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The earliest point of departures (PoDs) and toxicological reference values (TRVs) for the health effects of methyl mercury (MeHg) exposure were primarily based on poisoning cases in adults from Japan (Minamata Bay and Niigata) and Iraq. Most risk assessment organizations subsequently arrived at more conservative lower PoDs and TRVs to protect against neurodevelopmental effects in children exposed prenatally to MeHg. While these lower PoDs and TRVs for this sensitive subgroup have largely replaced the earlier values based on adult neurotoxicity, the latter values may still be considered applicable for risk assessment of neurological effects in the adult general population. A brief summary of some of the PoDs and TRVs for the adult general population are provided below. Note that older publications reporting biomarker and oral mercury intakes often did not specify if the values referred to total mercury (THg) or MeHg. In this review, it was assumed that biomarker concentrations in blood and hair represented THg and oral intakes were MeHg unless otherwise specified in the source publication. 

Swedish Expert Group (1971)

In 1968, the Swedish National Institute of Public Health appointed an expert group (Swedish Expert Group or SEG here) to evaluate the toxicological and epidemiological health effects data related to exposure to MeHg from fish (SEG, 1971). A large part of the SEG report was based on information gathered in a study trip to Japan by several of the expert group members who reviewed Swedish translations of many of the previously unpublished Japanese-language adult case reports of MeHg poisoning from Minamata Bay and Niigata, and the SEG report also included interviews with many of the key Japanese clinical investigators. The work from this study trip was summarized in a Swedish language report (Berlin et al., 1969) and subsequently in the English-language SEG review (1971). A similar report containing much of the same information was also published by academics from the Swedish Karolinska Institute (3 of the authors were also on the SEG) under contract to the US EPA (US EPA, 1971).

Estimates of MeHg exposure based on fish intake from both Minamata Bay and Niigata were not used to assess risk due to unreliable data on fish consumption and MeHg levels in fish (p.187 of the report). Instead blood and hair THg, principally from Niigata cases, were used to assess the dose-response and establish thresholds for adult neurological effects (summarized in Chapter 9.2 of the report; p.165-180). Briefly, whole blood THg concentrations of 17 cases from Niigata were presented in Table 9.5 of the SEG report, including the date on neurological symptom onset and the date of blood sampling. Eight of the 17 cases had multiple blood THg measures over time. This data was graphically visualized in Figure 9.1 to extrapolate the blood levels at day 0 of symptom onset based on the assumption that exposure ceased at symptom onset. The highest day 0 extrapolated blood concentrations were > 2000 µg/L THg while the lowest three exposed cases (cases #17, 18, 19 in Figure 9.1 of the SEG report) had estimated blood levels ranging from 200 – 400 µg/L THg. Measures of THg in hair were also reported for 36 of the Niigata cases in Table 9.7 (p.175-177) with date of symptom onset and date of hair sampling to allow for extrapolation to day 0 in Figure 9.3 (p.178). From Figure 9.3, the day 0 hair mercury concentrations were estimated to fall between >200 to 1000 µg/g THg “as a general rule”. Only a single case (#30) had a hair mercury concentration < 200 µg/g, which was reported to be 52 µg/g THg at 1-30 days after the onset of disease symptoms. 

The SEG also reviewed the available data on potential prenatal effects, including 22 reported cases of prenatal poisoning from Minamata Bay (Table 10.1 on p.203-204 of the SEG report). Data were reported on hair THg in the 22 putative cases for children 1-6 yrs old (5 – 100 µg/g THg) and their mothers (2 – 190 µg/g THg). Since the maternal and child hair samples were taken several years after birth, there was no reliable estimate of prenatal exposure from these data. A single case of prenatal poisoning from Niigata was also reported, with measured maternal hair levels of 290 and 82 µg/g THg at 2.5 months and 4 months, respectively, post-partum and estimated maternal hair levels at birth of approximately 600 µg/g THg (p.204). The SEG considered “the data on prenatal poisoning [to be] particularly limited” (p.29). Ultimately, no PoD or TRV were derived for neurodevelopmental effects following prenatal MeHg exposure, while the safety factor of 10 was applied to the PoD for adult neurotoxicity, in part, to account for this uncertainty (p.276 of the SEG report).

The SEG noted that the underlying Japanese source materials reporting the blood and hair THg concentrations for the Niigata adult poisoning cases provided somewhat inconsistent information on mercury levels and dates (e.g. duration of exposure, onset of symptoms, etc.), and therefore, these data were considered uncertain by the SEG. Nonetheless, based on the Niigata data in adults, the SEG determined that neurological symptoms may occur in sensitive individuals as low as 200 µg/L THg in blood and approximately 50 µg/g THg in hair.[footnoteRef:2] The estimated lowest neurological effect level of 200 µg/L THg in blood was then converted to a level in red blood cells (RBCs) of 400 µg/kg (reported as 0.4 µg/g THg) by assuming the concentration of THg in whole blood is 50% of RBCs. This value in RBCs was converted to an equivalent estimated oral intake of approximately 0.3 mg/day MeHg (300 µg/day MeHg) based on a regression equation using data from Swedish volunteers by Birke et al. (1967)[footnoteRef:3]: ([RBC ug/kg THg] = 1400 * [oral intake of mg/day MeHg] + 3). Substituting the lowest mercury effect level in RBCs of 400 µg/kg THg (equivalent to 200 µg/L in blood), the regression equation gives an estimated oral intake of 0.284 mg/day MeHg (284 µg/day MeHg), which was presumably rounded up and reported as “about 0.3 mg/day as MeHg” (p.29 & p.271). This per person daily oral PoD was also expressed on a body weight basis as approximately 4 µg/kg-bw/day MeHg for a 70 kg adult (presumably rounded down from 4.29 µg/kg-bw/day MeHg) (Table 14.1 on p.269). The SEG report explicitly identified the lowest adult neurological effect levels (PoDs) in blood, RBCs, hair, and oral intake (Table 14.1, p.268), the recommended safety factor of 10 (p.276), and the derived TRVs (p.277) (see Table S1.1 below). [2:  The 3 Niigata cases (#17, #18, #19) with the lowest extrapolated day 0 blood concentrations (from 200 – 400 µg/L THg) would have had estimated hair levels of 50 – 100 µg/g THg based on a hair:blood ratio of 0.250:1. However, these 3 cases were reported to have much higher measured hair levels of 210 - 280 µg/g THg at 0-43 days after symptom onset (Table 9.7 on p.176). This mismatch of estimated day 0 blood and hair mercury concentrations 0-43 days after symptom onset were not discussed by the Swedish Expert Group. In contrast, if hair measures were considered more reliable estimates of MeHg exposure when symptoms were first reported, then these “lowest” or most sensitive 3 cases would give corresponding blood levels of ~800 – 1100 µg/L using the hair:blood ratio of 0.250:1 vs the estimated extrapolated day 0 blood concentrations from 200 – 400 µg/L THg from Figure 9.1 (p.170). ]  [3:  in Figure 11.2 and p.217-219 of the SEG report] 


Table S1.1 PoDs and TRVs for adult neurotoxicity of MeHg derived by SEG (1971) or inferred by the authors
	Exposure Metric
	PoD
	UF
	TRV

	hair
	SEG Derived PoD
50 µg/g THg a
(reported on p.25 and p.28 of the SEG report as “the lowest level in the hair” in Niigata poisoning cases, assumed to be based on rounding down from the lowest measured hair level of 52 µg/g THg in case #30 from the Niigata patients reported on p.179 and p.268 of the SEG report)
	10
(from p.276 of the report, to cover off uncertainties related to “possible genetic, subclinical and other long-term effects” and potential “prenatal lesions”)
	Author Inferred TRV
5 µg/g THg b
(not explicitly derived by SEG, inferred from a hair PoD of 50 µg/g THg ¸ UF10)


	blood
	SEG Derived PoD
200 µg/L THg 
(reported as 0.2 µg/g, lower end of clinical disease from Niigata patients, lowest 3 cases (#17,18,19) had extrapolated day 0 blood levels of ~ 200 – 400 µg/L THg on p. and p.268-269 of the SEG report)

	
	SEG Derived TRV
20 µg/L THg 
(reported as 0.02 µg/g on p.277 of the report)

	RBCs
	SEG Derived PoD
400 µg/kg THg 
(reported as 0.4 µg/g, 2x the blood PoD of 200 µg/L THg, reported on p.269 of the SEG report)

	
	SEG Derived TRV
40 µg/kg THg 
(reported as 0.04 µg/g on p.277 of the report)

	oral
(per person per day)
	SEG Derived PoD
300 µg/day MeHg 
(reported as 0.3 mg/day, reported on p.269 of the SEG report)

(i.e. from regression equation by Birke et al. (1967) in Figure 11.2 and p.217-219:
[RBC µg/kg THg] = 1400 * [oral intake of mg/day MeHg] + 3
rearranged to:
[oral intake of mg/day MeHg] = ([RBC µg/kg THg] -3) ¸ 1400
when substituted with the lowest effect level in RBCs of 400 µg/kg THg:
[oral intake of mg/day MeHg] = (400 -3) ¸ 1400
[oral intake of mg/day MeHg] = 0.284 mg/day MeHg (284 µg/day MeHg)
[oral intake of mg/day MeHg] = ~ 0.3 mg/day MeHg (300 µg/day MeHg)

	
	SEG Derived TRV
30 µg/day MeHg 
(reported as 0.03 mg/day on p.277 of the report)


	oral 
(per kg body weight per day)
	SEG Derived PoD
4 µg/kg-bw/day MeHg 
(for 70 kg adult, reported on p.269 of the SEG report)

for a 70 kg adult:
if using the 284 µg/day MeHg: (284 µg/day) ÷ 70 kg = 4.06 µg/kg-bw/day MeHg 
if using the 300 µg/day MeHg: (300 µg/day) ÷ 70 kg = 4.29 µg/kg-bw/day MeHg)
both values can be rounded down to ~4 µg/kg-bw/day MeHg
	
	SEG Derived TRV
0.4 µg/kg-bw/day MeHg 
(for 70 kg adult, reported on p.277 of the report)


a the PoD in hair was also reported as 60 µg/g THg in Table 14.1 of p.269 and p.290 of the SEG report
b also reported as a TRV in hair of 6 µg/g THg on p.30, p.277, and p.290 of the SEG report


JECFA (1972-1989)

The Joint FAO/WHO Expert Committee on Food Additives (JECFA) concluded at its 16th meeting that “The lowest mercury levels associated with the onset of clinical disease have been reported to be 50 µg/g in hair and 0.2 µg/g in whole blood [footnoteRef:4], corresponding to 0.4 µg/g in blood cells. These levels would seem to represent individuals on the lower end of a distribution curve of methylmercury levels in blood and hair in the population exposed in Niigata” (FAO/WHO, 1972). This conclusion was principally based on data of adult poisoning cases from Niigata, Japan from an unpublished report by Tsubaki (1972) submitted to JECFA (FAO/WHO, 1972). The JECFA committee further determined, based on regression equations by Kojima & Araki (1972) and Birke et al. (1967), that the PoD in tissue biomarkers represented an oral daily intake (PoD) of approximately 300 µg/day[footnoteRef:5] MeHg (reported as 0.3 mg/day “mainly as methylmercury compounds”) (FAO/WHO, 1972). Although not explicitly reported by JECFA, this per person daily oral PoD can also be expressed as a per person weekly PoD of 2100 µg/week MeHg (i.e. 300 µg/day * 7 days/week). Based on this estimated oral PoD, the JECFA committee derived the first “provisional” tolerable weekly intake (pTWI) of 300 µg/week THg of which no more than 200 µg/week should be present as MeHg (i.e. two thirds as MeHg) (FAO/WHO, 1972). While not explicitly stated, it is inferred that an uncertainty factor (UF) of 10 was used for derivation of the pTWI (i.e. [2100 µg/week MeHg]/[200 µg/week MeHg] ≈ 10).  [4:  0.2 µg/g THg in blood is equivalent to 200 µg/L THg]  [5:  The oral PoD of 300 µg/day MeHg was presumed to have been estimated from two regression equations: 1. An unpublished report submitted to JECFA (Kojima & Araki, 1972) where [hair µg/g THg] = 150*[intake mg/day MeHg] + 1.66, and 2. Birke et al. (1967) where [RBC µg/g THg] = 1.4 * [oral intake of mg/day MeHg] + 0.003] 


At a subsequent meeting of JECFA, the per person pTWIs for THg and MeHg were expressed on a body weight basis for a 60 kg adult and reported as 5.0 µg/kg bw/week THg and 3.3 µg/kg bw/week MeHg (FAO/WHO, 1989). While not explicitly reported by JECFA, the per body weight pTWIs can be also expressed as equivalent TDI of 0.714 µg/kg bw/day THg or 0.476 µg/kg bw/day MeHg, which are frequently cited in secondary sources (Health Canada, 2007). While the JECFA report included some limited data from Minamata Bay of exposed mothers who gave birth to children exhibiting cerebral palsy-like symptoms and severe mental disability, the dose-response was not characterized nor was an effect level selected for sensitive subpopulations, including fetal exposure. Therefore, the JECFA PoDs, pTWIs and pTDIs were considered to apply to the whole population (FAO/WHO, 1972). These PoDs and TRVs for neurological effects in adults were subsequently reaffirmed in the 33rd meeting of JECFA (FAO/WHO, 1989). While JECFA later derived lower PoDs and TRVs for neurodevelopmental effects of prenatal MeHg exposure (see Table 1 of the main paper), the committee continued to state at their 67th meeting that the earlier derived PoDs and TRVs remained “adequate to take account of neurotoxicity” in adults (FAO/WHO, 2007).

Table S1.2 PoDs and TRVs for adult neurotoxicity of MeHg derived by JECFA (1972) or inferred by the authors
	Exposure Metric
	PoD
	UF
	TRV

	hair
	JECFA Derived PoD
50 µg/g THg
(lower end of clinical disease from Niigata patients)

	10
(inferred from the ratio between the per person weekly PoD of 2100 µg/week MeHg and the reported rounded pTWI of 200 µg/week MeHg, ratio ≈ 10)
	Author Inferred TRV
5 µg/g THg
(not explicitly derived by JECFA, inferred from the hair PoD of 50 µg/g THg ¸ UF10)
 

	blood
	JECFA Derived PoD
200 µg/L THg
(lower end of clinical disease from Niigata patients)

	
	Author Inferred TRV
20 µg/L THg
(not explicitly derived by JECFA, inferred from the blood PoD of 200 µg/L THg ¸ UF10)


	RBCs
	JECFA Derived PoD
400 µg/kg THg 
(reported as 0.4 µg/g, or 2x the blood PoD of 200 µg/L THg)

	
	Author Inferred TRV
40 µg/kg THg
(not explicitly derived by JECFA, inferred from the RBC PoD of 400 µg/kg THg ¸ UF10)


	oral
(per person per day)
	JECFA Derived PoD
300 µg/day MeHg 
(reported as 0.3 mg/day; it is inferred by the authors of this manuscript that the PoD of ~300 µg/day was a rounded average from values of 284 and 322 µg/day calculated from the two regression equations below: 

1. Birke et al. (1967) for hair THg:
[RBC µg/g THg] = 1.4 * [oral intake of mg/day MeHg] +0.003
rearranged to:
[oral intake of mg/day MeHg] = ([RBC µg/g THg] -0.003) ÷ 1.4
when substituted with the PoD in RBCs of 0.4 µg/g THg:
[oral intake of mg/day MeHg] = (0.4 -0.003) ÷ 1.4
[oral intake of mg/day MeHg] = 0.284 mg/day or 284 µg/day MeHg)

2. Kojima & Araki (1972) for RBC THg:
[hair µg/g THg] = 150*[intake mg/day MeHg] + 1.66
rearranged to:
[intake mg/day MeHg] = ([hair µg/g THg] – 1.66) ÷ 150
when substituted with the hair PoD of 50 µg/g THg: 
[intake mg/day MeHg] = [50 – 1.66] ÷ 150 = 0.322 mg/day or 322 µg/day MeHg

	
	Author Inferred TRV
30 µg/day MeHg
(not explicitly derived by JECFA, inferred from the RBC PoD of 300 µg/day THg ¸ UF10)


	oral
(per person per week)
	Author Inferred PoD
2100 µg/week MeHg 
(not explicitly derived by JECFA; the authors of this manuscript inferred this PoD as derived from the per person daily PoD: [300 µg/day MeHg]*[7days/week] = 2100 µg/week MeHg)
	
	JECFA Derived TRV
200 µg/week MeHg a
(JECFA reported a pTWI (FAO/WHO, 1972), presumably rounded from the more precise per person weekly pTWI of 210 µg/week MeHg derived directly from the weekly PoD: [2100 µg/week MeHg] ÷ UF10 = 210 µg/week ≈ 200 µg/week rounded)

Author Inferred TRV
210 µg/week MeHg a 
(a more precise per person pTWI if derived directly from the per person PoD: [300 µg/day MeHg]*[7days/week] ÷ UF10 = 210 µg/week)

	oral 
(per kg body weight per week)
	Author Inferred PoD
35 µg/kg bw/week MeHg
(not explicitly derived by JECFA; the authors of this manuscript inferred this PoD as derived from the per person weekly PoD: [2100 µg/week MeHg] ÷ 60kg = [7days/week] = 35 µg/kg bw/week MeHg)
	
	JECFA Derived TRV
3.3 µg/kg bw/week MeHg a 
(JECFA reported a pTWI (FAO/WHO, 1989) presumably derived from the rounded pTWI: [200 µg/week MeHg] ÷ 60kg = 3.3 µg/kg bw/week)

Author Inferred TRV
3.5 µg/kg bw/week MeHg a 
(a more precise per body weight pTWI if derived directly from the per person PoD: [300 µg/day MeHg]*[7days/week] ÷ 60kg = 3.5 µg/kg bw/week)

	oral
(per kg body weight per day)
	Author Inferred PoD
5 µg/kg bw/day MeHg
(the per body weight daily PoD was not explicitly stated by JECFA but can be derived from the reported daily per person PoD of ~300 µg/day MeHg and using the default body weight of 60kg used by JECFA at that time: [300 µg/day] ÷ 60kg = 5.0 µg/kg bw/day MeHg)

Note: this corresponds to a blood to oral conversion factor (CF) of 0.025 where: [PoD MB µg/L]*CF = [PoD oral µg/kg bw/day]
or
CF = [PoD oral µg/kg bw/day] ÷ [PoD MB µg/L]
CF = [5.0 µg/kg bw/day] ÷ [200 µg/L]
CF = 0.025
	
	Author Inferred TRV
0.5 µg/kg bw/day MeHg a 
(a per body weight pTDI was not explicitly derived by JECFA but could be derived directly from the per person per day PoD and using an adult body weight of 60kg: 
[300 µg/day] ÷ 60kg ÷ UF10 = 0.5 µg/kg bw/day MeHg)


a The JECFA did not explicitly report a daily per kg body weight pTDI, however a pTDI of 0.47 µg/kg bw/day MeHg or sometimes 0.476 µg/kg bw/day MeHg is sometimes reported as being attributed to JECFA (Feeley & Lo, 1998; Health Canada, 2007) via derivation from JECFA’s rounded weekly per person pTWI of 200 µg/week (assumed to be rounded down from 210 µg/week) or weekly per kg body weight pTWI of 3.3 µg/kg bw/week MeHg (assumed to be rounded down from 3.5 µg/kg bw/week MeHg). However a more precise TRV can be inferred by directly derivation from JECFA’s per person daily PoD of 300 µg/day MeHg with a UF of 10 and 60kg body weight.– to avoid confusion these unrounded weekly TRVs and more precise directly-derived daily TRV inferred by the authors are also provided in the table.


WHO IPCS (1976-1990)

In 1976, the World Health Organization International Programme on Chemical Safety (WHO IPCS) followed up on the 1972 JECFA review to include more detailed analyses of data for adult poisoning cases from Niigata, Japan, multiple publications from the Iraq poisoning, as well as data on fish-eating populations with high dietary MeHg exposure from Sweden, Samoa, and Peru (WHO, 1976). A quantitative reanalysis of adult poisoning cases from Niigata (SEG, 1971) and multiple dose-response case series from Iraq (Al-Mufti et al., 1976; Al-Shahristani et al., 1976; Bakir et al., 1973) were used to estimate biomarker and oral intake PoDs (Table 4 in the WHO 1976 report). The WHO reported PoDs ranging from 200-500 µg/L THg in blood, 50-125 µg/g THg in hair, and long-term daily intakes of 3-7 µg/kg-bw/day MeHg[footnoteRef:6] (Table 6 in the WHO 1976 report). These PoDs were expected to be “associated with the earliest effects in the most sensitive group in the adult population” corresponding to an approximate prevalence of 5% of in a population with exposure at the PoD experiencing paresthesia (burning, tingling of extremities). Conversion from the lower range blood PoD of 200 µg/L THg to oral intake range of 3-7 µg/kg-bw/day MeHg was based on the most conservative coefficient from a series of regression equations in Table 3 of the WHO 1976 report corresponding to a conversion factor (CF) of 0.0143 (i.e. blood*CF=intake, see Table S1.3 below). These blood, hair, and oral intake PoDs were in agreement with those from the JECFA 1972 evaluation and similarly, were considered to apply only to neurological effects in adults. The WHO 1976 review also considered epidemiological data for infants exposed to MeHg in utero from Minamata Bay, Iraq, and other case reports suggesting fetal development may represent a more sensitive period of exposure. However, similar to the JECFA 1972 evaluation, the WHO IPCS considered these data to be too preliminary to quantify the potential risks to children from prenatal exposure to MeHg (WHO, 1976). A subsequent update by the WHO IPCS in 1990 used more recently published data from the Iraq poisoning incident, which concluded that “The general population does not face a significant health risk from methylmercury. Certain groups with a high fish consumption may attain a blood methylmercury level (about 200 µg/L, corresponding to 50 µg/g of hair) associated with a low (5%) risk of neurological damage to adults.” (WHO, 1990). [6:  The conversion between blood THg (µg/L) to oral intake MeHg (µg/70kg person/day) in Table 3 of WHO (1976) was based on estimated MeHg daily intake, and therefore, predicted oral PoDs are also in units of MeHg.] 


Table S1.3 PoDs and TRVs for adult neurotoxicity of MeHg derived by the WHO IPCS (1976)
	Exposure Metric
	PoD
	UF
	TRV

	hair
	WHO Derived PoD
50 µg/g THg

	N/A 
(WHO did not select a UF for derivation of a TRV)
	N/A
(WHO did not derive a TRV)

	blood
	WHO Derived PoD
200 µg/L THg

	
	

	oral 
(per kg body weight per day)
	WHO Derived PoD
range: 3 - 7 µg/kg-bw/day MeHg

(i.e. estimated from the range of blood PoD 200 – 500 µg/L THg using regression equation from Table 3 of WHO (1976):
(blood conc. µg/L THg) = intake (MeHg µg per 70 kg person/day)*(beta) 
rearranged to:
intake (MeHg µg/70 kg person/day) = (blood conc. µg/L THg) ¸ (beta) 
where beta was 1.0 (the most conservative beta ranging from 0.3 – 1.0), and the estimated intake is then multiplied by 70 kg-bw to express per body weight (µg/kg-bw/day MeHg):
intake =  (blood conc. µg/L THg) ¸ [(beta)*(70 kg)]
intake = (200 to 500 µg/L THg) ¸ [(1.0)*(70 kg)]
rearranged to:
intake = (200 to 500 µg/L THg) * (0.0143) a
intake = 2.9 to 7.1 µg/kg-bw/day MeHg
intake = 3 – 7 µg/kg-bw/day MeHg (rounded)
	
	


a (blood ug/L THg) ¸ [(1.0)*(70kg)] = (blood ug/L) * (1/70) = (blood ug/L) * (0.0143) where 0.0143 corresponds to a conversion factor (CF) from blood to oral intake: intake (ug/kg-bw/day MeHg) = (blood ug/L THg) * CF 


Government of Canada (1971 – 2010)

Since the early 1970’s various programs of Health Canada (formerly the Department of National Health and Welfare, or simply Health and Welfare Canada) and other Departments including Indigenous Services Canada have considered the potential health effects of oral MeHg exposure from food and drinking water. 

Health Canada’s Bureau of Chemical Safety (BCS) (1971 – 2010) - retail foods

Since the early 1970’s various programs of Health Canada have considered the potential health effects of MeHg exposure from retail food (Health & Welfare Canada, 1971), the consumption of fish in Indigenous populations (Health & Welfare Canada, 1979), and drinking water (Health Canada, 1986). This section and Table A3 describes the historical basis of Health Canada’s BCS PoDs and TRVs for adult neurotoxicity used for risk assessment of MeHg exposure from retail food.

As early as 1971, conference presentations by the Food Advisory Bureau of the Food and Drug Directorate of Health and Welfare Canada (now Health Canada’s BCS), provided a review of the draft findings of the SEG (1971), including a blood PoD of 200 µg/L THg reported as the approximate lower level of neurological effects in adult poisoning cases from Japan (Health & Welfare Canada, 1971). While a TRV was not derived, these data were used collectively to support continued application of the Canadian temporary “administrative tolerance” or guideline for mercury in retail fish of 0.5 ppm wet weight (Health & Welfare Canada, 1971). In 1972, JECFA’s hazard opinion on MeHg recommended a daily PoD of 300 µg/day MeHg and derived rounded weekly pTWI’s of 200 µg/week MeHg or 3.3 µg/kg bw/week MeHg for a 60 kg adult (FAO/WHO, 1972) and later that year Health and Welfare Canada started applying the JECFA opinion for assessing risks from MeHg exposure in retail fish (Health & Welfare Canada, 1972). Health Canada’s BCS has continued to employ the JECFA TRV, but it was expressed in later assessments as an oral TDI of 0.47 µg/kg bw/day MeHg for a 60 kg adult (Table S1.4 below) (Feeley & Lo, 1998; Health Canada, 2007; Legrand et al., 2010). The reported JECFA weekly pTWIs of 200 µg/week or 3.3 µg/kg bw/week MeHg were likely rounded down from the more precise pTWIs of 210 µg/week and 3.5 µg/kg bw/week MeHg and therefore, an alternative oral TRV of 0.5 µg/kg bw/day MeHg can be derived using JECFA’s unrounded PoDs or TWIs (see footnote b in Table S1.4 below). 

Table S1.4 PoDs and TRVs for adult neurotoxicity of MeHg used by Health Canada’s BCS for risk assessment of MeHg in retail food
	Exposure Metric
	PoD
	UF
	TRV

	hair
	Author Inferred PoD 
50 µg/g THg 
(This hair PoD was selected by the SEG (1971) and JECFA (1972). Since the JECFA opinion was adopted in 1972 by Health Canada’s former Food Advisory Bureau (Health & Welfare Canada, 1972), it is inferred that the hair PoD of 50 µg/g THg was also adopted and has continued to be used by Health Canada’s BCS. Coincidentally the same hair PoD can be converted from the blood PoD of 200 µg/L THg (below) using the hair:blood ratio of 0.250:1 as recommended for all populations in Legrand et al. (2010).)

	10

The “safety factor” of 10 recommended by the SEG (1971) was used by JECFA in derivation of their pTWI (FAO/WHO, 1972). Since the JECFA opinion was adopted in 1972 by Health Canada’s former Food Advisory Bureau (Health & Welfare Canada, 1972), and UF10 was reported in Feeley & Lo (1998), it is inferred that the UF10 was also adopted by Health Canada’s BCS. 
	Author Inferred TRV
5 µg/g THg a
(Not explicitly derived by Health Canada/s BCS but can be calculated directly from the hair PoD of 50 µg/g THg ¸ UF10 = hair TRV of 5 µg/g THg; alternatively the same hair TRV can be derived from the blood “guidance value” of 20 µg/L THg below using a hair:blood ratio of 0.250:1.)

	blood
	BCS Derived TRV
200 µg/L THg
(This blood PoD was selected by the SEG (1971) and JECFA (1972). Since the JECFA opinion was adopted in 1972 by Health Canada’s former Food Advisory Bureau (Health & Welfare Canada, 1972), and was reported in Feeley & Lo (1998) as a LOAEL for derivation of the pTDI)

	
	Author Inferred TRV
20 µg/L THg 
(Reported as a blood “guidance value” in Legrand et al. (2010).)

	oral
(per person per day)
	 Author Inferred TRV
300 µg/day MeHg
(This oral PoD was selected by the SEG (1971) and JECFA (1972). Since the JECFA opinion was adopted in 1972 by Health Canada’s former Food Advisory Bureau (Health & Welfare Canada, 1972), it is inferred that the oral PoD of 300 µg/day MeHg was also adopted and has continued to be used by Health Canada’s BCS) 

	
	BCS Derived TRV
30 µg/day MeHg
(Reported as a per person pTDI in Feeley & Lo (1998), i.e. assumed that this oral PoD was used for derivation of the BCS TRV of 30 µg/day MeHg reported in Feeley & Lo (1998): PoD of 300 µg/day MeHg ¸ UF10)

	oral
(per kg body weight per day)
	Author Inferred TRV
5.0 µg/kg bw/day MeHg
(Not explicitly derived by either SEG (1971) or JECFA (1972) but can be calculated from the JECFA daily per person PoD assuming a 60kg adult: 
[300 µg/day MeHg] ÷ 60kg 
= 5.0 µg/kg bw/day MeHg)
	
	BCS Derived TRV
0.47 µg/kg bw/day MeHg
(Reported as a pTDI by Health Canada’s BCS (Health Canada, 1997, 2007; Legrand et al., 2010) calculated from JECFA’s rounded pTWI of 3.3 µg/kg bw/week ÷ 7days/week = 0.47 µg/kg bw/day b )


Author Inferred TRV
0.5 µg/kg bw/day MeHg
(To align with similar notation in the JECFA Table S1.2, an alternative daily per body weight TRV can also be derived directly from JECFA’s daily per person PoD and unrounded TWIs c .) 
 


a A hair TRV of 6 µg/g THg rather than 5 µg/g has historically been used by the Medical Services Branch of Health Canada (Health & Welfare Canada, 1979) and later Indigenous Services Canada (Tikhonov et al., 2021). The reason for this difference is that the Medical Services Branch initially only derived a blood TRV of 20 µg/L THg and used a hair:blood conversion of 0.300:1 to derive the hair TRV of 6 µg/g THg. 
b The reported pTDI of 0.47 µg/kg bw/day was calculated from the JECFA’s rounded TWI of 3.3 µg/kg bw/week, when ÷ 7days/week gives the reported pTDI of 0.47 µg/kg bw/day. However, unrounded JECFA TWIs can be calculated directly from JECFA’s oral PoD of 300 µg/day MeHg as follows: JECFA daily PoD of 300 µg/day ÷ UF10 = oral daily TDI of 30 µg/day, and unrounded weekly TWIs can be calculated as: daily TDI of 30 µg/day * 7 days/week = unrounded weekly TWIs of 210 µg/week or 3.5 µg/kg bw/week for a 60 kg adult
c An alternative oral TDI of 0.5 µg/kg bw/day MeHg can be derived more directly from JECFAs unrounded daily PoD (i.e. daily PoD of 300 µg/day MeHg ÷ UF10 ÷ 60kg = TDI of 0.5 µg/kg bw/day MeHg) or unrounded weekly TWI i.e. unrounded weekly TWI of 210 µg/week MeHg ÷ 7 days/week ÷ 60kg = TDI of 0.5 µg/kg bw/day MeHg. See Table S1.2 for additional explanation of JECFA’s PoDs and TRVs. 



Indigenous Services Canada - Exposure to MeHg through country foods[footnoteRef:7] [7:  “Country food” or “traditional food”  is defined as “any food that is trapped, fished, hunted, harvested or grown for subsistence or medicinal purposes, outside of the commercial food chain.” (Health Canada, 2023)] 


In 1979, a report by the Medical Services Branch of Health and Welfare Canada (now Health and Social Sector of the Indigenous Services Canada)[footnoteRef:8] synthesized the findings from the SEG (1971), JECFA (1972), and WHO (1976).  Based on adverse effects in adults from the Japanese and Iraq poisonings incidents, they selected a PoD in blood of 200 µg/L THg  (Health & Welfare Canada, 1979). After applying the safety factor of 10 as recommended by the SEG (1971), the Medical Services Branch derived a blood “guideline” of 20 µg/L THg.  levels below this guideline as representing the “normal acceptable range” (Health & Welfare Canada, 1979; Legrand et al., 2010). However, for the purposes of public health risk management and risk communication, blood THg concentrations above 100 μg/L were classified as “at risk” (Health & Welfare Canada, 1979; Legrand et al., 2010). Using a hairppb:bloodppb ratio of 300:1 (i.e. hairppm:bloodppb ratio of 0.300:1), the blood PoD of 200 µg/L , “at risk” blood level of 100 µg/L, and blood TRV of 20 µg/L THg correspond to an equivalent hair PoD of 60 µg/g, hair “at risk” level of 30 µg/g, and hair TRV of 6 µg/g THg, respectively (Health & Welfare Canada, 1979; Health Canada, 1999). A later publication recommended using a more commonly applied hairppb:bloodppb ratio of 250:1 (i.e. hairppm:bloodppb ratio of 0.250:1), which yields corresponding  hair THg values of 50 µg/g (PoD), 25 µg/g (“at risk”) and  5 µg/g (TRV) (Legrand et al., 2010). Notably,  the hair PoD of 50 µg/g THg was also originally selected by the SEG (1971), JECFA (FAO/WHO, 1972), WHO (1976), and later Health Canada (1999), based directly on measured hair THg levels in adult poisoning cases in Japan. Coincidentally, this value also results from converting the blood PoD of 200 µg/L THg using a hairppb:bloodppb ratio of 250:1 (i.e. hairppm:bloodppb ratio of 0.250:1). Regardless, both the 300:1 and 250:1 ratios are considered reasonable point estimates and yield similar population-level conversions between hair and blood THg (Singh et al. 2023). For historical consistency, Indigenous Services Canada continues to employ the hairppb:bloodppb ratio of 300:1 and the associated hair “at risk” level and hair TRV of 30 and 6 µg/g THg, respectively, for public health management of MeHg exposure in Indigenous people (excluding children and women of childbearing age) in Canada through country food consumption (Tikhonov et al., 2021). As discussed in Section 2.5 of the main paper, a more conservative lower blood guideline level of 8 μg/L is applied to children and women of childbearing age to protect against potential neurodevelopmental effects of dietary MeHg in country foods (Legrand et al. 2010; Tikhonov et al., 2021). [8:  Biomonitoring and dietary surveys to assess MeHg exposure in Indigenous communities in Canada continues today under the administration of Indigenous Services Canada (ISC) (Tikhonov et al., 2021), and Crown-Indigenous Relations and Northern Affairs Canada (CIRNAC) via the Northern Contaminants Program (NCP) . Exposures to MeHg from country food continue to be managed through shared responsibilities of governments and health authorities at the Federal, Provincial/Territorial and Indigenous level (Health Canada, 2023).] 



Other Health Canada programs – drinking water

Health Canada reviewed the available epidemiological and toxicity data on mercury in order to set a drinking water guideline (Health Canada, 1986). In this review, data from adult MeHg poisoning cases were used to selected PoDs in blood (200 µg/L THg), hair (50 µg/g THg), and oral intake (300 µg/day MeHg). These PoDs were based on a contract report for the WHO (Piotrowski & Inskip, 1981), which was an update to the previous findings from the SEG (1971), JECFA (1972), and WHO (1976).


US EPA (1985)

The United States Environmental Protection Agency’s (US EPA) oral reference dose (RfD) for adult neurotoxicity of MeHg was established at a consensus meeting of the Integrated Risk Information System (IRIS) Work Group on December 2, 1985 and was briefly summarized in a 1987 IRIS Chemical File (US EPA, 1987) and in Section 4.1.1.1 of the US EPA Water Quality Criterion for the Protection of Human Health (US EPA, 2001b). The principal supporting study was the 1976 evaluation by the WHO IPCS (1976) that reported the “earliest effects in man” were at blood concentrations between 200 – 500 µg/L (reported as “ng Hg/ml”) and represented “both pre- and postnatal exposures” and were “equivalent to intakes in the range of 3-7 µg/kg-bw/day”. The LOAEL was “associated with CNS effects such as ataxia, paresthesia, etc.” (US EPA, 1987). The US EPA selected as PoDs the lower end of these blood and oral intake levels corresponding to 200 µg/L THg and 3 µg/kg-bw/day MeHg respectively. The US EPA applied a UF of 10 to account for the use of a lowest observed adverse effect level (LOAEL) vs. no-observed adverse effect level (NOAEL), but considered that an additional UF was unnecessary “since the effects are seen in sensitive individuals”. An oral RfD of 0.3 µg/kg-bw/day MeHg was derived and constituted the agency’s TRV for adult neurological effects of MeHg until subsequent opinions, which focussed on neurodevelopmental effects in children exposed prenatally (US EPA, 1997, 2001a, 2001b).

US FDA (1986)

In 1986, a review by the US Food & Drug Administration (US FDA) determined that the “threshold value at which symptoms of toxicity associated with MeHg are first noticeable” was 200 µg/L THg in blood and 50 µg/g THg in hair (Tollefson & Cordle, 1986). This conclusion was based principally on data from the Japanese poisoning cases in adults as analyzed by the SEG (1971) and JECFA (1972), which stated that the “lowest blood level for the appearance of signs and symptoms of methylmercury poisoning was 200 ppb (0.2 ppm)” (i.e. 200 µg/L blood THg). Using a dose-response relationship for fish consumers in Sweden (Skerfving, 1974), a steady state blood concentration of 200 µg/L THg was converted to a daily intake of 300 µg/day MeHg, equivalent to a daily intake of 4.28 µg/kg-bw/day MeHg for a 70 kg adult (Tollefson & Cordle, 1986). Considering the uncertainties in the dataset, including mercury-selenium interactions and the sensitivity of the developing fetus, the US FDA applied a safety factor of 10 to arrive at a “maximum tolerable level” or acceptable daily intake (ADI) of 30 µg/day MeHg, which is equivalent to 0.43 µg/kg-bw/day MeHg for a 70 kg adult. The blood and hair concentrations corresponding to the ADI could be expressed as 20 µg/L THg in blood and 5 µg/g THg in hair respectively (Tollefson & Cordle, 1986). The ADI and blood/hair guideline levels derived by the US FDA were based on adverse neurological effects in adults who were exposed to very high levels of mercury from contamination incidents. However, the application of a larger safety factor of 10 was considered to account for potential sensitivity of the fetus and therefore, the ADI was considered to be protective of both the general population and women of childbearing age (WCBA) (Tollefson & Cordle, 1986). The US FDA has subsequently updated its hazard characterization for prenatal MeHg exposure and has since employed a different risk assessment approach to protect against potential neurodevelopmental effects (US FDA, 2014).
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