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(Total Organic Carbon Analysis)



Total Organic Carbon (TOC)
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Total Organic Carbon (TOC)
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Total Carbon (TC)

Inorganic Carbon (IC) Total Organic Carbon (TOC)

| |
| | | |
Particulate Dissolved Purgeable Organic ||Non-Purgeable
Carbon (POC) Organic Carbon

(NPOCQ)
1) TOC = TC - IC (difference) |

2) TOC = NPOC (sparge) | |
Dissolved (DOC)  Particulate
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Why TOC Measurement ?
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Why TOC Measurement ?
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TOC Applications

RS -

PN ERAEREAREARN
aner
-

TOC gnuinuidlumsasivaauatunwiiazus:ansmMuwyalaunsailuns:usunisitinti
uSanskauns:uauNsalunu lasldluanaiknssulanisidnuratgsuuuulaun:

* Source waters (environmental testing)
- Drinking water
- Ground Water
- Surface Water
* Reversed Osmosis Water (RO-water)/Cooling water
* Efficiency of water polishing plant (Control)
* High Purity Water or Purified Water (PW)
* Pharmaceutical Grade Water, WFI (Water For Injection)
* Clean In Place (CIP)
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TOC Instrumentation Technologies



Oxidation Technigques
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Oxidation Technigques

Combustion

Heated Persulfate

Ultraviolet & Persulfate
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Basic Building Blocks of TOC Analysis
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Introduction

1. Syringe

2. Process / On-line
3. Sample loop

4. Autosampler

S. Solids option

Carbon
Dioxide

|
» Detection » Display

. Combustion 1. Non-dispersive 1. Display

. UV/Persulfate Infrared Detector 2. Printout

. Persulfate 2. Conductivity 3. Computer
at 100°C 3. Coulometric

. UV Only

.UV / TiO2



Combustion Oxidation

High temperature furnace + air/O, + Pt catalyst

Aavantages Disadvaniages

High oxidation efficiency Catalyst lifetime

Oxidize some particles Reagents required



-~ Heated Persulfate Oxidation

5,0, + heat( 90 - 100) -> 250,
250, -+ HO -> HSO, + OH

Aavaniages Disadvantages

High oxidation efficiency Reagents required
No catalyst required

Appropriate - Cleaning Validation



Ultraviolet

H,O + hn(185 nm) -> OH + H°

Ravaniages Disadvantages

No reagents Low oxidation effeciency
Can not oxidize particles

Lamp replacement
Subtraction for TOC



UV Persultate Oxidation

H,O + hn(18 nm) -> OH + H'
5,0 + hn(254 nm) -> 250, -
250, -+ HO -> HSO, + OH

Ravaniages Disadvantages

Low Oxidation Efficiency

Expensive Reagents not required Required pre-screening of samples
Lamp replacement - Expensive

Does not oxidize particles



Oxidation Techniques

Technigue Range Oxidation Efficiency
Combustion SO0 ppb - 5000 ppm very high
Heated Persulfate 2 ppb - 125 ppm (automatic) high
2 ppb - 10% (syringe) high
Ultraviolet & Persulfate <1 ppb - 1 ppm (unscreened) low
< 1 ppb - 40 ppm (prescreened)  low
Ultraviolet /TiO2 2 ppb - 1 ppm low
Ultraviolet S ppb - 1 ppm very low



Heated Sodium Persulfate

Combustion
(High Temperature)




Heated Persulfate Oxidation

KaNN1SAlAS1KIULU Heated Persulfate AanisilasizkAl TOC Advda TIC
ganNNIKUAMNaU NUUALASIKAIa8IRKEal0uN SR8 1UAARSENU
arsazarlwinaiFsulesdawa walkinaufissnsandiadulaglinis Heated Racu
n0 100°C wWawWasusigasuaunagludagnaiaglusiyar CO2(g) ua13:(E
99Ny N2

TC=TIC+TOC

~ Heat70°C
TIC = Sample + Acid — CO02 —— NDIR

Heat 100°C
TOC = Sample + Persulfate ——— CO2 —— NDIR



Heated Persulfate Oxidation
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Heated Persulfate Oxidation

a1quns
r o NLIR

h:j.mm CO2 Afadud:gnialagufalulasioulun NDIR
Gay [ Ui e Detector

\ ,r—

aﬁ?

L ,
- | r
14




Heated Persulfate Oxidation
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Heated Persulfate Oxidation

CO2 Afadur:nnialasuiatulasioulun NDIR
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Heated Persulfate Oxidation
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Heated Persulfate Oxidation

Acuauudiau

-Good owidation of organics

-Low and stable system blanks
-Relatively fast sample analysis time
-Dissolved organic carbon analysis

-Particle free (filtered) (or suspended matter <0.15 mm ID (USEPA
415.1))



Heated Persulfate Oxidation

Easy to validate (QA/QC control (21 CFR part 11)

High accuracy & precision

Measuring in inert gas (no interferences) by NDIR

No cross-contamination

Low cost of operation

Lower detection limits

Lower maintenance

TOC ppb levels to low ppm, but can be up to 30,000 ppm

Here precision and accuracy at low ppb levels is important



Combustion Ogldation

KanN1sAlAs1KIUU - Combustion  AansilAskkiAl TOC  lagande
KANMISWKUNGUKNTE)  (arurnDus:uiu 680°C)  SouMUNMSIBEIIS)
Uiisen  walkinaugisenssndladunauysnl  1Waasusigasuauniog
udnaglRaglusUuay CO,(g) udrdafdeandas O, 839:0nasIIaGIY
NDIR Detector

TOC = Sample + Combustion 680°C —— CO2 —— NDIR

TC=TIC+TOC



Combustion Ogldation

- Good Owidation of Organics
- Suitable for Dirty Water Samples

- Good Precision & Accuracy at ppm levels

- Good at oxidizing these material, especially hard to oxidice
compounds such as leaf material, polystyrene, etc.



Combustion Versus Persulfate

Combustion Persulfate

Dirty Water Samples Clean Water Samples
High detection limits (ppm) Lower detection limits (ppb)
Good for difficult to oxidiee Used in analysis of drinking water

compound or high molecular weight and pharmaceutical water

organics




Lab

Easy to validate (QA/QC control )
delayed data
TOC as NPOC

High Accuracy & Precision (large sample
size (0.5-20 ml))

Measuring in inert gas (No interferences)
by NDIR

Priority sampling

Fully self serviceable!

Wide analytical range
Source, RO, PW, WFI, CIP
No cross-contamination

On-line

More difficult to validate (process environment and autom.
(PC or .))

Real time data

TOC as TC-IC

Good precision but worse accuracy (low sample size (al)

Interference from lonic species & Halogenated Org. (Na, K,
Cl, O3, NH3...) by Conductivity based detection

No priority sampling
Narrow analytical range
Sensitive for cross-contamination



Reagents used In the analysis

Reagents Reagents for the Aurora consist of

* reagent water (recommends using distilled or deionieed
water containing less than 200 ppb TOC)
* phosphoric acid required (5% Phosphoric acid solution)
* sodium persulfate (Na,5,0,) (required for analysis is a 10%
solution, or 100 g/L sodium persulfate)
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Examples of Applications



T'ypical Levels of Carbon in Water
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Type of Water TOC (mg/L) | IC (mg/L)
Groundwater <] 5-300
Surface Water <10 ~200
Surface Water, Polluted >10 ~200
Process Water (Ultra-High

, 0.005-0.1 <0.05
Purity)
Drinking Water 1-5 ~50
Water for Injection (WFI) 0.05-0.5 <]

Clean in Place (CIP) 0.20-50 ppm <]




Ultrapure (Distilled) Water

NPQC only Internal

TIC Sparge 2:00 Sample Vol 8mL
TOC React 2:00 Acid Vol. 0.5mL
TOC Detect 3:00 Persulfate Vol TmL

20psi EPC standby and detect
120mL/min EFC

RW subtraction

RW 866 5.40 RF 0.3639
1ppm 22921 0.37 R2 1.000
Sppm 110581 0.32 Offset 887

10ppm 220805 0.10 RB 752



Ultrapure (Distilled) Water
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Distilled Water

Results
ppm %0RSD ppb error

1 0.049 8.10 3.97
2 0.045 2.56 1.15
3 0.043 2.71 1.17
4  0.042 4.46 1.87
5 0.043 3.09 1.33
6 0.040 1.83 0.73
7 0.040 6.67 2.67
8 0.044 1.58 0.70
9 0.041 4.55 1.87
10 0.042 2.02 0.85
11 0.041 2.53 1.04
12 0.039 3.22 1.26
13 0.041 1.74 0.71
14 0.042 3.48 1.46
15 0.041 3.14 1.29
16 0.043 3.36 1.44
17 0.042 2.59 1.09
18 0.042 2.86 1.20
19 0.042 1.34 0.56
20| 0.042 2.93 1.23
Average (omitting #1) 0.042 2.98 1.24

incl #1 0.042 3.24 1.38



=Linking Water: Continuous Monitoring

—e— Source Water -12 hours —8— Distribution

Concentration ppm C
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Thank You



