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Overview of Presentation

A Some background knowledge
A Simple tests to determine water quality

A Experiments with calcium additions



Which of these raw materials do you
pay the most / Ieast attentlon to?




Where does your water come from?

- A_I\/Iunicipal

I Advantages: Analytical testing, steady supply
I Disadvantages: Price fluctuations, well switching,
mystique (?)
A Private well
i In control of water supply

I Need to test for microorganisms, - harmiabrgantcs~—=
and organics

I May have to deepen well during drought, think about
runoff, pumping to deliver, etc.



Water Quality Reports

A Totally free!
A Varies by water district

ATy
:
:

nically broken down into a few major section:
Public Information (water source, conservation, etc.

Health Based Standards

AArsenic, chromiumgtrachloroethylene coliform, ete........
ARegulated by government

| Secondary Standards

A Calcium, color, hardness, odor, pH, sodium



PRIMARY DRINKING WATER STANDARDS

Radiclogical Year Tested  Uniz ML PHG (MOLG) Exceeded S:andard® Range Average Source of Substance

Gm_mf alpha partice H06—2008  plil 1% 0 No ND—4 ol Erosion of natwral deposics

bty

Radium 228 1007-1008  pCil 5 0009 (0} Ho HD—1.4 0.4 Erosion of nacwral deposics

Inorganic Chemicals Vear Tested  Wnin ML PHEG (MILG) Exceeded S:andard? Range Bverage Sowrce of Substance

Arzenic 10062008 ppk 10 0.004 He HD—35 0.& Ercsion of navaral deposics; rumolf from orchards; glass and electronics production wasces

Chromiem 1006—2008 ppb 50 {100} Ho ND—I3.5 438 Discharge from siesl and pulp midls and chroms plating ersson of nawral deposics

Fluornide 1006—2008 ppm 2 | Ho ND—0_14 .04 Erosion of navural deposics; water additive thar promeses strong teeth; ducharge from fercdoer and zluminem factories
Hairate (as nidracz)! 2008 ppm 45 45 Ha HD—30.2 I.& Runoff and leaching from fertilizer use; lzaching from septic tanks and szwage; erosson of natural deposits
Organic Chemicals Year Tested  Uniz ML PHG (MOLG) Exceeded Standard® Range Bverage Source of Substance

1,1-Dichberoethana 0062008 ppk 5 3 He MD—I.2 0.l Extraction and dagreasing selvent wsed in manwfaciure of pharmacewticals and seone, clay, and glass produces
1, 1-Dichberoethylens 0062008 ppk 5 10 {7 Ho HD—I12 0.1 Discharge from induserial chemical facoonias

cis-1,2-Dichloroethylens 1006—2008 ppb & (70} Ho MD—-5.1 04 Discharge from indusorial chemical facoores; major biodegradasion prodect of TCE and PCE groundwarter comtamination
Teirachloroethylena (PLE) H006—2008 ppb 5 0.0% Mo MOD—21 12 0.1 Discharge from facoomaes, dry daaners, and awio shops (metal degreaser)

Trichloroechylene (TCE) H006—2008 ppb 5 s No HO—I5 ooz Discharge from metal-degreasing sites and other factomes

Dismfeceant 2nd

DB Precursor Vear Tested  Wniz  MRDL MRDLG  Excaeded Standard? Range Average Sowrce of Substance

(hilorine 2008 ppm na i He 0208 0.& Drinking water disinfactant addad for treacment

Micrebislagical Year Tested  Uniz MO {MOLG) Exceeded Standard Highese Honthdy Source of Substance

Toral Coliferm (systems 2008 posicve 5% i He 0874 Marurally present n the environment

with =40 samples’ manth) samplas

Hetals Year Tested  Unix AL PHG Exceeded Seandard®  90th Percencile Samgples = AL fowrce of Substance

Copper 2007 ppm 113 0z Ho 038 ] Internal corresion of househeld plumbing syscems; sresion of narural deposics; leaching from woed praservacves
SECONDARY DRIMKING WATER STANDARDS AND UNREGULATED COMPOUNDS

Inarganic Chamicals Year Tested  Uniz SMCL  PHG (MOLG) Exceeded Standard® Range Bverage Source of Substance

Callcium I006—2008  ppm nfa m'a Ho 16—52 15 Erasion of narural deposics

(hiloride 0062008 ppm 300 n'a He 141 n Erosion of navural deposics; seawarer influence

Color 10062008  UNITE 15 n'a He Ho—1 0.7 Hacurally eccurring erganic matter

Foamang agenis [MBAS] H006—2008 ppb 500 n'a No ND—2T0 [ Muniopal and indusinal waste ducharges

Hardnes I006—2008  ppm nia n'a No B4—2a0 123 Erosion of natwral deposics

Hagnesium 0062008 ppm nfa n'a Ha 1231 15 Erasian of narural deposics

Odar 0062008 Uwicz 3 n'a Ha Ho—1 0.3 Harwrally accurring erganic matter

=L 0072008 STD U na n'a He 6554 7.8 Inheran: characterisoc of water

Sodium 0062008 ppm na n'a He 11183 13 Erosion of navural deposics; seawarer influence

Specfic conduciance H06—=2008 pWeam 100 n'a Ho T0E—-540 10§ Ercsion of navwral deposics; seawater influence

Sulfaze I006—2008  ppm 500 n'a Mo 13-15 6.3 Runoffflzachng from naiural depesits; industrial wasces

Tota! dusolved solids I006—2008  ppm 1300 m'a No B0—2a0 05 Runofffleachng from natural depesits

Turbidity |groundwater) T006—2008  MTU 5 m'a Ha HO—0.4 ol Soil nunadf

Vanadium 10062008  ppk  HL=5D m'a Ha HD—40.6 1313 Erosion of narural deposics; manufaowring of alloys and sresl

Linc 21006—2008  ppm 5 w'a He MD—02 0.0l Rumolflzaching from nawral depesis; indusirial wasces

pSfem = measure of specific conductance

IThe average nitrate level was 11.6 ppm, with a maximum level of 30.2 ippm. We are dosely monitoring the nitrate
. nfa = not applicable

levels. Nitrate in drinking water at levels above 45 ppm is a health rnisk tor infants of less than s months of age.
Such nitrate levels in drnking water can interfere with the capaaty of the infant’s blood to carry Dx:agsen, resulting in

a serious illness; symptoms include shortness of breath and blueness of the shan. Nitrate levels above 43 ppm may also ND = not detected

affect the ability of the blood to camry oxygen in other individuals, such as pregnant women and those with certain MNTLU = nephelometric turbidity unit

specific enzyme deficiencies If you are canng for an infant or you are pregnant, you should seek advice from your pCiL = picoCuries per liter {measure of radicactivity )
health care provider. ppb = parts per billion (micrograms per liter)

ppm = parts per million {(milligrams per liter)

CO u rte Sy Cal ifo rn i a Wate r C O rpo rati O n SMCL = SECL'll'I.dEII"l.' maximum <ontaminant ].E"\-'El




Quality Standard Chicq CA St. Louis, MO | Milwaukee, WI| Ft.Collins, CO
for City / Major | (Sierra Nevada (Anheuserg (Miller Coors) | (New Belgium
Brewery* in Area | Brewing Co.) | BuschinBe\) Brewing)

Free Chlorine (ppm 0.60

Chloramines (ppm)

Calcium (ppm) 25.0
Magnesium (ppm) 15.0
Sodium(ppm) 13.0
Iron (ppb) <3.0 (inhouse)
Chloride (ppm) 10.0
Sulfate (ppm) 6.3
pH 7.80
Turbidity (NTU) 0.1




Quality Standard
for City / Major
Brewery* in Area

Chicq CA

Brewing Co.)
Free Chlorine (ppm 0.20¢ 0.80
Chloramines (ppm)
16.0¢ 52.0
10.0¢ 31.0
7.7¢ 38.5
<3.0 (inhouse)
2.0¢41.0
Sulfate (ppm) 1.2-15.0
pH 6.9¢8.4

Turbidity (NTU) NDc 0.4

Calcium (ppm)

Magnesium (ppm)

Sodium(ppm)

lron (ppb)
Chloride (ppm)

(Sierra Nevads

St. Louis, MO | Milwaukee, WI
(Anheuserg (Miller Coors)
BuschinBe\)

0.01¢0.16

1.88¢ 3.08
18.8¢ 34.7
6.9¢ 19.7
14.6¢ 36.4
2.0c4.1
15.5¢ 40.5

58.5¢197.1
7.9¢10.0

<0.11

34.0¢ 38.0
12.0¢ 13.0
5.7¢ 13.0
7.6-<3.0
12.2¢ 28.2
26.0¢ 27.0
7.1¢7.8
0.01¢ 0.08

Ft. Collins, CO
(New Belgium
Brewing)

Not
Available




Overview of Presentation

A Some background knowledge
A Simple tests to determine water quality

A Experiments with calcium additions



What are you trying to do?

A Microbiological ?
A Remove minerals ?
A ControlbrewhousepH ?
A Focus orcations/ anions?
A Focus on fouling ?

Make sure that your data finds a good use!




The Basic Analyses for Brewers
A pH *

A Hardness
I Sum of calcium & magnesium carbongy; .

A Alkalinity

A Total Dissolved Solids

A Chlorine

A Inorganic baselined Sodium,
Iron, sulfates, silica, chlorides.

How consistent is your water supply?
What is the big picture for your brewery?



pH

Sierra Nevada City Water pH Dat

8.50

Weekly Averages of Samples Takére Days a Wee

8.30

UpperReported Valuef pHper Chico Water (8.4

8.10

7.90

Averageof pH per Chico Water (7.8(

7.70

7.30

7.10

6.90

6.70

6.50

1/1/2004

7/1/2004 12/31/2004 7/1/2005 12/31/2005 7/1/2006 12/31/2006 7/1/2007 12/31/2007 6/30/2008 12/30/2008



s

Calcium Analysis
WEDTA Titration @ pH 123

\

Hardness Analysis

WEDTA Titration @ pH 10.1

wTlotal Hardness = Ca + Mg
.

Alkalinity Analysis

wSulfuric Acid Titration
wPhenolphthalein &romocresolgreen indicators

.

Residual Alkalinity (RA) Calculation

wRA = Alkalinitg ([Ca/3.5])¢c ([Mg/7)]
wEach unit of RA shifts the pH by 0.0017.

\.




EDTATitrimetric Test for Calcium

A EDTA will bind to calcium at a oteone ratio
(sterichinderances.

A Use indicator to monitor color change

I HachCalVer2 A HydroxynapthoBlue

I Murexideor EriochromeBlue Black R also
approved

A pH needs to be at 123 using potassium
nydroxide solutiorg precipitates magnesium
nydroxide, leaving behind calcium.




Color Change Using EDTA Titration fc
Calcium
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E Do o Sky blue color at end of
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- . 'ﬁ,' J titration




Ca (ppm)

Sierra Nevada Calcium Dat

55

Weekly Averagesf Data Taken 5 Days a Week Using EDTA Titration Method

UpperReported Valuef Ca per Chico Water (52 ppm)

50

1o

11" "T "l ’, ‘”‘ | ‘W"'l!l

25 T
Averageof Ca per Chico Water (25 ppm
20 -
15 ] LowerReported Value afa per Chico Watét6 ppn)
10 ———f— — —_ —_ ———— ————— p————— ———— ———

1/1/2004

7/1/2004 12/31/2004 7/1/2005

12/31/2005 7/1/2006 12/31/2006 7/1/2007 12/31/2007 6/30/2008 12/30/2008



EDTAT Itrimetric Test for Total
Hardness

A Similar to calcium test of EDTA titratiQqronly no
precipitation of magnesium.

A Uses an organic amine to buffer solution to pH
10.1.

A Approved indicators

I HachManver2 A Calmagite
i ErichromeBlack T —

A Total hardness = Calcium hardness + magnesiun
hardness

A Hard water >150 ppm, soft water < 75 ppm




Color Change Using EDTA Titration fc
Total Hardness

?—“f |
9 e‘
ol L a—

E."A" 4 ‘ ";';f"
— : ®

Be careful! Reaction
IS reversible!!
Guideline is for
stable color for 35
seconds.




Mg (ppm)

Sierra Nevada Magnesium Dat

35
WeeklyAverages of Data Taken 5 Days a Week Using EDTA Titration Method
30 .
UpperReported Value d¥lg per Chico Water (31 ppm)
25 : ‘
“l‘ f
[ ‘ l
l ' g "‘7 ‘ ' ‘ ¢ ' , ) ¢, »
l
l
20
15
Averageof Mg per Chico Water (15 ppm)
10
LowerReported Value d¥lg per Chico Watg10 ppm)
5 4+ttt
1/1/2004  7/1/2004 12/31/2004 7/1/2005 12/31/2005 7/1/2006 12/31/2006 7/1/2007 12/31/2007 6/30/2008 12/30/2008



Alkalinity

A Ability of water to neutralize a strong acid.

A Primarily a function of carbonate and
bicarbonate concentrations.

A Tested with titration with sulfuric acid.
A Uses two pH endpoints

I Phenolphthalein (pH 8.3)If needed!
I Bromocresofgreen (pH 4.5)



Graph of Key Alkalinity Components

—

Bromocresol
green
indicator

‘-k. !..k.. Phenolphthalein

indicator

Modified chart from Gordon Whittaker
(Coors Molson)



Quality Standard for City / Alkalinity as CaCO Alkalinity as CaCO
Major Brewery* in Area Average (ppm) Range (ppm)
Chicqg CA

(Sierra Nevada Brewing Cc

St. Louis, MO
(Anheuserg BuschinBey

120 90-220

53.5 21¢ 98

Milwaukee, WI
(Miller Coors)

Ft.Collins, CO
(New Belgium Brewing)

99.0 94-130

36.4 N/A

HistoricalValues froml'he Practical Brewer

Burton-on-Trent,England
(Bass)

Pilsen Czech
(PilsnerUrquel)

272

15.3




Residual Alkalinity

A Based on the work of Pakiblbacth y ™M chp -

A Observed in pale malt mashes:

I 3.5 equivalents of calcium neutralize 1 equivalent
of alkalinity (7:2).

I 7 equivalents of magnesium neutralize 1
equivalent of alkalinity (7:1). e

I Coverts bicarbonate to carbonic acid.

ARelativeAlkalinity(RA)E Alkalinity- Ca, I;/Ig




Residual Alkalinity

egree shift in Residual Alkalinity we
obtain a +f 0.00168 effect on the pH of a
standard mash made with distilled water.

I Assumes no dark malts, same grist!

A Example: Chico Average City Water
I Ca=25ppm (62.5 as CalLO
I Mg =15 ppm (61.7 as CaO

I Alkalinity = 120 ppm as CagCO 17
AReS|duaA kalinity(RA)X120- 2255 670

A Residual Alkalinity = + 93.3

A So this would result in a mash pH being + 0.16
than a mash with distilled water.




Quality Standard Chicq CA St. Louis, MO| Milwaukee, WI | Ft. Collins, CC
for City / Major (Sierra Nevada| (Anheuserg | |
Brewery* in Area Brewing Co.) | BuschinBe\)

Ca as CaGQ@pm)

Mg as CaC{ppm)

Alkalinity (ppm)
Residuallkalinity
Effect on pH

Maximum RA
(Maximum Alkalinity
minimum Ca & Mg)

Minimum RA
(Minimum Alkalinity,
maximum Ca & Mg)




/ urt4

Alkalinity, mg/L as CaCO,

Kohlbach's Residual Alkalinity and !
Estimated Pale Malt Mash-in pH |
Read From Line Closest to

’ can Intersection of Alkalinity ‘
f and Sum of Half Magnesium ;
§ 20 — Plus All Calcium Hardness |
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Figure 5.1 Residual alkalinity and mash pH prediction chart.
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Chlorine Testing

A Two major ways to test
J— 1) Reaction with potassium iodine
I 2) Reaction with DPD
Reaction of DPD at 515 nm Is simplest
Detection limits typically down to ~ 10 ppb.

ssues In brewing arise not with chlorine, but with
chloramines.

A Odor ThresholdsIthe Practical BreweMBAA)

I Free chlorine & 20 ppm
I Dichloramined.5¢ 0.8 ppm
I Trichloramined.02¢ 0.05 ppm

Do T o




MICRO 1000




Ch (ppm)

Sierra Nevada City Water Chlorine Da

0.9
- Weekly Averages of Data Taken 5 Dmygeek Using DPD* Colormetric Method
*N,N-diethylp-pheylenedianine
0.8 -
] UpperReported Value d€l, per Chico Water (0.8 ppm)
0.7 -

| Averageof C} per Chico Water (0.6 ppm)

0.6

0.5 - i
0.4 -
- 1§
0.3 - l
] u H LowerReported Valuef Cl, per Chico Water (0.2 ppm)
0.2
& ¢ 2 Y
0.1 -
Sierra Nevada Brewinyater Specification (<0.02 ppm)
0O -+—+—+—+—r—r

1/1/2004

7/1/2004 12/31/2004 7/1/2005 12/31/2005 7/1/2006 12/31/2006 7/1/2007 12/31/2007 6/30/2008 12/30/2008



Total Dissolved Solids

A Used as a check of overall water guality.

A Higher dissolved solids can lead to:
I Issues with taste where are the solids coming from?
I Issues with cooling tower scaling
I Issues with kettle fouling

A Secondary standard (nemazardous) in USA is <

500 ppm.

A Measured gravimetrically (time consuming!) or
by electrical conductivity (easy!).



esting For Total Dissolved Solids




Total Dissolved Solids (ppm

Sierra Nevada Total Dissolved Solids D¢

250

Weekly Averagesf Samples Taken 5 Days a Wedlsing Conductiviity Meter

230

210

Upperreported value off DS per Chico Water (360 ppm)
(not shown)

Average of TDS per Chico Wg&05 ppm)

190

170

150

130

110

90

Lowerreported value off DSoer Chico Water (80 ppm)

70

50

1/1/2004

7/1/2004 12/31/2004 7/1/2005 12/31/2005 7/1/2006 12/31/2006 7/1/2007 12/31/2007 6/30/2008 12/30/2008



Anions of Particular Interest

R w—

A Chlorides”A Lead to saltiness, however lower
concentrations create desired dryness.

A Sulfatesh Create drying effect. May lead to
Increased S¢production by lager yeast.

A Tested by various gravimetric procedures or

lon chromatography. ——



Other Elements to Consider

Allron A Bad for flavor stability. Good for some
Belgian beers . . ..

A ZincA Rarely present in water sources at
appreciable quantities. Needed for yeast
health / toxic at high quantities.

ACopperA Yeast micronutrient. Bad for flavor
stability in excess. Can bind sulfur compounds

A SilicapA Can be a health benefit. Extracted
from malt and present in municipal waters.




Methods of Elemental Analysis

A Colorimetric
I Variety of test kits for each element
| Less accurate
I May not work with beer
A Atomic Absorption
| Tests elements based on electron excitement
I Can only do one element at a time

A Inductively Coupled Plasma
I Same basis as atomic absorption
I Ability to do multiple elements at once.



Salty | B itte r
Mouth

Sweet
Feel

Sour Earthy/
Musty

Chemical Chlorinous

Medicina Grassy
Woody
H1S hy Swampy

Fragrant

Reprinted courtesy of: Adapted from
McGuire Environmental Consultants, Inc. Mallevaille and Suffet 1987




Overview of Presentation

A Some background knowledge
A Simple tests to determine water quality

A Experiments with calcium additions



Review of Calcium Additions
qxavantageous of calcium salts

In mash

I Precipitates oxalic acid

I Increases flocculation

I Promotes alphamylase activity

i Lowers pH through precipitatiorfes
of alkaline phosphates '

A 3 Ca?(as salt) + 2 HR®A

Ca(PQ),+2H

I Plenty of phosphates in mait
up to 1% of weight!*

* Briggs et. alMalting & Brewing Science, Vol. One



Experiments with Calcium Levels

" A Sierra Nevada using a combination of calcium
sulfate & calcium chloride in mash and kettad
acidified brewing water.

A Experiment looked at replacing acidification of
brewing water with increased calcium salts.

A Calcium chloride was chosen to minimize further
sulfate additions to Sierra Nevada Pale"Ale =
I High concentrations (350400 ppm) lead to harshness.

A Experiments took place in 10 bbl pilot brewery.
Each experiment brewed twice for 20 bbfmenter,



SpecialDescription Brewing | Amount of CaSQ| Amount of CaGCl Amount of
Liquor in Mash in Mash CaSQin Kettle

StandardBrew
StandardSalts / No

Water Acidification

2x CaGlin Mash / No
Water Acidification




SpeciaDescription Standard Standard Salts /[2x CaCd In Mash/
Brew NoRWEE] No Water
Acidification Acidification

Mash pH 5.30 5.49 5.38
1t Runningd.auterpH 5.24 5.36 5.27
LastRunningd.auterpH 5.56 5.91 5.83
15t Running<Gravity ¢Platg 17.8 17.5 17.7
LastRunningsGravity ¢Plato 1.30 1.25 1.30

LauteringTime (minutes) 77 78 78
FinalWort pH 5.17 5.37 5.31
FinalWort Gravity(°Plato 13.3 13.3 13.4
FinalBeer pH 4.37 4.37 4.41
Final Beer Gravit{fPlato 3.00 2.75 2.78
Bitterness Units 38 38 40
Color 11 12 13




pH

Mash pH vs. Total Mash Timu

5.55
5.50 &
y = 5.4833R002
u R2 = 0.5802
[ |
5.45
[ |
A
5.40 +— B Standard Salts /
No Water Acidification
A 2x CaCl2 in Mash /
No Water Acidification
>3 5.4054%.005
y=o. :
A R R2=0.8 A
A
5.30 A A
5.25 T T T T T 1
0 10 20 30 40 50 60

Total Mash Time



Polyphenols (ppm)

Polyphenol Levels During Lauterin

200
180
160 l————
e
140
== Standard Brew
120
== Standard Salts /
No Water Acidification
100 === 2%x CaCl2 In Mash /
No Water Acidification
80
60
40 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100

% of Wort Lautered



Polyphenols (ppm)

270

Polyphenol Averages at Kettle Full and Final Wc

250

230

210

190

170 +

150 -

Standard Brew

Standard Salts /
No Water Acidification

2x CaCl2 In Mash /
No Water Acidification

m Kettle Full
m Final Wort



SpeciaDescription (all units in Standard | Standard Salts /2x CaClIn Mash/
ppm) Brew No Water No Water
Acidification Acidification

Brewing water calcium 19

Cdcium added to mash 85.1
Calciumat start of boil 43.8
Calcium increase from water 24.8

% of calcium carryovef mash 29.1 %

addition

Calcium added to kettle 41.3
Calciumat final wort 54.3
Calciumincrease from start of boill 10.5

% of calcium carryovdrom kettle 25.4 %
addition




Sodium (ppm)

30

29

28

27

26

25

24

23

22

21

20

Sodium Level During Brewing Proce:

Calcium Chloride adds 0.65 g of sodid
per 100 grams.

This accounts for a 2.6 ppm increase
this experiment.

Standard Brew

Standard Salts /
No Water Acidification

Projected 2x CaCl2 /
No Water Acidification

2x CaCl2 in Mash /
No Water Acidification

m Kettle Full
m Final Wort



Iron (ppm)

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

Iron Levels During Brewing Proces

Standard Brew

Standard Salts /
No Water Acidification

2x CaCl2 in Mash /
No Water Acidification

m Kettle Full
m Final Wort



Zinc (ppm)

Zinc Levels Throughout Brewing Proce

0.17

0.15

** Zinc isaddedlatein the boil.

0.13

0.11

0.09

0.07 ~

0.05 -

Standard Brew

Standard Salts /
No Water Acidification

2x CaCl2 in Mash /
No Water Acidification

m Kettle Full
m Final Wort



degrees Plato

Fermentaion Rate

== Standard Brew/

8 Acidified Water

. == Standard Salts /

No Water Acidification
=== 2%x CaCl2 in Mash /

6 No Water Acidification
4
2 T T T T T T T T T 1

0 10 20 30 40 50 60 70 80 90 100

Hours of Fermentation



Comparison Between: Statistically

Significant Difference

Experiment #1 Experiment#2
(h =0.05)?

Standard Salts / No Standard
Water Acidification Brew

2x CaGlin Mash / No Standard
Water Acidification Brew




SensoryScore Target Valug Standard |Standard Salt|2x CaClIn Mash
for Pale Ale Brew / No Water / No Water
Acidification | Acidification

Bitter
Sour

Astringency

Harshness

Acceptability
(1 = highest acceptable)




Last Runnings pt

Comparison of Last Runnings pH and Astringency Sensory S

6 1

Standard Standard Salts / 2x CaCl2 In Mash /
Brew No Water Acidification No Water Acidification

Mean Astringency Sensory Scor

mpH

B Sensory Score



Last Runnings pt

Comparison of Last Runnings pH and "Harshness" Sensory S

5.9

1

5.8

5.7

5.6

5.5

5.4 +

5.3 A

Standard
Brew

Standard Salts / 2x CaCl2 In Mash /

No Water Acidification No Water Acidification

Mean "Harshnes" Sensory Scor

mpH

m Sensory Score



Sulfates (ppm)

Comparison of Sulfates and Astringency Sensory Sc
400 1

390

380

370

360

350

m Sulfates

B Sensory Score

340

Mean Astringency Sensory Scor

310

Standard Standard Salts / 2x CaCl2 In Mash /
Brew No Water Acidification No Water Acidification



Sulfates (ppm)

Comparison of Sulfates and "Harshness" Sensory Sc
400 1

390

380

370

360

350

W Sulfates

m Sensory Score

340

Mean "Harshness" Sensory Scor

330 -

320 +

310

300 -

Standard Standard Salts / 2x CaCl2 In Mash /
Brew No Water Acidification No Water Acidification



Calcium Level Experiment Conclusion

A Difference in mash pH, laginningspH, and
wort pH did not translate to a difference In
beerpH.

A Sensory differences showed lack of water
acidification led to a harsher, more astringent
beer.

I Possibly due to harsh@olyphenolsbeing
extracted (totalpolyphenolswere equal).

I Possibly due to sulfate precipitation.

i




Calcium Level Experiment Conclusion

A The additional chlorides did not lead to a salty
taste for the beer via informal sensory results.

A All experiments showed the same level of
calcium carryover (~2635%).

A Additional calcium chloride led to higher zinc,
Iron, and sodium levels.

A Fermentation rates / performance was similar.



Additional Resources

A The Practical Brewp€hapter 2 on Water by
Gil Sanchez

A Standard Methods for the Examination of
Water & Wastewater American Public Health
Assoclation

AGSSOzyauNﬂzOuAyﬂ 2 | 4 S|
a | a K ThdiINew Breweduly/August 2003
by A.JdelLange

A Your friendly water supplier see your bill!
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