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Outline
 Routine methods for quantitative analysis:

PAH and Naphthenic Acid

Description of methods / quantification
Data Produced
e Examples of data from field samples - what
can we learn?

— Background Samples

— Distinguishing background samples from industry
influenced samples



Key Aspects of PAH Monitoring

e |[sotope dilution or Internal Standard
quantification using SIM/GC/MS

e Low detection limits (< 1 ng/L) suitable for
detecting ambient environmental levels

e Positive identification achieved by
cleanup/fractionation of extracts, optimization
of MS fragmentation conditions and
monitoring of ratio of multiple ions
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18 Parent PAH

Naphthalene
Acenaphthylene
Acenaphthene
Fluorene

Phenanthrene
Anthracene
Fluoranthene

Pyrene
Benz(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(j/k)fluoranthenes
Benzo(e)pyrene
Benzo(a)pyrene
Perylene
Dibenzo(ah)anthracene
Benzo(ghi)perylene
Indeno(1,2,3-cd)pyrene

Biphenyl
Dibenzothiophene

27 Individual Alkyl PAH

1-Methylnaphthalene
2-Methylnaphthalene
1,2-Dimethylnaphthalene
2,6-Dimethylnaphthalene
2,3,5-Trimethylnaphthalene
2,3,6-Trimethylnaphthalene
1,4,6,7-Tetramethylnaphthalene
1-Methylphenanthrene
2-Methylphenanthrene
3-Methylphenanthrene
9/4-Methylphenanthrenes
2-Methylanthracene
7-Dimethylphenanthrene
1,8-Dimethylphenanthrene
2,6-Dimethylphenanthrene
3,6-Dimethylphenanthrene
1,2,6-Trimethylphenanthrene
Retene (7-isopropyl-1-methylphenanthrene)
2-Methylfluorene
1,7-Dimethylfluorene
2/3-Methyldibenzothiophene
2,4-Dimethyldibenzothiophene
3-Methylfluoranthene/Benzo(a)fluorene
1-Methylchrysene
5/6-Methylchrysenes
5,9-Dimethylchrysene
7-Methylbenzo(a)pyrene
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28 Alkyl Group Totals

C1-Naphthalenes
C2-Naphthalenes
C3-Naphthalenes
C4-Naphthalenes
C1-Phenanthrenes/Anthracenes
C2-Phenanthrenes/Anthracenes
C3-Phenanthrenes/Anthracenes
C4-Phenanthrenes/Anthracenes
C1-Biphenyls

C2-Biphenyls
C1-Acenaphthenes
C1-Fluorenes

C2-Fluorenes

C3-Fluorenes
C1-Dibenzothiophene
C2-Dibenzothiophene
C3-Dibenzothiophene
C4-Dibenzothiophene

C1-Fluoranthenes/Pyrenes
C2-Fluoranthenes/Pyrenes
C3-Fluoranthenes/Pyrenes
C4-Fluoranthenes/Pyrenes
C1-Benz(a)anthracenes/Chrysenes
C2-Benz(a)anthracenes/Chrysenes
C3-Benz(a)anthracenes/Chrysenes
C4-Benz(a)anthracenes/Chrysenes
C1-Benzofluoranthenes/Benzopyrenes
C2-Benzofluoranthenes/Benzopyrenes

HsC I I

HaC
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Comparison of concentrations for selected parent PAHs with total alkylated
PAHs in water samples collected from pristine and bituminous sites.
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Key Aspects of NA monitoring C

Sample + Labelled Standards

Extraction: SPE or Soxhlet

Derivatization with 1-EDC-HCI

LC/MS/M S-ESI+
Separation by Carbon number
and by extent of cyclization

Concentration
as pyrenebutyric acid equivalents

n

H, O

2n-z

isomer group n=17,7Z=-12to 0

NA91_238505 Smooth(SG,2x1)
1,WG31245,10/1000uI WG31245-102,,SPM

F1:MRM 0f32 channels ES+
2605 414.0>129
3 4.357e+005

oo C17H2202 (NAZ-12)
% 35,58 2038

NA9J_238505 Smooth(SG 2x1) F1:MRM of32 channels ES+
1WG31245,10/1000ul WG31245-102,5PM 416.05129
100 C17H2402 (NAZ-10):2237 2.231e+005
%4593
b 13.58 , ,
o T T T T T T T T T T T ™ min

NA9J_238S05 Smooth(SG 2x1)

F1:MRM 0f32 channels ES+

1.WG31245,10/1000ulWG31245-102,SPM C17H2602 (NAZ -8) 418.0>129
4.263e+005
1o 24.77
% 35,65
e 8.91
° T T T T T T T min
NA9J 238505 Smooth(SG,2x1) F2:MRM 0f32 channels ES+

1,WG31245,10/1000uI WG31245-102,SPM

%é
; ‘

C17H2802 (NAZ -6) 420.0>129
26.26 1.806e+006

NA9J_238S05 Smooth(SG 2x1)

F2:MRM 0f32 channels ES+

1WG31248,00/1000u1 WG31245-102,5PM C17H3002 (NAZ -4) 425051290
511501008
oo 2725
%é A
o I aaamane el 1Y

NA91_238505 Smooth(SG,2x1)
1,WG31245,10/1000uI WG31245-102,,SPM

%é
o

F2:MRM 0f32 channels ES+
C17H3202 (NAZ-2) 424.0>129
43544006

28.10
T ‘VAV —r T = min

NA9J_238S05 Smooth(SG,2x1)

F2:MRM of32 channels ES+
426

1WG31245,10/1000ul WG 102,5PM C17H3402 (NAZ -0) 0>129
28.81 1555e+006
o0 3157
%
o T T T T T T T T T T ™ min
10.0 15.0 20.0 25.0 30.0 35.0

isomer group n=12 to n19 for Z=-6

NAOP_150S11 Smooth(SG,2x1)

FL:MRM of 32 channels ES+

1WG34185,10/1000ul WG34185-104.i,SAR MC NA 49.90>129
gg, C12H1802 (NAZ -6)12.55:7782365.00:4138734" 4.202+006
%- 966
2T min

NAOP_150S11 Smooth(SG,2x1)

FLMRM of 32 channels ES+

1,WG34185,10/1000ul WG34185-104,,SAR MC NA 2129
. C13H2002 (NAZ-6);16.13/17679876.00,6593902 6.695¢+006
%

B e A b min

NAOP_150S11 Smooth(SG,2x1)

FLMRM of 32 channels, ES+

1,WG34185,10/1000ul WG34185-104,,SAR MC NA 378.04129
o8 C14H2202 (NAZ -6);19.16;20282282.00;7434202* 7.985¢+006
%

2 T min

NAOP_150S11 Smooth(SG,2x1)
1,WG34185,10/1000ul WG34185-104,,SAR MC NA

98
%

FLMRM of 32 channels, ES+
392.0>:

C15H2402 (NAZ -6);22.33;17806836.00,6854148* 6.960e+006

NAOP_150S11 Smooth(SG,2x1)
1,WG34185,10/1000ul WG34185-104,,SAR MC NA

98
%

C16H2602 (NA

=l min

FLMRM of 32 channels ES+
>129
5.298¢+006

NAOP_150S11 Smooth(SG,2x1)

R min

F2:MRM of 32 channels, ES+

1,WG34185,10/1000ul WG34185-104,,SAR MC NA 4200>129
8 C17H2802 (NAZ -6):26.48/6575263.50;3379046* 3.431+006
%
2 T min

NAOP_150S11 Smooth(SG,2x1)
1,WG34185,10/1000ul WG34185-104,,SAR MC NA

98
%

F2:MRM of 32 channels, ES+
434.0>:

C18H3002 (NAZ -6);27.88;3318019.751598737 1.604e+006

NAOP_150S11 Smooth(SG,2x1)
1,WG34185,10/1000ul WG34185-104,,SAR MC NA

98
%

L min
F2:MRM of 32 channels, ES+
448.0>:

6);29.01,1357979.25;712858* 7:238+005

PN,
220 240 260 280 300 320 340 360



Target NAs were selected based on prevalence in Northern Alberta surface water

% contribution of various NA to total NA in surface water sample

15 1.28 1.09 1.86 7.59 5.48 0.90 0.05 18.3

17 16.0

19 6.95
U &,

21 2.06
U.

23 0.17 0.03 0.02 0.01 0 0 0 0.23

n/a = not applicable by structure
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Comparison of NA patterns from a water samples collected from pristine
surface water pristine site and tailings pond.
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Research Question

Can PAH and NA data be indicators of an
‘impacted’ site?

-Target class (NA vs PAH)? Total = Sum of
individual targeted analytes

-Total concentration or compound/isomer
group profiles?

-Matrix (solid or agueous)?

.)J][(@ AXYS Analytical Ser vices Ltd :



NA and PAH Aqueous Data

1200 - m Total il
PAH - Log PAH vs log NA (aq)
1000 - -
20 200 M Total
= NA 2.7
= 600 - z -
© T y = 1.0098x - 0.0756
c g3 R? = 0.9996
o 400 - s
o °
c 2.1
8200 - . o
,/mm N EH o
B S - W S | | |
&8 o S &8 o o 15 2 25 3
N S Q N N N log [NA
X N Q& Q& og [NA]
N " \ \
Q- N R R
rso’b $,$\'Q/ O\) 00
v & < <&
o Q.’{y é@

-Good relationship (R2>0.99) between total PAH and total NA concentrations.
-While concentrations in samples near bitumen outcrops contained the highest
concentrations of total PAH and NAs, ‘pristine’ locations had similar concentrations
to those observed around oil sands locations.

-Total NA and total PAH concentrations were similar within a given site.



Concentration (ng/g)

NA and PAH Solids Data

10000000 m Total PAH 7

1000000 | m Total NA | *
100000 <): 5 0 - ¢
10000 - 245 .
1000 J ‘ ' i | ¢ y =0.8593x + 1.7558
100 - | | | | | R2|06459 |
'b*\ fzﬁ\ 2 3 4 5 6

& & log [NA]
NN

-Relationship between total PAH and total NA not as good in solids (R?=0.65)
-While concentrations in solid samples near bitumen outcrops contained the
highest concentrations of total PAH and NAs, ‘pristine’ locations had similar
concentrations to those observed around oil sands locations.

-In contrast to AQ samples, in solid samples, total NA concentrations far
exceeded total PAHs



Take home message from ‘total’ data

e Difficult to clearly differentiate samples
collected in the immediate vicinity of bitumen
outcrops, with ‘pristine” areas and unknown
(suspected to be impacted) samples using
‘total’ PAH or NA data.

 Need to look at patterns (fingerprinting) of
individual PAH and NA isomer groups.

.)J][(@ AXYS Analytical Services Ltd



Apply PCA to the NA and PAH data
Use the same ‘paired’ data

Note that samples confirmed to be impacted
by industry were not included.

First step is to see if we can differentiate a PAH
or NA signature in a ‘pristine’ sample from an
‘oil sands’ signature (i.e. We're starting simply
here -not trying to differentiate industry from
non-industry).

.)J][(@ AXYS Analytical Ser vices Ltd :



Fingerprinting aqueous samples using PAHs

Scores for PC1 (34.8 %) versus PC2 (208 %), Autoscale Loadings for PC1 (34.8 %) versus PC2 (20.8 %), Autoscale
Pristine 2 @ Impacted 2-Methylphenanthreng
@ Fristine C1 Phenanthrenes/Anthracenes
501 Unknawn ]
Athabasca R. (Ft. MackKa, 1-Methylphenanthrene
45 | 020 C2—Dibenzothiophenes| 9:'4—Methylpr||enanthrene | "2,36-Trimethylnaphthalens”
401 C4-Naphthalenes £%
=1-Methylch =
351 C3-Dibenzothiophenes £ ye r','sen;e "2.3 5-Trimethylnaphthalene”
0.15 Dibenzothiophiene & 3 Fluorene
304 =-"1,7-Dimethylphenanthrene” C2-Fluorenes
(C2-Benzo[alanthracenes/Chrysenes |
251 % C4-Fluoranthenes/Pyrenes C1-Naphthalenes = 1-Methylnaphthalene
20 0.101 Hﬂf"e / "2 6-Dimethylphenanthrene” C3-Naphthalenes
| Benzo[alpyrene =
151 [ 2-MethyInaphthalens
Chrysene )
005 Fluoranthene ‘s x . _ Biphenyl
104 _ e 23-Methyldibenzothiopheneg ) 1+& Dimethylnaphifizlene™ - j
2 E | C1-Dibenzaothiophenes b
& ] = 3-Methylfluoranthene/Benzola[flucrene
& 0s 3 Cit-Dibenzothiophenes Naphthalene
& 0o o 0.00 +-21.C2-Fluntenthenes/Pyrenss |
o o C4-Phenanthrenes/Anthracenes C1-Fluorenes
-0.5] >(\F" C1-BenzofluoranthenesBenzopyrenes  Perylene  Acenaphthylene |
104 Clearwster FL(Ft. McMurray) B_.;rene i | ‘ o 2-Methylfluorene |
i Bitumen Outcrop (Ft. Mackay) -0.05 nzolghilperylene I
5] = Benzolelpyrene  C1-Acenaphthenes
15 L eley P C1-Biphenyls
) Benzalbfluoranthene C2-Naphthal
-2.04 Bitumen Clutcrop (Ft. Mackay) s | -Naphthalenes
e 0107 "2.4 Dimethyldibenzothiophene™  Adthracene Acenaphthens
“ < 2-C2-Biphenyl
10 "Indeno(1,2, 3-cd]pyrene” | Ipnenys
=t | “1, 7-Dimithylflucrens” = _
015 i’-Meth*_.'I benzola]pyrene
-354
"2 6-Dimethylnaphthalene
-4.0 |
45 Pristine 1 0204 C3-F ulorenes
8 7 -6 5 4 3 2 -1 0 1 2 3 & 015 010 -0.05 0.00 0.05 010 015
PC1 Score PC1 Loading

PAHs in AQ samples aren’t great for
fingerprinting in general.
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Fingerprinting solid samples using PAHs

Scores for PC1(36.9 %) versus PC2 (25.4 %), Autoscale Loadings for PC1 (36.9 %) versus PC2 (254 %), Autoscale
Bitumen Outerop (Ft. Mackay) & Impacted C2-Benzoflucrarithenes/Benzopyrenes
4 Fristine ’
7] Unknown 0224 ] . —C1-Benzoﬂ.uBc:a nthleI:n;s.uBenzsp}rre?es
020 ] Benzolelpyrene -= a | ="Benzo[j klflucranthenes
’ Bei hi |
6 Chrysene 2 5/6-Methylchrysene nzelghilperylens
0.18 4 C3-Benzolfalanthracenes/Chrisenes ) a-Fluora nthenes/Pyrenes
5 0.16 4 =(2-Fluoranthenes/Pyrenes
Clearwater F'..[lFt. McMurray) 014 7-Methylbenzo|a]pyrene
J |
4 0424 3-Methylfluoranthene/Benzolalfluorens |
31 0.10 Benzola]pyrene
|
0.08 A
2 T =1
g £ C1-Flugranthenes/Pyrenes
8 I 0.0 1 "1,2.6-Tnmethylphenanthrene” |
™ 14 = |
g 8 0.04 4 2-Methylanthracens =
o Acenaphthylens
0 0.02 w 3-Methylphenanthrene =4
Bitumen Outcrop (Ft. Mackay) Athabasca R. (Ft. MackKay) ) "3 8-Dimethylphenanthrens™ Hnthraoenel ‘
_ I 0.00 C2-Dibanzothisphenes h e, T awm
14 Bitumen Outkrop (Ft. Mackay) : b Acenaphthens Dibenzoth iophenel L
0021 C3-Dibenzothiophenes £ o ] ' »
2 0ot C1-Acensphthenes _'/‘I . 7-Dimethylfluerene’ 2-Methylflucrene
T Perylene = I
N 005 4 C2 Phenanthrenes/Anthracenes Fluoranthens Phenanthrens
- 0,024 C4-Phenanthrenes/Anthracenes Biphenyl
Fristine 2 ) *2 6-Dimethylphenanthrene” —& Fluorene
i Retens ' Ve ) 7
-0.101 | C'I-Blphen‘_.rls—T
Sristine 1 C3-Fluorenes
012 | C1-Flugrenes
5 -4 -3 -2 - 0 1 2 3 4 5 & 7 ] % 10 -0.08 0.00 0.05 0.10 0.15
PC1 Score PC1 Loading

PAH groupings also difficult to interpret from

solids.
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Fingerprinting aqueous samples using NAs

NAs which are markers

Consider groupings along PC 1
of ‘pristine’ locations

»
»

A

NAs which are markers of

Scores for PC1 (53.4 %) versus PC2 (23.5 %), Autoscale M, -
— Bitumen Outcrge” Ft. Macka™N @ Impacted i . oy n
,,’ \\\ ,' \\ @ Pristine Loadings for PC1 (53.4 %) versus PCZ (23.5 %), Hu'tno:f;hz:-‘lf 0|| sa ndS
N Y3 \ / \‘ Unknaown 0.25 - | =19, 7= 17"
" \ I \ 212 .
1 Pristine“Z ” \ ” "I ) ) )
4 Pristine 1 1 1 1 0.20 ) ) n=16, Z=-4
Ié 1 1 1 n=18. 2=-3" -8 |
1 I I 1 Fn=18, Z=-F 0172217 b oo
i I | Athabasca R, (Ft Mackay) | 0.15 el 2 "we16.2=12 4 |
‘l ! ' ! : L "n=15, Z= -8 sl L
=18, Z=-2" =15, Z=- . .
. \ II I‘ A 1 010-"‘\_'"?3 r | n=15,Z=-100 @
‘\ /’ BitumeAOuterop (Ft. Mackay) " =g -’..7-= 2 . n=12 IZ: 6 ) .
S \ / | ="n=19, Z=10 n='|3,|Z=-B ’
14 \ / n=13.Z=0" - .
\ / 0.05 4 n=17, Z=-4" =55
£ \ - "n=13, Z= -4
2 \ ,/ £
B S z neld, Z= 4 -y
(] 2 2
g S 5 0.00 T Zz_q.l '|n=14. s
g n=1g, Z= 2"
.23 . '| =20, Z=-F 13 7= . 19 7= 4"
This sagmple looks fairl : 0051 . . T3,
o bp has addi _y | This sample looks n=12-7-=-2\\ \
ristine but has aaditiona L - =21, Z=-T =20, 7=-4"
P mt : h - like it’s receiving 010 ; =20,
contribution (anthropogenic: . . =21, Z=-4'

_ : ( Nthropog ) bitumen inputs b s
whichdifferentiate it from all 015 1.zt
others,

0209 20,2212 =0.2=F
5] Clegrwater H.[lFt. McMurray) 230, 7o 10 . A
76 5 4 3 P a0 12 3 45 6 015 010 -0.05 0.00 0.05 0.0 0.15
FC1 Seore PC1 Loading
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Fingerprinting

Scores for PC1 (55,2 %) versus PCZ (16.2 %), Autoscale

PC2 Score

)

=

Athabasca R. (Ft. MacKa
35+ |

3.0
254
2.0 Clearwater F{.[lFt. McMurray)
154
1.0

054
Pristine 2

Bitumen Outcrop (Ft. Mackay)

solid samples using NAs

@ Impacted
@ Fristine
Unknown

0.0
-0.5
Pristine 1
15
204
-2.54
-3.04
235
401
45

-5.04

Bitumen Outcrop (Ft. Mackay)

Bitumen Outerop (Ft. Mackay)

-5.54 . . .

&

Loadings for PCT (59.3 %) versus PC2 (16.2 %), Autoscale

n=12,2=5"
|
0.25 | . T
"n=20,7=4" n=18.2 2|
|
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ne127=2 8 @& n=157=10"
"1=202=-12" 2
S 2z B
0.15 4 n=122=0 n=le. =13 7=6"
S I
NP n=162=12 . ob o
010, A n=13.2=2" 2
o n=13,7=-4"
| = n=18,7=-12" n=20.7=2"
i} 0.5 ] n=.'I.*.?_=EI . | [
£ 53— "n=207=6 ne217=2" »
3 P "n=20.Z=-10" _/
3 nop -2zl n=21z=g =17Z2=2 g
= “1=20.2-8" ] ] -
| 212=17 o e
"n=15.2k-2" | %
-0.05 4 I n=17.7=-4" =
=17.2=-17"
-
"n=18.7= 0" "n=21,Z=-10"
-0.10 =1az=0 |
“n=17,2=-10"
"n=16,2=-8"
- 4 S
018 "n=18.7=-10"
h
n=17.2=-8" "n=18.7=§"
. i n=16.7=6"
-0.20 4 1878 n=15.
" L n=197=%
018 00 008 0.00 0.05 0.10 015
PC1 Loading

Reasonable grouping along PC1, but lot’s of spread on PC2.
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Take home message

 NA profiles in solid and aqueous samples were
best for differentiating ‘pristine” samples from
oil sands samples.

 The next slides focus on NA profiles, with the
addition of industry-impacted samples.
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Inter-study fingerprinting

Loadings for PC1 (34.4 %) versus PCZ (27.1 %), Autoscale
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0.20 -
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0.08 -
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0.02 4
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Conclusions

 Quantitative methods suitable for
monitoring ambient levels of PAH and
naphthenic Acids

 Higher concentrations of alkylated than
parent PAH

* Total PAH and Total NA highly correlated
in agueous environmental samples, some
correlation in sediment/soil samples.
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More Conclusions

PCA of PAH/alkylated PAH not useful for
fingerprinting on small data set with only
environmental samples.

Inclusion of industry impacted PAH data may make
PAH profiles more useful

Small data set suggests that NA profiles in agueous
samples can be used to distinguish type of source

Application to larger data set might reveal more
detailed fingerprinting of sources
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