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Abstract

Conclusion

Fast Analysis-Environmental PAHs

Fast Analysis- Food PAHs

Conventional  Methods: “Slow”

Sub-Two Micron Essentials Column Performance
The measurement of PAHs represents an important assay in environmental 
and food analysis. Methods continue to change for both types of analyses. 
Different PAHs are analyzed for food than for water and soil samples. 
Regardless of whether the analysis is for food or for water/soil there is a 
desire to speed up these analyses while maintaining high resolution. For 
food analyses a screening method for 6 PAHs is important to knowing 
whether a complete analysis needs to be done. Completing this screening 
quickly determines how detailed an analysis must follow. With a new sub 2-
micron PAH column this screening can be done in less than 2 minutes and 
the follow-up analysis done in 12 minutes. For environmental separations, 
regulations require more and more PAHs to be monitored. Sub 2-micron 
columns can be used to complete faster analyses – down to 5 minutes for 
16 PAHs – or to add resolution to more complicated analyses – 24 PAHs in 
13 minutes.

This presentation shows examples mentioned for food and environmental 
analyses as well as compare the results with 3.5 and 5 micron particle size 
columns.

European Union’s SCF and JECFA “15+1” with two 
additional PAHs
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1.1. benzo[c]fluorenebenzo[c]fluorene
2. Benzo[c]phenathrene
3. Triphenylene
4. Cyclopenta[c,d]pyrene
5. Benz[a]anthracene
6. Chrysene
7. 5-methylchrysene
8. Benzo[j]flouranthrene
9. Benzo[b]flouranthrene
10. Benzo[k]flouranthrene
11. Benzo[a]pyrene
12. Dibenzo[a,l]pyrene
13. Dibenz[a,h]anthracene
14. Benzo[g,h,i]perylene
15. Indeno[1,2,3-cd]pyrene
16. Dibenzo[a,e]pyrene
17. Dibenzo[a,i]pyrene
18. Dibenzo[a,h]pyrene

Eclipse PAH 2.1 x 50mm 1.8 um
PN 959741-918
Det. 300,8 nm Ref off.; Data rate 0.1s, 
Flow cell: 6 mm, 5uL
Flow rate: 0.6 ml/min
Mobile Phase A = Water; B = Acetonitrile
Gradient:  Time (Min) % B

0.00 60
0.5 60
5.5 100
9 100   
9.4 60
Stop Time = 10

Temp. = 25° C
Pressure: 337 bar max

Quebec Ministry of Environment PAH Std.
Rapid Resolution Option
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Eclipse PAH 4.6 x 150mm 3.5 um
PN 959961-918 
Det. 230,8nm No Ref.; Data rate 0.2s, micro flow cell
Flow 2.0 ml/min- 3 mL/ min
Mobile Phase A = Water; B = Acetonitrile
Gradient:  Time (Min) % B

0.00 62
0.75 62
5.25 100
7.5 100
9.75 100   F=3 mL/min.
Stop Time = 22

Temp. = 25° C
Pressure: 232 bar max
5 uL inj , 500ug/mL ea in CH2Cl2

1. Naphthalene
2. Acenapththylene
3. Acenapthene
4. Fluorene
5. Phenanthrene
6. Anthracene
7. Fluoranthene
8. Pyrene
9. Benzo[c]phenanthrene
10. Benz[a]anthracene
11. Chrysene
12. 7,12-dimethylbenz[a]anthracene
13. Benzo[j]fluoranthene
14. Benzo[e]pyrene
15. Benzo[b]fluoranthene
16. Benzo[k]fluoranthene
17. Benzo[a]pyrene
18. Dibenzo [a,l]pyrene
19. Dibenz[a,h]anthracene
20. 3-methylcholanthrene
21. Benzo[g,h,i]perylene
22. Indeno[1,2,3-cd]pyrene
23. Dibenzo[a,h]pyrene
24. Dibenzo[a,i]pyrene
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Quebec Ministry of Environment PAH Std. 
Rapid Resolution HT Option
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Eclipse PAH 4.6 x 100mm 1.8 um
PN 959964-918
Det. 230,8nm No Ref.; Data rate 0.2s, micro flowcell
Flow 2.0 ml/min- 3 mL/ min
Mobile Phase A = Water; B = Acetonitrile
Gradient:  Time (Min) % B

0.00 62
0.5 62
3.5 100
5.0 100   F=2 mL/min.
6.5 100   F=3 mL/min.
Stop Time = 14

Temp. = 25° C
max Pressure 422 bar
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1. Naphthalene
2. Acenapththylene
3. Acenapthene
4. Fluorene
5. Phenanthrene
6. Anthracene
7. Fluoranthene
8. Pyrene
9. Benzo[c]phenanthrene
10. Benz[a]anthracene
11. Chrysene
12. 7,12-dimethylbenz[a]anthracene
13. Benzo[j]fluoranthene
14. Benzo[e]pyrene
15. Benzo[b]fluoranthene
16. Benzo[k]fluoranthene
17. Benzo[a]pyrene
18. Dibenzo [a,l]pyrene
19. Dibenz[a,h]anthracene
20. 3-methylcholanthrene
21. Benzo[g,h,i]perylene
22. Indeno[1,2,3-cd]pyrene
23. Dibenzo[a,h]pyrene
24. Dibenzo[a,i]pyrene
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Eclipse PAH 4.6 x 100mm 1.8 um
PN 959964-918
Det. 230,8nm No Ref.; Data rate 0.2s, micro flowcell
Flow 2.0 ml/min- 3 mL/ min
Mobile Phase A = Water; B = Acetonitrile
Gradient:  Time (Min) % B

0.00 62
0.5 62
3.5 100
5.0 100   F=2 mL/min.
6.5 100   F=3 mL/min.
Stop Time = 14

Temp. = 25° C
max Pressure 422 bar
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1. Naphthalene
2. Acenapththylene
3. Acenapthene
4. Fluorene
5. Phenanthrene
6. Anthracene
7. Fluoranthene
8. Pyrene
9. Benzo[c]phenanthrene
10. Benz[a]anthracene
11. Chrysene
12. 7,12-dimethylbenz[a]anthracene
13. Benzo[j]fluoranthene
14. Benzo[e]pyrene
15. Benzo[b]fluoranthene
16. Benzo[k]fluoranthene
17. Benzo[a]pyrene
18. Dibenzo [a,l]pyrene
19. Dibenz[a,h]anthracene
20. 3-methylcholanthrene
21. Benzo[g,h,i]perylene
22. Indeno[1,2,3-cd]pyrene
23. Dibenzo[a,h]pyrene
24. Dibenzo[a,i]pyrene
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Eclipse PAH 4.6 x 100mm 1.8 um
PN 959964-918
Det. 230,8nm No Ref.; Data rate 0.2s, micro flowcell
Flow 2.0 ml/min- 3 mL/ min
Mobile Phase A = Water; B = Acetonitrile
Gradient:  Time (Min) % B

0.00 62
0.5 62
3.5 100
5.0 100   F=2 mL/min.
6.5 100   F=3 mL/min.
Stop Time = 14

Temp. = 25° C
max Pressure 422 bar
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1. Naphthalene
2. Acenapththylene
3. Acenapthene
4. Fluorene
5. Phenanthrene
6. Anthracene
7. Fluoranthene
8. Pyrene
9. Benzo[c]phenanthrene
10. Benz[a]anthracene
11. Chrysene
12. 7,12-dimethylbenz[a]anthracene
13. Benzo[j]fluoranthene
14. Benzo[e]pyrene
15. Benzo[b]fluoranthene
16. Benzo[k]fluoranthene
17. Benzo[a]pyrene
18. Dibenzo [a,l]pyrene
19. Dibenz[a,h]anthracene
20. 3-methylcholanthrene
21. Benzo[g,h,i]perylene
22. Indeno[1,2,3-cd]pyrene
23. Dibenzo[a,h]pyrene
24. Dibenzo[a,i]pyrene

PAH Analysis for Florida Administrative Code 17.700
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1 = Toluene
2 = Naphthalene
3 = Acenaphthylene
4 = 1-methyl naphthalene
5 = 2-methyl naphthalene
6 = Acenaphthene
7 = Fluorene
8 = Phenanthrene
9 = Anthracene
10 = Fluoranthene
11 = Pyrene
12 = Benzo(a)anthracene 
13 = Chrysene
14 = Benzo(b)fluoranthene
15 = Benzo(k)fluoeanthene
16 = Benzo(a)pyrene
17 = Dibenzo(a,h)anthracene
18 = Benzo(g,h,i)perylene
19 = indeno(1,2,3-c,d)pyrene

Conditions:
Eclipse PAH 2.1 x 100mm 1.8 um
Det. 220,4nm No Ref.; Data rate 0.2s, micro flowcell
Flow 0.42 ml/min
Mobile Phase A = Water; B = Acetonitrile
Gradient:  Time (Min) % B

0.00 40
6 100
9.5 100
10 40
Stop Time = 12

Temp. = 25° C
max Pressure 475 bar

Rs 8,7= 2.72
Rs 7,6= 2.89
Rs 6,5= 3.04

Florida PAH mix contains two other PAHs in addition to the EPA 16 priority pollutants

4 5

EPA Priority Pollutants 

Eclipse PAH 4.6 x 50 mm , 1.8 um 
Agilent 1200SL
DAD 220,4nm No Ref. DAD 
Stop Time = 5.60min
Flow 2.00 ml/min
Mobile Phase A = Water; B = Acetonitrile
Gradient:  Time (Min) % B

0.00 45
3.5 100
4.9 100
5.2 45
Stop Time = 5.6

Temp. = 25° C
50 nanogm on Col for each Component
no Mixer & no Pulse Dampener

Rs = 2.0Rs = 2.0
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1 = Toluene
2 = Naphthalene
3 = Acenaphthylene
4 = Acenaphthene
5 = Fluorene
6 = Phenanthrene
7 = Anthracene
8 = Fluoranthene
9 = Pyrene

10 = Benzo(a)anthracene 
11 = Chrysene
12 = Benzo(b)fluoranthene
13 = Benzo(k)fluoeanthene
14 = Benzo(a)pyrene
15 = Dibenzo(a,h)anthracene
16 = Benzo(g,h,i)perylene
17 = indeno(1,2,3-c,d)pyrene

Sub 2-micron particles deliver efficiency and 
productivity 

Rs = N
4

k'
k'+1

(α-1)
Plates Selectivity Retention

Column Length   =            N

Particle Size       =            N

L
N ∝

dp
To Maintain Rs:

e.g.: L/2 dp/2

To Maintain Rs:

e.g.: L/2 dp/2

••

This is the basic premise from which we operate.

Sub 2-Micron Columns Provide the Efficiency of 
Longer Columns for More Productivity
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Pressure 

Bar (1.8 µm)

Resolving 
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N(3.5 µm)

Column
Length
(mm)

2,500

6,500

12,000

17,000

24,000

32,500

Resolving
Power

N(1.8 µm)

N.A.

N.A.

4,200

6000

8,500

12,500

Resolving 
Power

N(5 µm)

552,10015

1264,20030

2107,00050

320 10,50075

42014,000100

55021,000150

Typical  
Pressure 

Bar (1.8 µm)

Resolving 
Power

N(3.5 µm)

Column
Length
(mm)

Analysis
Time

Peak
Volume

Analysis
Time

Peak
Volume

-90%

-80%

-67%

-50%

-33%

Analysis 
Time*

-90%

-80%

-67%

-50%

-33%

Analysis 
Time*

Solvent
Usage

* Reduction in analysis time compared to 150 mm column
• pressure determined with 60:40 MeOH/water, 1ml/min, 4.6mm ID
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Eclipse Plus PAH 4.6 x 30mm, 1.8 um
Agilent 1200SL
DAD 220,4nm
Flow 2.40 ml/min
Mobile Phase A = Water; B = Acetonitrile
Gradient:  Time (Min) % B

0.00 42
2.2 100
2.8 100
2.9 40
Stop Time = 3.4

Temp. = 25° C

no Mixer & no Pulse Dampener

Rs = 1.68Rs = 1.68

1 = Toluene
2 = Naphthalene
3 = Acenaphthylene
4 = Acenaphthene
5 = Fluorene
6 = Phenanthrene
7 = Anthracene
8 = Fluoranthene
9 = Pyrene

10 = Benzo(a)anthracene 
11 = Chrysene
12 = Benzo(b)fluoranthene
13 = Benzo(k)fluoeanthene
14 = Benzo(a)pyrene
15 = Dibenzo(a,h)anthracene
16 = Benzo(g,h,i)perylene
17 = indeno(1,2,3-c,d)pyrene

EPA Priority Pollutants

Eclipse Plus PAH 4.6 x 30 mm, 1.8 µm – Fast 
analysis time, but Resolution ≥ 1.9 for all peaks 

RRHT Methods: “Fast” Analysis Eclipse Plus PAH Sensitivity of FLD detection S/N ≥ 10

For 50 pg on column all of the PMT 
settings are 6 numbers higher

For 500 pg on column all of the 
PMT settings are 3 numbers 

higher
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Eclipse Plus PAH 4.6 x 50 mm, 1.8 um
FLD Settings:   Time       Ex       Em PMT
Append all 0.00      224      330       7
baselines 1.75      210      314       7

2.07      250      368       7
2.45      252      402      11
2.63      237      440      10
3.50      255      420       7
4.20      234      453      11

Flow 2.00 ml/min
Mobile Phase A = Water; B = Acetonitrile
Gradient:  Time (Min) % B

0.00 45
3.5 100
4.9 100
5.2 45
Stop Time = 5.6

Temp. = 25° C
Inject 0.1µl

Eclipse Plus PAH 4.6 x 50 mm, 1.8 um
FLD Settings:   Time       Ex       Em PMT
Append all 0.00      224      330       7
baselines 1.75      210      314       7

2.07      250      368       7
2.45      252      402      11
2.63      237      440      10
3.50      255      420       7
4.20      234      453      11

Flow 2.00 ml/min
Mobile Phase A = Water; B = Acetonitrile
Gradient:  Time (Min) % B

0.00 45
3.5 100
4.9 100
5.2 45
Stop Time = 5.6

Temp. = 25° C
Inject 0.1µl

Column Dimension Choices for Time, Resolution

n/a
n/a
2.1
3.6
2.5
2.5
2.0
2.1
1.7
2.0
3.6
2.0
2.4
2.6
2.2
2.0
2.2

Rs (5,4)

n/a
n/a

7 min
16 min
16 min
25 min
27 min
27 min
2 min
5 min
16 min
11 min
14 min
19 min
19 min
20 min
25 min

Analysis Time

17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
#

821125-9392.1 x 12.5, 5umGuard Cartridges, 4 pk
820950-9394.6 x 12.5, 5umGuard Cartridges, 4 pk
959741-9182.1 x 50mm, 1.8umNarrow Bore RRHT
959764-9182.1 x 100mm, 1.8umNarrow Bore RRHT
959793-9182.1 x 100mm, 3.5umNarrow Bore RR
959793-9182.1 x 150mm, 5umNarrow Bore
959790-9182.1 x 250mm, 5umNarrow Bore
959990-9183.0 x 250mm, 5umSolvent Saver
959931-9184.6 x 30mm, 1.8umRapid Resolution HT
959941-9184.6 x 50mm, 1.8umRapid Resolution HT
959964-9184.6 x 100mm, 1.8umRapid Resolution HT
959943-9184.6 x 50mm, 3.5umRapid Resolution
959961-9184.6 x 100mm, 3.5umRapid Resolution
959963-9184.6 x 150mm, 3.5umRapid Resolution
959996-9184.6 x 100mm, 5umAnalytical
959993-9184.6 x 150mm, 5umAnalytical
959990-9184.6 x 250mm, 5umAnalytical

Part NumberSizeColumn Description

n/a
n/a
2.1
3.6
2.5
2.5
2.0
2.1
1.7
2.0
3.6
2.0
2.4
2.6
2.2
2.0
2.2

Rs (5,4)

n/a
n/a

7 min
16 min
16 min
25 min
27 min
27 min
2 min
5 min
16 min
11 min
14 min
19 min
19 min
20 min
25 min

Analysis Time

17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
#

821125-9392.1 x 12.5, 5umGuard Cartridges, 4 pk
820950-9394.6 x 12.5, 5umGuard Cartridges, 4 pk
959741-9182.1 x 50mm, 1.8umNarrow Bore RRHT
959764-9182.1 x 100mm, 1.8umNarrow Bore RRHT
959793-9182.1 x 100mm, 3.5umNarrow Bore RR
959793-9182.1 x 150mm, 5umNarrow Bore
959790-9182.1 x 250mm, 5umNarrow Bore
959990-9183.0 x 250mm, 5umSolvent Saver
959931-9184.6 x 30mm, 1.8umRapid Resolution HT
959941-9184.6 x 50mm, 1.8umRapid Resolution HT
959964-9184.6 x 100mm, 1.8umRapid Resolution HT
959943-9184.6 x 50mm, 3.5umRapid Resolution
959961-9184.6 x 100mm, 3.5umRapid Resolution
959963-9184.6 x 150mm, 3.5umRapid Resolution
959996-9184.6 x 100mm, 5umAnalytical
959993-9184.6 x 150mm, 5umAnalytical
959990-9184.6 x 250mm, 5umAnalytical

Part NumberSizeColumn Description

Max resolution with 100mm, 1.8um – but would have max pressure as well – above 400 bar.
For max resolution below 400 bar – choose 4.6 x 150mm, 3.5um
For shortest time choose 4.6 x 50mm, 1.8um – pressure below 400 bar
For screening choose 4.6 x 30mm, 1.8um – pressure only 150 bar and 2 minutes
Choose 3.0 mm ID columns for 50% solvent savings and reduced costs.

•Selectivity of Eclipse PAH columns generated  high 
resolution methods for the 16 EPA priority pollutants, the 
critical pair having  Rs = 1.9 or greater. 

•Eclipse PAH columns have long life, and are scalable across 
column geometries (diameters, lengths and particle sizes), 
indicating batch to batch reproducibility and robustness

•Eclipse PAH columns are available as RRHT  (1.8 um) and 
Rapid Resolution (3.5um) columns for maximum productivity 
(highest resolution / shortest run times) and conventional 5 
μm sizes for high resolution routine or replacement methods

•Eclipse PAH columns with simple water / acetonitrile 
gradients can separate a wide variety of PAH mixtures- not 
just the 16 EPA priority pollutants

Rapid Resolution PAH Screening Columns for 
Drinking Water
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1 = Fluoranthene
2 = Benzo(b)fluoranthene
3 = Benzo(k)fluoranthene
4 = Benzo(a)pyrene
5 = Benzo(g,h,i)perylene
6 = indeno(1,2,3-c,d)pyrene

Eclipse PAH, 4.6 x 50 mm, 3.5 µm
PN 959943-918
Det. 220,4nm 
Flow 2.5 ml/min
Channel A = Water; B = Acetonitrile
Mobile Phase 92% B
Temp. = 20° C, low vol heat sink
Pressure: 105 bar

Eclipse PAH, 4.6 x 30 mm, 1.8 µm
PN 959931-918
Det. 220,4nm 
Flow 2.5 ml/min
Channel A = Water; B = Acetonitrile
Mobile Phase 95% B
Temp. = 20° C, low vol heat sink
Pressure: 147 bar

44

22

Gain Sensitivity

(In accordance with European Community Directive 80/778/EEC 
which calls for rapid isocratic screening of water samples for these six PAHs)
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1400 Eclipse PAH 4.6 x 250 mm, 5 um
Det. 220,4nm No Ref.; Stop time = 26.0min
Flow 2.00 ml/min
Mobile Phase A = Water; B = Acetonitrile
Initial %B = 40
Gradient:  Time (Min) % B

0.00 45
17.5 100
24.0 100
25.5 40
27.5 40
Stop Time = 25.0

Temp. = 25° C
500 nanogm on Col for each Component

Rs = 2.2Rs = 2.2

Eclipse Plus PAH 4.6 x 250 mm, 5 µm – Typical analysis 
time for 250 mm column, but Resolution ≥ 2.0 for all peaks 

1 = Toluene
2 = Naphthalene
3 = Acenaphthylene
4 = Acenaphthene
5 = Fluorene
6 = Phenanthrene
7 = Anthracene
8 = Fluoranthene
9 = Pyrene

10 = Benzo(a)anthracene 
11 = Chrysene
12 = Benzo(b)fluoranthene
13 = Benzo(k)fluoeanthene
14 = Benzo(a)pyrene
15 = Dibenzo(a,h)anthracene
16 = Benzo(g,h,i)perylene
17 = indeno(1,2,3-c,d)pyrene
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EPA Priority Pollutants

Eclipse Plus PAH Column Scalability across 
Column Diameter, Length and Particle Size

P= 474 bar
6870 psi

P= 160 bar
2320 psi

P= 180 bar
2610 psi

2.1 x 100, 1.8 µm

2.1 x 100, 3.5 µm

3.0 x 250, 5 µm

α7,6 = 1.03
α6,5 = 1.03
α5,4 = 1.04

α7,6 = 1.03
α6,5 = 1.03
α5,4 = 1.04

α7,6 = 1.03
α6,5 = 1.04
α5,4 = 1.04

Rs7,6 = 2.72
Rs6,5 = 2.89
Rs5,4 = 3.04

Rs7,6 = 1.74
Rs6,5 = 1.98
Rs5,4 = 2.14

Rs7,6 = 1.95
Rs6,5 = 2.66
Rs5,4 = 2.60

Flow 0.42 ml/min
Mobile Phase A = Water; B = Acetonitrile
Gradient:  Time (Min) % B

0.00 40
6 100
9.5 100
10 40
Stop Time = 12

Flow 0.86 ml/min
Mobile Phase A = Water; B = Acetonitrile
Gradient:  Time (Min) % B

0.00 40
15 100
23.75 100
25 40
Stop Time = 30

Flow 0.42 ml/min
Mobile Phase A = Water; B = Acetonitrile
Gradient:  Time (Min) % B
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9.5 100
10 40
Stop Time = 12
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Column Life of Eclipse Plus PAH 2.1 x50 mm, 1.8 µm

Injection #3000

Injection #2000

Injection #1000

Injection #1

Run 5000   Rs5,4 = 1.75
Run 4000               1.81
Run 3000               1.97
Run 2000 1.95
Run 1000 2.00
Run 1 2.09

Agilent 1200SL
DAD 220,4nm No Ref. DAD 

Stop Time = 7.0min
Flow 0.417 ml/min

Mobile Phase A = Water; B = Acetonitrile
Gradient:  Time (Min) % B

0.00 45
3.5 100
4.9 100
5.2 45

Stop Time = 6.8
Temp. = 25° C

no Mixer or Pulse Dampener

1 = Toluene
2 = Naphthalene
3 = Acenaphthylene
4 = Acenaphthene
5 = Fluorene
6 = Phenanthrene
7 = Anthracene
8 = Fluoranthene
9 = Pyrene

10 = Benzo(a)anthracene 

11 = Chrysene
12 = Benzo(b)fluoranthene
13 = Benzo(k)fluoeanthene
14 = Benzo(a)pyrene
15 = Dibenzo(a,h)anthracene
16 = Benzo(g,h,i)perylene
17 = indeno(1,2,3-c,d)pyrene

Injection #4000

Injection #5000


