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I. GENERAL CONSIDERATIONS 

At the present time, air pollution measurements are made by many 

analytical methods involving numerous atialytical parameters and tech­

niques. The data generated from these analyses are used by various 

. researchers, Federal, State and local agencies, industry, and others 

to make very important, and oft times very expensive, decisions in 

the field of air pollution control. In general, the data are used to: 

"Evaluate trends in environmental quality as necessary to 
assess the effectiveness of pollution abatement programs, 

"Identify problem areas rer,uiring stricter pollution control 
regulations and other remedial actions, 

"Identffy compliance \"Jith and violations of ambient environ­
mental quality standards and source emissions standards, 

"Characterize the health, ecological and economic effects 
of spe::cific pollutants enter·ing and in the environn:ent; 
trace the inteiaction, movement, and fate o! specific 
pollutants entering and in the environment (i.e., rese~rch 
moni tod ng). 

Without the assurance that the measurements obtain~d truly describe 

ti1e existing condition under observation, the validity of any conclusion 

must remain doubtful. Typical of questions usked during decision making 

processes are: 

(l) Arc the data valid? 

(2) Wl,at method \lilS used to collect the cli:ita? 

(3) What is the interrelatability b~twccn various methods? 

(4) Can I compare data from one study with data from another 

study if the methodology was different? 
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(5) Was the method calibrated correctly? . 

{6) What air monitoring instrumentation should be purc~ased to 
measure po11utants to determine compliance with implementation 
plans? 

Other numerous specific questions could be presented, but the one 

main concept to be remembered is that any decision based on ambient air 

monitoring data, whether it be in the field of air quality management, 

standard setting, compliance, enforcement, or criteria development, is 

only as good as the validity of the data used to make the decision. 

Attacking this area of the usefulness and intcrrelatability of air 

monitoring data is not a simple prob~em. The EPA has recognized this 

problem for at least the six criteria air pollutants and has developed 

its proposed equivaleni.:y regulations to help solve this problem 

(attachment 0). 

Future monitoring research activitiei should probably be directed 

to1·1ard the development and thorough laboratory and field evaluation 

of analytical methods capable of analyzing specific air pollutants at 

very low concentrations. Wherever possible, continuously monitoring 

instrumentation and techniques are desirable. However, the resource 

requirem~nts of continuous monitors,· (both "in man-years of effort 

and dollars) may not ah,ays permit the use of continuous monitors, 

especially for a large network operation. In addition, ther~ may not 

b~ a need for continuous data during a specific p~oject. Hence, there 

will always be a need for well-defined integrated methods which collect 

periodic samples for later analysis. 
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II. ANALYTICAL METHODOLOGY 
/

The current status of ambient air monitoring technology if the 

subject of several recent review articles. These articles briefly 

address the various types of pollutant monitors available for the 

inalyses of pollutants present in the ambient air or emanating from 

stationary and mobile sources. The analytical principle behind the 

monitoring system is also discussed and the conmercial sources are 

listed. It is not the intent of this conference to go into great 

detail about the various analytical instruments and methods available 

so these review articles are appended and appear as attachments 1, 2, 

3, anq 4 ~o this paper. 

It is the intent of this conference to address the biological 

effects of sa)ts and oxides of sulfur and nitrogen and the rest of 

the analytical considerations will _be directed toward these substances. 

A. Sulfur Compounds 

Forest and Nevnn,rn (attachment 5) have prepared a critical review 

of ambient air monitoring for sulfur compounds. Hollowell, et.al. 

(;ttachment 6) discusses the current instrumentation avililable for 

continuous monitoring of S02. 

l .. Sulfur· Dioxide: 

The problem of interrelatability of a"ir monitoring data collected 

by different people employing different analytical techniques is best 

exemplified by sulfur dioxide monitoring activities. At present there 

are over GO sulfur dioxide monitors availilble frcim 30 instrunient manu-
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facturers involving 13 distinctly different principles of operation. 

It is difficu1t enough to interrelate data from different laboratories 

using the same analytical principle much less different laboratories 

using different principles of operation. Until the results of the 

EPA 11 equivalency program11 are available, one should ah;ays proceed 

with caution when interchangeably using data from different studies. 

The analytical principles behind the various S0 2 continuous monitors 

involve elE;ctro-conductivity, colorimetry, coulometry (amperometric), 

electrochemical transducers, flame photometry, or flame photometry-

gas chromatographic systems, non-dispersfve spectrometry, dispersive 

absorption spectrometry, correlation spectrometers, second-derivative 

spectrometers, condensation nuclei counters, and several newei· techniques 

sti11 under investigation such as mass spectrometry, chuni1uminescence, 

and a combination of mercury substitution-X radiation. NC:;1·:er techniques 

still under study are some laser techniques, Ra.m.:1n scattering techniques, 

mi cro1-1ave spectroscopy, and Fourier-transform spectroscopy. 

For periodic samplin9 of S0 2 , two methods have been most widely used. 
I 

These are the West-Gaeke colorimetric procedure and the relatively non­

specific hydrogen peroxide method. All of the data collected by the 

Na.tional Air Surveillance Network was collected by the West-Gaeke 

procedure. 

2. Total Particulate Sulfilte: 

No instrumentation for continuously monitoring total particulat~s 

sulfate is commercially available. The usual approach is to collect .the 
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sulfate on one of various available filters followed by chemical analysis 

by any one of a var·i ety of chemi ca1 methods. The great body of sulfate 

data collected by the NASN was obtained using glass fiber filters 

followed by analysis using the methylthymol blue procedure. The glass 

fiber filter are efficient, inert, and have small pressure drops across 

them but usually contain large amounts of residual sulfate that can be 

reduced by prewashing. Additionally, numerous investigators have shown 

that glass .fiber paper has the tendency to absorb S0 2 due to its alka-

1i nity and convert part or a11 of it to sulfate during the course of 

sampling. The amount of sulfate formed seems to vary \'rith sampling 

time as well as manufacturer, grade, pretreatment of filters, etc. 

A blank correction is ah,ays necessary when runn'ing sulfate analyses 

on particulate samples collected on glass fiber filters. (See attach­

ment 7). 

As stated before, the NASN uses the methylthymol blue method of 

analysis for sulfate. The various CHESS studies historically used the 

turbidimetric procedure and switched to the methylthyrnol blue method 

in September 1971. At that time analysis of the snme sample by the 

two methods gave results in agreement with each other within the realm 

of experimental error. 

In the turbidimetric procedure, an aqueous extract of the sample 

is treated with barium chloride in the presence of Sulfaver, a stabi­

li.zing agent, forming barium sulfate crystals of uniform size. The 

absorbance of the barium sulfate suspension is measured by a spectro­

photometer or filter photometer. The sulfate ion concentration is 
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determined by comparison to a previously detennined standard calibration 

curve. 

In the automated methylthymol blue procedure for sulfate, the filter 

extract sample is first passed through a cation-exchange column to remove 

interferences. The sample containing sulfate is then reacted with barium 

chloride at a pH of 2.5-3.0 to form barium sulfate. Excess barium reacts 

vdth methylthymol blue to form a blue-colored chelate at a pH of 12.5-13.0. 

The uncomplexed methylthymol blue color is gray; if it is all chelated 

with barium the color is blue. Initially, the barium chloride and 

methylthymol blue are equimolar and equivalent to the highest concen­

tration of sulfate ion expected; thus the amount of ur,cornp1exed mcthyl­

thymol blue, measured at 460 nm, is equal to the sulfate present. 

3. Sulfuric Acid: 

The analysis of 5Ulfuric acid aerosol in the presence of S0 2 , S0 3 , 

other particulate: sulfates, and other probably interfering pollutants 

such as ummonia is a very complex problem. To date, cormnercial 

instrumentation for routine monitoring of sulfuric acid aerosol has 
-

not been developed. Numerous manual methods involving filtration 

followed by either chemical or microscopic analysis have been presented 

· but no one method has gone uncha 11 engcd or is genera 1 ly acccptub 1 e by 

the scientific coir,munity. The 1-iinitations of the var"ious methods are 

adequately described in attachments 5 and 8. 

4. Nitrogen Dioxide: 

It is n01·1 a 1·1ell-kn01•m foct that the Federul Reference 11ethoc! for 

N0 2 , the Jacobs-llochheiser method, has been found to be totally un<tccept-
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/
able for use. Unfortunately, when the Air Quality Criteria Doc"ument 

for nitrogen oxides was issued there was no acceptable method for 

demonstrating the equivalency of two or more measurement mGthods. The 

two most frequently utilized measurement methods were the continuous 

Griess-Saltzman method and the Jacobs-Hochheiser method which utilized 

a 24-hour bubbler system. Both methods were internally consistent but 

they did not agree well with each other. Because the National Air 

Sampling N~twork and a series of key health studies utilized the cheaper 

Jacobs-Hochheiser 24-hour bubbler method, this method was designated as 

the Federal Reference Method for nitrogen dioxide measurement. Unfor­

tunately, .when adequate nitrogen dioxide permeation tubes became available, 

our laboratories found that the Federal Reference Method was not acceptable 

because of a variable ~ollection efficiency. This finding required that 

the Agency designate acceptable monitor"ing methods and to reassess the 

· primary ambient air quality standard for n'itrogen 'dioxide, the air 

monitoring data base for our Air Quality Control Regions, the emissions 

standards for light duty motor vehicles and the need for control of 

nitrogen oxide emissions from stationa)~ sources. 

When the original Federal Reference Method wns retracted, three 

tentative candidate methods were proposed to serve during an interim 

period while all candidate methods were being thoroughly evaluated. 

These candidate methods are the continuous chemiluminescent method, 

the continuous Griess-Saltzman method and the 24-hour arsenite bubbler 

method. The latter two methods depend upon the same diazotization 

reaction but differ in the pH of the collection media, the elapsed 

time prior to analysis and the use of a stabilizing agent. The present 



VI-8 

Air Quality Standard for nitrogen dioxide is based upon an annual 

average pollutant concentration and bo~ cont"irwous and short-term 

integrated methods (e.g., 24-hour bubbler methods) can be used to 

demonstrate achievement of the annual standard. Hov,ever, if an air 

quality standard based on shorter term exposure is adopted, then a 

continuous monitoring method will be needed to measure ·compliance. In 

that case the 24-hour bubbler methods, which are cheaper and easier to 

operate, c~n be used to identify problem areas requiring continuous 

monitors and to satisfy some imp1ementation plan needs. 

Let me briefly summarize our_ current information about the measure- · 

ment of nitrogen dioxide. First, the recently retracted Federal Reference 

Method which assumed a constant collection efficiency of 35 percent is 
I 

not tenable because the true collection efficienncy is very high at low 

concentrations of nitrogen dioxide -and quite low at high concentrations. 

Since nitro9en dioxide concentrations may vary a great deal during the 

24-hour sumpling peri0d, there is no easy vmy to .,adjust for a variable 

collection efficiency over a 24-hour sampling period. Ignoring t'.1e latter 

p00blem, the usual result of the variable collection efficiency error ~ould 

be to underestimate the true exposures at concentrations greater than 

120 µg/m 3 and overestimate exposures ·at lower levels. In general, the 

shape of the collection efficiency curve suggests that the overestimation 

problem would be more severe. Another problem is that nitric oxide has 

proven to cause a significant ?Ositive interference with the retracted 

method. 
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Our laboratories are evaluating fi~e other measurement methods 

including the three tentative candidate methods previously mentioned. 

This evaluation should allow our Agency to designate a scientifically 

defensible measurement method and to relate that method to the 

continuous Saltzman method and to the arsenite bubbler method. 

The latter task is necessary because the SiJ.ltzman method was employed 

in many of the health studies upon which the primary standard \</as based 

and because the major portion of our meager national air monitoring data 

base depends upon the arsenite method. In brief, it seems that the -

continuous Saltzman method may have problems in that measurements at low 

ambient concentrations are unreliable and ozone exerts a worrisome negative 
I 

interference. A number of investigators outside of government disagreed 

with us and feel that ihe Saltzman method is quite reliable. The arsenite 

bubbler method has a stable 85 percent collection efficiency over a wide­

range of nitrogen dioxide concentrations.· Howevefj interferences caused 

by gases commonly present in urban air handicap this method: carbon 

dioxide causes a positive interference and nitric oxide a negative inter­

ference. These worrisome interferences vary depending on the absolute 

concentrations of the interfering gases and the ratio of their concen­

tration to that of nitrogen dioxide. The tricthcJ.nol amine gunicol sulfit~ 

(TGS) meihod appears quite promising even thougl1 it is not one of the 

three proposed candidate methods. The TGS 1nethod has a stable 93 percent 

collection efficiency. No interferences caused by ambient pollutants 

have been identified and the collection media has good stability after 

sampling. The continuous chemiluminescent method avoids many of the 

problems inherent in wet chemical procedures but most instruments thus 
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far evaluated either suffer from early p\oduction problems or require 

hi~hly qualified field operators. However, the chemiluminescent approach 

retains a great deal of promise. To establish a new reliable reference 

method which is properly standardized and field tested will require. 

another year \<Jith collaborative field testing occupying the last six 

to nine months. 

5. Particulate Nitrate: 

Many of the same type problems associated with the analysis of 

particulate sulfate are applicable to the analysis of particulate nitrate. 

The particulate nitrate can be collected on any of a number of various 

filter mediu and subsequently analyzed by any one of a variety of 

chemical methods. The NASN employs a glass fiber filter to collect the 

particulates) including the nitrates and then vnnlyzes the nitrate by the 

hydrazine reduction method. Essentially the water soluble nitrate ions 
. 

are reduced to nitrite ions. The nitrite ions form2ci are then used to 

' diazotize an aromatic amine which is then reacted with a coupling reagent 

to form an azo dye th&t ·is analyzed colorirnctrically. This is essentially 

tne same react"ion used to analyze NO 2 in the u11ibi ent air. 

III. PARTICLE SIZE OF PARTICULATE SULFATE AND NITl~TE 

Meaiurcment of the concentration and particle size distribution 

of atmospheric sulfate, nitrute, chloride, pho~;phate, ctnd l1111;11onium ion 

have bee:n reported by Lee and \.ia9rnan (0ttc.1chrncnts 9 and 10) in CincinnJti, 

Chicago, Fairfax (Ohfo) and Philadelphia. Tl1e results indicute thit the 

average sulfate mass median diameter were nearly equivalent (0.4211) for 

Cincinnati, Fairfax and Chicago despite. large cliffercnces in sulfate 
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concentration and heterodispersity. A slightly higher MMD (0.62µ) was 

noted for Philadelphia.· In general the MMD for sulfate increased with 

increasing relative humidity. 

Nitrate, chloride, and ammonium ions present in particulate matter 

were predominately associated with sub-micron particles while the MMD 

of the phosphate particles was greater than 3µ. 

Lundgren (attachment 11) collected particles from the air at the 

Riverside Campus of the University of Ca1ifornfo. The average MMD found 

for sulfate was 0.3µ (range 0.1-0.6) and for nitrate was 0.8µ (range 0.6-

1.8). · These observations essentially agree with previous data presented 

by Lee and ~!agman. Additionally, Lundgren demonstrated a strong relation­

ship between gaseous PAN, particulate nitrate, a11d aerosol light scattering. 

High concentr~tions of ammonium nitrate particles, mainly in the 0.5-2µ 

diameter. size range t'~re found in the atmospheric particulate samples. 
collected on days of very high smog (very limited visibility), This seems 

to a£)!'ee with the report of Gordon and Bryan (attachrnGnt 12) that a:i,rno­

nium sulfate comprises approximately 10-15 percent of t~e total air-borne 

particles in samples collcctrd in Los Angeles during 1971-1972. 

Lee, et.al. (attachment 13) collected particulates in hot, concentrated 

automobile exhaust as well as in cold diluted exhaust. -Most of the 

sulfate, nitrate, chlorid~, and lead were found in particles pre-

dominately sub-micron in diameter. The particle size distributions of 

s0lfate and nitrate were dependent on engine operating condifions wi~h the 

particle size decreasing with increasing road speed and exhaust temperatures. 
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,, 
IV. MONITORING DAJA 

A,. Trend Da-ta 

The volume of aerometric and emission data available in the 

National Aerometric Data and Emission Banks prohibits their total 

inclusion in this paper. Requests for any data included in the banks 

can be made to the Monitoring and Data Analysis Division, OAWP, EPA, 

Research Triangle Park, N. C. 27711 - attentio~ Mr. Robert Neligan. 

Attachment 14 represents the first annual report on air quality and 

emission trends. A quick examination of the report yields the following. 

• lFigure 4-l on page 4-4 g1ves_the nationwide emissions for HC, 

CO, Nb (1940-1970).
X \ 

Figure 4-_2 on page :4_4 gives the nationwide so2 erni ss ions for so2 

(1940-1970). 

Figure 4-10 on p~ge 4-15 - composite jnnual ~eans of so2 at 32 

NASN stations. 

Figure 4-11 on page 4-15 - composite average maximum daily so2 
concentrations at 32 urban NASN stations. 

Figure 4-12 and 4-13 on page 4-19 - Regional companions for annual 

average and daily maximum so concentrations.2 

Figure 4-15 through 4-17 gives trend lines for NO, N02, and NOx 

at CAMP sites. 

The air quality data from the NASN and contributing state and 

1ocal networks for so2 for the years 1969-70-71 appears as attachment 



VI-13 

15; total suspended particulate data fo~\1969-70-71 are give·n in 

attachment 16; and for r:ion-metallic inorganic ions (ammonium, fluoride. 

nitrate, and sulfate) as attachment 17. A companion booklet for N02 

is not available since most of the data collected during the period. 

was collected by the now discredited Jacobs-Hochheiser procedure. 

It should be pointed out that at 196 NASN sites the N02 samples 

were simultaneously collected by both the Jacobs-Hochheiser procedure 

and the ar~enite method. The ratios of paired 24-hour data fer the 

two methods ranged from 0.8 in Yellowstone Park) 1,Jyoming {a background 

site) to 6.3 in Ne\vark, Ne\-J Jersey. The average ratio for the 196 

sites 
. 

was 
. 
2.0. 

B. - Atmospheric Sulfur Dioxide and Sulfate 

Two papers have recently appeared (attachments 18 and 19) v,ihich 

attempt to use the NASN data to determine what, if any, relationship 

exists between so2 and sulfate. One paper by Alt~huller incorporates 

NASN data from 20 sit~s (14 East of Mississippi River) for the years 

1964-1968. It was found that for so2 levels between 6-80 ug/m3 the 

relationship between so and sulfate could be defined by the follO\.,iing2 

equation with a correlation of 0.82. 

Sulfate= 0.144S02 + 4.92 

For concentrations of so 2 above 100 ug/m3, no relationship was found. 

The second paper by Frank incorporated data from 1964-1970 from: 
! 

62 NASN sites. When the data was statistically tested for trends, ii 
\ 
' was found that so2 was decreasing significantly while the sulfate did 
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not exhibit any trend. It was additionalty demonstrated that the per­

centage of sulfate in the particulate matter was increasing. Summarizing 

the data available for 1969-1970 the following patterns of so2 and 

sulfate are observed. 

so4 

Increasing No Change Decreasing Total 

Increasing 2 0 4 6 

S02 
No Chan·ge 

Decreasing 

2 

19 

l 

9 

2 

24 

5 

52 

Total 23 10 30 63 

Essentially Frank's conclusion is that there is no general empirical 

relationship between so and so2 which tends to be in opposition to4 

Altshuller's finding. 

C. ~:Atmospheric Nitrog1..:n Dioxide and Nitrate 

A similar comparison of NASN data between NQ 2 and nitrate is not 

possible at this tirn2 because of the difficulties in the N0 measurement2 

process. However, if the NASN annual average data Dvailable for the 

year 1970 for nitrate is pooled on a state by state bases, Figure 1 

results. :Figure 2 represents the 90th percentile of nitrilte data for 

the same year (i.e. 90% of all nitrate values were below the reported 

number). 

D. Additional Comments on NASN Operations 

A decision has been made within EPA to decentralize the responsi­

bi l i fies for the operati on of the ~lASN from the Quality A~,surance and 
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Environmental Monitoring Laboratory (QAEML) to the ten EPA Regional 

Offices. _The Regional Offices will assume responsibility for all 

NASN sites within their Region in January 1974 and perform all analysis 

for suspended particulates, sulfur dioxide; and nitrogen dioxide. The 

role of QAEML in NASN activities in the future will be to provide 

technical assistance to Regional Offices, perform specialized analyses 

such as the trace metals, anions, organics, and Benzo(a) pyrene, and 

to develop ,and operate a quality control program for the Regional~ 

state and local laboratories to assure the validity of the data collected 

both on the NASN and networks initiated in support of State Implementation 

Pl ans·. 

In addition, the responsibility for the operation of the Denver, 

Cincinnati, Philadelphia, and Chicago CAMP sites has been switched 

from QAEML to the Re~ional Offices: The St. Louis CAMP site was 

incorporated into the RAPS program while Qt,EML retained responsibility 

for the Washington, D. C. and Durham CAMP sites~ 

V. NON-UR6AN MONITORING D/\TA 

The annual average total suspended particulate {TSP) level at all 

NASN non-urban stations is 35 ug/m3 for the time period 1964-1972. The 

yearly average TSP level of all the NASN non-urban stations ranged 
3 :. ' ? 

from 8 ug/m at Yel101'-1stone, Wyoming (1967 and 19GB) to 110 ug/ni'"' at 

Cape Hatteras, N. C. (1972). The pooled annual averages for these. 

3stat·ions (1964-1972) ranged from 10 ug/m at Yellm-,stone to 69 ug/m3 

at Cape Hatteras. 
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The daili 24-hour so2 levels measured at NASN non-urban sites 
3 .

ranged from less than the minimum detectab1e limit (26 ug/m) of th~ 

analytical method to 71 ug/m3• Non-urban N0 data are not available2 

again because of the faulty methodology. 

The annual average ·sulfate level at all NASN non-urban stations 

is 5.6 ug/m3 for the time period 1962-1970; for nitrate the annual 

average is 1.59 ug/m\ and for ammonium the annual average is 0.30 ug/rn3. 

The yearly average sulfate level for all non-urban NASN sites 

ranged from .5 ug/m3 at White Pine Co. Nev. (1967) to 14.0 ug/m3 at 

Calvert Co. Md. '(1968); the pooled annual averages for sulfate levels 

(1962-1970) at al1 non-urban NASN sites ranged from 1.6 ug/m3 at Butte 

Co.· Idaho, Glacier National Park, Montana, and Black Hills National 

Forest, South Dakota to 10.0 ug/rn3 at Calvert Co. r,:aryland. 

The yearly average nitrate level for ill non-urban NAS~ sites 

ranged from 0.08 ug/m3 at Glacier National Park, Montana (1962) to 

3.34 ug/m3 at Cape Hatteras, North Carolina (1970); the ,pooled annuul 

avenges for nitrate levels (1962-1970) from all non-urban tlASN sHcs 

ranged from 0.13 ug/m3 at Glacier National Park, Montana, to l.81 
3

ug/m at De1ai,,1are County, Iowa. 

The yearly average ammonium levels range from below the minimum 

·detectable limit of the analytical method at six non-urban MASN sites 
' . 3 

to a high of 12.3 ug/m at Kent County Deluware in 1964; the pooled '. 

annual averages for an~onium levels (1964-1970) from all non-urban NASN 

stations ranged from 0.06 ug/rn3 at Yellowstone Niltional Park, Wyoming 
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and Curry County Oregon to 0.82 ug/m3 at Kent County Delaware and 

W_as'hington County Rhode Island. In general, the ammonium levels seem 

to be much too low to be of any use as a data base in the significant 

deterioration problem. 

An inspection of the data demonstrates that the air over the 

eastern United States contains more sulfate and nitrate ions than does· 

the rest of the nation. Recent studies indicate that the threshold 

health effect caused by sulfate occurs at approximately 8 ug/m3 for 

24 hours. At present, nine non-urban NASN stations have annual average 

sulfate levels in excess of this 24-hour threshold value. These sites 

are predominately located in the eastern United States. Based on 

these observdtions, it is safe to say that these stations have already 

suffered significant deterioration and provided there is no kno~n 

source of sulfate in the immediate area. 

The nitrate issue ~resents a more difficult problem in that we 

don't know the threshold health effect level of nitrate. But it is 

generally conceded that both nitrate and sulfate pilrticl~s in ambient 

air are predonrinately small pa'rticles in the respirable range that could 

contribute to health effects and additionally cause a reduction in 

visibility. 
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