
Advanced Water Quality

Class 20:

Organic Chemicals III

This week’s objectives

 Introduction to organic pollutants 

 Environmental fate governed by structural influence 
on interconnected processes

 Organic chemical classification and nomenclature

 Important fate‐controlling processes in aquatic 
systems



Classification & Nomenclature

• Classify by structure
– Triazines, carbamates 

• Classify by properties
– VOCs, HOCs, EDCs,

• Classify by use
– fungicides, antibiotics, PPCPs

• Systematic nomenclature: 
see organic chem text

• Environmental Chemistry
– Common names (atrazine, 

chlorpyrifos)
– Incorrectly-applied 

nomenclature common

Useful Terms to Know

• Saturated vs. unsaturated

• Primary vs secondary vs tertiary

• Aliphatic (alkane, alkyl groups, n‐alkanes, etc)

• Aromatic (ortho, meta, para)

• cis vs. trans



O-Containing 
Functional Groups

•Alcohols (R-OH)
•Phenols (Ar-OH)

O-Containing 
Functional Groups



O-Containing 
Functional Groups

•Ethers

PBDEs

Aldehydes & Ketones



Aldehydes & Ketones

Carboxylic acids & esters



Carboxylic acids & esters
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Natural Organic Matter

NH2

• Important role in elemental cycling, metal speciation, organic 
sorption to soil and sediments

• Contains important natural ligands for metal ion complexation
• Affects water quality of drinking water
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Stevenson (1982) Humus Chemistry

Humic
Substances

aldehyde

catechol

Phenolicquinone

Poly carboxylate

• Macromolecular
• Aliphatic & aromatic regions
• Wide range of O‐functional groups

Alcoholketone

• Carboxylate and phenol/catechol groups are major weak acid 
groups, bind metal ions in aquatic systems

Fractionation of Humic Materials

Dissolved by 
extraction with 
strong base?

No Yes

Humin

Humic Acid

Precipitates in 
strong acid?

Yes No

Fulvic Acid



Nitrogen-Containing Functional Groups

Nitrogen-Containing Functional Groups

M
ore oxidized



– hexahydro-1,3,5-trinitro-1,3,5-
triazine

– Synthesized energetic explosive 
compound

RDX (Royal Demolition 

Explosive)

RDX

e2

MNX

e2

DNX

e2

TNX
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Humic
Substances

Tertiary Amine

aniline

Amide

NH2

imine

• N-containing groups second most 
important acid/base groups in NOM

• Derived from decay of 
proteinaceous source materials

Sulfur-Containing Functional Groups



Sulfur-Containing Functional Groups

M
ore oxidized



Phosphorus-Containing Functional Groups

Organophosphate Flame Retardants 
(replacement for PBDEs)

Metal Oxide



Emerging Contaminants 
(More Complex)

Today’s objectives

 Introduction to organic pollutants 

 Environmental fate governed by structural influence 
on interconnected processes

 Organic chemical classification and nomenclature

 Important fate‐controlling processes in aquatic 
systems



Organic chemical fate is controlled by interconnected processes

Dissolve in water

(aq)

Ci
sat, xi

sat

(g)
PL*

KH

Kbio-w

Kd

biodeg

photo-deg

photo-deg

abiotic-deg



Dissolve in water

(aq)

Ci
sat, xi

sat

Ci
sat = saturation aq solubility (mol/L) 

xi
sat = saturation aq solubility (mol fraction)

• Influenced by structure
•  with  molecule size
•  with introduction of polar/ionic or H-bonding 

functional groups
• Predict from LFERs, fragment approach, 

SPARC, EPI-Suite

(g)

Saturation Vapor Pressure (PL
* , atm)

•  with  molecular size
•  with introduction of (bi)polar/ionic/H-bonding functional groups

PL*



(g)

KH

(aq)

Air-Water Partitioning
KH = Cw/Pi (mol Lw

-1 atm-1)
H’ = Ca/Cw (mol La

-1 mol-1 Lw)

• H’  with introduction of 
polar/ionic/H-bonding 
functional groups

(aq)

Kd

Solid-Water Partitioning
Kd = Cs/Cw (mol kgs

-1 mol-1 Lw)

•  with  organic content of solid phase
•  with  molecule size
•  with  Cw

sat and  Kow sorption dominated by 
partitioning to org fraction of solid phase



(aq)

Biota-Water Partitioning
Kbiota-w = Cbiota/Cw (mol kgbio

-1 mol-1 Lw)

• Varies with same factors as Kd (partitioning 
driven by hydrophobic affects)

•  with  lipid content of organism

Kbio-w

Predicting partitioning and speciation of 
organic chemicals

 Vapor pressure (PL) 

 Aqueous solubility (Xw
sat, Cw

sat) and activity coefficient (wsat)

 Henry’s constant (H’)

 Octanol‐water partition constant (Kow) as a predictor of 
sorption to soil/sediment and bioconcentration



Dissolve in water

(aq)

Ci
sat, xi

sat

(g)
PL*

KH

Kbio-w

Kd

biodeg

photo-deg

photo-deg

abiotic-deg

Dissolve in water

(aq)

Ci
sat, xi

sat

(g)
PL*

KH

Kbio-w

Kd

For this class, focus on 
methods for predicting 
important partitioning 
processes of different 
neutral organic molecules


