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4-9-340. Visual Opacity Test Methods  

A. General Provisions  

1. Applicability: These methods apply to the determination of opacity of visible emissions under this Chapter 4.  

2. Principle: the opacity of emissions from sources of visible emissions is determined visually by an observer 

qualified according to the procedures of §G of this rule.  

3. Procedures: An observer qualified, in accordance with §G of this rule shall use the procedures set forth in 

this Article for visually determining the opacity of emissions.  

B. Procedures for Determining Opacity from Emissions From Stationary Sources  

1. Opacity from stationary point sources shall be determined in accord with EPA Method 9, as adopted by ref-

erence herein.  

2. Adoption by Reference  

The following test methods are adopted by reference. These adoptions by reference include no future editions 

or amendments. Copies of the test methods listed in this section are available for review at Pinal County Air 

Quality, 31 North Pinal St., Florence, AZ 85232.  

a. EPA Reference Method 9, 40 CFR Part 60, Appendix A (7/1/08).  

C. Procedures for Determining Time-Averaged Opacity from Intermittent Operations  

1. [Applicability - Intermittent Plume Average Opacity Determination for Operations]  

The purpose of this method is determine the opacity of non-continuous dust plumes caused by activities includ-

ing, but not limited to, bulk material loading/unloading, non-conveyorized screening, or trenching with back-

hoes.  
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2. Opacity Determination Process  

a. Position: Stand at least 25 feet from the dust-generating operation in order to provide a clear view of the 

emissions with the sun oriented in the 140° sector to the back. Choose a discrete portion of the operation for 

observation, such as the unloading point, not the whole operation. Following the above requirements, make 

opacity observations so that the line of vision is approximately perpendicular to the dust plume and wind direc-

tion. If multiple plumes are involved, do not include more than one plume in the line of sight at one time.  

b. Initial Fallout Zone: The initial fallout zone within the plume must be identified. Record the distance from 

the equipment or path that is your identified initial fallout zone. The initial fallout zone is that area where the 

heaviest particles drop out of the entrained fugitive dust plume. Opacity readings should be taken at the maxi-

mum point of the entrained fugitive dust plume that is located outside the initial fallout zone.  

c. Field Records: Note the following on an observational record sheet:  

i. Location of dust-generating operation, type of operation, type of equipment in use and activity, and method 

of control used, if any;  

ii. Observer's name, certification data and affiliation, a sketch of the observer's position relative to the dust-

generating operation, and observer's estimated distance and direction to the location of the dust-generating op-

eration;  

iii. Time that readings begin, approximate wind direction, estimated wind speed, description of the sky condi-

tion (presence and color of clouds); and  

iv. Color of the plume and type of background.  

d. Observations. Make opacity observations, to the extent possible, using a contrasting background that is per-

pendicular to the line of vision. Make two observations per discrete activity, beginning with the first reading at 

zero seconds and the second reading at five seconds. The zero-second observation should begin immediately 

after a plume has been created above the surface involved. Do not look continuously at the plume but, instead, 

observe the plume briefly at zero seconds and then again at five seconds.  

e. Recording Observations: Record the opacity observations to the nearest 5% on an observational record sheet. 

Each momentary observation recorded represents the average opacity of emissions for a five-second period. 

Repeat observations until you have recorded at least a total of 12 consecutive opacity readings. The 12 consec-

utive readings must be taken within the same period of observation but must not exceed one hour. Observations 

immediately preceding and following interrupted observations can be considered consecutive (e.g., vehicle 

traveled in front of path, plume doubled over).  
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f. Data Reduction: Average 12 consecutive opacity readings together. If the average opacity reading is equal to 

or less than the numerical standard in the underlying rule, the dust-generating operation is in compliance.  

D. Procedures for Determining Average Opacity from Vehicle Movement  

1. [Applicability - Intermittent Plume Average Opacity Determination for Vehicular Movement]. The purpose 

of this test method is to estimate the percent opacity of fugitive dust plumes caused by vehicle movement on 

unpaved roads and unpaved parking lots. This method can only be conducted by an individual who has re-

ceived certification as a qualified observer. Qualification and testing requirements can be found in Section G of 

this Rule.  

2. Opacity Determination Process  

a. Step 1 [- Position]: Stand at least 16.5 feet from the fugitive dust source in order to provide a clear view of 

the emissions with the sun oriented in the 140° sector to the back. Following the above requirements, make 

opacity observations so that the line of vision is approximately perpendicular to the dust plume and wind direc-

tion. If multiple plumes are involved, do not include more than one plume in the line of sight at one time.  

b. Step 2. [- Field Records]: Record the fugitive dust source location, source type, method of control used, if 

any, observer's name, certification data and affiliation, and a sketch of the observer's position relative to the 

fugitive dust source. Also, record the time, estimated distance to the fugitive dust source location, approximate 

wind direction, estimated wind speed, description of the sky condition (presence and color of clouds), observ-

er's position to the fugitive dust source, and color of the plume and type of background on the visible emission 

observation from both when opacity readings are initiated and completed.  

c. Step 3 [- Observations]: Make opacity observations, to the extent possible, using a contrasting background 

that is perpendicular to the line of vision. Make opacity observations approximately 1 meter above the surface 

from which the plume is generated. Note that the observation is to be made at only one visual point upon gener-

ation of a plume as opposed to visually tracking the entire length of a dust plume as it is created along a sur-

face. Make two observations per vehicle, beginning with the first reading at zero seconds and the second read-

ing at five seconds. The zero-second observation should begin immediately after the plume has been created 

above the surface involved. Do not look continuously at the plume but, instead, observe the plume briefly at 

zero seconds and then again at five seconds.  

d. Step 4 [- Recording Observations - #1]: Record the opacity observations to the nearest 5% on an observa-

tional record sheet. Each momentary observation recorded represents the average opacity of emissions for a 5-

second period. While it is not required by the test method, EPA recommends that the observer estimate the size 

of vehicles which generate dust plumes for which readings are taken (e.g. mid-size passenger car or heavy-duty 

truck) and the approximate speeds the vehicles are traveling when the readings are taken.  
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e. Step 5 [- Recording Observations - #2]: Repeat Step 3 and Step 4 until you have recorded a total of 12 con-

secutive opacity readings. This will occur once six vehicles have driven on the source in your line of observa-

tion for which you are able to take proper readings. The 12 consecutive readings must be taken within the same 

period of observation but must not exceed 1 hour. Observations immediately preceding and following interrupt-

ed observations can be considered consecutive.  

f. Step 6 [- Data Reduction]: Average the 12 opacity readings together. If the average opacity reading is equal 

to or less than the numerical standard in the underlying rule, the source is in compliance.  

E. Procedures for Determining Time-Averaged Opacity from Continuous Operations  

1. [Applicability - Continuous Plume Average Opacity Determination for Operations]  

The purpose of this method is to determine the opacity of continuous dust plumes caused by equipment and 

activities including but not limited to graders, trenchers, paddlewheels, blades, clearing, leveling, and raking.  

2. Opacity Determination Process  

a. Position: Stand at least 25 feet from the dust-generating operation to provide a clear view of the emissions 

with the sun oriented in the 140° sector to your back. Following the above requirements, make opacity observa-

tions so that the line of vision is approximately perpendicular to the dust plume and wind direction.  

b. Dust Plume: Evaluate the dust plume generation and determine if the observations will be made from a sin-

gle plume or from multiple related plumes.  

i. If a single piece of equipment is observed working, then all measurements should be taken off the resultant 

plume as long as the equipment remains within the 140° sector to the back.  

ii. If there are multiple related sources or multiple related points of emissions of dust from a particular activity, 

or multiple pieces of equipment operating in a confined area, opacity readings should be taken at the densest 

point within the discrete length of equipment travel path within the 140° sector to the back. Readings can be 

taken for more than one piece of equipment within the discrete length of travel path within the 140° sector to 

the back.  

c. Initial Fallout Zone: The initial fallout zone within the plume must be identified. Record the distance from 

the equipment or path that is your identified initial fallout zone. The initial fallout zone is that area where the 

heaviest particles drop out of the entrained fugitive dust plume. Opacity readings should be taken at the maxi-

mum point of the entrained fugitive dust plume that is located outside the initial fallout zone.  

d. Field Records: Note the following on an observational record sheet:  

i. Location of the dust-generating operation, type of operation, type of equipment in use and activity, and meth-

od of control used, if any;  
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ii. Observer's name, certification data and affiliation, a sketch of the observer's position relative to the dust-

generating operation, and observer's estimated distance and direction to the location of the dust-generating op-

eration; and  

iii. Time that readings begin, approximate wind direction, estimated wind speed, description of the sky condi-

tion (presence and color of clouds).  

e. Observations: Make opacity observations, to the extent possible, using a contrasting background that is per-

pendicular to the line of vision. Make opacity observations at a point beyond the fallout zone. The observations 

should be made at the densest point. Observations will be made every 10 seconds until at least 12 readings have 

been recorded. Do not look continuously at the plume, but observe the plume momentarily at 10-second inter-

vals. If the equipment generating the plume travels outside the field of observation or if the equipment ceases to 

operate, mark an "X" for the 10-second reading interval. Mark an "X" when plumes are stacked or doubled, 

either behind or in front, or become parallel to line of sight. Opacity readings identified as "X" shall be consid-

ered interrupted readings.  

f. Recording Observations: Record the opacity observations to the nearest 5% on an observational record sheet. 

Each momentary observation recorded represents the average opacity of emissions for a 10-second period.  

g. Data Reduction: Average 12 consecutive opacity readings together. If the average opacity reading is equal to 

or less than the numerical standard in the underlying rule, the dust-generating operation is in compliance.  

F. Procedures for Determining the Frequency of Visible Emissions; Time Aggregation Method  

1. Applicability - Aggregate Quantification of Visible Emission Duration  

The purpose of this method is to determine the amount of time that visible emissions occur during the observa-

tion period (i.e., the accumulated emission time).  

2. Adoption by Reference  

The following test methods are adopted by reference. These adoptions by reference include no future editions 

or amendments. Copies of the test methods listed in this section are available for review at Pinal County Air 

Quality, 31 North Pinal St., Florence, AZ 85232.  

a. EPA Reference Method 22 (“Visual Determination of Fugitive Emissions from Material Sources and Smoke 

Emissions from Flares”), 2000 edition.  

G. Qualification and Testing  
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1. Certification Requirements: To receive certification as a qualified observer, a candidate must be tested and 

demonstrate the ability to assign opacity readings in 5% increments to 25 different black plumes and 25 differ-

ent white plumes, with an error not to exceed 15% opacity on any one reading and an average error not to ex-

ceed 7.5% opacity in each category. Candidates shall be tested according to the procedures described in this 

subsection. Any smoke generator shall be equipped with a smoke meter, which meets the requirements of this 

subsection. Certification tests that do not meet the requirements of this subsection are not valid. The certifica-

tion shall be valid for a period of 6 months, and after each 6-month period the qualification procedures must be 

repeated by an observer in order to retain certification.  

2. Certification Procedure: The certification test consists of showing the candidate a complete run of 50 plumes, 

25 black plumes and 25 white plumes, generated by a smoke generator. Plumes shall be presented in random 

order within each set of 25 black and 25 white plumes. The candidate assigns an opacity value to each plume 

and records the observation on a suitable form. At the completion of each run of 50 readings, the score of the 

candidate is determined. If a candidate fails to qualify, the complete run of 50 readings must be repeated in any 

retest. The smoke test may be administered as part of a smoke school or training program, and may be preceded 

by training or familiarization runs of the smoke generator, during which candidates are shown black and white 

plumes of known opacity.  

3. Smoke Generator Specifications: Any smoke generator used for the purpose of this subsection shall be 

equipped with a smoke meter installed to measure opacity across the diameter of the smoke generator stack. 

The smoke meter output shall display in-stack opacity, based upon a path length equal to the stack exit diameter 

on a full 0% to 100% chart recorder scale. The smoke meter optical design and performance shall meet the 

specifications shown in Table 3 of this appendix. The smoke meter shall be calibrated as prescribed in this sub-

section prior to conducting each smoke reading test. At the completion of each test, the zero and span drift shall 

be checked, and if the drift exceeds plus or minus 1% opacity, the condition shall be corrected prior to conduct-

ing any subsequent test runs. The smoke meter shall be demonstrated, at the time of installation, to meet the 

specifications listed in Table 3 of this appendix. This demonstration shall be repeated following any subsequent 

repair or replacement of the photocell or associated electronic circuitry, including the chart recorder or output 

meter, or every 6 months, whichever occurs first.  

a. Calibration: The smoke meter is calibrated after allowing a minimum of 30 minutes warm-up by alternately 

producing simulated opacity of 0% and 100%. When stable response at 0% or 100% is noted, the smoke meter 

is adjusted to produce an output of 0% or 100%, as appropriate. This calibration shall be repeated until stable 

0% and 100% readings are produced without adjustment. Simulated 0% and 100% opacity values may be pro-

duced by alternately switching the power to the light source on and off while the smoke generator is not pro-

ducing smoke.  
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b. Smoke Meter Evaluation: The smoke meter design and performance are to be evaluated as follows:  

i. Light Source: Verify, from manufacturer's data and from voltage measurements made at the lamp, as in-

stalled, that the lamp is operated within plus or minus 5% of the nominal rated voltage.  

ii. Spectral Response of Photocell: Verify from manufacturer's data that the photocell has a photopic response 

(i.e., the spectral sensitivity of the cell shall closely approximate the standard spectral-luminosity curve for pho-

topic vision which is referenced in (b) of Table 3 of this appendix).  

iii. Angle of View: Check construction geometry to ensure that the total angle of view of the smoke plume, as 

seen by the photocell, does not exceed 15°. Calculate the total angle of view as follows:  

Total Angle of View = 2 tan-1 d/2L  

where:  

d = The photocell diameter + the diameter of the limiting aperture; and  

L = The distance from the photocell to the limiting aperture.  

The limiting aperture is the point in the path between the photocell and the smoke plume where the angle of 

view is most restricted. In smoke generator smoke meters, this is normally an orifice plate.  

iv. Angle of Projection: Check construction geometry to ensure that the total angle of projection of the lamp on 

the smoke plume does not exceed 15°. Calculate the total angle of projection as follows:  

Total Angle of Projection = 2 tan-1 d/2L  

Where:  

d = The sum of the length of the lamp filament + the diameter of the limiting aperture; and  

L = The distance from the lamp to the limiting aperture.  

v. Calibration Error: Using neutral-density filters of known opacity, check the error between the actual response 

and the theoretical linear response of the smoke meter. This check is accomplished by first calibrating the 

smoke meter, according to subsection G.3.a , and then inserting a series of three neutral-density filters of nomi-

nal opacity of 20%, 50%, and 75% in the smoke meter path length. Use filters calibrated within plus or minus 

2%. Care should be taken when inserting the filters to prevent stray light from affecting the meter. Make a total 

of five nonconsecutive readings for each filter. The maximum opacity error on any one reading shall be plus or 

minus 3%.  
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vi. Zero and Span Drift: Determine the zero and span drift by calibrating and operating the smoke generator in 

a normal manner over a 1-hour period. The drift is measured by checking the zero and span at the end of this 

period.  

vii. Response Time: Determine the response time by producing the series of five simulated 0% and 100% opac-

ity values and observing the time required to reach stable response. Opacity values of 0% and 100% may be 

simulated by alternately switching the power to the light source off and on while the smoke generator is not 

operating.  

Table 3. Smoke Meter Design and Performance Specifications  

 

 

Parameter  Specification  

1. Light source  Incandescent lamp operated at nominal rated voltage  

2. Spectral response of photocell  Photoptic (daylight spectral response of the human eye)  

Angle of view  5° maximum total angle  

Angle of projection  5° maximum total angle  

Calibration error  Plus or minus 3% opacity maximum  

Zero and span drift  Plus or minus 1% opacity 30 minutes  

3. Response time  Less than or equal to 5 seconds  


