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Mercury accumulation in the pirarucu Arapaima gigas Cuvier (1829) in the lower Amazonian varzea.

Marcelo Crossa Martinelli 1* and David McGrath 2*
Summary: The purpose of this study is to evaluate the concentrations of Hg in the muscle tissue of the pirarucu, Arapaima gigas, in terms of the potential risk to human health. The pirarucu is considered a high trophic level fish, and therefore a potential accumulator of Hg. Mercury accumulation was determined by atomic spectroscopy. In the summer of 1996, 42 pirarucus were sampled from the islands of São Miguel (SM) and Ituqui (IT) in the Lower Amazon varzea.  Mercury concentration ranged between 0.025 ug/g and 0.320 ug/g in fish from SM and between 0.104 to 0.776 ug/g in fish from IT. The relationship found between the concentration of Hg and the total weigth of the fish is described by the equation: Hg= 0,073183 exp (0,021410 *weight).. For the average weight of pirarucu (mean: 20,23 kg) landed in SM during 1996, we estimate a mercury concentration of 0.112 ug/g. These results show that the pirarucu captured in SM and IT and sold in Santarém did not exceed the maximum level of 0.5 ug/g of Hg in muscle tissue considered safe for human consumption by the Brazilian Ministry of Health.
Resumo: Neste trabalho é avaliada a concentração de mercúrio total no músculo fresco do pirarucu Arapaima gigas, e seu potencial risco para a saúde humana. O pirarucu é considerado um peixe do topo da cadeia alimentar, portanto um potencial acumulador de mercúrio. A concentração de Hg total de 42 pirarucus amostrados nas ilhas de São Miguel (SM) e Ituqui (IT) foi realizada através de espectroscopia atômica. A concentração de Hg variou entre 0,025 ug/g e 0,320 ug/g em SM e entre 0,104 ug/g e 0,776 ug/g em IT. A equação: Hg=0,073183 exp (0,021410 * peso)  descreve a relação entre a concentração de Hg total e peso do peixe. Para o peso médio das capturas realizadas em SM durante 1996 (média= 20.23 kg), a concentração de Hg foi estimada em 0.112 ug/g. Este resultado indica que os pirarucus capturados em SM e IT, e vendidos em Santarém, não excedem as 0.5 ugHg por grama de filete fresco, que é o limite recomendado pelo Ministério de Saúde do Brasil como apto para o consumo humano.
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1. Introduction
Since the late nineteen, numerous studies have reported the presence of mercury in different regions of the Amazon basin (Lebel et al., 1996). Two mercury sources appear to be implicated in this contamination: gold mining (Martinelli et al., 1988; Malm et al., 1990; Pfeiffer et al., 1991) and slash and burn agriculture (Roulet et al., 1996). While there is doubt over the relative importance of these two sources, there is not question regardind the potentially damaging ecological and human health consequences of the release of this mercury.

Elemental mercury (Hg0) is released into the environment by the  informal mining sector, known as “garimpos”. It is used to amalgamate the fine particles of gold that occur in fluvial sediments. The Hg0 vapor may be oxidized into divalent mercury (Hg2+), which may be subjected to organification by sediment microbiota. Methylmercury (MeHg) is then bioaccumulated up the aquatic food chain (Fitzgerald, 1993, Malm et al., 1990). Fish consumption is the primary mechanism through which mercury is absorbed by Amazonian populations not directy involved in mining.  Fish is the principal source of protein for the Amazon’s growing human population (Shrimpton and Giugliano, 1979) and a critical resource for sustained regional development (Forsberg et al, 1992).

Studies of mercury conentrations in Amazonian fish, have found levels that often surpass 0.5 ug/g fresh weight. Padovani et al (1993) found concentrations between 0.02 e 1.15 ug of Hg/g at Teotônio’s falls (Madeira River), and between 0.08 e 0.37 ug of Hg/g  in the control area of Guajará-Mirim. In the Tapajos River Cleary & Thornton (1993) found that 41% of fishes sampled contained more than 0.30 mg of Hg/kg.  Lebel et al. (1996) obtained similar results with 25,8% of fish sampled having concentrations above  the 0.5 ug of Hg/g (mostly piscivorous and omnivorous species).  In the same region, Akagi et al. (1995) found concentrations between 0.08 and 3.82 ug of Hg/g with 58% of the sample exceeding 0.5 ug Hg/g (ug Hg/total 91,5%). In the Tucurui Reservoir  of the Tocantins river and in the neighboring Mojú river, Porvari (1995) found concentrations as high as 1.3 ug Hg/g in carnivorous species, 0.32 ug Hg/g in planktivores and omnivores; and 0.11 ug Hg/g in herbivorous species. According to Malm et al., (1995) in the control areas (that theoretically have no Hg contamination) levels on average were below 0,2 ug Hg/g , whereas in contaminated areas they can exceed 2 ug Hg/g.

In many countries 0.5 ug Hg/g, is considered to be the maximum concentration for safe fish consumption (Lebel et al,. 1996).  Brazil’s Ministry of Health also follows this recommendation (Padovani et al 1993; Brasil, 1975). The main target organ for MeHg is the central nervous system (CNS). However, the effects of MeHg on the developing brain in fetuses exposed in utero differ both qualitatively and quantitatively from those on the more mature CNS. Clinical symptoms in adults and postnatal exposed children include paraesthesia, ataxia, dysarthria, impairment of hearing, tremor in the limbs and constrictions of the field of movement (IPCS, 1990). Paraesthesia, the most sensitive indicator of Hg toxicity for postnatal exposure, can result from a daily intake of 3 to 7 ug Hg/kg body weight (WHO, 1976). For security purposes this dose is divided by 10, thus the value for Hg ingestion is 0.3 ug/kg/day.

The Pirarucu, Arapaima gigas Cuvier, is one of the most valuable species in the amazonian commercial fisheries. The pirarucu is a sedentary top trophic level carnivore which cares for its young during the first few months of life.  Its high commercial value and sedentary behavior have made it a potentially imprtant species for management in floodplain lakes.  The purpose of this study is to evaluate mercury (Hg) concentrations in pirarucu and the potential risk to human health of consuming pirarucu flesh.

2. Material and methods

2.1 Study area

Fish were collected in October and November of 1996 in  São Miguel (2o 07’ S; 54o31’ W) and  Ituqui islands (2o28’ S; 54o26’ W), located in the floodplain on opposite sides of the Amazon river (Figure 1).  Ituqui is located on the south margin of the river just downstream from the mouth of the Tapajós while São Miguel island is located on the opposite side of the Amazon just upstream from the Tapajós. The floodplain or “várzea”, as it is called in Brasil, is inundated for about six months of the year by up to 8 meters of water.

São Miguel and Ituqui have populations of 37 and 300 families, respectively. The principal economic activities are small scale agriculture and animal husbandry; cattle ranching and fishing. Commercial fishing for pirarucu and catfish in São Miguel takes place during a six month period, while in Ituqui commercial fishing occurrs all year long. Fishing is both the main source of animal protein and the main source of cash income. 

While the two islands are distant from areas of past or present “garimpo” activity, they are located downstream from rivers such as the Tapajós and Madeira which have received major inputs of mercury over the past two decades.  Unfortunately, no previous studies have been undertaken in the study area to determine natural levels of mercury or the local availability of Hg to the aquatic environment.

2.2 Fish collection and analysis.

Samples of pirarucu were obtained from local fishermen. The “mantas” or filets were weighted with a comercial balance with precision to 250gm. A piece of white muscle tissue was removed from the back of the head and stored on ice for transport to the laboratory. Samples of all the species captured in Ituqui lakes during an experimental fishing campaign using gill nets were also collected and the whole fish stored on ice for transport to the laboratory. Each fish was measured, weighed and a piece (20 – 40 mg) of dorsal muscle tissue removed for analysis. The procedure used for mercury analysis is described by Malm (1995a). The samples were analyzed in duplicates; and the mean concentration estimated. The Esperança Foundation laboratory was used to intercalibrate the samples with standards established by the Federal University of Rio de Janeiro and the Federal University of Acre.  

2.3 Data management and statistical analysis.

The equation (() [W(total) = 1.5937 * W (manta)], estimated by Crossa and Petrere (1999);  was used to convert data from manta weight to total weight. Descriptive statistics were used to determine mercury concentration in the fish. Analysis of covariance was used to compare regression parameters of Hg against sex and locality. Exponential regression relating Hg and weight together with the analysis of residuals were carried out using the statistical package  Statistic 5.0 (StatSoft, Inc. 1984-1995).

3. Results.

Tables 1a and 1b contains the results of the mercury analysis of 42 pirarucus captured in October and November, 1996.  The mean weight of pirarucus from  SM and IT was 24.856 Kg ( 16.571 Kg, and 37.540 Kg ( 29.127 Kg respectively. The mercury concentration in SM samples (n=33) varied from 0.025 to 0.320 ug/g, with a mean concentration of 0.127 ( 0.072 ug/g. Mercury in samples coming from IT (n=9) varied from 0.087 to 0.776 ug/g, with a mean concentration of  0.221 ( 0.215 ug/g. The largest pirarucu sampled weighed 112. 88 Kg and  had a mercury concentration of  0.776 ug/g in the muscle tissue.

An analysis of covariance between the concentration of Hg (ug/g) and sex of pirarucus from SM showed no significant difference (p>.05) in the slope or elevation of the regression lines.  There was also no significant difference in the mercury concentration of samples from IT and SM (Table 2). Once the concentration of Hg (ug/g) and weight were estimated for pirarucus, the best equation is described (Figure 2) by the exponential function:

Total Hg (ug/g) = 0,073183 exp (Weight  x  0,021410) 

(1) 

This equation (n= 42; r=0.918) explain 84% of the total variability and presents a uniform distribution of the residuals. 

The total catch of pirarucu in  São Miguel island during 1996 was estimated at 16.3 t (776 fishes). The individuals varied in size from 4.78 kg to 111.56 kg total weight, with a mean weight of 20.23 kg.  Using equation (1) we estimate the mean Mercury concentration of the SM pirarucu catch to be 0.112 ug/g. Based on these results, the maximum concentration of 0.5 ug/Hg/g recommended by  the Brazilian Ministry of Health would be reached in pirarucu’s of  89 kg total weigth (55.84 kg of “manta”).  The minimum legal size for pirarucu (150 cm) (Portaria 04/90 - IBAMA  Brazilian Institute for Environment and Renewable Resources), corresponds a total weigth of 34,8 Kg (Crossa & Petrere; 1999). According to eq (1) we can expect a theorical concentration of  0.154 ug of Hg/g for fish of this size. 

4. Discussion.

While the study area is not directly affected by “garimpos”, we expect to find a high concentration of Hg in pirarucu muscle because of its large size and high trophic level. However our results show that pirarucu from SM and IT have lower concentrations of Hg than expected. This result is in agreement with data from areas of mercury contamination in which samples from pirarucu had lower mercury concentrations than samples from other carnivorous fish species (Boischio et al., 1991; Akagi et al., 1995;Lebel et al., 1996), suggesting that the pirarucu is not a great accumulator of mercury.

There are several possible reasons for the lower than expected concentrations of mercury in the samples of pirarucu from the study area.  Among these, diet (type of prey) and the fact that adult pirarucus fast for several months annually may account for the lower than expected levels.  Juvenile pirarucus (up to 6-10 kg), for example, eat crustaceans (shrimp and crabs) and small fishes, which have low concentrations of Hg. Adult pirarucus prefer prey of primary trophic levels, belonging to the families Loricaridae, Doradidae and Callichthyidae, all low Hg concentrators (Luling, 1964; Fontenele, 1953). During reproduction pirarucu form couples and fast for 2 or 3 months while caring for their young. During  this period self depuration probably occurs, and this could be one more reason  for the low levels of Hg found in pirarucu.  Finally, the fact that pirarucu are primarily air breathers and rely much less on gas exchange via their gills (Greenwood and Liem, 1984; Luling, 1964; Menezes, 1951; Meschkat, 1961), reduces interaction with the aquatic environment and therefore the potential for Hg absorption directly from the water.

With respect to Hg accumulation in fish, there is often a relationship between Hg concentration and age, weight and length, although this relationship is not always proportional. The relationship found here between Hg concentration and weight is consistent with the results of other studies.  Porvari (1995), working with sedentary species (Pescada and Tucunaré) in the Tucurui reservoir, obtained similar results. However not all variability within a small species cam be explained in terms of age and size. The high variability in Hg concentrations of the same species, mentioned as characteristic in many studies of Hg pollution in the Amazon basin, may be due to one or more of several factors: the small sample size; or the miss identification of closely related species (pooling closed species with different alimentary preferences, under the same common name as often happens with: Pescadas, Aracus, Apapas and Tucunares). In addition, migratory patterns and fish physiology may also complicate interpretation of the results obtained in these studies.

It would appear that Hg contamination from pirarucu consumption is not a serious health risk.  Based on the results of this study regarding pirarucu concentrations and the average size of the fish landed at Santarém, we estimate the mean concentration of Hg in  pirarucu to be 0,112 ugHg/g, well below the 0.5 ug/g Hg limit recommended by the Brazilian Secretary of Health. However, this conclusion should be taken with caution, since the effect of mercury contamination is related to individual weight, sex, sensibility to Hg and physiological state of the consumer.  Prenatal and perinatal exposures are particularly problematic. Another factor which reduces the probability of mercury contamination from pirarucu is the fact that due to its high commercial value and relative scarcity, urban and rural populations consume relatively small quantities of the fish.

With regard to fisheries management, there is the possibility of a contradiction between technical recommendations for management of a fishery (such as minimum catch size), and measures to prevent adverse human health effects (e.g. prohibiting the consumption of a kind or size of fish because of the presence of contaminants). This could be the case for the pirarucu, given its high trophic level and large size. However, the results of expected Hg concentration indicate that there is no contradiction in this case between Hg concentrations and the legal minimum size (150 cm total length) for pirarucu in the Santarém area.  The average size of pirarucu caught in the region could be increased up to the present legal minimum size without adverse health consequences.

5. Conclusion.

In conclusion, one of the main contributions of this paper, from a management and regional health perspective, is that it compares size related variation in mercury concentrations to the size distribution of the regional pirarucu catch, making it possible to evaluate the actual health risk posed by the fishery. This study also supports the results of earlier studies that indicate that, unlike other carnivorous species, the pirarucu is not a great concentrator of mercury.  Further studies are needed to test the hypotheses put forward here to confirm this phenomenon. 

The similarity in Hg concentrations in the two pirarucu populations located in lakes on opposite sides of the river, indicates that the distribution of Hg in the aquatic environment in the Santarém area is fairly homogeneous. Finally, the high correlation between the concentration of mercury in muscle tissue and total weight suggests that the pirarucu is a potentially reliable indicator of mercury contamination in the local aquatic environment. Longterm monitoring of mercury levels in pirarucu populations could prove to be an effective strategy for studying the evolution of this metal in the floodplain habitat.
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Fig.1. Santarém study area.




Table 1a. Concentration of Hg in pirarucus sampled in october- november/1996 in São Miguel  island. (1#) was estimated from eq ((): W(total) = 1,5937*W(manta);  (2#)= Concentration of total Hg (ug/g) estimated by eq (1);  Wm=manta’s weight; Wt= total fish weight; Sex: m= male; f= female; ?= non identified; ni= no information                                                              
Sample 
Wm(kg)
Wt(kg)(1#)
Sex    
Hg(ug/g) (2#)

1
2.180
3.474
?
.093

2
4.300
6.853
?
.025

3
5.300
8.447
M
.081

4
5.400
8.606
F
.093

5
6.000
9.562
F
.082

6
7.000
11.156
F
.081

7
8.000
12.750
?
.080

8
8.000
12.750
M
.093

9
8.500
13.546
M
.096

10
10.000
15.937
M
.113

11
10.000
15.937
F
.116

12
10.000
15.937
F
.083

13
10.500
16.734
M
.068

14
11.000
17.531
F
.105

15
11.000
17.531
F
.060

16
11.500
18.328
F
.048

17
12.000
19.124
M
.162

18
12.000
19.124
?
.100

19
13.000
20.718
M
.120

20
14.000
22.312
I
.156

21
15.000
23.906
M
.052

22
15.500
24.702
M
.043

23
16.000
25.499
F
.101

24
16.500
26.296
F
.149

25
19.000
30.280
F
.139

26
19.000
30.280
M
.227

27
26.000
41.436
F
.320

28
27.000
43.030
F
.173

29
35.000
55.780
M
.231

30
35.000
55.780
F
.285

31
35.000
55.780
M
.251

32
38.000
60.561
F
.191

33
38.000
60.561
F
.190

Table 1b. Concentration of Hg in pirarucus sampled in october- november/1996 in Ituqui island. (1#) was estimated from eq ((): W(total) = 1,5937*W(manta);  (2#)= Concentration of total Hg (ug/g) estimated by eq (1); Wm=manta’s weight; Wt= total fish weight; Sex: m= male; f= female; ?= non identified; ni= no information

Sample 
Wm(kg)
Wt(kg) (1#)
Sex    
Hg (ug/g) (2#)

1
10.000
15.937
Ni
.109

2
10.000
15.937
Ni
.104

3
15.000
23.906
Ni
.161

4
17.000
27.093
ni
.087

5
18.000
28.687
ni
.261

6
24.000
38.249
ni
.179

7
24.000
38.249
Ni
.118

8
24.000
38.249
Ni
.195

9
70.000
111.56
Ni
.776

Table 2. Analysis of covariance (ANCOVA)

Test of Parallelism (slopes of the lines)


Sum of Squares
Df
Mean Square
F
p-level

Main effect: sexo

Effect
.000124
2
.000062
.026919
.973466



Error
.062412
27
.002312












Summary all effects: Sex (elevation of lines)
Effect
df Effect
MS Error
Df
MS
F
p-level


1
1
.000048
25
0.002366
0.020214
0.888081

Main effect: site

Effect
.000496
1
.000496
.222164
.640164



Error
.082594
37
.002232












Summary all effects: site

(elevation of lines)
Effect
df Effect
MS Error
Df
MS
F
p-level


1
1
.001237
38
0.002187
0.565700
0.456606


 

[image: image2.png]v MONTE
ALEGRE ¢

I. Sao Miguel

[ ]
Curuai




Figure 2: Concentration of Total Hg (ug/g) in the muscle tissue of pirarucu.  X=Total Weight of pirarucu estimated by equation (1). 

[image: image1.wmf]Pirarucu 1996

Total weight kg (estimated)

Hg (ug/g)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

0

20

40

60

80

100

120

