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Objectives 

• Report status of IMPROVE carbon analyses 

• Update on Model 2001 hardware 
improvements 

• Discuss plans for transition to DRI Model 2015 



Carbon Laboratory Operations 
(July 2014 to June 2015 samples) 

• Received ~1,700 samples per month (varied from 1,200 to 
2,000 for samples received each month) 

• Maintained 24 hours per day/5-7 days per week 
operation with 6 staff 

• Analyzed ~21,600 IMPROVE samples (869 to 3,000 per 
month) 

• Averaged ~4,247 samples per month in the queue (2,290 
to 7,400) 



IMPROVE_A Carbon Analyses 
(July 2014 to June 2015 samples) 

Sampling Period Samples 
Received 

Analysis Completion Date 

7/1/14-12/31/14 9,966 May 2015 

1/1/15-6/30/15 10,400 Est. November 2015 

a Chow et al. (2007) JAWMA 



IMPROVE carbon reporting time fluctuates between 
150 and 200 days (increased frequency of instrument failures) 

Batches received 
outside of the original 
sample month group 

Special studies with 
fast turn-around 

batches expedited to 
report a full month 
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Traceable O2 in pure He remains below 
30 ppm (O2 performance test limit is 100 ppm) 

OC4 



Thrice per week sucrose performance tests are 
within 5% tolerance 

(Between 7/1/2014 and 6/30/2015, acceptance testing limits are ± 10%) 
Acceptable Limit  (5%=between 17.1 and 18.9 µg C ) 
Revised Acceptable Limit (10%=Between 16.2 and 19.8 µ C) 
  +10% 

 +5% 

 -5% 

 -10% 
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Current boards in Model 2001 became 
obsolete (working with Chinese firm to reverse 

engineer the boards) 
• Stepper Drive Control                    ●   Signal Control 
• Optical Shutter (Chopper) (Working after DRI modifications) 

 
 

 
 

• Power Distribution (needs modification) 

Original New 

Missing cable fastener 

Cable fastener was upside down 

New Power Board Original Power Board 

J2 contains 6 pins instead of 4  J2 contains 4 pins  

Molex pins do not fit current 
Molex sockets due to pin dividers .  
 



DRI Model 2015 has been designed, 
tested, and commercialized 

(Magee Scientific, Berkeley, CA, USA)  
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60-70% lower MDLs† are achieved 

† Minimum Detectable Limits 



MDLs are similar  
among the 7 wavelengths 
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Began replicate analysis between  
Models 2001 and 2015 during Fall 2014  

(equivalence in carbon found for >350 samples) 
Model 2015 vs. Model 2001  

(2/8/2015-7/29/2015) 

Model 2001 vs. Model 2001 
(2/8/2015-7/29/2015) 
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Model 2001 (µg/filter) 

OC 
  y = 0.94x + 0.23 
R² = 0.97  
  n = 779  
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Model 2001 (µg/filter) 

EC 
  y = 0.99x + 0.47 
R² = 1.00 
  n = 779 
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Model 2001 (µg/filter) 

TC 

  y = 1.03x - 3.41 
R² = 0.96 
 n = 354 
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Model 2001 (µg/filter) 

TC 
  y = 1.05x - 0.72 
R² = 0.95   
 n = 354 

0
10
20
30
40
50
60

0 20 40 60M
od

el
 2

01
5 

(µ
g/

fil
te

r)
 

Model 2001 (µg/filter) 

EC 
  y = 1.02x - 2.43 
R² = 0.95 
 n = 354 
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Model 2001 (µg/filter) 

OC 



  IMPROVE_A NIOSH STN EUSAAR_2 
  

Atmosphere 

Temp 
(°C) 

Residence 
Time  
(tr, sec) 

Temp 
(°C) 

Residence 
Time  
(tr, sec) 

Temp 
(°C) 

Residence 
Time  
(tr, sec) 

Temp 
(°C) 

Residence 
Time  
(tr, sec) 

OC1 Inert (He) 140 80-580 250 150 310 60 200 120 
OC2 Inert 280 80-580 500 150 480 60 300 150 
OC3 Inert 480 80-580 650 150 615 60 450 180 
OC4 Inert 580 80-580 850 160 900 90 650 180 
Cooling N/A   45   45   45 
EC1 Oxidizing  

(2% O2 in He) 
580 80-580 650 150 600 45 500 120 

EC2 Oxidizing 740 80-580 750 150 675 45 550 120 
EC3 Oxidizing 840 80-580 850 150 750 45 700 70 
EC4 Oxidizing    N/A    N/A 825 45 850 80 
EC5 Oxidizing    N/A    N/A 920 120    N/A  

All temperature and optical (R or T) 
protocols can be implemented 

Common analysis protocols are pre-programmed 



Comparable TC is found using different 
thermal/optical protocols, but  

OC and EC are different 
DRI Model 2015 TC Comparison 

       NIOSH: y=(1.00±0.04)x + (1.42±1.00),  r2=0.99 
            STN: y=(1.07±0.07)x + (1.43±1.39),  r2=0.99 
EUSAAR_2: y=(1.10±0.07)x + (-0.40±1.38), r2=0.99 



For wood smoke dominated samplesa  

EC405 (i.e., ECR and ECT at 405 nm) exceeds EC635 
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OC3
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OC4

EC1
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a IMPROVE samples from Buffalo Pass, CO, USA, using multiwavelength IMPROVE_A protocol  



Introduction of BrC in DRI Model 
2015 requires redefinition of LACλ 

• EC633 = LAC633   (IMPROVE_A protocol in Model 2001) 
 
• EC405 = BrC405 + BC405 (For each wavelength in DRI Model 2015) 

 EC445 = BrC445 + BC445 

 EC532 = BrC532 + BC 532  
     EC635 = BrC635 + BC635 

 EC780 = BrC780 + BC780 

 EC808 = BrC808 + BC808 

 EC980 = BrC980 + BC980 
 

(LACλ = BCλ + BrCλ) 



Continue software development to separate 
brown from black carbon (λ-AAE* assumption does not 

necessarily provide a good fit to the measurements) 

Wavelength (nm)
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bATN (Total) by DRI Model 2015 TOT

Power law fit to bATN (Total)
 bATN (Total)=4.4×105/1.614

bATN (BC)=7.4×103/

bATN (BrC)=bATN (Total)-bATN (BC)

Power law fit to bATN (BrC)
 bATN (BrC)=5×1030/11.6

(IMPROVE Buffalo Pass, CO, samples influenced by forest fire smoke) 

* AAE = Absorption Ångström Exponent  

 ATNT(λ) = ln (𝐹𝐹𝐹𝐹λ,𝐹𝐹

𝐹𝐹𝐹𝐹λ,𝐼𝐼
) 

bATN(λ,Mm-1) = ATN(λ) x Area
Volume
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• Start replicates on available Model 2015 units 
(3 units by December 2015 – total of 6-8 units by Spring 2016) 

• Working with U.C. Davis team to begin 7 λ 
data reporting for samples collected after 
January 1, 2016 (~May 2016) 

Transition Plan 

445 445 



DRI publications and reports using the IMPROVE protocol 
(2014 and 2015, n=17) 
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DRI publications and reports using the IMPROVE protocol 
(2014 and 2015, continued) 
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