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Abstract

In the 1991-1993 period, efforts were concentrated on establishing and
validating the analytical methodology for determining total mercury (Hg-T)
and methylmercury (MeHg) in human hair, and to identify any high risk
populations in the study group. Two surveys were conducted during this
period, which involved the collection of scalp hair samples that were prepared
and analyzed for Hg-T, and also for MeHg 'm selected samples. The mean hair
Hg-T concentration determined in the study group (1.81 ± 1.52 mg/kg, as
dry weight) was significantly higher than the level obtained in the control
group (0.42 ±0.15 mg/kg). These results were characterized according to
geographical location of the FVs, frequency of fish and seafood consumption
and residence period in the same FV. Multiple comparison tests confirmed
significant differences between the arithmetic means obtained in each FV and
the control group. Five of the FVs with higher Hg-T concentrations in PW
and NW were selected for further and more in-depth studies. A new survey,
which is now in progress, is also described, which targets these five FVs and
the associated control group.

1. INTRODUCTION

The coastal zone of the eighth region of Chile receives discharges of industrial
residues, wastewater and domestic wastes. These discharges have included, until 1993,
inorganic Hg from two chloralkali plants that was dumped into river and estuary waters
flowing towards the coast. The food chain is the main pathway leading to humans for most
trace elements that may be present in these contaminated waters. Hence, the primary aim
of this project, carried out in collaboration with the Health Regional Ministry Office,
(SEREMI-Salud) is to perform a descriptive study on levels of total mercury (Hg-T) and
methylmercury (MeHg). The study employs the analysis of scalp hair specimens of a
selected human population at high risk with respect to Hg exposure through the diet {i.e.,
pregnant women (PW), nursing women (NW) and preschool children (PSCH) residing in
fishing villages (FVs) within this coastal zone, who have fish and shellfish as main food
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components in their diets. The mercury concentrations in these hair samples are compared
to the concentrations hair samples from an appropriate control group. The MeHg/Hg-T ratio
in scalp hair will enable interpretation of the results with respect to the degree of
contamination by Hg, and the dietary habits of the sample donors of each FV. In addition,
Se levels in scalp hair of PW with relatively high Hg content will be investigated for possible
correlation with MeHg levels. As the analysis of samples of PSCH are beyond the scope of
this CRP, these results are reported elsewhere.

2. METHODS

2.1 . Quality assurance

A number of approaches were followed for both internal and external analytical
quality control (AQC) for our studies. Internal AQC was performed for Hg-T through the
periodic analysis of either NIES RM No. 5 (Human Hair) or a laboratory-prepared human hair
sample. The latter is segmented but not powdered, and is available in a few grams, with
an established Hg-T value by CVAAS (1.10 ± 0.05 mg/kg, 95% conf. int. in 16
independent determinations). This sample was used as internal control to assess
intra-laboratory variability. Its homogeneity was estimated at the 100 mg level by
comparing the relative standard deviations (RSDs (%)) obtained in independent
determinations of Hg-T in several sub-samples, with the RSD (%) found when independent
sub-samples of RM NIES No. 5 were analyzed in a similar way. Also during this period, Hg-T
and MeHg were analyzed in human hair RMs, which are certified for Hg-T and have
reference values for MeHg. Moreover, Hg-T was analyzed in two blood samples from the
CTQ (Quebec, Canada).

External AQC was approached two ways; first, by comparing the results obtained
for Hg-T by CVAAS and INAA in several biological and environmental SRMs and CRMs,
including two RMs of human hair, and second, through intercomparison exercises. Using
the second approach, five intercomparison exercises have been performed so far and a sixth
one is in progress.

2.2. Study and control population groups

A new survey was performed in 1992-93 that included PW in 11 FVs of the coastal
zone who had no occupational exposure to Hg, and who consumed at least one fish meal
per week. The subjects (95 women, age 14 - 40) also regularly attended the health posts
for medical check-ups. The survey included a control group (19 women, ages 15 - 38, who
were in good health, had negligible fish or shellfish consumption, and resided in the rural
towns of Pinto and El Carmen). The questionnaire from the previous survey (1991-92) was
improved, and now included the frequency of fish and shellfish consumption per week, the
quantity per meal, the mode of preparation and origin, the number of conceptions and lastly,
the expected delivery date.

2.3. Sampling and pretreatment

The scalp hair samples were collected and analyzed according to the approved
protocol [1]. The hair was cut from the proximal ends with stainless steel scissors into
segments of 2 - 5 mm, transferred to a Pyrex bottle, washed with acetone for 10 minutes
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and dried at room temperature. At this point, we introduced a modification in the sample
preparation procedure, and instead of continuing the washing sequence using the small hair
segments, the dry sample was powdered in a PTFE homogenizer (i.e., using a
microdismembrator) after freezing in liquid nitrogen, and the washing sequence was
resumed afterwards with water and acetone, according to the protocol. The powdered
sample was dried, protected from dust and draughts and stored in a plastic container at
room temperature.

As was agreed in the second RCM, in addition to human hair reference materials
(NIES RM No. 5, GBW 09101 and BCR CRM-397), several biological materials certified for
Hg-T and with reference MeHg contents were analyzed. These included Trace Metals in
Tuna Fish (IAEA-350 in three bottles: No. 220, 346 and 400), Shrimp Tissue Homogenate
(MA(S)-MED-86/TM in bottle No. 131), Shrimp Tissue Lyophilized (MA-A-3/TM in bottle No.
171) and Fish Tissue Lyophilized (MA-B-3/0C in bottle No. 194). Also, samples No. 1 and
No. 2 from the first analytical quality exercise (AQCE) were reanalysed for MeHg.

2.4. Analytical methods

Hg-T was determined by cold vapour atomic absorption spectrometry (CVAAS) and
by instrumental neutron activation analysis (INAA) in 20% of the scalp hair samples for
periodic external quality control. MeHg was determined by gas liquid chromatography with
electron capture detector (GC-ECO). Se was determined by INAA.

2.4.1. CVAAS

Human hair samples were digested with HN03 in sealed Pyrex ampoules [2], and
biological materials were digested in acid (HN03), either in PTFE bombs or in sealed Pyrex
ampoules, as described in the second RCM report [3). However, for biological materials and
blood, the digestion in Pyrex ampoules was performed in a HN03 : HCI04 mixture (3:1) [2],
rather than in pure nitric acid, to enhance the oxidation of organomercury compounds in
such highly organic matrices. The analytical procedure for CVAAS has been described
previously in detail [3,4].

Using this CVAAS procedure, Hg-T was determined in several reference materials
(RMs), in two blood samples of the Interlaboratory Comparison Programme of the Centre de
Toxicologie du Quebec (CTQ), in two blind hair samples sent for the second AQCE, in 114
new scalp hair samples of the study and control population groups, and more recently, in
scalp hair and blood samples of PW residing in the FVs selected for more in-depth studies.

2.4.2. INAA

The analytical methodology for Hg-T and Se was already described in the previous
RCM report [3]. The following RMs were used as solid standards: Citrus Leaves (NIST,
SRM 1572), Human Hair (BCR-397), Oyster Tissue (NIST, SRM 1566), and additionally, the
IAEA RMs: Trace Metals in Tuna Fish (IAEA-350), Fish Tissue Lyophilized (MA-B-3/0C) and
Shrimp Tissue Lyophilized (MA-A-3/TM). These were prepared and irradiated in the same
form as the hair samples. In parallel, standard solutions of Hg (5.0 /ig/mL) and Se (30.0
//g/mL) were encapsulated in quartz (Vitreosil) and surrounded by an iron ring. Samples and
standards were irradiated in the nuclear reactor RECH-1 for 24 hrs periods with a neutron
flux oscillating between 0.9 - 2.0 x 1013 n/seg x cm3. After an appropriate decay period (ca.
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10 days), the vials were cooled with liquid nitrogen, opened and transferred to polyethylene
containers for measurement by y spectrometry. Samples were counted for 1 hr on a y -
spectrometer (FWHM = 2.4 keV at the 1332 keV 80Co photopeak). A pneumatic sample
changer, controlled through a IBM/PC compatible computer, was used for the analyses.

No losses were detected as a result of the irradiation process. Hg-T and Se were
determined in certified reference materials (human hair and biological) and in scalp hair
samples of the study and control population groups. The results from the analyses of the
two blind human hair samples of the second AQCE are not yet available, but are in progress.
As usual, the interference produced by the nSe peak in this Y emission was corrected by
calculating the relation between this emission and the emission at 264 keV.

2.4.3. GC-ECD

According to the results obtained in the first AQCE in two "blind" RMs provided by
the IAEA [5], while our results for Hg-T were quite consistent with the target values, the
MeHg results were not satisfactory. In this exercise, sample No. 1 had a very low MeHg
content and fairly high amount of ethylmercury (Et-Hg) (Et-Hg > 7x MeHg), and our MeHg
result was significantly high, partially due to the poor detection power of MeHg. Moreover,
in sample No. 2, the recovery of MeHg was low (63.3%), which we attributed to incomplete
isolation and extraction of MeHg under the alkaline disintegration approach. Therefore, we
decided to change our sample treatment and adopted a procedure based on the selective
isolation of MeHg from human hair by volatilization in a microdiffusion cell (Convey dish).
This procedure is described in detail by M. Horvat et at. in the second RCM report
(Alternative 2 direct method) [6] and has three advantages compared to ihe alkaline
digestion approach. First, the volatilization procedure provides a much cleaner extract
resulting in simpler chromatograms with few interferences from other peaks (e.g.. fatty
acids); second, it requires much less sample and leads to more concentrated toluene
extracts, which are more amenable for determinations in large sample numbers; and third,
it requires less reagents, and is, therefore, less expensive.

In the microdiffusion approach, the cysteine paper containing the MeHgCN (trapped
on it following volatilization) was acidified with 4M KBr and 2M H2SO4 (saturated with
CuSOJ. The MeHg (now as aqueous MeHg-Br) was extracted into toluene (1 mL x 2) under
mechanical shaking for 10 min. This was followed by a 10 min centrifugation for phase
separation. After transferring the toluene phase into a separate glass vial, the toluene was
dehydrated with a few anhydrous Na2SO4 crystals. Prior to sample analysis, the glass
silanized chromatographic column was pre-conditioned [3]; first, for 24 hours with a
saturated solution of HgCI2 in benzene. Following this, a 1//L injection of a 10 //g/mL
MeHg solution was applied into the column and was left for another 12 hrs before use. For
actual sample analysis, the separation conditions used were: Column temperature, 170 °C;
Injector temperature, 230 °C; Detector temperature, 230 °C; gas flow, 60 ml/min (ultrapure
N2); injection volume, 1-2//L

Preliminary recovery of MeHg in pure solutions was 89.5 ± 2.5%. As this result
was slightly lower than expected, we cross-checked our MeHgCI working stock solution
with a MeHg-CI standard solution provided by the reference laboratory- The MeHg and
Et-Hg chromatographic peaks were also confirmed with standard solutions provided by the
reference laboratory- No significant difference was found between the concentration of our
MeHg-CI stock solution cross-checked with the MeHg-CI standard, compared with the
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nominal value (1012.5 vs 1000 //g/mL expressed as Hg). New recovery results obtained for
MeHg in aqueous solutions prepared by dilution of the standard supplied by the reference
laboratory (at 0.50, 0.10, 0.05, and 0.025//g/mL) by the microdiffusion technique yielded
between 85.8 ± 3.2% (n = 3) (at 0.025 //g/mL final cone.) and 91.8 ± 2.6%(n = 3) (at 0.5
//g/ml). These recoveries were considered fair and quite reproducible for pure MeHg-CI
solutions. However, recoveries were better when MeHg was analyzed in real samples, as
is shown in the RMs that were analyzed (see below).

3. RESULTS AND DISCUSSION

3.1 . Quality assurance

Figures 1 and 2 present, as control charts, the variations of Hg-T concentration
measured in both of the human hair materials. Observing these charts, it is possible to
realize the importance of analysing a very homogeneous powdered human hair samples {e.g.
NIES No. 5) as a control samples, rather than a segmented hair sample (our internal control
sample). Based on these results, the Hg-T determination in powdered hair is under
statistical control, but the results obtained in our control sample showed that only 6 of 13
independent determinations are within ± 1 SD of the target value.

The results of the analyses of the human hair RMs and of the CTQ blood samples are
given in Table I. The values for Hg-T were found to be satisfactory, with the exception of
the low recovery in one blood sample, which had a relatively high Hg value. The results
obtained for MeHg show improvements in recoveries with respect to our last results
reported at the second RCM [3]. In particular, excellent agreement was obtained with the
reference MeHg content in NIES RM No. 5.

In comparing the results of the analysis of the various RMs by CVAAS and INAA
using the t-test, there were no significant differences (p < 0.05) in the results of both
methods, which showed a correlation coefficient of 0.993 [3,4].

Of the intercomparison exercises we performed, the first exercise was a periodic
external AQC using INAA as reference method for Hg-T, which consisted in the analysis of
20% of the scalp hair samples collected in this study and analyzed by CVAAS. A
comparison made by regression analysis in 21 samples of the study and control groups
collected in 1991 and 1992 showed a significant correlation between results obtained by
CVAAS and INAA for all the women studied (r2 = 0.88, p< 0.0001), and no significant
differences were established by paired t-test (mean difference = 0.178, std. error = 0.155,
'calc. = 1.152, p = 0.2628) [4].

The second intercomparison exercise was the intercalibration procedure based on the
analysis of Hg-T (by CVAAS and INAA) and MeHg (by GC-ECD) in the two"blind" RMs that
were provided by the IAEA. These results have been already presented and discussed at the
second RCM [3].

The third exercise was the delivery at the second RCM of human hair samples
collected and homogenized in our laboratory to other participant laboratories for analysis of
Hg-T. Table II shows a comparison between our results and the results received from three
of these laboratories. These samples corresponded to hair that was cut into 2-5 mm
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segments but was not powdered because at that time, there was no microdismembrator
available yet in our laboratory. According to these data, and considering the different
analytical techniques used in it, the results are quite consistent, particularly at low Hg-T
concentrations. However, at very high Hg concentration (>10 mg/kg), which is very
unusual in our study population group, significant difference was observed in the result of
one sample between our data (by CVAAS) and data obtained by NAA in another
participating laboratory.

The fourth exercise is the intercomparison of Hg-T and MeHg in three biological
reference materials provided by the Marine Environmental Studies Laboratory (MESL) of the
IAEA-MEL: Trace Metals in Tuna Fish IAEA-350 (in bottles 220, 346 and 400), Shrimp
Tissue Homogenate (MA(S)-MED-86/TM in bottle No. 131), Shrimp Tissue Lyophilized
(MA-A-3/TM in bottle No. 171) and Fish Tissue Lyophilized (MA-B-3/0C in bottle No. 194).
The results are shown in Table III. In this table, the results on IAEA Samples No. 1 and 2,
that were reanalysed for MeHg, are also reported. In general, reasonably good agreement
was obtained with the certified and reference values for Hg-T and MeHg in RMs IAEA-350
(in bottles Nos. 220 and 346) and MA-B-3/0C. Relatively high Hg-T and MeHg results were
obtained in RM MA(S)-MED-86/TM and MA-A-3/TM, and also for Me-Hg in IAEA Samples
No. 1 and No. 2. Three of these samples have in common relatively low MeHg and high
Et-Hg contents and apparently, the chromatographic peaks were not well resolved under
these conditions. Further studies are in progress to solve this problem.

3.2. Study and control groups

3.2.1. Hg-T

Hg-T was determined (in duplicate) by CVAAS, in 95 and 19 scalp hair samples
collected in 1992 (and early in 1993) of new PW from 11 FVs (study group) and two rural
towns (control group), respectively. In this period, all samples corresponded to PW that
have not been surveyed or sampled previously. The pooled standard deviation (SDP)
obtained in duplicate determinations of 104 samples of powdered hair with Hg-T content
between 0.14 and 9.72 mg/kg was 0.198 mg/kg, similar to the SDP obtained in 1991
(SDp = 0.173 mg/kg in 66 specimens of segmented hair), showing also consistent results
between subsamples. In this case, the uncertainty of Hg-T determination was not
significantly different for either segmented or powdered hair.

Table IV shows a comparison of results for Hg-T in scalp hair obtained in this period
(1992) and in 1991, grouped per FV (study group), including the control group, the number
of PW, the arithmetic mean, the standard deviation and the range. Also, a summary of
mean results for both sampling periods is given for the study group in Table V, in
comparison with the control group. Upon application of t-test to the Hg-T concentration
means of the study group in 1991 (2.09 ± 1.46 mg/kg), 1992 (1.63 ± 1.53 mg/kg) and
combined data 1991-1992 (1.81 ± 1.52 mg/kg) with respect to the means of the control
group in the same periods (1991, 0.43 ± 0 . 1 9 mg/kg; 1992, 0.42 ± 0 . 1 4 mg/kg; and
1991-1992, 0.42 ± 0.15 mg/kg), significant differences (p < 0.01) were established
between the two populations. Although no dietary survey has been made in Chile to our
knowledge regarding fish consumption by the general population, the national gross average
is estimated between 3.5 and 4.0 kg per year [10], varying with the proximity to the coast.
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Three main features deserve comment regarding these results. First, the mean
concentration of Hg-T in the study group was at least 4 to 5 times higher than the mean of
the control group confirming the validity of our hypothesis in both study periods. Second,
the Hg-T mean concentration in 1992 was lower by 22% with respect to the 1991 period,
probably as a result of two events: first, as of 1991, the dietary habits regarding fish and
seafood consumption were temporarily altered (due to sanitary recommendations from the
Chilean health authorities because of an outbreak of cholera morbus in Peru, limitrophe in
Chile); and second, decreased amounts of Hg were discharged from chloralkali plants into
the river waters in 1992 (due to partial replacement of the Hg electrolytic cells by diffusion
membranes). Third, it is important to notice the consistency and low dispersion of the
results in the control group. The mean Hg-T concentration found in the control group was
the same, despite the different study periods, PW involved, and number of women
considered in both periods. As expected, the result obtained in this group was low,
denoting the rather scarce consumption of fish and fish products due to their location inland
far from the coast.

Important conclusions were obtained when these results were examined concerning
the effects of the geographical location of the FVs, the approximate frequency of fish and
seafood consumption of the study women, and the age and residence period in the same
FV, and may be summarized as follows:

(1) By application of multiple comparison tests (Ahova and Tukey) to the Hg-T
concentration means obtained in each FV with respect to the control group,
significant differences (p < 0.05) were confirmed in at least six FVs in 1991,
seven FVs in 1992 and nine in the 1991-1992 period, all located within the
more polluted coastal zone. By multiple comparison tests (DSL and DSH) in
1991, it was confirmed that Punta Lavapig and Tumbes presented the highest
risk concerning mercury exposure through the diet. In particular, the
relatively high Hg-T results obtained in PW and NW of Chome, Tumbes,
Lenga, Isla Sta. Marfa and Punta Lavapi6 after two study periods apparently
indicate high risk population groups with regards to mercury exposure
through the diet. Therefore, these FVs were selected for further studies in
the 1993-1994 contract period. The results obtained in two FVs (Dichato
and Quidico), at the northern and southern limits, respectively, of this zone,
were consistently low as expected because they are out of the critical zone.

(2) Among PW and NW resident in FVs of the polluted zone, a statistically
significant difference was established between the Hg-T results of women
who ate fish and seafood one or more times weekly and those consuming a
lower amount. However, no significant differences in Hg-T content were
evident between women with different consumption frequencies above the
level of once per week.

(3) Within PW and NW who ate fish and seafood at least one time per week, a
statistically significant difference was found in Hg-T content in two
subgroups; the first one, with less than 20 years of residence (A), and the
second one beyond 20 years of residence (B) in the same FV. Subgroup B
showed higher levels in the two study periods: 1.76 ± 1.15 mg/kg(A) vs.
2.57 ± 1.67 mg/kg(B) in 1991, and 1.24 ± 1.00 mg/kg(A) vs. 2.27 ± 1.97
mg/kg (B) in 1992. However, there was no evidence to find significant
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difference with age, at least between two subgroups of women less and
beyond 25 years old having similar fish and seafood dietary habits.

Also, as already mentioned, a new survey is in progress in 1994 to collect scalp hair
and blood samples of PW from the five FVs selected as high risk group due to exposure to
Hg through the diet. Results on some of these samples were presented at the current RCM.
This study is linked to the health plans of the Health Regional Ministry Office, and the
samples are being collected according to the facilities provided by the health services.
Recently, 22 samples were collected and are being analysed.

3.2.2. MeHg and MeHg/Hg-T ratio

Results obtained for MeHg in duplicate by GC-ECD in 19 samples of the study and
control groups collected in 1992 (and early in 1993) are shown in Table VI, including the
ratio of MeHg/Hg-T. The ranges of MeHg (as Hg) were 0.523 - 2.015 mg/kg and
0.169 - 0.372 mg/kg in the study group and control groups, respectively, and the
MeHg/Hg-T ratio varied between 0.232 and 0.875 with a mean of 0.628 ± 0.168. These
ratios are significantly higher than the MeHg/Hg-T ratios obtained by the former MeHg
methodology that was abandoned. The MeHg/Hg-T ratio was consistently high (ca. 0.76)
for PW of the Isla Sta. Marfa, which is an island located about 20 miles from the coast. This
island was considered as one FV, although there are two FVs settled there. PW living on
the island depend on fish and seafood products for their diet, due to the difficulties to travel
to the mainland to get other food products. The information obtained through the
questionnaire about the frequency of fish and seafood consumption and the number of
meals per week of these PW showed a mean of 6.5 meals/week and an estimated amount
of 45.5 kg/person/year of fish consumption. Therefore, the relatively high MeHg/Hg-T ratio
of PW residing in this island can be directly connected to their dietary habits.

4. PLANS FOR FUTURE WORK

In the third year, we have validated the new methodology for MeHg determination
in scalp hair and plan to finish the analysis of the hair samples collected in the 1992 study
period in order to have a complete map of. the distribution of Hg-T and MeHg in the FVs of
the study group. In 1994, a new survey is in progress to identify and collect hair and blood
samples of PW living in FVs selected as high risk population due to mercury exposure
through the diet. These samples will be analyzed for Hg-T and MeHg to examine and
correlate the MeHg/Hg-T ratio with the dietary habits (fish consumption) of the PW, to
establish the source of Hg.

During the fourth year, we plan to finish the analysis of these samples and based on
their results, eventually, hair and blood samples of some newborns of these PW (and/or
umbilical cord blood) will be collected at the time of birth and analyzed too, for Hg-T and
MeHg to study possible correlations between these species levels in hair and blood, as well
as in the mother and newborn, and to assess the degree and extent of Hg contamination.
Based on these results, seafood and water consumed by these PW will be sampled and
analyzed to establish the main sources of Hg in the group at risk.

In those samples with relatively high Hg-T and MeHg levels, selenium will be
determined by hydride generation atomic absorption spectrometry to establish a possible
correlation between MeHg intake and Se levels, particularly in blood.
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TABLE I. ANALYTICAL RESULTS OF Hg-T AND MeHg IN HUMAN HAIR RMs AND OF
Hg-T IN TWO BLOOD SAMPLES OF THE INTERLABORATORY COMPARISON
PROGRAMME OF THE CTQ*

SAMPLE

NIES No. 5

Human Hair

BCR-CRM-397

Human Hair

GBW 09101

HH Human Hair

Hg-T (mg/kg)

CVAAS

4.25 ± 0.18(13)

11.63 ± 0.22(5)

2.12 ± 0.10 (5)d

2.72 ± 0.11 (2)*

CERTIFIED OR
TARGET

4.40 ± 0.40b

4.50 ± 0.5°

12.3 ± 0.60

2.16 ± 0.21

MeHg (mg

GC-ECD

3.37 ±0.164

1.89 ± 0.252(3)

/kg as Hg)

REFERENCE

3.3 - 3.4 [7]

(0.646)

(± 0.11)17]

0.90 ± 0.04 [6]

1.54 ± 0.04 [6]

'Centre de Toxicologie du Quebec (Quebec, Canada)
"Certificate value
eRef. 16]
dResult obtained in May 1992
"Result obtained in May 1994

BLOOD SAMPLE

M-9314

M-9315

Hg-T (nmol/l)

CVAAS

45.07 ± 8.86 (3)

(9.1 ± 1.8ng/ml)

35.4 - 52.8

130.1 ± 10.8(3)

(26.7 ± 2.6 ng/ml)

118.3- 139.2

TARGET [8]

48

180

ACCEPTABLE RANGE

33-63

140 - 220

4 4



TABLE II. COMPARISON OF RESULTS FOR Hg-T AND Se IN SEVEN HUMAN HAIR
SAMPLES OBTAINED IN CHILE AND IN OTHER PARTICIPATING
LABORATORIES AS PART OF THE EXTERNAL QUALITY CONTROL

Sample

2 -

14

31

62

99

101

257

91

• 9 2

•92

92

91

- 9 2

- 9 1

Our

3.40

4.00

223.3

294.3

0.60

1.38

4.37

4.75

0.56

0.44

±

±

±

±

±

±

±

±

±

±

Hg-1

Results

0.25

0.09

21.6

16.9

0.06

0.14

0.21

0.09

0.01

0.04

(2)1

(2)11

(4)1

(2)11

(2)1

(2)1

(2)1

(2)11

(3)1

(2)1

' (mg/kg)

Others*

2.50 ±

160.0

0.71 ±

1.4

4.0

0.42

0.485 ±

0.25 (2) [CH]

t 3.9 (4) [CH]

0.07 (2) [BR)

± 0.1 [BRI

± 0.4 [IT]

± 0.06 [IT]

0.007 (2) (CH]

Se

Our Results

0.78 ± 0 . 1 1 (2)

< 0.19(2)

< 0.24 (2)

—

(mg/kg)

Others

-

• -

0.08 ± 0.03 [IT]

0.68 ± 0.07 [IT]

-

The number in parenthesis is the number of independent determinations; quoted variation is one standard
deviation.
MBR] = Brazil; [CH] = China; [IT] = Italy
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TABLE III. RESULTS FOR TOTAL MERCURY, METHYLMERCURY AND SELENIUM OBTAINED IN IAEA RMs CERTIFIED FOR TOTAL
MERCURY AND SELENIUM IN SAMPLES DELIVERED AT THE SECOND RCM IN KUALA LUMPUR (AUGUST 1992)

REF. MATERIAL

IAEA-3SO
(Trace metals in tuna fish)

IAEA-3SO
(Trace metals in tuna fish)

IAEA-350
(Trace metals in tuna fish)

MA(S)"-MED-86/TM
(Shrimp tissue nomog.)

MA-A-3/TM
(Shrimp tissue lyophilized)

MA-B-3/OC (fish tissue
IvoDhvtized)

IAEA Sample #1
(IAEA-MA-A-1/TM)
(Dried Copepoda)

IAEA Sample #1
(IAEA-MA-A-2/TM)
(fish Homogenate)

BOTTLE NO.

220

346

400

131

171

194

Hg-T (mg/kg)

CVAAS

4.89 ± 0.213(12)
(4.48 - 5.53)

4.84 ± 0.267(6)A
(4.55 - 5.23)

4.95 ± 0.438(6)B
(4.48 - 5.75)

5.13 ± 1.323(4)B
(4.33 - 6.02)

5.27 t 0.973(4)B
(4.93 - 5.70)

2.50 ± 0.372(4)
(2.37 - 2.76)

2.06 ± 0.177(7)
(1.80-2.36)

0.513 ± 0.048(7)
(0.447 - 0.063)

0.280 ± 0.028(6)131

0.479 ± 0.053(8)131

INAA

5.20 ± 0.229(2)

0.976 ± 0.077(2)

0.560 ± 0.098(2)

0.264 ± 0.019(2)

0.477 ± 0.011(2)

CERTIFIED

4.99 ± 0.26

4.99 ± 0.26

4.99 ± 0.26

1.79 ± 0.24
(Prov.val.)

1.79 ± 0.24
(Prov.val)

0.510 ± 0.070

0.28 ± 0.01

0.47 ± 0.02

MeHg (mg/Vg as Hal

QC-ECD

3.38 ± 0.180(6)
(3.14-3.54)

3.83 ± 0.189(6)
(3.58-4.12)

N.D.

0.110 ± 0.015(6)
(0.093-0.129)

0.398 ± 0.052(31
(0.378-0.419)

0.205 ± 0.050(3)°
(0.184-0.224)

0.397 ± 0.048(3)c

(0.380-0.418)

REFERENCE

3.65 ± 0 . 3 1 *

3.65 ± 0.31*

3.65 ± 0.31*

0.08 - 0.09b

0.08 - 0.09b

0.411 - O.SO3b

0.018 ± 0.002*

0.300-0.318*

8e(m

ftNAA

5.92 ± 0.77(3)

6.02 ± 0.15(2)

3.17 ± 0.04(2)

1.61 ± 0.07(4)

3.42 ±0.11(2)

1.44 ± 0.18(2)

I/kg)

CERTIFffcD

5.57
4.42 - 5.97

5.57
4.42 - 5.97

2.02 ± 0.41

1.46
1.35-1.70

3.03
2.43 - 3.39

N.A.

A — Acid digestion in PTFE bomb; B - Acid digestion in sealed Pyrex ampoules.
"Result of intercalibration IAEA/RUN TUNA 350 (91; bRasult provided by M. Horvat at ml. (6|.
'Sample of the first analytical AQCE reanalyzed for MeHg; N.A. - Reference value not available.



TABLE IV. CONCENTRATION OF Hg-T (mg/kg) IN SCALP HAIR SAMPLES OF PREGNANT WOMEN IN THE STUDY AND CONTROL GROUPS.
RESULTS PER FISHING VILLAGES IN THE PERIOD 1991 -1992

FISHING VILLAGE

DICHATO

COLIUMO

COCHOLGUE

TUMBES

CHOME

LENGA

ISLA STA. MARIA

LARAQUETE

TUBUL

PTA. LAVAPIE

QUIDICO

CONTROL

1991

No.

13

4

7

5

3

3
_

12

4

4

3

7

x ± SD*

0.82 ± 0.39

2.13 ± 1.59

2.63 ± 0.31

3.53 ± 1.19

3.25 ± 0.49

2.56 ± 0.56

1.61 ± 0.52

1.21 1 0.61

4.99 ± 2.48

0.90 ± 0.39

0.43 ±0 .19

RANGE

0.16-1.80

0.43 - 3.81

2.14-2.97

1.64-4.62
2.71 -3.65
2.04-3.15

_

0.97 - 2.63
0.84-2.13
1.70-7.11
0.58-1.33
0.20 - 0.79

1992
No.

14

5

7

10

1

3

10

18

8

7

12

19

x ± SD

0.69 ± 0.36
0.94 ± 0.56
1.51 ± 0.65
2.68 ± 2.54
4.40 ± 0.0
2.69 ± 0.38

3.23 ± 2.27##

1.40 ± 0.89
1.68 ± 1.36
2.01 ± 0.89
0.52 ± 0.35
0.42 ±0.14

RANGE

0.14-1.51

0.45-1.75

0.77 - 2.50

1.19-9.72
_

2.31 -3.06
1.27-9.12
0.48 - 3.09
0.76 - 4.93
0.661 - 3.07
0.18-1.33
0.25 - 0.73

1991 -1992
No.

27

9

14

15

4

6

10

30

12

11

15

26

x ± SD

0.75 ± 0.38
1.47 ± 1.22
2.07 ± 0.76
2.97 ±2.17
3.54 ± 0.70
2.63 ± 0.43
3.23 ± 2.27
1.48 ± 0.76
1.53 ± 1.16
3.07 ± 2.09
0.60 ± 0.38
0.42 ±0.15

RANGE

0.14- 1.80

0.43 - 3.81

0.77 - 2.97

1.19-9.72
_

2.04-3.15

1.27-9.12

0.48 - 3.09

0.76 - 4.93

0.61 -7.11

0.18-1.30

0.20 - 0.79

•SD = Standard deviation.
** Samples collected in 1992

TABLE V. CONCENTRATION OF Hg-T (mg/kg) IN SCALP HAIR SAMPLES OF PREGNANT IN THE STUDY AND CONTROL GROUPS. PERIOD
1991 -1992

GROUP

STUDY

CONTROL

1991

No.

58

7

x ± SD

2.09 ± 1.46

0.43 ± 0 . 1 9

RANGE

0.16-7.12

0.20 - 0.79

1992

No.

95

19

x ± SD

1.63 ± 1.54

0.42 ± 0 . 1 4

RANGE

0.14-9.72

0.25-0.73

1991 -1992

No.

153

26

x ± SD

1.81 ± 1.52

0.42 ± 0 . 1 5

RANGE

0.14-9.72

0.20 - 0.79

SD = Standard deviation.



TABLE VI . RESULTS OF Hg-T. MeHg AND MeHg/Hg-T RATIO IN SCALP HAIR SAMPLES
OF PREGNANT WOMEN FROM THE STUDY AND CONTROL GROUPS
COLLECTED IN 1992 - 1993

FISHING
VILLAGE

LENGA

SAMPLE

3-92

Hg-T
(mg/kg)

2.710

SO
(mg/kg)

0.260

MeHg"
mg/kg (as Hg)

1.419

SO
(mg/kg)

0.139

MeHg/Hg-T*

0.524

TUMBES 5-92

9-92

12-92

14-92

2.870

1.190

2.940

223.3

0.120

0.014

0.060

21.600

1.789

0.523

1.632

1.801

0.029

0.023

0.300

N.A.

0.623

0.439

0.555

0.008*

PUNTA LAVAPIE 44-92

47-92

62-91

3.070

2.670

4.480

0.212

0.297

0.010

1.113

1.944

2.015

0.128

0.132

0.130

0.363

. 0.728

0.450

ISLA STA. MARIA 106-93

109-93

110-93

111 - 93

1.570

1.650

1.270

2.160

0.056

0.122

0.014

0.028

1.138

1.284

0.986

1.652

0.117

0.016

0.081

0.089

0.725

0.778

0.776

0.765

CONTROL 85-92

86-93

87-92

88-92

95-93

96-93

97-93

0.360

0.510

0.520

0.500

0.450

0.280

0.730

0.007

0.042

0.014

0.001

0.064

0.050

0.014

0.315

0.352

0.345

0.372

0.303

0.196

0.169

0.024

0.011

0.000

0.040

0.013

0.020

0.013

0.875

0.690

0.663

0.744

0.673

0.700

0.232

* Hair sample contaminated with inorganic Hg from hair conditioner.

"Range: 0.523 - 2.015 (mg/kg) (FVs); 0.169 - 0.372 (mg/kg) (control).
bMean : 0.628 ± 0.168 (0.232 - 0.875); 0.611 ± 0.153 (FVs); 0.654 ± 0.200 (control)
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Figure 1 . Control chart on Hg-T determination in internal control sample.
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Figure 2. Control chart on Hg-T determination in NIES RM NO. 5 human hair.
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