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FOREWORD 

The Atn:ospteric Research and Exposure Assess:nent Laboratory (AREAL) in 
Research Triangle Park, Ncrth CaroJna, is cne of th...---ee labcratories in the Ofice of 
Moceling, Monitoring Systems, and Quality Assurance (01v!MSQA). It co:iducts researct 
programs in Cle chem:cal, physical, a.,d biological sciences desigc.ed to (l) characte:dze, 
modtor, and quantify :he curre:1t stat.is of ambient air q:.iality and air pollutant exposure to 
humans and ecosystems through :,oth direct and indirect pathways, (2) develop ar.d apply 
mathematica: models over broad spatial and tempo:al domains to inte.11.)olate between 
:neasured environmental pa.ramete~s and the transpo:t and ra..nsf::mnation of afr polk::a.nts and 
to predict futJre changes, (3) report on trends, (4) detennine source-receptor rela~ionships, 
(5) provide research support to prcgran:: offices, (6) carry 01:: long :erm multidisciplinary 
resP..arcb programs, a.cd en collect, analyze ac.d interp:-et (both nunericaily and v:sually} air 
qual.:.:y and other env:rorur..ental a..11d human exposure related data. 

Recently, AREAJ.., has been given !he responsibility by the Clean Air Scientific 
Advisory Committee (CASAC) of obta.in.ing information needed fer scientific assessment of 
:he possible need for a fr1e particle standard for ac:d aerosols to :;,rotect hu:nan hea:.th. To 
this end, AREAL co:iducted a workshop in 1989 to detennine a:c.d exchange views on ~he 
various methods that l:ave been and a.re beir..g used to measure aerosol acidity. Based upon 
the reccmmencations from that workshop, AREAL 5t>onsored au Intercomparison Study at 
EPA' s R'I'P fac!lity to quantify tl:e perfom1ance of metl:ods carrently used in characterizing 
aerosol acidity in epicemiology. st'Jdies to ensure comparability of measurements by differer..t 
gro:.ips. The part.icipa.~g gr.1ups were: 

• Harvard School of Public Health. 
• Robert Vi'ood Johnson (RWJ) Medical School, and 
• Research Triangle Institute 

. All three research teams used variations of the annular denuder syste:n (ADS) to 
dete~.ine fine-particle strong acidity. 

Based upor1 fae findings of the Intercompa!'ison S!ll.dy, ARE...l\L has developed th:s 
standard metbodclogy for determination of fine-pa.i~cle strong acidity and to p::-omote the 
accurate determination and assessment of human expcsure to strong acid aerosol acidity. 

Gacy J. Foley 
Di.rector 

Atmospheric Research and Exposure Assessment Laboratory 
Research Triangle Park, NC 277!.1 
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INTRODUCTION 

Acid aerosols are found in the atmosphere as a resu1t of atmospheric reaction of 
emissions from a variety of fossil fuel combustion sources including power plants, industrial 
and commercial facilities, hazardous waste storage and treatment facilities, etc. Awareness 
of the effects of concentrations of acid aerosols on human health and property has been 
documented over the past several years. The Clean Air Act Amendments of 1970 required 
the U. S. Environmental Protection Agency (U. S. EPA) to develop uniform national 
ambient air quality standards (NAAQS) for pollutants which were recognized as widespread 
(emitted by numerous mobile and stationary sources) and which endangered public health and 
welfare. Further, Section 109 of the Clean Air Act, as amended, requires EPA to 
periodically review the NAAQS as well as the scientific information and data on which they 
are based. New pollutants are identified for NAAQS development if the Administrator 
concludes that they may reasonably be anticipated to endanger the public health and welfare. 

To assist the Administrator in evaluating the need for new or revised NAAQS, the 
Clean Air Act created the Clean Air Scientific Advisory Committee (CASAC). This 
committee's mandate is to provide the Administrator with scientific advice and research 
recommendations on critical areas of knowledge on new or revised NAAQSs. The Acid 
Aerosol Subcommittee of CASAC identified a need for a coordinated acid aerosol research 
program to assist the Agency in making recommendations on a new acid aerosol NAAQS. 
The Subcommittee recommended a research program involving characteriz.ation and exposure 
assessment, animal toxicity, human exposure research, and epidemiology. As documented in 
the CASAC Report to the Administrator, the foundation for any research program and 
potential air quality standard development is "... a measurement method, not only because the 
standard itself must specify the method, but equally important, because before establishing a 
standard the contaminant must be fully characterized and exposure measurements made to 
correlate with health outcomes." The Atmospheric Research and Exposure Assessment 
Laboratory (AREAL) was directed by CASAC of obtaining information needed for scientific 
assessment of a possible fine particle standard for acid aerosols to protect human health. 

In 1989, AREAL conducted a workshop to determine and exchange views on the 
various methods that have been and are being used to measure aerosol acidity. It was held in 
response to recommendations by CASAC to identify issues associated with the 
characterization of aerosol acidity and acid aerosol measurement methods. The workshop 
was structured to accomplish two principal objectives. The first was to identify appropriate 
indicators and methodology for characterizing aerosol acidity. The second was to develop 
ideas and recommendations for the evaluation of acid aerosol methods currently in use. The 
workshop participants identified the development of an accurate, reliable, and interference­
free method as an important initial research objective. 

They concluded that the most appropriate indicator of aerosol acidity is the fine 
particle, strong acidity, i.e. the amount of strong acidity available in the fine particle 
component of the atmospheric aerosol. The available hydrogen ion is measured, either by 
titration or by pH, after extracting the aerosol in the size range below 2.5 µm with an 
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aqueous solution of perchloric acid at a pH of approximately 4.00 (to prevent dissociation of 
weak acids). Tt.is defin::ion includes :ree :iydrogen ion and hyc:rogen ion avillable from 
either undissociated of weak ion available from either undissociated sulfuric ac:d or frorr: 
uncissociatec. bisu::.fate ion. Available hydrogen icn may be :-eported eitter as nano:no:es of 
hyrirogen ion per cubk oeter of air {r.::noies/m3) or as equivalent sulfuric acid in :nicrograrns 
per Ct:Jic meter cf air (µghn3). It is reccgnizec:. that ir: sa.::s of partially neutralized sulfi:.ric 
acid or in concentrated sulfuric acid droplets sooe hydrogen ion may be t:ed l:_? in the 
biselfate ion. However, it is ass:.imed that this hydroge::1 ion would be available for reaction 
af"!.er :he particle impacted the su:::ace of the ::mg. 

In add:tion, the worksho:, par.icipar..ts considered procedures to evaluate current acid 
aerosol :neas:.irement me:hods and concluded ttat audt star:dards mt:st be developec and 
distributed to establish ar..alytical accuracy and precision, ar..d that laboratory and field tests 
should be conduclec to eva.:.ua:e and compare acic aerosol sampling anc'.. analysis systems. 
The primary ob~ect:ve for both :aboratory and field evaluations should be to quantify :he 
~Jerforrnance of methods current:y used in ep:de::niology studies to ensure comparability of 
measurements by di:fere:i: groups. 

In December 1989 and Felm1ary 1990, Intercon:parison Studies were i1e:d at :he 
AREAL facility in Research Triangle Park, NC to quant:fy the perfonnance of :.nethods 
carrent~y used in :ueas:.iring aerosol acidity in epic.emio:ogy sti:dies to ensure co::nparzjility 
3f measuremer:.ts by <:iffe:-ent groups. The criterion for selecting the three participants for 
the idtia: Pilot Intercor.1parison St.1dy we.s that they represented denuder syste:ns bebg used 
in epide1:1iological field stud:.es currently :.n 1.Jrog:-ess or :1ad deve:oped a prototype s2.Inpler 
under cont:-act to EPA that the agency wanted evaluated. The three inv:.ted research groaps, 
Harvard Sc:iool of Public Health, Rober: Wocd Johnson {RWJ) Iv(edical Sc:iool and Research 
Triar.gle Institute (RTI), usec va.~ations of the acmlar denuder system (ADS) to determine 
fine-partic~e strong acidi:-y. 

Based upon tl:e findings of the Pilot II:terco:-nparison StJdy, AREAL has developed 
:his methodology enti:led: "Detenninan·on of the Strong Acidity ofAtmcsphe1ic Fine­
Panicles ( < 2.5 µ,m) Using Ammlar Denuder Technology." This sta.,dard methodology 
represents a composite of the most viable features of the three resea:ch methods utilized ir: 
the Pilot htercompa:::son Study. T.'lis n:ethcdobgy L,cludes two parts: 

• Part A--Sta.ndard Method, a:1d 
• Part B--Er...:1ai.,ced :Methoc:. 

The unique feat.1res of the annular dem1der w~lich separates it f:om ether established 
mo:tltoring r.:iethods are eliminatio:1 of sampling artifac:s due to interac:ion ':Jetween the 
collected gases and particles, ar.d the preservatio:.1 of the samples for subseqi:ent a.,alysis. 
The Star.dard Metl:od utilizes a denuder for re::ncvjng ammon:a and a filter assembly for 
detem:ination o: atn:osphe.:i.c strong acidity fo:1e particle aerosols in ambient air, but does r:ot 
account for potentia:. interfere:.1ces :ro:n nitric acid, an:mo:lium ::utrate aerosol (Nif4NO3) or 
other arr:monium salts which might bias the acidity measurement. T.1e R.'lhanced Method 
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adds an additional denuder upstream of the filter assembly to selectively remove acid gases 
(nitric acid vapor, nitrous acid and SO2) from the gas stream prior to filtration. In addition, 
to correct for biases due to the dissociation of ammonium nitrate aerosol captured on the 
Teflon® filter, a backup nylon filter has been incorporated to capture the dissociated HNO3 
from NH4No3, followed by a glass-fiber filter impregnated with citric acid to retain the 
dissociated NH3 from NH4No3. The ammonia concentration is subtracted from the nitrate 
value, and the result added to the acidity measurement on the Teflon® filter to give a 
corrected measurement of the atmospheric fine particle strong acidity. 

The techniques, procedures, equipment, and other specifications comprising this 
method are derived and composited from those actually used by the contributing research 
organizations and thereby known to be serviceable and effective. At this stage, this method 
is a unified, consensus, tentative, draft method intended for further application and testing. 
Users should be advised that the method has not yet been adequately tested, optimized, or 
standardized. Many of the specifications have been initially established by technical 
judgment and have not been subjected to ruggedness testing. In some cases alternative 
techniques, equipment, or specifications may be acceptable or superior. In applying the 
method, users are encouraged to consider alternatives, with the understanding that they 
should test any such alternatives to detennine their adequacy and to confirm and document 
their possible advantages. Infonnation and comments are solicited on in1provements, 
alternative equipment, techniques, or specifications, perfonnance, or any other aspect of the 
method. All such information should be sent to the EPA Project Manager identified on the 
cover page and will be considered for incorporation in future revisions of the method. 

This method has been presented in document control format to facilitate appropriate 
changes as experience is gained with use of the method. As advancements are made, the 
current method will be modified from time to time. 
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DETERMINATION OF THE STRONG 
AGIDITY OF ATMOSPHERIC FINE-PARTICLES 

( < 2.5 prn) USING ANNULAR 
DfN\JDER TECHNOLOGY 

STANDARD METHOD 

1. Scopo 

1.1 Th.:s documect describes tl-;.e p:otocol for lhe quantitative deter:nin.ation of 
equivaler.t stro::ig-acid (H2SO4) ac:dity of f:ne-pa..rticle ( <2.5 ,u:n) atmospheric 
aerosol as hydrogen ion '3y pH. 

1.2 The methodology detailed in ~his document is a ccmpc-site of methodologies 
developed by U.S. Environmental Protection Agency (USEPA), University of -
Kansas, Rebert Johnson Medical School, New York State University, Ha.IVard 
Uciversity a:id the CNR Laboratories. It is c~rrently employed in a number of air 
pollution studies in Italy, U.S.A., Canada, Mexico, Ger..nany, Austria, and Spain:~ 
and i.r. such institutions as public health services and epidemiology and 
environmental research ce~ters. 

The technic;,ues, procec.ures, equipment, and other specifications comprising this 
mettod are c.eri.ved and composited from those actually used by the conu;buting 
research orgariza.tions and thereby known to be serviceable and effective. At th.is 
stage, this :.nethod is a unif:.ed, consensus, tentative, dra..ft method intended fer 
furtl1er appl.:.cation and testing. Users should be advised that the i:1ethod has not 
yet been adequately tested, optimized, or standardized. lvlany of the specifications 
have been initia.Uy established by techrdcal judgment and have not been subjected 
to ruggedness testing. In some cases alternative techniques, equipment, or 
specifications may be acceptable or superior. In applying the method, users a..--e 
encouraged to consider alternatives, with the understanding that they should test 
any such alternatives to determine their adequacy and to confirm and document 
~eir possible advantages. Information and comments are solicited on 
improvements, alternative equipment, tecb.!1iques, or specifications, perfom:ance, 
or a:iy other aspect of the method. All such i.nfonnation should be se.nt to the 
EPA Project 11anager identified on the cove: page and will be considered for 
i.ncm-porati.on in future revisions of the method. 

1.3 The equipment described t.erei.c. can be modified to measure acidity of 
atmospheric gases and partkulate matter contained in both inc!oor and outdocr 
at:ncspheres. Modification to this methodology were developed for monitoring 
regional-scale acidic and basic gases and particulate matter in support of U.S. 
EPA field programs involving the Integrated Air Cancer Research Program and 
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the Acid Deposition Network. Similarly, the methodology has been used to 
characterize urban haze in Denver, Houston, Boston and Los Angeles. 

2. Applicable Documents 

2.1 ASTM Standards 

D1356 Definitions of Terms Related to Atmospheric Sampling and Analysis 

2.2 Other Documents 

Ambient Air Studies (1-23) 
U.S. EPA Technical Assistance Document (24) 

3. Summary of Method 

3.1 The annular denuder system (ADS) consists of an inlet with an impactor or 
cyclone preseparator designed to remove all particles with a DP50 of 2.5 µm or 
greater, an annular denuder to remove ammonia, and a filter for collecting the 
aerosol. In operation, air is drawn through a cyclone or a elutriator-accelerator 
jet assembly followed by an impactor frit and coupler assembly, through the 
denuder to remove ammonia, then into a single-stage filter assembly. The single­
stage fiJter assembly contains a 47-mm Teflon9 filter supported by a stainless steel 
screen. The filter is a 2 µm pore-size Teflon~ membrane filter, Zefluor (Gelman 
Sciences). The Teflon~ filter collects the fme aerosol. A pump unit maintains a 
flow of 10 Lpm, and a timer allows programmed start and end times. 

Figure la illustrates the ADS with a cyclone assembly, while Figure lb illustrates 
the ADS with an impactor assembly. Figure 2 shows the field sampling box with 
the pump-timer system. 

3.2 Following each run, the ADS assembly is removed from its field housing, its ends 
capped, and it is brought back to the laboratory. In the laboratory, the assembly 

· pieces are uncoupled and capped. The denuder tube is not extracted. The 
Teflon• filter is unloaded from the filter assembly in an ammonia free atmosphere 
and either immediately extracted or stored in a ammonia free container for later 
extraction. A glove-box, lined with citric-acid soaked paper, is used to maintain 
an ammonia-free atmosphere. 

To extract the Teflon• filter, it is placed in an extraction vessel, particle-laden 
side down. The filter is wetted with 200 µL of methanol, then extracted with 6.0 
mL of extraction solution (ES). The extraction vessel is put in an ultrasonic bath 
for 20 minutes. The extraction solution is then decanted into a container. 

Acid Aerosol Part A 
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-
3.3 Acicity c:ete~miration is made :ising ?H measuremer.ts of l mL ali~ot of the 

extracted filter solution. Filter acidity is calculated based on standards made with 
sulfuric acid. The standards range from O to 160 µ.g equivalent of strong acid 
aerosol. A pH meter is used to measure the pH of the filter extract. For each 
batch of filter exLclcts, a caE::n-a.tion cu::ve is calcu~ated usir..g the mean pH o: each 
standard. 

4. Significance 

4. l Acid aerosols are found .u1 the atmosp:ie:-e as a rest:.lt of atmosp!leric reactio::1s of 
emissions from a variety of fossil fuel combustion sources including power plants, 
industrial and commercial facmties, hazardous ·waste stornge and treatment 
facilities, etc. Awareness of the effects of concentrations of acid aerosols on 
humar. health and ?roperty has been docuc.iented over the past several years. The 
c:ean Air Act Amendments of 1970 xquired the U.S. Environc:iental Protection 
Age:1cy (U.S. EPA) to deve:op uniform national ambient air quality standards 
(NAAQS) for criteria po]uta.nts because of the interstate nature o: certain air 
pollutants. N/v.\QS's were estabJshed for those pollutants whlch were recognized 
as widespread (en:itted by numerous mobile ar.d stational)' souxes) and which 
endangered public he31th and welfare. Further, Section 109 of the Clean Air Acl 
as amended, requires EPA to periodically review the NAAQS as well as the 
scientific information and data on which they are based. New polktanls are to be 
identified for NAAQS d.evelopment if the Administrator concludes that :hey may 
:eascnably be anjcipated to endanger the public hea:.:h and welfare. 

To assist the Administrator in evaluating the need fer new er revised NAAQSs, 
the Clean Air Act created the Clean Air ScientJic Advisory Comn:ittee (CASAC). 
TIJs committee's mandate is to provide the Administrator with scientific advice 
and research recommendations on critical areas of knowledge on new or revised 
NAAQSs. The Acid Aerosol Subcommittee of CASAC identified a need for a 
ccordinate.d acid aeroso! research program lo assist the Agency wmaking 
re.~ommendations on a new acid aerosol NAAQS. The Subcommittee 
recommended a re~h program involving characterization and expos:.ire 
assessmentt anb1al toxicity, human exposure research, and epidemiology. The 
foundation for any research program a.nd potential air quality standard 
development is " ...a measurement method) not only beca.u3e the standard i:self 
must speciPJ the method, but equally important, because before establishing a 
standard the contaminant must be fully characterized and exposure measurements 
made to correlate with health outcomes." 

4 .2 The unique features of the a.nnula.r d.em.:der wh.ich s~parates it from oLher 
established monitoring methods are elimination of sampling art.ifacls due to 
L11teracticn between the co1..lected gases and particles and the preselvation of the 
samples fer subsequent analysis. These features are accomplished by removing 
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NH3 in the gas stream with the citric acid-coated denuder to reduce the 
probability of the acid aerosol captured by the Teflon® filter in the filter pack 
being neutralized to ammonium sulfate [(NHi)2SO4,l. 

5. Definitions 

Definitions used in this document and any user-prepared Standard Operating Procedures 
(SOP's) should be consistent with ASTM D1356. All abbreviations and symbols are defined 
within this document at the point of first use. 

5.1 Secondary particles (or secondary aerosols) - Aerosols that fonn in the 
atmosphere as a result of chemical reactions, often involving gases. A typical 
example is sulfate ions produced by photochemical oxidation of so2. 

5.2 Aerosol - A dispersion of solid or liquid particle in a gas-phase medium and a 
solid or liquid disperse phase. Aerosols are formed by (1) the suspension of 
particles due to grinding or atomization, or (2) condensation of supersaturated 
vapors. 

S.3 Coarse and fine particles - These two fractions are usually defined in tenns of 
the separation diameter of a sampler. Coarse particles are those with diameters 
(aerodynamic} greater than 2.5 µm and are removed by the sampler's inlet; the 
fine particles are those with diameters (aerodynamic) less than 2.5 µm that are 
collected on the Teflon• filter. 

5.4 Annular - Of, rotating to, or forming a ring. In the annular denuder sampler, the 
annular refers to the annulus between two concentric tubes. Chemical coating 
applied to the interior surfaces removes gaseous pollutants which diffuse to the 
surface. 

S.5 Denuder - The denuder refers to the sections in which interfering gases are 
removed from the sample stream prior to filtration in detennining fine particle 
(2.5 µm) strong acidity. 

5.6 Equivalent weight - The combining weight, or the equivalent weight, of a 
compound or ion is its formula weight divided by the number of replaceable 
hydrogen atoms. 

S.7 Normal solution - A normal (N) solution is one that contains a gram-equivalent 
weight of solute in a liter of solution. 
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6. Ayparatus 

~: The followbg descriptions relate to Figu:e 2. Most of these parts are available 
commercially fro:n University Research Glassware, 118 E. Main Street, Ca.'":"boro, 
North Carolina, 27510, 919-942-2753. However, :hese items can be made by any 
qualifiec! venc!or. Therefo:e, it is not :iecessary that these specific items a.--e obtained 
and utilized. 

6.1 Sampling 

6. L l Elutriator and acce:e:-ation jet (inlet) assembly - Under :::iormal sampling 
conditicns, the elutriator or entry ~be is ma.de of either Teflon@ coa!ed 
glass or ak.minum, as i.Just.rated i.a Figure 3. When using glr1.ss 1 the 
accelerator jet assembly, which directs the air flow towards an i.mpac:cr 
plate, is fixed onto the elut:riator and the intenaI surfaces of t:1e entire 
assec1bly are coated with Teflon® [Figure 3(a)]. W:1en akminum is used, 
the accelerator jet assembly is removable. The jet. is made of TefloncB· or 
po:yethy:ene and the jet s:.ipport is made of aluminum [Figure 3(b)]. 
Again, all inten1al surfaces ru:e coated with TeflontZ-. 

6.1.2 Teflon° irapactor support pin and impactor frit support tools (see 
Figure 4) - Made of either Teflon~ or polyethylene and a..""e used to aid in 
assembling, removing, coating and cleaning the impactor frit. 

6.1.3 J_mpactor frit and cot1pler assembly (see Figure 5) - The ir.lpactor frit is 
tO m.r.1 x 3 mm and is available with a pomsity range of 10-20 ~m. The 
frits should be made of porous ceramic material or fr:~ed staiJJJ.ess steel. 
Before use> the impactor frit: surface is coated with a Dow Corning 660 c-il 
and toluene solution and sits in a TeflooiA> seat suppol'l fixed within the 
coupler. The coupler is made of thermoplastic and has Teflonlb clad 
sealing "0 11 -rings which are located on both sides of the seat support inside 
~he coupler. 

~: In situations when there a...--e substantial high concentrations of 
coarse particles ( >2 . .5 µm), it is :recommended that a Tef..on(;,_coated 
aluminum cyclone be used in place of the acceleration jet and impactor 
assembly, as illustrated in Figure 2. Figure 2 illu.strales the location of 
the cyclone witl:1 respect to the denuder, heated enclosure and meter box 
assembly. 

6.1.4 Arumla.r denuder - The denuder consists of two or more co:c.centric glass 
tubes (see Figure 6) with a.n outer aluminum shell. ·The tubes create a 
1 mm ann~lar spacing which allows the air sample to pass through. Flow 
in the annular space is maintained in the la::ninar range and allows fine 
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particles with diameters less than 2.5 µm to pass through with negligible 
removal. The inner tube is inset 25 mm from one end of the outer tube; 
this end is called the flow straightener end. The other end of the inner 
tube is flush with the end of the outer tube. Both ends of the inner tube 
are sealed. In this configuration, the flow straightener end is etched to 
provide greater surface area for the coating. The inner glass tubes are 
inset 25 mm from one end of the outer Teflon®-coated aluminum tube to 
serve as the flow straightener end. All denuder types should be equipped 
with thermoplastic (Bakelite) or polyethylene caps when purchased. 

6.1.5 Caps for annular denuder - Caps are made of either polyethylene 
(Caplugs, Protective Enclosure, Inc.) or thermoplastic (Bakelite) and are 
used in the coating and drying processes, for storage and for shipment. 
The thermoplastic caps include a removable Teflon* seal plate when 
purchased. 

~: Recent evaluation of the caps for the denuder system have 
indicated that the thermoplastic (Bakelite) screen caps and the polyethylene 
screw caps are useful to seal the ends of the denuders when they are dry. 
However, during coating and extracting, the Caplugs (Protective 
Enclosures, Inc.) provided a better seal, preventing contamination that 
would occur from the Teflon* liner of the thermoplastic screw caps or 
direct contact with the unprotected thermoplastic screw caps. It is 
therefore suggested that the user use Caplugs during coating and extraction 
operations. 

6.1.6 Annular denuder couplers - The couplers should be made of thermoplastic 
and equipped with Teflon* "O"-rings which sandwich a silicone rubber 
ring on thr:e sides. This provides elasticity for better sealing under 
extremely cold temperature conditions in which Teflon* does not give. 
The couplers are equipped with permanent seal rings which provide more 
even threading and a better seal when coupled. The couplers are used to 
couple the annular denuders together when used in series (enhanced 
method) and for coupling the last denuder with the filter assembly. 

Caution: Mien utilizing rhe couplers, do nor overtighten when applying a 
glass denuder. Overtightening might "chip" the ends of rhe denuder, 
preventing a tight seal. 

6.1.7 Drying manifold assembly - The manifold is made of glass and is 
available to accommodate as many as four drying denuders. The denuders 
are attached to the manifold with back-to-back Bakelite bored caps, as 
illustrated in Figure 7. Air is pushed through an air dryer/cleaner bottle 
made of 2 1/2 inch heavy wall glass which contains silica gel. The 
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Teflon® tubing which connects the dryer/cleaner bottle to the dryir..g 
ma.n:fold shoald be secured at each cap with either Teflon® washers er 
Teflcni!I washe:-s cot:?led with Teflon® hose barbs. T.1e ai:- stream then 
passes through a fine parjcle filter to remove fines. Alternatively, dry 
compresse<l air f::-0:11 a cyJnder may be used b place cf tte dryer/cleaner 
b~ttle assemb:y. 

6.1.8 Filter assemb~y - The dent;der is followed by a single-stage filter assembly 
containing the Teflon® membra:ie fi!ter, as illus:rated in Figure 8. The 
fi:!er is supporled by a stair.Jess steel poro:is screen sar.dwiched be;.-wee:i 
two Viton® O-rings fer sealir..g and housed in a po:yethy~er:e fi::er ring 
housing. The filter to:.ising out:et compor..ent is aluoinum a..'1d 
acccmmodates a po!yethy:er.e screw s1eeve which seals tl:e fi::er assenbly. 

~: Over we and repeated compression, the Viton13 O-rir.gs may 
wear, caush1g poor leak checks due to inadequate sealing. The user is 
encouraged to rep:ace these rings after fifteen (15) san:pling events or 
when fae filter pack assembly does not pass an adeq:.1ate leak check. 
Ot~ter use:-s have utilized high density po:.yethylene (HOPE) to prolong the 
life of the ring. 

6.1.9 Vacuum tubing - Low density polyethylene tubbg, 3/8 inch diameter fer 
distances of less than 50 ft., l/2 inch diameter for distances greater than 
50 ft. [Fisher-Scieolific, 711 Forbes Ave., Pittsburgh, PA, 15219 
(412-787-6322)] 

6.l.1.0 Tube fittL'1g - Conpression fittings (Swagelok.41, Gyrolok"' or equivalent) 
to connect vacuum tubing (above) to a.fl :NT/'f female ccn:iector or filter 
holder and connect vacuum tubing to fitting on differential :low controller. 
The fittings may be constJ:ucti-..d of any material since they are downstream. 
of the sampler. (Fisher-Scientific, 711 Forbes Ave., Pittsburgh, PA, 
152l9 (412-787-6322)] 

6.l.11 Annular denuder system (ADS) sampli'lg box - The housing box is made 
of a ":1.igh-impact" plastic and is thermally insulated. It is 2 feet long by 
6 inches wide ar.d 6 inches deep. The box co=itains a heater unit, a fan, 
and an air outlet located in the lid of the housing. The elutriator end of 
the ADS protrudes through one end of the box, while the denuder is 
supported in the box by a chrome plated spring clip. If the Teflon<Ji­
coated aluminum cyclone is used to remove coarse particles, it is also 
r..oused in the heated sam.pling box, with the elutriator end protrnding 
through the sampling box, as ilfo.slrated in Figure 2. 
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~: Recent studies by the Harvard School of Public Health based on a 
comparison of utilizing a sampling box with and without heated enclosure 
indicated no difference in sampled species from winter samples. It is 
therefore the discretion of the user to detennine whether a heated 
sampling box is required. 

6.1.12 Annulax denuder transport case - The transport case is made of formica 
backed with plywood and insulated. The comers are reinforced with 
metal. It is made to withstand shipping by truck, UPS and Federal 
Express. E.ach case is stackable and lockable and has a carrying handle. 
Seven total annulax denuder systems can be packed in the case. 

6.1.13 Pump/timer unit - The pump/timer unit draws air through the ADS at a 
fixed rate of 10 L/min with a precision of ±5 percent over the range of 
25 to 250 mm Hg vacuum. A mass flow controller or a differential flow 
controller can be used. Typically, the flow rate is monitored with an 
exhaust flow rotameter. The unit includes a mechanical 7-day timer and 
an elapsed-time counter. A dry gas meter, when available, is placed after 
the pump to give a direct readout of total volume of air sampled. 
Otherwise, flow rate is manually measured (using a rotameter) before and 
after each run to calculate the air volume sampled. 

6.1.14 Dry gas meter (DGM) - The DGM should have a capacity of 10 L of gas 
per revolution. [NuTecb Corp., 4022 Stinup Creek Road, Suite 325, 
Durham, NC 27703, 919-544-8535)] 

6.1.1S Electronic mass flow controller - Capable of maintaining a constant rate of 
10 Umin (±5 percent) over a sampling period of up to 24 hours and 
under conditions of changing temperature (5 ° to 43 °C) and humidity. 
[Tylan General, Flow Division, 19220 S. Nonnandie Ave., Torrance, 
CA, 90502, 213-212-5533, Model FC-262, or equivalent] 

6.2 Analysis 

6.2.l pH meter - A pH or pH/ion meter with "integral" automatic temperature 
compensation, temperature probe, 2 and 4 mL analytical vials, and 
calibrated with standard buffers (pH 4 and 7). The Ross semi-micro glass 
electrode from Orion has been used by the Harvard School of Public 
Health and found to adequately address the requirements of this protocol. 
[Orion Research Inc., The Schraffet Center, 529 Main Street, Boston, MA 
02129, 617-242-3900) 

6.2.2 Polyethylene bottles with polyethylene screw caps - 100 mL, used for 
storage of coating solution; and IL, used for storing the KCl solution. 
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6.2.3 Erlenn:eye: f..asks - 150 mL ar..d 2 L borosilicate glass or pc:yethylene 
flasr..s for calib:ation, best sm:rce. 

6.2.4 Grackated cylli:ders - 5 mL, 1C mL, ~-00 rnL, 25~ mL ar.d lL borosilicate 
glass o::- polyethylene cyJ.nders, best so'Jrce. 

6 ,2.5 Pipets - C:ass A 5 mL and 10 .:nL borosilicate glass pipettes or auto::natic 
pipettes. Calibrated "to deliver," best socrce. 

6.2.6 Pipet bulb - Made of r:att:.ral rubber. 
.rec;_uirements, bes: source. 

Recomn:ended to meet OSHA 

6.2.•7 :tvricropipettes - 25 µ.L, 50 ;iL, a..'ld 100 µ.L, calibrated "to contain," 
borosilicate glass mici-lpii_Jette, best source. 

6.2.8 Forceps - Recomrr:ended dressing forceps r.iade of stainless steel or 
chrome-plated steel and withot.:.t senc1tions. Used for har.dling filter. 

6.2.9 Sto:;,wa.!ch - Used for measaring f:ow rate of gas stream through DGM, 
best source. 

6.2.10 Ultrasonic cleaner - Used for filter extractions and parts c:eaning. The 
ultrasonic deaner should have temperature control capability. 
[Cole-Palmer Ins!.rument Co., 7425 N. Oak Park Ave., Chicago, IL, 
60648 (800-323-4340)] 

6.2.11 Clean air hood (optional) - Closed air hood with amoonia free air 
circulation. Used for TefloniS filter extraction for pH analysis, best 
source. 

6.2.12 Glove-box - Used for handling exposed filter, which is li.'1ed with citric 
acid impregnated paper sheets to maintain an ammcnia-free atmosphere. 
The glove·box works best with a slight positive ptessure. 

6.2.IJ Refrigerator (approximately 5°C) is requi.rt'.-d for sru:.1ple storage. 

6.2.14 Polyethylene-stoppered volumetric flasks - 25 mLs used for making 
sulfuric acid standards. 
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7. Reagents and Materials 

7.1 Teflon® filter - zefluo~ (PIFE) membrane filter, 47 mm diameter, with a 2 µm 
pore size. The Teflon® filter has a coarse mesh Teflon® side and a fine pore 
membrane side. The fine pore membrane side should face the air stream. 
[Gelman Sciences, 600 S. Wagner Rd., Ann Arbor, :MI, 48106, Part 
No. P5PJ047, (800-521-1520)]. 

7.2 Teflo® membrane filter, 47 mm diameter, with a 2 µm pore size. This filter has a 
thin Teflon® membrane stretched across a plastic ring. [Gelman Sciences, 600 S. 
Wagner Rd., Ann Arbor, l\,Il, 48106, Part No. R2PJO47, (800-521-1520)]. 

7.3 Filter extract storage vials - 100 mL polyethylene vials (Nalgene or equivalent). 

7.4 Labels - Adhesive, for sample vials, best source. 

7.S Para.film - Used for covering flasks and pH cups during pH analysis, best source. 

7.6 Kirnwipess and Kay-dry towels - Used for cleaning sampling apparatus and 
analysis equipment, best source. 

7.7 Stoppers - Polyethylene, best source. 

7.8 Sodium carbonate (Na2CO3) - ACS reagent grade, best source. 

7.9 Citric acid [monohydrate - HOC (CH2CO) OH]2COOH: H2O) - ACS reagent 
grade, best source. 

7.10 Methanol (CH3OH) - ACS reagent grade, best source. 

7.ll Sulfuric acid {HzSO~ - ACS reagent grade, 1.000 N solution, best source. 

7.ll Distilled deionized water (DOW) - ASTM Type I water. 

7.13 pH buffers - Standard buffers, 4.00 and 7.00, for internal calibration of pH meter, 
best source. 

7.14 Silica gel - ACS reagent grade (indicating type), best source. 

7.15 Gloves - Polyethylene disposable. Used for impactor frit assembly and filter 
assembly, best source. 

7.16 Dow Coming high temperature vacuum oil - Dow Coming 660 oil used for 
impactor frit coating solution, best source. 
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7.17 Zero air - A supply of compressed clean air, free from particles and ammonia. 
The supply may be either :rom a ccrnmercial cyEnder or generated on site, best 
s~u::-ce. 

7.18 BRJJ-35 - Ccmposed of 0.1 percert of BRIJ-35 in DI water. :Fisher Scientific, 
711 Forbes Ave., .Pittsburgh, PA, 15129, 412-787-63221 

7,19 PercrJodc Acid (HC104,) - 6C to 62 percent, b water, best source. 

1.20 Tc::iene (C7Hg) - ACS reagent grade, best source. 

7 .21 Potass::m1 Chloride (KC:) - ACS reagent grade, best source. 

7.22 Acetone (C3H60) - ACS reager:t grade, best source. 

8. Pr~paration ot lmpactor Frit and Danudtu Coating 

8.1 Impactor frit coating solution prepara1on - Weigh 1 g of silicone oil (Dow 
Corning high tempern.ture 660 oil) and place b a 100 mL polyethylene s~orage 
vial. Add 100 mL of toluene. :i\iiix thoroughly, close container, and store at 
room te:nperature. (WAfu'\JING - FLAM1vfABLE UQUID). 

8.2 Annular denuder citric acid coating solution - Clean a 100 mL polyelhylene 
storage vial and let dry at room temperature. Measure 50 mL of methanol 
(WAR.l\TJNG - TOXIC, FLAM_1vI.ABLE LIQUID) with a graduated cylinder and 
pour into vial. Weigh 0.5 g of citric acid and add to vial. lvlix lt_oroughly; store, 
covered at room temperature. 

9. lrnpactor Frit Installation 

9.l Impactor frit instaJla.tion - The impa.ctor-coupler assembly shown in Fi1pre 4 is 
comprised of two paita: the replaceable impactor frit and the coupler-impactor 
housing seat. The impactor surl'ace is a porous ceramic or porous stainless steel 
frit, 10 mm x 3 mm. This frit is inserted into the coupler-impactor housing using 
the tools illustrated in Figure 4. The impactor frit is pressed gently, but finnly, 
into lhe seat of the impactor housing with a clean gloved finger. The impactor 
should fit into the housing so that it does not protrude above the seat. During 
sr.J.D1pling, particles accumulate on the Lmpactor's plate surface. After each 
sampling event, the assembly must be cleaned to prevent the build-up of 
contaminants which may lead to loss of key acidic species being collected by the 
A..DS. Clea."ling involves immersing the elutriatorf coupler-impactor, and frit in 
0.1 percent BRU-35 cleaning solution and ultrasonicating for about 5 min~tes. 
Rinse thoroughly with DDW for additional 5 minutes. Rinse and dry with zero 
air or in dust-fee environment and store with ends plugged and capped. 
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9.2 Impactor frit coating - With the impactor frit in the impactor seat of either the 
coupler (see Figure 5) or the Teflon@ impactor seat support pin which fits into the 
first denuder, pipette 50 µL (about two drops) of the toluene-660 oil coating 
solution onto the impactor frit surface and allow to dry in dust free environment at 
room temperature. Cap both sides of the coupler impactor or denuder-impactor 
until use. 

~: It is important to have only the minimum amount of oil on the frit because 
any excess will be blown off during sampling and will contaminate the surfaces of 
the first denuder. 

1O. Filter Preparation and Assembly 

Note: A clean and dedicated indoor work space is required for the daily preparation, 
assembly and disassembly of the denuder and filter assembly. Approximately 2-3 m of 
bench space is adequate, with additional space for storing supplies. 

Note: All loading and unloading of the filter assembly must be performed in an 
ammonia free glove-box. Generally, it is most convenient to reload the filter assembly 
after cleaning, at the same time as unloading. 

10.1 With clean gloves, disassemble the filter assembly (see Figure 8) by unscrewing 
the large outer Delrin* collar {sleeve) from the aluminum filter housing outlet 
component. 

~: It is necessary to remove the polyethylene cap first. Lay the pieces out 
on clean Ki.mwipesQt. Insert black viton "O"-rings (see Figure 8). 

10.2 Lay a clean Teflon* filter ring housing, with its large opening face-up, on a 
clean Kimwipe9. Place a clean stainless steel screen in the filter ring housing. 

10.3 Using clean filter forceps, place a Teflon* filter on the screen. 

~: H a Zefluor4D Teflon~ filter is used, be sure to place the membrane 
coated side, not the coarse side, toward the air stream. By observing the filter 
in the light, one can differentiate between the coarse and membrane side. 

10.4 Place the Teflon* filter housing inlet component (see Figure 8) on top of the 
Teflona. fi.lter. This forms a "sandwich" with the Teflon~ filter held between 
the second filter ring housing and the housing inlet component. The housing 
inlet component connects the filter assembly to the annular denuder through a 
thermoplastic coupler. Be careful not to twist the filter assembly components, 
or damage will occur to the filter. 
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10.5 Lay the alun::in.u:n filter ho:ising out;et co::nponer,t, with its large opening face­
up, on a clean Kimwipe~. Insert a black viton no 11 -ring in the aluminum fi.l.ter 
base. 

10.G Insert the f:Jter ring sa:idwich with the filter l:.oJsing inlet co:npo:ient extendbg 
upwa....-c, on the black viton "O"-rbg in fae alumir..cm ftlter base. Place the 
larger outer De:.rin® sleeve over foe fi::er sa..,dwich an:1 screw onto the 
alur..1inum filter base. DO NOT OVERTIGHTEN! The.n install the second 
black viton "O"-ring 0:1 top of tl:e filter sac.dwich support. 

10.7 Install the "quick-release" plug into the filter outlet component. Tighten the 
housing outlet to the Detrin® screw sleeve. DO NOT OVER.TIGlITEN! 

10.8 Install the polyethylene cap onto the filter in.let component and the orange dust 
cover cnto the qu~ck release plug. The filter asset::1bly should :>e sealed tight 
before it is rec.1oved fron: the glove-box. 

10.9 As an option, tl:e filter assenbly is leak-checked according to Secticn 12.4. 

1·1 . Annular Durn1der Syst0n1 Prowuution 

All new annular de:1:1der pl3.rts obtained from suppliers should be cleaned by pfacing 
them in a dilute BRIJ-35 solutiou in an ultrasonic cleaner for about 30 minutes. The parts 
s:1ould then be thoroughly rinsed in DDW, then rinsed with acetone, and allowed to dry to 
room temperature. Store with :nd caps in place. 

11.1 Coating Procedure 

11.1.1 Cap one end of a denuder using Caplugs (which has the inner tube flush 
to the oute1 tube) and set the denuder upright on the capped end. For 
the denuder with flow-sll"aigbteners at beth ends, either end may be 
capped. Measure 10 ml.. of the citric acid so:ution and pour into the 
denuder. 

11.1.2 Cap the open end of the denuder and, holding it ho1izontally, rotate the 
denuder to distribute the coating solution evenly, wetting all surfaces. 

11.1.3 Remove cap ao.d decant excess coating solution into a 100 mL 
polyethylene bottle. 

11.1.4 For the impactor denuder, the coating is perfonned w~th.out the 
impactor pin in place. 
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11.2 Drying Procedure 

~: As denuders dry, they change from translucent to a frosted appearance. 
Denuders are dry when they become unifonnly frosted. 

Note: A supply of zero air is needed to dry the annular denuder tubes after 
applying the coating solutions. This air should be free of ammonia, moisture 
and particles. Either a tank of pure air or an air purifier assembly can be used. 

11.2.1 Assemble the drying train and manifold as illustrated in Figure 7. 
Drying train and manifold clean air flow should be adjusted to 2 to 3 
L/min through each denuder. Close toggle valve controlling clean air 
flow through manifold before attaching denuders. 

11.2.2 Attach the flow-straightener end of the denuder to the drying manifold 
port (see Figure 7). 

11.2.3 Open toggle valve and allow clean air to flow through the denuder tube 
for 5 minutes. 

Caution: Excess ai.r flow will cause uneven coating to the tube walls. 

11.2.4 Close toggle valve, and reverse ends of the denuder attached to the 
manifold. Start clean air flow again. 

11.2.5 When an even frosted appearance is achieved, remove denuder from 
manifold, cap both ends with clean caps and store until ready for use. 
Tum off air to drying manifold. Affix label indicating coating date on 
denuder. 

11.3 Denuder System Assembly 

Note: Described herein is an annular denuder system consisting of one 
denuder. Extreme care should be exercised in handling and assembling of the 
ADS if the denuder is made of glass. The coupling of components must be 
effective to prevent leaks but, at the same time, not stress the glassware. Only 
patience and practice with the ADS will enable the operators to obtain optimum 
performance from the system with minimum breakage. 

The annular denuder system (ADS) assembly consists of: 

• an inlet nozzle/impactor or cyclone assembly; 
• I glass annular denuder tube; and 
• a I-stage filter assembly. 
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The following procedure :nvclves an inlet nozzle/impactor assembly. 

11.3.1 Lay the ADS pieces on a clean smface (i.e., Kim wipes®). 

11.3.2- Remove the er.d caps :ror.1 the citiic acid coated de:mder. Gently L1se1t 
th.e impactor su_ppcrt pin and coated f:::t assembly into the denuder-ph 
support. 

11.J .3 Attach a thermoplastic ccupler to the cpposite denuder end. Place a 
Teflcn~ clad ao"-ring inside the coupler, :.f needed. 

ll.3.4 The filter assembly has bun previously loaded with a Te:f:on~ filter. 
111e components a.re assemb:ed \vith plastic coup:ers. 

J.1.3 ..5 Attach the filter assemb.:.y inlet to the denuder coup!.er assembly. 

11.3.6 Attach fae elutriator-acceleration jet assembly to the o!her end of the 
denuder. Tigh~en very ge:-i1y - DO NOT OVERTIGHT.F..N or breakage 
will :esult. 

11.3.7 T:ghten the remm.ng couplers very gentiy. 

11.3.8 Cap elutriator with orange dust cover until used. Attach "quick­
:release" tube to outlet of filter assembly. 

11.4 Laboratory Leak-Check of ADS 

Caution: Do IW! subject the system to sudden pressure changes or filter 
may tear. 

11.4.1 Remove the orange dust cap from the impactor opening. Attach the 
"quick-releasen outlet of the filter assembly to a pump module. Turn 
on the pump. Be certain that flow tt'..rough the ADS occurs by checking 
the rotameter. 

11.4.2 Briefly cap the elutd.ator with the orange dust cap. Toe flow, as 
indicated on the rota11eter, should drop to zero if no leaks exist. 

11.4.3 Disconnect the pump from lhe ADS at the 11 quick-release11 plug. Cap 
the "quick-release" plug ,vith an orange dust cover. Tum off the pump. 
RElv.OThffiER - Never overtigbten joints or breakage will result. If the 
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joints can not be sealed with gentle tightening, then the Teflonilt 
"O"-rings are worn or defective and must be replaced. 

11.4.4 Place the assembled sampler in its field-to-lab carrying case for 
transport to the field. 

~: It is recommended that the ADS joints be loosened slightly when 
extreme temperature changes are incurred during transportation. Th.is 
will prevent unnecessary breakage or distortion of the ADS 
components. Remember to allow the system to adjust to the outdoor air 
temperature before tightening "the joints and checking for leaks. 

11.4.5 Before proceeding to the field, review the following checklist: 

• Run IDs on the Field Test Data Sheet should match labels affixed to 
the ADS components and filter assembly; 

• Recessed ends of the denuder should face the inlet; 
• ADS ends are capped; and 
• Transport case is secured firmly containing the ADS along with 

chain-of-custody and Field Test Data Sheet. 

12. Sampling 

U.l Placement of Denuder System 

U.1.1 The placement of the fine particle strong acidity aerosol monitor must 
conform to a consistent set of criteria and guidance to ensure data 
comparability and compatibility. A detailed set of monitor siting 
criteria for ambient air monitoring and meteorological programs is 
given in the following EPA document: 

• U.S. EPA, May 1987. Ambient Monitoring Guidelines/or 
Prevention of Significant Deterioration (PSD), EPA-450/4-87-007, 
Office of Air Quality Planning and Standards, Research Triangle 
Park, N.C. 27711. 

The site must be away from localized sources of ammonia such as 
composting and livestocking operations, landfills, sewage treatment 
plants, fertilizer plants and storage facilities, and recently plowed 
fertilized fields because aerosol acidity is subject to rapid neutralization 
by ambient bases. 

U.1.2 A summary of key factors that should be considered as part of the 
placement of an air quality monitoring station containing an ADS are: 
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12.1.J 

ti.1.4 

12.2 Start-up 

12.2.1 

Acid Aerosol 

• Vert:cal placement above ground; 
• Horizontal spacbg from obstructions and obstacles; 
• Ur,restricted ai::- flow; and 
• S?acing from roads. 

The ADS sarr.pler is mour.ted on a supported mast po!e or tripod. The 
ADS inlet sho~ld be located 2-3 m above g::uund level. Placing the 
inlet closer to ground level shodd be considered 011/y if the surface is 
f..at and man-made (i.e. s :::tot unpaved dirt). 

A st:mr.:1ary of key cri.teria associated with ~hese siting factors for cir 
mon::cd.ng stat:ons is included Li. Table 1.0. The infomiation inckded 
~ the table should be used lo the exten! possible as part of fae 
oonitoring network design to ensure that the monitorjng progra'Tl 
provides representatve and i::nbiased data. However, site-specific 
constraints co:.ild m!l:{e it very difficult to meet all criteria. For 
example, the occurrence of wooded areas around a site would aake the 
siting very difiicl;lt. The use of the information in Table 1.0, coupled 
witt'. a balanced evaluatioc. by an experienced air quality and 
::neteo.rology specialist, is 1:'Jghly .recommended. 

In general, for a site with no major obstruction and obstacles, the air 
sampler intake should be about 2-3 meters aboveground. For a site 
with nearby roadways, however, intake placement should take into 
account the effects of road dust re-entrainment and vehicular err.issions. 
IIF" fact, a liner relationsrip shol!ld be established betv,een the 
horizontal. distar.ce of the sampler intake from the roadway and the 
abovegroimd elevation of that int..1.ke. For any roadway accommodati.ng 
~ore than 3000 vehicles per day, the intake should be between 5 and 
25 meters from the edge of the nearest tra...Cf'ic lane. It should also be 
15 meters aboveground for a distance of 5 meters from the nearest 
traffic lane and 2 meters aboveg10uncl for a distance of 25 meters from 
the nearest lane. Fol' a roadway supporting less tllan 3000 vehicles per 
day, the intake should be placed at a distance greater than 5 meters 
fro:n the edge of the nearest traffic lane and at a height of 2-15 meters 
aboveground. 

Remove the ADS from its field-to-lab carrying case and load into the 
field sampling box. Place the asser.ibly in the box with the impactor 
extended O'Jtside the case. The ADS field sampling box is insulated 
and con:igured to hold the ADS without allowing movement. Cluume 
p::ated spring clips holds the denuder in pl.ace. Automatic and manual 
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control switches allow the sampling box to control the temperature of 
the ADS. The automatic switch should be used when the ADS is not in 
use and when the ADS is sampling for extended periods of time without 
constant supervision to prevent low temperature or sudden pressure 
change exposure of the ADS (these types of exposure can cause leaks to 
occur, condensation, or the filter to tear). When sampling, the ADS 
should be kept 1°c above the outdoor temperature to prevent 
condensation. 

U.2.2 Allow the pump to warm up for -5 minutes prior to testing. 

U.2.3 To check the Heat/Cool cycles, flip one switch from "AUTO" to 
"MANUAL" and the other between "COOL" and "HEAT." Check to 
insure that the fan and heater (i.e., light bulb) work, respectively. 

U.2.4 With the elutriator still capped, tum on the pump with the switch on the 
timer. The rotameter should indicate zero flow. Run leak check for 
5-10 seconds, then tum off pump and remove elutriator cap. Record 
leak rate on Field Test Data Sheet (see Figure 9). If there is a flow, 
refer to Section 13.4 for corrective action for leak test failure. The 
Field Test Data Sheet is used to keep track of the denuder tube, filter 
and impactors, as to when and by whom they are prepared, assembled, 
extracted and data input as well as to record the installation data and 
time, run date, sampling period, pump flow rates, start and end times, 
and other data relevant to each run. 

U.2.S Attach a DGM output to the inlet of the annular denuder system. Tum 
on pump. Record start time on Field Test Data Sheet. Using a 
stopwatch, record the time for 20.0 L to pass through the DGM. 
Record the DGM temperature and the absolute pressure of the DGM. 

U.2.6 Calculate the flow rate as follows: 

where: 

Qstd = flow rate corrected to standard conditions, 25 °C and 
760 mm Hg, Umin 

V = volume of gas pulled through denuder system, 20 L 

T = time required to pull 20 L of gas through denuder 
system, minutes 
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Pb = ba.--ometric pressure, run Hg 

P std = standard barometric _?ressure, 760 mm Hg 

Tstd = standard temperature1 298°K 

Tm = temperature of dry gas r..1eter, °K(= °C + 273) 

Fe = dry gas meter correction factcr, dimensionless 

12.2.7 If the calct:fated flow ra:e is not :>etweer.. 9.5 and 10.5 L/min, the:i 
readji.:st the flow rate un~i: the rate is in the above r-a.nge. Stop the 
p:imp. 

12.2.8 Record the flow rate on Field Test Da!a Sheet. 

12.2.9 P....emove DGM connection tubi..'1g from elutriatcr i.'1.1.et. With all 
infor:nation conectly on tl:e Field Test Data Sheet, slarl the pump and 
begin sampl:..ng. 

L2.3 Sample Shutdown 

12.3.l A:tach DGM connection tubing to the elutriator inlet with pump still 
running. Measure flow rate. Record calculated flow rate, temperature, 
and pressure on Field Test Data Sheet 

U.3.2 Tum off the pump. Record time and elapsed time meter reading on 
Field Test Da.ta. Sheet. Remove DGM connection tubing from elutriator 
inlet. Remove ,'-\OS from the sampling box, cap the endss and place tr.e 
ADS in fiekHo-lab CMrying case for transport to la:J. Secure the 
latches on the transport case. Be careflil not to stress the ADS dming 
the transfer or breakage wiU n1.,sult. 

Caution: When the ADS is brought from a cold field sampling location 
to a wann laboratory, it is necessa,y to loosen the denuder couplings to 
prevem rhem1al expansion from breaking rhe denuder. 

12.4 Corrective Action for Leak Test Failure 

Note: These steps should :1e foUowed when failure occurs during testing at the 
laboratory before transport ~ the field and in the field before sa:.npling. 

12.4.1 Sampler leak.s - Note the problem on the Field Test Data Sheet. Check 
asse:::nb:y of ADS components. Replace gaskets. Check for pmper 
seating of denuder surfaces. Replace any defective parts. 
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12.4.2 Cracked or chipped denuder or elutriator assembly - Note problem on 
Field Test Data Sheet. Discard defective pieces. Do not try to extract 
cracked pieces. 

Warning: Use caution when disassembling cracked glassware. Pieces 
may shatter and cau.se severe cuts. Wear protective clothing. 

12.4.3 Flow rate disagreement - Note problem on Field Test Data Sheet. 
Check vacuum gauge on flow module. If a high vacuum exists then the 
sampler has become blocked. This may be due to dust or smoke 
particles clogging the filter or to obstructions in the system or tubing. 
Check flow module. Repair as needed. 

12.4.4 Inadequate flow rate - Note problem on Field Test Data Sheet. Check 
rotarneter on flow controller. If adequate flow is shown here, then a 
leak exists between the controller and the DGM. If no flow is shown 
on rotameter, then check vacuum gauge on controller. If no vacuum 
exists, then pump needs repair. If a high vacuum is shown, then an 
obstruction exists in the system. Check to see that the paper filter 
dividers were not accidentally installed with the filter in the filter 
assembly. Check tubing for kinks. 

13. ADS Disassembly 

13.1 In the laboratory, remove the ADS from the field-to-lab carrying case using 
both hands. To prevent stress, hold the ADS by its ends. 

Caution: Do not stress the ADS while removing it from the case. 

13.2 Decouple the elutriator-jet assembly from the first denuder-impactor-coupler 
assembly. 

13.3 The impactor assembly and the denuders will not be extracted. However, ea.ch 
run should begin with a clean impactor and charged denuder. 

13.4 The handling of the exposed Teflon9 fiJter requires protection from 
contamination with NH3, which would rapidly neutralize aerosol acidity on the 
filter and bias the sample results. In order to ensure ammonia-free air occupies 
the glove-box, a positive pressure is maintained by blowing air through a PVC 
tube (4 inch 0.0.) filled with glass-wool dosed with citric acid before entering 
the manifold which enables uniform distribution of air from top of the glove­
box. Flow the ammonia-free air for five minutes before retrieving the filter. A 
citric acid soaked filter paper is also placed on the bottom to deplete ammonia 
while unused. Disassemble the filter assembly in the clean, ammonia-free 
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glove-box. C1ean all glove-box surfaces a..,d utensils wi:h n:ethancl. Wearing 
clean gloves and using clean filter forceps, remove tlle filter and place in the 
100 mL bottle, with the exposed filter surface facing downward. Label the 
bottle with appropriate information. 

14. Extraction Procedure 

14.1 Sa.-nples should Je analyzed a.s scon after collection as possible. It is 
imperative that the sclu.tions a.nd ex~racticn procedures a:re prepared a..'1d 
perfonned on the day of pH analysis. Keep sa..-nples in a refrigerator until 
extracted and analyzed. 

14.2 Samples should not be extracted until the day of analysis; hmvever, if samples 
are exti-ac~ed and then it is not possible to analyze them that day, they shodd be 
refrige::ated. Allow the samples to return to room temperatl!.re be:ore analysis. 

14 ,3 It is imperative :hat fae same extract solution (ES) be used for the samples to be 
analyzed, the worl"Jng standa.."'cs, and the E.~ solution. Also, the same ~atch of 
alcohol must be used to prepare the EA so:ution, the working standards, and in 
extracting the Teflon® filters. 

111,4 Handling and extraction r.:mst rue place in an ammonia-ffP-e glove box. 

~: Teflon~ is r:ot wetted by water, therefore, the f:llcr will float on top of 
an aqueous solution. The use of alcohol aids wetting. Also, all types of 
Teflo::i® curl to some extent. It is the nnalyst:'s respoDSibility to r.JlSlu·e tbe 
extraction solution makes complete contact with the particle deposit on tbe 
Teflon® filter during extraction. It may be necessary to use a clean plastic 
(Teflon<& or polyethylene) rod or tubing stub to hold the filter in better contact 
with the fluid during extraction. 

14 .S Teflon® ftl:er extraction 

l(J.5.1 Allow the glove-box to be flushed with ammorLi.a-free air for at least 
5 min:ites before proceeding. 

14.5.2 Process the filters in the ~ame order in which they will be analyzed. 

1.4.. 5.3 Open the sample vial and pipet 0.2 mL methanol onto the filter. 

14.5.4 As soon as tl1e methanol has wet !he entire surface of the filter, delive~ 
6.00 mL of BS solution into the viaJ.. Cap the vial. 
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14.S.S Put a batch of vials into the ultrasonic bath and sonicate for a total of 
20 minutes, rotating the position of the vials 90° every 5 minutes. 

14.6 Aliquot preparation 

14.6.1 Using a 1 mL automatic pipet, transfer 1 mL of the sample extract into 
each of two labeled 2 mL vials, one labeled A and the other 
labeled Al. 

Subsequent samples will be labeled Band Bl, C and Cl, etc. 

14.6.2 Recap each vial after its aliquots are drawn. Store the original sample 
vials in a refrigerator for possible repeat analysis or for analysis of 
other components. 

14.6.3 Proceed immediately with pH analysis. 

15. pH Analysis 

15.1 Standard and Reagent Preparation 

15.1.1 Standard H2SO4 Solution, 1.000 N 

Note: Each of the standard H2so4 stock solutions must be prepared 
fresh the day of pH analysis. 

15.1.1.1 Label seven 25 mL polyethylene stoppered volumetric flasks. 
Also, label each flask with the volume of 1.000 N H2SO4 
solution. 

15.1.1.2 Use the 25 µL automatic pipet to add the 1 N stock H2so4 
solution to flasks 2 and 3. Use the 100 µL pipet to add 
1.000 N stock H2SO 4 solution to flasks 4 through 7. Dilute 
all flasks to the 25 mL mark with methanol. Cap with 
stoppers or parafilm and mix well. Proper dilution ratios are 
indicated in the following table: 
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Volume of Equivalent 
t 

Standard 1.000 N H2S04 Working standard strong acid mass 
H2SO4 added to each concentration~ 10-3N collected on 

flask flask, (,uL) H2S04 filter (C-pn), µ.g3- Approximale pH 

1 0 0 C 4.09 
.... 
I. 25 l 4.90 4.01 

3 50 2 9.80 3.95 

4 100 4 19.60 3.84 
5 200 8 39.20 3.68 

6 400 16 78.'10 3.48 

7 800 32 156.8 3.23 

aBased on 3.1 mL extraction vo::ime. 

15. l. 2 2 1-,,r PoUissium Chloride (.[(Cl} Solution 

15.1.2.1 Weigh 149.2 ± 0.1 g of KCI. Add the KCl to a 2 L flask. 

15.1.2.2 Add about 700 m.L of DD\V water to the flask. s,virl the 
solution until the KCl is completely dissolved. 

15.1.2.3 Pour this mixture into a l L graduated cylinder. Rillse the 
:lasL{ with a small amount of DDW water and L"'8.llsfer the 
r.nse into the cyli.~der. Fill the cylinder to the 1 L mark. 

15.1.2.4 Pour lhe solution from the cylinder into the 1 L polyethylene 
bottle. Cap and shake the bottle to mix well. Mark the 
bottle with date of preparntion. 

15.1.3 0.100 N Perchlo1i.c Acid (I-ICIO4) Solutiou 

15.l.3.1 Fill a 1 L graduated cylinder about half full wifa DDW. 
Transfer 10 ± 0.1 mL of 60-62 percent HCIOt~ :.nto the 1 L 
cylinder with a 10 mL pipet. 

15.1.3.2 Fill the cylinder to the 1 L mark. Pour the solution inlo the 
1 L polyethylene bottle. 

15.1.3.3 Cap and shake the bottle to mix we:J. Mark the date of 
prepa..'cltion on the bottle. 
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15.1.4 0.010 N HC1O4 Solution 

15.1.4.1 Fill a I L graduated cylinder about 1/2 full with DDW. 

15.1.4.2 Measure 100 mL of the 0. l N HC1O4 solution with the 
100 mL graduated cylinder. Add this to the l L cylinder. 

15.1.4.3 Fill the 1 L cylinder with DDW to the 1 L mark. Pour the 
solution into the 1 L polyethylene bottle. 

15.1.4.4 Cap and shake the bottle to mix well. Mark the date of 
preparation on the bottle. 

15.1.5 Extraction Solution (ES) 

~: This solution must be prepared fresh on the day of pH analysis. 

15.1.S.1 Measure 20 ± 0.5 mL of 2 M KCl into 2 L erlenmeyer 
flask. 

15.1.5.2 Using a 5 mL calibrated automatic pipet, add 10 ± 0.1 mL 
of 0.01 N perchloric acid (HCIO.i), to the flask. Add 
980 ± 10 mL of DDW to the flask. 

15.1.5.3 Mix well and cover with parafilm until ready for use. 

15.1.6 Extraction Solution with methanol (EA Solution) 

15.1.6.1 Measure 150 ± 2 mL of F.S (prepared in Section 15.1.5) into 
a 250 mL graduated cylinder. Transfer to a 250 mL 
erlenmeyer flask. 

15.1.6.2 Using a 5 mL graduated cylinder, add 5 ± 0.1 mL of 
methanol (this must be from the same fresh bottle of methanol 
that was used to prepare the standards in Section 15 .1.1) to 
the flask. 

15.1.6.3 Mix well and cover with parafilm until ready for use. 

15.1.6.4 pH of the EA solution should be 4.09 ± 0.04. If not, the 
solution must be reprepared. 
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15.1.7 Working Standard Test Solutions 

15.1.7,1 Place fourteen-4 mL polystyrene sample vials (as used with 
Technicon Auto-Analyzer If system) labeled IA, lB, 2A 
2B...7 A, 7B into support racks. Using the calibrated 
dispensing pipet ':Jottle1 add 3 r..1L of ES solution to each 
4 mL vi.a:.. 

15. l.7.2 Using the c!isr,;.acement pipet, ac~d 50 ,uL of methanol to ea.ch 
vial. Pour atout 3 mL of Standard Flask Ill H2so4 s:c.ndard 
(see Section 15.1.1) into a labeled 4 mL vial. 

15.1.7.3 Immediately pipet 50 µL of this standard into the 4 mL vfaJ.s 
labeled lA ar.d IB containing the ES solutio:i and methanol. 

~: TtJs trans:er mu.st be done without cielay to prevent 
the s!2:ndard concen3'2.~on from increasing significantly ci.:e to 
evapo::-ation of the mecla.D.ol solvent. 

lS.1.7.4 Repeat the procedure for each of the other 6 standards. If 
there is a delay of mo.re than 5 minutes between the 
preparation of these mixtures and the next step, put caps on 
the 4 mL vials. 

~: Them should be fourteen vials, each containing 3 n:.L 
of ES solution, 50 µL of methanol, and. 50 p.L of Standard 
H2SO4 solution (see Section 16. l.1). Two aliquots from 
each vial (lA, 113, 2A, 213, 3A, 3B, ...7A, 7B) will be 
analyzed. 

15.1,7,5 Place vial lA in a. rack. In a second rack place two-2 mL 
vials !.abeled lAl and 1A2. Use the 1 mL automatic pipet to 
mix the contents of vial I A by drawing 1 mL into the pipet 
tip and then dispensing it back into the vial three times.. Then 
use the same pipet to transfer l m_L of the con!ents of via.I lA 
to each cf the rn10 labeled (lA1,lA2) 2 mL vials. Place caps 
on the vials. After transferring the two aliquots, rinse the 
automatic pipet tip in a flask of DDW. Repeat the transfer 
procedure for each of the other working stauda.rd pairs. (lB 
aliquot into vials ~Bl and 1B2, 2A aliquot into vials 2Al and 
2A2, etc.). These are the workfrlg stand.ard.s. 
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15.2 Calibration of pH Meter 

The pH meter requires temperature calibration whenever a new electrode is 
used. Use the manufacturer's procedure in the instrument manual. Titis 
calibration should be repeated every three month~ while not in use. The pH 
meter is left with the power cord plugged into the AC outlet, the mode control 
knob is left in the standby position, and the combination electrode is immersed 
in a 4 M KCI solution (a slit rubber stopper seals the bottle with the electrode 
in it). Keep a record of the temperature calibrations in~ lab notebook. 

15.3 Pre-analysis Calibration 

Note: Figure 10 outlines the steps for proper calibration and set-up for analysis 
of the Teflon® filter sample for pH determination. Analysis should be 
performed at room temperature. 

15.3.1 Use a pH Analytical Laboratory Log Fonn (see Figure 11) to record all 
data. 

15.3.2 Fill three 4 mL vials with pH 7 buffer. Withdraw the electrode from 
the 4 M KCl bottle and wipe the tip gently with a Kimwipe• to remove 
the bulk of the solution. Rinse the electrode with one vial of pH 7 
buffer. Do not test pH of the first vial. 

1S.3.3 Immerse the electrode in the second vial of the pH 7 buffer. Use a 
small bottle or other support to hold the vial up to the electrode while 
waiting for the meter reading to equilibrate. 

1S.3.4 Test the pH by turning to the pH mode of the meter. Allow the reading 
to stabilize for at least 30 seconds. Record the result on the Analytical 
Laboratory Log Form for pH 7, entry 2. 

15.3.5 Tum to standby mode, and then test the last vial of pH 7 buffer. 
Record the results on the log form for pH 7, entry 3. H the pH value 
for the 2nd cup is not 7.00 ± 0.01, adjust the "calib." knob to obtain a 
reading of 7.00. Note this adjustment on the log fonn. 

15.3.6 Fill three 4 mL vials with pH 4 buffer. With the meter in the standby 
mode, remove the cup containing pH 7 buffer, wipe the tip of the 
electrode gently with a Kimwipe9 , and then rinse the electrode with the 
first vial of pH 4 buffer. Do not record pH. 
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15.3.7 Test the next two vials of pH 4 tuffer as above, :recording the rest:.lts 
on the log fonn. If the pH value for the third vial is not 4.00 ± 0.01, 
adjust the "slope" knob 10 get a reading of 4.00. If the value for the 
second vial was not 4. 00 ± 0.01 , the calibrations at pH 7 and at pH 4 
n::.ist bo:h be re;:reated. 

15,4 pH Test of HCIO4 Solutions 

Note: The 0.01 N HC104 soluticn is :.ised to p::epare the ES solution whlch, in 
tum, :s :.ised to prepare the EA so:Jtion. It is imperative that the pH value for 
the EA solution be ,1 .09 ± 0.04. If this pH value is not achieved, then one or 
more of the HCIO4 solutions must be reprepared. 

15.4.1 Finist: the calibration of fae pH meter with pH 4 ":)uffer. 

15.4.2 Rinse the pH electrode with DDW. Wipe the :ip of the electroce with 
a Kimwipe0 . 

15.4 .3 Fill :hree 4 mL vials with EA sclw!ion. Measure the pH of die test EA 
solution in similar fashion to the buffer solutions. The values must be 
4.09 ± O.CM. 

1.5.4.4 If the above pH values a.re not achieved, follow Section 15.1..6 to 
t"e'prepare the solutions. Test the pH of the new solutions. Repea( as 
necessary to obtain an average pH of ,i,09 ± 0.04. 

15.4.5 Leave the e:eclrode irnmersed in the "3rd vial" with the meter in the 
standby mode until ready to start analysis of the working standards. 

15..5 Analysis of Working Standard 

~: Immediately fojcwing the EA analysis, start testing the working 
standards. 

15.S.l With ~e pH c:ceter stiJJ in the standby me-de, remove the last vial from 
the electrode, gently wipe the tip with a Kimwipe~. and tten immerse 
the electrode into the working standard vial lAl. 

Note: Only lwo vials are available for each working standard (also for 
filter extracts). Thus, pH r.1easurement is made for both of the two 
vials for each sample. Also, the electrode tip is not wiped between tee 
1st and 2nd vials of each ~a.mple. 
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15.5.2 After testing the pH of vial lAl, test vial 1A2. Record the results of 
both on the Analytical Laboratory Log Form. 

15.S.3 With the meter in the stand-by mode, remove vial 1A2, wipe the 
electrode with a Kirnwipe® and test one 2 mL vial of EA solution. 

15.5.4 Test a 2nd vial of EA solution; record the results on the log fonn. 
Discard the 1st vial of EA, but retain the 2nd vial to be used as the 1st 
vial for the next EA test. 

15.S.S Mean pH value for the EA solutions should be 4.09 ± 0.04. If the 
above pH values are not achieved, follow Section 15.1.6 to reprepare 
the EA solution. Retest. If still outside range, investigate problem 
with probe, have Laboratory Manager review previous recorded pH 
data for samples and EA solutions to determine validity of 
measurements. 

15.5.6 Continue testing the remainder of the working standards, IBI, 1B2, 
2Al, 2A2, 2Bl, 2B2...7Bl, 7B2. Remember that the electrode tip is 
wiped both before and after each pair of test solutions, but not in 
between two vials of the same sample. 

Note: If there is trouble in obtaining constant pH values, it may be 
necessary to use a magnetic stirrer to keep the contents to be measured 
uniform. If employed, ensure that the sample vials are insulated from 
any temperature increase of the stirring platfonn which may occur 
during extended use. 

15.S.7 Use the mode control knob in the "temp." position to measure the 
temperature of the test solutions every 5-10 samples and record the 
results on the Analytical laboratory Log Sheet Form. 

15.6 Analysis of Filter Extracts 

Following measurement of the pH of the working standards, measure the pH of 
the filter extract and record on the Analytical Laboratory Log Form. After ten 
filter extracts have been tested, make an additional test with the EA so]ution 
and record temperature. At the end make a final test of pH 4 buffer. If not 
4.00 ± 0.04, then perform a new calibration; the laboratory manager must then 
decide (and document) how to reduce the unknowns based on pre- and post­
calibrations. Criteria and corrective action should be met according to 
Section 15.5.5. Follow manufacturer's directions for shut-down of pH meter. 
Immerse the electrode tip in the bottle of 4 M KCI. 
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16. Assumption of Annual Denuder System 

16.1 The :neas3rement of acid aerosc-1 r~ires ttat an:mo3.ia ':Je eliminated from the 
sample strean: to prevent inaccurate measurement of the a.c:d aerosol, tl::us 
biasing the results. To address this issue, a citric acid coated denuder to 
remove (denude~) amr.1onia from the gas stream is positio:1.ed in front of the 
filter assembly where strong acid aerosols are. collected. The eF.icier:cy o: foe 
citric acid denuder to rer.1ove :N1I3 is assumed to be 100 percent. 

16.2 The e:F.iciency o: the i."lli:ac~cr col!.ecton syste::n decreases w:~h bcreased 
pa.r.icu:ate loading. The average operational tL.'lle :Jefore sucl: loadicg occu~-s 
has not been determined. Likewise, the removal efficiency of the denuders 
have not been ft:lly explored. Thus, beth the im?actor and denuders are 
removed af.:er each sampling event and replaced with new cor.:1pocents. 

16.3 O~her assumptions which are made associa~ed with the perfonnance of the 
ann:ilar denuder syste::n for validity of the calculations presented in Sectio:i : 7 
are: 

• All alk.al:.ne particles ( > 2.5 µm} are removed at the sa."llpler inlet; 
• The cyclone or elutriator/impaclor asserr:bly have DP50 cut size of 2.5 µru; 
• The citric acid coated-denuder removes WO% of ammonia from the gas 

sam;>le sL""Caffi; 
• Fhle ( <2.5 µm) acid (I-I2SO4) aerosol losses in the denuder are less than 1 % ; 
• The Teflon° filter is 100 % efficient in collecjng fine acid aerosols; and 
• The molar ratio of NH4No3 to I-I2so4 is assumed to be less than IC%. 

However, if NI-I4NO3 is ca:;Jll1n»Ai on the Teflon(/} filter, its dissociation during 
samplir.g may occur, thus affecting acidity measurements. To address the...~ 
concerns, the user is encouraged to consider the "Enhanced 1v1ett:od", as 
outlir..ed in Pa{t B of this document. 

17. Atmosphoric Spopie:-; Concentration CaJ<.!ulatlons 

17.1 Calculations Using Results from pH Measurement 

17.1.l A convecient method of expresskrg concentration of the hydrogen io:i 
was first proposed by Sorens.en in 1909 and. has been widely adopted by 
chemists. 

pH = - log [H+] 

[H+J = w-?H 
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17.1.2 For each working standard on a given analytical day, calculate the 
"apparent net strong acid concentration" as follows: 

C· = 10-pHWSi - 10-pHEA
1 

where: 

Ci = apparent net strong acid concentration, molar, 

pHWSi = measured mean pH of a working standard, and 

pHEA = measured mean pH of the EA solution. 

17.1.3 For each analytical day, utilizing a particular set of freshly prepared 
daily working standards, develop a standard curve by calculating the 
Jinear regression of Ci vs. Ceq~ as documented in Section 15.1.1.1. 
Calculate slope and intercept ol the standard curve. 

17.1.4 Calculate the corresponding "apparent net strong acid concentration" 
from the sample pH utilizing the following equation: 

Cs= 10-pHS__ 10-pHEA 

where: 

C5 = apparent net strong acid concentration for unknown sample, 
molar, 

pHS = measured pH of the sample (S), and 

pHEA = measured pH of the EA solution. 

17.1.5 Utilizing the slope and intercept of the standard curve, calculate 
equivalent mass of strong acid: 

Cr = [Intercept] + [Csl [Slope] 

where: 

Cr = apparent net strong acid mass, µg, as calculated from 
standard curve, 
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Inte:-cept = calculatec. :-elationship fo:Hr.. lir:ear regression analysis 
of Ci vs. CEq, and 

Slope = calculated re!ationship from linear regressior. analysis 
of Ci vs. CEq. 

17 .2 Calculation of Air Volu:ne Sampled, Corrected to Standard Conditions 

17.2.l The acn:.al sa.11ple air value, V, for each sa:np:e is calcu:ated usir.g the 
da~ from the Field Test Data Sheet. These data include the bitial anc 
final ela?sed t.mes, the in.:~ial rotarneter read:..ng, a.11d the rota.meter I.D. 
No. Use the calibratio:1 cu:-ve fo:- the given rotan:eter to ca:..cula~e the 
flow for the sample, in LPM, if ap:;Jlicable.. Calculate the value of Vas 
fellows: 

V = [FJ [TJ 

where: 

F = flew from the caJfaration curve, L per minute, 

T = net ela?sed time, mil:, and 

V = totaJ sample volume, L 

17.2.2 Convert L to m3 by: 

vs = V x (10-3) 

where: 

Vs = total s.unpling volume, m3, and 

ic-3 = conversion factor, rr.3/L. 

17.2,3 CalciJlate the air volume sampled, corrected to E."PA-reference conditions: 

Tstd ~ 
Vs d = V sY{-)(-.-)

st Tm Pstd 
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where: 

V5std 
= volume of sample at EPA-reference conditions, m3, 

Vs = volume of gas sample through the dry gas meter, or 
calculated volume sampled as indicated by rotarneter 
(see Section 17.2.1), m3, 

Tstd = absolute EPA-reference temperature, 298°K, 

Tm = average flow meter or dry gas meter temperature, °K, 

Pbar = barometric pressure of flow or volume measurement 
condition, mm Hg, 

Pstd = EPA-reference barometric pressure, 760 mm Hg, and 

Y = dry gas meter calibration factor (if applicable), 
dimensionless. 

17.3 Calculation of Strong Acidity Aerosol Concentration 

17.3.1 Calculate the final concentration of apparent net fine particle ( <2.5 µm) 
strong acidity (as H2S04,): 

CH+ = Cr I VSstd 

where: 

- apparent net fine particle strong acidity concentration, 
µg/m3, 

Cf = apparent net strong acid, µg, as calculated from 
standard curve, and 

VSstd = volume of sampled gas at EPA-reference conditions 
(see Section 17.2.3), m3. 

18. Variations of the Acid Aerosol Denuder System 

One modification of the fine particle strong acidic aerosol denuder system involves 
adding additional denuders to selectively quantitate other gaseous and particulate 
species in the atmosphere, and is illustrated in Figures 12 and 13. This system was 
developed to measure reactive acidic and basic gases and particulate matter which are 
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contai:led in ambie:it air. The d:emical species which can be meas:ired utilizing ttis 
system are gaseous so2, HNO2, HNO3, NI-13 , and particulate so4=, No-3, and 
H+. Other similar chemical species can be successfully collected by tlle system with 
modifications (i.e., changing the denuder coating solutions, the denuder sequence, and 
the f:Jter types and seq:.ie!lce). Once collected, the poJutar.t co!lcentrations are 
c;_t:anti:ied by ion chrcrnatography (IC) analysis and/er Technico:i colorimeter au:c­
analysis. A full descriptio:1 of this nethcdolcgy can '::le foi;nd in "Compendium of 
lvlethods for the Delenninatiori ofAir Pollutants in Indoor Air," U.S. Environmer.tal 
Protection Agency, Atmospher:.c Research and Exposure Assessment Laboratory, 
Research T::-:angle Par~, N.C. 27711, EPA-600/4-90-0lO. 

19. Mothod Safety 

This procedure may involve hazardous materials, ope:-at:.ons, and equipment. This 
methoc. does not puqort to address all cf tte safety prcble:.ns associated with its use. 
rt is the :.iser' s respcnsibilily !c establish appropriate safety and ~1ealth practices ar.d 
detern:ine the aJplicability of regulatory limitations pr..or to the implementation of this 
procedu:-e. This shculd be ?art of :he user's SOP manca.1. 

20, Performance Criteria and Cluality Assurance (OA} 

Req:.iired qt.:ality asst:rance measures and g,Jidance concernL't'lg perfonna11ce criteria that 
sho:ilci. be achleved within. each :aboratocy are summarized and _?rovided in the 
following section. 

20.1 Sta.'ldard Operatir.g Procedures (SOPs) 

20.1.1 SOPs should be generated by the users to describe and document the 
following activities in their laborator-;: 1) asseably, calibration, leak 
check, and operation of the specific sampling system and equipment 
used; 2) preparation, storage, shipment, and handing of the sampler 
system; 3) purchase, certification, and tra..nsport of standard reference 
rr.aterials; and 4) all aspects of data recording and iJhl~essir.g1 including 
lists of computer ha-dwa..'1: and softv1a:re used. 

20.i.2 Sped.fie stepwise bstructions should be providec in the SOPs and shou~d 
be readily available to and understood by the personnel conducting the 
monitoring work. 
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20.2 Quality Assurance Program 

The user should develop, implement, and maintain a quality assurance program 
to ensure that the sampling system is operating properly and collecting accurate 
data. Established calibration, operation, and maintenance procedures should be 
conducted on a regularly scheduled basis and should be pan of the quality 
assurance program. Additional QA measures (e.g., trouble shooting) as well as 
further guidance in maintaining the sampling system are provided by the 
manufacturer. For detailed guidance in setting up a quality assurance program, 
the user is referred to the Code of Federal Regulations (see Section 21, 
Citation l 1) and the EPA Handbook on Quality Assurance (see Section 21, 
Citation 12). 
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Table 1.0. Summary of Key Probe Siting Criteria for 
Acid Aerosol Monitoring Stations 

Factor Criteria 

Vertical spacing above ground • Representative of the breathing zone and avoiding effects 
of obstruction, obstacles, and roadway traffic. !-!eight of 
probe intake above ground in general, 2-3 m above ground 
and 2-15 m above ground in the case of nearby roadways. 

• About 1 m or more above the structure where the sampler 
is located. 

Horizontal spacing from • W.inimum horizontal separation from obstructions such as 
obstruction and obstacles trees is > 20 m from the dripline and 10 m from the 

dripline when the trees act as an obstruction. 

• Distance fro1:1 sampler inlet to an obstacle such as a 
building must be at least twice the height the obstacle 
protrudes above '.he sampler. 

• If a sampler is located on a roof or other structures, there 
must be a minimJm of 2 m separation from walls, 
parapets, penthouses, etc. 

l • :bere must be si.::fficient separation between the sampler 
I 

and a furnace or incinerator flue. Tne separation distai1.ce 
depends on the height and the narure of the emissions 
involved. 

Unrestricted. airflow • Unrestricted airflow must exist in an arc of at least 270 
degrees around the sampler, and tl:e predominant wind 
direction for the monitori:::g period must be included in the 
270 degree ll!'c. 

Spacing from roads • A suff:cient separation must exist between the sampler and 
nearby roadways to avoid the effect of dust re-entrainment 
and vehicular emissions on the measured air 
co1:centrations. 

• Sampier should be placed at a dist.Ence of 5-25 m from the 
edge of the nearest traffic lane on ilie roadway depending 

: on L'1e verticS: placement of the sampler inlet which could 
be 2-15 m above ground. 

I 
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Figure la. Annular Denuder System (ADS) with Cyclone 
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Figure lb. Annular Denuder System with Impactor Assembly 
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Fig'Jl'e 2. kmula.r Denude:- Systerr. in Field Sampling Box 
\Vith Pump-Tuner .System 
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Figure 3. Available Elutriator and Acceleration Jet Assemblies 
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Figure 4. Glass Annular Denuder with Inset In:pactor Assembly 
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Figure 5. Side View Impactor/Coupler Assembly 
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Figure 6. Inte.:nal Schematic of Annular Denuder 
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DETERMINATION OF TiiE STRONG ACIDI'IT OF 
A1MOSPHERIC FINE-PARTICLES ( < 2.5,um) 

GE1'1ERAL 
Project: -------------Site: ______________ 

Location:------------

Sample Code: -----------

EQUIPMENT 
Mass Flow 
Controller No.: 
Lab Calibration Date: -------­
Flow Rate Set Point: 
Calibrated By: ----------­
Rotameter No.: 
DGM No.: -----------­

SAMPLING DATA 
Time 

Time:-------------­
Flow Rate: -----------­
Temperature: 
Pressure: -----------­
Avg. Flow Rate: 
Leak Check (Before): 

(After)-·--------

Total Sample Vol.: _______ 

Flow Maintained Rate: (±S% ) 

Flow Ambient 
Rate (Q). Temperature,

ocTime Umin 

Date: ______________ 

Location of Sampler: 

Operator: ____________ 

Sampler 
Citric Acid Denuder No.: 
Filter Assembly N...,.n_·_________ 

Barometric Relative 
Pressure, Humidity, 

mm Hg % Comments 

Figure 9. Annular Denuder Field Test Data Sheet 
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Figure 10. Calibration and Ac.alysis Step for pH Determination 
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Detennination of the Strong Acidity of 
Atmospheric Fine-Particles ( < 2.5 µm) 

Name:_____________ Sample I.D.:,__________ 
Date:______________ Location;,_____________ 
LAB: ___________ 

RUN NUMBER 
Constituent 

7I 2 3 4 5 6 

pH 7 Buffer , ... '.U_r,: :,,: 
.:::..,,., .. 

y <•····· 1r·.:r::::.· ··:·•h< ::::: l<U,<·•.. .\( :: :··• 
; . ..) : ;,. H'·· ••1 P>L :::> 1•:IJk}t)• : 

; ::,.. : ... ,.... ':'::: Ht:k .. ,.: :: '//: <r::. •:· 

2 
3 

pH 4 Buffer , ·{TF >••k•:· ++ ... ··:· 
.:·.•.:...: :)fr I>:< .. uu····· .1:::: > 

..... 
,'1 :: :··>· :•••••·:··•::••:•:::::•. H:· :: )>·, ••• HJ :·· 

: 

> ·•t .·,·,·; -• ?T< 
2 
3 

·no:·........_:/\ ·:·::i:ij( 1•,•<••:... ·. . . :: :.'. :.:. . ::; ·:·,:.:::EA Solution ... 
", 

. T .:•;-;·:·0•' :·:··· I ······-.:
1 ... : ; \: , •. i<< iT 

: .. :: . ·•.: .. :·:_:-: I'••_::,: .. ; .. :, : '? ;:.. 

2 

3 
7 ·:::· 

,'Working Standards i:c. •• ··········•tf:; ,.. t:t·';/ :',. .. .... <Hfr :: : :.: : )( ·•1i: : 
lAl 
IA2 
EA 
181 
182 
EA 
2Al 
2A2 

Temp. 
EA 
2B1 
282 
EA 
JAi 
3A2 

EA 
Temp. 
3B1 

3B2 
EA 

Figure 11. pH Analytical Laboratory Log Fonn 
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RUN NUMBER 
Constituen: 1 2 3 4 5 6 7 

4A1 
4A2 
EA 
4BJ 
4B2 
Temp. 
EA 
5Al 
5A2 
EA 
5Bl 
582 
EA 
6Al 
6A2

i Temp. i 
EA :I 6B1 

r682 
EA I 

EA r 
7A: ' 
1112 -
EA 1 

I7B1 i 

7B2 I 
I 

Ternn ' 
Sample Extracts 

A 
Al 

I 

i 
8 
Bl 
C 
Cl -
D 
01 
E 
El 
EA 
Tema1 

J

I EA Solutio:: }:::C:;::::>:::-::·-::,:: 
1

;:('""'' t]:; ' ... ----- .' []ff ,;;);::.::;...:.•.·,.·.·· ---:-· ··:·;·.:··;·.:·.: 
-~! {·'I .,,·,·:,: :\iitt..·,··-: !::t\H!t~:·,_,:- (::::::::::,:,.:, ''.1 ,.:_ ', f~::f:I:if ::iI.ittl ' :-· .::.: ..-.·>.····.::; iHfff:j:;:J}: .: }; ,,_: 

,,.,,,·.. . 
2 
3 

pH4 Buffer :_:-·,,,:,:::):=:=::::: ::}'.::.>::"?::= ,,.=,::-:::..::::./: ·r ;·}{/:) :· ). :: >: /;:: :,}:: :,,::,:::,'="- :,-,:,/:'>:? i\;X;n:=:=:= 
1 ::-==:.:=:,·:• _'.,'._';:,:: :•=•=·::>::.::, :::<•:.-•·: :-~_({{;·:.:::.-:·; ": ::-::-:/, '.••'.• ;;'.·:::= ::: !;/\'\:/:,:::: 
2 - l3 

Figu~ 11. pH Ar..alytical Laboratory Log Fonn (cont.) 
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COUPLER ( TYPICAL) 
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Figure 12. Schematic View of Annular Denuder with Cyclone 
Adaptor for Measurement of Reactive Acidic and 

Basic Gases and Particulate Matter ( < 2.5 µm) in Ambient Air 
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Figure 13. Annular Denuder System with Cyclone in Heated Sampling Case 
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DETEBMINAT10N OF THE STHONG 
ACIDITY OF ATMOSPH~RIC FINE-PARTICLES 

{ < 2.5 µm) USING ANNULAR 
DfiNUDER TECHNOLOGY 

ENHANCE[:> METHOD 

1. Scope 

1.1 T..1is document describes the protoco: for the q~a,.-,titative determination of 
equivalent strong acidity of atmospheric fine-?article ( <2.5 µm) in ambient air as 
hydrogen ion by pH. 

1.2 The me~hodology detailer.I in the "enhanced method" is a compcsite of 
methodologies deve~oped by U.S. Enviror_,iental Protection Agency (USEPA), 
Uoivers:cy of Kansas, Robert Jolmson Medical Sct:ool, New York State 
Uoivers::y, Ha.rval'd Urlversity and the CNR 1.abcralories. It is Cl.lrre:1:ly 
en::;,loyeri in a number of air pollution studies ii: Italy, U.S.A., Canada, Mexico, 
Germany, A~stria, and Spain, and in such bstil11tions as public health serv:ces 
and epidemiolcgy and environme:1:al. research centers. 

'While the "standard method" u'.:.L.izes a denuder and filter assembly for 
detemination of the strong acidity atn:ospheric fine-particles, it does not account 
for potential int.erfere:1ces from nitric acid (HNO3) and :-titrate aerosol (NI-I4NO3) 
wrich might bias the acidity ::neasure::nenl. The "enha.."lced method" adds an 
additional denuder upstr"....arn cf the filter assembly to selectively remove nitric acid 
frorn the gas stream prior to filtra:ion. In addition, to correct for biases due to 
the dissociation of nitrate aerosol captured on the Teflon® filters thus affecting 
acidity measurements, a backup nylon filtei- has been incorporated to capture 
volatile HNO3 fallowf-..d by a glass-fiber fi.:.ter impregnated with citric acid to 
retain the dissociated mr3 from h1l-I4No3. The ammonia concentration is 
subtracted from the nitrate value, then combined with the acidity measurement of 
the Teflon<P filter to give an unbiased rr..easurement of tl~e atn:ospheric fine particle 
s~-cng acidity aerosol found on the Teflon® filter. 

The techniques, proc,,edures, equipment, and other specifications comprising this 
!:lletbod ar-e derived and composited frcm ~hose actually used by the contributing 
research orgac.izations ar:d thereby known to be serviceable and effective. At this 
s-:.age, this method is a mtlfied, consensas, tentative, draft method intendec for 
fur..her application and testillg. Users should be advised that the method has not 
yet been adequately tested, optimized, or standardized. Many o: the specificat:ons 
have been initially establisted by technical judgment and have net beeu subjected 
to ruggedness testing. In some cases alternative teclL-u.qu.es, equipment, or 
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specifications may be acceptable or superior. In applying the method, users are 
encouraged to consider alternatives, with the understanding that they should test 
any such alternatives to detennine their adequacy and to confinn and document 
their possible advantages. Infonnation and comments are solicited on 
improvements, a1temative equipment, techniques, or specifications, perfonnance, 
or any other aspect of the method. All such infonnation should be sent to the 
EPA Project Manager identified on the cover page and will be considered for 
incorporation in future revisions of the method. 

1.3 The equipment described herein can be modified to measure acidity of 
atmospheric gases and particulate matter contained in both indoor and outdoor 
atmospheres. Modification to this methodology were developed for monitoring 
regiona1-scale acidic and basic gases and particulate matter in support of U.S. 
BP A field programs involving the Integrated Air Cancer Research Program and 
the Acid Deposition Network. Similarly, the methodology has been used to 
characterize urban haze in Denver, Houston, Boston and Los Angeles. 

2. Applicable Documents 

2.1 AST.M Standards 

D1356 Definitions of Terms Related to Atmospheric Sampling and Analysis 

2.2 Other Documents 

Ambient Air Studies (l-23) 
U.S. EPA Technical Assistance Document (24) 

3. Summary of Method 

3.1 The annular denuder system (ADS) consists of an inlet with an impactor or 
cyclone preseparator designed to eliminate all particles with a DPso of 2.5 µm or 
greater, annular denuders, and a three-stage filter assembly. In operation, air is 
drawn through the elutriator-accelerator jet assembly, an impactor frit and coupler 
assembly, past two denuders to remove nitric acid and ammonia, then into a three­
stage filter pack assembly. The three-stage filter pack contains 47-mm filters 
supported by stainless stool screens and separated by polyethylene spacer rings. 
The-first filter is a 2 µm pore-size Teflon~ membrane filter, Zefluor (Gelman 
Sciences), followed by a I µm pore~size nylon membrane filter, Nylasorb19 

(Gelman Sciences), and then a citric acid-impregnated, glass-fiber filter, and a 
prefilter-pad, type AP filter (Millipore). The glass fiber is impregnated with 
1.0 mL of 2 percent (w/v) citric acid solution in ethanol. The Teflon~ filter 
collects fine acidic particles. The nylon second filter traps nitric acid arising from 
the dissociation of ammonium nitrate or nitric acid collected on the Teflon~ filter. 

Acid Aerosol Part B 



Rev:sion No. 0 
Date ll/92 

Page 3 of 72 

The citric acid·impregna.ted glass fibe~ filler retains am:noda also arisbg from the 
disassociation of ammorium dtrate collected on the Teflon® filter. The tl'..ree 
filters together give fill unbiasec neasl!re of atr.1ospl1e::c acidity. A pump unit 
maintains a flow of :o Lpn:, anc. a 7-day tb1er aJcws progra.mned start and end 
tin1es. ADS srn:ples may be run for 8, 12, o::.- 24-:tour durations or in cycled 
opera:ion (e.g., :o minutes orJ50 :nir.t::es off :o:- 7-cay periods). Figure 1 
illustrates a two-stage ar,_,_"1.ular denuder system assemb:ed, :eady for testing. 
Figt:.re 2 s~1ows the field sampEng box w::h the two-stage ar..:iular denuder and 
pur..1p·tiiner systen:. 

3.2 Following eac::i run, ~he ADS asserr..:,ly is rer.:ioved from its field tousL1g, its ends 
capped, and b:uught back to the laborat0t·y. In :he laboratory, the asseobly 
pieces a..~ m:coupled and capped. The denuder tubes are not extracted. Filters 
are unloaded from the :tlter pack in an an:morla f:-ee atmosphere anc either 
dL~tly extracted or s:cred b a petri·dish for later extrac+Jon. A glove-'.Joxs lined 
wit'.1 ci~ric-acid soaked ?aper, is t:.sed to mafa~ an anmonia-free atmos-2here. 

As illustrated in Figure 3, the Tef..on® filter is extracted a...'ld analyzed for 
hydrogen ion, or strong acidity, by pH determination. Nitrates, captured by the 
Nylon® fi.::er a.--e analyzed :,y ion dL--o:natcgrapr.y. Ar.1monium ion collected 0:1 

the citric acid-impregr.ated glass fiber filter is ar.alyzed by the indophenol method 
us:ng an au:o-analyzer. 

Tc extract the Teflon® filter, it is placed in an extraction vessel, :'.llembrane side 
down. The filter is wetted with 100 µL cf met:1anol, :hen extrac:ed with 3.0 mL 
of extraction solution (ES). The extraction vessel is p:.it L11 an ultrasoric bath for 
20 minutes. The extraction solutlo;1 is then deca,!ed into a ccntainer. 

3.3 Acidity determinations are r.iade using pH measurements of 1 mL of the extracted 
filte:- solution in polystyrene vials. Filter acidities are calcula:ed from sta.,dards 
made wi:h sutforic acid. The standards range from O to 150 µ.g equivale~t of 
strong acid aerosol concentration. A pH meter is used to measure the pH of the 
fiiter extract. For each batch of filter extractss a calibration curve is calculated 
using the mean pH of each standard reading taken before and after the :,atch. 

Loss of volatile nitrate species from the Teflon® filter may occur. These 
volatilizeci components (NH3, NI-I4No3, and HNU3) are collected on the 
follewing nylon and citric add-imi:)regnated backup glass fiber filters. The blank 
corrected nitrate concenL"cltion on the nylon filter is d.u.e to nitric acid. from the 
dissociation of a...'1llt1onium nitrate from the Teflon'° filter. The blank corrected 
a.,ur..onium conce~tration on the citric acid :mpregr.ated glass fiber filter is due to 
a.,,111:onia liberated from t.:1e TeflonG filter. The final ac~dity correction is 
calculated as :he difference c: nylon filter nit:-a.te less glass fiber fi.:::er ar.unoniu:r.1. 
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4. Significance 

4.1 Acid aerosols are found in the atmosphere as a result of atmospheric reactions of 
emissions from a variety of fossil fuel combustion sources including power plants, 
industrial and commercial facilities, hazardous waste storage and treatment 
facilities, etc. Awareness of the effects of concentrations of acid aerosols on 
human health and property has been documented over the past several years. The 
Clean Air Act Amendments of 1970 required the U.S. Environmental Protection 
Agency (U.S. EPA) to develop unifonn national ambient air quality standards 
(NAAQS) for pollutants which were recognized as widespread (emitted by 
numerous mobile and stationary sources) and which endangered public health and 
welfare. Further, Section 109 ofthe Clean Air Act as amended, requires EPA to 
periodically review the NAAQS as well as the scientific infonnation and data on 
which they are based. New pollutants are identified for NAAQS development if 
the Administrator concludes that they may reasonably be anticipated to endanger 
the public health and welfare. 

To assist the Administrator in evaluating the need for new or revised NAAQSs, 
the Clean Air Act created the Clean Air Scientific Advisory Committee (CASAC). 
This committee's mandate is to provide the Administrator with scientific advice 
and research recommendations on critical areas of knowledge on new or revised 
NAAQSs. The Acid Aerosol Subcommittee of CASAC identified a need for a 
coordinated acid aerosol research program to assist the Agency in making 
recommendations on a new acid aerosol NAAQS. The Subcommittee 
recommended a research program involving characteri7.ation and exposure 
assessment, animal toxicity, human exposure research, and epidemiology. The 
foundation for any research program and potential air quality standard 
development is "...a measurement method, not only because the standard itself 
must specify the method, but equally important, because before establishing a 
standard the contaminant must be fully characterized and exposure measurements 
made to correlate with health outcomes." 

4.2 The unique features of the annular denuder which separates it from other 
established monitoring methods are elimination of sampling artifacts due to 
interaction between the collected gases and particles and the preservation of the 
samples for subsequent analysis. These features are accomplished by removing 
NH3 in the gas stream with the citric acid-coated denuder to reduce the 
proJ,ability of the acid aerosol captured by the Teflon* filter in the filter pack 
being neutralized to ammonium sulfate [(NH4,)2SO,v. 
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5. Definitions 

Defmit:ons used in this document a.r..d ar..y t:ser-prepared Standard Operating Procedares 
(SOP's) should be consistent with ASThf D1356. A[ abbrevia~ions and symbcls are defir..ed 
with:n :his doc;Jment at the :Job~ of first use. 

5.1 Secondary particles (or secondary aerosoJs} - Aerosols that form in the 
at:ncsphere as a result of chen:ical reac:.io:1s, of:en involvbg gases. A typical 
example is sulfate :ons p:oducec by photocl:emical oxidatior. of so2. 

5.2 Aerosol - A dispersion of solid or l:quid particle in a gas-phase mediu:n a.,d a 
solid or lic;,dd dis-perse phase. Aeroso:'.s are fomled ':Jy (l) the suspension of 
particles d:ie to grinding or atomization, or (2) ·condensation of supersaturated 
vapors . 

.5.3 Coarse and fine piutkles - These two fractions a...'"e uscally defined in terms of 
the separation diameter of a sampler. Coarse paxt:cles a..-e those will: diameters 
(aerodynamic) greater than 2.5 µ::n ar.d are removed by the sampler's inlet; the 
fine particles are ~hose with diam.eters (aerody:iamic) less than 2.5 /Lin that are 
collected 011 tte Teflon® filte:. 

5.4 Annulm· - Of, rotating to, or forming a ring. J.n the annular der..uder sampler, tte 
annular refers to the annulus be!ween two concer:.tric tubes. Chemical coat:ng 
applied to the interior surfaces ::-emoves gaseous pollutants which diffuse ~o the 
st:.rface. 

5.5 Denuder - ~The denuder refers to the sections i:1 which interferi..,g gases are 
removed from the sample stream prior to filtration in determining fine pa...'1:icle 

· (2.5 µm) strong acidity. 

5.6 Equivalent weight - The combining weight, or the equivalent weight, of a 
compound or ion is its for.:nula weight divided by the number of replaceab:e 
hydrogen atcms. 

5.7 Normal solution - A normal (N) solution is one that contaks a g:am-equivalent 
weight of soh:te in a liter of solution. 

6. AQpurnnrn 

Note: The followh1g descriptions relate to Figure 2. Mosl of these parts are available 
commercially from Uriversity Research Glass.ware, l I 8 E. Main Street, Carrboro, 
North Caroli11a, 27510, 919-942-2753. Ho\i>lever, these items can b-e made by any 
qualified vendo:-. Therefore, it is not r.ecessary fliat these specific items a..--e obtained 
and utilized. 
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6.1 Sampling 

6.1.1 Elutriator and acceleration jet (inlet) assembly - Under normal sampling 
conditions, the elutriator or entry tube is made of either Teflon* coated 
glass or aluminum, as illustrated in Figure 4. When using glass, the 
accelerator jet assembly, which directs the air flow towards an impactor 
plate, is fixed onto the elutriator and the internal surfaces of the entire 
assembly are coated with Teflon~ [Figure 4(a)]. When aluminum is used, 
the accelerator jet assembly is removable. The jet is made of Teflon~ or 
polyethylene and the jet support is made of aluminum [Figure 4(b)]. 
Again, all internal surfaces are coated with Teflon~. 

6.1.2 Teflon* impactor support pin and impactor frit support tools (see 
Figure 5) - Made of either Teflon~ or polyethylene and are used to aid in 
assembling, removing, coating and cleaning the impactor frit. 

6.1.3 Impactor frit and coupler assembly (see Figure 6) - The impactor frit is 
10 mm x 3 mm and is available with a porosity range of 10-20 µm. The­
frits should be made of porous ceramic material or fritted stainless steel. 
Before use, the impactor frit surface is coated with a Dow Corning 660 oil 
and toluene solution and sits in a Teflon• seat support fixed within the 
coupler. The coupler is made of thermoplastic and has Teflon<t clad 
sealing "O"-rings which are located on both sides of the seat support inside 
the coupler. 

Nru.e: In situations when there are substantial high concentrations of 
coarse particles ( > 2.5 µm), it is recommended that a Teflon~-coated 
aluminum cyclone be used in place of the acceleration jet and impactor 
as~~mbly, as illustrated in Figure 2. Figure 2 illustrates the location of 
the cyclone with respect to the denuder, heated enclosure and meter box 
assembly. 

6.1.4 Annular denuder - The denuder consists of two or more concentric glass 
tubes (see Figure 7) with an outer aluminum shell. The tubes create a 
1 mm annular spacing which allows the air sample to pass through. Flow 
in the annular space is maintained in the laminar range and allows fine 
particles with diameters less than 2.5 µm to pass through with negligible 
removal. The inner tube is inset 25 mm from one end of the outer tube; 
this end is called the flow straightener end. The other end of the inner 
tube is flush with the end of the outer tube. Both ends of the inner tube 
are sealed. In this configuration, the flow straightener end is etched to 
provide greater surface area for the coating. The inner glass tubes are 
inset 25 mm from one end of the outer Teflonl2D-coated aluminum tube to 
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sel.'Ve as fae flow s~raigl:te:ier end. All denuder Lypes should ::>e equipped 
with ther.ncplastic (Bakelite) or po:yethf.er..e caps when purchased. 

6.1.5 Ca:;,s fer annular <!ent:der - Caps are made of either polyefaylene 
(Caplugs, Protective Enclosure, fac.) or thermoplastic (Bake:.ite) and a..--e 
used in the coating and dry:.ng processes, for storage and fer st:iprr..er:t. 
The thennoplastic caps include a removable Teflon~ seal plate w:ien 
purchased. 

~: Recent evah.:.aticr. of fae caps for the denu~er system have 
indicated that :he thenuoplastic (BakeE:e) screen caps ar.d the ?olyethylene 
screw caps are usefd to seal the ends of tie denuders v,rhen they are dry. 
However, during coating a.,d extracting, 6e Ca;;;lugs (.P:"o:ective 
Enclosures, Inc.) provided a better seal, prevenili;.g co:l'.?..mination that 
,;.voulc occur from :he Teflon® liner of the thennoplastic screw caps or 
direct co:uact with the t:mprctected thennoplastic screw caps. It is 
therefore suggested that the user :ise Caph.:gs dur..ng coating and extract~on 
operations. 

6.l.6 Annular der..i.:der couplers - Tbe cou?lers should be made of them1oplastic 
aad equipped with Teflon'-' "O"-rbgs which s;indwich a silico:1e rubber 
ring on three sides. This provides elasticity for bel:!er sealing ut.der 
extremely cold temperature condftions in which Tef:on® does r..ot give. 
TI1e cm:.plers are eq:uipped. with pennanent seal rings wl:ich provide m:>re 
even threading and a better seal when cot:pled. The cou:;,lers are :ised to 
cou.ple the annular denuders together when used i.n series (enha..,ced 
method) and for coupling the :ast denuder with :lte filter asse:m':Jly. 

Caution.: 11/hoi utilizing the couplers, do 1w1 ovenighten when applying a 
glass denuder. Overtightening might "chip" the ends of tile denuder, 
preveming a tight seal. 

6.1.7 Dryh1g manifold assembly - The manifold is made of g:ass and is 
available to accommodate as many as four d.r-ying denuders. The denuders 
a..--e attached to the manifold with back-to-back Bakelite bored caps, as 
illustrated :.n Figure 8. Air is pushed through an air drye:/cleaner bottle 
made of 2 l/2 inch heavy wall g!ass which contains silica gel. The 
Teflon® tubing which connects the dryer/clea,'ler bottle to the drying 
manifold should be secured at e.ach cap with either Teflont!i washers or 
Te:lon(,S, washers coupled with Teflon<a> hose barbs. The air stream then 
passes thrm:gh a fine particle filter to remove fines. /Jtematively, dry 
ccmpressed air froCl a cylinder may be used in place cf tl::e dryer/cleaner 
bottle assembly. 
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6.1.8 Filter pack assembly - The denuders are followed by a three-stage filter 
pack assembly containing a Teflon® membrane filter, a nylon membrane 
filter and a citric acid-impregnated glass fiber filter, as illustrated in 
Figure 9. The filters are supported by stainless steel porous screens and 
are housed in a polyethylene filter ring housing. The Teflon® filter ring 
housing directly follows the Teflon® filter housing inlet component. The 
nylon filter ring housing follows the Teflon® ring housing and sits on a 
Teflon® "0"-ring which sea.ls the filter ring housing components to the 
filter housing outlet component. The Teflon® filter retains all the strong 
acidic particulate aerosols. Under certain conditions, nitric acid (HN03) 
and/or nitrate aerosol (NH4N03) on the Teflon® filter can dissociate. The 
nylon back-up filter captures the volatile HNO:J, while the glass-fiber 
filter impregnated with citric acid, retains the NH3. The three filters 
together give unbiased measures of strong acidic of atmospheric fine­
particles ( < 2.5 µm). The filter housing outlet component is aluminum 
and accommodates a polyethylene screw sleeve which seals the filter pack 
assembly. 

Note: Over time and repeated compression, the Viton® 0-rings may 
wear, causing poor leak checks due to inadequate sealing. The user is 
encouraged to replace these rings after fifteen ( 15) sampling events or 
when the filter pack assembly does not pass an adequate leak check. 
Other users have utilized high density polyethylene (HOPE) to prolong the 
life of the ring. 

6.1.9 Teflon® tubing - 3/8 inch diameter for distances of less than 50 ft., 
1/2 inch diameter for distances greater than 50 ft. [Fisher-Scientific, 
711 Forbes Ave., Pittsburgh, PA, 15219 (412-787-6322)] 

6.1.10 Tube fitting - Compression fittings (Swagelok,$, Gyrolok,$ or equivalent) 
to connect vacuum tubing (above) to an NPT female connector or filter 
holder and connect vacuum tubing to fitting on differential flow controller. 
The fittings may be constructed of any material since they are downstream 
of the sampler. [Fisher-Scientific, 711 Forbes Ave., Pittsburgh, PA, 
15219 (412-787-6322)] 

6.1.11 Annular denuder system (ADS) sampling box - The housing box is made 
of a "high-impact" plastic and is thermally insulated. It is 4 feet long by 
6 inches wide and 6 inches deep. The box contains a heater unit, a fan, 
and an air outlet located in the lid of the housing. The elutriator end of 
the ADS protrudes through one end of the box, while the denuders are 
supported in the box by chrome plated spring clips. If the Teflon®-coated 
aluminum cyclone is used to remove coarse particles, it is also housed in 
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tile teated sarnpli.-ig box, with :he eluL'i.ator end protrud:ng througl: the 
san:?ling box, as Llustrated in Figure 2. 

~: Recent srudies by the Harva:-d School of Pl:.bE.c He-::.lth basec on a 
coir.?arison of utwzing a sa.."1lpling box with and witho:1t heated er1closure 
indicz.ted. no d:.fference in sa.."1lplec. species fro:n wir.ter samples. It is 
therefore the d:screticn of fae user to deiermine whether a hea:ed 
sarr.::,Jling bcx :s required. 

6.1.U Ar..:1.:1lar denuder transport case - The Lc1.nsport case is made cf fonnica 
backed wit?l plywood a.r..d insulated. T.:le comers are reinforced wit:1 
metal. It is made to withstand s:iipping by tr.1c:i< 1 UPS a..-id Federal 
Express. Baer. case is stackable and lockable and r.as a carrying r.ancie. 
Seve1: total annular deni.;.der systems can be packed in the case. 

6.1.13 Pump/tbner unit - The pump/timer :mit draws air throt:gh tl:e ADS at a 
fixed rate of IO LJmjn with a precis:on c: ±5 percent over the range of 
25 to 250 mm Hg vacuu::-o.. A mass flow contmller or a dLfferer..tial flow· 
controller caa be used. Typically, tl:e flow rate is mcnito:-ed with an 
exhaust flow rotameter. The unit includes a mechanical 7-day t:mer a.-id 
an elapsed-time cot:.nter. A dry gas meter, when available, is placed a.~er 
tl:e pump to give a direct readout of total volu:ne of air sampled. 
Otherwise, flow rate is manually measured (using a rotameter) before and 
after each run to calculate the air volume sampled. 

6.1.14 Dry gas meter (DGM) - The DGM should have a capacity of 10 L of gas 
per revolution. [NuTech Corp., 4C22 Sfanip Cre~k Road, Suite 325, 
Durl:am, NC 27703, 919-544-8535)] 

6.1.15 Electronic mass flow controaer - Capable of maic.taining a constant rate of 
IC Umin (±5 percent) over a sampling period of up to 24 hou~ and 
under conditions cf changing temperature (5° to 43°C) and hum:dity. 
[Tylan Gene.r-cJ., Flow Division, 19220 S. Ncnnandie Ave., Torrance, 
CA, 90502, 213-212-5533, Model FC-262, or equivaient] 

6. 2 Analysis 

6.2.J pH meter - A pH or pH/icn meter with "integral" au~omatic temperature 
compensation, ten:perat11re probe, 2 and 4 ml. analytical vials, and 
calibrated with standard buffers (pH 4 and 7). The Ross semi-micro g11lss 
electrode from Orion has been used by the Harvard School of Public 
Health and found to adequately add~ss the requirements of tltls protocol. 
[Orlen Research Inc., The Schraffet Center, 529 Main Street, Boston, :MA 
02129, 617-242-3900] 
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6.2.2 Ion chromatograph - A chromatograph equipped with the appropriate 
anion exchange resin fille.d separator and suppressor columns and 
conductivity detector for measuring NO3 - ion in solution (i.e., nylon 
filter extract). [Dionex Corp., 1228 Titan Way, Sunnyvale, CA 94086, 
( 408-737-0700)] 

6.2.3 Technicon colorimeter auto-analyzer - Colorimetric analyzer able to detect 
specific ions of interest in aqueous extracts. [Technicon Industrial 
Systems Corp., 511 Benedict Ave., Tarrytown, NY, 10591-5097, (800-
431-1970)] 

6.2.4 Polyethylene bottles with polyethylene screw caps - I00 mL, used for 
storage of coating solution; and IL, use.d for storing the KCI solution. 

6.2.5 Erlenmeyer flasks - 250 mL and 2 L borosilicate glass or polyethylene 
flasks for calibration, best source. 

6.2.6 Graduated cylinders - 5 mL, 10 mL, 100 mL, 250 mL and IL borosilicate 
glass or polyethylene cylinders, best source. 

6.2.7 Pipets - Class A 5 mL and 10 mL borosilicate glass pipettes or automatic 
pipettes. Calibrate.d "to deliver," best source. 

6.2.8 Pipet bulb - Made of natural rubber. Recommended to meet OSHA 
requirements, best source. 

6.2.9 Micropipettes - 25 µL, 50 µL, and 100 µL, calibrated "to contain," 
borosilicate glass micropipette, best source. 

6.2.10 Forceps - Recommende.d dressing forceps made of stainless steel or 
chrome-plated steel and without serrations. Used for handling filter. 

6.2.il Stopwatch - Used for measuring flow rate of gas stream through DGM, 
best source. 

6.2.12 Ultrasonic cleaner - Used for filter extractions and parts cleaning. The 
ultrasonic cleaner should have temperature control capability. 
[Cole-Palmer Instrument Co., 7425 N. Oak Park Ave., Chicago, IL, 
60648 (800-323-4340)] 
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6.2.13 Clean air hood (optional) - Closed air hood with ammonia free air 
ci.rculaticn. Used fer Teflor.® filter extra~ion for ?H analys:s, xst 
source. 

6,2,14 Glove-box - Used for handling exposed :tlter, which is iined with citri.c 
acid impreg:1ated paper s~1eets to mahtain an ammonia-free atmosphere. 
The glove-box works best w::h a slight posit:ve pressure. 

6.2.15 Refrigera:cr (approximately 5°C) is reqdred for sample s~crage. 

6.2.16 Polyethylene-stoppered voh.:.metric flasks - 25 nL1 used for making 
s:il_furic acid standa..--cs. 

7. futilgents and Materials 

1.1 Teflon® filter - Zefluo.t4 (PTFE) memb:-ane filte:-, 47 rr.m di.a.meter, w~!h a 2 µm 
pore su.e. The Teflon~ filter has a coarse mesh Teflcn® side a:id a fi'le pore 
membrane s:de. The fir..e pore membrane side should face the air stream. 
[Gelman Sciences, 603 S. Wagner Rd. 1 Ann Arbor, 1vll, 48106, Pact 
No. P5PJ047> (800-521-1520)]. 

7.2 Te:lo® men:brane filter, 47 mm diameter, with a 2 1im pore size. 'fhis filter has a 
thin Teflon° rnembrc1I1e stretched ac::uss a plastic 1ing. [Gel.nan Sciences, 600 S. 
Wagner Rd., Ann Arbor, lvll~ 48106, Part No. R2PJO47, (800-521-1520)]. 

7.3 Nyla.sorb~ fi.llers - Membrane filter, 47 m::n diameter, with a, l µrn po~ size. 
These fi.lters are speci.aJy prepared and batch analyzed for low NO3 - background 
levels. If other brands of nylon membrane filters are used, they should ':Je batch 
analyzed to ensure low and replicable levels of N03- . [Gelman Scie:::-,ces, 600 S. 
Wagner Rd., Ann Albor, :Ml, 48106, Part No. P5PJC47, (800-521-1520)] 

7.4 Glass fiber filter - Glass fiber filter, 47 mm diameter, with a 2 µm pore size. 
["AP" filters by MjJlipore, P:.ut No. AP4004705J or Whatman 41, 47 mm ashless 
ftlter paper- [Vlhatman Part No. l441047EA] 

7.5 F:.lter exL"'act storage vials - 100 mL polyethylene vials (Nalgene or equiva.:.ent). 

7~6 Labels - Adhesive, for sample vials, best source. 

7.7 Para.film - Used for coveri..ng flasks and pH cups d:.iri.c.g pH analysis, best scurce. 

7.8 Kimwipes® and Kay-dry towels - Used fer cleaning sa1nplhlg apparatus and 
analysis equipment, best source. 
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7.9 Stoppers - Polyethylene, best source. 

7.10 Sodium carbonate (Na2co3) - ACS reagent grade, best source. 

7.11 Citric acid [monohydrate - HOC (CHzCO) OH]zCOOH : HzO) - ACS reagent 
grade, best source. 

7.12 Methanol (CH3OH) - ACS reagent grade, best source. 

7.13 Sulfuric acid (H2SO.i) - ACS reagent grade, 1.000 N solution, best source. 

7.14 Distilled deionized water (DOW) - ASTM Type I water. 

7.15 pH buffers - Standard buffers, 4.00 and 7.00, for internal calibration of pH meter, 
best source. 

7.16 Silica gel - ACS reagent grade (indicating type), best source. 

7.17 Gloves - Polyethylene disposable. Used for impactor frit assembly and filter 
assembly, best source. 

7.18 Dow Corning high temperature vacuum oil - Dow Corning 660 oil used for 
impactor frit coating solution, best source. 

7.19 Zero air - A supply of compressed clean air, free from pan.icles and ammonia. 
The supply may be either from a commercial cylinder or generated on site, best 
source. 

7.20 BRD-35 - Composed of 0.1 percent of BRD-35 in DI water. [Fisher Scientific, 
711 Forbes Ave., Pittsburgh, PA, 15129, 412-787-6322] 

7.21 IC eluent solution - For extracting filters. This should be the same eluent as used 
for the ion chromatographic analysis of the filters. If the filter analysis is not to be 

· performed by ion chromatography, then a slightly basic solution (e.g., 0.003 N 
NaOH or sodium carbonate/bicarbonate) should be used to extract the Nylasorb® 
filter, while the Teflon~ filter should be extracted with DOW. 

7.22 Perchloric Acid (HCIO,4) - 60 to 62 percent, in water, best source. 

7.23 Toluene (C7Hg) - ACS reagent grade, best source. 

7.24 Potassium Chloride (KCl) - ACS reagent grade, best source. 

7.25 Acetone (C3H60) - ACS reagent grade, best source. 
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8. Preparation of Impactor Frit and Denuder Coating_ 

8.1 L-npac~or frit coating solution p:eparatio:i - Weigh 1 g of silicone oil (Dow 
Coning t:igh temp:rature ScO oil) ar:d place in a 100 :nL polyethylene s~crage 
vial. Add 100 r.i.L cf toluene. l\.fix tl:.orougl:ly, c:ose co::1tainer, a.:.,d store at 
room tempera.ture. ('WAID-ONG - F'LAJIIMABLE LIQUID). 

8.2 Annular den:ider c::ric acid coating solution - Clean a 100 mL polyethylene 
storage vial and let dry at room temperature. ?vfeasure 50 nL of met:ianol 
fWAfilfilTG - TOXIC, FLAMlvIABLE LIQUID) with a graduated cyl.:.nder acd 
pour :.nto vial. Weigh 0.5 g of citric acid anc. add to vial. lvf:x thorough:y; s~ore, 
coverec at room ter:iperature. 

8.3 Arumia: denuder Na2co3 coatb1g soh::ion - Clean a 100 mL polyefaylene storage 
vial and let dry at room temperature. Measure 50 mL of methanol (WARNING -
TOXIC, FLAlvilvIABLE UQUID) with a graduated cylinder ar.d pour into vial. 
Measure 50 r.1L of DDW with a gradt:ated cy:.inder and add to vial. Weigh l g of 
glycerol and add to the DDW. Weigh 1 g of Na2co3 and add to the vial. :Mix· 
thoroughly, solution :nay fizz; wzjt for fizzing to step befo::-e sealing v.ia.l. Store 
at room temperatu::-e. 

8.4 Irnpac~cr frit extractica. solution preparation - Add LOO mL of IC elueo.t !o a c:ean 
polyethylene storage container. Pipette 5 rnL of methanol into container. i\fu 
thoroughly. Store, covered at room temperature. 

9. hl'ipactor J:rft Installation 

9.1 Impacter frit installation - '111e impactor-coupler asse::nbiy shown in Figi=re 4 is 
co::np:ised of :we parts: the replaceable impactor frit and the coupler-impactor 
housing seat. The impactor surface is a porous ceramic oi- porous stainless steel 
frit, 10 rnm x 3 mm. This frit is i.nreued into the coupler-bnpactor housing using 
the tools illustrated in Figure 5. The impactor frit is pressed gently t but firmly, 
into the sea: cf the impactor housing with a clea.'1. gloved flnger. The L111pac:or 
should fit into the housing so that it does not pro:md.e above tie seat. Duri.ng 
sampling, paiticles accumulate oi: the impactor's plate surface. After each 
sampling event, the assembly must be deaned to prevent the build-up of 
contaminants which may lead to loss of key acidic species being collected by the 
ADS. Cleaning involves immersing the elu:tiator, coupler-impactor, and fril in 
0.1 perce=it BRU-35 cleaning solution and ulL"asonicating for about 5 minutes. 
Rinse thoroughly with DDW for additional 5 minutes. Rins.~ and dry with zero 
air or b dust-fee environment and store with ends plugged and capped. 

9.2 Impactorfrit coa1ng - With the TeflonG impactor seat support p.:n which fits into 
the first denuder (see Figure 5) or the impactor frit in the impactor seat coupler 
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(see Figure 6), pipette 50 µL (about two drops) of the toluene-660 oil coating 
solution onto the impactor frit surface and allow to dry in dust free environment at 
room temperature. Cap both sides of the coupler impactor or denuder-impactor 
until use. 

~: It is important to have only the minimum amount of oil on the frit because 
any excess will be blown off during sampling and will contaminate the surfaces of 
the first denuder. 

10. Filter Preparation and Assembly 

Note: A clean and dedicated indoor work space is required for the daily preparation, 
assembly and disassembly of the denuder and filter assembly. Approximately 2-3 m of 
bench space is ade.quate, with additional space for storing supplies. 

10.1 Citric Acid Coated Filter 

10.1.1 Mix 2 percent (w/v) citric acid in ethanol. 

10.1.2 Load the glass-fiber filter into half a petri-dish. Pipet 1.0 mL of the 
citric acid solution onto the filter. Dry under vacuum in a desiccator. 

10.1.3 Cap the petri-dish and seal with parafilm. Store in NH3-free glove-box 
or chamber. 

10.1.4 For Whatman 41, 47 mm, ashless filter paper, wash filters with l L of 
10 percent HCl followed by 1 L of distilled deionized water. Dry 
under vacuum in a desiccator. Coat filters with 0.5 mL of 0.02 M 
citric acid in a glycerol/methanol (1/100) solution and dry in a vacuum 
desiccator. After coating the filter, store in an acid-wash petri-dish. 
Keep in NH3-free glove-box until use. 

10.2 Filter Pack Assembly 

~: All loading and unloading of the filter pack must be perfornted in the 
NH3-free glove-box. Generally, it is most convenient to reload the filter pack 
at the same time as unloading. 

10.2.1 With clean gloves, disassemble the filter pack (se.e Figure 9) by 
unscrewing the large outer Teflonat collar (sleeve) from the aluminum 
filter housing outlet component. 
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Note: It is necessary to remove the po~yethyle:1e ca:p first. Lay the 
pieces out on clean K.imwipe~. Insert black viton "O"-rings {see 
Figure 9). 

10.2.2 Lay a clean Teflon® filter ring hm:.sing, with its large openbg face-up, 
on a clean Kirn wipe~. Place a clea.., stain~.ess steel screer: in d:e fi~~er 
:ing housing. 

10.2.3 Using a clear. (wi:,e W!th clea., Kirnw:~e~ filte:-s) foxe;,s, load fae 
citric acic:-impregnatec. glass-fiber or Whatman 4 :. filter cnto the screen 
of the lowest stage. 

10.2A Place a second stainless steel screen in the filter housing. 

10.2.5 Usir.g clean filter forceps, place a Nylasorb® nylon fi:~er on the screen. 
lr.sert a second filter ring ho'Jsing on top of the nylon filter with its 
large o:,ening :ace-up. This forms a 11 sridwich" with ~he nylon filte::­
he~d between the two filter ring housing. 

10.2.6 Place another clean screen on the second filter ring housing. Using 
clean. filter forceps, place a. Teflon* filter on the screen. 

~: If a Zefluoi¢ TeflonG frlter is used, be sure ~o place the 
membrane s:de, r.ot the coarse side, toward li:.e air stream. By 
observing the filter :n the Jighl, one can d::fferentiate belween the coarse 
and membrane side. 

10.2.7 Place the Teflon~ 5.lter housing inlet component (see Figure 9) on top 
of the Teflon~ filter. Titis forms another "sandwich" with the Teflon® 
filter held between the serond filter ring housing and the housing inlet 
component. The housa1g i.Dlet component connecs the filter ?ack 
assembly tc t.i.e annular denuder through a. thermoplastic coupler. Be 
carefal not to twist the filter pack components, or damage will occur to 
the filters. 

l0.2.8 Lay the aluminum filter housing outlet component, with its hu·ge 
opening face-up, on a clean Kimwipe~. Insert a black viton "O"-ring in 
the aluminum filter b~e. .-

10.2.9 Insert the filter ring sandwiches with the filter housing inlet component 
extending upward, en the vilon "O"-ring in the aluminum filter ba.£~. 
Place the larger oi.:ter Teflon.;!> sleeve over tl:e filter sa.1.dwich and screw 
onto the aluminum filter base. DO NOT OVERTIGHTRN! 
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10.2.10 Install the "quick-release" plug into the filter outlet component. DO 
NOT OVERTIGHTEN! 

10.2.11 Install the polyethylene cap onto the filter inlet component and the 
orange dust cover onto the quick release plug ready to attach denuder. 
The filter pack should be sealed tight before it is removed from the 
glove-box. 

11 . Annular Denuder System Preparation 

All new annular denuder parts obtained from suppliers should be cleaned by placing 
them in a dilute BRIJ-35 solution in an ultrasonic cleaner for about 30 minutes. The parts 
should then be thoroughly rinsed in DDW, then rinsed with acetone, and allowed to dry to 
room temperature. Store with end caps in place. 

11.1 Coating Procedure 

11.1.1 Cap one end of a denuder using Caplugs (which has the inner tube flush 
to the outer tube) and set the denuder upright on the capped end. For 
the denuder with flow-straighteners at both ends, either end may be 
capped. Measure 10 mL of the citric acid solution and pour into one of 
the denuders. Then add sodium carbonate coating solution to the other 
capped denuder. 

11.1.2 Cap the open end of the denuders and, holding them horizontally, rotate 
the denuders to distribute the coating solution evenly, wetting all 
surfaces. 

11.1.3 Remove cap and decant excess coating solution into separate 100 mL 
polyethylene bottle. 

11.1.4 For the impactor denuder, the coating is performed without the 
impactor pin in place. 

11.2 Drying Procedure 

~: As denuders dry, they change from translucent to a frosted appearance. 
Denuders are dry when they become uniformly frosted. 

Note: A supply of zero air is needed to dry the annular denuder tubes after 
applying the coating solutions. This air should be free of ammonia, moisture 
and particles. Either a tank of pure air or an air purifier assembly can be used. 
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11.2.1 Assemble the drying trab and manifo:d as illustrated in Figt:re 8. 
Dry:ng t=:-a.in and manifold clean air flow sbo:ild be adjusted to 2 to 3 
Umin th..."'Ough each denuder. Close toggle valve controlling clean air 
flew tbough rna.,ifold befcre attaching c.em:ders. 

11.2.2 Attach the flow-straightener er.d of the de:iaders to the dryL-lg manifold 
ports (see Figure 8). 

11.2.3 Open toggle valve and allow clean air to fl.ow through :he denuder tubes 
fer 5 n:inutes. 

Caution: Excess air flow will cause wieven ccafing to the tube wall..s. 

11.2.4 Clcse toggle valve, and reverse ends of the denuders attached :c- fae 
mamfold. St.a:t clea11 air flow again. 

11.2.5 When an even frcsted appearance is achieved, remove denuders from 
r.:1anifold 1 cap both ends with clean caps and store until ready for use. · 
Tt:m off air to dry:ng man:fold. Affix label indicating coating date on 
denuders. 

11.3 Denuder System Assembly 

~: Described herein is an annular denuder system consisti.cg of lwo 
denuders. Extre:.ne ca.re should be exercised in hand.ling and assemblL'lg of ~he 
ADS if the denude~ are made of glass. The coupling of compone:its n:ast be 
effective to prevent lw.s but, at the same time, :::iot stress the glassware. Only 
patience and practice with the ADS will enable the opera~ors to obtain optimcm 
performance from the system with minimum bf'3~ge. 

The annular denuder system (ADS) assembly consists of: 

• an inlet nozzle/impactor or cyclone assembly; 
• two glass annular denuder tubes; and 
• a 3-stage filter assembly. 

The following procedure involves an i.Itl.et nozzle/impactor assembly. 

11.3.1 Lay the ADS pieces on a clean surface {i.e., Kimwipes®). 

ll.3.2 Remove the end caps from the denuders. Denuder 1 is coated with 
Na2co3 and may or may not hold fae impactor frit pin support. If the 
first denuder is equipped with the ireµacted frit pin support, gently 
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insert the impactor support pin and coated frit assembly into the 
denuder-pin support. 

Note: DO NOT TIGHTEN! 

11.3.3 Attach a thermoplastic coupler to the opposite denuder end. Place a 
Teflon~ clad "O"-ring inside the coupler, if ne.eded. 

11.3.4 Remove the end caps of the second denuder (citric acid coated). Attach 
the end with the flow-straightener section to the first denuder-coupler 
assembly. 

11.3.5 Attach a thennoplastic coupler to the opposite denuder end. Place a 
Teflon~ clad "O"-ring inside the coupler, if needed. 

11.3.6 The filter pack has been previously loaded with (a) a Teflon® filter, 
(b) a nylon filter, and (c) a glass-fiber filter (previously impregnated 
with citric acid) or Whatman 41 filter coated with citric acid in 
glycerol/methanol solution. The components are assembled with plastic 
couplers. 

11.3.7 .Attach the filter pack inlet to the denuder coupler assembly. 

11.3.8 When using the first denuder equipped with the impactor frit-pin 
support, a thermoplastic coupler with a Teflon® clad "O"-ring is used to 
attach the inlet assembly. ATTACH, BUT DO NOT TIGHTEN! 

11.3.9 Attach the elutriator-acceleration jet assembly to the first denuder-
c;oupler assembly. Tighten very gently - DO NOT OVERTIGHTEN or 
breakage will result. 

11.3.10 Tighten the remaining couplers very gently - do not overtighten or 
breakage will result. 

11.3.11 Cap elutriator with orange dust cover until used. Attach "quick­
release" tube to outlet of filter pack assembly. 

11.4 ~ratory Leak-Check of ADS 

Caution: Do not subject the system to sudden pressure changes or jilter 
may tear. 

11.4.1 Remove the orange dust cap from the impactor opening. Attach the 
"quick-release" outlet of the filter assembly to a pump module. Turn 
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on tte pump. Be certah that flow througi the ADS occu:s 'JY checking 
the rotameter. 

11.4.2 Briefly cap the elutriator with the orc:.nge dust cap. The flew, as 
incicatec on :he rota.meter, should d:-op to zero if no leaks exist. 

11.4.3 Disconnect the pump f:-om the ADS at the "qaick-release" plug. Cap 
the 11 quick-rele<:.se" plug with an orange dust cover. Tu:,: off f:J.e pump. 
RElvIEM:BEll - Never overtighten jcints o:- breakage will result. If the 
jo:nts can not be sealed with gentle tightenL11g, then the Teflcn® 
"O"-~.:.ngs are wom :>r defective a.nc. crnst be replaced. 

11.4.4 Place the assembled samp:e:- :.n its fie~d-to-lab ca..7ying case for 
!.rdllspmt to the f:.e~d. 

Note: It is recommended that ~he ADS joints be lcoser.ed slightly when 
extreme temperature clumges a.re inc~rred during transpor.ation. This 
will prevent unnecessat)' breakage or d:stortion of the ADS 
co:npo::ier:ts. Remember to allow the system to adjust ~c the outdcor air 
temperature before tightening the joints and check:.ng for leal'~. 

11.4.5 Before proceeding to the field, review the followbg ctecklist: 

• Run IDs on the Field Test Data Sheet {see Figu.re 10) should match 
:.abels a.F.ixed to the ADS components and filter assembly; 

• Recessed ends of the denuder shou:d face the inlet; 
• ADS ends are capped; and 
• Transp01t case is secured firmly containing L11e ADS along with 

chain-of-c,1stody and Field Test Da:a Sheet. 

12.1 Place:nent of Denuder System 

12.1.1 The placemei:t of the denuder system mcst confo:rn. to a consistent set 
of criteria. and guicance tc ensure data comparability a..,d compatibiJit-y. 
A detailed set of monitor siting criteria for ambient air monitming and 

. meteorological programs is given in the following BP A document: 

• U.S. EPA, M..ay 1987. Ambiem Monitoring Giddelinesfor 
Prevemion of Signijicmu Dete1ioration (PSD), EPA-450/4-87-007, 
Office of Air Quality Planni'lg and Stanca.rds, Research Triangle 
Park, N.C. 27711. 
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The site must be away from localized sources of ammonia such as 
composting and livestocking operations, landfills, sewage treatment 
plants, fertilizer plants and storage facilities, and recently plowed 
fertilized fields because aerosol acidity is subject to rapid neutralization 
by ambient bases. 

A summary of key factors that should be considered as part of the 
placement of an air quality monitoring station containing an ADS are: 

• Vertical placement above ground; 
• Horizontal spacing from obstructions and obstacles; 
• Unrestricted air flow; and 
• Spacing from roads. 

The ADS sampler is mounted on a supported mast pole or tripod. The 
ADS inlet should be located 2-3 m above ground level. Placing the 
inlet closer to ground level should be considered only if the surface is 
flat and man-made (i.e., not unpaved dirt). 

A summary of key criteria associated with these siting factors for air 
monitoring stations is included in Table 1.0. The information included 
in the table should be used to the extent possible as part of the 
monitoring network design to ensure that the monitoring program 
provides representative and unbiased data. However, site-specific 
constraints could make it very difficult to meet all criteria. For 
example, the occurrence of wooded areas around a site would make the 
siting very difficult. The use of the information in Table 1.0, coupled 
with a balanced evaluation by an experienced air quality and 
meteorology specialist, i~ highly recommended. 

In general, for a site with no major obstruction and obstacles, the air 
sampler intake should be about 2-3 meters aboveground. For a site 
with nearby roadways, however, intake placement should take into 
account the effects of road dust re-entrainment and vehicular emissions. 
In fact, a linear relationship should be established between the 
horizontal distance of the sampler intake from the roadway and the 
aboveground elevation of that intake. For any roadway accommodating 
more than 3000 vehicles per day, the intake should be between 5 and 
25 meters from the edge of the nearest traffic lane. It should also be 
15 meters aboveground for a distance of 5 meters from the nearest 
traffic lane and 2 meters aboveground for a distance of 25 meters from 
the nearest lane. For a roadway supporting less than 3000 vehicles per 
day, the intake should be placed at a distance greater than 5 meters 
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:rorn the edge of :he nearest :r-Jfic :ane and at a height of 2-15 meters 
aboveground. 

Remove the ADS fro:n its field-to-lab carrying case a.ad load bto the 
field samplir.g box. Place the asse:nbly in the box wifa the impactor 
ex:ende<l outside the case. The ADS field sampli11g box is insulated 
and configured to hold the ADS without allowing moveme:it. ClL""Ome 
:;>lated spring clips holds !he denuders b place. Automatic and manual 
co:ntroj switches allow the sampling box to control the tenperature of 
:he ADS. The a:itomatic switch should be used whe::i the ADS is not :.n 
use ai:d whe:1 the ADS is saa1pling fer extended periods of wne without 
co:istant supervision to prevent lcw ten:peratm-e or sudcen presS"Jre 
change exposure of the ADS (these types of exposure can ca:ise lea.ks to 
occur, condensation, or tl:e filter to tear). When sampling, the ADS 
should be ~ept 1 °C above the outdoor temperature to preve:it 
condensation. 

Allow the pump to warm up for -5 minutes prior to :esling. 

To check the HeatJCool cycles, flip one switch from "AlITO" to 
"MANUAL" and the ofaer between "COOL" and "HEAT." Check to 
insure that tt.e fan and heater (i.e., light bulb) work, respec:ive1y. 

With the etutriator still capped, turn on the pump with the switch on the 
timer. The rotameter sh01::ld indicate zero flow. Run leak cl::eck for 
5-10 seconds.s then t..1m off p1.1mp and remove elu~,.ator cap. Record 
leak rate on Field Test Data Sheet (s~.e Figure 10}. If there is a flow, 
refer to Section 12.4 for correc:ive action for leak test failure. The 
Field Test Data Sheet is used to keeo track of :he denuder tube, ftlter 
and impactors, as to when and by whom they are prepared, assembled, 
extracted an.d data input as well as to record the installation data and 
time, run date, sampling period, pump flow rates, start and end times, 
and other data relevant to each run. 

Attach a DGM output to the inlet cf tte annular dera:.der system. Tum 
on pump. Record start time on Field Test Data Sheet. Using a 
stopwatch, record the time for 20.0 L to pass through the DGM. 
Record the DGM temperature a1Jd the absolute pressure cf Lbe DGM. 
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U.2.6 Calculate the flow rate as follows: 

where: 

Qstd = flow rate corrected to standard conditions, 25 °C and 
760 mm Hg, L/min 

V = volume of gas pulled through denuder system, 20 L 

T = time required to pull 20 L of gas through denuder 
system, minutes 

Pb = barometric pressure, mm Hg 

Pstd = standard barometric pressure, 760 mm Hg 

T std = standard temperature, 298°K 

Tm = temperature of dry gas meter, °K(= °C + 273) 

Fe = dry gas meter correction factor, dimensionless 

U.2.7 If the calculated flow rate is not between 9.5 and 10.5 Umin, then 
readjust the flow rate until the rate is in the above range. Stop the 
pump. 

U.2.8 Record the flow rate on Field Test Data Sheet. 

12.2.9 Remove DGM connection tubing from elutriator inlet. With all 
information correctly on the Field Test Data Sheet, start the pump and 
begin sampling. 

12.2.10 Sample for pre-set period. 

12.3 Sample Shutdown 

U.3.1 Attach DGM connection tubing to the elutriator inlet with pump still 
running. Measure flow rate. Record calculated flow rate, temperature, 
and pressure on Field Test Data Sheet. 

12.3.2 Tum off the pump. Record time and elapsed time meter reading on 
Field Test Data Sheet. Remove DGM connection tubing from elutriator 
inlet. Remove ADS from the sampling box, cap the ends, and place the 
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ADS in field-to-lab carryi.r.g case for L--a.nsport to lab. Secure the 
la:ches on tt.e transport case. Be carefu: not to stress the ADS dt'.ring 
:he transfer or breakage w:ll resu::. 

Caution: When the ADS is brought from a cold field sampling location 
to a wann laboratory, it is necessary 10 loosen the denuder couplings to 
prevelll thenna/ expa11sion from breakf ng the denuder. 

12.3.3 Each test m:.1 generates three samples for detennination. T.1ese are 
analyzed by mettods a?l)rcpfiate for the chen:ical species under 
quantifications: (a) ion chromatognqll for NO3 - (b) indophenol1 

method us:.ng an auto-analyze:- fer NH4 +, a.,d (c) pH determination for 
st:-ong acidity or "H+" 

12.4 Corrective Actioc. for Leak Test Failure 

~: These s:eps stould be followed wien fai:;.1re occurs daring testing at the 
laboratory before transport to t!le field and in ~he field before sampE.ng. 

12.4.1 Sampler leaks - Note the problem on the F:eld Test Data S:ieet. Check 
assembly of ADS components. Replace gaskets. Check for proper 
seating of d.ei:uder surfaces. Replace any de:ective parts. 

12.4.2 Cracked or chiP?ed de:iader or e:utriator assembly - Note problem on 
Field Test Data Sheet. Discard defective pieces. Do not try lo extract 
cracked pieces. 

Waming: Use caution when disassem.bli1'ig cracked glassi.vare. Pieces 
may shatter amJ. cause severe cuts. Wear protective clothing. 

12.4 .3 Flow rate disagreement - Note problem on Field Tesl Da.ta Sheet. 
Check vacuum gauge on fl.ow module. If a Wgh vacuum exists then the 
sampler has become blocked. This may be due to dust or smoke 
particles clogging the filter or to obstructions in the system or tubing. 
Check flow mcdule. Repair as :teP...ded. 

12.4.4 Inadequate fl.ow rate - Note problem on Field Test Da.!.a Sheet. Cr.eek 
rota.meter on flow controller. H adequa.te flow is shown here, then a 
leak exists between the control.:.er and the DGM. If no f..ow is shown 
on rotameter, then check vacuum gauge on con3"Cller. If no vacuum 
exists, then pump needs repaLr. Jf a. high vacuur.-i is shown, then an 
obsuuction exists in the system. Cl:.eck to see that the ?aper filter 
dividers were no~ accicentally L--istal:.ed with the filter in the filter 
assembly. Check tubing for kinJ,~. 
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13. ADS Disassembly 

13.1 In the laboratory, remove the ADS from the field-to-lab carrying case using 
both hands. To prevent stress, hold the ADS by its ends. 

Caution: Do not stress the ADS while removing it from the case. 

13.2 Decouple the elutriator-jet assembly from the first denuder-impactor-coupler 
assembly. 

13.3 The impactor assembly and the denuders wat not be extracted. However, each 
run should begin with a clean impactor and charged denuder. 

13.4 Label three (3) separate clean 100 mL polyethylene bottle (extraction vials) with 
the sampler ID number and fiJter type (i.e., Teflon13 or Nylasorb~, as 
appropriate) for each of the filters. 

13.5 The handling of the exposed TefloniB filter requires protection from 
contamination with NH3, which would rapidly neutralize aerosol acidity on the 
filter and bias the sample results. In order to ensure ammonia-free air occupies 
the glove-box, a positive pressure is maintained by blowing air through a PVC 
tube (4 inch O.D.) filled with glass-wool dosed with citric acid before entering 
the manifold which enables uniform distribution of air from top of the glove­
box. Flow the ammonia-free air for five minutes before retrieving the filter. A 
citric acid soaked filter paper is also placed on the bottom to deplete ammonia 
while unused. Disassemble the filter assembly in the clean, ammonia-free 
glove-box. Clean all glove-box surfaces and utensils with methanol. Wearing 
clean gloves and using clean filter forceps, remove the filters and place each in 
100 mL bottles (extraction vials) separately, with the exposed filter surface 
facing downward. Label the bottles with appropriate information. 

~: Be careful to place the filters in the properly labeled bottles. 

14. Extraction Procedure 

14.1 Samples should be analyzed as soon after collection as possible. It is 
imperative that the solutions and extraction procedures are prepared and 
perfonned on the day of pH analysis. Keep samples in a refrigerator until 
extracted and analyred. 

14.2 Samples should not be extracted until the day of analysis; however, if samples 
are extracted and then it is not possible to analyze them that day, they should be 
refrigerated. Allow the samples to return to room temperature before analysis. 
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14.3 It is imperative :hat the same extract solution (ES) be used for the samples to be 
analyzed, the wcrking standards, a.'ld the EA so::.ition. Also, the san:e batch of 
alcol:ol mi:st be used to prepa..-e the EA solution, the working standards, a.'1d in 
extracting the Teflo:t® filters. 

14 .4 I-fandling and extraction must take place ir.. an amoon..:a-frea glove box. The 
extracts must be processed h the order in wh.:.ch they will be ar..alyzed, so tha~ 
each sample will :iave a similar time interval between extract:on and analys:s. 
Filters should be sto:ed ~ the ref:::gerator until just prior to analysis. Samples 
stored longer tr..an 30 days tend to cegrade due to bacteria g:'."Ow:h and/or losses 
:c the wal.s of :he extraction vesse~. 

14.5 Teflon® filter ex~ction 

~: Teflon~ is not v.1etted by water, tl:.erefore, the filter will float on top of 
ar.. aqueous solution. The use of alcohol aids wetting. Also, all types of 
Teton® curl to some extent. It is the aualyst,'s responsibility to ensure the 
extraction solution makes complete contact with the pal'ticles deposited on · 
the Teflon® fi.lter during eJ1.1raction. It may be necessary to use a clean 
plastic (Teflon•& or polyethylene) rod or tubir.g stub to hold the filter in better 
cont.act with the flu:d during extraction. 

14.S.1 Allow the glove-box to be flus3ed with am::ncnia-free air for at least 
5 minutes be:ore proceeiling. All of the hood surfac~s and extraction 
utensils must be cleaned with a Kimwipe'8> moistened with ethanol. 

14.5.2 Process the filters in the same orcer in which they will be analyzed. 

14.5.3 Remove the extraction vial from the refrigerator. Allow the cor.tents to 
reach room temperatJre before proceeding. Using forc...""l)s and gioved 
hands, lift the filler from the extraction vial. Holding the filter over the 
extraction vial., and using an automatic pipet, apply 200 ± 5 t<L of 
methanol to the filter. Add the me!hanol slowly to ensure that all 
portions of the membrane are wet with methanol. Immerse the ftlter in 
the methanol. solution. Tap the forceps against the inside of the vial to 
remove iiquid. Tightly replace cap. 

14.5.4 As soon as the methanol has wet the entire surface of the filter, deliver 
6.00 m.L of ES solution into the vial. Cap the vial. 

14.5.5 Put a batch of vials into the ultrasonic bath and sonicate for a total of 
20 minutes, rotating the position of the vials 90° every 5 minutes. 
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14.6 Nylon filter extraction 

14.6.1 Transfer the nylon filter (sampled surface facing up) into a sample vial. 
Pipet 10 mL of IC eluent into the appropriately labeled filter vial or 
bottle with caps. 

Note: Be sure that the filter lies flat on the bottom of the bottle and that 
all of the filter is covered by the extraction so1ution. 

14.6.2 Replace the bottle's cap and put in an ultrasonic bath for 30 minutes. 

14.6.3 Store the bottle in a clean (i.e., pollutant free) refrigerator at S°C in the 
dark until analysis. 

14.7 Glass-fiber Filter Extraction 

14.7.1 Transfer glass-fiber filter (sampled surface facing up) into a sample 
vial. 

14.7.2 Pipet 10 mL of DOW into the appropriately labeled filter vial or bottle 
with caps. 

Note: Be sure that the filter lies flat on the bottom of the bottle and that 
all of the filter is covered by the extraction solution. 

14.7.3 Replace the bottle's cap and put in an ultrasonic bath for 30 minutes. 

14.7.4 Store the bottle in a clean (i.e., pollution free) refrigerator at 5°C in the 
dark until analysis. 

14.8 Aliquot preparation 

14.8.1 When ready for pH analysis, the extracts are prepared in the order of 
pH measurement. Inside the glove-box, remove the caps from 
extraction vials. Wipe off any drops which may leak onto the outside 
of the vial. 

14.8.2 Using gloved hands and a 1 mL automatic pipet, transfer 1 mL of the 
sample extract to each of two correspondingly labeled 2 mL vials, one 
vial labeled A and the other vial labeled A1. 

Note: The first 2 mL vial for each extract has the.same letter {i.e., A, 
B, C etc.) as the second mL vial, except a oQe is added {Al, Bl, Cl 
etc.). This is the same system used with the working standards. 
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14.S.3 Afte:- tra.csfe __ iflg t3e extracts to the 2 mL vials, :ecap the 4 mL extract 
vial. Store at 5°C in a refrigerator for future analysis, if appl:cab:e. 

14.8.4 Proceed immediately with pH analysis. 

15. pH Ana Iyo is 

15.1 Standard z.nd Reagent Preparatior. 

15.1.1 Standard H2SO4 Solution, 1.000 N 

Note: Each cf the standard H2so4 stock solutions mi.;:st be prepared 
fresh :he day of pH a:1alysis. 

15.1.1.1 Label seven 25 mL polyethylene stoppered volumetric flasks. 
AJso, labei each flask \llith the volume of J..000 N H2SO4 
so::ition indicated in the following tahle: 

Volume of I Equivalent!! 
Sta:ldard 1.000 N H2so4 l Working standard strong acid 1.nass 
H2SO4 added to each I concentration, 10·3N collected on 

flask Dzsks (µL) ! HzS04 filte1 (Cp.n), wi1 Approxim.2.t.e pH 

l 0 1 0 0 4.09 
•

2 25 I l 4._90 4.01 

3 50 2 9.80 3.9.5 

4 :oJ 4 19.60 3.84 

5 200 8 39.20 3.68 

6 400 16 78.40 3.48 

7 800 32 156.8 3.,23 

aBased on 3.1 mL extraction volume. 

15.1.1.2 Use the 25 µL au!cmati.c pipet to a.dd the I. N stock H2SO4 
solution to flasks 2 and 3. Use the 100 µ.L pipet to add 
l.000 N stock H2so4 solution to flasks 4 thrcugh 7. Dikte 
a!J flasks to the 25 m.L mark with methanol. Cap with 
stoppers or parafilin and mix well. 

15,l.2 2 M Potassium Chloride (KCl) Solution 

15.1.2,l Weigh 149.2 ± 0.1 g of KCl. Add the KCi to a 2 L flask. 
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15.1.2.2 Add about 700 mL of DOW water to the flask. Swirl the 
solution until the KCl is completely dissolved. 

15.1.2.3 Pour this mixture into a 1 L graduated cylinder. Rinse the 
flask with a small amount of DOW water and transfer the 
rinse into the cylinder. Fill the cylinder to the I L mark. 

15.1.2.4 Pour the solution from the cylinder into the l L polyethylene 
bottle. Cap and shake the bottle to mix well. Mark the 
bottle with date of preparation. 

15.1.3 0.100 N Perchloric Acid (HC1O4,) Solution 

1S.1.3.1 Fill a 1 L graduated cylinder about half full with DDW. 
Transfer 10 ± 0.1 mL of 60-62 percent HCI04 into the I L 
cylinder with a 10 mL pipet. 

15.1.3.2 Fill the cylinder to the I L mark. Pour the solution into the· 
l L polyethylene bottle. 

15.1.3.3 Cap and shake the bottle to mix well. Mark the date of 
preparation on the bottle. 

15.1.4 0.010 N HC1O4 Solution 

15.1.4.1 Fill a 1 L graduated cylinder about 1/2 full with DOW. 

15.1.4.2 Measure 100 mL of the 0.1 N HC1O4 solution with the 
100 mL graduated cylinder. Add this to the 1 L cylinder. 

15.1.4.3 Fill the 1 L cylinder with DOW to the l L mark. Pour the 
solution into the I L polyethylene bottle. 

15.1.4.4 Cap and shake the bottle to mix well. Mark the date of 
preparation on the bottle. 

15.1.5 Extraction Solution (ES) 

Note: This solution must be prepared fresh on the day of pH analysis. 

15.1.5.1 Measure 20 ± 0.5 mL of 2 M KCI into 2 L erlenmeyer 
flask. 
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15.1..5.2 Using a 5 mL cal::,:rated au.torr.atic i_)ipet, add 10 ± 0.1 mL 
of 0.01 N pexhloric acid (HClO.µ, to the flask. Add 
980 ± 10 mL of DDW to t~e flask. 

15.1.. 5.3 M:.x well and cover with parafilm until ready for use. 

15.1.6 Ext:action Solut:on wHli me:hanol (EA Soh.::ion) 

15.1.6.1 Meas:ire 15C ± 2 mL of ES (p::-epared in Section 15.:.5) b:c 
a 250 :nL graduated cylinder. Transfer to a 250 mL 
erlen.'1leyer flask. 

15.1.6.2 Using a 5 mL graduated cylincer, add 5 ± 0.1 m.L of 
methanol (this a::.:ist be from the same f::-esh bo:tle of methanol 
that was :ised to prepare the standards in Section 15. l. l) to 
the flask. 

lS.1.6.3 Mix ·well and cover v.1ith parafilm until ready for use. 

15.1.6.4 pH of the EA solution should be 4.09 ± C.04. If not, the 
solution must be rep.repared. 

15.1.7 Working Standard Test Solutions 

15.l.7.1 Place fourteen-4 mL polystyrene sample vials (as used ·with 
Technicon Auto-analyzer II system) labeled lA} lB, 2A 
2B...7A, 7B into support rack'~. Using the calibrated 
dispensing pipet bottle, add 3 mL of ES solution to each 
4 ml, vial. 

15.1.7.2 Using the clisplacerr:.ent pipet, add 50 1.1.L of methanol to each 
vial. Pour about 3 mL of Standar-d Flask #1. H2so4 s~da...'"'Ci 
(see Section 16. l. l) into a labeled 4 mL via1. 

15.1.7,3 Immediately pipet 50 µL of this standard into the 4 mL vials 
labeled lA and lB containing the ES solution and methanol. 

~: This transfer must be done without delay to prevent 
the s~dard concentration from increasing significantly due to 
evaporation cf the methanol solvent. 

15.1.7.4 Repeat the procedure for each of the other 6 standards. If 
there is a delay of more l.han 5 mmutes between the 
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preparation of these mixtures and the next step, put caps on 
the 4 mL vials. 

Note: There should be fourteen vials, each containing 3 mL 
of ES solution, 50 µL of methanol, and 50 µL of Standard 
H2so4 solution (see Section 16.1.1). Two aliquots from 
each vial (IA, lB, 2A, 2B, _3A, 3B, ...7A, 7B) will be 
analyzed. 

15.1.7.5 Place vial IA in a rack. In a second rack place two-2 mL 
vials labeled lAl and 1A2. Use the 1 mL automatic pipet to 
mix the contents of vial l A by drawing l mL into the pi pet 
tip and then dispensing it back into the vial three times. Then 
use the same pipet to transfer I mL of the contents of vial IA 
to each of the two labeled {lAl, 1A2) 2 mL vials. Place caps 
on the vials. After transferring the two aliquots, rinse the 
automatic pi pet tip in a flask of DOW. Repeat the transfer 
procedure for each of the other working standard pairs. {IB. 
aliquot into vials IBI and IB2, 2A aliquot into vials 2Al and 
2A2, etc.). These a.re the working standards. 

15.2 Calibration of pH Meter 

The pH meter requires temperature calibration whenever a new electrode is 
used. Use the manufacturer's procedure in the instrument manual. This 
calibration should be repeated every three months while not in use. The pH 
meter is left with the power cord plugged into the AC outlet, the mode control 
knob is left in the standby position, and the combination electrode is immersed 
in a 4 M KCI solution (a slit rubber stopper seals the bottle with the electrode 
in it). Keep a record of the temperature calibrations in a lab notebook. 

15.3 Pre-analysis Calibration 

Note: Figure 11 outlines the steps for proper calibration and set-up for analysis 
of the Teflon® filter sample for pH determination. Analysis should be 
performed at room temperature. 

15.3.1 Use a pH Analytical Laboratory Log Fonn (see Figure 12} to record all 
data. 

15.3.l Fill three 4 mL vials with pH 7 buffer. Withdraw the electrode from 
the 4 M KCl bottle and wipe the tip gently with a Kimwipe• to remove 
the bulk of the solution. Rinse the electrode with one vial of pH 7 
buffer. Do not test pH of the first vial. 

Acid Aerosol Part B 



Revision No. 0 
Date :1/92 

Page 31 of 72 

15.3.3 Ire.merse the electrode ir. the second vial cf the pH 7 b:iffer. Use a 
small bo:tle or other support to hold the vial up to the electrode while 
waiting for the meter .reading to equ:librate. 

15.3.,J Test the pH by tur:tlng to :he pH mode of the meter. Allo,.-.., the reading 
:o stabilize for at least 30 seconds. Record the resdt on the Analytical 
Labora:ory Log Form for pH 7, entry 2. 

15.3.S Tum to standby moce, and :hen test the last vial of pH 7 buffer. 
Record tl:e results or.. the log form for pH 7, er:try 3. If tie pH value 
for the 2nd cup is not 7.00 ± 0.0;. 1 adjl:st fae "calib." knoj to obtain a 
readbg of 7.03. Note this adjustment 0::1 the leg fo:m. 

15.3.6 Fill three 4 nL vials with pH 4 bJffe:-. With the ;11eter in the standby 
mode, remove the c:ip containing pH 7 buffer, 'l;ilipe ~he lip of the 
electrode gently with a Kmwipe®, and then rinse the electrode with the 
first vial of pH 4 :mffer. De not reccrd pH. 

lS.3.7 Test the next two vials of pH 4 buffer as above. recordir.g the results 
on the log fom1. If fae pH va:.:ie for the third vial is not 4.00 ± 0.01, 
adjust the "slope" knob to get a readi..'1g of 4.00. If the value for the 
second vial \l.ras not 4.00 ± 0.01, the calibrations at pH 7 and at pH 4 
must both be repeated. 

15.4 pH Test of HC104. Snlutions 

No~e: The 0.01 N HCI04 solution is used to prepare the ES solution which) in 
tum, is used lo prepare the EA solution. It is imperative that the pH value for 
the EA solution be 4.09 ± 0.04. If this pH value is not achleved, then one or 
more of the HCI04 so:utions. must be reprepared. 

15,4, l Finish the calibration of lhe pH meter with pH 4 buffer. 

15,4.2 Rinse the pH electrode with DDW. Wipe the tip of the electrcde with 
a K.imwipera. 

15.4.3 Fill tb.ree 4 mL vials with EA solution. Measure the pH of the test EA 
solution in similar fashion to the b-;,iffer solutions. The values must be 
4.09 ± 0.04. 

15.4.4 If the above pH values are net achieved, follow Section 15.1.6 to 
reprepare tl:-e solutions. Test the pH of the new solutions. Repeat as 
r.ecessary to obtain an average pH of t~.09 ± 0.04. 
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15.4.5 Leave the electrode immersed in the "3rd vial" with the meter in the 
standby mode until ready to start analysis of the working standards. 

15.5 Analysis of Working Standard 

Note: Immediately following the EA analysis, start testing the working 
standards. 

15.5.1 With the pH meter still in the standby mode, remove the last vial from 
the electrode, gently wipe the tip with a Kirnwipe~, and then immerse 
the electrode into the working standard vial lAl. 

Note: Only two vials are available for each working standard (also for 
filter extracts). Thus, pH measurement is made for both of the two 
vials for each sample. Also, the electrode tip is not wiped between the 
1st and 2nd vials of each sample. 

15.5.2 After testing the pH of vial lAl, test vial 1A2. Record the results of . 
both on the Analytical Laboratory Log Form. 

lS.S.3 With the meter in the stand-by mode, remove vial 1A2, wipe the 
electrode with a Kirnwipe~ and test one 2 mL vial of EA solution. 

15.S.4 Test a 2nd vial of EA solution; record the results on the log form. 
Discard the 1st vial of EA, but retain the 2nd vial to be used as the I st 
vial for the next EA test. 

15.5.5 Mean pH value for the EA solutions should be 4.09 ± 0.04. If the 
above pH values are not achieved, follow Section 15.1.6 to reprepare 
the EA solution. Retest. If still outside range, investigate problem 
with probe, have Laboratory Manager review previous recorded pH 
data for samples and EA solutions to determine validity of 
measurements. 

1S.S.6 Continue testing the remainder of the working standards, lBl, 1B2, 
2Al, 2A2, 2Bl, 2B2...7Bl, 7B2. Remember that the electrode tip is 
wiped both before and after e.ach pair of test solutions, but not in 
between two vials of the same sample. 

Note: H there is trouble in obtaining constant pH values, it may be 
necessary to use a magnetic stirrer to keep the contents to be measured 
uniform. If employed, ensure that the sample vials are insulated from 
any temperature increase of the stirring platform which may occur 
during extended use. 
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15.5.7 Use the mode cor.trol knob in the "temp." ?Osi:ion :o n:easure the 
tempe:-atl~re of the test solutions every 5-10 samples and record tt:e 
res~lts on fae Ar..al.ytical Labo::-atory Leg Sheet Fonn. 

15.6 Analys:s of Filter Extrac:s 

Following measurement of be pH of the working s~dards, measure the pH of 
the filte::- extract and record or. the A.,a.:ytical Laboratory Log Form. After :en 
filter ext:-acts tave been :ested, make a., additional test w::h fae EA solution 
ar.d record te:n~era:-ure. At the e:id make a fina.: tes~ of pH 4 buffer. If not 
4.00 ± C.04, tten perfcrr.:1 a new ca.:ibration; the labo::-atory manager must fa.en 
decide (and document) how to reduce the unk."lowns based 0::1 pre- and post­
cal:.:>ratio:is. Criteria and corrective action should be met according to 
Section ~5.5.5. FoUow ma.r..dacturer's direct:ons for shu~-dcwc of pH me:er. 
fo.uuerse the electrode t~p in fae bottle o: 4 M KCL. 

16. Ion Cfnomuto9Il}fIDY Analysis 

Ion Chron:atography :s a r.1ethod used to determ:ne anion concentra:ions (N03-) 
e:np:oybg li~uid chron:atography with conductivity or UV a.::,sc-rbance detection. 

16.1 Standard Pre?araticn 

S;,ec~a: Preca:ition: Storage of these solut:ons st:ould be no longer than l week. 
All of :he working stu:dard solutio::is are used to calibrate the IC and are made 
from reagent grade stock. The crystals are dried overnight in :overed petri 
dishes a: l05 °C in a vacuum oven prior to preparing the standa..--d solutions. 
Any ye]cwish discoloration of the dried crystals i.c.dicated decomposition and 
crystals should be discardr,d. 

16.1.1 Pctassiuci Nitrate Stock Solution 

16.l.l.1 Dry KN03 c1ystals at 105°C for 2 hours. 

16.1.1.2 In a clean, calibraterl, l L :task, add 500 mL of DDW. 

16,1.1.3 On a weigr.ing paper, weight out 0.8158 g of the dried 
KN03. 

16.1.1.4 Acd the dried crystals to the 500 mL of DDW. Dilute to 
mark with DDW. 

16.1.1,5 This stock solution con:a..ins l mg/mL of NO3 - . 
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16.1.2 Nitrate Working Standards 

16.1.2.1 Make the standard series in 100 mL volumetric flask. 

16.1.2.2 Add the following amount of stock solution and fill to the 
mark with DOW, as illustrated in the following table. 

Stock N03-
Solution Concentration, 

Flask ID Added, mL µg/mL, 

Fl 0.25 2.5 
F2 0.50 5.0 

F3 1.00 10.0 

F4 2.00 20.0 

F5 5.00 50.0 

F6 10.00 100.0 

16.1.3 Storage Life 

16.1.3.1 The stock solution (5 x 10-3 equiv.IL of N03 -) should be 
kept in an amber bottle in the refrigerator and may be stored 
up to 6 months. 

16.1.3.2 The nitrate working standards must be made fresh within 2 
weeks of its use. 

16.2 Reagent Preparation 

Note: Storage of these reagents should be no longer than one week. 

16.2.1 Anion eluent - The anion eluent is a solution of 1. 8 µM Na2co3 and 
I.7 µM NaHCO3. A concentration solution can be prepared and 
diluted as needed. 

~: See Anion storage solution. 

16.2.1.1 Concentrated Na2CO3 solution (0.36 M) - Weigh out 
38.156 g of Na2C03 (MW = 105.99). Dissolve into l L of 
DOW. Store in refrigerator until ready to dilute. 
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16.2.1.2 Cor:centrated NaHCO3 solution (C.34- 1"1) - Weight cut 
28.564 g cf NaHC03 (MW = 84.01). Dissolve aito l of 
DDW. S:ore in refrigerator un~ ready to d[:.ite. 

16.2.1.3 Dilution of stock solutions - Bring both solut:ons to room 
temperan.1re. Accura:ely pipe: 10 n:L of each so::.ition into a 
2000 mL volu:ne:ric flask which has been part.ally filled with 
DDW. Bring to the marl{ with DDW (1:200 d[ut:on). 

16.2.2 An.:on regenerant - The regenera:1t is a C.025 N H2so,1 solution. 
VERY CAREFULLY d:spense 2.8 mL of concenLa.ted Ultrex suiluric 
acid (36 N) into a graduated cylinder. Partially fill the regenerant 
reservoir with DDW (3L). Slowly add the acid to the regenerant 
reservoir. Brir:g to the mark with DDW (ii L). 

Note: Protective clothing and eye pro~ecticn sh.ould be utilized. 

16.2.3 A..,ion storage sok.:ion - Since the anion columns contain carbonates 
fro:11 the eluent, protection must be taken against microorgacisms that 
will ive on this food source and clcg up the columns. If the columns 
are not be:ng used for lo~g periods of tirr..e ( > 2 weeks), a storage 
solution of 0.1 :M NaOH should be pumped into them. 

16.3 Sar:1ple PJ:e?a.raticn 

16.3.l :Mark the auto sampler vials with the appropriate ider.tification numbers. 
Place the vials in an (IC) autos<Lmp~er tray. 

16.3.2 Using clean, calibrated 0.5 mL pipets transfer fae remainder of the 
nylon filter extract from the extraction vial to a clean disposable 0.5 
mL (IC) autcsampler (polyethylene} vial. FiJl the autosampler vial up 
to the line on the side. 

Note: If refrigerated, the ccntents cf tl:e 4 mL extraction vial must be 
vo::"tex-rnixed prior to transfer to the autosampler vials. 

16.3.3 Place black filter cap on top cf the via:.. Use the tool provided to push 
the cap into the vial until it is flush with the top. {See the IC manual 
for more detailed instructions). 

16.3.4 Wipe away any excess fluid from the top of the vial to avoid 
conta:ninatiorr from other samples. 
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16.3.5 After all of the trays are filled, place them into the left side of the 
autosampler. The white dot on the tray indicates the first sample. 
Press the button labeled RUN/HOLD to the RUN position. The trays 
should move until the first sample is under the sampling head. The 
front panel should indicate a READY message. Press local/remove 
switch to remove. 

16.4 Basic System Operations - Start-up and Shut-down 

16.4.1 Start-up Procedure for Ion Chromatograph 

16.4.1.1 Tum helium and nitrogen tanks on by opening the valve on 
top of each tank (pressure in either tank should not be less 
than 500 psi. Replace if necessary). Open valves at the 
outlet end of both regulators. Pressure on the nitrogen 
regulator is adjusted to 100 psi. Pressure on the helium 
regulator is adjusted to 14 psi. 

16.4.1.2 Check the level of eluents and regenerating solutions. Tum 
the chromatography (CMA) values for the anion channel 
switch ON. Verify that the pressure reading on the face of 
the degassing unit is 7 psi. Adjust by turning dial next to 
pressure gauge. Tum the degas switch to HIGH. 

16.4.1.3 Tum the eluent reservoir switches, corresponding to the 
eluents to be degassed, to the ON position. Let the eluents 
degas on HIGH for 3-5 minutes, then tum degas switch to 
LOW. 

16.4.1.4 Select the appropriate program on the gradient pump module 
using the PROGRAM switch. (Programs are recalled from 
memory by first pressing the PROGRAM switch, then the 
single digit reference number corresponding to the appropriate 
program). 

16.4.1.5 Priming the eluent lines. 

~: All of the eluent lines used during analysis must be 
primed to remove any air bubbles that may be present. The 
selected program identifies which lines are used. 

• Open the gradient pump drawer. Tum the pump to the 
START position for 10 seconds, or until a CLICK is heard, 
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then turn :he purr:p OF1~. This step opens the valve to the 
e~uent line disp1a.yed on ~he front panel. 

• A:tach a 10 mL syringe to the :;>riming block or.. the face of 
the gradient pt.::rnp module. Wifa the prir..ung 'block valve 
closed, pull the syringe plunger out to the end o.: the syringe. 

• Open the priming block valve. Tt:e syringe will quickly fill 
with eluent. Close :he valve on t!1e prinung b:ock when the 
syringe is a.lr::lost full. Remove syringe :rom block and 
discard ccllectei eluar.t. 

• Th.:s ;nining procedure can be repeated if necess3.l""J. All of 
the eluent :.ines that are to be used during a day of ana:.ysis 
shot:ld be prir.1ed at this tirr.e. 

16.4.1.6 Open the door of the Adva.'1ced Chrooatography Moc!t::le. 
On the back of the door, at the boecm, is the conductivity 
detector. There are four labeled lines (an.:.on, cation, waste, 
and cell) located next tc fae cell. The plumbing mu.st be 
config·Jred accordhg to the type of ,malysis to be perfor.ned .. 
TI:e ANION line must be attached to the CELL line, and the 
CATION line :nust be attached to the \VASTE line. The line 
corning from the pump must be attached to the correct port o:i 
the advanced chromatography module. SYSTElvl I on the 
left is for anions, SYSTEM: 2 on the right is for cations. 

~: I: switching from one system to the other, the pump and the 
Jnes coming from !he pump must be purged of the origina.:. ebe:1t. 
Tilis is done by disconnecting the pump line frcm ~he 
chromatograph mocule, t'Jming tlte pump on and running the new 
eluent into a waste beaker for 2-3 minutes. 

16.4,1.7 Select the columns lo be used by pressing the blue butlon 
located. below the labels. To verify that the .correct columns 
are being used, the switch should be p:essed at ieast once, 
and then set to the appropriate position. This is done in case 
fae indicator light is reflecting a "default'r setting, regardless 
cf the actual position of the swi~cl1. 

16.4.1.8 Turn the power switch on the autosa..-npler ON (switch is 
located on the ba,ck of the unit, on the right). The default 
settings will be displayed on the front panel. Attach the 
SA1v1PLE OUT line from :he autcsampler to the advanced 
chromatography module. The connection should be made to 
tl:e port marked SAMl'LE of the appropriate system. Tum 
the pump to START. 
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16.4.1.9 Tum the conductivity cell ON. Switch is located on the 
gradient pump module. Tum the REGEN switch for the 
appropriate system ON. Verify that regenerant is flowing by 
inspecting the regenerant waste line which empties into the 
sink. Open the advanced chromatography module door and 
inspect for leaks at columns, fittings, etc. Shut pump off if 
leaks are found. 

16.4.1.10 Turn stripchart recorder ON. Baseline should stabilize in 
less than 20 minutes. If baseline is not stable, see 
troubleshooting Section 16.5 for assistance. 

16.4.2 Data acquisition start-up - The following is a description of the current 
data acquisition program used by the U.S. EPA. The program is 
available (U.S. EPA, Atmospheric Research and Exposure Assessment 
Laboratory (AREAL), Office of Research and Development, Research 
Triangle Park, NC) and is for IBM or IBM compatible computers. 
Other appropriately designed programs may be used to compile the data 
collected for any given sampling network. It is not necessary to use a 
computer programmed integrator for the computation of data, however, 
for large sampling networks, it is recommended. 

16.4.2.1 Turn on the IBM XT computer. From the C: >prompt, type: 
cd/chart, then type: cchart. This loads the Chromatocbart 
software. Tum switch on relay box to ENABLE, indicator 
light could go on. 

16.4.2.2 Press F2 to enter the methods development module. Select 
option number 1 - "select channel# and load method file." 
"Select channel # < 0 > " type Oor press ENTER to select the 
default choice shown in the brackets (in this case 0). "Load 
method file named" type the name of the appropriate method, 
then press ENTER. A directory of all of the current methods 
in memory can be obtained by pressing the F2 function key. 

16.4.2.3 Press F3 to enter the Oat.a Acquisition module. At this point 
you will be asked to save the method file. If there has not 
been any changes to the methods file, it does not need to be 
saved. Select option #4 - "Collect Data." Press ENTER to 
deactivate the method queue. "Load Run Queue named," 
type the name of the run queue if one has been created. Type 
ENTER to deactivate the run queue. 
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16.4.2.4 "Total ti runs for method < l >," type !1ow many tiCles :he 
me:hod is to be repeatec (total nu:nber of S811ples). "Auto­
analyze Da~" type Y. "Autosave data to disc" type Y. 
"Data fi~e name (xxxxx) change?", type data f:Je :1a1ne. 
"Press ENTER to begir. me:hods." Press ENTER only after 
the sanples tave b~n loaded into :he ai::csan:pler and the 
baseline has s~:,ilized. 

16.4.3 Calibration of IC - TI1e instructent should be brought to nom1a: 
conditions with a warm-up tkle of at least thirty rnirmtes. 

16.4.3.1 With the "Reading" light on1 check :c ensu:-e fae flow rate is 
1.5 n:Ls/m.inute, the fluid pressare is 600 ?Si ± :co psi and 
the conductivity :s constant as neasi.;.red by offset difference. 

16.4.3.2 Fill the IC vials with the prepared star:dard solutio::is. 

16.4.3,3 Load the four vials into the sample vial hole.er, and place tha 
holder b the automated san:pler tray. 

16.4.3.4 The tray is controlled by a SpecL"cl-Physics SP4200 or SP4270 
Co::nputer Integrn.tor. Use the integrators operation manual to 
begin calib:ating. (A typical program in Basic for integ:-ators 
which illustrates integrator capabuty is shown in the 
Appendix of this procedure). By using the Rill-I command 
the analysis and data treatme:it phases of t..11e calibration are 
set in motion. Four calibration s:andards are run, the 
ch.".'Omatograms and peak areas di5?layed for C<lch rur., and 
the run results for the nit.rate anion ai-e fitted lo a quadratic 
curve by a least squares regression calculation. The curve is 
plotted and the con-elation coefficient is calculated. The 
value of the coefficient is normally greater ~an C-.999, ·where 
1.000 indicates a perfect fit. Values of less than 0.99 indica~e 
the calibration procedure should je repeated. 

~: RecaE.o:ratio:1 shou1d be canied out whenever stancfard 
concentrations show consistently high or low resu:ts :elative 
to the calibration cu1ve is compared to tlle calibration curve 
from the old standards. Comparability of pobts should be 
within ± 0.1 ppm or ± 10 percent. For standard 
concentrations of greater than l ppm, coaparabilily '1lill 

normally be within 5 percent or better. Old standards are 
assumed correct since they a.re referenced to the entire 
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historical series of previous standard solutions all of which 
are comparable. 

16.4.4 System Shut-down 

16.4.4.1 Shut off the pump. Tum the REGEN switch and the 
conductivity cell to the OFF position. 

16.4.4.2 Switch the eluent degas switch to HIGH. 

16.4.4.3 Tum the strip chart recorder FOF, cap the pen. Press the 
FlO function key on the computer. Select option 3, to exit to 
DOS. Shut off the printer and the computer. 

16.4.4.4 Shut the eluent degas system and reservoir switches and the 
autosampler to the OFF position. Close the valves on both 
gas cylinders. Then close the regulator valves. 

16.4.5 NO3 - Concentration Calculations 

16.4.S.1 Develop a calibration curve of conductivity versus 
concentration (µg/mL). 

16.4.S.2 Perform a linear regression of the tabulated values. 

16.4.5.3 Utilize the slope and intercept of the curve, calculate the 
concentration of unknown filters by the following equation: 

CNO3 = [Intercept] + [Conductivity] [Slope] 

16.5 Basic Troubleshooting 

Before proceeding with the troubleshooting guide, make sure that the reagents 
us_ed were prepared correctly, and are not "old." 

16.5.1 Unstable Baselines 

16.5.1.1 Wavy baseline - The most common reason for a wavy 
baseline is an air bubble in the gradient pump. This is 
diagnosed by observing the pump head indicator lights on the 
gradient pump module front panel. If the baseline is pulsing 
in phases with pump pistons, it usually indicates a bubble. 
Other possibilities include a dirty or_ stuck check valve, piston 
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seal or "O"-ri_,g, as well as an air bt:.bble in the conduct:vity 
cell. 

16.5,1.2 Drifting baseline - Steadily increasing or decreasing base:.ines 
i.:sually indicate that the suppressor colum.n is no: perfonning 
as it should. Parameters to c::-iange ~nc1ude U:e regenerant and 
ek.ent concer.trations a..,d flow rates. Cteck tem_?erar-.1re 
ro-;,itinely as Cilacges in temperature can cause driffng. 
Balanc:ng these should stabilize :he basefu:e, i: the suppressor 
is functioning correctly. The Dionex manual desctibes clean· 
t:.? procedures if :he suppressor is beJeved tc be 
contarnbated. 

16.5.1.3 High baselines - As with c.rifting baseJnes, the parameters to 
change a.re eluent ar..d regener-a.nt ccncenL"'ations and flow 
rates. A high baseline usually ir..dicates that there is not 
enough baseline suppression, th.is can be controlled by 
increas:ng the regenerant flew ra:e. 

16.5.1.4 Low baselines - Low baselines usually ir..dicate that there is 
toe n::.ich supp:ession. Oversuppressicn can be conL""OUed by 
decreasing the tow of the regenerant. 

1.6.5.2 BaclqJressu.re - Variations in system backpressure are common and 
should nor raise concern Ul:,TLESS the pressure change is greater than 
200 psi. 

16.5.2.1 High backp:essure - The system is protected from pressure 
related da..'llage thrcugh the high and low pressure alarr.1 
settings on the front panel of the gradient pump ::ncdde. If 
the high pressure sett.u1g is correctly selected (2.0~ psi above 
nom1al operating range), the pump will automatically shut-off 
if this val:ie is exceeded. The reason for high backpressure is 
that there is some kind of blockage in the system. 
Possibilities inc::ide: ~oading against a closed. valve; a plugged 
line; contamina!ed columns; etc. Diagnosis of the problem is 
done by removing one corr:.ponent of the system and 
observing how the pressure changes. 

16.5.2.2 Low pressure - Low press:ire readings usually indicate a leak 
somewhere in the system. Ca.refuJJ.y check all fittings for 
leaks, tighten if necessary. 
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16.5.3 Flow 

16.5.3.1 Regenerant lines - If there is no flow at the waste outlet end 
of the regenerant line, check the following: 

• Make sure that the correct regenerant switch is turned on 
• Verify that the reservoir is not empty 
• Make sure the nitrogen tank is turned on 
• Check that the regulator is correctly set 

16.5.3.2 Eluent lines - If there is no flow at the outlet end of the 
eluent lines check the following: 

• Check that the pump is on 
• Check that the eluent lines are connected to the correct port 

17. Ammonia Analysis by Technicon Auto-analysis 

Presented in Sections 17 .1 and 17.2 are the recipes for the standards and reagents 
required for the analysis of the ammonium ion [NH4 + - or ammonia (NH3)] by 
Technicon Auto-analysis. Figure 13 illustrates how the sample is carried through the 
Technicon Auto-analyzer. The samples, along with all standards, are taken from the 
auto-advance sampler tray by the use of a proportioning pump. Air and EDTA are 
first added to the samples and are mixed in the first set of coils. After mixing, 
phenolate is added and mixed in the next set of coils. Nitroprusside is then added and 
mixed, followed by the addition and mixing of hypochlorite. At this stage, the sample 
should be a bright blue color. The color formation depends on having a system that 
allows for adequate reaction time and provides a sufficiently basic pH (pH > 11) for 
the reaction to occur. Color formation is enhanced by the presence of a metal catalyst. 
After the last mixing stage, the sample is sent through a heated bath, followed by 
another mixing staJe. Finally the sample is sent through a colorimeter where the 
results are recorded on a digital printer and stored in a computer file for further 
manipulation. 

17.1 Standards and Stock Solutions Preparation 

~: Before discarding the old solution, it should be checked against the fresh 
solution by comparing calibration curves on the working solutions prepared 
from them. Slopes and intercepts are calculated for each set of standards. The 
old slope and intercept are used to calculate concentration values from readings 
for the new standards. This determines if the old solution has deteriorated or if 
an error has been made in preparing the new solution. 

17.1.1 Ammonium solution standard (1000 µg/mL) - Dry ammonium chloride 
in an oven for one hour at 50 to 60°C and desiccate over silica gel for 
one hour. Weigh 2.9470 g ammonium chloride and dissolve in 800 mL 
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DDW. Dilute to one liter with DDW and n:ix thorcughly. This 
solution is stable for one year. 

17.1.2 Intennediate arnn:onit:.m stanc.ards (lOO µg/:nL)- To make a :oo µ.g/mL 
am:nodum standard, pipet 10 mL cf ammonium stoc::C standard into a 
100 mL voluoetric flask. Dilute to vo::.ime with DDW and mix 
thorcughly. Keep refrigera!ed. This soluticn ::-en:a.:ns stable for one 
month. To make a 10 µ.g/mL ammorlum standard, ?ipet 1.0. n:L of 
am:ncnimn stock standard into a 1 QO n:L vclumet:-ic :I.ask. Dilute to 
volurr:e w;~h DOW and n:ix thoroughly. 'This soluticn rema:ns stable 
for or.e week. 

17,1,3 \Xlo:-king ammon::im standa:-c.s in DDW - Pipet aliquots of the 100 
µg/mL and 10 µg/mL ammon:am L.'1~ermediate standards ir:.to lOO mL 
volumelric flasks according to the table below. Dilute to volur.ie with 
DDW. Prepare fresh daily. 

i 

Stock or 
I : 

' 
Intermediate Fical ! 

l 
Standar4 Aliq~ot, Concentration, / 

Standard µg/mL mL µg/mL 
' 

A 100 40.0 40.0 i 

B 100 4.0 4.0 

C 100 3.0 3.0 

D 100 2.0 2.0 

E 100 1.0 1.0 
iF 100 0.5 0.5 ' 

G 10 2.0 0.2 

H 10 LO 0.1 

17.1.4 Sodium citrate stock solution - Disso}ve 294.1 g of sodium citra.~e in 
800 rn.L DDW. D:lute to l liter and mix thoroughly. Store at room 
temperat11re. 

17.1.5 20 percent citric acid/.5 percent glycerol stock soh.:!.ion - Dissolve· 25 g 
citric acid in 80 mL DDW. Add 5 mL glycerol and dilute to 100 m.L 
with DDW. lvfix thoroughly and store at room temperature. 
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17.1.6 Sodium citrate/citric acid/glycerol working solution - Put 100 mL 
sodium citrate stock solution into a I 000 mL volumetric flask. Add 20 
mL of the 10 percent citric acid/5 percent glycerol stock solution and 
dilute to volume with DOW. Mix thoroughly and store at room 
temperature. 

~: This solution will be used to m~e up ammonium working 
standards for citric acid/glycerol-impregnated filter extract analyses. 

17.1.7 Working ammonium standards in sodium citrate/ citric acid/glycerol 
working solution - Pipet aliquots of the 100 µg/mL into appropriate 
volumetric flasks according to the table outlined in Section 17 .1. 3. 

17.1.8 Potassium chloride stock solution - Dissolve 74.6 g potassium chloride 
in 800 mL DOW. Dilute to one liter with DOW and mix thoroughly. 
Store at room temperature. 

17.1.9 Potassium chloride working solution - Put 100 mL of the potassium 
chloride stock solution into a 1000 mL volumetric flask. Dilute to 
volume with DOW. 

17.1.10 Working ammonium standards in potassium chloride working solution­
Pipet aliquots of the 100 µg/mL ammonium stock standard or 
intermediate standards into 100 mL volumetric flasks according to the 
table below. Dilute to volume with potassium chloride working 
solution and mix thoroughly. Prepare fresh daily. 

Stock or 
Intennediate Ammonium 

Ammonium Standard, Aliquot, Concentration, 
Standard µg/mL mL µglmL 

A 1000 40.0 40.0 

B 100 4.0 4.0 

C 100 3.0 3.0 

D 100 2.0 2.0 

E 100 1.0 1.0 

F 100 0.5 0.5 

G 10 1.0 0.1 

H 10 0.5 0.005 
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17.2 Reagent f":'eparation 

No~e: V..'hen reagen:s are :_Jrepared, label the ccntainer with the contents, 
c3ncentrafon, dz.:e ;:n-epared, and tile p::-eparer's initials. 

17.2.1 Af.aline phenol - To 800 mL DOW in a one liter volur:1et.ric flask, add 
83.0 g loose crystallized ]henol. Keeping the flask bar. ke bath or 
under tap water, slowly add 96.0 mL 50 percer..t sodium :iydroxide 
solution. Shake the flask while adding the sodiuc.1 hyd:-oxide. Cool to 
room tem:;>eratJre, dilute to one liter with DDW and mix tl:orougrJy. 
S~cre in an amber glass co:.!.ainer. This solution remabs stab~e fer 
faree n:onths, if kept o;.1t cf direct light. 

17.2.2 Sodiun: hypcchlorite sch.:.tion - Tl1e amo:.mt of sodium hypochlorite 
solutio:i varies from batch to batch of sodium hypochlorite (5 percen~ 
commexial grade). Therefore, for each new batc:i, a base and gain 
experiment must be :un to adjust the amour.t of sodiL:m hypochlo::.te 
re!:_Uired to obtain the existing base and gai.'1 values. In a 150 r.:iL 
volu:netric flask, dilute 86 mL of 5 percent scdiu:n hypoch.lorite 
solution to 100 r.1L with DDW and mix tho:-oughly. Check base and 
gain values. Reduce or increase the amount of sodium hypoct-Jorite to 
o::>taii.. the same base and gaic. values as the previous sodium 
hypochlorite catch. TI.J.is solution remains stable :or one day. 

17.2.3 Sod::.nn nitroprusside solution. - Dissolve 1. 1 g o: sodium nitroprusside 
:n about 600 mL of DDW, dilute to l liter with DDW and mix 
thoroughly. Store in an amber container, and keep in refrigerator. 
This solution remains stable for one month, if kept OL;t of direct light. 

17.2.4 Discc.ium EDTA solution - Dissolve 1.0 mL of 50 percent w/w sodium 
hydroxide and 41.0 g of disodium BDTA mix faoroughly. Add 3.0 mL 
of BRJJ-35 and mix. Store i.n plastic container. This solution remains 
stable fer six months. 

17.3 Procedure for Auto-analyzer Set-up 

17.3.l Prcportioning pump - 1v!a..-ked tubing lines should be positicned across 
rollers. When proportioning pump is not :n use, plane press sho:ild be 
urJocked. 

17.3.2 Manifold - The air tube feeds bubbles i::ltc the sample Lube, brealdng 
the sample flow into sepa..c1.te sample a.Jquo~s. The EDTA solution is 
acded and this mix~re goes thro:igh a double mixing coil (20 turns). 
Phenolate and nitroprusside are adced and the solutior. goes through 
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another double mixing coil (10 turns). Bleach is added, and the 
mixture goes through a single mixing coil (5 turns). Then, the mixture 
passes through a heat bath (37°C), and a delay coil (for about 
10 minutes). A debubbler diverts a fraction of the flow to waste to 
ensure a smooth, bubble-free flow to the colorimeter. The solution 
passes through single channel colorimeter (set at 630 run) and finally to 
a waste stream. 

17.3.3 Reagent and Sample Volumes - Typically flow rates for the auto­
analyzer are listed in the following table: 

Item Flow Rate 

Air 0.32 mL/min 

Sample Aliquot 1.00 mL/min 

Complex Solution 0.23 mL/min 

Alkaline Phenol 0.60 mL/min 

Bleach 0.42 mL/min 

Total liquid 2.25 mL/min 

Volume to waste 1.05 mL/min 

Colorimetric return 1.20 mL/min 

Needle washing 1.60 mL/min 

17.4 Procedure for Sample Run 

17.4.1 Allow colorimeter and recorder to warm up for 30 minutes. 

17.4.2 Start the proportioning pump, with all reagent lines in a 
beaker of DOW. 

17.4.3 One at a time, place the reagent lines into the respective reagent bottles. 
Make sure that the air bubbles are being fed into the sample line at a 
constant interval. Obtain a baseline reading on the recorder. 

17.4.4 Take samples from the refrigerator and set-up the sample tray. Put the 
cover on sample tray to avoid evaporation. 

17.4.S Run system. Standard should be run first to calibrate recorder output. 
Run standard levels low-to-high. Standard should. be run every 10 
samples for verification. 

Acid Aerosol Part B 



Revis:on No. G 
Da:e 11/92 

Page 47 of 72 

17.4.6 O::1ce a week er p:for to exter.ded. pe:iod cf no11-l'.se, ru::i a solution of 
0.01 percent BRIJ-3.'.i through aJ reagent lbes. 

17A.7 Record p~-< height for a[ s~dards and san::;>les as determined. 

17.4.8 A calibratior: curve is derived from the values of an:mo:tia standards 
(µg/mL) versus peak height. 

17.4 .9 Perforn: a linear regression of the tabu:ated value. 

17.4.10 Utilizir:g the slcpe and intercept of the curve, calculate the 
concentration o:" NH4+ on the unknown filter by the 
following equa:ion: 

CNH4+ = [T.ntercept] + [Peak Height] [Slope] 

18. Assumption of Annual Denuder System 

18.l The rr:easureme::1t cf acid aerosol requires that amrr,onia be eliminated from the 
samj;,le sL--eam to prevent ir:accu.rate ::neasurement of the acid aeroscl, thus 
b:asing the :-esults. To add..~ss this :ssue, a citric acid ccated denuder to 
remove (denuder) ammcnia from the gas sL"'Cafil is pos:tioned in front of the 
filter assembly where strong acid aerosols a.._""e collected.. The eff:cie::icy of fae 
cit::i.c acid denuder to remove NH3 · is assuaed to be 100 percent. 

18.2 The effi.cie::icy of the impactor ccUecticn system c.ecreases with increased 
particulate loading. The average operational time before such loadillg occurs 
has not been deterctlned. Likewise, the removal efficiency of the denu.jers 
have not been fully explored. Thus, both the impactor and denudern are 
removed af1er each sampling event and replaced with ne'1l components. 

18.3 Other assumptions which are made associated with the ?erformance of the 
annular denuder system for va.Udity of the calculatio=is presented in Section 19 
are: 

• All alkaline particles ( > 2.5 µ.m) are removed at the sampler inlet; 
• The cyclone or elutriator/impactor assembly have DP.5o cu~ size of 2.5 µm; 
• The citric acid coated-denuder removes 100 % cf ammonia from the gas 

sample stream; 
" F:ne ( < 2.5 µm) acid (H2SOif) aerosol losses in the denuder are less ttan l % ; 
• T.'1e Na2CO3 coated denuder ccUects 100 percent of the nitric acid., while the 

fo:.lowing ciL-ic acid coated denuder collects lOO percent of the ammonia. 
Partic:e :osses are less than l ;,ercent in each denuder. 
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• The Teflon® filter is 100 percent efficient for collection of fine acid aerosols. 
If ammonium nitrate (NH4N03) was collected on the Teflon® filter, its 
probability of evaporation is high. Therefore, a citric acid-impregnated filter 
downstream would collect some of the dissociation products from the Teflon® 
filter. Also, interaction of ammonia and sulfuric acid neutralizes the sample 
and causes the acidic measurement to be biased. 

• The nylon filter collects any nitrate that dissociates from the Teflon® filter. 
• The citric acid impregnated retains all the ammonia arising from the 

dissociation of NH4N03 collected on the Teflon® filter. 

19. Atmospheric Species Concentration Calculations 

19.1 Calculations Using Results from pH Measurement 

19.1.1 A convenient method of expressing concentration of the hydrogen ion 
was first proposed by Sorensen in 1909 and has been widely adopted by 
chemists. 

pH = - log [H+] 

[H+] = 10·PH 

19.1.2 For each working standard on a given analytical day, calculate the 
"apparent net strong acid concentration" as follows: 

C· = 10-pHWSi - 10-pHEA
1 

where: 

Ci = apparent net strong acid concentration, molar, 

pHWSi = measured mean pH of a working standard, and 

pHEA = measured mean pH of the EA solution. 

19.1.3 For each analytical day, utilizing a particular set of freshly prepared 
daily working standards, develop a standard curve by calculating the 
linear regression of Ci vs. Ceq~ as documented in Section 15.1.1.1. 
Calculate slope and intercept ol the standard curve. 

19.1.4 Calculate the corresponding "apparent net strong acid concentration" 
from the sample pH utilizing the following equation: 

C = 10-pHS - 10-pHEAs 
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where: 

Cs = apparent :iet stror.g acid concentration fo:- u:umown sample, 
molar, 

pHS = measured :;,H of the sample (S), and 

pHEA = measured :,H of the EA solut:on. 

19.1.5 Utilizing tr.e slope and intercep~ of the stanc.ard curve, calculate 
equivale::it mass of stror.g acid: 

where: 

Cf = apparent net strong acid mass, µ.g, as calculated from 
star..dard curve, 

htercept = calct:fated relatio::1ship from linear regression analysis 
cf Ci vs. CEq, ar.d 

s:ope = calculated relationship from linear regression analysis 
cf Ci vs. CEq· 

19.1.6 The actual sample air values V, for each sample is calculated u.sing the 
data from the Field Test Data Sheet. These data include the initial and 
final e!apsed tL.-nes, the in::tial rotameter reading, and the rotameter I.D. 
No. Use the calibration curve for the given rotameter to calculate the 
flow for the sample, in LPl\.'1, if applica.b!.e. Calct;.late ~e value of Vas 
follows: 

V = [F] [TJ 

whe:e: 

F = flow from t:ie caJibrati.on curve, L per minute, 

T = net elapsed 1me, min, a..nd 

V = total sample vobrne, L 
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Convert L to m3 by: 

where: 

Vs =total sampling volume, m3, and 

1o-3 = conversion factor, m3/L. 

19.1.7 Calculate the air volume sampled, corrected to EPA-reference conditions: 

where: 

3volume of sample at EPA-reference conditions, m , 

volume of gas sample through the dry gas meter, or 
calculated volume sampled as indicated by rotameter 
{see Section 12.2.6), m3, 

absolute EPA-reference temperature, 298°K, 

Tm = average flowmeter or dry gas meter temperature, °K, 

barometric pressure of flow or volume measurement 
condition, mm Hg, 

EPA-reference barometric pressure, 760 mm Hg, and 

Y= dry gas meter calibration factor (if applicable), 
dimensionless. 

19.1.8 Calculate the final concentration of apparent net fine particle ( <2.5 µm) 
strong acidity (as H2S04,.l: 

CH+= Cf/ VSstd 
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where: 

CH+ = appar~nt net :be particle strong acid:ty concentrat:on, 
µ.g/m.J' 

Ct' = apparent net strong acid 1 µ.g, as calcalated frcm 
sta..,dard curve, and 

V Sstd = volun:e of sampled gas at EPA-refere:ice conditions 
3(see Secticn 19.:.7;, m . 

19.2 Calc:ilations Us:ng Results f:-o:n IC Analysis 

T'.:.1ese assumptions ~ead direcCy tc equations for computir.g atmospheric 
concentrations fron denuder measurements. 

19.2.1 Ar..alytical results are given at NO3 - in µg/mL. 

19.2.2 T..1e extraction vok:me was 10 mL (i.e., O.OlOL}. 

19.2.3 Nitrate concer..tration cor..ve:ted to eq:iivalent s:ilf'ur:.c acid: 

CN03 - = [N03 - sample - N03 - blank][IO mL][98/62] 

19.3 Calculations Using Results from Auto-ar,.alyzer 

19.3.1 Analytical results are given in NH4+ in µg/rr,L. 

19.3.2 The extraction vo!ume was 10 mL. 

19.3.3 Ammonium concentration ccnverted. to equivalent suffuric acid: 

20. Variations of the. Acid Aerosol Denudor System 

One modification of the fine particle strong acidic aerosol denuder system involves 
adding additior..al denuders to selectively quantitate other gaseous and particulate 
species in ~he atmosphere, and is illustrated in Figures 14 ru:d 15. This system was 
developed to measure reactive a.cidic a.~d basic gases and particulate matter which are 
contained in ambient air. The chemical species which can be measured uflizing this 
system are gaseous so2, I-Il'-1O2, I-INO3, l"ffiJ, and particulate so4 =, No-3, and 
H+. Other silnilar chemical species can be successfully collected by the system with 
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modifications (i.e., changing the denuder coating solutions, the denuder sequence, and 
the filter types and sequence). Once collected, the pollutant concentrations are 
quantified by ion chromatography (IC) analysis and/or Technicon colorimeter auto­
analysis. A full description of this methodology can be found in "Compendium of 
Me1hods for rhe Determination ofAir Polluranrs in Indoor Air," U.S. Environmental 
Protection Agency, Atmospheric Research and Exposure Assessment Laboratory, 
Research Triangle Park, N.C. 27711, EPA-600/4-90-010. 

21 . Method Safety 

Titls procedure may involve hazardous materials, operations, and equipment. This 
method does not purport to address all of the safety problems associated with its use. 
It is the user's responsibility to establish appropriate safety and health practices and 
determine the applicability of regulatory limitations prior to the implementation of this 
procedure. This should be part of the user's SOP manual. 

22. Performance Criteria and Quality Assurance (QA} 

Required quality assurance measures and guidance concerning performance criteria that 
should be achieved within each laboratory are summarized and provided in the 
following section. 

22.1 Standard Operating Procedures (SOPs) 

22.1.1 SOPs should be generated by the users to describe and document the 
following activities in their laboratory: 1) assembly, calibration, leak 
check, and operation of the specific sampling system and equipment 
used; 2) preparation, storage, shipment, and handling of the sampler 
system; 3) purchase, certification, and transport of standard reference 
materials; and 4) all aspects of data recording and processing, including 
lists of computer hardware and software used. 

22.1.2 Specific stepwise instructions should be provided in the SOPs and should 
be readily available to and understood by the personnel conducting the 
monitoring work. 
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22.2 Qucl.ity Assurar.ce Prog:am 

The user should develop, implement, and maintain a quality assurance program 
to ensure that the sampling system is operating properly and collecting accurate 
data. Establist:ed calibration, ope:a.tion, a.."ld maintena...-ice procedu:es siould be 
condt:cted on a :egularly schedu:ec basis and shodd be part cf tte quality 
assurance prograr.1. Additional QA measures (e.g., t:-ouble shootbg) as well as 
furt:.1er g1.:idance in mai.'1~ning ~he san1p:ing system are provided by tl:e 
mar:.dacturer. For detailec. guidance :.n sett:.ng up a quality assurance i:')rogram, 
tl:e user is re:erred to the Coce cf Federal Regulations (see Section 23, 
Citation 1l) and the EPA Handbook on Quality Assurance (see Section 23, 
Citation 12). 
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Summary of Key Probe Siting Criteria for 
Acid Aerosol Monitoring Stations 

Criteria 

• Representative of the breathing zone and avoiding effects 
of obstruction, obstacles, and roadway traffic. Height of 
probe intake above ground in general, 2-3 m above ground 
and 2-15 m above ground in the case of nearby roadways. 

• About 1 m or more above the structure where the sampler 
is located. 

• Minimum horizontal separation from obstructions such as 
trees is > 20 m from the dripline and 10 m from the 
dripline when the trees act as an obstruction. 

• Distance from sampler inlet to an obstacle such as a 
building must be at least twice the height the obstacle 
protrudes above the sampler. 

• If a sampler is located on a roof or other structures, there 
must be a minimum of 2 m separation from walls, 
parapets, penthouses, etc. 

• There must be sufficient separation between the sampler 
and a furnace or incinerator flue. The separation distance 
depends on the height and the nature of the emissions 
involved. 

• Unrestricted airflow must exist in an arc of at least 270 
degrees around the sampler, and the predominant wind 
direction for the monitoring period must be included in the 
270 degree arc. 

• A sufficient separation must exist between the sampler and 
nearby roadways to avoid the effect of dust re-entrainment 
and vehicular emissions on the measured air 
concentrations. 

• Sampler should be placed at a distance of 5-25 m from the 
edge of the nearest traffic lane on the roadway depending 
on the vertical placement of the sampler inlet which could 
be 2-15 m above ground. 
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Figure l. Annular Denuder System (ADS) with Coup:er/Irnpactor Assembly 
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Figure 2. Annular Denuder System in Field Sampling Box 
With Pump-Timer System 
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Figure 3. Acidity Determir.ation of the Teflon® Filter 
with Correction For Volatilized Nitrate Species 
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ACCELERATION JET 
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ACCELERATION 
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ALUMINUM 

ELUTRIATOR 

t ACCELERATION JET REMOVAL TOOL 

AIR 

(b) ALUMINUM AND TEFLON ASSEMBLY 

Figure 4. Available Elutriator and Acceleration Jet Assemblies 

Acid Aerosol Part B 



Revision No. 0 
Date 11/92 

Page 61 of 72 
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.-.-J;;..~~--- COUPLtrn / IMPACTOR 
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ANNUlAR OSNUOERI 
IMPACTOR (242 mm LONO) 

Figure 5. Glass A.'1I1ula.r Denuder with J.nsel Impactor Assembly 
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VIEW A 
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Figure 6. Side View Impactor/Coupler Assembly 

Acid Aerosol Part B 



Revision No. 0 
Date l~/92 

Page 63 of 72 

1mm ANNUi.AR SPACE. 

CROSS...S ECTJONAL VI ew 

INTERNAL SURFACE 
lEFlON COATED 

~-_,_../'.\
\ ...• ,,,.....-·· 

Figure 7. Internal Schematic of Annular Denuder 
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Figure 9. Acid Aerosol Filter Pack Assembly 
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DETERMINATION OF TIIE STRONG ACIDITY OF 
ATMOSPHERIC FINE-PARTICLES {<2.5µm) 

GENERAL 
Project: -------------Site: ______________ 

Location: ------------

Sample Code: ----------

EQUIP1\1ENT 
Mass Flow 
Controller No.: 
Lab Calibration Date: -------­
Flow Rate Set Point: 
Calibrated By: __________ 

Rotameter No.: 
DGM No.:----------­

SAMPLING DATA 
Time 

Time:-------------
Flow Rate: ___________ 

Temperature: ----------­
Pressure: -----------­
Avg. Flow Rate: 
Leak Check (Before): 

(After)_·--------

Total Sample Vol.: _______ 
Flow Maintained Rate: (±5% ) 

Flow Ambient 
Rate (Q). Temperature. 

Tune L/min oc 

Date: _____________ 

Location of Sampler: 

Operator: ------------

Sampler 
Citric Acid Denuder No.: 
Filter Assembly N ....o_·________ 

Barometric Relative 
Pressure, Humidity. 
mm Hg % Comments 

Figure l 0. Annular Denuder Field Test Data Sheet 
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pH 4 Buffe~ =] 
t 

Working Stanc.a.rds 1~---

[ E~jolutlon I. 
NO 

Temperature( I 
AnaJysis of up 

to 10 F":.:~r Extracl-s 

; ~, 
EA Solution 

Tumperalum ]
f 

NO 

YES 

[ pH~· Duffer j 

F:gure J. l. Calibration and Analysis Step for pH Determination 
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Detennination of the Strong Acidity of 
Atmospheric Fine-Particles ( <2.5 µm) 

Name:_____________ Sample I.D.:__________ 
Date:_____________ Location:_____________ 
LAB: _______________ 

Constituent 

pH 7 Buffer 
1 
2 

3 

pH 4 Buffer 
l 

2 
3 

EA Solution 
1 

2 

3 

Working Standards 
IAl 
1A2 

EA 

1B1 
1B2 
EA 

2Al 

2A2 
Temp. 

EA 
281 
282 
EA 
3Al 

3A2 
EA 
Temp. 
3B1 

3B2 
EA 

RUN NUMBER 

2 3 4 s 6 7 

.·. :;,:·· .. ; .·.. :::::: ·-·····:·· . :-··-···: 
:-:,. E• 

·.. :: ..... .... _:• 
. . ·.:.:-
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..·· 
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Figure 12. pH Analytical Laboratory Log Fonn 
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Figure 12. pH Analytical Laboratorc; Log Form (cont.) 
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Figure 13. Technicon Auto-Analyzer Flow Diagram for Ammonia Analysis 
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Basic Gases and Paiucula.te Matter ( < 2.5 ,,m) in Ambient Air 
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