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Abstract Total and methyl mercury concentrations of

cicada bodies, wings, and exuviae were investigated to

study the mercury distribution characteristics. Results

indicated that total and methyl mercury concentrations of

cicada bodies were 2.64 mg/kg and 123.93 ng/g on aver-

age, respectively. In cicada tissues, total mercury concen-

trations were found to increase in the order of exuviae

(0.50 mg/kg on average) \ wings (0.98 mg/kg on aver-

age) \ cicada bodies (2.64 mg/kg on average) and methyl

mercury concentrations of cicada bodies were 123.93 ng/g

on average and were the highest. Methyl mercury con-

centrations accounted for about 4.69% of total mercury in

cicada bodies and most mercury was in inorganic forms in

cicada. Sex differences of total mercury concentrations

were significantly great (F = 8.433, p \ 0.01) and total

mercury concentrations of the males, which were 3.38 mg/

kg on average, were much higher. Correlation analysis

showed that neither total nor methyl mercury concentra-

tions of cicada bodies was significantly related to the cor-

responding contents of soil (r = 0.0598, p [ 0.05).

Keywords Mercury � Methyl mercury � Distribution �
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Mercury is recognized as a very toxic metal in the envi-

ronment and can result in poisoning of wild animals and

humans due to the fact that it can be biomagnified along the

food chains (Mason et al. 1995; Boening 2000). Previous

mercury researches have focused primarily on aquatic

organisms, including fishes (Baeyens et al. 2003; Campbell

et al. 2008) and invertebrates (Martin and Wang 2004). It is

reported that most mercury in fish muscles was in meth-

ylated form (Baeyens et al. 2003). In recent years, total and

methyl mercury pollution in terrestrial animals are recog-

nized as significant problem, such as mammals (Horai et al.

2006), birds (Longcore et al. 2007), invertebrates (Heikens

et al. 2001), insects (Devkota and Schmidt 2000), and

reptiles (Jones and Holladay 2006). But still there is little

research on the long-lived insects, such as cicada.

Field studies indicated that mercury can be taken up by

insects and transferred to organisms occupying higher

trophic level (Zhang et al. 2009). Some insects could

accumulate large amounts of mercury and are regarded as

the bio-indicator of mercury pollution in soil (Hsu et al.

2006). Cicada come out from the soil in late spring and are

foods of many birds and entomophagous insects. Mercury

can be absorbed efficiently by cicada (Magicicada cassini)

and the mercury concentrations in males are significantly

higher than that in females of the same species (Heckel and

Keener 2007). Cicada with high mercury contents might

threat people’ s health because cicada and their exuivae are

important materials of Chinese traditional medicine.

Cicada is the representative long-lived insect species

with special living habits, but little has been known about

the mercury distribution characteristics in cicada, and the
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routes of cicada exposed to mercury are complex and still

not determined. The primary objective of this study is to

investigate total and methyl mercury accumulation in their

bodies, hymenopterous wings and exuviae, and then mer-

cury distribution characteristics in cicada are discussed in

mercury-contaminated area. It is hoped to reveal the mer-

cury pollution in the long-lived insects and help assess the

health of terrestrial ecosystem throughly.

Materials and Methods

Huludao City is an important non-ferrous smelting and

chemical industry area in northeast China. Mercury pol-

lution is serious due to one chlor-alkali plant and two zinc

smelteries there. Wuli River and Cishan River are two

main rivers in the city. In the present study, cicada are

collected from 10 sites by hand, of which most are close to

the two Rivers: Huafei Bridge (S1), Huagong Bridge (S2),

Huaji Bridge (S3), Wuli bridge (S4), the North bridge of

Cishan(S5), Daochi village (S6), the South bridge of

Cishan (S7), Cishan village (S8), Longwan Park(S9), and

the new residential area (S10) (Fig. 1).

Cicada (n = 67) and their exuviae (n = 235) were

collected, sealed in polythene bags and preserved in por-

table refrigerator at 4�C in field. In laboratory, samples

were washed with deionised water to remove mercury

attached on the surface, distinguished the female and male,

cut off their wings, dried them at 60�C to constant weights

(Hsu et al. 2006), ground the samples to homogenous

powders in a quartz bowl, and preserved in polythene bags

in refrigerator at -4�C before used.

Soil (n = 62) was collected at the same places where

cicada were trapped, sealed in polythene bags, then brought

back to laboratory, dried at room temperature, ground to

pass an 80-mesh nylon sieve, and preserved in polythene

bags before use.

Total mercury of soil, cicada bodies, wings and exuviae

were extracted following the method of H2SO4–HNO3–

V2O5. All forms of Hg in samples were converted to Hg2?,

and then Hg2? was reduced to elemental Hg by addition of

20% SnCl2 solution. Cold atomic absorption technique was

used to determine the total Hg with F732-V Hg detector

whose detection limit is 5 9 10-2 ng/g.

MeHg in soil, cicada bodies and cicada exuviae were

extracted firstly and then separated using the method

described by Sun et al. (2007). 0.500 g of soil and biologic

samples were weighed into a 50 mL polyethylene centri-

fuge tube. About 5 mL 6 mol/L HCl was added to extract

all forms of mercury. The tube was placed overnight and

then was ultrasonicly cleaned for 2 h. After that, tube was

centrifugated at 3,000 rpm for 15 min. The supernatant

fluid was transferred into a 10 mL polyethylene centrifuge

tube; 2 mL of CH2Cl2 was added and shaken for 1 h to

extract organomercury compounds into the CH2Cl2 phase.

After centrifuging at 3,000 rpm for 15 min, the CH2Cl2
phase was transferred into a 50 mL glass tube; an addi-

tional 2 mL of CH2Cl2 was added into the 10 mL poly-

ethylene centrifuge tube again to remove any remaining

MeHg. The same steps repeated on the same sediment

sample. Finally, 5 mL deionized water was added into the

50 mL glass tube, which had contained the 4 mL CH2Cl2
phase. The 50 mL glass tube was placed in a 60�C water

bath and was aerated by N2. The CH2Cl2 was blown off and

the organomercury compounds were left in the water

phase. Finally, 1 mL 1:1 18 mol/L H2SO4 and 1 mL bro-

mide agent were added into the 50 mL glass tube, which

played the role of oxidation and indicator, respectively.

After 1 h, a drop of hydroxylamine hydrochloride was

added into the tube to deoxidize the residual bromide

agent. The MeHg was determined by Tekran Model 2600

with a detection limit of 0.005 ng/L.

Precision and accuracy of the analytical methods were

evaluated by comparing the mercury concentrations in

certified reference materials to the measured values. The

expected and measured concentrations in soil reference

(GBW0-70405) were 0.290 ± 0.003 and 0.290 ± 0.0025

mg/kg, respectively; in the hair reference (GBW-07601)

Fig. 1 Sample sites
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were 0.36 ± 0.05 and 0.40 ± 0.01 mg/kg, respectively.

Methyl mercury expected and measured concentrations in

reference (IAEA-443) were 0.17 ± 0.07 and 0.15 ± 0.03

mg/kg, respectively.

SPSS10.0 for windows and Excel 2003 were used for

data analysis and Arcgis9.0 was used to draw the sample

map.

Results and Discussion

Total and methyl mercury concentrations of soil varied

from 0.16 to 20.37 mg/kg (mean, 4.08 mg/kg) and from

0.34 to 33.49 ng/g (mean, 9.17 ng/g), respectively (Fig. 2),

and varied largely with the sample site (Table 1). No sig-

nificant correlation was found between total and methyl

mercury in soil (r = 0.147, p [ 0.05).

Total mercury concentrations of cicada bodies, wings,

and exuviae varied from 0.21 to 9.99 mg/kg (mean,

2.64 mg/kg) in cicada bodies, from 0.20 to 3.72 mg/kg

(mean, 0.98 mg/kg) in wings, from 0.08 to 1.95 mg/kg

(mean, 0.50 mg/kg) in exuviae, respectively. Methyl mer-

cury concentrations varied from 21.36 to 318.81 ng/g

(mean, 123.93 ng/g) in cicada bodies, and varied from 3.61

to 13.15 ng/g (mean, 7.72 ng/g) in exuviae, respectively.

Total mercury concentrations of cicada bodies, wings,

and exuviae were found to increase in the order of exu-

viae \ wings \ cicada bodies and vary with no significant

differences. Methyl mercury concentrations of cicada

bodies were about 2.54%–25.93% of total mercury (mean,

4.69%). For exuviae, the ratios were close to cicada bodies

and varied from 0.44% to 5.72% (mean, 2.77%). The

results showed that mercury was almost in inorganic form

in cicada bodies.

No significant relationship was found between the total

and methyl mercury in cicada (r = -0.442; p [ 0.086). It

is unknown that whether the cicada directly absorbed

methyl mercury from soil or food or methyl mercury was

formed in cicada bodies.

Total mercury concentrations of male cicada were sig-

nificantly higher than those of female (F = 8.433, p \
0.01), which were much heavier (F = 33.10, p \ 0.01). It

was consistent with conclusions past reported (Heckel and

Keener 2007) (Table 2).

Correlation analysis showed that neither total nor methyl

mercury of cicada was significantly related with the cor-

responding mercury of soils (p [ 0.05).

Both the highest total and methyl mercury concentra-

tions of soil were found in Huagong Bridge (S3), where the

chlor-alkali plant dumped its effluent in the past. From

1952 to 1980, the chlor-alkali plant produced NaOH, Cl2
and H2 using mercury electrodes as one of the main tech-

nologies and about 1,500 9 104t waste water were dis-

charged into the Wuli River resulting in about 265t

mercury precipitation in the surface sediment and soil

(Zhao and Yan 1997). Although the chlor-alkali plant

ceased operations using mercury as electrode in 1998, the

concentrations of mercury in soil and sediments remains

high around site S3. In Daochi village (S6), total and

methyl mercury concentrations of soil were slightly lower

than those in S3. Daochi village are heavily affected by the

mercury atmospheric deposition due to the two zinc

smelteries around here. Soil analyzed from site S10, a new

residential neighborhood, contained below average total

mercury but above average methyl mercury.

In the present work, both the average total and methyl

mercury concentrations of cicada bodies were higher than

those reported by Heckel and Keener (2007) Compared

with the Locusta migratoria manilensis and Acrida chin-

ensis in Huludao City, cicada could accumulate more

mercury from the ambient (Table 3). Mercury concentra-

tions of cicada were about 60 and 70 times for total mer-

cury, 10 and 26 times for methyl mercury, of Locusta

migratoria manilensis and Acrida chinensis, respectively

(Zheng et al. 2008). Cicada are the representative long-

lived insect species and suffer more mercury exposure than

these annual insects. Cicada larvas live underground for

about 4–5 years before the last metamorphosis. Food might

be another important reason for high mercury level of

cicada. Both Locusta migratoria manilensis and Acrida

chinensis feed on plant leaves, but cicada larvas sucks the

juice from plant roots of which part the highest mercury

concentrations of plant are in Boening (2000).

It is reported that to excrete heavy metals onto the furs,

surface skins, and wings might be the mechanisms for

animals to endure the heavy metals contaminations (Heli-

övaara and Väisänen 1990). For example, feathers of birds
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Fig. 2 Sex differences of total and methyl mercury between female

and male cicadas
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often contain high mercury concentrations Longcore et al.

(2007) and the highest mercury concentrations of grass-

hoppers are in the wings (Zhang et al. 2009). But total

mercury concentrations of cicada wings were not high and

this might due to their special living habits. Cicada infuses

their body fluids to protend wings out after the last meta-

morphosis and this results total mercury concentrations of

wings closed to those of cicada bodies. After their wings

generation, cicada could only lived for about 60–70 days

above ground which are much shorter than Locusta migra-

toria manilensis and Acrida chinensis, there might no

enough time for cicada to transfer mercury to their wings.

Exuviae is also thought to excrete mercury out from

animal bodies. Mercury concentrations of snake exuviae

would be 0.4 mg/kg if snakes received 2.0 mg/kg mer-

cury exposure per month (Jones and Holladay 2006).

Though cicada will experience 5 ecdysis processes during

their growth, mercury concentrations and weights of

exuviae are low and no appreciable amounts of mercury

would be excreted out from cicada bodies. It concludes

that exuviae would not effectively reduce mercury poison

to cicada.

Results showed mercury concentrations are different

with different sex. There might be two possible reasons to

explain the sex differences. The female cicada often are

heavier than the males and biomass dilutions might reduce

mercury concentrations of females. Heckel and Keener

(2007) reported that the lower body weights of males

resulted in the higher mercury concentrations than females.

Another potential reason is that the female lay eggs for

generation resulting in possible mercury excretion out from

their bodies. No significant sex differences were found on

methyl mercury or total mercury concentrations of wings,

but methyl mercury concentrations of females were lower

Table 1 Total and methyl mercury of soil, cicada bodies, wings and exuviae

Site THgs (mg/kg) MeHgs (ng/g) THgc (mg/kg) THgw (mg/kg) THge (mg/kg) MeHge (ng/g) MeHgc (ng/g)

S1 0.81 3.56 3.43 0.48 82.24

S2 2.54 6.93 0.51 1.01 79.02

S3 8.72 22.89 2.87 1.10 171.59

S4 2.54 5.50 1.50 1.33 1.46 6.39 157.56

S5 5.39 7.40 0.93 0.59 192.17

S6 10.96 12.01 5.25 1.19 134.88

S7 3.36 5.71 2.51 0.48 172.09

S8 0.49 5.56 8.19 0.88 0.23 13.15 27.41

S9 0.39 0.34 1.00 1.31 0.12 104.43

S10 0.27 15.41 3.27 0.27 0.17 3.61 82.95

THgs, THgc, THgw and THge were the total mercury concentrations in soil, cicada bodies, wings and exuviae; MeHgs, MeHge, and MeHgc

were the methyl mercury concentrations in soil, cicada bodies and cicada exuviae

Table 2 Sex difference of cicada body weights, THgc, THgw and MeHgc

Sex n Weight (g) THgc (mg/kg) THgw (mg/kg) MeHgc (ng/g)

Female 27 0.94–1.31 (1.11) 0.21–2.72 (1.34) 0.29–3.72 (1.15) 31.26–192.17 (110.27)

Male 40 0.35–0.69 (0.54) 0.37–9.99 (3.38) 0.20–1.50 (0.87) 31.38–318.81 (132.12)

THgc and THgw were the total mercury concentrations in cicada bodies and wings; MeHgc were the methyl mercury concentrations in cicada

bodies

Table 3 Total and methyl mercury concentrations comparison with other reports

Insect THg (mg/kg) MeHg (ng/g) References

Locusta migratoria manilensis 0.013–0.154 (mean, 0.043) 1–12 (mean, 7) Zheng et al. (2008)

Acrida chinensis 0.009–0.138 (mean, 0.037) 1– (mean, 3)

Paraten-odera sinensis 0.057–0.117

Insect 0.01–0.26 (mean, 0.10) Hsu et al. (2006)

Magicicada cassini 0.01–0.05 Heckel and Keener (2007)

Cryptotympana atrata 0.21–9.99 (mean, 2.64) 21.6–318.81 (123.93) This paper

THg was the total mercury concentration and MeHg was the methyl mercury concentration
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than those of males while the total mercury concentrations

of wings are just contrary (Fig. 2).

The routes of cicada exposed to mercury were not

determined in this paper. Heikens has reported that heavy

metals in terrestrial invertebrates are related to metal

contents in soil (2001). Correlation analysis showed that

neither total nor methyl mercury of cicada was related with

the corresponding mercury of soils significantly. Heckel

and Keener (2007) had assumed the cicada was exposed to

mercury through dermal contact, but the hypothesis was

not proofed in this paper. We conjecture that cicada

ingested mercury from their special food, the fluid of plant

root, which part the highest mercury concentrations were

found in plants. But it need more detail study to substan-

tiate the guess.

This study showed that mercury pollution in soil and

cicada in Huludao City was serious. Cicada could accu-

mulate mercury greatly to high levels. Total and methyl

mercury concentrations of soil were not significantly rela-

ted with each other. In cicada tissues, total mercury were

found to increase in the order of exuviae \ wing \ cicada

bodies and methyl mercury in cicada bodies were the

highest among them. Methyl mercury concentrations were

about 4.69% of total mercury of cicada bodies and this

indicated that most mercury was in inorganic forms in

cicada bodies. Sex differences of total mercury concen-

tration were significantly great, total and methyl mercury

concentrations of the males were higher. Correlation

analysis showed that neither total nor methyl mercury

concentrations in cicada bodies were significantly related

to the corresponding contents of soil.
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