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SECTION I
INTRODUCTION

BACKGROUND

The broad scope of Air Force activities demands that both industrial and

domestic wastewaters be treated and discharged in accordance with Federal or

more str ingent regi ona l standar ds and local industr ial was te ordi nances. The
anal ysis of most metals , independent of oxidation state and bonding, may be ac-
complished rout inely; however , the env ironmental significance of a substance of-

ten requires a determi nation of the chemical nature of the wastestream compon-

ents wi th which the substance is associated in solution or to which it is bonded .

In tradi tiona l sanitary eng ineering practice , the organic content of do-

mestic secondary treatment plant effluents is described in terms of Biochemi-

cal Oxygen Demand (BOD), Chemical Oxygen Demand (COD), or Total Organic Carbon

(TOC). These are usefu l parameters for plant design and control , but they
disclose littl e information concerning the organics or inorganics present in

a flow . In selecting a wastewater treatment process , it must be determined

whether it will be more appropriate to lower carbonaceous oxygen demand or to

reduce phosphorous , nitrogen , or heavy metal content; therefore, a knowledge
of the compounds present in the organic matrix , or of their general character ,

is desirable.

Var ious Environmental Protection Agency , state , and university laborator-
ies are attempting to further identify the specific nature of the organic car-

bon by gas chromatography/mass spectrography and other sophisticated analyti-

cal procedures . These investigations are directed toward establishing the pre-

vail ing levels of pesticides , hydrocarbons from industrial wastes, and natur-
all y occurring trace organics. In recent years , consideration has been given
to halo organics , which form a very large class of organic compounds that may
be persistent , bi oaccumula ble, and/or toxic on a short- or long-term basis.

Concern for the nature and amount of trace organic substances in finished

drinking water and water sources is now evident. A high degree of sophistica-

tion is required to analyze the spectra of org~inics present in these waters.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Reference 1 presents the Organics—Carbon Adsorbable (0-CA) procedure as a ten-

tative standard for evaluating the gross organic content of raw and finished

waters. Although it is recognized that the activa ted carbon medium recovers

onl y a portion of the naturally occurring trace organics , the method does pro-
vide enough information to signa l a degradation in the quality of raw water ,

water purification , or wa ter d istr ibution , or a potential hazard from unsus-

pected chem i cal content.

An efficient recovery of trace organics from aqueous systems has also

been accomplished by weakly bonding the solute onto polymer resins , which are

later rinsed wi th selected organic solvents to obtain a gross extract. Despite

rather intensive effort in this area of investigation , ion exchange is gener-

all y not recognized as the method of choice for concentrating a broad range of

trace organic materials. In general , however , the resin procedure is simpler ,

less time consuming , and less dependent upon the judgment of the analyst than

the activated carbon recovery procedure .

Studies performed on natural and finished waters show that both resin and

activated carbon recovery procedures are specific in their ability to concen-

trate or remove organics . However, lim i ted data are available for estimating

the relative fractions of the organics present in the effluent from an acti-

vated slud ge facility that are recovered as resin or activated carbon extracts.

Also , the development of correlations between extract concentration , COD , and
b C  has not been reported for a functioning activated sludge plant that treats

primarily domestic sewage.

Another approach to analyzing the organics refractory to secondary bio-

log ical treatment is to introduce the aqueous effluent sampl e directly into a

hi gh-pressure liquid chromatograh (HPLC) fitted with appropriate columns and

detectors to separate and identify the components of the complex mixture . Most
HPLC systems are very versat i le in terms of column ca pabi li ties , solvents,

Ref erence —
1.  Standard Methoda fo r  the Examination of Water and Wastewater , 14th edition ,

American Public Health Association , American Water Works Association , and
Water Pollution Control Federation , Washington , D.C., 1975.

2
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temperature , and mode of operation . Unl ike gas/liquid chromatography, HPLC
can often be employed to separate high molecular weight polymer substances ,
which may then be identified or characterized by other techniques .

OBJECTIVES

The followi ng were the objectives of this project: 1) development of
HPLC techniques for the separation and measurement of refractory organics in
biologically treated effluents, 2) evaluation of the capability of activated
carbon and macroreticular resin media for recovering residuals from the ef-
fluents , 3) characterization of the effluents by conventional wastewater
parameters, 4) correlation of conventi onal parameters wi th carbon and resin
recoveries, and 5) characterization and identification of selected fractions.

SCOPE

Ten carbon chloroform extracts (CCE) were recovered from the effluent of
a secondary treatment plant. A carbon mass balance employing total organic

carbon as the major parameter was used . The capability of the minisampler
procedure for providing a meaningful quantitative estimate of low turbidity

secondary effluents was evaluated . The work also included fractionation of

the organics by solvent extraction , gel -permeation chromatography, and func-
tional group analysis.

Five of the extracts were recovered by carbon adsorption and five by

parallel ion exchange recovery on XAD-2. The quanti ty of carbonaceous

organics passing through the systems was measured by effluent TOC values .
The work also inclu ded development of an optimi zed acti vated carbon recovery
system for refractory organics , which uses a significantly smaller volume of
sample and less active carbon. Continued effort was made on the fractiona-
tion of organics by HPLC, gel-permeation chromatography, and functional
group analysis.

3
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SECTION II
LITERATURE REVIEW

This literature survey presents studies pertaining to the characteriza-
tion of treated effluents by traditional and more sophisticated procedures
and to the analysis of wastewater samples and extracts by the HPLC and the
Gas Chromatography/Mass Spectroscopy (GC/MS ) techniques . Section IV of
Reference 2 contains a sumary of procedures for the recovery and character-
ization of trace organics.

CHARACTERIZATION OF TREATED EFFLUENTS

The process behavior of two paper mill treatment facilities with differ-
ent systems is reported by Kei th (Reference 3). The author states: uTo our
knowledge this study represents the first attempt to characterize a wastewater
chemically, trace the dissolved volatile organics through the treatment sys-
tem, and correlate this information wi th the traditional collective pollution

parameter measurements (BOO, T0C).~ Total fatty acids in the effluent increased

17 percent wi th biological treatment , and the total number of fatty acids in-
creased relative to the raw wastewater. Direct solvent extraction with chloro-
form was employed to concentrate the organics from the sample stream.

Dunlap, et al. (Reference 4) concentrated organic pollutants from a
landfill wel l by means of XAD-2, Polyamide Woelm propanol-water (PAW-PW),
PAW-2-propanol (PAW-P), carbon chloroform extracts (CCE), and carbon

References
2. Caton , Jr., Roy D., Matthews , James R., and Walters , Edward A., Development

of High Pre ssure Liquid Chroma tographic Techniques , AFCEC-TR-76-26, Air
Force Civil Engineering Center, Tyndall Air Force Base, Florida , 1976.

3. Keith , L. H., “GC/MS Analyses of Organic Compounds in Treated Kraft Paper
Mill Wastewaters.” In L. H. Kei th (Ed.), Identification and Analysis of
Organic Pollutants in Water , Ann Arbor Science Publishers , Inc., Ann Arbor ,
Michigan , 1976.

4. Dunlap, W. J., et al., “Isolation and Identification of Organic Contamin-
ants In Ground Water.” In L. H. Kei th (Ed.), Identification and Analy8ie
of Organic Pollutants in Water, Ann Arbor Science Publishers , Inc., Ann
Arbor, Michigan , 1976.



alcohol extracts (CAE). Each of the adsorbents was found to have both advan-
tages and disadvantages. PAW was particularly effective for recovery of inter-
mediate to high molecular weight compounds containing phenolic hydroxyl groups ,
and it was as effective as XAD-2 for recovery for all compounds tested which
had a molecular weight greater than 200. XAD-2 was far superior to PAW for
the l ower molecular weight compounds. Activated carbon appears to be much more
effective than either PAW or XAD-2 for removal of carboxyl ic acids from solu-
tions of ph greater than 6. Also , it was found that although the first column
in the series of two XAD-2 or r

~w columns appeared to recover most of the or-
ganic matter that was present , significant quantities of material were present
on the second column in the series of two carbon columns.

The standard 0-CA minifilter and a step-flow reactor were used by Hewitt
(Reference 5) to characterize four shallow Rio Grande Valley wells for trace
organics. Two wells exceeded the recommended value for CCE in drinking water
(0.7 mg/.e.) with concentrations of 1.27 and 0.87 mg/Z. The CCE recovered by
the 0-CA minisampler showed significant correlation wi th well depth , nonvola-
tile total organic carbon (NVTOC), and total and fixed residue.

Chian and DeWalle (Reference 6) characterized the soluble organic matter
in leachate collected below solid waste fills by ultracentrifugation , ultra-
filtration , gel permeation, gas chromatography, and specific chemical analyses.
After the l eachate sample had been subjected to 30,000 rpm for 30 minutes , the
largest organic fraction consisted of free fatty acids capable of permeating a
500-molecular weight u~ .rafiltration membrane. The authors state that their
results agree with those of less comprehensive studies of humic substances in
soil or water. They state that samples from widely different environments in-
dicate a similar distribution of specific organics in the different molecular-
weight fractions. This uniformi ty implies that similar processes control the
composition of organics in natural env ironments.

References
5. Hewi tt, Jr., J. L., The Development and Characterization of a Step—flow

Reactor for  the Recover~j of Trace Organics , MS Special Problem, Department
of Civil Engineering , University of New Mexico , Albuquerque , New Mexico ,
1976.

6. Chian , E. S. K., and iieWalle , F. B., “Characterization of Soluble Organic
Matter in Leachate ,” Environmental Science and Technology, Vol. 11, p. 158,
1977.
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The apparent molecular weights of organic~ present in the effluent of a
trickling fi l ter and contact stabilization activated sludge plant were inves-
tigated by Sachdev , et al. (Reference 7). The effluent was filtered through
0.45-micrometer membrane filters , mechanically freeze dried , anc~ resolved on
B-la , B-is , and G—2 5 Sephadex gels. The organic carbon concentrations in the
samples and fractions were determined wi th a carbonaceous analyzer. It was
concluded that no organics of apparent molecular weights between 1 ,500 and
5,000 existed in the two wastewater effluents investigated .

ANALYSIS AND IDENTIFICATION OF LOW MOLECULAR WEIGHT COMPOUNDS

Although it is generally agreed that the bulk of organic matter—over 75
percent in most waters—is nonextractable , nonvolatile , and mostly nongas-
chromatographabie , the most successful work in identify ing and quantifying
specific soluble organics in municipal wastewaters has involved the applica-
tion of BC/MS and BC systems equipped wi th capillary columns .

Garrison , et al. (Reference 8) studied the nature of the residues from
parallel activated sludge and physical-chemical pilot-plant treatment systems
to identify extractable volatile organics in representative raw and treated
domestic wastewaters. Samples were collected in glass containers , adjus~~’~ to
pH 4 to 5, and stored for 1 to 3 days at 4°C before extraction wi th m~thy1ene
chloride. The appropriate fractions were then partitioned and analyzed by BC!
MS as concentrated organic neutrals , methyl esters, and organic bases . Eighty
volatile organic substances were identified in the raw and treated wastewaters ,
and the authors concluded that these methylene chloride-extractable compounds
constitute less than 25 percent of the total organic components of raw and
treated domestic waste .

References
7. Sachdev , D. R., et al., “Apparent Molecular Weights of Organics in Second-

ary Effluents ,” Journal of the Water Pollution Control Federation, Vol. 48,
p. 570, 1976.

8. Garrison , A. W., et al., “BC/MS Analysis of Organic Compounds in Domestic
Wastewaters. ” In L. H. Kei th (Ed.) , Identification and Analysis of Organic
Pollutants in Water , Ann Arbor Science Publishers , Inc., Ann Arbor ,
Michigan , 1976.
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Giger , et al. (Reference 9) employed similar techniques for enriching and
identify i ng substances in effluents that were filtered through fritted glass ,
solvent-extracted wi th ethylene chloride , and split into three fractions by
adsorption -column chromatography on silica . Gas chromatography and GC/MS sys-
tems wi th glass capillary columns were used for analyses . These authors state
that studies of chemical ecology necessitate analyses for single constituents ;
however, since environmental samples are of extraordinarily high compositiona l
complexity and single components occur in trace quantities , very efficient en-
richiiient , separation , and detection techniques are needed . Further , compari-
sons with TOC values of primary and secondary effluents showed that only 5 per-
cent of the organics are amenable to gas chromatography .

ANALYSIS AND IDENTIFICATION OF HIGH MOLECULAR WEIGHT COMPOUNDS

The analytica l technique that provides the most promise for determining
the specific organic compounds present in various waste effluents and natural
waters is high-resolution liquid chromatography (HRLC). Pitt , et al. (Refer-
ence 10) concentrated wastewater effluent 5- to 100-fold in a vacuum still or
rotary evaporator and then lyophilizet~ t’~e 100 mi to an unreported fraction.
Before the concentration steps were performed, the sample was fi l tered through
a 0.45-micrometer membrane filter and was then passed through weak cation ex-
change beads in the H~ form, which acidified it and reduced the quanti ty of
precipitat ed inorganic salts . The HRLC system employed high-resolution anion
exchange chromatography to analyze individual aquatic pollutants . The ion ex-
change columns were 150-cm l engths of No. 316 stainless steel tubing (0.22 to
0.62-cm i.d.) packed with strongly basic ion-exchange resin. The ultraviolet
(UV) analyzer chromatograms were developed by elution wi th an amonium acetate-
acetic acid buffer solution (pH 4.4) whose acetate concentration gradually

References
9. Giger , W., et al., “Separation and Analysis of Refractory Pollutants in

Water by High-Resolution Liquid Chromatography .” In L. H. Keith (Ed.),
[den tifiection and /lnalyais of Organic Pollutants in Water, Ann Arbor
Science Publishers , Inc., Ann Arbor , MIchigan , 1976.

10. Pitt , Jr., W. W., et al ., “Separation and Analysis of Refractory Pollu-
tants in Water by High-Resolution Liquid Chromatography.” In 1. H. Kei th
(Ed.), Identification and Analysis of Organic Pollutants in Water , Ann
Arbor Science Publishers , Inc., Ann Arbor , Michigan , 1976.
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increased from 0.015 to 6.0 molar. The carbohydrate analyzer employed a sodium
borate-boric acid buffer (pH 8.9) as the eluent. The boron concentration varied
froiii 0.0845 to 0.845 molar during an analysis. Positive Identification of com-
pounds was accomplished by collection of the separate fractions from the chroma-
tographic run; removal of the eluent by freeze drying; taking up the organics in
methanol; and examination by UV spectrometry, gas chromatography , mass spectro—
scopy or other techniques. By use of the UV analyzer , over 100 compounds have
been separated and detected in samples of primary effluents , and as many as 50
compounds have been detected in samples of concentrated secondary effluents .
The authors emphasize that this procedure significantly reduces the likelihood
that the nature of the chemica l compounds will be altered since the samples are
analyzed in the same media in which they are present in the environment.

A recent publication edited by Simpson (Reference 11) is a lucid , infor-
‘native book on HPLC . The authors point out that a universal detection method
is not available at present, so bulk or solute property detectors must be
employed.

A major concern in the study of aqueous environments is the generation of
carcinogenic or life-shortening halo organics during the chlorination of raw
sewage, treated effluents, or drinki ng water. In an excellent review of halo
organics in water supplies , McConnell (Reference 12) rationally defines the
concern over these compounds in the environment. The etiology of chloroform
in water has not been determined . However, Symons, et al. (Reference 13) state
in an interim treatment guide for the control of chloroform and other trihalo-
methanes that chloroform concentrations are lower when chlorine disinfectant

References
11. Simpson , C. F., Editor , Practica l High Performance Liquid Chrow.ztography,

Heyden and Son , Ltd., London , 1976.
12. McConnell , George, “Halo-0rg~nics in Water Supplies ,” Journal of the Insti-

tu te of Water Eng ineers and Scientists (G.B.), Vo l. 30, No. 8, p. 431,
1976.

13. Symons , J. W., et al., Interim Treatment Guide for  the Contro l of Chloro-
form and Other Triha lomethanes , Water Supply Research Division , MERL ,
Office of Research and Development, U.S. Environmenta l Protection Agency,
Cincinnati , Ohio 45268, June 1976.
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is applied to water having the lowest possible organic content. These findings
should place increased significance on the ability to recover, separate, and
identify those organic compounds discharged through secondary effluents into
raw water supplies .
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SECTION I I I

RECOVERY OF ORGANIC EXTR ACTS AND
CHARACTERIZATION OF TREATED WASTEWATER

The extended-aeration , activated-sludge treatment plant selected as the
source for treated wastewater is illustrated in Figure 1. The following re-
covery runs were made using the 0-CA minifilter (O-CA-mf) method and the XAD-2
macroreticular resin procedure: ten 0-CA runs , one nonparalleled resin run ,
and five parallel 0-CA and resin runs.

The first four O-CA-mf runs were made wi th the minifi lter installed at
the activated-sludge treatment plant. Several problems, including plant fil-
ter shutdown , sample solenoid valve failure , and varying minifi lter flow rates,
occurred during these initial runs. So the recovery procedure could be more
closely monitored , all subsequent runs were carried out at the University of
New Mexico Civil Engineeri ng Department laboratories. Samples were collected
from the Rio Rancho effluent wet wel l in 24-liter borosilicate glass carboys and

Cominutor Chlorination Site

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

November 1
97/

Domestic Sewage Excess Activated Sludge

Aerobic Sample Site
Digestion 

______________

Tank L.c;:— -

Sand/Anthrac ,/tffluent Wet WellPres sure F ilter (Below Bu ildi ng Floor )
Chlorination Site

SInce November 1976

Figure 1. Extended-Aeration , Activated-Sludge Treatment Plant
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were transported to the laboratory. Upon arrival , the samples were rapid sand
filtered . The filter was constructed from a metal 5-gallon reagent drum with
the bottom removed and a fine stainless steel screen soldered over the pour
spout. The filter was filled wi th a 12-inch layer of sand that passed a 600-
micrometer sieve and was retained on a 425-micrometer sieve. Before each sam-
ple was fi l tered, the filter bed was washed wi th cold tap water, stirred , and
rinsed unti l the filter overflow was clear. The elapsed time from sample col-
lection to the completion of filtration was approximately 1 hour. All samples
except the first four 0-CA samples were filtered in this manner.

The sample dates, flow rates, and multimedia filter and chlorination in-
formation are given in Table 1. The organic recoveries , as measured by CCE,
resin ether extract (RErE), and resin acetone extract (RAcE), wi th correspond-
ing NVTOC , COD, and residue data , are shown in Tables 2, 3, and 4.

Extraction blanks were run on the carbon and resin; the appropriate elu-
tion procedure was used for each. The value for the carbon chloroform blank
was 2.6 mg per 70 g carbon. The values for the resin ether and resin acetone
blanks were each less than 0.1 mg per 15 g resin.

During the 48-hour parallel -recovery runs , the carbon and resin column
effluents were sampled periodically and analyzed for NVTOC concentration. The
resulting breakthrough curves for parallel runs 1 through 5 are presented in
Figure 2. These curves indicate that the capacity of the adsorbants was not
exceeded during the recovery period .

In addition to the sample characterizations listed in Tables 1 through 4,
several other parameters were measured for samples taken in August 1975 and
December 1976. These analytical results are presented in Table 5. A sample
collected on April 8, 1977, was further characterized by vacuum fil tration
through a Pellicon molecular separator

1 wi th an exclusion limi t of 10,000 nom-
inal molecular weight. A 200-iji aliquot of the sand-filtered sample was further

Footnote
‘Mil lipore Corporation , Bedford, Massachusetts 01730.
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TABLE 1. SAMPL E COLLECTION DATA

________ — 

Flow, Plant
Run Collection Millions of Sand/Anthracit Sample

Number Date Gallons Filters Chlorinated
Per Day Operational 

______________

Carbon 1 11-26-75 0.280 Yes Yes

2 1-13-76 0.134 Yes Yes

3 1-14-76 0.136 No Yes

4 1-27-76 0.142 No Yes

5 5-4-76 0.365 Yes Yes

6 5-24-76 0.370 No Yes

7 6-9-76 0.340 No Yes

8 6-19-76 0.340 No Yes

9 8-10—76 0.260 No Yes

10 8-10-76 0.260 No Yes

Resin 1 10-4-76 0.290 No Yes

Parallel 1 12-12-76 0.330 No No

2 1-10-77 0.340 No No

3 1-18-77 0.350 No No

4 2-1-77 0.340 No No

5 3—26-77 0.350 Yes No

Improved 1 5-2-77 0.380 Yes No

2 6-1-77 0.370 Yes No

13
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TABLE 2. EFFLUENT CCE , COO, AND NVTOC
FOR ACTIVATED CARBON RUNS

Run CCE , COD , NVTOC ,
Number mg/i mg/i mg/i

1 1.62 82 25.0

2 1.87 111 33.5

3 17.05 276 120.0

4 9.31 225 -

5 1.94 98 -

6 2.80 115 36.0

7 1.17 82 24 .5

8 0.90 82 25.5

TABLE 3. EFFLUENT RErE, RAcE , AND NVTOC
FO R NON PARAL LELED RE SIN

RErE , RAcE , COD, NVTO C,
mg/i mg/i mg/i mg/i

0.33 0.42 90.0 29.5

14 
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TABLE 5. TREATED WAST~WATER CHARACTERIZATION

Parameter August 1975 December 1976

pH 9.9 7.3
Suspended Solids , mg/.e 4 --
Turbidity , FlU 7 1.7
Specific Conductivity , iimhos/cm 820 610

Dissolved Solids , mg/i 521 --
Sodium , mg/L 114 --
Potassium , mg/.e 16.2 ——
Calcium , mg/i 15.5 --

Ma gnes i um , mg/.e 3.4 --

Har dness , mg/Z as CaCO , 95 --
Total Alkalinity , mg/Z as CaCO , 130 70

Car bona te Al kal i n i ty, mg/i as CaCO 3 130 78

800 5 1 mg/i -- 9

COD , mg/.e -- 54

Total P hosphorous , m g P~E 11.5 4.3

Or tho P hospha te, mg P/.~ 8.5 --
Chlor ide, mg/.e 81 --

Sulfate, mg/L 96 --

Fecal Col iform , CFU/100 me 0 0
Total Residue , mg/i -- 534

Fixed Residue , mg/e -- 442

Volatile Residue , mg/i -- 92

To tal N i tro gen , mg N/~ 9.6 --

Aimionia Nitrogen , mg N/~ 1. 5 1.2

Nitrate Nitrogen , mg N03/.e 14.6 --

21
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filtered through a 1 -micro n glass fiber filter. The Pellicon fi l ter was im-
mersed in the glass fiber filtered sample and vacuum was appl i ed unti l a volume
of 100 mi of filtrate was ~~Ilected . The Pellicon filtrate was analyzed and
was found to contain 80 percent of the COD and 85 percent of the NVTOC of the
glass fiber filtrate . Thi s result indicates that most of the organic material
pres en t is of nom inal molecular we ig ht (less than 10,000).

Linear regression analysis yiel ded relationships wi th regression coeffici-
ents of 0.9 or greater for the correlations tabulated in Table 6. The NVTOC-
versus-COD correlation given in the last row of Table 6 was reported in a pre-
vious study (Reference 14) of activated sludge effluent from a different treat-
ment plant. The similarity of the regression curves for the two sources of ac-
tivated sludge effluent, the small plant used for this study treating 0.35 MGD

F and the other plant (Reference 14) treating more than 25 MGD , would indicate
that these relationships may be valid for a broad range of activated sludge ef-
fluents. Efforts to correlate CCE with total , fixed , or vola til e res idue gave
regression coefficients of less than 0.4 (not presented). The tabulated rela-
tions hi ps are presen ted gra ph icall y in Figures 3 and 4.

TABLE 6. RELATIONSHIPS BETWEEN EFFLUENT PARAMETERS

Rel ated Parameters Relationships Sample Size

CCE Versus COD CCE = 0.058 COD - 2.65 0.90 15

CCE Versus NVTOC CCE = 0.141 NVTOC - 2.19 0.90 14

NVTOC Versus COD NVTOC = 0.41 COD - 3.24 0.96 14

aNVTOC Versus COD NVTOC = 0.45 COD - 2.01 0.98 16

aFrom Reference 14.

Reference

14. Pierce , G. 0., Pilot Plant Activated Sludge Study UBing High Rate Trick-
ling Filter Effluent, MS Spec ial Pro blem , Department of Civil Engineering ,
Un ivers ity of New Mex ico , Al buquerque , New MexIco , 1975.
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SECTIO N IV
DEVELOPMENT OF AN IMPROVED RECOVERY SYSTEM

The limitations of the 0-CA-mf apparatus and procedure were apparent after
the first recovery run. Since the minifilter is designed to recover trace or-
ganics from potable and natural waters , which should contain less than 0.7 mg/i
organics , the volume of sample must be large to recover an accurately weighable
quantity . Also , the minifi lter is not easily cleaned unless rinsing at a high
rate of flow is satisfactory. The timer and solenoid assemblies are not stan-
dard i tems except in major metropolitan areas; this factor complicates the fab-
rication of the standard unit. These limi tations and the low recovery effici-
ency of the unit (approximately 40 percent) were major reasons for seeking an

improved system.

Prelimi nary efforts were directed toward determining whether a hydrau-
lically pu l sed carbon bed is significantly more effective than a nonpulsed car-
bon bed for recovering organics from biological effluents. The parallel recov-
ery run in which two standard minif liters were used yielded CCE concentrations
of 1.22 and 1.01 mg/i for the pulsed and nonpulsed carbon beds, respectively.
Because the minifi lter column does not satisfy the 8-to-i column-length-to-
diameter ratio considered to be essential for many extraction and adsorption
process es , the puls ing was el im ina ted an d was re p l aced by a more slender co l umn
geometry.

To establish the ratio of activated carbon to total effluent volume through

the unit , batch ki netic studies were performed with NVTOC as the control param-

eter (Figure 5). The 0-CA-mf procedure specifies that 70 g of Filtrasorb 200’

must be exposed to 60 liters of sample (a ratio of 1167 mg carbon per liter sam-
ple). The percent removal of NVTOC attained after 24 hours, compared to the

NVTOC remo va ls shown i n F igure 2, indicates that the batch kinetic tests at
1000 mg carbon per liter reasonably simulated the standard minif liter charac-

teristics. It is apparent that higher carbon-to-effluent-volume ratios yielded

lower residue-NVTOC values , indicati ng greater recovery.

Footnote
‘Ca lgon Cor pora tion , Pittsburg , Pennsylvania.
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The improved recovery system (IRS ) (Figure 6) was fabricated of components
carried by major chemical equipment suppliers. The basic system characteris-
tics include the fol lowing features:

Carbon weight - 35 grams
Sample volume - 16 liters
Sampling time - 24 hours
Column length:diameter - 13.7:1
Tubin g - Tef lon® except for silicon at pump
Flow rate - 11 .1 m.t/min

The 0.25-inch o.d. rigid Teflon® tubing is connected at splices by a 3-inch
section of 0.25-inch i.d. flexible Teflon® tubing , which prov ides an exce ll ent
low-pressure coupling . The unit is simple to maintain and operate, and the
recovery of CCE and the residual NVTOC values (Figure 7) was significantly
more desirable than that obtained wi th the standard minifilter . On the basis
of the relative UV response of the HPLC spectra (Figures 8 and 9), one woul d
expect a significant fraction of the additional components recovered by the
IRS to be of low molecular weight and nonpolar in nature.

Efforts were also made to reduce the scale of the resin recovery system
in order to lower the investment in solvents and test apparatus. The smaller
unit , however , showed no obvious advantage in recovery performance (Figure 10)
and proved operationally unreliable due to the low sample-flow rate and the
small amount of extract recovered. The low recovery efficiency for NVTOC by
the XAD-2 is apparent from the high NVTOC values in the sample effluent (see
F igure 7) .

27
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19 mm l.D. x 250 mm
Pyrex Chromatography
Column-7

/ -~--—From SampleReservoir

I 
~~~ .,#~ Tef lon® Tubing

Silicon Rubber Tubing
To Waste Used in Pump Head

or
Container

Perista]tjc Pump

35 g Activated
Fil ter Carbon Media
Discs

Support
Cou pl ing

Not
Shown

Figure 6. Improved Recovery System (Activated Carbon)
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Figure 8. Gel Permeation Spectra - CCE - Parallel Run 3
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Figure 9. Gel Permeation Spectra - CCE - Improved
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Figure 10. Gel Permeation Spectra - Resin Extracts -
Improve d Recover y System 2
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SECTIO N V
EXTRACT CHARACTERI ZATIO N

PRE PARATION OF EXTRA CTS FOR CHROMATO GRA PHY

- All the dried carbon and resin extracts were dissolved in 10 mZ of tetra-
hydrofuran (THF), except that for the CCE of run 3, an aliquot of approximatel y
52 my was used . The sample solutions were filtered through a 1-micrometer
Teflon® filter . A gjass syringe was used to apply pressure. The Teflon® fil_

ters were mounted in a stainless steel holder. (Filters , syringe , and filter
holder are manufactured by Millipore Corporation and supplied as a kit by Wa ters
and Associates.) The samples were ftltered into cleaned and fired (550°C , 1 hour)
borosilicate glass vials fitted wi th 1/32-inch-thick Teflon® gaskets in the caps.

An attempt was made to dissolve minute aliquots of several extracts in
methanol , but this resulted in the formation of a disperse , cloudy material
which quickly plugged the Teflon® filters . This material presumably would al-
so have clogged the injection syringe or the column heads, so only THF solu-

tions of the extracts were used for chromatography .

OPERATING PROCEDURES FOR THE WATERS ALC200 SERIES HIGH-PRESSURE
LIQUID CHROMATOGRA PHY SYSTEM

In genera l , the procedures recommended in the manufacturer 1 s manua l s were
found to be suitable. However, intens ive use of the chroma togra phi c system
led to the devel opment of several procedural changes that improved the resolu-

tion , reproducibility , and baseline stability of the system.

Cleaning the System
Residues of previous solvents or samples may bleed into

the system and give spurious peaks on the chromatogram. This may

usually be avoided by a thorough cleaning with a highly efficient

solven t suc h as THE. A shor t piece of tubing is installed in place

of the column(s), and the solvent is pumped through the system at a
high rate (

~ 5 m.~/min). Pump at least 25 mt to ensure that no traces
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of previous solvents remain in the pump . Then pass eight to ten
dead volumes of solvent through the sample injector the loading
coils , and the refractometer reference cell. The sample loading
port on the injector should be opened with the injector selector
valve in the inject position. This allows solvent to flow from
the port to clean the Teflon® septumless injector and the wire

injector plug . Remove and reinsert the plug 6 to 8 times during
this procedure.

If stable detector baselines are not obtained after two repe-
titions of this procedure, a 6N nitric acid wash may be used . The
acid solution should not be pumped through the detectors, but only
through the pump and injector. After 5 minutes , the acid should
be thoroughly washed out wi th at least 200 nit. distilled water.

Chan gi ng Solven ts
In changing solvents , particular attention must be given to

removing the old solvent from the HPLC system. If the old and new
solvents are imm i sc ib le , one or more intermediate solvents must be
used. If this step is ignored , minute droplets of emulsified sol-
vent may be deposited in tiny spaces at fittings and may bleed
slowly into the system. If the columns must remain instal l ed and
there is a question as to the miscibility of the two solvents , the
solvent should be changed slowly; otherwise , excess i ve colu mn —
pressure or hea t of m ix i ng may occur an d re duce co l umn effici ency
an d l i fe . At least 5 volumes of new so lven t mus t be passe d throu gh
the injector and loading loops. The injection port should be opened
under pressure as described under °cleaning the system.”

C han gi ng Columns
Column chan ging is no probl em as long as the new column is com-

patible wi th the solvent in the system. If not , the old column is
removed, and the change to a compatible solvent is made before the
new column is installed . It may be necessary to pump 8 to 50 column

volumes of solvent through the new column to achieve stable detector
baselines .
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Detection of Leaks
Even the most mi nute leak in the system will greatly decrease

resolution and reproducibility . Significant leaks may not be detect-
able , especially if volatile solvents , such as THE , are i n use . The
pressure transducer built into the Model 6000A Solvent Delivery System
is invaluable for leak detection. The manufacturer ’s manual describes
how the transducer is to be used and how the recorded pressure data are
to be interpreted . If a leak is indicated , it may be most easily lo-
cated by operating the system at high pressure (> 3000 psi), wi thout
the column , and using a non-volatile solvent such as distilled water.
A leak that was particularly difficult to find was finally located in
the reference valve , where the impurities passed into and through the
refractometer reference cell and then to the waste con ta iner severa l
feet away f rom the valve. Care must always be taken that the refer-
ence valve is tightly shut.

Gradient Elution
Gradient elution demands extraordinary attention to system

cleanl i ness and solvent purity. When the operator is using only
a single pump and solvent , impurities present may bl eed into the
system indetectably and at a nearly constant rate. In gradient
elutjon , eac h solven t i s del ivered by a separa te pump at a con-
stantly changing rate , and impurities present in either the pumps
or the solvents appear as a sharply drifting baseline or as spur-
ious peaks. A rapidly fluctuating basel ine in gradient elution
is due to refractive index changes in the mixed solvent. Such
chan ges were found to occur where an elution scheme using a gra-
dient from water to methanol was tried , but they were not observed

in an elution gradient going from 20-percent water in methanol to

pure methanol . The magnitude of such refractive index effects can
be reduced by additional mixing of the solven~ts before they are in-
jected. The mixing may be conveniently accomplished by routing the

mixed solvent through the high-pressure flow-through filters on

both pumps in series (ordinarily, flow is through only one of these
filters). The second filter should be in line before the injector.
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Gradient elution is much more sensitive than is a single solvent

system to solvent degassing , either in the pumps or in the detector.
T her efore , the solvents should be thoroughly degassed before they are
used ; stirring the solvents under the vacuum of an aspirator for 30
minutes was found to be adequate .

General Pre cau tions
The highest standards of cleanliness must be applied to the

handling of the sample injection syringe. Three rinses with THE ,
followed by three rinses with the solvent in use , between samples
and at the beginning and end of a day, will give a stable baseline
following an injection blank.

Directional changes in all tubing should be smooth and gradual .
Sharp or irregula r bends in the tubing result in localized turbulent
flow conditions , mixing within the tubing, and subsequent peak broad-
ening and loss of resolution on the chromatogram. Sharp bends in the
Teflon®tubing of the UV detector were also observed to be sites of
solvent degassing and attendent bubbl e problems . All tubing from the
injector , to and from the column , through the detectors, and to the
fraction collection point should be of the same interna l diameter
(0.09 inch). This system is normally assembled with larger tubing
from the detector outlet to the collection port on the pump . Mixing
that occurs in this larger line yields a complete loss of resolution
of collected fractions. I t  also severely reduces the effectiveness
of recycle. The best point for fraction collection was found to be
at the discha rge of the UV detector; therefore , the differential re-
fractometer was not used.

REVERSE-PHASE SEPARATION WITH SINGLE ELUENT

At the beginning of the HPLC operations , both normal and reverse-phase
columns were investigated . A normal-phase Porasil column gave marginal reso-

lution (3 ur 4 peaks) wi th THE as the mobile phase , but this column retai ned

some high ly pola r componen ts for over 50 column vo l umes. As a resu lt , chro-

matogram times were extremely long, and random peaks occurred on subsequent
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injections. For these reasons, and the low num ber o~ theoretical plates
(< 1000) on the available Porasil column , normal-phase HPLC was not continued .
A reverse-phase ~C18

’ column with over 4000 theoretical plates gave chromato-
grams of 10 or more peaks under var ious so lv en t an d fl ow con diti ons. T he
following solvents were used : pure methanol , 95 percent ethanol , pure ace-
tonitrile , distilled water, and mixtures of methanol/water and acetonitrile/
water in 10-percent water increments from 10 percent to 90 percent water (all
mixtures on a volume/volume basis). Pure methanol gave superior resolution

and had the additional advantages of being more rcadily available and less
toxic than pure ethanol . Various flow rates were investigated , with resolu-
tion increasing as the flow rates decreased to 0.5 me/mm . Further reduction
in the flow ra te cause d a sl igh t loss of a pparen t resolu ti on an d increase d
elution times. Experiments wi th different injection volumes showed peak
broadening as injections exceeded 10 uSC. (roughly 30 ug). A mass balance
performed through the ~Cl8 column wi th a microbalance gave a recovery of 102.1
percent of a 500-jig injected sample of the CCE of parallel run 5.

As the result of these trials , the following operating conditions were
selected for obtaining all of the uCl8 HPLC chromatograms in this report: sol-
ven t, methanol ; flow ra te, 0.5 mL/min; chart speed, 30 cm/hr; UV- .etec tor , 0.1
absorbance unit full scale deflection at 254 nm; injection size , 2 to 6 j i-t.
The resulting spectra are presented in Appendix A.

The differential refractometer was not used because it was less !nsitive
than the UV detector and demonstrated excessiv ’ baseline dr ift with ~~ i.-° am-
bient temperature changes .

Several observations can be made from examinat~on of the reverse-phase

spectra. The chromatograms of the first eight carbon runs are remarkably cimi-

lar in spite of considerable variation in plant effluent quality and CCE con-
centration. Chromatograms of extracts eluted wi th t’e same solvent , i.e., chloro-

form , ether, or ace tone , for the five para l le l runs are also r ema r kably sim i la r.
However , neither the RErE nor the RAcE displays components covering the full
range of CCE polarities. The ether extract contained less of the more polar
(earlier eluting ) material than did the CCE , and the acetone extract contained
less of the more apolar (later eluti ng) material than did the CCE.
Footnote
1Waters Corpora tion , Walpole , Massachusetts. 
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Each CCE of the parallel runs had a large , wel l resolved apolar UV peak.
The peak is less polar than toluene but more polar than hexane. Three recycles
through the pCl8 col umn failed to further resolve the peak. This same peak ,
when collected and reinjected onto the microstyragel columns , elutes last and
is well resolved . On the microstyragel columns it is retained for over two
void volumes , indicating solute-styragel interaction and making molecular weight

determination questionable. This apolar peak is missing on initial carbon runs
1 , 2, 3, 7, and 8 and is present to only a slight degree on runs 4, 5, and 6.
One possible explanation is that the appearance of this peak is related to
periods of effluent chlorination . After runs 1 through 8, but before parallel
runs 1 through 5, the plant personnel changed the effluent chlorination site
(see Figure 1). These investigators were not advised of the change ; conse-
quently, the effluent samples for runs 1 through 8 were chlorinated , and the

~amp1es for parallel runs 1 through 5 were unchlorinated . A possible cause
for this peak’s appearance primarily on chromatograms of extracts of unchlor-
m ated samples is that the peak material reacts with the chlorine to form non-
UV—transparent and/or more polar compounds.

MICR(~STYRAGEL SEPARATION

Molecular weight determinations were made by gel permeation chromatography
(GPC ) using a set of four columns -in series : one 500A microstyragel column fol-
lowed by three l OOA microstyragel columns . Tetrahydrofuran was used throughout
as th- mobile phase. The theoretical plate count of the column set was deter-
mined to be 12 ,300. Previous trials wi th a column set of one 500A and two lO0~
columns showed no resolution difference between flow rates of 1.0 and 2.0 mt/
m m .  Increasing the flow to the maximum allowable of 3.0 m e/mm caused loss of

resolution , and decreasing the flow below 1.0 mt/mm increased the time required

to obtain a single chromatogram to more than an hour. Since the same conditions

were found with the four-column set, flow rates of 1.5 or 2.0 mt/mm were adop-

ted for all GPC spectra in this report.

A series of defined molecular weight polystyrenes and polyethylene glycols

were used to calibrate the column set. Four low molecular weight polypropylene

glyco l standards borrowed from Los Alamos Scientific Laboratories (LASL ) were

used to complete the calibration curve. To ensure precise calibration , the
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actual pump del i very was checked several times during the calibration period .
Del i very drift was found to be ±5 percent. In addition , a stopwatch was used
to measure the time from the standard injection to the detection of the peak

- 
- maximum.

Under the flow condition selected (2.0 m t/mm ), a complete GPC can be
obtained in less than 20 minutes if no sample-column interaction other than
size sorting occurs. It can be seen in the GPC spectra of the parallel run
CCE s that the prominent , wel l resolved final peak elutes in more than 20 min-
u tes , indicating that some additional interaction mechanism wi th the cross-
linked divinyl-benzene column packing has occurred .

The GPC spectra (Appendix B) show that, although the relative amounts of
material at any specific molecular weight differ , the maximum and minimum mo-
lecular weights of the extracts are i ndependent of the extraction method . The
exception to this observation is the final discrete peak seen only on the CCE
chromatograms . This peak requires such a large elution volume that one must
assume it interacts with the microstyragel by some mechanism other than size
sorting . It has been demonstrated that this peak is the same material which
elutes last from the jiCl8 column (discussed more fully above). Chloroform ,
diethy l-ether , acetone, toluene, xylene , benzene, and methanol were injected
into the microstyragel column set in an unsuccessfu l effort to duplicate the
elution time of this peak.

BETA-INDUCED LUMINESCENCE DETECTOR

As reported in Reference 2, the beta-induced luminescence detector (BILD)
is best used in the quenching mode. Xylene is a highly luminescent , rela tivel y
apolar solvent suitabl e for use in the quenching mode of this detector in a
normal-phase HPLC system. When the BP..D was used wi th a possibly defective

F- Poras il column , resu lts were not re pro duc ib le .  The per formance of the BILD was
then evaluated in the fluorescent mode. A pCl8 reverse-phase column with
methanol as the eluent was used. The BILD was placed in series following the
UV detector. The BILD gave no response in this mode. Xylene was again used
as the solvent , wi th the jiCl8 column nstalled and the BILD in the quenching
mode. Figure 11 shows that the BILD responded to two of the four peaks detected
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by the UV instrument at 300 nm . The BILD must be developed further before
it can be of significant use in detecting components of complex mixtures
such as these wastewater extracts.

GRADIENT ELUTION WITH REVERSE-PHASE COLUMN

The spectra obtained when the jiCl8 column is used in a single eluent sys-
tern reveal groupings of poorly resolved components of similar polarities . Prin-
ciples of HPLC indicate that resolution in a reverse-phase system should be en-
hanced by an increase in the polarity of the mobile phase and that peak broaden-
ing shoul d occur , especially for the later eluting components , when elu tion
times are increased (Reference 15). Work wi th the single eluent system has in-
dicated that the peak spreading effect decreases resolution more markedly than
increased solvent polari ty improves it.

With gradient elution , it is possible to increase the solvent polarity for
only part of the elution volume . With water as a suitable , more polar second
so l ven t, over 30 variations of operati ng conditions were made to improve the
resolution obtained wi th the single el uent system. Spectra of three extracts
obtained under optimum conditions are shown in Figures 12 and 13. It is appar-
en t from thes e spec tra tha t very small amoun ts of wa ter , relative to the total
elu tion volume , improve the resolution of the resulting chromatogram. It was
also found that one may improve resolution in one portion of the chromatogram
wi thout improving resolution in another polari ty region .

CHARACTERIZATION BY SERIAL REVERSE-PHASE HPLC—GPC

Samples of approximately 100 jig of the extracts of parallel run 5 were in-
jected onto the pCl8 column , and column effluent fractions were collected . The

Reference
15 . Simpson , C. F. , “Practical Experiments in HPLC with Typical Results .” In

C. F. Simpson (Ed.), Pract ica1~ High Performance Liquid Chromatography ,
Heyden and Son, Ltd., Lon don , 1976.
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fractions , of approximately 500 ji~ eac h , in methanol , were dried under a gentle
nitrogen stream and redissolved -in 100 jil of TI-IF. The fractions were then in-

— jected onto the micro styragel column set. This procedure was an attempt to
further characterize the extract components by matching the apparent molecular
weight and relative polarity of various fractions. The results were not en-
couraging . Even those fractions appearing best resolved on reverse-phase
chromatograms yielded several GPC peaks. Every fraction collected , from CCE ,
RErE , and RAcE alike , has a significant GPC peak at an apparent molecular
weight of 200 ±5. Thi s may mean that the extracts contain many compounds that
have this molecular weight , but differing polarities . It may also indicate
some constant, background contamination in the reverse-phase system; however,
such contamination is not suspected.

Even though GPC spectra of these extracts indicate that considerable por-
tions have an a pparen t mo l ecular we ight of over 1000, the GPC chroma tograms of
the reverse-phase fractions do not reveal material having a molecular weight of
more than 500. Indeed , most of the fractions appear to be entirely under 300
molecular weight. The higher molecular weight material is evidently not pres-
ent in the original extracts in quantities recoverable at this scale.

ELEMENTAL ANALYSIS

The UNM C hem i stry Depar tmen t performe d el emental anal yses on al iquo ts of
four extracts. Results are presented in Table 7.

TA8LE 7. ELEMENTAL ANALYSES

Sam le Carbon , Hydrogen, Nitrogen , Total ,p

Improved System 2 CCE 39.59 5.63 1.46 46.68

Parallel 5 CCE 53.09 8.00 1.35 62.44

Parallel 5 RErE 60.92 7.80 1.05 69.77

Parallel 5 RAcE 55 .19 7.85 1.46 64.50
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SPECTROGRAPHIC ANALYSIS

Several attempts were made to perform infrared spectroscopy of isolated
pCl8 peaks collected from injections of extract samples . However, the infrared
(IR) instrumentation available for use in the tJNM Chemistry Department did not
provide meaningful spectra from the microgram amounts of material in each frac-
tion . A successful IR spectrum was obtained by combining a particular fraction
from four successive large injections. The spectrum is shown in Figure 14.
The peak col lected for IR analysis was the last eluti ng peak on the pCl8, indi-
cating that it is even less polar than toluene . Its late elution (greater than
2 void volumes) from the microstyragel column set means that it undergoes some
solute-column interaction wi th the polydivinyl benzene styragel . Al though these
behaviors are consistent with aromaticity , the IR spectrum does not show aro-
matic character. The carboxylate IR peak may indicate that the solute-styragel
interaction is of an ion-exchange nature. Prelimi nary mass spectroscopy and
recycle HPLC results from LASL indicate that this fraction is a single com-
pound .

The normal size injection for the pCi8 column is approximately 25 jig,
and the maximum injection that will not cause undesirabl e column effects is
about 250 pg. If a 250-pg injection is collected in 10 equal fractions of
25 pg, the fractions are an order of magnitude too small for IR spectroscopy
and at least two orders of magnitude too small for nuclear magnetic resonance
spectroscopy or elemental analysis wi th the equipment available.

Mass spectroscopy can be performed on these microgram fractions, and some
prel iminary mass spectroscopy has been done on two fractions by LASL. Inter-
pretation of these data has proved difficult since it appears that at least
one of the fractions is still a complex mixture rather than a single compound.
Further mass spectroscopy would be an appropriate means of identifying these
compounds.
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SECTION V I
CONCLUS IONS AND RECOMMENDATIONS

CONCLUSIONS

The 0-CA minifilter procedure is unsatisfactory for the routine recovery

of residual organics from activated sludge effluents because of low recovery
efficiency , difficult operational sequence, and time-consuming maintenance

duties.

Discrete separation of the extract components was achieved by employing

HPLC wi th reverse-phase pCl8 and/or microstyragel columns ; however, the mass
spectrometric data are highly complex , and a well resolved and separated sub-

stance has not yet been identified .

Correla tions were found among the CCE , COD , and NVTOC values. These
correlations are given in Table 6.

Concentration of residual organics on XAD-2 macroreticular resin proved

to be very ineffic ient ( less than 7 percent) in remov ing trace organi cs from
the sample stream.

The XAD-2 I-IPLC UV spectra of the RAcE and RErE blanks yielded several
prominent responses indicating that organic release from the resin is a vital

portion of the extracts.

The general forms of the CCE , RAcE , and RErE UV spectra are remarka bly

similar in each of the five parallel runs.

The improved system developed for recovering residual organics from

acti vated-sludge effluents demonstrated a significantly higher recovery

efficiency than that of the minifilter system. It is also easier to

operate and maintain.
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The amount of material that can be resolved and separated by HPLC from
a single injection is insufficient for any other analytical identification
procedure except mass spectroscopy .

Gradient elution employing a methanol/water eluent system significantly
improves the resolution of the carbon and resin extracts. This method , how-
ever , is more demanding in operator skill , solvent preparation , and operator
time .

A single, prominent , low molecular weight peak occurring on both the
reverse-phase and niicrostyragel UV spectra contained major fractions of com-
pounds with mol ecular weights of 32 and 64; the peak is much less evident in ,
or is absent from, extracts recovered after the effluent has been c hlor inated.

RECOMMENDATIONS

The improved recovery system should be employed to concentrate trace
organics of nonvolatile substances and to evaluate the effluent quality of
secondary treatment plants.

The status of the beta-induced l umi nescence detector for HPLC should
be monitored by the Air Force Environics Group in view of the detector’s
sensitivity in the quenching mode for halo organics.

A procedure employing centrifugation at 20,000 rpm , concentration by
strongly anionic resin eluted with inorganic buffers, and final concentra-
tion by lyphiliza tion prior to injection onto a microBondagel E-linea r
column or equivalent should be evaluated for its efficiency in recovering
nonvolatile organics from effluents.
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ABBREVIATIONS , ACRONYMS , AND SYMBOLS

BILD beta-induced luminescence detector
BOD biochemical oxygen demand
CAE ca1-bon alcohol extract
CCE carbon chloroform extract
COD chemical oxygen demand
GC gas chromatography
GC/MS gas chromatography/mass spectroscopy
GPC gel permeation chromatograph(y)
HPLC high-pressure liquid chromatograph(y)
HRLC high-resolution liqui d chromatograph(y)
IR infrared
IRS improved recovery system
LASL Los Alamos Scienti f ic Laborator ies
MGD mill ions of gal lons per day
NVTOC nonvola til e total organic carbon
0-CA organics—carbon adsorbable
O-CA-mf 0-CA minifilter
PAW Polyamide Woe lm
PAW-P PAW-2-propano l
PAW-PW PAW propanol -water
RAcE res in acetone extrac t
RErE res in ether extract
TI-IF tetrahydrofuran
TOC total organ ic car bon
UV ultraviolet
UNM Univers i ty  of New Mex ico
XAD-2 XAD-2-ether
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INITIAL DISTRI BUTION

HQ USAF/SAFMIQ 1 - Environmental Protection Agency
HQ USAF/SAFOI 1 Dept of Civil Engineering 2
EQ USAI?/SGPA 2 University of New Mexico
EQ USAF/PREV 1
EQ AFSC/SD 1
EQ AFSC/DLCAM 1
HQ AFISC/SGMS - 1
HQ USAFA/Library 1
AUL/LSE - 1
AMD/RDU 1
AND/RDB 1
ADTC/CS 1
AMRL/THE 1
OEHL/CC 3
1 MSEW/SGB 1
Dept of Environmental Sciences 1
California Inst of Technology

Dept of Civil Engineering 1 /7
Mass Institute of Technology ~~

- 
-

Toxic Matls Information Center I
Southeast Environmental Rsch Lab 1
Pacific Northwest Envmtl Rsch Lab 1
Det 1. ADTC/PRT 1
Det 1 ADTC/EC 6
Dept of Civil and Mineral Engrg 1
Univeristy of Minnesota

DDC/TCA 2
USAFSAM/EDE 2
AFIT/Library 1
USA Envmtl Hygn Agency 1
Ch of R&D I
Dept of the Army/DARD-ARE-E

NCEL , Code 25111 1
Naval Ship R&D Ctr (Code 3021) 1
Of fice of Rsch & Development (EPA) 1
National Science Foundation 1
US Army Med Bioengrg R&D Lab 2
Dept of Civil Engineering 1
Standford University

Dept of Civil Engineering 1
Oregon State University

~~~~~~~
- - Water Resources Div 1

-w ~~s .  Federal Inst of Tech 1

83



I


