

example, the species-specific, 4-week recall data (Table 2) indicate that the mean fish 

consumption among men, 102 g/day, is more than twice as large as that among women, 48 g/day.  

This difference, which is statistically significant (p < 0.0001), arises because fewer women (69%) 

eat fish than do men (80%) and because those women who do eat fish eat less fish (69 ± 2 g/day) 

than their male counterparts (127 ± 4 g/day).   

 

Using species-specific, 4-week recall data, differences in fish consumption by age can also be 

seen (Table 2).  The fish consumption of the young adults (55 g/day) in the study was only about 

60% that of their parents (87 g/day), and this difference is also statistically significant (p < 

0.0001). Differences are seen in both the fraction of these two populations who consume fish 

(65% of young adults vs. 83% of their parents) and also in the mean daily intake of those who do 

eat fish (85 g/day among young adults and 105 g/day among their parents).  Figure 2 shows fish 
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consumption in the total population by 10 year age groups.  Finally, there were substantive 

differences in consumption by self-reported ethnicity.  Study participants who considered 

themselves Bedouin consumed only 45% as much fish as other Kuwaitis.   

 

In addition to knowing something about the overall rates of fish consumption of the Kuwaiti 

population, proper evaluation of health benefits and risks relies on information about patterns of 

consumption of specific species.  The consumption of specific species by the entire sample 

population (consumers and non-consumers), based on 4-week recall, is listed in Table 4.  

According to these data, of the individual species studied, zobaidy (13 g/day) and shrimp (12 

g/day) account for the largest fraction of consumption, while shaary (1 g/day) and ―other fish‖ (1 

g/day) account for small fractions of mean daily intake.  Hamoor (9 g/day) and canned fish (9 

g/day) were also heavily consumed.  Among those consuming canned fish, 20% reported eating 

tuna, 4% reported eating sardines, 2% reported eating salmon, and 1% reported eating other types 

of canned fish, with 73% not responding.  Figure 3 shows the percent contribution of each fish 

species to overall fish intake among these groups.   

 

Species-Specific Data, 24-Hour Recall 

There are modest differences in the results obtained using the 4-week and 24-hour recall periods.  

Figure 4 compares the species-specific mean daily intake results obtained by the two methods.  

The estimates based on 24-hour recall (68 g/day) are almost equivalent to those obtained by the 4-

week recall (71 g/day).  While general agreement is quite good (R
2
 ≈ 0.8), for three species the 

disagreement between the methods is quite large – shrimp (13 g/day 4-week vs. 16 g/day 24-

hour); canned fish (9 g/day 4-week vs. 3 g/day 24-hour); and other fish (2 g/day 4-week vs. 5 

g/day 24-hour). 

   



 18 

Overall Fish Consumption, 4-Week Recall 

The results obtained using the 4-week recall data for overall fish consumption (Table 3) are 

substantially lower than the estimates from either of the other two approaches.  The estimate of 

the per capita daily fish consumption, averaged across the entire Kuwaiti national population, 

using this approach is 35 ± 60 g/day.  Among the 74% of the population, who stated that they had 

consumed fish in the past 4 weeks, daily fish consumption was 46 ± 64 g/day. 

 

While the estimate of overall consumption using this method is only half as large as the values 

produced by the other approaches, the patterns of sex and age-specific consumption are very 

similar, and the correlation between the two types of recall is quite good, with an R
2
 ≈ 0.7.  Fish 

consumption among men, 49 g/day, is estimated to be twice as large as it is among women, 25 

g/day (p < 0.0001). Fish consumption among the young adults is only 60% as large, 28 g/day, as 

it is among their parents, 43 g/day (p < 0.0001) and fish consumption among self-identified 

Bedouins is only 45% as large as the fish consumption of other Kuwaitis. 

 

Our estimate of Kuwaiti fish consumption is on the order of 71 g/day (according to species-

specific consumption, 4-week recall) or 35 g/day (according to overall consumption, 4-week 

recall data).  Four species – zobaidy, shrimp, canned fish and hamoor – together accounting for 

63% of total consumption.  The differences between results from 4-week and 24-hour recall 

periods for species-specific consumption are modest, especially in comparison with the difference 

between estimates of the ―species-specific‖ or ―overall consumption‖ approaches.      
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Discussion 

Results from the pilot medical monitoring study suggested that fish consumption rates and blood 

mercury concentrations among a small sample of middle-aged Kuwaitis were relatively high.  

Almost half of the 189 subjects in the pilot study had blood mercury concentrations 

corresponding to daily intakes above the US EPA’s RfD for mercury and about 20% of the 

participants had values higher than the more permissive WHO PTWI.  These results raised 

questions about mercury exposure among younger Kuwaitis, especially women of childbearing 

age, and about the role of fish consumption as a determinant of mercury exposure in this 

population. 

 

The data from the PHS II survey also indicate large differences in fish consumption by sex – with 

men consuming more than twice as much fish as women - and by age – with young adults 

consuming only about 60% as much fish as their parents.  However, when broken down by 10 

year age groups (Figure 2), it becomes clear that, while middle-aged participants exhibited higher 

fish consumption levels than younger participants, elderly participants exhibited fish consumption 

rates similar to those of the younger participants.  This indicates that fish consumption does not 

increase monotonically with age, but has a relationship with the age distribution such that higher 

fish consumption rates are seen in the middle of the age distribution and lower fish consumption 

rates are seen at the tails of the age distribution.  The difference in fish consumption by sex is 

consistent with the lower concentrations of blood mercury found among women than men in the 

pilot medical monitoring study.   

 

It is important to note that the distribution of fish consumption levels used in this study is not 

based on a probability sample of the entire Kuwaiti population, but instead reflects consumption 
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among individuals who were between 16 and 28 (children at the time of Iraq’s 1990 invasion) and 

32-92 (their parents) at the time of interview.
ii
  

 

The substantial difference in fish consumption between Bedouins and other Kuwaitis is not 

surprising, as Bedouins tend to base their diets primarily around red meat sources, rather than on 

fish.  This means that in Kuwait and perhaps in other parts of the Gulf region, there exist two 

populations of citizenry that are similar in many ways, but differ drastically in terms of diet. 

 

There are some potential limitations to this work.  With regard to the 24-hour versus 4-week 

recall, it is thought that questions about 24-hour recall will produce more accurate 

characterizations of fish consumption by the population because they are less affected by recall 

biases.  On the other hand, the 4-week recall data may be more useful for comparing with 

individual body burdens of mercury (in either hair or blood), because this recall period more 

closely corresponds to the half life of mercury in blood.  There is also unavoidable uncertainty in 

our estimates of fish consumption due to inherent problems in recall-based questionnaires.  We 

were unable to use fish consumption diaries, which are generally considered to be the gold 

standard in dietary assessments, due to cost and feasibility concerns.  There is also the issue of 

participation rates.  While participation for this study was generally good, in the area of canned 

fish, response rates fell off dramatically, with only 27% of participants responding to questions 

regarding what types of canned fish they consume.  Therefore, it is difficult to extrapolate well 

from these results.  Finally, there is the potential for selection bias due to differential 

participation.  The participation rate in our overall study was roughly 60%.  Because Kuwait has a 

                                                           
ii
 At the time of interview, the ages of the mothers varied from 32 to 82 years of age (with 90% between 38 

and 64).  The ages of the fathers varied from 37 to 92 years of age (with 90% between 39 and 72).  

Children were generally between the ages of 16 and 28 at time of interview, though in a small percentage 

of cases the reported age at interview did not match exactly the nominal age on the date of the invasion plus 

the length of time which elapsed between the date of the interview and the date of the invasion. 
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relatively homogenous socioeconomic makeup to its citizenry, we do not expect there to be great 

differences by socioeconomic strata, however it is possible that study participants could have 

greater health concerns, including cardiovascular disease, which might cause them to be 

consuming more fish than non-participants.   

 

In sum, these results provide a picture of fish consumption patterns in a society that has 

historically derived much of its protein from the sea.  As reports emerge linking mercury to 

neurocognitive declines, as well as to cardiovascular disease, surveys of species-specific fish 

consumption in highly piscivorous societies becomes central to our understanding of fish 

consumption’s effect on various risk groups.  Kuwait’s fish consumption patterns give us a view 

of commonly eaten fish by age, sex and ethnicity.  Based on consumption rates in Kuwait, even 

low levels of mercury in fish consumed could pose health threats.  The question of how to 

balance the risk/benefit tradeoffs associated with such high levels of fish intake is a subject for 

further research.    



 22 

References 

 
Al-Majed, N., and M. Preston (2000). "Factors influencing the total mercury and methyl mercury 

in the hair of fisherman in Kuwait." Environment International 109: 239-250. 

Al-Nabelsi, H., A. Bu-Olayan, B. Thomas, (2009). "Mercury Pollution and Its Synergism with 

Season, Nutrient and Hydrological Variables in Kuwait Coastal Waters." Journal of 

Applied Scienced in Environmental Sanitation 4(2): 115-124. 

Al-Yakoob, S., T. Saeed, H. Khordagui, M. Saif, K. Al-Matrouk, H. Al-Hashash (1995). 

"Estimation of risk associated with consumption of oil-contaminated seafood by Kuwait's 

population." Kuwait City, Kuwait Institute of Scientific Research. 

Bouzan, C., J. Cohen, W. Connor, P. Kris-Etherton, G. Gray, A. Konig, R. Lawrence, D.Savitz, 

S. Teutsch (2005). "A quantitative analysis of fish consumption and stroke risk." 

American Journal of Preventive Medicine 29(4): 347-352. 

Bu-Olayan, A., and S. Al-Yakoob (1994). "Mercury in human hair: A study of residents in 

Kuwait." Journal of Environmental Science and Health A29(8): 1541-1551. 

Centers for Disease Control and Prevention (2005). "Third National Report on Human Exposure 

to Environmental Chemicals." 

CIA. (2010). "World Fact Book."   Retrieved October 5, 2010, from 

https://www.cia.gov/library/publications/the-world-factbook/geos/ku.html  

Clayton, D., and C. Pilcher, (1992). Kuwait Natural History. Kuwait City, Kuwait Oil Company. 

Cohen, J., D. Bellinger, W. Connor, P. Kris-Etherton, R. Lawrence, D. Savitz, B. Shaywitz, S. 

Teutsch, G. Gray (2005). "A quantitative risk-benefit analysis of changes in population 

fish consumption." American Journal of Preventive Medicine 29(4): 325-334. 

European Food Safety Authority (2004). "Opinion of the Scientific Panel on Contaminants in the 

Food Chain on a request from the Commission related to mercury and methylmercury in 

food." The EFSA Journal 34: 1-14. 

Grandjean, P., E. Budtz-Jergensen, R. White, P. Jorgensen, P. Weihe, F. Debes and N. Keiding 

(1999). "Methylmercury exposure biomarkers as indicators of neurotoxicity in children 

aged 7 years." American Journal of Epidemiology 150(3): 301-305. 

Grandjean, P., P. Weihe, R. White, F. Debes (1998). "Cognitive performance of children 

prenatally exposed to ―safe‖ levels of methylmercury." Environmental Research 77: 165-

172. 

Harada, M. (1995). "Minamata disease: Methylmercury poisoning in Japan caused by 

environmental pollution." Critical Reviews in Toxicology 25(1): 1-24. 

KISR (2009). ―Analysis of Mercury Content in Select Fish from Kuwait's Markets.‖ Personal 

Communication with John S. Evans.  

Institute of Medicine (2006). "Seafood choices: Balancing benefits and risks." American Journal 

of Preventive Medicine 29(4): 325-334. 

Joint FAO/WHO Expert Committee on Food Additives (2003). "Summary and Conclusions of 

the Sixty-First meeting on food additives." (JECFA/61/SC). 

Khordagui, H., and D. Al-Ajmi (1991). "Mercury in seafood: a preliminary risk assessment for 

Kuwaiti consumers." Environment International 17: 429-435. 

Kuronuma, K., and Y. Abe (1972). Fishes of Kuwait Kuwait. Kuwait City, Kuwait Institute for 

Scientific Research. 

Maserati, E., and Ferrara, R. (1991). ―Mercury in plants, soil and atmosphere near a chlor-alkali 

complex.‖ Water, Air, and Soil Pollution, 56, 15–20. 

McDowell, M., C. Dillon, J. Osterloh, P. Bolger, E. Pellizzari, R. Fernando, R. Montes de Oca, S. 

Schober, T. Sinks, R. Jones, K. Mahaffey (2004). "Hair mercury levels in US Children 

https://www.cia.gov/library/publications/the-world-factbook/geos/ku.html


 23 

and  Women of childbearing age: reference range data from NHANES 1999-2000." 

Environmental Health Perspectives 112(11): 1165-1171. 

Oken, E., K. Kleinman, et al. (2003). "Decline in fish consumption among pregnant women after 

a national mercury advisory." Obstetrics and Gynecology 102(2): 346-351. 

Saeed, T., S. Al-Yakoob, H. Al-Hashash, M. Al-Bahloul (1995). "Preliminary exposure 

assessment for Kuwaiti consumers to polycyclic aromatic hydrocarbons in seafood." 

Environment International 21(3): 255-263. 

Salonen, J., K. Seppanen, K. Nyyssonen, H. Korpela, J. Kauhanen, M. Kantola, J. Tuomilehto, H. 

Esterbauer, F. Tatzber, R. Salonen (1995). "Intake of mercury from fish, lipid-

peroxidation, and the risk of myocardial-infarction and coronary, cardiovascular, and any 

death in eastern Finnish men." Circulation 91(3): 645-655. 

Salonen, J., K. Seppanen, T. Lakka, R. Salonen and G. Kaplan (2000). "Mercury accumulation 

and accelerated progression of carotid atherosclerosis: A population-based prospective 4-

year follow-up study in men in eastern Finland." Atherosclerosis 148(2): 265-273. 

U.S. Department of Health and Human Services/USEPA (2004). "What you need to know about 

mercury in fish and shellfish."   Retrieved July, 2009, from 

http://www.fda.gov/Food/FoodSafety/Product-

SpecificInformation/Seafood/FoodbornePathogensContaminants/Methylmercury/ucm115

662.htm  

United States Environmental Protection Agency (USEPA). (2001). "Methylmercury (MeHg): 

Reference Dose for Chronic Oral Exposure (RfD)." Retrieved July, 2009 from 

http://www.epa.gov/iris/subst/0073.htm.  

Virtanen, J., S. Voutilainen, T. Rissanen, J. Mursu, T. Tuomainen, M. Korhonen, V. Valkonen, K. 

Seppänen, J. Laukkanen, J. Salonen (2005). "Mercury, fish oils, and risk of acute 

coronary events and cardiovascular disease, coronary heart disease, and all-cause 

mortality in men in Eastern Finland." Arteriosclerosis Thrombosis and Vascular Biology 

25: 228-233. 

World Health Organization (2010). "The Global Environment Monitoring System: Food 

Contamination Monitoring and Assessment Programme (GEMS/Food)."   Retrieved 

January, 2010 from http://www.who.int/foodsafety/chem/gems/en/index1.html  

http://www.fda.gov/Food/FoodSafety/Product-SpecificInformation/Seafood/FoodbornePathogensContaminants/Methylmercury/ucm115662.htm
http://www.fda.gov/Food/FoodSafety/Product-SpecificInformation/Seafood/FoodbornePathogensContaminants/Methylmercury/ucm115662.htm
http://www.fda.gov/Food/FoodSafety/Product-SpecificInformation/Seafood/FoodbornePathogensContaminants/Methylmercury/ucm115662.htm
http://www.epa.gov/iris/subst/0073.htm
http://www.who.int/foodsafety/chem/gems/en/index1.html


 24 

Table 1. Fish Questionnaire Study Population and Participation Rates 

  Children Parents Total 

  Males Females 

Age at 

Invasion 
0-3 yrs 4-7 yrs 8-11 yrs 0-3 yrs 4-7 yrs 8-11 yrs Mothers Fathers  

Age at 

Interview
iii
 

16-20 

yrs 

20-24 

yrs 

 24-28 

yrs 

16-20 

yrs 

20-24 

yrs 

 24-28 

yrs 

32-82 

yrs 

37-92 

yrs 
 

Number of 

Participants 

         

341 237 249 394 338 291 1116 747 3713 

 

60% 54% 55% 57% 61% 62% 64% 53% 59% 

Participation 

Rates 

 

  

                                                           
iii

  In a small percentage of cases, the reported age at interview did not match exactly the nominal age on the date of the invasion plus the length of time 

which elapsed between the date of the interview and the date of the invasion. 
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Table 2. Species-Specific Consumption (Using Sum of Species-Specific Questions and 4-Week Recall Period) by Age, Sex, and Ethnicity 

 

 N 
Percent Fish 

Consumers 

Mean Per Capita Consumption by 

Consumers and Non-Consumers 

(g/day) 

Standard Deviation 

(g/day) 

Total 3393 74 71 114 

Sex 

Men 1432 80 102 144 

Women 1961 69 48 79 

Age 

Parents aged 32-92 1680 83 87 122 

Young Adults aged 16 to 28 1713 65 55 104 

Age and Sex 

Men aged 37-92 672 88 124 153 

Women aged 32-82 1008 79 62 88 

Men aged 16 to 28 760 74 83 132 

Women aged 16 to 28 953 58 32 65 

Ethnicity 

Bedouin 1319 63 40 76 

Non-Bedouin 2066 80 90 130 
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Table 3. Overall Consumption (Using “Overall Fish Consumed” Question and 4-Week Recall Period) by Age, Sex, and Ethnicity
iv

 

 

 N 
Percent Fish 

Consumers 

Mean Per Capita Consumption by 

Consumers and Non-Consumers 

(g/day) 

Standard Deviation 

(g/day) 

Total 3626 74 35 60 

Sex 

Men 1543 81 49 70 

Women 2083 69 25 49 

Age 

Parents aged 32-92 1817 83 43 66 

Young Adults aged 16 to 28 1809 65 28 51 

Age and Sex 

Men aged 37-92 732 88 59 73 

Women aged 32-82 1085 80 32 59 

Men aged 16 to 28 811 74 41 65 

Women aged 16 to 28 998 58 17 33 

Ethnicity 

Bedouin
v
 1377 66 21 44 

Non-Bedouin 2241 82 44 65 

                                                           
iv
 Tables II and III reflect ages at time at interview. 

v
 Number of Bedouins and non-Bedouins in Tables II and III reflect 8 missing responses to this portion of the questionnaire. 
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Table 4. Fish Consumption among both Consumers and Non-consumers (g/day) by Species, using 4-

Week Recall. 

 

Species 

Species-

Specific 

Consumption 

Males Females 

Young 

Adults 

(ages 

16-28 

years) 

Parents 

(ages 32-

92 years) 

Bedouins 
Non- 

Bedouins (Local 

Name) 

Zobaidy 13 19 9 10 16 11  14 

Shrimp 12 19 8 12 13 6  17 

Hamoor 9 14 6 6 12 6  11 

Canned 

fish 
9 13 6 10 8 6 

 
11 

Sheam 6 8 4 3 8 2  8 

Nuwaiby 4 6 3 3 6 2  6 

Maid 4 6 3 3 6 2  6 

Nagroor 4 6 3 2 6 2  5 

Sobaity 3 5 2 2 4 1  4 

Suboor 2 3 2 2 2 1  3 

Other 

fish 
2 2 1 1 3 1 

 
3 

Shaary 1 2 1 1 2 1  2 

Halwayo 0 1 0 0 1 0  1 

TOTAL* 71 102 48 55 87 40  90 

 

*Totals may not match exactly the sum of each column due to rounding. 
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Figure 1 – Overall Fish Consumption among Kuwaiti Nationals, using 4-Week Recall 
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Figure 2 - Overall Mean Fish Consumption (+/- standard error of the mean) by Sex and Age 

Group – 4-Week Recall 
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Figure 3 - Fish Species Contribution to Total Fish Intake among Sex, Age, and Ethnicity 

Categories 
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Figure 4 - Mean Daily Intake (g/day) by Species: Comparison of 4-Week and 24-Hour Recall 
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Abstract 

This analysis estimates the human health consequences of consumption of mercury-laden fish by 

the Kuwaiti national population.  It relies on recent estimates of Kuwaiti fish consumption by fish 

species, by age, sex and ethnicity and on a study of the concentration of chemicals, including 

mercury, in fish from Kuwaiti fish markets.  

Mercury is a known human neurotoxicant.  It is also thought to possibly play a role in 

cardiovascular disease.  This analysis draws on a recent summary of the literature to convert 

estimates of mercury intake to corresponding values of biomarkers, such as blood and hair 

mercury levels, and then uses these to estimate the risks of neurotoxicity (expressed as reductions 

in IQ of newborn infants) and cardiovascular disease (increases in the risks of fatal heart attacks).  

Variability in fish consumption – both systematic (by age, sex, and ethnicity) and random 

(residual variability within category) – and uncertainty – both aleatory (e.g., uncertainty about 

mercury contamination of fish related to reliance on small samples of the relevant fish 

population) and epistemic (e.g., uncertainty about whether the epidemiological studies relating 

mercury exposure to heart attack risks reflect a causal relationship) – are considered.   

The study finds that roughly 5,000 IQ points are lost among the approximately 30,000 Kuwaiti 

national newborn and that approximately 15 fatal heart attacks among Kuwaiti nationals can be 

attributed to mercury intake through consumption of mercury in fish.   

The uncertainty in both of these estimates is appreciable.  Approximate 90% confidence intervals 

for the two effects are – 1,800 to 14,000 IQ points and 0 to 72 fatal heart attacks.  The dominant 

sources of this uncertainty are – for neurotoxicity: (i) uncertainty about the slope of the dose-

response relationship between hair mercury levels in pregnant women and IQ reductions in their 

offspring, and (ii) uncertainty about the existence of a threshold in the dose-response relationship 
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for neurotoxicity; and for cardiovascular disease: (i) uncertainty about whether mercury exposure 

is causally related to risk of heart attack, and (ii) uncertainty about the slope of this dose-response 

relationship. 

Logical next steps would include: (i) consideration of possible interventions; (ii) estimation of 

their costs, benefits and countervailing risks; and (iii) possibly, additional studies of the levels of 

mercury (and other chemicals  such as PCBs and arsenic) in Kuwaiti fish, studies of the omega-3 

levels in these same fish, and further investigation of the patterns of fish consumption among 

Kuwaitis. 
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Introduction 

The aim of this paper is to assess the human health risks posed to the Kuwaiti national population 

as a consequence of mercury (Hg) intake through fish consumption.  It also characterizes both 

variability in exposure and risk and uncertainty in our ability to estimate risk. 

Knowledge of variability allows one to more accurately estimate population risk and because it 

may provide insight into opportunities for reducing the exposure and risk of those at high risk 

and, in this way, may suggest approaches for limiting the population exposure and risk.  

Knowledge of the extent, sources, and importance of various sources of uncertainty is essential to 

the effective design of research strategies with the potential to inform our understanding of the 

health risks posed by mercury. 

Mercury is a well known human neurotoxin.  In addition, recent, somewhat controversial 

evidence suggests that mercury may also affect cardiovascular disease.   At high doses, the effects 

can be frank and severe, but at low doses, the effects are subtle and primarily of concern at the 

population level. 

Low level exposure to mercury is commonly a result of consumption of fish, which themselves 

are exposed via the food chain.  The screening risk assessment indicates that this low level 

mercury exposure from fish consumption is occurring in Kuwait.  Therefore a more 

comprehensive assessment of the human health risks attributable to mercury appears to be 

warranted.  
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Model Structure  

Two health effects are of concern – neurotoxicity and cardiovascular disease.   

Our model estimates the neurotoxic (IQ) and cardiovascular (fatal heart attacks) health impacts of 

low level mercury exposure of the Kuwaiti population due to consumption of mercury-laden fish.   

The three major elements of the model are: 

 Estimation of mercury intake; 

 Relationship of  mercury intake to biomarker values – e.g., blood and hair mercury; and 

 Assessment of the health risks corresponding to these biomarker values. 

Mercury intake is estimated as the product of fish consumption (grams wet weight/day) and fish 

contamination levels (µg Hg/ g fish).  Biomarker values corresponding to these levels of intake 

are estimated using coefficients reflecting the equilibrium relationships between mercury intake 

(µg Hg/day) and blood mercury levels (µg Hg/L blood), and between blood mercury levels (µg 

Hg/L blood) and hair mercury levels (µg Hg/g hair).  

Neurotoxicity is characterized by estimating the IQ loss in infants born to mothers exposed to 

mercury during pregnancy.  The risk to the individual infant is computed as the product of his/her 

mother’s hair mercury level (µg Hg/g hair) during pregnancy and a coefficient relating IQ to hair 

mercury level (IQ point loss per µg Hg/g hair).  To allow for the possibility that there is a 

threshold in this relationship, the model includes a probabilistic threshold.  Population risk (IQ in 

the entire birth cohort each year) is estimated as the product of the individual risk (IQ point 

loss/live birth) and the number of births expected each year. 
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Cardiovascular impacts are evaluated by computing the number of fatal heart attacks occurring 

each year among the Kuwaiti national population that are attributable to mercury exposure.  In the 

middle of this decade (calendar year 2005), the total number of deaths among Kuwaitis was about 

2400 (Hill, 2007).  Among these, roughly 1000 were from cardiovascular causes, and, of these, 

approximately 1/3 were due to ischemic heart disease (Al-Sadek, 2007).  The fraction of these 

attributable to mercury exposure is estimated by computing the hair mercury level among middle-

aged and elderly Kuwaitis that would correspond to their daily mercury intake and then assuming 

that the risks they face are proportional to their hair mercury levels.  The risk coefficient used in 

this computation is derived from study of a cohort of Finnish men with similar levels of mercury 

exposure from fish.(Salonen 1995)  To reflect the limited and somewhat controversial nature of 

this evidence, we include a binomial variable reflecting our subjective assessment of the 

probability that this evidence reflects a causal relationship.  Please see Figure 1 for the Mercury 

Risk Influence Diagram. 

Symbolically the models can be represented as: 

 IQ loss population = {(1- )[ Σk=1,7 ( Fi,,j,k x wk ) x C] +  [ max [( Σ k=1,7 (Fi,j,k x wk) x C - ), 0)]}  

x βi,b x βb,h  x n,h x B 

Heart attacks population
vi
  Σ i=1,2   Σ k=1,7 (Fi,j,k x wk) x C x βi,b x βb,h  x c,h x φ x Hi 

where: 

 is the probability that there is a threshold in the neurotoxicity dose-response (dimensionless); 

                                                           
vi
 This is an approximate relationship.  The exact expression, used in the Analytica model, for heart attacks 

attributable to mercury exposure is:  [(exp(-c,h*Mi) – 1)/(exp(-c,h*Mi)] * Hi – where Mi is the hair 

mercury concentration in the i
th

 sex category computed from their fish consumption, Fijk, the mercury 

concentration in that fish, C, and the coefficients relating intake to blood mercury, βi,b, and blood mercury 

to hair mercury, βb,h. 
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i indexes sex (1= male, 2 = female); 

j indexes age group (1= young adult, 2 = middle aged/elderly adult); 

k indexes the distribution (i.e., variability) of fish consumption within each sex and age group 

   (1= 1%, 2 = 5%, 3 = 25%, 4 = 50%, 5 = 75%, 6 = 95%, 7 = 99%); 

Fi,j,k is the average daily fish consumption (g fish/d) of the k
th 

fractile of the i,j
th 

sex and age group, 

which itself is characterized the median fish consumption among fish consumers in the 

i,j
th 

 group, the geometric standard deviation of the distribution of fish consumption 

among fish consumers in the i,j
th 

 group, and the fraction of those who do not eat fish;  

wk is the fraction of population represented by the value computed at the k
th
 of the i,j

th 
sex and age 

group 

(1= 2.5%, 2 = 12.5%, 3 = 22.5%, 4 = 25%, 5 = 22.5%, 6 = 12.5%, 7 = 2.5%); 

C is the average level of mercury (µg Hg/g fish – wet weight) in fish consumed by Kuwaiti 

nationals; 

 is the threshold dose for neurotoxicity, re-expressed as an equivalent intake (µg Hg / d); 

βi,b is the equilibrium ratio of blood mercury to mercury intake (µg Hg/L blood per µg Hg/day); 

βb,h is the equilibrium ratio of hair mercury to blood mercury (µg Hg/g hair per µg Hg/L blood); 

n,h is the neurotoxicity risk coefficient (IQ point loss per µg Hg/g hair);  

B is the baseline birth rate (live births/year); 

c,h is the cardiovascular risk coefficient, (risk per µg Hg/g hair); 
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φ is the plausibility of causal interpretation of the epidemiology relating cardiovascular disease to 

low level mercury exposure (dimensionless); and 

Hi is the baseline heart attack rate for sex category, i. 

 

Variability in fish consumption, and therefore exposure and risk, is addressed in two ways.  

Systematic differences in fish consumption, by sex and age, are incorporated by following four 

separate age and sex categories  – ―young women,‖ ―young men,‖ ―middle-aged/elderly women,‖ 

and ―middle-aged/elderly men‖ – through the entire calculation, allowing for differences in fish 

consumption, baseline risks, and (in principle) for any other parameter strongly dependent on age 

or sex.  Variability in fish consumption within each age and sex category is accommodated by 

using a distribution of fish consumption, rather than a single value, to characterize each group.  

The extent of such variability is reflected in the value assigned to the age and sex specific 

geometric standard deviation. 

Computationally, this variability is expressed by keeping track of the fish consumption, mercury 

intake, blood mercury, hair mercury, and both neurotoxicity and cardiovascular disease risk at 

each of seven specified fractiles of the exposure distribution – the 1%, the 5%, the 25%, the 50%, 

the 75%, the 95%, and the 99
th
%. 

Uncertainty in key model parameters is addressed by first characterizing each such parameter 

probabilistically – as normal, binomial, lognormal, triangular, for example – and by specifying 

the parameters of these distributions.  The propagation of uncertainty through the model is 

analyzed using the Monte Carlo simulation capacity of Analytica (Version 4.1, Lumina Decision 

Systems, Inc., Los Gatos, CA).  The contribution of each uncertain parameter to overall 

uncertainty, in both final and intermediate results, is determined using the importance analysis 
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functions built into Analytica.  Figures 4 and 5 represent the relative importance of each input’s 

contribution to the overall uncertainty in the result.  These ―importance diagrams‖ are created by 

estimating the contribution of each uncertain parameter to the overall uncertainty propagated 

through Monte Carlo simulations and then ranking them in order of most to least influential to the 

final uncertainty estimate. 

Parameterization 

The model has three broad sets of parameters – those having to do with mercury intake, those 

involving biomarkers, and those needed to estimate health impacts. 

Mercury Intake 

Fish Consumption 

Several studies of fish consumption of Kuwaiti nationals have been conducted.  These include the 

recent studies, Kuwait Public Health Survey II (Chapter 2 of this thesis) and KISR (2009b), as 

well as those of Al-Yakoob (1995), Khordagui and Al-Ajmi (1991), and Al-Majed and Preston 

(2000). 

We selected the Public Health Survey II (PHSII) as the basis for our primary estimates of fish 

consumption.  This work, which draws on a recent survey of 3,713 Kuwaiti nationals, provides 

estimates of overall and species-specific fish consumption; uses both one day and 4-week recall; 

and allows examination of the variability in consumption by age, sex and ethnicity.  PHSII study 

design involved interviewing four members – two young adults and their parents – from 

approximately 1389 families.  The families selected to participate in the study represented a 

random sample of all Kuwaiti families with at least two children who were younger than 12 at the 

time of Iraq’s 1990 invasion of Kuwait.  The participation rate in the PHSII study was good 
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(59%) and because of the relatively large sample size, the standard errors in the estimates of 

overall and species-specific fish consumption are relatively small. 

Table 1 summarizes our primary estimates of fish consumption from this study and breaks these 

down by sex and age category.  The consumption rates are calculated in grams of wet weight 

consumed daily (g/day) and are assumed to reflect consumption each day of the year.  Rates were 

reported as the amount of fish consumed (i) in the last 24 hours; and (ii) in the previous 4 weeks.  

We used the 4-week individual species rates and assumed that they reflected consumption 

practices throughout the year.  

Note that while the PHSII study population did not represent the full age distribution of the 

Kuwaiti national population, it did include information for two age groups of interest – i.e., young 

adult women (―the female children‖ – 16 to 28 years old at time of interview) in their primary 

child-bearing years; and middle-aged and elderly men and women (―the parents‖ – 37 to 75 years 

old at time of interview) who are at risk for heart disease.  

Uncertainty in such estimates arises not only from the need to estimate population parameters 

based on samples, but also from systematic errors in the methods underlying the estimates.  The 

PHSII questionnaire asked participants about the number of servings of fish they consumed and 

converted these to fish consumption using an assumption about the standard serving size – i.e., 

that a serving ―about the size of a deck of playing cards‖ represents somewhere between 85 and 

140 grams of fish. The midpoint of these values, 112.5 g, was used as the central estimate of a 

serving size (see Chapter I).  Furthermore, while Chapter I’s estimates of fish consumption 

derived from one day and 4-week recall are relatively similar, the estimates of total consumption 

derived by summing species-specific estimates across species (71 g/day) are approximately twice 

as large as those obtained by directly asking about ―overall‖ fish consumption (35 g/day).    
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Similarly, while species-specific estimates derived in Chapter I are not dissimilar from the 

species-specific estimates of Al-Yakoob (1995) obtained more than a decade ago, these estimates 

are somewhat smaller than those obtained in a recent study conducted by the Kuwait Institute of 

Scientific Research (KISR), which found daily consumption to be 148g.(KISR 2009b)  The KISR 

study used a quite different approach than PHSII did.  KISR visited fish markets and interviewed 

the head of household of families about to purchase fish.  The KISR questionnaire asked how 

many people in the family would eat the fish.  The survey did not ask how much fish would be 

consumed by each member of the household, which important to know when determining 

potential body burden of Hg. 

In summary, we use PHSII estimates of fish consumption, separated by sex and age group, as our 

central estimates.  Within each age and sex category, we assume that the distribution of fish 

consumption is bimodal and characterize it using three parameters – the fraction of each age/sex 

category that does not consume fish; and the median, and geometric standard deviation of a 

lognormal distribution reflecting the consumption of fish consumers in each age/sex category.   

The uncertainty in these estimates of consumption is modeled by multiplying the estimates 

derived above by a lognormal variable with a median of 1 and a geometric standard deviation of 

1.12.  The use of 1.12 is derived by treating the 85-140 gram serving size as rough 95% 

confidence intervals on fish consumption, centered on 112.5.  Here, the GSD is the 1/2 root of the 

ratio 140/112.5 because rough 95% confidence intervals are GSD
2
 times and 1/GSD

2
 times as 

large as the median. 
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Mercury Concentrations 

Both fresh fish and canned fish are likely to contain mercury.  Mercury values in several species 

of fresh fish have been determined by KISR.  Estimates of mercury in canned fish must be taken 

from the published literature. 

Fresh Fish 

KISR collected fish samples from Kuwait’s main fish markets:  Sharq, Mubarkiya, and Fahaheel.   

This collection effort was part of a larger study of fish consumption patterns among the Kuwaiti 

population.  KISR collected fish samples on the days and at times preferred by its random sample 

of 2,400 Kuwaiti households, sampling 600 households in each of four seasons to account for 

seasonal variability in fish consumption practices.  Concentration data for total mercury are 

summarized in Table 2, the data for which are taken from KISR (2009a).  Fish Hg concentrations 

during the first period of testing undertaken by KISR appear to be lower than results from later 

periods.  No reason for this observation was provided. 

Canned Fish 

In both the PHSII and KISR fish consumption studies, respondents reported eating ―canned fish.‖  

In the KISR survey, respondents specified ―canned tuna‖ or ―canned mackerel‖ and reported 

consumption of canned tuna approximately 8 times more frequently than canned mackerel (i.e., 

840 versus 104 records in KISR’s database).(KISR 2009b)  In PHSII, ―canned fish‖ was among 

the most frequently consumed species; but our literature search revealed no mercury 

concentration data for canned tuna sold in Kuwait. 

We found one study that reported mercury concentrations in both canned tuna and canned 

mackerel (Burgera 2004), and canned tuna concentrations were about 15 times higher than 

canned mackerel concentrations.  Assuming that these data are relevant for Kuwait and 
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acknowledging the greater prevalence of canned tuna in the Kuwaiti diet, we relied on mercury 

concentration data in canned tuna to judge the likely importance of canned fish to mercury 

exposure in Kuwait. 

Data from the US (USFDA, 2006), Canada (Dabeka et al., 2004), and the United Kingdom 

(Knowles et al., 2003) suggest that typical values of total mercury in canned albacore tuna are in 

the range of 0.2 to 0.4 µg Hg/g fish and that values in canned light tuna are commonly on the 

order of 0.1 µg Hg/g fish (Appendix D).  We estimate the contribution of canned fish to mercury 

intake using a mean value of 0.25 µg Hg/g fish and a standard error of 0.075 µg Hg/g fish. 

Mercury Intake 

Combining the information on fish consumption and mercury concentrations it is possible to 

estimate daily mercury intake. 

Table 3 uses the species-specific average daily fish consumption rates (g/day) from PHSII’s 4-

week recall study and KISR’s estimates of the total mercury concentration (µg/g, wet weight) by 

species for zobaidy, shrimp, hamoor, shaem, nuwaiby, maid, nagroor, and suboor.  For canned 

fish, 0.25 µg Hg/g fish from US and Canadian figures is used.  For species included in the PHSII 

fish consumption study, but not tested by KISR, including sobaity, shaary, halwayo, and ―other 

fish,‖ mercury concentrations from the species tested by KISR but not included in PHSII’s fish 

consumption survey, including chanaed, khobat, seabream, lissan althor and crab, are averaged 

and used. 

This analysis indicates that the average daily total mercury intake of the Kuwaiti national 

population is estimated in this way to be 7.4 ± 1.2 µg Hg/day, which would correspond to a 

consumption-weighted average concentration of mercury in fish of 0.104 µg Hg/g fish, wet 

weight.  The species making the largest contribution to this intake are – canned fish (2.3 µg 
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Hg/day); hamoor (2.0 µg Hg/day); shrimp (0.9 µg Hg/day); and sheam (0.8 µg Hg/day).  These 

fish species account for almost 80% of mercury intake, but only 50% of fish consumption. 

If only the species tested for mercury by KISR are included, the average daily total mercury 

intake of the Kuwaiti national population is estimated to be 4.7 µg Hg/day from consumption of 

55.6 g/day of fish.  This yields an estimated weighted average concentration of mercury in fish of 

0.0845 µg Hg/g fish, wet weight.  If the estimates of tuna consumption and concentrations of 

mercury in tuna, from the published literature are included, then the average total mercury intake 

is estimated to be 7.0 µg Hg/day and the corresponding weighted average concentration of 

mercury in fish as 0.108 µg Hg/g fish, wet weight. 

Our model characterizes the mercury concentration in fish consumed by the Kuwaiti national 

population as normal with a mean of 0.1 µg Hg / g fish, and a standard deviation of 0.01 µg Hg/g 

fish and 90% confidence intervals of 0.08 and 0.12 µg Hg/g fish. 

Biomarkers 

The values of two biomarkers – blood mercury and hair mercury, are computed.   

Blood Mercury 

The blood mercury to intake coefficient, βb,I (µg Hg/L blood per µg Hg/day), is characterized as 

normal with a mean value of 0.6 and standard deviation of 0.1.  These values are drawn from the 

literature review and synthesis of Rice (2010), which itself relies extensively on the analysis of 

Stern (2005b). 
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Hair Mercury 

The hair mercury to blood mercury coefficient, βh,b (µg Hg/g hair per µg Hg/L blood), is 

characterized as normal with a mean value of 0.25 and a standard deviation of 0.005.  These 

values are drawn from the literature review and synthesis of Rice (2010). 

Health Effects of Methyl Mercury 

The values of two health effects attributable to methyl mercury exposure, IQ losses among 

children born to women exposed while pregnant and fatal heart attacks suffered by middle-aged 

and elderly Kuwaitis, are estimated. 

Neurotoxicity 

Most analyses of the relationship between methyl mercury exposure during pregnancy and IQ are 

informed by three epidemiological studies—Grandjean’s study of the Faroe Islanders, Clarkson 

and Meyers’ study of Seychelles Islanders, and Kjellstrom’s investigation of New Zealanders 

(Grandjean et al., 1997; Meyers et al., 2003; Kjellstrom et al., 1989).  While the Faroe Island and 

New Zealand studies report statistically significant associations between methyl mercury 

exposure and decreased performance on several tests of neurological development, similar 

analyses of the Seychelles Islands data did not yield statistically significant results. 

Characterization of the evidence for relationships between mercury exposure and IQ requires one 

to determine how consistent the results from these three studies are and to synthesize them. While 

there are many differences among the studies, two issues that must be confronted in any synthesis 

are – (i) how to combine results across the various neuro-developmental domains, and (ii) how to 

combine results across the studies. There have been two efforts – one by Cohen and another by 

Axelrad—to synthesize the results from these three epidemiological studies for use in policy 

analysis (Cohen et al., 2005; Axelrad et al., 2007).   
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Rice and his colleagues critically reviewed and synthesized this evidence (Rice, 2009).  We rely 

on their interpretation of the evidence and characterize the neurotoxicity risk coefficient, n,h (IQ 

point reduction per µg Hg/g hair), as lognormal with a median of 0.3 and a geometric standard 

deviation of 1.7.   

The threshold dose for neurotoxicity, n,h (µg Hg/g hair), is assigned a value of 1.  This value is 

based on the US EPA’s reference dose for mercury of 0.1 µg Hg/kg body weight-day.  The hair 

mercury value expected to correspond to the reference dose is obtained as the product of the RfD, 

the nominal human body weight of 70 kg, and the central estimates of both the blood-intake 

coefficient, 0.6, and the hair-blood coefficient, 0.25. 

The plausibility,  of a threshold in the relationship between hair mercury and IQ is assigned a 

value 1/10.  This choice reflects the subjective interpretation of the literature by Rice (2009). 

The number of births expected among the Kuwaiti national population is taken as 28,000/year.  

This was estimated as the product of the size of the Kuwaiti national population in the year 2005 

– roughly 900,000 and the crude birth rate of 31.3 live births/1000 persons for that same 

year.(Food and Agriculture Organization of the United Nations, 2006) 

Cardiovascular Disease 

The epidemiologic evidence regarding associations between methyl mercury exposure and heart 

attack risk is quite limited. There are three positive studies—Salonen et al. (1995), Guallar et al. 

(2002), and Yoshizawa et al. (2002)  —and a similar number of negative studies—Hallgren et al. 

(2001), Ahlqwist et al. (1999), and Tamishiro et al. (1986).  

Salonen’s prospective cohort study of 1883 Finish men, who were between 42 and 60 years old at 

study initiation, reported an association between elevated hair mercury levels and increased heart 
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attack risk (RR = 1.068 at 1 µg Hg/g hair; 95% CI = 0.97 to 1.18). The mean follow-up time was 

approximately 5 years. Although the elevation in relative risk in the complete cohort is not 

statistically significant, analyses that restricted attention to the subgroup of participants with hair 

mercury levels above 2 µg Hg per g hair found larger relative risks that were statistically 

significant. One advantage of this study is that its participants were exposed to relatively low 

concentrations of fish-derived fatty acids because the primary fish species they ate was freshwater 

pike (a non fatty species). 

There have been several criticisms of these Finish studies. For example, some have noted that the 

exposure measurements were taken years before the heart attacks occurred. However, follow up 

studies of this cohort show that methyl mercury exposures persisted.  Also, critics have noted that 

the Finnish men studied consumed non fatty freshwater fish rather than the saltwater species often 

of interest for risk assessment. However, this would seem to be advantageous – in the sense that it 

would tend to increase the power of the study to detecting the harmful cardiovascular effects of 

methyl mercury, by minimizing the potential for effect modification due to the beneficial effects 

of fish-derived fatty acids. 

Evidence about mercury and heart disease among women is even more limited. In the only study 

focusing on women, risk appeared to decrease with increasing serum mercury concentration (RR 

= 0.71; 95% CI = 0.4 to 1.26) (Ahlqwist, 1999).  However, the beneficial effect was not 

statistically significant and some have noted that the measure of exposure in this study, serum 

mercury concentrations, may reflect inorganic mercury exposures and are not good indicators of 

methyl mercury exposure (Ahlqwist, 1999; Stern, 2005a). 

This review of the literature is drawn from Rice et al. (2010) as is our characterization of the 

cardiovascular risk coefficient, c,h (risk per µg Hg/g hair), as triangular with a minimum of 0, a 

mode of 0.06, and a maximum of 0.18.   
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The plausibility of causal interpretation of the epidemiology relating cardiovascular disease to 

low level mercury exposure, φ (dimensionless), is assigned a value of 1/10.  This value is based 

on the subjective interpretation of the literature of Rice (2010). 

The baseline rate of fatal heart attacks in the Kuwaiti national population is taken as 320.  The 

total number of deaths among Kuwaiti nationals in 2005 was 2492.  Roughly 40% of these were 

due to cardiovascular disease based on our analysis of mortality data for Kuwaiti nationals for the 

year 2003, which indicated that of the 2492 deaths, 993 (40.4%) were from cardiovascular causes.  

The data supporting this estimate included individual death records for all Kuwaiti national 

deaths and was provided by the chief of the Department of Vital Statistics of the Kuwait Ministry 

of Health, Dr. Ali Al-Sadek (2007).  Approximately 1/3 of all cardiovascular disease deaths were 

due to ischemic heart disease (including angina pectoris (ICD10 I20.9), acute myocardial 

infarction (ICD10 I21.9), subsequent myocardial infarction – unspecified site (ICD10 I22.9), and 

chronic ischemic heart disease – unspecified (ICD10 I25.9)).  This distribution of mortality was 

based on an analysis of data for the year 2003 provided by Dr. Ali Al-Sadek, Kuwait Ministry of 

Health as part of the KFAS-Harvard-MOH Burden of Disease project (Al-Sadek, 2007).  A 

summary of biomarker and dose-response parameter values can be found in Table 4. 

Results 

This analysis suggests that the current level of fish consumption among the Kuwaiti national 

population results in daily mercury intake of about 7 µg Hg/day, averaged across the four 

exposure groups (Table 3).  There is substantial variation by sex and age – with young women’s 

intake being the lowest, 4.5 µg Hg/day, and middle-aged/elderly men’s intake being the highest, 

13 µg Hg/day (Tables 5 and 6). 
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While these groups do not reflect the experience of the entire Kuwaiti national population, they 

do provide a reasonable basis for assessing the risks of subtle developmental effects among 

children born to pregnant women and the small increases in risks of fatal heart attacks among 

middle-aged/elderly men and women. 

Further, the analysis indicates that among the approximately 30,000 live births each year in the 

Kuwaiti national population that roughly 5000 IQ points are lost due to mercury exposure.  

Further, of the 300 deaths of Kuwaiti nationals each year due to ischemic heart disease roughly 

15 are attributable to mercury exposure (Tables 5 and 6).  

These estimates are accompanied by substantial uncertainty, due primarily to limitations in 

current worldwide scientific understanding of the biology and epidemiology of the human health 

effects of mercury.  Figures 2 (neurotoxicity) and 3 (cardiovascular disease) provide cumulative 

density functions indicating the extent of uncertainty in each of these primary estimates.  If our 

characterization of the degree of understanding and/or ignorance of each parameter is correct, 

then a 90% confidence interval for the IQ loss is from 1,800 to 13,800 points (roughly a factor of 

2-3 either side of the best estimate) and a similar confidence interval for the number of fatal heart 

attacks is from 0 to 72 (from zero to almost 5 times the central estimate). 

Figures 4 (neurotoxicity) and 5 (cardiovascular disease) illustrate the relative importance of 

various sources of uncertainty inherent in these estimates.  The figures are Analytica ―importance 

diagrams,‖ which present the rank correlation between each uncertain parameter and the resulting 

risk estimate.  The larger the correlation is, the greater the influence the uncertainty in that 

parameter on the final result.  For neurotoxicity, factors having to do with epistemic uncertainty 

in our understanding of the biology and epidemiology of mercury’s health effects, uncertainty 

about the slope of the dose-response relationship between hair mercury levels in pregnant women 

and IQ reductions in their offspring (r = 0.85), uncertainty about the intake to blood coefficient 
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(r=0.33), and uncertainty about the existence of a biological threshold in the dose-response 

relationship for neurotoxicity (r = 0.31) are the dominant and limiting sources of uncertainty.  For 

cardiovascular disease, uncertainty about whether the epidemiological studies linking mercury 

exposure to fatal heart attacks reflect causal relationships (r = 0.97) and uncertainty about the 

slope of the dose-response relationship seen in these studies (r = 0.17) are the dominant and 

limiting sources of uncertainty.  While uncertainties remain in estimates of fish consumption in 

Kuwait and about levels of mercury contamination of fish eaten by Kuwaitis, these uncertainties 

contribute only marginally to overall uncertainty in estimates of risk. 

In addition, as is shown in Tables 5 (neurotoxicity) and 6 (cardiovascular disease), there is 

considerable variability both by age and sex and by individual within each group in these risks.  

For neurotoxicity, only the exposures of young women are relevant – but within this group the 

risk varies from a zero point IQ loss among the children of the 40% of young women who do not 

eat fish to an average IQ loss of about 0.7 points among the children born to young women at the 

95
th
 percentile of the distribution of fish consumption.  For cardiovascular disease, the exposures 

of middle-aged/elderly men and women are both relevant.  Men in this age group tend to eat more 

fish than women do and also face somewhat higher background risks of cardiovascular disease, 

with the result that of the 15 deaths attributed to mercury, 11 are among men and 4 are among 

women.  Furthermore, among middle-aged/elderly men and women there is considerable 

individual variability in fish consumption, exposure and risk.  However, because of our 

assumption that there is only a 1 in 3 chance that the cardiovascular epidemiology reflects a 

causal relationship between mercury exposure and heart disease, this effect can only be seen in 

the upper fractiles of the uncertainty distribution, that is, above 66% of the function.  For example 

the 95% estimate of the relative risk faced by a man at the 95
th
 percentile of the distribution of 

fish consumption is 1.79, whereas the 95% estimate of the relative risk faced by a man at the 50
th
 

percentile of the distribution of fish consumption is only 1.05.  Similar patterns of variability in 
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cardiovascular risk are seen for women – the 95% estimate of the relative risk faced by a woman 

at the 95
th
 percentile of the distribution of fish consumption is 1.37, whereas the 95% estimate of 

the relative risk faced by a woman at the 50
th
 percentile of the distribution of fish consumption is 

only 1.02.  

Discussion 

This analysis indicates that it is reasonable to believe that current levels of mercury exposure in 

the Kuwaiti national population are influencing public health – by slightly reducing the IQs of 

newborn infants and by slightly increasing the risk of fatal heart attacks in middle-aged and 

elderly Kuwaitis.  The primary source of this exposure is consumption of fish, which contain 

trace amounts of mercury, though there are likely to other minor sources of Hg, such as kohl eye 

liner and inhalation of mercury oxides through incense smoke.  Because they were thought to be 

low level contributors, these were not analyzed separately.  It should be noted that this report 

includes extrapolated values of fish Hg for those fish of unknown Hg content.  In the case of tuna, 

Hg concentrations were taken from US and Canadian sources.  The following chapter, ―Fish 

Consumption as a Determinant of Hair Mercury Levels among Kuwaiti Nationals,‖ drops these 

fish from the analysis due to their unknown Hg content.  Should we have the opportunity to again 

conduct an Hg risk assessment in Kuwait, we would rely on fish with known fish Hg 

concentrations.  Other possible sources of Hg intake, which have been suggested anecdotally, but 

were not included in the questionnaire, included hair treatments, kohl eyeliner, herbal 

supplements, and incense smoke. Future studies should consider these other possible sources. 

These quantitative results are not easy to understand or communicate effectively.  They are stated 

in terms of expectation, conditional probabilities, and both variability and uncertainty.  For 

example, the statement that ―15 ischemic heart disease deaths each year among the Kuwaiti 

national population are attributable to mercury exposure‖ reflects the expected value of two 
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possible outcomes – (i) that there are no ischemic heart disease deaths attributable to mercury 

exposure – with probability 2/3; and (ii) that there are 45 ischemic heart disease deaths each year 

attributable to mercury exposure – with probability 1/3.  And even this is a simplification, 

because in the case that mercury exposure is causally related to ischemic heart disease deaths, the 

more accurate statement is that ―there is a 90% probability that between 10 and 100 ischemic 

heart disease deaths each year among Kuwaiti nationals are attributable to mercury exposure; and 

that the expected value of the number of such deaths is 45.‖  These subtleties are often lost in 

translation in efforts of scientists to communicate with decision makers and the public. 

The results do not imply that the entire Kuwaiti national population should immediately curtail 

their consumption of fish.  Fish contain many nutrients and convey health benefits.  The 

polyunsaturated fatty acids in fish contribute to heart health and reduce cardiovascular disease 

risks among middle-aged and elderly individuals.  Fish consumption among pregnant women and 

nursing mothers is, on balance, beneficial to the developing embryo/fetus (Guallar, Sanz-Gallardo 

et al. 2002).   

These results do suggest that young women who are pregnant, or are thinking of becoming 

pregnant, may wish to consider reducing their intake of fish species with higher levels of mercury 

in favor of fish with lower levels of mercury.  Generic guidance on this subject (in English) has 

been developed by the US EPA and FDA and is available at 

www.epa.gov/mercury/advisories.htm.  We also prepared an Arabic version of this for Kuwait. It 

would clearly be advantageous to tailor these recommendations to Kuwait, by learning more 

about the omega-3 polyunsaturated fat content of fish from the Gulf and by conducting pilot 

studies of the changes in fish consumption induced by various possible forms of mercury 

advisories.  

http://www.epa.gov/mercury/advisories.htm


 

 54 

The results do indicate that it would be sensible for officials responsible for environmental and 

public health in Kuwait to initiate studies of the sources of mercury in Kuwaiti fish, the possible 

approaches (their likely efficacy, dynamics, and costs) for reducing such exposures, and with this 

information to conduct preliminary cost-effectiveness/cost-benefit assessments in an effort to 

learn whether there are any promising, feasible and cost-effective ways for reducing mercury 

concentrations in fish.  This would have the advantage of maintaining the health benefits of fish 

consumption, while reducing the countervailing health risks due to mercury exposure. 

The results do make clear the importance of improving our understanding of the biology and 

epidemiology underlying our estimates of the health effects of low-level mercury exposure.  

Studies which could contribute to the resolution of questions about – (i) the causality of the 

relationship between mercury and heart disease, (ii) the existence of a threshold for neurotoxicity, 

and/or (iii) the slopes of the dose-response functions for either neurotoxicity or cardiovascular 

disease – would be incredibly valuable. 

Finally, these results suggest that in Kuwait there may be real opportunities to conduct studies 

which can help resolve these questions.  This potential exists because of the relatively high levels 

of mercury exposure, the contrasts in exposure between and within groups, the relatively large 

(and otherwise homogeneous nature) of the exposed population, the fact that almost 14,000 

Kuwaiti nationals are already subjects in epidemiological cohort studies (Kuwait PHS I and PHS 

II), and, perhaps most importantly, the fact that 4000 of the participants in these studies are now 

in their prime childbearing years. 
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Table 1.  Fish Consumption of Kuwaiti Nationals – Average Daily Value (g/day, wet weight) 

Input Parameter Value Units 

Fish Consumption Rate (CR) 
(a)

  g/day 

 Young Adult Women 

Median = 30; GSD = 3.5; non-consumers = 

40% 
 

 Young Adult Men 

Median = 48; GSD = 3.5; non-consumers = 

25%  

 MiddleAged/ElderlyWomen 

Median = 30; GSD = 3.5; non-consumers = 

20% 
 

 Middle Aged/Elderly Men 

Median = 65; GSD = 3.5; non-consumers = 

15% 
 

 

Notes: 

a. Total consumption rate is based on 4-week, species-specific recall data collected as part of PHSII.  The 

term ―non-consumers‖ indicates the percentage of the population that does not consume fish and is 

excluded from the consumption rate estimates. 
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Table 2. Concentration of Total Mercury in Fresh Fish (µg/g, wet weight)(KISR 2009a) 

 

  

S-1 S-2 S-1 S-2 S-1 S-2 S-1 S-2

Zobaidy - - 0.025 0.025 0.0062 - 0.025 - 4 8 0.020 0.005

Shrimp - - 0.076 0.070 - - - - 2 40 0.073 0.003

Hamoor 0.035 0.025 0.029 0.17 0.21 0.90 0.34 0.044 8 4 0.219 0.105

Shaem 0.031 0.025 0.070 0.070 0.55 0.076 0.23 0.038 8 6 0.136 0.063

Newaiby 0.025 - 0.14 0.025 0.11 0.061 0.16 - 6 6 0.087 0.024

Maid 0.029 - 0.025 - 0.066 - 0.034 - 4 20 0.039 0.009

Nagroor 0.025 0.025 0.035 0.065 0.043 0.056 0.025 0.14 8 4 0.052 0.014

Suboor 0.03 - 0.05 - 0.06 - 0.025 - 4 6 0.041 0.008

Crab 0.025 - 0.04 0.05 0.19 0.04 0.025 - 6 20 0.062 0.026

Chanaed - - 0.025 - - - 0.07 - 2 4 0.048 0.023

Khobat - - 0.07 - 0.13 - - - 2 6 0.100 0.030

Seabream 0.05 - 0.05 - - - - 2 8 0.050 0.000

Lissan Althor - - - - - - 0.03 - 1 20 0.030 NC

Tilapia - - - - - - 0.025 - 1 6 0.025 NC

All species - Mean 58 9.4 0.089 0.018

                       - SEM

Notes:

a. Results reported below detection limits were set equal to the detection limit for mercury of 0.025 mg/kg (shown in italics).

b. Results in the first period appear to be lower than results from later periods.  No reasons for this observation have 

    been provided. 

NC = not calculated; "-" = no data available for this period; SEM = standard error of the mean

Mercury CONCENTRATION ug/g wet weight (a)

1st Period (b) 2nd Period 3rd Period 4th Period

0.002

0.058

0.009

0.178

0.066

Mean SEM
Sample 

Size
SPECIES

# Fish / 

Sample

0.087

0.026

0.030

of means 

 Sheam 

 Nuwaiby 
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Table 3.  Estimated Daily Mercury Intake of the Kuwaiti National Population.  

Species 

(Local Name) 

Fish Consumption 

Mean ± Standard Error 

(grams wet weight / 

day) 

Mercury Concentration 
(a) 

Mean ± Standard Error 

(µg/g, wet weight) 

Intake 

Mean ± Standard Error 

(µg Hg / d) 

Zobaidy 13.0 ± 0.5 0.020 ± 0.005 0.27± 0.068 

Shrimp 12.5 ± 0.5 0.073 ± 0.003 0.91± 0.048 

Hamoor 9.0 ± 0.4 0.218 ± 0.105 1.96 ± 0.96 

Canned fish
(b)

 9.0 ± 0.5 0.25 ± 0.08 
(b)

 2.25 ± 0.68 

Sheam 5.7 ± 0.4 0.136± 0.063 0.78 ± 0.36 

Nuwaiby 4.4 ± 0.3 0.086 ± 0.023 0.38 ± 0.10 

Maid 4.3 ± 0.3 0.038 ± 0.009 0.16 ± 0.041 

Nagroor 4.0 ± 0.2 0.052 ± 0.014 0.16 ± 0.058 

Sobaity
(c) 

3.1 ± 0.2 0.059 ± 0.013 
(c)

 0.18 ± 0.042 

Suboor 2.2 ± 0.2 0.042 ± 0.009 0.092 ± 0.021 

Shaary
(c) 

1.3 ± 0.1 0.059 ± 0.013 
(c)

 0.076 ± 0.018 

Halwayo
(c) 

0.5 ± 0.1 0.059 ± 0.013 
(c)

 0.029 ± 0.008 

Other fish
(c) 

1.8 ± 0.2 0.059 ± 0.013 
(c)

 0.11 ± 0.025 

TOTAL: 71.3 
 

7.4 ± 1.2 

Notes: 

 a. The average concentrations and standard errors were calculated after averaging duplicate results.  If the result 

for one duplicate was detected and the other not detected, the concentration at which the initial sample was 

detected was used.  If both were not detected, the detection limit was used.      

b. The mercury concentration of canned fish, which was not analyzed by KISR, was estimated from the published 

literature.
 

c. The mercury concentration in fish species not analyzed by KISR was estimated as the mean and standard error 

of all of the species measured by KISR but not included in PHSII – including Chanaed, Khobat, Seabream, Lissan 

Althor and Crab.  The mean mercury content of these species was 0.059 ± 0.013 µg Hg/g wet weight.   
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Table 4.  Summary of Biomarker and Dose-Response Parameter Values 

Input Parameter Value Units 

   
Intake to Blood Coefficient Normal (Mean = 0.6; Std Dev = 0.1) µg/L blood per µg/day 

Blood to Hair Coefficient Normal (Mean = 0.25; Std Dev = 0.005) 
µg/g hair per µg/L 

blood 

   
Neurotoxicity DR Coefficient Lognormal (Median = 0.3; GSD = 1.7) IQ points per µg/g hair 

Threshold for Neurotoxicity
(a)

 0.1 µg/kg-d 

Probability of Threshold for 

Neurotoxicity 
Bernoulli (1/10) -- 

Births 28,000 live births/year 

   
Cardiovascular DR Coefficient Triangular (0, 0.06, 0.18) risk per µg/g hair 

Plausibility of Causal 

Interpretation 
Bernoulli (1/3) -- 

Heart Attacks, Fatal 320 heart attacks/year 

 

Notes:  

a. Converted to the approximately equivalent hair mercury concentration using a nominal body weight of 

70 kg and central estimates of both the intake to blood coefficient, 0.6, and the blood to hair coefficient, 

0.25.  Thus 0.1uµg/kg-d x 70 kg x 0.6 (µg/L blood per µg/day) x 0.25 (µg/g hair per µg/L blood) ~ 1 µg 

Hg/g hair.  
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Table 5.  Variability in neurotoxicity by age and sex category and by individual within each category.  

 

Expected 

Value
5th % 50th % 95th% 5th % 50th % 95th% 5th % 50th % 95th% 5th % 50th % 95th%

Fish Consumption g fish / d 45 37 45 54 0 0 0 7.4 8.9 11 140 170 200

Mercury Intake µg Hg / d 4.5 3.4 4.5 5.6 0 0 0 0.69 0.89 1.1 13 17 21

Blood Mercury µg Hg / L blood 2.7 1.8 2.7 3.7 0 0 0 0.35 0.53 0.75 6.7 10 14

Hair Mercury µg Hg / g hair 0.67 0.44 0.66 0.94 0 0 0 0.089 0.13 0.19 1.7 2.5 3.6

Neurotoxicity

 -- IQ loss/live birth IQ points/child 0.22 0.07 0.18 0.49 0 0 0 0 0.036 0.099 0.26 0.71 1.9

 -- IQ loss/year IQ points 6160 1830 5170 13800 --- --- --- --- --- --- --- --- ---

0.85 0.23

0.30 0.17

0.24 0.07

RESULT Units

Variability(b)

Neurotoxicity -- Infants Born to "Young Women"

5% 50% 95%
 Central Tendency (a)

(a) -- The mean of the population distribution.  (b) -- The fractiles of the cumulative exposure distribution. (c) -- The various estimates of (a) or (b) corresponding to 

the speficied fractiles (5, 50, 95) of the cumulative distribution of uncertainty. 

Uncertainty (c) Uncertainty Uncertainty Uncertainty

Parameters Contributing to Uncertainty in Estimates of Neurotoxicity and Their Pearson Rank Correlation Coefficients

Fish Mercury Concentration, C

Fish Consumption of Young Women, F

Blood to Hair Coefficient, β b,h

Neurotoxicity Risk Coefficient, n,h

Plausibility of Neurotoxicity Threshold, 

Blood to Intake Coefficient, β b,I
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Table 6.  Variability in cardiovascular risk by age and sex category and by individual within each category.

Expected 

Value
5th % 50th % 95th% 5th % 50th % 95th% 5th % 50th % 95th% 5th % 50th % 95th%

Fish Consumption g fish / d 58 48 58 70 0 0 0 17 20 24 170 200 250

Mercury Intake µg Hg / d 5.8 4.5 5.8 7.3 0 0 0 1.6 2.0 2.5 16 21 26

Blood Mercury µg Hg / L blood 3.5 2.3 3.5 4.9 0 0 0 0.8 1.2 1.7 8.1 12 17

Hair Mercury µg Hg / g hair 0.88 0.57 0.86 1.23 0 0 0 0.20 0.30 0.42 2.0 3.0 4.3

Ischemic Heart Disease Mortality

 -- Individual Risk risk/person 1.03 1.00 1.00 1.14 0 0 0 1.00 1.00 1.02 1.00 1.00 1.37

 -- Population Risk fatalities 3.5 0 0 17 --- --- --- --- --- --- --- --- ---

Expected 

Value

5th % 50th % 95th% 5th % 50th % 95th% 5th % 50th % 95th% 5th % 50th % 95th%

Fish Consumption g fish / d 133 111 133 161 0 0 0 41 49 59 380 460 560

Mercury Intake µg Hg / d 13.4 10.3 13.3 16.9 0 0 0 3.8 4.9 6.2 36 46 58

Blood Mercury µg Hg / L blood 8.0 5.3 7.9 11.2 0 0 0 2.0 2.9 4.1 18 27 39

Hair Mercury µg Hg / g hair 2.0 1.3 2.0 2.8 0 0 0 0.49 0.73 1.0 4.6 6.8 9.7

Ischemic Heart Disease Mortality

 -- Individual Risk risk/person 1.09 1.00 1.00 1.46 0 0 0 1.00 1.00 1.05 1.00 1.00 1.79

 -- Population Risk fatalities 11.5 0 0 56 --- --- --- --- --- --- --- --- ---

0.97 0.030

0.12 0.024

0.035 0.008

Fish Consumption of Middle-Aged, F

Blood to Hair Coefficient, β b,h

Fish Mercury Concentration, C

Plausibility of Causal Interpretation, φ

Cardiovascular Risk Coefficient,  c,h

Intake to Blood Coefficient, β I,b

Parameters Contributing to Uncertainty in Estimates of Fatal Heart Attacks and Their Pearson Rank Correlation Coefficients

RESULT Units

Variability

Cardiovascular Disease -- among "Middle-Aged/Elderly Women"

5% 50% 95%Population Mean

Central Tendency

Cardiovascular Disease -- among "Middle-Aged/Elderly Men"

RESULT Units

Central Tendency Variability

Population Mean 5% 50% 95%
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Figure 1.  Mercury Risk Assessment Influence Diagram. 
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Figure 2.Cumulative Density Function Relating IQ Loss in an Annual Birth Cohort to Mercury Exposure. 
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Figure 3.  Cumulative Density Function Relating Heart Attacks in an Annual Death Cohort to Mercury Exposure. 
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 Figure 4.  Neurotoxicity Importance Diagram: Partial rank correlation coefficients between model parameters and IQ loss. 
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Figure 5.  Cardiovascular Importance Diagram: Partial rank correlation coefficients between model parameters and heart attack mortality. 
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Abstract 

This paper reports the results of a large study of hair Hg levels among two groups of Kuwaitis:  

young adults and middle-aged adults. Its aim is to characterize mercury exposure among the 

Kuwaiti population and to explore the dependence of Hg exposure on fish consumption, first by 

examining the difference between consumers of fish and non-consumers, then by characterizing 

the relationship between hair mercury and levels of both overall fish consumption and fish 

consumption as grouped by the mercury content of the fish and, finally, by examining the 

relationship between measured hair mercury and estimated hair mercury.   

 

Mean hair Hg was higher in fish consumers (0.92 µg Hg/g hair) when compared to non-

consumers (0.50 µg Hg/g hair, p=0.008).  Hair Hg concentration increased 0.18 µg Hg/g hair for 

each 100 gram serving per day total fish intake (p < 0.0001).  Adjustment for sex, age group, 

BMI, hair treatment, and vitamin supplements had minimal effect on this association.  When fish 

were separated into high (≥ 0.06 µg Hg/g fish wet weight) and low (< 0.06 µg Hg/g fish wet 

weight) Hg containing fish, we found that high Hg fish were associated with an increase of 0.52 

µg Hg/g in hair Hg per 100g serving/day (p < 0.0001) and low Hg fish were associated with an 

0.18 µg Hg/g hair Hg per 100g serving/day (p = 0.0294).  Finally, we found that we could predict 

hair mercury levels using an established one-compartment model relating Hg intake to hair Hg.  

The estimates given by the one-compartment model were statistically significant predictors of 

hair mercury (p < 0.0001).  The ratio of the estimated to observed hair Hg was 0.43, about 1/2 of 

the value suggested by theory.  Age was consistently found to be a significant predictor of hair 

Hg levels, with older individuals having higher hair Hg values than their younger counterparts 

even after adjusting for covariates. 

 

Key Words:  Mercury, Hair Mercury, Fish Consumption, Kuwait
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Introduction 

Mercury (Hg) is an established neurotoxin.  The primary human health concern with regard to Hg 

is that exposure to pregnant women may increase the risk of subtle neurotoxicologic effects in the 

fetus.  In the Minimata incident, children of mothers exposed to very high Hg levels experienced 

loss of coordination, blurred vision or blindness, as well as impairment of speech and 

hearing.(Harada 1995)  Lower levels of Hg exposure in utero have been reported to impair 

cognitive development in children.(Grandjean 1998)  Most regulatory guidelines for mercury 

exposure are intended to protect against developmental effects.(European Food Safety Authority 

2004; U.S. Department of Health and Human Services/USEPA 2004)  For instance, the WHO 

Provisional Tolerable Weekly Intake and U.S. EPA reference dose are based upon this 

concern.(Joint FAO/WHO Expert Committee on Food Additives 1999; United States 

Environmental Protection Agency (USEPA) 2001)  Recently, a series of relatively small 

epidemiological studies in Finland (Salonen 1995; Salonen 2000; Virtanen 2005) reported that 

exposure to mercury was associated with increased risk of cardiovascular disease. If this observed 

association is true, its implications would be profound for the advice given to various segments of 

the population, such as those at risk for atherosclerosis and other cardiovascular diseases. 

 

Exposure to Hg occurs primarily through fish consumption and research in many countries has 

shown that frequent consumers of fish have higher body burdens of Hg, as evidenced by 

measurements of Hg in blood, hair, urine, and toenails.(Sherlock J 1984; Grandjean 1999; 

Salonen 2000; Bouzan 2005)  Where mercury concentration in fish are high, consumption 

advisories have been developed with the hope that women who are, or intend to become, pregnant 

will reduce their consumption of large predatory fish known to contain high concentrations of 

mercury, while increasing consumption of small, fatty fish, laden with beneficial polyunsaturated 
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fatty acids (PUFAs).  Some experts are concerned that unless these advisories are carefully 

worded, they may have the unintended effect of reducing fish consumption throughout the 

population with detrimental effects on public health.(Oken, Kleinman et al. 2003; Cohen 2005; 

Institute of Medicine 2006)   

 

The Food Safety Department of the World Health Organization (WHO) publishes regional diet 

profiles, which seek to describe the consumption patterns of populations in the Middle East, Far 

East, Latin America, Africa, and Europe.(World Health Organization) The WHO’s Global 

Environmental Monitoring System’s (GEMS) typical ―Middle Eastern‖ diet includes fish intake 

of 13 g/day. While these regional diets may describe average fish consumption rates across the 

region, they are not likely to provide good characterizations of the diets in coastal areas, such as 

Kuwait, that have relied on seafood for centuries.  Evidence of this within-region variability is 

found in previous studies in Kuwait, which suggest that Kuwaitis may consume nearly 70 or 80 

g/day of fish.(Al-Yakoob 1995; Saeed T. 1995)  In view of these differences, fish advisories in 

the coastal regions of the world would benefit from a better understanding of human consumption 

patterns at the national level and the association between those consumption patterns and body 

burdens of Hg.  

 

We examined hair Hg levels and dietary fish consumption in a sample of young and middle 

aged/elderly Kuwait nationals.  We examined the difference in hair Hg levels between consumers 

of fish and non-consumers.  We then characterized the relationship between hair Hg and levels of 

both overall fish consumption and fish consumption as grouped by the Hg content of the fish.  

Finally, we examined the relationship between measured hair mercury and estimated hair 

mercury.  
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Background 

The Kuwaiti population consists of roughly 3 million individuals, about 1 million of whom are 

Kuwaiti nationals.(CIA 2010)  Kuwait has traditionally been a sea-dependent society, historically 

removed from spice routes and commerce that characterize the rest of the region.  Ethnically, 

Kuwaiti nationals may be divided into two more or less distinct groups.  Those who consider 

themselves ―Bedouin‖ originate from nomadic desert tribes.  Their diet is based largely on lamb 

and other red meats.  In contrast, most Kuwaiti nationals have lived by the sea for the last several 

hundred years and have a diet based largely on seafood caught from local waters.(Clayton 1992)  

During the 1970s, a chloralkali plant located in the Gulf of Kuwait used mercury (Hg) cathodes to 

produce chlorine and bleaching powders.(Al-Majed 2000)  The effluent from such plants is often 

laden with elemental Hg that can then be taken up and converted to methyl mercury by microbes 

present in aquatic sediments with subsequent bio-magnification up the food chain.(Maserti 1991)  

Though the chloralkali plant ceased operating and the area was dredged, it is possible that Hg 

pollution remains in the sediments.(Maserti 1991; Al-Majed 2000)  In addition, there is 

continuing atmospheric deposition of Hg to the Gulf waters as a result of natural Hg cycling from 

natural and anthropogenic sources.   

 

Previous work in Kuwait has shown elevated environmental exposures to Hg.  Among 100 

Egyptian fishermen living in Kuwait the mean hair Hg concentration was 4.2 µg /g hair.(Al-

Majed 2000)  These concentrations were found to be strongly correlated with quantity of fish 

consumed and propensity for consuming the entire fish.  In a study of Kuwaiti nationals, mean 

hair Hg concentrations were 4.6 µg/g.(Bu-Olayan 1994)  For comparison, in the 1991-2000 

NHANES sample of women in the united States, geometric mean hair mercury was 0.20 

µg/g.(McDowell 2004) Among frequent fish consumers, the geometric mean hair mercury level 
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(0.38 µg Hg/g hair) was 3-fold higher than among non-consumers (0.11 µg Hg/g hair).  

 

Hair Hg concentration is the preferred biomarker for evaluating dietary Hg exposure in large 

populations because it reflects exposure over an extended period of time.(Grandjean 1999; Weihe 

2005)  Hg has a two phased cycle of clearance from the body, the first (blood) phase, is quite 

short – within 20-30 hours after consumption.  As a result, an individual’s blood will reflect a 

very short peak of Hg just after fish consumption, while their hair will reflect Hg intake averaged 

over time.(Sherlock J 1984)  Hair incorporates Hg present in circulating blood during hair 

formation in the follicle.  Once incorporated into the hair, the Hg is stable, and, as a result, gives a 

longitudinal history of blood Hg levels.(Phelps 1980; World Health Organization International 

Programme on Chemical Safety 1990)  A hair sample measuring 1cm in length reflects 

approximately one month of exposure.  

 

In addition to studies on the body burden of mercury amongst Kuwaitis, a great deal of work has 

been done to determine fish consumption rates.  These Kuwait-based fish consumption studies 

have produced a wide range of estimates of fish consumption.   

 

In 1995, Al-Yakoob et al. undertook a study that assessed the public health risks associated with 

PAH intake through fish consumption in the Kuwaiti population.(Al-Yakoob 1995)  Year-long 

fish consumption surveys were conducted in the homes of 1106 adult Kuwait citizens.  Al-

Yakoob et al. used a one-week recall, questionnaire-based approach, which makes their study 

very relevant to our own.  All results were reported by district and fish species.  The average total 

consumption per day per person was found to be approximately 69.7 grams wet weight. 

 

In 2000, Al-Majed and Preston examined the relationship between fish intake and hair mercury 
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concentrations in a sample of 100 Egyptian fishermen and 35 Egyptian control subjects, ages 16 

to 58, residing in Kuwait.(Al-Majed 2000)  Subjects were asked questions relating to their 7-day 

recall of fish eaten, the geographic source of the fish, preferred fish species, as well as parts of 

fish eaten.  The authors concluded that the fishermen’s diets consisted mostly of fish from their 

own catches with no preference for species, while the control group purchased fish from the local 

fish market with strong preferences for certain species.  Fish consumption among the majority of 

the fisherman was approximately 250 grams per meal with 1 to 2 fish meals per day. In contrast, 

average consumption within the control group was only 1 to 2 fish meals (of approximately 

similar size) per week.  Al-Majed and Preston’s study did not offer detail on daily fish 

consumption habits. 

 

In 1991, Khordagui and Al-Ajmi conducted a study to assess the potential risks posed to Kuwaiti 

fish consumers as a result of mercury intake.(Khordagui 1991)    In order to effectively determine 

mercury intake, it was necessary for the authors to first determine per capita fish intake.  For this 

purpose, Khordagui and Al-Ajmi utilized market statistics obtained from Kuwait’s Ministry of 

Planning annual Fisheries Statistics Bulletin (1985-1988).(Khordagui 1991)  The annual average 

daily consumption rate of commercially caught fish and shrimp, as reported by Khordagui and 

Al-Ajmi, was approximately 7.5 grams wet weight. The consumption rates reported by 

Khordagui and Al-Ajmi seem quite low when compared to the other, survey-based studies 

reviewed above.  It was unclear whether the study reflected the fish consumption habits of 

Kuwaiti citizens, or whether it reflected consumer behavior for the country’s entire population, a 

large percentage of which is non-Kuwaiti. 

 

Please see Appendix A of this thesis for a more in depth discussion of these studies. 



 

 77 

Methods 

Participants 

The participants in this study were selected from a larger sample population of participants in the 

2007 Kuwait Public Health Survey (PHSII).(Evans 2007)  Subjects for the PHSII were Kuwaiti 

citizens.  These individuals were drawn from 5000 families, which were themselves organized 

into 250 replicates of 20 families each, to obtain a target sample size of 3600 individuals.  Heads 

of household were asked by phone for their family’s participation, and calling continued until 

1389 heads of household agreed for their families to be a part of the study.  These participant 

families, at the time of Iraq’s 1990 invasion of Kuwait, included at least two pre-pubescent 

children.  From each family, the mother, father and two of their children (young adults by the 

time PHSII was conducted) were selected to participate. 

 

A total of 3713 individuals participated including 1863 parents (1116 mothers and 747 fathers) 

and 1850 children (1023 females and 827 males).  The overall participation rate was 59%, with 

higher participation rates among women (67%) than among men (55%).  Further details are 

provided in Appendix C of this thesis.  

 

The young adults (the ―children‖) who participated in PHSII were 16 to 28 years old at the time 

of interview, i.e., of childbearing age.  The older participants (the ―parents‖ in the study) were 

between 37 and 75 years old at the time of interview, i.e., at risk for cardiovascular disease.  The 

presence of these two age groups in the survey affords us the opportunity to examine the impact 

of fish consumption and mercury exposure on two very different ―at risk‖ groups.   

 

All of the participants in the PHS II were asked to provide a hair sample.  1872 (50%) of the 3713 
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participants in the fish consumption study provided hair samples – 1198 women (56% of those 

eligible) and 674 men (43%) – (Table 1).   

 

Budgetary constraints prevented us from analyzing the Hg content of all 1872 hair samples; 

therefore, we selected a random sample stratified by self-reported fish consumption.  Subjects 

who had provided hair samples were sorted into five groups of average daily fish consumption 

based on 4-week recall (<40 g/day; 40-80 g/day; 80-160 g/day; 160-320 g/day; and >320 g/day).  

Within each of these five fish consumption groups, 100 subjects were randomly selected (20 

mothers, 20 fathers and 20 ―children‖ from each of the 3 age categories).   

 

In the highest fish consumption category (>320 g/day) the sample was predominantly older men 

and there were not sufficient numbers of mothers or younger subjects.  Therefore there were only 

58 subjects who had provided hair samples in this highest fish consumption group.  Similarly, in 

the second highest fish consumption group (160-320 g/day) there were only 85 subjects who had 

provided hair samples; and in the third highest fish consumption group (80-160 g/day), there were 

99 subjects who had provided hair samples.  100 hair samples were obtained from each of the 

lower two fish consumption categories (<40 and 40-80 g/day),. 

 

This yielded 442 subjects for our investigation of the determinants of hair mercury among 

Kuwaitis. (Table 2)  For the purposes of this study, we oversampled subjects with high fish 

consumption.  Therefore, the mean fish consumption of subjects in this study is higher than it was 

for the full set of participants in PHSII.  

 

From this set of 442 subjects, 6 were removed because there was inadequate hair sample to 

analyze, and 4 with quite high hair mercury values above 10 µg Hg/g hair (19.0, 11.7, 26.1, and 
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34.8 µg Hg/g hair) were excluded.  We suspected that these values reflected modes of Hg 

exposure other than fish consumption because the majority of these participants exhibited low to 

moderate fish consumption. 19 additional observations were culled from the data set because their 

fish consumption records were either missing or inaccurate.  (15 were misclassified because they 

were missing the 4-wk, species-specific total fish consumption when stratified for lab analysis.  

14 of these were stratified using 24-hr fish consumption results, and 1 was stratified using 4-wk, 

overall fish consumption because neither 4-wk, species-specific, nor 24-hr was available.  All 

were erroneously treated as 0’s in the final fish consumption dataset, although they should have 

been treated as missing.  4 observations were in both datasets based on 4-wk sum of species total, 

but the fish consumption values didn’t match.)  This resulted in a final analytic data set of 413 

subjects (Figure 1).  Appendix E shows the distribution of the observations that were in either or 

both the hair Hg or the fish consumption or both data sets, sorted by fish consumption groups.    

Hair Specimens and Hair Mercury Determination 

Each participant in PHSII had been asked to provide a hair sample at the time of interview.  A 

hair sample no shorter than 1 cm in length was collected from the middle of the back of the head. 

Medical grade stainless steel scissors were used to cut the hair and dental floss was tied at the 

proximal end (the portion closest to the root) to indicate the area of the most recent Hg exposure.  

Because hair grows approximately 1cm per month, this allowed us to obtain the section of hair 

corresponding to one month of metabolic activity.  After the hair sample was cut, it was placed 

directly into a clean paper envelope and then sealed with the glue flap. Interviewers collected 

information on hair treatment: artificial color (bleached, highlighted, darkened, colored 

conditioner, henna) and chemical straightening/curling, as these could be possible confounders in 

the relationship between fish intake and hair Hg levels.  Samples were left unwashed.  
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Approximately 0.1 gram of the first centimeter of hair, measured from the proximal end, was cut 

from each hair sample. These samples were then analyzed using a Milestone DMA-80 Direct 

Mercury Analyzer in the Trace Metals Laboratory at the Harvard School of Public Health. The 

Milestone DMA uses thermal decomposition, amalgamation, and atomic absorption 

spectrophotometry.(Forham 1998; United States Environmental Protection Agency 2007)   The 

instrument detection limit for total Hg is 0.11 nanograms (ng), the operating range is 0.5 ng to 

600 ng of Hg, and the average weight of each hair sample is 0.1g, suggesting that we can detect 

approximately 1 ng of Hg per g hair – a factor of more than 100 below the levels of mercury 

expected in this population.  The practical limit of detection, based on replicate blank analyses 

(n=172), was 0.68 ngHg/gHair.  Analytical accuracy was determined through analysis of the 

standard reference material, Tort-2 (Lobster Hepatopancreas Reference Material for Trace 

Metals, National Research Council of Canada), for which a standard Hg content had been 

established.  Observed values differed from certified values by less than 9% (accuracy 91%).  

Analytical precision was estimated through replicate analysis of 10% of the samples.  The 

coefficient of variation (standard deviation/mean) was less than 7% (n=50).   

 

Fish Consumption Questionnaire 

The fish consumption questionnaire included questions about overall fish consumption and about 

the consumption of each of the ten most commonly consumed species – hamoor (orange spotted 

grouper), halwayo (jack pomfret), maid (Klunzinger’s mullet), nagroor (javelin grunter), nuwaiby 

(tigertooth croaker), shaary (starry pigface bream), she’am (yellowfin seabream), sobaity (silvery 

black porgy), suboor (Hilsa shad), and zobaidy (silvery pomfret), plus shrimp, canned fish, and a 

category for ―other‖ fish.(Kuronuma 1972)    

 

The survey used two approaches to estimate fish consumption – 4-week recall and 24-hour recall.  
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Here we rely on the estimates of species-specific and total consumption from the 4-week recall 

data.  Using these data, fish consumption for each subject, Fi, was computed using: 

 

])7/()/()/[( 
j

iijiii SSMSWDMEF  (Equation 1) 

 

Where  Ei (unitless) is 1 if subject i ever eats fish and is 0 otherwise; 

Mi (unitless) is 1 if subject i ate fish in the past 4 weeks and is 0 otherwise; 

(D/W)i (days/week) is the average number of days per week that subject i ate fish j in the 

past 4 weeks; 

 once a week or less‖  0.5 days/week  

 ―about two days a week‖  2 

 ―about three days a week‖  3 

 ―about four or five days a week‖  4.5 

 ―pretty much every day‖  7 

(S/M)i (unitless) is the typical serving size for subject i (expressed as number of 

―standard servings‖ per meal); 

 number between 0.2 and 15 

SS (grams) is the standard serving size – a constant 112.5 grams (the midpoint between 

85 and 140 g); 

7 is the number of days in the week; 

i is an index of subject; and 

j is an index of species that runs from j = 1 (shrimp) to 13 (other fish). 
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Data Analysis 

We first examined the distribution of hair Hg in the total sample.  We deleted four samples with 

hair Hg more than 8 standard deviations above the mean (> 10 µg Hg/g hair) as outliers.  Of the 

413 samples we analyzed, 145 had hair treatments.  Two of the four excluded samples had hair 

treatments. 

 

Hair Hg concentrations in fish consumers were compared with those in non-consumers using a t-

test (assuming constant variance).  Non-consumers were defined as those subjects who reported 

no fish consumption during the preceding 4 weeks.  All other subjects were categorized as fish 

consumers. 

 

We used linear regression to analyze the relationship between total fish consumption and hair Hg, 

adjusting for age, sex, body mass index (BMI), various hair treatments (bleaching, permanent 

curling or straightening, coloring), and use of herbal supplements. The measure of fish 

consumption used was species-specific, average daily fish consumption (g/day), defined as the 

sum of fish consumption by species over a 4-week recall period.  We evaluated possible effect 

modification in regression analyses stratified by age, sex, body mass index (BMI), hair treatment, 

and herbal supplements, and separately in interaction models of each of these terms with total fish 

consumption.  

 

Using species-specific mean mercury levels from data provided by the Kuwait Institute of 

Scientific Research (KISR 2009a), we grouped fish into high mercury species [mean Hg ≥ 0.06 

µgHg/g fish (wet weight)], low mercury species [mean Hg < 0.06 µgHg/g fish (wet weight)], and 

species of unknown Hg content (those not analyzed by KISR).  We then regressed hair Hg on 

consumption of high and low Hg fish based on these independent measures of fish Hg 
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concentrations, adjusting for the same potential confounders and effect modifiers. 

 

We also evaluated the species-specific fish consumption contributions to hair Hg using a fully 

empirical approach. Individual hair Hg was regressed on self-reported consumption of each of the 

thirteen fish species (4-week recall).   

 

Finally, we sought to determine whether hair Hg levels could be predicted from consumption 

quantities and fish Hg concentrations. Estimated hair Hg was computed as follows:   

 









 

j

jijeqi HgCBH ))(20.0(   Equation 2  

 

Where  Hi (µgHg/g hair) is the estimated concentration of hair Hg, by person i;   

Cij (grams/day wet weight) is the consumption of fish, j, by person, i; 

Hgj (µgHg/gram wet weight) is the concentration of Hg in fish, j; 

0.20 µgHg/gram hair is the approximate value of hair Hg that corresponds to 1µgHg/L 

blood(Shipp et al.); 

Beq (µgHg/L) is the blood equilibrium concentration corresponding to an intake of 1µg of 

Hg per day.  This is based on a one compartment model and is computed as follows:  

 

Beq = daily mercury intake (µgHg/day) x fraction absorbed by the body (0.95) x 

fraction in blood at equilibrium (0.06) / (blood volume (L = 8% of body weight 

(W kg) x λ (the rate constant corresponding to half life)), where λ = 0.693 / 45 

days, and where 45 days represents the half life of mercury in body.  Thus, for a 
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nominal body weight of 70 kg, Beq = daily mercury intake x ((0.95 x 0.06)/(5.6 L 

x (0.693/45 days)).(Rice 2010) 

All statistical analyses were performed in SAS version 9.1.3 and Microsoft Excel 2007. 

Results 

Hair Mercury 

Figure 2 presents the distribution of hair Hg values.  The median and geometric standard 

deviation are 0.51 µg Hg/g hair and 3.0, respectively.  The mean, standard deviation, minimum 

and maximum values are 0.87, 1.09, 0.01 and 8.1 µg Hg/g hair, respectively.   

 

Fish Consumers vs. Non-Consumers 

The sample was divided into non-consumers of fish (N=52) versus consumers (N=361). Mean 

hair Hg was higher in fish consumers (0.92 µg Hg/g hair) compared to the non-consumers (0.50 

µg Hg/g hair p=0.008), though it was surprising to note body burdens of mercury unrelating to 

fish consumers in the non-consumers (Table 3).  There were higher hair Hg concentrations among 

the older (37-75 years) and obese (BMI>30 kg/m
2
) consumers of fish, with p-values of < 0.001 

and 0.001, respectively (Table 3).  Neither hair treatment nor vitamin supplements were 

associated with hair Hg in either fish consumers or in non-consumers (Table 3).  

 

Association with Total Fish Consumption 

Table 4 presents the hair Hg concentrations by quintile of fish consumption.  Figure 3 shows box 

plots of hair Hg by quintile of fish consumption.  Hair Hg increased with fish consumption, 

although there is a wide distribution of hair Hg within categories of fish consumption. 
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In unadjusted regression, hair Hg concentration increased 0.18 µg Hg/g hair for each 100 gram 

serving per day total fish intake from the four-week recall (p < 0.0001, Table 5).  Adjustment for 

sex, age group, BMI, hair treatment, and vitamin supplements had minimal effect on the 

estimated association (Table 5).  There was no difference in the association of hair Hg with total 

fish consumption in analyses stratified by sex (p = 0.50), BMI (p = 0.64), or hair treatment (p = 

0.87) (Table 5).  There was a stronger association in the older (37-75 yr) subjects, adjusted 

estimate 0.28 µg Hg/g per 100g/day fish consumption, compared to younger (16-30yr) subjects, 

adjusted estimate 0.07 µg Hg/g per 100g/day fish consumption (p <  0.0001, Table 5).  There was 

also a marginally significant (p = 0.086) adjusted association between hair Hg and fish 

consumption among those taking vitamin supplements (Table 5).  

 

Association with Species Specific Fish Consumption 

We estimated the association between hair Hg and species-specific fish consumption (Figure 4).  

Consumption of hamoor (0.91 ±0.21 µg Hg/g per 100g/day) and nuwaiby (0.61 ±0.22 µg Hg/g 

per 100g/day) had statistically significant positive associations with hair Hg (Table 6).  

Consumption of five other species (shaary, nagroor, maid, sheam, and zobaidy) had positive 

associations with hair Hg, but these associations were not statistically significant (Table 6).  

Consumption of four fish species (shrimp, sobaity, suboor, and halwayo) was not positively 

associated with increased hair Hg, nor was consumption of canned fish
vii

 (Table 6).   

Consumption of other fish eaten by the survey participants, but not explicitly mentioned in the 

fish consumption survey, was also not positively associated with increased hair Hg (Table 6).  

 

Figure 5 shows the relationship between fish Hg concentrations and hair Hg concentrations for 

                                                           
vii

 Among those consuming canned fish, 20% reported eating tuna, 4% reported eating sardines, 2% 

reported eating salmon, and 1% reported eating other types of canned fish.  (The remaining 73% percent 

did not respond.)   



 

 86 

every 100 grams of fish consumed, both for measured hair Hg (plotted points) and for hair Hg 

estimated using a one-compartment model relating Hg intake to hair Hg levels.  As can be seen in 

the figure, measured hair mercury levels fell well below what was expected, given our model.   

 

We next separated fish species into those with ―high to moderate‖ impact (hamoor and nuwaiby, 

shaary, nagroor, maid, sheam, and zobaidy), and those with ―low‖ impact (other, shrimp, sobaity, 

suboor and halwayo), and separately ―canned‖ fish. 

 

In adjusted regression, we found ―high to moderate Hg impact‖ fish were associated with an 

increase of 0.35 µg Hg/g in hair Hg per 100g serving/day (p < 0.0001, Table 7), and consumption 

of ―low or no Hg impact‖ fish had no statistically significant impact on hair Hg  (p = 0.396, Table 

7).     

 

In regressions of hair Hg on fish consumption, stratified by level of Hg impact, and disaggregated 

by sex, age group, and body mass index, we found that for the high to moderate impact species, 

differences by sex (p=0.0002) – the coefficient for men was higher than for women – and age 

(p=0.0103) – with older people having higher coefficients – were significant, while differences by 

BMI category (p=0.4949) were not significant (Table 8).  For the low to no impact fish, 

difference by sex (p=0.0290) was again significant, while differences by age (p=0.8164) and BMI 

(p=0.7079) had no effect (Table 8).  The observed difference in hair Hg by sex was not explained 

by fish consumption. 

 

We had noted (Table 3) higher hair Hg concentrations among the older (37-75 years) and obese 

(BMI>30 kg/m2) participants.  The difference by age persisted in regression adjusted for total 

fish consumption (Table 5), and after adjustment for consumption by categories of Hg 



 

 87 

contamination in the fish consumed (Table 8).  Thus, the observed difference in hair Hg by age 

was not explained by fish consumption patterns. 

 

Association with Estimated Hg Intake or Predicted Hair Hg Concentration 

We separated fish into those species with Hg concentrations ≥ 0.06 µg Hg/g fish wet weight, 

including hamoor, sheam and nuwaiby; those with Hg concentrations < 0.06 µg Hg/g fish wet 

weight, including maid, nagroor, suboor and zobaidy, and those species with unknown Hg 

concentrations, including halwayo, shaary, shrimp, sobaity, canned fish and ―other.‖  While KISR 

had measured the Hg content in shrimp, the number of samples was only 2 and so the result was 

thought to be unreliable and shrimp were included in the category of species with unknown Hg 

content.  This is contrast with our approach in the previous paper, in which we incorporated 

shrimp into the risk assessment. 

 

In adjusted regression, we found high to moderate Hg fish were associated with an increase of 

0.52 µg Hg/g in hair Hg per 100g serving/day (p < 0.0001, Table 9); low Hg fish with an 0.18 µg 

Hg/g hair Hg per 100g serving/day (p = 0.0294, Table 9); and fish with unknown Hg 

concentrations were associated with no increase in hair Hg (p = 0.529; Table 9).   

 

We next looked to see if measured hair Hg levels could be predicted using the one-compartment 

model described in the methods section (Equation 2).  The estimate of hair Hg given by the one-

compartment model was a statistically significant predictor of hair mercury, with a p-value of < 

0.0001 (Table 10).  The coefficient estimate for the crude model of measured Hg regressed on 

predicted Hg was 0.48 and, for the adjusted, it was 0.43.  So, for every unit increase of the 

questionnaire-based estimated Hg level, holding all other factors constant, an average increase of 
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0.43 units in outcome is predicted. That is, increases in measured values were approximately 43% 

of what was predicted using the one compartment model.  Our results are in Table 10.   

Discussion 

We have shown that fish consumption is a determinant of hair mercury among Kuwaitis.  First, 

fish consumers have higher levels of hair mercury than non-consumers.  Second, hair mercury 

content increases with higher levels of fish consumption.  Third, the rate of hair mercury increase 

with increasing fish consumption is greater among consumers of high mercury fish, such as 

hamoor and nuwaiby, than it is among consumers of low mercury fish, such as maid and zobaidy.  

 Perhaps as importantly, we have shown that Kuwaitis who do not consume fish also have 

appreciable levels of hair mercury (mean = 0.50 µg Hg/g hair, suggesting the presence of another 

mercury source.  Other sources of possible Hg exposure and intake include hair treatment, use of 

kohl eyeliner, consumption of Hg-containing herbal supplements, and inhalation of mercury 

oxide through incense smoke. 

 

What we have not shown is that the health risks due to these elevations of mercury are large 

enough to be of any practical concern, or that they outweigh the well-established health benefits 

of fish consumption.  These questions will be considered in subsequent papers. 

 

While we have found that hair mercury levels increase with increased levels of mercury intake, 

they do not increase as rapidly as simple models of this relationship would suggest.  In fact, 

coefficients of these regressions are only 43% of predicted, suggesting one or a combination of 

the following: fish consumption has been overestimated, fish mercury levels have been 

overestimated, the random errors in our estimates of intake are large enough to bias the observed 

coefficients towards the null, or at least some of the parameters of common models relating fish 
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intake to hair mercury levels are wrong.  It is interesting to note that Sherlock (1984) found nearly 

the same thing when he conducted an experiment wherein he fed participants measured amounts 

of fish and then analyzed their hair Hg content.  He wrote that, in his carefully controlled 

experiment, the relationship between hair Hg and fish consumption was one fourth that of what 

he found when conducting dietary surveys similar to ours.  This suggests that fish consumption is 

easily overestimated in recall-based fish consumption surveys. 

 

One surprise was that consumption of canned fish did not appear to influence hair Hg.  Tuna was 

the most frequently consumed canned fish among respondents.  Thus, it is possible that our 

estimates of Hg concentration in tuna, which were derived from US, UK, and Canadian 

measurements, overestimated the actual concentrations of tuna sold in Kuwait.  Given the low 

response rate to the survey question about the type of canned fish eaten, it is also possible that 

those who did not answer this question consumed fish with lower Hg concentrations, such as 

sardines.  

 

Another surprising result was that, even after adjustment for level of fish consumption, 

consumption of high and low impact and high and low Hg-containing fish, hair Hg levels were 

higher among older adults (37-75 years).  This is, as of yet, unexplained, but seems consistent 

with a recent assessment of chronic Hg exposure in the US, based on the National Health and 

Nutrition Survey conducted from 1999 to 2006, which suggests that body burden of Hg is a 

cumulative process, increasing with increasing age.(Laks 2009)  After adjusting for Hg intake, 

higher concentrations of inorganic mercury in the body were associated with increasing age and 

correlated with pituitary, immune system, and liver biomarkers.(Laks 2009)  One would expect 

this to also be true for organic mercury, which could account for both the age and obesity effect 

seen in this study, as older adults have a higher rate of obesity.  However, there was no evidence 
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that Hg accumulates in adipose tissue.   

 

Another possible explanation is offered by a combination of studies on the biliary excretion of 

methyl mercury-glutathione (GSH) compounds (Ballatori and Clarkson 1985) and on decreasing 

GSH efflux from the liver with age (Ookhtens and Maddatu 1991).  Ballatori and Clarkson (1985) 

found that a significant amount of methyl mercury in a homogenate of rat livers complexed with 

GSH, which indicates that a methyl mercury-GSH complex exists within liver cells.  Ookhtens 

and Maddatu (1991) found that GSH release from the liver decreases with increasing age among 

a sample of rats.  These two studies, taken together, suggest that decreasing GSH function with 

age may also be involved with increasing body burden of mercury with increasing age.  The 

implication of these studies is that a one-compartment model unadjusted for age is insufficient to 

fully describe the behavior of mercury in the body. 

 

Another surprising result was that the hair Hg of men was signiciantly higher than for women 

with the same level of fish consumption.  This might be due to the use of hair treatments, such as 

bleaching, coloring, or straightening.  However, it remains largely unexplained and needs further 

research. 

 

Our study was limited to a subset of Kuwaiti nationals, chosen specifically to estimate the overall 

effects of the first Gulf War.  As such, our age distribution does not include some portions of the 

population.  However, it is important to note that our study did include two age groups reflective 

of the risk categories of interest: those of childbearing age, whose Hg intake could pose an issue 

for gestating progeny, and those older individuals who could be at risk for cardiovascular issues 

should Hg prove to be a contributor to atherosclerotic lesions.   
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Table 1. Subjects Who Participated in Various Aspects of the Study 

 

 

 
Children 

 
Parents 

Total 

 
Males 

 
Females 

Fathers Mothers 

Age at 
Invasion 

 
0-3 yrs 

 
4-7 yrs 8-11 yrs 0-3 yrs 4-7 yrs 8-11 yrs 

Age at 
Interview 

16-20 yrs 20-24 yrs 24-28 yrs 16-20 yrs 20-24 yrs 24-28 yrs 32-82 yrs 37-92 yrs 

 
Fish 

Consumption 
Study 

 

341 237 249 394 338 291 747 1116 3713 

 
 

Hair Samples 
 
 

191 103 109 200 187 160 271 651 1872 

 
Participation 

Rate 
 

56% 43% 44% 51% 55% 55% 36% 58% 50% 
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Table 2.  Subjects Selected for Analysis of Hair Mercury 

 

 Children 

 
Parents 

 

Total 

Fathers Mothers 

Age at Invasion 
 

0-3 yrs 
 

4-7 yrs 8-11 yrs 

Subjects with Hair 
Samples 

391 290 269 271 651 1872 

F
is

h
 C

o
n

su
m

p
ti

o
n

 (
g

/
d

a
y

) 

 

 
<40 

 
20 20 20 20 20 100 

40-80 
 

20 
 

20 20 20 20 100 

80-160 
 

20 
 

19 20 20 20 99 

160-320 
 

16 
 

15 14 20 20 85 

 
>320 

 
6 11 13 16 12 58 

 
Total 

 
82 85 87 95 92 442 
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Table 3. Levels of Hair Hg (µgHg/gHair) in Consumers of Fish versus Non-Consumers, Disaggregated by Sex, Age, BMI Category, Hair 
Treatment, and Supplements 

    Consumers of Fish   Non-Consumers of Fish         Interaction 

    N Mean Hg (SD)   N Mean Hg (SD)   Difference p-value   p-value 

  
        

 
 

  

Total 
 

361 0.92 (1.10) 
 

52 0.50 (0.95) 
 

0.42 0.008 
 

  

  
          

  
Sex 

          
  

  Male 200 0.95 (1.17) 
 

20 0.28 (0.32) 
 

0.67 0.011 
 

p=0.204 

  Female 161 0.89 (1.00) 
 

32 0.64 (1.17) 
 

0.25 0.200 
 

  

  Difference (p-value) 0.06 (0.603) 
  

-0.36 (0.187) 
    

  

           Age (years) 
         

  

  16-28 208 0.60 (0.69) 
 

29 0.32 (0.51) 
 

0.28 0.034 
 

p=0.241 

  37-75 153 1.37 (1.37) 
 

23 0.73 (1.28) 
 

0.64 0.036 
 

  

  Difference (p-value) -0.77 (<0.001) 
  

-0.41 (0.121) 
    

  
  

          
  

BMI (kg/m
2
) 

         
  

  <25 103 0.76 (0.92) 
 

15 0.25 (0.30) 
 

0.51 0.036 
 

p=0.411 

  25 to 30 95 0.74 (0.84) 
 

17 0.24 (0.23) 
 

0.50 0.016 
 

  

  >=30 151 1.14 (1.30) 
 

19 0.95 (1.44) 
 

0.19 0.549 
 

  

  Difference* (p-value) -0.39 (0.001) 
  

-0.71 (0.009) 
    

  
  

          
  

Hair Treatment 
         

  

  No 235 0.87 (1.03) 
 

33 0.30 (0.46) 
 

0.57 0.002 
 

  

  Yes 126 1.02 (1.22) 
 

19 0.85 (1.40) 
 

0.17 0.575 
 

p=0.222 

  Difference (p-value) 0.15 (0.235) 
  

-0.55 (0.042) 
    

  
  

          
  

Supplements  
         

  

  No 274 0.94 (1.12) 
 

38 0.55 (1.03) 
 

0.39 0.042 
 

  

  Yes 87 0.88 (1.03) 
 

14 0.36 (0.67) 
 

0.52 0.073 
 

p=0.728 

  Difference (p-value) 0.06 (0.657)     0.19 (0.533)     
 

    

* Obese versus normal and overweight. Note that values of BMI were not available for 13 subjects (12 consumers and 1 non-consumer). 
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Table 4.  Hair Hg (µg Hg/g hair) in Five Fish Consumption Groups (Includes Non-Consumers of Fish) 
 

 Daily Fish Consumption (g fish/day) – 4-Week Recall 

< 40 40-80 80-160 160-320 > 320 

Hair Hg           
(µg Hg/g hair) 

N 98 97 93 73 52 

Minimum 0.03 0.03 0.11 0.05 0.01 

Median 0.25 0.48 0.67 0.80 0.96 

Mean 0.52 0.68 0.92 1.12 1.44 

Standard Deviation 0.86 0.67 0.86 1.40 1.57 

Maximum 4.70 3.65 5.77 8.12 7.13 
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Table 5. Effect of Self-Reported Fish Consumption (100 g/day) on Hair Hg (µgHg/gHair) 

  Intercept  N 

Crude Effect   Adjusted Effect*   

Beta (95% CI) p value 
R-

square   Beta (95% CI) p value 
R-

square 
Interaction**   

p-value 

Total (0.607) 413 0.18 (0.13, 0.24) p < 0.0001 0.085 
 

0.17 (0.11, 0.23) p < 0.0001 0.183   

  p < 0.0001 
          

  

             Sex 
           

  

  Male 220 0.20 (0.13, 0.28) p < 0.0001 0.115 
 

0.19 (0.12, 0.26) p < 0.0001 0.264   

  Female 193 0.16 (0.06, 0.26) p = 0.0020 0.049 
 

0.14 (0.04, 0.24) p = 0.0082 0.115 p=0.499 

  
           

  

Age (years) 
          

  

  16-28 237 0.05 (-0.001, 0.11) p = 0.055 0.016 
 

0.07 (0.01, 0.13) p = 0.012 0.039   

  37-75 176 0.28 (0.18, 0.38) p < 0.0001 0.154 
 

0.28 (0.18, 0.38) p < 0.0001 0.184 p<0.0001 

  
           

  

BMI (kg/m
2
) 

          
  

  <25 118 0.19 (0.11, 0.27) p < 0.0001 0.149 
 

0.13 (0.05, 0.22) p = 0.003 0.280   

  25 to 30 112 0.08 (-0.01, 0.17) p = 0.048 0.035 
 

0.12 (0.02, 0.22) p = 0.015 0.075   

  >=30 170 0.21 (0.11, 0.32) p = 0.0001 0.084 
 

0.19 (0.08, 0.29) p = 0.0007 0.175 p=0.634 

  
           

  

Hair Treatment 
          

  

  Yes 145 0.18 (0.06, 0.30) p = 0.004 0.057 
 

0.16 (0.04, 0.27) P = 0.009 0.158   

  No 268 0.19 (0.13, 0.25) p < 0.0001 0.114 
 

0.18 (0.12, 0.25) p < 0.0001 0.212 p=0.87 

  
           

  

Supplements  
          

  

  Yes 101 0.27 (0.22, 0.66) p < 0.0001 0.233 
 

0.25 (0.15, 0.35) p < 0.0001 0.267   

  No 312 0.15 (0.08, 0.22) p < 0.0001 0.055   0.18 (0.08, 0.21) p < 0.0001 0.177 p=0.086 

*Adjusted for sex, age-group, BMI, hair treatment, vitamin supplements, n=400. 
**Adjusted as above plus interaction terms for fish consumption and each covariate 
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Table 6. Hair Hg as a Function of Intake of Specific Fish Species (µgHg/gHair per 100 g fish (wet weight) per day) 

(n=413; R2 = 0.166; R2adj = 0.148; SE = 1.004; F = 6.50) 

Fish 
Species 

Parameter 
Estimate 

Standard 
Error t Value Pr > |t| 95% Confidence Limits 

  
     

  

Moderate to High Hair Hg Impact 

Hamoor 0.92 0.21 4.39 <.0001 0.51 1.33 

Nuwaiby 0.61 0.22 2.81 0.005 0.18 1.03 

Shaary 0.44 0.48 0.90 0.368 -0.52 1.39 

Nagroor 0.40 0.35 1.14 0.257 -0.29 1.08 

Maid 0.33 0.21 1.55 0.122 -0.09 0.75 

Sheam 0.26 0.21 1.25 0.212 -0.15 0.67 

Zobaity 0.24 0.14 1.69 0.091 -0.04 0.51 

  
     

  

Low or No Hair Hg Impact           

Other -0.00055 0.21 -0.00 0.998 -0.40 0.40 

Canned -0.067 0.12 -0.57 0.569 -0.30 0.16 

Shrimp -0.16 0.12 -1.30 0.194 -0.39 0.08 

Sobaity -0.19 0.21 -0.89 0.373 -0.59 0.22 

Suboor -0.25 0.33 -0.75 0.455 -0.89 0.40 

Halwayo -0.48 0.72 -0.67 0.502 -1.89 0.93 
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Table 7. Estimated Effect of Self-Reported Consumption of Fish (100g/day) on Hair Hg (µgHg/gHair) for “Moderate to High”* and “Low” 

Hg Impact Fish**  

(Crude: n=413; R2 = 0.153; R2adj = 0.149; SE = 1.01; F = 37.1 with 2 df) 

(Adjusted:  n=400; R2 = 0.223; R2adj = 0.209; SE = 0.94; F = 16.0 with 7 df) 

 
Hg 

Impact 
Category 

 

Crude  Adjusted*** 

Beta (95% CI) p-value  Beta (95% CI) p-value 

 
Moderate 
to High 

 

0.42 (0.32, 0.52) p < 0.0001  0.35 (0.26, 0.45) p < 0.0001 

 
Low 

  
-0.10 (-0.21, 0.01) p = 0.082  -0.05 (-0.16, 0.063) p = 0.40 

*Hamoor, Nuwaiby, Sheam, Maid, Nagroor, Suboor & Zobaidy 

**Halwayo, Shaary, Sobaity, Canned, Other & Shrimp  

***Adjusted for sex, age-group, BMI category, hair treatment, vitamin supplements. 
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Table 8.  Estimated Effect of Self-Reported Consumption of Fish (100g/day) on Hair Hg (µgHg/gHair) for “Moderate to High” and “Low” 

Hg Impact Fish, Disaggregated by Sex, Age-Group, and BMI 

    Crude 
 

Adjusted* 
 

    
n Beta (95% CI) p-value 

 
n Beta (95% CI) p-value 

Interaction 
p-value 

High to Moderate Hg Impact Species (Hamoor, Nuwaiby, Shaary, Nagroor, Maid, Sheam, Zobaity) 

Sex 
  

Males  220 0.55 (0.43, 0.67) p < 0.0001 
 

212 0.47 (0.36, 0.59) p < 0.0001 
 

Females 193 0.15 (-0.021, 0.33) p = 0.0846 
 

188 0.11 (-0.061, 0.29) p = 0.202 p = 0.0002 

                    

Age 
Group 

16-28yrs 237 0.18 (0.07, 0.29) p = 0.0014 
 

230 0.20 (0.09, 0.31) p = 0.0006 
 

37-75yrs 176 0.44 (0.28, 0.61) p < 0.0001 
 

170 0.42 (0.25, 0.58) p < 0.0001 p = 0.0103 

          

BMI 

<25 118 0.32 (0.18, 0.46) p < 0.0001 
 

118 0.22 (0.088, 0.37) p = 0.0017 
 

25 to 30 112 0.46 (0.25, 0.67) p < 0.0001 
 

112 0.49 (0.29, 0.71) p < 0.0001 
 

>30 170 0.41 (0.24, 0.58) p < 0.0001 
 

170 0.34 (0.17, 0.50) p < 0.0001 p = 0.4949 

                    

Low to No Hg Impact Species (Other, Canned, Shrimp, Sobaity, Suboor, Halwayo) 

Sex 
Males 220 -0.15 (-0.28, -.033) p = 0.0132 

 
212 -0.09 (-0.21, 0.027) p = 0.131 

 

Females 193 0.17 (-0.10, 0.44) p = 0.214 
 

188 0.18 (-0.089, 0.45) p = 0.189 p = 0.0290 

          

Age 
Group 

16-28yrs 237 -0.042 (-0.13, 0.047) p = 0.354 
 

230 -0.027 (-0.12, 0.067) p = 0.568 
 

37-75yrs 176 -0.014 (-0.28, 0.25) p = 0.915 
 

170 0.022 (-0.24, 0.29) p = 0.871 p = 0.8164 

          

BMI 

<25 118 -0.004 (-0.19, 0.18) p = 0.966 
 

118 -0.016 (-0.18, 0.17) p = 0.985 
 

25 to 30 112 -0.15 (-0.30, 0.0011) p = 0.0516 
 

112 -0.13 (-0.28, 0.027) p = 0.104 
 

>30 170 -0.078 (-0.30, 0.14) p = 0.477 
 

170 -0.030 (-0.25, 0.19) p = 0.784 p = 0.7079 

* Adjusted for sex, age group, hair treatment, vitamin use and BMI. 
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Table 9. Estimated Effect of Self-Reported Consumption of Fish (100g/day) on Hair Hg (µgHg/gHair) by Categories of Fish Hg 

Concentration (High >0.06 µgHg/g wet weight; Low<0.06 µgHg/g wet weight); and Unknown Hg 

(Crude: n = 413; R2 = 0.153; R2adj = 0.147; SE = 1.01; F = 24.6 with 3 df) 

(Adjusted: n = 400; R2 = 0.224; R2adj = 0.208; SE = 0.94; F = 14.1 with 8 df) 

 
Hg 

Category 
 

Crude  Adjusted* 

Beta (95% CI) p-value  Beta (95% CI) p-value 

 
High Hg** 

 
0.60 (0.41, 0.79) p < 0.0001  0.52 (0.34, 0.71) p < 0.0001 

 
Low Hg*** 

 
0.25 (0.076, 0.41) p = 0.0046  0.18 (0.019, 0.35) p = 0.0294 

 
Unknown 

Hg**** 
 

-0.095 (-0.21, 0.023) p = 0.113  -0.037 (-0.15, 0.079) p = 0.529 

*Adjusted for sex, age-group, BMI category, hair treatment, vitamin supplements. 

**Hamoor, Nuwaiby & Sheam 

*** Maid, Nagroor, Suboor & Zobaidy 

**** Halwayo, Shaary, Sobaity, Canned, Other & Shrimp  
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Table 10. Measured Hair Hg (µg Hg/g hair) Regressed on Estimated Hair Hg (µg Hg/g hair) 

(Crude: n=413; R2 = 0.153; R2adj = 0.151; SE = 1.00; F = 74.0 with 1 df) 

(Adjusted:  n=400; R2 = 0.230; R2adj = 0.218; SE = 0.93; F = 19.5 with 6 df) 

 
Intercept 
(0.571) 

p < 0.0001 
 

Crude  Adjusted 

Beta (95% CI) p-value  Beta (95% CI) p-value 

 
Estimated Hair Hg 

 
0.48 (0.37, 0.58) p < 0.0001  0.43 (0.32, 0.53) p < 0.0001 

 
Sex 

(male=1; female=2) 
  

-- -- --  0.10  (-0.14, 0.33) p = 0.425 

 
Age Category 
(“child” = 1) 

 

-- -- --  -0.56 (-0.77, -0.34) p < 0.0001 

 
BMI Category 
(1 = BM <25 
 2=BMI 25-30 
 3 = BMI >30) 

 

-- -- --  0.088 (-0.037, 0.21) P = 0.169 

 
Hair Treatment 

(yes = 1) 
 

-- -- --  -0.0082 (-0.25, 0.24) p = 0.948 

 
Vitamin Supplements 

(yes = 1) 
 

-- -- --  -0.21 (-0.44, 0.024) p = 0.0787 
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Figure 1. Visual Representation of Data Set Progression 
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Figure 2. Distribution of Hair Hg (µg Hg/g hair) (n = 413) 
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Figure 3.  Hair Hg (µg Hg/g hair) in Each Fish Consumption Group 
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Figure 4. Hair Hg as a Function (Crude) of Intake of Specific Fish Species (μgHg/gHair per 100 
g fish(wet weight) per day) with Standard Error 
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Figure 5. Hair Hg Concentrations per 100 grams Fish Consumed versus Hg Concentration of Fish Consumed with Standard Error in 
Vertical and Horizontal Directions.  Estimated Mean Determined Using One-Compartment Model for Mercury Intake. 
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 Conclusion 

After undertaking these studies, we have come upon several expected, as well as some surprising 

results.  In ―Fish Consumption among Kuwaiti Nationals,‖ we have shown with two methods – 

24-hour recall and 4-week recall – that the average fish consumption of Kuwaiti consumers is 

approximately 70 g fish wt. weight/day.  This rate of consumption is comparable to intake levels 

among highly piscivorous societies in the US and elsewhere (Virtanen 2005; Science Daily 2007; 

Shilling 2010; Sluyter 2010), which suggests that our findings could have relevancy for other 

communities and ethnic groups.  In total, we determined fish consumption levels for two age 

groups – young adults and middle aged/elderly adults, as well as for two distinct ethnic groups, 

Bedouin and non-Bedouin.   Kuwait’s fish consumption patterns give us a view of commonly 

eaten fish by age, sex and ethnicity.  Based on consumption rates in Kuwait, even low levels of 

mercury in fish consumed could pose health threats. 

In ―Human Health Risks from Mercury in Fish,‖ we found that the current level of fish 

consumption among the Kuwaiti national population results in daily mercury intake of about 7 µg 

Hg/day.  There was substantial variation by sex and age – with young women’s intake being the 

lowest, 4.5 µg Hg/day, and middle-aged/elderly men’s intake being the highest, 13 µg Hg/day.  

Our analysis indicated that among the approximately 30,000 live births each year in the Kuwaiti 

national population this level of Hg intake would result in roughly 5000 IQ points lost.  We also 

found that, of the 300 deaths of Kuwaiti nationals each year due to ischemic heart disease, 

roughly 15 were attributable to mercury exposure.  

In ―Fish Consumption as a Determinant of Hair Mercury Levels among Kuwaiti Nationals,‖ we 

showed that fish consumption was a determinant of hair mercury among Kuwaitis.  Hair Hg 

values increased with increased fish consumption, as well as with high Hg-containing fish.  We 

also found that baseline hair Hg among non-consumers that was not attributable to fish 
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consumption, which suggests the presence of other sources of Hg intake.  Finally, our estimates 

of fish consumption and hair Hg, while consistent with other Kuwait studies, overestimated the 

one compartment model, typically used for risk assessments by a factor of 2.  This suggests that 

alterations must be made to Hg risk assessments to account for this incongruence.  Further, we 

found that age was a significant determinant of hair Hg levels, with older individuals exhibiting 

higher hair Hg levels than their younger counterparts after adjusting for fish consumption.  

Several authors have suggested toxicokinetic differences in Hg metabolism with age (Ballatori 

and Clarkson 1985; Laks 2009).  This suggests that the current one compartment model relating 

fish intake to blood and hair Hg levels is not sufficient for gauging Hg exposure in older adults. 

In sum, this dissertation examined intake, body burden, and potential health risks from fish 

consumption.  It is intended to serve as a tool for future risk assessors in their endeavors to 

formulate more accurate estimates of risk to societies that base their protein intake on fish.  Based 

on the results of the studies in this dissertation, one can conclude that, at least for the sample 

population studied, there are few differences in estimated fish consumption levels based on 24-

hour and 4-week recall.  However, there are significant differences when participants are asked to 

recall their ―overall‖ fish consumption, as opposed to inquiring about specific species.  This 

suggests that risk assessors should be vigilant about researching and then basing their 

questionnaires on the most commonly consumed species in a population.  However, this finding 

is countered by the fact that, in our study of hair Hg levels amongst these same consumers, hair 

Hg levels were a factor of about 2 lower than expected based on species-specific consumption 

results.  Others have found similar incongruencies when comparing the results of fish 

questionnaire-based estimated hair Hg levels to studies in which the researchers know precisely 

the intake of fish by study subjects. (Sherlock J 1984)  This suggests that species-specific 

questionnaires may actually overestimated the levels of fish consumption in a population, and 

further suggests that the lower estimates of fish consumption elicited by asking simply about 
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―overall‖ consumption may, in fact, be the correct approach.  Based on the results of this study, I 

would suggest the use of ―overall‖ fish consumption recall to obtain estimates of fish intake. 

This dissertation also found that the one compartment consistently used for determining body 

burden of Hg due to fish consumption is insufficient to describe the toxicokinetics of Hg 

processing in older adults.  Further research on a multi-compartment model that can be adjusted 

for age is needed to adequately describe Hg’s behavior in the body.  This would improve risk 

assessments for populations that vary significantly by age.  However, this is not the driving force 

behind uncertainties in estimating health impacts, in terms of neurocognitive declines and 

cardiovascular disease, caused by Hg.  Rather, the uncertainty in these estimates is driven by a 

lack of knowledge about the actual relationship between Hg intake and these deleterious 

outcomes.  Therefore, further research into these relationships should be a priority. 

This dissertation was based upon the fish consumption behaviors in the Kuwaiti population and 

its findings should, therefore, be used to improve the health, where possible, in this population.  It 

is recommended that Kuwaitis do not limit their intake of all fish, as this study did not account for 

the positive effects of beneficial polyunsaturated fatty acids found in fish.  However, it is 

recommended that Kuwaitis reduce their intake of large predatory fish, such as hamoor and 

nuwaiby, and maintain or increase their consumption of smaller fatty fish, such as sardines.  This 

advice is especially relevant for women intending to become – or who currently are – pregnant.  
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Appendix A:  Review of Relevant Fish Consumption Surveys 

 

Al-Yakoob et al.  (1995) 

Al-Yakoob S, Saeed T, Khordagui H, Saif M, Al-Matrouk K, Al-Hashash H.  1995.  

‖Estimation of risk associated with consumption of oil-contaminated seafood by 

Kuwait’s Population,‖ Final Report.  EES-121.  Prepared for the Kuwait Foundation for 

the Advancement of Sciences.  March 1995. 

 

This purpose of this study was to assess the public health risks associated with PAH intake 

through fish consumption in the Kuwaiti population.  As part the study, a year-long fish 

consumption survey was conducted in the homes of Kuwait citizens in each of Kuwait’s 

governates.   

 

In order to assess fish consumption, the authors used the daily consumption of each of 9 species 

(DCj) multiplied by the fraction of the population consuming that fish (FPj = number of persons 

consuming jth species/total number of persons surveyed).  A random sample of 1066 households, 

stratified by district and weighted by population, was interviewed over 52 weekly intervals.  A 

random adult within each home was queried about total fish consumption during the previous 7 

days.  Questions concerned the species consumed, as well as quantities and frequency of 

consumption. 

 

Daily consumption of each j
th
 species (j = zobaidy, hamoor, nakroor, sheim, nwaiby (sic), sobaity, 

suboor, maid, and shrimp) for each i
th 

individual was normalized to a 70 kg person and averaged 

over 52 weeks.  It was calculated as follows:  
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(DCj)ind = (70kg/BW) ∑ (CRj)k x (EFj)k x (1 week/7 days)/52, 

where (DCj)ind is the individual’s daily consumption of the j
th
 species (g/day. 

person or g/p.d), DCj is the mean daily consumption of males, females or all 

individuals and equivalent to ∑(DCj)ind/n, where n is the total number of males, 

females or individuals surveyed, BW is body weight (kg), (CRj)k is the amount of 

the j
th
 species consumed in the k

th
 week (grams/meal), (EFj)k is the exposure 

frequency of the j
th
 fish in the k

th
 week (meals/week)  

 

All results were reported by district and fish species.  We reproduce these results below and 

convert them to the equivalent daily consumption rates.  The average total consumption per day 

per person was approximately 69.7 grams wet weight per day per person. 
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Fish Consumption by District ± Standard Deviation 

(grams wet weight per person per day) 
 

Species 

(j) 
Male/Female Ahmadi Capital Farwaniah Hawally Jahra 

Average 

(calculated)  

Fraction of 

People 

Consuming 

Species 

(calculated) 

Final 

Average for 

Population 

(calculated) 

Zobaidy 

M 
67.1 ± 

33.2 

64.1 ± 

34.1 

78.4 ± 

91.4 

72.2 ± 

48.9 

73.7 ± 

42.3 
71.1 0.30 21.0 

F 
80.4 ± 

43.6 

78.9 ± 

40.7 

76.2 ± 

54.2 

81.9 ± 

85.0 

85.0 ± 

46.7 
80.48 0.33 26.2 

Hamoor 

M 
57.1 ± 

19.4 

56.5 ± 

25.5 

107.9 ± 

161.0 

63.4 ± 

69.6 

49.5 ± 

22.0 
66.88 0.16 10.8 

F 
63.3 ± 

16.2 

62.6 ± 

30.7 

98.5 ± 

71.1 

66.7 ± 

32.4 

63.4 ± 

10.5 
70.9 0.13 9.4 

Nakroor 

(sic) 

M 
63.6 ± 

30.2 

63.6 ± 

28.1 

115.4 ± 

186.1 

2.7 ± 

17.2 

54.6 ± 

17.8 
59.98 0.08 5.0 

F 
63.3 ± 

16.2 

79.8 

±48.4 

66.1 ± 

19.5 

58.2 ± 

19.3 

56.4 ± 

6.6 
64.76 0.07 4.4 

Sheim 

(sic) 

M 
51.3 ± 

28.7 

51.5 ± 

28.2 

88.5 ± 

73.3 

69.7 ± 

67.7 

57.1 ± 

5.5 
63.62 0.04 2.8 

F 
66.9 ± 

30.1 

56.4 ± 

28.4 

52.4 ± 

13.3 

65.2 ± 

30.5 

81.6 ± 

28.95 
64.5 0.04 2.7 

Nwaiby 

(sic) 

M 
51.3 ± 

28.7 

80.6 ± 

116.8 

56.7 ± 

18.3 

53.7 ± 

22.2 

61.9 ± 

16.3 
60.84 0.05 2.9 

F 
60.1 ± 

6.7 

65.0 ± 

26.0 

102.9 ± 

91.9 

64.2 ± 

33.3 

47.2 ± 

13.2 
67.88 0.04 3.0 

Sobaity 

M 
68.7 ± 

32.8 

135 ± 

171.2 

56.7 ± 

19.3  

49.5 ± 

13.1 

51.7 ± 

17.9 
72.32 0.04 2.9 

F 
77.6 ± 

23.2 

56.1 ± 

20.4 

48.2 ± 

12.6 

53.4 ± 

16.6 

60.2 ± 

10.4 
59.1 0.03 1.7 

Suboor 

M 
58.6 ± 

17.9 

57.9 ± 

49.4 

49.9 ± 

15.9 

47.2 ± 

18.0 

51.6 ± 

13.2 
53.04 0.09 4.7 

F 
70.1 ± 

23.5 

61.7 ± 

21.6 

58.2 ± 

21.3 

57.7 ± 

18.4 

58.7 ± 

13.3 
61.28 0.10 5.9 

Maid 

M 
54.7 ± 

29.8 

57.5 ± 

63.5 

62.2 ± 

58.4 

139.9 ± 

8.0 

48.3 

±19.2  
72.52 0.09 6.2 

F 
56.7 ± 

23.8 

60.2 ± 

25.3 

45.4 ± 

14.2 

55.4 ± 

33.5 

52.8 ± 

16.5 
54.1 0.11 5.7 

Shrimp 

M 
56.8 ± 

25.7 

65.3 ± 

47.0 

76.1 ± 

55.8 

65.2 ± 

43.2 

84.8 ± 

77.5 
69.64 0.15 10.4 

F 
75.6 ± 

42.1 

61.3 ± 

36.1 

83.1 ± 

55.7 

97.1 

±76.2 

90.5 ± 

63.9 
81.52 0.17 13.5 

Total 69.7 
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Al-Yakoob et al.’s study incorporates a large sample size and benefits from data by district, 

which would allow for district-specific risk categorizations, as might be appropriate if fish were 

purchased from district-specific markets.  However, as there are two major fish markets in 

Kuwait from which the majority of the population purchases fish, district-specific risk 

assessments are unnecessary.  Al-Yakoob et al. concluded their study with an average fish 

consumption rate very close to that found in Akashah et al.’s study, suggesting that such figures 

approach the true average per capita consumption rate in Kuwait.   

 

Khordagui and Al-Ajmi (1991) 

Hosny Khordagui and Dhari Al-Ajmi. 1991. ―Mercury in seafood: a preliminary risk 

assessment for Kuwaiti consumers.‖ Environment International, Volume 17, Pages 429-

435. 

 

This study was conducted in an effort to assess the potential risks posed to Kuwaiti fish 

consumers as a result of concomitant mercury intake.  In order to effectively determine mercury 

intake, it was necessary for the authors to first determine per capita fish intake.  For this purpose, 

Khordagui and Al-Ajmi utilized market statistics obtained from Kuwait’s Ministry of Planning 

annual Fisheries Statistics Bulletin (1985-1988).  The 7 species covered in their analysis represent 

70% of the fish and shrimp consumed in Kuwait, according to the bulletin.  The total number of 

individuals represented in the Fisheries Statistics Bulletin was unclear, though the authors stated 

that the projected number of consumers was derived from the Kuwait Central Statistics Office’s 

1986 census. 

 

The monthly consumption levels of commercially developed fish and shrimp as reported by 

Khordagui and Al-Ajmi are given in the table below.  The authors utilized a correction factor of 
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0.8 to account for segments of the Kuwait population not consuming fish (e.g., infants and low-

income individuals).  Average total consumption per day per person was found to be 

approximately 7.5 grams wet weight. 

 

Species 
Monthly Consumption 

(grams wet weight) 

Standard Error       

(grams wet 

weight) 

Daily Consumption 

(grams wet weight) 

Shrimp 42.0 20.0 1.4 

Zobaidy 42.0 6.1 1.4 

Suboor 11.6 2.4 0.4 

Nagroor 16.2 2.0 0.5 

Hamoor 28.6 6.3 1.0 

Newaiby 8.1 2.3 0.3 

Hamrah 10.0 5.9 0.3 

Other Species 67.6 10.7 2.3 

Total 

Consumption 
225.0  7.5 

 

The consumption rates reported by Khordagui and Al-Ajmi seem quite low when compared to the 

other studies reviewed in this report.  Additionally, Khordagui and Al-Ajmi’s study reports non-

survey based fish consumption rates from the years 1981-1988, which are less recent and 

potentially less accurate than other studies available. 

 

Al-Majed and Preston (2000) 

N. B. Al-Majed and M. R. Preston. ―Factors influencing the total mercury and methyl 

mercury in the hair of the fishermen of Kuwait.‖ Environmental Pollution, Volume 109, 

Issue 2, August 2000, Pages 239-250 

 

Al-Majed and Preston’s study examines the relationship between fish intake and hair mercury 

concentrations in a sample of 100 Egyptian fishermen and 35 Egyptian control subjects, ages 16 

to 58, residing in Kuwait.  Subjects were asked questions relating to their 7 day recall of quantity 
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and frequency of fish eaten, the geographic source of the fish, preferred fish species, as well as 

parts of fish eaten. 

 

The authors found that the fishermen’s diets consisted mostly of fish from their own catches with 

no preference for species, while the control group purchased fish from Fahaheel Fish Market.  

Fish consumption among the majority of the fisherman was roughly 250 grams per meal with 1 to 

2 fish meals per day.  The majority of the control group, while consuming approximately 250 

grams per meal, by contrast, consumed only 1 to 2 fish meals per week. 

 

While this study appears to be very well executed, it examined a small group of highly exposed, 

relatively young non-Kuwaiti nationals.  Additionally, Al-Majed and Preston’s study did not offer 

a great deal of detail on daily fish consumption habits.  For the purposes of this risk assessment, it 

is necessary to utilize data from a broad range of subjects, and preferably those of Kuwaiti 

citizens.  Therefore, we will not be using this study as the basis of our analysis. 
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Summary of Studies 
 

Authors 
Year of 

Publication 
Title Sample Size Target Population 

Source of Fish Consumption 

Information 
Information Gathered 

KISR 2008           

Akashah et al. 2009 

Fish consumption 

among Kuwaiti 

nationals 

3804 
Kuwaiti nationals 16 to 

>75 years of age 
Survey: 24hr and 4wk recall 

Overall per capita fish 

consumption (quantity, 

frequency), types of species 

consumed, methods of 

preparation (grilling, baking, 

poaching) 

Al-Yakoob et al. 1995 

Estimation of risk 

associated with 

consumption of oil-

contaminated seafood 

by Kuwait’s 

Population - Final 

Report 

1106 Adult Kuwaiti nationals Survey: 1wk recall 

Per capita fish consumtion 

(quantity, frequency) by 

species in general population 

Khordagui and 

Al-Ajmi 
1991 

Mercury in seafood: a 

preliminary risk 

assessment for 

Kuwaiti consumers 

Unclear 

(though it 

was stated 

that projected 

number of 

consumers 

was taken 

from Central 

Statistics 

Office 1986 

census, this 

number was 

never given) 

Kuwait nationals                 

(NOTE: this was stated; 

however, no information 

given on how 

natioanality was 

determined from market 

statistics; appears that 

numbers are reflective of 

ALL consumers; no ages 

given) 

Fish market statistics 

Overall monthly per capita 

fish consumption (quantity), 

types of species consumed, 

correction factor of 0.8 used 

to account for non-consumers 

in overall population (e.g., 

infants, low income groups) 

Al-Majed and 

Preston 
2000 

Factors influencing the 

total mercury and 

methyl mercury in the 

hair of the fishermen 

of Kuwait 

100 test 

subjects; 35 

controls 

Egyptian fisherman 16 to 

58 years of age residing 

in Kuwait 

Survey: 1wk recall 

Per capita fish consumtion 

(quantity, frequency), 

geographic source of fish, 

preferred fish, parts of fish 

eaten 
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Appendix B – Fish Consumption Questionnaire 

  

Fish Consumption 

 

Now I am going to ask you some questions about how much and what types of fish you eat.  When thinking about how much, I want you to 

think of one serving as 85-140 grams – about the size of a deck of playing cards. This will be what I mean whenever I ask about servings. 

 

[Interviewer: please place the deck of playing cards on table] 

 

[If respondent answered “Yes” to C1 or C2, do not ask C18.  Mark C18 as “Yes” and go to C19. Otherwise, ask C18.] 

 

C18.  Do you ever eat fish?  Remember to think about all kinds of fish, including shellfish, like shrimp, as well as canned fish, like 

tuna fish. 

1 YES   [C19] 

2 NO     [Skip to Section D] 

 

C19. On average, when you eat fish, about how many servings of fish do you eat at a sitting?  Remember that a serving size is 85 -

140 grams, or about the size of a deck of cards. 

___ ___ servings 
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C20. Have you eaten any fish in the past four weeks? 

1  YES   [C21] 

2  NO     [Skip to Section D] 

 

C21. How often have you eaten fish in the past 4 weeks?   

 Once a week or less 

 About two days a week 

 About three days a week 

 About four or five days a week 

 Pretty much every day 

 

C22.  On the days that you ate fish in the past 4 weeks, how often did you eat it at more than one meal on the same day? 

 Rarely or not at all; less than one-quarter of the time 

 Occasionally; less than half the time 

 Often; less than three-quarters of the time 

 Almost all the time – more than three quarters of the time 

 

Now, I am going to ask you about specific types of fish.  For each kind of fish, please tell me when was the last time you ate it.  If you 

have eaten it within the past 4 weeks, then I will ask how often you have eaten that fish and whether you ate any other parts besides 

the meat.   

[ASK QUESTION a FOR ALL FISH BEFORE GOING TO b.  THEN ASK QUESTION b FOR EACH FISH RESPONDENT 

ANSWERS YES FOR IN a.] 
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a. Do you ever eat [FISH]? 

[IF YES:] 

b.  When was the last time you ate [FISH]? 

[ASK QUESTIONS b1 AND b2 FOR ALL FISH EATEN WITHIN LAST WEEK OR WITHIN LAST 4 WEEKS] 

b1. How often did you eat [FISH] in the last 4 weeks? 

b2. Did you eat any parts of the [FISH] other than the meat?  [MARK ALL THAT APPLY] 

  [If YES] [If within last week or within last 4 weeks] 

Type of fish a.  Do you 

ever eat …? 

b.  When was the 

last time you ate 

…? 

b1.  How often did you eat 

…? 

b2. Did you eat  

any parts? 

C23. Shrimp Yes 

No 

Within last week 

Within last 4 weeks 

Within last 3 months  

Within last year 

Once a week or less 

About 2 days a week 

About 3 days a week 

About 4 or 5 days a week 

Pretty much every day 

Skin 

Head 

Liver 

Other parts 

C24. Zobaidy Yes 

No 

Within last week 

Within last 4 weeks 

Within last 3 months  

Within last year 

Once a week or less 

About 2 days a week 

About 3 days a week 

About 4 or 5 days a week 

Pretty much every day 

Skin 

Head 

Liver 

Other parts 
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  [If YES] [If within last week or within last 4 weeks] 

Type of fish a.  Do you 

ever eat …? 

b.  When was the 

last time you ate 

…? 

b1.  How often did you eat 

…? 

b2. Did you eat  

any parts? 

C25. Hamoor Yes 

No 

Within last week 

Within last 4 weeks 

Within last 3 months  

Within last year 

Once a week or less 

About 2 days a week 

About 3 days a week 

About 4 or 5 days a week 

Pretty much every day 

Skin 

Head 

Liver 

Other parts 

C26. Suboor Yes 

No 

Within last week 

Within last 4 weeks 

Within last 3 months  

Within last year 

Once a week or less 

About 2 days a week 

About 3 days a week 

About 4 or 5 days a week 

Pretty much every day 

Skin 

Head 

Liver 

Other parts 

C27. Sobaity Yes 

No 

Within last week 

Within last 4 weeks 

Within last 3 months  

Within last year 

Once a week or less 

About 2 days a week 

About 3 days a week 

About 4 or 5 days a week 

Pretty much every day 

Skin 

Head 

Liver 

Other parts 
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  [If YES] [If within last week or within last 4 weeks] 

Type of fish a.  Do you 

ever eat …? 

b.  When was the 

last time you ate 

…? 

b1.  How often did you eat 

…? 

b2. Did you eat  

any parts? 

C28. Maid Yes 

No 

Within last week 

Within last 4 weeks 

Within last 3 months  

Within last year 

Once a week or less 

About 2 days a week 

About 3 days a week 

About 4 or 5 days a week 

Pretty much every day 

Skin 

Head 

Liver 

Other parts 

C29. Nuwaiby Yes 

No 

Within last week 

Within last 4 weeks 

Within last 3 months  

Within last year 

Once a week or less 

About 2 days a week 

About 3 days a week 

About 4 or 5 days a week 

Pretty much every day 

Skin 

Head 

Liver 

Other parts 

C30. Shaary Yes 

No 

Within last week 

Within last 4 weeks 

Within last 3 months  

Within last year 

Once a week or less 

About 2 days a week 

About 3 days a week 

About 4 or 5 days a week 

Pretty much every day 

Skin 

Head 

Liver 

Other parts 
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  [If YES] [If within last week or within last 4 weeks] 

Type of fish a.  Do you 

ever eat …? 

b.  When was the 

last time you ate 

…? 

b1.  How often did you eat 

…? 

b2. Did you eat  

any parts? 

C31. Nagroor Yes 

No 

Within last week 

Within last 4 weeks 

Within last 3 months  

Within last year 

Once a week or less 

About 2 days a week 

About 3 days a week 

About 4 or 5 days a week 

Pretty much every day 

Skin 

Head 

Liver 

Other parts 

C32. She’am Yes 

No 

Within last week 

Within last 4 weeks 

Within last 3 months  

Within last year 

Once a week or less 

About 2 days a week 

About 3 days a week 

About 4 or 5 days a week 

Pretty much every day 

Skin 

Head 

Liver 

Other parts 

C33. Halwayo Yes 

No 

Within last week 

Within last 4 weeks 

Within last 3 months  

Within last year 

Once a week or less 

About 2 days a week 

About 3 days a week 

About 4 or 5 days a week 

Pretty much every day 

Skin 

Head 

Liver 

Other parts 
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C34a.  Do you ever eat canned fish (for example, tuna or sardines)? 

 Yes [C34b] 

 No [Skip to C35] 

 

 C34b.  When was the last time you ate canned fish? 

Within last week [C34b1] 

Within last 4 weeks [C34b2] 

Within last 3 months [Skip to C35] 

Within last year [Skip to C35] 

 

C34b1.  How often did you eat canned fish in the past 4 weeks? 

Once a week or less 

About 2 days a week 

About 3 days a week 

About 4 or 5 days a week 

Pretty much every day 

 

C34b2.  What kinds of canned fish have you eaten in the past 4 weeks? [MARK ALL THAT APPLY] 

 Tuna 

 Salmon 

 Anchovies or sardines 

 Mackerel 

 Other, specify __________________________________________ 
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C35a. Do you ever eat any other kind of fish that I haven’t mentioned? 

 YES [C35A1] 

 NO [C36] 

 

  C35a1.  What other kinds of fish did you eat? [RECORD NAMES OF ALL OTHER FISH EATEN] 

   __________________________________________________________________________ 

  

C35a2. When was the last time you ate this (any of these)?  [IF R MENTIONS MORE THAN ONE KIND OF FISH, USE “ANY 

OF THESE”] 

Within last week [C35b1] 

Within last 4 weeks [C35b1] 

Within last 3 months [Skip to C36] 

Within last year [Skip to C36] 

 

C35b1. How often did you eat this (any of these) in the past 4 weeks?  

Once a week or less 

About 2 days a week 

About 3 days a week 

About 4 or 5 days a week 

Pretty much every day 

 

C35b2. Did you eat any parts other than the meat? [MARK ALL THAT APPLY] 
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Skin 

Head 

Liver 

Other parts 

 

C36.  We’ve been talking about the fish you’ve eaten in the past 4 weeks.  Now think about the 4 weeks before that and compare the 

amount of fish you ate then to what you’ve eaten in the past 4 weeks.  How would you say the two periods compare? 

  About the same 

  Have eaten more fish in past 4 weeks 

  Have eaten less fish in past 4 weeks 

 

C37.  Have you eaten any fish in the last 24 hours?  Remember to include all kinds of fish, including shellfish and canned fish. 

  YES [C38] 

  NO  [Skip to Section D] 

 

Now, I am going to ask you about the fish you have eaten in the past 24 hours.  For each kind of fish, please tell me whether you ate that fish 

in the past 24 hours.  If you did, I will also ask you about the number of servings you ate, what parts of the fish you ate, how the fish was 

cooked, and where the fish was from.    

[ASK QUESTION a FOR ALL FISH BEFORE GOING TO b, c AND d.  THEN ASK QUESTIONS b, c, AND d FOR EACH FISH 

EATEN IN PAST 24 hours.] 

a. Did you eat [FISH]? 
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[IF YES:] 

b.  How many servings of [FISH] did you eat in the past 24 hours? 

c. Did you eat parts of the fish other than the meat? 

d. How was it cooked?  Was it broiled, baked, grilled, fried; or was it in a stew or casserole? 

e. Where was the fish from?  Was it from Kuwait waters or elsewhere in the Gulf?  From outside the Gulf? 

 

What kinds of fish did you eat in the past 24 hours?  Please think about all of the fish that you have eaten since this time yesterday. 
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Type of fish a. Ate in 

past 24 

hours 

b. # Servings c. Ate 

parts? 

d. How was it 

cooked? 

e. Where was the 

fish from? 

C39. Shrimp Yes 

No 

___ ___ Skin 

Head 

Liver 

Other 

 

Broiled 

Baked 

Grilled 

Fried 

In stew or soup  

Other 

Don’t know 

Kuwaiti waters 

Other Gulf waters 

Outside Gulf waters 

Don’t know 

C39. Zobaidy Yes 

No 

___ ___ Skin 

Head 

Liver 

Other 

 

Broiled 

Baked 

Grilled 

Fried 

In stew or soup  

Other 

Don’t know 

Kuwaiti waters 

Other Gulf waters 

Outside Gulf waters 

Don’t know 
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Type of fish a. Ate in 

past 24 

hours 

b. # Servings c. Ate 

parts? 

d. How was it 

cooked? 

e. Where was the 

fish from? 

C40. Hamoor Yes 

No 

___ ___ Skin 

Head 

Liver 

Other 

 

Broiled 

Baked 

Grilled 

Fried 

In stew or soup  

Other 

Don’t know 

Kuwaiti waters 

Other Gulf waters 

Outside Gulf waters 

Don’t know 

C41. Suboor Yes 

No 

___ ___ Skin 

Head 

Liver 

Other 

 

Broiled 

Baked 

Grilled 

Fried 

In stew or soup  

Other 

Don’t know 

Kuwaiti waters 

Other Gulf waters 

Outside Gulf waters 

Don’t know 
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Type of fish a. Ate in 

past 24 

hours 

b. # Servings c. Ate 

parts? 

d. How was it 

cooked? 

e. Where was the 

fish from? 

C42. Sobaity Yes 

No 

___ ___ Skin 

Head 

Liver 

Other 

 

Broiled 

Baked 

Grilled 

Fried 

In stew or soup  

Other 

Don’t know 

Kuwaiti waters 

Other Gulf waters 

Outside Gulf waters 

Don’t know 

C43. Maid Yes 

No 

___ ___ Skin 

Head 

Liver 

Other 

 

Broiled 

Baked 

Grilled 

Fried 

In stew or soup  

Other 

Don’t know 

Kuwaiti waters 

Other Gulf waters 

Outside Gulf waters 

Don’t know 
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Type of fish a. Ate in 

past 24 

hours 

b. # Servings c. Ate 

parts? 

d. How was it 

cooked? 

e. Where was the 

fish from? 

C44. Nuwaiby   Yes 

No 

___ ___ Skin 

Head 

Liver 

Other 

 

Broiled 

Baked 

Grilled 

Fried 

In stew or soup  

Other 

Don’t know 

Kuwaiti waters 

Other Gulf waters 

Outside Gulf waters 

Don’t know 

C45. Shaary Yes 

No 

___ ___ Skin 

Head 

Liver 

Other 

 

Broiled 

Baked 

Grilled 

Fried 

In stew or soup  

Other 

Don’t know 

Kuwaiti waters 

Other Gulf waters 

Outside Gulf waters 

Don’t know 
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Type of fish a. Ate in 

past 24 

hours 

b. # Servings c. Ate 

parts? 

d. How was it 

cooked? 

e. Where was the 

fish from? 

C46. Nagroor Yes 

No 

___ ___ Skin 

Head 

Liver 

Other 

 

Broiled 

Baked 

Grilled 

Fried 

In stew or soup  

Other 

Don’t know 

Kuwaiti waters 

Other Gulf waters 

Outside Gulf waters 

Don’t know 

C47. She’am Yes 

No 

___ ___ Skin 

Head 

Liver 

Other 

 

Broiled 

Baked 

Grilled 

Fried 

In stew or soup  

Other 

Don’t know 

Kuwaiti waters 

Other Gulf waters 

Outside Gulf waters 

Don’t know 
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Type of fish a. Ate in 

past 24 

hours 

b. # Servings c. Ate 

parts? 

d. How was it 

cooked? 

e. Where was the 

fish from? 

C48. Halwayo Yes 

No 

___ ___ Skin 

Head 

Liver 

Other 

 

Broiled 

Baked 

Grilled 

Fried 

In stew or soup  

Other 

Don’t know 

Kuwaiti waters 

Other Gulf waters 

Outside Gulf waters 

Don’t know 

C49. Canned 

fish  

Specify:  

Yes 

No 

___ ___ Skin 

Head 

Liver 

Other 

 

Broiled 

Baked 

Grilled 

Fried 

In stew or soup  

Other 

Don’t know 

Kuwaiti waters 

Other Gulf waters 

Outside Gulf waters 

Don’t know 
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Type of fish a. Ate in 

past 24 

hours 

b. # Servings c. Ate 

parts? 

d. How was it 

cooked? 

e. Where was the 

fish from? 

C50. Other 

Specify: 

Yes 

No 

___ ___ Skin 

Head 

Liver 

Other 

 

Broiled 

Baked 

Grilled 

Fried 

In stew or soup  

Other 

Don’t know 

Kuwaiti waters 

Other Gulf waters 

Outside Gulf waters 

Don’t know 

 

C51.  In the past 24 hours, did you eat your meals with any of our other study participants? 

 Yes [C51a] 

 No [Skip to Section D] 

 

C51a.  Which ones? [Mark all that apply] 

 Person A (Mother) 

 Person E (Father) 

 Person D (0-3 yo) 

 Person B (4-7) 

  Person C (8-11)
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Appendix C – Population for Fish Consumption Survey 

 

This study of hair mercury and of its relationship with fish consumption was one element of a 

much larger public health study in Kuwait.  The larger study included two phases.  The first phase 

involved a cohort of 5028 Kuwaitis who were between 50 and 69 years old at the time of Iraq’s 

1990 invasion of Kuwait (PHSI).  The second phase involved a cohort of approximately 2000 

Kuwaiti families with at least two children (one in at least two of the following age groups: 0 to 3 

years old; 4-7 years old; and 8 -11 years old) at the time of the invasion (PHSII).  

  

The sampling frame for the second phase was a list of the entire population of 572,518 Kuwaiti 

citizens alive on the eve of Iraq’s invasion. From this 6,406 individuals without adequate 

information on sex, age, residence, and household status were culled.  From the remaining 

566,112 Kuwaiti citizens, all families meeting the eligibility criteria outlined above were 

identified.  From these eligible families, 5000 families were selected randomly and organized into 

250 replicates of 20 families (80 individuals) each.   

  

This phase of the Kuwait public health study was itself conducted in two parts.  The first part, 

which involved roughly 1000 eligible families, collected basic information on health status, 

exposure to environmental contaminants and trauma, diet, exercise, smoking, socioeconomic 

status and other determinants of health, but did not include biomonitoring and did not collect 

detailed information on fish consumption.  The second part, which targeted 900 additional 

families, gathered all of the information listed above, but also collected detailed information on 

fish consumption (both total and species-specific) and gathered hair samples for subsequent 

mercury analysis. 

  

Replicates were opened sequentially.  Following the procedure described below, the head of 

household in each family in the replicate was contacted.  In the case that the head of household 

could not be reached, the process would be repeated until either the head of household was 

reached or four unsuccessful attempts had been made.  Once it was determined whether a 

household had agreed to participate, had declined, or could not be reached, the replicate was 

closed and the next one was opened.   This continued until the target sample size was reached. 
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The head of household in each family was contacted and asked whether they would like to 

participate in the study.  The purpose and nature of the study were described following a protocol 

approved by both the Kuwait Medical Ethics Committee and the Harvard School of Public Health 

Institutional Review Board.  For those families who agreed to participate, a standard consent form 

was issued and signed prior to their participation, and an appointment was set for an in-home 

interview and for collection of biological specimens, including a hair sample and a blood spot. 

  

The target sample size for part two of phase two was 900 families – consisting of 300 of each 

type – i.e., 300 with one child 0-3 years old at the time of the invasion and a second child 4-7 

years old; 300 with one child 0-3 years old at the time of the invasion and a second child 8-11 

years old; and 300 with one child 4-7 years old at the time of the invasion and a second child 8-11 

years old.  This would have resulted in 1800 children and 1800 parents for a total of 3600 

participants. 

  

The actual sample size, 3713, is somewhat larger than the target.  This is because new replicates 

continued to be opened until the target sample size was reached, and once a new replicate was 

opened, all families in the replicate needed to be contacted.  All of those who agreed to 

participate were interviewed, had biological specimens collected, and contributed to the actual 

final sample size.   
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Appendix D:  Concentration of Total Mercury in Canned Tuna 

(µg/g, wet weight) 

 

 

 

Arithmetic 

Mean Median

Standard 

Deviation

Standard 

Error

Minimum 

Detected 

Concentration

Maximum 

Detected 

Concentration

Number 

of Samples

United States 0.118 0.075 0.119 - <0.01 0.852 347

New Jersey 0.118 0.087 0.099 0.015 - 0.447 45

Canada

skipjack 0.09 0.052 - - 0.036 0.174 7

yellowfin 0.085 0.037 - - 0.02 0.587 11

other 0.047 0.046 - - 0.025 0.069 5

United Kingdom 0.14 0.12 0.12 0.024 0.031 0.61 23

United States 0.353 0.339 0.126 - <0.01 0.853 399

New Jersey 0.407 0.368 0.167 0.015 - 0.997 123

Canada 0.26 0.249 - - 0.193 0.384 16

United Kingdom 0.23 0.23 0.049 0.035 0.2 0.27 2

Canned light tuna

Canned albacore tuna

Data Sources
United States:  U.S. Food and Drug Administration, updated in 2006. Available at:  
http://www.fda.gov/Food/FoodSafety/Product-
SpecificInformation/Seafood/FoodbornePathogensContaminants/Methylmercury/ucm115644.htm.

New Jersey:  Burger J, Gochfeld M. 2004.  Mercury in canned tuna:  white versus light and temporal variation.  
Environmental Research, 96:239-249.  Burger and Gochfeld measured total mercury and inorganic mercury in a 
subset of samples and estimated methyl mercury concentrations by subtraction.  Using this approach, they 
estimate that 83-89% of total mercury in canned tuna samples is methylated. 

Canada:  Dabeka R, McKenzie AD, Forsyth DS, Conacher HBS. 2004.  Survey of total mercury in some edible fish 
and shellfish species collected in Canada in 2002.  Food Additives and Contaminants, 21(5):434-440.

United Kingdom:  Knowles TG, Farrington D, Kestin SC.  2003.  Mercury in Imported Fish and Shellfish, UK Farmed 
Fish and Their Products.  Available at: http://www.food.gov.uk/multimedia/pdfs/fsis40_2003.pdf.  The table 
includes only the United Kingdom data identified as albacore  (or "white") and as skipjack, which  is commonly 
used in canned light tuna.  
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Appendix E:  Reconciliation of Fish Consumption and Lab Stratification Data Sets* 

 

* Shaded cells – correct in both data sets; red font – outliers dropped from analysis, NP – not present, FC – fish consumption, 4wk SS – 4 week, species-specific recall, 4wk,O – 
4wk, overall recall, 24hr – 24-hour recall. 

Study ID, LSD FC (Recall period), FCD 

FC (Recall period) 
Count 

Study ID, LSD FC 

(Recall period), 

FCD FC (Recall 

period) 

Count 

Study ID, LSD FC 

(Recall period), 

FCD FC (Recall 

period) 

Count 

Study ID, LSD FC 

(Recall period), 

FCD FC (Recall 

period) 

Count 

Study ID, LSD FC 

(Recall period), 

FCD FC (Recall 

period) 

Count 

Study ID, LSD FC (Recall 

period), FCD FC (Recall 

period) 

Count 

< 40

[Correct in both data sets, different 

recall: 43180A, 0 (24 hr), 0 (4wk)  

12247E, 0 (24 hr), 0 (4wk)              

36923E, 0 (24 hr), 0 (4wk)]

98
33578B, 16.07 (4wk SS), NP    

43257D, 30.36 (4wk SS), NP
2 100

40-80

46221E, 64.29 (4wk O), 0 (4wk SS) 1 97
02329B, 64.29 (4wk SS), NP  

36869D, 40.18 (4wk SS), NP
2 100

80-160

36483D, 112.5 (24hr), 0 (4wk SS)     

46134D, 112.5 (24hr), 0 (4wk SS)
2 93

50751C, 128.57 

(4wk SS), 168.75 

(4wk SS)

1

60927B, 80.36 (4wk SS), NP  

55275C, 80.36 (4wk SS), NP  

37540D, 120.54 (4wk SS),NP

3 99

160-320

58714A, 225 (24hr), 0 (4wk SS)  

36745A, 225 (24hr), 0 (4wk SS)   

26779A, 225 (24hr), 0 (4wk SS)  

38290A, 225 (24hr), 0 (4wk SS)   

36483A, 225 (24hr), 0 (4wk SS)  

09822B, 225 (24hr), 0 (4wk SS) 

41287D, 225 (24hr), 0 (4wk SS)   

52094D, 225 (24hr), 0 (4wk SS)  

51914A, 190.80 (4wk SS), 0 (4wk SS) 

41427B, 240.07(4wkSS), 16.07(4wkSS)   

10

21480D, 168.75 

(4wk SS), 128.75 

(4wk SS)

1 73 58800D, 160.71 (4wk SS), NP 1 85

>320

29683A, 450 (24hr), 0 (4wk)  41953E, 

787.50 (24hr), 0 (4wk)  00719E, 675 

(24hr), 0 (4wk)  48268, 675 (24hr), 

0(4wk)

4 52
47746C 522.32 (4wk SS), NP  

41392A, 843.75 (4wk SS), NP
2 58

Not 

Present

41287B, NP, 8.04 (4wk SS) - likely 

mislabelled in LSD as 41287D
1

50426D, NP, 

168.75 (4wk SS)
1

116 97 94 75 52

Fish Consumption Data Set (FCD)

LSD Total 
< 40 40-80 80-160 160-320 >320

Final Analytic Data Set Total

413

La
b 

St
ra

ti
fi

ca
ti

on
 D

at
a 

Se
t (

LS
D

)

442

434

 FCD Total

Not Present


