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Ab stract. To as sess mer cury ex po sure and po ten tial risk, to tal mer cury
(THg-H) and methylmercury (MeHg-H) in hair were stud ied in 160 adults. The 
study group con sisted of 60 in di vid u als liv ing in the north cen tral coast of
Ven e zuela. A sec tion of the area was known to be con tam i nated with mer cury
from a chlor-al kali plant in stalled near one of the trib u tary rivers of the Ca rib -
bean Sea. The study group was se lected from 4 in clu sion cri te ria points. The
con trol group was com posed of 100 in di vid u als se lected from Carabobo state
with no known ex po sure to Hg. A ques tion naire was de signed to col lect de mo -
graphic, health in for ma tion, work ac tiv i ties and fish con sump tion hab its. Hair 
sam ples were an a lyzed for THg. Sam ples with THg-H > 5 µg/g were also an a -
lyzed for MeHg. The mean THg-H was 1.88 ± 1.50 and 0.99 ± 0.87 µg/g for
the study and con trol groups, re spec tively. The study group was sta tis ti cally
higher than con trol in di vid u als, how ever, no sta tis ti cal dif fer ences of THg-H
were found be tween each of the 4 cat e go ries of both groups. Mean MeHg-H
value was 3.67 ± 1.25 µg/g. As so ci a tions were made be tween Hg-H and sev -
eral vari ables. No sig nif i cant re la tion ship was noted be tween Hg-H lev els and
clin i cal symp toms. R anal y ses and t-tests were used to de ter mine as so ci a tions
be tween ques tion naire vari ables and THg-H. The main pre dic tors of THg-H lev -
els in the study group were fish con sump tion and fre quency. As both groups
pre sented rel a tively low val ues for THg-H and MeHg-H, the re sults of this
study in di cate that Hg ex po sure did not ex ceed safe lev els. How ever, a more
in-depth ex po sure as sess ment should be con ducted to more ac cu rately as sess
this ex po sure, spe cif i cally in terms of Hg con tent in wa ter and fish sam pling.
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Re su men. Mer cu rio to tal y me til mer cu rio en ca be llo (THg-H y MeHg-H)
fue ron de ter mi na dos en 160 adul tos para ca rac te ri zar esta po bla ción en tér -
mi nos de ex po si ción a Hg y su po ten cial ries go. El gru po Estu dio con sis tió de
60 in di vi duos que vi ven en la cos ta Cen tro-Nor te de Ve ne zue la. Par te de esta
área se ha bía re por ta do con ta mi na da, años atrás, con Hg de una plan ta de
clo ro-soda ins ta la da jun to a uno de los ríos tri bu ta rios del mar Ca ri be. El gru -
po Estu dio se se lec cio nó con base en 4 cri te rios de in clu sión. El gru po Con -
trol es tu vo com pues to de 100 in di vi duos del Esta do Ca ra bo bo, sin ex po si ción
co no ci da a Hg. Se ad mi nis tró un cues tio na rio para ob te ner in for ma ción re fe -
ri da a: de mo gra fía, sa lud, ac ti vi da des la bo ra les y ali men ta ción con pes ca do.
Se ana li za ron mues tras de ca be llo para de ter mi nar THg. Las que re sul ta ron
su pe rio res a 5 µg/g, se ana li za ron tam bién para MeHg. El pro me dio de THg-H
fue de 1,88 ± 1,50 y 0,99 ± 0,87 µg/g para los gru pos es tu dio y con trol res -
pec ti va men te. El gru po es tu dio re sul tó es ta dís ti ca men te su pe rior al con trol,
sin em bar go, no se ha lla ron di fe ren cias es ta dís ti ca men te sig ni fi can tes en el
THg-H com pa ran do cada una de las 4 ca te go rías del gru po es tu dio. La me dia
de MeHg-H fue de 3,67 ± 1,25 µg/g. Se cal cu la ron aso cia cio nes en tre Hg-H y
al gu nas va ria bles. No se en con tró una re la ción sig ni fi ca ti va en tre los ni ve les
de Hg-H y los sín to mas re por ta dos. Se usa ron R-aná li sis y t-test y para exa mi -
nar las aso cia cio nes in di vi dua les en tre las va ria bles del cues tio na rio y el
THg-H. Los prin ci pa les pre dic to res de los ni ve les de THg-H en el gru po Es tu -
dio fue ron el con su mo de pes ca do y su fre cuen cia. Ya que am bos gru pos es tu -
dia dos pre sen ta ron va lo res re la ti va men te ba jos de THg-H y MeHg-H, los re sul -
ta dos de este es tu dio in di can que la ex po si ción a Hg no excedió los niveles
permisibles. Sin em bargo, se requiere una evaluación más profunda para
caracterizar, en forma más exacta esta exposición, principalmente en lo que
se refiere a determinar concentraciones de Hg en muestras de agua y de
pescado en la zona.

Re ceived: 05-04-2006. Ac cepted: 13-07-2006.

IN TRO DUC TION

Nat u ral de gas sing of the earth’s crust
is the ma jor source of en vi ron men tal mer -
cury; how ever, in dus trial ac tiv i ties can be
an ad di tional source of toxic lev els, ei ther
di rectly or in di rectly through the use and
mis use of mer cu rial com pounds (1).

Sev eral stud ies have in di cated an as so -
ci a tion be tween Hg ex po sure and a diet rich 
in fish (2-4). This work was per formed at
the Puerto Cabello-Morón coastal area of
Ven e zuela, an ideal lo ca tion for in dus tries
that re quire large land ar eas and  wa ter
trans por ta tion. Part of the area was known
to be con tam i nated with mer cury due to
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the in stal la tion of a chlor-al kali plant in a
pet ro chem i cal com plex close to one of the
trib u tary rivers (“Caño Alpargatón”), that
emp ties into the Ca rib bean Sea (5, 6). Mer -
cury spills from these plants be tween
1957-1976 pro duced con cern in the 70 km
coastal zone from Puerto Cabello to
Chichiriviche and in the Na tional Park area. 
The gov ern ment of Ven e zuela re quested an
im pact eval u a tion of ma jor in dus trial dis -
charges in that lo ca tion. This eval u a tion
iden ti fied high Hg lev els (> 3 ppm) in Caño 
Alpargaton sed i ments (6). Dur ing the fol -
low ing years, sev eral po ten tial pol lut ing in -
dus tries were built close to ar eas where the
main source of food in take was fish. The
main con tam i na tion path way of MeHg to
hu mans is through the con sump tion of fish
(7). In some of the vil lages stud ied, fish is
gen er ally the only source of an i mal pro tein.

Mer cury ex po sure was eval u ated by
mea sur ing the Hg con tent of hair. To tal
and methylmercury in the hair (THg-H and
MeHg-H) are use ful bioindicators of long-
 term ex po sure to Hg. MeHg-H is spe cific for 
MeHg con tam i na tion, par tic u larly from in -
ges tion of Hg-con tam i nated fish, where
MeHg is eas ily bio-ac cu mu lated and bio-
 mag ni fied thus be com ing con cen trated in
fish, par tic u larly, car niv o rous fish (8).

Once in cor po rated into the hair root,
Hg re mains sta ble. Hair grows at the rate of 
ap prox i mately 1 cm per month. Hair rep re -
sents re cent and his tor i cal ex po sures, while 
blood Hg con tent re flects only re cent Hg
ex po sure (9). One of the ad van tages of us -
ing hair as a bi o log i cal sam ple is that the
seg men tal anal y sis of strands pro vides the
op por tu nity to as sess past ex po sure his tory
based on growth rate (9- 11). MeHg builds
up dur ing hair for ma tion and shows a cor re -
la tion with blood Hg lev els. There is ev i -
dence that THg-H is 250 to 300 times
higher than Hg in blood (7, 8). There fore a
con ver sion fac tor of 1:250 has been used to 
con vert THg-H to Hg in whole blood (12).

The au thors have up dated part of the
above-men tioned sur veil lance and in ves ti -
gated the cur rent po ten tial Hg-con tam i na -
tion in a se lected pop u la tion of vil lag ers in
the re gion of Puerto Cabello-Morón coastal
area of Ven e zuela.

METHOD

An a lyt i cal, case-con trol study. The
study group in cluded 60 in di vid u als liv ing
on the north cen tral coast of Ven e zuela
(Falcón-Carabobo States) and was se lected
us ing the fol low ing cri te ria:

– Re ti red in di vi duals that wor ked in the
pe tro che mi cal in dustry at the time of
the con ta mi na tion (n = 20);

– Cu rrent pe tro che mi cal wor kers (n=13);
– Re si dents of a fis hing vi lla ge lo ca ted

10 km from the pe tro che mi cal in -
dustry (n = 14) with high in ta ke of
fish caught lo cally).

– Peo ple li ving in Puer to Ca be llo, a Ca ra -
bo bo Sta te port, lo ca ted 20 km from
the pe tro che mi cal in dustry and who se
fish in ta ke is con si de red high (n = 13).
The con trol group con sisted of 100 in -

di vid u als (50 male; 50 fe male) from Va len -
cia, Carabobo State with no known Hg-ex -
po sure. Va len cia is lo cated 94 km from the
fish ing vil lage; 64 km from Puerto Cabello
and 84 km from the pet ro chem i cal in dus -
try. This city was cho sen as the con trol
group re gion for the fol low ing rea sons:

– Lo ca tion (same Sta te and re gion)
– It was dif fi cult to as su re, with con fi -

den ce, that we could find peo ple “with
no known ex po su re” to Hg in the exact 
area of the study group. This in clu des
the area bet ween Puer to Ca be llo and
the fis hing vi lla ge; an in dus trial area
with many con ta mi nants pre sent.
A ques tion naire, in clud ing socio-de mo -

graphic in for ma tion, health his tory, Hg-re -
lated signs/symp toms pre sented dur ing the 
past 2 years, work ac tiv i ties (po ten tial Hg
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ex po sure) and life styles was given to both
groups by way of in ter views. Re spon dents
were also ques tioned about their fish con -
sump tion (yes/no), es ti mated av er age num -
ber of times per week they con sumed fish in 
the past 6 months, and type of fish con -
sumed. The re spon dents were cat e go rized
ac cord ing to fre quency of fish in take
(1 = Daily; 2 = 2-5x/week; 3 = 1-3x/week;
4 = No fish con sumed). The ques tion naire
did not in clude in for ma tion such as quan -
tity of fish con sumed (grams) nor the rel a -
tive size (length and weight) of fish con -
sumed. The study was car ried out dur ing
the dry sea son.

A 1-g hair sam ple was ob tained from
the sub jects, trim ming close to the scalp.
Hair sam ples were iden ti fied and stored in
plas tic bags prior to be ing an a lyzed. Sam -
ples were an a lyzed at the Lab o ra tory of the
Sci ences In sti tute for Minamata Dis ease in
Ja pan. THg-H was de ter mined in study and
con trol groups by a flameless atomic ab -
sorp tion spec trom e ter with a mer cury anal -
y sis va por izer (Rigaku Mer cury SP-1; Nip -
pon In stru ments Co. Ltd, To kyo). Sam ples
with THg-H > 5 µg/g were also an a lyzed for 
MeHg-meth ods of Nakamura et al, 1999
(13) and Nakano and Miyamaoto, 2003
(14), by atomic ab sorp tion spectro photo -
metry. An a lyt i cal qual ity con trol was en -
sured with stan dard hair sam ples, pro vided
by the Jap a nese In sti tute for En vi ron men tal 
Stud ies, and used as a con trol.

It was de ter mined that THg-H lev els
be low 5 µg/g did not rep re sent sig nif i cant
con cen tra tions of Me-Hg. THg is the sum of 
in or ganic and or ganic Hg. Me-Hg ac counts
for ap prox i mately 80% of THg-H (15),
there fore very small amounts of THg-H will
rep re sent even lower amounts of Me-Hg.
Then we de ter mined the Me-Hg con tents in
the hair con tain ing high con cen tra tion of
THg-H (over 5 ppm). As shown in Ta ble I,
the con trol group had no THg-H lev els
higher than 5 µg/g.   

Vol un teers were in formed of the study
ob jec tives and con fi den ti al ity is sues. Writ -
ten con sent was ob tained from the vol un -
teers and was pro vided with the re sults.

Sta tis tics
De scrip tive sta tis ti cal anal y ses were

used to il lus trate socio-de mo graphic vari -
ables and con cen tra tions of Hg-H and to
char ac ter ize the fish diet. Mean com par i -
sons were car ried out us ing the Stu dent’s t
test. R pack age was used for the one-way
anal y sis of vari ance (15). This was the most
suit able model for the treat ment of data
with in de pend ent cat e gor i cal vari ables. The 
pro posed model used to es ti mate the re la -
tion ship be tween the de pend ent vari able
THg-H and the in de pend ent vari ables sex,
group clas si fi ca tion, smok ing and drink ing
hab its, fish in take and fre quency of fish in -
take, is the fol low ing: THg-H  = µ + b1sex
+ b2 group classif. + b3 smok ing habit + b4

al co hol in take + b5 fish in take + b6 fre -
quency fish in take + e, where each in de -
pend ent vari able is mea sured in two or
more fac tor lev els.

Ini tially the idea was to com pare the
study group with the con trol group. How -
ever, the re sults showed there was a gra di -
ent of ex po sure that could be com pared. It
is a fact that the study group sam ple may
not be rep re sen ta tive; how ever, it al lowed
us to show that there is a ten dency to ward
the dose-re sponse re la tion ship.

RE SULTS

The dis tri bu tion of the study pop u la -
tion ac cord ing to group, sex, age and Hg-H
val ues is rep re sented in Ta ble I. The study
group had sta tis ti cally higher THg-H val ues
(p < 0.01) than the con trol group. Four in -
di vid u als (3 male, 1 fe male) of the study
group had THg-H > 5 µg/g. Mean MeHg-H
con cen tra tion was 3.67 ± 1.25 µg/g.
Table II shows the dis tri bu tion of the study
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group ac cord ing to clas si fi ca tion and mean
val ues of Hg-H.

Per cen tile dis tri bu tions with mean
THg-H lev els for the 4 clas si fi ca tions in the
study group are pre sented in Fig 1. Fig. 2
de scribes box-plots show ing con cen tra tions
of THg-H in the study group based on “fre -
quency of fish in take.” Each box shows the
me dian, 25th and 75th per cen tiles.

Fifty-seven in di vid u als in the study
group (95%), pre ferred to eat fish from
nearby bod ies of wa ter. Ta ble III shows the
fre quency of fish in take and mean val ues of
THg-H (µg/g). Twenty-nine fish spe cies
were re ported. From these, the sea spe cies
“Lisa” (Mugil sp.) was most fre quently re -
ported, fol lowed by “Pargo” (Lutjanus sp.),
Carite (Scomberomorus sp.) and Tuna
(Thunnus sp.). Twenty-five spe cies were sea
fish and four were river fish.

Ta ble IV shows the re sults ob tained
from the study group us ing the R sta tis ti cal 
pack age for one-way vari ance anal y sis. Only
vari ables that could in flu ence the THg-H
val ues were “fish in take” and “fre quency of
fish in take”. When this anal y sis was made
for the con trol group, it did not re veal any
con trib ut ing fac tors to THg-H.

Twenty-three Hg-re lated signs and/or
symp toms were in ves ti gated. In the study
group, 28/60 in di vid u als (46.7%) re ported
some type of sign and/or symp tom (26 with 
THg < 5 and 2 with ³ 5 µg/g). The
signs/symp toms re ported most in that
group were: sleep i ness (13/21.7%), hear ing 
dis tur bance (10/16.7%), anx i ety and sad -
ness (7/11.7%) and tremor (6/10%). No
sig nif i cant re la tion ship was noted be tween
hair mer cury lev els and clin i cal symp toms
in the cur rent study. The symp tom re ported 
most fre quently was head ache (8/13.3%),
fol lowed by joint pain (6/10%) (Ta ble V).

DIS CUS SION

Since Me-Hg ac counts for more than
80% of THg in hair (16), THg could be used
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Fig. 1. Per cen ti le dis tri bu tions of mean THg-H
le vels (1 = re ti red wor kers; 2 = cu rrent 
wor kers; 3 = fis hing vi lla gers; 4 = Puer -
to Ca be llo in di vi duals).
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Fig. 2. Con cen tra tions of THg-H of the Study
Group ba sed on “fre quency of fish in ta -
ke” (1 = daily; 2 = 2-5x/week; 3 =
1-3x/week; 4 = Do not eat fish).
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TABLE III
FREQUENCY OF FISH INTAKE IN THE STUDY AND CONTROL GROUPS ACCORDING TO GROUP

CLASSIFICATION AND MEAN VALUES OF THg-H (µg/g)

Study Group Frequency n %1 THg-H
X ± SD

Range

Retired workers

    Daily   2  10 0.6 ± 0.3 0.4-0.8

    2-5 times/week  16  80 1.8 ± 1.8 0.21-7

    1-3 times/week   2  10 0.4 ± 0.2 0.3-0.6

    Total  20 100  1.5 ± 1.7* 0.2-7

Fishing Village

    Daily   8  57 3.5 ± 0.9 2.2-5.16

    2-5 times/week   3  21 1.8 ± 0.9 1.2-2.8

    1-3 times/week   2  15 0.4 ± 0.1 0.3-0.5

    Don’t eat fish   1   7 0.3 -

    Total  14 100  2.5 ± 1.5* 0.3-5.1

Current workers

    2-5 times/week   6  46 1.8 ± 0.4 1.2-2.5

    1-3 times/week   6  46 2.4 ± 1.3 0.6-4.7

    Don’t eat fish   1   8 0.6 -

    Total  13 100  2 ± 1* 0.6-4.7

Puerto Cabello

    2-5 times/week   8  57 1.8 ± 1.6 0.4-5.6

    1-3 times/week   4      28.5 1.0 ± 0.4 0.4-1.4

    Don’t eat fish   1   7 0.9 -

    Total  13 100   1.5 ± 1.3* 0.4-5.6

Control Group

    Daily   2   2 0.79 ± 0.57 0.38-1.20

    2-5 times/week   9   9 1.02 ± 0.98 0.13-3.38

    1-3 times/week  25  25 1.20 ± 1.09 0.27-4.37

    Don’t eat fish  64  64 0.91 ± 0.76 0.09-4.31

    Total 100 100   0.99 ± 0.87* 0.09 -4.37

(*): No sta tis ti cal dif fe ren ces on THg-H bet ween groups stu died.
(1): % ba sed on to tal in di vi duals in each group.

TABLE IV
ANALYSES OF VARIANCE OF THE USED MODEL

Variables Df Sum of Sq Mean Sq  F Pr (F)

Sex 1 0.118 0.118 0.058 0.811

Group classification 1 5.402 5.402 2.657 0.109

Smoking habit 1 1.662 1.662 0.818 0.370

Alcohol intake 1 0.038 0.038 0.018 0.892

Fish intake 1 9.506 9.506 4.676 0.035

Frequency of fish intake 1 9.633 9.633 4.738 0.034



to es ti mate ex po sure to Me-Hg (17). Mean
lev els of THg-H were be low the safety limit
re ported by WHO (10 µg/g) and val ues of
MeHg-H were not sig nif i cantly dif fer ent
from the per mis si ble limit of 2 µg/g (18).
None of the women stud ied had THg-H over 
10 µg/g, the up per limit guide line for preg -
nant women (19). A MeHg-H level of 50
µg/g is as so ci ated with a 5% risk of neu ro -
log i cal dam age to adults (8). Par tic i pant’s
lev els were lower than those as so ci ated with 
such ef fects among adults (50 µg/g hair)
and among chil dren ex posed in uterus
(10 µg/g hair) (18).

The THg-H val ues are con sis tent with
those ob tained by Nilson et al, 2001 (20),

al though the MeHg-H lev els were lower in
that study. Both mean val ues ob tained were 
lower than the ones re ported in stud ies
from other coun tries such as Brazil (21, 22) 
and French Gui ana (23). How ever, the sta -
tis ti cally higher THg-H val ues in the study
group may in di cate the po ten tial for Hg
con tam i na tion in the area.

When eval u at ing the dif fer ent fish spe -
cies re ported, with the ex cep tion of tuna, no
one fish was found to be more sus cep ti ble to
Hg up take as re ported by other re search ers
(7, 22). Given the va ri ety of fish spe cies avail -
able and re ported, it is dif fi cult to de ter mine
the typ i cal fish diet in this re gion. Fur ther
ep i de mi o log i cal stud ies are rec om mended.
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TABLE V
DISTRIBUTION OF THE SYMPTOMS OF THE STUDY GROUP WHOSE PRESENCE

WAS “VERY FREQUENTLY”, IN THE LAST 2 YEARS

Symptoms Retired Fishing
Village

Current
Workers

Pto. Cabello Total %/60

Gums Inflammation 0 1 0 0 1  1.7

Writing impairment 1 0 0 0 1  1.7

Anxiety 1 0 0 0 1  1.7

Somnolence 0 0 0 1 1  1.7

Fear 0 1 0 0 1  1.7

Appetite decrease 1 1 0 0 2  3.3

Bronchitis 0 0 1 1 2  3.3

Paresthesia 0 1 0 1 2  3.3

Hearing impairment 1 0 1 0 2  3.3

Doubtfulness 1 1 0 0 2  3.3

Sweating 2 1 0 0 3  5.0

Sadness 1 2 0 0 3  5.0

Tremor 2 1 0 0 3  5.0

Nasal irritation 0 1 1 2 4  6.7

Sleepiness 1 2 1 0 4  6.7

Muscular pain 2 2 0 1 5  8.3

Joints pain 2 3 0 1 6 10.0

Headache 0 5 2 1 8 13.3



Lev els of THg-H in the fish ing vil lage
group were higher, al though not sta tis ti -
cally dif fer ent from those in the other
groups. This may be due to the higher fish
con sump tion. As ex pected, THg-H con cen -
tra tions de creased in the fol low ing or der:
Fish ing vil lage > Cur rent work ers > Re -
tired work ers > Puerto Cabello.

Ta ble IV shows that the only vari ables
that can in flu ence the THg-H val ues in the
study group were fish in take and fre quency
of fish in take, as the prob a bil ity of re jec tion 
of the F test is 0.035 and 0.034 re spec -
tively, which im plies they are sig nif i cant at
4%. Other fac tors stud ied did not con trib -
ute sig nif i cantly to THg-H lev els.

As ex pected, Fig. 2 shows an in crease
in THg-H con cen tra tions in the study group 
in di vid u als whose fre quency of fish in take
was noted as “daily”. The fact that mean
THg-H value of the fish ing vil lage res i dents
was the high est in the study group (2.5 ±
1.56 µg/g) and 57% of this pop u la tion re -
ported a daily fre quency of fish in take
(mean THg-H 3.55 ± 0.97 µg/g), in di cates
that diet fac tors con trib uted sub stan tially
to the Hg-H lev els. These find ings sug gest
that fish from the coastal ar eas may be con -
tam i nated with per mis si ble Hg lev els. This
po ten tial con tam i na tion should be fur ther
mon i tored with meth ods in clud ing the Hg
de ter mi na tion in fish sam ples.

Since all Hg-H con cen tra tions in this
pop u la tion were be low 10 µg/g (con sid ered
the limit be low which clin i cal signs are not
ap par ent) (24), signs and/or symp toms re -
ported could not be con sid ered spe cific to
mer cury in tox i ca tion and thus we can not
de rive de fin i tive con clu sions. How ever, a
more in-depth ex po sure as sess ment is rec -
om mended to as sess this ex po sure spe cif i -
cally in terms of wa ter and fish sam pling for 
Hg con tent.
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