
* Presenting Author

Engineering Sciences Section - 2015

Copyright 2015 by the AAFS. Unless stated otherwise, noncommercial photocopying of editorial published in this periodical is permitted by AAFS. 
Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by AAFS. 

554

D34 Let’s Leave the Junk in the Junk Yard

Michael C. Hadka, PhD*, 520 Peck Road, Downingtown, PA 19335; and James S. Smith, PhD, Trillium, Inc, 28 Graces Drive, 
Coatesville, PA 19320-1206

$IWHU�DWWHQGLQJ�WKLV�SUHVHQWDWLRQ��DWWHQGHHV�ZLOO�EH�DEOH�WR�UHFRJQL]H�WKDW�MXQN�VFLHQFH�H[LVWV�LQ�HQYLURQPHQWDO�IRUHQVLF�VFLHQFH�DQG�
where it is often found.

This presentation will impact the forensic science community by increasing awareness of the fact that age-dating contaminant 
UHOHDVHV�LV�RIWHQ�PLVXVHG�LQ�HQYLURQPHQWDO�IRUHQVLF�VFLHQFH�DQG�VRPH�RI�WKH�FRPPRQ�PLVXQGHUVWDQGLQJV�WKDW�RIWHQ�WXUQ�LQWR�MXQN�VFLHQFH�

2QH�RI�WKH�¿UVW�TXHVWLRQV�RIWHQ�DVNHG�LQ�HQYLURQPHQWDO�OLWLJDWLRQ�FRQFHUQLQJ�WKH�UHOHDVH�RI�D�FRQWDPLQDQW�LQWR�WKH�HQYLURQPHQW�LV��
:KHQ�ZDV�LW�UHOHDVHG"��7KH�DQVZHU�WR�WKLV�TXHVWLRQ�LV�LPSRUWDQW�LQ�GHWHUPLQLQJ�UHVSRQVLELOLW\�DQG�OLDELOLW\�IRU�WKH�UHOHDVH��SDUWLFXODUO\�
ZKHQ�WKHUH�ZDV�D�VHULHV�RI�RZQHUV�RU�RSHUDWRUV�RI�WKH�IDFLOLW\���'HWHUPLQLQJ�ZKHQ�D�FRQWDPLQDQW�ZDV�UHOHDVHG�LV�RIWHQ�UHIHUUHG�WR�DV�
³DJH�GDWLQJ�´��7KH�OLWHUDWXUH�FRQWDLQV�QXPHURXV�SURSRVHG�SURFHGXUHV�IRU�HVWLPDWLQJ�WKH�WLPLQJ�RI�D�UHOHDVH���7RR�RIWHQ�WKHVH�SURFHGXUHV�
DUH�XVHG�E\�VR�FDOOHG�³H[SHUWV´�DV�D�VWDQG�DORQH�PDJLF�IRUPXOD�WR�DJH�GDWH�WKH�UHOHDVH�DQG�WKH\�LJQRUH�WKH�VFLHQFH�EHKLQG�WKH�SURFHGXUH��

A case in point is estimating the age of the released gasoline product samples using the toluene-to-n-octane (T8) ratio technique 
by Schmidt, et al.1  The T8 procedure is based on the increasing enrichment of aromatics in gasoline in the 1970s and the reduction of 
Q�DONDQHV�LQ�JDVROLQH�EHJLQQLQJ�LQ�WKH�����V���6FKPLGW��HW�DO��H[DPLQHG�JDV�FKURPDWRJUDPV�RI�����UHJXODU�DQG�PLG�JUDGH�JDVROLQHV�
produced between 1973 and 2001 and graphed the T8 ratios versus the year of production.  The T8 ratios fell into three groups:  T8 less 
than 5 was the 1973 to 1983 group, T8 between 5 and 10 was the 1984 and 1993 group, and T8 greater than 10 was the 1984 to 2001 
JURXS���,Q�RQH�UHFHQW�FDVH�LQYROYLQJ�JDVROLQH�FRQWDPLQDWLRQ�IURP�DQ�XQGHUJURXQG�VWRUDJH�WDQN��WKH�FRQVXOWDQW�VDLG�WKH�JDVROLQH�ZDV�
UHOHDVHG�EHWZHHQ������DQG������EDVHG�RQ�WKH�7��UDWLR��KRZHYHU��WKH�FRQVXOWDQW�XVHG�WKH�UHVXOWV�IURP�D�JURXQGZDWHU�VDPSOH�FROOHFWHG�
from a monitoring well.  In doing so, the consultant ignored basic chemistry, including solubilities and Raoult’s Law in comparing 
groundwater results to that of dispensed gasoline.  The equilibrium solubility of toluene in water is more than 700 times greater than 
WKDW�RI�Q�RFWDQH�DW���R&���7KLV�LV�DNLQ�WR�WKH�LGLRP�³FRPSDULQJ�DSSOHV�WR�RUDQJHV�´��,Q�DGGLWLRQ��WKH�FRQVXOWDQW�DOVR�LJQRUHG�WKH�HIIHFW�
RI�ELRGHJUDGDWLRQ��YRODWLOL]DWLRQ�IURP�WKH�JURXQGZDWHU��DQG�WUDQVSRUW��LQFOXGLQJ�VRUSWLRQ�DQG�UHWDUGDWLRQ��GLIIHUHQFHV�WKDW�ZLOO�FUHDWH�
changes in the ratio between toluene and n-octane dissolved in groundwater, all of which will change the T8 ratio.  This consultant’s 
PHWKRGRORJ\�ZDV�MXVW�MXQN�VFLHQFH��

$QRWKHU�FRPPRQO\�PLVUHSUHVHQWHG�DJH�GDWLQJ�PHWKRG� LV� WKH�&KULVWHQVHQ�DQG�/DUVHQ�$JH�'DWLQJ�0RGHO� IRU�GLHVHO� IXHOV�2  The 
Christensen and Larsen model is based on the assumption that n-heptadecane (n-C17) aerobically biodegrades in the environment at a 
constant and uniform rate while pristane (2,6,10,14-tetramethylpentadecane or Pr) is resistant to biodegradation.  Christensen and Larsen 
UHSRUWHG�D�OLQHDU�UHODWLRQVKLS�ZKHQ�WKH�Q�&���3U�UDWLR�LV�SORWWHG�DJDLQVW�WKH�NQRZQ�DJH�RI�GLHVHO�VSLOOV�IURP����VLWHV�LQ�+ROODQG�DQG�
'HQPDUN�RYHU�D����\HDU�SHULRG���,Q�RUGHU�IRU�WKLV�PRGHO�WR�ZRUN��WKH�ELRGHJUDGDWLRQ�RI�Q�&���PXVW�EH�DHURELF��XQLIRUP��DQG�FRQVLVWHQW�
over time.  Christensen and Larsen placed a number of caveats on the use of the model and many aspects of the method are still raising 
D�ODUJH�FDXWLRQ�ÀDJ�RYHU�LWV�XVH��KRZHYHU��PDQ\�³H[SHUWV´�LJQRUH�WKH�FDXWLRQ�ÀDJ�DQG�MXVW�SOXJ�QXPEHUV�LQWR�HTXDWLRQV�EDVHG�RQ�WKH�
&KULVWHQVHQ�DQG�/DUVHQ�0RGHO�WR�DJH�GDWH�SHWUROHXP�UHOHDVHV�3  This happened in a recent case where a consultant tried to age-date a 
release of No. 6 fuel oil.  The consultant ignored the fact that the physical properties of No. 6 fuel oil are different from diesel fuel and 
what effect these differences have on aerobic biodegradation.  Christensen’s and Larsen’s caveats were ignored.  The consultant also 
used a sample containing more than 30% No. 6 fuel oil for the age-dating.  At this concentration, there is free-phase oil present, which 
inhibits microbial action.  With free-phase product present, there is less aerobic biodegradation on the interior of the product than on the 
surface.  Thus, the biodegradation of the No. 6 fuel oil was not constant and uniform as required by the model.  The age-date calculated 
E\�WKH�FRQVXOWDQW�ZDV�QRWKLQJ�PRUH�WKDQ�MXQN�VFLHQFH�
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