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Horseshoe crab tissues are susceptible to the accumulation of metals from the surrounding water. This 
investigation was done to find out how much lead (Pb) was absorbed by the tissues of horseshoe crabs 
following prolonged exposure to the metals. Tachypleus gigas were raised in the control tank and Pb 
treatment tank (20 mg/L) with aeration supply for a month after being sampled from Gelang Patah, 
Johor, and Cherating, Pahang. Twelve horseshoe crabs from the Pb treatment tank and six from the 
control tank were dissected at various parts to examine the tissues of the operculum, gills, chelicerae, 
leg, digestive system, hepatopancreas and carapace (Day 0, Day 10, Day 20 and Day 30). These tissues 
were freeze-dried, then 200°C nitric acid at 65% (v/v) was used to break them down. Inductively 
Coupled Plasma - Optical Emission Spectrometry (ICP-OES) was used to test Pb levels in various organs 
were measured at various amounts. T. gigas tissues revealed higher Pb contents after 30 days of 
exposure. From Day 0 through 30, there is a definite upward and downward trend in the uptake of Pb 
into the tissues. The gills had the highest metal accumulation amounts, with 5607.80 ± 1634.80 µg/g 
dw on Day 10. T. gigas has the potential to develop into a good bio-indicator, which would allow it to 
detect metal contamination in the water around it. 
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INTRODUCTION 
The world's oldest living thing is the horseshoe 

crab, which has existed for 450 years (Huang, 
1997). They are members of the phylum 

Arthropoda and kingdom Animalia. Additionally, 
this group consists of scorpions, insects, spiders, 
and lobsters. They resemble crabs and have hard 
shells and claws. However, their similar number of 
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walking legs and mouthparts are more closely 
related to scorpions and spiders from the 
subphylum Chelicerata. 

They are members of the family Limulidae, 
order Xiphosura, and class Merostomata. There 
are currently four species of limulids in existence 
and they are found in the genera Carcinoscorpius, 
Tachypleus and Limulus. 

Tachypleus and Carcinoscorpius are only 
found in Southern Asia, while Limulus is only found 
in eastern North America, from Nova Scotia to the 
Yucatan region of Mexico (Mohan et al., 1984; 
Shuster, 1985). Three species can be found in 
Malaysia: C. rotundicauda, T. gigas and T. 
tridentatus.  

Horseshoe crabs are eaten by local people in 
some regions, such as the Gulf of Thailand. Some 
people even eat cooked eggs (Kungsuwan et al., 
1987). In biomedicine, researchers have used 
horseshoe crab blood as a detector for bacterial 
endotoxins in medications and intravenous devices 
(Gerhart, 2007). Metals can build up in horseshoe 
crab tissues, according to literature. The metals do 
not degrade and have a solid propensity to 
accumulate within the organism. 

Horseshoe crabs are a good indicator of the 
presence of metals in a specific place since metals 
can be detected in the aquatic habitat. In addition, 
the evidence on the uptake of metals into their 
tissues and the fact that they are ingested as 
delicacies may be helpful information for 
consumers.  

To our knowledge, Malaysia has not conducted 
laboratory research on metal exposure to 
horseshoe crabs. So, this study aimed to ascertain 
the uptake of Pb into the tissues of T. gigas, one of 
the three horseshoe crab species that may be 
found in Malaysia. 

The study is being conducted to ascertain the 
ability of horseshoe crabs as metal indicators and 
to forecast the pattern of metal concentrations in 
different tissues of the horseshoe crab with the 
following continuous exposure to metals.  
 
MATERIALS AND METHODS 
Rearing Samples 
      Eighteen horseshoe crabs, Tachypleus gigas 
were sampled from their habitats. T.gigas  were 
taken from Gelang Patah, Johor and Cherating, 
Pahang. They were kept in a tank of clean 
seawater for an acclimatization period of 1 week. 
Six horseshoe crabs were placed in the control 
tank and 12 horseshoe crabs were placed in the Pb 
treatment tank with the aeration system. 

The tank was filled with 200 L of clear seawater 

with a metal concentration of 20 mg/L. Horseshoe 
crabs from each tank were sacrificed by cold shock 
after Day 0, 10, 20 and 30 by putting them in the -
20°C freezer. The sacrificial horseshoe crabs from 
Day 0 also serve as the control (without metal 
exposure). The horseshoe crabs' length and width 
were measured. 

 
Dissection of Horseshoe Crab 

Several different tissues of horseshoe crabs 
were collected from each individual after the 
dissection. The collected parts namely the genital 
operculum, book gills (gill 1-5), chelicerae, walking 
leg, digestive tract, hepatopancreas and carapace 
were collected in glass vials. The net weight was 
recorded in grams.  

The samples were taken out from the freezer 
for the freeze-drying process. Immediately, the 
mouth of the glass vials was sealed with parafilm. 
A few tiny holes were made on it to allow faster 
drying. The vials were then transferred to a freeze 
dryer (Labconco Freeze Dry System/ Freezone 
6.0) and were allowed to dry for 24 hours or longer 
for hard-to dissolve samples. After the freeze-
drying period, the tissues were reweighted to 
obtain the dry weight. The wet and dry weight was 
recorded.  
 
Tissue Digestion  
The tissue samples were digested using aqua regia 
method (Radojevic & Bashkin, 2006; Amin et al., 
2018). The samples were placed in 50 ml conical 
flasks to begin digestion and weighed between 100 
and 300 mg of the dried tissues (Amin et al.,2022). 

Ten milliliters of 65% (v/v) nitric acid were 
added to the conical flask. These mixtures were 
heated on a hotplate at 200°C until it is completely 
dissolved. The remaining solutions were diluted 
with distilled water to a volume of 10 ml. The metal 
concentrations in horseshoe crab tissues were 
measured using these solutions (Amin et al., 2022).  
  
Measurement of Heavy Metals 

Pb was measured using a standard Inductively 
Coupled Plasma-Optical Emission Spectrometry 
(ICP-OES). ICP-OES is a type of atomic 
spectrometry that is sensitive and capable of 
determining metals and metalloids at the ultra-trace 
level on μl or μg samples (Azaman et al., 2015; 
Amin et al., 2022). A relatively easy way to liberate 
free atoms from inorganic analytes in solution is 
through combustion flames. First, it sprays a 
portion of the solution into the right flame. The 
metallic ions in the aerosol droplets are partially or 
completely transformed into free atoms. Once the 
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free atoms had generated, they were quantified 
and detected at the spectrometer's trace level. 
 
Statistical Analysis 

One Way ANOVA was used to analyse the 
differences in metal concentration between various 
tissues. The differences in the metal 
concentrations between different tissues were 
considered as significant at P < 0.05. 

 
RESULTS  
 
Table 1. The Average Weight and Width of 
T.gigas. 

   Mean ± SE 

Treatment N Day Average weight 
(g) 

Average 
width (cm) 

Control 6 0 301.53±11.24 
 

16.21±0.19 

Pb 3 0 518.07±226.43 17.60±1.99 
 

 3 10 687.67±201.97 21.46±0.93 
 

 3 20 533.46±215.11 19.11±2.24 
 

 3 30 296.48±12.89 15.62±0.20 

 
  

 
Figure 1. Pb concentrations in gills (gills 1-5) 
without exposure. 
 
 
Table 2. Pb concentrations among other 
tissues without exposure. 

                        Pb concentrations (μg/g; mean ± SE) 

Tissues Control Pb (Day 0) 

Operculum 78.85±15.99 48.53±15.42 
 

Chelicerae 86.86±11.94 67.19±5.65 

 
Leg 141.52±9.75 62.21±3.69 

 
Digestive tract 319.82±66.25 71.22±3.14 

 
Hepatopancreas 987.56±133.83 66.83±6.89 

 
Carapace 37.15±17.81 65.90±2.49 

P* value <0.001 <0.001 

 
The result shows no significant difference for 

Pb uptake in the operculum at different exposure 
intervals (ANOVA, P>0.05). The highest levels of 
Pb in the operculum were recorded on day 10 
(205.97 ± 33.87 µg/g dw), followed by day 20 
(203.17 ± 74.96 µg/g dw), (188.63 ± 17.56 µg/g dw) 
for day 30 and (48.53 ± 15.42 µg/g dw) for day 0. 

   
Table 3. Pb concentrations among horseshoe 
crab tissues. 

                     Pb concentrations (μg/g; mean ± SE) 

Tissues Day 0 Day 10 Day 20 Day 30 P*value 

Oper-
culum 

48.53 
±15.42 

205.97 
± 33.87 

203.17 
±74.96 

188.63±1
7.56 
 

0.002 

Gills 58.14 
±2.87 

5607.80 
±1634.80 

1483.60 
±427.44 

3557.60 
±855.47 
 

<0.001 

Cheli-
cerae 

67.19 
±5.65 

469.63± 
56.78 

1022.70 
±320.69 

630.84± 
149.90 
 

<0.001 

Leg 62.21 
±3.69 

332.96± 
139.92 

448.20 
±50.18 

737.64± 
206.67 
 

0.001 

Digestive 
tract 

71.22 
±3.14 

288.17± 
183.02 

90.51 
±40.94 

167.86± 
97.85 
 

0.035 

Hepato-
pancreas 

66.83 
±6.89 

85.64± 
61.32 

245.31 
±76.94 

169.84± 
88.52 
 

<0.001 

Carapace 65.90 
±2.49 

47.14 
±26.66 

36.03 
±12.93 

86.91 
±47.09 

0.001 

P*value 0.267 0.134 0.251 0.054  

 
The result shows a significant difference in Pb 

uptake at different intervals of exposure (ANOVA, 
P<0.05) for the gills. The highest Pb concentrations 
in the gills were found on day 10 (5607.80 ± 
1634.80 µg/g dw), followed by day 30 (3557.60 ± 
855.47 µg/g dw), (1483.60 ± 427.44 µg/g dw) for 
day 20 and day 0 (58.14 ± 2.87 µg/g dw). 

The result shows a significant difference for Pb 
accumulating in the chelicerae at different 
exposure intervals (ANOVA, P<0.05). The highest 
concentrations of Pb in the chelicerae were found 
on day 20 (1022.70 ± 320.69 µg/g dw), for day 30 

0

20

40

60

80

100

120

140

Gill 1 Gill 2 Gill 3 Gill 4 Gill 5

Pb concentrations (µg/g)

Control Pb (Day 0)



Muhammad Amin et al.                                                        Lead Concentrations in Horseshoe Crab Tissues 

 

    Bioscience Research, 2022 volume 19(SI-1): 91-96                                                             94 

 

(630.84 ± 149.90 µg/g dw), followed by day 10 
(469.63 ± 56.78 µg/g dw) and (67.19 ± 5.65 µg/g 
dw) for day 0.  

The result shows a significant difference 
(ANOVA, P<0.05) in Pb uptake at different intervals 
of exposure for the leg. Pb concentrations in the leg 
were recorded highest on day 30 (737.64 ± 206.67 
µg/g dw), followed by day 20 (448.20 ± 50.18 µg/g 
dw), (332.96 ± 139.92 µg/g dw) for day 10 and for 
day 0 (62.21 ± 3.69 µg/g dw).   

The result shows no significant difference for 
Pb accumulation in the digestive tract at different 
intervals of exposure (ANOVA, P>0.05). The 
highest concentrations of Pb in the digestive tract 
were found on day 10 (288.17 ± 183.02 µg/g dw), 
for day 30 (167.86 ± 97.85 µg/g dw), followed by 
day 20 (90.51 ± 40.94 µg/g dw) and (71.22 ± 3.14 
µg/g dw) for day 0.  

The result, (ANOVA, P>0.05) shows there is 
also no significant difference in Pb uptake at 
different exposure intervals for the 
hepatopancreas. Pb concentrations in the 
hepatopancreas were recorded highest on day 20 
(245.31 ± 76.94 µg/g dw), followed by day 30 
(169.84 ± 88.52 µg/g dw), (85.64 ± 61.32 µg/g dw) 
for day 10 and day 0 (66.83 ± 6.89 µg/g dw).    

The result shows no significant difference for 
Pb accumulation in the carapace at different 
intervals of exposure (ANOVA, P>0.05). The 
highest concentrations of Pb in the carapace were 
found on day 30  (86.91 ± 47.09 µg/g dw), for day 
0 (65.90 ± 2.49 µg/g dw), followed by day 10 (47.14 
± 26.66 µg/g dw) and the lowest of Zn 
concentrations was found on day 20 (36.03 ± 12.93 
µg/g dw). 
The result shows no significant difference in Pb 
uptake among all the tissues for day 0 (ANOVA, 
P>0.05). The highest of Pb levels were recorded in 
the digestive tract (71.22 ± 3.14 µg/g dw), followed 
by the chelicerae (67.19 ± 5.65 µg/g dw), by the 
hepatopancreas (66.83 ± 6.89 µg/g dw), carapace 
(65.90 ± 2.49 µg/g dw), for the leg (62.21 ± 3.69 
µg/g dw), for the gills (58.14 ± 2.87 µg/g dw), while 
the lowest concentrations of Pb were found in the 
operculum (48.53 ± 15.42 µg/g dw).  

There is also no significant difference of Pb 
uptake among all the tissues of horseshoe crab 
(ANOVA, P>0.05) for day 10. The highest 
accumulation of Pb were recorded in the gills 
(5607.80 ± 1634.80 µg/g dw), followed by the 
chelicerae (469.63 ± 56.78 µg/g dw), (332.96 ± 
139.92 µg/g dw) for the leg, (288.17 ± 183.02 µg/g 
dw) for the digestive tract, for the operculum 
(205.97 ± 33.87 µg/g dw), (85.64 ± 61.32 µg/g dw) 
by the hepatopancreas and the lowest 

concentrations of Pb were recorded in the 
carapace (47.14 ± 26.66 µg/g dw).  

The results for day 20 show no significant 
difference in Pb uptake among all the tissues of 
horseshoe crab (ANOVA, P>0.05). The highest 
levels of Pb for day 20 were found in the gills 
(1483.60 ± 427.44 µg/g dw) followed by the 
chelicerae (1022.70 ± 320.69 µg/g dw), leg, 
hepatopancreas, operculum, digestive tract (90.51 
± 40.94 µg/g dw) and the lowest concentrations of 
Pb were possessed in the carapace (36.03 ± 12.93 
µg/g dw).  

There is no significant difference of Pb uptake 
among all the tissues of horseshoe crab (ANOVA, 
P>0.05) for day 30. The gills possessed the highest 
levels of Pb as high as (3557.60 ± 855.47 µg/g dw) 
followed by the leg (737.64 ± 206.67 µg/g dw), 
chelicerae, operculum, hepatopancreas, digestive 
tract (167.86 ± 97.85 µg/g dw), while the carapace 
possessed the lowest concentrations of Pb as low 
as (86.91 ± 47.09 µg/g dw).  
 
DISCUSSION 

According to this investigation, the horseshoe 
crab tissues absorbed various metal 
concentrations. This discovery, which indicates 
that metal buildup varies with different types of 
tissues, is further supported by research by 
Lakshmanan and Nambisan (1989) and Harris and 
Santos (2000). 

Additionally, as horseshoe crabs were used in 
this study, ecological and behavioral aspects of 
creatures may also influence metal uptake in their 
tissues (Weimin et al., 1992). Finally, horseshoe 
crab males and females have consisted in this 
investigation. The inclusion of both horseshoe crab 
sexes in metal exposure studies is justified by the 
fact that metal concentrations do not appreciably 
vary with animal sex, as demonstrated by a study 
by Emsley (2001).  

Compared to the other tissues, the gills have 
the highest metal levels. This conclusion was 
further reinforced by a study by Yap et al. (2003) 
that revealed elevated metal concentrations in the 
gills. However, this investigation was undertaken in 
anticipation of metal exposure and as a result, 
more metals were discovered in the tissues than in 
the Yap et al (2003). This might be due to the gills' 
extensive surface contact with the environment. 

The rhythmic movement of the gill plates 
circulates water over the surface of the book gills 
(Fourtner et al., 1971). With that action, most 
metals would accumulate in the gills compared to 
the other tissues.  

Additionally, animal filtrations may affect the 



Muhammad Amin et al.                                                        Lead Concentrations in Horseshoe Crab Tissues 

 

    Bioscience Research, 2022 volume 19(SI-1): 91-96                                                             95 

 

uptake rate from dissolved metals in the aqueous 
phase as just the horseshoe crab's gills did in this 
investigation, which is comparable to the study by 
Wang and Fisher (1999). 

The gills filter the water to breathe, which may 
result in the gills gaining oxygen and removing 
metals from the water. The horseshoe crab's gills 
also demonstrated the active portion of its anatomy 
since they served as a paddle during swimming, 
distributing and spreading metals throughout the 
gills. 

In this study, the carapace had the lowest 
levels of metal. According to a study by Yap et al. 
(2008), the carapace collects the fewest metals. 
This discovery may result from the horseshoe 
crab's excretion mechanism being sequestrated 
within a chitinous barrier (Burger, 1994). 

High quantities of metal were also seen in the 
leg and the chelicerae. Horseshoe crabs are 
benthic feeders, and the leg serves as the first 
organ to reach the ground. The feeding leg of the 
horseshoe crab is the chelicerae. It can direct food 
toward the leg gnathobases (Botton, 1984). The 
metals discovered inside both tissues could 
potentially be due to this. 

The hepatopancreas also recorded high levels 
of metals. The high concentrations of metal were 
uptake in the hepatopancreas due to the soft 
tissues, as supported by the study by Yap et al., 
(2008). 

The metals were found in the digestive tract but 
low in the metal uptake compared to the gills, leg, 
chelicerae and hepatopancreas. This might be due 
to this tissue act as the possible way to predict 
digestive absorptions from the particles (Amiard et 
al., 2007). With this assumption, the particles and 
the metals, tend to uptake inside this organ. 
Besides, the metals like Pb also can enter the food 
chain through the water. Therefore, this can 
provide the primary source of heavy metals that 
can contribute to the metals found in the digestive 
tract of the organism tissues like the horseshoe 
crab, as suggested by Burger (1997). 

Low quantities of metals were also present in 
the operculum. Given that it has a lot of surface 
contact with its environment, it was anticipated to 
contain high amounts of metal (Yap et al., 2008). 
However, the study's findings did not pan out as 
expected. It may be because this organ exclusively 
serves as a component of reproductive organs. 

CONCLUSION 
Continuous exposure of T. gigas to Pb (20 

mg/L) up to 30 days give impacts to metal 
accumulations in their tissues. As the metals 

increased in the water with exposure, the 
concentrations in horseshoe crab tissues also 
increased. Horseshoe crab had indicated the 
metals in the surrounding water. Metal 
concentrations in gills of T. gigas was higher 
compared to the other tissues. Thus, the 
horseshoe crab had high potential to become a 
suitable bio-indicator (especially their gills) to 
detect the metal pollution in the surrounding water. 
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