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Created in 1849, the Department of the Interior–America’s

Department of Natural Resources–is concerned with the manage-

ment, conservation, and development of the Nation’s water, wildlife,

mineral, forest, and park recreational resources. It also has maior

responsibilities for Indian and Territorial affairs.

As the Nation’s principal conservation agency, the Department

of the Interior works to assure that nonrenewable resources are

developed and used wisely, that park and recreational resources

are conserved for the future, and that renewable resources make

their full contribution to the progress, prosperity, and security of

the United States—now and in the future.
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FOREWORD

This is one of a continuing series of reports designed to present

accounts of progress in saline water conversion and the economics of

its application. Such data are expected to contribute to the long-range

development of economical processes applicable to low-cost demineraliza-

tion of sea and other saline water.

Except for minor editing, the data herein are as contained in a report

submitted by the contractor. The data and conclusions given in the report

are essentially those of the contractor and are not necessarily endorsed by

the Department of the Interior.
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ABSTRACT

A study dealing with the development of analytical chemical techniques for
the determination and characterization of %race organics in water has been
conducted.

Development of analytical techniques was conductd in conjunction with the
definition of quality requirements and criteria for acceptance of desalinat~d
water by the general consumer. A technique for the determination of total
organic content of potable water has been applied to assessment of the water
quality in municipalities of the western United States. The feasj.bility of
determining major classes of organics present in natural water has been
demonstrated. The method for differentiation between natural organics and
chemicals introduced into product water by desalin:ition processes is discussed.
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INTRODUCTION

Chemical parameters affecting the efficiency and operation of a desalination
process include the nature and concentration of the organic constituents
present in water. Most studies in the field of desalination have been con–
cerned with removal of the inorganic constituents, and minimal attention has
been directed toward the organic matter present in the water. As a result,
the effect of organics on the efficiencies of th~ desalination processes
and the quality of the product waters are not known.

The concentration level of organic matter in surface sea water is of the
order of 2 milligrams of carbon per liter. Of this, the amount of carbon
per liter is 0.15 milligram for the biomossj ().30to 0.40 milligram for
detritus, and 1.50 milligrams for the dissolved organics. The latter are
arbitrarily defined as organic compounds in true solution and particuiates
less than approximately 0,5 micron in diameter, Many bays and coastal
waters contain much more organic matter because of abundant aquatic life,
proximity to rivers and harbors, pollution, circulation pa~~erns, and other
factors. The concentration level in these localities may approach 20 or
more milligrams of carbon per liter,

Although the organic content of sca water may appear insignificant, its
influence is manifested in several ways. The nature and concentration of
organic matter in the feed water have a pronounced ef’feeton the efficiencies
of desalination processes. This is inclicakcdby many of ~he engineering
problems encountered in plant operations.

Periodic foaming problems in the distillation processes may originate in
variations occurring in the biological-organic cycle of the sea. The foam-
ing behavior of sea water has been shown to be related to the presence of
organic matter as well as being influenced by salinity and temperature.
The organic matter also appears to be a fac~or in the corrosion occurrin~
in distillation plants. Corrosion rates can be increased by’chelation o+
dissolved metal ions or solubilization of corrosion products hy the dissolved
organics present in the water.

The freezing and hydrate processes are affected by the organic materials
present in the source water. Ice nucleation and crystal growth are extremely
sensitive to interracial tension changes caused by organics, and low tempera–
tures tend to precipitate suspended matter. Studies have shown that the
addi+itpn of organic matter increases the nucleation rate of ice in sea water,
and that the nucleation rate can bc decreased by aging or passing the sea

1water through absorbent chi~rcoal , Furthermore, the hydrogen-bonding
organics and amino acids which have been iso].ated from sea w~ter are excellent

Z–5
ice nucleating agents .

There is evidence that membrane [)rOCf?8seS arc adversely affec~ed by the
presence of trace contaminants in the source water. Organic matter, either

5



dissolv,rl or parLicula-tc,fippear-sto b{!dircct,ly or indirectly responsible
for th~ clo~ging of merrrhranesobservc(l

6
in plants operating on some brackish

waters .

To deal with these operati.orral prohlcrns on a sound engineering basis, Lhe
role of organics in t,hcdCSiili.Uationprocessr+smust be clar-i.fied. The
nature and seasonal v:~ri:\Liollsof the or~anic matter in Lhe source waters
must be established. Charact)crizati.onand determination of distribution
01 the classes of organics in Lhc l’e~dwater, in Lhe process stages wikhin
the des~llinaLion ~)lailt,and i.nthe potable w:~termust he carried out to
efIecLivel,y cope wiLh many problems. Advancements and improvements in
analytical mctjhi~dologywi I“1bc t,equired LO determine the roles of organic
matter in Lh~ desa linat:~onprocessps .

The qualiLy of dcsalinaLed watt.rs rnnstrrrcetLhe requirements established
for domestic waLer supplies it’t,hcwaLer is to b(+acceptable Lo the con-

‘lhese stand;ards7
●

sumer, cover ihe prcscnci:oud conccntrati.on 01 bacterial,

organic, and inorga~lic s[}ccies. The poLahil.ity of water in regard to
organic content has been dcf’ined ilt0.2 ppm as deLermincd by the carbon

(C(X) proccdur(l.

●

chloroform ext,ractj This striwent requirement is the
result of Lhp IJ.S. 9Public Hca!th Ser’vi.ce~)olicy which stales:

“The most,dcsirahle condition i.sone in which the wat,er supply
delivered LCIthp (onsumer contains no organic rcsi.dues. 1?n
view Of :Jg~rlpr;ilirl:l})ilityto Clear].,ydefine the chernic.aland

kOXiCOl(J~iCil] rlatur’cof ‘hkismat~ria~, i“tis most desirable to
limi.-tiL to the lowest,obtairiahlc level. Anfil.ysisof data avai.l–
al~le indicates that water sllppli.esr{)nLaining over 200 micograms
CCE/liLer of waLer rFprcscnL an cxc~pt.io~laland unwarrarlLed
dosage of the water col~sunr(’rwith ill-defined chemicals. ..,.“

In addition to the Lot,alresiilual or~;lnicmatter, Lhe presence at organic
IUat(?rialS WhlC]l iITIJ)ar~ L:lsteor odor t,ot,huf.inishc(ipoLahlc water wil”l be
objectionable Lo the consl~rner. Chlorirmt,ion of prrrc~ssed waters, while
destroying hactt~rial life, does not retnovrorgan;c matLer and may produce
chlorinated organic cornpoluldswhich arc objectionable from eibher taste,
odor, or Toxicological (:{]~lsi(lcrati(}~ls.

/.
A limit,01 1 microgram Ilter ol’

phenol in wat{?rhas b[lenestablished berausu of thr undesirable taste
*

often resulting from chli)rinatjionw~ waters containing extremely low con–
7~en~ratiorls of pllcnoiicrmiteriaIS .

●

For pot,ahlcwater to mpct usiahli.shed standards on water qnality, the degree
of or-gani.cremoval a]ldthe fate ot’t,heorganic ma-l,crialsin the desalination
processes must he known. It is exl}cctedt,h;\Ldistillatirrn will remove a
large portion of thr organic matcria 1s t,og[?”thcrwith tjhcinorganic salts.
However, heat ruptures hi.olo~ic:~l.ce”]l.swhich results in release of orgtini.c
compounds inLo the waL(~r, and mall.yol”gani.c compounds are known t,orearlily
steam disLill. !l!hect’1’iciellcyo.ft’re;:zin~processes in Lhc removal Of

—



organics during production of potable water will be dependent on the organic
materials concentrating in the brine and on effective separation of brine
from the ice. Membrane processes will afford a certain amount of mechanical
exclusion of the organic matter from the desalinated water.

It is apparent that either the organic matter must be c$rnpletely removed or
the or+anics must be characterized and classified to determine if toxic or
object~onable materials are present in the processed water. Because total

organic removal. is not economically practical, the advancement of an~llytical

methodology to institute capabilities for characterizing the Lrace organi.cs
present in water is necessary. The product water must at least meeL the
quality standards of municipally distributed potable water. Therefore, this
research program had as iks objective method development for characterization
of organics in naturally occurring water providing the criteria to which
desalinated water should conform.

7



PROGRAM OBJI!CTIVES
.

This program was directed toward the development of the advanced analytical
methodolo~~ and instrumentation necessary for process and quality con~rol
in the desalination technologies. The effort was concentrated in areas
where the state-of-the–art methods and instrumentation cannot fulfill the
requirements for data acquisition and process oontrol in desalting plants,
This includes methods and techniques for the monitoring of product water

quality and the chartictcrization of nonpotable water sources.

The research studies conducted under this contract were concentrated in two
general areas,

DETERMINATIoN OF TOTAL ORGANIC CONTENT
OF NATURAL WATER SOURCES

This area included refinement of the instrumentation cievcloped for the
determination of total organic contcn-tunder O.S.W. Contract No. 14-01-0001-332.”
Demonstration of the utility of developed instrumentation in the field of
chemical hydrology has been combined with the accumulation of data on the
organic content of municipal water supplies in the western United States.
These data can provide a guide in setting public acceptance standards for
potable water produced by desalination processes.

CHEMICA1, C~CTWluTloN OF ORGANIC COMPOSITION

OF NATTJRALWATER SOURCES

This charactcrizati.on was accomplished by means of”selective separation of
the organic matter into gross particuliltematter, bacteria, and dissolved
organics. The separation was achieved by cascade filtration, and the
characterization of the resulting fractions was carried out by pyrographic
means .

The developed methodology can be used for the differentiation between the
natural organic background of water and the [Irocesschemicals introduced
by desalination processes, and will provide information vital to acceptance
of desalinated water by the customer.

I
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ORGANIC COMPOSITION OF NATUTLA1.,WATER SOURCES

The organic composition of any natural water body is the overall result
of-its history since its precipitation as rain or snow. Almost all of the
organic substances in sea water are derived from the activity of living
organisms. The physical state of the organic impurities is determined by
either the biological activities occurring in the water or from solution
of suspended particulate organic materials over a period of time.

The processes of solution of particulate matter are complex and the result-
ing fragments can range from small molecules present in true solution to
minute particles having the composition of the parent substance. Subsequent
contact of the fragments with other organic materials may alter t,heamounts
present through equilibria changes or various processes such as adsorption,
coagulation, or reaction to form other compounds.

The more important changes in the organic composition occur because of the
biological activities in the water. These processes continuou~ly both
consume organic matter present in the water, and contribute dissolved and
particulate organics to the water through mechanisms of excretion and decay
of organisms. By far, most of the decomposition of organic matter in water
is performed by bacteria and other microorganisms using the organic matter
as food. The process of degradation is carried out mainly by the saprophytic
bacteria which subsist upon dead organic matter by breaking it down into
simpler compounds. When the bacteria feed on an organic compound, only a
small portion of the compound is assimilated for cell building and the
remainder is dissimulated as wash products. This degradation of organic
matter is accomplished through -theaction of enzymes secreted by the bac-
terial cells. The multicellular fauna such as plankton have the ability
to ingest particles of organic matter.

In comparison to the particulate and biological organics, there are approxi-
mately three times more dissolved organics in sea water. The fragmentary
data available8 indicate that the dissolved organics in water can be classed
into three major categoriefiwhich are carbohydrates, proteins, and Ii}}ids.

The carbohydrate category includes polysaccharidesj disaccharides, mono-
saccharides, intermediate degradation products, and the final simple molecule
end-products. The later include glyceric acid, pyruvic acid, lactic acid,
ethanol, formic acid, acetic acid, and others. The protein, or nit,rogen-
containing organics, category includes proLeins, proteoses, and polypeptides
together with decomposition products such as amino acids, amines, and amides.
The lipids, or fats, are ester~ of the fatty acids with alcohols. This cate-
gory includes the degradation products of khe lipids.

9



DETFW.MINATION OF TOTAT, ORGANIC CONTINT

Analytical methodology for the rapid measurement of the total organic con–
tent of water must possess both high sensitivity to organics i.nthe presence
of water rindalso the capability for measuring the totality of organic
matter. To meet these requirements, the pyrographic concept for the direct

t
summation of the organic ma ter in aqueous media was developed under O.S.W.
contract No. l/1–ol_oool_33p . The concept is based on the pyrolysis of the
organic matter in the presence of water followed by the hydrogen flame
ionization detection of the volatile organic fragments. During the current
phase of the investigation, design of the instrumental. system was further
refined and ita utility was demonstrated in the study of the organic content
of waters used by Southwest and Pacific Coast municipalities. The information
obtained in this study provides data on the actual organic content of waters
received by the consumer, and consequently can be used as a guide for the
establishment of realistic quality standards for desalinated water produced
by processes developed under Office of Saline Waker sponsorship.

INSTRTJMENTATION

The instrumentation was assembled from commercially available equipment to
specifically meet the requirements of the problem. The components of the
instrumentation consisted of an Aerograph Model 600-c gas chromatography
equipped with a flame ionization detector, a tubular pyrolysis chamber
heated by a microcomhustion furnace, a custom–built sample injector, and
a l-millivolt recorder.

The hydrogen source for the flame ionization detector
generator or a cylinder of hydrogen. With the latter
flow was stabilized by sequential passage through a f“
needle valve, and a flowmeter. The source of carrier
generator. A 7/16-inch–OD by 10–foot stainless–steel

was either a hydrogen
source, the hydrogen
ow controller, a
gas was a steam
column packed with

60 to 80 mesh glass beads was installed in the gas chromatogr~ph,

The gas chromatography was modified by removing the injector tube from its
mounting block and heater, To connect the gas chromatographic column to
the pyrolysis chamber, a stainless–steel. adaptor (Fig. 1) was installed in
the mounting block with the external tubing in a horizontal position, ~
septum closure was also provided on the adaptor.

The pyrolysis chamber was corrstructed from stainless–steel components and
a nickel tube as shown in Fig. 1. }A Nupro check valve (No. 2C was connected
to the carrier gas inlet of the chamber to prevent pressure surges into the
steam generator. The chamber was filled with short lengths of nickel wire
(1/16-inch 0Dby3/16 inch long) retained byasmall plug of quartz wool
flteach end of the nickel tube. The pyrolysis chamber was installed in the

●
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Figure 1. Adaptor and Fyrolysis Chamber



microcornbustion i’urnace, connected to the adaptor, and then the carrier
gas line was connected to the ch~ck valve, The external tubing of the
adaptor, the check valve, and the portions of the pyrolysis chamber out—
side the furnace were maintained above 100QC with heating t,al~esto prevent
condensation of steam.

The sample in,jector, constructed as shown in Fig. 2, was mounLed hori.xowtally
and was connected to Lhe Swagelok reducer on the pyrolysis chamber. The
intake tubing dipped downward into the wat~r sample.

ORGANIC CONTENT OF SOUTHWEST AND
PACIFIC COAST MUNICIPAL WATERS

During the development of the ~)yrograph~c technique for mcasnrcrnpnt of the
total organic content, 01 desalinated waters, knowledge concerning the amounts
of or~auic matter present in municipal water supplies was desired. The Ofl~y

d

information derived f’roma search of the liLeratare was Lhat a concentration
of 200 micrograms/liLer of carbon chloroform extract (CCll)should not he
cxcecded irlmunicipal waters7. Also, clean surfac~ and ground waters usually

.

contain only 25 to 50 micrograms/liter ot’CCE although highly colored waters
may exceed this level.

10 for measuringThe carbon chloroform ex-Lractprocedure is a standard method
the organic content of potable waters. In practice, the organi.csarc adsorbed
on activated ctirhon in a cylinder placed in a waherline for 2 weeks. Then
the activated carbon is extracted with chloroform which is subsequently
ev-aporatcd to yield a weighable residue. It is realized that the method
does noL determine the total organic content of water. The carbon rlocs
not adsorb all Lhe organics and Lhe chloroform solvent does not recover
all of’the adsorbed materials. It is stated that recoveries of sel~cted,
easily adsorbed materials may range from 50 to ~0 percent. Recoveries of
the organic matter existing in natura] and rriunicipolwaters are not known,

Because the literature yielded no information on actual organic content, a
study was initiated to accumulate data on the water supplies available to
consumers through municipal distribution systems. Such information would be
used as a guide in establishing acceptance criteria for desalinated water. ●

For this investigation, municipal supplies from communities in the Southwest I
and Pacific Coast regions of the United States were uti lized. This permitted
assessment of three of th~ parameters which could affect the organic content ●

of municipal waters. These parameters are source, climate, and-treatment.
1x1the regions considered, the sources are both surface and ground waters,
and the climate ranges from desert Lo rain forest with the accompanying
change in vegetation. Treatment ranged from simple chlorination to processes
involving coagulation, filtration, and chlorination.

Samples of water os delivered to the consumer from each municipal distribution
system were collected in clean 4-ounce lmbtles which were immediately sealed
with foil–lined screw caps. The bottles had been previously cleaned with

1!2
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hot nitric acid containing L()-percentsulfuric acid, thoroughly rinsed with
triply distilled water, dried in a protective environment, and sealed. At
the time of sample collection, the bottle was first rinsed severnl times
with the water being sampled. All analyses were conducted as soon as pos–
sible after sample collection.

In the prrrcedure, steam serves as the carrier gas and 0.25–cc portions of
a water sample are intjectedat 6-minute intervals into the pyrolysis chamber,
The fragments, which are produced in the pyrolysis of the organic matter
present in the water, are transported by the steam through the flow stabili–
zation column to the detector. BQcause no separation is achieved on the
s-hbilization column, these organic fragments arc measured as a sum by the
flame ionization detector. A1’ter the average peak area f’orthe set of peaks
is obtained by planimetry, the organic content of the water sample is
calculated, Calibration is performed with materials representtitive of the
ma,jor organic classes present in waher.

The source of each municipal water sun ly was ascerto:
“Y1’to a Public Health Service compilation and in some

quiry. The treatmmt given the water be;ore delivery
other data are also tabulated in the same publication

ned through reference
cases, by-direct in–
to the corlsumcrand

The organic content of bhe municipal water supplies originating from ground
waters are presented in Table 1., These municipality.cs are locaLed in
Southern California and in the SouthwesL, and all use wells as the source
of water with the exception of Grand Canyon which uses an infiltration
gallery. In general, these wakers arc either not given any treatment or

are only chlorimted before use, An examination 01 Table 1 shows these
municipal water supplies averaged 0.9 mg C\li.tcr wiLh a range 01 0.7 to

~.6 mg C/]itcr, From these results, it appears that a water supply ohtaincd

from ground sources in a region with a I.OWannual rainfall and sparse vege–
tntiorrwould have an organic content of approximately 1 mg C/liter. No
data on organic conterltsare available for well waters from Norther-n
California or Oregon where the precipitation is greater and the lands arc
heavily forested.

In Table 2, organic contents are presented for Lhe water supplips in munici-
palities utililing surface waters as a source.

●

The treatment of these woter-s
before distribution to the consumer varies from only chlorination to a complete
purification Lreatmcnt including coagulation and filtration, There was no
correlation between the amount of organic matter and the treatment given the

*

water.

According to Lhe data in Table 2, municipal supplies obtained from surface
sources general].y have much higher organic contewts than those procured
from ground sources, Furthermore, the effects of climate, and vegetation,
on the organic corltcrrtof Lhe waters can be seen. Because the climate in
the northern Pacific Coast region has a high rainta].1, the drainage basins

14
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of the streams are heavily forested. This vegetation must contribute very

significantly to the organic content of the water. The municipalities in

Oregon and northern California have waters with high organic contents. The

values range from 3.7 mg C/liter for Santa Rosa, California “to7,7 mg C/

liter for Portland and Eugene in Oregon. The source of water for Portland
is a protected, uninhabited mountain watershed on the western side of Lhe
Cascade Mountains. This watershed, which is closed to public entry, is
densely covered with trees and other vegebatiorl. Consequently, the orLyini.c

matter in this municipal water is derived solely Irom vegetation and none

originates from man-made pollution.

‘1’ABLl?1

ORGANIC CONTENT OF MUNICIIAJ, WATERS FROM GROUND SOURCES

organic ConLcntj,

Municipality mg C/liter

Arizona:

l’lagstofl’
Grand Canyon
Kingrnan

California:

Carlstmd
J’asoRob].cs
Salirlas
San Juan Capistrano
Sanka Ana
Santa Barbara
Thousand Oaks

New Mexico:

Albuquerque
Grants

().7
0.8
1.6

0.9
0,7

In contrast, waLers procured from streams i.ndesert or semi–arid Southwest
region with sparse vege”kakion have a much lower organic contcntj. T-tappears

the level of organics in Lh(+streams approaches that of Lhe ground waters in
the area. This may be seen by comparing Lhe two nearby municipalities of
Santa Fe and Alhuquerquc. The organic content of SarlLaFe watcx- obtained
from the Santa Fe River was 1.3 mg C/liter and Lhat of Albllqll(:rqu~water
from wells was O.~ mg C/litJer. Similarly, waters distri.butcd i.nthe ad,jaccnt
communities of Flagstat’f and Williams originatp in ground and surface sources
and had organic contents of 0.7 and 1.3 mg C/liter, respectively.

15



TABLE 2

ORGANIC MATTER IN WATERS DISTRIBUTED BY

Municipality

Arizona:

Williams

California:

Alameda
Del Mar

Los Angele~
Redding
San Diego

San Luis Obispo
San Matco
Santa Rosa
Santee
Ventura

Nevada :

Las Vegas
Reno

New Mexico:

Santa Fe

Oregon:

Eugene
Gold Beach
Medford

Portland

Seal Rock
Tillamook

UTILIZING SURFACE SOURCES

Source

Surface

~ese~voir
Cottonwood Creek and

Otay River
Owens River
Sacramento River
Cottonwood Creek and

otay River
Salinas River and
Lakes and Streams
Russian River.
Cuyamaca Lake
Ventura River

I,akeMead
Truckee River and

Creek

Santa Fe River

McKenzie River
Rogue River
Big Butte Springs

Bear Creek
Bull Run Lake and

Bull Run River
Deer Creek

Creek

Hunter

and

Killiam and Fawcett Creeks

MUNICIPALITIES

Organic Content,
mg C/liter

2.1
1.1

1.3
1.1

3.7
l.(i
2.5

1..3
1.6

1.3

i;
1*.7

7.7

3.9
6<4

4

.
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CHARACTERIZATION OF 0R(L4N1CCOM1’OS1TION OF NA’I’[JRl1,W,ITIIIS

ANALYTICAIJ APPROACH

The organic conicnt of n:rtural wa Lers consjsts esscntia].ly 01 gr0E4S pil~Li -

culate matter, dissolved organics, and biomass. !i’huanalytical a~)[jroacll
to the characterization 01’ the organic (:om[)osit,ionof natural wai;ers .invest,i-

gated as purtiof this progt-am consisLed of:

1. Study of the methods for separation of the ~)1’~I]Ci[.J~]. [~hysical f’orms
of organic matter in waLer

2. Deve.lopmen-Lof pyrographic methodology t’orthe (:llal’actrl-i.z;~Liorl01
the prinCip~l chemical. classPs oi’organic ma+,t,crfound in water

3. Development 01 maLllematical.mrans for i.~li,(?r’[)ret,:lt,i.{:~rlof Lhe complex
pyrograms

Methods of Separation

In conjunction with the deve”iopmcnt 01 rnenns for characterizing orgamic
materials, the classification of’organic and biological mattc?r in water
into particulate, bacteria, and dissolved or~:lnicswas underLal{en. Th(:

approach was based on Lhe concept d selcc-t,iveSepal’ation through cascade ‘
filtration followed by {:ll;~r:lct~rization.

In this concept, the organic and biological corltenL of water is separated
by filtration through a series 01 meta”lmembrane IilLers. A simple two-
stage cascade filtration apparatus designed and bui1t under this program
is shown in Fig, 7. This filtraLi.on asscmblagp consists of a reservoir
connected ho two filter holders in series t,errninaLillgin a co]Iect,i,oncon-
tainer. In operation, % and 0.2-microrl mct:ll membrane Iilters arc placed
in the first and second l’ilterho~dcrs, res}jcct,ivoly. The water sample
piaced in the reservoir is pressurizc[iwiLh gaseous nitrogen to drive Llle
waker through the filters. The ~–micron filLer retains gross [)articldaLe

matter and the 0.2–micron filter collects the bacteria. The filtered water
containing the dissolved or~anics accumul.at,csin LhF CO”ILrction container.
The two metal membrane filters and thr i’ilteredwatrr ztre Lherlready Ior
analysis by pyrogaphic techniques.

The dissolved orgallics in Lhe t’iltere(iw:i-tkrrar~ thprrElni]lyZP(l using the
characterization apparatus. The residue 011t,h~lmet,atmembrane filter is
pyrolyzed in a special. pyrolysis chamber dcsi~n[>d to pcrrLLiLrapid intro-
duction of the filter into the hot zone.

A schematic of a proposcii,more complex mi-
assemblage is shown in Fig. 4. This will y
cation of the organic matt(:r in water. The
chromatographic t,cchniqups to ~’achsLagc wi

istagc cascad~~ filtration
~l,i;~mtlrc d(:t:lilc(i classifi-

appl icati.onof pyrolysis—gas
1 yield informaiiorl both on Lhc’

total organic material in Lhc class and on the cornposiLiotml character 01
that class.
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Figure 3. ‘l?wo-Stage(hscade Filt,raLion Apparatus
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Analyze

Y
0.2-micron

Filter

Ana 1yze
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Contains gross particulate matter,
plankLon, bacteria, and dissolved
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Retains micropl.ankton (50 to 500
micron) and gross particulate
mat Ler

Contains nanrloplankton, ultra-

planktjon, bacteria, and dissolved
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Contains disso vcd organ cs

Figure ~i. Schematic of Multistage Cascade Filtration



TIIC hulk ot’ pyrolyti( irlv(~sLi;<ilti(jllsnave l)eenconducted at temperatures
iJ(d OW 6(~()”c. TII(Iruport{’(1 d;il,i~ i.l)>( Ilsr, t’111 bf?causc they indicaLr+the frag-
mcntjs formed, LI1(Istiihi“liL,vof molccIIla71 lIOI1(lS,and the reaction trends

with tcmprraLure. A (:(:)ll+i(l(!r;]k)l(’numh( ’r’oi” or~i.ini.(:materials, including

somf: natural suhsi:Inc(Is, havr l)PE!IIl)yroly~(:dwi{,h Lh(-’irl’ragmenLaLion p;$od-

ucts cmrmin~d in sorw (1(’t,ai 1 . Stw-ch , CPI lUlr)Sf’, rnaltosc, and sucrose
[)yrolyz(*dat 300C’C form~-dcarl)ondii)xi(lf:,{.~{’ctfil.(lelly(le,furrrn, propional-
dellyde,acctjonel :)crol(~in, !l-m~l,hyll’llran,wat,rr,

?
and some unidentified

ligl]L ~iiSC’S1g. Tllcrc wrre SOUIC Iljt’i’cr~llc(’sin the magnitude of peaks in
tjh~pai.turns for (ht diIf~rel[L nl;lLrrials. [J]l(iFrLhc same conditions, algi.nic ,

acid Kav(, th(, sam(> ])~’odu(t,scxcep L i)rllya nr~l igible amount of propionaldc-

hyd(-’was form~d. H(~micel IU1OSP frilgmcrltcliat Lhis tjcmpcraLure into carbon

di o.xidc, ac~ Laldell.ydc,mr,Llrjli’ormat,c,fuI’an, mi:thanol , Q–rncthylfuran,

c-t;llanol, i.l~d !tiat.cr . Tn another si,udy I)n starch aL ~J~~oU, the addi~,ional

[Irc)ducLs2–l)utj;arlorl(’,U,l–blltailirrl+’,;Ind m(:tllyl.–l–l)l~ten-l-()]lcwere fnrmed13.

At ~OO”C, the rna+jor[)rodllcLs l’rom tll[’pyrolysis 01 proteins and amino acids

w(:rc ammonia :u)d m(:thyl--, (+Lhyl-, (li~ithyl-, diisopro[ryl-, and othpr aminesl’+,
The ami~loacids ~~avrvarioils ])rot)ortionsof “theamirl~swhich ci)rrclated to
some f?xtf~rrtjwith mol~f:l] l;.ir stjrurLllrf~s.

‘fhcre is evidcncc tjhat li],i(~~;Inrlfats CIC;IVU first into the (:orrcspondin~

fatty ilCidS arid Obhcr i’r;l~gn(rrlisin iim;innrr aIMlagous to ester rlcgrodatiorll~.

‘1’hrl’:itjtj,yacids (11(:11(’ilrl (l CC:ll’IJ [) X~l[it)(’ to form llydrocarhons which can f’rabgyned

t,omctllaue and ot]lcr hydrocill’borl molpculfls.

In addition Lo Lh(IsI:natjul’alprodll(:ts,t,llc(l(~gradation of Specif’ic organic

compounds has bPPn stlldic(lun(ler various conditions ond temperatures. These
sLudics providp information of USP in the ir]terprdation of the pyrograrns .

ohtain~d with cornplcx maberi[i.ls.

Tkrct(!rio (an hP (lif~f!r{>rlt,iat,i~d on il]ehasis of cherniral COnJIJOUnds which are
unique L() the llli.(:r(]or”g;lllisr~ls. Extension (Jlthis concept has led to both
quali.tj:itivcand i~uantjit,:-l(jivrdiffercnti.ation br+Lwectlindividu[~lspcci,es.
The -Feasibility of utili~,il~g~i~s chromaLogral)hy as ;isensitive and rapid
method for t,he:ln:ll,~sisof ]ipids aS a l.rasisIor tlIP classification of
microorganisms II-Ycll(’rnicalrompcrsiLion 11:]sI)ccrl inv(~stigatJcd16. Thu lipids

were cxt,racL~dand -trarls(’st,{)~’i.~j.cdtf~c:~rhoxyli.cacid methyl esters which
WFI’C>rcsc)lv~il to provi(]c (lisLinctivc cllr’ow~-togr:i[)llicI)attcrns. SimilaritJics
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in the li~id composition were found among selected species but differences
were also noted. A more direct approach to the characterization of bacteria
has been gas chromatographic examinations of their pyrolyxates17’ 18. Under
the experimental. conditions, the patterns were quite similar for many species
but there were also distinct differences in the number of peaks, the magni-
tude of peaks, and the absence of peaks. The pattern from a spccics con–
tained sufficient data to constitute a unique fingerprint for the species.
These techniques have yet to be applied to water samples containing a mixture
of bacterial species.

The organic fragments obtained during pyrolysis are related to the molecular
structure of the parent material. in many cases, certain fragments are
obtained only from particular organic materials. Thus, the organics in a
homologous series or class of compounds can have pyrolytic patterns with
one or more peaks characteristic of Lhe class or series. The chromatograms
of the pyrolytic fragments from such miterials, including bacteria, will
possess magnitude differences in the common peaks as well as some charactcr–
istic peaks. All of the characteristic fragments may not be resolved on
the pattern obtained with one column substrate. However, by using two
parallel columns with different substrates, the two different patterns
obtained will make it possible to differentiate the peaks of the character–
istic fragments. In this manner, the complete qualitative and quantitative
characterization of the organic classes in a mixture can be carried out, ~

Mathematical Treatment of Pyrograms

The mathematical treatment of pyrograms is limited in this presentation
to the discussion concerning -threerrra,jorcl[isses of organics present in
natural waters; carbohydrates, pol.ypeptidcs, and lipids. The organi,cs
present in water will behave similarly but not necessarily exactly like
the compounds selected to represent the naturfilly occurring compounds.
Therefore, the most desirable treatment of the pyrogrophic data is one
which allows extraction of maximum information from all the available data.
This is best accomplished by using least squares analysis techniques.

In the treatment of the pyrographic data, thre~ basic assumptions will be
made:

1. The peak heights (or areas) are proportional to concentration of
the class of cOmpOUndS.

~-.. The three classes of compounds, when pyrolyzed, will produ{:efrag–
ments affording many peaks at identical retention times, but the
ratio of fragments produced by a given class is unique to that
class. In addition, there may be specific peaks for a given
class of compounds.

3. The differences in specific peak heights among compounds within a
class are small comptircdwith the differences between clusses.
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(1)

The total peak hcighb at rctrntion time L can be represented by the linear
equation:

3

E
ax. =b
J .1

j:.1

where

a. –
J

peak height per unit concentration for Lhe ~ known class of
compounds

concentration 01 Lhe ~ class of compounds in the unknown
‘!1 -
b Y toLa”lobserved ~)enkheight at retention time t

The same form oi’Hq, 1
b will dii’fer for each

have the x,j in common,

simultaneous equations

3

z a..x.
1J J

where i idcntii’ies Lhc

than ,j,there are more

determined.

is valid for al 1 other peaks. The constants a. and

peak but the xl is the same, 4Because the equa’ ions
thcqycan be solved simultaneously. The system of
is rrpresentcd by:

- b.
1

(Q)

peak and ranges from 1 to n. Because i is greater
equations than unknowns, and the system is over–

In practice, the soluLion t,othe systcm of Eq. 2 is not ~xact. That is,

there are no values oi’xl, X2, :lndXT which wi.1.l satisfy all of the n
equations. A stepwise regression [~rogramcan be used to obtain Lhe best
solution in the least,squares sense. Because Lhe equations are not exact,
they may “beexpressed as follows:

3

E
a..x. - bl - r.

.1 (3)j=l 1.1 J
(i=l, 2, ....n)

where ri, the residuals, arc measures oi the l.nex.act,ness . The best solution
in the least squares sense is “theone which mi~l{usthe sum of the squares 01
the residuals a minimum. The condition for this requirement is that:
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where j = 1, 2, 3. Equation h is a system of three linear equations in
three unknowns. The solution to this set of equations is represented by
the following matrix equation:

where

()‘1 ()
bl

X2 = (ATA)-l AT bq
.
.

b:
n

w‘3

A ——

\

a21
.
,

a“
n,l

a!22 ‘“” a23

.
a a

n,2 ““’ )nj3

(5)

m
A’ L Transpose of A

(ATA)-l . Inverse of (ATA)

The solution to Eq. 5 is unique and is the solution which results in the
best fit of’the experimental d;rta in the least squares sense.

EXPERIMENTAI,

The experimental effort of this phase of the program was centered principi~lly

in four areas of activity:

1..

2.

3.

/}.

Design of improved instrumentation for the pyrolytic characteriza-
tion of organics in water

Evaluation of’gas chromatographic columns for separation of the
pyrolytic fragments

(lptimi,zntionof the pyrolytic temperature regime

Demonstration of the feasibility of the developed technique by
developing speci.fi.cpyrograms for three principal classes of
natural organics found in water––carbohydrates , polypeptides, and
lipids ,

Instrumentation

The instrumentation for Lhe pyrographic characterization of organics in
water was based on the prirlciples, operations, and knowledge gained during
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the development of methodology for the determination of total organic con–

tent in water. A number of modifications and improvements were incorporated
into the design of the instrumentation used in this phase of the study. The

pyrograph consists of several subsystems: sample in,jector, pyrolytic unit,

carrier gas source, fragment separator, detector, and readout.

Sample Injector. The sample in,jector for the pyrograph must permit injection
of optimum size samples without alteration of sample composition or intro-
duction of contaminants. Prior experience in pyrolytic water analysis has
shown that introduction of waker samples by conventional injection through
the gas chromatographic septums yields pyrolytic patterns with large non-
reproducible peaks. It was found that these peaks originate from the minute
septum particles which adhere to the syringe needle and are carried into
the pyrolysis zone. A three-way injcctiorl”valve, similar to the one des–
cribed in the instrumentation for total organic content of water was incor-
porated in the pyrograph for sample injection.

Carrier Gas Generator. The commercial steam generator used in initial inves-
tigations was found to be performing poorly in terms of conLrol of temperature

and steam flow, and consequently, a custom built generator was designed. This

consisted of a 1.7-liter stainless-steel Sphere which was heated with a heat-
ing tape. The thermal conditions were regulated by a thermocouple sensor.
The generator was equipped with a pressure gage and was connected by l/8-
inch-OD heated tubing through a check valve to the pyrolysis subsystem.

Pyrolysis Unit. The pyrolysis unit consisted of a heavy-duty Lindberg
furnace containing a 5–foot–long, 3/8–inch-OD coiled nickel. tube. The tube
was filled with granular nickel.

Fragm ent Separation Unit, The fra~qnent separation unit consisted of a
Wilkens Hyl?iModel 600C gas chromatography equipped with suitable columns.

Detector, The detector was a hydrogen flame ionization sensor manufactured
by Wilkens Instrument Co.

Readout. The readout consisted of Sargent Model “SR” l–millivolt t’ull-scale
deflection recorder with multispeed capability.

Column Evaluation

Characte:
ments on
to minim:
detector
loo”c.

ization of the dissolved water organics places stringent require-
the operating parameters. Steam must be used as the carrier gas
ze the effects of injected samples on the hydrogen flame ionization

In addition, the column must be stable at temperatures above

I

.

I
A

I

I
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A concentrated effort was made to evaluate all potentially promising gas
chromatographic columns. The evaluation was based on several important
criteria: (1) the resolution of the pyrolytic fragments from each organic
class, (2) the stability of the column in the temperature range from 100
to 200”C, and (3) the extent of column bleeding at elevated temperatures.

I
In the evaluation, three materials were selected to represent the three
major classes of compounds found in natural waters. These were so].uble
potato starch, gelatin, and hcptanoic acid which represent the carbohydrates,
polypeptides, and lipids, respectively. One--tenthmilliliter aliquots of
individual aqueous solutions of each compound were pyrolyzed at 600 and
800°C. The pyrolytic fragments were transported by the steam carrier gas
through the 3/16–inch–OD by 6–foot-long gas chromatographic columns to the
detector.

The column substrates were selected for investigation on the basis of re-
< ported stability at high temperatures and their resolution of different

classes of compounds. These substrates included SE-30, Carbowax 20M,
silicone oil 710, and m–phenylether (five ring). Porous glhss was used as*
the support for SE–30. The other substrates were coated on 60 to .80mesh
Chromosorb W which had been acid washed and treated with dimethyldichl orosilane
to minimize peak tailing.

The pyrograms obtained with SE-30 on porous glass afforded poor sensitivity
and reproducibility. The silicone oil column exhibited only moderate tem–
perature stability. Although this column resolved gelatin fragments fairly
well, neither heptanoic acid nor starch fragments were notably separated.
Both Carbowax 20M and m–phenylether (five ring) substrat~s exhibit very
good temperature stability and separation of pyrolytic fragments. Measure-
ments of retention times show that a total of 14 peaks would be obtained in
the pyrolysis of a mixture of the three components on the Carbowax 20M column.
The pyrograms indicated that sufficient separation of fragments from natural
organics can be developed for application of the mathematical techniques
discussed previously.

To complete the column evaluation, three additional substrates were investi-
gated: ethylene glycol adipatc, diethylene g).ycolmalonate, and Apiezon L.

b Examination of the pyrograms obtained at 600 and 800”C for starch, gelatin,
and heptanoic acid did not show these substrates to be superior to the
Carbowax 20M. As with the substrates investigated previously, these three

, substrates were deficient in either stability or in resolution of the frag-
ments from the three materials used. Ilecause the Carbowax 20M substrate
provided reasonable separation of pyrolytic fragments and was temperature
stable, it was further investigated.

Temperature conditions for pyrolysis were also studied. The pyrograms for
aqueous solutions of gelatin, starch, and heptanoic acid were obtained at
500, 600 and 700”c. More complex spectra were obtained in all cases at
higher pyrolysis temperatures. This would provide better means for
subsequent mathematical treatment of the data.

I
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Demonstration of Feasibility of the Pyrographic Technique

The three major classes of organic materials found in natural waters are
carbohydrates, pol.ypeptides, and lipids. To illustrate the differences
in the pyrolytic patterns, pyrograms were obtained at 700°C for aqueous
solutions of starch, gelatin, and heptanoic acid, which can be considered
as representatives of the major classes of organics found in water. The
pyrograms presented in Fig. 5 through 7 show the similarities and differ-
ences obtained for materials of different molecular structure.

Examination of the pyrograms reveal.cd a total of 14 peaks which would be
discernible in the pyrolysis of
rials. The retention times and
Table 3 for ease of comparison,

PYROGRAPHIC DATA

a water sample containing all three mate–
heights of these peaks are presented in

TABLE 3

FOR THREE ORGANIC MATERIAI,S

Peak
No.

-

1

2

3

D 4

5

6

5

m

u

9

10

11

12

&l

Retention Time,
minutes

0.2Q

0.29

0.34

O.qa

0,41

().46

().49

0. yl~

0.59

0.70,

0.89

1.24

1}.10

5.34

—

Starch

66

5.5

c1
61.5

y

n 1

2.5

26

Peak Hei/

Gc latin

100+

7!; . J

11.5

26,5

13

5

21

16.5

8

t

Heptanoic Acid

100+

46

18

1.5

la24
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lC0LUt4N CARBOWAX 20M ON CHROMOSORB W
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CARRIER FLOW 21 cc/MIN
COLUMN TEMPERATURE 120°C
‘ATTENUATION 4
SAMPLE SIZE 1/10 cc
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1/2 lNCH/MIN

Figure 7, ~rogram of Aqueous Starch Solution



maw
1
-

,
/“

,
,
$



“ .. .

I

,
COLUMN CARBOWAX 20M ON CtiROflOSORB W
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ATTENUATION 4
SAMPLE SIZE 1/10 cc
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Figure 7. I@ogram of Aqueous Heptanoic Acid Solution



In a water sample containing a mixture of these organics, all three mate–
rials would contribute to most of the major peaks. However, there would
also be some distinctive peaks which would originate from only one of the
materials (blocked numbers in Table 3). As examination of Table 3 indi–
cates, starch produces the fully distinctive peak 4 at a retention tjme
of 0.38 minute and peak 8 at a retention time of 0.54 minute. Gelatin is
fully characterized by a group of distinctive peaks ~ through 12 with
retention times of 0.59, 0.70, 0.89, and l.~h minutes, respectively, and
peak 14 at a retention time of 5.39 minutes. Heptano.ic acid produced one

fully distinctive peak 24 at a retention time of ().49 minute. While spe–
cific and distinctive peaks provide means for identification of certain
organic groups, the totality of the pyrograrn represents a considerably
larger amount of information. Such information can be extracted mathe–
matically. instead of attempting to use distinctive peaks in interpreting
the analytical data, it is better to treat the entire pyrogram by matlle–
matical techniques to develop expressions relating all peaks to the amount
of each component.

Characterization of Natural Water Sources

I

1

The pyrographic instrumentation and technique were applied to the pyrolytic
characterization of natural water sources. In the initial experiment, the
instrumentation and procedure was used as described previously, The separa-
tion column was 6 feet long, and was filled with a packing of 20–percent
Carhowax 20M on Chromosorb W.

A sample of water from Lake Eleanor gave the pyrograms shown in Fig. 8 and [)
when pyrolyzed at 650 and 800C’C, respectively. Lake Eleanor is located in
the Santa Monica mountains in Ventura County, California. It is a small
lake constructed in a stream bed for the purpose of storing runoff water
for use in the summer months, The lake is filled by the winter rains, and
very little water flows into or out of the lake during the.remainder of
the year. The shallow portions of the shoreline abound in reeds and marshy
plants, and numerous masses of algae float at various points on the water
e.urface. As a result, the organic content of the water can be expected to
be high.

At a pyrolysis temperature of 650”c, there a~]pears to be a number of low
molecular fragments produced (.Fig.8). The pyrogram shows seven distinct
peaks and one-shoulder during the first few minutes after injection of the
sample. Considerable quantities of unresolved organic fragments are aiso
evident. When pyrolyzed at 800°C, the lake water (Fig. 9) gives three peaks
immediately after injection which arc followed by a large broad peak with
some small superimposed peaks. This pyrograrn indicates that some of the
organic matter present in the sample is degroded at the higher temperature
into fragments with longer retention times on the Column+
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Although it was possible to pyrol.ytically characterize this natural water
source ~ the peak resolution was of a IOW order. Therefore! a Poropak COIUUIn
was used for subsequent analysis of natural water sources. The Poropak sub-

strate does not contain a liquid phase, and was found to be superior to the

Carbowax 20M in resolving the organic fragments obtained from natural water
sources.

The instrumental conditions used with the Poropak column were as follows:

Column 7-1/2 foot by 3/16-inch OD filled with 50
to 80 mesh l)oropak Q preceded by a 2-l/2-
foot by 3/16–inch OD column filled with
60 to 80 mesh glass befids

Column Temperature 120°c

Pyrolysis Temperature 700°c

Carrier Gas Steam

Carrier Flowrate 22 cc,/min

Detector Hydrogen Flame Ionization

Hydrogen I?lowrate )*O~~/min

Air I?lowrate !250cc/rein

Chart Speed 1/2 inch/rein

Sample Size 0.20 cc

The water samples of natural origin were procured from streams in localities
removed from habitation and other sources of contamination. These localities
also differed in geographic and climatic aspects. ‘Thepyrographic spectrum
of each water sample was obtained with the Poropak column at an attenufition
of 2 and the preceding instrumental conditions. These pyrograms are shown
in Fig. 10 through 16 and the data are presented in Table 4.

A comparison of Fig. 10 through 16 reveals that there are differences as
well as similarities in the pyrograms.

In Fig. 10 through 13 (Virgin River, Utah; Soleduck River, Washington;
Hoh River, Washington; Salmon River, Idaho; respectively), the pyrograms

are very similar in that they are composed of four main peaks. The reln-
tive magnitudes
same. Some mint
from the Virgin
ferencesj i.e.,
appears +0 have
detailed analys:

of these peaks differ but the retention volumes arc the
r peaks are discernible in the pyrograms of the waters
and Salmon rivers. There are also some quantitative dif-
the Virgin River in Utah (semi-arid wilderness area),
the lowest organic content. Mathematical Lrea{,ment and
s would probably show that these pyrograms differ in detail..
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Pigure 12. l’yrogram of Water From the Hoh River in \{ashi~gton
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Figure 14. Pyrogram of Water From the Payette River in Idaho
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Figure 15. Pyrogram of Waker From the Naches River in Washington
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Figure 16. ~rogram of Provo River Water From Eiah
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TABLE 4

PYROGRAPHIC DATA FOR WATERS OF NATURAL ORIGIN

,ent ion I Peak Heights (Arbitrary Units)

lume,
iliters

11

15

26

28

32

33

35

!*(I

14p

44

46

51

53

55

57

68

77

92

176

198

249

*shoulder
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The other three pyrograrrrsof natural waters (Fig. 14 throuuh 16) differ
among themselves and from the other four pyrograms. In general, these
three pyrolytic spectra consist of one large peak, a secon(ipeak of sma

magnitude, and several small peaks. Thu [Jyrogram of the water from the
Provo River also shows a considerable background after the first r)eaks.

ler

For the Naches River water,
.. L

a broad peak at a retention volume of 249 exists
in the pyrogram.

Although differences in the pyrograms of natural waters are visually apptirent
and mathematical treatmenL would be expected to show other variations} the
pyrograms are of the same magnitude and show many similarities. Because the
organic composition of a ntituralwater body is a steady–state system, the
pyrograrn for a water obtained by desalination technologies operating on a
particular source should he constant with respect to the natural organics
present in the source water. The pyrogram would change only if organic
materials were introduced into the water by the processing technique. Such
organic materials will give distinctive pyrolytic spectra which would be
superimposed on the Spectrum derived from the natural organi.cs. This addi–
tion to the pyrogram would be visually discernible in many cases and would

be quantitatively derived by mathematical treatment of the pyrogram.

To show the differences between the pyrogrtims of organic compounds and the
natural organic background of’waters, three aqueous solutions of organic
compounds were pyrolyzed under the same instrumental conditions as listed
previously and at an attenuation of 10. The pyrograms of each compound, at
a concentration of 25 ppm, are shown in Fig. 17 through 19 and the pyrographic
data are presented in Table 5. Comparison of these pyrograms with those for
natural waters shows the pyrograms for the organic compounds are distinctly
different. This would enable the qualitative and quantitative identification
oi’the organics in the presence of the natural organic hackgronnd. Because
pyrograrns of the same magnitude as in Fig, 17 through 19 would be obtained
at an attenuation of 2 for solutions containing ~ ppm of the compounds, the
sensitivity would be at least of this order for visual detectiorl”and would
b~ considerably less with the application of mathematical techniques. JJurthcr
investigation should be undertaken in this area.
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TABLE 5

PYROGIlkPHIC DATA FOR CHEMICAL COMPOUNDS

25

5

Retention
V(Ilume,

Peak Heights

milliliters Ethyl Acetate Propionaldehyde Diethylamine

22 Lo

26 6 K-

37 100+

)1o

44 73

46

51 *

53

57

59

64

77

79

90

99 3

—.

100+

66

69

25

90

53

++

36

Sshouldpr
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Since all desalination processes introduce or produce n{~worganic species
in the product water, the sLringent requirement of Lhr lJ.S. Pahli.cHealth
Service will be fu”llyapplicable to all water supplies produced by de-
salination proc.esf:e.s.In order LO de:ilwiLh Lhi.sproblcm, Lhc capability
for clear chfirac-Lcriz:~tionof Lhe chemical nature of desalinate] waihr
must be established. !l?hepyrographic class chfir[tcterizationmjght pro-
vide a means of differentiation between the na{,ural organic background
of water and the organic species derived from desalination processin~.

It can then become a useful t,oolfor compliance with Lhe Public Health
Service requirements.
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CONCLUSIONS

To gain wider public acceptance and approval by responsible Public Hea
agencies, industrially processed (desalinated) potable water must show
quality compatibility with natural potable waters.

The chemical nature of desalinated and natural potable waters differ in a
number of ways. The water originating from natural sources, which is dis-
tributed to the consumer through municipal water supplies, contains a varied
composition of inorganic salts and organic compounds. This composition is
regulated by a steady-state ecological. cycle existing in any given water
body . The water, which is desalinated by an industrial process, could con–
tain some inorganic residue and organic componentswhich are mainly carryovers
from the initial composition of a nonpotable water source. In addition,
industrial chemicals used in the processing will also be found in the product
water.

Current analytical and water quality control methodology is oriented prin-
cipally towards the problems of natural water supplies. For example, the
carbon chloroform extract (CCE) method is widely used for the characteriza–
ti.onof the total organic content of water. It is generally recognized
that CCH values represent only a fraction of the organic matter present in
natural waters. Examination of total organic values obtained on samples of
natural waters indicate that CCE represents only 10 to 20 percent of the
total organics presenk, However, when CCE measurement is mode on samples (

having a relatively constant chemical. composition, as is the case with
waters obtained from an ecologically stable environment, it does have cer-
tain informative value, It is possible from this determination of a fraction
of the organic matter to deduce the magnitude of the organic content in a
given source of natural water. This useful tool for the characterization
of natural potable water loses all meaning if applied to the characterization
of water with a varied and generally unknown organic composition such as is
khc case with desalinated water.

The studies conducted under this contract,were concerned primarily with the
quality parameters of desalinated water. To do this, it has been necessary
to chara~terize the organic composition of naturally occurring potable water.
This provides the yardstick for comparing the product water from desalination
processes. As part of this research, a pyrographic method for the assessment
of the total organic content of water has been applied to study the organic
content of municipal water supplies derived from sources varying climatical.1.y
and geographically, It was found that w~iter obtained from surface sources
in the desert and semiarid regions contains organic matter in the 1 to 3 mg
C/liter range. Water samples from forested areas with abundant rainfall
generally range between 3.7 and 7.7 mg C,lliter. It is believed that the
majority of municipal water supplies in the lJnited States contain organic
matter within the range of these two extremes. The developed analytical
methodology and the results of the conducted survey provide a factual basis
from which quality standards for desalinated water can be set. This is a
more realistic approach to such a task than utilization of data and infor-
mation derived mainly from analytical methodology currently used for the
characterization of natural water sources.



RECOMMENDATIONS

It is recognized that the source of water for desalination is nonpotab]e.
Consequently, assurances must be made to the consumer that the product
water meets all quality requirements for potable water, including the
organic composition.

To be able to make such assurances, this investigation indicates the need
for the following additional studies:

1.

2.

Apply the developed analytical methodology for the assessment of
the total organic content of desalinated waters. This is of
prime importance in the case of distillation processes where no
information is currently available on the nature, quantities,
and character of the organic mater~.als transferred from a non-
potable water source into the product water by steam distillation.

Continue research in the area of development and reduction to
practice of the techniques for class characterization of organics
in water. Apply the developed methodology -Lodifferentiate be-
tween the organics derived from natural sources and the chemicals
introduced or produced by desalination processes.
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PUBLICATIONS AND SUBJECT INVENTIONS UNDER
CONTRACT NO. 14-01-0001-96s

OFFICE OF SALINH WATER, U.S. DEPARTMENT OF INTERIOR

1. Kurt H. Nelson and Ihor Lysyj, l~Organic Content of Southwest and

Pacific Coast Municipal Waters.”

Water samples from municipal supplies in some Southwest and
Pacific Coast communities were analyzed for organic content by

a pyrographic technique. The organic content averaged 0.9 mg
C/liter for the supplies from underground sources. Municipal
supplies obtained from surface sources in desert and semiarid
regions had organic contents from 1.1 to 2.7 mg C,/liter. Those
procured from surface waters in the northern Pacific Coast had
organic contents from 3.7 to 7.7 mg C/liter.

2. Ihor Lysyj and Kurt H. Nelson, “pyrolytic Characterization of Natural
Waters.”

Paper in preparation. The organic matter is pyrolyzed in the
presence of the matrix water and the fragments are ❑easured with
a flame ionization detector after separation on a gas chromato-
graphic column.

3. Kurb H. Nelson and Ihor Lysyjj !l~nstrument for Pyrolysis of Organics

in Water.”

Paper in preparation. An instrument is described for the pyro-
lysis of organic materials in water. The pyrolytic fragments from
the organics are transported by steam through selected gas chromato-
graphic columns. The separated fragments are measured with a flame
ionization detector and recorded as a pyrogram.

4, Ihor Lysyj and Kurt H. Nelson, Itldentlfication of Aqueous @awic

Compounds Through Pyrography.ls

Paper in preparation. A technique for the identification of
organic compounds present in water is described. After the

compounds are pyrolyzed in the presence of the water, the
fragments are separated by gas chromatography prior to measure-
ment. Characteristic pyrograms, which permit identification,

are obtained for the organic compounds.

~. Upon review of the work called for, or required hereunder, to the
best of the contractor’s knowledge and belief, no subject inventions
have resulted from performance under this contract.
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