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Executive Summary 
 
As part of the Massachusetts Environmental Policy Act (MEPA) Certificate on the 
Final Environmental Impact Report (EIR) for the Logan Airside Improvements Project 
(LAIP), the Secretary of the Executive Office of Environmental Affairs (EOEA) has 
called for an air quality study (the Logan International Airport Air Quality Monitoring 
Study) (Study). The purpose of the Study is to monitor air quality conditions (with a 
focus on “air toxics”) in the vicinity of Logan International Airport (Logan) in advance 
of, and following, the implementation the new Centerfield Taxiway. The Centerfield 
Taxiway is one of the primary components of the LAIP. 

The overall technical approach for conducting the Study is provided in the Massport 
Logan International Airport Air Quality Monitoring Study Final Air Quality Work Plan, 
September 2007.  This document contains the final Quality Assurance Project Plan 
(QAPP) for conducting the passive monitoring component of the Study. A separate 
final QAPP will be submitted for conducting the active monitoring program.   The 
Massachusetts Port Authority (Massport) is responsible for overall implementation 
and completion of the Study. The technical aspects of the Study are being managed by 
CDM. The passive monitoring program is under the direction of Dr. P. Barry Ryan of 
Emory University.  Dr. Ryan is responsible for all aspects of the passive monitoring 
program including management and oversight as well as report generation.   

The QAPP presents the field and laboratory procedures and methods for conducting 
the passive monitoring program. The primary components of the QAPP comprise of 
the following: 

 Project Management; 

 Passive Monitoring Background; 

 Sampler Fabrication, Placement, Retrieval  and Shipping; 

 Sampler Analysis;  

 Data Analysis;  

 Quality Assurance, and 

 Field and Laboratory Procedures. 
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1. Project Management 
 
Background 
Logan International Airport (Logan) is New England’s largest transportation center and occupies 
approximately 2,400 acres in East Boston, Massachusetts (See Figure 1).  In 2005, Logan ranked as 
the 20th busiest airport in the U.S. based on volume of over 27 million passengers.  The airfield 
contains six runways (i.e., 4R/22L, 4L/22R, 15R/33L, 15L/33R, 9/27 and 14/32); associated taxiways, 
aprons and terminal facilities, and is surrounded by Boston Harbor and the communities of East 
Boston, South Boston, and Winthrop.    
 
On June 15, 2001, the Secretary of the Executive Office of Environmental Affairs (EOEA) issued a 
Massachusetts Environmental Policy Act (MEPA) Certificate on the Logan Airside Improvements 
Project (LAIP) Final Environmental Impact Report (EIR). The LAIP serves as the blueprint for a series 
of improvements to Logan over several years. One important component of the LAIP is the 
Centerfield Taxiway, a new 9,300-foot taxiway to be constructed between existing runways 4R/22L 
and 4L/22R.  As part of the MEPA Certificate, the EOEA Secretary called for an air quality study (the 
Logan International Airport Air Quality Monitoring Study). The purpose of the Study is to monitor air 
quality conditions (with a focus on “air toxics”) in the vicinity of Logan in advance of, and following, the 
implementation the new Centerfield Taxiway. The Centerfield Taxiway is one of the primary 
components of the LAIP.  
 
Massport anticipates that the Study will take place over the next five years (2007-2011) and air 
monitoring will be performed over two distinct periods:  an approximate 12-month baseline period and 
an approximate 12-month follow-up period.  Massport also expects that the data will be used for 
future studies by the Massachusetts Departments of Public Health (MADPH) and Environmental 
Protection (MADEP), or others. Importantly, in its current design the Study does not include any 
health effects or risk analyses, nor does it evaluate the interpretation of airport and non-airport 
emissions.  Massport will implement a program to present the results of the Study and to help engage 
local stakeholders in issues related to air quality around Logan. 
 
The overall project management structure for the Air Quality Monitoring Study is given in Figure 2 
below.  Components of the Passive Monitoring component can be found under Field Program 
Design/Protocol Development and Laboratory Analysis.  
 
The Passive Monitoring Component (see circled areas on overall Management Structure chart) is 
under the direction of Dr. P. Barry Ryan of Emory University.  He is supported by Research Specialist 
Philip L. Jaffe, MPH and various part-time laboratory technicians.  Dr. Ryan is responsible for all 
aspects of the project including management and oversight as well as report generation.  Mr. Jaffe 
serves as both laboratory and filed technician.  He is responsible for fabrication, placement, and 
analysis of field samplers.  He reports directly to Dr. Ryan.  Laboratory support staff report to both Dr. 
Ryan and Mr. Jaffe and work under their direct supervision. 
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Figure 2.  Overall Management Structure for Air Quality Management Study 
 

 
 
Project Description 
The overall technical approach for conducting the Study is provided in the Massport Logan 
International Airport Air Quality Monitoring Study Final Air Quality Work Plan, September 2007.  The 
technical approach was based on several important criteria, such as the choice and locations of air 
monitoring sites, the selection of the pollutants analyzed and the monitoring or sampling methods to 
be used. Notably, this approach was developed based on consultation with MADEP/MADPH, the 
prior experiences of the Project Team in this highly specialized field as well as the outcomes of 
similar air monitoring programs conducted at other airports both in the U.S. and abroad. 
The air quality monitoring program will be conducted at three “primary” sites that will comprise both 
“active” and “passive” air monitoring methods specifically selected for this Study. In addition, 
Massport has elected to add up to eight “satellite” sites located nearby that will use only passive 
samplers.  One of the satellite sites will be located at the MADEP Harrison Avenue site. This 
approach enables the collection of appropriate data in a scientifically-acceptable and cost-effective 
manner over an extended Study Area.  Figure 3 shows the recommended monitoring locations. 
Air toxics (also known as hazardous air pollutants or “HAPs”) are emitted from a variety of emission 
sources, both natural and man-made. Therefore, the Target Pollutants for this Study are specifically  
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Figure 3 Recommended Monitoring Sites 
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selected as they represent the primary forms of combustion products or evaporative emissions from 
airport related sources. They include: 
 

 Volatile Organic Compounds (VOCs); 
 

 Carbonyls (e.g., formaldehyde); 
 

 Semi-volatile Organic Compounds (SVOCs) / Polynuclear Aromatic Hydrocarbons (PAHs); 
 

 Particulate matter; and  
 

 Black Carbon. 
 
Although not classifiable as HAPs by the U.S. Environmental Protection Agency (EPA), particulate 
matter (PM) and black carbon (BC) serve as indicators (or “surrogates”) to the presence of fuel 
combustion products. Moreover, both PM and BC are pollutants of concern to MADEP/MADPH and 
the general public, alike.  
 
As mentioned above, the air monitoring methods for this Study are subdivided into two general 
categories: active and passive. Both continuous (“real-time”) and time-integrated techniques are 
included. This combined (“hybrid”) approach to the Study blends together the benefits of all these 
monitoring methods, thus allowing for expanded coverage both spatially and temporally. 
 
2. Background 
History and Usage of Passive Monitors Use 
The use of passive samplers for air contaminant monitoring has a long history.  Passive samplers 
have been used for monitoring a wide range of pollutants at a variety of locations over the past 30 
year.  In recent years, passive samplers have been used more progressively for research, public 
health investigations and by regulatory agencies for addressing compliance with ambient air quality 
standards in the United States and Europe.  For more details, Brown (Brown 2000) gives a brief 
history of passive sampling.  Some of the highlights are noted below.  In addition, Appendix E of the 
Massport Logan International Airport Air Quality Monitoring Study Final Air Quality Work Plan, August 
2007, provides additional citations of articles in support of the use of passive monitors for this type of 
air quality monitoring program. 
 
The first passive samplers used in industrial settings were the tube-type passive sampler discussed 
above to monitor for sulfur dioxide and nitrogen dioxide.  A preliminary report on this type of sampler 
appeared as early as 1973 (Palmes and Gunnison 1973).  In the early 1980s, passive samplers for 
volatile organic compounds--essentially the 3M OVM 3500 sampler--began to be used extensively.  
This sampler, and other similar samplers that monitored for formaldehyde and other trace gases in 
occupational settings, was used extensively to measure personal exposures to these contaminants 
experienced by workers in occupational environments. 
 
Commencing in the late 1970s, academic researchers began using passive sampling in the 
community settings.  Spengler and co-workers at Harvard School of Public Health implemented an 
indoor-outdoor network of nitrogen dioxide monitors using the Palmes samplers as part of the long-
term epidemiologic study of lung health known as the Harvard Six-Cities Study (Spengler, Ferris et al. 
1979).  In this work, passive samplers were placed inside and outside the homes of 50 individuals in 
each of the six cities for one-week periods.  Their use proved effective in estimating exposures to 



8 

nitrogen dioxide experienced by individuals in the community.  Passive sampling for nitrogen dioxide 
using these samplers became quite common in Europe throughout the 1980s as well.  Brunekreef in 
the Netherlands (Brunekreef, Houthuijs et al. 1990) and Melia in the United Kingdom (Florey, Melia et 
al. 1979; Melia, Chinn et al. 1979; Melia, Florey et al. 1980; Melia, Florey et al. 1982; Melia, Florey et 
al. 1982) did extensive work evaluating air pollution epidemiology using these samplers.  
Commencing in 1985 and continuing through 1986, Spengler and co-workers (Ryan, Spengler et al. 
1983; Ryan, Soczek et al. 1988; Ryan, Soczek et al. 1988; Spengler, Schwab et al. 1994) at Harvard 
performed a longitudinal study of exposures to nitrogen dioxide experienced by a representative 
sample of over 500 individuals in the Boston standard metropolitan statistical area using Palmes 
samplers.  Ryan and co-workers have used these samplers to investigate community nitrogen dioxide 
concentrations in the East Boston and Winthrop communities around Logan International Airport 
since 1982  (Ayres and Ryan 2006).  In this study, long-term downward trends in the level of this 
contaminant have been documented in the community through the use of these simple samplers. 
 
Commencing in the late 1980s with work by Ryan and co-workers at Harvard School of Public Health 
(Cohen, Ryan et al. 1989; Cohen, Ryan et al. 1990; Cohen, Ryan et al. 1991), passive sampling for 
volatile organic compounds in community settings has been undertaken.  Using the 3M OVM 3500 
sampler designed initially for occupational settings (and used extensively in such locations) these 
researchers validated the samplers for long-duration sampling under community-level exposure 
conditions.  After validation, they performed a longitudinal investigation of indoor and outdoor VOC 
concentrations in an industrial community in and around Charleston, West Virginia. 

The passive monitoring methods that will be used in this investigation have been developed within the 
past few years, with the exception of VOC samplers.  Modifications of these research protocols to 
more closely align with the needs of this study will be constantly occurring.  The current literature 
citations presented in the Section 9: References reflects minor changes in fabrication, data collection, 
and analysis of these samplers.  Our protocols are current, but may be modified over the course of 
this study to reflect new findings by our group and by other investigators in the field. 

Passive Monitoring for Air Contaminants 

Passive samplers operate under the general principle that chemical compounds move from regions of 
high concentration to regions of low concentration by means of diffusion.  This principle is common 
experience; air fresheners, for example, release fragrance from a source (high concentration) and 
diffuse throughout a room (low concentration.)  This difference in concentration is referred to as a 
concentration gradient.  A concentration gradient is set up in a passive sampler by introducing into 
the sample an absorbing medium, a material that effectively and selectively removes the compound 
of interest from the air.  At the surface of the absorbing medium, the concentration of the contaminant 
is zero.  Away from the absorbing medium, the concentration is greater than zero resulting in the 
required concentration gradient.  The movement of material toward the absorbing surface is 
proportional to the concentration gradient, with the constant of proportionality called the diffusion 
coefficient.  Brown (Brown 2000) offers an excellent description of the theory and practical 
considerations associated with passive sampling.   

Tube-Type Passive Samplers 

The simplest type of passive sampler makes use of a cylindrical tube, with one enclosed end.  A 
schematic of such a sampler is depicted in Figure 4.  The concentration is zero at that point setting 
up the concentration gradient and is assumed to decrease linearly from the ambient concentration at 
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the mouth of the sampler to zero at the surface of the absorbing medium.  The samplers are returned 
to the laboratory where they are analyzed to determine the amount of collected material 
quantitatively.  Knowledge of the physical configuration of the sampler, in particular the cross-
sectional area of the samplers and the length of the diffusion gradient, coupled with information on 
the sampling duration and the diffusion coefficient for the sampled gas afford quantification of the 
average concentration of air contaminant seen by the sampler during its deployment. 

 

Figure 4.  Schematic of a typical tube-type passive 
sampler.  The concentration of the monitored 
contaminant is represented by ρ.  ρ1 is the concentration 
in the ambient air.  ρ2 is the concentration at the surface 
of the sorbent, generally assumed to be zero.  D is the 
cross-sectional area of the tube.  l is the diffusion length.  
Figure taken from Brown, RH. Monitoring the ambient 
environment with diffusive samplers: theory and practical 
considerations.  J. Environ Monitoring 2000. 2 (1-9). 

 

 

Theory for Tube-Type Passive Samplers 

Passive samplers operate by passive diffusion, which is well described by Fick’s First Law: 

x
CDF
∂
∂

−=  

where: F = the flux of material through a fixed cross-sectional area per unit time [nmol∗cm-2∗s] 
D = the Diffusion constant for the compound being collected   
C= the concentration of the compound at the mouth of the tube   
x= the length over which the concentration gradient is maintained  [cm] 
 

We note that the amount of the compound passing through a given cross-sectional area, A [cm2], in a 
given amount of time, τ[s], is given by: 

x
CDAFAAmount
∂
∂

−=≡ ττ  

The diffusion gradient is set up by using an absorbing material that reacts quantitatively with the gas 
to be measured resulting in zero concentration at the closed end of the tube.  We assume that the 
concentration at the mouth of the tube is that found in the air, Cair.  Assuming that the length of the 
tube is L [cm] and that the gradient is linear, to a high degree of accuracy, we can make the following 
assumption: 
 

L
C

x
C air−≅
∂
∂  

 
Substitution gives: 
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∂
∂
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L

C
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x
CDAFAAmount airτττ  

For a fixed geometry tube, A/L is constant.  Further, we can define the sampling rate, SR 
[cm3/s]=DA/L.  This gives the simplified expression: 
 

airCSRAmount τ=  
 
A simple rearrangement affords determination of the concentration of NO2 in the air during sampling 
as related to the Amount of material collected: 
 

τSR
AmountCair =  

 
If we choose to measure concentrations in ppb, Amount in nmol, SR in nmol/hour and measure time 
in hours, the expression reduces to: 
 

[ ] [ ]
[ ] [ ]hrhrpersampledairnmolSR

moleculeselectedofnmolAmountppbCair τ
=  

 
The sampling rate can be determined theoretically from the geometry of the tube, or determined 
empirically using known gas concentrations.  Sampling rates for both the Zhang aldehyde sampler 
and the Fan-Lioy PAH sampler rely on theoretical calculations and Graham’s Law, which states that 
the rate of diffusion is inversely proportional to the square root of the molecular mass of the 
compound in question. 

The Palmes sampler for nitrogen dioxide (Palmes and Gunnison 1973), three of which are shown in 
Figure 5, is the prototype of all tube-type of samplers.  This sampler is fabricated from a clear acrylic 
tube and two plastic caps one on either end.  One of these caps, the flanged cap on the lower end, is 
removable, while the other remains fixed during sampling.  The absorbing medium, triethanolamine, 
or TEA, is coated onto stainless steel screens placed in the fixed cap prior to insertion of the tube.  
When the removable (flanged) cap is removed, nitrogen dioxide contained in air diffuses down the 
tube until it encounters the absorbing medium, TEA, and is removed.  

Figure 5.  Palmes samplers.  An example of 
a tube-type passive sampler. In “storage” 
configuration (capped.) 

  

   

Figure 6. The Zhang passive sampler for 
aldehydes (a tube-type passive sampler, on 
left)and the 3M OVM 3500 sampler (a 
diffusion barrier type, on right) from volatile 
organic compounds.  In “sampling” 
configuration (uncapped). 
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All passive samplers of the tube type operate by identical principles.  For example, the Zhang 
sampler for carbonyls (Zhang, Zhang et al. 2000) uses a similar design with a removable cap (see 
Figure 6).  The absorbing medium in this case is a C18 solid-phase extraction cartridge coated with 
dansyl hydrazine.  Dansyl hydrazine reacts selectively with carbonyl-containing molecules, including 
aldehydes, to form a stable adduct thereby removing the aldehydes from the air stream and effecting 
a concentration gradient. 

Diffusion-Barrier Passive Samplers 

While tube-type samplers all operate under the same principal and theoretical calculations lead to 
quantitatively accurate results, alternative methods can be used as well.  The 3M OVM 3500 (3M 
2007) passive sampler for volatile organic compounds (VOCs) (see Figure 6) uses a diffusion barrier, 
rather than the cylindrical tube, to effect the concentration gradient. 

In this configuration, a semi-permeable membrane (the white, circular plastic sheet covering most of 
the surface of the OVM sampler on the right) sets up the diffusion barrier.  Beneath the membrane is 
the absorbing medium, in this case charcoal, that effectively removes the compound from the air 
stream.  One cannot rely on theory for the sampling rate of such devices.  The manufacturer tests 
these devices under numerous conditions in chamber settings and determines the effective sampling 
rate, which is then supplied to the user.  The OVM sampler collects various volatile organic 
compounds quantitatively on the charcoal absorbent commencing when the cap (not shown) is 
removed. 

3. Sampler Fabrication 
 
Carbonyl Samplers 
The Zhang carbonyl sampler is fabricated from a Supelclean LC-18 Syringe Cartridge with a volume 
of 6-mL, containing  0.5g of LC-18 resin (Supelco Corporation) or equivalent.  The C18 resin is 
coated with a solution of 5-(dimethylamino)naphthalene-1-sulfohydrazide (dansylhydrazine, DNSH) in 
acetonitrile.  The sampler (see Figure 6) has an open end, which is fitted with a plug (Caplugs, Inc.) 
that is inserted at fabrication, removed during sampling, and refitted after sampling is completed.  The 
lower end is fitted with a removable cap.  During sampling, this cap remains affixed to the sampler.  It 
is removed during analysis.  See Appendix 2 Standard Operating Procedures, for the details of 
sampler fabrication. 
 
VOC Samplers 
The OVM3500 samplers are available from various manufacturers and are purchased as assembled 
units.  They are delivered in sealed cans similar to those used for individual pudding or jello desserts.  
No further fabrication steps are necessary.  The sampler is depicted in Figure 6. 
 
PAH Samplers 
The Fan-Lioy PAH sampler is fabricated from standard gas chromatographic column material 
(GCCM.)  Column material is cut into 2 cm long strips and bound into units with flexible wire. Each 
sampling unit contains 80 GCCM units.  The sampler contains one or more of these units, depending 
upon the sampling circumstances.  The current configuration uses one such unit, but increases in 
sensitivity can be accomplished by increasing the number of units.  See Appendix 2 Standard 
Operating Procedures, for the details of sampler fabrication. 
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4. Sampler Placement and Retrieval (See Appendix 2 Standard Operating 
Procedures, for the details.) 

 
Background 
 

Passive samplers rely on the presence of a concentration gradient developed over the length 
of the tube or through the diffusion membrane (See Brown 2000).  The analysis assumes that the 
concentration of the contaminant at the end of the tube is equivalent to that in the bulk ambient air.  
This assumption can be violated in two ways.  If there is insufficient air movement in the vicinity of the 
tube mouth, the sampler may remove the selected contaminant from the surrounding air in a manner 
analogous to a vacuum cleaner cleaning a carpet.  The samplers is said to be “starved.”  It is actually 
sampling a lower concentration or effectively increasing the diffusion length.  An opposite effect can 
occur when air flows rapidly across the mouth of the tube.  IN this case, eddy flow develops at the 
mouth of the tube and transfer contaminant-containing air into the tube, thereby decreasing its 
effective length.  In the former case, we would measure a concentration lower than true ambient; in 
the latter case a higher concentration is measured.  Starvation effects are very seldom found in 
outdoor settings; there is always sufficient air movement to ensure another contaminated air is 
delivered to the tube mouth.  On the other hand, high face velocity situations often arise.  This is one 
reason for the secondary enclosure (See Section of QAPP on secondary enclosures).  While eddies 
are also produced by the air moving across the enclosure, the size of the eddies is roughly the same 
as the size of the opening and thus is not of any consequence; the eddies are approximately ten 
times the size of the tube opening precluding entry into the tube.  For PAH samplers, the opening is 
extremely small, and mo eddies of consequence are produced.  For the VOC samplers, the diffusion 
membrane minimizes this effect. 

 
With record to temperature and pressure effects, the sampling rate of the passive samplers is 

proportional to T1/2 and P3/2.  Over temperature and pressure ranges typical of an annual cycle, 
these effects are less than 5%, and thus do not affect the precision or accuracy estimates. 

 
Humidity effects are negligible as well since all absorbing media are either hydrophobic, and 

thus are unaffected by water vapor in the air, or result in an irreversible chemical reaction, which is 
also unaffected by sampling humidity.  The literature on VOC samplers and on carbonyl samplers 
supports this.  PAH samplers are less well characterized but use chromatographic materials that are 
hydrophobic. 

 
All sampling apparatus have a time integration period.  For example, real-time gas monitors 

often require a period ranging from a few seconds to two minutes to respond to a rapid rise or fall in 
concentrations.  Passive samplers behave similarly.  The residence time for a carbonyl molecule in 
the carbonyl samplers is on the order of one minute before it is captured by the irreversible reaction.  
Thus a sharp, short-term peak- one lasting less than one minute- is only incompletely captured by 
these samplers.  Similarly, a real-time ozone sampler may only completely sample a short-term peak.  
This results in a slight low bias on passive samplers of construction similar to the carbonyl sampler.  
However, this bias is quite small.  Depending on the nature of the “spikiness’” of the peaks, one might 
expect a bias of less than 5%. 
 
Secondary Enclosure Description 

Secondary enclosures for small, passive samplers supply protection from rain and snow as 
well as reducing the effects of prevailing wind current on the sampling rates of the samplers.  The 
Secondary Enclosures are one-quart steel cans commonly used for paint.  The cans can be painted a 
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neutral color (usually gray) to make them less conspicuous when used in locations subject to foot 
traffic.  However, if VOCs are to be monitored, such painting is not possible as VOCs can off-gas 
from paint for many months.  Unpainted steel cans typically last about six months in the outdoor 
environment if not vandalized or otherwise destroyed.  They should be replaced if heavily rusted.  The 
can in Figure 7 is approaching the end of its useful lifespan. 

 
To prepare the Secondary Enclosures for sampling, a small hole is punched in each side of the 

can approximately one inch from the closed end using a nail.  The two holes should be opposite one 
another in the can.  Through the two holes is passed 18-24 inches of wire, made from either 
aluminum or plastic coated steel to keep the wire from corroding rapidly in outdoor settings.  The 
purpose of the wire is to allow the samplers (see below) to be attached inside the can and for the can 
to be attached to an external holder such as a tree branch or fence.  The wire is pulled tight inside the 
can to a more or less horizontal orientation.  The two loose ends are used to attach the can to the 
tree branch, fence, etc.   

 
Figure 7 shows the configuration of the deployed can as well as the placement of samplers 

(see below.)  The Secondary Enclosures are usually quite simple (see Figure 7.)  For Palmes 
samplers, we use one-quart paint cans.  The cans can be painted a neutral color (usually gray) to 
make them less conspicuous when used in locations subject to foot traffic.   
 
Figure 7.  Deployment of Passive Samplers 
in East Boston  
 

 

 

 
Otherwise, they can be left unpainted.  The latter is necessary if one is monitoring for VOCs as paint 
off-gases VOCs for as long as 18 months after application.  In community settings, steel paint cans 
typically last about six months in the outdoor environment if not vandalized or otherwise destroyed.  
Vandalism and sampler loss through other means is a problem with community-based sampling.  
Placing of sampler enclosures in unobtrusive locations such as within trees or shrubs, on similarly-
colored fences, and in out-of-the-way locations minimizes this problem.  Still, loss of samples must be 
considered in the design phase of any passive monitoring program. 
 
Sampler Placement- General Considerations 
Because of their small size and lack of power needs, passive samplers are relatively easy to place.  
Essentially, any location can be monitored including community and even personal monitoring.  
Depending upon the collection medium, some care needs to be taken to ensure that the absorbing 
medium is not lost due to washout in the rain.  Secondary enclosures for Palmes samplers supply 
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protection from rain and snow as well as reducing the effects of prevailing wind current on the 
sampling rates of the samplers.  Passive samplers rely on either theoretical or empirical diffusion 
rates that assume a movement of air across the surface with a relatively narrow range of face 
velocities (Brown 2000).  Too rapid air flow can result in high biases, while too low an air flow has an 
opposite effect.  Diffusion barrier samplers suffer less from this problem than tube type samplers, but 
all passive samplers have this problem to one degree or another. 
 
The passive samplers used in this study are small and unobtrusive (see Figures 5 and 6) and are 
easily deployed in the community (see Figure 7.)  Sites for sampling have been selected based on 
criteria such as distribution in the community and likely dispersion of contaminants from the airport 
and other sources.  The details of this selection are discussed elsewhere.  Here we address the 
“microplacement” of passive samplers defined as the specific siting requirements. 
 
Passive samplers are placed in secondary enclosures as described above.  The secondary enclosure 
itself is placed in an unobtrusive location as the sampling location.  The secondary enclosure should 
be placed between 1 and 3 m above the ground to simulate the breathing height on most people and 
to minimize possible contamination from wind blown dust and other debris.  Selected sites should be 
relatively free of obstruction, but not in a location likely to bring attention to the sampler.  Sites that 
have proven effective in the past include: 
 

1. Chain link fences particularly support posts. 
2. Small trees or shrubs.  Because of the low sampling rate of passive samplers, samplers placed 

in the foliage are not subject to interference. 
3. Signage including instructional signs (Keep off the Grass, No Dogs, etc.) but not state or 

municipality-owned signs (Stop signs, City Limit signage, etc.) 
4. Fences, etc., on private property with the agreement of the home owner and/or resident. 
5. Secure locations on commercial property with the agreement of the proprietor.  
 

Potential sites that have proven less effective, primarily due to vandalism or inaccessibility include 
 

1. Highly visible locations in public areas. 
2. Commercial or residential locations with limited access. 
3. Public parks and recreational areas with limited access (locked up on weekends, for example.) 
4. Areas subject to construction activity. 

 
Secondary enclosures must be firmly attached to an immovable object (tree, fence, etc.) to ensure 
that they are not blown away by wind or easily removed by vandals.  See the discussion above for 
details and Figure 7 for a typical siting and attachment.  Discussion of the attachment of each type of 
sampler within the secondary enclosure follows.  The Secondary Enclosure is now suspended from a 
tree branch, fence, etc., with the open end down.  Use the excess wire to affix the Secondary 
Enclosure securely to the suspension point by wrapping the wire tightly around the attachment.  In 
general, the samplers themselves should not protrude from the Secondary Enclosure at all.  It is best 
if the open ends of the tubes are at least 1-2” from the open end of the Secondary Enclosure and are 
completely contained within it. 
 
Sampler Placement- Carbonyl Samplers  
The samplers are delivered to the site with two caps.  One cap has a tab end on it, while the other 
cap is smooth-sided.  The smooth-sided end of the tube contains the sampling medium.  For 
deployment, the tabbed cap is removed and the time noted.  The procedure is as follows. 



15 

 
1. Select a sampler tube. 
 
2. Remove aluminum foil. 

 
3. Samples are pre-labeled.  Note the identification in the field log.  If duplicates are to be run, 

note both sampler identifiers and assign one arbitrarily as the duplicate.   
 

4. Remove plug cap(s) and note time.  (See Appendix 2.  Sample Field Log for a sample field 
log.) 

 
5. Affix the sampler securely to the wire passing through the inside of the secondary 

enclosure.  Check for secure attachment by tugging gently on the tube.  The open ends of 
the tubes should point toward the open end of the Secondary Enclosure but not extend 
past the open end.  It is best if the open ends of the tubes are at least 2-5 cm from the open 
end of the Secondary Enclosure and are completely contained within it. 

 
6. If duplicate samplers are to be deployed, as is generally the case, place two tubes parallel 

and adjacent to one another and wrap tightly together with elastic band.  The elastic band 
should be on the tube approximately 0.5 cm from the smooth-sided cap but still on the “fat” 
part of the tube.  Tubes should resemble your index and middle fingers held tightly 
together.  Insert tubes into Secondary Enclosure passing the horizontal wire between the 
two samplers and suspending them by the elastic band from the horizontal wire.  See 
Appendix 2 Standard Operating Procedures, for the details. 

 
7. The samplers should be left in place for one week (seven days).  A minimum of four days 

may be acceptable if there is sufficient aldehyde expected.  Longer periods of time may be 
required if concentrations are low. 

 

Sampler Placement- VOC Samplers 
The samplers are delivered to the site in metal containers similar to pudding or jello containers.  
Samplers are removed from the container and deployed according to the steps given below. 
 

1. Note the identifier for the sampler on the field log. 
 

2. Remove the plastic replaceable top. 
 

3. Remove the pull-tab seal.  The sampler is inside the can, which can be identified as the brown 
plastic piece with a white membrane and a lapel-type clip, three circular plastic pieces and two 
small straws.  Leave all but the sampler in the can and reseal using the removable plastic 
cover. 

 
4. Samples are pre-labeled.  Note the identification in the field log.  If duplicates are to be run, 

note both sampler identifiers and assign one arbitrarily as the duplicate.  (See Appendix 1.  
Sample Identification Scheme for a sample identification scheme.) 

 
5. The sampler is ready for sampling upon removal.  No further modification is needed.  Note the 

time on the field log for VOC samplers. (See Appendix 3.  Field Sample Log for a sample 
field log.) 
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6. Each sampler has affixed to it a metal clip.  Affix the metal clip securely to the wire passing 

through the inside of the secondary enclosure.  Check for secure attachment by tugging gently 
on the tube.   

 
7. If duplicate samplers are to be deployed, place two samplers back-to-back, ensuring that the 

white membrane faces point away from each other and wrap tightly together with elastic band.  
The elastic band should be affixed near the metal clip.  It is important to keep the samplers 
back to back and to ensure that the elastic band precludes rotation of the samplers.  Insert the 
samplers into Secondary Enclosure passing the horizontal wire between the two samplers and 
suspending them by the elastic band from the horizontal wire. 
 

8. The samplers should be left in place for one week (seven days).  A minimum of four days may 
be acceptable if there is sufficient VOC expected.  .  Longer periods of time may be required if 
concentrations are low. 

 
Sampler Placement- PAH Samplers  
The samplers are delivered to the site with two flanged caps.  For deployment, both caps are 
removed and the time noted.  The procedure is as follows. 
 

1. Select a sampler tube. 
 

2. Remove aluminum foil. 
 
3. Samples are pre-labeled.  Note the identification in the field log.  If duplicates are to be run, 

note both sampler identifiers and assign one arbitrarily as the duplicate.  (See  Appendix 1.  
Sample Identification Scheme for a sample identification scheme.) 

 
4. Note time.  (See Appendix 3.  Field Sampling Log for a sample field log.) 

 
5. Each sampler consists of wired-together mesh.  Affix the metal mesh to the wire passing 

through the inside of the secondary enclosure using flexible wire.  Check for secure 
attachment by tugging gently on the tube.  The open ends of the tubes should point toward the 
open end of the Secondary Enclosure but not extend past the open end.  It is best if the open 
ends of the tubes are at least 2-5 cm from the open end of the Secondary Enclosure and are 
completely contained within it. 
 

6. If duplicate samplers are to be deployed, place two samplers approximately parallel and 
adjacent to one another.   

 
7. The samplers should be left in place for one week (seven days).  A minimum of four days may 

be acceptable if there is sufficient PAH expected.  .  Longer periods of time may be required if 
concentrations are low. 
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Sampler Retrieval  
 
Carbonyl Samplers 
 

1. Upon completion of the sampling period, remove the samplers from the Secondary Enclosure 
and re-cap using the tabbed caps.  Note the time.  It is critical to know how long the samplers 
were sampling in order to determine the average concentration. 

 
2. Re-wrap the samplers in aluminum foil and place in Ziploc-type bag. 

 
3. Place sealed sampler in cooler containing “blue ice” packs sufficient to maintain temperature 

near 0o C- typically 3-6 packs in a “six-pack” type cooler. 
 

4. Return the samplers to the laboratory for analysis.  The laboratory will need a copy of the Field 
Log listing the time for the beginning of the sampling and the time for the end of the sampling 
in order to perform the analysis. 

 
VOC Samplers 
 

1. Upon completion of the sampling period, remove the samplers from the Secondary Enclosure 
Note the time.  It is critical to know how long the samplers were sampling in order to determine 
the average concentration. 

 
2. Retrieve the metal can for the specific sampler. 

 
3. Remove the brown plastic ring and white membrane from the top part of the sampler.  This 

may be a bit difficult possibly requiring a large, flat-blade screw driver. 
 

4. From the metal can, retrieve one of the two elution caps (with plugs) and snap over the top of 
the sampler. 

 
5. Separate the thicker top portion of the sampler from the base containing the clip. 

 
6. Insert the bottom cap, with no plugs, to the bottom of the top portion.  It should snap in place. 

 
7. Take the other elution cap, with plugs, and snap onto the top of the piece with the clip. 

 
8. Check to ensure that the two capped components have the same identification number.  

Record this number on the field log. 
 

9. Return all parts to the metal can and seal with the plastic top. 
 
10. Place sealed sampler in cooler. 

 
11. Return the samplers to the laboratory for analysis.  The laboratory will need a copy of the Field 

Log listing the time for the beginning of the sampling and the time for the end of the sampling 
in order to perform the analysis. 
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PAH Samplers 
 

1. Upon completion of the sampling period, remove the samplers from the Secondary Enclosure 
and re-cap using two flanged caps.  Note the time.  It is critical to know how long the samplers 
were sampling in order to determine the average concentration. 

 
2. Re-wrap the samplers in aluminum foil and place in metal container. 

 
3. Placed sealed sampler in can containing charcoal. 

 
4. Return the samplers to the laboratory for analysis.  The laboratory will need a copy of the Field 

Log listing the time for the beginning of the sampling and the time for the end of the sampling 
in order to perform the analysis. 

 
5. Sampler Shipment 
All samplers are to be shipped by FedEx or similar carrier by standard overnight shipment.  
Shipments should be scheduled to arrive Tuesday through Friday during normal business hours.  No 
shipments should be scheduled to arrive on Mondays.  It is preferable that samples be shipped no 
more than 24 hours after sampler retrieval.  However, if retrieval occurs on Friday, Saturday, or 
Sunday, shipment should not occur until Monday for Tuesday delivery.  All samples should be stored 
at or about 4 oC if shipping is not imminent.  Samplers should be shipped using cold packs and 
Styrofoam packaging to maintain temperature for the duration of the shipment.  Each sampler should 
be shipped with individual identifiers.  A single shipment for each cycle is preferred.  Always use a 
traceable carrier, such as FedEx.  Maintain copies of all Chain-of-Custody information until informed 
by the Emory laboratories that the material has been received. The shipping address is: 
 

Dr. P. Barry Ryan 
Rollins School of Public Health 
1518 Clifton Road Rm 264 
Atlanta, Georgia 30322 

 
6. Sampler Analysis- Brief Description 
All passive samplers will be analyzed at the Exposure Assessment and Environmental Chemistry 
Laboratory (EAECL) at Rollins School of Public Health of Emory University.  Detailed analytical 
protocols are included as Appendix 2 to the QAPP.  Below we describe briefly each analytical 
process. 
 
Carbonyl Samplers 
Cartridges are extracted under partial vacuum using acetonitrile (ACN) as the eluting solvent.  
Aldehydes in air are quantified using solvent extraction of the DNSH-derivatized aldehyde followed by 
high performance liquid chromatography (HPLC).  Briefly, a two component gradient mobile phase is 
used with a Nova-Pak C18 column (Waters), 3.9 mm x 150 mm.  The two components of the mobile 
phase are: Solution A = 32% ACN and 68% water containing 1.6g/L of KH2PO4 and Solution B = 70% 
ACN and 30% water containing 1.6g/L of KH2PO4.  The time program consists of a linear gradient 
from 100% A to 100% B in 20 minutes, then from 100% B back to 100% A in 10 minutes, and then 
held at 100% A for 10 minutes.  The flow rate is 1.0 mL/min.  Detection is through a fluorescence 
detector with excitation wavelength of 240 nm, and an emission wavelength of 525 nm.  Injection of 
20 μL is sufficient for adequate sensitivity.  Appendix 2 provides more detail on the method. 
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VOC Samplers 
Both the main and backup components of the VOC sampler are analyzed.  The cartridges are 
extracted using a 50:50 v/v solution of carbon disulfide and hexane.  Quantification of the native 
compound is by gas chromatography/flame ionization detector (GC/FID) and is based on the EPA 
standard operating procedure for Volatile and Semi-Volatile Organics by gas chromatography.  
Briefly, 1 μL is injected onto the column using splitless injection.  The column is RTX-1, 30 m ID 0.25 
mm with a 5 μ film thickness. The injection temperature is 250 oC and the detector temeprature (FID) 
is 260 oC.  Initial column temperature is 35 oC held for three minutes, then ramped at 6 oC/min until a 
final temperature of 170 oC with a final hold time of two minutes.  The carrier gas is nitrogen.  
Appendix 2 provides the method in more detail. 
 
PAH Samplers 
For a given sampler, all four of the sampling sections are extracted by removing the column material 
from the holder and extracting the columns using hexane and sonication.  Quantification of the native 
compound is by GC/FID and is based on the EPA standard operating procedure for Volatile and 
Semi-Volatile Organics by gas chromatography.  Briefly, 1 μL is injected onto the column using 
splitless injection.  The column is RTX-1, 30 m ID 0.25 mm with a 5 μ film thickness. The injection 
temperature is 250 oC and the detector temperature (FID) is 260 oC.  Initial column temperature is 35 
oC held for three minutes, then ramped at 6 oC/min until a final temperature of 170 oC with a final hold 
time of two minutes.  The carrier gas is helium.  Appendix 2 provides the method in more detail. 
 
7. Data Analysis 

Sample quantification of the amount of analyte collected is achieved through a multipoint calibration 
procedure.  Calibration curves are determined by using at least five points of known concentration 
and observing the response in either the HPLC fluorescence detector, or the GC flame ionization 
detector.  The amount of material collected is determined by noting that the concentration observed at 
analysis divided by the final extraction volume yields the desired Amount.  The concentration in the 
air is then determined using the relationship derived in Section 2 under the subsection entitled 
Theory for Tube-Type Passive Samplers. 

τSR
AmountCair =  

 
 
8. Quality Assurance 
Our field protocol calls for passive sampling at 6-10 sites. Table 1 shows how the quality assurance 
samples will be distributed. 
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Table 1- Quality Assurance Samples Distribution 
 

Type of QA Sample Fraction
 

Number Notes 

Duplicates >20% 2 per 
sampling 
period 

Randomly Selected Two Sites Represented 
Each Monitoring Period.  Ensure that all sites 
are duplicated each six-month period. 

Field Blanks 20% 2 per 
sampling 
period 

Shipped, Brought to Field (but not opened), 
Returned to Laboratory 

Laboratory Blanks 20% 2 per 
sampling 
period 

Kept in Laboratory 

Validation Samples 10% 1 per 
sampling 
period 

Co-Located with Active Samplers 

Limits of Detection 

The sampling rates for passive samplers are much lower than for active samplers. In community 
settings, passive samplers are typically deployed for durations measured in days or weeks.  Our 
samplers will be placed for one week.  Because of this placement, the samplers give information on 
one-week average concentrations.  This is useful for trends analysis and determination of chronic 
effects.  However, for acute effects, short-term variability, or identification of unusual events, such 
sampling may not be the optimum choice.  The limits of detection for this investigation are given in 
Table 2. 

Indeed, passive sampler deployment for a week is on the margin for some of the compounds of 
interest. It is important to note that the values reported at Harrison Avenue, and certainly in Lynn, are 
very low for the compounds presented in Table 2. As part of a contingency plan, if the 7-day sampling 
schedule cannot achieve the proposed detection limits, a longer-term deployment of samplers to 
increase sensitivity based on the results of the first two months’ worth of sampling data will be 
considered.  

The sensitivity of the apparatus increases linearly with increasing deployment time subject to 
constraints of breakthrough or back diffusion.  It is unlikely that any of the samplers will experience 
breakthrough. This is true of the carbonyl samplers as the derivitizing agent is present in roughly 10-
fold excess in the sampler.  For the VOC samplers, concentrations are very low and it is unlikely that 
all active sites would be used up. However, this will need to be tested using the OVM 3520 sampler, 
which provides a backup section. With regard to the PAH samplers, breakthrough volume has not 
been determined.  However, the concentrations for these species are very low and the column 
capacity quite high decreasing the likelihood of breakthrough. From a theoretical and practical 
standpoint, it is anticipated that the passive monitors could be deployed for up to one month to 
increase the sensitivity of the samplers. 
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Table 2-  Draft limits of detection for passive sampling for air contaminants around Logan 
International Airport. 

Target 
Compound 

Harrison 
Avenue 
Mean in 

2005 
(ppb) 

Lynn 
Mean in 

2005 
(ppb) 

ADL/MDL 
(Pratt, 

Bock  et 
al. 2005)  

Propose 
MDL for 
Current 
Study 

Notes 

      
Benzene 0.39 0.22 0.04/0.12 

 
0.20 Liq Extr'n.   GC/FID    

Toluene 1.23 0.65 
 

0.03/2.00 2.00 Liq Extr'n.   GC/FID 

Ethylbenzene 0.16 0.05 0.05/0.09 
 

0.15 Liq Extr'n.   GC/FID    

Xylene 0.32 0.08 0.03/0.23 
 

0.30 Liq Extr'n.   GC/FID    

Formaldehyde 3.29 1.91 ----- 
 

0.03 (ADL) 
1.0 (MDL)* 

HPLC Fluorescence 

Acetaldehyde 1.9 1.79 ----- 0.03 (ADL) 
1.0 (MDL)* 

HPLC Fluorescence 

Propionaldehyde NM NM ----- 0.03 (ADL) 
1.0 (MDL)* 

HPLC Fluorescence 

Acrolein 0.65 0.65 ----- 0.02 (ADL) 
0.60 (MDL)* 

HPLC Fluorescence 

Napthalene NM NM ----- ** Liq Extr'n.   GC/FID   
 
ADL Analytical detection limit 
MDL Method detection limit 
NM Not Measured 
* MDL for aldehydes not yet determined.  Conservatively estimated at 30 * ADL 
** MDL/ADL not yet determined 
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Appendix 1. Sample Identification Scheme for Logan International Airport Air 
Quality Monitoring Study 
 
All samples collected during the Study will be labeled using a 15-character alphanumeric identification 
code, in the following sequence: 
 
Character Position  Data 
1 – 3    Study 
4     Type of sample 
5 – 6    Site location 
7 – 9    Parameter 
10 – 15   Start date 
 
Values for the codes are as follows: 
 
(1) Study:   BOS 
 
(2) Type of sample: 
 (a) Ambient: A 
 (b) Blank: B 
 (c) Duplicate: D 
 
(3) Site location: 
 (a) Primary sites: 
  (i) Saratoga Street (Annavoy) site: 01 
  (ii) Bremen Street site:   02 
  (iii) Court Road site:    03 
  (iv) Harrison Avenue (Roxbury) site: 04 
 (b) Satellite sites: 
  (i) Cottage Park Yacht Club site:  05 
  (ii) Constitution Beach site:   06 
  (iii) Jeffries Cove site:   07 
  (iv) South Boston Yacht Club site:  08 
  (v) Logan Satellite Fire Station site: 09 
  (vi) Coughlin Park site:   10 
  (vii) Bayswater Street site:   11 
 
(4) Parameter: 
 (a) Active 
  (i) PM2.5 (BAM):  APB 
  (ii) PM2.5 (FRM): APF 
  (iii) Black carbon: ABC 
  (iv) VOCs:  AVC 
  (v) Carbonyls: ACA  
  (vi) PAHs:  APA 
 (b) Passive 
  (i) PM2.5 (Minivol): PPM 
  (ii) VOCs:  PVC 
  (iii) Carbonyls: PCA 
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  (iv) PAHs  PPA 
 
(5) Start date:  Example, the date for July 1, 2007 is 070107. 
 
Example sample IDs: 
 

(I) BOS-A-02-AVC-070507 = Logan Study, ambient sample of active VOCs from Bremen site, 
taken beginning on July 5, 2007. 

(II) BOS-D-07-PCA-080607 = Logan Study, duplicate sample of passive carbonyls from 
Jeffries Cove site, taken beginning on August 6, 2007.  
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Appendix 2. Detailed Standard Operating Procedures 
 
Carbonyl Sampler Fabrication and Analysis 
Version 2.0  August 7, 2007 
Emory University/CDM/Massport Logan International Airport Ambient Air Quality Monitoring Study 

 
Preliminaries 
1. Standard Operating Procedures (SOPs) 

The SOPs should provide specific stepwise instructions, should be readily available, and be 
understood. 

2. HPLC Analytical System Performance 
Variation of response for replicate HPLC injections should be 5% or less, day to day, for 
analyte calibration standards at 0.05 µg/mL or greater level. 

3. Monitoring for Interferences 
3.1 Reagent (Laboratory) Blank.  A reagent blank is a sample extract of a fresh DNSH-

coated LC-C18 cartridge.  Before processing any samples, the analyst must 
demonstrate, through analysis of the reagent blank, that there are no interferences from 
the analytical system, glassware, and reagents that would bias the sample analysis 
results. 

3.2 Field Blanks.  Field blanks will be prepared by taking the DNSH-coated LC-C18 
cartridges to the field and returning the cartridges back to the lab at the end of the 
sampling period.  Field blanks will be analyzed with each group of samples. 

4. Method Precision and Accuracy 
4.1 Duplicate.  All carbonyl samples will be collected in duplicate.  Not more than one 

duplicate will be taken from each site.  Precision for duplicate samples must be 20% or 
better. 

4.2 Matrix Spike.  Five percent of control samples spiking with the target compounds will be 
analyzed.  Spiked sample recoveries of 80±10% should be achieved. 

4.3 Accuracy is determined by two different methods: chamber investigation; and, 
comparison with EPA Method TO-11. 

 4.3.1 The chamber method uses a fixed amount of aldehyde dissolved in solvent and 
volatilized in a hermetically sealed chamber.  This results in a fixed concentration of 
aldehyde in the chamber.  Sampling for 24, 48, and 168 hours at concentrations of 7X, 
7/2X, and 1X times expected concentrations are used to test the accuracy of the 
method.  The accuracy metric is:   

 

2
exp

2
exp )(

X
XX

R meas −=  

 
 Where Xmeas is the measured concentration in the chamber and Xexp is the expected 

concentration in the chamber.  Removal of material by the sampler is taken into account 
in these measurements in determining Xexp. 
4.3.2 A direct comparison will be made between measures of aldehyde concentrations 

by other methods, in particular EPA Compendium Method TO-11.  The metric is: 
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Where XZhang is the measured concentration by the passive sampler and XEPA is the 
concentration measured by the EPA method.   

 
Standard Operating Procedures-  

a. Standard Operating Procedure for Aldehyde Sampler Fabrication.  (Modification of 
Zhang Method (Zhang, et al., 2000) 

i. Chemicals and Apparatus Required  
1. 5-(dimethylamino)naphthalene-1-sulfohydrazide (dansylhydrazine, DNSH), 

reagent grade. 
2. Acetonitrile (ACN): HPLC grade, for DNSH sample preparation. 
3. Acetic Acid: reagent grade, to acidify the DNSH coating solution. 
4. Zero Air: House source scrubbed with DriRite and Activated Charcoal, for 

cartridge drying. 
5. Supelclean LC-18 Syringe Cartridge: 6-mL, 0.5g, Supelco Corporation, or 

equivalent sampling medium for carbonyls. 
6. Pipettes: Various volumetric and small Pasteur, with bulbs and pipettes  
7. Volumetric Flask: 100-mL, to prepare DNSH coating solution. 
8. Reagent Bottle: 100-mL or larger, to store DNSH stock solution. 
9. Sample container: Aluminum can for cartridge storage. 
10. Polyethylene Cap Plugs: to seal the DNSH-coated cartridges. 
11. Tiered Syringe Rack: two racks that will fit on top of each other; the bottom 

rack must fit the vials, the top must fit the cartridges, and must be able to line 
up with the vials. 

12. Vacuum Device 
13. Scrubber Cartridge: C18 Sep-Pak cartridge coated by DNSH. 
14. Vacuum Dessicator: Equipped with DNSH coated silica gel and sample tray 

to hold samples over the drying media.  4 mL conical polystyrene auto-
sampler sample cups are also useful as individual holding units for the 
cartridges.  Note: All glassware should be cleaned with deionized water and 
ACN. 

15. Caps: Plugs for DNSH cartridge. 
16. Clip and Tight-band: Clip holder and tight-band for holding the cartridge. 
17. Miscellaneous beakers and glassware including 25-mL  and 100-mL beakers. 
18. Laboratory glassware soap 
19. Deionized, distilled (DDI) water 
20. Ultra-high Purity (MilliQ) water 
21. Aluminum foil- e.g., heavy-duty Reynolds Wrap 
22. ZipLok Bags (1- and 4-L sizes) 
23. Freezer, e.g., Sears Kenmore -20 oC upright. 
24. Explosion-proof cabinet. 

 
b. Standard Operating Procedure for Manufacture of DNSH Coating Solution (Based on 

Zhang, et al. 2000) 
1. Weigh 250 mg of dansylhydrazine(1-dimethyl-amnionaphthaline-5-

sulfonylhydrazine, DNSH). 
2. Transfer DNSH into a 25-mL beaker and add about 20 mL of ACN. 
3. Mix DNSH solution and transfer the DNSH solution to a 250-mL volumetric 

flask. 
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4. Rinse the 50-mL beaker with 20 mL of ACN and transfer the DNSH solution 
to 250-mL volumetric flask.  Repeat three times.  

5. Add 0.25 mL of Acetic acid to the flask. 
6. Stopper the flask and shake to mix. 
7. Add ACN to the flask up to 250 mL. 
8. Stopper the flask and shake again to mix until homogenous. 

 
c. Standard Operating Procedure for Zhang Aldehyde Sampler Cartridge Coating 

Procedure (Based on Zhang, et al., 2000) 
1. Place the 6-mL syringe-type cartridges in the syringe rack system. 
2. Clean the cartridge with ACN.  Add 6 mL of ACN to each cartridge and allow 

ACN to drain by gravity into a waste reservoir. 
a. If cartridge does not drain by gravity, use vacuum system to pull ACN 

through cartridge.  Repeat until cartridge drains readily by gravity. 
3. Displace any air bubbles with a disposable Pasteur pipette. 
4. Add 4 mL of DNSH solution into each cartridge. 
5. Allow the cartridge to drain by gravity into a waste reservoir. 
6. Transfer to vacuum system and pull DNSH-cleaned air through cartridge. 
7. Return solvent to cartridge and repeat twice to complete deposition of DNSH 

on cartridge surface. 
8. Wipe off any excess liquid on the ends of the cartridges with a CLEAN tissue 

paper. 
9. Drying in a vacuum dessicator (Place a watch glass containing DNSH coated 

silica gel in the bottom of the dessicator.  Connect one piece of Tygon tubing 
to each end of a DNSH coated C18 scrubber cartridge, and then connect the 
cartridge between the dessicator and the VAC system. 

10. Place sample tray in dessicator, and arrange auto-sampler sample cups on 
tray (open end up).  Use as many as will fit firmly. 

11. Place the cartridges one-per-cup in the sample cups.  They should be sitting 
in a vertical position. 

12. Place the cover on the dessicator. 
13. Be sure that there is a good seal on the dessicator. 
14. Turn on the VAC.  After about ten seconds, test the vacuum and seal by lifting 

the lid.  If the lid lifts off, there is no seal, make sure the vacuum port in the 
dessicator is open, allowing the VAC to remove the air. 

15. If there is still no seal, check to make sure the VAC is operating properly. 
16. Repeat steps 12 -15until a seal is formed.  Note: The resistance to flow 

between cartridges varies, therefore, the time needed to create a vacuum 
may vary depending upon the cartridge being used. 

17. When a good seal is made, leave the cartridges to dry for 48 hrs. 
18. After 48 hrs, turn off the vacuum and disconnect the piece of Tygon tubing 

from the VAC unit.  The scrubber cartridge will slowly let the air back in while 
removing any contaminants. 

19. Once the vacuum has depleted, remove the lid and immediately cap the 
cartridges. 

20. Label the cartridges and sample container using the 4 labels designated for 
each sample.  Note: Clean the caps with soapy water, rinse them with tap 
water until there is no evidence of soap or bubbles.  Then rinse three times 
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with tap water, three times with DDI water, once with Milli-Q water, and twice 
with ACN. 

21. Wrap each labeled cartridge with aluminum foil. 
22. No labels should be affixed to the sampler.  Samplers are to be stored 

wrapped in aluminum foil in stapled (not glued) manila envelopes.  Affix all 
labels to the manila envelope.  Care must be taken in returning samplers to 
the appropriate storage envelope. 

23. Place the sample containers in a zip-lock bag.  Write the date on the bag (this 
will be the batch number) and place the bag in a freezer. 

24. Record the batch number and the respective identifying number of the 
cartridges.   

25. Note: Each coated cartridge should contain about 0.5 mg of DNSH and 
should be good for at least one month when stored in a freezer. 

 
Analysis Procedure 
Extraction of Aldehyde and Ketone-DNSH Derivatives 
 
1. Scope and Application 

Personal samples have been collected using Passive Aldehydes and Ketones Sampler 
(PAKS). Carbonyls react with DNSH present within the cartridges to form hydrazones that fluoresce.  
The cartridges will be extracted with acetonitrile (ACN) and the extract will then be analyzed by HPLC 
to determine the carbonyl content.  Analysis of these results can be interpreted to yield information 
pertaining to carbonyl exposure for the individual and the household from which the samples are 
obtained, such as where the majority of the individual carbonyl exposure occurred.  These results can 
then be further extrapolated to determine the exposure of a population to carbonyls, especially when 
correlated to the probable source emissions of the carbonyls. 

 
2. Summary of Method 

The collected cartridges are extracted using ACN, and the sample extracts are then analyzed 
by a HPLC. 

 
3. Safety 

Each chemical compound should be treated as a potential health hazard.  The user should 
obtain relevant health and safety information from manufacturers.  Handle all these chemicals in 
laminar-flow hoods, wear butyl or nitrile gloves when handling high concentrations of carbonyls during 
preparation of primary standards.  Avoid contact with skin, eyes, and clothing.  In case of contact, 
immediately flush skin or eyes with plenty of water for at least 15 minutes.  If eyes are affected, 
consult a physician. 

 
4. Chemicals and Apparatus Required 

4.1 Acetonitrile (ACN): HPLC grade: extraction solvent. 
4.2 Disposable pipettes: 5-mL volumetric and small Pasteur pipette, with bulbs and pipettes. 
4.3 HPLC auto-sampler vials: 4-mL glass vials, for HPLC analysis. 
4.4 Syringe and Cartridge Adapter: 10-mL syringes and adapter for squeezing out any left over 

ACN within the cartridge with a plunger. 
4.5 Labels pre-prepared: label the 4-mL glass vials. 
4.6 Two-tiered syringe/vial rack: two racks that will fit on top of each other.  The bottom rack must 

fit the vials, the top must fit the syringe-type cartridges, and the cartridges must be able to line 
up with the vials. 
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5.  Extraction of DNSH-Coated LC-C18 Cartridges 

5.1 Prepare 4-mL vials for sample extraction.  
5.1.1 Get a number of vials that you will use for cartridge extraction.  Place the TEF liner in 

the cap and label the vials. 
5.1.2 Pipet 2 mL of ACN into each extraction vial. 
5.1.3 Rinse (shake) the vials with caps on and dump the ACN to the waste. 

5.2 Extraction of carbonyl-DNSH samples 
5.2.1 Get PAKS from the freezer.   
5.2.2 Use pre-prepared labels to label the vials according to the sample IDs and place the 

vials in the bottom of the two-tiered syringe/vial rack apparatus. 
5.2.4 Remove the two caps from two side of cartridge. 
5.2.5 Match each cartridge with the label on the vial and place the cartridge into the rack 

above the vial. 
5.2.6 Pipette 2 mL of ACN into each cartridge and allow ACN to drain through the 

cartridges by gravity. 
5.2.7 After all the ACN has passed through, displace any liquid left in the cartridge using 

the syringe and cartridge adapter. 
5.2.8 Cap the cartridges, put the cartridges back into their original bag, and replace the bag 

to the refrigerator. 
5.2.9 Add enough ACN to each extraction vial to fill to the 2-mL mark. 
5.2.10 The syringe and cartridge adapter can be reused for all the extraction performed in 

one day. 
5.2.11 Analyze the samples as soon as possible or store the sample extract in the freezer 

until analysis. 
 

1. Analysis of Carbonyl-DNSH Derivatives using HPLC System 
1.1.  The method described is appropriate for the analysis of carbonyl-DNSH (5-(diethyl-amino) 

naphthalene-1-sulfohydrazide) derivatives using high pressure liquid chromatography with 
fluorescence detection, but precision and quality control data presented only for the most 
commonly found carbonyl compounds including formaldehyde, acetaldehyde, acetone, 
acrolein, propionaldehyde, crotonaldehyde, benzaldehyde, and hexaldehyde. 

 
1.2. The carbonyl-DNSH derivatives dissolved in acetonitrile (ACN) are injected on an HPLC, 

separated by a C18 reverse phase column, and identified and quantified by a fluorescence 
detector. 

 
1.3. Interferences 

1.3.1. Method interferences may be caused by contamination from solvents, reagents, 
glassware, and other sample processing hardware. 

1.3.2. Control of interferences 
1.3.2.1. Wash the glassware with detergent, rinse with tap water and deionized water, 

and oven dry at 180 °C for at least one hour.  Solvent rinses with acetonitrile may be 
substituted for the oven heating. 

1.3.2.2. Use high purity reagents and HPLC grade solvents. 
1.3.3. DNSH, especially in moist laboratory environments, can react with carbonyls when 

directly exposed to carbonyls in air.  Lower molecular weight carbonyls, such as 
formaldehyde, acetaldehyde, and acetone, are commonly found in the laboratory and 
outside air and can cause positive bias by reacting with DNSH.  For these reasons, 
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exercise care to reduce the exposure of samples, standard solutions, and DNSH reagent 
to air, and store DNSH in an explosion proof cabinet. 

1.4. Safety 
Formaldehyde has been tentatively classified as a suspected human carcinogen, and 

the toxicity of other reagents used in this method have not been defined precisely; however, 
each chemical compound should be treated as a potential health hazard.  The user should 
obtain relevant health and safety information from manufacturers.  Handle all these chemicals 
in laminar-flow hoods, wear butyl gloves when handling high concentrations of carbonyls 
during preparation of primary standards, and wear nitrile gloves when ACN and carbonyl-
DNSH derivatives.  If you spill any of the substance on the gloves, remove them immediately 
and wash your hands; continue the work with new gloves.  Contaminted gloves should be 
disposed of as hazardous materials according to the dictates of local health and safety 
regulations. Avoid contact with skin, eyes, and clothing.  In case of contact, immediately flush 
skin or eyes with plenty of water for at least 15 minutes.  If eyes are affected, consult a 
physician.  

1.5. Apparatus for Carbonyl-DNSH Analysis 
1.5.1. HPLC System  A HPLC system equipped with fluorescence detector.  
1.5.2. HPLC Column. Nova-Pak C18 column (Waters, 3.9 x 150 mm), or an equivalent 

column. 
1.5.3. Helium.  UHP/Zero-Grade.  For solvent degassing. 
1.5.4. Data Processor.  To record, integrate, and store chromatograms. 
1.5.5. Syringes.  250-µL or larger size for sample injection.  200, 500, and 1000-µL size, 

calibrated, for preparation of calibration standards. 
1.5.6. Volumetric Flasks.  10-mL volumetric flask for stock solutions and calibration 

standards. 
1.6. Unless otherwise indicated, all reagents must conform to the specifications established by the 

Committee on Analytical Reagents of the American Chemical Society.  Where such 
specifications are not available, use the best available grade. 

1.6.1.  Water. Deionized water filtered with 0.22-µm filter.  Mobile phase for HPLC analysis. 
1.6.2.  Acetonitrile (ACN).  HPLC grade.  Mobile phase for HPLC analysis. 
1.6.3.  Carbonyl Standard Materials for Target Compounds.  Aldrich, Inc., or equivalent.  

Obtain purity assay of each purchased standard before use. 
1.6.3.1. The Target Compounds in this study include: formaldehyde, acetaldehyde, 

propionaldehyde, acrolein, and benzaldehyde. 
1.6.4.  Carbonyl Mixture Solution. Prepare 1mg/mL carbonyls stock solution in ACN in a 100-

mL volumetric flask and put the flask in the freezer. 
1.6.5.  Carbonyl-DNSH Stock Solution.  Add DNSH coating solution (1000 mg/L DNSH with 1 

mL/L acetic acid) to a 10-mL volumetric flask.  Then add 50 μL carbonyl mixture solution 
to the flask.  Add DNSH coating solution to the flask up to 10 mL. Shake the mixture for 
30 seconds and allow the mixture to react for 60 minutes at 60°C in an oven. 

1.6.6.  Calibration Standards.  Prepare at least five different calibration standards that can 
bracket the expected average sample concentration using the stock solution. 
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1.7. HPLC Analysis 

1.7.1. Analytical Conditions  
Column: Nova-Pak C18 column (Waters), 3.9 mm x 150 mm 
Mobile Phase Gradient: Solution A = 32% ACN and 68% water containing 1.6g/L of 

KH2PO4; Solution B = 70% ACN and 30% water containing 1.6g/L 
of KH2PO4; linear gradient from 100% A to 100% B in 20 minutes, 
then from 100% B back to 100% A in 10 minutes, and then held at 
100% A for 10 minutes. 

Flow Rate: 1.0 mL/min 
Detector: The fluorescence detector is set at an excitation wavelength of 240 

nm and an emission wavelength of 470 nm. 
Sample Injection Volume: 20-µL 
The retention times for the target compounds tested are listed in Table 1. 
1.7.2. Initial Calibration.  Load calibration standards on the HPLC auto-sampler carrousel 
from low to high concentrations.  Inject 20-µL of each of the standards prepared in Section 
1.6.6 into the HPLC and record the response.  Repeat the injections for each standard until the 
response from the two successive injections agree within 5%.  Use the mean response for 
each calibration standard, and prepare a linear least square equation relating the response to 
the mass of the analyte in the sample.  Perform the calibration before analyzing each set of 
samples. 
1.7.3. Daily Calibration Check.  At the beginning of each day, analyze the mid-level 
calibration standard as described in Section 1.7.2.  The response factor from the daily analysis 
must agree with the response factor from the initial calibration within 10%.  If it does not, the 
initial calibration must be repeated. 
 
 

Table 1. Retention Times for various Carbonyl-DNSH * 
Compound Retention Time (min) 
Formaldehyde 10.7 
Acetaldehyde 12.1 
Acetone 14.0 
Acrolein 16.6 
Propionaldehyde 17.2 
Crotonaldehyde 18.8 
Benzaldehyde 23.5 
Hexaldehyde 25.9 

* The retention times may vary when the conditions of the analytic system have been 
changed.  Always run the authentic standards with the samples for the identification of 
the actual retention times of the target compounds. 

1.7.4. Sample Analysis.  
1.7.4.1. Label the auto-sampler vials according to the sample ID on the vials with sample 

extract. 
1.7.4.2. Pipette approximately 1.0 mL of sample from each sample vial into the auto-

sampler vial.  Make sure that the sample ID match on both sets of vials. 
1.7.4.3. Replace the sample vials back into the refrigerator. 
1.7.4.4. Prepare some ACN blank samples.   
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1.7.4.5. When loading auto-sampler vials on the HPLC auto-sampler carrousel, place an 
ACN blank sample at first, then samples.  Also place an ACN blank sample after 
each ten samples. 

1.7.4.6. Inject 20 µL of the sample into the HPLC.  If the sample response is above that of 
the highest calibration standard, either dilute the sample until it is in the measurement 
range of the calibration line or prepare additional calibration standards.  If the sample 
response is below that of the lowest calibration standard, prepare additional 
calibration standards.  If additional calibration standards are prepared, there will be at 
least two standards, which bracket the response of the sample.  These standards 
should produce approximately 80% and 120% of the response of the sample. 

 
1.8. Calculation 

1.8.1. Precision.  Calculate the individual response factor (RF) for each compound in the 
calibration standard using Equation 1:  

 
RF= As / Cs  (Equation 1) 

 

where: 

RF= response factor 
As = area counts of the standard, and 
Cs = concentration of compound in the standard, µg/mL. 
For each compound, determine the average RF and standard deviation of the RF values for all the standards.  If the percent relative 
standard deviation (%RSD) is greater than 10%, take corrective action to improve method precision.  When RSD% is less than 10%, then 
the mean RF is acceptable for use in calculating the concentration of the samples 

 
1.9. Construction of Calibration Curves.   

1.9.1. Construct the calibration curve for each target compound using the area counts against 
the concentrations, and the concentration in the sample are calculated using Equation 2: 

 
Cex = (Aex - AF  –  AB – b)/m (Equation 2) 

 
where: 
Cex = concentration of compound in the sample extract, µg/mL 
Aex = area counts of the sample,  
AF = area counts of the field blank sample,  
AB = area counts of solvent blank  
m = slope of the calibration curve, and  
b = intercept of the calibration curve. 

 
1.10. Calculate the Concentration in the Sample Air.   
The concentration (Cair, in μg/m3) of an airborne carbonyl was calculated from the following 

equation, 
 

C
C V

R T
air

ex ex
=

⋅
⋅

× 106      (Equation 3) 

where: Vex = extraction volume, in mL 
R = the sampling rate, in mL/min 
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T = sampling time or exposure duration, in min. 
 

PAKS sampling rates (R) for the 8 tested carbonyl compounds to calculate airborne 
concentrations of the 8 tested carbonyl compounds using Equation (3) are shown in Table 2. 

 

2. Table 2. PAKS sampling rates (R) for the carbonyl 
compounds * 

Compound R (mL/min) 
Formaldehyde 7.21 
Acetaldehyde 5.46 
Acetone 4.61 
Acrolein 4.77 
Propionaldehyde 4.55 
Crotonaldehyde 4.13 
Benzaldehyde 3.50 
Hexaldehyde 3.28 

The test temperature ranged from 20 to 40°C; relative humidity ranged from 10 to 90%, face velocity ranged from 0.01∼0.10m/s, 
exposure duration ranged from 24∼48hr, concentrations of the test carbonyls ranged from 1∼200ppb  (See Zhang, et al., 2000) 
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VOC Sampler Fabrication and Analysis 
Version 1.0  August 7, 2007 
Emory University/CDM/Massport Logan International Airport Ambient Air Quality Monitoring Study 
 
Preliminaries 
1. Standard Operating Procedures (SOPs) 

The SOPs should provide specific stepwise instructions, should be readily available, and be 
understood. 

2. GC Analytical System Performance 
Variation of response for replicate GC injections should be 5% or less, day to day, for analyte 
calibration standards at 0.05 µg/mL or greater level. 

3. Monitoring for Interferences 
3.1 Reagent (Laboratory) Blank.  A reagent blank is a sample extract solvent (see below).  

Before processing any samples, the analyst must demonstrate, through analysis of the 
reagent blank, that there are no interferences from the analytical system, glassware, 
and reagents that would bias the sample analysis results. 

3.2 Field Blanks.  Field blanks will be prepared by taking a sampler to the field, but not 
exposing it.  Field blanks will make up 5% of the samples analyzed. Field blanks will be 
analyzed with each group of samples. 

4. Method Precision and Accuracy 
4.1 Duplicate.  At least 25% of the VOC samples will be taken in duplicate.  Not more than 

one duplicate will be taken from each site.  Precision for duplicate samples must be 
20% or better. 

4.2 Matrix Spike.  Five percent of control samples spiking with the target compounds will be 
analyzed.  Spiked sample recoveries of 80±10% should be achieved. 

4.3 Accuracy is determined by two different methods: chamber investigation; and, 
comparison with EPA Method TO-14. 

 4.3.1 The chamber method uses a fixed amount of standard VOC dissolved in solvent 
and volatilized in a hermetically sealed chamber.  This results in a fixed concentration of 
aldehyde in the chamber.  Sampling for 24, 48, and 168 hours at concentrations of 7X, 
7/2X, and 1X times expected concentrations are used to test the accuracy of the 
method.  The accuracy metric is:   
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 Where Xmeas is the measured concentration in the chamber and Xexp is the expected 

concentration in the chamber.  Removal of material by the sampler is taken into account 
in these measurements in determining Xexp. 
4.3.3 A direct comparison will be made between measures of aldehyde concentrations 

by other methods, in particular EPA Compendium Method TO-14.  The metric is: 
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Where XOVM is the measured concentration by the passive sampler and XOther is the 
concurrent concentration measured by the reference method.   
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Fabrication of Samplers 
 
The passive samplers used for VOC analysis in this study are the 3M OVM 3500/3510/3520 series.  
These samplers are typically used in industrial settings, but have been validated for longer-term use 
in community settings.  The number identifies the samplers as follows: 
 OVM 3500- Standard passive sampler 
 OVM 3510- Standard passive sampler with laboratory analysis 
 OVM 3520- Standard OVM sampler with a back-up cartridge used to test for breakthrough 
Each of these samplers is used under certain circumstances. 
 
These samplers are purchased fully fabricated from 3M or other vendors, e.g, Fisher Scientific. 
 
Outline of Method 
The passive samplers are deployed in the community environment in a simple fashion.  The sampler 
comes from the manufacturer in a metal “pudding can” that has been sealed with the sampler inside 
at the factory.  A plastic cap is removed revealing the pull tab.  The metal top is removed by pulling 
the pull tab.  Inside the can is the sampler and a closer to be used once sampling is finished.  The 
sampler itself consists of a plastic housing holding a quantity of activated charcoal and a diffusion 
membrane.  VOCs diffuse through the membrane and are collected on the surface of the activated 
charcoal.  The plastic housing has an attached clip to afford attachment to, for example, a lapel or, in 
our case, to the metal housing associated with our sampling apparatus.  Also within the can is a 
plastic cap to be used to reseal the sampler once the sampling has been completed. 
 
Upon removal of the sampler from the can, sampling begins.  The field technician will note the date 
and time of deployment.  After an appropriate period of time, the sampler is taken down.  The sampler 
is sealed with the plastic cap mentioned above.  This cap fits tightly over the diffusion barrier surface 
thereby precluding further collection of VOCs.  The sampler, with the cover on, is returned to the can 
from which it was originally taken, and the plastic cover is placed over the can further reducing 
exposure.  The time the sampler was originally placed, and the time when sampling ceased are 
recorded both on the sampler, on the can, and in the field log. 
 
Samplers are returned to the laboratory for further processing.  If the sampler is an OVM 3510, the 
cans are shipped to the outside laboratory for analysis.  OVM 3500 samplers and OVM 3520 
samplers are analyzed in the Emory laboratory.  Sample analysis is identical for these two types of 
samplers with the single exception that for the OVM 3520 sampler both the “front” charcoal sampler 
and the “backup” charcoal sampler are analyzed, each separately. 
 
Sample analysis is performed via liquid extraction followed by gas chromatographic separation and 
detection by flame ionization detector.  Briefly, 1.5 mL of 1:1 carbon disulfide/hexane is pipetted 
through one of the unplugged plug caps on the plastic cap of the sampler.  The plug is replaced and 
the sampler shaken for two minutes.  Both plugs are then undone and the solvent poured into a GC 
sampling vial.  These vials are placed in the autosampler and analyzed for BTEX and other related 
compounds.  See Appendix 7-  Gas Chromatographic Method for VOCs and PAHS for GC 
Method. 
 
Quantification is achieved through a multi-point calibration curve derived from certified standard 
materials.  Quality assurance procedures including blanks (5%), spikes (5%), and duplicate samples 
(at least 25%) are part of the standard procedure.  In addition, OVM 3510 outside laboratory analyses 
on duplicate samplers are complete.  These include 100% duplication on the first monitoring period 
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and at least 10% on each ensuing monitoring period. 
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PAH Samplers 
Version 1.0  August 7, 2007 
Emory University/CDM/MassportLogan International Airport Ambient Air Quality Monitoring Study 
 
Preliminaries 
1. Standard Operating Procedures (SOPs) 

The SOPs should provide specific stepwise instructions, should be readily available, and be 
understood. 

2. GC Analytical System Performance 
Variation of response for replicate GC injections should be 5% or less, day to day, for analyte 
calibration standards at 0.05 µg/mL or greater level. 

3. Monitoring for Interferences 
3.1 Reagent (Laboratory) Blank.  A reagent blank is a sample extract solvent (see below).  

Before processing any samples, the analyst must demonstrate, through analysis of the 
reagent blank, that there are no interferences from the analytical system, glassware, 
and reagents that would bias the sample analysis results. 

3.2 Field Blanks.  Field blanks will be prepared by taking a sampler to the field, but not 
exposing it.  Field blanks will make up 5% of the samples analyzed. Field blanks will be 
analyzed with each group of samples. 

4. Method Precision and Accuracy 
4.1 Duplicate.  At least 10% of the PAH samples will be taken in duplicate.  Not more than 

one duplicate will be taken from each site.  Not more than one duplicate will be taken 
from each site.  Precision for duplicate samples must be 20% or better. 

4.2 Matrix Spike.  Five percent of control samples spiking with the target compounds will be 
analyzed.  Spiked sample recoveries of 80±10% should be achieved. 

4.3 Accuracy is determined by two different methods: chamber investigation; and, 
comparison with EPA Method TO-13. 

 4.3.1 The chamber method uses a fixed amount of standard VOC dissolved in solvent 
and volatilized in a hermetically sealed chamber.  This results in a fixed concentration of 
aldehyde in the chamber.  Sampling for 24, 48, and 168 hours at concentrations of 7X, 
7/2X, and 1X times expected concentrations are used to test the accuracy of the 
method.  The accuracy metric is:   
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 Where Xmeas is the measured concentration in the chamber and Xexp is the expected 

concentration in the chamber.  Removal of material by the sampler is taken into account 
in these measurements in determining Xexp. 
4.3.4 A direct comparisons wil be made between measures of aldehyde concentrations 

by other methods, in particular EPA Compendium Method TO-13.  The metric is: 
 

2

2)(

Other

OtherPAH

X
XX

R
−

=  

 
Where XPAH is the measured concentration by the passive sampler and XOther is the 
concurrent concentration measured by the reference method.   
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Fabrication of Samplers 
 
The passive samplers used for PAH analysis are based on the Fan-Lioy passive sampler.  This 
sampler uses gas chromatographic column material as the collection medium.  Numerous small 
pieces of column material are bundled together, enclosed in a protective wire mesh and deployed in 
the field.   
 
Fabrication Steps 

1. Each sampler consists of eighty 2 cm pieces of 0.5mm column material with an inside non-
polar (C18) type coating. 

2. Begin by cutting 80 2 cm lengths of the column material.  These are placed in a ½” CapPlug 
LC8 flanged cap to allow easier handling. 

3. The 80 column pieces are first bound together with thread to facilitate handling further. 
4. The thread-bound pieces are then wired together is a single unit using flexible metal wire.  

Floral wire works well for this purpose. 
5. The thread initially holding the material together is removed once the wire is firmly in place. 
6. These units are baked in an oven at 250 oC for 30 minutes to drive off any material bound to 

the column pieces. 
7. The units are wrapped in aluminum foil, placed in a metal can containing activated charcoal, 

which is then sealed with aluminum foil and placed in the refrigerator. 
8. Wire mesh containers for the samplers are fabricated as follows: 

a. A 6 cm x 6 cm square of stainless steel mesh is cut from the large roll. 
b. The square is rolled into a cylinder with two open ends and approximately 1 cm of 

overlap. 
c. A 15 cm piece of fine gauge stainless steel wire is cut from a roll and used to “sew” the 

mesh together.  This is accomplished by threading the wire twice through one end of the 
overlapping mesh, leaving an opening on that end.  The wire is then threaded through 
the other end of the overlapping region to secure it. 

d. The second end is now flattened using flat, needle-nosed pliers.  The free wire is then 
used to seal that end again using a “sewing-like” stitch.  Any excess wire may be 
clipped off taking care not to injure the skin with the sharp wire. 

e. One now has a “pouch” with one sealed end and one open end. 
9. To complete fabrication of the sampler, a single unit of the bundled column material is 

introduced through the open end of the pouch.  If the dimensions described above were used, 
there should be sufficient space for the bundle to drop well into the pouch. 

10. The open end is now sealed using a 12 cm length of wire.  Needle nose pliers are used to 
close the end.  The wire is passed through both layers of mesh toward one edge of the 
samplers, stitched across the open end, and back through the other side (both layers) on the 
opposite end of the pouch.  The wire is pulled tight leaving about the same amount on either 
free end.  Twist the two ends together to tighten the system together.  Clip the excess wire, but 
leave approximately 3 cm as a “tail” to indicate which side of the pouch is to be opened for 
analysis (see below.) 

11. The mesh sampling unit is wrapped in aluminum foil, placed in a can containing activated 
charcoal, which is in turn covered with aluminum foil, and stored in the refrigerator prior to 
deployment in the field. 
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Field Deployment and Retrieval 
PAH samplers are deployed in the field in a manner analogous to other samplers.  A single mesh 
sampler unit is secured with floral wire inside the can.  The field technician notes the date and time of 
deployment in the field log.  Upon retrieval, the technician again notes the date and time, retrieves the 
sample, wraps it in aluminum foil, and places it inside a labeled small manila envelope.  The envelope 
is sealed with a small binder clip.  The small manila envelop is placed inside a small metal box or can 
containing activated charcoal.  Multiple samples, if properly labeled, can be placed in the same can. 
 
Field Deployment, Retrieval, and Storage 
Sample analysis is performed via liquid extraction followed by gas chromatographic separation and 
detection by flame ionization detector.   
 
Sampling bundles are retrieved from the mesh protection device by cutting the wire on the side with 
the 2 cm “tail” and pulling the pieces out.  The sampling unit- the column material is removed from 
inside for analysis.  Storage can be accomplished, if necessary, by wrapping in aluminum foil, placing 
in a container with activated charcoal, and storage in a refrigerator, making sure to carefully note the 
sample identification number. 
 
Analysis 
Analysis is effected through liquid extraction, followed by concentration, and analysis through gas 
chromatographic separation followed by detection by flame ionization detector.  The method is 
outlined below. 

1. Remove sampler unit from storage and remove the flexible wire binding the column material 
pieces together.  

2. Place all column pieces in a clean, hexane-rinsed 15 mL disposable centrifuge tube. 
3. Add 5 mL of chromatography grade hexane to the tube and cap. 
4. Vortex for two minutes. 
5. Decant extract into another clean, hexane-rinsed 15 mL disposable centrifuge tube and cap 

the tube. 
6. To the tube containing the column pieces, add an additional 5 mL of 50:50 hexane/methylene 

chloride and cap tube. 
7. Sonicate for 20 minutes. 
8. Add the extract to the original hexane extract.  NB The column material can be reused if baked 

out for two hours. 
9. The centrifuge tube now contains approximately 10 mL of solvent.  Using the TurboVap, blow 

down the 10 mL solvent under a zero air stream at a temperature of 30 oC and a pressure 
setting of 10 until the volume is approximately 1 mL. 

10. Continue to blow down under the same conditions, but under close scrutiny to a volume of 
100µL. 

11. Transfer all of the sample to a GC autosampler vial and seal. 
12. See Appendix 7-  Gas Chromatographic Method for VOCs and PAHS for GC Method. 

 
Quantification is achieved through a multi-point calibration curve derived from certified standard 
materials.   
 
Quality assurance procedures including blanks (5%), spikes (5%), and duplicate samples (at least 
10%) are part of the standard procedure.  In addition, OVM 3510 outside laboratory analyses on 
duplicate samplers are complete.  These include 100% duplication on the first monitoring period and 
at least 10% on each ensuing monitoring period. 
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Appendix 3.  Field Sampling Log 
 
Field Log Form 
Version 2.0  August 7, 2007 
Emory University/CDM/Massport Logan International Airport Ambient Air 
Quality Monitoring Study 

 
 
 

Sample Label Goes Here 
 

 
Sampling Information 
 
Sample Out 
Date Out:  ____________  Time Out: ________ 24 hr 
 
Technician Name: _______________ Initials ______ 
 
 
Sample In 
Date In:  _____________  Time In: __________ 24 hr 
 
Technician Name: _______________ Initials ______ 
 
 
Field Notes: 
 
 
 
 
 
 
 
 
 

Page _____                                   [    ]  Continued on Next Page 
 

 
Check Appropriate Boxes 
 
Sample Type: 

[    ]  Ambient 
[    ]  Blank 
[    ]  Duplicate 

 
Site location: 

   [    ]  Saratoga Street (Annavoy) 
[    ]  Bremen Street  
[    ]  Court Road 
[    ]  Harrison Avenue (Roxbury) 
 
[    ]  Cottage Park Yacht Club 
[    ]  Constitution Beach 
[    ]  Jeffries Point Cove   
[    ]  South Boston Yacht Club 
[    ]  Logan Satellite Fire Station  
[    ]  Coughlin Park  
[    ]  Bayswater Street  

 
Parameter: 

[    ]  VOCs 
[    ]  Carbonyls 
[    ]  PAHs 

 
 

Note:  There should be one 
Field Log Form for each 
sample, duplicate, and 
blank. 
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Appendix 4.  Chain of Custody Form 

Chain of Custody Tracking Form 
Version 2.0  August 6, 2007 
Emory University/CDM/Massport Logan International Airport Ambient Air 
Quality Monitoring Study 

 
 
 

Sample Label Goes Here 
 

 
Sample Taken by: _________________________ 
 
Initials:                   _________________________ 
 
Collection Date:    ___________   Time: _______  24 hr 
 
Comments: 
 
 
 
 
 

Page _____                                   [    ]  Continued on Next Page 
 

 
Check Appropriate Boxes 
 
Sample Type: 

[    ]  Ambient 
[    ]  Blank 
[    ]  Duplicate 

 
Site location: 

   [    ]  Saratoga Street (Annavoy) 
[    ]  Bremen Street  
[    ]  Court Road 
[    ]  Harrison Avenue (Roxbury) 
 
[    ]  Cottage Park Yacht Club 
[    ]  Constitution Beach 
[    ]  Jeffries Point Cove   
[    ]  South Boston Yacht Club 
[    ]  Logan Satellite Fire Station  
[    ]  Coughlin Park  
[    ]  Bayswater Street  

 
Parameter: 

[    ]  VOCs 
[    ]  Carbonyls 
[    ]  PAHs 

 
 

Note:  There should be one 
CoC for each sample, 
duplicate, and blank. 

 
 
Sample/Data Transferred 

 
From: 

 
To: 

 
Date 

 
Time 

 
Name 

 
Init- 
ials 

 
Organ
-
ization 

 
Name 

 
Init- 
ials 

 
Organ
-
ization 

 
Purpose 
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Appendix 5.  Problem Reporting Form 
 
Problem Reporting Form   
Version 1.0  July 1, 2007 
Emory University/CDM/Massport Logan International Airport Ambient Air Quality Monitoring Study 
 
  
Person reporting problem: 
 
 

 
Affiliation and position: 

 
Date: 

 
Description of problem, suggested action, etc.: 
 
 
 
 
 
 
 
 
 
 
Forwarded to: 
 
 

 
Affiliation and position: 

 
Date: 

 
Action: 
 
 
 
 
 
 
 
Forwarded to: 
 
 

 
Affiliation and position: 

 
Date: 

 
Action: 
 
 
 
 
 
 
 

 
page _____ [   ] continued on next page 
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Appendix 6.  Field Sample Collection Protocol 
 
Field Collection Protocol for Passive Samplers 
Version 2.0  August 7, 2007 
Emory University/CDM/Massport Logan International Airport Ambient Air Quality Monitoring Study 
 
 
Carbonyl Samplers 
Carbonyl samplers consist of a plastic chromatography column with about two cm of packed material 
in one end.  There is an open end with a flat flange around it.  The more closed end has a clear 
plastic plug on the end of a small, nipple-like protrusion.  See Figure 1 below.  The carbonyl samplers 
are placed in duplicate with the pair held together by rubber bands.  They are attached inside the 
cans by having the two-paired samplers straddle one of the internal wires.  
 

 
 

Figure 1.  Carbonyl sampler in “non-sampling” configuration. 
 
 
 
Pickup Protocol. 

1) The samplers are removed from the can by maneuvering the paired samplers off the internal 
wire and then out of the can.    

 
2) Separate the two samplers from one another by removing the rubber bands and wire.  One of 

the samplers will have an additional rubber band near the opening.  This is the “duplicate” 
sampler. 

 
3) Find the yellow caps stored in the “pudding cans” to be used for the OVM samplers (see 

Figure 1 to identify “pudding cans.”)  They will be found in the “Ambient” or main sampling 
pudding can for VOCs (see below.) 
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4) Place the yellow cap in the open end of the sampler(s) ensuring a firm seal. 
 
5) Record the data and time on the Carbonyl Main record (noted on label) Field Log Form 

(Version 2.0 dated 7 August 2007.)  Record any field notes of interest, e.g., Spiders in tube.   
 

6) Repeat this process for the for the Carbonyl Duplicate sampler. 
 

7) Securely wrap the sampler in aluminum foil.  The samplers are light sensitive. 
 

8) Place each sampler in a small manila envelope noting the site number.  If duplicates are run, 
arbitrarily assign one as the primary sampler and the other as the duplicate sampler.  Sample 
identification is through a scheme developed specifically for this study.  For example, the 
primary sample for the Annavoy site with sampling commencing on 07/03/2007 would be 
labeled BOS-A-01-PCA-070307 while the duplicate would be labeled BOS-D-01-PCA-070307. 
See Sample ID Scheme documentation for clarification. 

 
9) Seal envelop with a small binder clip.  Do not use glue, tape, or any other adhesive material. 

 
10) Report any problems in the Problem Reporting Form found in the back of the monthly file log 

notebook.  Examples of problems include “Water in sampler”, “Sampler Broken”, etc. 
 

11)  Place the samplers in a cooler or shipping pack with ice packs to keep cool.  The materials 
are heat sensitive as well. 

 
12)  See Shipping Protocol for shipping information. 
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VOC Samplers 
The VOC samplers are 3M OVM 3500/3510 sampling badges commonly used in industrial setting.  
The OVM 3500/3510 is reddish-brown in color and somewhat thinner that the dark brown OVM 3520 
(See pictures.)  The two samplers differ only in that the OVM 3520 contains a main sampling section 
and a backup section designed to assess breakthrough.  They are treated differently on pickup.  We 
are currently using both samplers in a duplicate sample arrangement.  The OVM 3520 samplers will 
be analyzed by our laboratory while the OVM 3510 sampler will be sent out for external analysis for 
quality control purposes. 
 
NB.  Commencing with August 2007 sampling, only OVM 3500/3510 series samplers will be 
used. 
 

 
 
Figure 2.  Passive diffusion monitor “pudding can.” 
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Figure 3.  Contents of the OVM 3520 “pudding can.”  Note that the OVM 3510 contains a somewhat 
thinner, reddish orange badge and only a single cap with two plugs. 
 
Pickup Protocol  
NB.  Commencing with August 2007 sampling, only OVM 3500/3510 series samplers will be 
used. 
 
OVM 3500/3510 Samplers 

1) Unclip the sampler from the internal wires in the can.   
 
2) Find the appropriate sample “pudding can” for the OVM 3500/3510 sampler and Site location.  

All locations will have at least one OVM 3500 sampler.  Some sites may have an additional 
OVM 3500 or OVM 3510 sampler as a duplicate.  The sample cans are identified with the 
appropriate number.  Match the can with the number on the sampler. 

 
3) Inside the can will be a plastic sealing cap that snaps onto the face of the sampler (See Figure 

3.)  Snap the plastic cap onto the face of the sampler ensuring a positive fit and a snap 
associated with locking into place.  Also ensure that the two small plugs are in place. 

 
4) Record the data and time on the VOC Field Log (Main or Duplicate as appropriate) under the 

columns Date In and Time In. 
 

5) Fill in appropriate information on the back of the badge using a ballpoint pen, not a “sharpie” or 
any other type of marker as these samplers collect volatile organic compounds.  Sample 
identification is through a scheme developed specifically for this study.  For example, the 
primary sample for the Annavoy site with sampling commencing on 07/03/2007 would be 
labeled BOS-A-01-PVC-070307 while the duplicate would be labeled BOS-D-01-PVC-070307. 
See Sample ID Scheme documentation for clarification. 
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6)  Place the sealed sampler in the appropriate “pudding can” and replace the plastic snap cap 
ensuring a secure and tight fit. 

 
7) Record information requested on the top of the can.  For example, the primary sample for the 

Annavoy site with sampling commencing on 07/03/2007 would be labeled BOS-A-01-PVC-
070307 while the duplicate would be labeled BOS-D-01-PVC-070307. See Sample ID Scheme 
documentation for clarification. 

 
8) No special handling is required for these samplers after this point.  See Shipping Protocol for 

shipping instructions. 
 
OVM 3520 Samplers  NB.  Commencing with August 2007 sampling, only OVM 3500/3510 series 
samplers will be used.  There should be no OVM 3520 samplers deployed in the field after July 
sampling. 
 
The OVM 3520 samplers consist of two parts.  Although the treatment of each is similar to the OVM 
3500, there are some differences.  Reading through this protocol will identify these differences. 
 

1) Unclip the sampler from the internal wires in the can. 
 
2) Find the appropriate sample “pudding can” for the OVM 3520 sampler and Site location. 

 
3) Inside the can will be three plastic sealing caps that snaps onto the face of the sampler.  Two 

of these will be similar to those found in the OVM 3500/3510 system.  The third differs in that it 
has a male rather than female fitting and no small plugs. (See Figure 3.)   

 

 
 
Figure 4.  A close up of the assembled OVM 3520 badge.  The top piece continuing the diffusion 
membrane is indicated by the arrow. Place the a wide-blade screwdriver here to pry off cap. 
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4) Separate the two parts of the sampler.  This is best done using a wide, flat-blade screwdriver 
or similar instrument.  The top half is somewhat larger than the bottom half.  Figure 4 indicates 
the position for the blade.  Figure 5 shows the diffusion membrane removed with the reminder 
of the sampler intact.  Figure 6 shows the disassembled OVM 3520 badge system. 

 
 

 
 
Figure 5-  OVM 3520 sampler after removal of diffusion cover. 

 

 
 

Figure 6.  Fully dissembled OVM 3520 badge.  
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Figure 7.  Bottom section and bottom of top sectionof OVM 3520 with sealers affixed. 
 

5) Starting with the bottom half, snap a plastic cap onto the face of the sampler ensuring a 
positive fit and a snap associated with locking into place.  Also ensure that the two small plugs 
are in place.  See left side of Figure 7. 

 
6) Set aside this sealed system for a moment. 
 
7) Place the male clear plastic cap in the bottom of the upper piece.  This fits in with a less solid 

feeling cap so ensure that it is firmly seated.  See middle of Figure 7. 
 

8) Place the remaining clear plastic cap on the top of the top half of the sampler again ensuring a 
positive snap in and that the plugs are securely fixed in the holes.  See Figure 8. 
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Figure 8.  Two parts of OVM 3520 badge with top seals.  Bottom seal not in place. 
 

9) Record the data and time on the VOC Field Log under the columns Date In and Time In. 
 

10) Fill in appropriate information on the back of both halves of the badge using a ballpoint pen, 
not a “sharpie” or any other type of marker as these samplers collect volatile organic 
compounds.  For example, the primary sample for the Annavoy site with sampling 
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commencing on 07/03/2007 would be labeled BOS-A-01-PVC-07/03/07 while the duplicate 
would be labeled BOS-D-01-PVC-07/03/07. See Sample ID Scheme documentation for 
clarification. 

 
11) No further special handling is required for these samplers after this point.  See Shipping 

Protocol for shipping instructions. 
 

12) Place the sealed sampler in the appropriate “pudding can” and replace the plastic snap cap 
ensuring a secure and tight fit.  See Figure 9. 

 
13) Record information requested on the top of the can. 
 
 

 
 

 
Figure 9.  Sealed samplers returned to “pudding can.”  Note: it is a tight fit and is best done as 
indicated in the picture. 
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PAH Samplers 
PAH samplers consist of sampling material enclosed in a wire mesh (See Figure 10.)  The 
samplers are attached to the sampling can using thin, malleable wire. 
 

 
 

Figure 10.  PAH sampler. 
 
Pickup Protocol 
1) The PAH samplers consist of a metal mesh “pouch” containing sampling material that is 

suspended inside the can using green, malleable  florist wire.  The wire is attached to the 
metal pouch and threaded through a hole in the side of the can.  The malleable wire is then 
wrapped around the thicker, plastic-coated wire used to attach the entire can apparatus to the 
external support. 

 
2) Cut the wire holding the sampler in the can thereby freeing it.  Take care in handling the 

sampler as the wire holding the mesh together is very sharp and will penetrate the skin easily. 
 
3) Cut away excess green attachment wire as needed, but do not cut wire holding the sampler 

together.  It is better to leave a little extra wire on the sampler than to risk cutting the sampler 
part. 

 
4) Securely wrap the sampler in aluminum foil.  The samplers are light sensitive. 

 
 

5) Place the wrapped samplers in small manila envelopes and seal the envelope with a small 
binder clip.  Do not use tape, glue, or adhesives of any kind. 

 
6) Label the manila envelop appropriately using a ballpoint pen, not a “sharpie” or other marker.  

Sample identification is through a scheme developed specifically for this study.  For example, 
the primary sample for the Annavoy site with sampling commencing on 07/03/2007 would be 
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labeled BOS-A-01-PPA-070307 while the duplicate would be labeled BOS-D-01-PPA-070307. 
See Sample ID Scheme documentation for clarification 

 
7) Place the sampler in the small metal boxes containing some activated charcoal and place the 

cover on the container.  Place a rubber band around the metal box to endure that it remains 
closed. 

 
8) Record the data and time on the PAH Field Log under the columns Date In and Time In.   

Currently we are not running duplicates with these samplers.  That will change in the 
future. 

 
9) Note that multiple samplers can be placed in the same container as long as they are sealed in 

the small envelopes. 
 

10) No further special handling is required for these samplers after this point.  See Shipping 
Protocol for shipping instructions. 

 
 

 
Sampler Protective Enclosure “Cleanup” Protocol 
The Sampler Protective Enclosures (“cans”) should be retuned to their pre-sampling condition at the 
end of each visit.  After collection all samplers and cans should be removed from their mounting 
location.  All wires used to hold samplers in, with the exception of the large gauge mounting wire 
should be removed.  If the sampling cans are to be returned to the office, the large gauge mounting 
wire should be wrapped around the top of the can and secured by twisting the ends around the 
wrapped wire.  The green floral wire can be discarded.  Cans at the Annavoy Street Site, the Court 
Road Site, Bremen Street Site, Harrison Avenue, and Airport Fire Rescue #2 Site can be left in place 
as vandalism and attractive nuisance are far less likely at these locations.  At the other locations, 
discretion is left to the field technician as to whether the can should be removed.  In any case, if a can 
is found missing at any time during the study, the can should be brought back to the CDM site from 
then on after sampling.  Cans can be stored in the original shipping containers for the time between 
sampling. 
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Appendix 7.  Gas Chromatographic Method for VOCs and PAHS 
Draft Version 0.9  July 1, 2007 
Emory University/CDM/Massport Logan International Airport Ambient Air Quality Monitoring Study 
 
Method: VOC2.M 
Method Comments: Ron-method for VOC/PAH air analyses 
Select Injection Source: Manual 
Select Injection Location: Front 
 
Temperature 
Inlet A: 250 C 
Det A: 250 C 
 
Oven Parameters 
Oven Equilibrium Time: 3.00 min 
Oven Max: 350 C 
Ambient: 25 C 
 
Oven Program 
30 C (hold 4 min) to 175 C @ 8 C/min, to 220 C @ 20 C/min (hold 2 min) 
 
Inlet Purge A/B 
Inlet A is on and SPLITLESS.  
On Time: 1.00 
Off Time: 30.00 
 
Inlet B is OFF 
 
Valve/ Relay Time Table 
Time: 0.00 Min 
Name: Valves 1-4 
State: All Valves are OFF. 
 
Detector A FID is ON 
 
Signal 2 SELECTED 
Signal 2 
Source: Detector A 
Peak Width: 0.053 Min 
Data Rate: 5.000 Hz 
Data Storage: ALL (unchecked) 
Start Data: 7.00 Min 
Stop Data: 22.00 Min 
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Integration Events 
Time  Integration Events Value 
Initial Slope Sensitivity 500 
Initial Peak Width 0.08 
Initial Area Reject 1 
Initial Height Reject 1 
Initial Shoulders OFF 
 
 




