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ABSTRACT: Deformities in the mouthparts of non-biting midge larvae, particularly in the teeth of the mentum, were
studied in cadmium polluted areas in Mae Tao Stream, Mae Sot District, Tak Province, Northern Thailand. Non-biting
midge larvae were sampled together with water and sediment from 4 study sites: sites MT1 and MT2 were upstream
to a zinc mine and unpolluted by cadmium; sites MT3 and MT4 were downstream and polluted with cadmium.
From the water temperature, pH, electrical conductivity, total dissolved solids, dissolved oxygen, nitrate-nitrogen,
ammonia-nitrogen, and orthophosphate, the stream water quality was classified as moderately clean. The cadmium
concentrations MT3 and MT4 exceeded the European maximum permissible level of 3.0 mg/kg for agricultural soil. A
total of 3067 larvae and 21 taxa representing 3 subfamilies (Chironominae, Orthocladiinae, and Tanypodinae) from
the four sampling sites were screened for mentum deformities. The results indicated that the deformity incidence of
larvae was 5% at MT3 and MT4 and 0.20% at MT1 and 0.75% at MT2. Hence the mouthpart deformities of non-biting

midge larvae could be potentially used as a bio-indicator for cadmium pollution.

KEYWORDS: chironomid larvae, bio-indicator, mentum deformity, heavy metals, Mae Tao stream

INTRODUCTION

Cadmium contamination has been reported in rice,
soils, and sediments in and around Mae Tao Stream,
which is the main water resource for agricultural
activities, located at Mae Sot District, Tak Province
in the north of Thailand. Mae Tao Stream passes
through a zinc mine area. The zinc mining has
been actively operating for more than 30 years.
Cadmium is naturally contained in zinc ore, and
is a by-product of zinc mining. In about 69%
of the sediment samples of Mae Tao Stream, cad-
mium concentrations exceeded the European maxi-
mum permissible level of 3.0 mg/kg for agricultural
soil>2. Cadmium concentrations became higher in
the sediments after the stream passed through the
zinc mine, and then decreased along the distance
from the zinc mine. Cadmium is a toxic metal which

causes environmental problems. It concentrates in
the human body through the food chain, and creates
damages to the ecosystem?. The heavy contamina-
tion of cadmium in the sediments in Ban Pha De
(zinc rich area) had been previously reported *.
The larvae of non-biting midges, one important
group of invertebrates in the aquatic environment,
have been widely used to assess environmental
contamination. Non-biting midge larvae (Diptera:
Chironomidae) have been proposed as good bio-
indicators of heavy metal pollution, because non-
biting midges are one of the dominant aquatic insect
families in river ecosystem and their larvae are
widely distributed and sensitive to many pollutants.
Morphological abnormalities in non-biting midge
larvae have been used as general indicators of an-
thropogenic stress in aquatic systems and in certain
assessments of ecological risk®. Deformities are
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considered to be caused by the pollutants such as
heavy metals, pesticides, and other compounds in
water and sediment. Deformities related to environ-
mental stress have been reported in other aquatic
animals such as caddisflies and fish. However,
most attention is directed to non-biting midge larvae
because this insect group offers many advantages
as bio-indicator for sediment pollution®. The non-
biting midge deformities often appear to present
characteristic abnormalities of the mentum and ligu-
lae in the head capsule, and their occurrence has
been associated with environmental pollution by
heavy metals”. However, there are few studies on
morphological abnormalities of non-biting midge
larvae, which are caused by cadmium. The objective
of this study was to evaluate mouthpart deformities
of non-biting midge larvae in Mae Tao Stream,
polluted by cadmium.

MATERIALS AND METHODS
Sampling sites

Mae Tao Stream is located between latitude 16° 39’
9.0” to 15° 40’ 2.8” N and longitude 98° 36’ 6.6”
to 98° 42’ 2.6” E in Mae Sot District, Tak Province,
Northern Thailand, in the mountainous area of the
border between Thailand and Myanmar. Mae Tao
Stream is vital for life in Mae Sot District and is
the main freshwater resource for drinking, irriga-
tion, and agricultural purposes in many villages.
There is a zinc mine along the upstream part of
Mae Tao Stream in Phra That Padaeng Subdistrict.
Since the operation of the zinc mining started in
1982, this area has been affected by the adverse
impacts of heavy metals, especially cadmium which
is contained in the effluents from the mine. The
sampling sites are MT1 (Ban Tum Sua) and MT2
(before entering to the mine) are located upstream
of the zinc mine and do not accept the water from
the mine, and MT3 (Ban Phade) and MT4 (Ban
Maetao Mai) are located downstream of the zinc
mine and polluted by heavy metals.

Physicochemical parameters

Water samples were collected at 4 sampling sites
every 2 months from April 2011 to February 2012.
At each sampling site, physicochemical parameters
such as water temperature, pH, electrical conductiv-
ity (EC), and total dissolved solids (TDS) were mea-
sured in the field. Water samples were carried to
the Freshwater Biomonitoring Research Laboratory,
Faculty of Science, Chiang Mai University. Chemical
parameters such as dissolved oxygen (DO), nitrate-
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nitrogen (NO,™-N), ammonia-nitrogen (NH,-N),
and orthophosphate (PO 43‘) were analysed in the
laboratory?®.

Analysis of cadmium concentrations in
sediments

At each sampling site, the upper layers of the sed-
iments were collected from three points selected
randomly for cadmium analysis. After mixing the
sediments from 3 points, a portion of the sedi-
ment was kept in polyethylene bottle at 4 °C until
laboratory analysis®. The sediment samples (5 g)
were dried at 80°C in hot air oven for 24 h, and
then digested with 1 ml concentrated HNO, and
3 ml concentrated HCI in digestion vessels for 4 h.
Digested samples were allowed to cool, followed by
addition of 25 ml of 2% HNO,. Finally, the solutions
of 25 ml were diluted with 10 ml with deionized
water and transferred to volumetric flasks prior to
analyses. Cadmium concentration was analysed
using inductively coupled plasma optical emission

spectroscopy 1°.

Evaluation of deformities of non-biting midge
larvae

To assess the deformities (morphological abnor-
malities) of non-biting midge larvae, the larvae of
selected taxa were collected from polluted and un-
polluted sites by kick and pick sampling techniques.
In the laboratory, the head capsules were cleaned
with KOH, and then dehydrated with ethanol. The
mouthpart deformities of non-biting midge were
screened and identified under the standard light mi-
croscope at low powers (10x to 40x). The different
structures of deformities were photographed using
the light microscopy 1713,

Data analysis

Biological and physicochemical parameters were
analysed by statistic techniques, principally univari-
ate analysis. Average and standard deviation of
items at each study sites were calculated. The
results of experiments were evaluated by statistical
difference due to extended exposure periods be-
tween the 6 months using the SPSS 17.0 computer
package. Results of testing were considered sig-
nificant if calculated p-values were < 0.05. The
deformity incidences were calculated as the percent-
age (i.e., proportion) of deformed individuals to the
total number of larvae screened within selected non-
biting midge taxa which were sampled from the
same site 14,
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Table 1 Means, standard deviations and ranges (in brackets) of physicochemical parameters in Mae Tao stream.

Site MT1 MT2 MT3 MT4 SWQST

Location Ban Tum Sua Before mine Ban Phade Ban Maetao Mai -

Latitude 16°39' 9.94” N 16°39' 9.04” N 16°40' 2.82" N 16° 40’ 1.26” N -

Longitude 98° 42’ 2.65” E 98° 40’ 2.63” E 98°37' 7.10" E 98° 36’ 6.67" E -

Elevation (m) 523 417 270 258 -

Temperature (°C) 22.8+1.2°2 24.5+1.6% 24.4+1.72 23.9+2.6% nf
(21.0-24.0) (23.0-26.0) (23.0-26.0) (21.0-26.0)

pH 8.12+0.172 7.99+0.172 8.16+0.222 8.11+0.21° 5.00-9.00
(7.80-8.33) (7.70-8.27) (7.80-8.51) (7.80-8.41)

EC (uS/cm) 365+58? 390+91? 389+ 742 402 +80? -
(230-403) (192-466) (216-467) (198-475)

TDS (mg/1) 191 +292 213 +£502 193 +48% 212+412 -
(119-214) (104-258) (112-248) (114-254)

DO (mg/1) 7.72£0.59? 7.47£0.47% 7.12+0.46° 7.28+0.30° 4.00
(6.80-8.80) (7.00-8.40) (6.20-7.60) (6.80-7.80)

NO, -N (mg/1) 1.12+0.512 1.58 +£0.65% 1.95+0.89° 1.92+0.91° 5.00
(0.40-2.00) (0.40-2.80) (0.70-3.40) (0.20-3.40)

NH,-N (mg/1) 0.13+0.11? 0.17+£0.06% 0.19+0.102 0.22+0.152 0.50
(0.01-0.37) (0.10-0.36) (0.05-0.40) (0.01-0.53)

PO43’ (mg/1) 0.31+0.20? 0.34+0.252 0.24+0.102 0.43+0.34% -
(0.11-0.78) (0.12-0.89) (0.09-0.44) (0.12-1.47)

Cd (mg/kg) 0.84+0.22 2.47+0.34 5.3%+1.8 7.9+4.0 -
(0.58-0.98) (2.13-2.82) (4.07-7.43) (4.32-12.14)

T SWQS = Surface Water Quality Standards of Thailand (changing not more than 3°C). *n = naturally. Different
superscript letters per variable across sites indicate significant differences established using the Tukey HSD test
while the same superscript letter indicates no significant difference.

RESULTS AND DISCUSSION

Physicochemical parameters

Means, standard deviations and ranges of physico-
chemical parameters measured at the four sampling
sites are shown in Table 1. The pH measurement
is one of the most important and frequently used
tests in water chemistry. pH affects the solubility
and availability of nutrients which can be utilized
by aquatic organisms. Natural freshwater usually
has pH values between 6 and 8. According to the
present results, pH was found to range from 7.70
(MT2) to 8.51 (MT3). Statistical results showed no
significant difference (p < 0.05) among the sites,
and the pH values are within the permissible limit
(5.00-9.00) of Surface Water Quality Standards of
Thailand (1995). Electrical conductivity (EC) is the
ability of the water to conduct an electrical current,
and is an indirect measure of the ion concentra-
tion. The major ions contributing to the conduc-
tivity are sodium, potassium, calcium, magnesium,
chloride, and sulphate. Other ions that contribute
to conductivity to a smaller degree are carbonate,

bicarbonate, nitrate, and phosphate '°. In this study,
EC values ranged from 365-402 yS/cm (Table 1)
and were high at all sampling sites. The results
tested statistically showed no significant difference
among sampling sites. TDS were measured in the
range of 193-212 mg/l. TDS values were not
significant different among the sampling sites. The
high value of TDS is usually caused by leaching of
ions to the stream from soil. The concentration and
composition of TDS in natural waters is determined
by the geology of the drainage, atmospheric pre-
cipitation and the water balance (evaporation- pre-
cipitation) . For freshwater animals, TDS toxicity
is a result of osmotic stress and its impacts on the
osmoregulatory capability of the organism1!’.

The concentrations of dissolved oxygen (DO)
were 7.24-7.67 mg/l, and showed no significant
difference among sampling sites. DO was more than
4 mg/1, the limit value of the Surface Water Quality
Standard at all sampling sites both upstream and
downstream of the mine. Nitrate-nitrogen (NO, -
N) and ammonia-nitrogen (NH,-N) are the most
common forms of nitrogen in aquatic systems, that
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is often the limiting factor for biological productivity
of the water. The highest value of NO,”-N was
detected at MT3. This site is near the agricul-
ture area and the soil with fertilizer seems to be
eroded into the water. As result, the concentration
of NO,"-N increased in the stream. The lowest
value of NO, -N was detected at MT1. Based on
statistical analysis, there were significant difference
(p < 0.05) among the sampling sites. NH,-N is
excreted by animals and produced by decomposition
of plants and animals, and may return to increased
concentration of NO,”-N in the stream. The lowest
value of NH,-N was detected at MT1. Based on sta-
tistical analysis, there were no significant difference
(p < 0.05) among the sites. The concentration of
NH,-N did not exceed the water quality standard
of Thailand (0.5 mg/1) at almost all the sampling
sites. Orthophosphate (PO 43‘) is generally consid-
ered to be the primary nutrient limiting algal and
plant growth in fresh waters. In this study, the
ranges of PO 43‘ concentration were 0.24-0.43 mg/1
(Table 1). PO43‘ concentration levels were not
significant different among the sites. The values of
alkalinity and the total hardness of Mae Tao Stream
were the same for the four sampling sites. According
to the physicochemical parameters, the water qual-
ity did not exceed the values of the Surface Water
Quality Standard of Thailand and seems to be not
affected by the zinc mine.

Cadmium concentrations in the sediments

Cadmium (Cd) concentrations in the sediments of
Mae Tao Stream were analysed. The Cd concen-
tration in all sampling sites ranged from 0.84-
7.86 mg/kg. As shown in Fig. 1, the highest concen-
tration of cadmium was detected at MT4, while the
lowest concentration was detected at MT1. Cd con-
centration at MT3 and MT4 were much higher than
those at MT1 and MT2. Cd concentrations of MT3
and MT4 exceeded the European Maximum Per-
missible Levels for Agricultural Soil (> 3.0 mg/kg).
MT1 and MT2 are located upstream the zinc mine,
and MT1 is very far from the zinc mine. MT3 and
MT4 are located downstream the zinc mine. As
Mae Tao Stream accepts the water from the zinc
mine, it is clear that the source of Cd is the zinc
mine. Cd contamination in sediment affects aquatic
organisms through bio-accumulation, resulting in
potential long term implication on human health
and ecosystem. Cadmium is an extremely toxic
metal to animals and human. In human, cadmium
exerts toxic effects on the kidney, the skeletal system
and the respiratory system and is classified as a
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Fig. 1 Concentrations of cadmium in sediments of Mae
Tao stream in a horizontal line and the right axis: the
trend of chironomid deformity incidences in the sites.

human carcinogen 8.

Mouthpart deformities in non-biting midge
larvae

Many studies reported the deformities in the head
capsules (mentum in particular) of non-biting
midge larvae. Several other authors reported that
morphological deformities of various non-biting
midge taxa occur when they are exposed to con-
taminants'®2°,  Non-biting midges are a highly
diverse group of insects. Members of this family are
often included in programs monitoring the health of
freshwater ecosystems.

A total of 3067 non-biting midge larvae and 21
taxa were identified from this study (Tribe Chirono-
mini Chironomus sp., Cladopelma sp., Cladotany-
tarsus sp., Cryptochironomus sp., Cryptotendipes
sp., Demicryptochironomus sp., Dicrotendipes sp.,
Kiefferulus sp., Microtendipes sp., Neozavrelia sp.,
Paratanytarsus sp., Polypedilum sp., Pseudochirono-
mus sp., Saetheria sp., Shangomyia sp., Stictochi-
ronomus sp., Sublette sp., and Zavrelia sp.; Tribe
Tanytarsini Micropsectra sp. and Tanytarsus sp.; Or-
thocladiinae, and Tanypodinae) representing 3 sub-
families (Chironominae, Orthocladiinae and Tany-
podinae). Furthermore, non-biting midge larvae
were screened for analysis of mouthpart deformities
(Table 2). The most deformity of non-biting midges
mouthpart was found in site MT4 which comprises
5.5% of the total 639 larvae collected. In site MT3,


http://www.scienceasia.org/2018.html
www.scienceasia.org

ScienceAsia 44 (2018)

Table 2 A number of individuals of mentum deformities

among non-biting midge taxa sampled at the 4 sites of

Mae Tao stream.

Taxa MT1 MT2 MT3 MT4
Chironominae
Tribe Chironomini
Chironomus sp. 2/458 0/4 8/21 14/176
Cladopelma sp. 0/39 0/243 6/15 2/5
Cladotanytarsus sp. 0/0 0/1 0/1 0/0
Cryptochironomus sp. 0/3  0/53 0/10 0/25
Cryptotendipes sp. 0/0 0/3 0/35 0/2
Demicryptochiro- 0/0 0/2 0/4 0/0
nomus sp.

Dicrotendipes sp. 0/95 0/0 0/0 0/0
Kiefferulus sp. 0/0 0/1 0/55 0/8
Microtendipes sp. 0/7 0/12 0/1 0/3
Neozavrelia sp. 0/0 0/0 0/1 0/1
Paratanytarsus sp. 0/24 0/17 0/3 0/0
Polypedilum sp. 0/308 7/370 5/297 12/250
Pseudochironomus sp.  0/1 0/0 0/0 0/0
Saetheria sp. 0/0 0/2 0/2 0/0
Shangomyia sp. 0/0 0/1 0/0 0/0
Stictochironomus sp.  0/13  0/1 1/3 0/0
Sublette sp. 0/0 0/2 0/1 0/0

Zavrelia sp. 0/4 0/0 0/0 0/0

Tribe Tanytarsini

Micropsectra sp. 0/1 0/88 0/6 0/164
Tanytarsus sp. 0/0 0/19  4/9 0/2
Orthocladiinae 0/19 0/22 0/0  7/38
Tanypodinae 0/30 0/85 0/36 0/65
Total 2/1002 7/926 24/500 35/639

the overall observed deformity incidence was 4.8%
of the total 500 larvae collected. At site MT2,
a deformity incidence around 0.75% of the total
926 larvae collected was observed. According to
site MT1, only 2 larvae were successfully mounted
for the deformity represented by 0.20% (Table 3).
The non-biting midge of the subfamily Chironom-
inae were more deformed comparing to members
of other subfamilies (Tanypodinae and Orthocladi-
inae) (Table 2).

The increasing of mouthpart deformities from

Table 3 Mouthpart deformities incidence in 4 sampling
sites of Mae Tao stream.

MT1 MT2 MT3 MT4

No. of individuals 1002 926 500 639
No. of deformed individuals 2 7 24 35
Deformity incidence 0.20 0.75 4.80 5.48

Sampling sites

(a)

Fig. 2 Typical patterns of mouthpart deformities of non-
biting midge larvae; (a) missing median of Polypedilum sp.
in MT3, (b) fuse right lateral in Chironomus sp. in MT4,
(c) Kohn gap in Chironomus sp. in MT4 and (d) missing
right lateral teeth of Chironomus sp. in MT4.

upstream to downstream indicated the pollution
stress in the Mae Tao Stream. The typical patterns
of mouthpart deformities of non-biting midge larvae
in this study are shown in Fig. 2. The highest de-
formity incidence of non-biting midges mouthpart,
5.5% of the total 639 larvae, was obtained in MT4
(Table 3). The deformities in non-biting midge lar-
val mentum amounted to 0.20, 0.75, 4.8, and 5.5%
in the MT1, MT2, MT3, and MT4, respectively. The
total deformity incidence was strongly correlated
with high contents of sediment cadmium (Fig. 1).
Mouthpart deformities in non-biting midge larvae
were used as a biomonitoring tool for heavy metal
pollution in the Uganda section of northern Lake
Victoria. The result found that non-biting midge
had no deformity at the reference sites, while in
urban-industrial sites the deformities ranged from
3.7% to 4.7% of non-biting midges showed de-
formities. Non-biting midge mouthpart deformi-
ties correlated with concentrations of copper and
zinc among the listed metals, but not correlated
with the physical variables. Natural incidence of
deformities in non-biting midges was reported to
be less than 1%, based on subfossil records, and
thus the incidence was more than 1% at polluted
sites?!. Furthermore, the researchers studied the re-
lationship between heavy metal contamination and
mouthpart deformities in non-biting midges and
used non-biting midge mouthpart deformities as a
practical means of assessing the biological impact
caused by heavy metal contamination in aquatic
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systems from mining activities. Their result indi-
cates that non-biting midge larvae collected from
contaminated sites exhibit proportions of mouthpart
deformity between 3.8 and 10% compared to the
reference site of 0.9%%2. Odume et al studied
deformities in the mouthparts of larval non-biting
midge, particularly of the mentum, representing
sublethal effects by exposure to pollutants, and then
used as indicators of pollution in the Swartkops
River*. Non-biting midge larvae were collected
using the South African Scoring System 5 (SASS)
protocol?®. A total of 4838 larvae, representing 26
taxa from 4 sampling sites during four seasons, were
screened for mentum deformities. The community
incidences of mentum deformity were consistently
higher than 8% at the sites indicating pollution
stress in the river. Furthermore, researchers have
studied the occurrence of head capsule deformities
in first instar larvae of Chironomus riparius Meigen,
1804 (Diptera Chironomidae). The results gave
rise to four hypotheses: (a) teratogenic effects of
contaminants in the water, (b) teratogenic effects
of contaminants accumulated in the mother’s body,
(c) genetic inheritance of contamination-induced
mutations, and (d) spontaneous dysgenesis. All the
hypotheses considered are not mutually exclusive,
but a combination of two or more causes could
increase the deformity frequencies in the first instar
larvae?*. In this study, the results confirmed that
deformity incidences were much higher in the sed-
iments polluted by cadmium (MT3 and MT4) than
in the unpolluted sites (MT1 and MT2) as shown in
Fig. 1.

CONCLUSIONS

In Mae Tao Stream, Mae Sot District, Tak Province,
Thailand, which passes through the zinc mine,
the water quality, concentrations of cadmium and
mouthpart deformities were analysed. Physico-
chemical parameters such as water temperature,
pH, electrical conductivity, total dissolved solids,
dissolved oxygen, nitrate-nitrogen, ammonia-nitro-
gen, and orthophosphate did not exceed the values
of the standard of Thailand at all study sites in
Mae Tao Stream, and showed not much difference
among all the study sites. However, cadmium con-
centrations in the sediments showed big difference
between the polluted sites by cadmium downstream
of the zinc mine and unpolluted sites upstream of
the mine. The highest concentration of cadmium
was 7.86 mg/kg, while the lowest concentration
was 0.84 mg/kg. Mouthpart deformity incidence of
non-biting midge larvae was around 5% in polluted
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sites by cadmium, much higher than the unpolluted
sites where deformity incidences were less than 1%.
This study confirmed that the mouthpart deformity
incidence of non-biting midge larvae was positively
correlated with the concentration of cadmium in the
sediment.
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