fDOM
1.9 Sensor Overview
The EXO fDOM (Fluorescent Dissolved Organic Matter) sensor is a fluorescence sensor which detects the
fluorescent component of DOM (Dissolved Organic Matter) when exposed to near-ultraviolet (UV) light.

Colored Dissolved Organic Matter

Users might wish to quantify colored dissolved organic matter (CDOM) in order to determine the amount of
light which is absorbed by stained water and thus is not available for the photosynthesis process carried out
by subsurface aquatic plants and algae. In most cases, fDOM can be used as a surrogate for CDOM.

Quinine Sulfate

A surrogate for fDOM is Quinine Sulfate, which, in acid
solution, fluoresces similarly to dissolved organic matter.
The units of fDOM are quinine sulfate units (QSUs) where
1 QSU = 1 ppb quinine sulfate and thus quinine sulfate is
really a double surrogate for the desired CDOM parameter.

A

WARNING
UV LIGHT
Do not look directly
at end of sensor.

The EXO fDOM sensor shows virtually perfect linearity
(R2=1.0000) on serial dilution of a colorless solution of
quinine sulfate. However, on serial dilution of stained water
field samples, the sensor shows some underlinearity. The
point of underlinearity in field samples varies and is
(continued)

Specifications
Units

Quinine Sulfate Units (QSU), ppb

Temperature
Operating
Storage

-5 to +50°C
-20 to +80°C

Range

0 to 300 ppb QSU

Response

T63<2 sec

Resolution

0.01 ppb QSU

Sensor Type

Optical, fluorescence

Linearity

R2>0.999 for serial dilution
of 300 ppb Quinine Sulfate
solution

Detection Limit

0.07 ppb QSU

Optics:
Excitation

365±5 nm

Emission

480±40 nm
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affected by the UV absorbance of the DOM in the water. Testing shows that underlinearity can occur at fDOM
concentrations as low as 50 QSU. This factor means that a field sample with an fDOM reading of 140 QSU will
contain significantly more than double the fDOM of a sample that reads 70 QSU. This effect—good linearity
in colorless quinine sulfate solution, but underlinearity in stained field samples—is also exhibited by other
commercially available fDOM sensors and thus the performance of the EXO sensor is likely to be equivalent
or better than the competition while providing the advantages of easy integration into a multiparameter
package and automatic mechanical cleaning when used in monitoring studies with an EXO2 sonde.
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Calibration
5.9
4.4 fDOM
Review the basic calibration description in section 5.1. Before calibrating, be certain that the sensing window
is clean (cleaning instructions, section 6.13).
This procedure calibrates fDOM RFU or fDOM QSU/ppb. If the user has both units selected, then this
procedure must be performed twice, once for each unit, to completely calibrate the parameter.
For 2-point calibrations, the first standard must be clear water (0 μg/L). The second standard should be a 300
μg/L quinine sulfate solution. (For detailed instructions for mixing this solution, see section 5.11.)

A

Do not leave sensors in quinine sulfate solution for a long time. A chemical reaction occurs with the
copper on the sonde (wiper assembly, sonde bulkhead, copper tape) that degrades the solution and causes
it to drift. Also, start with very clean sensors, as the presence of chloride and halide ions (from estuarine or
seawater, conductivity standards, and Zobell solution) can compromise QS fluorescence.

QSU – 1- or 2-point

Pour the correct amount of clear deionized or distilled water into the calibration cup. Immerse the probe
end of the sonde in the water.
In the Calibrate menu, select fDOM, then select QSU/ppb. Select either a 1- or 2-point calibration. Enter 0
for first standard value and 300 μg/L for second standard value.
Click Start Calibration. Observe the readings under Current and Pending data points, and when they are Stable
(or data shows no significant change for approximately 40 seconds), click Apply to accept this calibration point.
Remove the central wiper from the EXO2 sonde before proceeding to the next step.
Next place the sensors in the correct amount of 300 μg/L quinine sulfate standard in the calibration cup. Click
Proceed on the pop-up window. Observe the readings under Current and Pending data points. While stabilizing,
verify that no air bubbles reside on the sensing face of the sensor. If there are bubbles, gently shake or move the
sensor to dislodge. When data are Stable (or data shows no significant change for approximately 40 seconds),
click Apply to accept this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor
calibration menu, and then the back arrows to return to main Calibrate menu.

RFU – 1- or 2-point

Pour the correct amount of clear deionized or distilled water into the calibration cup. Immerse the probe
end of the sonde in the water.
In the Calibrate menu, select fDOM, then select RFU. Select either a 1- or 2-point calibration. Enter 0 for
first standard value and 100 RFU for second standard value.
Click Start Calibration. Observe the readings under Current and Pending data points, and when they are Stable
(or data shows no significant change for approximately 40 seconds), click Apply to accept this calibration point.
Remove the central wiper from the EXO2 sonde before proceeding to the next step.
Next place the sensors in the correct amount of 300 μg/L quinine sulfate standard in the calibration cup. Click
Proceed on the pop-up window. Observe the readings under Current and Pending data points. While stabilizing,
verify that no air bubbles reside on the sensing face of the sensor. If there are bubbles, gently shake or move the
sensor to dislodge. When data are Stable (or data shows no significant change for approximately 40 seconds),
click Apply to accept this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor
calibration menu, and then the back arrows to return to main Calibrate menu. Rinse the sonde in tap or
purified water and dry the sonde. Discard the used standard.
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Calibration
5.11 Calibration Standards
Quinine Sulfate Solution for fDOM Sensor

A

Before using a quinine sulfate reagent (solid or solution) or sulfuric acid reagent, read the safety instructions
provided by the supplier. Take extra precautions when making dilutions of concentrated sulfuric acid, as this
reagent is particularly dangerous. Remember that only trained personnel should handle chemicals.

Preparation

Use the following procedure to prepare a 300 μg/L solution of quinine sulfate (300 QSU) that can be used to
calibrate the EXO fDOM sensor for field use:
1. Purchase solid quinine sulfate dihydrate with a high purity (>99%). (Recommended supplier: Fisher Scientific
item #6119-70-6.) Purchase 0.1 N (0.05 M) sulfuric acid, to avoid the hazards of diluting concentrated
sulfuric acid to make this reagent. (Recommended supplier: Fisher Scientific item # AA35651K7.)
2. Weigh 0.100 g of solid quinine sulfate dihydrate and quantitatively transfer the solid to a 100-mL
volumetric flask. Dissolve the solid in about 50 mL of 0.05 M (0.1 N) sulfuric acid (H2SO4), dilute
the solution to the mark of the volumetric flask with additional 0.05 M sulfuric acid, and mix well by
repeated inversion. This solution is 1000 ppm in quinine sulfate (0.1%).
3. Transfer 0.3 mL of the 1000 ppm solution to a 1000 mL volumetric and then fill the flask to the top
graduation with 0.05 M sulfuric acid. Mix well to obtain a solution of 300 μg/L (300 QSU or 100 RFU).
4. Store the concentrated standard solution in a darkened glass bottle in a refrigerator to retard
decomposition. The dilute standard prepared in the previous step should be used within 5 days of
preparation and should be discarded immediately after exposure to EXO’s metal components.

A

Degradation of quinine fluorescence by copper and chloride
Exposure of the quinine sulfate solution to any copper-based component of the EXO sonde and sensors
(primarily the wiper assembly) will begin to degrade the solution significantly within minutes. Quinine
fluorescence is also degraded by the presence of chloride or halide ions, found in estuarine or seawater,
conductivity standards, and Zobell solution. Thus, clean your sensors thoroughly and perform your calibration
as quickly as possible on immersion of the sensors into the quinine sulfate solution. Discard the used standard.
When quinine sulfate standards are required in the future, perform another dilution of the concentrated solution.

Effect of temperature on fluorescence

The intensity of the fluorescence of many dyes shows an inverse relationship with temperature. This effect
must be accounted for when calibrating the EXO fDOM sensor with Quinine Sulfate Solution. Enter the
QSU or RFU value from the table below that corresponds to the temperature of the standard.
Temp (˚C)

RFU

QSU

Temp (˚C)

RFU

QSU

30

96.4

289.2

18

101.8

305.4

28

97.3

291.9

16

102.7

308.1

26

98.2

294.6

14

103.6

310.8

24

99.1

297.3

12

104.6

313.8

22

100

300

10

105.5

316.5

20

100.9

302.7

8

106.4

319.2
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