








.
1. 48h In-life observations, then euthanize & necropsy

2. Endpoints:  -

- Blood/serum (clin path/hematol; cytokines, vascular 

biomarkers)

- Liver (weight; histopath); Spleen (weight; histopath)

- Bone Marrow (CFU-GM)

‘BTEX Distribution by Crude Type’ (wt% based off of Light Crude Composition):

0.2 wt% Benzene*, 0.8 wt% Toluene**, 0.18% Ethylbenzene***, 1.18 wt% Xylenes (Figure 4: Page 12; USEPA 2011)

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






Survey selected health effects across different oils

Conduct chemical analysis of high density 
fingerprints of same oils

Use chemometrics/PLS to relate chemical 

constituents to health effects

?



Rel. Spleen Wt (g) Dose

Oil Data

Cont. 

Control

2.5 

mL/Kg

5.0 

mL/Kg Significance

LA Sweet 0.2390 0.2132 0.2099 No

Nigerian - 0.1985 0.1723 P<0.05; p<0.001

Iraqi - 0.2142 0.1781 No; p<0.001

A010G4 - 0.2267 0.1976 No; p<0.01

A001EQ - 0.2164 0.1753 No; p<0.001

A0083Q - 0.1988 0.1567 p<0.05; p<0.001

V. Merey - 0.2634 0.2528 No

V. Leona - 0.2224 0.2248 No

E. Oriente - 0.2150 0.2060 No

C. Vasconia - 0.2366 0.2358 No

DWH35273 - 0.2245 0.2304 No

HOOPS - 0.2393 0.2235 No
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 Response normalized to Int. Std.





















January Weiner (2017). pca3d: Three Dimensional PCA Plots. R package version 0.10. https://CRAN.R-project.org/package=pca3d









HP-5 R2X(cum) R2Y(cum) Q2Y(cum) RMSEE pre Ort pR2Y pQ2

Low Dose Spleen 0.693 0.687 0.562 0.0108 1 0 0.05 0.05



HP-5 R2X(cum) R2Y(cum) Q2Y(cum) RMSEE pre Ort pR2Y pQ2

High Dose Spleen 0.693 0.668 0.588 0.0175 1 0 0.05 0.05



PAH R2X(cum) R2Y(cum) Q2Y(cum) RMSEE pre Ort pR2Y pQ2

Low Dose Spleen 0.52 0.687 0.443 0.0116 1 0 0.05 0.05



PAH R2X(cum) R2Y(cum) Q2Y(cum) RMSEE pre Ort pR2Y pQ2

High Dose Spleen 0.524 0.732 0.53 0.0158 1 0 0.05 0.05



HP-5 R2X(cum) R2Y(cum) Q2Y(cum) RMSEE pre Ort pR2Y pQ2

Low Dose 
Spleen

0.693 0.687 0.562 0.0108 1 0 0.05 0.05

High Dose 
Spleen

0.693 0.668 0.588 0.0175 1 0 0.05 0.05

PAH R2X(cum) R2Y(cum) Q2Y(cum) RMSEE pre Ort pR2Y pQ2

Low Dose 
Spleen

0.52 0.671 0.443 0.0116 1 0 0.05 0.05

High Dose 
Spleen

0.524 0.732 0.53 0.0158 1 0 0.05 0.05



Spleen VIPs

Low Dose High Dose

Peak # VIP Library/ID Peak # VIP Library/ID

59 1.210 4-methyl-Decane 65 1.308 4-ethyl-1,2-dimethyl-Benzene

32 1.204 2,6-dimethyl-Heptane 57 1.264 2,4,6-trimethyl-Benzene

14 1.201 Ethyl-Cyclopentane 28 1.261 Octane

39 1.195 1-methyl-2-propyl-Cyclopentane 53 1.236 1-ethyl-3-methyl-Benzene

25 1.187 Trans-1-ethyl-3-methyl-Cyclopentane 39 1.231 1-methyl-2-propyl-Cyclopentane

85 1.180 2-methyl-Tridecane 14 1.223 Ethyl-Cyclopentane

26 1.169 Cis-1-ethyl-2-methyl-Cyclopentane 54 1.215 1,2,3-trimethyl-Benzene

38 1.168 1,2,4-trimethyl-Cyclohexane 80 1.196 Tridecane

88 1.168 Tetradecane 32 1.193 2,6-dimethyl-Heptane

15 1.165 1,2,4-trimethyl-Cyclopentane 25 1.188 Trans-1-ethyl-3-methyl-Cyclopentane

75 1.162 2,6-dimethyl-Undecane 88 1.176 Tetradecane

94 1.161 Pentadecane 74 1.171 Dodecane



Spleen VIPs

Low Dose High Dose

Peak # VIP Library/ID Peak # VIP Library/ID

3 1.5267 Indene Isomer 3 1.4399 Indene Isomer

9 1.3763 Dimethyl-Naphthalene Isomer #2 8 1.3992 Dimethyl-Naphthalene Isomer #1

8 1.3743 Dimethyl-Naphthalene Isomer #1 9 1.3908 Dimethyl-Naphthalene Isomer #2

6 1.3426 Naphthalene, 2-methyl- 6 1.3673 Naphthalene, 2-methyl-

7 1.3331 Naphthalene, 1-ethyl- 5 1.3559 Naphthalene, 1-methyl-

13 1.3320 Naphthalene, 1-propyl- 7 1.3387 Naphthalene, 1-ethyl-

2 1.3295 Naphthalene 19 1.3374 Trimethyl-Naphthalene Isomer #5

39 1.3229 RT:   20.53; Ion:  191.10 16 1.3308 Trimethyl-Naphthalene Isomer #2

17 1.3176 Trimethyl-Naphthalene Isomer #3 17 1.3239 Trimethyl-Naphthalene Isomer #3

5 1.3175 Naphthalene, 1-methyl- 2 1.3147 Naphthalene

19 1.3175 Trimethyl-Naphthalene Isomer #5 13 1.2790 Naphthalene, 1-propyl-

20 1.3040 Trimethyl-Naphthalene Isomer #6 10 1.2494 Dimethyl-Naphthalene Isomer #3



Library/ID Area Library/ID Area Library/ID Area

Decane, 4-methyl-148105 Decane, 4-methyl-143471.653 Decane, 4-methyl-114143.935

Heptane, 2,6-dimethyl-113935 Heptane, 2,6-dimethyl-91455.1492 Heptane, 2,6-dimethyl-99770.2076

Cyclopentane, ethyl-27361 Cyclopentane, ethyl-51619.6328 Cyclopentane, ethyl-26068.828

Cyclopentane, 1-methyl-2-propyl-28905 Cyclopentane, 1-methyl-2-propyl-38884.497 Cyclopentane, 1-methyl-2-propyl-36482.5745

Cyclopentane, 1-ethyl-3-methyl-, trans-12395 Cyclopentane, 1-ethyl-3-methyl-, trans-27869.1337 Cyclopentane, 1-ethyl-3-methyl-, trans-13646.8952

Tridecane, 2-methyl-84695 Tridecane, 2-methyl-74154.5319 Tridecane, 2-methyl-67607.8968

Cyclopentane, 1-ethyl-2-methyl-, cis-22669 Cyclopentane, 1-ethyl-2-methyl-, cis-51881.2734 Cyclopentane, 1-ethyl-2-methyl-, cis-26742.4007

Cyclohexane, 1,2,4-trimethyl-23448 Cyclohexane, 1,2,4-trimethyl-28887.7682 Cyclohexane, 1,2,4-trimethyl-12127.4406

Tetradecane 553266 Tetradecane 538515.153 Tetradecane 517485.504

Cyclopentane, 1,2,4-trimethyl-67730 Cyclopentane, 1,2,4-trimethyl-135121.202 Cyclopentane, 1,2,4-trimethyl-31003.1393

Undecane, 2,6-dimethyl-245717 Undecane, 2,6-dimethyl-220971.656 Undecane, 2,6-dimethyl-142922.718

Pentadecane 526115 Pentadecane 568423.025 Pentadecane 466823.442

LA Sweet Nigerian Iraqi



Library/ID Area_1 Area_2 Area_3 Area_4 Area_5 Area_6 Area_7 Area_8 Area_9 Area_10 Area

0 Decane, 4-methyl-143471.7 147649.1 148105 114143.9 138015.4 100317.9 35687.76 90964.36 93683.28 38147.67 23255.4

1 Heptane, 2,6-dimethyl-91455.15 127753.4 113935 99770.21 93643.6 89244.27 22848.45 73746.18 55693.44 27065.87 11587.03

2 Cyclopentane, ethyl-51619.63 48670.81 27361 26068.83 27843.88 35170.73 0 29802.48 6187.356 5579.422 0

3 Cyclopentane, 1-methyl-2-propyl-38884.5 38484.93 28905 36482.57 38140.08 26930.54 6844.726 20190.2 23721.57 9934.29 5251.662

4 Cyclopentane, 1-ethyl-3-methyl-, trans-27869.13 17098.46 12395 13646.9 17500.25 11581 0 9759.753 4125.869 0 0

5 Tridecane, 2-methyl-74154.53 74380.99 84695 67607.9 55248.12 52927.33 10915.59 53543.23 21311.2 19773.29 7837.355

6 Cyclopentane, 1-ethyl-2-methyl-, cis-51881.27 33256.6 22669 26742.4 40723.25 23673.6 2693.93 16288 12305.22 9717.357 1560.077

7 Cyclohexane, 1,2,4-trimethyl-28887.77 24383.02 23448 12127.44 23381.71 16806.08 6448.72 15173.49 16520.85 10327.61 4137.321

8 Tetradecane538515.2 590602.2 553266 517485.5 412776.5 450832.8 79061.3 455990.2 89531.36 175488.2 56857.79

9 Cyclopentane, 1,2,4-trimethyl-135121.2 101260.6 67730 31003.14 77369.25 74093.22 10285.25 60305.43 25810.57 20063.21 4680.232

10 Undecane, 2,6-dimethyl-220971.7 206163.5 245717 142922.7 225795.8 151587.4 57055.73 144687.7 111268.2 66460.4 38944.89

11 Pentadecane568423 531206.9 526115 466823.4 430891.5 432661 73499.06 463684 74756.4 187577.6 53608.78

Spleen Weight (g) LA Sweet Nigerian Iraqi G4 3Q E. Oriente C. Vasconia V. Merey V. Leona DWH HOOPS

Low Dose 0.2132 0.1985 0.2142 0.2267 0.1988 0.215 0.2366 0.2634 0.2224 0.2245 0.2393

High Dose 0.2099 0.1723 0.1781 0.1976 0.1567 0.206 0.2358 0.2528 0.2248 0.2304 0.2235





Top 12 Low Dose Spleen HP-5 VIPs (X>1.0) Top 12 High Dose Spleen HP-5 VIPs (X>1.0)

Library/ID VIP r value Library/ID VIP r value

Decane, 4-methyl- 1.2099 -0.831 Benzene, 4-ethyl-1,2-dimethyl- 1.3085 -0.881

Heptane, 2,6-dimethyl- 1.2038 -0.827 Benzene, 2,4,6-trimethyl- 1.2635 -0.851

Cyclopentane, ethyl- 1.2008 -0.825 Octane 1.2605 -0.736

Cyclopentane, 1-methyl-2-propyl- 1.1946 -0.821 Benzene, 1-ethyl-3-methyl- 1.2357 -0.832

Cyclopentane, 1-ethyl-3-methyl-, trans- 1.1874 -0.816 Cyclopentane, 1-methyl-2-propyl- 1.2312 -0.829

Tridecane, 2-methyl- 1.1802 -0.811 Cyclopentane, ethyl- 1.2235 -0.824

Cyclopentane, 1-ethyl-2-methyl-, cis- 1.1685 -0.803 Benzene, 1,2,3-trimethyl- 1.2146 -0.818

Cyclohexane, 1,2,4-trimethyl- 1.1684 -0.803 Tridecane 1.1960 -0.806

Tetradecane 1.1679 -0.802 Heptane, 2,6-dimethyl 1.1925 -0.803

Cyclopentane, 1,2,4-trimethyl- 1.1647 -0.800 Cyclopentane, 1-ethyl-3-methyl-, trans- 1.1879 -0.800

Undecane, 2,6-dimethyl- 1.1623 -0.799 Tetradecane 1.1764 -0.792

Pentadecane 1.1614 -0.798 Dodecane 1.1708 -0.789





Top 12 Low Dose Spleen PAH VIPs (X>1.0) Top 12 High Dose Spleen PAH VIPs (X>1.0)

Library/ID VIP r value Library/ID VIP r value

Indene Isomer 1.5267 -0.887 Indene Isomer 1.4399 -0.884

Dimethyl-Naphthalene Isomer #2 1.3763 -0.799 Dimethyl-Naphthalene Isomer #1 1.3992 -0.859

Dimethyl-Naphthalene Isomer #1 1.3743 -0.798 Dimethyl-Naphthalene Isomer #2 1.3908 -0.854

Naphthalene, 2-methyl- 1.3426 -0.780 Naphthalene, 2-methyl- 1.3673 -0.839

Naphthalene, 1-ethyl- 1.3331 -0.774 Naphthalene, 1-methyl-
1.3559 -0.832

Naphthalene, 1-propyl- 1.3320 -0.774 Naphthalene, 1-ethyl- 1.3387 -0.822

Naphthalene 1.3295 -0.772 Trimethyl-Naphthalene Isomer #5 1.3374 -0.821

RT:   20.53; Ion:  191.10 1.3229 -0.768 Trimethyl-Naphthalene Isomer #2 1.3308 -0.817

Trimethyl-Naphthalene Isomer #3 1.3176 -0.765 Trimethyl-Naphthalene Isomer #3 1.3239 -0.813

Naphthalene, 1-methyl- 1.3175 -0.765 Naphthalene
1.3147 -0.807

Trimethyl-Naphthalene Isomer #5 1.3175 -0.765 Naphthalene, 1-propyl- 1.2790 -0.785

Trimethyl-Naphthalene Isomer #6 1.3040 -0.758 Dimethyl-Naphthalene Isomer #3 1.2494 -0.767





High Dose Spleen 0.693 0.668 0.588 0.0175 1 0 0.05 0.05

R2X(cum) R2Y(cum) Q2Y(cum) RMSEE pre Ort pR2Y pQ2

Low Dose Spleen 0.693 0.687 0.562 0.0108 1 0 0.05 0.05

R2X(cum) R2Y(cum) Q2Y(cum) RMSEE pre Ort pR2Y pQ2

Low Dose Spleen 0.706 0.68 0.534 0.0121 1 0 0.15 0.05

High Dose Spleen 0.706 0.775 0.715 0.0158 1 0 0.1 0.1



Spleen Weight (g) LA Sweet Nigerian Iraqi G4 3Q E. Oriente C. Vasconia V. Merey V. Leona

Low Dose 0.2132 0.1985 0.2142 0.2267 0.1988 0.215 0.2366 0.2634 0.2224

High Dose 0.2099 0.1723 0.1781 0.1976 0.1567 0.206 0.2358 0.2528 0.2248

Liver Weight (g)

Low Dose 4.8241 5.4201 6.1107 5.4993 5.4811 5.1424 4.8277 4.7683 5.7081

High Dose 5.3753 6.0749 6.5267 6.0115 5.7619 5.965 6.1944 6.1283 5.4432

ALP

Low Dose 310 519.75 543 552.2 696 415 370.75 426 471

High Dose 444 598.5 645.75 759.75 398.6 499.5 418.25 566.75 478

Albumin

Low Dose 2.81141 3.12379 3.12379 3.03429 3.18857 3.275 3.25 3.85714 3.72857

High Dose 2.7767 2.9676 3.07172 2.95714 2.82857 3.13333 3.25 3.53571 3.79286

Glucose

Low Dose 189 180.25 240.33 177.8 205.4 207 244.75 253 180.75

High Dose 199.67 193 209.25 156 170.4 196 239.25 167.5 206.5

Tested Crude Oils

DWH HOOPS

0.2125 0.2313 1st Fac

0.1892 0.2212 1st Fac

5.3774 5.1651 2nd Fac

5.9693 5.6914 4th Fac

553.56 440.49 2nd Fac

557.42 371.77 4th Fac

3.2589 3.4986 3rd Fac

3.0534 3.3598 3rd Fac

199.39 219.21 2nd Fac

175.36 208.21 4th Fac

Predicted Oils



Spleen Weight (g) Predicted Actual Residual Residual2/Predicted Chi-Square p-value

Low Dose 0.21246 0.2245 0.0120 0.000681674 0.00964113 0.92178201

High Dose 0.1892 0.2304 0.0412 0.008959457

Liver Weight (g)

Low Dose 5.37743 5.369 -0.0080 1.20358E-05 0.02468023 0.87516649

High Dose 5.96931 6.353 0.3837 0.024668192

ALP

Low Dose 553.561 358.25 -195.3110 68.91090001 69.0509343 9.5953E-17

High Dose 557.415 566.25 8.8350 0.14003431

Albumin

Low Dose 3.25887 3.025 -0.2339 0.016783479 0.02162938 0.88307731

High Dose 3.05336 3.175 0.1216 0.004845904

Glucose

Low Dose 199.394 219.25 19.8560 1.977294883 8.0534372 0.00454174

High Dose 175.358 208 32.6420 6.076142315

DWH35273



Spleen Weight (g) Predicted Actual Residual Residual2/Predicted Chi-Square p-value

Low Dose 0.23131 0.2393 0.0080 0.000277961 0.00030242 0.98612533

High Dose 0.22118 0.2235 0.0023 2.44581E-05

Liver Weight (g)

Low Dose 5.16507 5.002 -0.1626 0.005119403 0.04207528 0.83747633

High Dose 5.69141 6.150 0.4586 0.036955881

ALP

Low Dose 440.49 374.75 -65.7400 9.811227497 33.0267525 9.0899E-09

High Dose 371.765 464.666667 92.9017 23.21552505

Albumin

Low Dose 3.49861 3.275 -0.2236 0.014291799 0.03438259 0.85289537

High Dose 3.35981 3.1 -0.2598 0.02009079

Glucose

Low Dose 219.213 233 13.7870 0.867108105 7.51639758 0.00611398

High Dose 208.208 171 -37.2080 6.64928948

HOOPS Blend













Rel. Liver Wt (g) Dose

Oil Data

Cont. 

Control

2.5 

mL/Kg

5.0 

mL/Kg Significance

LA Sweet 3.874 4.824 5.375 p<0.05; p<0.001

Nigerian - 5.420 6.074 p<0.001

Iraqi - 6.110 6.526 p<0.001

A010G4 - 5.499 6.011 p<0.001

A001EQ - 5.619 5.828 p<0.001

A0083Q - 5.481 5.762 p<0.001

V. Merey - 4.768 6.128 p<0.05; p<0.001

V. Leona - 5.708 5.443 p<0.001

E. Oriente - 5.141 5.965 p<0.001

C. Vasconia - 4.827 6.194 p<0.001

DWH35273 - 3.353 5.369 p<0.001

HOOPS - 5.002 6.150 p<0.01; p<0.001
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CL

PP

A010G4 at 5 ml/kg



CL

PP

A0083Q at 2.5 ml/kg



CL

PP

A0083Q at 5.0 ml/kg



CL

A0083Q at 5.0 ml/kg

PP

CL

PP

DWH35273 at 5.0 ml/kg



ALP(U/L) Dose

Oil Data

Cont. 

Control

2.5 

mL/Kg

5.0 

mL/Kg Significance

LA Sweet 339 310 444 No

Nigerian - 519 598 p<0.01; <0.001

Iraqi - 543 645 p<0.01; <0.001

G4 - 552 759 p<0.001

EQ - 584 559 p<0.001

3Q - 696 398.6 p<0.001/No

Merey - 426 566 No/p<0.001

Leona - 471 478 No

Oriente - 415 499 No; p<0.05

C. Vasconia - 370 418.3 No/No

DWH35273 - 358.3 566.3 No; p<0.001

HOOPS - 374.8 464.7 No



Albumin(g/dL) Dose

Oil Data

Cont. 

Control

2.5 

mL/Kg

5.0 

mL/Kg Significance

LA Sweet 3.3 2.8114 2.774 p<0.001

Nigerian - 3.123 2.967 No; p<0.001

Iraqi - 3.123 3.071 No; p<0.05

G4 - 3.034 2.957 p<0.01; p<0.001

EQ - 3.188 2.777 No; p<0.001

3Q - 3.188 2.828 No; p<0.001

Merey - 3.857 3.535 p<0.01; No

Leona - 3.728 3.792 No; p<0.05

Oriente - 3.275 3.133 No

C. Vasconia - 3.25 3.18 No

DWH35273 - 3.025 3.175 P<0.01; No

HOOPS - 3.275 3.1 No; p<0.05



ALT(U/L) Dose

Oil Data

Cont. 

Control 2.5 mL/Kg

5.0 

mL/Kg Significance

LA Sweet 133.5 87.0 99.0 No

Nigerian - 128.8 102.5 No

Iraqi - 113.8 103.5 No

G4 - 182.0 199.5 No

EQ - 126.4 160.4 No

3Q - 126.4 209.0 No

Merey - 124.0 122.0 No

Leona - 125.0 92.75 No

Oriente - 158.0 102.5 No

C. Vasconia - 137.3 107.0 No

DWH35273 - 110.0 116.0 No

HOOPS - 105.75 105.7 No



Glucose(mg/dL) Dose

Oil Data

Cont. 

Control

2.5 

mL/Kg

5.0 

mL/Kg Significance

LA Sweet 238.33 189.0 199.8 No

Nigerian - 180.3 193.0 p<0.05; No

Iraqi - 240.3 209.3 No

G4 - 177.8 156.0 p<0.01; p<0.001

EQ - 181.2 171.8 p<0.05; p<0.01

3Q - 205.4 170.4 No; p<0.01

Merey - 253.0 167.5 No; p<0.01

Leona - 180.8 206.5 p<0.05; No

Oriente - 207.0 196.0 No

C. Vasconia - 244.8 239.3 No

DWH35273 - 219.3 208.0 No

HOOPS - 233.0 171.0 No; p<0.01



Urea(mg/dL) Dose

Oil Data

Cont. 

Control

2.5 

mL/Kg

5.0 

mL/Kg Significance

LA Sweet 16.17 16.0 16.7 No

Nigerian - 17.0 17.8 No

Iraqi - 15.33 20.3 No

G4 - 16.0 20.0 No

EQ - 15.4 19.0 No

3Q - 16.2 24.2 No; p<0.01

Merey - 16.5 17.8 No

Leona - 17.5 14.5 No

Oriente - 15.8 16.5 No

C. Vasconia - 17.8 16.8 No

DWH35273 - 15.5 21.8 No; p<0.05

HOOPS - 14.0 17.7 No
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Linear Model, with BMR of 1 Std. Dev. for the BMD and 0.95 Lower Confidence Limit for the BMDL

11:25 08/16 2018

BMDBMDL

   

Linear

Organ Weight Summary Vehicle 0.2 mL/Kg 0.5 mL/Kg 1.0 mL/Kg 2.5 mL/Kg 5.0 mL/Kg

Liver Weights (g) 3.942 4.022 4.425 4.692 * 6.008 ** 6.734 **

Spleen Weights (g) 0.239 0.2267 0.2544 0.2369 0.221 0.192 *


