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Abstract  
This paper (Part II) is the second in a series of three papers on water reuse 
and the potential application of potable water reuse in Iran. Introductory 
and background material on potable reuse was presented in Part I. The 
principal focus of this paper (Part II) is on the technical and regulatory 
issues that must be considered in implementing a potable water reuse 
program. Topics addressed in this paper include: 1) public health 
considerations in potable reuse, 2) representative advanced treatment trains 
used in potable reuse, 3) the importance of source control, 4) upgrade to 
secondary wastewater treatment plant for potable reuse, and 5) 
environmental buffer for potable reuse. The path forward and 
implementation challenges, including public outreach, are addressed in 
Part III.
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Fig. 1. Examples of three successfully implemented treatment trains used in AWTFs for producing ATW: (a) RO based 
without ozonation and with ESB; (b) RO based without ESB and with ozonation and BAF; and (c) Non-RO based with 

ozonation, BAF, and ESB.  (Adapted from Tchobanoglous et al., 2015). 
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Tchobanoglous, 2016) 
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��-9[=
��3 ��\�� �5�	)�3 ��\[� z�5i� 6]�	� �,C� ��  �� �$��$ �� �5�	�	�)(Tchobanoglous et al., 2016  
Table 4. Typical range of effluent water quality after various levels of advanced water treatment 

 (Adapted from Tchobanoglous et al., 2016) 

�� /$'i E�"+#����( -.�� 


���� 	'$DG A� -6, ��7( � N�B ����� F'$'4
-�

N�B �����/�5�6� ��6� X��

15'��+#
'� �,

	'$DG 
+'�2A

QR��=c

	'$DG 
+'�2A

QR�8=b

	'$DG 
+'�2A

QR��=a

TSSmg/L100-3892-81-2≤1≤1
-�% �NTU80-1501-10≤1≤0.1≤0.1
BODmg/L133-400<5-≤1≤1≤1
CODmg/L339-101630-70≤10-30≤2-30≤2-30
TOCmg/L109-32815-302-50.1-10.1-1

NH3-Nmg N/L14-411-6≤1≤1≤1
NO3-Nmg N/L0-trace 5-300.001≤1≤1
NO2-Nmg N/L0-trace0-trace≤0.001≤0.001≤0.001

6S ��%	5�$~mg N/L23-6980015-35≤1≤1≤1

6S 	\���mg P/L3.7-11<MRL2-62-6≤0.5≤0.5

VOCsµg/L<100->40010-40≤1≤1≤1

Fe%Mn mg/L1-2.51-1.4≤0.3≤0.1≤0.1

����$�5����'mg/L4-100.5-1.5≤0.5≤0.1≤0.1
TDSmg/L374-1121374-1121374-1121≤5-40≤5-40

�2$�* �
����, ����aµg/L10-505-30≤0.1≤0.1≤0.1

"	\��� 6�No./100 mL106-1010103-105350<1<1

������'(��5*�
No./100 mL101-1030-10≤0.002≤0.002≤0.002

:%	
%�'PFU/100 mL101-108101-104≤0.03≤0.03≤0.03
a6��, �2$�* �
����, ���� ����, ����% D�5,� Y� -b�[?� Dc
	]  1 ����
%��� �
%��� 	�Z % �
�� �.��, 

��-9_=������ 6���7 ��5
��2� R'�� H	�#$� ��\[� +��� �� 6/, �� H , H��� R
��$ ��Iea�� �5�	�	�)(Mosher et al., 2016 
Table 5. Pathogen log reduction credits achieved by treatment trains shown in Fig. 1a  

(Adapted from Mosher et al., 2016) 
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�+�" 	,Cl2
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a��5
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�����5�
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�����5�
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���
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�	� ��	� .��� 
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% ��	� ��5
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	S ) �5�	)�3 ����� ���� /R\@� ���%�� ��' @
�	� ��	�UV/AOP.��� H , �	� ( 
d
� ��\[� ��$�! :��� 	� : +�?� �y�\] f$��� �?=� ��' �
� ��
� 6!� ] 	��	� :��� ���� �� ���� 	�� DH ?5� -bq���� �� 	n5�� �� "	n�IK:��n��� �n&��

:%	
% ��5
��2� ��Yj R'�� �� U'�	� �� �' . @� 
e	�� wb��5]� D��, H��\5�� �	5)�� :��� ���� �� �� ����W �� : %R'�S k7�� ��� H , H��� ��)$ 	
��B� �� ���$ �	5)�� ��5
��2� ��'D��. $�, 
f) H , H��� ��)$ ��!�% 	
��B� :Gerringer et al., 2015.(

1 Total Nitrogen (TN) 
2 Total Phosporous (TP) 
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��-9`=������ 6���7 ��5
��2� R'�� H	�#$� ��\[� +��� �� 6/, �� H , H��� R
��$ ��'b-1 �� �5�	�	�)(Mosher et al., 2016 
Table 6. Pathogen log reduction credits achieved by treatment trains shown in Fig. 1-b  

(Adapted from Mosher et al., 2016)
E���', Q��L�AES5�5@RGA� 
��$#�� ;��� +, /�#*��%� ?"�4
-� 	#�+: ��R, 	'$DG?"�4 Q4
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% ��5
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b) H , H��� ��)$ ��!�% 	
��B�Gerringer et al., 2015(

��-9l=������ 6���7 ��5
��2� R'�� H	�#$� +��� �� 6/, �� H , H��� R
��$ ��\[� ��'Iec�� �5�	�	�)(Mosher et al., 2016 
Table 7. Pathogen log reduction credits achieved by treatment trains shown in Fig. 1c (Adapted from Mosher et al., 2016) 
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 "	nn�%	�� 6��nn, DUnn� ���nn/��� ��% �nn� �$�nn
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1 N-Nitrosodimethylamine 
2 Tris(2-carboxyethyl)phosphine 
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Table 8. Concentration of elective trace constituent of effluent treated by different conventional and advanced treatment 

processes compared with their treatment criteria (Adapted from Tchobanoglous et al., 2016) 
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6/��40031292<MRL~<MRL<MRLNT�<MRL<MRL
<�3�������S�10,0001194<MRL251T<MRL<MRL

DEET�200,000645<MRL<MRL<MRLNT<MRL<MRL
�%	5���3201<MRL<MRL<MRL<MRLNT<MRL<MRL

-����%	���200,0003380158178170NT<MRL<MRL
PFOA�400912103522NT<MRL<MRL

PFOS�2008<MRL<MRL<MRL<MRLNT<MRL<MRL
�% ��
	�3�10,00074,10052523186NT775
����	�S��~�150,000,0007724,80017,20019,70021,700NT<MRL<MRL

TCEP~~5,00077<MRL<MRL<MRL<MRLNT<MRL<MRL
�����S �	�~�2,100,0008128<MRL<MRL9NT<MRL<MRL

1 Method Reporting Limit 
2 Not Tested 
3 Carbamazepine 
4 N,N-diethyl-meta-toluamide or diethyltoluamide 
5 Estrone 
6 Meprobamate 
7 Perfluorooctanic Acid 
8 Perfluorooctane Sulfonate 
9 Primidone 
10 Sucralose 
11 Tris (2-Carboxyethyl) Phosphine) Hypochloride 
12 Triclosan 
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Table 9. Description of major elements for an enhanced source control program in a potable reuse program 

(Adapted from Tchobanoglous et al., 2015) 
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��-98w=�W.* H @
b� >C] �� �� ��\[� ��' @
�	� z�5i� ���$� +��� �' �� �5�	�	�)(Tchobanoglous et al., 2014 
Table 10. Summary of constituents’ removed by different treatment processes  

(Adapted from Tchobanoglous et al., 2014)
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Fig. 2. Generalized secondary wastewater treatment process treatment train with conventional and alternative end points 
for the treated effluent (a) conventional discharge to the environment and (b) as an influent source water for advanced 

water treatment for reuse applications (Tchobanoglous et al., 2011) 
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Table 11. Measures that could be employed to improve the treatment performance and enhance the reliability of 
existing and proposed WWTPs in Iran (Tchobanoglous et al., 2015)
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(a) 

(b)  (c) (d) 
Fig. 3. Use of cloth filters in wastewater treatment:(a) treatment process flow diagram illustrating the use of cloth filter 
as a replacement for primary sedimentation and for effluent filtration, (b) schematic of cloth filter with vacuum suction 
for the removal of accumulated solids, (c) cross section through filter disk, (d) view of single disk cloth filter. (Adapted 

in part from Tchobanoglous et al., 2014) 
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Fig. 4. Observed membrane fouling, measured as resistance (1/m), at OCWD GWRS before and after wastewater 
treatment plant switched to nitrification mode of operation March 2010 (Tchobanoglous et al., 2015) 
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��-9��=H��� ��\[� 
.1�� 
��3 ��\�� E���� 	� :��� 	� H ,���\[� ��' @
 Li5@� �� (Tchobanoglous et al., 2015)

Table 13. Typical range of wastewater effluent quality produced from selective treatment processes 
 (Tchobanoglous et al. 2015)

E�"+#����( /M�U'4+G
F'$'4 ��

-.�� 

A�,	'$DG E�"-@*�+� ;��� +, ��7( F'$'4^z#@� E�

CASa
CAS�,

15'��+#
'�
CAS�,BNRCAS�,BNR�

15'��+#
'�
�5',�/*�&k �5#4

TSSmg/L5-252-85-201-4<1-5
-�% �NTU2-151-51-51-5<1-2
BODmg/L5-25<5-205-151-5<1-5
CODmg/L4e8030-7020-4020-30<10-30
TOCmg N/L20-4015-3010-201-5<0.5-5

��%	5�$e���$���mg N/L1-101-61-31-2<1-5

��%	5�$e-�	5�$mg N/L5-305-30<2-81-8<8

��%	5�$e�
	5�$mg N/L0-trace0-trace0-trace0.001-0.10-trace

TNmg N/L15-3515-353-82-5<10
TPmg P/L3-103-81-2<10.3-5

VOCµg/L10-4010-4010-2010-2010-20
G@2@� % <'�mg/L1-151-1.41-1.51-1.5Trace

�$�5/�����'mg/L0.5-20.5-1.50.1-10.1-10.1-0.5
TDSmg/L374-1121374-1121374-1121374-1121374-1121

����, -����	�

���� �µg/L5-40

"	\��� 6�No./100 mL104-105103-105104-105104-105<100

�����%���%	3 ��'No./100 mL101-1020-100-100-100-10

:%	
%�'PFU/100 mL101-104101-103101-103101-103100-103

aCAS = Conventional activated sludge  
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	��\[�  @
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��B�H�� $� �$��$ H , �	�� ��\[� � ���� 
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�
�$�8 ��\[� ��' @
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��B� . $� ��5n� �� H n, �	�� Un),
��_
%  ���� 
��3 ��'�� ��)$ �� H , ���' . '� �N].� �� ��4

�� ��\[� ����� �j	� D��, H	n�#$� ��' �n
�$�8 ��\n[� -�n��G�� ��
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� �n�
� D n@@�
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E% &Ip�$�n2�' % ����7 ��@& ��  $��� ��* ���] ��@& 	5)��
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nn� �2$�nn* >��nn[� ��	nn� 
� �� � nn#��U�B5nn�� 	nn�Z ��nn4IPR %
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��%	n1 �n@���	
� 
� �
C{� ��$ %� 	' ��	� �5�	)�3 ��\[� ��%
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	4 �� �5�	n)�3 H n,
H�j �n@���	
� 
� H	\� �� cn
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�B� �� �n$��$ (
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� �n� �?=n� 
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1 Drinking Water Treatment Plant (DWTP) 
2 Fairfax County 
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Table 13. Key requirements for groundwater augmentation with various levels of treated wastewater in California 

A�'2 ��5� M���Y��|+�
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����� Appendix 

Fig. 1. Examples of three successfully implemented treatment trains used in AWTFs for producing ATW: (a) 
RO based without ozonation and with ESB; (b) RO based without ESB and with ozonation and BAF; and (c) 
Non-RO based with ozonation, BAF, and ESB.  (Source: Adapted from Tchobanoglous et al. 2015). 

Fig. 2. Generalized secondary wastewater treatment process treatment train with conventional and alternative 
end points for the treated effluent (a) conventional discharge to the environment and (b) as an influent source 

water for advanced water treatment for reuse applications (Tchobanoglous et al., 2011) 
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(a) 

(b) (c) (d) 
Fig. 3. Use of cloth filters in wastewater treatment:(a) treatment process flow diagram illustrating the use of 

cloth filter as a replacement for primary sedimentation and for effluent filtration, (b) schematic of cloth filter 
with vacuum suction for the removal of accumulated solids, (c) cross section through filter disk, (d) view of 

single disk cloth filter. (Adapted in part from Tchobanoglous et al. 2014) 
 

Fig. 4. Observed membrane fouling, measured as resistance (1/m), at OCWD GWRS before and after 
wastewater treatment plant switched to nitrification mode of operation March 2010 (Tchobanoglous et al., 2015). 
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Table1. Basis for the log reduction values used by the State of California (Adapted from Olivieri et al., 2016) 

Item Enteric Virus Giardia Cryptosporidium 
Untreated wastewater maximum 
concentration 10

5
virus/L 10

5
cysts/L 10

4
oocysts/L 

Tolerable drinking water 
concentration (TDWC) 2.2 x 10

-7
 virus/L 6.8 x 10

-6
 cysts /L 1.7 x 10

-6
 oocysts /L 

Ratio of TDWC to wastewater 
Concentration 2.2 x 10

-12
 6.8 x 10

-11
 1.7 x 10--10

 

Required log reduction value 12 10 10 

Table 2. Examples of regulatory requirements from different sources for the log removal of pathogens and trace 
organic chemical constituents related to potable reuse projects  

(Adapted from Mosher et al., 2016, NWRI, 2013) 

Regulatory 
source 

Regulatory requirements

Log removal requirement for pathogens 
Trace organic chemical constituents 

limit based of TOC or COD 
concentration

California Pathogen log reduction values of 12-log for 
viruses, 10-log for Cryptosporidium, and 10-log 
for Giardia are required from the raw 
wastewater to the finished water. Multiple 
barriers are required indirectly by limiting the 
maximum pathogen log reduction credit granted 
to any treatment step to 6-log, which is 
significantly below the total log reduction 
requirements, and by requiring RO and AOP. 

California’s IPR regulations for 
subsurface application (i.e., groundwater 
injection) require the use of RO and limit 
TOC to less than 0.5 mg/L for the 
complete use of advanced treated water 
with no dilution. 

Florida Florida has not established pathogens log 
removal requirement, but specifically state that 
treatment “...shall include processes which serve 
as multiple barriers for control of pathogens”. 

For IPR the limit for TOC is specified to 
3 mg/L and specifically state that 
treatment “...shall include processes 
which serve as multiple barriers for 
control of organic compounds”.

Texas The Texas Commission on Environmental 
Quality (TCEQ) uses WWTP effluent as the 
starting point for pathogen reduction 
requirements for DPR projects (in contrast, 
California uses raw wastewater as the starting 
point for IPR projects). Consequently, for DPR 
trains, TCEQ has established minimum log 
reduction values of 8.0-log for viruses, 5.5-log 
for Cryptosporidium, and 6.0-log for Giardia.
These values may be increased by the TCEQ 
based on site-specific WWTP effluent 
concentrations. 

Texas has not established TOC limits for 
potable reuse projects. 

Virginia Virginia has not established pathogen log 
removal values for potable reuse projects. 

Virginia’s Occoquan Policy, which is the 
regulatory policy defining requirements 
for the long- standing IPR project of the 
Upper Occoquan Service Authority, 
dictates a COD limit of 10 mg/L 
(approximately 4 mg/L of TOC).

Singapore Singapore has not established pathogens log 
removal values for potable reuse projects. 

The TOC limit has been established at 0.1
mg/L for NEWater, which is used for IPR 
through surface water augmentation.

NWRI AWTFs should provide 12-log reduction for 
enteric viruses, 10-log reduction of 
Cryptosporidium, and 9-log reduction of total 
coliform bacteria. 

NWRI research study was only focused 
on pathogens log removal and hence no 
trace organic chemical removal limit was 
established.
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Table3. Range of log reduction values for various unit treatment process reported in the literature. The values in 
parentheses are approved for groundwater augmentation projects in California  

(Adapted from Olivieri et al. 2016, Brandhuber, 2016) 

Process 

Pathogen log removal values 

Virus Cryptosporidium Giardia Total coliform 

Secondary treatment (activated 
sludge) 0-2 (1.9) 0-2 (1.2) 0-2 (0.8) 0 

Secondary treatment (filtered 
and disinfected) (5) (0) (0) 

Membrane bioreactor 0 0-4 0-4 0-3 

Microfiltration (MF) or 
ultrafiltration (UF) (0) 4 (4) 4 (4) 0-3 

Ozone (O3) 4-5 3 3 3

Nanofiltration 0-2 0-2 0-2 2-4 

Reverse osmosis (RO) (2) (2) (2) 2-4 

Free chlorine disinfection 
following RO (4) (0) (0) 0-3 

Ultraviolet (UV) disinfection 2-4 2-4 2-4 3-5 

Ultraviolet/hydrogen peroxide 
UV dose ~ >900 mJ/cm2)

4-6 (6) 4-6 (6) 4-6 (6) 

Advanced oxidation 
UV dose ~ >900 mJ/cm2)

4-6 (6) 4-6 (6) 4-6 (6) 

Subsurface application 
(6 months retention time) 

(6) (0) (0) 

Surface water augmentation 
(6 months retention time) 

(6) (10) (10) 
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Table 4. Typical range of effluent water quality after various levels of advanced water treatment  
(Adapted from Tchobanoglous et al., 2016) 

 

Constituent Unit Untreated 
wastewater 

Range of effluent quality after indicated treatment 

Conventional 
activated sludge 
with filtration 

Treatment 
train in 

Figure 1c 

Treatment 
train in 

Figure 1b 

Treatment 
train in 

Figure 1a 

TSS mg/L 100-389 2-8 1-2 ≤1 ≤1 

Turbidity NTU 80-150 1-10 ≤1 ≤0.1 ≤0.1 

BOD mg/L 133-400 <5- ≤1 ≤1 ≤1 

COD mg/L 339-1016 30-70 ≤10-30 ≤2-30 ≤2-30 

TOC mg/L 109-328 15-30 2-5 0.1-1 0.1-1 

NH3-N mg N/L 14-41 1-6 ≤1 ≤1 ≤1 

NO3-N mg N/L 0-trace 5-30 0.001 ≤1 ≤1 

NO2-N mg N/L 0-trace 0-trace ≤0.001 ≤0.001 ≤0.001 

Total N mg N/L 23-69 80015-35 ≤1 ≤1 ≤1 

Total P mg P/L 3.7-11 <MRL2-6 2-6 ≤0.5 ≤0.5 

VOCs µg/L <100->400 10-40 ≤1 ≤1 ≤1 

Fe and Mn mg/L 1-2.5 1-1.4 ≤0.3 ≤0.1 ≤0.1 

Surfactants mg/L 4-10 0.5-1.5 ≤0.5 ≤0.1 ≤0.1 

TDS mg/L 374-1121 374-1121 374-1121 ≤5-40 ≤5-40 

Household 
chemicals µg/L 

10-50 5-30 ≤0.1 ≤0.1 ≤0.1 

Total 
coliform No./100 mL 10

6
-10

10
10

3
-10

5 350 <1 <1 

Protozoan 
cysts and 
oocysts 

No./100 mL 
10

1
-10

3 0-10 ≤0.002 ≤0.002 ≤0.002 

Viruses PFU/100 mL 10
1
-10

8
10

1
-10

4 ≤0.03 ≤0.03 ≤0.03 

Note: Household chemicals include: fire retardant, personal care products, and prescription and non-prescription drugs; AOP 
= advance oxidation process; BAF = biologically active filtration; MF = microfiltration; O3 = ozone; PFU = plaque forming 
unit; RO = reverse osmosis; UV = ultraviolet 

Table 5. Pathogen log reduction credits achieved by treatment trains shown in Fig. 1a 

(Adapted from Mosher et al., 2016).

Pathogen 
Log reduction for different treatment technology 

Total log reduction 
MF RO UV/AOP ESB with Cl2

Virus 0 2 6 4 12 

Crytosporidium 4 2 6 0 12 

Total Coliform 3 2 6 4 15 
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Table 6. Pathogen log reduction credits achieved by treatment trains shown in Fig. 1b 

(Adapted from Mosher et al., 2016)  

Pathogen 
Log reduction for different treatment technology Total log 

reduction O3
a BAF MF RO UV/AOP 

Virus 4 0 0 2 6 12 

Cryptosporidium 0 0 4 2 6 12 

Total Coliform
b 2-4 0 3 2 6 >13 

a
Per the U.S. EPA Surface Water Treatment Rule, ozone provides 4-log virus inactivation at a CT of 1 mg/L-min at 10 °C. 

b
Actually demonstrated values (Gerringer et al., 2015). 

Table 7. Pathogen log reduction credits achieved by treatment trains shown in Fig. 1c  

(Adapted from Mosher et al., 2016) 

Pathogen 
Log reduction for different treatment technology 

Total log 
reduction 

b,a
3O BAF UF

c
UV/AOP

 d ESB with e
2Cl  

6. 
Virus 4 0 2 6 4 16 

Cryptosporidium 0 0 4 6 0 10 

Total Coliform
f 2-4 0 3 6 4 >15 

a
Per the U.S. EPA Surface Water Treatment Rule, ozone provides 4-log virus inactivation at a CT of 1 mg/L-min at 10 °C. 

b
Both chlorine (and ozone) likely will achieve higher log reduction values than shown if higher CTs are used. 

c
Two-log reduction of viruses has been assumed based on MS-2 phage challenge testing conducted by ultrafiltration (UF) 

module manufacturers under National Science Foundation (NSF) Environmental Technology Verification and California 
Title 22 Certification Programs. 
d

Six-log reduction of viruses and Cryptosporidium have been assumed for UV/AOP based on testing by UV manufacturers. 
e

Per the U.S. EPA Surface Water Treatment Rule, free chlorine provides 4-log virus inactivation at a CT of 6 mg/L-min at 
10 °C.  
f

Actually demonstrated values (Gerringer et al. 2015). 
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Table 8. Concentration of elective trace constituent of effluent treated by different conventional and advanced 
treatment processes compared with their treatment criteria ((Adapted from Tchobanoglous et al., 2016) 

Trace 
constituent 

Concentration (ng/L) 

Treatment 
criteria 

MRL Secondary 
Effluent 

Advanced treatment technology 

O3
Effluent

BAF 
effluent 

UV 
Effluent 

MF 
Filtrate 

RO 
Permeate 

UV/H2O2
effluent 

Alcohol 400 31 292 <MRL <MRL <MRL NT <MRL <MRL 

Carbamazepin
e 10,000 1 194 <MRL 25 1 T <MRL <MRL 

DEET 200,000 6 45 <MRL <MRL <MRL NT <MRL <MRL 

Estrone 320 1 <MRL <MRL <MRL <MRL NT <MRL <MRL 

Meprobamate 200,000 3 380 158 178 170 NT <MRL <MRL 

PFOA 400 9 12 10 35 22 NT <MRL <MRL 

PFOS 200 8 <MRL <MRL <MRL <MRL NT <MRL <MRL 

Primidone 10,000 7 4,100 525 23 186 NT 7 75 

Sucralose 150,000,00
0

77 24,800 17,200 19,700 21,700 NT <MRL <MRL 

TCEP 5,000 77 <MRL <MRL <MRL <MRL NT <MRL <MRL 

Triclosan 2,100,000 8 128 <MRL <MRL 9 NT <MRL <MRL 

Note: BAF = biologically active filtration; DEET = N,N-diethyl-meta-toluamide or diethyltoluamide; MF = microfiltration; 
MRL = method reporting limit; NT = not tested; PFOA = perfluorooctanic acid; PFSO = perfluorooctane sulfonate; RO = 
reverse osmosis; TCEP = tris (2-Carboxyethyl) phosphine) hypochloride; UV = ultraviolet. 
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Table 9. Description of major elements for an enhanced source control program in a potable reuse program 
(Adapted from Tchobanoglous et al., 2015) 

Element Description
Regulatory authority
Legal authority Ensure that the source control program has sufficient legal authority to develop 

and control source control measures, including authority to oversight/inspection as 
well as plan and review new connection to the collection system.

Discharge permit Ensure that industrial discharge permit and other control mechanisms can 
effectively regulate and reduce the discharge of COCs.

Enforcement Ensure that the enforcement response program can identify and respond rapidly to 
COCs. 

Alternative control programs Consider alternative control mechanisms, such as BMPs or self-certification for 
zero discharge of pollutants for classes of industries or commercial businesses.

Monitoring and assessment of the wastewater collection system in service area 
(sewershed)
Routine monitoring program The influent to the WWTP and secondary or tertiary effluent to the AWTF are 

monitored routinely for regulated constituents and other COCs that may be 
discharged into the collection system service area. 

Constituent prioritization 
program 

COCs are identified and short-listed using results from the routine monitoring.  It 
may be necessary to develop separate monitoring program for the constituents of 
greatest concern.

Evaluation of technically 
based local limits 

Regulated constituents and other COCs are evaluated for their potential to cause 
interference, pass through an AWTF, or affect human and environmental health 
and safety.  For the development of local limits, consider including a broader 
spectrum of COCs such as (1) regulated and non-regulated constituents that are 
relevant for PR (e.g., drinking water contaminants) or (2) CESs.

Source investigation 
Industrial and commercial 
business inventory 

Develop and maintain a frequently updated, comprehensive inventory of industries 
and businesses that may use products for chemicals containing COCs or generate 
intermediate COCs.  For agencies with large service areas, multiple communities, 
or industrial flows coming from other wastewater entities, it may be desirable to 
link the inventory to a service area mapping tool such as a geographic information 
system (GIS) network. 

WWTP-AWTF joint 
response plan 

The response plan includes a flow chart showing key responsibilities and decision 
points to either investigate or mitigate COCs being discharged into the collection 
system. 

Maintenance of current inventory of chemicals and constituents
Chemical inventory program Develop and maintain a database of the chemicals stored and inventory volumes 

used annually by industrial and commercial producers and manufacturers in the 
service area.  Potential sources of this type of information include the industries 
themselves or local fire department.

Waste hauler monitoring 
program 

A program is needed to monitor and track discharges of septic wastes or other 
wastewater delivered to the collection system by truck.  Haulers should be 
permitted and required to provide chemical inventory and discharge information to 
the wastewater treatment authority before being allowed to discharge.  
Consideration should be given to requiring waste haulers to deliver to a different 
treatment facility.

Chemical fact sheet Maintain a database of fact sheets for CECs encountered within the service area.
Public outreach program
Industrial discharges Provide: (1) public outreach information on PR to industries, (2) source control 

practices, and (3) compliance assistance and permit assistance to support the PR 
program. 
Develop a program that encourages commercial and industrial discharges to be 
partners in protecting the sewershed, such as environmental stewardship programs 
or award programs for consistent compliance 
Assist and encourage industries and business that use chemicals that contain COCs 
to identify source control options, such as chemical substitution.

Service area pollution 
prevention partnership 
program

Develop a cooperative program with cities, counties, or other jurisdictions within 
the WWTP service area to disseminate information to the public about COCs and 
acceptable discharges to the sewer.
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(Cont’d) 
Element Description

Public education and 
outreach program 

Provide outreach to the public regarding the proper disposal of pharmaceuticals 
and household products containing chemicals that may be difficult to treat (e.g., 
what to flush and not flush).  Consider developing a household hazardous waste 
collection program. 

Education program Develop school educational programs for grades 1 through 12 that address source 
control issues related to portable reuse.

Response plan for identified constituents
Interagency collaboration The success of a source control program will depend on strong interagency 

cooperation and responsiveness between the WWTP and AWTF.  For PR project 
that receive industrial waste from outside the service area, ensure that the 
agreement to accept the waste is consistent with source control program 
requirements.  For PR projects where the agency that administers the source 
control program is not the agency that operates the AWTF, consider entering into a 
memorandum of understanding or other contractual agreement so that appropriate 
source control actions can be taken.  If necessary, to protect water quality.

Response to water quality 
deviations 

Develop an action plan for responding to water quality deviations.  For example, if 
a specific chemical constituent is detected at the AWTF, review operation and 
calibration records for online meters and any analytical methods that may be 
involved.  If a problem is not identified, then notify the WWTP to initiate a review 
and inspection of the WWTP for possible sources of the constituent.  If no source 
is found at the WWTP, then initiate a wastewater collection system sampling.  If a 
problem is identified, the action plan should include procedure for the operations 
staff to notify the source control staff to respond to and correct the issue and if 
necessary, procedures for bypassing or shutting down the facility. 

AWTF = advanced water treatment facility; BMPs = best management practices; CEC = constituent of emerging 
concern; COCs = constituent of concerns; PR = potable reuse; WWTP = wastewater treatment plant; GIS = 
geographic information system 

Table 10. Summary of constituents’ removed by different treatment processes 
 (Adapted from Tchobanoglous et al., 2014) 

Treatment process Constituents Removed 

Preliminary Removal of materials from wastewater (such as rags, sticks, floatables, grit, and grease) that 
may cause maintenance or operational, processes, and ancillary systems. 

Primary Removal of portion of suspended solids and organic matter from wastewater. 

Advanced primary Enhanced removal of suspended solids and organic matter from wastewater, typically 
accomplished by chemical addition or filtration. 

Secondary Enhanced removal of suspended solids matter (in solution or suspension) and suspended solids.  
From the regulations point of view, secondary treatment is defined as meeting minimum 
standards for biochemical oxygen demand and total suspended solids and pH limits in effluents 
discharged from municipal wastewater treatment plants. In most situations, disinfection is 
included as part of secondary treatment 

Secondary with 
nutrient removal  

Removal of biodegradable organics, suspended solids and nutrients (e.g. nitrogen, phosphorous 
or both) 

Advanced 
secondary (Tertiary) 

Removal of residual suspended solids (after conventional secondary) usually by granular media 
filtration or micro-screens. Disinfection is often included in advanced secondary or tertiary 
treatment, although it can be applied after any level of treatment prior to discharge.  In some 
cases, nutrient removal also is included under this definition. 
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Table 11. Measures that could be employed to improve the treatment performance and enhance the reliability of 
existing and proposed WWTPs in Iran (Tchobanoglous et al., 2015) 

Measure 
Value of 

each 
measure 

Comments 

Influent 
flowrate and 
load 
equalization 

Efficiency, 
water 
quality, 
reliability 

Enhance biological treatment by: (1) reducing or eliminating shock loadings, 
(2) diluting inhibiting substances, (3) improving performance of overall 
biological treatment processes through improved consistency in solids, 
organics, and nutrient loading. 
Biological treatment reactor sizes can be reduced with flow equalization. 
Blower aeration and return flow rates and process controls are stabilized—
requiring only minor adjustments—with flow equalization. 
Surface area requirements for secondary effluent filtration are reduced and 
filter performance is improved with more consistent filtered water quality and 
uniform filter-backwash cycles. 

Enhanced 
pretreatment 

Efficiency, 
reliability 

Removal of inert constituents that can improve treatment performance (e.g., 
rags and plastic materials). 
Alteration of wastewater particle size distribution, which will enhance  
biological treatment kinetics 

Elimination (or 
equalization) of 
untreated return 
flows 

Water 
quality, 
reliability 

Return flows are generated from solids thickening and dewatering process. 
All solids handling processes involve significant amounts of polymer to 
enhance dewatering process; some polymers have been identified as 
precursors to the formation of some disinfection byproduct (DBPs), such as  
N-nitrosodimethylamine (NDMA). 

Operational 
mode for 
biological 
treatment 
process 

Water 
quality, 
reliability 

To enhance performance of AWTF, biological treatment should be operated in 
nitrification/denitrification mode. 
Longer mean cell residence times can be used to remove nitrates and enhance 
removal of trace organic chemicals and other specific constituents, such as 
metals. 

Improved 
process 
monitoring and 
control  

Water 
quality, 
reliability 

Enhance monitoring of individual processes to improve performance. 
Specific studies of new process monitoring equipment and techniques 
Facility should evaluate online meters for maintaining solids inventory, in 
addition to monitoring effluent water quality with turbidity and conductivity 
monitors. 
A meter maintenance procedure must be in place, with dedicated staff to 
ensure that meters are calibrated properly and checked periodically with 
laboratory measurements and action points are identified (a flow chart of 
responsibility is also necessary). 
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Table 12. Typical range of wastewater effluent quality produced from selective treatment processes 
(Adapted from Tchobanoglous et al., 2015) 

Constituent/water 
quality parameter Unit 

Range of effluent quality from selected treatment processes 

CAS CAS with 
filtration 

CAS with 
BNR 

CAS with 
BNR and 
filtration 

Membrane 
bioreactor 

Total suspended 
solids 

mg/L 5-25 2-8 5-20 1-4 <1-5 

Turbidity NTU 2-15 1-5 1-5 1-5 <1-2 

Biochemical 
oxygen demand 

mg/L 5-25 <5-20 5-15 1-5 <1-5 

Chemical oxygen 
demand 

mg/L 4—80 30-70 20-40 20-30 <10-30 

Total organic 
carbon 

mg N/L 20-40 15-30 10-20 1-5 <0.5-5 

Ammonia nitrogen mg N/L 1-10 1-6 1-3 1-2 <1-5 

Nitrate nitrogen mg N/L 5-30 5-30 <2-8 1-8 <8 

Nitrite nitrogen mg N/L 0-trace 0-trace 0-trace 0.001-0.1 0-trace 

Total nitrogen mg N/L 15-35 15-35 3-8 2-5 <10 

Total phosphorous mg P/L 3-10 3-8 1-2 <1 0.3-5 

Volatile organic 
compounds 

µg/L 10-40 10-40 10-20 10-20 10-20 

Iron and manganese mg/L 1-15 1-1.4 1-1.5 1-1.5 Trace 

Surfactants mg/L 0.5-2 0.5-1.5 0.1-1 0.1-1 0.1-0.5 

Total dissolved 
solids 

mg/L 374-1121 374-1121 374-1121 374-1121 374-1121 

Trace constituents µg/L 5-40     

Total coliform No./100 mL 10
4
-10

5
10

3
-10

5
10

4
-10

5
10

4
-10

5 <100 

Protozoan oocysts No./100 mL 10
1
-10

2 0-10 0-10 0-10 0-10 

Viruses PFU/100 mL 10
1
-10

4
10

1
-10

3
10

1
-10

3
10

1
-10

3
10

0
-10

3

CAS = Conventional Activated Sludge; BNR = Biological Nitrification Removal 
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Table 13. Key requirements for groundwater augmentation with various levels of treated wastewater in California 

Item Description 

Recharge method and the level of treatment requirements 

Recharge application method: Required treatment level: 
Surface spreading with advanced 
wastewater treatment  

Oxidationa, filtration, disinfection, soil aquifer treatment 

Surface spreading with  Oxidation, reverse osmosis, advance oxidation, soil aquifer treatment 
Injection with advanced treated water Oxidation, reverse osmosis, advance oxidation process 
Water quality requirements and the level of contaminants removal required 

Water quality requirements: Required contaminant removal: 
Overall pathogen reductionb ≥ 12-log virus,  

≥10-log Giardia cyst,  
≥10-log Cryptosporidium oocyst 

Drinking water MCLs All except nitrogen 
Drinking water action levels Lead and copper 
Total nitrogen ≤ 10 mg/L, nitrogen limit can be met in recycled water  or 

combination with other diluent water  
Total organic carbon in mg/L TOC ≤ 0.5/Recycled water contribution (RWC) 
Other conditions and requirements: 
Raw water quality Industrial pretreatment and source control program 
Virus reduction 1-log credit per month of subsurface retention 
Giardia and Cryptosporidium reduction  10-log each for disinfected tertiary effluent with at least 6 months 

subsurface retention 
aThe term "oxidation" is defined as a wastewater in which the organic matter has been stabilized, is non-
putrescible, and contains dissolved oxygen (i.e., essentially effluent from secondary treatment) 
bThe overall pathogen treatment requirement can be met either by advanced water treatment or a combination of 
wastewater treatment and treatment achieved in the subsurface as a function of the retention time.  Minimum 
treatment requirements that must be met with treatment processes before spreading can occur are also specified. 
Note: RWC = recycled water contribution 

 


