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OVERVIEW OF THE CHEMISTRY OF ORGANIC CARBON
IN WASTEWATER

e Carbon: Hydrogen: Oxygen: Nitrogen: Phosphorus: Sulfur

— Mainly carbohydrates from plant material, proteins, and cellulose
from paper products

— Personal care products (to a lesser degree)
* Organic carbon acts as a food source for microbes

* Organic carbon enters into a wastewater treatment system
(domestic) in a reduced carbon valence state.
— Unstable and highly reactive

* Degraded by biological activity and chemical oxidation
— Stable and recalcitrant




SOME IMPLICATIONS OF UNTREATED OR PARTIALLY
TREATED ORGANIC CARBON TO RECEIVING WATERS

* Putrification
— H,S odor
* Low Dissolved Oxygen Levels
— Disruption of healthy aquatic life trophic levels

e Toxic Chemicals

— Contaminate potable drinking water supplies

* Recreational Water Quality Degradation




TRADITIONAL METHODS OF ANALYSIS FOR ORGANIC
CARBON LOADING (INDIRECT MEASUREMENT)

* Biochemical Oxygen Demand (BOD)
— Sample seeded with nutrients, buffers, and microbes
— Initial dissolved oxygen (DO) measured
— Sample incubated at 20° C for 5 days
— Post incubation DO measured
— Depletion of oxygen per volume of sample calculated

— Microbially mediated reactions

e Carbon + Oxygen + Enzymes Increase in dissolved CO, and H*,
decrease in dissolved O,, and partially oxidized OC

* Microbes assimilate C, N, P

* Advantages to BOD Method

— Green chemistry

* Disadvantages to BOD Method

— 5-day analysis time — process control disadvantages

— Only partial oxidation



TRADITIONAL METHODS OF ANALYSIS FOR ORGANIC
CARBON LOADING - (INDIRECT MEASUREMENT) CONTINUED

* Chemical Oxygen Demand (COD)
— Addition of Cr*®, sulfuric acid, catalyst (Ag), mercury salt (ppt Cl ion)
— Measure decrease in Cr*® and or increase in Cr3*

— Stochastically calculate amount of oxygen consumed per volume of
water

— Catalytically mediated reactions
* CHONP +Cr,0,2 + H* CO, + H,0 + NH,*, NOx + POx + SOx + Cr*3

* Advantages of COD Method

— Greater oxidation potential yielding a better predictor of oxygen
consumption of water sample

— Two and a half hour test time — some process control advantages

e Disadvantages of COD Method
— Uses toxic and hazardous chemicals

— Hazardous waste disposal



PROGRESSIVE METHOD OF ANALYSIS FOR ORGANIC
CARBON LOADING - (DIRECT MEASUREMENT)

e Total Organic Carbon(TOC)

— Typically organic carbon oxidized by high temperature combustion
or chemical oxidation to CO.,.

— CO, measured by NDIR or conductivity in low TOC concentrations
— Amount of organic carbon calculated

— CHONPS + acid persulfate/hydroxyl radicals, UV, heat CO, +
H,O + NOx + POx + SOx

 Advantages of TOC Method

— Greater oxidation potential yielding a better predictor of organic
carbon loading

— Can be green chemistry

— 5 minutes to two hour test time — process control advantages
e Disadvantages of TOC Method

— Currently requires TOC value to be correlated to BOD or C

value for regulatory reporting o




THE MOVEMENT AND PUSH FOR BOD AND COD TO
TOC

* Globally

— EEU banning the use of hexavalent chrome in 2017

— Council of European Communities Directive 91/271/EEC dated May
21, 1991 states under requirements for urban water, “the BOD
parameter can be replaced by another parameter total organic carbon
(TOC) if a relationship can be established between BOD and the
substitute parameter.”

— Paragraph 6 of the German wastewater law (AbwV) dated June 17,

2004 states “one of the values for the chemical oxygen demand (COD)
as defined in the wastewater regulatory law is, under compliance with
paragraph 1, also valid when the four-fold value of total organically
bound carbon (TOC) in mg/L, does not exceed this value.”




THE MOVEMENT AND DRIVE FOR BOD AND COD TO
TOC - CONTINUED

 Driver to Move from BOD and COD

— Austria, Germany, Netherlands, France
* No COD like chemistry that produces equivalent results
e Toxic chemicals beyond hexavalent chrome

— Latin America (Mexico, Puerto Rico, Dominican Republic, Trinidad &
Tobago, Colombia, Brazil, Chile)

e Toxic chemicals
e Cost




THE MOVEMENT AND DRIVER FOR BOD AND COD TO
TOC - CONTINUED

 Domestically (US)
— USEPA allows for the substitution of TOC for BOD for COD
e 40 CFR 133.104(b)
— Requires a correlation study of BOD or COD with TOC

* Regulation requires a long-term study but does not define how long or
the objective behind the requirement

— Regression equation developed that equates TOC to BOD or COD
* Regression equation specific to a NPDES treatment process
* Driver to move from BOD and COD

— Labor intensity and cost of a BOD analysis
— BOD does not provide process control information

— Hazardous waste chemicals from COD test




SOME US FACILITIES THAT ARE USING TOC FOR
REGULATORY MONITORING AND REPORTING

e City of Santa Cruz Wastewater Treatment Plant

Inland Empire Utilities Agency

e Clark County Water Reclamation District

e Other Entities that are Pushing for TOC
— http://www.wef.org/LabPracticesUsingTOC/

e 2 hour web cast




BOD CASE STUDY TO CORRELATE WITH TOC

e Study Objective
— Develop statistical equations that can be used to correlate the
measurement of TOC back to a BOD NPDES permit discharge

« BOD NPDES Discharge Permit Requirement (typical)
— Not to exceed 30 mg/L BOD over a 30-day average

* How the Study Was Conducted
— Daily sample collection and analysis of influent and effluent for BOD
and TOC
— 47 days of sampling over the heaviest organic loading months of the
year (November, December, and January)

— Statistical regression of data to generate a single equation to covert
TOC to a BOD value




CORRELATION DATA RESULTS

Effluent Influent
BOD (mg/L) TOC (mg/L) BOD (mg/L) TOC (mg/L) BOD (mg/L) TOC (mg/L) BOD (mg/L) TOC (mg/L)

3.40 9.49 6.21 13.4 296 93.2 311 160
3.29 10.0 5.08 12.9 318 90.5 319 180
3.74 9.38 5.48 13.2 297 83.9 340 166
3.16 10.0 5.50 124 291 87.9 380 173
4.05 11.0 5.39 14.0 330 99.9 370 164
4.72 11.9 5.90 13.1 357 98.0 343 174
4.37 9.65 5.66 13.9 320 72.0 241 181
4.96 10.0 5.07 12.7 363 66.7 314 168
5.06 11.6 5.41 13.1 343 74.2 301 179
6.88 11.6 5.36 12.9 311 108 299 191
5.96 12.4 6.95 13.4 281 97.7 347 161
6.30 12.3 5.50 13.2 291 104 308 173
5.71 13.4 5.39 1533 281 120 333 178
6.86 12.8 6.42 13.6 279 139 378 227
6.42 12.2 6.41 12.7 408 98.2 309 180
5.30 10.2 6.40 14.0 297 97.8 380 200
5.00 11.6 7.29 14.7 341 101 310 175
4.63 12.1 7.43 13.7 372 120 308 179
4.73 12.2 7.69 14.1 406 116 885 190
5.28 13.3 8.00 14.2 359 122 343 188
4.58 12.2 7.58 14.6 356 174 323 212
5.18 12.9 7.66 14.1 323 186 305 181
4.89 12.5 8.28 14.1 365 184 320 189
5.15 12.4 322 199
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EFFLUENT REGRESSION ANALYSIS
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INFLUENT AND EFFLUENT COMBINED REGRESSION ANALYSIS
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CHANGE IN SLOPE AND Y-INTERCEPT AS A FUNCTION
OF NUMBER OF DAYS OF CONSECUTIVE SAMPLING

Influent and
Effluent
Relative
Influent Effluent Statistical Correlation Number of 30 mg/L Discharge Percent
Equation Coefficient (R?) Collection Days Value from TOC Difference

0.2613x + 11.02 0.9954 5 18.9 15.8

0.2336x + 11.331 0.9495 10 18.3 17.8

0.2578x + 11.645 0.9012 15 19.4 5.0

0.2644x + 11.569 0.9227 20 19.5 4.9

0.3144x +11.248 0.8299 25 20.7 3.4

0.3409x + 10.943 0.8345 30 21.2 2.8 30-Day Average Requirement

0.3625x + 11.659 0.811 35 22.5 1.3

0.3854x + 11.33 0.8129 40 22.8 1.0

0.4081x + 11.471 0.8114 47 23.7

Similarities in slope and y-intercept per incremental days of consecutive
sampling.
30 mg/L discharge value from regression is insignificant after 30 days.
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TAKE AWAY’S

e Strong global interest to move to reporting TOC as a
replacement for BOD and COD

* Drivers include
— Cost of analysis
— Time to analysis
— Process control information availability
— Hazardous and toxic chemicals
 USEPA Approved

* Requires a simple correlation study of TOC in parallel with
BOD or COD

— 30 to 45 consecutive days of testing
 Recommend using 25 mg/L TOC for all domestic WWTPs




BACKUP SLIDES




INFLUENT AND EFFLUENT COMBINED TOC COD
CORRELATION
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CONTRAST OF TOC WITH BOD TO COD REGRESSION
ANALYSIS
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