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WATER SOLUBLE PHASE OF NUMBER 2 FUEL OIL:

RESULTS OF A LABORATORY MIXING EXPERIMENT

by

WiLliam 14. gramer and Theodore J. Hayes

ABSTRACT

Gs_und_ poUutimb_m _ kmSlnS..n (numberS heal..n) b mklmpemul'- NineJm_.
To.mttublith• bamtlJ.u_d wLta_-,,_ub__ta, • _ el _ _ _,1_mm_ i_
q,'ut4_•rid the _ phasemct_actedand unu/35edulna US JLPAMetho_ Lq4_r 1i (voht_Ue
mzUJ=, ) s:d ass .4,IS (balmINut_q_Imd_ _ q:m_ou,_b).Non.ta...plod,,..,4,..,_mds

bu0/Deutr_Is_counlee|orIIplrcenl,prlorllr pDllul_alvolslllelrllnlcsI percenland
Sar_r_t7popular l_Itas/s_utn_,l.lpms'u_t.

INTRODUCTION

Ground-water pollution from home he•sing oll is widespread in New Jersey
(New Jersey Department of _nvironmental Protection, 1957). A common problem
has been Fuel oll odors in • water supply, but •nalysls of water samples From
that same supply may not detect the presence of contamination. This may be due

in part to components of the fuel oil that have odor thresholds below the
current detection limits of" laboratory an•lyrics! methods.. Alternatsvely.
inappropriate analytical methods may have been utihzed on the water samples.
The objective of this study was to identify the water soluble phase of home
heatlnS oil (no. 2 fuel oii) in order to nstablish • baseline of data for
comparison, to field results and tO eliminate much of. the confusion over which
analytical methods to use. Based on the results of this ualxins experiment
• Ions wit h analytical results from actual spill investigations, sampling and
analytical methods for no. 2 Fuel oii io water •re recommended using atandard
US EPA Methods.

PROCEDURE

A sample of no. 2 home heating oil was collected |n June 1957 From a
below-ground residential heating oil tank in Morrisv|ilc, Pennsylvania. The
fuel oil sample was mixed with csrbon filtered water st • ratio of" 1 part fuel
oil to $ parts water using • volatile organic _.lul tad one liter glass
containers equipped with teflon cups. The samples were agitated for 24 hours.
The water phase was siphoned off into u separate container /'or analysis. The
water phase was analyzed usln$ the following methods:

1) Priority pollutant Base/Neutrals (BN) sad acid extractable analysis using
US EPA Method 625 (Federal I_.eghter, 1984).

2) Priority pollutant Volatile (purge•big) Organics (VOs) using US EPA Method
624 (Federal Register, 1984).
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3) The base/neutral, acid extractable and volatile orsanlc fractions were
library searched throuBh a computerized National Bureau of Standards (NBS)
library of mass spectra to tentatively identify and quantify non-tarsctcd
compounds in nach fraction.

RLqULTS

A summary of analytical results is shown in tables I and 2. The
chromatoBrams for Methods 624 and 625 arc shown in fisures 1 and 2,
rcspectlvcly. The results •re summarized below:

1) Priority pollutants nod non-Infected compounds warn found in the VO
• nalysls (EPA Method 624 ._ 15) and the IBN analysis (_PA Method 625 ._ 15).
The total VO (priority pollutant and non-tsrscted compounds) plus BN
compounds (priority and non-taraeted compounds) was 88,000 ppb.

2) No acid extractable compounds (priority or non-tarsetad compounds) were
defected.

3) In the BN analysis (EPA Method 625), four priority pollutant BNS were
identified at concentrations between 65 and 2,$42 ppb. The total
concentration of priority pollutant BN compounds was 3,078 ppb. In the non-
tarscted BN fraction, 15 compounds were tentatively identified with
concentrations ransln$ from 375 to 1,380 ppb. T.he total concentration of
non-tarsctcd B]_ compounds was 11,405 PPB.

4) In the VO analysis (EPA Method 624 + 15) three priority pollutant compounds
were found (bcnzanc, toluene and ¢thylbenzcn¢)with • total conccntratlon
of 3,693 ppb. In the non-tarsetcd VO fraction, 19 compounds were tcnatlvely
ideotJficd ransin8 in concentration from 97 to "20,000. ppb. Total non-
tarsetcd VO concentration was 69,846 PPB. The predominant non-tarsetcd VO
compounds were alkylcyclobexanes and alkylbenzencs,

5) In tbe VO analysis, compounds bcsan to clutc 11 m/nutes into the run and
were cont]ouJn8 to clute after 35 minutes (fisura 1).

6) In the BN analysis, compounds basso to clutc 8 minutes into the run and
continued to pluto until 36 minutes into the run (/'Jsurc 2).

7) The total concentration of" VOs (tsrsetcd sad non-tsrsetcd compounds) was 3
times 8rcatcr thin total BN (tarltctcd plus non-tarsctad compounds)
concentrations. VOs accounted for 84 percent of the total VO and BN
compounds.

8) Total conccntrntlons of non-tarsctcd VOs were 19 times 8roster than the
priority pollutant (tzrsetad) VO compounds.

9) Total concentrations of" non-tarscted BN compounds were 3.7 times 8rester
than the priority pollutant (tarsctcd)BN compounds.
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1AOtt 1. 111111110E10,LrilltaElllRSlIL1MImlrlEll1mUlet| PqlA_ OPIklnt'll 1AOLE2. lltltlno E'X_IIIEtlT ttSUt?ll _TLql S_I.UDLtIqIASEOf InmOl[t
| (Itllt IIEATIN) OIL WIIIO USElM IIETIIOD(S24_' 1_. 2 (nCMEIRAIINO) OIL USIIll USEI'A_IIKIO _ * 15 (eASE

liI_'UTIALFnA_IOll). _._
_ r.o_o_rm- km at_dSa9r,mc_ro- I

tlon (rOb)* tim (rPb)*

I_lerlty Imllutmt _l_lle eqlmlee IIm/_wutrlle

bm_ene 646 fluorene l_J
ethyUs_axlno |]1_0 nmpthaltrm 2540
toluene IM0 phemmthrene Z_6 "

Wr*m
Addlt Iota! eoilpom_

Non-toroetedke_/mutrlle ltentatlvelf tdmtlfled
at-st/tree 3160 Cum_dm, tmctmtrstlom Ntlmsttd)
o,p'Wimw 3TrO
IqlBE 11T d_mne _ 3PJ
mthyl leelxm4 tetom _ md_,ne _0e 590

trdecme,3,6-dlmth14 6t2 590
t*J IIm-terleted volatile ml_ (tmtotlwty Idmtlfled ectme,Z,3,?-trlmthyt 1'10 i_

I_. eencwltretlenl Ntlmted) trldecme _1 1030
m13thole_, I *lmth11 _ 1230

tytt ol_ame-mtkl4 _ 950 11oIndene,1-ethy*,ldml Tr¢ 120
pllntml,me, (letil_idre. -eli* 924. 250 pe_t_*ozme 1141 1380
¢ycldselme. 1,_-dlamd_1, -elp I00_ _ _mpthste_e.1..t=dhmthyl 1183 _40
¢yctdmm% ettq4 1079 _ tmnd_me 091' 350

¢1_lohexem, tr Imlt44 11_1 4800 ... pentmd*cme 9]_J 1170
cycIehnme, I *etlWt *4.sm[tkIH I_1 1900 t r Idecree,F-preplrt 1020 9_
bm_.w.( I -mthy|ethlt ) 1_69 |_ decme,6-ethy1-2*mthyl 1I_0 MO
cTclawepme. 1-mthyl*_* dodecsne,2.7,10-tr Imthyl 1100 510

(3-ithylpmtyl) t_9 &50 ck_lecene,2-rot hyt-6-prop_ 1580 510

1-_tene,J,$-dlmt_ I&O0 $I00
bmsme,l_qWl It_J _JO0 *¢m_entrmtlone Ire rmJmk.doff to three elgnlfleant flgur_
l_._em.( 1-mtl_prq_ 1 1_1 2290
benzine. ( 1-netlNiethyl ) I_,T
here.*, 1-ethyl-3-_ ISge 6_0
Ix,n=_,e,metl_,l (S-mthttetl_) !_7' _400
Ix.n_ene,mt hyl (t-mthylethyt) 1716 490

•Concentrotlonsm-e roundedoff to 3 olgnlflcmt figures
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LIMITATIONS OFTHE STUDY

Limitations of the mixing experiment were as follows:

1) The mixing study represents I "worst case" sccnarlo of ground water
contamination from home hosting oil

2) Non-targeted compounds were. _ Identified by attempting to match
the mass spectra of the sample 1o a NBS library of similar spectra. Only
the first 15 non-targeted compounds in the VO and BN fractions were
tcntatlvcly identified. Additional non-targeted compounds may be present in
the water phase.

3) The analytical methods used wcrc limited to standard US _PA methodologies.
Compounds may be present in the water phase of the fuc| that cannot bc
detected using _PA Methods 4524and 625.

4) The study did not account for chemical reactions and biodegradation
processes that may generate Secondary pollutants in ground water after u
spill incident.

5) Only a single analysis was conducted.

CONCLUSIONS

This mixing experiment was conducted to establish t baseline of water
soluble components of no. 2 fucl oil. Table 3 sets forth recommended sampling
and analytical methods for number two fuel oil in ground water using standard
US _PA methodologies that most environmental laboratories should be capable of
running. Much more work h ,,ceded in the area of analytical methods for fuel
oils. A low cost, reliable analytical method needs to be developed
specifically for these fuels that will insure detection of the wide range of
water soluble compounds that compose thez_. Ironically, with all of the US I_pA
methodologies available today, field experience in New Jersey has shown that
one's nose may be one of the most cost effective, sensitive detectors of fuel
oil components in water supplies. It must be stressed that the authors arc not
advocating the use of the nose for detecting all ground water pollution, but
in the case of fuel oils, given the current confusion over • suitable
analytical method, odor should certainly be used in conjunction with
laboratory services when checking for the presence of no. 2 fuel oil in water
supplies.
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' TABLE 3. RECOMMENDED PROCEDUKES AND ANALYTICAL METHODS
FOR DETECTINO NUMBER TWO FUEL OIL IN GKOUND WATER

1) In any around-water pollution cese involving gasoline, fuel oils. kerosene.
Or diesel fuel. insure that st least three feet of well screen in the
monitoring well extends above the water table in order to detect floating
producL

2) All monitorin$ wells should be periodically checked for free product,
sheens, and toxic/combustible gases in the hcadspace of the well.

3) Fuel oils have very low odor thresholds. Water supplies should therefore be
checked for the presence of fuel oil odors. Ideally. • sample of hot water
should be first agitated In • jar and then choked for the presence of
odors.

4) The presence of fuel oll _ sheens, or free ercduct in • water supply
should, be interpreted as evidence of ground water pollution. The water
quality '_standard for odor, taste and petroleum hydrocarbons in ground water
in New Jersey is NONE NOTICEABLE.

$) Water samples should be obtained within two feet of the static water level
in the monitoring well.

6) Water from the "worst case" monitoring well as defined by the presence of
odors, sheens, free product should be •ualyzed using:

A) US EPA Method 624 plus the idcntlfication and cluantificntion of 15 non-
targeted compounds. The run should be continued for st least 40 minutes
to ins ere clution and detection of fuel oil coml_onents.

B) US EPA Method 625 (base/neutrals only) plus the identification and
quantification of 15 non.targeted compounds.

C) US EPA Method 418.1 (petroleum hydrocarbons). The sample must bc
collected at the water surface in the well.

7) All other monitoring wells should be sampled and analyzed using EPA Method
624 as listed in item 6A, •bore. At the discretion of NJDEP. monitoring
wells that show visible evidence of contamination (sheens or frec product)
may not have to be sampled.

9) Analyses of water from supply wells for fuel oil components should be done
using methodologies A, _, and C listed above. Supply wells should •lso be
Opened sad checked for accumulations of free product or sheens at the water
s_rface in the welL
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RETENTION TIME, MINUTES

Flgwe 1. Total ion chrornatogramof voiaffiea'gan_s for water
ao_ub)ephase of No. 2 fuel o_ (home heatingon) usingEPA
Method 624.
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RETENTION TIME, MINUTE8

F_ure 2. Total Ion chromaloOramol baoelneulral Iracllon for WsIor lOlUble phalm of No. 2 fuel oil (home healing ¢dO
EPA Molllod 025.
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