ABSTRACT

W LLI AM S« M COY. Use of The Flavor Profile
Met hod To Sol ve Taste and Odor Problens In

Water Supplies. <Under the Direction of DR
FRAWCI S A. DI G ANO)

The Flavor Profile Method (FPM was eval uated for use as
a practical tool to aid water managers in controlling
taste and odor in water supplies. A sensory panel using
students was organi sed and trained. Water sanples from
t hroughout the Orange Water and Sewer Authority water

system were anal ysied by the sensory panel using the FPM

The FPMis useful in investigating the source of taste
and odor problens and in nonitoring the effectiveness of
treatnent processes in renoving tastes and odors. The
FPMis effective in elimnating the influence of outside
odors on the results. A trained sensory panel using the
FPMis able to detect presence of musty and chl orinous
odorants in water sanples in concentrations above a
threshol d value. Results fromthe sensory anal ysis of
sanpl es indicate an enhancement of the chlorinous flavor

intensity in sanmples that were chlorinated with a nusty

odor ant present.
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Chapter 1

I NTRODUCTI ON

bj ectionable taste and odor is one of the prinmary water
qual ity problens facing water managers. Numerous

epi sodes of taste and odor outbreaks e;-;tending across the
world are cited in the literature, with the earthy-nusty
odors produced by actinonycetes and bl ue-green al gae
being by far the nost common. UWilities have found these
out breaks difficult to predict and the cause of the taste

and odor hard to prevent and treat.

The Anerican Water Wor ks Associ ati on (AWM) Research
Foundation has included mnimzing taste and odor in

dri nki ng water as one of 18 mmjor research topics in
their 5 Year Plan (1). Oher indicators of the problens
i nportance include sessions dedicated to taste and odor

at the 1984 AWM Water Quality Technol ogy Conference and

t he 1985 AWM Annual Conf erence.

Anmong the many net hods used by utilities to neasure the

intensity of the odor, the Threshold Odor Nunber (TON)

nmet hod as described in Standard Methods (2) is the npst

conmon. However, this nmethod suffers several drawbacks.
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It. has been noted to give inconsistent and soneti nes

i naccurate results. Moreover, it is not a practical too
for pinpointing a taste and odor probl em because it
cannot be used to identify and distingui sh one source of

taste and odor from another (3,4,5,6).

Problenms with the TON net hod pronpted the Metropolitan
Water District of Southern California (MADSC) to search
for a new nethod that would aid in identifying and
solving taste and odor problens throughout their system
MADSC in conjunction with Arthur D. Little, Inc. nodified
the Flavor Profile Method (FPM for use by the water

i ndustry as a replacenent for the TON net hod. The FPM
had been used for years by the food, beverage, and

phar naceuti cal industries (3).

The FPMis a descriptive nethod and is influenced by the
total fleaver of a sanple, which includes taste, odor, and
feeling factors. A group of trained panelists

i ndi vidually anal yses sanples for aroma and fl avor -
tay~nout. h under controlled conditions. The panel

di scusses the; individual findings, resolves any
conflicts, and agrees to a flavor profile for the sanmple.
This flavor profile is a description of all flavors, the

order that they were perceived, and the intensity of each

< -~ > -
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The FF-"Mis a sensory technique and, as a result, is

subj ective. The Method's purpose is not to determ ne
concentrations of odorants and be used as a repl acenent
for our analytical instrunments, but to detect, presence of

an odorant and to aid in evaluating water treatnent

ef fecti veness.

Use of the FPM by the water industry is limted at this
tine to a few of the larger utilities and a research
project at Drexel University. MADSC uses the FPM
extensively for routine nonitoring throughout their
systemand as an aid in solving specific taste and odor
problens <3,a,9), Drexel University is using the FPM as
part of a research project on taste and odor. The Drexe
project includes use of the F'PM by the Phil adel phia Wlter
Departnent, The Phil adel phia Suburban Water Conpany, and
the Societe Lyonai sse des Eaux et de |'Eclairage

(1,8, 10) .

This research was undertaken to obtain sonme practica

experience with the FPM The foll owi ng objectives were

est abl i shed:

1. to organize and conduct a sensory panel using

the Flavor F' rofile Method.
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to eval ui xte use of the Flavor Profile Method by
wat er managers £is a detector of and as an aid in
controlling earthy-nusty and chl ori nous odorants
in water supplies. Thiis objective was
acconplished with sanples taken from sel ected
locations in the Orange Water and Sewer

Aut hority water supply system
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Chapter 2

LI TERATURE REVI EW

E\tlYsiglggi;: and Chem _str;y: gf Taste an

Fl avor is a conbination o-f taste -fromthe tongue, odors
fromthe nose, feeling factors fromthe nouth and nose,
and aftertastes. Wen a sanple is tasted, we eval uate
its flavor. Wen the? sanple is snelled, we assess only
its odors and feeling factors fromthe nose. Feeling
factors include burning, cooling, gritty, nunbing,

astringent, etc. 7).

Qdor is perceived when air is drawn through the nostrils
to the olfactory area (Figure 1). According to the
stereocheni cal theory of odor as presented by Anpore
(11), this area contains nerve endi ngs and receptor
sites. A primary odorant fits into a receptor site,
simlar to the site specific enzyne reaction, and

triggers a nerve signal through the olfactory bulb to the

br ai n.

The seven primary odorants ars listed in Table 1. Al

ot her odors are conple;-; and are a conbi nation of two or
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OLFACTORY BULB
CLFACTORY AREA

TURBI NATE BONES

TONGUE

<< O

Fi gure 1. The? anatony of snell (Anpore, 11)
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Tabl e 1. The

PRI MARY ODOR
CAMPHORACEQOUS

MUSKY

FLORAL

PEPPERM NTY
ETHEREAL
PUNGENT

PUTRI D

CHEM CAL EXAMPLE

CAMPHOR

PENTADECANOLACTONE

PHENYLETHYL METHYL
ETHYL CARBI NOL

MENTHONE

ETHYLENE Di CHLORI DE

FORM C ACI D

BUTYL MERCAPTAN

seven primary odors (Anmoore, 11)

FAM LI AR SUBSTANCE

MOTH REPELLENT

ANGELI CA ROOT A L

ROSES

M NT CANDY

DRY- CLEANI NG FLUI D

VI NEGAR

' BAD EGG
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nmore primary odorants- To be an odorant, a nol ecul e nust
be volatile to reach the ol factory area. Qdor is

percei ved during tasting because volatiles rise behind
the tongue to the ol factory area. An odorant nust be
wat er soluble to penetrate the noist skin of the

ol factory area. Finally, an odorant nust be soluble in

lipids to reach the nerve endings (11).

Taste is influenced by only four factors: sweet, sour,
salty, and bitter. These taste factors »re perceived
when specific taste buds on the tongue are chemically

stimulated (Figure 2) (3).

QEEyr X8DEI ... 8Qd. . CDntgl _of _TastB_ and"Cdor,In_\W

Causes of Taste and Qdor. The sources of taste and odor
may be divided into three groups: natural organics,
synthetic organics, and inorganics (Table 2)- Odor from
natural organics may be produced by the decay of

organi sms, by netabolites, or by organic chloram nes.

I ndustrial discharges or spills are usually the source of
odor from synthetic organics. Odor producers in the |ast
group, inorganics, are limted to hydrogen sulfide, free

chl orine, and inorganic chloramnes. her inorganics
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Fi gure 2. The anatony of taste.
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Table 2. Typical causes and descriptions o-f odors

Cause Descri pti on Re T

Nat ural Organics
Decayi ng Al gae Grassy, Septic, F-ishy (12)
Decayed Veget ati on
GCGeosnmin Eart hy, Musty (13)
M B Eart hy, Muust v  3)

Synt heti c Organics

BPBPaen=—c=ormne SwNsae—m e C A=)

No - 2 Fuel (@ I | Gasoli mne (1L4)

Tri chl oroet hyl ene Strong Chl ori nated (14)
Sol vent

Dodecanal Spicy, G een Vegetation (S)
Et hyl ene d ycol MId, Sweet (14)

I nor gani cs

Hydr ogen Sul fi de Rotten Egg, Sewer (12)
Free <Chl ori ne Chl ori nous (15)

NMonochl or am ne Chl ori nous (15)
Di chl oram ne Swi nm ng Pool, Bl eachy (15)
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such as salts and netal ions nmay cause objectionable

taste (12).

Wien two or nore odorants are together in a sanple, we
may perceive an odor description and intensity entirely
di-f-ferent fromwhat we detect with the individual
odorants. The odor intensity will change by one of three
phenonmena (16):

1. Additivity- sumof the individual intensities

2. Synergism- nore than the sum of the individua
intensiti es

3. Antagonism |less than the sum of the individual
intensiti es

Eart hy-Musty and Chi orinous COdorants. The earthy-nmnusty
odor seens to be the nbst preval ent cause of taste and
odor problenms throughout the world: fromhere in the
United States to The Netherlands (17), Japan (18), Israel
(19), and Finland (20). These odors can be produced by
any one of five conpounds (21, 221):

M B (2-net hyli soborneol)

geosm n (trans-1,10-di nmet hyl -trans-9-decal ol)

| PMP ( 2-i sopropyl - 3~net ho; ; ypyr a2i ne)

I BMP (2-isobutyl ~3-netho;;ypyra2ine)

TCA (2,3,6-trichl orbDani sol e)
M B and geosmn are the nost common of the earthy-nusty

odoraints. O the five, they are the only conpounds

charged with causing problens in water supplies. Geosmn
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is a netabolite of actinonycetes (genus Streg.tDmyces) and
bl ue-green al gae (genera Qsclllatoria, Lyngbya, Sy.nmBl 9f.8§;?
and Anaisaena) . ME< is also a nmetabolite of StreBtgmyces
and bl ue-green al gae (genera Qsci _|I,l,atgri.a and Lyngbya)
(23,18). Both conmpounds are saturated cyclic tertiary

al cohols (Figure 3) (23).

The ability of the senses to detect M B and geosnin at
very |l ow concentrations is one of the reasons these
conpounds are so troubl esonme- Figure 4, which is based
on work perfornmed by Krasner et_a I (3) at |iWDSC, shows
a sensory panel's perceived intensity of earthy-nusty
odor at various MB concentrations. Intensity as a
function of the logarithmof concentration is a straight
line relationship as predicted by the Wber-Fechner Law
(5). This is an enpirical law and, interpreted, neans
that as the concentration of an odorant increases, the
perceived intensity of the odor will be |less than that
predicted by a |inear relationship. Fromthe graph, we
see that 1 to 3 ng/1 of MB in taste and odor free water
can be perceived by the human senses. Even in the

sanpl es, which contain background odorants, 3 to 5 ng/1

MB is detected. Researchers have found geosm n to have

an even | ower threshold odor concentration than MEf (17).
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Fi gure 3.
§ Li.» 21)

2-methyl isoborneol

The structure of

Trans-1, 10- di net hyl - t rans- 9- decal ol
(geosmi n)

M B and geosm n (Rosen et

13
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Chl ori nous odors are a concern, especially in the United
States, due to the w despread use of free chlorine and

i norgani ¢ chl oram nes as drinking water disinfectants.

Krasner and Barrett (15) found nopnochl oram ne to be
relatively non-odorous: concentrations up to 3 ng/1l as
Cl2 had a slight intensity at nost. Concentrations of
nonochl oram ne above 3 ng/ 1l contained significant anounts
of dichloram ne, a strong odorant. They found that

di chl oram ne above 0.5 ng/1 as Cl2 had an obj ecti onabl e

bl eachy, swi nm ng pool -like odor. The odor intensity of

free chlorine falls in between the two chloram nes. The
t hreshol d odor concentration for free chlorine was found
to be about 0,3 ng/1l as C12. Figure 5is a plot of
intensity vs. concentration for one conponent of free

chl orine, hypochlorous acid. Hypochlorite exhibited the

sane chlori nous odor and simlar intensities.

Control of Taste and Odor, Water utilities use a variety
of methods to treat taste and odors at the plant. Sone
met hods ares chem cal oxidation with chlorine,

chl oram nes, chlorine dioxide, ozone, or potassium

per manganat e; adsorption wi th powdered or granul ar
activated carbon; and stripping by aeration. The best
treatnent to use depends on the situation, but, in

general, carbon adsorption is thought to be the nost
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hypochl orous acid (Krasner and Barrett, 15)
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effective (8). Retahun et __al.._(24) found that

chl orination reduced the earthy-nusty odors produced by
cultures of Qsci.l”iatoria, but. many studies of natural
waters note an intensification of the odor (25,24,4).
McBuire et_al.i. <4) suggest that chlorine effectively
oxi di ses other odorants in the sanple | eaving

earthy-nusty as the predom nant odorant.

Treatnent at the plant nay be the best nethod of control
for a large water supplier, such as G ncinnati, whose
source is difficult to protect- But for other utilities
there may be a nore cost effective solution. The cost of
treatnment is illustrated in the follow ng exanple. A
30-ngd water treatnment plant experiencing problens with
earthy-nusty odors from M B and geosm n spent #150,000 in
1981 on powdered activated carbon (PAC) and potassi um

per manganate (KWnh04) just to reduce the odor level. This
cost was 50'/. of their total chem cal costs for the year
(26). This utility and others having control over their
source water may benefit by attending to the cause of the

problemin addition to treatnent at the plant.

Nuner ous net hods exi st to control the cause of natural

taste axnd odor problens including: application of

al gaci des, bi ol ogi cal oxidation, and reservoir
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destrati-fication. Algalcides such as copper sul-fate wll
destroy bl ue-green algae which is a source of food for
anot her producer of earthy-nusty odors, Streptgnycetes
(27). Biological oxidation involves the application of
Baci | *l us species to consune the odorous conpounds
produced by actinonyces (27,28). The objective of
reservoir destratification is to interupt the life cycle
of planktonic taste and odor producers. For producers
attached to the bottom this nethod is not effective

(8) .

Bood wat ershed and water storage system nmanagenent can be
very effective in reducing taste and odor- Control of

i ndustrial discharges and organic and nutrient |oads into
source waters will reduce synthetic and natural odor
producers, respectively. Reservoirs that cause taste and
odor problens may be bypassed tenporarily so raw water to

the treatnent plant is of good quality (S).

MADSC has a uni que and very effective approach to sol ving
taste and odor problens. They conbine sensory

eval uation, analytical neasurenents, mcrobial culturing
and anal yses, and field sanpling and observations to
identify the odorant and the cause (4). Sensory

evaluation is with the FT-*M  The anal ytical technique is


NEATPAGEINFO:id=88792CD6-C855-4CD9-988A-3D3BEFCA0DBD


19

the closed | oop stripping analysis (CLSA) with BC/ Ms.
This sensitive instrunental method is necessary to detect

the | ow concentrations of many odorants. Many of MADSC s

sol utions focus on the odor's cause and have i ncl uded:

treatnment of an Qsci _|.l.atori.a bloomw th copper sulfate

<29) and inplenenting a new procedure for repair of

fabric-covered reservoirs (9).

Sensory, Met hQds_ysed_BY Water Ut j~I.ItiA

The Threshol d Odor Nunmber (TON) met hod has been the nopst
frequently used sensory technique in the water industry.
The nethod invol ves repeated dilutions of a sanple until
the tester can barely detect the faintest odor
(threshold odor) (2). Due to the Method' s design, the

nost i ntense odor will control the result. This is

acceptabl e in instances of gross contamination, but often

we are concerned with a less intense odor that is nore

obj ectionable or with nmultiple odorants. O her problens

with the TON nethod aire the alterati on of odor ant
characteristics with dilution and i nconsistent results,

since one person can conduct the test but each person's

odor sensitivity is different (3,4).

Many ot her techniques are used by utilities for sensory


NEATPAGEINFO:id=D7C0FCB1-A998-4362-831B-F22E0513CD0C


20

monitoring. One exanple is a nethod used by the Atlanta
Water Works. Air is bubbled through a vessel contai ning
raw water (Figure 6), the odor is stripped out, and exits
through the top -for sensory evaluation (25), This

"conti nuous odor nonitor" is located at the plant, so the
sensory evaluation is perforned by under uncontrolled
conditions. Background odors in the plant woul d make

detection difficult. One would expect that the results

fromthis nmethod are i nconsi stent and unreli abl e.

Ibii, Eli(VOlr... £12f-il? dgthDd

The FPMis a versatile sensory technique that applies
well to the water industry- The Method is descriptive in
that it characterizes the entire flavor of the sanple,

not just the nobst outstanding intensity as with the TON
met hod. Description of the flavor hel ps the water

manager identify its cause and reporting the entire

flavor allows treatnent of a |l ess intense but nore

obj ecti onabl e odor. The Method lends itself well to
assessing the™ inpact to taste and odor by treatnent
processes or any other stinmulus. Since it is based on the
use of a trained panel, the Method is consistent and

reproduci ble. Finally, sanples are tested in the sane
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Fi gure 6.

o 'oo

Conti nuous odor nonitor (AWM, 25)
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fashi on consuners ingest the product: in contrast to the
TON net hod, which alters the sample through dilution
Cairncross and Sjostrom (30) devel oped the FPMin 1949
and since then it has been used in the food, beverage,
and pharnaceutical industries. Being dissatisfied with
the TON net hod, MAD and Arthur D. Little, Inc., a

consul tant having eKtensive experience in the flavor
evaluation field, adopted the FPMfor use in the water
industry (3). The principle of the Method is that a
sanple is anal ysed by a trained panel for aroma or odor
and for flavor (by mouth). Each panel nenber describes
all flavors and notes the intensity of every description-
The panel discusses the individual results, resolves any
di screpancies, and arrives at a conposite flavor profile

for the sanple (7). A description of each inportant

e?l enent of the FPM foll ows!

1. Sel ecti on of The Panel .

A mnimum of four panelists is required, but at |east six
peopl e shoul d be trained in case of absences. Panel
menbers are notivated, intelligent, and have nornal
flavor sensitivity. They may be selected from enpl oyees
or volunteers or may be hired specifically for this

pur pose (7).
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Menbers & s  selected by a screening process consisting of
three steps. First, they are tested for taste
recognition. The chemcals listed in Table 3 are

di ssolved in taste and odor free water and presented to
the prospective panelists in odorless plastic cups. An
acceptable result is recognition of all four basic
tastes. Flavor intensity depends on tenperature, so it is
inmportant for all sanples to be at a consistent
tenperature (7). The Phil adel phia Water Depart nent
substitutes the taste recognition test with a
standardi sed scratch and sniff test that detects

ol factory problens instead of taste sensitivity - The
test is called the University of Pennsylvania Snell

I dentification Test (UPSIT) (31) and is available from

Bensonics, Inc. (408 S. 47th St., Philadel phia, PA 19143,

tel . 215-471-4117) (32).

Second, the prospective panel nenbers s.re tested for odor
recognition (32). A series of odor reference standards
Bre presented to the panel for identification. The
standards used by the Phil adel phia Water Departnment are
listed in Table 4. The cheni cals and concentrati ons used
as standards shoul d be checked agai nst references on

chem cal toxicity for the protection of the panelists. A

scoring systemas that devel oped by Caul (7) may be

used:
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Table 3. Taste reference standards (H|ladel phla Vater Dept., 32)

TASTE STANDARD
Sweet

Sour

Salty

Bitter

COVPOUND USED

Tabl e Sugar
Citric Acid'
(reagent grade)

Sodi um Chl ori de
(reagent grade)

Qui ni ne Hydr ochl o=
ride D hydrate

CONCENTRATI ONS

2.5% 5% 10% 15%

0. 025%

0.2% O.

0, 0005%
0. 004%

0.05% 0710% 0.20%

4% 0.7%

0. 001%

The standards are dissolved in T & O-free water,

1. 0%

0. 002%
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Tabl e 2, Cdor reference standai ds (A¥WA, 8)

PHI LADELPHI A WATER DEPARTMENT

TASTE AND ODOR PANEL

Odor reference standards are used to train the panelists and
devel op consistency among the panel. Specific quantities of a pro-
duct or chemical are placed in a 500 m. Erienmeyer, usually with
200 m. of odor free water, and sniffed at room tenperature.

ODOR DESCRI PTI VES

Al nrond, sweet
Bl each, sweet

Chl ori nous

Cucunber

Cucunber

Earthy, nusty, potato

Fruity, sweet
Garlic

CGer ani um
Grassy

G assy

Hay, straw
Hexanal

Medi ci nal , sweet
Mot h balls

Miusty, earthy, peaty
Oni on
Pepper, musty

Per funy, sweet
Rubber hose

Rubber hose, shoe polish
Septic

Septic, sludge

Spi cy

Veget ati on, deconposing
Var ni sh, paint

ODOR REFERENCE STANDARDS

500 ppb benzal dehyde

monochl oram ne (60 ppm chlorine
20 ppm anmoni a)

2 ppmfree chlorine

75 grans of cucunber

200 ppb nonena

25 ppt geosnin

200 ppb nonana

75 grans of garlic

gerani um fl owers or | eaves

2 granms of fresh grass

500 Rpb 3- Hexen-1- ol

dry hay

2,000 ppb hexana

500 ppb m Xyl ene

several crystals of p-Dichloropheno

50 ppt 2-raethylisoborneo
75 grans of onion
75 grams of green pepper

1,000 ppb nethylisobutyl ketone
wat er that was heated with rubber
hose in it

500 ppb cunene
2 grams of grass after several days
paper mll sl udge
3-~ cloves

2 granms of grass after several days
i ndustrial varnish plant effluent

Current list of reference standards as of Novenmber, 1984.
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5 points for e™act identification

4 points for association (vinegar for acetic acid)

3 points for description (fishy for cod liver oil)

2 points for vague description (cooling for canphor)

Usi ng 20 odor standards, a score of 70 is desirable.

Fewer odor standards may be used.

Third, an odor intensity test is given. Various
concentrati ons of an odor reference standard in taste and
odor free water Arm snelled by the prospective panelists
usi ng the procedures for evaluating odor described | ater
in this section. The sanples should contain severa
concentrations in the threshold range. A response very

much different fromthe known threshold val ue woul d be

unaccept abl e (32).

The prospective panelist may be intervi ewed before a

final decision is nmade (7). The interview is used to
find out if the person is notivated and intelligent.
Al so, he or she cannot be doninating or nust be willing

to assunme an equal voice with the other panel nenbers,

and he or she nust be in good health (7).

The sel ected panelists are trained before they begin the
first assignnent. Training includes classroom

instruction on the physiology of taste and snell and the
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mechani cs of the FPM  Using the FPM procedure descri bed
later in this section, the panel spends several sessions
producing flavor profiles of the taste standards, odor

standards, and water sanples fromlocal supplies.

Prior to beginning a FPM assi gnnent, the panel mnust be
oriented to the nature of the taste and odor probl em
bei ng i nvestigated. The results should be nore thorough
if the panel knows the types of tastes and odors to
expect (7). Krasner (33) found that prior know edge of
the sanple identity did not significantly bias the

panel i st's response.

2. The Panel Leader

The panel |eader, an equal nmenber of the panel, should be
a regul ar enpl oyee with a know edge of chem stry. The

| eader makes all the preparations for the panel sessions
to includes scheduling the panel, cleaning the

gl assware, collecting the sanples, preparing the

st andards, purchasing needed supplies, preparing the
sanpl es for the panel, noderating the panel discussion,
presenting the results to nmanagenent, and sel ecting and
trai ni ng new panel nenbers. The |eader's opinions during

panel di scussions carry no nore wei ght than that of the
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ot her panelists, but. he or she is responsible for

ensuring individual parti cipc*ti on (7).

3. The Testing Area

The area, used to conduct, the sessions nust be clean,
quiet, well lit, free of outside odors, and tenperature
controlled, A board to record the results and a | arge
table to seat all the panelists is necessary. Menbers of
t he panel nust not eat or snoke 15-30 minutes prior to
testing. To ensure that no outside odors are present,
panel i sts cammot wear perfune, col ogne, or any cosnetic
with a significant odor; and they nust wash their hands

with odor-free soap (lvory) (3).

4. Sanple Collection and Preparation

d assware nust be odor-free. One of the follow ng two
cl eaning procedures is recommended: 1) wash in warmtap
wat er and detergent, rinse five tinmes wwth warmtap
water, then rinse three tines wwth taste and odor free
water, or 2) wash with detergent, rinse with tap water,
rinse with acetone, then bake @180 degrees C overnight.
Rubber gl oves should not be worn during either procedure.

Tstste and odor free water can be bottled spring water or


NEATPAGEINFO:id=6AD19560-FD72-4230-884C-EA764F18C24B


29

distill ed, deionized, carbon-filtered water. Bottl es
cl eaned using the first procedure should be filled with
100- 200m of taste and odor free water before storage

<3,34) . _* v

Sanpl es are collected in glass bottles with Teflon-Iined
caps. |If the sanple is froma tap; renove aerators, |et
it run for five mnutes, then rinse the bottle severa
tines fromthe spigot. Sanples nust be kept on ice or
refrigerated @4 degrees C until tested. The
refrigerator should not be used for chem cal storage.

Sanpl es nust be tested no nore than 24 hours after

col lection (3).

The FPM specifies that all anal yses be perforned on
sanples at roomtenperature (25 degrees C). The

Phi | adel phia Water Departnent nodified the procedure for
odor analysis so the sanple is heated to 45 degrees C

The reason for heating the sanple is to enhance the odors
as happens during cooking and bathing. The sanple is
anal ysed froma stoppjered flask to contain the odors. |If
odor analysis is performed on sanples at room
tenperature, then 2 ounces of the liquid is given to the
panelist in an odorless plastic cup and covered with a
wat chgl ass. Taste is also analyzed from plastic cups and

shoul d be fromthe sane cups and sanpl e used for odor
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analysis, only if both taste and odor sanples are at room

tenperature (3, 34).

Duality control of sanple collection, sanple preparation
gl assware cl eaning, and the panel calibration consists of
a taste and odor free water sanple, a duplicate sanple,
and an odor reference standard sanple of certain
concentration, all included with the set of "unknown"
sanples. |If odor is analyzed from heated sanples, then
two sets of sanples are used so no nore than three
panel i sts use each flask. COdor intensity will dimnish
after continued use. The nunber of sanples anal ysed
during each session should be limted so as not to cause

fatigue or extend beyond one hour.

5. Analysis of dor

For sanples to be anal yzed at roomtenperature? the cup

is swirled, the watchglass is renoved, then the paneli st
sniffs the sanple a fewtines with their hands bel ow t he
table. The senses becone fatigued after a few sniffs so
additional snelling will not detect the odor. The

panel i st comes back to a troubl esome sample |ater (3).
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After each sanple is snelled, the descriptions of al
odors in the order they are perceived and the intensity
of each description are noted. Flavors perceived first
and |l ast are usually the nost inportant. Descriptions or
"character notes" s.rB agreed upon and listed by the
panel. |f a panelist detects a character note that is
not listed and the other nenbers of the panel do not
perceive it, then that person nust bring in a reference
standard for the new note. This systemw || expand the
flavor vocabul ary of all panelists. The character notes
used by the Phil edel phia Water Departnment (34) are |isted
in Appendi;-; A The intensity scale is listed in Table 5.
An intensity rating corresponds to a specific
concentration of a reference standard as determ ned by

t he panel (3)-

Ei et ween sanpl es the panelists should clear their senses
by sniffing taste and odor free water- Strong flavors
can dull the senses so sanples should be anal yzed
beginning with the |east flavorful to the nost flavorfu

3> - ' -

| f sanples are anal ysed for odor at 45 degrees C, only
the nmethod of snelling will change. The stoppered flasks

will be in water baths at the time of testing. Wthout
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Table 5n Flavor intensity scale (Krasner et_al _i., 3)

Intensity Scal e
Threshol d (recognition) ) (
Very slight h
-n.  Slight 1
Slight to noderate I H
Moder at e 2
Moderate to strong 2H

St rong 3
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touching the flask's neck, it is shaken vigorously to
rel ease the aromatics? the stopper is renoved; and, while

hol ding the bottomof the flask, the sample is sniffed a

f ewt i nmes (34).
6. Analysis of Flavor

Samples are  always anal ysed for flavor after odor
analysis. This order is hel pful because the odor
analysis will alert the taste-tester of what to expect in
the flavor (.7). Water that may contain pathogens shoul d

not be tasted. The panel should agree on what type of

wat ers are saf e.

Flavor is anal ysed by sipping the sample, rolling it over
the entire tongue to contact, all taste areas, and then
swal lowi ng. The liquid should be "slurped" to rel ease
aromatics to the olfactory area. One or two nore sips
are taken; then the panelist wites down all descriptions
in the order perceived, with intensities. The senses are

cl eared between sanples with taste and odor free water

and unsal ted crackers (3).
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7. The Fl avor Profile

The individual findings e*re conpiled into a flavor
profile after each panel nenber conpletes their anal yses
of odor and flavor. Each panelist recites their results
for a sanple as the panel |eader wites themon the
board. After all individual results for the sanple e”*re
recorded, a discussion takes place to arrive at a
conposite profile for that sanple. Sanples may be

anal yzed again if necessary. No person, including the
panel |eader, is dom nant during the discussion. If only
507. of the panel perceives a character note, the
description is assigned a threshold value. |If less than
507. of the panel detects a characteristic note, an
"other” is recorded with description but no intensity.
Figure 7 is an exanple of the individual responses and
the final, conposite result called the flavor profile

(3,7).

8. Panel Scheduli ng

Panel sessions can be schedul ed any tine of the day
except one-half hour after neals and near the end of the
day., A study has shown that sensitivity to flavor is

i ndi fferent between norning and afternoon. Tasting is

rs4
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not appeal ling after neals and work pressure may be a
problem at the end of the day (7). Frequent testing is
necessary to keep senses sharp; the MADSC panel neets

t hree days per week (8).

| ast e_and. _gdor _Re5earch_Bei *ng_Conduct ed_By__
UQyidlty

Dre;;el , in association with the Philadel phia Suburban
Wat er Conpany (PSWCo), the Phil adel phia Water Depart nent
(PWD), and the Societe Lyonai sse des Eaux et de

| " Ecl airage (SLEE) is conducting a project dealing with
taste and odor. The objectives arei 1) to identify taste
and odor produci ng conpounds, 2) to evaluate the

ef fectiveness of various treatnent processes in renpbving
t hese conmpounds and publish the results in a manual, 3)
to devel op odor reference standards for use wth the FPM

and 4) to make an inter-|aboratory conparison of the FPM

To identify taste and odor produci ng conpounds? PSWCo,
PWD, and SLEE are perform ng the FPM sensory anal ysis on
wat er sanples fromlocal supplies. The sanples were al so
anal ysed by CLSA and simultaneous distillation extraction
(SDE). Conpounds identified fromthe instrunenta

anal ysis and flavor descriptions fromthe sensory
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anal ysis are being correlated using the statistical
met hod of factor analysis. The result will be a |listing

of odor descriptions and the conpound(s) that nay cause

t hat odor (8).

That portion of the research dealing with treatnent of
taste and odor is ained at devel oping a manual for use by
utilities with taste and odor problens. Drexel is
evaluating the effectiveness of coagul ati on and
filtration, chlorination, chloram nation, oxidation wth
chl orine di oKi de, oxidation w th potassi um permanganat e,
adsorption with PAC, adsorption with GAC, and air
stripping on a wde range of synthetic and natural
odorous compounds; all of these nmethods are being

eval uated on a bench scale. Prelimnary results, which
do not include treatnent by GAC, show PAC adsorption to

be the nost effective (3,10).

The results of this study are to be presented at the 1986
AWM Annual Conference. The project director is Dr. 1.

H Buffet at Drexel University (36).
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Chapter 3

EXF*' ERI MENTAL METHOD AND DESI 6N

E\C8Bi!!ri&ti9D. .Zor..... Panel _ Se5si Dn

The work required prior to conducting a panel session

i ncludes: washing gl assware, gathering other materials,
col l ecting sanples, mxing standards, and preparing al
sanples -for presentation to the panel. The gl assware
used -for collecting sanples and m xi ng standards were 32
D2. flint glass bottles w screw cap (Fisher Scientific #
02-aS3EE). The caps were Teflon |lined. For odor

anal ysis, 500 m Weat on 900 anber gl ass bottles w
ground gl ass stoppers (Fisher Scientific #02-91SB) were
used. These stoppered bottles helped to contain the

vol atile odorants. Tinted glass is not necessary; clear
bottles could be used instead. Plastic cups were covered

by watch gl asses (75 nm di aneter).

Al'l glassware was cleaned by washing in warmtap water

and detegent, rinsing five times with warmtap water,
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then rinsing three tines with taste and odor free water.
The detergent used was Sparkleen -fromthe Fisher
Scientific Co. and a Scotch-Brite Kitchen Scrub-Sponge
fromthe 3M Corp. was used to scrub the outside of the
gl assware. The inside of the bottles were scrubbed with
a tube brush. The taste and odor free water used

t hroughout the project was Spring Water from Rai nbow

Wat er Service, Durham NC. Several brands of locally
avai l able spring and distilled water were tasted by the

panel and the Rai nbow Spring Water was found to be the

nost pl easi ng.

The anal ysis of taste was perfornmed from3-1/2 02. yellow
plastic cups (Solo Cup Co. # F*35A) , The Solo cups, with
t he exception of the clear type, are considered the only
brand that do not inpart an odor (34). To keep track of

the sanple identity during tasting, the cups were placed

in a nunbered circle on a cardboard mat. For odor

anal ysis, the stoppered bottles were nunbered with a

yell ow china marker. The bottles containing sanples for
odor analysis were placed in tw water baths 20 m nutes
prior to testing. These baths were filled with taste and

odor free water and kept the sanples at 45 degees C.

Prior to testing, the panelists washed their hands with
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Ivory brand soap. The salt -free crackers used to clear

t he senses between tasting were Keebl er Seax Toast.

E.8D§.L _Ir.§i.ni.ng

Prospecti ve panelists were recruited through notices
posted in the School of Public Health and were offered
paynment of *4»00 per hour. A limted nunber of people
responded and we were well into the warm weat her when the
earthy-nusty odor is predom nant. Therefore, the
screening and training processes were conbined into three
sessi ons. Those people wi thout nornal ol factory and taste

sensitivity would be identified during these conbi ned

sessi ons.

The first training session involved classroominstruction
and identification of odor and taste reference standards.
The classroominstruction covered the project objectives,
t he physi ol ogy of taste and snell, and the nechanics of
the FPM Next, panelists identified reference standards.
Cdor reference standards used were: 2 ng/1l hexana
(Aldrich Chemical Co. # 11,560-6) as leafy, 0.5 ng/1l
trimethyl amine (Aldrich # T7,272-9) as rotten fishy, 0.5
nmg/ 1 benzal dehyde (Fisher Scientific # B-240> as al nond,
0,5 ng/1 3-he>;en-1-0ol (Aldrich # H,290-0) as grassy, 0.5


NEATPAGEINFO:id=A7E71BCB-1E8F-4ED3-89D9-20DA14D74D1F


41

ng/ 1 cunene (Aldrich # 18,579-5) as rubber hose, 17. cod
[iver oil (Hain Pure Food Co., Los Angeles, CA) as fishy,
375 g/1 garlic as garlic, 25 ng/1l geosmn (US

Envi ronment al Protection Agency, Cincinnati, OH) as
earthy-nusty, 50 ng/1 MB (US Environnental Agency,
Cncinnati, OH) as earthy-nusty, and 1 ng/1l as Cl2 free
chlorine (prepared from NaOC , Eastman Kodak Co. # 18309)
as chlorinous. Taste reference standards used were: 0. 1%
citric acid (Aldrich # C8,315-5) as sour, 0.002X qui ni ne
nmonohydrochl ori de di hydrate (Al drich # 14,592-0) as

bitter, 0.7%salt as salty, and 10% sugar as sweet. Al

chem cals were diluted in taste and odor free water.

The second and third training sessions were used to
devel op the panel's sensitivity to different intensities
of odor reference standards. The standards used were M B
and free chlorine and concentrations ranged from1l to 80

ng/1l for ME* and fromQO 1 to 5 ng/l as C2 for free

chl ori ne.

Panel , Cal i br at Lon

The intensity vs. concentration curve for a reference
standard need not be the sane for two different panels.

A panel is specific to the utility it serves, in that its
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results cannot be conpared to those obtained by a
di -f-ferent panel serving another utility. The panel will

seek its own intensity vs. concentration curves, but nust
remai n consistent to these curves -from session to

E — I — R | [ J) g [ —

The calibration of the panel was checked using odor

ref erence st andards, A known concentration of either MB
or free chlorine was included as a sanpl e during both

fl avor and odor anal yses at each session. M B was not
measured, so the concentration was cal cul ated from
dilutions of a known quantity froma 1 nm vial. The MB
stock solution was stored at 4 degrees C. |If the pane

was wel |l -trai ned and had good sensitivity, the plot of
intensity vs. logarithm of concentration for each

standard would yield a stai ght |ine.

6EEi i £8t1 9D X _£he FPM tD t he Orange WAt er _and_Sew

Bk' t bQLi ty

The FPM was applied to the Orange Water and Sewer

Aut hority (OWASA) water systemin a nmanner simlar to how
a utility would use the Method to aid in solving taste
and odor problens. OWASA delivers approximtely S ngd of

treated water to the Chapel Hill and Carrboro etrea.. The
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raw wat er supply is University Lake, which is a protected
source that holds 630 mllion gallons and has a surface
area of 210 acres. The sanple location from University

Lake is shown in Figure 8. Sanples were taken at depths

above and below the thernpocline with a Kenerer bottl e-
The raw water is punped to the OMSA Water Treat nment

Pl ant where it undergoes conventional treatnent and
disinfection with free chlorine. The plant is designed
to treat 10 ngd. A process flow diagramis shown in
F'igure 9 and includes possible points of chlorine
addition. Raw water and finished water sanples fromthe
treatnment plant were taken fromrenote taps in the
plant's | aboratory. Settled water sanples were taken
fromthe end of the sedinentation basins. Over filter
sanpl es were taken fromoff the top of the filters, which
is imediately after pre--filter chl orination- The
purpose of taking a settled water and over filter sanple
was to determ ne the effect of chlorination on taste and
odor. Filtered water sanples were taken froma tap off

the filtered water effluent piping.

An outline of the OMSA water distribution systemis
shown in Figure 10. The two sanple points are the
Carolina Inn and Pinegate Apartnents. These points were

used because Carolina Inn is near the center of Chapel
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H 1l and near the water treatnent plant and Pi negate is

at the edge of the distribution system Neither of the

two | ocations is on a "dead end" |i ne.

To eval uate use of the FPMwith bench-scale jar testing,
several raw and settled water sanples were dosed with
powdered activated carbon (PAC) and chlorine in the

| aboratory. The PAC used for the jar tests was Watercarb
(Husky I ndustries) and was obtai ned from OMGA. The PAC
was dried overnight at 102 degrees C before wei ghing.

The water sanples were nmeasured into 500 mM w de nouth
anber glc*5s bottles w Ti?f lon~l ined caps including a
control sanple that would not be dosed with PAC. The
ap) propri ate anmount of PAC was added to each sanple. Al
sanpl es were nechanically rotated for the specified tine;
including the control, which rotated for 70 mnutes. All
sanpl es were then centrifuged and the |Iiquid decanted.
After centrifuging, appropriate sanples were dosed with
chlorine and placed in the dark for two hours before

measuring free chlorine residual

Slensitivity of the panel to chlorinous flavors was
determined by plotting intensity vs. free chlorine

concentrati on. Sour ces of chl ori nous odors ot her than

free chlorine should not be present in OMSA water or in
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the free chlorine standards, or present in insignificant
concentrati ons. Measur ement of nonochl oram ne in OMSA
drinking water at the School of Public Health found only
0.13 ng/1 as Cl2. Taste and odor free water containing 3

mg/1 as Cl2 of free chlorine had only 0.10 ng/1 as Cl12 of

nonochl oram ne. These nonochl oram ne concentrations are
wel |l bel ow the flavor and odor thresholds (38). The

ot her possi bl e source of chlorinous odor, chlorinated
phenol s, should not be present in the OMSA water system
Since the water supply is protected and receives no

i ndustrial discharges, it would not contain phenols.

Table? 6 lists all sanples collected and subjected to
sensory analysis. Chlorinated sanples and the chlorine
reference standard were anal ysed for -free chlorine
concentration. Al neasurenents of free chlorine and

nonochl oram ne were nmade using the DF D Ferrous

Ti tr i nmetr i ¢ Method (2).
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7/ 8/ 85

7/ 11/ 85

7/ 19/ 85

7/ 24/ 85

8/ 6/ 85

8/ 14/ 85

8/ 21/ 85

9/ 4/ 85

9/ 11/ 85

Not e: (D) -
(0) -

Tabl e 6. Li st of sanpl es

=— =" o gn = 3 | —

Raw Water & WP (O, Finished Wwater © WIP (D),
Carolina I nn, Pi negate

Raw Water ® WP (0), Settled Water d WP (D),
Filtered Wwater @WP, Finished Water @ WP,
5 ng/1 H B Standaxrd

Raw Water @ WP (0), University Lake @I m
depth (0), 2mdepth (0) (D), and 3.5m depth

(0), 0.5 ng/1 as C12 Free Chlorine Standard
(D

Fi ni shed Water @ WP, Carolina Inn, Pi negate
(D), 3 ng/1 MB Standard

Raw Water @WP (0O), Settled WVater @WP (O,
Filtered Water @WP, F inished Water @ WP
<D>, 0.9 ng/1l as Cl2 Free Chlorine Standard

Raw Water @WP (0), University Lake @I m
depth (0) (D), 2m depth (0), and 3.5m depth
(0), 25 ng/1 MB Standard (D)

Raw Water & WP (0) (D), Raw Water S WIP
treated w 15 ppm PAC for 40 mn (0O), 15 ppm
PAC for 90 nmin (0), 30 ppm PAC for 40 mn (0O),

30 ppm PAC for 90 min (0), 2.9 ng/1l as Cl12
Free Chl ori ne Standard (D)

Raw Water @ WP (0), Settled Water @ WP (O,
Over Filter @WP <0), Filtered Water @ WP

<0) <D), 5 ng/l1l as Cl2 Free Chlorine Standard
<D)

Raw Water & WP (0), Raw Water @WP treated
w 30 ppm PAC for 40 min (0> 30 ppm PAC for
90 min (O, 60 ppm PAC for 40 mn (0), 60 ppm
PAC for 90 min (0), 9 ng/1 MB Standard (O (D)

this sanple was al so a duplicate.
this sanpl e was anal ysed only for odor.

49
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9/ 18/ 85

9/ 25/ 85

10/ 2/ 85
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Table 6 (cont. >

= S=arvpe 1 | e

Settled Water @WP (0), Settled Water

treated w 5 ng/1l as Cl12 Chlorine (0), Settled
Water treated w 60 ppm PAC for 90 min (0),
Settled Water treated w 60 ppm PAC for 90
mn then 5 ng/1 as Cl12 Chlorine (0), 25 ng/1
Beosnmi n Standard (0), 25 ng/1 Geosnin
Standard treated w 1 ng/1l as Cl2 Chl orine
(O, 0.9 ng/1 as Cl12 Free Chlorine Standard
(0)

Raw Water d WIP (0), Raw Water treated w

5 ng/l1l as Cl12 Chlorine (0), Raw Water treated
w 60 ppm PAC -for 90 mn (0>, Raw Water
treated w 60 ppm PAC for 90 mn then 5 ng/1
as Cl2 Chlorine (0), 25 ng/1 Geosni n Standard
<0), 25 ng/1 Geosmin Standard treated w

1 ng/1l as Cl2 Chlorine (0> 1.0 ng/1l as Cl12
Free Chl ori ne Standard (0)

0.3 ng/1 as Cl2 Free Chlorine Standard, 0.9
nmg/1 as Cl2 Free Chlorine Sitandard (D> ,

2 ng/l1 MB Standard, 5 ng/1 M B Standard,
15 ng/1 til Ef Standard

Motes (D)-- this sanple was cilso a duplicate.
(0>- this sanple was anal ysed only for odor,
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Chfiipter 4

F-i:ESULTS AND DI SCUSSI ON

E.8 sl.,lrai _ni.ng

In the first training session, the prospective panelists
were given taste and odor reference standards for
identification. The results of this session 3.re shown in
Table 7. The panel had no problemidentifying the taste

reference standards, although the bitter, sour, and salty

st andards coul d not be swall owed because of their

st rengt h.

The panel was able to identify the nore famliar odor
reference standards, such ass cod liver oil, garlic,
geosmn, MB, and chlorine. The other odor standards,
which are used by the Philadel phia Water Departnent (see

Table 4), were very difficult to describe, 3--he;;Bn-I-ol

at the recomended concentration did not have a
percept abl e odor. FE“ensal dehyde at the recommended

concentration did not snell |ike alnonds. The panel's
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Tabl e 7,

Ref er ence St andard

He; -! anal (Ieafy)

Tri methyl am ne
(rotten fish)

Bensal dehyde
(al nrond)

3-he!l en-1 - ol

(grassy)

Cunene (rubber hose)

Cod
(fishy)

li ver oil

Garlic (garlic)

Geosmnm n

(earthy, musty, dirty)

M B
(earthy, musty,dirty>

Chl ori ne (chl ori nous)

Citric Ac i d
(sour)

Qui ni ne (bitter)
Salt (salty)

Sugar (sweet)

Results of first

ODOR
Response
Anne Wwendy Pam
sweet gr ass candy
fish fish gl ucose
chem cal pai nt rubber
t hi nner

bl and
chem cal varni sh plastic

cenent
fish fish cod

f i sh
garlic garlic garlic
dirty dirt geosni n
dirty dirt paper
slightly chlorine chem cal
fl ouri nat ed

TASTE

1 enon 1 enon sour
jui ce sour
bitter bitter bitter
sal ty salty salty
sugar sweet sweet

52

trai ni ng sessi on (5/29/85)

Bill

fruit

bad

chem cal

chem ca

ki t chen

oni on

must y

musty

chl ori ne

1 enon
jui ce

bitter
salty

sugar
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difficulties in the first session seened to be due to

sonme poor odor reference standards and not. to any

abnornmal ol factory sensitivity.

The results of the second and third training sessions are
shown in Appendix B. In these sessions the panelists
were given various concentrations of the reference
standards M B and free chlorine to eval uate odor and
flavor (by nmouth)- The objective was to ensure that the
panel's response for intensity was consistent with the
known t hreshol d val ues of these standards. Using the
results of Krasner and Krasner and Barrett (Figures 4 and

5) as a guide, the results show our panel to be very
sensitive to | ow concentrati ons of these reference

st andar ds.

Addi ti onal training would be desirable, but, as nentioned
previously, time was |imted and the regul ar sessions had
to begin. Based on the three training sessions, al
prospective panelists were consi dered to have normal

flavor sensitivity. The panelists Are listed in Table 8.
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Tabl e 8.

Anne Caston
PamReitnauer

Bi |l | Dowbi ggi n

Wendy Fuscoe

f-i:u.t hy Deei'- (partatine)
Ronriiehlaran jia (part--ti

ne?)

Age

28
30
23
28
28
24

ZUTIZTITI

Panel i sts used to conduct the FF M

Cccupat i

St
St
St
St
St
St

udent
udent
udent
udent
udent
udent

on
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The panel responses to the MB standard a.re shown in
Figure 11. Each point represents the conposite flavor
profile for that sanple. The solid lines are the |ines
of best fit. The results show that the panel is
sensitive to changes in M B concentration. Also, the
panel response foll ows the Wber-Fechner Law very
closely, since the linear regression nodel is a function
of the logarithm of concentration. The regression nodels
are shown in the figure; Y is the panel response and X is
t he sanpl e concentration. For odor, a better fit of the
data was found with a regressi on nodel having response as
a function of concentration squared. The reason for this
devi ati on fromthe Wber-Fechner Law was the influence of
the point at X=25 and Y=2. |If this point is renoved, the

regressi on nodel shown in the figure is the best fit.

The results in Figure 11 al so show that the panel's taste
sensitivity to MBis equal to its odor sensitivity. A

test for equality of slopes and intercepts and for

coi nci dence found that the two best fit |lines are

statistically the same |ines.

Wien the word "taste" is used in the results it is neant
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21z 0 Cdor Y = 0.530(In X)-0.171 RsQ. SS
o —. ... 90% Prediction |Interval
D Taste Y=0. 578(1(" n X)-0.167 R=0, 94<
S 90% Prediction Interval y*'
2
e£11/2
(0
/\.>ll
1/ 2 GD

"VM B in ng/l

Figure 11. Panel calibration with MB standards
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to include the entire flavor of the sanple; i.e. tastes,

odors, feeling factors, and aftertastes.

The dashed and dotted lines in Figure 11 are the bounds
for the 907. prediction intervals. Appendix D contains an
esi pl anation of how these prediction intervals were

calcul ated. Wth these prediction intervals, a person may
predict, with 907. confidence, the upper and lower limts
of the intensity response for a single flavor profile (a
singl e point on the graph), given the odorant

concentrati on. The nbre commonly used confi dence
intervals predict the limts of response for the nean of
many identical sanples. The prediction intervals, as
opposed to the confidence intervals, were plotted because
in a taste and odor investigation many tines a utility
will produce a single flavor profile for nany different
sanpl es rather than take the extra tine and expense of
produci ng nmany flavor profiles for each sanple and using
the nmean response value. Thus, the variability of a
single flavor profile result will be of nore concern to a

uti lity.

The prediction intervals reinforce an inportant point
made in Chapter 1, that is, the FFF Mis a subjective

technique. The intervals for the M B standards span one
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intensity unit. This is a |large anobunt of variability
considering the entire intensity range spans only three
units. The results in Figure 11 a.re very simlar to those

obt ai ned by MADSC for M B (Figure 4).

The results indicate a threshold odor and fl avor for MB

of 2 ng/1. This value nay not be accurate, because only
t he concentration of the 1 m vial of MB was known wth
certainty; errors in dilution could have occurred. Al so,

t he concentration of the M B stock solution may have been
reduced by biological activity during storage, even

t hough it was kept at 4 degrees C

The results for the free chlorine standard are shown i n
Fi gure 12. The pH of the free chl ori ne standards ranged
from6.5 to 6.9. Therefore, hypochl orous acid was the
predoni nant species of free chlorine. The panel has a
very | ow odor sensitivity to changes in free chlorine
concentration, since the odor points are scattered and
the correl ation coefficient for the best fit line is | ow.
As a result, the 90% prediction interval spans 1-1/2
intensity units. The panel could not discern different
concentrations of free chlorine through taste. The best
fit line is horizontal, indicating no influence of

concentrati on on response.
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0 Qo Y=0.358(In X) + 0.643  R=0.59

90% Predi ction Interval

D Taste Y=0. 25 R=0

o
Cdor
J 11 111 as
O _ = 1 ==

Free CL2 in ng/l
Figure 12. P& nel calibration with free chlorine standards
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Al t hough the results given in Figure 12 show that the
panel cannot di stinguish one | evel of chlorination from
anot her, the panel could distinguish presence of chlorine
fromcontrol sanples containing no chlorine. The panel

was abl e to detect presence of free chlorine in
concentrations above 0.3 ng/1 as Cl2, Wth the exception
of one point at 3 ng/1l, the panel gave positive

r esponses. The panel's inability to detect changes in
free chlorine concentration nmade it inpossible to

determ ne the threshold odor or flavor concentrati ons.

DreKel University's panels have started to anal yze free
chl ori ne standards and al so report problens wi th panel
sensitivity to concentrati on changes. However, MADSC s
panel devel oped good sensitivity to vari ous
concentrati ons of hypochlorous acid (Figure 5), and even
found taste to be nbre sensitive than odor. Mor e
extensive training with the free chl ori ne standards than
was possible in this research shoul d devel op the panel's

sensitivity, as it did at MADSC.

Q her __Qua] i “ty_Assur ance Sangl BS

Two ot her quality assurance sanples were used i n each
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sessions a blank o-f taste and odor -free water and a
duplicate sanple. Listed in Table 9 are the panel
responses to the blank. Except -for two responses, one
being 1/2 intensity unit and the other a note with no
intensity, the panel consistently found no flavor. Even
t hough the panel was insensitive to varying
concentrations of free chlorine, as shown in Figure 12;
they are able to detect presence, or, as denonstrated in

Tabl e 9, absence of the chlorinous odorant.

Table 10 lists a conparison of sanples and their
duplicates- In all cases, the description of the sanple
and its duplicate are identical. Except for one sanple,

on 7/7/85, all pairs vary by no nore than 1/2 intensity

uni t.

The quality assurance sanples al so served as a check on
the cleanliness of materials. Based on the results, it
was assuned that the glassware cleaning, sanple
preparation, and sanple anal ysis procedures were

effective in elimnating outside odors.

A. EBLI £8t.i . 9Q | Q"QMASA

The results presented thus far show that the panel was
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Table 9. P*-nel

DATE

7/ 8/ 85

7/ 11/ 85

7/ 19/ 85

7/ 24/ 85

8/ 6/ 85

8/ 14/ 85

8/ 21/ 85

9/ 4/ 85

9/ 11/ 85

9/ 18/ 85

9/ 25/ 85

10/ 2/ 85

None

None

None

None

None

None

None

None

None

None

None

None

response to taste and odor free water

TASTE

None

None

None

None

Bitter

Bitter 1/2

None

None

None

None

None

None
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Tabl e 10« Patnel response to duplicate sanpl es

Dat e Sampl e
7/ 7/ 85 cl* 1-1/2
hlu*M«- 1
Cl 1/ 2
Ma 1/ 2
7/ 11/ 85 M 1
Cl ) (
Mu 1
Cl ) (
7/ 19/ 85 M 1-1/2
Bitter )(
7/ 24/ 85 Cl 1
M 1/ 2
Cl 1/ 2
M 1/ 2
8/ 6/ 85 Cl 1-1/2
M 1/ 2
Cl 1
Mu ) (
8/ 14/ 85 M 1
Di--t 1-1/2
8/ 21/ 85 Ea*** 1-1/2
Cl 1/ 2
* Cl = Chi ori nous
** Mu = Musty

*xx Ea - Earthy

Response

Dupl i cat e
Cl 1-1/ 2 <C3dDr)
M) (
Cl 1/ 2 (Tast e)
M 1
Mu 1 (Cdor)
Cl 1/ 2
Mu 1 ( Tast e)

N1 =2 ( Cdor )

Bitter )(

Ccl 1/ 2
Mu 1
cl 1
Mu

cl 1
M) (
Ma 1
Drt 2

Ea 1--1/2

( Tast e)

(Qdor)

(Tast e)

(Cdor)

(Tast e)

(Xdor)

( Tast e)

(Odor)

(Tast e)
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Dat e

9/ 4/ 85

9/ 11/ 85

9/ 1S/ S5

9/ 25/ 85

10/ 2/ 85

Tabl e 10 (cont.)

Response
Sanmpl e

c 1-1/2
a ) (
Mu 1

cl 1/ 2

a ) (

a ) (

64

Dupli cate
cl 1 (Ddor)
ca ) ( (Tast e)

liu 1/2 «-= 1 (Cdor)

c o)y (- 1/ 2 (Cdor)
cl 1/ 2 (CQdor)
Cl 1/ 2 (or)

ca ) ( (Tast e)
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sensitive to changes in the M B standard concentrati on.
However, this is not sufficient proof that the panel
could detect, quantitatively, a nusty odorant in the

presence of other odorants. The effect of one odorant on

another in olfactory response is not known in nost cases.
As seen in Figure 4, |iWSC found the panel to be
sensitive to changes in M B concentration in natura

wat ers, whi ch contain background odorants. However, it
was not possible in this research to deternm ne whet her

t he panel could detect changes in M B concentration in

natural waters, because cl osed-|oop stripping anal ysis of

the actual M B concentration was not avail abl e.

The FPM was applied to sanples fromthe OMSA water
systemstrictly as a tool to detect presence or absence
of an odorant and to perceive tastes and odors; in
effect, the FPM was used to sinulate the response of
consuners of OMSA water. Figures 13 and 14 show t he
panel response to sanples taken at various depths in
Uni versity Lake and a sanple of raw water after being
punped to the plant. The nusty odor is present

t hroughout the oxygenated |ayer of the lake. It may al so
have been present in the deoxygenated hypolimion, but
was nmasked by the strong hydrogen sul fide odor found

bel ow the thernocline. Al so, the nusty odor does not


NEATPAGEINFO:id=9DF024D9-FD01-48D1-B77C-7EA86859D485


66

Raw Wat er
at WP

Uni versity L.
1m Depth

Must y

Uni versity L.
2m Dept h

Ther nocl i ne

Uni versity L.
3. 5m Dept h

(121112 2 2 1/2 3
Qdor Intensity
Figure 13, Qdor descriptions and Intensities for water soik-ce on 7/19/85
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Raw Wat er
at WP

Must y

University L.
1m Depth

University L.
2m Dept h

Ther nocl i ne

University L.
3.5m Dept h

) 121112 2 2 1/2 3
Qdor Intensity

Figure 14. Cdor descriptions and intensities for water source on 8/14/85
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change in character or intensity as water is punped to

t he pl ant.

The presence o-f a nusty odorant in the | ake was con-firned
about a nonth after these sanples were taken. One sanple
o-f raw water fromthe treatnent plant was sent to MADSC
ofor closed-loop stripping analysis. The water contained
2 ng/1 MB and 4 ng/1 geosmn. The concentrations o-f MB
and geosmin in the | ake were probably higher earlier in
the sumrer, since the nusty odor intensities reported by

t he panel were greater.

The nmet hod of sanpling at various depths and using the
FPli could be used by utilities with adjustable intakes as

an additional paraneter when deciding -fromwhat |evel to

dr aw wat er .

Figures 15-17 exhibit the flavor profiles for sanples
fromthe water treatnment plant on three different days.
Poi nts of chlorine addition are also shown. The results
in Figures 15 and 16 show that the nusty odor is either
removed by filtration or chlorination or is masked by
chlorination. To distinguish the effect of chlorination
fromthat of filtration, an additional sanple was taken
from above the filters, but after chlorination. As seen

in Figure 17, the chlorination process elimnates the
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OUmo v og

2 1/ 2

1 1/2

1/ 2

PAC-7 ppm
KMn04- 1 ppm

CL2

Must y A

Raw \\t er t Settled Water %t Filtered \\ater Fi ni shed \\at er

L= CL =
Figure 15. Qdor descriptions and Intensities through water treatnment on 7/11/85

VO
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No PAC

2 1/ 2 KMh04- 2ppm
0 Must
JE 1 12 Sty
(@)

1/ 2

)(

cL2
-&

Raw Water Settl ed Water Af Filtered Water Fi ni shed Wat er

cL2
Figure 16. Odor descriptions and intensities through water treatment on 8/6/85
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2 1/ 2

No PAC
KMh04- 0.5 ppm

Must y

Raw Water A Settl ed V\atTr | Above Filter Filtered Water

Figure 17.

L= L=
Qdor descriptions and intensities through water treatnment on 9/7/85
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panel's response to nusty odor and replaces it by a
response to chlorinous odor. Thus, chlorine is either

oxi di sing or masking the nmusty odorant. Figures 15-17

al so show the concentrations of PAC and potassi um
permanganat e added in the rapid m >; basin. These
treatnments did not appear to be effective, since the
nmusty odor did not decrease between the raw and settl ed

wat er poi nts.

The results presented in Figures 15-17 illustrate the
useful ness of the FPMin practice. A utility could
perform sensory analysis by the FF M on sanples from

t hroughout their treatnent plant to aid in evaluating

process effectiveness in renoving tastes and odors.

The results in Figures IS and 19 track the flavor profile
fromthe water treatnent plant through the distribution
system Both earthy-nmusty and chl ori nous odors ars
persistent to the far end of the distribution system

Free chl orine neasurenents in ng/1 as Cl2 are shown in
Figure 18. Even though the free chlorine residual drops
to 0.1 ng/1l as Cl1l2 the panel response to chlorinous
intensity is high- This tends to confirmthe panel's
insensitivity to changes in chlorine concentration, or,

as discussed |later, may indicate the occurrence of a
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2 1/ 2

1/ 2

Figure 19

CL2

Must y
-L -+

Fi ni shed Wat er Carolina Inn Pinegate
(dor descriptions and intensities through water distrlihution on 7/2k/85
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reacti on between chlorine and the nusty odorant to -form

sonme by- product.

Sanples -fromthe systemcan be taken by a utility and
anal ysed by the FPMto isolate trouble spots. Also,
sanples -fromthe distribution systemw | reveal how the

consuner perceives the water.

Jar tests were run, dosing raw water with PAC at vari ous
concentrations and contact tines (CT). The results, shown
in Figures 20 and 21, denonstrate the effectiveness of
carbon adsorption in renoving earthy-musty odorants.

Conpl ete renoval of the nmusty odor does not appear

f easi bl e because of the high doses required. However,
conplete renoval is not necessary. MADSC found that the
consuners would not conplain if they were able to reduce

the nusty odor to an intensity of 1/2 (33).

The FPM coul d al so be used with jar tests sinulating

ot her water treatnent processes, such as, coagulation and
sedinentation. In addition to analyzing the
e;ffectiveness of existing treatment in renoving taste and
odor, these results show that utilities could use the FPM
wth jar tests to eval uate changes in renova

ef fecti veness brought about by nodifying a process or

addi ng a new process.
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11/2 -

Raw Water 15 ppm PAC 15 ppm PAC ~ 30 ppm PAC 30 ppm PAC

Figiire 20.

40 mn CT 90 mn CT 40 mn CT 90 min CT

Bench-scal e treatment of raw water with 15 and 30 ppm powdered activated carton
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Figure 21, Bench-scale treatnment of raw water with 30 and 60 ppm powdered activated carbon
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if fee t _Df_Misti;; Odor an t_On_Chl.gr inous__

During the course of this research, sone trends were

noti ced concerning the interaction of earthy-nusty and

chl ori nous odorants. These results are not neant to be

concl usive, but may indicate possible topics for further

resear ch

All field and reference standard sanples that contai ned a
musty odorant when chlorinated are plotted in Figure 22.
The data atre very scattered and the best fit line is not.
very significant (very low correlation coefficient). The
panel continued to be insensitive to changes in chlorine
concentration, the sane as with the free chlorine

standards. A test of equality of slopes and intercepts

and of coi ncidence for the two best fit |lines found that
odor is nore sensitive than taste for the chl ori nous

odor ant -

The best fit line for odor fromFigure 22 is plotted in
Figure 23 with the best fit line for odor fromFigure 12.
These two |ines represent sanples chlorinated with and

wi t hout nusty odorant present. A test of equality of
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O Odor  Y=0.159(In X)+1.32 R=0. 39

......... 90% Predi ction |Interval

2112 h D Taste Y=0.202(1 n X) +0. 740 R=0. 41

----------- 90% Predi ction Interval

0 1 12 o o aCo M. ecTo

Cdor

1/2 CB

0.1 0.2 0.3 0.51

Free CL2 in ng/l

Figure 22. Field sanples'and standards chlorinated with nusty odorant
Pr esent — ”
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90% Predi ction Intervals

............ Wthi Misty Odorant
2 /2 i Wt hout Musty Cdorant

..... -WtK Misty Odorant Y=0.159(11y)Cr+l. 32

o 11/2

o

(:g

o
W thout Misty COdorant >-
Y=0. 358(I n X)+a.-6"3
R:O 59 AANATA

0.1 0.2 0.3 0.5 1

Free CL2 in ny/l

Figure 23. Conparison of sanples chlorinated with and without nusty
odor ant present
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sl opes and intercepts and of coincidence found that the
line for sanples containing the nusty odorant |ies above
the other line. Although both Iines have |ow correlation
coefficients, a trend is observed in that for a given
concentration of free chlorine the chlorinous intensity
Is higher if a nmusty odorant is present. This trend
woul d take on greater significance if the panel had been

treiined sufficiently to be sensitive to changes in free

chl ori ne concentrati on.

A possi bl e enplanation for the enhancement of chlorinous
odor in the presence of a musty odorant is a reaction
bet ween chl orine and the nusty odorant to forma nore
odorous by-product. |If this reaction were taking place
It would suggest that water treatment nust renove the

musty odorant prior to chlorination to produce acceptable

chl ori nous odor intensities in the finished water.

MiQEQSC,8r.d... 8. t..Regulred To_ inBl.enment | he . FAMA

An eval uation of the technical nerits of the FPM woul d be
i nconpl ete wi thout also considering the nanpower

required, and thus, the expense to a water utility. A
utility could inplement the FPM by training five

enpl oyees or customers as panelists. At |east three of
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t hese panelists would have to be present at a pane
session. The tinme requirenent for panel sessions is
30-45 m nutes per day, three days per week. The pane

| eader, a regular enployee of the utility with a
background in chem stry, would be required one-hal f-tinme
for a smaller utility and full-tinme for a larqger utility

to performhis or her nmany duti es.

| f properly perfornmed, the TON nmethod requires the sane
manpov”~jer as the FPMb a panel should be used to anal yse
dilutions and a panel |eader is needed to prepare sanples
and organi se the sessions. However, the FPM produces

much nore useful information for the sanme expense.

The manpower requirenents can be translated into costs
and conbined with the naterial costs to estimate the
total cost to inplement the FPM This is done bel ow for

autility of OMSA' s size.

Panel Leader- *12/hr ;e; 20 hr/wk = *240/ wK
Panelists (4)- *8/hr x 9 hr/iwk = $ 72/ wk

Materials = t.iQ wk
* 322/ Wk

Plant Flow 6 ngd x 7 days/wk = 42 ng/ wk

Cost /1000 gal - *322/wk x wk/ 42,000 1000 gal
= $0. 0077/ 1000 gal

The O&M and | abor costs of treatnent for the OMSA water
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0%

treatnent pilant is *0.31/ 1000 gal. Therefore, the cost
of inmplenmenting the FPM for a 6 ngd plant is

approximately 2.57, of the cost of treatnent.
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Chapter 5

CONCLUSI ONS AND RECOVIVENDATI ONS

A sensory panel using the FPMwas able to detect presence
of nusty and chl orinous odorants in water sanples in
concentrations above a threshold value. The threshold
val ue for 2-nBthyli5Dborneol (MB) in taste and odor free
wat er, the nusty odor standard in this research, was 2
ng/ 1. The accuracy of this value is uncertain because of
possible errors during dilution of the 1 m vial if MB

and possi bl e bi odegradation of the MB stock sol ution

The threshold value for free chlorine could not be
det erm ned because the results were erratic. Thi s showed

the panel's insensitivity to the different concentrations

of free chlorine.

The FPM produced consi stent and reproduci ble results with
the earthy-nusty odorant, MB, in taste and odor free
water. The results fromthe sensory evaluation of the

M B standards coul d be predicted by the \Wber-Fechner

Law, which is a staight line relationship between

intensity and the logarithm of concentration.

The FPM was effective in elimnating the influence of
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outside flavors on the results. The results fromthe
qual ity assurance sanples showed that the procedures for
sanpl e col l ection, glassware cleaning, sanple
preparation, testing area selection, and panel testing

wer e adequate in preventing the introduction of foreign

odor s.

Addi ti onal sensory panel work is needed to investigate

t he possi bl e enhancenent of chlorinous odors in sanples
chlorinated with a nmusty odorant present. This research
was i nconcl usive, since the panel could not perceive
changes in the chlorinous flavor intensity. Further work

must first develop the panel's sensitivity to changes in

free chlorine concentration.

The FPMis an effective tool for use by utilities as an
aid in maki ng wat er managenent deci sions fromthe water
source to the consuner's tap. The FPM was shown to be
useful for analyzing the occurrence of taste and odor in
the raw water source, the renoval of taste and odor

t hrough water treatnent at the OMSA plant, and for the
persi stence of problens in the distribution system By
describing all the flavor characteristics of a sanple,
the FPM can nonitor multiple odorants and is well suited

for investigations on the cause of taste and odor and the
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effects of treatnent processes. The FPlIi al so simnul ates

how t he consuner perceives the water quality.

A utility can organi ze and conduct a sensory panel using

t he FPM This research was successful in inplenenting
the FPM usi ng equi pnent and naterials that are avail abl e
to any utility. Using the naterials, procedures, and
manpower described in this paper, a utility can

i ncorporate the FPMinto their regular water quality

noni tori ng program
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Append! K A

Typi cal Fl avor Descri pti ons and Abbrevi ati ons
( Phi | adel phi a WAt er Departnent, 34)
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SYMBOL DESCRI PTI ON
AF an aftertaste
Bi bitter
Che chem cal
Cha chal ky
Cl chl ori nous
Cu cucunber
Dr drying sensation (for taste)
Ea eart hy, peaty
- Fi fishy
Fl f1 owery/ perfuray
Fr fruity
Ga ger am um
€4 grassy, freshly cut
Hay ol d grass, hay-like
He hydr ocar bon, petrol eum
| i odi ne
Med medi ci nal
Met metallic
Mo

mol dy, danp cell ar

Mu musty, deconposing
No no odor/taste

On oni ony

Ph phenol i c

Pl pl astic

Pp pi g- pen

Ru rubber hose

Sa salty, briny

Se septic

Sl

slick (for taste)
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A3

SYNBOL DESCRI P11 O

= > _ « > =1
K- = K1 — NS
b = == T = 1 —
Su rotten eggs, H S, sul fur ous
=N\ E— VYV — I — I =

Veg, dec. vegetation, deconposi ng
Veg. green veget abl e, gr een
Veg. r oot veget abl e, r oot
\N\e= \VaV. =% Paper

? Has a odor/taste but can not
identify. Should be described
as well as possible.

Ocher specific descriptions allowed if none on the lis-t is suitable.

TYPE MOUTH- FEEL

ASt astri mgent
Co o cool 1 Mmg
i1 « k>1 ©T© 1 gn K @

Eua r D> war mi M g
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Appendi K B

Results From Trai ni ng Sessi ons


NEATPAGEINFO:id=BD520C76-02B4-44CB-9F6E-F366A1F3262B


Taste or

Sanple |.D.

0.3 g/l as; C12

Free Chlorine Standard

0.5 mg/| as Cl2

Free Chlorine Standart

1.0 my/| as Cl12
Free lorine Standard
5.0 my/| as Gl2
Free Chlorine Standard

2.0 ng/l MB Standard

5.0 ng/l MB Standard

30 ng/l MB Standard

80 ng/l MB Standard

Taste and Qdor Free

WAt er

B2

Second Trai ni ng Session
FLAVOR PROFI LE METHCD

Odor X

Panel Desc, Order, Int.

Anne

¥endy

m 1+ 01 1

Fish 2 01 2

01 24

01 2»

01 2-24 o1 3

M i Dirt 1
M i Dirt 2

Dirt 1 Dirt 2i
M- ﬂ Dirt 3

Vam

a 1

01 2i

01 Ii

M

M 2

Date  6/V8"

Fl avor Profile
Bill' Desc.
01- 1

I nt.

01 If

01 2|
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Tast e X

Sample |.D.

0.3 ny/l as Gl2

Free Chlorine Standard

0.5 ng/l as Gl2

Free Chlorine Standard

1.0

Free

[l as Gl2

lorine Standard

5.0

Free | orine

[l as Gl2
St andar d

2.0 ng/l MB Standard

5.0 ng/l MB Standard

30 ng/l MB Standard

80 ng/| MB Standard

Taste and Odor Free
WAt er

or Odor

Anne

a i

Dirt i

o1in

Dirt k

Dirt 1

Bi i

B3

Second Trai ni ng Session

FLAVOR PROFI LE METHOD

Panel Desc, Order, Int.

& \endy Pam
di ai
a~
Dirt i a 1
a i adi
Dirt 1 Soil )
Dirt Ii Soil +8
Dirt 2% M |f
Dirt 2i ™2

nat o 6A/ 85

Fl avor Profile
Bill @ Desc.

a f

I nt.

Bitter) (

CGeos 1

CGeos 2|

Geos 3
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Third Training Session

FLAVOR PRCFI LE METHOD

Tast e or Odor X r“nfo 6/ 21/ 85
Sampl e 1. D Panel Desc, Order, Int. Flavor Profile
Anne wendy Bam Bill Desc. I nt.
0.1 qgfl as G12 M A di 01 i adi-1
Free Chlorine Standard

0.2 n&ll as GL2 a-~ a4 ) di d (-
Free Ghlcrine Standard
0.3 ng/l as :ClL2 M1 a T a1 d)(4

Free lorine Standard

1.0 ng/1 MB Standard M1
2.0 ng/t MB Standard - MW MUt
5.0 ng/1 MB Standard Mt d oy M)

Taste and Odor Free 7
WAt er
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Third Training Session

FLAVOR PROFI LE METHCD

Taste ,,,X. _ or Qwor ... . ppitf* 6121/ 85
Sample 1.D Panel Desc, Order, Int. | Flavor Profile
o Anne  \éndy Barn Bl Desc. Int.
0.1 ng/l as Cl2 Bl 1 ai a1

Free Chlorine Standard

0.2 ng/l as Cl2 Dirt T-: @ )( di a 1

Free Chlorine Standard

0.3 ng/l as Gl2 NIt i dk IR a *
Free Chlorine Standard M
Bl * M1 1 M * Geos 2

1.0 ng/l MB Standard

2.0 ng/l MB Standard Sweet T M j- M * Geos 1
5.0 ng/l MB Standard Mi It Mii Geos 2

Taste and Qdor Free Bl )(
\Vat er .
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Appendi x C

Results F' rom Regul ar Panel Sessi ons
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Tast e or

Sample |.D.

Fi ni shed ¥ater @WP

Pl negat e

Taste and Odor Free
WAt er

Fi ni shed Water @ WIP

Carolina I nn

Raw Water @ WIP

FLAVOR PROFI LE METHOD

Qdor JL Dat e 7/ 8/ 85
Panel Desc, Order, Int. | Flavor Profil el

Véndy Ruthy BUI L Anne Desc. Int.
rlo1 di di da 1 a it q @ | f
Mi 1 M i M 1 M 1
M - Mu A da 1 d 1 4d-1 €] 1
M 1 M .

mey e
a Gl an a 1 ad If a @ [
M) ( MU t Mu )(
a a 1 a1 M 1 @ 1 G @ 1
M t M >
Mu MI TP w1 M t M 1 Mu 1

Fr je Chlorj ne Measucenents

Pi negate - 0.1 rm/l as @'

Caroline Inn- 0. § ng/l ai G2
FI ni shec Water @ WIP- 0. | ng/| af aki
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FLAVOR PROFI LE METHOD

Taste JL or Cdor.. = Date JUM
Panel Desc, Order, Int. Fl avor Profile
Sample |.D. _

Wendy Rut hy Bill I~m Anne Desc. I nt.
Pi negat e ﬁj |1 @ ('\;U: a 4 Mii-1 ('\;u .
Carolina | nn M i M i g 1 Mu 4 M 4 MU i

i Qi M | a )(
Taste and Qdor Free M -f
WAt er

: i

Fi ni shed Water @ WIP ai Bi T M4 1 Bi 2 M A 2
M i at at Gt cl [

nt her - Bi

Fi ni shed Water @ WIP vl M 1 Mu 1 M 1 M 1 M 1
a i dt adt d 2
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FLAVOR PROFI LE METHOD

Taste or dor .1 L—Date 7/11/ 85
Panel Desc, Order, Int. | Flavor Profile
Sanple |.D _
Pam wendy Anne  Bill Phithy Desc. Int.
Finished Water @ WP 1m 1 ni i c i aq 114 a 2 a al4
M) ( M) Other- M
Settled VWater @ WIP M 1 M 1 M i M i M T Mu 1
a ) af o) o (
5.0ng/l MB Standard ™ T M1 M i MIT M M A
a )
Taste and Qdor Fx«e e
Wat er
Settled Water @WP M1 Mi-11- di a -2 M 1 Mu 1
af MIi-1 Mt a 2
Filtered Water @WP a 1 a ti J]12-2i dAi a 1 a 1n
M) (
Raw Water @ WIP M) ( M i M) ( Mi i Mu )(

Free Cilorine ] easurene its
Settled water- 0 () ng/| <,s Cl2
Filtered water- | § nmg/l as Gl2

Fini shed water- L.2 ng/l as Gl2
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FLAVOR PROFI LE METHOD

Taste «2L or Cdor === Date i ™
samle 1.0, Panel Desc, Order, Int. | Flavor Profile

Pam Wendy  Anne Bill Rut hy Desc. Int.
5.0 ng/l MB Standard " ° Mt % Mot Mt e "1
Settled Water @ WP M 4 M1 M AN M 4 M 1 Mu 1

a ) a ) a ) a ) c )(
Taste and Odor Free Bl i
VWAt er
Filtered Water @ WIP an M 1 a 1 a 1 a 1 cl 1

M }(-t Cther- M

Fini shed water @wrp @ 1 M1 M1 M 4 af a .
M j- a ) 4Gl a 1 M) Mu .
Settled Water @ WIP M7 M1 Mil--1 M 1-7 M 1 Mu 1
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FLAVOR PROFI LE METHOD

g6

Taste or dor .JL- Date |1 MI
Panel Desc, Order, Int. Fl avor Profile
Sample |I.D.

Anne Véndy Rut hy Earn Bill Desc. Int.

a 1 a a
0.5 ng/| as GL2 ! a1 O a 1
Free Chlorine Standard
University L. M1 M1 M 1% M) 2 TR Mu 1n
I m Dept h
Taste and QG or Free
WAt er
Uni versity L. ffe 1-2 Mi li-2 w2 MI28 M -2 w 2
2m Dept h
Raw Water @ WIP M 1 M1 1 M 1-1- M 1 M 1 Mu [

Fit

Uni versity L. Su 2 Su1* 9i 172 su2 Su |- su 2
3.5m Depth . AU M 1 Ot her- M
University L. Mu * Mu i M i M 17 M 1 Mu i
2m Dept h FI t
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FLAVOR PROFI LE METHOD

Taste or Gdor = Date ,7/19/9'?
Samole | . D Panel Desc, Order, Int. | Flavor Profile
v o Anne Vendy Rut hy Bam Bill Desc. I nt.
0.5 n.g” as C12 Bl i Bl |i q )( Bl 2)(

Free Chlorine St andar d

Taste and Odor Free M A
Wat er
0.5 ny/| as GL2 B0 & )0 a ) 0 ) = )

Free Chlorine St andar d Bl i
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FLAVOR PROFI LE METHOD

Taf 2tft . o Qbr X natp 7/24/8"
Panel Desc, Order, Int. Flavor Profilel
Sample |I.D.
Anne Wendy  Pam Bill Desc. I nt.
Pi negat e a i a 1 01 1-14 01 1 o1 .1
Mu A Mu A M 4-1 Mu *
Garollna Inn a1 a i a 1 01 4 01 1
M f M )( Mu ) (
Taste and Odor Free
¥at er
Pi negat e a 1 a ) o1 1 a (-4 01 :
Mi X
3.0 ng/1 MB Standard G'VU i)( M1 M) (" M :
Fi ni shed Water @ WP a1 a1 01 1 01 4 01 1
M} M f M) ( Mu )(

Free Ch. -orl ne Me asur enmren ~s
Fin .shed Wt er- 1.1 ig/]_ as C12
Car )llna Inn- QVn'g I as O0l<

Pin<igate- 0. 3 ng/1 a 5 012
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Taste X __ or COdor
Sanpl e LD. _—
Carolina Inn M1 -

Fi ni shed Water @ WP

Pl negat e

3.0 ng/l MB Standard

Taste and Odor Free
WAt er

Pl negat e

BI

FLAVOR PROFI LE METHCD

1/\

Panel Desc, Order, Int.

Wendy
a 1

M 1-17

Pam

a 1

M1 1

Dai eJ MM
| Flavor Profilel

Bill Desc. I nt.
a 1-1» a Ili
ai-1 d 1

Mu )(
a -~ 01 2
M A MU *
M)( M '
01} M 1
M i
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FLAVOR PROFI LE METHOD

Taste or dor .!  Date s/ s/
Panel Desc, Order, Int. Fl avor Profile!
Sanpl e LD. _

F& m V\éndy Bill Ronni e Anne Desc. Int.
Fi ni shed Water @ WP a 17 @ 1r a1 a1 a 1 G 214

M i M t Mu 1 Mu :
Settled Water @ WIP Mu 2 M 1 M 17 M 17 Mu 14

a i

1.0 ny/| as GL2 a1 ai an Mii a1 a !
Free Ghlorine Standard
Taste and Qdor Free MOTP
WAt er
Fi ni shed Water @ WP M1 a 1 a 1 a | g 1 a 1

a 1 Mu 1 O her- M
Filtered Water @ WIP a i a 1 a1 a 1 q 1-» €] 1

M) M) e M H
Eaw Water @ WIP M] 14 M i Mu 2 Mu 1 M) ( Mu |

Free CGhl orine Me isureren ;s
Filtered Watec- 1.8 m;/| as (] 2

FiniEhed Watec- 1.3 m ;/| as g: 2
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FLAVOR PROFI LE METHOD

Taste «2L or Gdor _ nato 8/ 6/ 85
Panel Desc, Order, Int. | Flavor Profile
Sanpl e LD. Pam Wendy Bill Ronni e Anne Desc. I nt.
Fi ni shed vater @awrp 9 4 @ 1 d 4-1 Mi1ooa 1l a S
M) ( M 1 M) M)
Taste and Odor Free B )( Bi )r Ot her- B
VWAt er
1.0 ng/1 as GI2 @ ) 44 d4 a )

Free Chlorine Standard

Fi ni shed Water @ WP

o}
g

a a d
M) M) M)

Filtered Water @ WIP d 1 a T di C 4 di a :
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Tast e

Sample |I.D.

University L.
I m Depth

University L.
3.5m Depth

Eaw Water @ WP

University L.
| m Dept h

Taste and Odor Free
' Wat er

Uni versity L.
2m Depth L "

25 ng/l MB Standard

or

FLAVOR PROFI LE METHOD

Cdor , JL-> Dat e
Panel Desc, Order, Int.

Earn Anne Ronni e Bill

Mu 2 Mu 1 Mu 1 M i

Su 2 "Su 2n Su 3 Su 14

M1 M 1 Mi)r M 1-217

M 1 M- - M 7 My

Mu 2 M 1-7 M -1 MiI 4-1

Soil 2 D 2t Veg Dec: D 17-2

s/ i N sn

Profile

| Fl avor

Desc.
Mu

Su

O her -

a

Int.

1

24

Veg Dec
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Tast e X

Sanpl e LD.

Taste and Odor Free
WAt er

25 ng/l M B Standard

25 ng/l MB Standard

FLAVOR PROFI LE METHOD

o Odor _ Date |IAIM
Panel Desc, Order, Int. | Flavor Profilel

Earn Anne Ronnie Bill Desc. I nt.
B ) Bl 1 B 1 B )(-* Bi ap
Soil 1 Soil If soil 11 M II-2 Di 1.
Mt

D 2 D 2 D 2 M 2 Di 2
M1
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FLAVOR PROFI LE METHOD

Taste or Cdor .!_ Date s/ ™M [s' A
Sampl & LD Panel Desc, Order, Int. JFlavor Profilel
) Pam Anne Ronni e Véndy Desc. Int.
M i M Mu 1 - M e 1

Raw Water @ WP )(
15 ppm PAG 90 nin

Taste and Odor Free
Wat er

Raw Water @ WIP M1 Mo w1 M i M 1
15 ppm PAC "0 min

Raw Wt er @ WIP Mi1l+ Mu 1  Vee decl @ Ea 2 Ea 1*
Raw Water @ WP Suf Sui Su ) ( M 1 Mu ) (
30 ppm PAG 90 min Mut M} Su 2
Raw Water @ WIP M 1, M 4 M A M-~ Mu :
30 ppm PAG 40 min

Raw Wat er @ WIP M 17 Mili  Veg decl-r M || Ea @ | f
3.0 ng/l as Gl2 a1 4 1 a1 a If a 1*

Fr ee lorine Standari


NEATPAGEINFO:id=3B65FCA4-3536-47D9-B669-9BF50D3B4076


C15

FLAVOR PROFI LE METHOD

Taste or Gdor _ nafo 8/ 21/ 85
Samol e |. D Panel Desc, Order, Int. Fl avor Profilel
a o = Anne Ronni e Viendy Desc. Int.
3.0 ng/| as C12 a G 1 o) a i

Free Chlorine Standard

Taste and Odor Free
WAt er

3.0 ng/l as Gl2 B 1

Free Chlorine Standard
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FLAVOR PROFI LE METHOD

Taste or Cdor -1 Dat e \VA AR
camol e LD Panel Desc, Order, Int. | Flavor Profile

ITp ' Wendy Anne Earn Ronni e Bill Desc. I nt.

Filtered Water @ WP a 1 d 1-1" o1 1 a 4 01 (-~ o1 a1

Above Filter @WP 01i-1 012-2- 01 |Ii 01 2 01 1 01 14-2

Filtered Water @ WP a f-ia li-2 a1 011 a I-ll 01 @ | |

Settled Water @ WIP Ea 17 Ea |i M 1 M -1- M i MU 14

Raw Wt er @ WIP M 17 M T M 17 M 1*

Taste and Odor Free M) (

WAt er

5.0 nmy/1 as Cl12 g i ali 4 If 4 f-1 01] 01 1

Free Chlorine Standard

Free Oh! .orine Mei surenen ;s
Abo-'ae Filtei - (.6 ng'l as 012

Fll] -ered V&t 3r- 0.3 jg/l as C12
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C17

FLAVOR PROFI LE METHOD

Taste _2L or OCdor . _  Date ,Jhl ™
Panel Desc, Order, Int. Flavor Profilel
Sample |.D. _ _
Wéndy Anne Pan Ronni e Bill Desc. | nt.
a lioa ) @ )i oo e
5.0 no/l Gl2 .
Freenghl or?ie St andard B K B K Qthe] - B
Taste and Odor Free ai
WAt er B| K
5.0 my/l as G2 Bi i B a9 af o )(

Free Chlorine St andar d
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FLAVOR PROFI LE METHOD

Taste or Odor -JL_ Date 9/i11/ 8"
Saroie | D Panel Desc, Order, Int. | Flavor Profilel
rrp T Bill Ronni e Anne Pam Desc. | nt.

M 1 M T M)( M ) (4

Raw Water @ WP
60 ppm PAC 40 mn

Raw Water @ WIP Mu 1 M 1 M) ( Ka ~ Mu i-i
30 ppm PAC 40 nin

9.0 ng/| MB Standard ™M A M7t D1 D1 M .

Raw Water @ WP ey
60 ppm PAC 90 mn

Raw Water @ WP Soi | A M T M 1 " :
30 ppm PAG 90 rain
Raw Water @ WP Nu 1 Veg Dec: Soil i Soil i " i

Taste and Odor Free
VWAt er

9.0 ng/l MB Standard M -1-1 w1 Mo-r Ml M i -
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FLAVOR PROFI LE METHOD

Taste or Odor - _2L- Date 9/ "8/ 85
Panel Desc, Order, Int. | Flavor Profilel
Sanple |.D. _ .
Wendy Anne Pam Bill Ronni e Desc. | nt.
? e/ nPisTam ManrlaT A Q1 a -1 o1i1f 4 I-It a2 o1 3
+1.0 mg/l Chlorine M )(
Settled Water @ WP Mk M i M -4 M i M i M a
60 ppm PAC 90 nin leg decl Veg decl Veg dec . Veg dec 1 Veg dejl Veg d*c 1
25 ng/| Geosnin Standar "Mii-1 M-I Mu 1 Mii M) :
Settled Water @WIP 011 01 2| a 2 a1 a 1 01 |
60 ppm PAC 90 nin ? ) M) (

+5.0 ng/l Chlorine

Settled Water @WP a i d 3 01 2f a 1 o ) a 1i-2
+5.0 ng/l Chlorine

Taste and OQdor Free

Wat er

Q9 my/l as Cl2 a ) 01 If Cii a ) a )(-!
Free Chlorine  Standard Mi){ M) M Mu N
0.9 my/l as GI2 Sw -7 a1 01)(4 Af d ) a :

Free Chlorine Standard

Settled Water @ WIP MiT-1- sea vate rmui 2 M 2 M 2 Mu | f
2 Fit

Free O lorine MJasurene] ts
S.WAS5 Ong/l Chlorin( - 2.5 ng/l as A
s-w 60 ppm =AG 90 m n+5ny/ | ihl- 2.8 g/ | A1
2°r 5/1 Geos ,+ragll ( hi- 0.9 ng/l as \12
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Tast e

Sample i.D

1.0 ng/l as GL2

Free Chlorine

[l as Cl12

Free Chlorine

25 ng/l Geosmn  Stand.

0 my/l Chlorine

Raw Water @ WIP
60 ppm PAC 90 nin
+5 ng/1 Chlorine

Raw Water @ WP
+5 ng/l Chlorine

Raw Water @ WIP

Raw Water @ WI'P
60 ppm 90 nin

25 ng/l Geosmn Stand.

Taste and Odor Free
Wat er

or

St andar d

St andar d

FLAVOR PROFI LE METHOD
dor - J— Dat e

Panel Desc, Order,

Pam

a k

V\éndy Anne
a I1-14 a »-1
a ) at
Gl a 1
al a I-If
a1 4 li-2
M 1 Se 2
Veg dec
I Se 1 * If
Moy
M)(

Bill
ai-1

Se 1-If Veg dec-| se

Free d lorine ]v 3asurenei ts

RI1 . +5 nog/l

Chlorlnt .

R . 60ppm PAG 90 mji +5my/| h|

25 ng/l Cee 3.+ ny/| Chlorlne

?AV8N
|Flavor Profile
Ronnie Desc. I nt.
d 1 €] a
cit €] 2
M 1 a 1
Mu 2
cf € 2
a 2 a | f
O her- M
Se |If fte 2
1-1f
"""" Gt her- M
0.4 ng /i as UI
A'iAAS
as- CT?

IUrrg
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FLAVOR PROFI LE METHOD

Taste or COdor JL- Date JNZNZSI
Sample 1.D Panel Desc, Crder, Int. | Flavor Profile

o Vendy  Pam Anne Ronni e Desc. Int.

0.9 ny/l as 012 R B [ 01 )

Free Chlorine Standard

2 ng/l MB Standard M1 M - M) ( M '

0.9 ngy/l as 012 o0 ) o1 1 01-n 01T 01 .

Free Chlorine Standard

Taste and Cdor Free 01 )(

Wat er

15 ng/| MB Standard Bali w1 D1 M1 M 1

5ng/l MB Standard Mt Wl Mo M :

""" a i 01 i O her- i

0.3 ng/l as 012

Free Chlorine St andar d


NEATPAGEINFO:id=3773F45D-8D89-4C7E-B679-B6E1B460CD8B


Taste - X,

Sanple |I.D.

0.3 ng/l as Gl2

or

Free [orine Standard

0.9 my/| as G2

Free Chlorine Standard

2 ng/l MIB Standard

5ng/l MB Standard

15 ng/l MB Standard

0.9 ng/l as Gl2

Free lorine Standard

Taste and Odor Free

WAt er

FLAVOR PRCFI LE METHOD

Qdor = Date 10/ 2/ 8?
Panel Desc, Oder, Int. ‘FI avor Profile

Véndy Pam  Anne Ronni e Desc. Int.

a i a ) a M) ( a a) (

a )( a cf Se 1 a ) (

M i Mi) ( woy M ) (
M1 Mi i M A M i A

Bl I "

M i M 1 MU 1 M |f M i-if
a a ) a ) m)cC al ) (
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Appendi x D

Cal cul ati on of Prediction I nterval

(Kl ei nbaum and Kupper, 3B)

Pidlic-hot Jnd2-\peM S ofiuert by

U Kcre

Kt Seoml e ot )<
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