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Grourrlwater pollution with petroleum hydrocad::x:lJ1s is a 

widespread problem. 'IWo of the rrost toxic arrl soluble are benzene 

an:j toluene. 'Ibeir volatility also makes accurate analysis 

difficult by the c::amroc>nly used gas chromatography nethcd.. In this 

study, reverse phase high performance liquid chromatography was 

evaluated for detennination of their concentrations in mixtures 

si.rrulat~ contaminated grourrlwater. '!he contaminants, in 

concentrations of 2-5 rrg/L, were first extracted fram the water by 

siI;t1oning it through 15 em 3 of Altech XAD-4 resin contained in a 

buret. '!he resin was foun:l to rerrove 99% of the contaminants. 

Various rinse agents, canbinations of rinses, arrl teclmiques were 

tested an:j canpared to determine the nost efficient way to recover 

the benzene an:j toluene from the resin. '!he highest recoveries, 

50%, arrl rrost reproducible results were obtained by us~ 90 rnL of 

HPLC grade nethanol in a series of 10 rnL elutions through the resin. 

A rinse with methylene chloride follONed by 6-10 rinses with 

methanol was foun:l to be a satisfactory methcd. of clean~ the 

resin. 
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INIroWCI'ION 

Water quality is of increasirg concern. Pollutants which are 

particularly dan;Jerous to health are the volatile organic c:x:anpoul"rls 

which can be toxic arrl are classified as carcinogens [1]. '!he m:>st 

cx::mmcn source of these hydnx:arl:x>ns is petroleum, which is a c:cmq::>lex 

mixture of hun::freds of chemicals [1]. Of particular concern are 

benzene, toluene, and the xylenes (BI'X) because of their high 

toxicity and their high solubility which make them m::>re likely to 

reach grourrlwater [2]. In fact, BI'X arrl ethylbenzene (Bl'EX) are 

fourrl in the highest concentrations of all aromatic components when 

water becomes contaminated with gasoline (3). 

'!he specific CCtLlf#OSition of gasoline, includi..rg the 

concentrations of the BI'X CCIl'pJ\.IOOs, may vary widely depen:ting on 

the source of the petroleum arrl the production methc:d. In addition, 

gasoline may contain any of several additives: dyes, antiknock 

agents, lead scavengers, corrosion inhibitors, metal deactivators, 

arrljor octane enhancers [3]. Benzene, toluene, and xylene are the 

m:>st likely to be in all gasolines regardless of the maker [2,4]; 

therefore they m::>re likely to be good irrlicators of petroleum 

pollution. Also, lead-free gasoline has a higher fraction of 

aranatic hydrocarbons arrl is a1nDst tmiversal in its use [3]. 

'!he m:>st cx:::I11l'OCln source of BI'X in grourrlwater is from leaki.n:] 

~ storage tanks [5]; other sources include spills of 

gasoline, fuel oil, kerosene, or diesel fuel [1], poor disPosal 

practices of cleanirg solvents [6], arrl manufacturirg [7]. 
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COrx::entrations of about one part per million can cause water to have 

cbjectionable taste an:! odor; however, many locations have set 

maximJm allowable levels as low as one part per billion [1]. 

In Kansas, both the action level an:! the clean-up level are 5 

~ for benzene an:! 1000 ~ for toluene [8]. Two sites in ElIporia, 

service stations with llDIlitorin]lrJe1ls, have been reportin] to 

Kansas Deparbnent of Health an:! Enviromnent since 1991. Levels of 

fran 1,000 to 10,000 nUCI'Ogl:anlS per liter have been fourrl [9]; the 

l.II'Xie.rgroun:l storage tanks at one site had no visible holes but had 

BI'X concentrations up to 55.3 ppn in the water nearl:Jy [10]. Figure 

1 is taken fran a report by a waste consultant firm to the Kansas 

Department of Health an:! Envirornnent. 'lhe IlBp illustrates combined 

concentration levels of 1-10 ng/L of benzene, toluene, ethylbenzene, 

an:! xylene (BI'EX) in the gourrlwater near a service station in 

En'poria [10]. 

All BI'X/groun:1water studies foun:i in the search of recent 

literature done for this rese.arch errploye1 gas chranatographyas the 

analytical method. High perfonnance liquid chramatcgraphy (HPIC) 

offers inprove1 precision because of the fixed sample size provide1 

for by the injection loop [11]. In addition less semple preparation 

is required so analysis can proceed nx:>re rapidly an:! reduce the 

possible sample degradation. On-site HPIC has been use::l 

successfully for other organic c::ampoun:1s an:! reveals that 

info:nnation is lost to alteration over time. In these studies the 

only sample preparation necessary was centrifugation or filtration 

to rem:we particulates [12]. 
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A cx:msiderable annmt of a.rrrent research is beirq done 

on these c:x:::I'l'pJlII in soil arrl water to detennine how they are 

degraded by microbes, aquifer transfer patterrls, and nethcds of 

clean-up. '!his research foc:uses on use of a resin to extract arrl 

concentrate the analytes fran water, nethcds for their renv::wal from 

the resin, arrl improvirq the technique for quantitative analysis by 

usirq HPLC. 
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EXPERIMENl'AL 

'!he first part of the process was the extraction procedure. 

one gallon, 3.8 L, of distilled, deionized or tap water was used for 

each extraction pl:cx::ess. A known mass of gasoline, or volmne of 

benzene an::i toluene fran st.armrd. solutions prepared for this 

researd1, was added to the water. "Blanks" cart:ai.n.in:J only tap 

water or distilled, deionized water with no added chemicals were 

often nm for c:c:arparisan. Figure 2 illustrates the extraction 

cq:pnatus. '!he water was si~ through a ''U''-shaPed, 7 nun glass 

tube an::i into a 50 mL buret containi.Ig 15 em3 of XAD-4 Altech resin 

saturated with water. A cotton plu:J separated the :resin fran the 

bottan turet stcp:xx::k. Another stcp:xx::k was inverted in the top of 

the buret to hold the em of the glass tubi.n:J whid1 had been flared 

slightly to provide a better fit. contamination problems in early 

trials led to the addition of a d1a.rcx>al. filter to the extraction 

cq:pnatus arx:l later to usi.n:J N2 to replace the volmne lost in the 

ju:J as it enptied. '!he water passed through the resin at a rate of 

alx:ut 22 mL per minute; the last few milliliters were poured 

directly fran the ju:J into the buret. 

In earlier trials the gasoline was added to a large volmnetric 

flask partly filled with water, mixed, arx:l decanted to the gallon 

ju:J. Later the analytes were added directly to the gallon ju:J arx:l 

the contents mixed by repeated inversions of the capped ju:J. 
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'Dle analytes wre rE!lIOVE!d fran the resin with the rinse 

~tus, Figure 3. In m::st cases pressure tubin] was attad1ed' to 

the tcp of the b.1ret which 1'X1trl had a b.1ret tip in the inverted 

stopcxx::k. suction was ~lied to draw rinse solutions into the 

resin fran below in ol:der to provide the best possible contact with 

the resin an:l to eliminate prcblems of air pockets in the resin. 

'Dle rinse solutions wre contained in 50 mL graduated cylWers 

fitted with ooe-hole st:q:pers an:l glass tubin]. Rinse agents 

incllX3ed metharx>l (MeCII), hexane, acetonitrile (ACN), 

dich10ranethane (aI2C12 ), an:l sane canbinations of these. All rinse 

agents which wre to be analyzed wre HPIC grade. In IOOSt cases the 

anamt of the solvent added was recorded. Exceptions in the last 

set of analyses are ooted; in these the volume of solvent eluted 

fran the resin is used. 

'n1e i.nstnnnent used for the analyses was a Varian HPIC system 

equipped with a lOOdel. 2010 pmp, a 1OOdel. 2050 variable wave1ergth UV 

detector, an:l a Rheodyne injector. '!he column was a Alltech 

F..d1onosJ:here C-18, 5 micrQneter Particle diameter, reverse P1ase 

with dimensions of 250 nun by 4.6 inside diameter. A stripchart 

recol:der was used for ootpIt. 'n1e wavelergth was set at 208 run, the 

ran::Je was adjusted as needed, the flow rate was 1.0 mL Per minute, 

an:l the chart speed was set at 1.0 an per min. 

'n1e IId:>ile P1ase was a solution of HPLC grade methanol an:l 

distilled, deionized water. 'n1e two solvents wre measured by 

graduated cylimer an:l filtered through a nylon-66 filter. '!he 

volume a liD ositions ~ed fran 80/20 to 70/30 metharx>l/water. '!he 

heights an:l :retention t:iJnes produced on the elution ch:ranatograms 
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tNere carpared with those of prepared staroards for_ quantitative 

analysis. '!he st:an3ard solutialS used tNere of a concent:ration close 

to that predicted for the results of tl1e analyses. 

A M:FhersonIGCA FJ]-707-D spe.ct:.raIeter was also used to 

help detennine the efficacy of the extraction of benzene am toluene 

by the :resin. '!he instrument was set at 208 nancmeters. Matc::hed 

quartz cuvettes tNere used to contain tl1e :refererre solution, the 

rinse solution withaIt tl1e analytes: am the sample solution, tl1e 

rinse solution with benzene or toluene. 
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RESUll'S 

calibration curves for benzene arrl toluene are shown in 

Figures 4 arrl 5 for a ~e of concentrations from less than 2.0 

ngjL to about 25 ng/L. '!his range included all analyzed solutions; 

benzene response was linear between 2.5 arrl 24 ng/L. Toluene 

linearity occured between 2.5 arrl 21 ng/L. 

Retention tiIres varied with nobile phase arrl coltm1l1 con:lition. 

Typical values for 70/30 methanol/water were water, 1.8 minutes; 

methanol, 3.0 minutes; dichloramethane, 3.5 minutes; benzene, 4. 7 

minutes; arrl toluene, 5.9 minutes. Acetonitrile arrl hexane 

absorption peaks did not appear at 208 nanometers. 

Checks of the reproducibility of peak heights for the duration 

of one extraction :run were made. Examples of these heights are 

shown in Table 1. 'IWo injections were made of the benzene standard 

arrl two of the toluene st:.arrlard. '!he differences of the two heights 

is given as the range. '!he average range for benzene is 0.24 em an:l 

for toluene, 0.1 em. 

Several determinations were made of the arrounts of benzene an:l 

toluene present in gasoline. One old sample of gasoline tested 1.34 

arrl 1. 44 % benzene arrl 7.87 an:l 7.72 % toluene. A different, 

fresh, sample tested a year later showed 8.3% benzene an:l 14% 

toluene; ten days later the results were 6.4 arrl 10.2%, 

respectively. '!he literature gave ranges of 2-5% for benzene an:l 6

7% toluene [7]. 
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Tests of the resin 'Were made to detennine if it was effective 

for :renovin;J benzene arrl toluene fran water. Spectraneter analysis 

data is given in Table II. other d1ecks 'Were made by e:atparin;J 

elution chraratograns fran an HPIC analysis of tap water, gasoline

spiked tap water, arrl the spiked water after it passOO t:hroogh the 

resin. An exanple of these chranat.cq1ams is shown in Figure 6. 

Peak heights for benzene arrl toluene in spiked water were 5.29 arrl 

11.05 em; 0.25 arrl 0.70 em in the water before spiki..n;; arrl four 

tests of the eluent at different points in the extraction :run 

average:i 0.26 arrl 0.76 em. 

An at.tenpt was made to calculate the breakthrough point of the 

resin usin;J only 2.5 em3 of the cleaned resin arrl corx::entrations of 

benzene arrl toluene in the same ran;Je as other extraction 

procedures. A nonnal extraction process was started. 5anples were 

drawn as the mixture was eluted fran the buret, injected into the 

HPIC, arrl caopared with the st:arrlards. 'll1e apparent concentrations 

of benzene arrl toluene in the eluent were 0.41 arrl 0.32 ngjL for the 

first saIl'ple arrl nearly the same concentrations 'Were seen in saIl'ples 

drawn after 300 arrl then 500 mL 'Were :run t:hroogh the buret. 

Different solvents 'Were use:i to reIlDVe the adsol:bed benzene 

arrl toluene fran the resin as explained in the procedure section. 

'll1e percent r:ecovery of sin:]le rinses usin:] different aIlDUI'1ts of 

nethanol is given in Table III. 

Consecutive rinses of the resin with methanol 'Were tested. 

'Ihree trials 'Were made usin:] three successive 25 mL rinses TNhich 

'Were canbined arrl analyze:i with the HPIC. 'll1e results are given in 

Table IV. 'n1e values ran;Je:i fran 13 to 40% for both benzene arrl 
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toluene. In aoother test, four trials were made where three 30 mL 

portions of methanol were rinsed thn::u;Jh the :resin ani analyzed . 

separately. '!he:results are presented in Table V ani Figures 7 ani 

8. '!he percent :recoveries ~ fran 29.7 to 52.4% for benzene ani 

26.0 to 50.9% for toluene. 

'!he JOOSt detailed analysis of benzene ani toluene :recovery 

with methanol is shown in Table VI ani VII ani Figures 9 ani 10. 

'!he methanol was added 30 mL at a time to the top of the extraction 

bJret which held the adso:rbed analytes. Ten mL aliquots were 

drained fran the bJret ani analyzed. '!he time elapsed between 

elutions of the methanol was kept constant for each of the three 

extraction nD'lSl. '!he total :recovery averaged 50.4% for benzene ani 

48.8% for toluene. 

Various other rinse agents ani cx:mbinations were used to wash 

the :resin. Table VIII lists average :recoveries fran four trials 

when a me~l-hexane canbination was used. In this case l<H(X)3 was 

added to the gasoli.ne-wa.ter mixture. '!he average :recoveries were 

52a5 for benzene ani 53% for toluene. A fifth trial in which the 

l<H(X)3 was anittecl had :recoveries of 54 ani 53%, :respectiVely. Table 

IX is the set of :results when methanol, acetonitrile, hexane, ani 

dich10rarethane are used as rinse agents; :recoveries are 30-35%. 

Results fran methanol, hexane, ani dich10rcmethane rinses are in 

Table X; the total percents :recovered are 21.9 for benzene ani 62.1 

for toluene. 

Methanol was rinsed thn::u;Jh the jug, tubin;J, ani vollnnetric 

flask in order to detenni.ne hC1tt1 much benzene ani toluene were left 
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in the apparatus. 'IWenty-five mL of rrethanol was used to rinse the 

volumetric flask arrl another 25 mL to rinse the gallon jug arrl glass 

tubi.rg. In three trials, the average percentages recovered fram the 

volumetric flask were 3. 1 for benzene arrl 3.8 for toluene. For the 

jug arrl tubi.rq cx::rnbined, the percentages were 1.0 arrl 1.5, 

respectively. 

Analyses were also done on the spiked water soon after the 

benzene arrl toluene were added arrl at various other times as the 

extraction process progressed. 'Ihe concentrations of benzene arrl 

toluene in these samples were detennined.. Examples of these 

concentrations are presented in Table XI. 'Ihe apparent 

concentrations of benzene arrl toluene in the water at the J:eginning" 

average 3.49 arrl 3.23%, respectively; at the e.rrl, 2.28 arrl 2.90%. 

'Three of the trials had tests done of the spiked water near the 

midpoint of the extraction:nID. 'Ihese concentrations were 

intenre::liate between those at t.~e begi..nnin; arrl e.rrl. 

Gradually increasir'x; peaks in the benzene arrl toluene areas 

J:egan appearir'x; on the chromatcgrams of water arrl the spiked water 

after it was eluted fram the resin durir'x; the last several trials 

when the rrobile phase was bein; rec'jcled. An example near the 

J:egi.nn.irg of this Pericrl is on p. 1 of Figure 10 arrl one from a 

rronth later, or 12 lab days, is given on the secorxi page of figure 

10. Also duri.rg this time the p=.ak heights of the stan:13rd 

solutions gradually decreased. 'The peak height of the benzene 

st:.arrl1rd solution decreased frcrn 7.41 to 3. 62 en ~ the toluene 

p=.ak height went frcxn 12.52 to 8. 31 en. 'Ihese can also be compared 

with Figure 5 which was done midway between these two. midway 
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Figure 12 is an exanple of the chrama.~ used to detennine 

the best procedure for cleani.n:;J the resin between extraction 

processes. Olranatcgrarn segrrent a. illustrates pure methanol, b. is 

a methanol rinse of the resin after c:x:::llI'pletion of an extraction arrl 

rinsi.n:J procedure, arrl d. is the sixth 30 mL methanol rinse of the 

resin after 25 mL of Of2Cl2 was rinsed through. '!he pure methanol 

arrl sixth methanol rinse produce nearly identical chrama~. 
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DISOJSSION 

Observations of the chrc:xnatograms typified by Figure 6 of tap 

water arrl of benzene, toluene-spiked tap water after it had passed 

through the resin were used to detennine that the resin is effective 

for the rercoval of these species at a flaN rate of 20-25 mL per 

minute. calaJ.1.ati..rg the decrease in peak heights of benzene arrl 

toluene in the spiked sample to the extracted sample as a percentage 

of the decrease in peak heights in the spiked water to the tap water 

gives these results: 

(5.29-0.26)j(5.29-0.25)x100% = 99.8% for benzene, arrl 

(11.05-0j76)jll.04-0.70)x100% = 99.4% for toluene. 

'Ihe absorbance data from W analysis, Table II, reinforces this 

conclusion arrl in:licates that another absorbi..rg species is also 

removed from the tap water. 'Ibis data arrl the presence of interferi..rg 

peaks in the later dlrorratograms would make it necessary to run blanks 

arrl to get a baseline chromatogram of the water without the analytes 

before any quantitative analysis could be done. 

Although the plot of absorbance versus concentration is linear 

for concentrations of 2-25 ngjL for both benzene arrl toluene, results 

from other procedures tested in this research in:licate a need for 

further revisions in the procedure. Peak heights on chromatograms of 

the starrlard solutions shaN sorre variation as can be seen Table I. 

Variations from day to day could be explained by column deterioration, 

breakdown of the starrlards, or slight variations in the wavelength 

setti..rg which can occur as the instJ:urrent was adjuste::i after use by 

different operators. '!he first explanation is IOC>St consistent with 

the obsel:vations that the peak widths, taken at one-half the peak 
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height, increased as the peak heights decreased; exanples of this are 

visible in Figures 6 an:l 11. 

Analysis of the CXiup.:sition of the spiked water in the gallOn 

jug give a very wide rarge of concentrations for benzene an:l toluene 

('rable XI). nris is possibly due to evaporation while the extraction 

is in progress as the concentrations decreased withaIt exception 

durin;J the roughly three haIrs necessary to siP10n the water through 

the resin. After these declines ltt1ere first noted, IIDre inversions of 

the jug ltt1ere made in an effort to mix the benzene an:l toluene into the 

water. '!he beg:inninJ an:l en:lin:] concentrations remained roughly the 

same as before. 

Another problem is the low recovery rate. However, as the 

recoveries ltt1ere based on the startin;J concentrations of the analytes 

instead of what may have actually been present in the water for the 

duration of the extraction nD'l, the tl:ue percentages may have been 10

20% higher. '!he highest an:l IOOSt consistent recoveries ltt1ere achieved 

when 90 mL of methanol ltt1ere rinsed through the resin an:l eluted 10 mL 

at a time for a total of 80 mL of recovered methanol. nris procedure 

recovered about 50% of the startin;J annmt of each analyte. nris 

rinsin;J process took slightly over an hour. A m:dlani.zed approach to 

takin;J the rinse samples an:l analyzin;J them 'WO.1ld probably increase 

the reproducibility of the results, as 'WO.1ld fin:ting a way to solve 

the problem of the air bubbles which appeared in the resin every time 

methanol was added to the buret at the CC>IX':lusion of the siphonin;J 

process. 

'!he percent recoveries shown in Figures 9 an:l 10 an:l Tables VI 

an:l VII in::li.cate that it is definitely better to measure the volume of 
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the r:eo::Nery rinses eluted instead of the vo1Ulfe added. PCA.lri.n3' the 

rinses into the 't:q) of the b.1ret instead of vaClIUIllin:J then up also led 

to l1Dre consistent results. Althalgh this sanetimes necessitated 

maJdn;J repeated inversions of the b.1ret marnJa11y to rid the resin of 

air l:::lul:il1es, it seemed that less air cxmtacted the adsoIDed analytes 

than ~ the rinses were vaanlD'Ed up t.hrol¥Jb. the resin. Att.e.npts to 

detemine how well am how lorg the analytes were held by the resin 

before rinsi.n3' would be a logical extension of this work am could 

lead to a procedure for co11ecti.n3' the benzene am toluene in the 

field am transferri.n3' them to the lab for analysis. 

Little difference was noted ~ the potassium bicarbonate was 

added to "salt-out" the analytes to the resin. As some later studies 

i.n:ticated that the resin seemed to absorb the benzene am toluene 

effectively, this prcx:::ess can be eliminated. If evaporation is the 

cause of the 1CM recoveries am of the dec1ini.n3' concentrations of 

benzene am toluene in the jug of sp.ika:1 water, then studies could be 

nade to fi.n:i a substance TNhich \tJOllld hold the analytes in the tap 

water am :release them to the :resin, a f1oati.n3' "lid" on the spiked 

water, or use of a collapsible jug. 

No corx:1usions could be drawn with regard to the :relationship of 

the arrnmt of tiIre a rinse is left in the :resin with the annmt of 

benzene am toluene recovered. Efforts to reduce contamination such 

as the charcoal filter am replacement of roan air with nitrogen gas 

as the i.ncc:mi..rq gas carmot be substantiated as effective. 

Ou:anatograms did, as a general trerrl, show fewer interferi.n3' peaks as 

the :research continued, but canparisons made fran stnnrner to stnnrner 
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were of little value sirx:e water, resin, HPIC equiprent, columns, 

techniques, am contaminants in the air chan1ed. 

An effective cleanin1 process for the resin betvJeen extraction 

procedures was foun:i, as described in the results am in Figure 12. 

Dichloranethane was effective for renDVi.rg adsoJ:Ded species fran the 

resin am then 6 to 10 rinses of the resin with methanol were used to 

renDVe the dichloranethane. 

No theories were tested about the identity am size increase of 

the interferi.rg peaks which aweared on the dlramatograms duri.rg the 

last m:mth of analyses. '!he size decrease of the peaks for the 

st.arrlard benzene am toluene st.arrlard solutions could be due to a 

charqe in the ex:tlifXSition of the st:arx:3ard solutions. However, since 

the water was spiked fran these same solutions, the comparisons of 

rea:Nery rates fran one extraction nm to another over that time would 

still be awropriate. 
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Table I: REPRODUCIBILITY OF PEAK HEIGHT 
in centimeters 

OF 2.5 mg/L STANDARD SOLUTIONS 
70/30 methanol/water mobile phase 

BENZENE 
Injection: 1 2 range 

Date tr's(min) 
6/24/93 4.6 7.76 7.22 0.54 
7/06/93 4.5 6.03 6.20 0.17 
7/08/93 4.8 3.83 3.65 0.18 
7/09/93 4.5 3.70 3.75 0.05 
7/19/93 4.5 3.69 3.97 0.28 

avg 0.24 

TOLUENE 
Injection 1 2 range 

Date tr's(min) 
6/24/93 5.9 13.9 13.52 0.4 
7/06/93 5.6 11. 6 11. 57 0.0 
7/08/93 5.8 6.41 6.44 0.03 
7/09/93 5.6 6.59 6.56 0.03 
7/19/93 5.7 9.02 9.10 0.08 

avg 0.1 
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RESIN EFFICIENCY 
UV SPECTROMETER ANALYSIS 

BENZENE (B) AND TOLUENE (T) REMOVAL 
from 6-8 mg each analyte 

per gal. tap water 

AVERAGE ABSORBANCES AT 208 nm 

before after 
extraction extraction 

B/ACN/WATER 0.097 -0.040 
T/ACN/WATER 0.126 -0.029 
ACN/WATER -0.006 -0.034 

Table II 

19
 



Table III: BENZENE AND TOLUENE RECOVERY 
SINGLE MEOH RINSES 

from 50-70 mg/L gasoline in water 

rinse volume 
mL %B %T 

50.0 
30.0 
25.0 
50.0 

* 
8.14 

19.3 
14.7 

29 
4.56 

* 
10.8 

* not tested 
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Table IV: BENZENE AND TOLUENE RECOVERY 
THREE 25 mL MEOH RINSES, COMBINED 

from 10-15 mg/L gasoline in tap water 

Trial %B %T 

1 21. 4 17.8 

2* 40.0 40.0 
3** 15 13 

*backed up with spectrometer 
analysis 
**3pectrometer analysis only 
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Table V: BENZENE AND TOLUENE RECOVERY 
THREE 30 mL MEOH RINSES 

from 2-5 mg/L each analyte in tap water 

BENZENE RECOVERY (%) 

trial 
1 2 3 4 

fraction 
1 4.82 11.5 5.57 2.92 
2 20.7 26.6 22.7 18.0 
3 10.6 14.3 13.3 8.76 

total % 36.12 52.4 41.6 29.7 

TOLUENE RECOVERY (%) 

1 1.66 7.55 6.14 0.81 
2 25.0 24.9 20.4 15.7 
3 8.44 18.4 13.1 9.47 

total % 35.1 50.9 39.6 26.0 
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Table VI: BENZENE RECOVERY 
EIGHT 10 mL MeOH RINSES 
from 2-5 mg/L benzene in tap water 

percent recovered 

trial 1 2 
fraction 

1 0.00 0.00 0.00 
2 8.96 10. 10. 
3 11. 11. 12. 
4 11. 10. 12. 
5 10. 8.65 9.83 
6 5.62 4.43 5.00 
7 2.91 2.11 1. 72 
8 1. 09 0.77 0.52 

total % benzene recovered: 51. 47. 51. 
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Table VII: TOLUENE RECOVERY 
EIGHT 10 mL MeOH RINSES 

from 2-5 mg/L toluene in tap water 

percent recovered 

1 2 3 
fraction: 

1 0.00 0.00 0.00 
2 6.81 7.56 8.17 
3 8.87 9.41 10.2 
4 10.0 9.90 11. 0 
5 9.80 8.69 10.2 
6 6.68 5.72 6.64 
7 4.45 3.47 3.46 
8 2.22 1.64 1.52 

total % toluene recovered: 48.9 46.39 51.2 
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Table VIII: BENZENE AND TOLUENE RECOVERY 
MeOH AND HEXANE RINSES 

from 10-18 mg/L gasoline in 0.01 M KHC03/tap water 
results from 4 trials 

Benzene Toluene 

RINSE mean % std dev mean % std dev 

N 
U1 

40mLMeOH 
40 mL hexane 
'+120 mL MeOH 

6 
46 

2.6 
8.3 

2 
51 

0.8 
6.0 

avg % recovered: 52 53 



Table IX: BENZENE AND TOLUENE RECOVERY 
WITH MEOH, ACN, HEXANE, CH2CL2 RINSES 

Different Standing Times 
from 2-5 mg/L each analyte in tap water 

Trial 1 

solvent standing solvent 
time recovered % B % T 

(roL) 

MeOH none 28.7 3.80 2.40 
ACN none 32.0 18.0 18.0 
MeOH 18 hrs 25.0 4.10 6.30 
ACN 1.5 hrs 32.4 3.80 5.00 
Hexane 
+MeCl2 1 hr 25.0 1.40 3.70 

total % recovered: 31.0 35.4 

Trial 2 

MeOH none 23.0 3.50 1. 03 
ACN none 24.7 17.1 18.0 
MeOH 18 hrs 29.0 10.1 11. 8 
ACN 1. 5 hrs 30.8 3.69 5.02 
Hexane 
+MeCl2 1 hr 31.2 * * 

total % recovered: 34.4 35.8 
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Table X: BENZENE AND TOLUENE RECOVERY 
MEOH, CH2Cl2, HEXANE RINSES 

from 20-25 mg{L gasoline in tap water 
results from 3 trials 

Benzene Toluene 

mean % std mean % std 

40 mL MeOH 2.2 0.63 4.47 1.25 

N 
~ 

40 mL hexane 
+120mL MeOH 

50 mL dichloro
methane 

40 mL MeOH 

11.6 

4.5 

3.6 

0.16 

1.30 

0.47 

45.97 

8.26 

3.44 

4.66 

4.24 

2.18 

total 21.9 62.14 



Table XI: VARIATIONS IN BENZENE AND TOLUENE CONCENTRATIONS 
IN SPIKED WATER 

AS THE EXTRACTION RUN PROGRESSES 

in mg/L benzene or toluene in tap water 

trial before extraction during	 near end 
B, T	 B,T B,T 

1	 2.87, * 3.46, * 2.86, * 
2 3.20,3.11 2.97,2.87 2.16,2.18 

tIJ 3 3.34,3.34 * 2.30,2.30 
(X)	 

4 * ,3.27 3.47,3.06 2.36,2.21 
5 3.23,3.22 * 2.00,2.15 
6 3.40,3.06 * 2.28,2.00 
7 3.90,3.37 * 1.62, 1.46** 
8 4.48,3.56 * 2.63,2.39 

(1.98, 1.91 after standing) 
*not calculated 
**instrumentation problems 
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Figure 3 
RINSE APPARATUS 
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Figure 4 
CALIBRATION CURVE 

FOR BENZENE 
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Figure 5 
CALIBRATION CURVE 

FOR TOLUENE 
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Figure 7: BENZENE RECOVERY 
in successive 30 mL rinses of MeOH 
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Figure 8: TOLUENE RECOVERY 
in successive 30 mL rinses of MeOH 
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Figure 9: BENZENE RECOVERY 
with 10 mL elutions of MeOH 
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Figure 10: TOLUENE RECOVERY 
with 10 mL elutions of MeOH 
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Fiqure 11 
TAP WATER CHROMATOGRAMS 
WITH INCREASING INTERFERING PEAKS 
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Figure 11 
TAP WATER CHROMATOGRAMS 
WITH INCREASING 
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