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Intfroduction
» Purpose

» To develop a procedure for estimating human health risk of crude oil
exposure from analysis of itsicompositional profile.

» Hypothesis

» The multivariate statisticallanalysis, Parial Least Squares regression
(PLSr), can be successfully:usedito correlate GC/MS-derived
comprehensive profile of various crude oils to alseries of measured
toxicological endpoints, identification of key toxic constituents, and
prediction of in vivo toxicity/ fromiuntested crude oil samples.

» Materials and Methods

» Biological Effects

» Chemometrics and Multivariate Analyses results

» Conclusion
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Information Regarding Characteristics &
Classification of Crude Qil

» Paraffins (Aliphatics) - saturated
hydrocarbons with straight or,
branched chains; noring
formations.

» Cycloparaffins (Napthenes) -
saturated hydrocarbons containing
one or more rings, each of which
may have one or more paraffin
side-chains.

» Aromatics — hydrocarbons
containing one or more arematic
nuclei such as benzene,
naphthalene, and phenanthrene
ring systems that may be linked up
with naphthalene rings or paraftfin
side-chains

HYDROCARBONS

ALIPHATICS AROMATICS

CYCLOALKANES NAPHTHAENOAROMATICS MONO-

ISOALKANES ‘
AR v I ¢
. cyclopentane ; benzene
C6 0 CC indane
é |C O | ALKYLATED
cyclohexane
n-ALKANES

" naphthalene
CH30H3 . |
ethane .

tricyclic napthalene -
CH3(CH2)n CH, OO‘OO

n-alkane benzo(a)pyrene

Geraci, St Aubin (1988) Synthesis of Effects of Oil on Marine Mammals.
http:/ledocs.diis. state. fl.usfidocs/oilspill/federal/18892759 pdf
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Information Regarding Characteristics &
Classification of Crude Qil

S Densify: » Light Crudes:
. 5 » LA Sweet, Nigerian, Iraqi, A0O10G4,
> Light: <870 Kg/m> (APl > 311.17) A0083Q, DWH35273, HOOPS Blend
> IAAPeI():Ilum: 870 - 920 Kg/m? (3114 =22.3 » Medium Crudes:

» E. Oriente, C. Vasconia, V. Leona

» Heavy Crudes:
» V. Merey.

» Heavy: 920 - 1000 Kg/m>(22.3% - 110+ API)
» Extra Heavy >1000 Kg/m* (<10 API)

» Sulphur, wt%:

» When the total sulphur level'is > 0.57% » Sweel Crudes:

the oil is classified as sour. » LA Sweet, Nigerian, A010G4
» Louisiana Sweet (0:21%); Nigerian A0083Q, DWH35273
(0.127%); N. Dakota Sweet (<0.27%); » Sour Crudes:
» E. Oriente (1.52%); V. Leona (1.52%); » Iraqi, HOOPS Blend, E. Oriente, C.
lraqi (1.957); V. Merey. (2.74%) Vasconia, V. Leona & Merey
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Assessment of Crude Oils’ Toxicity.
» Study Design:
Acute, High-dose; Female Sprague Dawley (SD) rats (220-260g BW)
Dose: p.o. (10 ml/kg) - 1/day; 2 day.

VEH

(5%)DMSO Benzene: Crude oil Crude olil
in Corn Oil (0:5mil/kg) (2.5 mllkg) (5.0 ml/kg)
Toluene (0.8
mllkg)= 1. 48h In-life observations, then euthanize & necropsy
Ethylbenzene .
o 2. Endpoints: -
(0:18ml/kg) . .
- Blood/serum (clin path/hematol; cytokines, vascular
biomarkers)
- Liver (weight; histopath); Spleen (weight; histopath)
- Bone Marrow (CFU-GM)
OBTEX Distribut.i t% based ©ff af dight Gryde €@mpg@sition):
0.2 wt% Benzeneo*, 0.8 wt% ToIuler?e**,rO.I18%uEthlylt?evgzene?f*? 1.18 \(/tho/ﬁ(ylenreys ?Fiqalj?epfleqne? 12; USEPA 2011) R A M B JL L



http://www.petroleumhpv.org/petroleum-substances-and-categories/~/media/0DA0EA3771174E9DB6F5B43B73857842.ashx

Materials and Methods

» RELATIVE ORGAN WEIGHTS: Organs were surgically excised from rats,
cleaned, and weighed individually. Organ-to-body weight ratios were
calculated, and results were compared between treated and non-
treated.

» SERUM & BLOOD ANALYSIS:

» Clinical metabolic parameters forf ALP, ALT, AST, Glucose, Albumin, Ureaq,
Total Protein, etc., and

» Blood parameters such as: Hemogcrit, Hemoglobin, RBC and WBC count, CFU-
GM, elc..

» STATISTICS: Effects of crude oils at theirrespective doses on biological
and clinical endpoints were determined by ANOVA with post-hoc
comparisons of treatment means against vehicle control done with
Dunnett’s test and a=0.05 (GraphPad Prism, vé). Finally, accuracy for the
‘Predicted vs. Observed’ endpoints of DWH35273 and HOOPS Blend crude

oils were determined using a chi-squared test.
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Materials and Methods

» SAMPLE PREPARATION: The carrier internal standard (ISTD) solution was
prepared with 0.4734g of 1-bromo-dodecane and 0.5237g of 1-bromo-4-
methyl-napthalene. The ISTDs were added to a 500mL volumetric flask and
diluted to 500mL with rmethylene chloride (DEM).

» ImL of each crude oil was added inteseparate 10mlL vol. flasks, and diluted to
10mL with the ISTD' carrier selvient:

» ImL of freshly prepared crude oil sample with ISTD: was transferred to a 1.5mL Agilent
sample vial for GC/MS analysis

» MULTIVARIATE ANALYSES: PLSr were performed withi a total of 11 crude oil
chromatographs consisting of 1f10/selected peaks for the HP-5 column and a

total of ten' chromatographs: ceonsistingofi43iselected peaks for the PAH
column.

» From the results, a plot of Viariable Importance in Projection (VIP) was generated for
each of/the 110 and 43 X-variables, andithe top 12 VIPs of constituents 2 1.0.

» These selected VIPs were plotted against the relative spleen weights for each oil by
their chromatographic area response for both 2.5mL and 5mL dosages.
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Exploratory Approach Through Multivariate
Analysis

Survey selected health effects across different oils

N

Conduct chemical analysis of high density

fingerprints of same oils

RN

Use chemometrics /PLSto relate chemical
constituents to health effects
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Composite of all Crude Oil Studies with Comparison
of Significant Endpoints to Contemporaneous Control

Rel. Spleen Wt (g) Dose
Cont. 2.5 5.0 —~
Oil Data Control mL/Kg mL/Kg Significance § q
LA Sweet 0.2390 | 0.2132 | 0.2099 N . \ HH &4
i d* NLK ! B
Nigerian - 0.1985 | 0.1723 |P<0.05; p<0.001 | NiF A1k I} : Nk
: AHNRAMANE 1B
Irag - | 02142 | 01781 | No; p<0.001 “ {HHHARNHHHNE HHHRE
> THHHAUNNL THKHE
A010G4 - | 02267 | 0.1976 | No;p<0.01 > HHHHAANNNHEE HHHE
AHNHANNHR B
AODLEQ . | 0.2164 | 0.1753 | No; p<0.001 c {HHHAANHHH N HH R E
v THHHAHNHNNNNHHEEE
A0083Q 2 0.1988 | 0.1567 |p<0.05: p<0.001 | = il / / ANHL \ HH{HBE
» THURHANNNNAL 1k
V. Merey : 0.2634 | 0.2528 No 0 o MHHMHANNHHNNNUINBE
Q 99060 900000
V. Leona : 0.2224 | 0.2248 NoO R VR VR
6\$®$§\Q§\Q’\\%‘i@i\0%0%\%\/
E. Oriente L 0.2150 | 0.2060 No S NQC
C. Vasconia - 0.2366 | 0.2358 No
DWH35273 . 0.2245 | 0.2304 No Source of Crude Oil (m l/kg)
HOOPS . 0.2393 | 0.2235 N




Use of Chemometrics and Multivariate Statistics to

|dentify Toxic Constituents, and Predict Toxicity of a

Mixture
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Methods qnd Procedures HP-5
L@\ .x, = " '" ' v 5 Crude Oil Samples:

Nigerian — TmL/10mL ...
lragi'= TmL/10mL ...
A0T0G4 — ImL/10mL ...
A0083Q — ImL/10mL ...

E. @riente — TmL/10mL ...
€. Vasconia = TmL/10mlL ...
V. Lleonai— ITmL/10mlL ...

.« GC Column: Ve Merey = TmL/10mL ...
Agilent HP-5 GG Column, 30/ m), 0:25 mm), 0.25{im DWH35273 = TmL/10mL ...

« GC Method Revised: HOOPS Blend — TmL/10mL ...
Inlet: Split Ratio: 100:1 — Pressure: 16.086) psi 10 ml. Velumsire Fiasis ni. Siek(s):

Inlet Temp: 280°C, Aux: 280°C, Detector: 250°C

LA Sweet — TmL/10mL in DCM w/ Int. Std.

Initial'temp: 30°C held for 0.5 min, 30-250°C @!82C/min, 250°C held for 12min, Post;Run : 2 min, Total run

time =40 mins.

. Somple Injection: 1L
Solvent Delay: 1.95 min
[Scan Parameters] Low. Mass: 35.0; High Mass 250.0; Threshold: 500
Start Time : 8.00 min - Low Mass 50.0'; High Mass: 300.0 Threshold: 500
Start Time : 21.00 min - Low Mass : 50.0; High Mass : 400.0; Threshold': 500
MS Source : 230 C (maximum 250 C)
MS Quad: 150 C (maximum 200 C)
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Methods qnd Procedures PAH
L@\ .x, = " '" ' v 5 Crude Oil Samples:

Nigerian — TmL/10mL ...
lragi'= TmL/10mL ...
A0T0G4 — ImL/10mL ...
A0083Q — ImL/10mL ...

E. @riente — TmL/10mL ...
€. Vasconia = TmL/10mlL ...
V. Lleonai— ITmL/10mlL ...

- GC Column: Ve Merey = TmL/10mL ...
Restek Rxi®-PAH GE Column) 30/m) 0.25/mm) 0.1 um DWH35273 = TmL/10mL ...

« GC Method Revised: HOOPS Blend — TmL/10mL ...
Inlet: Split Ratio: 50:1/ - Pressure: 23.188/psi 10 ml. Velumsinie Fiesic; Ik Siel{(s))

Inlet Temp: 280°C, Aux: 280°C, Detector: 250°C

LA Sweet — TmL/10mL in DCM w/ Int. Std.

Initial temp: 1115°C held/for 6.0/ min, 11/5-285°C @ 82C/min, 285-325°C (@ 8°C/min held for 3.875min, Post

Run : 2 min, Total run time = 32 mins.

. Somple Injection: 1L
Solvent Delay: 1.95 min
[Scan Parameters] Low. Mass: 50.0; High Mass 250.0; Threshold: 500
Start Time : 8.00 min - Low Mass 50.0'; High Mass: 400.0 Threshold: 500
Start Time : 21.00 min - Low Mass : 50.0; High Mass : 500.0; Threshold': 500
MS Source : 230 C (maximum 250 C)
MS Quad: 150 C (maximum 200 C)

RAMBJLL




Chromatograph Examples

Ahundance . . -
Quantitation Report [Hot Reviewed)

Data Path : C:'\madchem\1%\DATA\Josh Crude0il 2016
Data File : LA SWEET INTISTD 2017 02.D
LAeg On : 12 Sep 2017 11:54
2200000 Operator : Salley
Sample : LA Swt_ Int3td 2017 02
HMi=c 2
2000000 ) ALS Wial : 1 Sample Multiplier: 1

TIC: LA_SWEET_INTSTD_2017_02 D'data.ms

Quant Time: Sep 19 17:35:12 2017

1800000 : Quant Method : C:\msdchem‘1\METHODS\JOSH_METHOD 7.M
Cuant Title : LA Sweet Int 2017 {uant

OLast Update : Tue Sep 19 17:30:21 2017

Response wia : Imitial Calibration
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Data Analysis — Pristane

Crude Oil Sample: G4 Inteanated Peakdlibrany Eile

Sbundance]

2400000
2200000

2000000
12800000
1600000
1400000 5

1200000

1000000 4
800000

Pristane

500000

Eicosane (n-C20)
Heneicosane (n-C21)

Norpristane

400000

Docosane (n-C22)

Tricosane (n-C23)

200000

2 Tetracosane (n-C24)

Time-->
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300000+
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Mar12_G4_01_LibFile.txt

Data Analysis - Pristane

Crude Oil Sample: G4 Inteanated Reakilibrany Eile

- Pristane

Phytane

()
=
©
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%}
=
Q
=
o
z

—

e
e

IV
AN

Y AL 1271

141.1 1551 070
169.1 1961 15141 2051 2381 2532 2683
120 140 160 180

#112060: Pentadecane, 2,6.10,14-tetramethyl-

Pentadecane, 26,10, 14-4etramethy 112060 268 38
Pentadecane, 2,6,10,14-tetramethyl: A58 28 %
T Methwloctadecane 112046 268

Peak Identification by,
Comparing Mass lon
Spectra to NIST-08 Database

127.0

141.0 1550
163.0 1970 2110 2250 2390 2530 268.0



Mar12_G4_01_LibFile.txt
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Peak Identification into the Quant. Report

2200000 y)

Zn (" Cyclohexane, 1,1,3 5-tetramethy-, trans- R (¢ Cyclopentane, 1,2-dmethyl-, lians
b (" 050876-31-8 Cyclohexane, 1,1,3 5tetramethyl-, trans- . (" 00082250-4 Cyclopentane, 1,2-dmethyl., trans-

1600000 1600000

(" (50876-32-9 Cyclohexane, 1,1,3 S-tetramethyl-, cis- 3 (" 002452-935 Cyclopentane, 1,2-dimethyl

1400000 1400000

(" 255885-37-1 Cyclooctane, 1-methyl-3-propyl ;am et 1ess 181 (00872560 Isopropyleyclobutane

1200000 1200000

@ IRT: 723 Ton: 95.00 e , " RT: 3.16;lon: 56.00
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. & o v : 4 .
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‘ 1 : pin
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Peak Identification and Sorting

u Response normalized to Int. Std.



