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1.0 SCOPE AND APPLICATION
Optical brighteners are added to laundry detergents and paper among other common items to make materials look whiter and brighter by fluorescing in the blue region of the visible spectrum.  They are referred to as optical brighteners (OB’s) in the chemical industry and fluorescent whitening agents (FWA’s) in the detergent industry (Hagedorn et. al. 2005). The two most common ones are distyryl biphenyl DSBP and diaminostilbene types (DAS 1 and DAS 2).  DSBP and DAS 1 are detergent derived FWA’s and DAS 2 is a paper derived FWA. Average concentrations of DAS 1 in 35 U.S. rivers have been determined to range from 0.06 ug/L above to 0.7 ug/L below sewage outfalls (Kramer et. al. 1996).  

MassDEP is using optical brightener testing as a screening tool at sampling stations with elevated bacterial counts.  The presence of FWA’s in a stream, storm drain, or even in estuarine waters indicates inputs from human sources that are entering a waterbody-either through a direct discharge, after traveling through the ground via a poorly functioning septic system or treated discharge.   Animal (domestic animals, pastured animals or wildlife) sources of waste could cause elevated bacterial counts but not a positive test for FWA.   The FWA testing can also be used in conjunction with microbial source tracking by providing additional evidence of the likely source of bacterial contamination.  Sources of FWA’s can be tracked by following the increase in fluorescence since there is a correlation with concentration.

A TD-700 laboratory fluorometer (Turner Design) or a 10-000R field fluorometer (Turner Design) is used for determining the presence of optical brighteners in a sample as well as their relative concentration which is based upon calibration with a known concentration of detergent, but not a known concentration of the amount of optical brighteners that it contains.  Although the “field” fluorometer can be deployed for use in the field for either discrete or flow through samples, at the present time, all samples are brought back to the lab for analysis.

2.0 SUMMARY

A fluorometer is used to determine the presence of optical brighteners in a waterbody either fresh or marine.  Samples are brought to the laboratory where they are analyzed on a fluorometer equipped with a Turner Design long wave kit for oil.
3.0 SAFETY CONSIDERATIONS

No hazardous materials are used in the sampling for optical brighteners, however, the lamp for optical brightener analysis contains mercury.  When the lamp is burnt out, it will be sent back to Turner Design for proper disposal.

4.0
SAMPLE COLLECTION, PRESERVATION AND HANDLING
Grab samples will be collected for the analysis of optical brighteners using the TD-700 Turner Designs Fluorometer.  To do this, approximately 200 mls will be collected in clean brown glass bottles or clean plastic wide-mouth containers.  After collection, the sample containers will be stored on ice in a cooler to keep them from being exposed to the light.  No other preservative except the ice will be used.  After the samples are brought to the lab at CERO-Worcester, they will be transferred from the cooler to the refrigerator where they will be kept until they are analyzed, typically within 24 hours.  The analytical holding time for optical brighteners using this SOP is one week.

It is important that, if possible, background samples be collected for optical brightener analysis to allow source tracking to be done. When streams are sampled, try to collect a sample upstream of all known or suspected sources of optical brighteners.  The analyst running the optical brightener testing should be informed in a written statement or by marking the sample bottles in a special way which samples are represented by the background sample.  One way of doing this is to mark each sample bottle from a stream with the same letter.  The mark can be made on the lid or cap with a permanent marker, but the background sample would additionally be marked with a b.  For example, one stream could have 4 samples labeled d but one db.  Identifications like this will not reveal anything to the analyst about the other samples besides the background one.  The analyst can blank the fluorometer to the background or the background reading can be subtracted from the other readings from that stream.

It may not always be possible to collect background samples, this may be because the stream is culverted, headwaters contain sources of optical brighteners, or pipes are being sampled rather than streams.  In these cases, the fluorometer will be set to a blank of de-ionized water rather than trying to subtract a background blank.  

Before analysis, they will be logged into the log book kept in the lab drawer, room  229 , below the fluorometer equipment.  The samples should be taken out of the refrigerator, but kept in the dark, at least an hour before they are to be analyzed so that they can approach room temperature.

5.0
APPARATUS
The optical brightener (OB) analysis will be conducted using a TD-700 Turner Design lab fluorometer, which is also used for chlorophyll a analysis.  A kit that can detect long wave length oil (organics) will be installed each time the fluorometer is used for OB detection.  This will require the removal of the lamp used for chlorophyll a analysis and replacing it with the one for OB.  The fluorometer will need to be recalibrated each time the lamp is changed.  In addition, the emission and excitation filters will have to be changed, but for the TD-700 this only requires repositioning the filter holder.  
Equipment needed to perform the analysis includes:

· Fluorometer – Turner Design (TD-700).

· Excitation Filter-Turner Design P/N


· Emission Filter-Turner Design P/N 

· Lamp-P/N 
· Test tube racks

· Disposable borosilicate cuvettes –13 mm by 100 mm cuvettes (Fisher Scientific)
· Volumetric flasks for preparing dilutions
· De-ionized water
· Eppendorf variable 1 ml pipette

· Laundry detergent containing optical brighteners

· Graduated cylinders, 100mL, 500mL, 1000mL 
· Volumetric flasks and pipettes, 1 mL, 2 mL, 5 mL, 25mL, 50mL, 100mL, 1000mL
6.0
     REAGENTS
The only reagent used in the analysis of optical brightener testing by fluorometry is laundry detergent.  The same brand of detergent should be used throughout the analysis since each brand will use different amounts of optical brighteners.  The calibration of the fluorometer is also done with the detergent.

7.0 CALIBRATION

The calibration procedure is outlined in the Turner Design TD-700 Operating Manual.  The general calibration steps are as follows:

1. Choose Multi-Optional-Direct Concentration Mode, press <ENT> from HOME Screen, press <1> for setup, then <1> again for Mode.  Use <↔> for setup, then <1> for mode, choose the Multi-operational mode.

2. To access the calibration sequence, press <2> from the Cal/Setup Screen

3. When the TD-700 calls for the Maximum range, enter the highest concentration that is being used which should be approximately 80% of the Max range entered (from 0.1 to 1000).  

4. Calibrate using the other standards, in this case they are dilutions of the laundry detergent chosen previously.  Optical brighteners represent only a small amount of the additional items that are added to detergents.  Their fluorescence increases along with its concentration, so although we don’t know the exact amount of optical brighteners that are present, we do know the exact amount of detergent used.

5. When all the dilutions have been run, there is a prompt to insert the blank.

6. Insert the blank, allow the reading to stabilize and then press <0>.

7. The TD-700 will automatically return to the home screen.  The printer will automatically print out the calibration data.

8. The calculations will be for the slope of the line and percent off the line.  This value should not exceed 25 %; an excellent fit is 5 or less.  

Dilutions of detergent are made according to a scheme devised by M. Saluta (2005) unpublished memo.  The dilutions were: 200 ppb, 100 ppb, 20 ppb, 10 ppb, 4 ppb, and 1 ppb of detergents.

A      100%

B    50%

C   10%

           D
       5%
         200 ppb

      100ppb
      20 ppb

       10 ppb

         0.2 ml into 1L 

       0.1 ml into 1L
      20 ml of B into 100 ml
       50 ml of C into 100 ml

                                                                                                        or                                         or





                       10 ml of B into 50 ml
       25 ml  of C into 50 ml

E
2%


F
0.5%

4ppb



1 ppb


40 ml of D into 100 ml

25 ml of E into 100 ml

                        or                                                          or


20 ml of D into 50
 ml

12.5 ml of E into 50 ml
8.0
LABORATORY PROCEDURES
After the samples are brought back to the laboratory, they are put into the refrigerator until they can be analyzed.  Within 24 hours of sample collection, the samples are removed from the refrigerator, logged in (Optical Brightener Samples log and data book kept in the draw below the fluorometer in room 229) and kept in the dark by storing them in a cabinet until they are analyzed. 

With the fluorometer off, the back of the TD-700 fluorometer should be opened to check if the installed lamp is for long wave oil analysis and not the F4T4.5B2 used for chlorophyll a analysis.  If the lamp needs to be removed care must be taken to mark the lamp and the lamp holder with a permanent marker so that it can be returned to the same position after the optical brightener analysis is finished.  Failure to do this will require that the fluorometer be re-calibrated for chlorophyll a when it is next used which entails great cost for standards and time.  

After installation of the lamp, the filter holder chamber containing the excitation (300 - 400 nm) filter and emission (410 -600 nm) filter of the long wavelength oil optical kit is rotated to the correct position for light to pass through.  

If the flurometer has not been calibrated for optical brighteners, the procedure outlined in section 7.0 should be followed. If the fluorometer had previously been calibrated for optical brighteners, its stability can be checked by taking readings of one or two of the detergent dilutions used in the calibration.   To do this, pour approximately seven mL of check sample and add it to a clean, disposable 4 inch / 10 cm borosilicate cuvette.  To get the first reading with the TD-700, hit H for home screen and then * for it to average the readings.  This will automatically print out on the attached printer and can be viewed by hitting “off-line” and then feed.  Write on the printer paper the lab number and the date.  In the data book write down the “raw fluorescence” and the temperature of the sample.  
Following the stability check, the fluorometer should be blanked using de-ionized water.  Insert a borosilicate cuvette filled with approximately 7 ml of DI water into the fluorometer, press 0 and then 1 and this will subtract the blank value for that day.  

The results produced by the fluorometer are florescence, which is a unit-less number or concentration in ppb. If a background sample was collected then the fluorescence will be subtracted from those obtained from other samples from that stream.  The fluorescence value will then be inserted into the regression equation obtained from the last calibration, y=fluorescence, x=concentration of detergent (surrogate for optical brighteners).  The concentration of detergents in the sample water will be predicted in this way.  Figure 1 is the plot and slope equation for the last calibration.
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At the completion of the sample analysis the printer paper is torn off and annotated with the date.  A double check is made that all lab numbers were written adjacent to the results.   The analysis record is then stapled in the optical brightener data book. 
9.0 
QUALITY CONTROL

For quality control purposes, a field duplicate will be collected during each sample run.  There will also be a field blank collected on each sampling run.   In the laboratory, a batch blank will be run at the end of each day of sample analysis and lab duplicates will be run on every tenth sample.   For the lab duplicates, if the percent difference in the replicates is less than 20 the data is accepted without condition.
A stock solution of 200 ppb detergent (Arm and Hammer), used as the surrogate for the optical brighteners, will be maintained in the lab for purposes of calibration and to check the stability of the fluorometer.

10.0 INTERFERENCES

Algal blooms, oil and oil products like gasoline are read at the same wavelengths as optical brighteners, so the results of this test can not be used to definitively establish that optical brighteners are entering a water body and therefore bacteria contamination is likely as well.

11.0 PREVENTIVE MAINTENANCE

The filters should be removed and “polished” with a soft lint free cloth.

According to Turner Designs the average life of a mercury vapor lamp is 8000 hours. It is advised that you check the lamp periodically, especially toward the end of its lifetime. For the mercury vapor lamp, check the viewport on the back of the lamp panel. If it needs to be replaced, the lamp will flicker. Only the viewport on the back of the fluorometer should be used to view the lamp since long term exposure to UV light can damage your eyes.

12.0
CORRECTIVE ACTIONS

Avoid sampling in areas contaminated with oil or gas or within algal blooms.  If sampling is necessary within areas of known fluorescent sources and a sample can not be collected that is outside of this zone of influence then de-ionized water should be used to set the blank on the fluorometer.  

13.0
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Sheet1

		

				Calibration Using Arm and Hammer Laundry Detergent-2005

				new scale		new sensitivity		reading		fluorescence		% detergent		ppb

		A		100		31.6		10		31600.0		100		200								SUMMARY OUTPUT

		B		100		31.6		5		15800.0		50		100

		C		100		10		3		3000.0		10		20								Regression Statistics

		D		100		3.16		4.6		1453.6		5		10								Multiple R		0.9999903041

		E		100		1		5.6		560.0		2		4								R Square		0.9999806083

		F		1		31.6		4.5		142.2		0.5		1								Adjusted R Square		0.9999757604

																						Standard Error		62.2488273129

																						Observations		6

																						ANOVA

																								df		SS		MS		F		Significance F

																						Regression		1		799279255.193993		799279255.193993		206270.05893322		0.0000000001

																						Residual		4		15499.6660073241		3874.916501831

																						Total		5		799294754.86

																								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

																						Intercept		-90.6670180273		32.0238210185		-2.8312367214		0.0472857023		-179.5795833031		-1.7544527515		-179.5795833031		-1.7544527515

																						% detergent		317.0137439293		0.6980073485		454.1696367363		0.0000000001		315.075760829		318.9517270296		315.075760829		318.9517270296

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9999903041

		R Square		0.9999806083

		Adjusted R Square		0.9999757604

		Standard Error		62.2488273129

		Observations		6

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		799279255.193993		799279255.193993		206270.05893322		0.0000000001

		Residual		4		15499.6660073241		3874.916501831

		Total		5		799294754.86

																						SUMMARY OUTPUT

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-90.6670180273		32.0238210185		-2.8312367214		0.0472857023		-179.5795833031		-1.7544527515		-179.5795833031		-1.7544527515				Regression Statistics

		ppb		158.5068719647		0.3490036743		454.1696367363		0.0000000001		157.5378804145		159.4758635148		157.5378804145		159.4758635148				Multiple R		0.9998521459

																						R Square		0.9997043136

																						Adjusted R Square		0.9995564705

																						Standard Error		26.6425501863

		RESIDUAL OUTPUT																				Observations		4

		Observation		Predicted fluorescence		Residuals																ANOVA

		1		31610.7073749064		-10.7073749064																		df		SS		MS		F		Significance F

		2		15760.0201784395		39.9798215605																Regression		1		4799785.73903915		4799785.73903915		6761.9237001065		0.0001478541

		3		3079.470421266		-79.470421266																Residual		2		1419.6509608541		709.825480427

		4		1494.4017016194		-40.8017016194																Total		3		4801205.39

		5		543.3604698314		16.6395301686

		6		67.8398539374		74.3601460626																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

																						Intercept		-31.5402135231		20.8644661343		-1.5116712462		0.2697453347		-121.312828186		58.2324011397		-121.312828186		58.2324011397

																						X Variable 1		301.8263345196		3.6704726855		82.2309169358		0.0001478541		286.0335542055		317.6191148336		286.0335542055		317.6191148336

																						RESIDUAL OUTPUT

																						Observation		Predicted Y		Residuals

																						1		2986.7231316726		13.2768683274

																						2		1477.5914590747		-23.9914590747

																						3		572.112455516		-12.112455516

																						4		119.3729537367		22.8270462633

										formula for the ppb graph is y=mx+b, y=158.50(x)+(-90.66)
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		fluorescence		ppb								SUMMARY OUTPUT

		31600		200

		15800		100								Regression Statistics

		3000		20								Multiple R		0.9999903041

		1453.6		10								R Square		0.9999806083

		560		4								Adjusted R Square		0.9999757604

		142.2		1								Standard Error		62.2488273129

												Observations		6

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		799279255.193993		799279255.193993		206270.05893322		0.0000000001

												Residual		4		15499.6660073241		3874.916501831

												Total		5		799294754.86

														Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

												Intercept		-90.6670180273		32.0238210185		-2.8312367214		0.0472857023		-179.5795833031		-1.7544527515		-179.5795833031		-1.7544527515

												ppb		158.5068719647		0.3490036743		454.1696367363		0.0000000001		157.5378804145		159.4758635148		157.5378804145		159.4758635148

												RESIDUAL OUTPUT

												Observation		Predicted fluorescence		Residuals

												1		31610.7073749064		-10.7073749064

												2		15760.0201784395		39.9798215605

												3		3079.470421266		-79.470421266

												4		1494.4017016194		-40.8017016194

												5		543.3604698314		16.6395301686

												6		67.8398539374		74.3601460626

												y=mx+b		158.9

																		5.505362776
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