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On e  o f t h e  a ppr o a ch e s

• To  m o n it o r , a n d  a s s e s s  ch a n g e s  in , m e r cu r y  in  h u m a n  b io m a r k e r  
o ve r  t im e

• An yt h in g  d e cr e a s e d  o r  n o t  

Minamata Convention on Mercury 

Pr im a r y  g o a l: t o  r e d u ce  h u m a n  e xpo s u r e  t o  m e r cu r y

I m po r t a n t  t o  a s s e s s  h o w  e ffe ct ive  a r e  po licy  m e a s u r e s  in  r e d u cin g  
t h e  e xpo s u r e
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Key considerations
 

If there is a change, we should be able to detect it..

OR

If we are not detecting, is it because there is no change, or because there are 
sampling limitations?
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THE GAME OF....

SAMPLE SIZE  !



https://www.ncbi.nlm.nih.gov/books/NBK557530/

(RE-) INTRODUCING STATISTICAL POWER
= (1- probability of failing to reject null hypothesis, when in fact it was false) 
= “probability of making correct decisions” “detect an effect when one exists”

Non-consideration could lead to: 
• poor reproducibility
• inability to assess impacts ( = lead t o r egula t or y disappoint ment  and inact ion)

f [sample  s ize , ef f ect  s ize  (mean dif f .), var iance , s ignif icance]

• Typically, one goes for a power of 80%, and significance level of 5%
• And determine the sample size that can detect a certain target trend



While all of us want to sample as many people as possible, it is not always possible...
• E.g., a global anlayses by Basu et al (2018) had to constrain their a priori sample size 

cutoff by regions 
“Because we anticipa ted fewer studies in low- and middle income countries, we reduced the minimum 
sample size so a s to be able to report a t lea st some da ta .”
Gener al populat ion (LMI C): 100
Gener al populat ion (HI C): 200
Vulner able  populat ion (HI C): 100
Vulner able  populat ion (LMI C): 50

Sample- size in cross - sectional studies  ranged from 50 to 1910

Ba ck g r o u n d  po pu la t io n s  
Sout h - ea s t  Asia : 1 sub- popula t ion  w it h  8 0  ind ivid ua ls
Afr ica :               2  sub- popula t ions  w it h  16 2  ind ivid ua ls
Amer ica s :           14  w it h  7 6 2 2  (= =  a ve  =  54 4 )
Ea s t  Med .:          4  w it h  10 7 2  (= =  a ve  =  2 6 8 )
West  Pa cific:       3 0  w it h  3 6 ,2 59  (= =  a ve  =  12 0 8 )

ASGM: 3 0  sub- popula t ions  w it h  7 8 0 0  ind ivid ua ls  (= =  a ve  = 2 11)

I f t h e r e  is  a n  in t e r ve n t io n : WHEN ABOVE I S OK, WHEN NOT OK?

Basu et al.  (2018) EHP 

Key considerations
If there is a change, we should 

be able to detect it..
OR

If we are not detecting, is it 
because there is no change, or 

because there are sampling 
limitations?



M OTI VATI ON 
For typical sample sizes in cross- sectional studies  (tens to thousands)

• How well placed are we in reliably detecting trends, when they do exist?’
• And not miss them..

OBJ ECTI VES 
To assess

• A sampling strategy for evaluating trends of mercury concentrations in populations 
using human hair has the biomarker



M ETHODS

• Three initial mercury doses:  0.01, 0.05, 0.1   g/kg.bw - d

• Using the USEPA one - box model for mercury toxico - kinetics
⚬ Gene r a t e  a  d is t r ibut ion  of mer cur y concent r a t ions  of
⚬ Thr ee  ‘t r ue ’ popula t ions : 10  0 0 0 , 10 0  0 0 0 , 1 0 0 0  0 0 0
⚬ Decr ea se  d ose  by 1%, 5%, 10 %, 2 0 %, 3 0 %    (Could  be  emiss ions  r ed uct ions)
⚬ Ta ke  be for e  a nd  a ft e r  sub- sa mple s  (a s  in  a  biomonit or ing  pr ogr a m)
⚬ 50 , 10 0 , 50 0 , 10 0 0  sa mple s  

Hair Hg
Hair Hg, 

after some years

‘TRUE’ 
POPULATION

10K -  1 MIL

A SUB- SAMPLE
50- 1000

1.Test reproducibility (1 mil pop)
⚬ Draw sub - samples 10000 times
⚬ 50, 100, 500, 1000
⚬ Conduct a t - test
⚬ How many times null hypothesis is 

rejected



2. Determine sample sizes
a . 3  x 5  scena r ios  (10 0 0 0  -  10 0 0  0 0 0  popula t ion , t h r ee  d ose s)
b. To a ch ieve  a lpha  =  0 .0 5  a nd  pow er  =  8 0 % 
c. At  s t e a d y s t a t e
d . Using  MATLAB (sa mple s iz epw r )

3 . ‘MC scena r io’
⚬ Decis ions  t o  r ed uces  emiss ions  by 3 0 % ove r  2 0  yea r s
⚬ Ha ir  bioma r ke r  mea sur ed  eve r y 4  yea r s
⚬ Decr ea sed  in  exposur e  a ssumed  a s  s t ep- w ise  linea r  (d ecr ea se s , t hen  r ema ins  

s t e a d y for  one  yea r , a nd  so  on) - - >  s t ea d y s t a t e  is  a ch ieved  for  ha ir  me r cur y
⚬ Ca lcula t e  sa mple  s iz e  for  a lpha  =  0 .0 5  a nd  pow er  =  8 0 %

4 . Comment  on  t he  scena r io  of cha nges  in  d ie t a r y ha bit s
⚬ Decis ions  t o  r ed uces  emiss ions  by 3 0 % ove r  2 0  yea r s
⚬ Ha ir  bioma r ke r  mea sur ed  eve r y 4  yea r s



RESULTS  ( 1)
1.Test  r epr od ucibilit y (1 mil pop)

⚬ Dr a w  sub- sa mple s  10 0 0 0  
t imes; 50 , 10 0 , 50 0 , 10 0 0 ; 
Cond uct  a  t - t e s t

Obser va t ions’ S ample  S ize  
/  Reduct ion in Exposur e

50 100 500 1000

1 % 0.95 0.95 0.93 0.93

5 % 0.93 0.89 0.69 0.45

10 % 0.84 0.73 0.15 0.01

20 % 0.48 0.19 0 0

30 % 0.12 0.01 0 0

Probability of not rejecting the null hypothesis (that human 
exposure to mercury has not reduced) when it was false
BOLD = < 80% power

Even with 1000 sample size, studies will be divergent 45% of the times if reduction is < 5%



RESULTS  ( 2 )

Sample sizes to achieve 80% 
p o we r   ( 1 m il p o p u la t io n)

1%  r e d u ct io n
 in  e xpo s u r e

5%  r e d u ct io n 10 %  r e d u ct io n

2 0 %  r e d u ct io n 3 0 %  r e d u ct io n

>  20 000 > 800 > 220

> 70 > 40



RESULTS  ( 3 )

• 900 samples required to reliably detect change after 4 years
• 200 after 8 years

• So, if n < 900, non -observance of change should not deter continued 
reduction of emissions after the first 4 -yearly evaluation



( 4 )  COM M ENT 

As an example
• All Ad u lt  m e a n  s e a f o o d  in t a ke : 158  +/ - 6  g / we e k

⚬ S a ys , s e a f o o d  in t a ke  s ho u ld  inc re a s e

⚬ FAO: g lo b a l f is h  c o ns u m p t io n  ha s  inc re a s e d  22% b e t we e n  1990 a nd  2018

• If  c o ns u m p t io n  inc re a s e s , s a y 10%, it  is  u n like ly we  will s e e  a ny re d u c t io n  in  ha ir  Hg  
a nyt im e  s o o n

• Ev e n  t ho u g h t he  c o nv e n t io n  is  wo rking  e f f e c t iv e ly

Fla t  
b a s e line

d o s e

Ye a r s  

0  %  0  %  

Ja hns  ( 2014) h t t p s :/ / d o i.o rg / 10.3390%2Fnu 6126060

Ant ic ip a t e d  
e xp o s u re  
t r e nd

Like ly
e xp o s u re  
re d u c t io n

Mo v ing  b a s e line  
d o s e

Fi
sh

 c
on

su
m

pt
io

n 
do

se

C
hange in H

g H
air / 

H
g exposure



Fish Mean Hg (ppm)

Mackerel 0.05

Cod 0.111

Salmon 0.022

Pollock 0.031

Shrimp 0.009

Herring 0.078

Sardine 0.013

( 4 )  COM M ENT 
Wha t  a b o u t  f e e d ing  p re f e re nc e  c ha ng e s ?

ht t p s :/ / www.f d a .go v / f o o d / e nv iro nm e nt a l-c o n t a m ina n t s -f o o d / m e rc u ry-le v e ls -c o m m e r c ia l-f is h-a nd -s he llf is h-1990-2012

Wha t  is  f e e d ing  p re f e re nc e  c ha ng e s ?
• Ma rg ina lly s wit c h ing  d ie t  f ro m  m a c ke re l t o  c o d  

c o u ld  le a d  t o  inc re a s e d  Hg  e xp o s u re  b y 10-20%

• Ag a in , is  u n like ly we  will s e e  a ny re d u c t io n  in  ha ir  
Hg  a nyt im e  s o o n

• Ev e n  t ho u g h t he  c o nv e n t io n  is  wo rking  e f f e c t iv e ly

I wa n t  t he  b lu e  p ill. . . .
I m e a n  t he  f is h

https://www.fda.gov/food/environmental-contaminants-food/mercury-levels-commercial-fish-and-shellfish-1990-2012


SUM M ARY

• For studies of sizes 50 - 500, it will be difficult to reliably detect the 
effectivenss of emissions reduction if the magnitude of change is lower than 
5% or so 

• Effectiveness is easier to detect with smaller sample size in highly impacted 
populations, where direct interventions could lead to 20% reductions or more

• For gradual decrease in emissions, effectiveness may anyways not be visible in 
early years, unless sample size is of order of thousands
⚬ Obse r va t ions  w ill be  complica t ed  if t he  popula t ion  cha nges  d ie t  in  t e r ms of 

sea  (or  fish ) food  in t a ke  or  sea  (or  fish ) food  pr e fe r ence

This should not discourage parties from taking more action

Without action, we would be actually increasing exposure (even if we don’t 
detect it for the first few years)!
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