CEE 697z
Organic Compounds in Water and
Wastewater

Measuring NOM

Lecture #2
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NOM: Modern Engineering Concerns

e Coagulant demand

¢ Disinfectant demand

e Major DBP precursors

¢ Source of color

¢ Fouling of membranes and GAC adsorbers

e Coats clay particles and affects behavior

¢ Elevates solubility of hydrophobic pollutants and heavy metals
¢ Provides buffering in waters of low alkalinity

e Can affect mineral dissolution and precipitation

e Carbon source for biofilm growth in distribution systems
¢ Can affect corrosion

e Source of tastes and odors
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NOM in Source Waters:
Some definitions
Groupings Based on Origin

2 autochthonous material is formed within the water body
2 allochthonous material can originate from either the soil or from upstream
water bodies

, Substances originating from any water body
for substances originating from soil
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II. NOM Structure (cont.)

» NOM from specific source types

allochthonous or pedogenic
lignins & non-humics

autochthonous or aquogenic
algal (AOM)

wastewater effluent organics (EfOM)
soluble metabolic products

Major biochemical consitutents

lignin, proteins, terpenoids, tannins, others

Dave Reckhow - Organics InW &WW

How to quantify NOM?

» Isolation with hydrophobic resins and solvents
Requires drying and weighing of the final residue

Some choices for solvents (LLE) and resins (SRE)

THE

Ether By Epwarp A. BIRGE AND CHANCEY JUDAY

GAC & Chloroform extracti
XAD & alkali/organic extraction

» Elemental analysis for Carbon

Wiscoxsiy GroLocicar, Axp Natvral Hrstomy Survay

Preparative Isolation of Aquatic Humic Substances

Earl M. Thurman* and Ronaid L. Malcolm
us. Box 25086, MS 407. Deaver

GEOLOGY: BIRGE AND JUDAY 515

ORGANIC CONTENT OF LAKE WATER

Read before the Academy November 11, 1925

Requires separation from carbonates and othe

= A usciul procedure hs been developed which
ced by

inorganic forms

sl

Extensive bond breakage (mineralization) follc o o

by conversion on the carbon atoms to a common
form (usually CO, or CH,)

Detection of the resulting carbon compound
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Th. procedure ields camcantration factors of 25000 han 39 kgL DOC.
- Ivic acid in water,

Thurman & Malcolm
(1981) ES&T 15(4)463-
466
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Tentative Method for

Carbon Chloroform Extract

Carbon Chloroform Extract (CCE) in Water

A method prepared by the Subcommitiee on Organic Chemicals of
AWWA Committee 8930 P—Standard Methods for the Examination
of Water and Wastewater. The members of the subcommittee were:
Francis M. Middieton (Chairman), Arnold E. Greenberg, and G. Fred
Lee. In accordance with the procedure agreed wpon by the three
sponsoring associations—American Public Health Association, Ameri-
can Waler Works Association, and Water Pollution Control Federa-
tion—this method has been submitted to the Joint Editorial Board for
the Twelfth Edition of Standard Methods for the Examination of
Water and Wastewater and has been adopted as a “Teniative” method
by that body, effective Mar. I, 1962.

RGANIC contaminants—in natu- General Discussion

» Published Feb 1962
» Steps
Adsorption to GAC
Dry

ral substances, insecticides, herbi-
cides, and other agricultural chemicals
—enter water supplies from runoff.
Domestic sewage and industrial wastes,
depending on the degree of treatment,
i i in various

1.1. Principle. Activated carbon is
a remarkable adsorption media for
many types of organic materials. As
used in a carbon adserption unit (Fig.
1), it aids in the detection of low, but

amounts. As a result of accidental
spills and leaks, industrial organic
wastes also enter streams, Some of
the contaminants, extremely persistent
and only partially removed by tréat-
ment, reach the consumer in drinking
‘water.

Contaminants, both natural and
manmade, can conceivably have un-
desirable effects on health. Some of
the materials interfere with water
quality, and kill fish. A few micro-
grams per liter may be significant.
Where concentrations of 200 ug/1 have
been found, the taste and odor of the
water have nearly always been poor.
The isolation and recovery of DDT,
nitriles, orthonitrochlorobenzene, aro-
matic ethers, and many other synthetic
chemicals suggest that a method for
assessing these materials in water is
desirable.

of organic con-
taminants in large volumes of water.
When a sufficient quantity of water
has been run through the unit, the
carbon containing the adsorbed sample
is removed, dried, and extracted with
chloroform. The removal of the chlo-
roform by distillation leaves a weigh-
able residue of contaminants. Other
solvents, such as ethyl alcohol, will
remove additional organics, but for
monitoring and control purposes the
hlorof ion it A

adequate.

This method does not determine the
total organic content of water. Al-
though it is very effective, the carbon
does not adsorb all the organics, and
the solvent does not recover all of the
materials adsorbed. Synthetic deter-
gents are mnot measured by this
procedure.

Extract GAC with chloroform
Evaporate chloroform
Weigh residue

» Problems
Requires 10,000 liters of sample
Subject to many errors

May only recover a few percent
of NOM

Typical clean waters are 25-50
pg/L CCE

IVAYVNVA 50(2)223-227

223

TOC Analyzer

» March 1963

» Required a Beckman L/B
infrared analyzer

» Need to wait for

development of a turnkey
instrument (Beckman 915)

emAn U e

10
"
”
13
"
1

Figure 5. Calibration dsta

Siandords, Acstc o n walar
rete. 56 m par minite
Fomecstune, 953°C

Rapid Combustion Method for the Determination
of Organic Substances in Aqueous Solutions

€. E. Van HALL JOHN SAFRANKO,' end V. A. STENGER
Speciol Services Loboratory, The Dow Chemical Co., Midlond), Mich.

P A method hos boen developed
for ihe rapid defermination of fotol
in aqueous solutions in e
centrations down fo 2 mg. per fiter,
The sample is injected im0 o com.
bustion fube where the organic
s oxidized fo carbon dioid
sireom of oxygen
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an infrared snalyser, Even thi method  Corp, Sacramento, Galil,

VoL 35, MO, 3, MARCH 1983 = 315

ORYGEN SUPRLY
REGULATOR
NEEDLE VALVE
FLOW METER
CHECK VALVE
COMBUSTION TUBE

RECORDER

Dave Reckhow - Orgdieee [h Veeyiddiagram of combustion apparatus
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Great Recovery

» TOC

Compound

Benzoic acid
Phenol

Sucrose
Glycine
Pyridine

Urea

Sodium eyanide
Acetanilide
p-Nitroaniline
4-Aminoantipyrine
Sulfanilie acid

Diphenylaminesulfonate,

Ba salt
dl-Methionine
2,4,6-Trichlorophenol
Sodium earbonate

Acetie aecid in 209, NaCl 100.
Acetie acid in 209, CaCl, 100.

e All results based on 4 determinations.

Table . Analyses of Standard Selutions

Carbon, p.p.m.

Caled.

68.8
76.6
104
100
105.
100.
122
75.
106.
111
89

87
103.
75.
99

COU R OM WU D O 100

of acetic acid in water.

Found Std. Av. %

Max. Min. Av. dev. (%) recovefy
69.0 67.4 68.2 0.66 99.1
77.2 76.5 76.9 0.30 100.4
105.1 104.3 104.5 0.40 99.7
101.2 99.5 100.3  0.69 99.6
104.4 103.6 104.2 0.40 98.7
100.9 99.1 99.8  0.86 99.8
122.1 119.5 120.5 1.11 98.4
76.0 75.0 75.4 0.48 100.0
105.8 104.9 105.4 0.52 99.2
110.6  108.9 110.2  0.85 98.8
90.5 88.6 89.3 0.90 100.0
87.6 86.8 87.4 0.40 99.5
102.7 101.8 1025 0.45 99.5
76.0 74.0 75.0  0.84 99.5
100.0 99.2 99.4 0.40 99.9
101.0 99.0 100.0 0.82 100.0
100.0 98.1 99.1 0.78 99.1

Calibrations made with standard solutions

CO, Analyzer

Sensing Demodulator
Chopper Cell Amplifier
Arnold Beckma
\| A

—— Reference

Source—| \/ﬂ

—— LU Sample UJ

In Out

eNon-dispersive Infrared Analyzer (seen above)

eElectrolytic Conductivity Detection (interference from other ionic species)

eCoulometric Titration

eReduction to CH,, then FID (flame ionization detection) — longer testing times
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NOM Quantification: TOC & DOC

Principle: oxidize all organic matter to Carbon dioxide and
water. Then measure the amount of carbon dioxide

p’n(‘ll ced
C,H,N.0, +(a+%—%)02 Sfaco, +%HZO+%N2

a

Oxidation
e High Temperature
Pyrolysis
e UV Irradiation
¢ Heated Persulfate

e UV/Persulfate

Current state of NOM quantification

» The total (or dissolved) organic carbon method is the
standard
Most use combustion with IR detection

» Resin isolation is still used but mostly for:

Affinity-based characterization

XAD-8 & XAD-4 methods

o Hydrophobic/mesophilic/hydrophilic
Preparative-scale isolation of major fractions for subsequent
analysis

XAD resins, sometimes with ion exchange resins
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