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exposure
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The aim of the study was to assess the value of toenail
mercury as an alternative biomarker of methylmercury
exposure compared with blood and hair. Blood, hair and
toenail total mercury concentrations were determined
simultaneously in a southern urban sea (n = 35) and an
eastern rural lake (n = 37) group and separately in a central
Finnish rural lake (n = 39) group. A questionnaire-based index
was used for estimating frequency of exposure taking into
account high vs low mercury fish. Total mercury
concentration was determined by cold-vapour atomic
absorption spectrophotometry. The mean Fish Consumption
Frequency Index varied from 4.7 to 9.9 on a scale of 1± 20.
The blood, hair and toenail mercury mean concentrations
ranged from 2.9 to 14.6 m g l± 1, 0.45 to 1.57 mg kg ± 1 and 0.20
to 0.54 mg kg ± 1, respectively. In the combined southern and
eastern groups (n = 72) sampled simultaneously, the
correlations between blood and hair mercury were r = 0.92
and that of blood and toenails r = 0.78 (p < 0.0001). In the
central Finnish group the correlations were more moderate. In
the three groups all three biomarkers correlated highly with
the fish consumption index, r = 0.43± 0.76 (p < 0.0001). Men
consumed high-mercury fish more frequently than women,
8.6 vs 6.6 (n.s.). The mean mercury levels of blood and hair
were two-fold, but toenail mercury levels were only 30%
higher in men compared with those of the women. The relative
sensitivity (slope) of the sources decreased in the order, blood
> hair > toenails. In conclusion, toenails, an easily accessible
tissue for the estimation of methylmercury exposure, have
been shown to be closely correlated with the well-established
samples for biomarkers, viz. blood and hair mercury.
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Introduction
In  F inland the general  pop ulat ion is main ly exp osed to

m e rc u ry  t hroug h the diet  and ov er  60%  o f this  merc u ry

orig inates from  fish  and seaf oods (Alfthan et al. 1994).  Over

90%  of the total m erc u ry  of f ish  occurs in  the form  of

m e th ylm erc u ry  (WHO 1990). In  Fin land est imat ion of

(m ethyl)merc u ry  ex po sure  suffers fro m  u n ce rtainty of  the

m e rc u ry  concentr at ion  of  f ish  caught both  off sh ore  and fro m

th e a p p roxim ate ly 100 000 lakes with differing ecoch em ical

co ndit ion s.  T he m erc u ry  level  of  f ish  addit ionally  changes

tem porally  depend ing on the geograp hica l  lo ca tion and type o f

lake in  quest ion (L ouekari et al . 1994). To bypass  the need  for  a

huge n umb er  of  f ish  m erc u ry  analyses and est imation of  f ish

intake,  biom ark er s of  m ethylmerc u ry  exp o su re  are  to  be

p referred in  p op u lat i on  stu di es.

M e th ylm erc u ry  is  m etabo lica l ly  deposited  in  hair  durin g the

gro wth  ph ase  and is f irm ly b ou nd  to  su lph ur  i n  ker at in ,  w h ich

occurs abundantly  in  hai r  (H arkey 1993).  Nai ls resem b le h air

in  chem ical  com po si t ion  and  shou ld in  principl e  be as  usefu l

as  hair  for  est im ation of  methylm erc u ry  e xp osu re. So far

sampling of  nai ls  as  a biom ar ker  of  methylm erc u ry  e xp osu re

has on ly b een re p o rted in  o ne pre viou s s tud y  w h ich  w as

ca rr ied o ut  exclusively on w omen (Gar land  et al . 1993) .

T he re lat ion ship betwee n exp osu re  to  m ethy lm erc u ry  vs

blo od  an d h air  m erc u ry  concentrat ions, as  well  as  the

toxicokinetics  of  m ethylmerc u ry  is  w ell  d ocu m en ted  in  m a ny

human studies (W HO 1976, 1990) . Im portan t  par am eter s

know n to m odify the distr ibution of  m erc u ry  in  differe n t

o rgans include age, sex and selen iu m (Cuvin-A ralar  and

F u rness 19 91, Nielsen and A ndersen 1 992).  T he rat io  between

hai r  and w hole b loo d m e rc u ry  in  th e steady-state usually

ranges b etw een 2 00 and 300 (Phelps et al . 1980). In

epid em io log ical  selenium  research toenails  have at tr act ed

in c reased in terest  dur ing th e past  decade b ecause they  are  less

p ron e to  externa l  c on tam inat ion  com p ared  w ith  ha ir  an d

fingernai ls  and  th ey re flect  the m ean selen ium  intake in  tim e,

sp ann ing  f rom  several  months  to  a  year  (L ongnecker et  al .

1993). A s hair  is no t  a lways  availab le  or  co llected in  s tudies

(especial ly  those con cern ing elderly  men),  but  toenails  are ,

th is  s tu d y w as u nd ertaken  to  assess the value of  toenai ls  for

est imation o f  f ish-derived m ethylmerc u ry  ex po sure .

MATERIALS AND METHODS

Subjects

Study A

The subjects participated in a long term selenium follow-up study in May 1995.

The first group consisted of the staff of the institute (n = 35) in urban seaside

Helsinki who had a mean age of 43 years, range 25± 62 (10 men and 25 women).

The second group of subjects (n = 37) were engaged in agriculture in rural lake-

surrounded Leppävirta (eastern Finland) and had a mean age of 53 years, range

28± 71 (17 men and 20 women). They were all apparently healthy adults and none

of them used regularly any nutrient supplements which included selenium, or were

pregnant.

Study B

The subjects (n = 39) participated in a selenium supplementation trial described

previously (Alfthan et al. 1991a). They were all healthy male blood donors living in

the rural town of Jyväskylä, central Finland, surrounded by lakes. Their mean ± SD

age was 51 ± 7 years. The samples for mercury analysis were collected in the

autumn of 1987 at baseline before supplementing with selenium.

Informed consent was obtained from all participants and the study protocol was

approved by the Ethical Committee of the National Public Health Institute.

Questionnaire
The subjects in both studies were asked to fill in a one-page questionnaire with

questions concerning frequency of consumption of fish, species consumed, type

(canned, frozen) and origin of fish (sea, lake, river). In addition, occupational

exposure to mercury, smoking and health status were asked. For this study an
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algorithm was developed taking into account the fact that predatory fish from

lakes and rivers on average have a two-fold mercury concentration compared with

fish from the sea and that the mercury concentration of canned and frozen fish,

which are all imported, is low. Thus, from four frequency classes of servings, i.e.

less than once a week, once a week, several times per week and daily

consumption, an algorithm with a scale of 1± 20 was developed: the Fish

Consumption Frequency Index (FCFI).

Samples
An overnight fasting blood sample was taken into a heparinized vacuum tube in

study A and into a citrated vacuum tube in study B. An aliquot of whole blood in

study A and packed red cells in study B were separated and stored at ± 70°C.

Before taking the hair sample the subjects were asked to wash their hair using

regular shampoo. A bundle of hair was tied with thread and cut at the scalp from

the back of the head. The first 1.5 cm nearest the scalp was used for mercury

analysis without further pretreatment. This length corresponds to an integrated

intake of the previous 1± 1.5 months. Toenail clippings were obtained from each

toe and pooled. About half of the clippings in study B were still available for

mercury analysis after having been used previously for selenium analyses (Alfthan

et al. 1991b). They were pretreated by washing with a detergent, sonicated,

washed thoroughly with purified water and dried to constant weight at 60°C

(Ovaskainen et al. 1993). For obtaining data on the variation of mercury between

nails, individual nail clippings (5.0± 19.4 mg) from all toes were taken on two

occasions, 4 weeks apart from one subject. The means ± SD were 0.51 ± 0.08

mg kg ± 1 (range 0.38± 0.68 mg kg ± 1) and 0.50 ± 0.08 mg kg ± 1 (range 0.37± 0.64

mg kg ± 1). On both occasions the intraindividual variation was 17 CV%.

Reagents and equipment
Sulphuric acid, stannous chloride, potassium permanganate, hydroxylammonium

chloride were all from Merck and ̀mercury-free’. The other reagents were of

analytical grade. The ground glass-stoppered test tubes (150 ́  12 mm) and tubes

(100 mm) ending in a capillary (50 ́  1 mm) were borosilicate. The apparatus

consisted of an atomic absorption spectrophotometer, Perkin-Elmer Model 400

fitted with a glass tube (240 ́  5 mm) in the light path, Technicon AutoAnalyzer

flow-through equipment and an aluminium heating block with 60 places.

Determination of total mercury concentration
Aliquots of whole blood or packed red cells (1 ml), hair, or toenail clippings

(10± 100 mg), were weighed into the pregraded (10 ml) test tubes and the

contents dissolved overnight in a 1.5 ml mixture of nitric and sulphuric acids (2/1,

v/v). A capillary-ended tube was attached to the tubes and the mixture was then

heated from ambient to gentle boiling (30 min) and maintained for 30 min. Sixty

tubes were processed in a series together with blanks and reference materials.

After cooling in ice, saturated (6%) KMnO4 was added until the colour persisted for

2 min, then 10% hydroxylammonium chloride was added dropwise to reduce

excess KMnO4 (colourless). The volume was adjusted to 10 ml with water in the

pregraded tubes. The mercuric chloride standards ranged from 0.25 m g l± 1 to 6.0

m g l± 1. The concentration of total mercury was measured by an automated cold-

vapour atomic absorption spectrophotometric method (Armstrong and Uthe

1971).

Quality assurance
The detection limit of the method was 0.05 m g l± 1 determined as 3SD of the blank

value. Thus the detection limit for blood was 0.5 m g l± 1 and for a 50 mg hair and

toenail sample, 0.01 mg kg ± 1. The precision between series (5 series, 10

samples) for an in-house hairpool was 0.95 ± 0.02 mg kg± 1, 2.1 CV%. The

accuracy was established by analysis of certified reference materials in each

series: IAEA Copepod, MA-A-1 (n = 7) 0.28 ± 0 .017 mg kg ± 1 (certified value: 0.27

mg kg ± 1), BCR Pig Kidney 186 (n = 5) 1.86 ± 0.06 mg kg ± 1 mg kg ± 1 (certified

value: 1.97 ± 0.04 mg/kg) and NIES Hair (n = 7) 4.25 ± 0.26 mg kg± 1 (certified

value: 4.4 ± 0.4 mg kg ± 1).

Determination of selenium
Aliquots of whole blood or red cells (0.5 ml) or toenails (10± 50 mg) were

determined for selenium by acid-digestion fluorimetry (Alfthan 1984). Quality

assurance data have been published recently (Aro et al. 1994).

Statistical analysis
Spearman correlations, percentile distributions, linear regression and two-sided 

t-tests were calculated with the SAS program on a VAX computer.

Results
Study A
T h e m e an  ‰SD frequ en cy of  total  f ish con sum ption  expre s se d

as the Fish Con su m ption  F requency Index was 7.4 ‰4.6 in  al l

72 subjects.  T he  FCFI was 4.7  ‰2.5  (range 1Ð 12) in Helsinki

and  9.9  ‰4.8  (range 4±20) in  L eppävi rta . The majority  of  the

p a rt ic ipants  in  H elsink i  consum ed  f ish caugh t offsho re ,

w h e reas the m ajority  of  those l iving in  Leppävi rt a  c o n su m e d

fish fro m  su rrou nding lak es.

T h e m erc u ry  con centrat io ns in  who le blo od,  h air  an d

toenails  are  sho w n in  Table 1 . T he  leve ls of  al l thre e

biom arkers  w ere signif icantly  higher  in  rural  Leppävirt a

c o m p ared  w ith u rban  H elsin ki .  T h e hig hest  ind ividu al  valu es

w e re: for blood, 33 .1 m g l±1 for  hai r, 5 .88 mg kg±1;  and for

toena ils, 2 .29 m g kg±1, all from  differen t  i ndivid uals .  On ly on e

person,  a  laboratory  techn ician in  Helsink i , was

occu pation ally  expo sed  to  m erc u ry,  na m ely,  p h en ylm e rc u r i c

ace tate .  Her t issue m erc u ry  concentrat ion s (w hole blood, 2 .3

m g l±1,  hair, 0 .53 mg kg±1,  toena ils,  0 .22 m g kg±1)  were  very  close

to the respect ive m edian values of  al l  subjects fro m  Helsink i .

I n  al l  subjects  in  s tudy A the correlat io n betw een the

m e rc u ry  co ncentrat ion o f  w hole bloo d and h air  was r = 0.92

and  w ho le b loo d and toe nails  was r = 0.78, p < 0.0001. The

co rrelat ion b etw een hair  and to enails w as also  r = 0.78 

(p < 0.0001 ) (figure 1).

T h e m erc u ry  concentrat ions of  whole b lood,  hair  and

toe nails  were  al l  strongly associa ted  with  the FCFI:  blood,  

r = 0.76 ,  ha ir,  r = 0.75 and toen ai ls,  r = 0.69 (p < 0.0001) (Figure

2).  All th ree biom arkers  were  also  signif icantly  associated w ith
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Whole blood Hair Toenails

( m g l± 1) (mg kg ± 1) (mg kg ± 1)

Area n Mean SD GMa Mean SD GM Mean SD GM

Helsinki 35 2.9 1.4 2.6 0.45 0.25 0.42 0.20 0.09 0.18

(urban)

Leppävirta 37 11.5 9.1 8.0 1.57 1.42 0.95 0.54 0.48 0.36

(rural)

Overall 72 7.4 7.9 4.7 1.04 1.17 0.64 0.37 0.38 0.26

Table 1. Total mercury concentration of whole blood, hair and toenails in

urban and rural adults (study A).

aGeometric mean.
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age, r = 0.34 , r = 0.28,  and r = 0.28 (p < 0.02±0.006),

respecti vely.

Men (n = 27) had signif icantly  higher  bloo d and hair

m e rc u ry  levels  than wom en (n = 45), 10.3 ‰9.1  vs 5.3 ‰5.4  m g

l±1 (p < 0.01) and 1.45 ‰1.48  vs 0 .75 ‰0.77  mg kg±1 (p < 0.05),

re sp ectiv ely,  but  only sl ightly  higher m ean  toenail  merc u ry

concentrat io ns,  0 .43 ‰0.37 mg kg±1 vs 0.33  ‰0.40 mg kg±1

(n .s. ) . Men also consumed (high-m erc u ry) f ish  som ew hat m ore

frequently  than w omen, FCF I 8.6 ‰5.0  vs 6.6 ‰4.3 (n .s.) . T he

m ean ag e of  m en and wom en  was sim ilar, 48 ‰12 years.

Toenail mercury as biomarker of methylmercury exposure 235

Figure 1. Correlation between mercury concentration of whole blood and hair (a), whole blood and toenails (b) and hair and toenails (c) in adult Finns living in urban seaside

Helsinki (open circles) and rural lake-surrounded Leppävirta (filled circles), study A.

Figure 2.  Relationship between Fish Consumption Frequency Index and mercury concentration of whole blood, hair and toenails in adult Finns living in urban seaside

Helsinki and rural lake-surrounded Leppävirta, study A.
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Relative sensitivity

Study A

A means to  il lustrate  the re lat ive sensi t ivi ty  o f  hair  and

toenails to  classify  subjects accord ing to  blood  merc u ry  w as

don e in  s tudy A  by d ividing th e sub jec ts  into q uart iles,  see

Table 2 . All  four blood merc u ry  q uart i l es w ere  signif ican tly

d ifferent from  each  other  as was th e case  fo r  hair  and toenails .

T h e re lative sensi t ivi ty  of  the biom arkers m easure d a s qu art i l e

m ean s per  lo w est  qu art i le  decreased in  th e order  blood > hair  

> toenai ls.

Study B

T h e m ean  F ish Co nsum p tion  F requency  Ind ex  was 5.8 ‰3.7

(range 1±16). The merc u ry  concentrat io n of  the thre e

biom arkers , red bloo d cells , hair  and toenails are  sh o w n  in

Table 3 .  The correlat ion betw een  red bloo d cel l  and h air

m e rc u ry  w as r = 0.45 (p < 0.004) and between toenai ls, r = 0.55

(p < 0.0006). T he correlat ion between  hair  and  toenail  m erc u ry

w as  r = 0.72 (p < 0.0001 ) (Figure 3). The frequency  of  f ish

consum ption  was sig nif icantly  (p < 0.001)  re lated  to  all  the

t h ree  sou rces of  biomarkers:  hai r, r = 0.57 , red cel ls,  r = 0.43

and  to enails ,  r = 0.72 (p < 0.001). The biomarkers were  no t

associated  with  age in  this gro up o f  m idd le- aged m en.

Relationship between tissue mercury and selenium
In  s tudy  A  the mean  ‰S D wh ole b lood  and  toen ail  selenium

co ncen tr at io ns we re  139 ‰1 4 m g l±1 and  0.72  ‰0.11 mg kg±1,

respectiv ely.  In  study B the prev iou sly  determ ined  (A lfth an e t

al. 1991a)  values for red  cel l  selen ium  we re 186 ‰1 9 m g l±1 a n d

for toenai l  se len ium  (Alfthan et al . 1991b) 0.69  ‰0.10 mg kg±1.

A m ong  th e m erc u ry  biom arkers  in  s tu dy A only hair  m erc u ry

w as  w eakly asso ci ated  with  toenail  selenium  (r = 0.26, p <

0.03 ),  non e with blood se lenium  and  in  s tudy  B there  w e re  n o

asso ciat ions b etween  t issu e m erc u ry  a nd  se len iu m .

Discussion
T h e m o st  im po rtant  f inding of  th is re p o rt  is that toenai l  tota l

m e rc u ry  concen trat ion is as good a  biomarker of  exposure  t o

(m ethyl)merc u ry  as  is hair. T his w as show n b oth by  the close

relat io nsh ip betw een  the F CFI  and the three biom arkers  an d

in d i rect ly  by the high correlat ion s b etween toenail  merc u ry

and the w ell-establish ed  biom ar kers of  blo od and hair  merc u ry

concentr at ions in  tw o group s of  f ish  consum er s.  Prev io usly

G arlan d et al. (1 993)  had sh own  an associat io n betw een the

q ue st io n na ire-based freq uency of  co nsu m ption of  f ish  and

toen ail  m erc u ry  in  a  gro up of  127  wo m en. T h ey show ed that

toen ail  m erc u ry  was also  high ly  re p rodu cib le  over  t im e on two

occasions.  A part fro m the s tudy of  Garland et al. (1993 )

toenails  have so f ar  no t  been used for  th is p urpo se  in  hum an

stu d i es.

Most of  the tota l m erc u ry  of  hai r  has been sh own to b e

p re sen t  as m eth ylm e rc u ry  (Kyle and Ghani 1982, Suzuki

1993).  E xposure to  me thylm erc u ry  result s in  depo si t ion  in  hair

at  a hai r :b lood rat io  of  200±300 (Phe lps et al.  1980). In  study A

the rat io  w as  166,  suggest ing that  these  subjects were  n ot  in  a

steady-state  or  that  the low ratio  resu lts fro m  ex p o sure  to

in o rganic m erc u ry from  dental  am algam s.  P reviou s ex po sure

to  m erc u ry  can be followed re trospect ively b y analysing

lengths of  hai r  correspo nding to ,  f or  exam ple,  o ne mo nth, c .  12

m m . Toen ail  c l ipp ing s on  th e o ther  h and  shou ld preferably be

cu t  from  all toes an d pooled to  obtain  a re p resent at iv e sam p le

because each toenail  grows at an indiv idual  rate (Dykyj 1989).

An other  a l ternative could b e to  analyse  the cl ipp in g fro m  on ly

a certain toe, e.g . big toe (van  Noord  et  al.  1993).  Then,

h o w e v er,  the interindividual  variat ion in  the length o f  the

cli pp in g wo uld in trodu ce a  temp oral  b ias.  T his  w as

exemp lif ied by analysing the m erc u ry  concentr at ion of  s ingle

toenai l  c l ippings f rom  o ne ind ivid ual  on  tw o occasio ns

sh owing an intraind iv idual  variat ion of  1 7 CV%  between

toenails ,  which exceeds by  far  the precision of  the method (see

`Samples’  section).

A m on g the m erc u ry  and  selen ium  bio ma rk ers  m easure d  i n

the  p resen t  s tu d y, o nly hair  m erc u ry  an d toe nail  selen iu m

w e re correlated. T his f inding is  to  be expected as  f ish

contr ibutes only 1 0%  of the mean selen ium intak e (E kholm  e t

al . 1994) and 6 0%  of the merc u ry  intak e in  Finland (A lfthan e t

al . 1994) .

T h e consump tion o f  f ish in  Fin lan d is  typical ly  season al

w i th  respect  to  both amount and species of  f ish. The very  h igh

co rrelat ion between blood  and hair  an d toen ai ls  is  therefore

surprising  tak ing into account the differen t  t im espa ns th ey

reflect,  i.e . b lood  and hair  (1 .5  cm ) re f lect  week s and  m on ths

re spec tiv ely  a nd ,  b ased  o n hu m an  sel enium  sup plem en tat ion

tr ia ls,  toenai ls re f lect  exposure t im es ranging from 6 to  12

m onths (L ong necker et  al.  1993) . T he  reason for  th is  may be

the large range (1±20  FCFI) in exposure to  high m erc u ry  f ish.

O n e m u st  be  aw are  of  potentia l  sou rces of error  in  using

either  hai r  or  toenail merc u ry  as biom arkers of  methylmerc u ry

e x p o su re. External ly  dep osi ted m erc u ry  cannot be re m o v e d

from  either  hair  or  toenails withou t  dest ro ying th e t issue

G. V. Alfthan236

Blood Hair Toenails

n (m g l± 1) Q/Q1 (mg kg ± 1) Q/Q1 (mg kg ± 1) Q/Q1

18 1.8 ± 0.5 1.0 0.29 ± 0.15 1.0 0.14 ± 0.06 1.0

18 2.8 ± 0.4 1.6*** 0.51 ± 0.31 1.7* 0.19 ± 0.07 1.4*

18 6.5 ± 2.1 3.6*** 0.84 ± 0.47 2.7** 0.29 ± 0.13 2.1**

18 18.6 ± 8.1 10.3*** 2.67 ± 1.37 9.1*** 0.88 ± 0.51 6.2***

Table 2. Classification of subjects in study A by quartiles, mean ± SD.

Q/Q1 = ratio of quartile mean per lowest quartile mean. Significance

compared with lowest quartile, * p < 0.05, ** < 0.01, *** < 0.001.

Mean SD Geometric mean

Red blood cells 14.6 8.6 12.8

( m g l± 1)

Hair 1.19 1.19 0.76

(mg kg ± 1)

Toenails 0.28 0.21 0.22

(mg kg ± 1)

Table 3. Red blood cell, hair and toenail total mercury concentrations of

middle-aged men from the lake-surrounded town of Jyväskylä (study B).
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s tru c tu re.  Previou s in  v i tro  e xp er im en ts  hav e sh o wn  tha t

en dog enou s (m ethy l)m erc u ry  could not  be rem o ve d by

w ashing with sever al  types  of  chem icals  (Sky-P eck et  al. 1990).

L ikewise , in  an in  v itro  ex per im en t,  exp osu re of  a pool of

toenail  c l ippings ei ther  to  mercu ri c  m e rc u ry  or  m ethylm erc u ry

at  two concentr at ion levels in  solut io n show ed th at  the

ex terna lly  d epo sited  m erc u ry  could not  be rem ov ed b y ei th er

neutr al  or  a lkaline d etergen ts or  dilute  EDTA or  hy droch lo ric

acid (un pu blished  d ata) .

A lth oug h th e m ean  m e rc u ry  concentrat ions of  the thre e

s o u rces,  bloo d, hai r  and toenails ,  were 3.9- , 3 .4- and 2.7-fold in

lake- surrou nd ed  L ep pä v irta  co m pa red  w ith seaside Helsink i ,

t h e m erc u ry  levels are  st i l l  quite m oderate.  T he toenai l

m e rc u ry  levels  can at one extre m e b e co m pa red wi th  th e hair

m e rc u ry  concen tr at ions of  89 Finnish teen ager s wh o suffere d

from  fish  al lergy (conf irm ed  by a  posi t ive reaction in  a

s ero logica l  test)  show ing a  mean ‰SD value of  0.16 ‰0.01 m g

kg±1, re p re sent in g an  u n ex po sed p op ulat i on  (u np u bl ishe d

data) .  The other  extrem e comes from  a recen t  su rvey am ong

high  f ish  con sum ers in  eigh t different  areas of  F inland  w here

the f ish  is k now n to con tain  elevated  m erc u ry  levels (Alfthan

1995). T he  area m ea n h air  m erc u ry  concentrat ions of  123

sub jects ranged  from 2.3 mg kg±1 to  5 .0 mg kg±1.  Th ese  v alu es

a re  m o derate  com p ared w ith the W HO  re c o m m e n d e d  u p p er

level  for  hair  m erc u ry of 50Ð 125 mg kg±1 at  wh ich th e earl iest

s igns of  m eth ylmerc u ry poisoning m ay  occur (WHO  1990).

In  conclusion,  toen ai l  merc u ry,  an  easi ly  access ible t issue

fo r the estim ation of  methylmerc u ry  ex po sure ,  h as b een  sh ow n

to be close ly  correlated with  the well-established biom arkers ,

viz .  m erc u ry  in  wh ole bloo d and hair.
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