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Assessment Based on BRAFO-tiered Approach: 
Qualitative Integration of Risks and Benefits (Tier 2) 

According to data from ‘the Global Burden of 
Diseases, Injuries, and Risk Factors Study 2010’, the 
age-standardized death rate (per 100,000) of 
ischemic heart disease (a type of CHD) was 70.1 
(95% UI: 57.2-76.0) and this disease caused 948.7 
thousand (95% UI: 774.5 thousands-1024.6 
thousands) deaths in 2010 in China, which provided 
over 10% of the total deaths (8303.7 thousand 
deaths) caused by 231 statistical diseases/injuries[24]. 
Ischemic heart disease became the second cause of 
years of life lost among all 25 top causes in 2010 in 
China, whereas it was only the seventh cause in 
1990[24]. Moreover, there seems to be no significant 
association between the MeHg intake and the risk of 
CHD[1]. All these findings indicate that CHD is 
becoming one of the leading causes of death in 
China and a large population would benefit from the 
alternative scenario of all studied species because 
there would be an inverse dose-response 
relationship between the intake of n-3 LCPUFAs and 
the mortality caused by CHD[1]. 

However, prenatal maternal MeHg exposure via 
the alternative scenario of all studied species may 
result in an adverse effect on neurodevelopment 
because it is still controversial whether there is a 
threshold for developmental effects by MeHg[17], 
even though maternal intake of n-3 LCPUFAs via the 
alternative scenario of all studied species would be 
beneficial to neurodevelopment. Furthermore, the 
number of adults with high DLCs exposure (P 97.5) 
affected by an additional alternative scenario of 
some studied species would be small, but the 
adverse effects caused by such over-limit exposure 
would be severe[18]. These findings indicate that it 
could not be concluded definitely whether the 
benefits derived from the alternative scenario 
dominate the risks in this tier. Therefore, assessment 
in tier 3 level is necessary. 

Assessment Based on BRAFO-tiered Approach: 
Deterministic Computation of Common Metric  
(Tier 3) 

Obviously, the mortality and the child IQ gain 
caused by the reference scenario (no intake) of all 
studied species are zero. Therefore, the calculated 
results of mortality and child IQ gain of the 
alternative scenario are also the changes from the 
reference scenario to the alternative scenario. The 
mean concentration of EPA plus DHA of specific 
species was applied to match the concentration of 

DLCs in the pooled sample of the species for the 
calculation of mortality. According to the 
explanation given in the FAO/WHO publication[18], 
the value of X equaled 2 in all FAO/WHO equations 
in our assessment. 

The results calculated by Equations (5) and (6) 
showed that the net benefits from the alternative 
scenario of all studied species were more than the 
net risks when mortality and child IQ gain were 
chosen as the common metrics for general 
population and for women of childbearing age, 
respectively (Table 3). Therefore, the benefit risk 
assessment of all studied species could be stopped 
at this level according to the BRAFO-tiered approach, 
and the alternative scenario of all studied species 
could be recommended over the reference scenario 
for general population and for women of 
childbearing age. 

DISCUSSION 

The net health effects caused by consumption of 
the studied species were calculated deterministically 
and the Monte Carlo simulation was dispensable 
when the FAO/WHO approach was applied alone for 
benefit risk assessment[18]. The deterministic 
computation might not have been performed if a 
clear conclusion was drawn before tier 3 according 
to the BRAFO-tiered approach, which indicated that 
the potential assessment process of the 
BRAFO-tiered approach would be simpler. 
Furthermore, this approach includes probabilistic 
computation to resolve possible inconsistent 
deterministic computation results from different 
samples belonging to the same species. However, 
the deterministic computation methods 
recommended by the BRAFO-tiered approach (e.g., 
QALY) required some basic information on the target 
population[16], which was unavailable in our study. 
Therefore, it would be suitable that we integrate the 
BRAFO-tiered and the FAO/WHO assessment 
approaches according to our data. We found neither 
the application of the BRAFO-tiered approach in 
terms of consumption of Western Pacific species nor 
the combined application of the BRAFO-tiered 
approach and the FAO/WHO deterministic approach 
in the literature before our study. 

There would be optimal consumption of specific 
species for prevention of death and for child IQ gain 
because intake of EPA plus DHA has the respective 
maximum positive effect on death prevention and 
on child IQ gain[18]. The determination of the optimal 
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considered that the reference scenario (i.e., no 
intake) of these species (e.g., Auxis thazard) rather 
than the alternative scenario could be 
recommended to population exposed to high DLCs 
for the reason of cautiousness. After all, there was a 
lack of research on the type of probable displaced 
foods and on DLCs concentrations in these foods, 
and many alternative species with lower DLCs 
concentrations and more beneficial assessment 
results are available. Auxis thazard also has the 
highest MeHg concentration among our studied 
species; however, an additional alternative scenario 
of this species would not result in a MeHg exposure 
exceeding the PTWI in Chinese population, because 
the MeHg exposure was less than 10% of the PTWI  
in all studied Chinese population[4] and the    
MeHg intake via the alternative scenario of this 
species provided only approximately 25% of the 
PTWI (Table 2). 

The consumption of oily fish was recommended 

to increase the intake of EPA and DHA[26-27]. However, 
the results of our study showed that health risk 
would also increase with the increment of oily fish 
consumption. Once again, this indicated that the 
consumption of Auxis thazard, a species with high 
concentrations of both n-3 LCPUFAs and studied 
contaminants, needs caution. We considered that 
the consumption of oily fish with relatively low 
concentrations of contaminants rather than all 
species of oily fish could be recommended. 

The additive beneficial effects from dietary 
alpha linolenic acid (ALA) would draw more 
attention because it is a precursor for the 
endogenous synthesis of n-3 LCPUFAs and provides 
over 10% of the total fatty acids in rapeseed oil, the 
culinary oil with the largest average consumption in 
China. Epidemiological data showed that an 
increased intake of ALA could contribute to the 
reduction of CHD risk, especially in the population 
with low fish consumption, which indicates that the 

Table 4. The Weekly Optimal Consumption (g) for Death Prevention and Maximum Prevented Deaths 
(deaths/million people)/DLCs Exposure (pg/kg bw/month) via Weekly Optimal Consumption* 

Scientific Name Weekly Optimal Consumption for 
Death Prevention 

Maximum Prevented 
 Deaths 

DLCs  
Exposure 

Trichiurus lepturus 296.3 39 764 1.5 

Larimichthys polyactis 230.6 39 734 2.5 

Collichthys lucidus 965.1 39 790 0.8 

Pampus chinensis 372.1 39 489 9.8 

Muraenesox bagio 209.2 39 637 5.4 

Conger myriaster 195.8 39 472 10.3 

Sebastiscus marmoratus 389.8 39 750 2.0 

Thamnaconus modestus 1275.9 39 784 1.0 

Scomber japonicus 139.8 39 640 5.3 

Scomberomorus niphonius 336.0 39 644 5.2 

Ilisha elongata 238.7 39 754 1.9 

Miichthys miiuy 385.8 39 723 2.8 

Sparus macrocephalus 257.8 39 498 9.5 

Harpadon nehereus 922.7 39 744 2.2 

Raja porosa 1415.7 39 212 18.1 

Mugil cephalus 657.2 39 069 22.4 

Lateolabrax maculatus 203.8 39 802 0.4 

Hexagrammos otakii 460.8 39 567 7.5 

Oplegnathus fasciatus 372.5 39 496 9.6 

Auxis thazard 71.2 39 371 13.3 

Note. *The data on the optimal maternal consumption for child IQ gain could be obtained from a 
previously published study[20]. 
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dietary ALA could exert direct and/or indirect 
cardiovascular beneficial effect[28-29]. Furthermore, 
the endogenous conversion of ALA to n-3 LCPUFAs 
would be relatively more efficient in some specific 
populations, such as women of childbearing age[30-31] 
and vegetarians/vegans[32]. The conversion capability 
of dietary ALA to plasma DHA in neonate would be 
negligible[33], which indicates that breast milk would 
be the main source of DHA in exclusively breastfed 
neonate; on the other hand, dietary DHA of 
vegetarians/vegans is more likely to be deficient. 
Therefore, such efficient conversion in these 
populations would be a crucial compensation to 
meet their physiological demands. Based on the 
aforementioned description, we consider that the 
methodologies on benefit risk assessment would 
refer to n-3 LCPUFAs derived from endogenous 
synthesis, especially in some specific populations, to 
a greater extent. 

The n-3 DPA is an intermediate product in the 
conversion of ALA to DHA, of which the content in 
most studied species would not be negligible[20]. Its 
beneficial effects have been reported based on 
animal studies[34]. Therefore, we listed n-3 DPA 
intake amounts via the alternative scenario (Table 2). 
However, the current benefit risk assessment could 
not refer to n-3 DPA, because the dose-response 
relationship between the intake of n-3 DPA and its 
beneficial effects in humans is still unavailable. The 
current benefit risk assessment could also not refer 
to some contaminants (e.g., polybrominated 
diphenyl ethers) and nutrients (e.g., minerals) in 
studied species for the same reason. 

As mentioned above, n-3 LCPUFAs could actively 
affect the immune system[3]. On the other hand, the 
potential immunotoxicity of MeHg[35] and the 
DLCs-induced immunosuppressive effect on mouse B 
cell[36] were also reported. Moreover, some 
ingredients in marine species such as parvalbumin 
would be allergenic[37]. Therefore, a benefit risk 
assessment methodology that includes 
immunological end points deserves to be developed. 

The Zhoushan Archipelago was chosen as the 
sampling location because it is a crucial fishing 
ground in China and provides aquatic foods, 
particularly marine fish, to the whole country, which 
indicates that our study results could be applicable 
to a large-scale population. 

Our benefit risk assessment for child IQ gain 
does not need to be extended to tier 4 of the 
BRAFO-tiered methodology. Moreover, there was 
only pooled sample of each species for analysis of 
DLCs concentration in our study, which indicates that 

the net effect of death prevention could not be 
assessed in tier 4 of the BRAFO-tiered methodology 
because the distributional parameters for 
probabilistic computation of population mortality 
were unavailable. Analysis of DLCs concentration in 
individual sample was not feasible because it was a 
highly time-consuming process. 

CONCLUSION 

The results of the current study based on the 
BRAFO-tiered approach showed that the benefit of 
the alternative scenario (200 g/week) of all studied 
species outweighed its risk to population with an 
average DLCs exposure at tier 1, and the net benefits 
were quantitatively more than the net risks when 
mortality and child IQ gain were chosen as the 
common metrics for general population and for 
women of childbearing age at tier 3. Our results 
indicated that the alternative scenario of all studied 
species could be recommended to both these 
population groups with an average DLCs exposure, 
while the reference scenario (no intake) of species 
with relatively high DLCs concentration (e.g., Auxis 
thazard) could be recommended to population 
exposed to high DLCs for the reason of cautiousness. 
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