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“Policymakers have long valued the principle of technology 
neutrality, which holds that laws and regulations should avoid 
privileging or penalizing one set of technologies over another.”
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Conclusion and Recommendations 

❑ The Proposed Rule 1180/1180.1 and the supportive documents should be technology-neutral and should 
avoid privileging or penalizing one set of technologies over another. The current rule guidelines language 
gives an unjustified advantage to UV DOAS technology over officially proven OP FTIR technology.  

❑ No significant superiority of LP-UV DOAS over OP-FTIR was demonstrated in field measurements that justify 
the new requirement to constrain OP-Fenceline technology of BTEX and Naphthalene to UV DOAS.

❑ UV DOAS has a limitation in quantifying Naphthalene, O-Xylene, and Ethylbenzene.

❑ Acrolein can and should be measured below the OEAHH threshold. If SC AQMD does not think it possible, 
despite 3 years of reporting acrolein with MDL below 1.1 ppb by the different refineries, new notification 
level must be determined for all the refineries. 

❑ The Guidelines should determine the desired MDL for each compound considering the threshold (if applicable 
usually at least 30% of the threshold but not higher than the threshold itself).

❑ The Guideline should give one procedure for Detection Limit calculation based on an official method that all 
refineries must follow. 

❑ The Guidelines should be specific in the procedure for calculating Total Alkanes TA.



Atmosfir Optics 

Data & Software R&D, Services, Integration company, 
providing advanced air monitoring services worldwide based 
on a SaaS business model .

The company has extensive experience in developing 
methods and technologies for measuring air pollutants.

Atmosfir has performed  dozens of projects worldwide.

ISO 17025 Accredited for TO-16

*confidential and property of Atmosfir



Naphthalene

1.5 ppb

MDL 0.2

Benzene

3.2 ppb

MDL 0.89

Atmosfir’s 

algorithm

improves the 

detection limit (DL) 

and QA/QC

Acrolein

1.8 ppb

MDL 0.5

1,3 Butadiene

4 ppb

MDL 0.5

Spectral Validation of Rule 1180 compound of interest using OP FTIR with ppb MDL

OP FTIR: Real Time Detection Limits using a good quality FTIR and good Spectral method 

Examples of low concentrations “spectral validations”

NIST Reference IR Spectrum
Field IR Spectrum



1. No Superiority of UV DOAS over OP-FTIR Considering BTEX Thresholds in Rule 1180.
The guideline calling for the use of UV DOAS for BTEX is not technology-neutral and 
should be changed.

“methods such as Open Path UV-DOAS and OP-FTIR monitors are 
more advanced techniques for real-time measurements; UV-DOAS 
instruments are more sensitive at detecting BTEX compounds at 
low concentrations compared to OP-FTIR instruments, and should 
be used for fenceline monitoring of BTEX “

*No significant superiority of LP-UV DOAS over OP-FTIR was 
demonstrated in field measurements that justify the new requirement to 
constrain OP-Fence line technology of BTEX.
*O-xylene and Ethylbenzene have a wider and smoother signature and 
therefore they are problematic to analyze using LP UV DOAS 
*In the staff report both technologies are accepted and that should be the 
case also in the guideline. 

Suggestion: delete the last sentence that 
prefers one technology (UV DOAS) over 

another technology ( OP FTIR ).

From Rule 1180/1180.1 Guidelines 



US EPA Official Method T0-16 is Peer Reviewed.  

The Compendium Methods “are peer reviewed, standardized 
methods for the determination of volatile, semi-volatile, and 
selected toxic organic pollutants in the air.
EPA has developed this compendium of methods to assist Federal, 
State, and local regulatory personnel in developing and maintaining 
necessary expertise and up-to-date monitoring technology for 
characterizing organic pollutants in the ambient air “ . 

The use of Open Path FTIR is a Peer reviewed method for VOCs  
including BTEX, Naphthalene and many more compounds.  



US EPA TO-16 was Designed to Measure VOCs Including BTEX



Table 1: Detection Limits from the Different Quarterly Reports Showing No Significant 
Advantage for Measuring BTEX Using UV DOAS over OP FTIR 

Torance P66

avrage min 244 603 web 199 574 web

Compound [ppb] [ppb]

1,3-Butadiene 303 0.3 0.32 0.19 8.00 3.00 5.50 3.10 7.00 5.00 2.00 11

Acetaldehyde 265 0.5 0.4 0.2 10.0 4.0 7.0 2.0 11.7 3.0 1.0 33

Acrolein 1.1 0.3 0.6 0.4 31.0 12.0 21.5 16.5 15.6 4.0 2.0 0.6 30

Ammonia 4662 0.1 0.1 0.1 6.0 3.0 4.5 0.7 2.4 1.0 0.4 4

Carbonyl Sulfide 273 0.1 0.0 0.0 2.0 1.0 1.5 1.6 3.3 2.0 1.0 3

Formaldehyde 45.5 2.0 0.3 0.1 2.0 1.0 1.5 6.6 2.5 2.0 1.0 30

Hydrogen Cyanide 312 3.0 3.0 0.9 3.0 1.0 2.0 22.7 35.6 34.0 12.0 50

Hydrogen Fluoride 298 1.0 0.2 0.1 NO NO NO NO 6.0

Nitrogen Dioxide 100 10.0 1.1 0.8 12.0 5.0 8.5 6.3 64.6 8.0 3.0 3

Styrene 5000 1.0 0.4 0.3 16.0 7.0 11.5 4.0 no 6.0 2.0 33

Total_Alkanes  ---- 1.0 0.6 0.5 12.0 5.0 8.5 6.3 54.3 10.0 3.0 32

Benzene 8 1.0 1.7 1.1 2.3 1.3 1.0 0.2 0.6 0.6 1.0 1.0 0.2 0.7 1.2 1.8 2

Ethylbenzene  ---- 10.0 0.9 0.7 13.4 8.7 4.0 2.0 3.0 0.6 6.5 1.0 0.3 2.1 3.0 1.5 20

m-Xylene 5142 1.0 1.0 0.4 2.1 1.7 2.0 1.0 1.5 0.5 1.6 2.0 0..8 1.8 2.4 2.6 2.9

o-Xylene 5142 1.0 2.1 0.6 8.9 2.0 NO NO no 7.8 4.5 NO NO 2.1 9.4

p-Xylene 5142 1.0 1.0 0.4 1.3 0.5 2.0 1.0 1.5 0.7 0.6 0.6 0.9 2

Sulfur Dioxide 75 2.0 2.5 1.0 0.5 0.3 6.0 2.0 4.0 1.4 0.5 2.0 0.3 NO NO 0.8 2

Toluene 9964 2.0 2.6 0.7 3.2 1.7 2.0 1.0 1.5 1.7 1.6 2.0 0.7 2.1 3.0 2.6 3

Valero OP FTIR Chevron el segundo P66 UCLA LP DOASValero UV DOAS Marathon

1hr 

threshol

Publishe

d MDL in 

Chevron & Marathon  “ Detection limits are approximate, as estimated by the manufacturer based on the theoretical capabilities of the instruments and 

supported by manufacturers’ lab tests and real-world”

Both UV DOAS and OP FTIR can get a detection limit below the Benzene notification threshold.  



Benzene Detection Limits – Atmosfir measurements UV DOAS vs. OP FTIR

COMPOUND Benzene DL (ppb)
PERIOD Q2 2020 Q1 2021 Q1 2022

1-Hour REL [ppb] 8.6 8.6 8
FTIR DL in QAPP 1 1 1

DOAS Lab DL  in QAPP 0.2 0.2 0.2
181 m FTIR 0.76 1.09 1.11

UVDOAS 5.71 3.99 2.95
326 m FTIR 0.72 1.05 1.40

UVDOAS 4.98 3.93 1.47
682 m FTIR 0.75 1.37 0.81

UVDOAS 1.21 1.19 1.05
338 m FTIR 1.51 1.90 1.32

UVDOAS 1.26 0.93 1.47
190 m FTIR 0.6 0.94 1.14

UVDOAS 1.74 1.15 1.05
593 m FTIR 0.42 0.63 0.84

UVDOAS 1.79 0.94 0.81

For over 75% of the cases OP FTIR presented better 
measurement sensitivities DL for benzene than 
UVDOAS.

In field  installation of a good OP FTIR together 
with UV DOAS no advantage was found for 
measuring BTEX using UV DOAS 
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Aromatics UV Spectral Signatures

UV spectroscopy applications for aromatic and 
double-bonds VOC is based on absorption 
signatures between 250 – 280 nm. 

Figure 1 - Benzene Toluene, m-Xylene, and p-Xylene 
UV signatures. Max Plank high-resolution references

Stutz et al. 2016*:
The initial motivation for using open path UV DOAS for 
aromatic VOC was to monitor benzene alone when US 
EPA adopted a rule on “Petroleum Refinery Sector Risk 
and Technology Review and New Source Performance 
Standards” to enforce a 2-week averaged benzene 
concentration action level of ~3 ppb.

*A novel dual-LED based long-path DOAS instrument for the measurement of aromatic hydrocarbons – Jochen Stutz, Stephen 
C. Hurlock, Santo F. Colosimo, Catalina Tsai, Ross Cheung, James Festa, Olga Pikelnaya, Sergio Alvarez, James H. Flynn, 
Matthew H. Erickson, Eduardo P. Olaguer. Atmospheric Environment 147 (2016)
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UV DOAS for BTEX

Figure 2 - Benzene UV band for analysis. Max Plank 
high-resolution reference (black) vs. commercial 
UVDOAS cell measurement of Benzene -Opsis

MP reference was scaled to the cylinder 
concentration*cell path

The spectral resolution of Commercial OP UV DOAS 
systems is 0.5 nm (UCLA – LED based UV DOAS has 0.35 
nm resolution)

→ Degrade the fine absorbance bands of the signature, 
shown in 0.2 nm resolution of MP references

→ Degrade selectivity and ability to resolve significant 
atmospheric interferences 

Benzene Toluene, and m & p-Xylenes maintain unique 
narrow absorbance bands after deresolution.
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UV DOAS – Not Suitable for OP Ethylbenzene (ETB) and O-Xylene

Figure 3 ETB and o-Xylene UV signatures vs. 
m-Xylene and p-Xylene UV signatures.  Max 
Plank high-resolution references.

Ethylbenzene and O-Xylene which are less responsive to UV radiation and have a wider and smoother signature
Deresolution by the UV DOAS optics further Degrades unique signature and selectivity. 

Figure 4 - Ethylbenzene cell measurement 
(Spectrum UVDOAS, red) vs. Max Plank 
reference (blue)
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UV DOAS limitations in Open Path Technology

• All commercial open-path UV-DOAS systems use Xe-arc lamps (broad band, but at 250-280 nm 

the emission of the lamp is only 1.5% of its power) → Stray light in the spectrometer due to 

suppression of light outside the 250-280 nm range (grating and filters used are not optimal). 

This can severely damage the performance of the spectrometer. No quantitative information is 

available, but Stutz et al. claim as much as 10%.

• UV intensity is further reduced by oxygen and ozone absorption and Rayleigh scattering

• Strong and often saturated absorptions of O2, O2·O2, and O2·N2 (collisional complexes) overlap 

absorbance of target compound absorbance bands  → an accurate description of these 

structures is crucial for a successful DOAS analysis (Stuts at al. 2016)

• Moreover, the content of O2, O2·O2, and O2·N2 complexes is not constant and varies with 

temperature, pressure, and chemical reactions in the open path. 

• The longer the open path the more severe the impact of the atmospheric interference (bistatic 

architecture is preferable in that sense)
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Benzene MDL by LED based UV DOAS, Optimal Conditions, and Rigorous 
Subtraction of O2 Complexes Was Found to be 1.2ppb for 270m

• Stutz et al. mention that they report detection limits determined from realistic atmospheric 

measurements as opposed to those reported for commercial instruments based

on a calculation using anticipated noise levels or zero-span drift tests. 

• 1.2 ppb Benzene detection for 270 m under optimal conditions 
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IR Spectral Window for Benzene Analysis

Spectral Validation of Benzene 3.3 ppb DL 0.75 
measured  in one of California’s Refineries 
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OP FTIR Field BTEX measurements – Atmosfir System Detections

Toluene C 19.8748 E 1.85846 S 32.08 



SC AQMD Rule 1180 Draft Staff Report Specifically States that both FTIR and UV DOAS 
Can Monitor BTEX



2. Naphthalene is Better Measured with OP FTIR.

The guideline calling for the use of UV DOAS for Naphthalene is not technology-neutral 
and should be changed.

Naphthalene 
Naphthalene is a volatile white crystalline solid that exists in air in the form of 
vapor or adsorbed to particulates. It is released into the atmosphere from coal 
and oil combustion and from the use of mothballs. Naphthalene emissions have 
been detected at several refinery process units (separators, boilers, cooling 
towers, crude units, heaters, storage tanks, cokers, FCCUs, wastewater treatment, 
incinerators, and vents) and naphthalene has been detected in both routine and 
non-routine emissions. Open Path UV-DOAS instruments currently installed at the 
refineries for fenceline air monitoring would be capable of monitoring 
naphthalene. 

Suggestion: 
delete the word 

UV DOAS
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UV DOAS – Naphthalene

Figure 5 Naphthalene  Max Plank high-resolution reference

There is almost no experience with UV DOAS for Naphthalene OP-quantitative monitoring. The 
band will be smoother than the high-resolution MP reference, in a similar manner to ETB. 

DOAS detection of naphthalene was reported in 2007* as feasible but preliminary without 
calibration of the DOAS measurements for quantification of naphthalene, no assessment of the 
linear range of naphthalene absorptions, and the sensitivity to atmospheric interferences.

*https://search.emsl.pnnl.gov/?project_id_search=10894
Project Title: High-resolution Gas-phase UV- and IR-absorption Cross-sections of Naphthalene to Calibrate the First DOAS Detection of 
Naphthalene in Mexico City

https://search.emsl.pnnl.gov/?project_id_search=10894


21

OP FTIR Field Naphthalene Measurements Spectral Validation 

Naphthalene 1.5 ppb MDL 0.2 Naphthalene 2.5 ppb MDL 0.5 ppb



3. From the Staff Report: The Reliefs in Notification Thresholds for Acrolein Do Not 
Protect the Public and Should be Changed.  

“Acrolein Monitoring

Current real-time monitoring technology for acrolein is open path FTIR. The typical 

method detection limit for acrolein by this technology is 2-10 ppb, which is higher than its 

notification threshold of 1.1 ppb. Petroleum refineries are not required to provide 

notifications for acrolein if the measurements are below the method detection limit 

provided they meet all other requirements in the approved and partially approved 

FAMP. Unless a newer real-time technology with lower method detection level for 

acrolein could be identified through a public process, this implementation will continue to 

be allowed. If measured acrolein concentrations are above both the method detection limit 

and the notification threshold, notifications must be sent to the public.”

1. Acrolein can and should be monitored below the Rule 1180/1180.1  
Threshold. 
2. The report should specify one notification threshold for all the refineries 
and not give an advantage for poor quality instrumentation.
3. If SC AQMD does not think that 1.1 ppb is doable and 2 ppb is typical, SC 
AQMD should change the threshold to 2 ppb or at least the level of 
notification for all refineries.



Acrolein MDL based on US EPA TO-16 Procedure Prove MDL<1.1 ppb is Achievable 

Last SB Time Method Name

First Phase 

Concentration [ppb]

First Phase Error 

[ppb]

First Phase Number 

of Sigma

1 1/7/2023 12:09 Acrolein-US REF 0.17281125 0.961305383 0.539301829

2 1/7/2023 12:18 Acrolein-US REF -0.809304166 0.986928586 -2.460069079

3 1/7/2023 12:28 Acrolein-US REF -0.121729886 1.043664068 -0.349911115

4 1/7/2023 12:38 Acrolein-US REF -0.136117707 0.928950481 -0.439585456

5 1/7/2023 12:48 Acrolein-US REF -0.085332737 0.920883032 -0.277992103

6 1/7/2023 13:00 Acrolein-US REF -0.319035646 1.038787457 -0.921369363

7 1/7/2023 13:09 Acrolein-US REF 0.322213982 1.042769375 0.92699495

8 1/7/2023 13:19 Acrolein-US REF -0.229096696 1.027481087 -0.668907775

9 1/7/2023 13:29 Acrolein-US REF -0.380004102 1.129852179 -1.008992438

10 1/7/2023 13:39 Acrolein-US REF -0.032323369 1.069791138 -0.090643962

11 1/7/2023 13:48 Acrolein-US REF -0.12010273 1.007221773 -0.357724783

12 1/7/2023 13:58 Acrolein-US REF -0.209872813 0.97095444 -0.648453124

13 1/7/2023 14:08 Acrolein-US REF -0.550296918 0.945474127 -1.746098286

15 1/7/2023 14:18 Acrolein-US REF 0.124879736 1.238271122 0.302550227

0.280760109STDV

0.842280327MDL=3*STDV



Based on the 3 Years Reported Public Data, an MDL for Acrolein <1.1ppb Can be Achieved

1. Looking at Chevron El Segundo’s website acrolein MDL <0.7ppb
2. In Marathon (Tesoro) quarterly report, monthly statistics, max 
concentrations of 1.8 ppb are reported. 
3. In Valero quarterly report, DL for acrolein is between 0.2-0.8ppb.
4. Most of the facilities and manufacturers report acrolein in 0.3-3 
ppb DL 
5. In Torrance’s quarterly report, acrolein was measured  0.07% of 
the time with DL of 2.7ppb . 

1

32 5



Acrolein DL in SC AQMD  Refineries 

2.5 ppb m*300m/500m=1.5ppb



Spectral Validation of Field data Present Visible Proof of Acrolein at 1.81ppb with MQL 
of 0.47ppb

NIST Reference IR Spectrum
Field IR Spectrum



4. The Automatic Relief for Adequate Acrolein MDL in the Staff Report is in Contrast 
with Rule Language 

(4) The owner or operator of a Facility shall send a 

notification at the conclusion of the exceedance event 

that required a notification pursuant to (h)(2) after the 

air pollutant has been continuously detected at a level 

below the applicable Notification Threshold for a 

minimum of 30 minutes or two consecutive 

measurements which shall include: 

This will never happen because the staff reports allow 
operating Fenceline system with a detection limit above the 

threshold for Acrolein therefore continuously detecting 
Acrolein at a level below the Threshold could not happen



Example Demonstrating the Current Status When Each Refinery is Allowed to Use a 
Different MDL for Acrolein   

Time Acrolein [ppb]

10:00 0

10:05 0

10:10 0

10:15 0

10:20 0

10:25 0

10:30 0.5

10:35 0.7

10:40 1.5

10:45 2

10:50 2.5

10:55 3

11:00 5

11:05 10

11:10 20

11:15 28

11:20 29

11:25 25

11:30 15

11:35 10

11:40 7

11:45 2

11:50 2

11:55 2

12:00 2

12:05 2.5

12:10 2

12:15 1

12:20 0.9

12:25 1

12:30 0.7

12:35 0.5

12:40 0

12:45 0

12:50 0

12:55 0

13:00 0

Refinery A Refinery B Refinery C

MDL 0.5 10 30

Time of alert 10:40 11:10 Never 

Back to normal 12:20 Never Never 

Event Duration 2:30 0:25 0:00

Protect the public Yes No No

1.1 ppb Threshold  

Refinery A is the only one that alerts the public when 
the OEAHH threshold for acrolein is exceeded.

Refinery B alerts the public only when the 
concentration passes 10ppb - nine times the threshold
.
Refinery C didn’t alert the public at all even when the 
acrolein concentration was 29ppb - more than 26 
times the OEAHH threshold.
  



5. The Guideline is Not Specific on How to Measure the Detection Limit (MDL).

“Ideally, MDLs should be calculated for each open-path 
measurement. For open-path analyzers that do not provide this 
capability, MDL re-evaluation should be conducted for each Rule 1180 
compound for each open path system every two weeks (at a 
minimum) or more frequently. “

Open Path Analyzers do not provide MDL. Real-time MDL can 
and should be calculated for all refineries using the same 
procedure that should be part of the guideline. Calculating MDL 
once every 2 weeks does not represent the measurements and it 
is time and labor-consuming. 



What is the Detection Limit Based on US EPA TO-16 Using Open Path FTIR 

“5.13 Minimum Detection Limit—the minimum concentration of a compound that can be
detected by an instrument with a given statistical probability. Usually, the detection limit is
given as 3 times the standard deviation of the noise in the system. In this case, the minimum 
concentration can be detected with a probability of 99.7% (10,11).”

“9.6 The Determination of the Detection Limit

9.6.1 Purpose. The purpose of this routine is to provide the operator with a mechanism for
determining the detection limits for the various gases. The definition of the detection limit is
given here as the minimum concentration of the target gas that can be detected in the
presence of all the usually encountered spectral interferences.

9.6.2 Assumptions. The instrument is operating with the same parameter settings as those
used for collecting the field spectra. That is, the path length, resolution, number of co-added
scans, and the apodization function are the same in both cases. If the instrument has an
ancillary gas cell, this must be empty. 

Atmosfir calculates the MDL based on US EPA TO-16, sections 5.13 and 9.6: 



The D-fencelineTM System Real Time Monitoring of Detection Level Works According to TO-16



System Real Time Monitoring of Detection Level According to TO-16

The algorithm 
automatically detects 
sequences of 15 
continuous absorbance 
measurements without the 
target compound’s 
presence and calculates 
MDL = 3X SD of 15 
retrieved concentration 
values.

• Lookback approach



System Real Time Monitoring of Detection Level According to TO-16

The algorithm also 
calculates a real-time proxy 
for detection level per 
measurement   DL = 3X 
measurement error

• The proxy is considered 
only for measurements 
without the target 
compound’s presence

• Assumes that the 
measurement error 
around zero well 
represents the 
measurement noise



5. The Guideline is Not Specific on What the MDL Should Be Considering Rule 1180 Threshold 

Usually, MDL is required to be at least 30% of the Thresholds. If it is 
not possible it should be at least below the Threshold. Allowing MDL 
above the Threshold is against the rule’s purpose.  



7. TVOCs According to the Guidelines Plan

“Various hydrocarbon species absorb strongly around the 3000 cm-1 
infrared spectral region. The absorption features of these hydrocarbons 
are similar, with the absorption strength scaling to the mass of the 
alkane species. As a result, Total VOCs can be readily quantified by open 
path FTIR technology by conducting spectral retrieval in the above-
mentioned spectral region (the exact retrieval spectral window may vary 
slightly by vendor and retrieval approach). “

The Guidelines  should provide specific procedures for measuring TVOC/TA
Otherwise, there is no uniformity between facilities.  
The official EPA Procedure for measuring TA should be adopted.
When Reporting TVOC or Total Alkane Average Molecular Weight should 
be reported with the concentration in ppb.



SC AQMD Rule 1180 – Total VOCs

US EPA has a procedure for measuring Total 

Alkanes or Alkanes Mixture using OP FTIR

Reporting Total VOCs as “Total Alkane” must  

be accompanied with molecular weight 

Real Time Spectral Validation of Alkane Mixture (TA)



37

Conclusion and Recommendations 

❑ The Proposed Rule 1180/1180.1 and the supportive documents should be technology-neutral and should 
avoid privileging or penalizing one set of technologies over another. The current rule guidelines language 
gives an unjustified advantage to UV DOAS technology over officially proven OP FTIR technology.  

❑ No significant superiority of LP-UV DOAS over OP-FTIR was demonstrated in field measurements that justify 
the new requirement to constrain OP-Fence line technology of BTEX and Naphthalene to UVDOAS.

❑ UV DOAS has a limitation in quantifying Naphthalene, O-Xylene, and Ethylbenzene.

❑ Acrolein can and should be measured below the OEAHH threshold. If SC AQMD does not think it possible 
despite 3 years of reporting acrolein with MDL below 1.1 ppb by the different refineries, new notification 
level must be determined for all the refineries. 

❑ The Guidelines should determine the desired MDL for each compound considering the threshold (if applicable 
usually at least 30% of the threshold but not higher than the threshold itself).

❑ The Guideline should give one procedure for Detection Limit calculation based on an official method that all 
refineries must follow. 

❑ The Guidelines Should be specific in the procedure for calculating Total Alkanes TA.
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IL

Thank You. 

Questions?

gilad@atmosfir.net  |  +972 522 602 963

info@atmosfir.net  |  +1 919 636 6609USA
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