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Abstract 

 

Optical sensors such as ultra-violet/visible (UV/Vis) 

spectrophotometric sensors and fluorescent dissolved organic matter 

(FDOM) sensors have been frequently used to estimate dissolved organic 

carbon (DOC) concentrations of streams and rivers at high temporal 

resolution. Despite of the merits of both sensors, temperature changes and 

particulate matter in water can interfere the sensor readings, over- or 

under-estimating DOC concentrations. There is little information on how 

differently the two types of the sensors perform in a natural condition. We 

conducted both laboratory experiments and in-situ monitoring with UV/Vis 

and FDOM sensors during the three storm events in the fall of 2012 and the 

spring of 2013 in a small forest stream in Korea in order to compare and 

contrast their performance. Laboratory experiments using extracted DOC 

from the forest soils and the reference materials including the Suwannee 

River (SR) natural organic matter, SR fulvic acid, and SR humic acid showed 

that both sensors can be successfully used as a proxy for stream DOC 

concentrations in clear water. However, the UV/Vis sensor overestimated 

DOC concentrations by about 400% at turbidity of about 1100 NTU while 

about 60% of FDOM signals were attenuated under the same turbidity. 

Temperature effect on the UV/Vis sensor was minimal while FDOM signals 

decreased by about 1.5-1.8 % per 1℃ increase.  

In-situ monitoring of the UV/Vis and FDOM signals during storms 

also demonstrated that both types of sensors could be used for a proxy for 

DOC concentrations after compensation for turbidity and temperature. The 

correlation between the sensor outputs in field and measured DOC 

concentrations of filtered stream water in laboratory suggests that the 

FDOM sensor has an advantage over the UV/Vis sensor in the forest stream 
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due to its relatively low sensitivity to turbidity. 

 

keywords : Optical sensors, UV/Visible sensor, fluoroscent dissolved organic 

matter (FDOM) sensor, dissolved organic carbon (DOC), forested watershed 
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Ⅰ. Introduction 

 

  The transport of terrestrial carbon through streams and rivers to 

the ocean is an important link in the global carbon cycle (Hope et al., 1994), 

acting as a tapered ‘pipe’ balancing the global carbon cycle between the two 

largest carbon pools, the terrestrial and oceanic ecosystems (Schlesinger and 

Melack, 1981; Cole et al., 2007; Aufdenkampe et al., 2011). The amount of 

organic carbon exported from rivers and streams is about 0.4 petagrams (Pg) C 

yr-1 (Schlesinger and Melack, 1981; Schlunz and Schneider, 2000) which 

appears to be small relative to other carbon pools and fluxes between the two 

systems (e.g. soil carbon pool: 1,500 Pg-C, ocean carbon pool: 38,000 Pg-C, 

terrestrial gross primary production: ~120 Pg-C yr-1). However, this amount 

is comparable to the net ecosystem production (NEP) which represents the 

actual difference between the amount of carbon fixed by photosynthesis and 

total ecosystem respiration (Lovett et al., 2006; Cole et al., 2007; Schlesinger 

and Bernhardt, 2013).  

 Dissolved organic carbon (DOC), which is a dominant form of 

organic carbon in many streams and rivers (Wetzel and Rich, 1973), plays 

significant roles in aquatic system. Riverine DOC is the energy source for 

heterotrophs (Raymond and Bauer, 2000), protects living organisms from UV 

light (Morris et al., 1995), and affects metal availability (Welsh et al., 1993). In 

addition, high riverine DOC concentrations can affect drinking water quality by 

increasing trihalomethane (THM) formation potential during water treatment 

(Xie, 2004). Thus, many studies on dynamics of DOC concentrations have been 

conducted at a variety of spatial scales such as streams draining from small 

forested catchments to major rivers from large basins (Schlesinger and Melack, 

1981; Schiff et al., 1997). 

 Many studies on DOC release from forest ecosystems showed close 

relationship between carbon export and hydrology, representing important role 

of discharge on DOC loads (Hornberger et al., 1994; Raymond and Saiers, 

2010). Stream DOC loads increased with water discharge increase, and thus it 



6 

 

is not surprising to observe that DOC released during storm events took 

substantial amount of total carbon export from an ecosystem (Hinton et al., 

1997; Kwon et al., 2010; Raymond and Saiers, 2010; Yoon and Raymond, 2012). 

Considering that a large variation in water discharge during the heavy rainfall 

could result in large variation in daily as well as annual DOC loads (Hinton et al., 

1997), monitoring stream carbon concentrations with high temporal resolution 

during storm events is necessary, especially in Korea where more than 50% of 

annual precipitation (average 1320 mm from 1981 to 2010) is concentrated 

during summer months (Kim et al., 2009; Meteological Administration of Korea, 

2011). Measurements of DOC concentrations with low temporal resolution (e.g. 

weekly) cannot fully capture DOC changes that typically last for just a few 

hours during a storm event in small streams, resulting in large uncertainty of 

estimating DOC loads (Hinton et al., 1997; Yoon and Raymond, 2012). Thus, 

optical sensors have been used to achieve high-resolution in-situ monitoring 

of DOC concentrations (Belzile et al., 2006; Koehler et al., 2009; Jollymore et 

al., 2012; Pellerin et al., 2012). 

 Two types of optical sensors have been used for this purpose; 

ultra-violet/visible (UV/Vis) spectrophotometer and fluorescent dissolved 

organic matter (FDOM) sensor. UV/Vis sensors use the range of ultraviolet and 

visible light wavelengths (220 to 720 nm) to rapidly scan absorbance of UV/Vis 

light by molecules in the water and estimate concentration of the molecules 

based on the Beer-Lambert law. The light absorbance is also frequently used 

to examine the aromaticity of DOC since electronic structure of molecules 

affects the absorbance of UV/Vis light (Weishaar et al., 2003), and therefore it 

is used to see the compositional change or characteristics of DOC in water 

(Hood et al., 2006; Jaffe et al., 2008). Strong correlations between DOC 

concentrations and light absorption (Brandstetter et al., 2011) were reported 

so that it has been used as a proxy for DOC concentrations (Jollymore et al., 

2012). FDOM sensors, on the other hands, measure intensity of fluorophores 

that are molecules absorbing energy of UV wavelength and reemitting visible 

light of an increased wavelength (Chen and Gardner, 2004; Sauer et al., 2011). 
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The emitted light is called fluorescence that FDOM sensor detects and uses to 

estimate the amount of fluorophores in the water. Strong relationships between 

FDOM and DOC concentrations were observed in several studies, which 

demonstrated the potential of FDOM sensors in monitoring DOC concentrations 

in fresh water (Jaffrain et al., 2007; Saraceno et al., 2009).  

 Although the two types of sensors can be successfully employed to 

monitor DOC concentrations, several factors such as pH, turbidity, inorganic 

matters, and temperature could limit the use of both sensors. While the effects 

of pH and inorganic materials (e.g. nitrate, iron) commonly observed in most of 

natural watersheds are negligible (Weishaar et al., 2003), water temperature 

change and increased turbidity could reduce the accuracy of the sensor 

readings (Downing et al., 2012). Fluorescence decreases as temperature 

increases, which is known as thermal quenching (Watras et al., 2011), and 

particles significantly attenuate or interfere detection of FDOM (Downing et al., 

2012). Thus, sensors can only be applied to streams where temperature and 

turbidity compensation are possible to accurately estimate DOC concentrations 

(Boss et al., 2001; Watras et al., 2011; Downing et al., 2012; Ryder et al., 

2012).  

 Although the UV/Vis and FDOM sensors have been used widely to 

estimate stream and river DOC concentrations, there is no study on directly 

comparing the performance of the two types of sensors. The sensors may have 

their own strengths and weaknesses as a proxy for DOC concentrations, and 

thus the objectives of this study are to compare and contrast the performance 

of UV/Vis and FDOM sensors using laboratory experiments and in-situ 

measurements in a temperate forest stream.  
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Ⅱ. Materials and methods 

 

1. Optical measurements 

 

Laboratory and in-situ experiment was conducted with UV/Vis and 

FDOM sensor, manufactured by Turner Designs (cyclops-7, Turner Designs, 

USA) and s::can (carbo::lyserTM, s::can Messtechnik GmbH, Austria), 

respectively. UV/Vis sensor used in this study has two beams for auto-

calibration and 5 mm optical path length which is fitted to measurement ranges 

of 1-150 mg L-1 for TOC and 0.5-75 mg L-1 of DOC (Jeong et al., 2012). It 

scans light absorbance from 220 to 720 nm and the sensor uses standardized 

spectral algorithms called “global calibration” to estimate the concentrations 

of organic carbon. The algorithms are predefined only for TOC and DOC. DOC 

concentrations are gained by compensating absorbance by particles from that of 

TOC on the basis of mathematical fitting derived from absorbance 

measurements at the multiple turbidity-related wavelengths in the visible 

range between 450 and 650 nm (Jeong et al., 2012).  

FDOM sensor uses LED (light emitting diode) as a light source, and the 

sensor uses the single excitation/emission pair (325 nm/470 nm; with 120 and 

60 nm excitation/emission band pass, respectively). Fluorescence intensity is 

normalized with quinine sulfate standards and expressed as quinine sulfate 

equivalent (QSE) in parts per billion (ppb). Quinine sulfate standards from 0 to 

100 ppb were made by diluting 1000 ppm of quinine sulfate stock solution 

which was made by dissolving 1.21g of quinine sulfate dihydrates in 1 L of 0.05 

M sulfuric acid. 

A data logger (CR1000, Campbell science, USA) was programmed to 

collect optical data of FDOM sensor every 30 seconds, and data from UV/Vis 

sensor were gained every 5 minutes with logger in itself. Turbidity and 

temperature sensors are included in the carbo::lyserTM, and thus the 

temperature and turbidity data were collected together with DOC 
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concentrations at 5 minute-intervals 

In order to examine the feasibility of using the UV/Vis and FDOM 

sensors to estimate DOC concentrations in controlled laboratory condition, 

three natural standard reference materials from the International Humic 

Substances Society (IHSS, http://www.humicsubstances.org) were used; the 

Suwannee River Natural Organic Matter (SRNOM), the Suwannee River humic 

acid standard Ⅱ (SRHA), and the Suwannee River fulvic acid standard Ⅰ 

(SRFA). Stock solution of each reference material was made by dissolving 500 

mg of SR NOM, and 100 mg of the other materials in 100 mL volumetric flask 

with deionized water (DI), respectively. The range of DOC concentrations 

examined were 0 to 10.0 mg L-1, 0 to 2.0 mg L-1, and 0 to 4.0 mg L-1 for 

SRNOM, SRHA, and SRFA, respectively. The DOC concentrations were 

measured with Shimadzu-VCPH TOC analyzer (Shimadzu Corporation, Japan) 

with high temperature combustion methods measuring non-purgeable organic 

carbon in acidified samples (~pH 2). Unless specified, the DOC measured by 

the Shimadzu analyzer is presented as “lab DOC” in this article. Accuracy of 

the Shimadzu analyzer was verified by including standard reference solutions at 

a concentration similar to the sample DOC concentrations. 

During the laboratory experiments, UV/Vis and FDOM sensors were 

submerged in a 10 L glass beaker containing 10 L of DI with black books lying 

below it to minimize light reflection. Then, 4-56 mL of stock solution made 

with IHSS standards was added to the beaker so that the final DOC 

concentrations of the solutions were within the ranges (e.g. 0 - 10 mg L-1). 

Before each addition of stock solution, 50 mL of aliquots were collected from 

the beaker to measure DOC concentration. During the experiments, solutions 

were continuously stirred with magnetic bar.  

The performance of the sensors were also tested in a forest stream 

(see 2.3) during three storm events, October 27-28th and November 10-11th 

in 2012, and April 23-24th in 2013. Both sensors were submerged in the 

stream water next to each other. UV/Vis sensor was deployed vertical to the 

stream flow and compressed air cleaned the sensor head right before the 

http://www.humicsubstances.org/
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measurements to prevent from sediment accumulation. FDOM sensor was 

deployed with its head down to the streambed to minimize light reflection. 

Original data from both sensors calibrated with lab DOC, and converted to DOC 

concentrations to be compared together.  

 

2. Turbidity and temperature experiments 

 

In order to examine turbidity effects on optical sensors, artificial stream 

water was prepared and soils were collected from the study site (see 2.3). 

Artificial stream water was prepared by mixing leaves and soils collected from 

the study site with DI, extracting DOC from the materials for about 48 hours 

(Downing et al., 2012). The extracted water was filtered through glass fiber 

filter (GF/F, Whatman ; nominal pore size 0.7 μm) of which DOC concentration 

was 2.2 mg  L-1.  Soil particles were added to this solution to examine the 

effects of turbidity on the optical sensors. The soils were collected from five 

spots in the study watershed at 0-15 cm depth, air-dried, and sieved (<2 mm) 

before use. About 30 g of soils were mixed with DI and stayed for more than 

48 hours to preclude additional organic matter dissolved from the soil 

(Saraceno et al., 2009; Downing et al., 2012). The soils were gradually added 

to the 10 L of glass beaker containing the artificial stream water so that 

turbidity increased stepwisely from 0 to 1200 NTU (Nephelometric Turbidity 

Unit), and aliquots were collected at each turbidity, and filtered with GF/F filter 

for DOC measurements. 

The effect of temperature was tested over the range from 2 to 16 ℃.  

in a dark cold room where temperature was decreased to 2 ℃. Test solutions 

used for the temperature experiment were 3.0 mg L-1 of SRNOM, 2.1 mg L-1 of 

SRHA, and 4.1 mg L-1 of SRFA. In order to calibrate both sensor’s original 

signals to DOC concentrations, linear relationships of SRNOM and lab DOC, and 

discrete samples from study site and lab DOC were used.  
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3. Study site and discrete sampling 

 

Both the UV/Vis and FDOM sensors were deployed in a 2nd order 

stream from a forested watershed (Bukmoongol watershed, Fig. 1) in Mt. 

Baekwoon located in Gwangyang city, Korea (35°01′30′′ -35°03′00′′

N, 127°37′00′′ -127°37′30′′E). The watershed is 15 ha in size and 

composed of 70% of coniferous and 30% of deciduous forests. Major tree 

species are Pinus densiflora, Pinus rigida, Pinus taeda and Castanea crenata. 

Mean annual temperature is about 14.4℃ and mean annual precipitation is 

1,531 mm (1981-2010) in Suncheon which is located about 21 km away from 

Mt. Baekwoon(Kim et al., 2008; Meteological Administration of Korea, 2011).  

Bedrock is mainly composed of granite and partially gneiss, and sandy loam and 

clay loam comprises much of its soil (Park et al., 2000). Mean DOC 

concentration was 0.95 mg L-1 for the year of 2012 while up to 4.30 mg L-1 

was observed during summer storms.  

During the in situ measurement, discrete stream water samples were 

collected at the mouth of the watershed every 1 to 4 hours from the start to the 

end of each event. Samples were frozen immediately after sampling, and 

carried to laboratory with ice packs. Then, they were filtered through GF/F 

filter and DOC concentration was measured by Shimadzu TOC analyzer to 

compare to the sensor outputs.  
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Fig. 1. The location of the study site (Bookmoongol watershed in Baekwoon 

Mt., Gwangyang city, South Korea) where sensors were deployed. Both 

sensors were submerged in A site which is 15 ha in size and composed of 30% 

deciduous and 70% of coniferous trees. 
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4. Data analysis 

 

Outliers of the UV/Vis and FDOM sensor data were scrutinized first 

before data analysis. During in situ measurement, unexpectedly high 

concentrations of DOC were shown even under base flow condition, which 

might be induced by interference of large objects such as leaf falls or flow of 

debris(Jeong et al., 2012). These outliers were not included in the analysis. 

The corrected data of both sensors were then calibrated to DOC concentrations 

using the regression equation between sensor signals and lab DOC.  

For statistical data analysis, R statistical program was used (REF or 

website). Pearson coefficients were used to examine the correlations between 

DOC estimates of both optical sensors and turbidity. Linear regression model 

was used to estimate relationships between sensor signals and lab DOC. T-test 

was used to compare average DOC concentrations of each sensor and lab DOC 

and decide whether the regression slope of function between lab DOC and 

sensor DOC is equal to 1 and same between both sensors. 
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Ⅲ. Results and Discussion 

 

1. Laboratory experiments 

 

1) DOC estimates of reference materials by sensors in laboratory 

conditions  

Humic acids and fulvic acids are the major fraction of DOC in natural 

waters that are ubiquitously found in nature (McKnight et al., 2001; Del 

Vecchio and Blough, 2004), covering 40 to 60% of aquatic DOC composition 

(Thurman, 1985). The standard reference materials provided by IHSS 

(SRNOM, SRHA, and SRFA) were used to examine the accuracy of DOC 

concentrations estimated by the sensors. Signals from both tsensors showed 

strong linear relationships with lab DOC (slope:0.99 to 1, R2: 0.99 to 1, p<0.01), 

suggesting that both sensors could successfully estimate DOC concentrations 

of the examined range of DOC without attenuation in clear and temperature 

controlled solutions(0 to 10 mg L-1 for SRNOM) (Fig. 2).  

This demonstrates that both sensors can be successfully used to 

estimate DOC concentrations in clear water (Fig. 2).  
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Fig. 2. DOC concentrations of IHSS standard reference materials (SRNOM, 

SRHA, and SRFA) estimated by FDOM sensor (red circles) and UV/Vis sensor 

(green inverted triangles), and measured by Shimadzu TOC analyzer (lab 

DOC).  
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2) Temperature effects on optical measurements 

 

The UV/Vis sensor showed weak variability with temperature change, 

(slope:-0.005 to -0.010, R2:0.2 to 0.5, p<0.001) indicating that the effect of 

temperature on the signals of UV/Vis sensor is minimal (Fig. 3).  

FDOM signals could be significantly affected by temperature because 

the temperature increase is likely to return an excited electron to its ground 

state by radiationless decay, resulting in reduced fluorescence emission 

intensity (Baker, 2005; Lakowicz, 2006; Downing et al., 2012). We observed 

strong negative correlations of FDOM sensor with temperature (slope: -0.31 

to -0.76, R2:0.85 to 0.99, p<0.001), decreasing by about 1.5 to 1.8% in ppb 

QSE per 1℃ increase for 2 to 16 ℃ (Fig. 3). This result is consistent with 

the former studies showing that FDOM signals decreased by an average of 

0.8-1.5% per 1℃ increase in 2 ℃- 16 ℃ (Watras et al., 2011; Downing et 

al., 2012). We also observed differences in slopes for different sample types. 

SRHA is less affected by temperature change than the other two types of 

materials in this experiment. Considering that former studies demonstrated 

similar degree of temperature dependency regardless of their DOM 

compositions (Baker, 2005; Downing et al., 2012), the slight difference in the 

slope could be caused by the difference in concentration because the extent of 

thermal quenching is related to the exposure of the fluorophores to heat 

source (Baker, 2005). The concentration of fluorophores can increase as DOC 

concentration increases, and thus more fluorophores in high DOC 

concentrations are exposed to heat so that thermal quenching increases. A 

study on diluting Crystal Bog and Trout Bog water as a function of 

temperature also indicated that diluted water samples could reduce the extent 

of thermal quenching (Watras et al., 2011). These results suggest that FDOM 

sensor need temperature compensation to correctly estimate DOC 

concentrations, especially at the place where temperature variation is large. 

However, UV/Vis sensor does not need to be compensated in a water 

temperature range from 0℃ to 16℃.  
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Fig. 3. Effect of temperature on (a) UV/Vis spectroscopy and (b) fluorescence 

of DOC prepared with SRNOM, SRHA, and SRFA. 
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3) Turbidity effects on optical measurements 

 

A contrasting effect of suspended particles on UV and FDOM sensors 

was observed (Fig. 4). UV/Vis sensor was considerably affected by 

suspended particles, overestimating DOC concentrations by ~400% at 1100 

NTU suggested by a positive correlation between UV/vis signals and turbidity 

(Fig. 4 (a, c)).  While UV/Vis sensors overestimated DOC concentrations as 

turbidity increased, FDOM sensors underestimated DOC as turbidity increased 

(Fig. 4 (b, d)). The FDOM signal at the maximum turbidity (~1200 NTU) 

decreased by about 60% (Fig.4 (d)).  A study on turbidity effects on FDOM 

signals using the Elliott Soil (IHSS standard) sample demonstrated 80% to 90% 

attenuation at 1000 NTU (Downing et al., 2012). Considering that the slope of 

light attenuation vary with the particle size distribution (Boss et al., 2001), 

different particle compositions of soils used in the experiment could result in 

different attenuation effect.  
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Fig. 4. Overestimation and underestimation of DOC concentration (original 

DOC concentration = 2.2 mg L-1) by  (a) UV/Vis sensor and (b) FDOM 

sensor as a function of turbidity, and the percentage of overestimation of DOC 

concentrations by (c) UV/Vis and (d)by FDOM sensor. 
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2. In-situ measurements of UV/Vis and FDOM sensors 

 

We applied both sensors to a stream in a forested watershed (Fig. 1). 

Estimated stream DOC concentrations by the two sensors were similar during 

the storms, except the first storm in October, 2012. During the first storm, 

contrasting tendency between two sensors was observed. UV/Vis sensor 

readings increased with increasing turbidity (Fig. 5(a)), and the sensor 

overestimated (e.g. 10/27/2012 1.98:2.41 in Fig. 5(a)) or underestimated (e.g. 

10/27/2012 0.60:0.56 in Fig. 5(a)) stream DOC concentration when turbidity 

changed abruptly. DOC concentrations estimated by the UV/Vis sensor showed 

larger discrepancy with lab DOC than those by FDOM sensor (Fig. 6), although 

the average concentrations of both sensors and lab DOC were not significantly 

different (p=0.99). DOC concentrations of storm 1 estimated by UV/Vis sensor 

also showed strong correlation (R2=0.90, p<0.01) with increasing turbidity 

over 10 NTU while FDOM sensor signals did not (p=0.42). This result 

demonstrated that the UV/Vis sensor is sensitive even at relatively low 

turbidities at 10-40 NTU. 

  

 

 



21 

 

 

Fig. 5. DOC concentration changes during the three storm events at the 

Bookmoon watershed (Fig. 1). The blue solid diamonds represent DOC 

concentrations estimated by UV/Vis sensor, the pink solid circles by FDOM 

sensor, and open white circles by Shimadzu TOC analyzer. In-stream 

turbidity and water temperature are shown as black solid and dashed red 

lines, respectively. 
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Fig. 6. Squares of differences between lab DOC and sensor DOC as a 

function of turbidity. 

 

The highest turbidity of in-situ measurements was only 43.6 NTU, which 

was located in lower ranges of turbidity examined (0-1200 NTU of Fig. 4) 

(Fig. 4 and Fig. 5). Since the estimates of DOC concentrations using the entire 

turbidity range produced larger errors than those by without turbidity 

compensation (data not shown), uncompensated values were used to examine 

both sensors’ performance. 

 

  

Turbidity (NTU)

0 2 4 6 8 10 12 14 16 18

(l
a
b
 D

O
C

-s
e
n
so

r 
D

O
C

)2

0.00

0.05

0.10

0.15

0.20

0.25

0.30

FDOM sensor

UV/Vis sensor

regression line



23 

 

 

3. Which sensor is better? 

 

Linear regression equations between both the sensors and lab DOC 

demonstrated that sensors estimated DOC concentrations accurately (Fig. 9). 

Slopes of both linear regression equations (sensors vs. lab DOC) were not 

statistically different from the slope of 1 (p= 0.99). However, percent 

differences between both sensors and lab DOC were much higher. Samples 

having errors more than 10% were 33% of total samples in FDOM sensors and 

50% in UV/Vis sensors. These apparently large errors in percentage can be 

due to low concentration of stream DOC values, which was only ~0.9 mg L-1 in 

average. The absolute differences between sensor DOC and lab DOC were less 

than 0.5 mg L-1. Errors associated with DOC concentrations over 1.5 mg L-1 

were 2% to 24% for UV/Vis sensor and 0.7 to 64% for FDOM sensor, 

demonstrating that the percentage error could decrease quickly as DOC 

concentrations can increase.  

The FDOM sensor showed more accurate measurements of DOC 

concentrations than UV/Vis sensor in 61% of discrete samples. Although the 

UV/Vis sensor used much broader range of wavelength than the FDOM sensor 

in estimating DOC concentrations, the UV/Vis sensor absorbed decreased light 

due to particles through whole scanned wavelengths so that it might respond to 

particles during storms more sensitively than the FDOM sensor. Overall, the 

errors between lab DOC and sensor DOC suggests that the FDOM sensor has 

merits over UV/Vis sensor in the forest stream due to its low sensitivity of 

turbidity.   
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Fig. 7. Linear regressions of sensor DOC concentrations and laboratory 

measurements of the three storm samples. Black circles are DOC 

concentrations predicted by UV/Vis sensor and white circles are the ones 

predicted by FDOM sensor. The 1:1 line is shown in red.  
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Ⅳ. Implications and limitations 

  

Our study showed that turbidity effects on estimating DOC concentrations 

were stronger with the UV/Vis sensor than with the FDOM sensor. On the contrary, 

temperature effect on DOC concentrations on UV/Vis sensor was negligible 

compared to FDOM sensor. During in situ measurements, temperature was 

relatively constant which was changed about only 1℃ for each storms, but 

turbidity changed from 5 to 46 NTU. The possible errors due to both effects would 

be about up to 8% so that we could say FDOM sensor measured DOC 

concentrations accurately regarding to this expected error compensation. When the 

sensor outputs were compared with the lab DOC, FDOM sensor appears to be more 

reliable than UV/Vis sensor. However, the monitored storms were relatively weak 

compared to the storms during summer monsoon (June to August) in Korea, and 

thus further monitoring during the season is needed to examine the performance of 

both sensors at higher turbidity than 45 NTU. 

This result could only be applied to watersheds where humic matter is 

dominant DOC source. The single excitation and emission pair (325 nm/470 nm) 

that the FDOM sensor used in this study can only estimate the intensity of 

fluorescence of humic-like DOM (peak C (Coble, 1996)). Generally, over 50% of 

DOC of forest streams are composed of humic substances (Thurman, 1985) and 

the DOC concentrations during storm events in forest watersheds can increase due 

to the increased release of humic materials from the watershed (Hood et al., 2006; 

Kim et al., 2007). Therefore, the FDOM sensor estimated DOC concentrations 

accurately in this study. However, when DOC composition is dominated by 

protein-like substances such as tryptophan which absorbs 275 nm and emit 340 

nm of wavelength (Coble, 1996), estimated DOC  by FDOM sensor could be 

deviated from lab DOC.  

A few obstacles related to optical measurements such as inner filter effect 

(IFE) and algae production should be also overcome first to get reliable stream 

DOC data. The inner filter effect (IFE) is a major problem in obtaining correct 

fluorescence data (Tucker et al., 1992), especially in freshwater which has greater 
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DOC concentrations and greater aromaticity of fulvic acids than ocean (McKnight et 

al., 2001). Fluorescence intensity is proportional to the concentrations over only a 

limited range of optical densities (Lakowicz, 2006) due to absorption of light by 

fluorophores or other dissolved molecules in excitation region (primary IFE) and 

emission region (secondary IFE)(Tucker et al., 1992; Pawlak et al., 2011). This 

effect decreases the intensity of excitation or observed fluorescence causing 

underestimation (Lakowicz, 2006; Pawlak et al., 2011). Thus, instrument-specific 

empirical compensation is required for sample when optical density is over 0.05 

(10 mm cell), where it occurs dominantly (Pawlak et al., 2011). A study 

highlighted that common river and streams have minor IFE effects by dissolved 

matters (Downing et al., 2012) so that forested watersheds like the study site (Fig. 

1) may not need to consider the effect, but watersheds such as those of near peat 

land would need further IFE correction.  

Algae which commonly occur in lakes or large rivers during summer season 

in Korea could also inhibit obtaining reliable data with optical sensors by absorbing 

and scattering lights (Kirk, 1977). However, alga were not observed in the study 

site and thus FDOM sensor could be used without considering algae problems in 

similar forest streams. 

Maintaining clean lenses of optical sensors during long-term monitoring is 

also one of the important considerations ensuring correct data since particles can 

cause light absorption or scattering.. UV/Vis sensor uses air to prevent 

accumulation of organic matters and some advanced FDOM sensors have auto-

cleaning wiper, but regular field check would be required. The frequency of the 

field check can be reduced with online access of the sensor data (Jollymore et al., 

2012). Although regular field check as well as site specific compensation for 

temperature and turbidity is required, the FDOM sensor could be used to estimate 

forest stream DOC concentrations with little compensation where DOC is mainly 

composed of humic materials and turbidity is lower than ~45 NTU.  
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최근 강이나 유역에서 용존유기탄소(DOC)를 보다 더 조밀한 시간 간격으

로 측정하기 위한 방법으로 연구지 현장에 자외/가시선(UV/Visible)센서 혹은 

형광(FDOM)센서를 설치해 DOC 농도를 추정하는 사례가 늘고 있다. 이러한 광

학 센서들은 시간에 따른 DOC농도의 변화를 쉽게 추적할 수 있는 장점을 가진 

데 반해 입자성 물질과 온도 등의 영향을 받기 때문에 DOC 농도 측정에 오차를 

가져올 수 있는 것으로 알려져 있다. 그러나 같은 환경적 조건 하에서 두 센서 

중 어느 센서가 더 DOC를 정확하게 추정할 수 있는지에 대해서는 알려진 바 없

다. 따라서 이 연구에서는 통제된 조건에서 탁도 및 온도, DOC 농도가 각 센서

에 미치는 영향을 알아봄과 동시에, 2012년 10월, 11월과 2013년 4월, 총 세 

번의 강우사상 동안 각 센서의 측정값과 시마즈사의 TOC analyzer를 이용하여 

실험실에서 측정한 DOC 농도를 비교하여 센서의 정확도를 비교하였다. 세 가지 

종류의 표준? 물질(스와니강 자연유기물질(SRNOM), 스와니강 휴믹산 (SRHA), 

스와니강 풀빅산 (SRFA))을 사용하여 이루어진 실험에서는, DOC를 추정하는데 

두 센서 모두 입자성 물질이 없는 경우 쓰일 수 있는 것으로 나타났다. 하지만 

약 1100 NTU의 탁도에서 자외/가시선 센서가 약 400%의 오차값을 보였으며, 

형광 센서는 약 60%의 오차를 보여 자외/가시선 센서가 형광센서보다 탁도의 영

향을 더 많이 받는 것으로 나타났다. 그러나 자외/가시선 센서는 2℃~16℃의 범

위에서 온도의 영향을 거의 받지 않는 것으로 나타났으며, 이에 반해 형광 센서

는 온도가 1℃ 증가할 때마다 1.5~1.8% 감소하는 경향을 보였다. 세 번의 강우

사상 동안 진행된 현장 측정에서는 두 센서 모두DOC 농도를 비교적 정확하게 

추정했다. 두 센서의 DOC 추정값과 실험실측정치 사이의 관계를 통해, 연구 대

상지 산림 유역에서는 약 46 NTU 이하의 낮은 탁도에서 형광 센서가 자외/가시

선 센서에 비해 탁도의 영향을 덜 받기 때문에 상대적으로 정확하게 DOC 농도

를 추정할 수 있음을 보여주었다.   
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