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EXECUTIVE SUMMARY 
 

In January 2011, the US Department of Health and Human Services (DHHS) announced its 

proposal to replace the currently recommended range for fluoride concentrations in drinking 

water (DWFC) of 0.7 – 1.2 mg/L with a single guideline value of 0.7 mg/L. This guidance was 

advisory rather than regulatory, and not seen as “final” until some time between March to 

May at least. It is based on the conclusions of an inter-departmental, interagency panel of 

scientists convened by the DHHS. The rationale is based on recent U.S Environmental 

Protection Agency (EPA) and DHHS scientific assessments with respect to the risk of non-

cancer effects, published by the U.S. EPA and released by the Office of Water (OW).   

 

The first EPA report provides a dose-response assessment for dental fluorosis and skeletal 

fluorosis (as recommended by the National Research Council (NRC); on the basis of these 

being considered the “earliest” non-cancer effects). There was insufficient scientific 

information on Stage II skeletal fluorosis and skeletal fractures to determine a dose response 

relationship; however for severe dental fluorosis, the EPA derived a Reference Dose (RfD) of 

0.08 mg/kg/day. The main source of information upon which the RfD was developed is an 

epidemiological study undertaken in the US several decades ago, and reported in and 

around 1942. 

 

This standard is the lower than the current upper limit (UL) value in NZ, adopted from the 

tolerable U.L derived by the U.S Institute of Medicine (IOM), in 1997. If the RfD were 

adopted as the NZ standard, this would place even greater emphasis than presently on 

limiting exposures to fluoride, including from drinking water. 

 

The scientific rationale behind the RfD evaluation requires assessment and comparison to 

that of the IOM assessment. As noted in Part 1 of this Report, there appear 4 major 

elements affecting the values finally selected for a Reference Dose (by the USEPA) and an 

Upper Limit (from the IOM, utilised by A/NZ), respectively.  

 

The RfD is more conservative overall, as it is 0.08 mg/kg/day, versus 0.1 mg/kg/day. 

However at least two elements of the EPA RfD derivation are in effect less precautionary.     

 

Firstly the initial starting point or point of departure, in terms of a maximum upper 

acceptable water concentration (DWFC), is a higher value, in effect providing more leeway. 

The EPA derived a BMDL of 1.87 mg/L based on estimated minimal severe dental fluorosis, 

while the IOM derived a NOAEL of 1 mg/L, based on predicted lack of even moderate 

fluorosis. The different fluorosis endpoints likely accounted for some of this difference; but 
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the IOM might also have been un-precautionary in selecting 1 ppm as a true NOAEL for 

moderate fluorosis.   

 

Secondly the EPA derivation incorporates substantially higher estimates of the volumes of 

water drunk (at least for ages >/= 1 year) than does the IOM derivation. This results in a 

higher estimated fluoride dose from drinking water for any given DWFC in the Dean 

population of children, and less of a potential to under-estimate the doses of fluoride they 

actually received from this route, but the maximum safe dose (that did not harm these 

children) might have been  over-estimated. (The alternative possibility is that the lower 

estimated water volumes incorporated in the IOM derivation could represent one factor 

tending to under-estimate the safe doses).  

 

However the EPA derivation is more conservative than that of the IOM in the other two (of 

four) respects.  

 

One is that the EPA selected a value towards the lower end of their potential alternatives for 

intake, while the IOM selected a value at the top end of their alternatives. (EPA’s selection 

was a mean value, 0.07 mg/kg/day, for the 0.5 -0.9 yrs and 4-6 yrs age groups; while the 

IOM’s selection was 0.1 mg/kg/day, this being very near the upper range estimate (of 0.026 

– 0.103) for the birth to 3 yrs age group). 

 

The other factor is that the EPA derivation effectively assessed the food contribution of 

fluoride to the Dean study population of children as just an additional 1/7
th

 (~14%) relative 

to that of the (direct) drinking water contribution. In contrast the range of estimates for the 

food contribution in this population, as used in the IOM derivation, encompasses much 

higher amounts in an absolute and relative sense. For example, the contribution of food as a 

percentage of the total (for the upper range estimates) is ~ 32% for both the birth-to-3 years 

and 4 to 6 years groups.  

 

Of the four points of difference discussed above, two relate to consumption estimates 

(water volumes, food levels) pertaining to an historical population, which are difficult to 

verify. However it is quite possible the EPA Report under-estimated the food contribution. 

Further, given that there seems a fairly strong dose-response relationship with respect to 

fluorosis, it is more likely the (low) risks of severe fluorosis impacted more on the Deans 

children consuming larger volumes of water, so that it may not be necessary to choose the 

median estimated water intake (as opposed to a higher % percentile).    

 

The EPA is more precautionary than the IOM derivation in some respects, but less so in 

others. One reservation regarding the IOM derivation is the selection of the upper range of 
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the alternatives regarding intake; on the other hand, the range of alternative volumes (to 

choose from) that they estimated are actually relatively low. Further, the preceding 

paragraph argues that high percentile values may not be inappropriate.    

 

Currently there seems no compelling need to change from the IOM derived UL of 0.1 

mg/kg/day to the new US EPA recommended RfD of 0.08 mg/kg/day. This is largely because 

such derivation processes are inherently imprecise, despite the amount of data available. 

This is partly because most of the estimates are based on group data (on for example water 

volume intakes), with no ability to calculate any individual’s weight-adjusted intakes (of eg 

water), as a way to more accurately compare total fluoride intakes of individuals with and 

without, e.g. severe dental fluorosis (except with rare exceptions, such as by Hong et al, as 

discussed below). Also the very historical nature of this overseas data means its exposure 

estimates are difficult to validate.  

 

Should however the RfD seem the better option, the implications for NZ, in terms of the 

degree to which fluoride exposures should be decreased, needs to be thoroughly assessed. 

For example, on the basis of more recent fluoride exposure studies as outlined in the second 

EPA Report, it seems that in the U.S, the RfD is exceeded in the three youngest child age-

groupings (0.5 -1 yrs; 1 – 4 yrs; 4 – 7 yrs) by 68%, 41%, and 21% respectively. In contrast, in 

the U.S, the exceedance of the UL occurs “only” in the two youngest age-groups, and to a 

lesser degree.  (For 0.5 - 1 yrs and 1 – 4 yrs, the exceedance of UL was estimated as 34 % and 

22% respectively). 

 

There is some evidence to suggest similar types of exceedances may occur in NZ, at least in 

some groups. For example, a recent ESR Report suggested that only for a fully formula-fed 

infant did estimated dietary intakes, calculated on the basis of the maximum recommended 

water fluoridation concentration, exceed the UL. This might suggest that the NZ exposure 

estimates are not as high as the current EPA exposure estimates for the U.S, as the latter are 

thought to exceed the UL for two age groups, (as noted above).  

 

However the ESR fluoride exposure report identifies several areas of uncertainty, and it is 

not possible to say whether the net effect of these would be to inflate or deflate its exposure 

estimates.  Part 2 of this Report briefly discusses likely current NZ versus US exposures, and 

thus the applicability to NZ of the second EPA Report’s findings, noted above. However 

further assessment of this issue may be appropriate.  

 

In conclusion, there seems no urgent need to lower the existing upper limit. I believe the 

rationale used by the EPA is unnecessarily conservative or precautionary in some but not all 
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respects.  However I think the uncertainties here are not primarily toxicological, and would 

be best assessed by the Consortium’s collective expertise.   

 

The prevalence of significant dental fluorosis in New Zealand is said to be very low. The 

FSANZ Report argues that despite the apparent discordance between the theoretically 

permitted intake (i.e. UL) and actual intakes (which latter seem greater for some groups), 

this seeming absence of increase in moderate fluorosis suggests that exceedances of the 

current limit are not of concern. Indeed they suggest that on the basis of the data on dental 

fluorosis, the existing UL might even be able to be revised upwards (close to the current 

estimated maximum existing intake levels, unless these intake estimates can be shown to 

actually be over-estimates). This argument would clearly not support any revision downward 

to the EPA RfD.  

 

However the validity of this argument clearly depends on the statistical data on the 

prevalence of dental fluorosis in New Zealand being comprehensive and reliable, and 

estimates of prevailing exposure levels and total daily doses of fluoride being accurate (or at 

least not being significantly over-estimated). 

 

If such prevalence data and exposure data can be shown to be reliable, this will potentially 

allow a robust dose-response assessment, which may have greater utility than the Dean and 

McClure historical data for estimating the cumulative prevalence of significant dental 

fluorosis as a function of fluoride intakes (including DWFCs) in NZ. 

 

On the other hand, given the present difficulties in conducting comprehensive NZ studies on 

dose response relationships for dental fluorosis, it would be unwise to raise the limit. Rather, 

considering the current concerns, including uncertainties regarding dose-response 

relationships for other (more concerning) potential effects of fluoride, the focus should 

currently be on assessing the RfD versus the UL. A useful exercise may be to estimate NZ 

exposures accruing from a DWFC of 0.7 ppm F, to see how resulting best (age group specific) 

estimates for intake compare with the UL. The comparison would clearly be more favourable 

than those based on a DWFC of 1 ppm. 

 

Finally, while this report focuses on risk, the wider issue is one of risk-benefit balance. 

 

NB. This Report draws extensively on the above USEPA Documents, and indeed could not have been conducted 

without them. However these are confidential Documents, so that arguably this Report should be regarded 

similarly.   
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BACKGROUND  

On Friday, January 7, 2011 the US Department of Health and Human Services (DHHS) and the 

US Environmental Protection Agency (EPA) announced new scientific assessments and 

actions on fluoride.  

 

The DHHS proposed to replace the currently recommended range for fluoride 

concentrations in drinking water (DWFC) of 0.7 – 1.2 mg/L with a single fluoride 

concentration of 0.7 mg/L. They stated that this guidance is advisory, not regulatory, in 

nature. It is to be submitted to the Federal Register and will undergo public and stakeholder 

comment for 30 days, after which the DHHS will review the comments and consider changes. 

Final guidance is to be published sometime in March to May.  

 

This proposal is based on the conclusions of an inter-departmental, interagency panel of 

scientists convened by the DHHS. The rationale for the change is set out in the pre-

publication version of the proposed recommendation and is based on recent EPA and DHHS 

scientific assessments with respect to the risk of dental fluorosis. 

 

The two EPA draft reports (dated December 2010) were released on 7 January 2011 by the 

Office of Water (OW) along with peer review reports for each of them. 

 

The first EPA document (EPA 2010a) is a dose-response assessment for non-cancer effects 

(dental fluorosis and skeletal fluorosis) as recommended by the National Research Council 

(NRC). (There was insufficient scientific information on Stage II skeletal fluorosis and skeletal 

fractures to determine a dose response relationship). For severe dental fluorosis they 

derived a Reference Dose (RfD) of 0.08 mg/kg/day. The main source of information upon 

which the RfD was developed is an early epidemiological study undertaken in the US, 

reported in 1942. 

 

The second EPA document (EPA 2010b) discusses environmental exposure of children and 

adults to fluoride and the relative source contribution (RSC) for water. 

 

Table 11 in this current report takes the EPA’s newly proposed reference dose (RfD) for 

fluoride (of 0.08 mg/kg/day), (EPA 2010a) and by using mean body weights for different age 

groups, converts this into age-specific oral exposure benchmarks (in mg/day; derived by the 

Office of Water; OW) that should (on the basis of the RfD derivation) be protective for 

severe dental fluorosis in most children and skeletal effects in most adults. The Table also 

compares these OW Benchmarks to alternative Guidelines from the Institute of Medicine 

(IOM; 1997) regarding a tolerable intake upper level (UL), and also to estimates of actual 

total daily intakes for the U.S., as outlined in the second EPA report. 
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Table 11 indicates that some U.S. children drinking water at the 90th percentile intake level 

up to about age 7 (ie the youngest three age groups) are being exposed to fluoride on a daily 

basis at levels at or higher than estimated acceptable intake levels (as determined by the 

reference dose and OW benchmarks) when the concentration of fluoride in their drinking 

water is at or above 0.87 mg/L. 

 

Figure 1 of this Report also illustrates this exceedance. The graph shows the relationship 

between current U.S. intake estimates (blue bars) and the RfD-derived benchmarks (black 

line) in units of mg/day.  

 

Table 11 also indicates that if the Institute of Medicine (IOM) 1997 Guidelines regarding a 

tolerable intake upper level (UL) are instead used as a yardstick of safety, then children in 

the U.S in the youngest two age groups are still at risk of exceeding such a guideline value. 

Significantly, the IOM age group-specific ULs have been adopted by Australia and New 

Zealand whose current Nutrient Reference Values (NRVs) are essentially the same as these 

ULs.  

 

Table 12 of this Report presents the Australia and New Zealand reference body weights used 

for the Nutrient Reference Values (NRV) and the Upper Limits (ULs) for different age groups. 

The UL is compared to the benchmark based on the EPA RfD.  

 

The IOM (and thus NRV) upper limits are set with the objective of preventing moderate 

dental fluorosis, based on a lowest observed adverse effect level (LOAEL) of 0.10 mg/kg/day 

for infants and children up 8 years and a no observed adverse effect level (NOAEL) of 

10mg/day for older children and adults. The Food Standards Australia New Zealand (FSANZ) 

report describes how this upper limit was derived. However, all IOM upper limits are higher 

than corresponding (age-related) benchmarks based on the EPA RfD to prevent severe 

dental fluorosis. 

 

Therefore, if the EPA RfD was to be considered a more robust and justifiable standard than 

the IOM derived UL, this would suggest that the current Australia and NZ NRV upper limits 

are inappropriately high. This could in turn have implications for recommendations 

regarding the optimum (and maximum) concentrations of fluoride in drinking water (DWFC).  
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This report represents a response to the following three questions:  

 

1. How much weight can be put on the EPA derived RfD when compared to the LOAEL & 

NOAEL used to determine current Australia/NZ upper limits? 

2. How applicable to New Zealand is the EPA exposure report? 

3. In the light of the EPA reports and given that moderate and severe dental fluorosis is 

exceedingly rare in New Zealand, is FSANZ’s recommendation concerning the need 

the revise the upper limit still appropriate? 

 

However the response to question 2 (in Part 2) provides limited information on New Zealand 

exposures, and is best read in conjunction with more detailed NZ exposure estimates, such 

as outlined in two recent reports by the Institute of Environmental Science and Research 

Limited (ESR), as cited below.  
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PART 1 - HOW MUCH WEIGHT CAN BE PUT ON THE EPA DERIVED RFD WHEN 

COMPARED TO THE LOAEL & NOAEL USED TO DETERMINE CURRENT 

AUSTRALIA/NZ UPPER LIMITS? 
 

1. The EPA 2011 Derivation of a Reference Dose (RfD) 

The EPA RfD was determined via the following steps: 

1. Estimation of drinking water fluoride concentrations (DWFC) potentially causing 

unacceptable effects (e.g. an estimated ~ 0.5% prevalence of severe dental fluorosis, 

as assessed in “historical” U.S. populations). 

2. Estimation of total fluoride intakes (mg F/kg bw; i.e. age/weight adjusted) from 

drinking water, arising from such unacceptable DWFCs, having regard to ingested 

water volumes.  

3. Adjustment for other sources of estimated fluoride intake (in the above populations), 

to estimate their total fluoride intakes, and thus derive the maximum (weight-

adjusted) acceptable daily dose of fluoride (i.e. “reference dose”; in mg/kg). 

 

These issues are each discussed in turn below. 

 

i. Estimations & predictions of DWFCs potentially causing unacceptable effects 

These estimates were made from epidemiological data generated by the Deans study, in 

1942. The Dean data (Dean 1942) only involved DWFCs, not fluoride doses. However it was 

considered they were a potentially good source of data with which to estimate total fluoride 

doses. (This is partly because drinking water at the time of the Deans study would certainly 

have been the primary source of fluoride exposure, because at that time (~1942), there was 

no fluoride in toothpaste or other dental products, and no use of fluoride supplements. 

Furthermore, in the 1940’s there was also no intentional (artificial) fluoridation of 

community water supplies, so that in many areas of the country (with low natural F levels), 

there would be limited introduction of fluoride from drinking water into commercial foods 

and beverages).   

 

The new proposed EPA standard is derived in part by sophisticated, complex statistical 

methods, which are increasingly the norm for established Regulatory Authorities. This makes 

its rationale difficult to critique by anyone other than an expert in the specific fields of 

regulatory toxicology and/or mathematical statistics. 

 

However it could I think be argued, on the basis of the raw data its derivation relies on, that 

it is relatively conservative or cautious, at least in terms of its selected benchmark dose 

values (BMD, BMDL); (though these values are actually drinking water fluoride 

concentrations; DWFCs; not doses).  For example, as noted in the recent EPA report,(EPA 
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2010a)) the (chosen) dichotomous Hill model estimated the following BMD and BMDLs 

(lower 95 th %ile of the BMD) for various prevalences of severe fluorosis, as follows. 

 

Table 1:  Estimated Benchmark Doses (and 95th % ile lower bounds) relevant to specific 

prevalences of severe dental fluorosis   

Incidence of severe 

Dental fluorosis  (%) 

BMD 

(mg/L of F in DW) 

BMDL 

(mg/L of F in DW) 

0.5 % 2.14 1.87 

1.0 % 2.43 2.18 

5.0% 3.28 3.11 

 

Thus one of its estimates, of the possibility of a 0.5% risk (adjudged by prevalence, not 

incidence) of severe fluorosis at FDWCs of 2.14 mg/L, and possibly at 1.87 mg/L, can be 

compared to what was observed in the various districts, in terms of the actual prevalence in 

relation to the DWFCs found. This is outlined in Table 4-1, which provides this data with 

respect to 22 different districts in various regions of the U.S.  

 

(The Dean’s Index refers to a six point grading system for dental fluorosis; where, e.g. 3 

denotes moderate fluorosis and 4 signifies severe fluorosis). 
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Table 2: Dean data of fluorosis severity & prevalence as function of Local DWFC 

 Percent Distribution of Fluorosis in Populations Studied by Dean (1942), Sorted by 

Concentration of Fluoride in Community–specific Drinking Water Supplies  

Dean’s Index 
Town No 

Age 

(yr) 

F 

(mg/L) 0  0.5  1  2  3  4  

Waukegan, IL  423 12–14 0.0 97.9 1.9 0.2 0.0 0.0 0.0 

Michigan City, 

IN  

236 12–14 0.1 97.5 2.5 0.0 0.0 0.0 0.0 

Zanesville, OH  459 12–14 0.2 85.4 13.1 1.5 0.0 0.0 0.0 

Lima, OH  454 12–14 0.3 84.1 13.7 2.2 0.0 0.0 0.0 

Marion, OH  263 12–14 0.4 57.4 36.5 5.3 0.8 0.0 0.0 

Elgin, IL  403 12–14 0.5 60.5 35.3 3.5 0.7 0.0 0.0 

Pueblo, CO  614 12–14 0.6 72.3 21.2 6.2 0.3 0.0 0.0 

Kewanee, IL  123 12–14 0.9 52.8 35.0 10.6 1.6 0.0 0.0 

Aurora, IL  633 12–14 1.2 53.2 31.8 13.9 1.1 0.0 0.0 

Joliet, IL  447 12–14 1.3 40.5 34.2 22.2 3.1 0.0 0.0 

Elmhurst, IL  170 12–14 1.8 28.2 31.8 30.0 8.8 1.2 0.0 

Galesburg, IL  273 12–14 1.9 25.3 27.1 40.3 6.2 1.1 0.0 

Clovis, NM  138 9–11 2.2 13.0 16.0 23.9 35.4 11.0 0.7 

Colorado 

Springs,  CO 

404 12–14 2.6 6.4 19.8 42.1 21.3 8.9 1.5 

Plainview, TX  97 9–12 2.9 4.1 8.3 34.0 26.8 23.7 3.1 

Amarillo, TX  289 9–12 3.9a 3.1 6.6 15.2 28.0 33.9 13.2 

Conway, SC  59 9–11 4.0 5.1 6.7 20.4 32.2 23.7 11.9 

Lubbock, TX  189 9–12 4.4 1.1 1.1 12.2 21.7 46.0 17.9 

Post, TX  38 ~8–11c 5.7b 0.0 0.0 0.0 10.5 50.0 39.5 

Chetopa, KS  65 ~7–17d 7.6b 0.0 0.0 9.2 21.5 10.8 58.5 

Ankeny, IA  21 ~6–17e 8.0b 0.0 0.0 0.0 9.5 47.6 42.8 

Bauxite, AK  26 14–19 14.1b 0.0 0.0 3.9 3.9 38.5 53.8 

 

*Note: This is a reproduction of Table 4-1 in a confidential 2010 USEPA Draft Report (EPA 

2010a) 

 

The Table shows that a total of 443 children, from the Elmhurst and Galesburg areas, had 

DWFCs of 1.8 or 1.9 mg/L, yet none had severe fluorosis. (The prevalence of 0.0% is given to 

one decimal point, so theoretically it might have been up to 0.049%; however a later 

statement indicates that all of these 0.0% values actually reflected no cases of severe dental 

fluorosis whatsoever. That is, no such cases were noted in Galesburg (at 1.9 mg/L), or any 

other regions where DWFCs were 1.8 mg/L or less).  
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(In terms of moderate dental fluorosis, a small percentage of children from the above two 

areas had this condition, at a prevalence of 1.2% and 1.1% respectively. As regards lower 

DWFCs, a total of 1,203 children, from the regions of Kewanee, Aurora, and Joliet, had 

DWFCs of 0.9 to 1.3 mg/L, yet none were listed as having moderate (grade 3) let alone 

severe (grade 4) fluorosis). 

 

In my view, the EPA BMDL estimate of 1.87 mg/L for the 95
th

 percentile, lower bound DWFC 

associated with a 0.5% incidence of severe dental fluorosis, errs if anything on the 

conservative side, given that in the above 443 children with DWFCs very near this level, 

there was not a single case of this condition (in contrast to the BMDL prediction of at least 2 

cases; i.e. 443 x 0.5% = ~ 2.2 %). 

 

The predictions of the model are not based on observed fact; they are best estimates, but 

only on the basis of imperfect knowledge of the dose response relationship (DRR) with 

respect to dental fluorosis, and how best to cater for this in terms of mathematical and 

statistical approaches, which can only be imperfect approximations. (It is likely part of the 

difference between the observed versus the more conservatively estimated prevalence of 

severe fluorosis at DWFCs of ~ 1.87 ppm arises from the mathematical model also 

considering the possibility that the actual DRR data found represents the findings from just 

one sample, and another such study might have found different results).  

 

It is suspected that, while the there is certainly a DRR for dental fluorosis, the risk likely 

becomes proportionately less with lower levels; that is, it becomes sublinear at lower levels, 

(and there is likely a threshold, below which it does not occur). 

 

For example, from the Table, the risk for severe fluorosis appears to drop markedly between 

4 mg/L and 2.9 mg/L (i.e. 11.9 % in Conway versus 3.1% in Plainview), and that of moderate 

fluorosis drops even more markedly, between ~ 2.2 mg/L and 1.9 mg/L (ie 11% in Clovis 

versus 1.1% in Galesburg). 

 

However, it is not certain how well the chosen model and approach caters for such 

sublinearity of response at lower doses (as assessed by DWFCs). For example, the data set 

(or subset) actually used in the BMD analysis comprised not all 22 regions, but only ten, 

representing (after excluding one region) those with the highest recorded DWFCs. Thus the 

EPA considered the ten regions in which at least one case of severe fluorosis was found; 

though one of these (Bauxite, AK) was eliminated from the analysis because of the potential 

for confounding. This left nine positive regions, while the region with the highest DWFC but 

without any cases of severe fluorosis (ie Galesburg, IL; they say Galesbury) was also included. 

Thus, after excluding the Bauxite region, the analysis appears to have been limited to the ten 
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regions with the highest DWFCs (1.9 to 8.0 mg.L), in only one of which was there no severe 

dental fluorosis). It did not include the ten others (excluding Waukegan), with DWFCs of 0.1 

to 1.8 mg/L, in which there were no cases of severe dental fluorosis. I wonder whether this 

might have somehow resulted in over-estimating the risk at low levels. On reflection this 

would seem unlikely but cannot be proven mathematically.   

 

The report notes that, on the basis of the raw data, the FDWC in Clovis (2.2 mg/L) can be 

seen as a LOAEL (0.7% prevalence) and that in Galesburg (1.9 mg/L) as the NOAEL. It goes on 

to note that their derived BMD (for 0.5% severe fluorosis), of 2.14, is only slightly below the 

above LOAEL, of 2.2 mg/L (associated with 0.7% severe fluorosis), which statistics are pretty 

consistent with each other (in that the lower FDWC (2.14 mg/L) is associated with the lower 

prevalence prediction, (i.e. 0.5% for 2.14 mg/L, versus 0.7% for 2.2 mg/L).  

 

(They also note that their BMDL (of 1.87; for 0.5% severe fluorosis) is only slightly below the 

NOAEL of 1.9 mg/L (from Galesburg; but the latter in essence is a prediction of a 0 % 

incidence of fluorosis). These statistics are arguably less closely matched, as the lower FDWC 

(1.87 mg/L) is associated with the higher incidence prediction (of 0.5%, versus 0.0 % for 1.9 

mg/L). That is, the EA modelled approach predicts the possibility (which cannot be excluded 

as a possibility up to the 95
th

 percentile probability) of a 1 in 200 chance of severe dental 

fluorosis at 1.87 mg/L. This compares with the NOAEL approach of a predicted zero chance 

at 1.9 mg/L).  

 

These aspects of the EPA derivation are conservative, but not exceptionally so. The 

documentation of their data, rationale, and decision making is detailed and clear.  

 

ii. Subsequent extrapolation to derive Reference Dose for severe dental fluorosis 

This involves estimation of total (age/weight adjusted) fluoride intakes (in mg/kg) from 

drinking water, arising from such DWFCs, having regard to ingested volumes.  

 

To derive estimated fluoride intakes (in mg/kg body weight) from the Deans DWFC data, 

clearly information on water intakes and appropriate body weights for various ages, are 

required, which should approximate those applying at the time of the Deans study. However 

the EPA were not able to identify data providing a detailed analysis of average body weights 

and water intakes for the sensitive population over that time period; on the other hand, 

such data was found for later periods. The EPA selected  data collected during the 1977/8 

Nationwide Food Consumption Survey on drinking water intakes and body weights of 

children (Ershow & Cantor 1989), to estimate the fluoride intakes (mg/kg/day) from water 

for the mean, 75
th

, 90
th

, and 95
th

 percentile consumer groupings.  
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These intake and weight data were chosen because they were closest in time to the 1942 

Deans DWFC data (later data, from 1994-8, and 2004 were also utilised). 
 
    

 

The estimated fluoride dose for any (directly from) drinking water scenario is:  

Estimated F dose = [(F conc’n (mg/L)) x (tap water consumed (L))] / [body weight]  

 

Once an unacceptable DWFC has been identified (as above), this formula can then be used 

to estimate the (unacceptable) dose likely underlying, or occurring as a consequence of the 

above DWFC. (Other fluoride sources besides DW may have contributed to observed effects; 

these too were considered, as noted in section iii). 

 

As noted above, a BMDL (of 1.87 mg/L) was recommended by the EPA (as it relates to an 

estimated 0.5% prevalence of severe fluorosis). 

 

So, upper acceptable dose = 1.87 mg F/L x tap water consumed (L)] / [body weight] . 

 

Deriving such a dose depended on estimates of the daily drinking (tap) water intakes of 

various age groups studied by Dean, and estimates of their weights. As noted above, the 

later Ershow and Cantor study data were used to estimate the water intakes and weights of 

the Dean study children. Part of this data is summarised in a Table in the December 2010 

USEPA Report (EPA 2010a),
 
reproduced below. The tap water intake was the sum of DW 

intake and water added in final home or restaurant preparation of beverages and food. 

 

Table 3: Ershow & Cantor body weight and tap water intake data   

Body Weight and Tap Water Intake in the United States (Ershow and Cantor, 1989) 

Tapwater Intake 
Age Range 

(years) 

Mean Body 

Wt. 

(kg) 
Mean 

(ml) 

75th 

Percentile (ml) 

90th 

Percentile (ml) 

95th 

Percentile (ml) 

0.5–0.9 9.2 328 480 688 764 

1–3 14.1 646 820 1162 1419 

4–6 20.3 742 972 1302 1520 

7–10 30.6 787 1016 1338 1556 

11–14 47.7 925 1196 1621 1924 

 

*Note: This is a reproduction of Table 5-2 in a confidential 2010 USEPA Draft Report
 
(EPA 2010a)   

 

More recent data on estimated child body weight and tap water intakes were published by 

the EPA in 1994, and Tabled in the 2011 Report, as outlined below.  
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Table 4: US EPA 2004 body weight and tap water intake data  

Body Weight and Drinking Water Intake Data (Consumers Only) from Estimated Body Weight 

and Per Capita Water Ingestion in the United States – An Update (U.S. EPA 2004) 

Tapwater Intake 
Age Range 

(years) 

Mean Body 

Wt. 

(kg) 
Mean 

(ml) 

90th Percentile 

(ml) 

95th Percentile 

(ml) 

0.5–0.9 9 467 971 1,147 

1–3 14 349 723 946 

4–6 21 442 943 1,176 

7–10 32 487 993 1,241 

11–14 51 641 1415 1,742 

 

*Note: This is a reproduction of Table 5-3 in a confidential 2010 USEPA Draft Report
 
(EPA 2010a).   

 

(The age ranges used in the US EPA 2004 report range from 6 months (the beginning of 

enamel formation on the secondary teeth) through age 14, in order to cover late enamel 

development of the wisdom teeth. Since these were not likely to have erupted in the 

children of the Dean study they would not be reflected in the severe fluorosis values noted 

by Dean). 

 

The Ershow and Cantor data (Table 5 -2) were used as they were taken closer to the time of 

the Dean study. Table 5-4 (from the 2011 EPA Report) is derived from Table 5-2; for each age 

group the mean body weight and daily water intake (various percentiles) have been used to 

estimate the corresponding mean dose in mg/kg/day. For example, in the 1-3 years age 

group, of mean weight 14.1 kg, with a mean intake of 646 ml (0.646 L), a DWFC of 1.87 mg/L 

corresponds to a dose of (0.646 x 1.87) mg / 14.1 kg; i.e. 0.0866 mg/kg or ~ 0.09 mg/kg as in 

Table 5 below. 
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Table 5: Estimates of Daily F Doses at Specific Water Intakes (DWFC of 1.87 mg/L) 

Estimates of Fluoride Doses at Specific Tap Water Intakes for Age Groupings During the Sensitive 

Window for Development of Severe Enamel Fluorosis (at 1.87 mg F/L) 

Fluoride Exposure (mg/kg/day) Age Range 

(Years) Mean 75th Percentile 90th Percentile 95th Percentile 

Ershow and Cantor, 1989 

0.5 – 0.9* 0.07 0.10 0.14 0.16 

1–3 0.09 0.10 0.15 0.19 

4–6 0.07 0.09 0.12 0.14 

7–10 0.05 0.06 0.08 0.10 

11–14 0.04 0.05 0.06 0.08 

*Dose estimates for infants may underestimate the actual doses because of the lack of reliable 

information on the type of formula used for bottle-fed infants. 

 

*Note: This is a reproduction of Table 5-4 in a confidential 2010 USEPA Draft Report (EPA 

2010a).   

 

From this Table, the Office of Water (OW) selected 0.07 mg/kg/day as the contribution of 

the drinking water to the RfD. This was because it provided a reasonable difference (0.02 

mg/kg/day) between it and the IOM acceptable intake (AI) level of 0.05 mg/kg/day. (They 

disregarded any DW intakes that resulted in doses that were </= 0.05 mg/kg/day, because 

the latter amount was considered to confer optimal anti-caries protection).   

 

This seems somewhat arbitrary, and indeed the rationale is not made very explicit. The 0.07 

mg /kg/day estimate relates to the estimated mean intake for the 0.5 to 0.9 year age group 

and also the 4 to 6 year age group. However it was suggested that the (former) dose 

estimate for infants may under-estimate their actual doses because of the lack of reliable 

information on the type of formula used for bottle-fed infants at that time (i.e. at around 

1977/8, as a proxy for around 1942). However no specific qualifications were expressed 

regarding the 4 to 6 year olds intake estimates.  

 

The mean intakes for the 7-10 and 11-14 year age groups were not considered as potential 

yardsticks, partly because they were lower than or equal to the IOM AI of 0.05 mg/kg/day. It 

may also be because they were considered less relevant. (The children studied by Dean were 

largely 9 to 14 years old; however their severe fluorosis developed during the earlier, pre-

eruptive period of enamel formation).  

 

Therefore, in principle, selecting the 0.7 mg/kg/day figure as the lowest of the age-specific 

mean intakes seems reasonable. (The actual values here, for the above two age groups, are 
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0.0667 mg/kg and 0.0684 mg/kg respectively; i.e. ~ 0.07 mg/kg/day) i.e. [(328 mL x 1.87 

mg/L) / 9.2 kg] and [(742 mL x 1.87 mg/L) / 20.3 kg].   

 

However, it should also be considered what is the most appropriate fluoride daily intake 

yardstick or relative value to consider; that is, whether the mean (50
th

),  75
th

 , 90
th

 , or 95
th

 

percentiles for estimated fluoride intake (mg/kg/day).   

 

There is scope for substantial individual differences between children, even of the same age, 

with respect to their body weight and water consumption, and thus their daily intake of 

fluoride from drinking water at any given DWFC. These differences likely vary even more 

over 3-year age bands (as depicted in the Table) within which children’s relative weight 

increase may not parallel relative water intake increase. Such differences are borne out by 

the Table; with in all cases at least a doubling of estimated fluoride intake for the 95
th

 

percentile relative to the mean (suggesting a ~ four fold increase from minimum to 

maximum).  

 

However, the Deans data suggests that the incidence of dental fluorosis is quite strongly 

related to the water concentrations, which in turn suggests it is strongly dose related 

(especially as in those days there were comparatively few other major sources of fluoride 

intake). This suggests that in the situation of a 1.87 mg/L DWFC with a predicted 0.5% 

prevalence of severe fluorosis, those at most risk of this condition would be those 

consuming the most drinking water (per kg body wt). Thus, while the possibility of significant 

individual susceptibility cannot be excluded, it is likely that an estimated 0.5% prevalence say 

would largely arise from subjects exposed to higher doses, that is, over the 50
th

 percentile, 

and quite possibly nearer the 90
th

 or 95
 th

 percentiles. 

 

Even utilisation of a 75
th 

percentile estimate could have produced a RfD (water contribution 

fraction) of say 0.9 mg/kg/day for the selected (4 to 6 yrs) age group.  

 

It is in these respects perhaps that the selection processes involved in the RfD derivation 

arguably become less bound by formalised procedures, presenting a wider range of potential 

options, and with less transparent decision making. 

 

(The document raises the point that in the U.S., with exception of the youngest age group, 

estimated intakes for tap water were lower in the 1990’s than the 1970’s, this being 

consistent with dietary data indicating that there has been an increase in intake of bottled 

water and commercial beverages in place of tap water over the last decade. If the same can 

be demonstrated in NZ, this may have implications; however clearly fluoride intakes from 

these alternative sources have to be included in estimates of current total fluoride intakes).  
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In discussion of their RfD, the EPA Document also refers to two recent studies by Hong et al 

(2006a & 2006b)). In one study (Hong, Levy, Warren, Broffitt, & Cavanaugh 2006a) 579 

children were evaluated for dental fluorosis of the eight permanent incisors and four first 

molars at 8-10 years of age. Their fluoride intake had been followed from birth through 48 

months (4 years) by means of questionnaires completed by parents. Daily fluoride intake 

was estimated from water, beverages, selected foods, fluoride supplements, and dentrifices. 

Fluorosis was evaluated using the Fluorosis Risk Index (FRI); severe fluorosis cases were 

defined as having FRI definitive staining and/or pitting on both maxillary central incisors. 

(This differs from the Dean Index in that it includes staining without pitting; so that one 

might expect some cases (such as staining) to occur at lower fluoride doses than those 

estimated by Dean with regard to severe fluorosis only).  

 

The lack of severe fluorosis in this population provides some support for considering 0.04 to 

0.05 mg/kg/day as below the threshold for severe fluorosis. In a second report, Hong et al 

estimated relative risks for fluorosis (of any sort), comparing prevalences at different ages. 

Significantly, the few subjects (n = 8) with severe fluorosis (staining and/or pitting of the 

central incisors or first molars) all had fluoride intakes of > 0.06 mg/kg/day (2006b).  

 

However, when these eight children’s records were reviewed, it was reported that only one 

had pitting (as opposed to staining) according to the photographical evidence. (Pictures for a 

second child could not be located). The former child was breast fed, but at about 6 months 

started receiving substantial amounts of infant formula, reconstituted with tap water. At 8 

months, the tap water source was changed from one with 0.05 mg/L fluoride to one with 1 

mg/L fluoride. The child’s estimated fluoride intakes at various ages were as follows: 

 

Table 6: Estimated fluoride intakes of one child with fluorosis (pitted enamel) 

Time interval (Age) Fluoride Intake 

3 to 9 months Lowest of the 8 (due to breast feeding) 

9 months 0.118 mg/kg/day 

16 to 36 months 0.079 mg/kg/day 

20 to 36 months 0.08 mg/kg/day 

 

Further (though fewer) exposure data were provided on the other 7 children. 

 

However there are limitations to the above data; for example there was no direct 

verification of the information reported by the parents in the questionnaires, which were 

administered at 3 to 4 month intervals, and could not capture day to day variations in 

exposures. It also did not ask for information on use of fluoride mouth washes or gels. This 
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could quite conceivably have resulted in an underestimate of the total daily fluoride doses 

required to cause a given prevalence and degree of dental fluorosis.  

 

(A further finding was that 0.5 to 3 or 4 years of age were indeed vulnerable periods in terms 

of exposure levels; and this is the approximate time period during which the permanent 

central incisors and first molars are forming).    

 

As noted above, the point of departure for the drinking water RfD is a dose of 0.07 

mg/kg/day. In fact this “point of departure” equates to the selected RfD, as there was no 

perceived need to apply any further SF/UF to the “point of departure” to derive the RfD (as 

would be required, (e.g. if the raw data had been obtained from animal studies, or was less 

comprehensive and thus less readily applicable for other reasons).  

 

In Summary, there are possibly at least three reasons why the EPA proposed RfD may be 

unnecessarily low:  

 

Firstly, a slightly over-conservative extrapolation process to a DWFC of 1.87 mg/L given the 

Deans tabulated data. (However this extrapolation is well described and rigorous, and is not 

a major issue).  

 

Secondly, implied emphasis (e.g. Table 5-4) on mean estimated weight adjusted intakes (e.g. 

0.07 mg/kg/day for two age groups) rather than say 75
th

 or higher percentiles, which latter 

may well be the case for the majority of the 0.5% of children predicted to develop severe 

fluorosis. 

 

Thirdly, as regards these mean figures, seeming emphasis on the 4-6 years age group, and 

the 0.5 to 0.9 year age group, even though they note the dose estimates for the latter may 

under-estimate the actual doses because of lack of reliable information on the type of 

formula used for bottle fed infants. Arguably more emphasis should be placed on the 1-3 age 

group as I understand a major risk for significant fluorosis is from excess fluoride in children 

of 1-4 years. (Estimated intakes for the 1-3 years group included a mean of ~ 0.09 mg/kg/day 

and 75
th

 percentile of ~ 0.10 mg/kg/day).  

 

These comments however are not meant as specific criticism of the methodology; but 

instead are made just to suggest that the data are inevitably imperfect, and their application 

in some respects open to debate, so that any prediction (and RfD derivation) from it should 

not be seen as a precise, infallible guide to risk. Therefore, it should not be the only 

consideration in regulatory efforts to identify and prevent risks of dental fluorosis in New 

Zealand, under current exposure circumstances.  
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Finally, there is also possible under-estimation of the Deans population’s total fluoride 

intake, after also including sources other than (directly or indirectly) from drinking water. 

(These further sources were considered to result in only one seventh as much fluoride intake 

as from water, and thus contributed only one eighth of the total; as described below).   

 

iii. Adjustment for other sources of estimated fluoride intake, to estimate the maximum 

(weight-adjusted) acceptable daily dose of fluoride (ie reference dose; in mg/kg). 

In the US EPA document, the drinking water based RfD (0.7 mg/kg/day) was then adjusted to 

account for the additional small fluoride intake from foods estimated as occurring at the 

time of the Dean (1942) study. The OW determined from the McClure data (1943) that an 

intake of fluoride from a diet where solid foods had an average concentration of 0.5 ppm 

fluoride appeared to provide a reasonable assessment of the situation applying between 

1930 and 1940. McClure (1943) provided dietary (food) fluoride intake estimates on the 

above basis, and body weight ranges for the following age groups; 1-3, 4-6, 7-9, and 10-12; 

the mid point weights were then used to estimate mg/kg/day estimates for each age group. 

(Details are given in Appendix D of the EPA Report). When these were rounded to two 

decimal places, a (mean/composite) intake of 0.01 mg/kg/day was obtained.  

 

Thus (as there were no further sources of fluoride in those days), the final RfD based on the 

Deans data (and the children whence it came) was determined as: 

 

(0.07 mg/kg/day + 0.01 mg/kg/day)  = 0.08 mg/kg/day. 

 

Some imperfections exist in this EPA derivation, as indeed their Report alludes to, and I have 

suggested where it might be unduly conservative. However, overall it is a thorough, 

systematic, thoughtful approach, based on data which while dated, are relatively free of 

some potential confounding factors. 

 

2. Current Australia / NZ standards (incorporating LOAELs and NOAELs) 

 

i. Estimations & predictions of DWFCs potentially causing unacceptable effects 

 

The current Australia & New Zealand (A/NZ) standards are the same as those proposed in 

1997  by the U.S. Institute of Medicine (IOM), which derived their recommended maximum 

tolerable upper limits (UL) from essentially the same raw data (Dean, 1942) as used in the 

U.S EPA Draft 2011 Report. However the IOM selected moderate (not severe) dental 

fluorosis as the adverse effect criterion. 
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The FSANZ Report (2009) notes that the IOM derivation of their ULs were not described in 

detail in the FNB:IOM (1997) document (or a subsequent NHMRC & NZ MoH document in 

2006). However it indicates the evidence utilised was from Dean (1942), and includes (as its 

Table 1) the same table as in the EPA report (also included above).   

 

The FSANZ Report comments that the IOM noted from the Dean data that at about 2 mg/L 

fluoride in drinking water, the incidence of moderate fluorosis was around 1 %. 

 

It appears that a key piece of data utilised by the IOM was the statistics regarding Elmhurst 

and Galesburg, where the incidence of moderate fluorosis was measured at 1.2% (at a DWFC 

of 1.8 mg/L) and 1.1 % (at a DWFC of 1.9 mg/L) respectively. (These data are probably the 

basis for the IOM’s comment that at about 2 mg/L fluoride, the incidence of moderate 

fluorosis was around 1 %). 

 

However neither the FSANZ document, nor apparently the IOM 1997 report, comment on 

the fact that at DWFCs of just 2.2 mg/L (in Clovis), the prevalence of moderate fluorosis was 

much higher at 11 %, (though only 8.9% at Colarado Springs with DWFCs of 2.6 mg/L), while 

it was substantially more prevalent than that (i.e. 23.7%) with a DWFC of 2.9 mg/L). This  

particular data subset from Dean (1942) suggest the possibility of a rather steep dose 

response curve for moderate fluorosis, between DWFCs of say 1.8 and 2.2 mg/L, such that a 

prevalence of only 1% at a DWFC of 2 mg/L could be an under-estimate. 

 

However this point seems a bit of a red herring, as the IOM more appropriately selected a 

DWFC of 1 mg/L as one not associated with even moderate dental fluorosis, on the basis of 

the raw Dean data.   

 

That is, at levels of 1 mg/L DWFC, moderate fluorosis was absent (indeed there was zero 

incidence up to and including DWFCs of 1.3 mg/L in the regions surveyed by Dean). The 

FSANZ Report states that the fluoride UL for infants and children developed by the FNB:IOM 

utilised in effect a DWFC of 1 mg/L in their analysis. This then would have been a NOAEL 

(though more strictly a NOAEC). 

 

This aspect of the IOM derivation therefore seems relatively conservative, even more so 

than the EPA (2011) derivation in some respects, in that the complete absence of even 

moderate fluorosis was the endpoint (and this was noted with DWFCs as high as 1.3 mg/L 

from the raw data point of view, but a more conservative figure of 1.0 mg/L was selected).  
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ii. Subsequent estimates and extrapolations 

These included estimation of total fluoride intakes (mg F/kg bw; i.e. age/weight adjusted) 

from both drinking water (having regard to estimated ingested volumes, and the Dean data-

derived DWFC NOAEL of 1 mg F/L), and other sources of fluoride.  

 

The FSANZ report states that while fluoride intakes were not determined by Dean 1942 (this 

is likely to apply to both volumes of the water drunk, and intakes from other sources), 

McClure (1943) did make some theoretical estimates of daily intakes (including both water 

and food intakes) for children from a range of communities with water fluoridation at 1 mg/L. 

(However it is suspected this came not from fluoridation of water, but rather as a result of 

the natural fluoride content of those particular drinking water supplies, as these 1940’s 

DWFCs were naturally derived, not from active water fluoridation practices).  

 

Appendix D of the EPA report relates to the estimates made for intake from solid foods by 

children at the time of the Dean (1942 Study). It appears that both the EPA (2011) Report 

and the IOM (as reported by the FSANZ) utilised this data, including the age-specific food 

intake data. 

 

However, while the EPA in their document assessed (or at least discussed) likely water and 

food intakes separately (as described in sections 1 ii) and 1 iii) above), the IOM appears to 

present estimates for both of these two sources combined, utilising the Deans data (for a 

DWFC of 1 mg/L) and the McClure data. Table D-5 in the EPA Report (reproduced below) lists 

estimated fluoride intakes from drinking water (with a DWFC of 1 ppm) and food containing 

various mean levels of fluoride (0.1 ppm. 0.2 ppm. 0.5 ppm, &1 ppm).  

 

(It appears that the IOM Report used estimates of fluoride food content correlating with a 1 

mg/L DWFC, while the EPA used an average estimated fluoride content of solid foods of 0.5 

ppm (mg/kg) of fluoride). 

 

The FSANZ Report states that IOM theoretical intakes (mid point estimates) for various age 

groups were as follows:  

1-3 years:     0.41 mg 

4-6 years:     0.55 mg 

7-9 years:     0.73 mg   

10-12 years: 0.92 mg   

 

In the FSANZ Report, no further explanation is given of these 4 estimates. However I think 

these were derived from the McClure data (as summarised in Table D-5 in the EPA 

December 2010 Draft Report. I find this a somewhat confusing Table, with I think some 
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mistakes. For example the utilised indirect contribution estimates of fluoride from drinking 

water finding its way into cooked or wet foods appear to be 7.5% and 15% respectively (in 

most cases), not 10% and 20% (as stated). It seems that at one point, (a), (b), (c), & (d) 

respectively should be (e), (f), (g) & (h) instead. There also seem some other more minor 

mistakes. 

 

Table 7  

Estimated Fluoride Intakes from Drinking Water with 1 ppm Fluoride 

and Food with 0.1–1 ppm Fluoride (McClure, 1943) 

Age Group 
Parameters 

1–3 yr 4–6 yr 7–9 yr 10–12 yr 

Daily Energy allowance (calories)  1,200 1,500 2,000 2,500 

Daily Water requirement (cc)  1,200 1,500 2,000 2,500 

Drinking water consumption (cc):  

a) Direct: 25% of total daily requirement  

Indirect: 10% from foods (cc)  
390 520 650 812 

b) Direct = 25% of total daily requirement  

Indirect: 20% from foods  
480 640 800 1,000 

c) Direct = 33% of total daily requirement  

Indirect = 10% from foods  
480 640 800 1,000 

d) Direct = 35% of total daily requirement  

Indirect = 20% from foods  
580 746 933 1,165 

Total daily fluoride intake (mg) with 1 mg F /L in DW:  

Under conditions of (a)  0.390 0.520 0.650 0.810 

Under conditions of (b) and (c)  0.480 0.640 0.800 1.0 

Under conditions of (d)  0.560 0.745 0.930 1.165 

Food Consumption (g):  

Food consumption (g); total daily intake of 

dry foods when 1 g equals 4.5 calories  
265 355 445 555 

Fluoride ingested daily (mg) in food when dry food contains the following concentrations of F:  

e) 0.10 ppm  0.027 0.036 0.045 0.056 

f) 0.20 ppm  0.053 0.071 0.089 0.111 

g) 0.50 ppm  0.133 0.178 0.223 0.278 

h) 1.0 ppm  0.265 0.360 0.450 0.560 

Estimated total fluoride intake (mg) from water and food:  

Water (a) and Food (a)  0.417 0.556 0.659 0.866 

Water (a) and Food (b)  0.443 0.591 0.739 0.921 

Water (a) and Food (c)  0.523 0.698 0.872 0.278 

Water (a) and Food (d)  0.653 0.880 1.10 0.560 

Water (b or c) and Food (a) 0.507 0.676 0.845 1.056 

Water (b or c) and Food (b)  0.533 0.711 0.889 1.111 
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Water (b or c) and Food (c)  0.613 0.818 1.023 1.278 

Water (b or c) and Food (d)  0.745 1.00 1.250 1.560 

Water (d) and Food (a)  0.587 0.781 0.975 1.221 

Water (d) and Food (b)  0.613 0.816 1.019 1.276 

Water (d) and Food (c)  0.693 0.923 1.153 1.443 

Water (d) and Food (d)  0.825 1.105 1.380 1.725 

 

*Note: This is a reproduction of Table D-5 in a confidential 2010 USEPA Draft Report (EPA 2010b).   

 

The Table also lists different estimates, depending on the mean content of dry foods. 

It seems however that (in deriving the above doses), for the younger age groups, a mean 

fluoride content of foods of 0.1ppm was used, while with the two older age groups, a mean 

fluoride content of 0.2 ppm was applied. 

 

Reading between the lines, the above four estimates cited in the FSANZ Report were 

obtained as outlined in the following Table: 

 

Table 8:  Suspected derivation of IOM “theoretical intakes” (as cited by FSANZ) 5 

Age Group 
Parameters 

1-3 yrs 4-6 yrs 7-9 yrs 10-12 yrs 

Daily water requirement (DWR; mL)  1,200 1,500 2,000 2,500 

H2O intake (mL; direct; 25% of DWR) 300 375 500 625 

H2O intake (indirect via food; 7.5% of DWR) 90 145* 150 187 

Total water intake (direct and indirect) (mL) 390 520 650 812 

Total intake (mg) of  F from H2O at 1 mg/L  0.390 0.520 0.650 0.810 

Fl
-
 intake from dry food (Av content 0.1 ppm)   0.027 0.036   

Fl
-
 intake from dry food (Av content 0.2 ppm)    0.089 0.111 

Estimated total F intake (mg; water + food) 0.417 0.556 0.739 0.921 

(Rounded roughly to two decimal points): 0.41mg 0.55mg 0.73mg 0.92mg 

 

* (This figure of 145 mL is probably based on ~ 10% of DWR (0.1 x 1,500 mL) 

 

This Table (and Table D-5 whence it was derived) model for relatively low levels of water 

consumption (for example in comparison to the Ershow and Cantor data, as depicted in 

Table 5-2 in the EPA report; included above).   

 

The FNB:IOM in 1997 apparently normalised these estimates to the corresponding 

(presumably mean) body weights for each age group (details not given in the FSANZ Report). 

The result was a calculated “theoretical” mean fluoride intake of 0.05 mg/kg bw/day; with a 
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range of 0.02 mg/kg/day up to a maximum of 0.10 mg/kg/day, for infancy to early childhood 

(likely the most relevant age group to consider).  

 

(This apparent five-fold difference represents a wide range, especially when applying to 

within a single, relatively narrow age range. In contrast, it is likely the mean values did not 

differ dramatically across the different age groups, after adjusting for likely age-related 

mean body weights. For example, the above 0.41 mg estimate in a 2 year old child of say 13 

kg equates to ~ 0.032 mg/kg, while 0.92 mg in an 11 year old child of 34 kg say is ~ 0.027 

mg/kg; representing a difference of only ~ 1.19 fold. Thus variation within at least some age 

groups was significantly greater than variations in the mean values across different age 

groups).     

 

The FSANZ Report states that based on the absence of moderate fluorosis with water at 1 

mg/L fluoride and food, including at the upper ends of the theoretical ranges, a UL of 0.1 

mg/kg bw/day was assigned.  

 

Thus the selected figure of 0.1 mg/kg bw/day represents the upper bound or maximum 

possible estimate of the weight adjusted intake that might be “equivalent to” the best 

estimate of the doses actually received by that subset of children in the Deans study, who 

were exposed to DWFCs of 1 mg/L. Use of this maximum possible dose estimate represents 

the least conservative approach with respect to this particular consideration.  

 

As noted above, there are aspects of the EPA RfD derivation that could be considered 

conservative. However, there are aspects of the IOM derivation that are also conservative; 

arguably more so than the EPA approach. For example, the end point of no apparent 

moderate fluorosis results in a DWFC NOAEL of 1 mg F/L, which as a  starting point, is lower 

than the BMDL of 1.87 mg F/L, used by the EPA as a “point of departure”, (on the basis of an 

estimated prevalence of < 0.5% severe fluorosis).  

 

However overall, the IOM selected value (UL) of 0.1 mg/kg/day is clearly less conservative 

than the EPA value (RfD) of 0.08 mg/kg/day. This difference arises at least partly from the 

IOM selecting the highest possible estimate of dose corresponding to their selected DWFC 

starting point. This is illustrated in Table D-6, reproduced below. This Table indicates that the 

UL of 0.1 mg/kg/day is rather high compared to the range of values for estimated total 

fluoride intakes (in final column).  

 

As noted, Table D-5 is rather confusing; however Table D-6 provides summary ranges of 

weight adjusted total fluoride intakes estimated for the Dean study subjects (of different age 

groups). 
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That is, on the basis of the adjudgedly appropriate age-related body weights, ranges were 

obtained for total daily intake of fluoride as a function of age range (and given a DWFC of 1 

mg/L); and these are presented in the following Table; which is a reproduction of Table D-6 

 

Table 9:  Daily Fluoride Intake Estimates 

Daily Fluoride Intakes Estimated by McClure, 1943  

Daily Fluoride Intake 

Age Interval 
Body Wt 

(kg) From DW (mg) 
From Food 

(mg) 

Total 

(mg/day) 

Total 

mg/kg/day 

Birth to 3 years  8–16 0.390–0.560 0.027–0.265 0.417–0.825 0.026–0.103 

4 to 6 years  13–24 0.520–0.745 0.036–0.360 0.556–1.105 0.023–0.085 

7 to 9 years  16–35 0.650–0.930 0.045–0.450 0.659–1.380 0.020–0.086 

10 to 12 years  25–54 0.810–1.165 0.056–0.560 0.866–1.725 0.016–0.069 

 

*Note: This is a reproduction of Table D-5 in a confidential USEPA Draft Report (EPA 2010b).   

 

It can be seen that, only for the youngest age group, and then only at the extreme of their 

estimated intake range, does the estimated dose reach (and slightly exceed) a dose of 0.1 

mg/kg/day. The maximum of 0.103 mg/kg/day would have been estimated by considering 

that a maximum intake of 0.825 mg could have occurred in the youngest, lowest body 

weight infant of just 8 kg. This I suspect would be a very unlikely scenario relative to the 

great majority of the other estimates in the Table.   

 

Therefore I think that a daily fluoride intake of 0.1 mg/kg/day is unlikely to have occurred in 

the Deans study sub-populations having DWFCs of ~ 1 mg/L (and no moderate fluorosis), 

unless some of the various parameters used in the above Tables were significantly 

inaccurate. From Table D5, the figure of 0.825 mg in the 1 to 3 year old age group is said to 

come from the scenario of water (d) and food (d), (though I think they mean food (h). 

 

 Thus with a 33% (not 35%) of TDR water intake and a 15% (not 20%) of TWR indirect intake 

via food, one gets a total of: 

 

(0.33 x 1200 mL) + (0.15 x 1200 mL) = 400 + 180 = 580 mL. 

 

With a DWFC of 1 mg/L, this corresponds to 0.580 mg (not 0.560 mg as they state).  

With then an average fluoride content of dry food of 1 ppm, the estimate for the 1-3 age 

group is 0.265 mg from this source. So the combined intake from these sources appears to 

be 0.845 mg (though they calculate it as 0.825 mg, as in the Table). 
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As stated I think this is likely very much an extreme upper range estimate for this Dean 

population subgroup (and hence could be questioned as an acceptable value), unless the 

utilised parameters (e.g. 580 mL combined water intake, both direct and via food; and/or a 

mean fluoride content in dried food of 1 ppm at that time, can be shown to be significant 

under-estimates of the situation in the 1940’s).   

 

On the other hand, the FND:IOM (1997) report also described fluoride intakes from areas 

with DWFCs of 2 mg/L, and estimated that in children from such areas, the fluoride intakes 

would range between 0.08 to 0.12 mg/kg/day with a mean of 0.10 mg/kg/day. (I am 

presuming that, similar to the 1 mg/L DWFC scenario, this exercise also included “plus food” 

estimates).This estimate was taken as support for the assignment of 0.1 mg/kg/day as the 

UL. (It appears the FNB:IOM assumed that the 1% incidence of moderate fluorosis at DWFCs 

of 2 mg/L could likely be attributed to those children in whom this DWFC resulted in an 

intake of 0.10 to 0.12 mg/kg/day, as opposed to an intake of 0.08 to 0.10 mg/kg/day).   

 

Overall, I find this part of the debate, at least as outlined in the FSANZ document, rather 

elusive. The brief discussion in the EPA document is clearer. It appears the 2 mg/L DWFC, 

with an associated prevalence of moderate dental fluorosis of < 5% (in fact about 1%) served 

as a critical level. It was estimated by IOM that at this DWFC, the fluoride intakes would 

range from 0.08 to 0.12 mg/kg/day. The middle of this range (0.1 mg/kg/day) was identified 

as a LOAEL for moderate dental fluorosis.  

 

Thus there appears to have been two arguments for the UL of 0.1 mg/kg/day. The initial 

derivation arose from a conservative NOAEL (DWFC of 1 mg/L) but a liberal ascribed water 

and food intake amount (i.e. selection of the estimated maximum), while a supportive 

derivation involved a less conservative LOAEL (DWFC of 2 mg/L) but a more conservative 

ascribed water and food intake amount  (i.e. selection of the estimated average value).  

 

3. Summary and Conclusions 

In some respects, the IOM derivation process is actually or effectively more conservative 

than the EPA process. It caters for a risk free outcome (zero predicted risk for moderate 

fluorosis), factoring in a NOAEL DWFC of 1 mg/L. (In contrast to EPA factoring in a BMDL of 

1.87 mg/L for 0.5% severe fluorosis). 

 

The IOM derivation also incorporates substantially lower estimates of drinking water 

consumption in terms of volumes consumed (at least for ages >/= 1 year) than does the EPA 

derivation (i.e. Table 2 in this report, versus Table 5-2). This results in a lower estimated 

fluoride dose from drinking water for any given DWFC in the Dean population of children, 

and thus more of a potential to under-estimate the doses of fluoride they actually received 
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from this route, so the maximum safe dose (that did not harm these children) may have 

been  underestimated. 

 

Therefore, from the above two important respects, it is arguably not liberal. On the other 

hand, the actual value selected by the IOM (0.1 mg/kg/day) was less conservative than the 

new EPA proposal (0.08 mg/kg/day). This despite the fact that the EPA calculations in Table 

5-4 are based on a DWFC of 1.87 mg/L, while those of the IOM in Table D-6 are based on a 

DWFC of 1.0 mg/L. 

 

This lesser conservatism of the IOM value overall despite the above factors likely arises 

largely from the EPA selecting a value towards the lower end of their potential intake 

alternatives (Table 5-4), while the IOM selected a value at the top end of their alternatives 

(Table D-6; last column). 

 

However it seems another factor was the higher IOM estimate for the contribution from 

food. Thus the EPA derivation effectively assessed the food contribution as just 1/7
th

 (~14%) 

of the (direct) drinking water contribution (i.e. 0.1 versus 0.7 mg/kg/day). In contrast the 

range of estimates for food (Table D-6) for the Deans population (as assessed by the McClure 

data, utilised by the IOM), encompasses much higher contributions (in an absolute and 

relative sense). For example, from this Table, the contribution of food as a percentage of the 

total (for the upper range estimates) is ~ 32% for the birth to 3 years and 4 to 6 years groups 

(i.e. 0.265/0.825 and 0.36/1.105).  

 

From the opposite perspective, the EPA derivation is effectively less conservative with 

respect to two aspects, but more conservative with regard to two other issues.  

 

Lesser conservatism arises in part from the BMDL (of 1.87 mg/L) in effect allowing for an 

albeit < 0.5% risk of severe fluorosis, as opposed to aiming for an adjudgedly risk free 

outcome (i.e. zero predicted risk for moderate fluorosis), as was the IOM approach given 

their estimated NOAEL DWFC (of 1 mg/L) for this effect. A second source of lesser 

conservatism is that the EPA derivation incorporates substantially higher estimates of 

drinking water consumption in terms of volumes consumed (at least for ages >/= 1 year) 

than does the IOM derivation (i.e. Table 5-2 versus Table 2 in this report). This results in a 

higher estimated fluoride dose from drinking water for any given DWFC in the Dean 

population of children, and thus more of a potential to over-estimate the doses of fluoride 

they actually received from this route, so the maximum safe dose (that did not harm these 

children) may have been over-estimated. 
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On the other hand, greater conservatism (relative to the IOM) arises from the EPA’s 

selection of a value at the lower end of their potential intake alternatives (Table 5-4), while 

the IOM selected a value at the top end of their alternatives (Table D-6). (The EPA’s selection 

was a mean value, 0.07 mg/kg/day, for the 0.5 -0.9 yrs and 4-6 yrs age groups; while the 

IOM’s selection was 0.1 mg/kg/day, this being very near the upper end of the estimated 

range (of  0.026 – 0.103 mg/kg/day) for the birth to 3 yrs age group. 

 

A further more conservative factor is that the EPA derivation effectively assessed the food 

contribution as just an additional 1/7
th

 (~14%) relative to that of the (direct) drinking water 

contribution (i.e. 0.1 versus 0.7 mg/kg/day). In contrast the range of estimates for food 

(Table D-6) for the Deans population (as assessed by the McClure data, utilised by the IOM), 

encompasses much higher contributions (in an absolute and relative sense). For example, 

from this Table, the contribution of food as a percentage of the total (for the upper range 

estimates) is ~ 32% for the birth to 3 years and 4 to 6 years groups (i.e. 0.265/0.825 and 

0.36/1.105). 

 

Clearly the overall effect of the latter issues outweigh the effect of the former aspects, given 

the overall more conservative end point of 0.08 mg/kg/day versus 0.1 mg/kg/day 

 

The IOM derivation has both conservative and liberal aspects, while the EPA derivation 

(while more cogently outlined in the reports currently at my disposal) seems to contain more 

conservative than liberal elements. 

 

There is no compelling need to change from the IOM derived UL of 0.1 mg/kg/day to the 

new US EPA recommended RfD of 0.08 mg/kg/day. This is largely because such derivation 

processes are inherently imprecise, despite the amount of data utilised and effort involved. 

This is partly because most of the estimates are based on group data (on for example water 

volume intakes), with no ability to calculate any individual’s weight-adjusted intakes (of e.g. 

water), as a way to more accurately compare total fluoride intakes of individuals with and 

without, e.g. severe dental fluorosis (except with rare exceptions, such as by Hong et al). 

Also the very historical nature of this overseas data means its exposure estimates are 

difficult to validate.  
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PART 2 - HOW APPLICABLE TO NEW ZEALAND IS THE EPA EXPOSURE REPORT? 

 

The RfD and UL as discussed above were derived from the dental health status of the Dean 

population, and best estimates of the fluoride doses they would have received. Their 

implications for other populations will clearly depend on the estimated doses received by 

such populations. 

 

The current question is how do NZ estimated exposures compare to the U.S exposure 

estimates as outlined in the second U.S EPA Report? A response clearly requires not only the 

provided U.S data, but also recent, detailed NZ exposure data. The latter is available, for 

example from a 2009 Report, summarised in two even more recent papers (Cressey 2010; 

Cressey, Gaw, & Love 2010). 

 

This question is best addressed with input from relevant staff from the Institute of 

Environmental Science and Research Limited (ESR). While this section of the report (as a 

penultimate draft) has undergone peer review by ESR, it is still best read in conjunction with 

more detailed reports by ESR, and in particular references FSANZ (2009) and McClure (1943) 

as discussed above. These provide recent estimations of levels of fluoride exposure in NZ for 

various age groups.   

 

1. The EPA Exposure Report 

In March 2006, the National Academy of Sciences National Research Council (NRC) released 

the Report entitled Fluoride in Drinking Water: A Scientific Review of EPA’s Standards. The 

NRC suggested that, in order to develop an MCLG (Maximum Contaminant Level Goal) that is 

protective against severe enamel fluorosis, clinical stage II skeletal fluorosis and bone 

fractures, EPA should, among other things, develop better estimates of total exposure to 

fluoride for individuals. In response to these recommendations, the Office of Water (OW) 

collected available data on the various media that contribute to fluoride exposure in the U.S. 

for the purpose of estimating total exposures for children during the period of sensitivity to 

severe dental fluorosis (six months to 14 years). By estimating exposures from each and all 

of the media sources involved, it was also possible to estimate a relative source contribution 

(RSC) for each medium; (for example drinking water DW). Data were also collected to 

develop exposure estimates (and RSCs) for the adult population. 

 

The exposure assessments are outlined in the December 2010 USEPA report (EPA 2010b), 

which discusses various sources of environmental exposure and RSCs for drinking water. The 

findings regarding representative values for fluoride intakes are summarised in its Tables 7-1 

and 7-2. (The latter differs slightly from the former in also including an extra, relatively small 

estimated contribution from fluoride residues secondary to the use of sulfuryl fluoride (SuF) 
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as a fumigant in food storage facilities and processing plants, and some direct fumigation of 

foods. As Table 7-2 was the one used in the EPA analysis, only it is reproduced here (as Table 

10). 

  

Table 10: Representative values for Fluoride Intakes (including SuF) used in calculation to 

estimate Relative Source Contribution from Drinking Water (Av. DWFC 0.87 mg/L) 

Age Group 

(years) 

DWla 

(mg/day) 

Fl 

(mg/day) 

SuF* 

(mg/day) 
Bl 

Tl 

(mg/day) 

Sl 

(mg/day) 

Total 

(mg/day) 

RSC 

(%) 

0.5 - <1 0.84 0.25b 0.03 - 0.07 0.02 1.21 70 

1 - <4 0.63 0.16 0.05 0.36 0.34 0.04 1.58 40 

4 - <7 0.82 0.35 0.06 0.54 0.22 0.04 2.03 40 

7 - <11 0.86 0.41 0.07 0.60 0.18 0.04 2.16 40 

11 – 14 1.23 0.47 0.09 0.38 0.20 0.04 2.41 51 

>14 1.74 0.38 0.08 0.59 1.10c 0.02 2.91 60 

 

a 
Consumers only; 90

th 
percentile intake except for > 14 years. The > 14 yr value is based on the OW policy of 2 L/day 

b 
Includes foods, F in powdered formula, and fruit juices; no allocation for other beverages 

c
 Assumed. 50% of the 11-14 year old group 

DWI = Drinking Water Intake       FI = Food Intake (Solid Foods)       SuF = Sulfuryl Fluoride Intake      BI = Beverage Intake 

TI = Toothpaste Intake    SI = Soil Intake 

 

Note: i) This is a reproduction of Table 7-2 in a confidential 2010 USEPA Draft Report (EPA 

2010b).   

ii) :DWI estimates are based on an assumption of a mean DWFC of 0.87 mg/L  

 

Then (in Table 8-2 of the US EPA December 2010 report), the total (age-specific) fluoride 

intake estimates (as in Table 7-2 above) are outlined,  along with both the (age-specific) OW 

Benchmarks and IOM (1997) tolerable upper intake levels (ULs). This enables comparison of 

the current total fluoride intake estimates with both the OW Benchmarks and IOM ULs. This 

Table 8-2 is reproduced below as Table 11. 

 

Table 11: Comparison of Total Fluoride Intake Estimates to the IOM (1997) Tolerable Upper 

Intake Level and the OW Age-Specific Benchmarks  

Age Group 

(years) 
OW Benchmark

a
 

(mg/day) 
UL

b 

(mg/day) 
Intake Estimate 

(mg/day)
c 

0.5 – <1 0.72 0.9 1.21 

1– <4 1.12 1.3 1.58 

4 – <7 1.68 2.2 2.03 

7 – <11 2.56 

2.2 for 8 year olds 

10 for >8 year olds 

(skeletal fluorosis)
 d

 

2.16 

11 to 14 4.08 
10 

(skeletal fluorosis) 
2.41 
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Adult females 5.6 
10 

(skeletal fluorosis) 
2.91 

Adult males 5.6 
10 

(skeletal fluorosis) 
2.91 

 
a
The OW benchmarks were established to protect against severe dental fluorosis in children up to age 14 and to protect 

against skeletal fractures and skeletal fluorosis in adults 
b
IOM UL values were established to protect against dental fluorosis up to age 8. 

c
From Table 7-2. 

d
The IOM values for ages > 8 years were established to protect against skeletal fluorosis. 

 

*Note: This is a reproduction of Table 8-2 in a confidential 2010 USEPA Draft Report (EPA 

2010b).   

 

In Table 11, Column 1 gives the designated age ranges, whose designated mean weight can 

be inferred. Thus in Column 2, the EPA RfD (0.08 mg/kg/day) is converted to a dose in mg, by 

applying the designated (estimated) mean weight for the age group in question. (These 

mean weights are 9 kg, 14 kg, 21 kg, 32 kg, 51 kg, 70 kg, & 70 kg respectively for the seven 

age and/or gender groups in question). 

 

Therefore the prediction (on the basis of the RfD derivation) is that such benchmark doses 

should be protective against (at least down to a prevalence of </= 0.5%) severe dental 

fluorosis in children, and skeletal effects in adults; though this is based on using a mean body 

weight for all subjects in a specific age group.   

 

In Column 3, the IOM (1997) Guideline value for an upper limit (UL) of 0.10 mg/kg/day is 

converted to a dose in mg, by applying a designated (estimated) mean weight for the age 

group in question. (The mean weights applied in this case would have been 9 kg, 13 kg, and 

22 kg, for the first three groups respectively; the latter two each being 1 kg different from 

the estimates used in the OW approach). 

 

However, after the age of eight years, the UL becomes 10 mg/day, and this remains constant 

for all age groups thereafter, irrespective of body weight. This is because the IOM Guidelines 

for ages over 8 years are not based on dental fluorosis (and hence are not subjected to the 

UL derived from the Dean data on fluorosis), but rather on skeletal fluorosis. (This is a 

separate issue). 

 

These ULs are essentially the same as the Nutrient Reference Values (NRVs) for Australia and 

NZ. However, a table in the briefing document provided by Dr Palmer indicates that the NRV 

values also include a figure for 0-6 month olds; and the other age groupings, while 
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essentially the same, are described differently; e.g. 7-12 months, 1-3 years, and 4-8 years. 

The Table is outlined below. 

 

Table 12:  Australia/NZ Reference body weights and application to Benchmark and NRV 

upper limits  

Age 
NZ/Aust reference 

body weights (kg) 

Benchmark based on RfD 

0.08mg/kg/day (mg/day) 

NRV Upper Limit 

(mg/day) 

2-6 months 7 0.56 0.7 

7-11 months 9 0.72 0.9 

1-3 years 13 1.04 1.3 

4-8 years 22 1.76 2.2 

9-13 years 40 3.2 10.0 

M 64 5.12 10.0 14-18 years 

  F 57 4.56 10.0 

M 76 6.08 10.0  19+ years 

  F 61 4.88 10.0 

 

It has been observed that these are the correct age ranges for the reference body weights, 

but not for the NRV ULs; in the NRV illustration, the two youngest age ranges are 0-6 months 

and 7-12 months respectively (P Cressey, personal communication, date unknown).  

 

Column 4 in Table 11 gives the total daily intake estimates (as provided in Table 7-2 from the 

EPA 2010 Exposure Report). These are based on a DWFC of just 0.87 mg/L (from Table 7-2). 

(These intake estimates are perhaps unusual, in that they are based on the 90
th

 percentile 

DW intake estimate plus only the mean intake estimate from other sources) (Cressey, Gaw & 

Love 2009).  

 

Table 11 thus indicates that some children drinking water at the 90
th

 percentile intake level 

up to about age 7 are being exposed to daily fluoride doses at or higher than estimated 

acceptable levels, when the DWFC is at or above 0.87 mg/L. 

 

Figure 1 below shows the relationship between current US intake estimates (blue bars) and 

the RfD-derived benchmarks (black line) in units of mg/day. (These benchmarks are 

acceptable intakes for various age (& selected mean weight) groups.   
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Figure 1 

 
Note: This is a reproduction of Figure 8-1 in a confidential 2010 USEPA Draft Report (2010b). 

 

For all three of the youngest age groups, spanning the range of 6 months to 6 years (< 7 

years) inclusive, the estimated intake from the above modern US scenario was significantly 

greater than the RfD derived OW benchmark. 

 

Furthermore, from Table 8-2 in the USEPA report, for the two youngest age groups 

(spanning from 6 months to 3 years or < 4 years), the estimated intakes were also greater 

than the IOM derived UL, but by a lesser margin than for the OW benchmark. 

 

From data in Table 8-2 (Table 11 in this paper), the percentage by which estimated intakes 

exceed age related OW Benchmarks and ULs can be calculated as follows:   

 

Table 13: Degree by which estimated intakes exceed OW Benchmarks & ULs (Table 11)  

Age Group 

(years) 

OW Benchmark
a
  

(mg/day)                            

UL
b
    

(mg/day)                            

0.5 - <1 68% (1.21/0.72) 34% (1.21/0.9) 

1 - <4 41% (1.58/1.12) 22% (1.58/1.3) 

4 - <7 21% (2.03/1.68)  

 

 

Furthermore, this was for a DWFC of under 1 mg/L; i.e. 0.87 mg/L 
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2. New Zealand Exposure data 

While anecdotal evidence suggests that estimated intakes of fluoride commonly exceed the 

IOM (and Australia and New Zealand adopted) tolerable upper limit, it seems that this 

applies much more to one particular age group. Thus a 2009 ESR Report comments that the 

corresponding estimated dietary intakes, calculated on the basis of fluoridated water supply 

containing the maximum recommended fluoride concentration were also below the UL, with 

the exception of estimates for a fully formula-fed infant (Cressey, Gaw & Love 2009). 

 

This would suggest that the NZ exposure estimates are not as high as the current EPA 

exposure estimates for the U.S, as the latter are thought to exceed the UL for two age 

groups, as noted in Table 13. (By 34% in 6 to 12 month old infants, and by 22% in 1 to 3 year 

olds). It should be noted that the approaches to estimating fluoride intake were quite 

different between the EPA and ESR, with EPA using representative levels of intake, while the 

ESR estimates were based on actual dietary recall records for individual New Zealanders. 

 

However a more detailed review by ESR would seem justified, especially given their two 

more recent reports, noted above.  
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3. Discussion 

 

New Zealand exposure estimates indicate that at least some of the age-specific OW 

benchmarks and IOM ULs are being exceeded. 

 

Whether this is of concern depends in part on how robust the OW Benchmarks and IOM ULs 

(the latter adopted in modified form by Australia and New Zealand as NRVs) are as sensitive 

and appropriate safeguards against fluorosis (and indeed other potential effects), and how 

accurate the current NZ exposure estimates are. There would arguably be little cause for 

concern if for example the OW benchmarks and IOM ULs are unnecessarily stringent (low), 

and/or the NZ exposure estimates are possibly overly high (over-estimates). In terms of the 

latter, a reviewer noted that the ESR fluoride exposure report identifies several areas of 

uncertainty, but that it is not possible to say whether the nett effect of these would be to 

inflate or deflate exposure estimates. He commented that use of a fixed maximum water 

fluoride level and/or use of single day dietary recalls will tend to inflate high percentile (95
th

 

percentile) exposure estimates, but that the known phenomenon of under-reporting of food 

portion sizes will deflate portion sizes. Furthermore, the impact of using old fluoride 

concentration data cannot be assessed. 

 

Regarding the OW Benchmarks and IOM ULs; Various features of the RfD/Benchmark and 

NOAEL/UL derivations which are relatively conservative on the one hand or liberal on the 

other have been commented on in Part 1. Essentially there was sufficient uncertainty in both 

estimates to not regard them as infallible dividing lines between definite risk and definitely 

no risk. This was not intended to be criticism of their methods, but rather acknowledgement 

of the difficulties, which lie not so much in selecting a RfD or NOAEL, but rather of estimating 

typical volumes of water ingested as a function of age, and more particularly of body weight. 

Uncertainties and inexactitudes tend to creep in more from having to estimate and then 

choose the most suitable estimate for the age-adjusted intake (mg/kg/day) for any particular 

age group (spanning say three years, with likely many different body weights and water 

intakes even across such a three year age range). 

 

In this regard (while it would have been more appropriate in Part 1), here is an illustration as 

to how changes in estimates of amounts of water drunk can change a guideline value. It was 

previously commented that the estimates of the amounts of water drunk by the Dean 

population, at least in the IOM derivation process, seemed rather low. Table 8 above 

illustrates the water volumes estimated to have been consumed.  

 

If, for example, one were to replace these arguably conservative estimates for the amounts 

of tap water consumed (directly and indirectly) by the children involved in the McClure and 



NFIS 37 

Dean studies by possibly more realistic or likely estimates of the amount of water consumed 

by children of these respective age groups, then the estimated amount of their fluoride 

intake becomes substantially higher. (That is purely because their estimated water intakes, 

by typical criteria, including WHO estimates and modern estimates, are higher than those 

applied in Table 8). For example, even if water intakes were assumed to be just 40% of their 

drinking water requirement (DWR) and indirectly via food was 10% of their DWR, the figures 

in Table 8 would change as follows:  

  

Table 14:  Effect of different H2O intake volumes on estimated total F intakes (cf Table 8)  

Age Group 

Parameters 1-3 

years 

4-6 

years 

7-9 

years 

10-12 

years 

“Daily water requirement” (DWR; mL)  1,200 1,500 2,000 2,500 

H2O intake (mL; direct; 40% of DWR) 480 600 800 1000 

H2O intake (indirect via food; 10% of DWR) 120 150 200 250 

Total water intake (direct and indirect) 600 750 1,000 1250 

Total intake from Fluoride in H2O at 1 mg./L  0.600 0.750 1.0 1.25 

Fl
-
 intake from dry food (Av content 0.1 ppm)   0.027 0.036   

Fl
-
 intake from dry food (Av content 0.2 ppm)    0.089 0.111 

Estimated total Fl- intake (mg; water & food ) 0.627 0.786 1.089 1.361 

(Rounded roughly! to two decimal points): 0.63mg    0.79mg   1.09mg  1.36mg 

 

These intake estimates exceed those in Table 3 by ~ 54%, ~ 44%, ~ 49%, and ~ 48% for the 

above four (increasing) age groups respectively. 

 

Thus, as discussed in Part 1, the possibility of under-estimation of the overall fluoride doses 

received by the Dean population should be seriously considered when comparing the 

current exposure estimates (both US and NZ) with the RfD and UL.   
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PART 3: IN THE LIGHT OF THE EPA REPORTS AND GIVEN THAT MODERATE AND 

SEVERE DENTAL FLUOROSIS IS EXCEEDINGLY RARE IN NEW ZEALAND; IS 

FSANZ’S RECOMMENDATION CONCERNING THE NEED TO REVISE THE UPPER 

LIMIT STILL APPROPRIATE? 

 

The FSANZ Report, in its conclusions, appears to suggest that, if anything, the existing UL 

may need to be revised upwards (not downwards). They indicate that despite the apparent 

discordance between the theoretical (theoretically permitted) and actual intakes (the latter 

being greater), the absence of an increase in moderate fluorosis in the community suggests 

that exceedances of the current limit is not of concern, and indeed the existing UL might be 

able to be revised upwards. 

 

In the time available thus far to assess this issue, the author has come to the belief that 

there is no urgent need to lower the existing upper limit. This paper has endeavoured to 

explain above why the data and rationale arguing for a RfD of 0.08 mg/kg/day is not 

compelling. As stated, the rationale used by the EPA in the first report is overly conservative 

in some respects.  The complexities here are more epidemiological than toxicological, and  

collective expertise should be brought to bear on the issue. 

 

While current fluoride intakes in NZ may be more difficult to assess than those several 

decades ago, due to the currently greater number of sources of fluoride; such NZ estimates 

are becoming increasingly available. If such prevalence data and exposure data can be 

shown to be reliable, arguably they should have at least equal weight to the historical Dean 

data in assessing fluorosis risk as a function of fluoride intakes in New Zealand.  

 

It is important therefore to ensure that statistical data on the prevalence of dental fluorosis 

in New Zealand are comprehensive and reliable, and that estimates of prevailing exposure 

levels and total daily doses of fluoride are also accurate. This will allow a robust dose-

response assessment, which may have greater utility than the Dean and McClure data for 

estimating the cumulative prevalence of significant dental fluorosis as a function of fluoride 

intakes (and DWFCs). 

 

Furthermore, while this report focuses on estimates of risk, the wider issue is one of risk-

benefit balance. 
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