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Prinking\Watei IVpEsS

Artesian Water (originates from a confined
aquifer).

Mineral Water (> 250 ppm TDS).
Purified Water (treatment: D, DI, RO).
Sparkling Water (carbon dioxide).
Spring Water (underground formation from

which water flows naturally to the Earth's surface).

Distilled water (No minerals or ions).

Tap water (treated ground or surface water).


http://roberrific.typepad.com/.shared/image.html?/photos/uncategorized/2007/07/31/waterbottles.jpg

BettiedNVater Consumphien

Fhe average American drank: 23,6 gallens
off bettled water IR 2004, up frem; 22, 1
gallonsiin 2008, according te the
Intemational Bettied\WWater Asseciation.

Americans; drink more bottled water than
milk, BEEN OF COffee.

Notien: Boettied Water comes; from: prstine
SpPrings and lakes.
Prng —
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napwater \Wories

According to the

. 56% oI Nerth Americans: are Werried
apeut the quality eff municipally: treatedl tap Water:
IS, aleng with the' desire: fier better tasting drinking
Water, has;fueled the tremendoeus grewln; eff the
pottled water Inaustry.

I many communities in United States, the water that

COMESs eut of the tap could be contaminated With
SCOrES: 0f chemicals.


http://www.wqa.org/
http://www.wqa.org/

TRIFALGMERSANESHEHEINS)

Chiloeroform
Bromedichlereomethane
Pivromoechieromethane
Bromeionm



Objectives of Study

(1) te evaluate the differences in concentrations
off THNSs 1 bottlied, municipal (tap water) and
spulce Waters (IMisseur [Iver)

(2) te evaluate possible Ruman: health HSks fhem
drinRking Waters: containing| 6rganic; Precursers

©)



Water Sampling/Celiection

Seurce: Missourl River by Jefferson: ety ( )
rap: Jefferson: City, Columibia ( )

Bottled: Vareus Brands firem SUpermmarket chains
x Spring ( )

s Purified ( )

= Distilled ( )

n Elavered ( )



Table 1: Information for analyzed bottled water brands

Brand Code
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Brand Name

Fiji

Dasani
Nestle
Aquafina
Spring
Nursery
Kroger
Evian

Best Choice
Ozarka
Dillions
Central
Best Choice
Hinckley
Fruit,O
Dasani
Dasani
Aquafina

Nestle

Bottled water Type

Se]glgle]

Purified
Purified
Purified
Spring

Purified
Purified
Purified
Purified
Spring

Distilled
Distilled
Purified
Purified

Fruited/Sparkling
Fruited/Sparkling
Fruited/Sparkling
Fruited/Sparkling

Purified

Container

Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic

Plastic

Capacity

500 ml
500 ml
O05L
710 ml
330 ml
280 ml
500 ml
500 ml
O5L
O5L
1 gal
1 gal
1 gal
1 gal
473 ml
500 ml
500 ml
500 ml
O05L

N

NN-&CDOO\IOO\JIS

O 0O O N ©
Q (| = | Sok| o !






Purge & Trap GC-MS system (US EPA Method 524.2:
VOCs in Drinking Water and Wastewaters)
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VOCSs Analysis (GC=IVIS Purge: & liep
CONAILIGRS)

Intermal/surregate: standard
Eluerehenzene (Internal standard)
4-Bromofiueronenzene (surregate)
1, 2-Dichlerohenzene-d4 (sulregate)
Calibration VOC mixes, (containingl 63 analytes)

PuUrge and Traprcondiien:

Detection limit varies: 0.02 — 1.6 ppb



RESULT & IMPLICATIONS



picalrChromategiamioh VOECSs In
PHAKIRONYaLETSPARalYZEC

Chromatogram Plot
1620 aftirmed dr_ki voc8260-77compounds 10-11-2007 1-35-35 pm.sms
Operator: Tkem
10/11/2007 1:35 PM

€0-77compounds 10-11-2007 1-35 35 PLLSMS TIC

File:
Sample: 1620 aAffirmed Dr_ Ki
Scan Range: 1 - 2591 Time Range: 0.00 - 26.61 min.

KCaunts

11500

15368 mn

19,661 min

Fo

+196%8nin

T

i
T8
00319 min

3.62 26 63, Bl Auto Full,
Scans |

Scg 3, <no description=, Time

1511

104




Print Date: 30 Oct 2007 09:34:36 Sample Report for .. 10-11-2007 12-19-18 pm sms

Sample ID: 1616 Affirmed Dr_Ki Operator: Tkem
Instrument ID: WVarian GC/MS #1 Last Calibration: 5/2/2006 12:52 PM
Acquisition Date: 10/11/2007 12:19 PM Data File: .--2007 12-19-18 pm.sms
Calculation Date: 10/30/2007 9:33 AM Method: ...8260-77compounds.mth
Inj. Sample Notes: None

kCounts TIC 1616 Affirmed Dr_Ki VOCS260-7Tcompounds 10-11-2007 12-19-18 PM.SMS 2000 Centroid

]

Chloroform
+ Bmmaqichloromutﬁanc
I hﬁpmbenzene-dfl

3251 min
fFlmm_benzene
14-Dic
19,663 min

D-l-hmnmchlofgmem:me
2,4-Trimethylbenzene

Chloromethane
4761 min
14,354 min

K

1(
+ Bromoform
16.913 min

|

G
1
-3

1
s

]
" + Benzene-d5-, chloro-

.~ Carbon disulfide
£4.208 min

| Methylenechloride

4 15.370 min

¥

1b

7]

0
{3

]

Seg 3. =no description=, Time: 3.62-26.63, El-Auto-Full, 47-280 m/z
1046 1511

Target Compounds

RT Peak Name s Quan lons Amount/RF
9.816 Fluorobenzene Id 96.0 5.000 ppb
15.370 Benzene-d5-. chloro- 116.8 5.000
1.904 Dichlorodifluoromethanc iss. 85.0 0.000 ppb
2.103 Chloromethane 47.0+49.0+51.0 0.107 ppb
2.245 Vinyl chloride . 62.0 0.029 ppb
2.638 Bromomethane iss. 94.0+96.0 0.000 ppb
2.786 Chloroethane i 47.0+49.0+51.0 0.000 ppb
3.116 Trichloroflucromethane i 101.0 0.000 ppb
3.869 1,1-Dichloroecthene i 61.0 0.000 ppb
4.093 Methane, iodo- i 141.7 0
4.208 Carbon disulfide : T5.7 N/A
4.761 Methylenechloride % 49.0 0.808 ppb
5.304 Ethene, 1.2-dichloro-. (E iss. 61.0 0.000 ppb
6.269 1, 1-Dichloroethane iss. 63.0 0.000 ppb

Ethene. 1.2-dichloro-. (Z iss. 61.0 0.000 ppb
Propane. 2.2-dichloro- iss. 77.0 0.000 ppb
Bromochloromethane iss. 49.0 0.000 ppb
Chloroform 83.0 73.065 ppb
1,1,1-Trichloroethane iss. 97.0 0.000 ppb
Carbon Tetrachloride iss. 117.0 0.000 ppb
1-Propene. 1,1-dichloro- 0.000 ppb
Benzene 0.138 ppb
1.2-Dichlorocthane 0.000 ppb
Trichloroethylene 0.000 ppb
1.2-Dichloropropane 0.055 ppb
Dibromomethane 0.000 ppb
Bromodichloromethane 48.762 ppb
1-Propene, 1,3-dichloro-, 0.000 ppb
Toluene-d8 0
Toluene 0.209 ppb
1-Propene. 1.3-dichloro-, 0.000 ppb
1.1.2-Trichloroethane 0.000 ppb
Tetrachloroethylene 0.000 ppb
1.3-Dichloropropane 0.000 ppb
Dibromochloromethane 52.554 ppb
1.2-Dibromocthane 0.000 ppb
Chlorobenzene : : 0.312 ppb
1.1.1.2-Tetrachloroethane iss. . 0.000 ppb
Ethylbenzene 2 0.028 ppb
m.p-Xylene v 0.021 ppb
o-Xyvlene A 4 0.040 ppb
Styrene . 0.009 ppb
Bromoform 171.0+173.0+175.0 20.657 ppb
Isopropylbenzene 105.0 0.000 ppb
Bromofluorobenzene 95.0 0.000 ppb
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Print Date: 30 Oct 2007 09:34:36 Sample Reporn for ... 10-11-2007 12-19-18 pm.sms - Page 2

RT Peak Name Amount/RE
17.762 Bromobenzene 0.000 ppb
17.834 1.1.2 .2-Tetrachloroethan 0.000 ppb
IT 9IS 1.2_3-Trichloropropane 0.000 ppb
18.011 n-Propylbenzene 0.000 ppb
18.130 2-Chlorotoluene 0.000 ppb
18.367 1.3.5-Trimethylbenzene 0.000 ppb
18.363 4-Chlorotoluene 0.000 ppb
18.917 tert-Butylbenzene 0.000 ppb
19.031 1.2.4-Trimethylbenzene 0.016 ppb
19327 sec-Bulylbenzene 0.000 ppb
19.500 1.3-Dichlorobenzene 0.000 ppb
19.638 4-Isopropyltoluene 0.000 ppb
19.663 1.4-Dichlorobenzene-d4 5.537 ppb
19.501 1.4-Dichlorobenzene 0.000 ppb
20.319 1.2 -Dichlorobenzene 0.000 ppb
20.380 n-Butylbenzene 0.000 ppb
20.834 Ethane. hexachloro- (4]
21.782 1.2-Dibromo-3-chloropropa
23.282 1.2.4-Trichlorobenzene
23.575 1.3-Butadicne. 1.1.2.3.4,
23.741 MNaphthalene
24.138 1.2.3 -Trichlorobenzene

0.000 ppb
0.000 ppb
0.000 ppb
0.000 ppb
0.000 ppb

O0OQ0CO0OCUOOO=0C0O0D0000




Summary of THMs (ppb) in Source & Drinking waters
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Source Tap Spring Purified Distiled  Flavored

B Chloromethane @ Chloroform
Note: No available standard yet for chloromethane




Summary of THMs 1n Source & Drinking waters Cont’d
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Source  Tap  Spring Purified Distilled Flavored
B Bromodichloromethane [ Dibromochloromethane O Bromoform

WHO Standards (1) Bromodichloromethane = 100 ppb
(2) Dibromochloromethane = 80 ppb

(3) Bromoform = 80 ppb



Averages of Total VOCs (ppb) In Source &
Drinking waters

A
g
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Bl Total VOCs

Source Tap Spring Purified Distilled Flavored
water water bottled bottled waters bottled
waters  waters waters




Sample Type Target compounds Mean SD Min Max N Guideline (ng/l)
Source water: Missouri River (a) Chloromethane (CH,CI) 0.17 0.08 0.06 0.35 30 | NP
(b) Chloroform (CHCL,) 1.95 0.42 0.06 | 3.09 30 | 200
(c) Bromodichloromethane (CHBrCIz) 0.00 0.00 0 0 30 | 100
(d) Dibromochloromethane (CHBr,Cl) 0.00 0.00 0 0 30 | 80
(e) Bromoform (CHBr3) 0.00 0.00 0 0 30 | 80
> b+ c+d+ e = Four major THMs 1.95 0.42 0.06 3.09 30 100
> 67 volatile organic compounds 2.79 0.30 2.37 4.09 30 | NP
> Ratios of 1, 2, 3 & 4 to guidelines 0.01 0.00 0.00 0.02 30 <1
Tap water (after chlorination) (a) Chloromethane (CH,CI) 0.4 0.2 0 1.1 34 | NP
(b) Chloroform (CHCI,) 21.3 40.4 0 142.2 34 | 200
(c) Bromodichloromethane (CHBrCl,, 12.4 242 0 90.0 34 | 100
(d) Dibromochloromethane (CHBr,Cl) 10.6 21.0 0 72.8 34 | 80
(e) Bromoform (CHBr,, 33 6.5 0 20.4 34 | 80
> b+ c+d+ e = Four major THMs 47.6 89.9 0 322.4 34 100
> 67 volatile organic compounds 49.9 90.0 1.4 325.1 34 | NP
> Ratios of 1, 2, 3 & 4 to guidelines 0.4 0.8 0 2.7 34 | <1
Spring bottled waters (3 brands) (a) Chloromethane (CH,CI) 0.14 0.11 0.1 0.6 25 NP
(b) Chloroform (CHCI,) 0.02 0.03 0.0 0.1 25 | 200
(c) Bromodichloromethane (CHBrCIz) 0.00 0.00 0.0 0.0 25 100
(d) Dibromochloromethane (CHBr,Cl) 0.00 0.00 0.0 0.0 25 | 80
(e) Bromoform (CHBrS) 0.10 0.10 0.0 0.3 25 | 80
> b+ c+d+ e = Four major THMs 0.12 0.11 0.0 0.3 25 | 100
> 67 volatile organic compounds 0.99 0.90 0.2 33 25 | NP
> Ratios of 1, 2, 3 & 4 to guidelines 0.00 0.001 0.0 0.0 25 | <1




Sample Type Target compounds Mean SD Min Max N Guideline (ug/l)
Purified bottled waters (8 brands) (a) Chloromethane (CH,CI) 0.21 0.20 0.1 1.0 58 | NP
(b) Chloroform (CHCL,) 1.99 1.67 0.0 4.8 58 | 200
(c) Bromodichloromethane (CHBrCIZ) 0.81 0.86 0.0 2.5 58 | 100
(d) Dibromochloromethane (CHBr,Cl) 0.19 0.26 0.0 0.7 58 | 80
(e) Bromoform (CHBrs) 0.00 0.01 0.0 0.1 58 | 80
> b+ c+d+ e = Four major THMs 2.99 2.62 0.0 7.6 58 | 100
Y. 67 volatile organic compounds 3.60 3.01 0.2 9.7 58 | NP
> Ratios of 1, 2, 3 & 4 to guidelines 0.02 0.02 0.0 0.1 58 | <1
Distilled waters (3 brands) (a) Chloromethane (CH,CI) 0.79 0.70 0.1 2.1 12 | NP
(b) Chloroform (CHCL,) 2.18 3.39 0.1 9.4 12 | 200
(c) Bromodichloromethane (CHBrCIZ) 1.07 2.42 0.0 6.3 12 | 100
(d) Dibromochloromethane (CHBr,Cl) 0.45 0.86 0.0 2.3 12 | 80
(e) Bromoform (CHBrs) 0.03 0.07 0.0 0.2 12 | 80
> b +c+d+ e = Four major THMs 3.73 6.67 0.1 18.1 12 | 100
Y. 67 volatile organic compounds 7.89 7.29 0.9 20.4 12 | NP
> Ratios of 1, 2, 3 & 4 to guidelines 0.03 0.05 0.0 0.1 12 | <1
Flavored bottled waters (5 brands) (a) Chloromethane (CH,CI) 0.16 0.12 0.0 0.5 34 | NP
(b) Chloroform (CHCL,) 0.91 1.36 0.0 3.8 34 | 200
(c) Bromodichloromethane (CHBrCIZ) 0.34 0.59 0.0 1.7 34 | 100
(d) Dibromochloromethane (CHBr,Cl) 0.06 0.11 0.0 0.3 34 | 80
(e) Bromoform (CHBr3) 0.00 0.00 0.0 0.0 34 | 80
> b+ c+d+ e = Four major THMs 1.32 2.04 0.0 5.7 34 | 100
Y 67 volatile organic compounds 17.88 24.17 1.3 68.5 34 | NP
Y Ratios of 1, 2, 3 & 4 to guidelines 0.01 0.01 0.0 0.0 34 | <1




Principal Component Analysis
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RESULT, X-expl: 77%,18%

Score loading plot of log transformed data on PC1 and PC2 (PC: principal
components, s: spring bottled water, p: purified bottled water, t: tap water,
d: distilled drinking water, f: fruited drinking water).




Eigenvalues / Eigenvectors Based on Correlation Matrix

Factor PC1 PC2 PC3 PC 4 PCS5 Communality
Bromodichloromethane -0.0255 0.0702 0.2348 0.8114 1.0000
Bromoform 0.2994 0.6214 -0.5207 -0.1962 1.0000
Chloroform 0.0006 0.0176 0.6759 -0.5308 0.9999
Chloromethane -0.1109 -0.9529 0.2256 -0.1504 -0.0784 1.0000
Dibromochloromethane - -0.0412 -0.7468 -0.4407 -0.1232 1.0000

Eigen values 3.4889 JIRR Y/ 0.2780 0.1878 0.0116 >'5.0000

% variance 20.7 5.6 3.8 0.2

Cumulative % variance 69.8 90.5 96.0 99.8 100.0

PC: Principal component



HUmanRrEealtia PErSPECUVES

m Cancer risks

m GV = C1/GV1 + C2/GV2 + C3/GV3 + C4/GVA

GV1 of Chleroform: 200 pph

GV2 of Bromoedichloremethane: 100 pph
GV/3! off Dibromochloremethane: 80 ppb
GV4 off Bremoform: 80 ppb

s Guideline value (GY) shoeuld be < 1 fier goed
water!




Human Health Criteria

Source Tap Spring Purified Distiled  Flavored




CONCLUSIONS

VOCs (Including industiiall chemicals) were
detected in samples;analyzed

4-major HiVstwere alsordetected & all
Were: belew: therstipulated WHO: standards

NG cancer: nsks; firem drinking Waters
analyzed

Aeration/adserpents further reduces VOECs
N finished waters
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