Home Treatment Devices for Drinking water
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Particle Size Distribution
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Table 7.1 Point-of-use methods for reduction or removal of contaminants in
water supply

Method General Removal Applications
Water Treatment Devices
Filtration Turbidity, particulates, color
Adsorption Chlorine, organic substances, odors
[on exchange
Cationic Calicum, Mercury, Magnesium, Iron
Anionic Arsenic, Selenium
Distillation Inorganic substances, dissolved solids
Reverse 0smosis Metals, total dissolved solids
Water softening Barium
Lime Softening Cadmium

Water Purifiers
Filtration barrier Giardia
Disinfection barrier Bacteria, viruses




TABLE 12-3.2

THAI STANDARDS FOR DRINKING WATER

Parameters

Thailand Maximum

Acceptable Value

WHO
Guideline Value

Parameters Thailand Maximum WHO Copper pg/l Cu 1000
Acceptable Value Guideline Value Zinc pg/l Zn 5000
Colour mg/l TCU : mg/l Pt-Co 5 15 Fluorine pg/l F 700 1500
Turbidity NTU : Jackson 5 5 Barium pg/l Ba 1000
Odour (dilution) inoffensive to most |  inoffensive to most aan 20
consumers consumers Cadmium png/l Cd = 2
Taste (dilution) inoffensive to most | inoffensive to most Cyanide pg/l C i ks
consumers consumers Chromium pg/l Cr 50 50
pH 6.5-8.5 6.5-8.5 Mercury pg/l Hg 1 1
Chloride mg/1 Cl 250 250 Nickel pg/l Ni 50
Caloinm mg/l Ca 75 z Selenium pg/l1 Se 10
M ; o Pesticides and related substances
agnesi
gieslum gl My 30 % ng/l- per substance 0.03
Sodium mg/l Na 200 « aldrin and dieldrin i
= PAH pg/l: 0.1
Aluminium mg/1 Al 0.2 total for the following substances:
- fluoranthene
Total hardness mg/l CaCO; 50 - benzo (3,4) fluoranthene
b : - benzo (11,12) fluoranthene
Total Dissolved Solids mg/1 500 500 " - benzo (1,12) perylene
: - indeno (1,2,3-cd) pyrene
Nitrate mg/l NO, 45 44 - benzo (3,4) pyrene
Hydrogen sulphide pg/1 undetectable Total coliforms (100 ml) 0.01
Phenols (phenol index) pg/l | Faecal coliforms (100 ml) NONE
Faecal streptococci (100 ml) NONE
Alkyl benzyl sulfonates (ABS)pg/l 500 ;
Sulphite-reducing clostridium in 20 ml NONE
[ron pg/l F
pg/l Fe 500 Microbiological Quality
Ma Standard Plate Count no/ml 500
nganese pg/l Mn 300 Most Probable No of Organisms / 100 | <22
ml NONE
[ron and Manganese pg/l 500 E. Coli




Organic compounds pg/l
- benzene 10
- carbon tetrachloride 3
- chlordane 0.3
- chlorobenzene 0.1TO3
- chloroform 30
-2,4-D. 100
-DDT 1
- 1,2-dichloroethane 10
- 1,1-dichloroethene 03
- heptachlor and

heptachloro-epoxy 0.5
- hexachlorobenzene 0.01
- t-HCH (lindane) 3
- methoxychlor 30
- pentachlorophenol 10
- tetrachlorethene 10
- trichloroethene 30
- 2,4,6-trichlorophenol 10
Radioactivity
o activity Bag/l 0.1
B activity Bqg/l 1
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Table 2.1 Waterborne infectious bacteria

Table 2.2 Other waterborne pathogens

* Found in the tropics.

Infectious
Organism Disease dose Organism Disease Infectious dose
Acinetobacter calcoaceticus Nosocomial infections ? Viruses
Aeromo_nas hydrophila Enteritis, wounds ? Adenovirus® Enteritis, pharyngitis 1-10 PFU*
A. sobria® Enteritis, wounds ? Calicivirus® Enteritis 1-10 PFU
A. caviae® Enteritis, wounds ? Norwalk virus? Enteritis 1-10 PFU
Campylobacter jejuni* Enteritis ? Coronavirus Enteritis 1-10 PFU
C. coli = Enteritis ? Coxsackievirus A & B Meningitis 1-10 PFU
szromobacterzum violaceuns Enteritis ? Echo virus Enteritis, Meningitis 1-10 PFU
Citrobacter spp.: Nosocomial infections 2 Hepatitis A virus® Hepatitis 1-10 PFU
Clostridum perfringens type C* Enteritis ? Poliovirus® Poliomyelitis 1-10 PFU
Enterobacter spp.» Nosocomial ? Rotavirus® Enteritis 1-10 PFU
Escherichia coli serotypes® Enteritis >10¢ CFUY Astrovirus Enteritis 1-10 PFU
Flavobacterium meningosepticum Nosocomial, meningitis ? :
Francisella tularensis Tularemia 10 CFU Cyan(?bacterla ) .
Fusobacterium necrophorum Liver abscesses 10¢ CFU Cylindrospermopsis spp.” Hepatornteriis Bloe
Klebsiella pneumoniae® Nocosomial, pneumonia ? Fungi
Leptospira icterohaemorrhagia® Leptospirosis ? Candida spp.? Candidiasis ?
Legionella pneumophila® Legionellosis >10 CFU Rhinosporidium seeberi® Rhinosporidiosis 2
Morganella morganii Urethritis, nosocomial 2
Muycobacterium tuberculosis® Tuberculosis ? Protozog . . s 5
el eslvgizem Grarle ; Balantldzun? C.Oll" Balantidiasis . ?
ma ? A far 5
Plesiomonas shigelloides Enteritis ? Cr.yp tz.)sporzdllfm SPP- Cl.'ypt_o SPOI‘IleSlS 4
Pseudomonas pseudomallei meliodosis 7 Ginrdsa Iamb.l s Glardiasts - cyst
Salmonella enteritidis® Enteritis >10¢ CFU Entumoe:’ba hzsto{y e Dysgntery : i cyst
<. righitevides BE Py — 5 Naegleria fowleri® MenTngoencephal}t?s ?
: : Acanthamoeba spp. Meningoencephalitis 2
S. paratyphi A&B® Paratyphoid fever ? BF 8 P
- S. typhi® Typhoid fever 105 CFU Helminths
S. typhimuriums Salmonellosis ~105 CFU Schistosoma mansoni® Schistosomiasis 1 cercariae
Serratia marcescens? Nosocomial ? S. haemotobium® Schistosomiasis 1 cercariae
Shigella dysenteriae® Dysentery ? S. japonicum® Schistosomiasis 1 cercariae
- Staphylococcus aureus Wounds, food poisoning ? S. intercalatum® Schistosomiasis 1 cercariae
Vibrio alginolyticus® Wounds D= ? S. mekongi® Schistosomiasis 1 cercariae
V. cholerae? Cholera dysentery 10® CFU Fasciola hepatica® Fascioliasis 1 metacercariae
V. fluvialis® Enteritis ? Fasciolopsis buski® Fasciolopsiasis 1 metacercariae
V. mimicus? Enteritis ? Paragonimus westermani Paragonimiasis 1 metacercaria
V. parahaemolyticus® Enteritis 105 CFU Clonorchis sinensis® Chinese liver fluke 1 metacercaria
V. vulnificus® Wound infections ? Diphyllobothrium latum Pernicious anaemia 1 pleurocercoid
Yersinia enterocolitica Enteritis 10 CFU Dracunculus mediensis® Guinea worm 1 larvae
Ascaris lumbricoides® Ascariasis 1 larvae

® CFU, colony forming units (see Hazen et al., 1987; Dufour, 1986; Hutchinson and Ridgway,
1977; Hawkins et al., 1985).

2 Found in the tropics.
® Found exclusively in the tropics.
< PFU, plaque forming units (see Hazen et al., 1987; Dufour, 1986; Hutchinson and Ridgway,

1977; Hawkins et al., 1985).
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Chapter 11 Invertebrates and Associated Bacteria in Distribution Lines 2

Figure 11.1B

Figure 11.1 Scanning electron micrographs of invertebrates collected from the drink
water distribution system of Worcester, Massachusetts, showing the presence of bact
on the external surfaces. A (above), and B, amphipods; C, nematodes; D, copepod




Table 11.1 Bacteria associated with invertebrates collected from a drinking water

distribution system, Worcester, Massachusetts, 1982-1984

Bacterium

Invertebrate Type

Amphipod Copepod

Fly Larva Nematode

Acinetobacter sp.
Achromobacter xylooxidans
Aeromonas hydrophila
Bacillus sp.

Chromobacter violaceum
Flavobacterium meningosepticum
Moraxella sp.

Pasteurella sp.
Pseudomonas diminuta
Pseudomonas cepacia
Pseudomonas fluorescens
Pseudomonas maltophilia
Pseudomonas paucimobilis
Pseudomonas vesicularis
Serratia sp.

staphyloccocus sp.

+
+

+ +

+ +

++ + + 4+ +

+ + + +

+ +

_evy et al. (1986).

'\



Table 7.2 Challenge organisms and microbial reduction requirements for
evaluating water purifiers?2

= Minimum required
reduction
Influent

Organism challenge® Log %
Bacteria:

Klebsiella terrigena (ATCC-33257) 107/100 ml 6 99.9999
Virus:

Poliovirus 1 (LSc) (ATCC-VR-59) and, 1 X 107/1

4 99.99¢
Rotavirus (Wa or SA-11) (ATCC-VR- 1 2% 30771

899 or VR-2018)

Cyst (Protozoan):<
Giardia muris or Giardia lamblia or 10¢/1 3 99 .9

As an option for units or components 107 /1 3 99.9
based on occlusion filtration: particles
or spheres, 4-6 um

- Guide Standard and Protocol for Testing Microbiological Water Purifiers (Office of Drinking
Water Task Force Report, U.S. Environmental Protection Agency, April 1987)

- The influent challenges may constitute greater concentrations than would be anticipated in
<ource waters, but these are necessary to properly test, analyze, and quantitatively determine
‘ne indicated log reductions.

Virus types are to be mixed in roughly equal 1 X 107/1 concentrations and a joint 4 log
reduction will be acceptable.

: <hould be noted that new data and information with respect to cysts (i.e., Cryptosporidium

r others) may in the future necessitate a review of the organism of choice and of the

nallenge and reduction requirements.



1T um

Figure 12.1 Transmission Electron Microscopy (TEM) picture of a cross section of a
very thin biofilm.



Figure 2.2 Giardia cysts from humans. (@) An SEM micrograph of several Giardia cysts

from human material on an 8-pm pore membrane at 750 X . (b) The same material
magnified to 3000 X . (¢) to (f) Photo micrographs of cysts of the same sources at

2000 x . [Source: W. Jakubowski and J. C. Hoff (eds.), Waterborne Transmission of
Giardiasis, USEPA 600/6-79-001, June 1979.]
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Figure 2.7 Ranges of TOC reported for a variety of natural waters. (Source: M. C.

Kavanaugh, Coagulation for Improved Removal of Trihalomethane Precursors, Journal
AWWA, vol. 70, no. 11, Nov. 1978, p. 613.)

TABLE 2.2 Cancer Risk Estimates for VOCs®

Concentration in drinking water,
corresponding to a 107° risk, pg/L

Compound NAS* CAGY
Trichloroethylene 45 26
Tetrachloroethylene 35 6.7
Carbon tetrachloride 45 2.7
1,2-Dichloroethane 7.0 3.8
Vinyl chloride 10 0.15

*National Academy of Sciences.
tCancer Assessment Group.
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Table 6 Research Efforts on Oxidation by Utilities
Serving >50,000 People from the WIDB

Recent/ongoing Future
(%) (%)
Ozone 14 18
Chlorine dioxide 10 9
Chloramines 14 8
Chlorine 22 6
KMnO, 13 6




Figure 2.4 Blue-green algae, Oscillatoria limosa. (Courtesy James M. Montgomery
Consulting Engineers, Inc.)

Humics + Br— + NH; + Cl, = CO, + New Organics: + Smaller humics + N, + CI—

Trihalomethanes
+

Dihaloacetonitriles
+

Halogenated carboxylic acids
+

Halogenated amines
+

Halogenated phenols
+

Halogenated ketones
+

Halogenated aromatics
+

Halogenated humics
-+ -

Aldehydes
<+

Aromatics
-+

Phthiatates

Figure 2.5 Chlorination by-products. (Source: James M. Montgomery Consulting En-

gineers, Inc., Water Treatment Principles and Design, John Wiley & Sons, Inc., Copy-
right 1985.)



/ Table 7 Classes of By-Products Associated with

% Alternative Oxidants

Chloramines Haloacetic acids(HAAS)
Nitrite/nitrate
Cyanogen chloride/bromide
1,1-Dichloropropanone
Trihalomethanes (THMs)*
?**
Chlorine dioxide Chlorite
Chlorate
?
Ozone Bromate
BDOC
Aldehydes
Ketoacids
Bromoform
Peroxides
Epoxides
?

uv ?
KMnO, ?
* If formed by chlorination followed by ammonia addition.

?** By-products may be formed that still have not been
identified.




Table 4 Disinfection Practices of Surface Water Utilities
From the WIDB

Population Population
> 50,000 < 50,000
(%) (%)
Preoxidation/disinfection
Chlorine 64 67
Chlorine dioxide 9 12
Chloramines 15 8
Ozone 0.7 0.7
Potassium permanganate 31 35
Postdisinfection
Chlorine 71 85
Chlorine dioxide 2 3
Chloramines 25 2
Number reporting 427 276

Table 5 Disinfection Practices of Groundwater Utilities
From the WIDB

Population Population
> 50,000 < 50,000
(%) (%)
Any disinfectant 88.4 85.8
Chlorine 84 83
Chlorine dioxide 0.9 0.3
Chloramines 10 5
Ozone 0 0.3
Potassium permanganate 4 6

Number reporting 232 359
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Table 6 Research Efforts on Oxidation by Utilities
Serving >50,000 People from the WIDB

Recent/ongoing Future
(%) (%)
Ozone 14 18
Chlorine dioxide 10 9
Chloramines 14 8
Chlorine 22 6
KMnO, 13 6




Table 3 Average and Median TOC Values Reported in the WIDB

Reporting/ Average Median
Total mg/| mg/|
Groundwater 68/591 34 078

Surface water 138/703 4,66 39
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MF UF NF RO
Mem Porous Porous ea??ﬁ@ﬁ?ﬁﬁ?ﬁﬂs**ff Aporous Porous/Nonpor
: isotropic asymmetric asymmetric/co asymmetric/co ous electrically
mposite mposite charged
membrane
Pore size 50 nm-10uym 5-20 nm 2-5nm 5-20 A <10A
Transfer Sieving and Sieving and Sieving/electro Diffusion Diffusion
mechanism adsorptive precerential static (solutes electrical
mechanisms adsorption hydration/diffu migrate by potential
(solutes sion diffusion
migrate by mechanisms)
convection)
Law governing Darcy’s Law Darcy’s Law Fick’sLaw Fick’sLaw Fick’s Law
transfer Darcy’s Law Darcy’s Law Darcy’s Law
Typical Solution with Solution with Solution with Solution with Solution with
solution treated particles colloids and/or ions, small ions, small ions, small
macromolecules molecules molecules molecules
Typical pure 500-10,000 100-2,000 20-200 10-100 5-10
water flux Kg/M2.d
(L/m2.d) Kg of salt
Pressure 0.5-5 1-10 7-30 20-100 0.5-5

applied (bar)
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Figure 10.18 Schematic of the electrodeionization process using mixed-bed ion
exchange resin to increase the conduction of the dilute compartments of the electro-
dialysis stack
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TABLE 2.8 Odor Thresholds of Chlorinated Solvents

Detection odor

Solvent threshold, mg/L
1,4-Dichlorobenzene 0.0003
Trichloroethylene 0.5
Tetrachloroethylene 0.3
Carbon tetrachloride 0.2

Source: Van Gemert, L. J., and Nettenbreijer, A. H. (eds.):
Compilation of Odour Threshold Values in Air and Water. Natl.
Inst. for Water Supply, Voorburg, Netherlands; and Centr. Inst.
‘or Nutr. & Food Res. TNO, Zeist, Netherlands, 1977.

Zinc 4-9
Copper 2-5
Iron 0.04-0.1

Manganese 4-30



TABLE 2.9

Algae-Generated Tastes and Odors

Odor description

Fishy

Moderate ILarge
guantities of guantities of Taste Tactile
Algae class algae algae description sensation
Cyanophyceae
Anabaerna Grassy, musty, Rotten, septic,
nasturtium medicinal
Anabaernopsis _ Grassy
_Aphanizormierniorz Grassy, musty, Rotten, septic, Sweet Dry
nasturtium medicinal
Cylindrospeririierrt Grassy Septic
Gloeotrichia —_— Grassy
Gomphosphaeria Grassy Grassy Sweet
Microcystis or Grassy, musty Rotten, septic, Sweet
Anacystis ) medicinal
Nostoc Musty Rotten, septic,
medicinal
Oscillatoria Grassy Musty, spicy
Rivwularia Grassy Musty
Chlorophyceae
Actinastrirmn _— Grassy, musty
_Ankistrodesrmiis _ Grassy, musty
Chara Garlic, skunk Musty, garlic
Chrlamydormonas Musty, grassy Fishy, septic, Sweet Sickly
medicinal sweet, oily
Chlorellia —_ Musty
Cladophora — Septic
Closterizere —_ Grassy
Cosrmiaritrm _— Grassy
Dictvosphaeriwurm Grassy, nas- Fishy
turtium
Fredorina —_— Fishy
Gloeocysiis —_— Rotten, medic-
inal
Gornizerm _— Fishy
FIydrodictyor: _— Rotten, septic
Nitella Grassy Grassy, rotten Bitter
Panrndorina _— Fishy
Pediastricrm _— Grassy
Scennedesmus — Grassy
Spirogyra _— Grassy
Stawurastrierre e Grassy
T ribonema —_— Fishy
Ullothrix — Grassy
Volvox Fishy Fishy
Diatoms
_Asterionella Spicy., gera- Fishy
nium
Cyclotella Grassy, spicy, Fishy
geranium
Diatoma — Axromatic
Fragilaria Grassy, spicy., Musty
geranium
NMelosira Grassy, spicy, Musty _ Sickly
geranium sweet, oily
Meridiorn —_— Spicy
Pleuwrosigma

\\



Table 7.3 Organic chemical removal by point-of-use treatment units

THM, NPTOC, Service

Estimated GAC, % % LIFE,

Unit Type No. contact, sec. ~ grams  Reduction Reduction Gallons
Faucet, bypass 5 1.6-36.9 27-895 6-69 6-31 40-4000
Faucet, no bypass 1 0.9 16 6 2 200
Line bypass 14 5.0-185.0 146-3402 23-99 6-87 720-4000
Stationary 5 1.2-45  208-398  15-46 7-12  3000-3400
Portable pour-

through 3 14.1-43.8 30-97 19-74 6-30 300-2000
Portable, other 1 0.9 n.a.* 4 0 200

Data from Bell et al. (1984)

* n.a. not applicable.

GAC = granular activated carbon

THM = trihalomethane

NPTOC = non purgeable total organic carbon.



Table 7.2 Challenge organisms and microbial reduction requirements for
evaluating water purifiers®

Minimum required

reduction
Influent

Organism challenge® Log %
Bacteria:

Klebsiella terrigena (ATCC-33257) 107/100 ml 6 99 9999
Virus:

Poliovirus 1 (LSc) (ATCC-VR-59) and, 1 X 107/1

4 99 .99<

Rotavirus (Wa or SA-11) (ATCC-VR- 1 X 107/1

899 or VR-2018)
Cyst (Protozoan):¢

Giardia muris or Giardia lamblia or 10¢/1 3 99.9

As an option for units or components 107 /1 3 99.9

based on occlusion filtration: particles
or spheres, 4—-6 um

* Guide Standard and Protocol for Testing Microbiological Water Purifiers (Office of Drinking
Water Task Force Report, U.S. Environmental Protection Agency, April 1987)

®* The influent challenges may constitute greater concentrations than would be anticipated in
source waters, but these are necessary to properly test, analyze, and quantitatively determine
the indicated log reductions.

< Virus types are to be mixed in roughly equal 1 > 107/]1 concentrations and a joint 4 log
reduction will be acceptable.

¢ It should be noted that new data and information with respect to cysts (i.e., Cryptosporidium
or others) may in the future necessitate a review of the organism of choice and of the
challenge and reduction requirements.

'\



Table 4.1 Effect of cell density on susceptibility of selected bacteria to chlorine
dioxide

% Glucose
in inflow  Temp Cell
Organism  medium  (°C) D (h?) density" Log N,;/N, Reference

Escherichia 0.15 25 0.40 .10 —3.09+0.13® Berg et al.

coli 0.02 25 0.40 0.20 —5.06+0.13 (1982)

Klebsiella

preumoniae 0.2 37 0.05 08  —422+0.061c Harakeh et al.
0.4 37 0.05 1.8 —4.29+0.045 (1985)

Yersinia

enterocolitica (0.2 29 0.05 1.0 —498+0.001¢ Harakeh et al.
0.4 29 0.05 1.6 —5.79+0.017 (1985)

* Average optical density at 660 nm.
b Survival ratio after 15 min of contact with a dose of 0.75 mg of ClO, per liter at 23°C.
“ Survival ratio after 15 min contact with a dose of 0.25 mg Of ClO, per liter at 23°C.
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Table 5 — Water Hardness Classification
Hardness Level Classification
mg/L. 2pg
0-17 <] soft water
17-60 [-3.5 slightly hard water
60-120 3.5-7.0 moderately hard water
120-180 7.0-10.5 hard water

>180 >10.5 very hard water
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Table 2.1 Waterborne pathogens and their significance in water
supplies
Pathogen Health Main Persistence Resistance Relative Important
significance route of in water to infective animal
exposure® suppliesb chlorine® dosed reservoir

Bacteria

Campylobacter High O Moderate Low Moderate Yes
jejuni, C.coli

Pathogenic High (@] Moderate Low High Yes
Escherichia colfi

Salmonelfia High O Moderate Low High No
typhi

Other High [S) Long Low High Yes
salmonellae

Shigelfila spp. High () Short Low Moderate No

Vibrio cholerae High o Short Low High No

Yersinia High O Long Low High(?) Yes
enterocolitica

L egionefla Moderate I May multiply Moderate High No

Pseudomonas Moderate C.IN May multiply Moderate High(?) No
aeruginosa

Aeromonas spp. Moderate O.C May multiply Low High(?) No

Mycobacterium, Moderate 1,C May multiply High 2 No
atypical

Viruses

Adenoviruses High o,1,C ? Moderate Low No

Enteroviruses High O Long Moderate Low No

Hepatitis A High o Long Moderate Low No

Hepatitis E High O > 2 Low Probable

Norwalk virus High O 5 ? Low No

Rotavirus High (@] 2z e Moderate No(?)

Small round
viruses (other
than Norwalk virus) Moderate ) 2 2 Low(?) No

Protozoa

Entamoeba High (@) Moderate High Low No
histolytica

Giardia High (€] Moderate High Low Yes
intestinalis

Cryptosporidium High O Long High Low Yes
parvurm

Acanthamoeba spp. Moderate C,lI May multiply High T No

Naegleria fowleri Moderate C May multiply Moderate Low No

Balantidium colf Moderate (&) ? Moderate Low Yes

\\



/
General Effectiveness of Water Treatment Processes for Contaminant Removal'™*%

TABLE 3.1
Adsorption

Membrane processes

Ion exchange

Coagula-
tion pro- Chem-
cesses, ical
Aeration sedimen- oxida-
and tation, Lime Ultra tion, Acti-
strip- filtra- soft- Reverse filtra- Electro- disinfec- vated
ing tion ening Anion Cation osmosis tion dialysis tion GAC PAC alumina
(Shap. (Chaps. (Chap. (Chap. (Chap. (Chap. (Chap. (Chap. (Chaps. (Chap. (Chap. (Chap
Contaminant categories 5) 6,7,8) 10) 9) 9 11) 11) 11) 12,14) 13) 13) 9)
A. Primary contaminants
1. Microbial and turbidity
Total coliforms P G—E G—-E P P E E —_ E F | 24 P-F
Giardia lamblia P G—E G-E P B E E — E F P P-F
Viruses P G-E G—-E P P E E — E F P P-F
Legionella 3 2 G-E G—E ) 4 P E E — E P P P-F
Turbidity P E G F i 22 E E — P ) % P P--F
. Inorganics
Arsenic ( + 3) 5 4 F-G F-G G—-E P F-G - F-G P F-G P—F G—E
Aggenic ( + 5) P G-E G-E G—-E P G—E — G—E P F-G P-F E
Asbestos P G—-E —_ — - —_ —_ —_— P — M —
Barium 2 P-F G—E P E E G—E P P P P
Cadmium 4 2] G—E E P E E S— E P P—F P P
Chromium ( + 3) P G-E G-E P E E — E T F-G F P
Chromium ( + 6) P P P E ) 2 G-E —_ G-E = F-G F F
Cyanide P _ _ — —_ G —_ G = —_— — ==
Fluoride P F-G P-F P—F P E == E P G-E P E
Lead P E E P F-G E —_ E P F-G P—F P
Mercury (inorganic) P F-G F-G P F-G F-G J— F-G P F-G F P
Nickel P F-G E P E E —_ E P F-G P—-F P
Nitrate P P G—-E P G — G P P § 57 P.
Nitrite F | P G—E P G —_— G G—E ) o P P
Radium (226 and 228) P P—F G—E P E E — G—E P P-F P P—F
_ Selenium ( + 6) P P P G-E P E - E P ) £ P G—E
Selenium ( + 4) P ~—G 2 G—-E P E — E P P P G—-E
. Organics
VOCs G—E P P-F P P F-E F-E F-E P-G F-E P-G P
SOCs P-F P-G P-F S 22 P F—E F-E F—-E P-G F-E P—-E P-G
Pesticides P-F P-G P-F P P F-E F-E F-E P-G G-E G-E P-G
THMs G-E P P P P F-G F-G F-G P-G F-E P—F P
THM precursors P F—G P—-F F—G —— G—E F—E G—-E F-G F—-E P—F P-F
B. 3econdary contaminants
Hardness P P E P E E G—E E P P P P
Iron F-G F-E E P G—-E G-E G G-E G-E P P P
Manganese P-F F—-E E P G-E G-E G G-E F-E P P
Color P F-G F-G P-G — —_ —_— — F—E E G—E G
Taste nand odor F—E P—F P-F P-G — — — — F-E G-E G—E P-F
“Total dissolved solids } i P P—F &4 P G—E P—F G-E P g P »
Chloride P P P F-G P G-E P G-E P P P =
Copper P G G-E P F-G E —_ E P-F -G P -
Sulfate P P P G—E } oy E P E P P P G—E
Zinc P F-G G—E P G-E E — E P - — —
TOC F P-F G — G-E G G—E P-G G-E F F- —
Carbon dioxide G—E P-F E P P P P P P P P P
Hydrogen sulfide F-E P F—-G P P 5 P P F-E F-G P P
Methane G—E P—-E 2 P P P P P P P P P
C. Proposed contaminants
VOCs G—-E P P-F P 24 F-E F-E F-E P-G F-E P-G P
SOCs P—F P-G P-F P P F-E F-E F-E P-G F-E P-E P-G
Disinfection by- — P-E P-F P—F ST P F-G F-G ) i g ) F—-E PG —
products
Radon G—E P P 1 22 P P § 22 P 34 E P-F P
Uranium P G—-E G-E E G-E E —_— E P ¥ P—F G—E
Aluminum P F F-G P G-E E — E P — s s
Silver F-G G-E P G — — - P F-G P-F — —

P-—poor (0 to 20 percent removal); F— fair (20 to 60 percent removal); G—good (60 to 90 percent
removal); E—excellent (90 to 100 percent removal); “_"__not applicable/insufficient data
Note: Costs and local conditions may alter a processes applicability.
I

- = ~



TABLE 2.6 Organic By-products Produced from the Four Most Common Disinfectants
Levels detected,
ng/L
Disinfectant Research status Compounds produced A B~
Chlorine Compounds found to date comprise a small fraction of the TOC Chloroform 65 28
or TOX content of samples tested; many more, particularly Bromodichloromethane 8.7 7.6
nonvolatiles, remain to be detected. Dibromochloromethane 2.4 6.8
Dichloroacetonitrile 1.0 2.2
v Bromochloroacetonitrile 0.5 0.5
Chloropicrin 0.3 0.4
Bromoform < 0.5 0.2
Dibromoacetonitrile < 0.3 < 0.2
Dichloroacetic acid 10-100
Trichloroacetaldehyde 10-100
1,1,1-Trichloropropanone < 10
Trichloroacetic acid < 10
Chloroacetic acid < 10
Chloramine To the extent that chloramine hydrolyzes to form hypochlorous Trihalomethanes 19%
acid, the same products as are formed during chlorination can Dichloroacetic acid®
Trichloroacetic acid®

Chlorine dioxide

be expected, but at much lower concentrations.

Does not form trihalomethanes. Very few aldehydes studies
done simulating drinking water conditions. Postulated com-
pounds include aldehydes, quinones, and epoxides.*3

C.-C, aliphatic aldehydes®

Levels detected,

Disinfectant

Research status

Compounds produced
Phthalates .

rg/L

A B

Ozone

Ozonation of naturally occurring organics produces compounds
that can be found without treatment, because ozone mimics
environmental oxidation processes.” Few studies of ozone reac-

tions with synthetic organics under drinking water conditions

exist.

Fatty acids
Carboxylic acids
Ketones
Aldehydes
Toluene®

“Data from two recent USEPA surveys (A. Reding et al., 1986; B. Stevens et al., 1987).

®Data from the NORS survey. Ten out of 80 cities surveyed used chloramine disi

THM concentrations was 1 to 81 pug/L; 19 was the average.
“DCA. and TCA were found during laboratory chlorination of humic acids

nfection. The range of

(Johnson et al., 1986, cited

cited in Glaze, 1986).

in Ref. 41).
“Produced during treatment of Ohio River water with ClO. (Stevens et al., 1978, cited in Ref. 43).

‘Glaze, 1986.

References for above footnotes:
Reding, R., et al.: “Measurement of Dihaloacetonitriles and Chloropiorin in D

Office of Drinking Water, Technical Support Div., Cincinnati, Ohio, 1986.

“All the above compounds found during ozonation of fulvic acid (Lawrence et al.,
-nonanol were detected in the waterworks

A series of aldehydes n-hexanol, n-heptanol, n-octanol, and n
in Zurich, Switzerland, after ozonation (Schalekamp, 1977).

rinking Water,” USEPA

Stevens, A. A, et al.: “Detection and Control of Chlorination By-products in Drinking Water,” Proc.
Conf. Current Research in Drinking Water Treatment, Cincinnati, Ohio, 1987.

Glaze, W. H.: “Reaction Products of Ozone: A Review,” Environmental Health Perspectives, vol. 69,
1986, pp. 151—157. ) ;

Lawrence, J., et al.: “The Ozonation of Natural Waters: Product Identification,” Ozone: Science and
Engineering, vol. 2, 1980, pp. 55-64.

Schalekamp, M.: Experience in Switzerland with Ozone, Particularly in Connection with the Neutral-
ization of Hygienically Undesirable Elements Present in Water. Proc. AWWA Ann. Conf., Anaheim,

Calif., 1977.
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Table 5-10 Surface Areas of Activated Carbon

. \8

Carbon Source Surface Area (m*/g
PCC SGL Bituminous coal 1,000-1,200
PCC BPL Bituminous coal 1,000-1,200
PCC RB Bituminous coal 1,200-1,400
PCC GW Bituminous coal 800-1,000
Columbia CXA/SXA Coconut shell 1,100-1,300
Columbia AC Coconut shell 1,200-1,400
Columbia G Coconut shell 1,100-1,150
Darco S 31 Lignite 500-550
Darco G 60 Lignite 750-800
Darco KB Wood 950-1,000
Hydro Darco Lignite 500-600
Nuchar Aqua Pulp mill residue 550-650
Nuchar C Pulp mill residue 1,050-1,100
Nuchar (various) Pulp mill residue 300-1,400
Norit (various) Wood 700-1,400

Source: Reproduced from Mantell [7], courtesy of the Robert E. Kreiger Publishing Co.
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Figure 2-9 (a) A pictorial representation of the association adsorption reaction in the
gas and liguid phase. Reproduced from Altshuler and Belfort [27], courtesy of the Amer-
ican Chemical Society. (b) Surface area reduction of amphiphilic solute adsorbed onto
activated carbon surface. Reproduced from Horvath and Melander [28], courtesy of the
American Chemical Society.
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Ingredients:

Silica (SKO2) 251 mg/kg cf fluid
Sodium (Na) 7.643 —
Potassivm (K) 1.177 —
Calcium [Ca) 1.274 —
Magnesium {Mg) 0,60

Corben dioxide (CO2) 11,4

Sulphate (SO4) 31,8

Chlorine [Cl) 15.740

Fluceine [F) 0,18

Total soluble Chemicols 25.800

The seowater includes smal amounts of other ingredens,




OXIDATION REDUCTION POTENTIAL (ORP)

Chemical name ORP Value

Fluarine 2.25
Hydroxyl lon ' 2.05

Atomic Oxygen 1.78
Qzone 1.52

Hydrogen Peroxide 1.30

Permanganate 1.22
Hypochlorous Acid 1.10

Chlorine Gas (Salt) 1.00
Oxyoen .94

Sodium Hypochlorite (Chlorine) (.69
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