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DIVERSE TYPES OF DISINFECTANTS and DBPs:

- Chlorine: trihalomethanes, haloacetics
- Chloramines: trihalomethanes

- Chlorine dioxide: chlorite, chlorate

- Ozone: bromate

- UV (?)
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Possible adverse health effects of
exposure to CBPs in drinking water

Potential carcinogenic and mutagenic (long
term)

Possible reproductive and developmental
effects (short term)
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Chronological portrait of CBP standards
(THMs and HAAs)

Canada Quebec U.S.
(quidelines) (regulations)  (regulations)

1978 350 pg/L

1979 100 pg/L

1984 350 ug/L

1996 100 pg/L

1998 80 ng/L
60 ng/L

2001 80 ng/L

2005 Second stage

DBP rul
2007 80 ug/ L e
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The temporal variations of chlorinated DBPs in
distribution systems are related to the fluctuations
of raw water quality and to the variability of
treatment conditions
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BACKGROUND

Factors responsible for CBP formation and
evolution in drinking water

They are related to source, treatment and distribution:

Water quality at the source
Environmental conditions

Modification of source water quality by
treatment

Disinfection strategy

Water distribution characteristics
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Water quality at the source

Effect of TOC and bromide (adapted from de Krasner et al., 1996)
(Surface and groundwaters, chlorinated with dose= 5 mg/L, temperature=
25°C, pH = 8.2, Contact time = 3h)

™HM
(/-IQ/L) # 159 137
X i s
210 | = = =
st 53 = -
L 91 — 60 -
120 . 60 : =0.4
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90 78 P 4 ~0.2
60 | 38 P = -7 Bromide
32 ] <0.07 (mg/L)
415 3.25 1.98 1.36 1.10

TOC (mg/L)
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Water quality at the source

Effect of TOC and bromide (adapted from de Krasner et al., 1996)
(Surface and groundwaters, chlorinated with dose= 5 mg/L, temperature=
25°C, pH = 8.2, Contact time = 3h)
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Water quality at the source

Effect of TOC and bromide (adapted from de Krasner et al., 1996)
(Surface and groundwaters, chlorinated with dose= 5 mg/L, temperature=
25°C, pH = 8.2, Contact time = 3h)
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(ug/L) .dﬁ‘;;.;:t:::;::_J?:L::Jr‘(ug/L) ] I———— T
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TOC (mg/L) (mg/L) TOC (mg/L) {mg/L)
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Water quality at the source

Effect of TOC and bromide (adapted from de Krasner et al., 1996)
(Surface and groundwaters, chlorinated with dose= 5 mg/L, temperature=
25°C, pH = 8.2, Contact time = 3h)
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Factors responsible ...

Environmental conditions

- water temperature
- seasonal characteristics and variations

- climatological conditions
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Quebec City water source
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DBP precursors indicators in Quebec City
raw water and pre-chlorination dose
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Short term variation of water quality at the
Quebec City source (April 2003)
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Relationship between water temperature and HAA formation
following pre-chlorination of Quebec City water source
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Factors responsible. ..

Modlification of source water guality
by treatment

Removal of NOM by diverse processes:

- conventional treatment (coagulation- floculation-
sedimentation)

- use of granular activated carbon,
- membrane filtration (nano,micro,ultra) and others
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TOC removal by the Quebec City water plant
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Factors responsible ...

Disinfection strategy
- disinfectant type
- point of application

- applied dose
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Impact of chlorine application point
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Many data concerning precursor removal and
THM formation during water treatment

Considerably less data and knowledge about
the fluctuations of CBPs and their precursors
as well as the implications of such
fluctuations
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RESEARCH PROGRAM OBJECTIVES

Document, understand and model
the spatio-temporal variations of
CBPs in drinking water
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Methodologies to investigate spatio-temporal
fluctuations of chlorinated DBPs

Data generation approach
Time scale
Spatial scale

Utility size
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Postchlorination Rechlorination

Alun Ozonation

Prechloration

Saint-Charles river

Reservoir / Reservoir
eservol
Actiflo Filters

® Sampling point
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EXAMPLES OF FLUCTUATIONS
1. Regional variations
2. Fluctuations within the treatment plant

3. Fluctuations in the distribution system

4. Short term fluctuations

5. Indoor exposure to chlorinated DBPs
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1. Regional variations
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THM data from 170 distribution systems of
Quebec (small and medium systems) (8 years)
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THM data from 170 distribution systems of
Quebec (small and medium systems) (8 years)

Model for THM occurrence

a) other season, other treatment b) other season, chlorination alone
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THM data from 170 distribution systems of
Quebec (small and medium systems) (8 years)

Model for THM occurrence
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THM data from 170 distribution systems of
Quebec (small and medium systems) (8 years)

Model for THM occurrence

a) other season, other treatment b) other season, chlorination alone
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THM data from 170 distribution systems of
Quebec (small and medium systems) (8 years)

Model for THM occurrence St Lasrence River
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2. Fluctuations within the treatment plant
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Fluctuations of HAAs within the plant
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Fluctuations of HAAs within the plant
[ 1 Dichloroacic (DCAA)

Winter (5.7°C)

45 | [Clrés]= 0,54 mg/L [Clrés]= 0,14mg/L  [Clrés]= 0,06 mg/L
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[ ] Dichloroacic (DCAA) ] HAAs

Trichloroacetic (TCAA)

Winter (5:7°C) Spring | (
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[ 1 Dichloroacic (DCAA)

Winter (57°C)

+ [Clrés.]= 0,54 mg/L [Clrés.]= 0,14 mg/L [Clrés.] = 0,06 mg/L

un I

Pre (PW) Sedim (SW) Filt (FW)

Summer (21,3°C)

| [Clrés.]= 0,63 mg/L [Clrés]= 0,13mg/L [Clrés.]= 0,02 mg/L

Pre (PW) Sedim (SW)  Filt (FW)

v

Fluctuations of HAAs within the plant

B Trichloroacetic (TCAA) 1 HAAs

ug/L

Spring : (12,6°C)

[Clrés.] = 0,62 [Clrés.] = 0,15 [Clrés.] = 0,04

Pre (PW) Sedim (SW)  Filt (FW)

Fall (10,4°C)

T [Clrés.]= 0,54 mg/L [Clrés.] = 0,09 mg/L [Clrés.] = 0,04 mg/L

Pre (PW)  Sedim (SW)  Filt (FW)
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[ ] Dichloroacic (DCAA) B Trichloroacetic (TCAA) ] HAAs
Winter  (5:7°C) Spring (12,6°C)
50 s0
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3. Fluctuations in the distribution system
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Spatial and temporal variations of THMs (Quebec City)
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Spatial and temporal fluctuations in the DS

UNIVERSITE
[ AVAL

* ¥ F ¥
* ¥ ¥ *

* ¥* ¥
* ¥ F ¥

o spring O summer = fall

Seasonal variations

O winter

fall

O summer

o spring

0000000000

(7/67) swHL

Quebec Charlesbourg

Sainte-Foy

T T T T T
o o o o o o

n < o™ N —

(1/67) syvH

Quebec Charlesbourg

Sainte-Foy



Spatial and temporal fluctuations in the DS
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Spatial and temporal fluctuations in the DS

80.00 — T<15°C - 1.60
70.00 -+ r 1140 ~
<
60.00 | 1120 2 O THM3
50.00 +100 2 m HAA2
~ ’ —
=3 40.00 + 4080 ° & Residual
N S hlori
D 3000 | o602 chlorine Cold water vs Warm water
S >
20.00 + { + 040 ©
%]
(O]
10.00 + 1020 &
0.00 | | | | | + 0.00
PO P1 P2 P3 P4 P5
80.00 - T>15°C + 1.60
70.00 + . 1 1.40 g
© 60.00 1120 £ 0 THM3
50.00 + 4100 2
-~ = m HAA2
< 40.00 1 1080 O
D 000! | 060 S & Residual
3‘ ' T chlorine
>
20.00 + 1040 ©
%]
10.00 + +020 &
0.00 1 - 0.00




C 33 £ E

=K =E =k =K
% ¥ 33

£ E £ E

[AVAL

Sainte-Foy

Quebec

UNIVERSITE

Preponderance of CBPs according to DS
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Impact of fluctuations on the regulatory compliance

1st 2nd 3rd 4rd

CDBP  Point First quarter Second quarter Third quarter Fourth quarter Annual
(Fall) (Winter) (Spring) (Summer) average

Sample Conc*. Sample Conc. Sample  Conc. Sample Conc. Conc.

(ng/L) (ng/L) (ng/L) (ng/L) (ng/L)

THM3 P4 L 35.2 L 5.1 L 29.0 L 37.6 26.7

H 48.7 H 20.3 H 46.8 H 57.6 433

P5 L. 56.4 L 7.1 L 39.7 L 53.5 39.1

H 64.3 H 24.4 H 42.1 H 101.1 58.0

HAA2 P2 L 37.1 L 9.0 L 56.3 L 345 34.2

H 553 H 15.9 H 77.9 H 65.8 53.7

P4 L 14.7 L 6.3 L 46.1 L 323 249

H 19.2 H 11.8 H 51.8 H 37.0 29.9

P5 L 53.6 L 19.1 L 453 L 28.3 36.6

H 66.3 H 25.5 H 106.8 H 96.4 73.8

Quebec standard on total THMs

« Annual average of four quarterly samples (extremity):
Delay of samples at least 2 months »
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Impact of fluctuations on the regulatory compliance

1st 2nd 3rd 4rd

CDBP  Point First quarter Second quarter Third quarter Fourth quarter Annual
(Fall) (Winter) (Spring) (Summer) average

Sample Conc*. Sample Conc. Sample  Conc. Sample Conc. Conc.

(ng/L) (ng/L) (ng/L) (ng/L) (ng/L)

THM3 P4 L 35.2 L 5.1 L 29.0 L 37.6 26.7

H 48.7 H 20.3 H 46.8 H 57.6 433

P5 L. 56.4 L 7.1 L 39.7 L 53.5 39.1

H 64.3 H 24.4 H 42.1 H 101.1 58.0

HAA2 P2 L 37.1 L 9.0 L 56.3 L 345 34.2

H 553 H 15.9 H 77.9 H 65.8 53.7

P4 L 14.7 L 6.3 L 46.1 L 323 249

H 19.2 H 11.8 H 51.8 H 37.0 29.9

P5 L 53.6 L 19.1 L 453 L 28.3 36.6

H 66.3 H 25.5 H 106.8 H 96.4 73.8

Quebec standard on total THMs

« Annual average of four quarterly samples (extremity):
Delay of samples at least 2 months »
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Impact of fluctuations on the regulatory compliance

1st 2nd 3rd 4rd

CDBP  Point First quarter Second quarter Third quarter Fourth quarter Annual
(Fall) (Winter) (Spring) (Summer) average

Sample Conc*. Sample Conc. Sample  Conc. Sample Conc. Conc.

(ng/L) (ng/L) (ng/L) (ng/L) (ng/L)

THM3 P4 L 35.2 L 5.1 L 29.0 L 37.6 26.7

H 48.7 H 20.3 H 46.8 H 57.6 433

P5 L. 56.4 L 7.1 L 39.7 L 53.5 39.1

H 64.3 H 24.4 H 42.1 H 101.1 58.0

HAA2 P2 L 37.1 L 9.0 L 56.3 L 345 34.2

H 553 H 15.9 H 77.9 H 65.8 53.7

P4 L 14.7 L 6.3 L 46.1 L 323 249

H 19.2 H 11.8 H 51.8 H 37.0 29.9

P5 L 53.6 L 19.1 L 453 L 28.3 36.6

H 66.3 H 25.5 H 106.8 H 96.4 73.8

Quebec standard on total THMs

« Annual average of four quarterly samples (extremity):
Delay of samples at least 2 months »
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Summary of spatial fluctuations

o Rechlorination
Postchlorination

Alum Ozonation

- J v /
B l / Reservoir
. Reservoir
Saint-Charles River Actiflo Filters O

J 77
y 7 7

Prechlorination

THMs (ug/L) 9.0 129 158 17.3 29.4 387 40.6 414  60.1
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Summary of spatial fluctuations

o Rechlorination
Postchlorination

Alum Ozonation

\ /
QJ' x®,

! / Reservoir
Filters eservoir .

// /
/

/ // /

THMs (ung/L) 9.0 12.9 158 17.3 29.4 38.7 40.6 41 .4 60.1

Prechlorination

Actiflo

HAAs (ug/L) 19 3 27.1 221 254 284 399 354 204 58.2
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4. Short term fluctuations
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Short term variations of THMs
o, cl,
' - l -IPZ / P4 /

S‘I’or'age tank
/ / /

Water residence

Saint-Charles Physicochemical
Lake treatment

. . . 1_'
- 5 intensive sampling programs (7 days) e
- sampling frequency of 4 hours P2~ 1h
P3~ 5h
P4~ 8 h

P5~ 18 h
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Hourly and spatial variations of THMs in 3
selected points of Quebec City distribution system

P5
P3
P2
80 Weekend 80 - Week
70 - 70 -
- 60 - - 60 -
S 50 S0 20 -
; 40 - *;' 40 -
20 - = 20
10 - 10
0 T T T T T T T T T 1 0 T T T T T T T T T 1
9h Bh 17h 21h 1h 5h 9h 1Bh 17h 21h 9h 1Bh 17h 2l1h 1h 5h 9h Bh 17h 21h

Saturday Sunday Tuesday Wednesday
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Hourly and spatial variations of THMs in 3
selected points of Quebec distribution system
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9h Bh 17h 21h 1h 5h 9h Bh 17h 21h 9h Bh 17h 21h 1h 5h 9h Bh 17h 21h
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Hourly et spatial variations of THMs in Quebec distribution system

(average values, Summer)
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LAVAL Hourly et spatial variations of THMs in Quebec distribution system

(average values, Summer)
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5.Indoor exposure to chlorinated DBPs
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-Samples taken at three points of the distribution system
-Five samples per point (taken from June to August)
-Each sample submitted to the following scenarios:
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‘ closed

¢ | open

/ » + ‘m | Closed / D
D / - >Refrig —» after4h

: + ¢ | open > after24h

new

worn out
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F | open

C s2.
4+ |  closed N

+ ; | open Ss2.b

O THMs - new S3.a

O HAAS ; . worn out S3.b
17 % THM 43 % THM 83 % THM 90 % THM 92 % THM 91 % THM
HAA stable HAA stable HAA stable HAA stable 72% HAA 60% HAA

5 3 8 1 & 1

Baseline
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U&I\V/EA%ITE Indoor exposure to chlorinated DBPs

Effect of boiling on HAAs

EP1
O P2
O P3
& Average

L Average reduction of 42 %

¢

DCAA (Baseline) DCAABoiled TCAA (Baseline) TCAABoiled
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CWN project: DBP vs Pathogens in small systems

METHODOLOGY

Small systems between 300 and 3000 people, focus only
in surface source water: Project with three phases

PHASE 1

Development of a robust retrospective DBP and
pathogen occurrence database for small water
systems in Canada

Conduction of a survey of Canadian small municipal
systems to collect information on practices, in
particular those related to DBP occurrence and
microbial occurrence and inactivation
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CWN project: DBP vs Pathogens in small systems

PHASE 2

One-year field-scale study for the occurrence of DBPs
(from source-to-tap) and pathogens/indicators (source)
on a spatio-temporal basis in representative systems of
4 or 5 Canadian Provinces (approx.8-10 per province)

Field-scale survey/visit with the utility manager and
observations of the system operations

Development of a model that associates the occurrence
of the various DBPs with the water quality and
operational characteristics, and watershed features
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CWN project: DBP vs Pathogens in small systems
PHASE 3

Controlled-condition experiments to evaluate the
impact on primary and/or secondary disinfection
changes on DBP levels: representative systems (5-
10) in which balancing of DBPs and microbial
risks appeared difficult according to empirical
data and modelling results

Identification of cost-effective strategies to
efficiently minimize DBP levels without
compromising microbial inactivation
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THANK YOU

CONTACTS:

www.crad.ulaval.ca/grepul

manuel.rodriguez(@esad.ulaval.ca

grepul@crad.ulaval.ca



