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Abstract. Drainage following peatland conversion into an oil palm plantation 

is always associated with carbon (C) loss, one of which is in the form of 

dissolved organic carbon (DOC). The analytical procedure commonly used to 

determine DOC concentration applies the high-temperature combustion 

(HTC) technique, which requires expensive instruments. An alternative low-

cost and faster procedure has been tested. This research aimed to determine 

and validate the most suitable UV-Vis spectrophotometer wavelength for 

estimating DOC concentration and evaluating its fluxes and spatial dynamics 

in an oil-palm plantation peatland in Riau Province, Indonesia. UV-Vis 

spectroscopic DOC determinations were done on the ground and canal-water 

samples at tested wavelengths of 254, 270, and 350 nm. The obtained 

absorbance data were then validated against reference DOC data resulting 

from applying the HTC technique using a Total Organic Carbon analyzer 

based on regression analysis. The most suitable UV-Vis spectroscopic 

wavelength for estimating DOC concentration was 350 nm. The DOC 

concentration in groundwater (35.67 ± 8.40 mg L-1) was around twice higher 

than in canal water (16.26 ± 4.15 mg L-1). The range and average of DOC 

fluxes in the research area were respectively 0.079 to 0.138 and 0.102 ton C 

ha-1 year-1.
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INTRODUCTION  

Tropical peatlands are approximately 56% of the world's total peatland areas, around 24.8 million ha of 
which are distributed in Southeast Asia. The largest peatland areas in Southeast Asia are in Indonesia (Page et 
al. 2011), with 5.85 million ha of which are considered the potential for agricultural development and 
distributed on the island of Sumatera (Ritung et al. 2011). Naturally, peatlands are always inundated. This 
condition limits their usage for crop cultivation, one of which is oil palm. The utilization of peatlands for oil 
palm plantations in Indonesia started in the 1980s, beginning with the construction of drainage infrastructures 
to manage groundwater levels and to create aerobic rhizosphere conditions for the normal growth of the crop. 

The construction process and connectivity of the drainage channels in cultivated peatlands can cause 
negative impacts on the environment, one of which is increases in the release of organic C to the surrounding 
waters (Evans et al. 2016; Rixen et al. 2016), mainly in the form of DOC. DOC is defined as organic C in the 
solution that passes through a 0.45 µm filter (Zsolnay 2003; Thurman 1985). Almost all DOC comes from 
photosynthesis, both as new photosynthates such as leaf litter, root exudates, decomposed fine roots, and 
byproducts of decomposition as well as leachates of old organic matter. The dynamic of DOC flux in a drained 
peatland affects C cycle in the surrounding water environment (Battin et al. 2009) and, therefore, contributes          
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to the C balance in both peatland and water ecosystems. An increase in DOC concentration harms the water 
environment, and more than half of the DOC released from peatlands will turn into CO2 (Cory et al. 2014; Wit 
et al. 2015), which then increases C emissions. In addition, DOC can block the penetration of sunlight into the 
waters (Steinberg 2003), behaves as carrier of potentially toxic metals (Gandois et al. 2020; Shaheen et al. 
2014), organic contaminants, and nutrient ions (Bolan et al. 2011), and can subsequently reduce the water 
quality (Chow et al. 2003; Xiao et al. 2014). 

These negative impacts should be managed and monitored regularly, aiming to achieve proper 
management of the huge areas of oil palm plantation peatlands in Indonesia. However, an analytical procedure 
to determine DOC concentration mostly applied presently requires sophisticated laboratory instruments, such 
as Total Organic Carbon (TOC) Analyzer. Therefore, it is considered a relatively expensive method. We have 
tested an alternative low-cost and faster procedure to determine DOC concentration by using and validating 
absorbance data of DOC-containing water samples determined using UV-Vis spectrophotometer against DOC 
concentrations of the same water samples determined using HTC technique by operating TOC Analyzer as 
reference data. This validation process was based on the results of a simple linear regression analysis. Nuriman 
et al. (2015) and Peacock et al. (2014) used 254 nm wavelength to estimate DOC concentration using a UV-
Vis spectrophotometer, but other wavelengths may be more suitable for water samples of tropical peatlands 
because of their location-specific in nature. The spectroscopic wavelengths tested in this research were 254, 
270, and 350 nm. 

Determination of DOC concentrations using a UV-Vis spectrophotometer is considered faster and cheaper 
in terms of analytical materials and instrumentation needed. Furthermore, this alternative procedure will 
support routine DOC analysis of huge numbers of water samples for environmental monitoring of huge areas 
of oil palm plantations in Indonesian peatlands. The objectives of this research were to determine and validate 
the most suitable UV-Vis spectroscopic wavelength for estimating DOC concentration in the ground and canal-
water samples and evaluating its flux and spatial dynamics in an oil-palm plantation peatland in Riau Province, 
Indonesia. 
 
MATERIAL AND METHODS 

Field Experimental Sites  

This research was conducted from March to August 2019 on a drained tropical peatland cultivated for oil 
palm plantation located in Koto Gasib District, Siak Regency, Riau Province, Indonesia (0°44'55.89" N; 
101°45'14.04" E). The western and northern parts of the research area are bordered by the Siak River, while a 
hilly land with mineral soils borders its eastern and southern parts. The thickness of peat layers in the research 
area varied from 450 to 600 cm, with thinner peat layers found in a few of the plantation blocks. During the 
research period, the average groundwater level is 56 cm below the ground surface, and the monthly rainfall 
ranges from 37 to 120 mm (Figure 1). 

 
Figure 1 Rainfall and mean groundwater level during the research period of March – August 2019 
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Before being utilized for oil palm plantation, the research area was a secondary peat forest that was then 
drained and planted for oil palm in 2002. Oil palms were cultivated in planting blocks of 300 m x 1,000 m that 
were surrounded by drainage channels and plantation roads (Figure 2). The main water source comes from 
rainfall and small rivers that flow through mineral soils on the southern side of the research area. The 
observation points were set in the middle of the research area, which was characterized by a flat topography. 
 

 
 
Figure 2 Ground- and canal-water sampling points on an oil palm plantation peatland in Siak Regency, Riau 

Province, Indonesia at observation blocks with different oil palm age groups (< 10 years at block 
D8 and D9; 10-15 years at D1, D4 and D6; and > 15 years at D10, D15 and D16) 

 

Water Sampling 

Ground- and canal-water samples were taken at 13 sampling points spread over eight observation blocks. 
These observation blocks were grouped into three crop age categories, < 10 years old (block D8 and D9), 10-
15 years old (D1, D4 and D6), and > 15 years old (D10, D15 and D16). The water sampling points are presented 
in Figure 2. Samples of canal water were taken using a grab sampler at the canal outlets of the observation 
blocks, while samples of groundwater were taken from 13 dwells at the water surface according to the 
groundwater level at the time of sampling using stick attached sampler-bottles. Water samples were taken once 
a month for six months research period from March to August 2019. Prior to the laboratory analysis, all 156 
water samples taken were stored in coolboxes. 
 

DOC Analysis 

First, the ground- and canal-water samples were filtered to separate DOC from particulate organic carbon 
(POC) using a 0.45 µm filter. Then, the spectroscopic absorbances of the samples were measured using UV-
Vis spectrophotometer at 254, 270, and 350 nm wavelengths. From herein in this paper, the resulting data are 
designated as 8absorbance data9. The ground- and canal-water samples taken in April and July 2019, which 
amounted to 52 samples, were measured for DOC concentrations using TOC Analyzer (Multi N/C 2,100 S-
Jena Analytic) at a combustion temperature of 800 oC, and the concentrations of CO2 formed as a fraction of 
the DOC were measured using a Non-Dispersive Infrared sensor (NDIR). The DOC concentrations determined 
using TOC Analyzer were referred to as DOC concentration reference values. From herein in this paper, they 
are designated as 8reference data9. The absorbance and reference data of April and July 2019 sampling periods 
were then incorporated into a simple linear regression analysis to obtain the best regression models for each of 
the wavelengths tested. 
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Data Analysis 

The relationship and correlation between the reference data of the ground and canal-water as Y axis and 
the corresponding absorbance data determined at wavelengths 254, 270, and 350 nm as X axis were each tested 
by applying simple linear regression analysis. The tests resulted in Y= aX + b equations or models in which Y 
showed the estimated DOC concentrations in mg L-1 with r values that showed the correlation coefficients. 

The estimated DOC concentrations obtained were then tested further for their normality distribution using 
the Shapiro-Wilk normality test. The regression models with the highest correlation coefficient and normally 
distributed data of estimated DOC concentrations were considered the best model for estimating DOC 
concentrations using UV-Vis spectroscopic absorbance data. The significance of the difference in absorbance 
data at the three wavelengths tested and the estimated DOC concentrations amongst observation points 
representing the oil palm plantation blocks with different crop age groups were then evaluated based on the 
analysis of variance (ANOVA) and the Duncan9s Multiple Range Test (DMRT). 

For determining DOC fluxes out of the study area, data on rainfall, evapotranspiration, and DOC 
concentrations in the canal water are needed, where the DOC flux = water flux x DOC concentration and the 
water flux = rainfall – evapotranspiration. The average evapotranspiration at disturbed and natural peatlands 
in Kalimantan, Indonesia, was reported as 37.9% and 67.7% of the rainfall, respectively (Moore et al. 2013). 
This evapotranspiration of 37.9% of the rainfall was also used by Rixen et al. (2016) to estimate 
evapotranspiration at converted or disturbed peatlands in Siak Regency, Riau Province, Sumatera, Indonesia. 
Then, using these references, DOC fluxes in the study area were calculated based on the following equations: Water flux (L m−2) = (rainfall x (1 − 37.9100 ) DOC flux (g C m−2) = (water flux x DOC concentration) 
 

RESULTS AND DISCUSSIONS 

Absorbance Data and Reference Data 

The reference and absorbance data obtained from the three wavelengths tested of the groundwater samples 
were higher than those of the canal water (data not shown). The absorbance data obtained was directly 
proportional to the reference data. It is in accordance with those reported by Deflandre and Gagné (2001) and 
Wang and Hsieh (2001). Solutions with high DOC concentrations have a more concentrated color (Ishikawa 
et al. 2006). Thurman (1985) showed that 30 - 80% of DOC consisted of colored organic acids, the fulvic and 
humic acids. Watanabe et al. (2012) reported a strong correlation between DOC concentrations and brown-to-
black humic materials. 

Table 1 Linear regression models between reference DOC concentration and absorbance measured at of UV-
Vis spectroscopic wavelengths of 254, 270, and 350 nm 

UV-Vis spectroscopic 

wavelengths 
Mean absorbance# 

Linear regression 

Model* r 

254 nm 2.30 ± 1.16 a Y= 11.258X – 1.660 0.955** 
270 nm 2.03 ± 1.10 a Y= 11.877X + 0.073 0.960** 
350 nm 0.67 ± 0.38 a Y= 34.557X + 0.991 0.972** 

# Numbers followed by different letters by column were significantly different at 5% test level; * Y = estimated DOC 
concentration (mg L-1); X = absorbance; ** = significantly different; n = 52 
 

The average absorbance data measured at wavelengths of 254, 270, and 350 nm and their regression 
models with the reference data are given in Table 1. The average absorbance data at 350 nm wavelength were 
significantly lower than those at 270 and 254 nm. This is because the shorter wave releases more energy, which 
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is then absorbed by the analytical solution and results in a higher absorbance value than the longer wave. By 
incorporating absorbance data measured at UV-Vis spectroscopic wavelengths of 254, 270, and 350 nm into 
the corresponding regression models, the relationships between absorbance and reference data and between 
reference data and estimated DOC concentrations are presented in Figure 3. 
 

  
(a) (b) 

Figure 3 The relationship between absorbance data and reference DOC concentrations (a), and between 
reference DOC and estimated DOC concentrations based on absorbance data measured at UV-Vis 

spectroscopic wavelengths of 254, 270, and 350 nm (b) 
 

Based on the results of linear regression analysis, the absorbance data at the tested wavelengths resulted 
in high correlation coefficients (r) of > 0.955 or showed a strong correlation with the reference data. The 
highest r value was obtained at the wavelength of 350 nm. This result is different from that reported by Peacock 
et al. (2014), where the r value decreased with the increasing wavelength they assessed. The optimal 
wavelength resulting in their study was 263 nm. However, the use of wavelengths up to 350 nm for the 
groundwater samples in their study showed stable results. 

Based on the Shapiro-Wilk normality test, the distribution of estimated DOC concentrations at a 
wavelength of 254 nm spread abnormally. In contrast, those at 270 and 350 nm wavelengths were distributed 
normally with a statistical value of 0.951 (p-value = 0.012, significant at α 5%) and 0.948 (p-value = 0.024, 
significant at α 5%). The use of wavelength at 350 nm produced the highest r values with normally distributed 
estimated DOC concentrations compared to those at 254 and 270 nm. Therefore, the best linear model for 
estimating DOC concentrations in peatlands waters of the research area using UV-Vis spectrophotometer 
absorbance data as those obtained from the use of 350 nm wavelength. 
 
Dynamics of DOC Concentration in Groundwater  

The DOC concentrations in groundwater were more than twice that of canal water (Figure 4). DOC in 
groundwater comes from the dissolution of peat decomposition products and new organic matter (Kreutzweiser 
et al. 2008; Yule and Gomez 2009). The mean concentration of DOC in groundwater during the research period 
was 35.67 ± 8.40 mg L-1. The results of ANOVA showed that the DOC concentrations of groundwater were 
significantly different (p < 0.05) amongst the observation points, with the highest values measured at D1 and 
D4 block (crop age group of 10 – 15 years), with an average of 53.10 ± 7.30 and 41.02 ± 3.32 mg L-1, 
respectively.  
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Figure 4 Average DOC concentration in ground- and canal-water of an oil palm plantation peatland in Siak 
Regency, Riau Province, Indonesia at observation blocks with different oil palm age groups (< 10 years at 

D8 and D9 block; 10 – 15 years at D1, D4 and D6; and > 15 years at D10, D15 and D16) 
 

High DOC concentrations in groundwater were measured in D1 and D4 blocks. This is because these two 
observation areas have only one inlet and one outlet canal, so the dissolution of DOC does not occur 
intensively. In addition, the groundwater level in these two observation areas is also maintained relatively 
closer to the ground surface compared to other observation points. This condition supports C accumulation in 
the groundwater. As reported by Strohmeier et al. (2013) and Marwanto et al. (2018), higher DOC 
concentrations were measured at locations with water levels near the ground surface. 

During this research period, the DOC concentrations at deeper groundwater levels tend to increase in 
months with low rainfall. Comparable results were reported by Kalbitz et al. (2002) and Kaiser et al. (2001), 
where an increased DOC concentration was measured during the dry season that was accompanied by an 
accumulation of not-easily decomposed aromatic compounds. In this study, the DOC concentrations were 
lower than those of peat forests in Kuala Belait, Brunei Darussalam, reported by Gandois et al. (2013) and 
Lupascu et al. (2020), and of peat forest in Selangor, Malaysia, reported by Yule and Gomez (2009). 
 
Dynamics of DOC Concentration in Canal Water  

DOC concentrations in canal water did not fluctuate much, with an average of 16.26 ± 4.15 mg L-1. The 
results of ANOVA showed that the DOC concentrations in canal water were significantly different (p < 0.05) 
amongst the observation points, with the highest measured at D8 and D9 block with an average of respectively 
21.54 ± 5.67 and 24.64 ± 2.28 mg L-1. These two blocks do not have water sources other than rainfall, so there 
was no dilution process as those that occurred at the other blocks. The DOC concentrations in canal water 
measured in this research were lower than those of a disturbed peat forest reported by Moore et al. (2013) and 
Yupi et al. (2016) and of oil palm plantation peatlands reported by Cook et al. (2018) and Waldron et al. (2019). 

The highest DOC concentrations of canal water at each observation point were measured in different 
months. It is caused by differences in the drainage network and condition. In general, it increased with the 
increasing rainfall. High rainfall will mobilize more of the accumulated DOC and results in increased DOC 
concentration in the canal water (Baum et al. 2007; Kalbitz et al. 2002). In July and August 2019, the water 
canals at observation blocks D8 and D9 were dried up and followed by decreases in DOC concentration in 
almost all the observation blocks compared to those measured in the previous months. It indicates a low C 
dissolution from peat materials in the plantation blocks into the water canals. As reported by Moore et al. 
(2011), the DOC concentrations in the dry season were lower than in the rainy season. 

DOC concentrations of canal water were significantly different amongst the blocks but were inconsistent 
with which one was higher in the upstream or the downstream canals. In the blocks of the plant age group of 
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> 15 years old, the DOC concentrations were lower than in those of < 10 and 10 – 15 years old. It was caused 
by the more intensive dilution of DOC in blocks of the oldest plant age in which its areas have two outlets, at 
the east and west sides of the area, and because oil palm plantations have many drainage channels that make 
it easier to drain excess water and dilute DOC out of the plantation area. In addition, as reported in the 
literatures, the release of DOC from oil palm plantation peatlands is higher than those from natural peat forests. 
 

Flux of DOC  

The spatial variation of DOC flux from a peatland is affected by the DOC concentrations of canal water, 
which is strongly influenced by the arrangement of drainage channels. The DOC concentration in canal water 
and the DOC flux out of the research area are presented in Table 2, which shows that the DOC concentrations 
of canal water were significantly different (p < 0.05) among the observation blocks. 

Table 2 Flux of DOC out of an oil palm plantation peatland in Siak Regency, Riau Province, Indonesia 
Block of oil palm DOC concentrations Rainfall DOC flux 

age group (mg L-1)* (mm) (g C m-2) 

< 10 years 20.87 ± 3.43 c 53.9 6.92 
10 – 15 years 15.48 ± 3.02 b 531.9 5.13 

> 15 years 12.00 ± 3.30 a 531.9 3.98 
Average 15.90 ± 1.27 531.9 5.10 

*numbers followed by different letters by column were significantly different at 5% test level 

 
The flux or release of C in the form of DOC from the research area ranged from 0.66 to 1.15 g C m-2 per 

month, with an average of 0.85 g C m-2 per month. These results are lower than those of other studies, such as 
those of natural and disturbed peat forests in Kalimantan that ranged from 5 – 8.7 g C m-2 per month (Cook et 
al. 2018; Gandois et al. 2013; Moore et al. 2013; Müller-Dum et al. 2018). The low DOC flux reflected the 
combination of lower DOC levels and lower total runoff due to low rainfall during the research period that 
ranged from 34 - 120 mm per month, while in other studies, it was in the range of > 170 to 250 mm per month. 
In the research of Clark et al. (2007), there was a major influence of the discharge variations due to rainfall on 
the DOC flux that showed the dominant influence of the rainfall factor in determining the DOC flux. 

The spatial distribution of DOC flux in the research area was controlled by the DOC concentrations as 
related to drainage settings and groundwater levels. The highest DOC flux was from the blocks of oil palm age 
group of < 10 years old, with groundwater levels relatively deeper than those of the other age groups. These 
results were in accordance with those reported by Evans et al. (2016) regarding the impacts of drainage on 
DOC fluxes, while the water loss factor was more dominant than DOC concentrations due to differences in 
land cover conditions (Moore et al. 2013). As reported in the literature, the runoff water discharge in natural 
peatlands was lower than in disturbed peatlands, so the DOC concentrations were higher. 

The development of oil palm plantations on tropical peatlands is often associated with substantial amounts 
of C releases due to an increased decomposition rate during the first five years of cultivation (Page et al. 2011), 
construction of drainage channels in the initial stages, and drainage of water with high DOC concentrations. 
In this research, all observation points were set in oil palm plantation blocks with an oil palm age of > 9 years 
old so that the initial response to any disturbance was not detected. Based on this fact, the DOC flux from 
peatland that has been planted with oil palm is not always high. 
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CONCLUSION 

The absorbance data of the UV-Vis spectrophotometer measured at a wavelength of 350 nm was 
considered optimum for estimating DOC concentrations in tropical oil palm plantations peatlands in Sumatera, 
Indonesia. The DOC concentrations of groundwater are almost twice as high as that of canal water, with a 
range and average of DOC fluxes of respectively 0.079 to 0.138 and 0.102 ton C ha-1 year-1. 
 
ACKNOWLEDGMENTS 

This research was funded by the Indonesian Oil Palm Plantations Fund Management Agency (BPDPKS), 
Ministry of Finance, Republic of Indonesia. We would like to thank all those who have assisted in the 
implementation of this research. 
 
REFERENCES 

Battin TJ, Luyssaert S, Kaplan LA, Aufdenkampe AK, Richter A, Tranvik LJ. 2009. The boundless carbon 
cycle. Nat Geosci. 2:598–600. doi:10.1038/ngeo618. 

Baum A, Rixen T, Samiaji J. 2007. Relevance of peat draining rivers in central Sumatra for the riverine input 
of dissolved organic carbon into the ocean. Estuar Coast Shelf Sci. 73:563–570. doi:10.1016/ 
j.ecss.2007.02.012. 

Bolan NS, Adriano DC, Kunhikrishnan A, James T, McDowell R, Senesi N. 2011. Dissolved organic matter. 
biogeochemistry, dynamics, and environmental significance in soils. Adv Agronomy. 110:1–
75. doi:10.1016/B978-0-12-385531-2.00001-3. 

Chow AT, Tanji KK, Gao S. 2003. Production of dissolved organic carbon (DOC) and trihalomethane (THM) 
precursor from peat soils. Water Res. 37:4475–4485. doi:10.1016/S0043-1354(03)00437-8. 

Clark JM, Lane SN, Chapman PJ, Adamson JK. 2007. Export of dissolved organic carbon from an upland 
peatland during storm events: Implications for flux estimates. J Hydrol. 347:438–447. doi:10.1016/ 
j.jhydrol.2007.09.030. 

Cook S, Whelan MJ, Evans CD, Gauci V, Peacock M, Garnett MH, Kho LK, Teh YA, Page SE. 2018. Fluvial 
organic carbon fluxes from oil palm plantations on tropical peatland. Biogeosci. 15:7435–7450. 
doi:10.5194/bg-15-7435-2018. 

Cory RM, Ward CP, Crump BC, Kling GW. 2014. Sunlight controls water column processing of carbon in 
arctic fresh waters. Science. 345(6199):925–928. doi:10.1126/science.1253119. 

Deflandre B, Gagné JP. 2001. Estimation of dissolved organic carbon concentrations in nanoliter samples 
using UV spectroscopy. Water Res. 35(13):3057–3062. doi:10.1016/S0043-1354(01)00024-0. 

Evans CD, Renou-Wilson F, Strack M. 2016. The role of waterborne carbon in the greenhouse gas balance of 
drained and re-wetted peatlands. Aquatic Sci. 78(3):573–590. doi:10.1007/s00027-015-0447-y. 

Gandois L, Cobb AR, Hei IC, Lim LBL, Salim KA, Harvey CF. 2013. Impact of deforestation on solid and 
dissolved organic matter characteristics of tropical peat forests: implications for carbon release. 
Biogeochem. 114:183–199. doi:10.1007/s10533-012-9799-8. 

Gandois L, Hoyt AM, Mounier S, Roux G Le, Harvey CF, Claustres A, Nuriman M, Anshari G. 2020. From 
canals to the coast: dissolved organic matter and trace metal composition in rivers draining degraded 
tropical peatlands in Indonesia. Biogeosci. 17:1897–1909. doi:10.5194/bg-17-1897-2020. 

Ishikawa T, Trisliana, Yurenfrie, Ardianor, Gumiri S. 2006. Dissolved organic carbon concentration of a 
natural water body and its relationship to water color in Central Kalimantan, Indonesia. Limnology. 
7:143–146. doi:10.1007/s10201-006-0174-0. 

 
 

https://doi.org/10.1016/B978-0-12-385531-2.00001-3


Jurnal Pengelolaan Sumber Daya Alam dan Lingkungan 13(1):1–10 
 

 9 

Kaiser K, Guggenberger G, Haumaier L, Zech W. 2001. Seasonal variations in the chemical composition of 
dissolved organic matter in organic forest floor layer leachates of old-growth Scots pine (Pinus sylvestris 
L.) and European beech (Fagus sylvatica L.) stand in norteastern Bavaria, Germany. Biogeochem. 
55:103–143. doi:10.1023/A:1010694032121. 

Kalbitz K, Rupp H, Meissner R. 2002. N-, P- and DOC-dynamics in soil and groundwater after restoration of 
intensively cultivated fens. In: Broll G, Merbach W, Pfeiffer EM, editors. Wetland in Central Europe. 
99–116. Heidelberg: Springer. 

Kreutzweiser DP, Hazlett PW, Gunn JM. 2008. Logging impacts on the biogeochemistry of boreal forest soils 
and nutrient export to aquatic systems: a review. Environ Rev. 16:157–179. doi:10.1139/A08-006. 

Lupascu M, Akhtar H, Smith TEL, Sukri RS. 2020. Post-fire carbon dynamics in the tropical peat swamp 
forests of Brunei reveal long-term elevated CH4 flux. Glob Chang Biol. doi:10.1111/ gcb.15195. 

Marwanto S, Watanabe T, Iskandar W, Sabiham S, Funakawa S. 2018. Effects of seasonal rainfall and water 
table movement on the soil solution composition of tropical peatland. Soil Sci Plant Nutr. 64(3):386–
395. doi:10.1080/00380768.2018.1436940. 

Moore S, Evans CD, Page SE, Garnett MH, Jones TG, Freeman C, Hooijer A, Wiltshire AJ, Limin SH, Gauci 
V. 2013. Deep instability of deforested tropical peatlands revealed by fluvial organic carbon fluxes. 
Nature. 493:660–663. doi:10.1038/nature11818. 

Moore S, Gauci V, Evans CD, Page SE. 2011. Fluvial organic carbon losses from a Bornean blackwater river. 
Biogeosci Discuss. 7:8319–8343. doi:10.5194/bg-8-901-2011. 

Müller-Dum D, Warneke T, Rixen T, Müller M, Baum A, Christodoulou A, Oakes J, Eyre BD, Notholt J. 
2018. Impact of peatlands on carbon dioxide (CO2) emissions from the Rajang River and Estuary, 
Malaysia. Biogeosci Discuss. 391:1–33. doi:10.5194/bg-16-17-2019. 

Nuriman M, Djajakirana G, Darmawan, Anshari GZ. 2015. Metode Alternatif Memperkirakan Konsentrasi 
Karbon Organik Terlarut dalam Air Saluran Drainase dan Tanah Gambut. J Tanah dan Iklim. 39(1):1–
8. doi:10.2017/jti.v39i1.6213. 

Page SE, Rieley JO, Banks CJ. 2011. Global and regional importance of the tropical peatland carbon pool. 
Glob Chang Biol. 17:798–818. doi:10.1111/j.1365-2486.2010.02279.x. 

Peacock M, Evans CD, Fenner N, Freeman C, Gough R, Jones TG, Lebron I. 2014. UV-visible absorbance 
spectroscopy as a proxy for peatland dissolved organic carbon (DOC) quantity and quality: 
considerations on wavelength and absorbance degradation. Environ Sci Process Impacts. 16:1445–1461. 
doi:10.1039/ c4em00108g. 

Ritung S, Wahyunto, Nugroho K, Sukarman, Hikmatullah, Suparto, Tafakresnanto C. 2011. Peta Lahan 

Gambut Indonesia Skala 1:250.000. Bogor: Balai Besar Sumberdaya Lahan Pertanian. 
Rixen T, Baum A, Wit F, Samiaji J. 2016. Carbon leaching from tropical peat soils and consequences for 

carbon balances. Front Earth Sci. 4(74):1–9. doi:10.3389/ feart.2016.00074. 
Shaheen SM, Rinklebe J, Rupp H, Meissner R. 2014. Temporal dynamics of pore water concentrations of Cd, 

Co, Cu, Ni, and Zn and their controlling factors in a contaminated floodplain soil assessed by 
undisturbed groundwater lysimeters. Environ Pollution. 191:223–231. 

Steinberg CEW. 2003. Ecology of Humic Substances in Freshwaters. Heidelberg: Springer-Verlag Berlin. 
doi:10.1007/978-3-662-06815-1_2. 

Strohmeier S, Knorr KH, Reichert M, Frei S, Fleckenstein JH, Peiffer S, Matzner E. 2013. Concentrations and 
fluxes of dissolved organic carbon in runoff from a forested catchment: insights from high frequency 
measurements. Biogeosci. 10:905–916. doi:10.5194/bg-10-905-2013. 

Thurman EM. 1985. Developments in Biogeochemistry: Organic Geochemistry of Natural Waters. Boston 
(MA): the Kluwer Academic Publishers Group. doi:10.1007/978-94-009-5095-5. 

Waldron S, Vihermaa L, Evers S, Garnett MH, Newton J, Henderson ACG. 2019. C mobilisation in disturbed 
tropical peat swamps: old DOC can fuel the fluvial efflux of old carbon dioxide, but site recovery can 
occur. Sci Rep. 9(11429):1–12. doi:10.1038/s41598-019-46534-9. 



Sudadi U, Sumbari AI, Nugroho B 

10 

Wang GS, Hsieh ST. 2001. Monitoring natural organic matter in water with scanning spectrophotometer. 
Environ Int. 26:205–212. doi:10.1016/S0160-4120(00)00107-0. 

Watanabe A, Moroi K, Sato H, Tsutsuki K, Maie N, Melling L, Jaffé R. 2012. Contributions of humic 
substances to the dissolved organic carbon pool in wetlands from different climates. Chemosphere. 
88:1265–1268. doi:10.1016/j.chemosphere.2012.04.005. 

Wit F, Muller D, Baum A, Warneke T, Pranowo WS, Muller M, Rixen T. 2015. The impact of disturbed 
peatlands on river outgassing in Southeast Asia. Nat Commun. 6(10155):1–9. doi: 10.1038/ 
ncomms10155. 

Xiao YH, Huang QH, Vähätalo A V, Li FP, Chen L. 2014. Effects of dissolved organic matter from a eutrophic 
lake on the freely dissolved concentrations of emerging organic contaminants. Environ Toxicol Chem. 
33(8):1739–1746. doi:10.1002/etc.2625. 

Yule CM, Gomez LN. 2009. Leaf litter decomposition in a tropical peat swamp forest in Peninsular Malaysia. 
Wetland Ecol Manag. 17(3):231–241. doi:10.1007/s11273-008-9103-9. 

Yupi HM, Inoue T, Bathgate J, Putra R. 2016. Concentrations, loads and yields of organic carbon from two 
tropical peat swamp forest streams in Riau Province, Sumatra, Indonesia. Mires Peat. 18(14):1–15. 
doi:10.19189/MaP.2015.OMB.181. 

Zsolnay Á. 2003. Dissolved organic matter: artefacts, definitions, and functions. Geoderma. 113:187–209. 
doi:10.1016/S0016-7061(02)00361-0. 


