Total Suspended Solids and Loss On Ignition Protocol
A. Introduction:
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Total Suspended Solids (TSS) is a water quality measurement that identifies the suspended load carried by a body of water.  Briefly, this technique requires a known volume of well-mixed water to be filtered by a precombusted, pre-weighed, glass fiber filter.  The residue and filter are then dried at 105°C in a drying oven, and the mass is recorded.  The difference in mass between the post weight and pre-weight is the total suspended solids for the volume of water.  Loss on Ignition (LOI) requires an additional combustion step to volatize the organic residue on the filter.  After a cooling period, the mass is recorded again.  The difference in mass between the TSS weight and the LOI weight is the organic/volatile suspended solids for the volume of water. 

Citations:  APHA, 1995.  Standard Methods for the Examination of Water and Wastewater, 19th Edition.  2540 D. Total Suspended Solids Dried at 103 -105°C, p. 2-56.
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Heiri, O., A.F. Lotter, and G. Lemcke.  2001.  Loss on ignition as a method for estimating organic and carbonate content in sediments: reproducibility and comparability of results.  Journal of Paleolimnology 25(1): 101-110.

U.S. Environmental Protection Agency, 1971.  Method 160.4: Residue, Volatile (Gravimetric, Ignition at 550°C)
U.S. Environmental Protection Agency, 1971.  Method 160.2: Residue, Non-Filterable (Gravimetric, Dried at 103-105°C)
U.S. Geological Survey, 1975.  Solids, volatile-on-ignition, suspended, I-3767-85 (mg/L): 00535
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B.  Apparatus Required:

Drying Oven (105°C)


Muffle Furnace (550°C)


Balance (four/five place readings)


Numbered Aluminum Weigh Boats


Glass Fiber Filters*


Filtering Apparatus – either syringes and filter holders (in the field) or a vacuum set up (back in the lab).

*As of the 2009 field season, the Thermokarst Lakes group decided to us the Gelman A/E glass fiber filters because Kling has tested that they have lower POC, PON, and POP blanks than the Whatman equivalent (GF/C).  Additionally, they have a standardized pore size of 1 μm (concurrent with the literature) and they are cheaper.   The Thermokarst Streams group decided to follow the LTER streams protocol and have chosen the Whatman GF/F glass fiber filters.  Tests will be carried out during the season to compare the results of using these filters.
C. Procedure:
Before Going Into the Field

1. Precombust the filters at 450°C for 4 hours in a muffle furnace to remove any organic carbon on the filter surface.

2. Cool filters by storing in a desiccator overnight to prevent moisture build-up on the filter surface.

3. Measure the masses of the filters are measured on a 4 or 5 place balance and record.
4. Store the filters in petri dishes with a label on which an identification number (e.g. TSS09-001), and spaces for the recording of the site, date, volume filtered is printed (See example below).


In the Field/Filtering
1.  Record in the field book the identification number of the filter and the volume of water that was filtered.  Also record this information on the petri dish label.  Keep the filter in this dish until you get back to lab.

2.  If you do not want to filter in the field, take a 2L sample of the water back to the lab and us a vacuum set up to filter the water.  Remember to record the filter number and volume filtered.

In the Lab

1. Place the filter(s) into a numbered, pre-weighed aluminum weigh boat(s).  Record both the filter number and the weigh boat identification in a lab book.  
2. Place the weigh boat(s) into the 105°C drying oven for at least twelve hours.  Cover the boat(s) with a sheet of aluminum foil to prevent foreign material from falling onto the filter surface.

3. Place the boat(s) into a desiccator to cool.  Record the weight of the room temperature filter + weigh boat.
4. Place the boat(s) into a preheated and stabilized, 550°C muffle furnace for two hours.

5. Cool filters + weigh boat(s).  Depending on the muffle furnace demand at camp, either a) remove hot filter + weigh boats, and allow them to cool in a GLASS desiccator, or b) turn off furnace and cool filter + weigh boat(s) in furnace.  Once filters are cool enough to handle, record the room temperature weight of the filter + weigh boat.

6. Discard the filter.

D. Calculations:
Four measurements are required to calculate total suspended sediments (TSS) and loss on ignition (LOI) or organic content.

1.  This method relies on six measurements:

(a) Tare weight of the dry, pre-combusted, numbered, unused filter (Wfilt, mg)
(b) The volume of water raw water filtered in the field or lab (Vfilt, ml)
(c) Tare weight of the dry and empty weighing tin (Wtin, mg)
(d) Tare weight of the 105oC dried tin plus used filter (Wdry, mg)
(e) Tare weight of the 550oC combusted tin plus used filter (Wcomb, mg)
(f) Tare weight of the combusted, empty tin (Wpost, mg)
2.  The six measurements are used to make the following calculations
(a) TSS = (Wdry – Wtin - Wfilt) / (Vfilt/1000) in mg TSS/L
(b) LOI = (Wdry – Wcomb) / (Vfilt/1000) in mg LOI/L 

(c) Weighing check = (Wpost – Wtin) / (Wtin)] * 100 or % change in tin weight


3.  Notes


(a) LOI is roughly equivalent to organic content and can be multiplied by 0.45 to obtain an estimate of organic C content.
(b) Once the combusted filter has been successfully weighed and the data are safely recorded, the combusted filters can be discarded and the aluminum weighting tins can be recycled for a new run.
(c) The weighing check is suggested as a partial check on weighing discrepancies and as a way to monitor for unusual changes in pan weights, especially when these pans are used repeatedly.
E. Tests
20 May 2009
Jen Kostrzewski performed a “Brittleness Test,” where three Gelman A/E filters and three Whatman GF/F filters were precombusted for 4 hours at 450°C, and combusted again at 550°C for two hours.  The purpose of the test was to see how each type of filter held up at the listed heat intensities.  The test by nature is subjective, and this should be taken into consideration in the evaluation of the results.  If the researcher is careful (i.e. does not fumble too much with the forceps) both filters were fine.  However, the A/E filters were more brittle than the GF/F’s.  Amanda Field concurred with this conclusion.  Both Jen and Amanda think the filter should be removed from the petri dish as soon as possible, because the majority of filter breakup occurred during the attempts to remove the filter from the dish.  If we want to keep the filter in the petri dish while in the desiccator, we should buy larger dishes than our 47mm petris.






TSS#27   Date_______�Site________________�Depth___m Vf_____ml�Mass@105_________g�Mass@550_________g








