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1.0  OBJECTIVE



Analysis of heavy metals is necessary for many toxicological studies, in particular for bioaccumulation and bioavailability studies. This SOP documents the methods used to prepare the sample (biota and soil/sediment) and use atomic absorption spectrophotometry-flame to determine the concentration of  heavy metals in an environmental sample. 



2.0  HEALTH AND SAFETY

Strong oxidizers (concentrated acids and peroxide) are used throughout this procedure, therefore, all work is be conducted in a acid certified hood and proper eyewear, gloves (latex) and laboratory coats are required. General laboratory safety procedures need to be followed as well.



3.0  PERSONNEL/TRAINING/RESPONSIBILITIES



3.1	PERSONNEL



3.1.1  	Only those individuals trained will be allowed to assume the responsibility of preparing and analyzing environmental samples.



3.2	TRAINING



�3.2.1	All personnel must be trained before conducting this procedure. The reading of this SOP does not constitute training. 

 

3.3	RESPONSIBILITY



�3.3.1	The primary responsibility of maintaining the cultures belongs to Mark Pearson in the Environmental Toxicology Core in the Biological Sciences Dept. at Wichita State University.
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4.0  REQUIRED AND RECOMMENDED MATERIALS



	

·	AA-flame spectrophotometer

·	Heavy metal standards

·	Deionized water

·	Concentrated nitric acid

·	Polypropylene containers

·	Water bath, drying oven, and balance

·	Centrifuge and centrifuge tubes

									

5.0  PROCEDURE 



5.1 ENVIRONMENTAL SAMPLE PREPARATION



�5.1.1	This procedure can be used for either biological or soil/sediment samples. All samples must be dried to a constant weight at 70°C and 100°C for biological and soil/sediment samples, respectively. The sample dry weight is recorded, as this is needed in the final calculation of the concentration of metals. Dry weight of samples should be at least 0.5 g. All samples should be in polypropylene containers.



5.1.1	These steps must be conducted in a fume hood. An aliquot (2-10 ml) of concentrated HNO3 (15.8 N) sufficient to cover the sample, is carefully poured over the sample and allowed to digest at room temperature for 24 h. Then the sample is heated in a water bath at  90-100°C for 4-6 h, being careful that it does not boil or splash out of the container. The samples must be cooled to room temperature prior to any more manipulation.



5.1.1	To remove particulates soil/sediment or biological samples should be centrifuged at 2000 rpm for 10 minutes, then the acid is decanted into a 50 ml polypropylene graduated test tube. This step may not be needed for biological samples.



5.1.1	After step 5.1.3 has been completed, add 1 ml of 30% H2O2. Return the sample to the water bath (90-100°C) to start the peroxide reaction. Care must be taken to ensure that losses do not occur due to excessive effervescence. Heat until effervescence subsides. Continue to add 0.5 ml aliquots of 30% H2O2 and heat sample until general sample appearance is unchanged or effervescence is minimal. After cooling, dilute the sample to 50 ml with Deionized water. The sample is now ready for analysis.
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5.2 ANALYSIS OF HEAVY METALS BY FLAME -AA �tc "5.2 ANALYSIS OF HEAVY METALS BY FLAME -AA " \l 3�

	

�5.2.1	This SOP is requires the use of a Perkin-Elmer, Model 2380 Flame-

Atomic	 Absorption spectrophotometer (Flame-AAS). Refer to the instruments manual for particular specifications (detection limits, lamp settings, etc.). Environmental samples such as biological or sediment/soil must be prepared by digestion procedures described above. Water samples must be preserved by adding concentrated HNO3 until the pH is < 2, within 2-3 hours of collection. 



5.2.2	The ground state atom absorbs light energy of specific wavelength as it enters the excited state. As the number of atoms in the light path increases, the amount of light absorbed also increases. By measuring the amount of light absorbed, a quantitative determination of the amount of analyte can be made. The use of special light sources (hollow cathode lamps) and careful selection of wavelengths allow the specific determination of individual elements. The five basic components of a atomic absorption instrument are: 1) a light source which emits the spectrum of the element of interest; 2) an absorption cell in which the atoms of a sample are produced (flame, graphite furnace); 3) a monochromator for light dispersion; 4) a detector which measures the light intensity and amplifies the signal; 5) a display that shows the reading after it has been processed by the instrument electronics. 





5.3 GENERAL PROCEDURE FOR ANALYSIS



�5.3.1	Sign into the logbook and enter the flame-on time. Turn exhaust fan on and select the lamp for the appropriate element and install it.



5.3.1	Make sure all instrument settings (knobs) are turned fully counter-clockwise. Turn power on.



5.3.1	Increase “LAMP” to reading for operating or continuous use(on lamp itself), read the value on the “LAMP/ENERGY” LCD.



5.3.1	Set “WAVELENGTH” using the “COURSE ADJUST” knob and “SLIT” to prescribed values for the element according to the ANALYTICAL METHODS BOOK OR ATTACHED CHART. Typically, the “WAVELENGTH” reading on the instrument is slightly lower than the actual wavelength, when optimal.



�
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5.3.1	Turn “SIGNAL” to SET UP. Increase “GAIN” to 10 on the “LAMP/ENERGY” LCD.



5.3.1	Maximize wavelength by adjusting the “FINE ADJUST” so that the maximum reading on the “LAMP/ENERGY” LCD is attained.



5.3.1	Maximize lamp position. Again, attain a maximum reading on the “LAMP/ENERGY” LCD, by adjusting the two knobs that hold the lamp. Adjust back and forth for maximum reading.



BURNER ADJUSTMENTS



5.3.1	If burner is dirty, remove and scrape with scraper and distilled water.



5.3.1	Make sure you are using the 10 cm, 1 slot burner heads.



5.3.1	To replace burner if removed, align with vertical stripe on card (in drawer), so that the light from lamp is evenly placed over slit. Adjust burner height so that light from lamp just touches the burner top.



5.3.1	Increase “GAIN” so that “LAMP/ENERGY” LCD reads about 75.



5.3.1	Turn “SIGNAL” to ABS.



5.3.1	Press “AZ” button.



LIGHTING THE BURNER �tc "LIGHTING THE BURNER " \l 3�



5.3.1	Have a 250 ml beaker of distilled water available for aspiration.



5.3.1	Turn on air at cylinder. Adjust regulator for reading of 60-70 psi.



5.3.1	Turn lower, center switch on flowmeter box to “AIR”.



5.3.17	Read flowmeter. 

10 cm burner head with flow spoiler = 50.

5 cm burner head with flow spoiler = 35.

10 cm burner head with impact bead = 40

5 cm burner head with impact bead = 25.

	

5.3.1	Adjust with “OXIDANT FLOW” knob.



5.3.1	Turn AIR to OFF.



5.3.1	Open acetylene tank. If  tank pressure is < 100 psi, order another.
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5.3.1	DO NOT USE INSTRUMENT IF ACETYLENE IS < 75 PSI. If another tank is available, replace tank and check for leaks.



5.3.1	Adjust regulator to 12 psi.



5.3.1	Switch from OFF to AIR.



5.3.23	Open fuel toggle. Read left flowmeter.

10 cm burner head with flow spoiler = 20.

5 cm burner head with flow spoiler = 12.

10 cm burner head with impact bead = 12.

5 cm burner head with impact bead = 12.

Adjust “FUEL FLOW” knob as needed.



5.3.1	Press ignite button and release when flame starts, begin aspiration with distilled water. Check burner head for smooth, even flame. If not smooth and even, the burner head is dirty and needs to be cleaned.



5.3.1	Enter time flame is ignited in the logbook.



SHUTDOWN �tc "SHUTDOWN " \l 3�



5.3.1	Stop aspiration.



5.3.1	Close “FUEL” toggle.



5.3.1	Close acetylene tank.



5.3.1	Bleed excess acetylene from line by re-opening “FUEL” toggle. Close acetylene regulator after bleeding.



5.3.1	Close air tank.



5.3.1	When excess air is bled, close air regulator and switch from “AIR” to “OFF”.



5.3.1	Turn “MODE” to CONT.



5.3.1	Turn “SIGNAL” to SETUP.



5.3.1	Turn “GAIN” fully counter-clockwise.



5.3.1	Turn “SIGNAL” to LAMP.





WSU/SOP 400-05-01

Page 6 of 7

                                                                                	 Effective Date: 01 June 1998



5.3.1	Turn “LAMP” fully counter-clockwise.



5.3.1	Turn “POWER” off.



5.3.1	Turn exhaust fan off.



5.3.1	Enter flame shut off time in logbook.



SUGGESTIONS FOR STANDARDIZATION �tc "SUGGESTIONS FOR STANDARDIZATION " \l 3�



5.3.1	After flame is lit, enter 5 for “t”, and 4 for “AVE”. This is appropriate for most metals.



5.3.1	Switch “MODE” from “CONT” to “HOLD”.



5.3.1	Press “AZ” while aspirating reagent blank.



5.3.1	Analyze all standards (press read for each one) and plot absorbance vs concentration. Choose the three best standards (they fall on the best straight line) of three different concentrations whose range covers that of the unknowns.



5.3.1	Switch “SIGNAL” to “CONC”.



5.3.1	Enter concentrations from lowest to highest in S1, S2, and S3.



5.3.1	Use integration time (t) of 2 seconds, and an average (AVE) of 10.



5.3.1	Re-autozero with reagent blank.



5.3.1	Read standards by aspirating the appropriate standard and pressing S1, S2, and S3. These must be read from lowest to highest concentration. If the instrument does not accept all three standards, try entering standard values (step 7) with less significant figures. It is possible that the standards are not linear enough. You may only be able to use two standards. If this is the case, when analyzing the unknowns, be sure the standards bracket the unknown concentrations.



5.3.1	Analyze unknown samples. Re-standardize (previous step) every 10-15 samples, as the instrument will drift with time.
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5.4 CALCULATIONS



�5.4.1	To make calibration standards, use certified analytical stock solutions (usually 1000 ppm) and this formula, (C1) (V1) =  (C2) (V2), to make standards that cover the linear range of the metal of concern. Refer to the ANALYTICAL METHODS BOOK linear range of metals. 



5.4.1	To calculate the amount of heavy metal in biological or soil/sediment samples use this formula: 



(A.A. reading) (dilution factor) / (sample dry weight kg) = X mg/kg. 



	 

6.0 QUALITY CONTROL CHECKS AND ACCEPTANCE CRITERIA



�6.1	For each group of samples processed, blanks (deionized water and 

6.2	HNO3 ), should be carried throughout the entire sample preparation and analytical process. These blanks will be useful in determining if samples are being contaminated. 

6.3	

6.4	Standard certified reference materials (soil or bovine liver) should be employed to determine accuracy of digestion procedures for biological and sediment/soil samples. These will be carried throughout the sample preparation and analytical process. 



6.1	Certified heavy metal calibration standards should be used at all times during the Flame-AAS  analytical process. The Flame-AAS instrument should be re-calibrated every 15-20 samples.
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