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RINGKASAN

Anang Kadarsah. NIM. 2141213310005. 2025. Program Studi Doktor limu
Lingkungan, Program Pascasarjana. Biomonitoring Pencemaran Udara di
Area Meliponikultur Heterotrigona itama Melalui Analisis Sarang, Fungsi
Polen, Kualitas Madu, dan Deteksi Mikroplastik. Pembimbing : Prof. Dr. H.
Aminuddin Prahatama Putra, M.Pd.; Anni Nurliani, S.Si., M.Sc., Ph.D; Prof.
Dr. Drs. Eko Suhartono, M.Si.

Perubahan lingkungan global, termasuk pencemaran udara dan
mikroplastik, telah mengancam keberlanjutan ekosistem, keamanan pangan, dan
kesehatan manusia. Sebagai penyerbuk utama dan penghasil madu berkualitas
tinggi, lebah kelulut (Heterotrigona itama) tidak hanya berperan penting dalam
meliponikultur tetapi juga berpotensi sebagai bioindikator sensitif untuk memantau
dampak pencemaran udara. Penelitian ini mendesak dilakukan karena minimnya
studi tentang respons biologis lebah kelulut terhadap polusi, padahal praktik
meliponikultur semakin meluas di Indonesia. Manfaat penelitian mencakup
pengembangan metode biomonitoring berbasis lebah, penyediaan data ilmiah untuk
kebijakan lingkungan, serta peningkatan kesadaran masyarakat tentang hubungan
antara kualitas udara, kesehatan lebah, dan keamanan produk madu.

Penelitian ini bertujuan untuk: (1) menganalisis struktur sarang dan
morfologi Heterotrigona itama sebagai indikator dampak pencemaran udara di area
meliponikultur; (2) mengidentifikasi keragaman polen sebagai penanda
ketersediaan pakan dan tekanan lingkungan; (3) menilai pengaruh polusi terhadap
kualitas madu melalui parameter fisikokimia dan nutrisi; serta (4) mendeteksi
mikroplastik dalam produk lebah untuk mengevaluasi risiko pencemaran plastik.
Dengan pendekatan multidisiplin, penelitian ini diharapkan dapat menyediakan
rekomendasi strategis bagi pelestarian lebah kelulut, praktik meliponikultur
berkelanjutan, dan perlindungan lingkungan.

Hasil penelitian dampak pencemaran udara pada lebah kelulut terkait
Struktur Sarang dan adaptasi morfologi mengungkapkan perbedaan signifikan
struktur sarang Heterotrigona itama berdasarkan tingkat pencemaran. Di daerah
urban, sarang menunjukkan adaptasi stres dengan volume lebih kecil (<2000 cm3),
pintu masuk sempit berbentuk corong (1.38+0.20 cm), dan ketebalan involukrum
menipis (2.3-3.0 mm). Sebaliknya, sarang di daerah rural memiliki ukuran optimal
(>6000 cm3) dengan pintu masuk tabung lebar (1.99+0.35 cm) dan ketebalan
involukrum bervariasi (1.0-3.7 mm). Perbedaan ini juga terlihat pada morfologi
lebah pekerja, dimana spesimen urban berukuran lebih kecil (6.50 mm) dengan
sayap menyempit dibanding rural (7.11 mm). Perubahan Komposisi Polen.
Analisis polen menunjukkan gradasi kualitas habitat yang jelas. Daerah urban
didominasi Asteraceae (42.9%) terutama Ageratum conyzoides dengan indeks
keanekaragaman rendah (Shannon 1.2), sementara rural menunjukkan keragaman
tinggi (indeks 2.8) dengan dominasi Araceae (51.6%) dan Fabaceae (28.8%). Pola
transisi terlihat di semi-urban dengan dominasi Araceae (57.6%). Temuan ini
mengindikasikan bahwa polusi udara mengurangi diversitas sumber pakan dan
mengubah preferensi lebah terhadap spesies tumbuhan toleran polusi. Dampak
pada Kualitas Madu. Parameter kualitas madu menunjukkan beberapa
penyimpangan dari standar SNI. Kadar air melebihi batas (26.5-32% vs 22%)
dengan fluktuasi gula pereduksi yang ekstrim (16.04-54.01%). Analisis statistik
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menunjukkan korelasi negatif signifikan antara TVOC dengan kadar air (r=-0.632,
p=0.005). Namun, hasil positif terlihat pada tidak terdeteksinya logam berat (Pb,
Cd <0.001 mg/kg) dan potensi antioksidan yang tetap tinggi di semua lokasi
penelitian. Kontaminasi Mikroplastik. Terungkap ada kontaminasi mikroplastik
yang meluas pada produk lebah. Konsentrasi tertinggi ditemukan di urban (118
partikel/100 ml polen) dengan dominasi fiber (80.4%). Yang mengkhawatirkan,
kontaminasi juga terdeteksi di daerah rural (47-55 partikel/100 ml madu) dengan
ukuran partikel mencapai 154.1 um. Pola distribusi ini menunjukkan bahwa polusi
mikroplastik telah menyebar melalui berbagai mekanisme termasuk deposisi
atmosferik dan aktivitas pertanian.

Temuan penelitian ini mengungkapkan dampak signifikan pencemaran udara
terhadap ekosistem meliponikultur Heterotrigona itama melalui empat temuan
kunci. Pertama, adaptasi morfologi sarang menunjukkan respons stres yang jelas di
daerah urban, berupa penyusutan volume sarang (<2000 cm?), perubahan struktur
pintu masuk (corong sempit 1.38+0.20 cm), dan penurunan kapasitas reproduksi (1-
2 sel anakan). Kedua, analisis polen mengungkap reduksi keanekaragaman sumber
pakan di daerah tercemar (Indeks Shannon Wiener di area urban (1,2) vs area rural
(2,8)) dengan pergeseran dominansi ke spesies toleran polusi seperti Ageratum
conyzoides. Ketiga, kualitas madu menunjukkan penyimpangan parameter
fisikokimia, terutama kadar air yang melebihi SNI (26.5-32%) dengan korelasi
negatif terhadap TVOC (r=-0.632). Keempat, deteksi mikroplastik pada produk
lebah (hingga 118 partikel/100 ml) membuktikan kontaminasi telah menyebar
hingga daerah rural. Temuan ini memiliki implikasi luas bagi praktik
meliponikultur berkelanjutan, menegaskan perlunya pemantauan lingkungan
berbasis indikator biologis dan penguatan regulasi keamanan pangan produk lebah
tanpa sengat di era antropogenik..

Kata Kunci : biomonitoring, kualitas madu, lebah kelulut, mikroplastik,
pencemaran udara



SUMMARY

Anang Kadarsah. NIM. 2141213310005. 2025. Environmental Science
Doctoral Study Program, Postgraduate Program. Environmental Health
Biomonitoring in Heterotrigona itama Meliponiculture Areas Through Nest
Analysis, Pollen Function, Honey Quality, and Microplastic Detection.
Advisors: Prof. Dr. H. Aminuddin Prahatama Putra, M.Pd .; Anni Nurliani,
S.Si., M.Sc., Ph.D; Prof. Dr. Drs. Eko Suhartono, M.Si.

Global environmental changes, including air pollution and microplastics,
have threatened ecosystem sustainability, food security, and human health. As
primary pollinators and producers of high-quality honey, stingless bees
(Heterotrigona itama) not only play a crucial role in meliponiculture but also have
potential as sensitive bioindicators for monitoring the impacts of air pollution. This
research is urgently needed due to the limited studies on the biological responses of
stingless bees to pollution, despite the expanding practice of meliponiculture in
Indonesia. The study's benefits include developing bee-based biomonitoring
methods, providing scientific data for environmental policies, and raising public
awareness about the relationship between air quality, bee health, and honey product
safety.

This research aims to: (1) analyze the nest structure and morphology of
Heterotrigona itama as indicators of air pollution impacts in meliponiculture areas;
(2) identify pollen diversity as markers of food availability and environmental
stress; (3) assess the effect of pollution on honey quality through physicochemical
and nutritional parameters; and (4) detect microplastics in bee products to evaluate
plastic pollution risks. Using a multidisciplinary approach, this study is expected to
provide strategic recommendations for stingless bee conservation, sustainable
meliponiculture practices, and environmental protection.

The research findings on the impact of air pollution on stingless bees
regarding Nest Structure and morphological adaptation reveal significant
differences in Heterotrigona itama nest structures based on pollution levels. In
urban areas, nests showed stress adaptations with smaller volumes (<2000 cmg3),
narrow funnel-shaped entrances (1.38+0.20 cm), and thinning involucrum (2.3-3.0
mm). In contrast, rural nests had optimal sizes (>6000 cm?) with wide tubular
entrances (1.992+0.35 cm) and variable involucrum thickness (1.0-3.7 mm). These
differences were also evident in worker bee morphology, where urban specimens
were smaller (6.50 mm) with narrower wings compared to rural ones (7.11 mm).
Pollen Composition Changes. Pollen analysis showed clear habitat quality
gradation. Urban areas were dominated by Asteraceae (42.9%), particularly
Ageratum conyzoides, with low diversity (Shannon index 1.2), while rural areas
showed high diversity (index 2.8) dominated by Araceae (51.6%) and Fabaceae
(28.8%). A transitional pattern was observed in semi-urban areas with Araceae
dominance (57.6%). These findings indicate that air pollution reduces food source
diversity and shifts bee preferences toward pollution-tolerant plant species. Impact
on Honey Quality. Honey quality parameters showed some deviations from SNI
standards. Water content exceeded limits (26.5-32% vs 22%) with extreme
reducing sugar fluctuations (16.04-54.01%). Statistical analysis revealed a
significant negative correlation between TVOC and water content (r=-0.632,
p=0.005). However, positive findings included undetectable heavy metals (Pb, Cd
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<0.001 mg/kg) and consistently high antioxidant potential across all study sites.
Microplastic Contamination. The findings revealed widespread microplastic
contamination in bee products. The highest concentration was found in urban areas
(118 particles/100 ml pollen) dominated by fibers (80.4%). Alarmingly,
contamination was also detected in rural areas (47-55 particles/100 ml honey) with
particle sizes reaching 154.1 pm. This distribution pattern indicates that
microplastic pollution has spread through various mechanisms including
atmospheric deposition and agricultural activities.

These research findings reveal the significant impact of air pollution on
Heterotrigona itama meliponiculture ecosystems through four key discoveries.
First, nest morphological adaptations showed clear stress responses in urban areas,
including nest volume reduction (<2000 cm?3), structural changes in entrances
(narrow funnel 1.38+0.20 cm), and decreased reproductive capacity (1-2 brood
cells). Second, pollen analysis revealed reduced food source diversity in polluted
areas (Shannon index 1.2 urban vs 2.8 rural) with a shift toward pollution-tolerant
species like Ageratum conyzoides. Third, honey quality showed physicochemical
parameter deviations, particularly water content exceeding SNI standards (26.5-
32%) with a negative correlation to TVOC (r=-0.632). Fourth, microplastic
detection in bee products (up to 118 particles/100 ml) proved contamination has
spread to rural areas. These findings have broad implications for sustainable
meliponiculture practices, emphasizing the need for biological indicator-based
environmental monitoring and strengthened regulations for stingless bee product
safety in the Anthropocene era.

Keywords: biomonitoring, honey quality, stingless bees, microplastics, air
pollution
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