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A. Definitions:  
Filter soiling is caused by air, which contains various contaminants, being drawn through the pile of carpet or other fabrics.  In the process of being drawn through that fabric, these airborne contaminants are "filtered out" of the air onto the fabric over, or through which, the air passes.  
1. Components - Filter soiling has three significant components:
a. household soil (large particles) ‑ According to a study conducted by Proctor and Gamble labs, soil in carpet consists of: 

55% particle soil (relatively large particles of sand, quartz, clay, limestone, gypsum, feldspar); 12% animal fiber (hair); 12% cellulosic matter (particles and fibers from paper products, leaves, grass, clothing).  

This category of soil is generated both inside and outside the home.  Certainly, ongoing construction in dry weather generates a quantity of dust that finds its way inside as well.  Obviously, tracked soil is also part of the problem, as is dust created by pollen, lawn mowing, etc.  

b. micro‑occlusion soil ‑ Just a fancy term used to describe airborne soils consisting of very fine, lightweight particles of carbon and soot (exhaust emissions, fireplaces, cigarette smoke, scented candles), and even pigment from printed materials or clothing.  When these soils become airborne, they travel for long distances until filtered out of the air by fabrics, or until eventually acted upon by gravity.  
c. oily vapors ‑ These soils are generated outside the home by automobiles, by industry and even by the natural decomposition of organic materials.  Inside the home, primary contributors are smoking (nicotine) and cooking (animal and vegetable oils).  

2. Soil Deposition - The dynamics of soil deposition, as mentioned in the definition, involve all three categories of airborne soils being filtered out of the air when that air passes over, or through fabrics.  In this case air passing out of rooms, is being drawn by vacuum pressure created within wall cavities.  That air passes through the gully formed between the tackless strip and baseboard, and on under the baseboard itself.  

Particles of soil, both large and small, are filtered out by the carpet's pile, along with a quantity of oily vapor.  Over time, the oily vapor oxidizes, or dries out.  Thus, a yellowish, lacquer‑like film is formed.

The larger particles of dust and soil can be vacuumed out or professionally cleaned from carpet edges with relative ease.  However, micro‑occlusion soils, acting much like dye pigment, may become fixed to fiber surfaces by strong electrical forces.  These soils are quite difficult, though not impossible, to remove.  Even trained professionals do so with difficulty, and time is an exacerbating factor.

After several years (3‑5), soils composed of oxides of nitrogen or sulfur, may combine with humidity in the air, forming nitric or sulfuric acid.  In turn, this dilute acid may affect dyes.  This causes a new, related problem called fume fading.  It is doubtful that this will be seen in a two‑year‑old carpet; however, it does highlight the need for routine professional cleaning to neutralize these acid soils.

An exaggerated example of these soils is seen on the surfaces of air filters when they are replaced periodically.

B. Related Causes:  
Next question . . . What causes air to pass through the carpet's pile at the wall edges and under doors, in order to form filter soiling?  After all, if it weren't for air currents, soil would not accumulate in areas serving as a filter.  This question suggests several answers:

1. Air Handling System ‑ Obviously, the structure's air handling system is a major causal factor.  This is the primary way in which forced air moves about the structure.  In a home I inspected recently, there were two systems: one upstairs and another for the downstairs area.  Since the couple residing in the home spend the vast majority of their time downstairs, the upstairs system is operated infrequently.  

Of course, another way in which air moves about the structure is on convection currents.  These currents are created when air is heated, causing it to expand.  Thus, it is possible for air in the upstairs area to rise in temperature several degrees over the course of the day.  Upon expanding, as it must do, the additional air volume must go somewhere, usually following the sources of least resistance, down the stair and perhaps even through the pile of the carpet at wall edges - a minor but interesting point.

2. Quality of Construction ‑ Strangely enough, the better the quality of construction, the worse the filter soiling tends to be!  Today's emphasis on energy efficient construction mandates more insulation, often combined with materials that serve as vapor barriers.  In the last 30-40 years, air that used to circulate freely both inside and outside of structures, now circulates only within carefully defined limits.  Circulating air follows the path of least resistance.  If it is unable to move through filters, doors, windows or heavily sealed (insulated, caulked, taped) exterior walls, it must move from room to room within the structure.  Since Sheetrock® walls are taped and "mudded" at the seams, air is unable to circulate through wall seams, or through seams formed by the wall and ceiling.  Often, the only path left for circulation is under and within interior wall cavities ‑ usually those in the central portion of the home.  

In my judgment, there is no way that a building owner can anticipate this problem, and there are no standard construction techniques of which I am aware, to predict where it will show up, or to prevent its appearance.  

3. Soil Impacted Filters ‑ In most homes in the South, the air filter is located behind the air inlet grill, which is usually placed in a central portion of the structure.  In this case, the downstairs system's air inlet is located directly beneath the stair.  In normal construction, when that filter becomes impacted with soil, the system can no longer draw the air it needs.  Thus, the system pulls air out of rooms, through the carpet along the baseboard, and on through wall cavities.  In this manner, filter soiling forms.

However, the Trane system was installed in the home I inspected merely has ductwork and a simple grill leading to the inlet under the stair.  There is no filter located there.  Instead, the filter is positioned (correctly, I think) just prior to (within inches of) the system's mechanical components compartment, which contains the blower and coil.  Initially, therefore, I dismissed the impacted filter that we observed as a causal factor.  But with later thought, I asked myself the question, if the system couldn't draw air through it soil‑impacted filter, then where would it get that air?  The most probable answer is from the basement in which the system's components are located.  

O.K.  Once that air is drawn from the basement's ambient airspace, and is forced out the vents upstairs, where does the air come from that is required to replenish that which is removed from the basement?  Again, it will likely follow the path of least resistance.  It can't pass through the sealed sheet metal ductwork, therefore, it must be passing through structural components that relate to the construction of the stair.  
When the air filter becomes impacted, in sequence, air is drawn from the basement around the back side of the filter, thus creating slight negative pressure in that area.  Next, the air is forced out into the dwelling creating positive pressure.  Then, the combination of positive pressure in the rooms upstairs and negative pressure in the basement causes air to be circulated from one area to the other.  In the process, that air, containing the normal household soils we discussed, passes through the pile of the carpet located along the wall and stair edges in the central portion of the structure.  Bottom line, locating the pressure imbalance is the key to preventing the return of soil filtration problems.

4. Lighter Carpet ‑ This point simply focuses on the obvious fact that the lighter the carpet's color, the sooner filter soiling (by contrast) will become apparent.  In this situation the carpet is off‑white in color and even minor filter soiling shows dramatically.

C. Correction:  
Can filter soiling be corrected?  As mentioned earlier, usually it can when cleaned before it "sets" or changes dyes, and when processed carefully by Institute of Inspection, Cleaning and Restoration Certification (IICRC) certified professionals using the "hot water extraction" process.

For your general information only, basic steps used by professionals to remove filter soiling on stain‑resistant carpet include:

1. Vacuum carefully along all wall edges.
2. Soil suspension should maximize the following:
a. cleaning agent ‑ Use an anionic preconditioner (foaming shampoo) for maximum particle soil suspension, combined with 2-4 ounces of glycol solvent.  Mix with hot water in the heaviest concentration allowable following label directions.  Apply liberally to all filter-soiled areas.  Of course, wipe excess from baseboards immediately.
b. agitation ‑ agitate aggressive using a medium stiff, nylon‑bristled brush, or a power preconditioner (rotary or cylindrical brush agitator), where practical.
c. time ‑ Provide dwell time of 20‑30 minutes for complete soil suspension, particularly for the emulsification of oxidized oils.
3. Extraction ‑ Provide thorough rinsing of all suspended soils using very hot water (150‑165°F) containing an appropriate "rinse" agent (pH less than 10).  An upholstery tool or stair tool should be used in a "chop‑stroking" procedure.  Final wet vacuuming should be accomplished to remove excess solution from beneath baseboards or tackstrip.
4. Follow‑up ‑ Should filter soil discoloration remain, repeat steps two and three meticulously.
5. Stretch and Trim - With older installations where discoloration of carpet edges is associated with filter soiling, a professional installer can be employed to power‑stretch the carpet and trim off discolored areas.

An IICRC‑Certified cleaner who is well qualified to perform the recommended cleaning procedures can be located by calling the IICRC 800 referral line at 800 835-4624.

D. The Ultimate Solution:  
All of the above information serves to better understand the problem of filter soiling and its correction.  But obviously, if something isn't done to prevent air from circulating through the carpet, the problem will return within a few years.  So what can be done to insure that it doesn't return?  
1. First, prevention.  Several points should be considered by the homeowner. 
a. Foremost, avoid using unvented combustion appliances in the building.  Never burn incense candles that produce soot over time.

b. Purchase quality HVAC filters and keep them clean.  Filters should be checked weekly to determine the optimum time for replacement.  Then, that schedule should be adhered to carefully.  Anticipate that when surrounding construction within the subdivision is completed, some soiling should disappear.
c. Consider the purchase of permanent, electrostatic filters.  These filters may be purchased from heating and air‑conditioning contractors under trade names such as Neutron or Polytron.  They function when air passing through the filter vibrates acrylic rods, creating an electrostatic field; no wiring or electricity is required.  This collects a major portion of the airborne contaminants that may pass through standard filters.  
d. Consumers should purchase and use high efficiency collection bags (disposable) in their home vacuums.  Less soil will be propelled into the air, thus preventing a portion of the filter soiling problem.
e. Wall edges should be vacuumed with a crevice tool, at least quarterly.
f. Allow no smoking in the building.  Effort should be made to encourage smoking out‑of‑doors only.
2. Stopping Airflow - The ultimate solution to the filter-soiling problem, is to eliminate air circulation through the carpet.  Although this can be a somewhat complicated task, it can be accomplished using one or a combination of several techniques.
a. Foremost, locate and eliminate the pressure imbalance.  Otherwise, the filter soiling will return.  This may be as simple as replacing a clogged filter.  If the air inlet plenum is part of the building’s construction, make sure that it is sealed.  While you’re at it, ensure that the inlet is large enough to permit unimpeded airflow.  If the HVAC mechanical components are in an attic, consider the possibility of it positively pressurizing the building by putting in more air than it is taking out of the dwelling area.  

b. In major filtration areas, the carpet should be disengaged exposing the "gully," or the space between the tackless and baseboard.  The space underneath the baseboard can be filled with a synthetic stuffer material (wadding), followed by caulking.  Normally, this should be accomplished only on those walls displaying significant filter soiling.  Obviously, the purpose is to stop the airflow.
c. In lieu of the more complicated procedure involving stuffing and caulking, or following that procedure, installers should "double‑tuck" the carpet when reinstalling.  This procedure simply involves more aggressive stretching, followed by tucking a double thickness of carpet in the gully between the tackless and the baseboard.  This double thickness, which is inserted with a stair tool, simply impedes airflow through the carpet's pile.

Summary:  
Many home and business owners are victims of a variety of unforeseeable circumstances.  One can hardly point the finger of blame at property owners themselves when reasonable maintenance is performed.  Nor can one reasonably blame a contractor who uses the above-standard construction techniques that I observed during my inspection.  Many factors in combination serve to create the filter soiling dilemma.

Interestingly too, the procedures outlined herein are similar to those that were discussed at a recent symposium held by the Environmental Criteria and Assessment Office of the Environmental Protection Agency on improving indoor air quality.  Procedures for the elimination of filtration soiling just happen to coincide with procedures for creating a healthier indoor environment overall.  Those with allergies or respiratory problems will benefit greatly from their implementation.
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