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Invitation to Comment 

Public hearing on proposed approval 
for a limited drinkable reuse of 
recycled water

DEQ invites the public to comment on a 
proposed approval for Clean Water 
Service’s limited reuse of recycled water (i.e., 
highly treated wastewater) for use in an alcoholic 
beverage.  

How do I participate? 
Attend the public hearing to learn about potable 
reuse, ask any questions you might have and 
provide oral or written comments on the 
proposed new use for recycled water. You also 
can review materials online that describe the new 
use, and submit written comments by mail, fax 
or email.   

Hearing details 
When:  3:00-5:00 P.M. 

Thursday, February 12, 2015 
Where: DEQ Northwest Region Office, 

 Room 4A/B  
2020 SW 4th Avenue 
Portland, OR 97201 

Send written comments by mail, fax or email to: 
Avis Newell 
Tualatin Basin Coordinator 
DEQ 
2020 SW 4th Ave, Suite 400 
Portland, OR  97201 

Fax:  503-229-6957 
Email: Newell.Avis@deq.state.or.us 

Written comments due: 5 p.m., Friday, February 
20, 2015.    

About request for EQC approval 
Clean Water Services, a wastewater treatment 
agency in Washington county, proposes to use 
high-purity recycled water on a limited scale to 
brew beer. DEQ has rules that govern the reuse 
of recycled water; however, there is a high 
threshold for approving potable (drinkable) 
reuses of wastewater. DEQ rules specifically 
prohibit potable reuses of recycled water unless 
the Oregon Health Authority approves the use, 
DEQ holds a public hearing to approve the use, 
and the Environmental Quality Commission 
approves the use.   

The proposed use allows recycled water to be 
used in the preparation of alcoholic beverages 
where processing includes bringing recycled 
water to a boil. The recycled water must first be 
treated to a very high quality, equally or 
exceeding all regulated drinking water 
contaminant criteria (standards) as well as other 
criteria for non-regulated chemicals proposed by 
the National Water Research Institute for potable 
reuse water.  

The Oregon Health Authority has reviewed this 
proposed treatment process, and has approved 
this treatment process to achieve high quality 
water for the limited use of producing an 
alcoholic beverage. 

Who would be able to produce water for 
potable reuse? 
Through this approval action, only Clean Water 
Services would be able to use this treatment 
approach to brew beer from wastewater. Other 
entities that hold wastewater permits for treating 
domestic wastewater and want to produce high 
quality water for potable use must submit and 
receive approval by the Oregon Health Authority 
and the Environmental Quality Commission.  

How would DEQ regulate the new use?   
DEQ would regulate this new reuse in the same 
way it regulates other water reuse activities. 
Clean Water Services would modify their 
Recycled Water Reuse Plan, and submit it for 
DEQ and Oregon health Authority approval. The 
plan would include: a description of the 
treatment proposed to produce high quality 
water; a description of a monitoring program that 
would demonstrate that the high quality criteria 
were met; provisions to provide assurance that 
the water will either be used to produce an 
alcoholic beverage that included heating water to 
boil in its processing, or will be discharged 
appropriately as waste material. The plan would 
be presented to the public before approval. Once 
approved, the plan would be included in Clean 
Water Service’s wastewater permit (National 
Pollution Discharge Elimination System) and 
enforced by DEQ through the permit. 
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What happens after the meeting? 
DEQ will review and consider all comments 
received during the comment period. DEQ may 
seek input from the Oregon Health Authority to 
respond to comments and questions regarding 
public health impacts of the proposed use.  
 
Following this review, DEQ may request 
approval from the Environmental Quality 
Commission for the reuse as proposed or 
modified, or may determine not to seek approval 
of the proposed reuse. 
 
Where can I get more information? 
Contact Avis Newell using the following contact 
information: 

Phone:  503-229-6018 or 800-452-4011 
Fax:  503-229-6957 
Email: Newell.Avis@deq.state.or.us 
 

View the application and related documents in 
person at the DEQ office in Portland, Oregon. 
For a review appointment, call Diana Adams at 
503-229-5552.  
 
Accessibility information 
DEQ is committed to accommodating people 
with disabilities. Please notify DEQ of any 
special physical or language accommodations or 
if you need information in large print, Braille or 
another format.  
 
To make these arrangements, call 503-229-5696 
or call toll-free in Oregon at 800-452-4011; fax 
to 503-229-6762; or email 
deqinfo@deq.state.or.us. 
 
People with hearing impairments may call 711. 
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Recycling water for drinking uses  
(Limited potable reuse) 
Questions and answers 
2UHJRQ�'HSDUWPHQW�RI�(QYLURQPHQWDO�4XDOLW\�
1RUWKZHVW�5HJLRQ�2IILFH�
�����6:��WK�$YHQXH�
3RUWODQG�25�������

&RQWDFW��$YLV�1HZHOO�������������� 
 

 
Q: What is recycled water?  
A:�5HF\FOHG�ZDWHU�UHIHUV�WR�DQ\�WUHDWHG�HIIOXHQW�IURP�D�GRPHVWLF�ZDVWHZDWHU�WUHDWPHQW�V\VWHP�WKDW��DV�D�
UHVXOW�RI�WUHDWPHQW��LV�VXLWDEOH�IRU�DQRWKHU�XVH��VXFK�DV�LUULJDWLRQ��EXVLQHVV�XVH��GXVW�FRQWURO�DQG�VWUHHW�
VZHHSLQJ��5HF\FOHG�ZDWHU�PXVW�SURYLGH�D�UHVRXUFH�YDOXH��SURWHFW�SXEOLF�KHDOWK��DQG�SURWHFW�WKH�
HQYLURQPHQW��$W�WKLV�WLPH��UHF\FOHG�ZDWHU�XVH�LQ�2UHJRQ�LV�UHVWULFWHG�WR�IDFLOLWLHV�WKDW�KDYH�D�ZDVWHZDWHU�
GLVFKDUJH�SHUPLW�IRU�GRPHVWLF�ZDVWH�WKDW�GLVFKDUJHV�WR�HLWKHU�VXUIDFH�ZDWHU�RU�WR�JURXQG��DQG�KDYH�DQ�
DSSURYHG�5HF\FOHG�:DWHU�8VH�3ODQ�DV�SDUW�RI�WKH�SHUPLW��

Q: What is a Recycled Water Use Plan? 
A:�$�5HF\FOHG�:DWHU�8VH�3ODQ�LV�D�SODQ�WKDW�GHVFULEHV�KRZ�D�SHUPLWWHH�ZLOO�PDQDJH�LWV�UHF\FOHG�ZDWHU��
7KH�SODQ�PXVW�EH�VXEPLWWHG�DV�SDUW�RI�LWV�DSSOLFDWLRQ�IRU�D�ZDVWH�ZDWHU�GLVFKDUJH�SHUPLW��'(4�UHYLHZV�WKH�
SODQ��DQG�GHSHQGLQJ�RQ�WKH�XVH�DQG�WUHDWPHQW�OHYHO��WKH�2UHJRQ�+HDOWK�$XWKRULW\�UHYLHZV�VRPH�SURSRVHG�
SODQV��(DFK�5HF\FOHG�:DWHU�8VH�3ODQ�LV�DOVR�VKDUHG�ZLWK�WKH�SXEOLF�IRU�FRPPHQW�EHIRUH�LW�FDQ�EH�
DSSURYHG��3ODQ�UHYLVLRQV�DQG�SXEOLF�FRPPHQW�SURFHVVHV�DUH�PRVW�RIWHQ�GRQH�ZKHQ�WKH�SHUPLW�LV�UHQHZHG��
DQG�WKH�HQWLUH�GUDIW�SHUPLW�LV�SUHVHQWHG�IRU�FRPPHQW��2QFH�DSSURYHG��WKH�5HF\FOHG�:DWHU�8VH�3ODQ�
EHFRPHV�SDUW�RI�WKH�ZDVWHZDWHU�SHUPLW���

Q: Who makes sure recycled water protects public health and the environment in 
Oregon?  
A:�2UHJRQ�'(4�UHYLHZV�WKH�5HF\FOHG�:DWHU�8VH�3ODQV�WR�HQVXUH�WKDW�WKH�SURSRVHG�XVHV�ZLOO�SURYLGH�D�
EHQHILFLDO�XVH��DQG�WKDW�WKH�SURSRVHG�XVH�ZLOO�QRW�KDUP�WKH�HQYLURQPHQW��7KH�2UHJRQ�+HDOWK�$XWKRULW\�
UHYLHZV�SODQV�WR�HQVXUH�WKDW�WKH\�ZLOO�QRW�KDUP�WKH�SXEOLF��

Q: How are Recycled Water Use Plans Regulated? 
A:�7KH�WUHDWPHQWV�DQG�XVHV�GHVFULEHG�LQ�WKH�5HF\FOHG�:DWHU�8VH�3ODQ�DUH�HQIRUFHDEOH�FRQGLWLRQV�RI�WKH�
ZDVWHZDWHU�GLVFKDUJH�SHUPLW�RQFH�DSSURYHG��'(4�HQIRUFHV�WKH�FRQGLWLRQV�RI�WKH�SHUPLW��ZKLFK�LQFOXGHV�
UHYLHZLQJ�PRQLWRULQJ�UHSRUWV�VXEPLWWHG�E\�WKH�SHUPLW�KROGHU��FRQGXFWLQJ�LQVSHFWLRQV��DQG�UHVSRQGLQJ�WR�
FRPSODLQWV��,I�D�SHUPLW�KROGHU�YLRODWHV�FRQGLWLRQV�LQ�WKH�SHUPLW��WKH\�DUH�VXEMHFW�WR�HQIRUFHPHQW�DFWLRQV�
DQG�ILQHV��

Q: How often are Recycled Water Use Plans evaluated? 
A:�7KH�SODQV�DUH�UHYLHZHG�DW�WKH�WLPH�WKH�SHUPLW�LV�UHQHZHG��RU�DW�DQ\�WLPH�LQ�EHWZHHQ�ZKHQ�WKH�SHUPLW�
KROGHU�SURSRVHV�FKDQJHV�WR�WKH�5HF\FOHG�:DWHU�8VH�3ODQ��

Q: What is Potable Reuse?  
A:�:KHQ�VRPHWKLQJ�LV�SRWDEOH�LW�PHDQV�WKDW�LW�LV�VDIH�WR�GULQN��3RWDEOH�UHXVH�PHDQV�WUHDWLQJ�ZDVWHZDWHU�WR�
D�OHYHO�RI�YHU\�KLJK�TXDOLW\�VR�WKDW�LW�LV�VDIH�WR�GULQN���
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Q: Can Recycled Water be used for drinking? 
A:�8QGHU�FXUUHQW�2UHJRQ�$GPLQLVWUDWLYH�5XOHV��UHF\FOHG�ZDWHU�FDQQRW�EH�XVHG�GLUHFWO\�IRU�KXPDQ�
FRQVXPSWLRQ�XQOHVV�DSSURYHG�EH�WKH�2UHJRQ�+HDOWK�$XWKRULW\�DQG�WKH�2UHJRQ�(QYLURQPHQWDO�4XDOLW\�
&RPPLVVLRQ��,I�DSSURYHG�IRU�KXPDQ�FRQVXPSWLRQ��&OHDQ�:DWHU�6HUYLFHV�FRXOG�WUHDW�ZDVWHZDWHU�DQG�XVH�LW�
DV�D�VRXUFH�LQJUHGLHQW�IRU�EUHZLQJ�EHHU��EXW�QRW�IRU�GLUHFW�FRQVXPSWLRQ�DV�GULQNLQJ�ZDWHU���

Q: How will DEQ ensure the treated water is used only in making alcoholic beverages?  
A:�'(4�ZLOO�QRW�DSSURYH�RWKHU�SRWDEOH�UHXVHV�IRU�UHF\FOHG�ZDWHU�LQ�&OHDQ�:DWHU�6HUYLFHV¶�5HF\FOHG�
:DWHU�8VH�3ODQ��'(4�ZLOO�HQIRUFH�&OHDQ�:DWHU�6HUYLFHV�5HF\FOHG�:DWHU�8VH�3ODQV�DV�SDUW�RI�WKHLU�
ZDVWHZDWHU�GLVFKDUJH�SHUPLW�LVVXHG�E\�'(4��(QIRUFHPHQW�LQFOXGHV�UHYLHZ�RI�PRQLWRULQJ�GDWD��SHULRGLF�
LQVSHFWLRQV��DQG�UHVSRQVH�WR�FRPSODLQWV��

Q: Who will be allowed to reuse water and make alcoholic beverages?  
A:�,I�WKLV�SURSRVDO�LV�DSSURYHG�E\�WKH�(QYLURQPHQWDO�4XDOLW\�&RPPLVVLRQ��RQO\�&OHDQ�:DWHU�6HUYLFHV�
ZLOO�EH�DOORZHG�D�OLPLWHG�XVH�RI�UHF\FOHG�ZDWHU�IRU�XVH�LQ�EUHZLQJ�EHHU�DV�GHVFULEHG�LQ�D�5HF\FOHG�:DWHU�
8VH�3ODQ���$Q\�RWKHU�HQWLW\�SURSRVLQJ�WKH�XVH�RI�UHF\FOHG�ZDWHU�IRU�KXPDQ�FRQVXPSWLRQ�ZRXOG�KDYH�WR�
ZRUN�ZLWK�'(4�WR�REWDLQ�DSSURYDO�IURP�WKH�2UHJRQ�+HDOWK�$XWKRULW\��KROG�D�SXEOLF�KHDULQJ��DQG�UHFHLYH�
DSSURYDO�IURP�WKH�(QYLURQPHQWDO�4XDOLW\�&RPPLVVLRQ��EHIRUH�'(4�FRXOG�DSSURYH�D�UHXVH�SODQ�WKDW�
SURSRVHG�SRWDEOH�UHXVH��

Q: Will Clean Water Services be allowed to sell these beverages? 
A:�'(4�GRHV�QRW�KDYH�DXWKRULW\�RYHU�WKH�VDOHV�RI�DOFRKROLF�EHYHUDJHV��,I�&OHDQ�:DWHU�6HUYLFHV�ZDQWHG�WR�
VHOO�DOFRKROLF�EHYHUDJHV�PDGH�IURP�UHF\FOHG�ZDWHU��WKH\�ZRXOG�KDYH�WR�REWDLQ�DSSURYDO�IURP�WKH�
DSSURSULDWH�DJHQFLHV��

Q: What health risks are associated with drinking these beverages? 
A: 7KHUH�LV�YHU\�OLWWOH��LI�DQ\��KHDOWK�ULVN�DVVRFLDWHG�ZLWK�GULQNLQJ�WKHVH�EHYHUDJHV��7KH�SURSRVHG�
WUHDWPHQW�PHWKRG�KDV�EHHQ�GHPRQVWUDWHG�WR�SURGXFH�ZDWHU�WKDW�PHHWV�DQG�H[FHHGV�DOO�ZDWHU�TXDOLW\�
VWDQGDUGV�IRU�SXEOLF�GULQNLQJ�ZDWHU��7KH�WUHDWPHQW�PHWKRG�DOVR�UHPRYHV�DGGLWLRQDO�FRQWDPLQDQWV�RI�
FRQFHUQ�LQ�ZDVWHZDWHU�VXFK�DV�WUDFHV�RI�SHUVRQDO�FDUH�SURGXFWV�DQG�SKDUPDFHXWLFDOV��7KHUHIRUH��WKH�KHDOWK�
ULVN�RI�GULQNLQJ�EHYHUDJHV�PDGH�IURP�WKLV�ZDWHU�LV�QR�JUHDWHU�WKDQ�GULQNLQJ�EHYHUDJHV�PDGH�ZLWK�SXEOLF�
GULQNLQJ�ZDWHU��

Q: Does boiling water kill or eliminate all pollutants that could be harmful in the reused 
water? 
1R��ERLOLQJ�ZDWHU�DORQH�ZLOO�QRW�HOLPLQDWH�DOO�RI�WKH�SROOXWDQWV�WKDW�FRXOG�EH�KDUPIXO��,Q�WKLV�FDVH��WKH�
UHF\FOHG�ZDWHU�PXVW�ILUVW�EH�WUHDWHG�WR�D�YHU\�KLJK�OHYHO�VR�WKDW�LW�PHHWV�DOO�GULQNLQJ�ZDWHU�VWDQGDUGV��DV�
ZHOO�DV�DGGLWLRQDO�VWDQGDUGV�QRWHG�LQ�WKH�VWDII�UHSRUW��7KH�2UHJRQ�+HDOWK�$XWKRULW\�GHWHUPLQHG�WKDW�
ERLOLQJ�ZDWHU�DQG�WKH�DOFRKRO�LQ�WKH�EHYHUDJH�ZRXOG�SURYLGH�DGGLWLRQDO�DVVXUDQFH�WKDW�WKH�ZDWHU�ZDV�VDIH�
WR�GULQN��

Q:�Why is DEQ seeking this approval now? 
A: '(4�LV�VHHNLQJ�WKLV�DSSURYDO�QRZ�LQ�UHVSRQVH�WR�D�UHTXHVW�E\�&OHDQ�:DWHU�6HUYLFHV�RI�:DVKLQJWRQ�
&RXQW\��WR�PDNH�EHHU�IURP�UHF\FOHG�ZDWHU�WR�GHPRQVWUDWH�WKH�SXULW\�RI�ZDWHU�WKH\�FDQ�PDNH�IURP�
ZDVWHZDWHU��

Q: What is highly treated water?  
A:�+LJKO\�WUHDWHG�ZDWHU�PHDQV�XVLQJ�RQH�RU�PRUH�WUHDWPHQWV�WR�SXULI\�ZDWHU���&OHDQ�:DWHU�6HUYLFHV�KDV�
SURSRVHG�DQG�WHVWHG�WKUHH�GLIIHUHQW�WUHDWPHQWV�IRU�WKHLU�SURSRVDO���7KHVH�LQFOXGH�XOWUD�ILOWUDWLRQ�ZKLFK�
LQYROYHV�ILOWHULQJ�WKH�ZDWHU�WKURXJK�D�YHU\�VPDOO�SRUH�VL]H��UHYHUVH�RVPRVLV�RU�SDVVLQJ�ZDWHU�WKURXJK�D�
PHPEUDQH�WKDW�GRHV�QRW�DOORZ�ODUJH�FKHPLFDOV�WR�SDVV�WKURXJK�LW��DQG�HQKDQFHG�R[LGDWLRQ��ZKLFK�XVHV�
XOWUD�YLROHW�OLJKW�DQG�DQ�R[LGL]LQJ�FKHPLFDO�WR�EUHDN�GRZQ�LPSXULWLHV���7KLV�FRPELQDWLRQ�RI�WUHDWPHQWV�
HIIHFWLYHO\�EUHDNV�GRZQ�RU�VHSDUDWHV�FKHPLFDOV��YLUXVHV�DQG�EDFWHULD�IURP�WKH�WUHDWHG�ZDWHU��
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2UHJRQ�'HSDUWPHQW�RI�(QYLURQPHQWDO�4XDOLW\�
1RUWKZHVW�5HJLRQ�2IILFH�
�����6:��WK�$YHQXH�
3RUWODQG�25�������

&RQWDFW��$YLV�1HZHOO�������������� 
 

 
Summary� 
'(4�LV�VHHNLQJ�SXEOLF�FRPPHQW�RQ�D�UHTXHVW�DQG�SURSRVDO�IURP�&OHDQ�:DWHU�6HUYLFHV�WR�EUHZ�OLPLWHG�EDWFKHV�RI�
EHHU�IURP�KLJKO\�WUHDWHG�ZDVWHZDWHU��RU�UHF\FOHG�ZDWHU����8QGHU�2UHJRQ�$GPLQLVWUDWLYH�5XOH�&KDSWHU������'LYLVLRQ�
����'(4�PD\�QRW�DSSURYH�DQ\�SURSRVDO�WR�WUHDW�DQG�XVH�UHF\FOHG�IRU�KXPDQ�FRQVXPSWLRQ�XQOHVV�DSSURYHG�E\�WKH�
2UHJRQ�+HDOWK�$XWKRULW\��IROORZLQJ�D�SXEOLF�KHDULQJ��DQG�ZLWK�DSSURYDO�E\�WKH�(QYLURQPHQWDO�4XDOLW\�&RPPLVVLRQ��
7KH�2UHJRQ�+HDOWK�$XWKRULW\�KDV�UHYLHZHG�DQG�DSSURYHG�WKH�SURSRVHG�WUHDWPHQW�DQG�XVH�RI�UHF\FOHG�ZDWHU�>2$5�
���������������@��'(4�UHTXHVWV�SXEOLF�FRPPHQW�RQ�WKLV�SURSRVDO�LQ�ZULWLQJ�DV�ZHOO�DV�DW�D�SXEOLF�KHDULQJ��'(4�
ZLOO�UHYLHZ�FRPPHQWV�UHFHLYHG�RQ�WKLV�SURSRVDO��DQG�ZLOO�WKHQ�GHWHUPLQH�ZKHWKHU�WR�SUHVHQW�WKH�SURSRVDO�WR�WKH�
(QYLURQPHQWDO�4XDOLW\�&RPPLVVLRQ�IRU�ILQDO�DSSURYDO�����
�
,Q�DGGLWLRQ�WR�WKLV�GRFXPHQW��'(4�LV�PDNLQJ�DYDLODEOH�WR�WKH�SXEOLF�RWKHU�GRFXPHQWV�WKDW�GHVFULEH�WKH�SRWDEOH�UHXVH�
SURMHFW�SURSRVHG�E\�&OHDQ�:DWHU�6HUYLFHV��$GGLWLRQDO�LQIRUPDWLRQ�DERXW�WKLV�UHTXHVW�FDQ�EH�IRXQG�LQ��

�� 7KH�3XEOLF�1RWLFH�SURYLGHV�D�EULHI�GHVFULSWLRQ�RI�WKH�SURSRVHG�DFWLRQ��
�� $�TXHVWLRQ�DQG�DQVZHU�GRFXPHQW�IRU�WKLV�SURMHFW�SURYLGHV�PRUH�EDFNJURXQG�DQG�GHVFULEHV�VRPH�WHUPV��
�� 7KH�2UHJRQ�+HDOWK�$XWKRULW\¶V�DSSURYDO�OHWWHU�UHJDUGLQJ�WKLV�SURSRVDO��
�� 7KH�&OHDQ�:DWHU�6HUYLFHV�GUDIW�SURSRVDO�ZKLFK�SURYLGHV�D�GHWDLOHG�GHVFULSWLRQ�RI�WKH�SURSRVHG�SURMHFW��DQG�

LQFOXGHV�PRQLWRULQJ�UHVXOWV�RI�D�SLORW�SURMHFW�WKDW�GHPRQVWUDWHV�ZDVWHZDWHU�WUHDWPHQW�UHVXOWV���7KLV�UHSRUW�
DOVR�SURYLGHV�H[DPSOHV�RI�ERWK�GLUHFW�DQG�LQGLUHFW�SRWDEOH�UHXVH�LQ�RWKHU�VWDWHV��DQG�SUHVHQWV�DQG�GLVFXVVHV�
WKH�WUHDWPHQW�VFHQDULRV�DQG�ZDWHU�TXDOLW\�UHTXLUHPHQWV�XWLOL]HG�E\�WKRVH�VWDWHV���

 
Statement of Purpose 
'(4�KDV�UXOHV�WKDW�JRYHUQ�WKH�UHXVH�RI�UHF\FOHG�ZDVWHZDWHU��:KLOH�WKH�UXOHV�HQFRXUDJH�WKH�XVH�RI�UHF\FOHG�ZDWHU��
WKH\�DOVR�VHW�D�KLJK�WKUHVKROG�IRU�DSSURYLQJ�SRWDEOH�UHXVHV�RI�ZDVWHZDWHU��2UHJRQ�$GPLQLVWUDWLYH�5XOH��2$5�����
������������VSHFLILFDOO\�SURKLELWV�SRWDEOH�UHXVHV�RI�ZDWHU�XQOHVV�WKH�XVH�LV�DSSURYHG�E\�WKH�2UHJRQ�+HDOWK�
$XWKRULW\��D�SXEOLF�KHDULQJ�WR�DSSURYH�WKH�XVH�KDV�EHHQ�KHOG��DQG�WKH�(QYLURQPHQWDO�4XDOLW\�&RPPLVVLRQ�KDV�
DSSURYHG�WKH�XVH���
�
'(4�LV�VHHNLQJ�(4&�DSSURYDO�IRU�WKLV�OLPLWHG�SRWDEOH�XVH�IRU�UHF\FOHG�ZDWHU��&OHDQ�:DWHU�6HUYLFHV�RI�:DVKLQJWRQ�
&RXQW\�SURSRVHV�WR�UHF\FOH�ZDVWHZDWHU�DQG�WR�XVH�LW�LQ�WKH�SUHSDUDWLRQ�RI�DQ�DOFRKROLF�EHYHUDJH�ZKRVH�SURFHVVLQJ�
LQFOXGHV�EULQJLQJ�KLJKO\�WUHDWHG�UHF\FOHG�ZDWHU�WR�D�ERLO��7KH�UHF\FOHG�ZDWHU�PXVW�ILUVW�EH�WUHDWHG�VXFK�WKDW�LW�
DFKLHYHV�HTXDO�RU�KLJKHU�TXDOLW\�IRU�DOO�UHJXODWHG�GULQNLQJ�ZDWHU�FRQWDPLQDQW�FULWHULD��2$5���������������DV�ZHOO�
DV�RWKHU�FULWHULD�IRU�QRQ�UHJXODWHG�FKHPLFDOV��1:5,�������7DEOH���KHUHLQ���7KH�2UHJRQ�+HDOWK�$XWKRULW\�KDV�
UHYLHZHG�DQG�DSSURYHG�WKLV�GUDIW�SURSRVDO��3XEOLF�FRPPHQWV�UHFHLYHG�GXULQJ�WKH�KHDULQJ�DQG�FRPPHQW�SHULRG�ZLOO�
EH�FRQVLGHUHG��DQG�DGGUHVVHG�LQ�DQ\�SURSRVDO�SODFHG�EHIRUH�WKH�(QYLURQPHQWDO�4XDOLW\�&RPPLVVLRQ�IRU�DSSURYDO��
�
 
Background  
,Q�UHFHQW�GHFDGHV�ZDWHU�KDV�EHHQ�WUHDWHG�WR�YHU\�KLJK�VWDQGDUGV��XVHG�IRU�D�SULPDU\�SXUSRVH��DQG�WKHQ�GLVFKDUJHG�WR�D�
ULYHU�RU�VWUHDP�DV�³ZDVWHZDWHU�´�$OWKRXJK�WKLV�ZDWHU�LV�W\SLFDOO\�RI�ORZHU�TXDOLW\�IROORZLQJ�D�SULPDU\�XVH��XVHG�
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ZDWHU�KDV�UHVRXUFH�YDOXH�DQG�FDQ�RIWHQ�EH�VDIHO\�UHXVHG�IRU�DGGLWLRQDO�SXUSRVHV�ZLWKRXW�DGYHUVH�HIIHFWV�WR�SXEOLF�
KHDOWK�RU�WKH�HQYLURQPHQW��5HXVLQJ�DSSURSULDWHO\�WUHDWHG�ZDVWHZDWHU�IRU�LUULJDWLRQ��LQGXVWULDO��FRPPHUFLDO�DQG�
FRQVWUXFWLRQ�DSSOLFDWLRQV�KHOSV�FRQVHUYH�GULQNLQJ�ZDWHU�VXSSOLHV�DQG�LPSURYH�ZDWHU�TXDOLW\�RI�VXUIDFH�ZDWHUV��
 
7KH�2UHJRQ�$GPLQLVWUDWLYH�5XOH�ZKLFK�JRYHUQV�WKH�XVH�RI�UHF\FOHG�ZDWHU��LQFOXGHV�WKH�IROORZLQJ�SROLF\�VWDWHPHQW�
�2$5����������������

It is the policy of the Environmental Quality Commission to encourage the use of recycled water for domestic, 
agricultural, industrial, recreational and other beneficial purposes in a manner which protects public health 
and the environment of the state. The use of recycled water for beneficial purposes will improve water quality 
by reducing discharge of treated effluent to surface waters, reduce the demand on drinking water sources for 
uses not requiring potable water, and may conserve stream flows by reducing withdrawal for out-of-stream 
use. 

�
'(4¶V�UHXVH�UHJXODWLRQV��2$5����������SHUPLW�PXQLFLSDO�ZDVWHZDWHU�WUHDWPHQW�SODQWV�WR�UHXVH�ZDWHU�VXEMHFW�WR�
REWDLQLQJ�D�ZDWHU�TXDOLW\�SHUPLW�IURP�'(4��7KH�UHJXODWLRQV�UHTXLUH�WKH�GHYHORSPHQW�RI�D�FRPSUHKHQVLYH�5HF\FOHG�
:DWHU�8VH�3ODQ�WKDW�GHWDLOV�VLWH��DQG�IDFLOLW\��VSHFLILF�UHTXLUHPHQWV��7KHVH�UHJXODWLRQV�DUH�GHVLJQHG�WR�EH�IXOO\�
SURWHFWLYH�RI�KXPDQ�KHDOWK�DQG�WKH�HQYLURQPHQW�DQG�DUH�WKH�SULPDU\�UHJXODWLRQV�JRYHUQLQJ�ZDWHU�UHXVH��,Q�DGGLWLRQ��
WR�DGGUHVV�SXEOLF�KHDOWK�SURWHFWLRQ��WKH�2UHJRQ�+HDOWK�$XWKRULW\�UHYLHZV�UHXVH�SURSRVDOV�IRU�VSHFLILF�ZDWHU�
WUHDWPHQW�FODVVHV��3ULRU�WR�UHXVLQJ�ZDWHU��WKH�DSSURYHG�5HF\FOHG�:DWHU�8VH�3ODQ�PXVW�EH�DGRSWHG�LQWR�D�WUHDWPHQW�
SODQW¶V�1DWLRQDO�3ROOXWLRQ�'LVFKDUJH�(OLPLQDWLRQ�6\VWHP��13'(6��RU�:DWHU�3ROOXWLRQ�&RQWURO�)DFLOLW\��:3&)��
SHUPLW���7KH�5HF\FOHG�:DWHU�8VH�SODQ�LV�WKHQ�HQIRUFHG�WKURXJK�WKH�SHUPLW���
�
7KH�'(4�UHXVH�UHJXODWLRQV�DOVR�GHILQH�HQG�XVHV�DQG�ZDWHU�TXDOLW\�VWDQGDUGV�IRU�WKRVH�XVHV��7R�SURWHFW�SXEOLF�KHDOWK��
WKH�'(4�UXOHV��2$5������������������VSHFLILFDOO\�SURKLELW�WKH�SRWDEOH�UHXVH�RI�ZDWHU�UHJDUGOHVV�RI�WKH�WUHDWPHQW�
FODVV��µunless approved in writing by the Oregon Department of Human Services [now referred to as the Oregon 
Health Authority], and after a public hearing, and it is so authorized by the Environmental Quality Commission�¶�
 
Findings 
'(4�VHHNV�SXEOLF�LQSXW�RQ�WKH�SURSRVDO�DQG�PD\�UHTXHVW�DSSURYDO�IURP�WKH�(QYLURQPHQWDO�4XDOLW\�&RPPLVVLRQ�WR�
DOORZ�&OHDQ�:DWHU�VHUYLFHV�WR�UHXVH�ZDVWHZDWHU�WR�SURGXFH�DQ�DOFRKROLF�EHYHUDJH��&OHDQ�:DWHU�6HUYLFHV�SURSRVHV�WR�
SURGXFH�OLPLWHG�EDWFKHV�RI�EHHU�DV�D�ZD\�RI�SURPRWLQJ�WKHLU�DELOLW\�WR�SURGXFH�YHU\�KLJK�TXDOLW\�ZDWHU�IURP�
ZDVWHZDWHU��7RZDUG�WKLV�HQG��&OHDQ�:DWHU�6HUYLFHV�KDV�GUDIWHG�D�GHWDLOHG�SURSRVDO�IRU�SRWDEOH�ZDWHU�UHXVH��&OHDQ�
:DWHU�6HUYLFHV���������7KH�GRFXPHQW�LGHQWLILHV�H[DPSOHV�RI�ERWK�GLUHFW�DQG�LQGLUHFW�SRWDEOH�UHXVH�LQ�RWKHU�VWDWHV��
DQG�SUHVHQWV�DQG�GLVFXVVHV�WKH�WUHDWPHQW�VFHQDULRV�DQG�ZDWHU�TXDOLW\�UHTXLUHPHQWV�XWLOL]HG�E\�WKRVH�VWDWHV��,Q�
DGGLWLRQ��&OHDQ�:DWHU�6HUYLFHV�KDV�REWDLQHG�D�VPDOO�VFDOH�WUHDWPHQW�V\VWHP�WKDW�LQFOXGHV�PLFURILOWUDWLRQ��UHYHUVH�
RVPRVLV��DQG�R]RQH�HQKDQFHG�XOWUDYLROHW�R[LGDWLRQ��&OHDQ�:DWHU�6HUYLFHV�KDV�XVHG�WKLV�V\VWHP�LQ�D�SLORW�SURMHFW��DQG�
GHPRQVWUDWHG�WKDW�WKH�WUHDWPHQW�UHVXOWHG�LQ�ZDWHU�WKDW�PHW�RU�H[FHHGHG�ZDWHU�TXDOLW\�ZLWK�UHVSHFW�WR�DOO�UHJXODWHG�
GULQNLQJ�ZDWHU�FRQWDPLQDQWV�DQG�SDWKRJHQV��2$5����������������DQG�ZDV�EHORZ�WKH�SURSRVHG�FULWHULD�IRU�
DGGLWLRQDO�DQDO\WHV��1:5, 2013, Table 1 herein���7KH�DGGLWLRQDO�FULWHULD�ZHUH�SURSRVHG�E\�WKH�1DWLRQDO�:DWHU�
5HXVH�,QVWLWXWH�IRU�WKH�DVVHVVPHQW�RI�SRWDEOH�UHXVH�LQ�DGGLWLRQ�WR�GULQNLQJ�ZDWHU�VWDQGDUGV�EHFDXVH�WKHVH�DQDO\WHV�
PLJKW�RFFXU�DW�JUHDWHU�FRQFHQWUDWLRQV�LQ�UHXVH�ZDWHU�WKDQ�LQ�ZDWHU�IURP�WUDGLWLRQDO�GULQNLQJ�ZDWHU�VRXUFHV���
�
Table 1 Recommended Regulatory Criteria for Maximum Concentration Levels of Chemicals in 

Effluent from Potable Reuse Treatment Trains (NWRI 2013).  

Chemical Group Criterion Rationale Sources Used for Criteria 

Disinfection byproducts that should be measured to evaluate treatment trains 

7ULKDORPHWKDQHV��7+0V�� ���XJ�/� 3URPLQHQW�FKORULQDWLRQ�
E\SURGXFWV�

0&/�
2$5���������������7DEOH���

+DORJHQDWHG�DFHWLF�DFLGV�
�+$$��� ���XJ�/� 3RODU�JURXS�RI�FKORULQDWLRQ�

E\SURGXFWV�
0D[LPXP�&RQWDPLQDQW�/HYHO�
2$5���������������7DEOH���

1�QLWURVRGLPHWK\ODPLQH�
�1'0$�� ���QJ�/� %\SURGXFW�RI�FKORUDPLQDWLRQ� &DOLIRUQLD�'HSDUWPHQW�RI�3XEOLF�

+HDOWK�QRWLILFDWLRQ�OHYHO�
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Table 1 Recommended Regulatory Criteria for Maximum Concentration Levels of Chemicals in 
Effluent from Potable Reuse Treatment Trains (NWRI 2013).  

Chemical Group Criterion Rationale Sources Used for Criteria 

%URPDWH� ���XJ�/� %\SURGXFW�RI�R]RQDWLRQ� 0D[LPXP�&RQWDPLQDQW�/HYHO��
2$5���������������7DEOH���

&KORUDWH� ����XJ�/� 5HIOHFWLYH�RI�K\SRFKORULWH�XVH� &DOLIRUQLD�'HSDUWPHQW�RI�3XEOLF�
+HDOWK�QRWLILFDWLRQ�OHYHO�

Non-regulated chemicals of interest from a public health stand point (if present in wastewater source) 
3HUIOXRUR�RFWDQRLF�DFLG�
�3)2$�� ����XJ�/� .QRZQ�WR�RFFXU��IUHTXHQF\�

XQNQRZQ�
3URYLVLRQDO�VKRUW�WHUP�86�(3$�

+HDOWK�$GYLVRU\�
3HUIOXRUR�RFWDQH�VXOIRQDWH�
�3)26�� ����XJ�/� .QRZQ�WR�RFFXU��IUHTXHQF\�

XQNQRZQ�
3URYLVLRQDO�VKRUW�WHUP�86�(3$�

+HDOWK�$GYLVRU\�

3HUFKORUDWH� ���XJ�/�
��XJ�/�

2I�LQWHUHVW��VDPH�DQDO\VLV�DV�
FKORUDWH�DQG�EURPDWH�

86�(3$�+HDOWK�$GYLVRU\�
&DOLIRUQLD�0D[LPXP�
&RQWDPLQDQW�/HYHO�

����'LR[DQH� ��XJ�/�
2FFXUV�DW�ORZ�IUHTXHQF\�LQ�
ZDVWHZDWHU��EXW�OLNHO\�WR�
SHQHWUDWH�52�PHPEUDQHV�

&DOLIRUQLD�'HSDUWPHQW�RI�3XEOLF�
+HDOWK�QRWLILFDWLRQ�OHYHO�

(WKLQ\O�(VWUDGLRO�
1RQH��FORVH�WR�
GHWHFWLRQ�OLPLW�
LI�HVWDEOLVKHG�

6WHURLG�KRUPRQH��VKRXOG�HYDOXDWH�
SUHVHQFH�LQ�VRXUFH�ZDWHU�� %XOO�HW�DO���������

�����HVWUDGLRO�
1RQH��FORVH�WR�
GHWHFWLRQ�OLPLW�
LI�HVWDEOLVKHG�

6WHURLG�KRUPRQH��VKRXOG�HYDOXDWH�
SUHVHQFH�LQ�VRXUFH�ZDWHU� %XOO�HW�DO���������

Pharmaceuticals of potential health concern that should be useful to evaluate the effectiveness of organic 
chemical removal by treatment trains. 
&RWLQLQH�3ULPLGRQH��
'LODQWLQ� �������XJ�/� 6XUURJDWH�IRU�ORZ�PROHFXODU�

ZHLJKW��SDUWLDOO\�FKDUJHG�F\FOLFV�
%UXFH�HW�DO����������%XOO�HW�DO��

�������

0HSUREDPDWH��$WHQRORO� ������XJ�/� 2FFXU�IUHTXHQWO\�DW�WKH�QJ�/�
OHYHO� %XOO�HW�DO���������

&DUEDPD]HSLQH� ���XJ�/� 8QLTXH�VWUXFWXUH� %UXFH�HW�DO���������

(VWURQH� ����QJ�/� 6XUURJDWH�IRU�VWHURLGV�

%DVHG�RQ�DQ�LQFUHDVHG�ULVN�RI�
VWURNH�LQ�ZRPHQ�WDNLQJ�WKH�
ORZHVW�GRVH�RI�FRQMXJDWHG�

HVWURJHQV�
Other chemicals of potential health concern that should be useful to evaluate the effectiveness of organic 
chemical removal by treatment trains. 

6XFUDORVH� ����PJ�/�
6XUURJDWH�IRU�ZDWHU�VROXEOH��

XQFKDUJHG�FKHPLFDOV�RI�PRGHUDWH�
PROHFXODU�ZHLJKW�

&RGH�RI�)HGHUDO�5HJXODWLRQV�
7LWOH�����UHYLVHG��������

7ULV>��FKORURHWK\O@SKRVSKDWH�
�7&(3�� ��XJ�/� &KHPLFDO�RI�LQWHUHVW� 0LQQHVRWD�'HSDUWPHQW�RI�

+HDOWK��������JXLGDQFH�YDOXH�
1�1�GLHWK\O�PHWD�WROXDPLGH�
�'((7�� ����XJ�/� &KHPLFDO�RI�LQWHUHVW� 0LQQHVRWD�'HSDUWPHQW�RI�

+HDOWK��������JXLGDQFH�YDOXH�

7ULFORVDQ� ���XJ�/� &KHPLFDO�RI�LQWHUHVW� 0LQQHVRWD�'HSDUWPHQW�RI�
+HDOWK��������JXLGDQFH�YDOXH�

�
7KH�2UHJRQ�+HDOWK�$XWKRULW\�DSSURYHG�WKH�&OHDQ�:DWHU�6HUYLFHV�GUDIW�SURSRVDO�IRU�UHF\FOHG�ZDWHU�WR�SURGXFH�DQ�
DOFRKROLF�EHYHUDJH��2UHJRQ�+HDOWK�$XWKRULW\���������2UHJRQ�+HDOWK�$XWKRULW\�HYDOXDWHG�WKH�ZDWHU�WUHDWPHQW�WUDLQ�
DQG�WKH�SLORW�VWXG\�UHVXOWV�RQ�WUHDWPHQW�HIIHFWLYHQHVV�GHVFULEHG�E\�&OHDQ�:DWHU�6HUYLFHV�������DQG�XVHG�WKLV�
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LQIRUPDWLRQ�WR�FRPSOHWH�D�SXEOLF�KHDOWK�ULVN�DQDO\VLV�IRU�WKH�OLPLWHG�FRQVXPSWLRQ�RI�EHHU�PDGH�IURP�WKLV�KLJKO\�
WUHDWHG�ZDVWHZDWHU��%DVHG�RQ�WKH�OLPLWHG�DYDLODELOLW\�RI�WKH�KLJKO\�WUHDWHG�ZDWHU��2UHJRQ�+HDOWK�$XWKRULW\�DVVXPHG�D�
FRQVXPSWLRQ�UDWH�RI�RQH�OLWHU�RI�EHHU�PDGH�IURP�UHXVH�ZDWHU�SHU�DGXOW�SHU�\HDU��7KH�(3$�GULQNLQJ�ZDWHU�JXLGHOLQHV�
DUH�EDVHG�RQ�D�FRQVXPSWLRQ�UDWH�RI�WZR�OLWHUV�RI�ZDWHU�SHU�GD\��7KXV�DSSO\LQJ�WKH�GULQNLQJ�ZDWHU�FULWHULD�IRU�OLPLWHG�
EHYHUDJH�FRQVXPSWLRQ�VKRXOG�LQYROYH�QR�PRUH�ULVN�WKDQ�GULQNLQJ�ZDWHU�RQ�D�GDLO\�EDVLV���
�
2UHJRQ�+HDOWK�$XWKRULW\�FRQFOXGHG��

³Due to the high water quality of the treated water, the additional microbial reduction in the 
brewing process, and a low health risk overall, the OHA�>2UHJRQ�+HDOWK�$XWKRULW\@� Public 
Health Division approves the proposed use of recycled water in the limited case as described in 
this proposal >UHIHUULQJ�WR�&OHDQ�:DWHU�6HUYLFHV�SURSRVDO��-XQH������@��The water from the 
proposed treatment system must achieve equal or higher quality to those presented at the 
demonstration-scale (i.e. below MCLs for regulated contaminants and below proposed criteria for 
additional analytes).´�

$V�UHTXLUHG�E\�UXOH��WKLV�SURSRVHG�XVH�RI�UHF\FOHG�ZDWHU�LV�SUHVHQWHG�WR�WKH�SXEOLF�IRU�FRPPHQW�EHWZHHQ�)HEUXDU\�
���������DQG�)HEUXDU\������������$�SXEOLF�KHDULQJ�ZLOO�EH�KHOG�)HEUXDU\���������������������3�0����
�
,I�WKLV�XVH�LV�DSSURYHG�E\�WKH�(QYLURQPHQWDO�4XDOLW\�&RPPLVVLRQ��&OHDQ�:DWHU�6HUYLFHV�PXVW�UHYLVH�WKHLU�5HF\FOHG�
:DWHU�8VH�3ODQ��DQG�UHTXHVW�D�UHYLVLRQ�RI�WKHLU�ZDVWHZDWHU�GLVFKDUJH�SHUPLW��EHIRUH�GLVWULEXWLQJ�UHF\FOHG�ZDWHU�IRU�
XVH�LQ�EUHZLQJ�EHHU��
�
Conclusions 
'(4�GHWHUPLQHG�WKDW�LW�LV�UHDVRQDEOH�WR�FRQVLGHU�DSSURYDO�RI�WKLV�OLPLWHG�XVH�DW�WKLV�WLPH�IRU�VHYHUDO�UHDVRQV��
LQFOXGLQJ��

x 7KH�XVH�IRU�SRWDEOH�UHF\FOHG�ZDWHU�SURSRVHG�KHUH�LV�OLPLWHG�WR�&OHDQ�:DWHU�6HUYLFHV�IRU�WKH�SURGXFWLRQ�RI�
DQ�DOFRKROLF�EHYHUDJH��7KLV�ZLOO�ERWK�OLPLW�H[SRVXUH�RI�WKH�SURGXFW�WR�DGXOWV��DQG�ZLOO�SURYLGH�DGGLWLRQDO�
WUHDWPHQW�RI�SRWHQWLDO�SDWKRJHQV�WKURXJK�HOHYDWHG�WHPSHUDWXUHV�DQG�DOFRKRO�FRQWHQW��

x 8VLQJ�UHF\FOHG�ZDWHU�ZLOO�EHFRPH�LQFUHDVLQJO\�LPSRUWDQW�LQ�WKH�UHJLRQ�DV�GHPDQGV�RQ�RXU�ZDWHU�UHVRXUFHV�
LQFUHDVH�LQ�WKH�IXWXUH��7KH�SRSXODWLRQ�RI�WKH�QRUWKZHVW�LV�H[SHFWHG�WR�LQFUHDVH��QRW�RQO\�DV�WKH�SRSXODWLRQ�LQ�
WKH�86�LQFUHDVHV��EXW�JURZWK�LQ�WKH�QRUWKZHVW�LV�SURMHFWHG�WR�RFFXU�DW�D�KLJKHU�UDWH�RYHU�WKH�QH[W�VHYHUDO�
GHFDGHV�DV�LPSDFWV�IURP�JOREDO�FOLPDWH�FKDQJH�DUH�SUHGLFWHG�WR�EH�PRUH�VHYHUH�LQ�RWKHU�UHJLRQV��ERRVWLQJ�
LPPLJUDWLRQ�WR�WKH�QRUWKZHVW��

x 7KH�DSSURYDO�IRU�WKH�OLPLWHG�SURGXFWLRQ�DQG�FRQVXPSWLRQ�RI�D�SRWDEOH�SURGXFW�PDGH�IURP�UHF\FOHG�
ZDVWHZDWHU�ZLOO�SURYLGH�D�SLORW�SURMHFW�LQWHQGHG�WR�OHDG�WR�PD[LPL]LQJ�WKH�SRWHQWLDO�XVHV�RI�WUHDWHG�ZDWHU�LQ�
WKH�IXWXUH��
�

Reference Documents (available upon request)�
%UXFH��*�0���5�&��3OHXV��DQG�6�$��6Q\GHU���������³7R[LFRORJLFDO�UHOHYDQFH�RI�SKDUPDFHXWLFDOV�LQ�GULQNLQJ�ZDWHU�´�
Environmental Science and Technology, 44������������

%XOO��5���-��&URRN��0��:KLWWDNHU��DQG�-��&RWUXYR���������³7KHUDSHXWLF�GRVH�DV�WKH�SRLQW�RI�GHSDUWXUH�LQ�DVVHVVLQJ�
SRWHQWLDO�KHDOWK�KD]DUGV�IURP�GUXJV�LQ�UHF\FOHG�PXQLFLSDO�ZDVWHZDWHU�´�Regulatory Toxicology and Pharmacology, 
60�����������

&OHDQ�:DWHU�6HUYLFHV����������³&OHDQ�:DWHU�6HUYLFHV�+LJK�3XULW\�:DWHU�3URMHFW��'LUHFW�3RWDEOH�:DWHU�5HXVH�
'HPRQVWUDWLRQ´��$WWDFKPHQW�$��

'(4��������UHTXHVW�WR�2UHJRQ�+HDOWK�$XWKRULW\�IRU�SRWDEOH�UHXVH�DSSURYDO��$WWDFKPHQW�%��

1:5,��������([DPLQLQJ�WKH�&ULWHULD�IRU�'LUHFW�3RWDEOH�5HXVH��5HFRPPHQGDWLRQV�RI�DQ�1:5,�,QGHSHQGHQW�
$GYLVRU\�3DQHO��:DWHU�5HXVH�)RXQGDWLRQ�3URMHFW���������







Public Health Division 
Drinking Water Services 
John A. Kitzhaber, MD, Governor "'""' RECEIVED 

September 8, 2014 SEP 11 2014 

Ron Doughton NORTHwEsT REGION 

Water Quality Manager, Northwest Region 
Department of Environmental Quality 
2020 SW 4th Avenue, Suite 400 
Portia nd, OR 97201 

Dear Mr. Doughton: 

eaith 
-----/\.uthorily 

800 NE Oregon St, Ste 640 
Portland, OR 97232 
Ph. (971) 673-0405 
Fax (971) 673-0694 

http://healthoregon.org/dwp 

This letter responds to your July 14, 2014 request to the Oregon Health Authority (OHA) 
to determine the suitability of the Clean Water Services proposal to use wastewater 
treatment plant effluent, apply additional treatment, and use the resulting water to 
produce a limited quantity of beer for non-commercial purposes. 

Background 

The Department of Environmental Quality rules govern the use of treated wastewater. 
Direct potable reuse of such water is not allowed under current rules, unless approved 
by OHA, a public process, and the Environmental Quality Commission. Clean Water 
Services has proposed, in the document entitled "High Purity Water Project, Direct 
Potable Water Reuse Demonstration, June 20, 2014" to take effluent from Clean Water 
Service' s Forest Grove wastewater treatment plant, pipe it directly to a water treatment 
system, and brew the water produced into beer. The additional treatment system 
includes ultrafiltration, reverse osmosis, and advanced oxidation with hydrogen 
peroxide and ultraviolet light. The project proposal is to treat 500 gallons of water, to 
be exclusively used to brew beer for consumption at a technical conference. 

The Oregon Health Authority has implementation and enforcement authority of the 
Safe Drinking Water Act (SDWA) in the Oregon Drinking Water Quality Act. This act is 
governed by Oregon Administrative Rules (OAR) 333-061, which apply to water systems 
with piped water for human consumption. However, because the proposal involves 
using the treated water to produce a limited quantity of beer, rather than drinking 
water, drinking water regulations do not directly apply. 
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Treatment Evaluation 

The proposed treatment incorporates commonly used technologies in the treatment of 
recycled wastewater. The water quality produced by the demonstration-scale post-
treatment effluent meets maximum contaminant levels for regulated drinking water" 
contaminants and .appears appropriate for the intended use. 

For public water systems, OHA requires that treatment meet specific treatment 
technique requirements established in OAR 333-061. These include pathogen reduction 
requirements of OAR 333-061-0032, membrane filtration challenge study requirements 
in -0050(4) (c), ultraviolet light validation study requirements in -0050(5) (k), and 
material compatibility requirements of -0087. No other basis for a technical review 
currently exists for direct potable reuse in Oregon. 

Our technical assessment of the treatment process is as follows: 

• Ultrafiltration (UF): UF is a membrane filtration process which has been shown to 
substantially remove microbial organ isms. No challenge study on the 
ultrafiltration unit was provided. This study would provide a third party review of 
the membrane filter's ability to remove pathogens and set metrics to verify the 
integrity of the membrane during operation. Empirical data from the 
demonstration study indicates substantial reductions of these common microbial 
contaminants. It is noted that the pore size for the UF is listed as two different 
values in the documentation. The upper control limit of the pressure decay of the 
direct integrity test seems high, yet the limit established was not met in several 
instances during pilot testing. 

• Reverse Osmosis (RO): This process is used to remove salts, organic matter, 
microbial pathogens, and trace pollutants. No model number for the RO unit is 
provided. Information provided in the proposal is not sufficient to 
comprehensively verify RO performance, but RO is widely used for treatment of 
recycled wastewater and generic theoretical performance data is widely available. 

• Advanced Oxidation Process (AOP): The proposed treatment uses ultraviolet light 
(UV) preceded by hydrogen peroxide addition for microbial and organic compound 
reduction. Two Trojan brand UV reactors are proposed in series, but no model 
numbers are given, nor is a standardized validation study provided. The proposal 
describes in general terms how the efficacy of AOP can be estimated by measuring 
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reduction of two indicator compounds: NOMA and 1,4-dioxane. The proposal 
claims the extent of the elimination of NOMA supports a UV dose of 2,500 mJ/cm2, 

though the limited data appears to support a dosage range of 1,250 to 2,500 mJ/cm2· 

Reduction of 1,4-dioxane was not measured to determine oxidant efficacy. Overall, 
the documentation provided of the AOP limits quantification of the proposed 
treatment. AOP has been shown to substantially reduce microbes and trace 
organics and is used by others for treatment of recycled wastewater. 

• General : No influent data (water leaving the wastewater treatment facility} is 
provided, so the removal efficiency of contaminants cannot be determined. The 
proposal does not include verification of NSF certification of water treatment 
components, materials, and chemicals used. After water treatment, the proposal 
is to store and transport the treated water in totes for beer processing. NSF 
certification of the totes is not discussed, nor is adherence to the water hauling 
guidelines established by OHA. 

Monitoring 

Test results from the treated water samples indicate that this water met all Safe 
Drinking Water Act (SDWA} standards for public drinking water with respect to chemical 
contaminants (Tables 12-17 of proposal}. In addition, other analytes consisting of 
indicator chemicals for a wide range of chemical classes and chemicals of special 
concern for municipal wastewater (e.g., pharmaceuticals, personal care products, 
hormones, and industrial and household chemicals} were screened in treated water. All 
results for additional analytes were below detection limits, wh ich were below proposed 
public health risk criteria (Table 18 in proposal}. 

Water quality monitoring at the beginning and end of the batch treatment is proposed 
as follows, from Table 21 of the proposal. OHA has determined this monitoring to be 
adequate, though continuous monitoring of turbidity, flow, and UV intensity is preferred 
but was not specifically mentioned. 

Process Test Target Concentration 

Wastewater UV E. Coli in the UV effluent <20 MPN/100ml 

Demo UF 
Particle Size Distribution >2 LRV (protozoa range} 
Analysis >1.5 LRV (bacteria range} 
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Tota l Coliform in UF effluent <40 MPN/100ml 
Turbidity in UF Effluent <0.1 NTU 
Membrane Integrity Test <0.2 

Demo RO Electrical Conductivity LRV>l.S 
TOC LRV>l.S 

Demo UV NMDA ND 
IOC,SOC,DBPs,VOC, Below MCLs for SDWA-
Radionuclides,Secondary regulated contaminants and 

Finished Water Contaminants, Trace below proposed criteria for 
Compounds, Microbials trace compounds with 

corrections mentioned below 

Note that the criterion for 1,4-dioxane should be the California Department of Health's 
notification level of 111g/L (Table 18 in the proposal lists it as 0.111g/L). OHA also 
recommends using the Minnesota o·epartment of Health's Short-term Non-Cancer 
Health Based Value (nHBVshort-term) of SO 11g/L for triclosan rather than the NRC-
recommended value. It is more protective of health and was derived in a more 
transparent scientific process 
(http://www.health.state.mn.us/divs/eh/risk/guidance/gw/triclosan.pdf) . 

Public Health Risk Analysis 

OHA assumed an upper-bound estimate for consumption of the specia lty beer made 
from the proposed batch treated water to be 11iter per adult person per year. In 
developing safe drinking water standards, the Environmental Protection Agency (EPA) 
assumes consumption of 2 liters per day every day of the year (730 liters per year). 

Tests for pathogenic microorganisms in the batch treated water did not detect any 
microorganisms. If there were undetected pathogenic microorganisms in the batch 
treated water, any public health risk would be eliminated by the process of beer 
production. As described in the protocol, batch treated water will be boiled prior to use. 
In addition, the fermentation process produces ethanol, which is toxic to most 
pathogenic microorganisms. The concentration of ethanol in beer is not high enough to 
truly disinfect or sanitize, but it could prevent growth of many types of pathogenic 
organisms. Risk is reduced even further because the ethanol is a permanent component 
of the product itself, so any additional storage time would result in increased contact 
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time between the ethanol and any residual microorganisms. Thus, the proposed use of 
treated water to make beer poses virtually no risk of infectious disease. 

Conclusion 

Due to the high water quality of the treated water, the additional microbial reduction in 
the brewing process, and a low health risk overall, OHA Public Health Division approves 
the proposed use of recycled water in the limited case as described in this proposal. 
The water from the proposed treatment system must achieve equal or higher quality to 
those presented at the demonstration-scale (i.e. below MCLs for regulated 
contaminants and below proposed criteria for additional analytes). 

Please let me know if you have any questions. I can be reached at 971-673-0403. 

Dave Leland 
Interim Administrator-Center for Health Protection 
Public Health Division 
Oregon Health Authority 

C: Lillian Shirley, Director-Public Health Division 
Sarah Schwab, Department of Agriculture 
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Clean Water Services 

DIRECT POTABLE WATER REUSE DEMONSTRATION 
This document is a collaborative effort, prepared by Andrew Salveson (Carollo Engineers), 
a registered professional engineer in California and Texas, with review and guidance from 
Clean Water Services staff, including; Adrienne Menniti, Ph.D., PE (Oregon), Rick Shanley, 
PE (Oregon), Bob Baumgartner, and Steve Thompson. Jeff Mosher, the Executive Director 
of the National Water Research Institute, provided peer review. Equipment and installation 
support for this potable water reuse demonstration project was provided Clean Water 
Services staff, supported by Evoqua (formerly Siemens) and Trojan Technologies.  

1.0 BACKGROUND 
Water is one of our most precious resources. We take it for granted that we can turn on the 
tap and fill our glass with safe water. However demands on our water supplies from a 
growing population and environmental pressures are threatening water supplies for our 
communities, farms, and rivers. As the demand increases for reliable, sustainable water 
supplies, attention has turned to treated wastewater as a source of water. Clean Water 
Services (CWS) has Oregon’s largest water reuse program and is exploring further options 
to address water needs within the Tualatin River Watershed. Alternative water sources are 
critical as a bridging strategy in light of the delay of the Tualatin Basin Water Supply Project 
(TBWSP). In addition, local water providers are interested in alternatives to address future 
water shortages. 

CWS produces a high quality wastewater effluent that can be recycled. Advanced water 
treatment technologies make it affordable and feasible to treat water to any level. As a 
result, CWS is conducting a pilot project to treat municipally treated water to produce high 
purity water that could be used for a variety of purposes, including semiconductor 
processing, agriculture and food crops, product manufacturing, and human consumption., 
Existing drinking water regulations in Oregon do not address the potable reuse of recycled 
water. However, other states (California, Arizona, and Texas) have potable reuse 
regulations and projects in place. CWS is interested in demonstrating to the public that 
advanced treatment of wastewater can be a viable source of water supply.  

Through a pilot project, CWS will demonstrate the ability to produce a high quality water 
through advanced treatment processes. CWS is working with other interested groups in the 
U.S. to advance public awareness and understanding of water as a reusable resource.  

For this effort, CWS’s goal is to provide the Oregon Environmental Quality Commission with 
documentation on the performance of the advanced treatment facility to allow the 
production of highly purified water to be used for potable purposes. One purpose would be 
to brew beer that would then be made available to interested participants at a national 
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water trade show. Oregon’s craft brewers are eager to participate because they are seeking 
more sustainable practices for brewing beer.  

Based on information from other efforts, CWS has constructed and tested an advanced 
treatment system with a production capacity of 1.1 gallons per minute (gpm). The treatment 
processes include: ultrafiltration (UF), reverse osmosis (RO), and ultraviolet light advanced 
oxidation process (UV AOP).  These processes are used in series to purify disinfected 
secondary effluent from CWS’s Forest Grove Facility (FGF). The testing, as documented in 
this report, demonstrates a purified water suitable for potable use and public consumption.  

This testing had several goals: 

x Demonstrate the performance of the advanced treatment technologies to the Oregon 
Department of Environmental Quality (DEQ) and the Oregon Health Authority (OHA); 

x Review the relevant literature on indirect potable reuse (IPR) and direct potable reuse  
(DPR), in terms of treatment, public health protection, and implementation nationally 
and internationally; 

x Provide the public with information and confidence regarding the ability of our industry 
to provide high purity water for various potential uses, including potable reuse. 

1.1 Potable Reuse Demonstration 

Successful potable reuse projects nationally and globally demonstrate the safety of the 
technology to purify wastewater. The single greatest barrier to potable water reuse is public 
perception. The “yuck” factor is strong in some communities looking to implement potable 
water reuse. As observed by USEPA (2012), the technical issues of potable reuse can be 
addressed through advanced treatment; however, thesignificant task is to develop public 
education and outreach programs to achieve public acceptance of this practice[ 2012]).  To 
initiate engagement of public discourse, the demonstration testing at the FGF includes a 
limited demonstration of product manufacturing for human consumption.  The project team 
envisions working with local brewers to provide a limited batch of beer that would be made 
available to individuals at internal District events and at hosted events at professional 
society meetings (e.g., WEFTEC, NACWA) for the purpose of generating professional 
discussion of the use of highly purified water systems. Once regulatory approval is 
obtained, the pilot project would create single batches of less than 1,000 gallons of purified 
water. The batches of purified water will be contained in individual secure totes, which 
would be later used by the brewer for beer. Prior to the production of purified water for use, 
a series of tests were run to document treatment performance, as detailed further on in this 
document in the section titled “Batch Production Quality Control.” 
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1.2 Potable Reuse Projects 

Throughout the United States it is common for drinking water plant intakes to be 
downstream of wastewater facilities. The U.S. National Research Council (NRC) of the 
National Academies adopted the term “de facto” reuse (NRC, 2012) where secondary 
treated wastewater is a significant fraction of the drinking water supply, noting that during 
drought it may constitute the majority of a water body. Water treatment standards are the 
same regardless of the source.  

Planned indirect potable reuse (IPR) occurs when highly purified water is discharged into a 
groundwater aquifer or surface water reservoir that is a known drinking water source 
(Figure 1). IPR has occurred in the United States for decades and is continuing to grow. It is 
called “indirect” because there is an environmental buffer between the purified water 
discharge and the drinking water intake.  

 
Figure 1 Potable Reuse Using Advanced Treatment and an Environmental Buffer 

DPR applications do not include an environmental buffer and discharge purified water 
immediately upstream from a drinking water intake, blend purified water with conventional 
drinking water, or introduce purified water into a potable water distribution system (Trussell 
et al., 2013), as shown in Figure 2. DPR is held to the same high treatment standards as 
IPR. The environmental buffer functions primarily to help detach the public’s association of 
the purified water from its wastewater origin. The NRC (2012) concluded that it cannot be 
demonstrated that such natural barriers provide public health protection that is not also 
available by other engineered processes, such as those used by the pilot treatment 
technologies detailed in this report. As water sources become more constrained worldwide, 
DPR is becoming more common and is in use in the United States., It will soon be 
implemented in Wichita Falls Texas and the Village of Cloudcroft New Mexico.   
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Figure 2 Potable Reuse Using Advanced Treatment with Treatment Redundancy and 

Improved Monitoring, but without an Environmental Buffer 

The NRC concluded that environmental buffers in most potable reuse systems provide no 
public health protection that is not also provided by processes such as advanced treatment 
trains and reservoir storage. The NRC recommends eliminating the distinction between 
indirect and direct potable reuse to focus instead on the single concept of potable reuse 
(NRC, 2012).  

As highlighted in Trussell et. al. (2013), IPR projects have been successfully operated for 
more than 40 years in the United States. Treatment processes vary, from spreading 
projects using water equivalent to DEQ’s Class A standards to advanced membrane and 
advanced oxidation processes, resulting in a water that is nearly pure H2O and requires 
stabilization prior to distribution and use. These IPR projects are not confined to the United 
States, with similar successful projects being done internationally. Many of these treatment 
processes are listed in Trussell et. al. (2013), with a few highlighted here: 

x Primary Treatment, Secondary Treatment, Media Filtration, Chlorination or UV 
Disinfection, Surface Spreading and Groundwater Recharge – County Sanitation 
Districts of Los Angeles California, Inland Empire Utility Authority California 

x Primary Treatment, Secondary Treatment, Membrane Filtration (microfiltration [MF]), 
RO, and UV AOP, Direct Injection into the Groundwater – Orange County Water 
District California, West Basin Municipal Water District California 

DPR is also now operational in one location in the United States, the Colorado River 
Municipal Water District’s Raw Water Production Facility in Big Spring, Texas. This facility, 
in operation since Spring 2013, accepts municipal wastewater effluent that has already 
undergone primary treatment, secondary treatment, and tertiary filtration, and further treats 
it with MF, RO, and UV AOP. This new water is then blended (20 percent purified water, 80 
percent conventional raw water) with the conventional raw water supply and subjected to 
sand filtration and chlorination at one of several water treatment plants. A second DPR 
example is Windhoek Namibia, where they have been using DPR for decades and 
successfully protecting public health.  
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1.3 Public Health 

The safety of potable reuse is best defined by a recent NRC report in which the authors 
examine three water use scenarios and compare the relative risk due to water 
consumption. Potable reuse was deemed to provide equal or higher quality water, in terms 
of public health risk, compared to our standard practice of water treatment (NRC, 2012). 
The three scenarios are summarized below. 

x Scenario 1: A conventional water treatment plant extracts water from a river that is 95 
percent “fresh” water and 5 percent treated wastewater. The wastewater is a primary 
and secondary treated wastewater, disinfected to a standard of 200 fecal 
coliform/100mL. The surface water is assumed to be 100 percent free of pathogens 
with no measurable trace organic chemicals prior to combining with the treated 
wastewater. 

x Scenario 2: A utility treats wastewater with primary treatment, secondary treatment, 
and sand filtration, with no disinfection, then spreads the water for groundwater 
recharge, and later extracts the water for public consumption with no further treatment 
other than a chlorine residual. For this example, there is 0-percent blending with other 
groundwater, resulting in 100-percent potable reuse to the customer. 

x Scenario 3: A utility treats wastewater with primary treatment, secondary treatment, 
MF, RO, and UV AOP, and then injects the water for groundwater recharge, later 
extracting the water for public consumption with no further treatment other than a 
chlorine residual. For this example, there is 0 percent blending with other 
groundwater, resulting in 100-percent potable reuse to the customer. 

The three scenarios are compared for pathogen risk and pollutant risk, and the results 
support the safety of potable water reuse. For Norovirus, Adenovirus, Salmonella, and 
Cryptosporidium (the only examined pathogens in this work), Scenario 2 provided a safer 
water for public consumption by a factor of safety of 10 to almost 10,000. For Scenario 3, 
the safety increase was greater, with a factor of safety of 1,000,000. Regarding chemical 
constituents, the analysis is more extensive, examining the relative risk related to 
disinfection byproducts (11 chemicals), pharmaceuticals (7 chemicals), and “other” (6 
chemicals). Disinfection byproduct safety is similar for the three Scenarios, but Scenarios 2 
and 3 do have the least risk. Pharmaceutical risk is least for Scenario 3, as is the risk due to 
“other” chemicals.  

This risk analysis clearly concludes that potable reuse with specific treatment trains is safe. 
Epidemiological work, also summarized in NRC (2012), provides further support. Key 
summarized items in NRC (2012) include: 

x Windhoek Namibia, in operation since 1968, with up to 35 percent of the water supply 
being reclaimed water. “Epidemiological evaluations of the population have found no 
relationship between drinking water and diarrheal disease, jaundice, or mortality.” 
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x Montebello Forebay Project (County Sanitation Districts of Los Angeles), in operation 
since 1962, with 4 percent to 31 percent of potable water being reclaimed water. 
Three sets of studies have been conducted, evaluating mortality, morbidity, cancer 
incidence, and birth outcomes. “The authors concluded that the study results did not 
support the hypothesis of a causal relationship between reclaimed water and cancer, 
mortality, or infectious disease.” 

As one last point, the California Medical Association (CMA) published an open letter to 
WateReuse California, dated November 14, 2012, which states “That CMA encourage 
efforts to expand potable and non-potable water reuse” (CMA, 2012). 

1.4 Regulatory Framework 

At this moment, DPR regulatory efforts are underway in Texas, New Mexico, California, and 
nationally. These regulatory efforts may provide useful reference for process and quality 
control. While DPR is not currently regulated in Oregon, per Oregon Administrative Code 
(OAR), DEQ may approve other beneficial water reuse purposes currently not identified in 
rule [OAR 340-055- 0016(6)] and as conditioned for potable re-use [OAR 340-55-0017(5)].  

1.4.1 DEQ May 2, 2014 Letter 

On May 2, 2014, DEQ provided a letter of initial guidance for this project. Within that letter, 
DEQ and the Oregon Health Authority (OHA) expressed support for the project and outlined 
key steps for potential approval. These recommended steps are repeated here. 

Under Oregon Administrative Rules Chapter 340, Division 55, the use of recycled water for 
direct human consumption is prohibited unless approved in writing by the OHA, and after a 
public meeting and authorization by the Environment Quality Commission (EQC) [OAR 340-
055-0017(5)]. For regulatory consideration, CWS must submit a written proposal that 
includes the following information: 

x Information described in section 2.2.2 of DEQs recycled Water IMD 
(http://www.deq.state.or.us/wq/pubs/imds/RecycledWater.pdf) A detailed description 
of the proposed treatment system. 

x Data demonstrating that all current requirements under the Safe Drinking Water Act 
will be met or exceeded at the point of reuse. 

x Data on the treatment, removal and final concentrations of unregulated contaminates 
(e.g., personal care products, pharmaceuticals, etc.) likely present in wastewater 
effluent prior to advanced treatment. 

x Information on any additional requirements from the Oregon Department of 
Agriculture or the U.S. Food and Drug Administration or both. 

This report includes a detailed point by point response to the above requests, which is 
detailed in Appendix A. 
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1.4.2 Groundwater Recharge Regulations in Oregon  

While not directly applicable groundwater recharge with Class A water (OAR, 2008) is the 
currently regulated use of reclaimed water that most closely resembles DPR. Within the 
OAR, section OAR 340-044-0011(5)(e) allows the recharge, section OAR 340-055-0025(3) 
defines the recharge, and section OAR 340-040 defines groundwater quality protection. 
Class A regulations that provide a performance reference include:  (OAR, 2008), [OAR 340-
055-0012(7)(F)], 

x Turbidity of 2 NTU, based upon a 24-hour mean. 

x Turbidity of 5 NTU, no more than 5 percent of the time. 

x Turbidity of 10 NTU max at any time. 

x 7-day median total coliform concentration of 2.2 MPN/100mL. 

x Maximum total coliform concentration of 23 MPN/100mL. 

Other than the lack of a virus reduction target, these performance criteria are identical to 
the “tertiary recycled water” criteria found in California (CDPH, 2000). Within California, 
there are several long-standing groundwater recharge projects with tertiary recycled water 
that have been operating for over 40 years and are proven to be protective of public health 
(e.g., County Sanitation Districts of Los Angeles (Trussell et al., 2013)).  

The Recycled Water Use Rules (OAR, 2008) specifically require the wastewater treatment 
system owner to demonstrate that recycled water will be used or land applied in manner 
and at a rate that minimizes the movement of contaminants to groundwater or does not 
adversely impact groundwater quality [OAR 340-055-0020]. The groundwater rules specify 
a minimum level of treatment to drinking water standards [OAR 340-040-0020(3)] by the 
time the recycled water reaches the aquifer. 

The Oregon Groundwater Rules utilize Safe Drinking Water act quality to provide numerical 
quality reference levels and guidance levels for indicating when groundwater may not be 
suitable for human consumption.  The groundwater rules [OAR 340-040-0020(3)] note that 
among the recognized beneficial uses of groundwater, domestic water supply (drinking 
water) is recognized as being the use that would usually require the highest level of water 
quality. Numerical quality reference levels and guidance levels in Tables 1-3 of the 
groundwater have been obtained from the Safe Drinking Water Act and indicate when 
groundwater may not be suitable for human consumption or when the aesthetic quality of 
groundwater may be impaired. Because it is the policy of the Environmental Quality 
Commission to maintain and preserve the highest possible water quality these reference 
and guidance levels should not be construed as acceptable groundwater quality. The 
groundwater rules [OAR 340-040-0030(4)] for permitted operations allows the Director to 
permit and grant variance for concentrations up to the numerical quality reference and 
guidance levels. 
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1.4.3 Indirect Potable Water Reuse Regulations in California  

This section summarizes the regulatory monitoring requirements for IPR according to the 
CDPH (2013), which defines two allowable forms of potable water reuse, surface 
application (i.e., surface spreading) and subsurface application (i.e., direct injection via 
injection wells). In general, the regulations for surface spreading require substantially less 
treatment and monitoring compared to subsurface application. The level of treatment 
applied for this CWS demonstration project is comparable to that used for a subsurface IPR 
project in California, and thus only the key CDPH regulations associated with subsurface 
application are reviewed here. 

1.4.3.1 TOC Requirements 

For both surface and subsurface applications of recycled water to a drinking water aquifer, 
CDPH requires low levels of total organic carbon (TOC), as defined in CDPH (2013). For 
groundwater injection projects that utilize MF or UF, followed by RO and UV AOP, 
100 percent injection (no dilution) may be permitted as long as the TOC is maintained at or 
below 0.5 mg/L, which is readily accomplished with functioning RO membranes. CDPH’s 
goal is to reduce the risk of trace pollutants by maintaining a very low TOC. 

1.4.3.2 Pathogen Control Requirements 

For both surface and subsurface applications of recycled water to a drinking water aquifer, 
CDPH requires pathogen control that achieves at minimum 12-log virus and 10-log 
protozoa (Giardia and Cryptosporidium) removal or inactivation (CDPH, 2013). In addition 
to the pathogen control required by CDPH for groundwater replenishment reuse, a target of 
9-log removal of total coliform is suggested to conform to the most recent industry 
recommendations, established by a panel of national experts convened by the National 
Water Research Institute in the context of WateReuse Research Foundation Project No. 
11-02, Equivalency of Advanced Treatment Trains for Potable Reuse (NWRI, 2013). This 
level of pathogen control is calculated to result in a 1 in 10,000 annual risk of infection due 
to consumption, which is in accordance with the EPA’s standard acceptable risk levels for 
waterborne pathogens. 

1.4.3.3 Treatment System Testing Requirements 

Table 1 provides a summary of the testing and monitoring requirements described in the 
CDPH (2013) for full-scale IPR facilities. These requirements are integrated into this 
particular CWS demonstration project, as detailed further on. 
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Table 1 Testing & Monitoring Requirements for Full-Scale IPR (CDPH, 2013) 
Parameter for Direct Injection 

Projects 
Startup Testing 
RO Weekly TOC 

AOP 
0.5-log removal of 1,4-dioxane 
OR Occurrence study for CECs 

Process Monitoring 

RO Continuous online monitoring  
(EC or TOC) 

AOP Continuous surrogate monitoring 
Water Quality Monitoring 
Total Nitrogen(1) 2 per week 
Regulated Contaminants(2)  Quarterly 
Priority Pollutants(3) Quarterly 
Chemicals with Notification Levels(4) Quarterly 
Chemicals “specified by CDPH” Quarterly 
Secondary Drinking Water Contaminants(5) Annual 
TOC Weekly4 
Notes: 
(1) Total nitrogen samples must not exceed 10 mg/L as N.. 
(2) Regulated contaminants include (table references from CDPH, 2013): The inorganic 

chemicals in Table 64431-A, except for nitrogen compounds; the radionuclide chemicals 
in Tables 64442 and 64443; the organic chemicals in Table 64444-A; the disinfection 
byproducts in Table 64533-A; and lead and copper. Copies of these tables are provided 
in Appendix B. 

(3) Priority Toxic Pollutants as specified by CDPH, which may include any of the “chemicals 
listed in the Water Quality Standards, Establishment of Numeric Criteria for Priority Toxic 
Pollutants for the State of California, and 40 CFR Part 131, Federal Register 65(97), May 
18, 2000, p. 31682” (CDPH, 2013).  

(4) Chemicals with California Notification Levels are listed in Appendix C. 
(5) Chemicals with secondary MCLs are listed in Appendix D. 
(6) Weekly TOC sample is collected as a 24-hour composite and must not exceed 0.5 mg/L. 

New RO membranes used for IPR must demonstrate a TOC of 0.2 mg/L or less at 
startup. 

1.4.4 Direct Potable Water Reuse Guidelines – New Mexico 

The New Mexico Environment Department (NMED) has contracted with the National Water 
Research Institute (NWRI) to form an expert panel to develop DPR guidelines for New 
Mexico. Further, the same NWRI expert panel is being asked to review and approve (if 
warranted) the DPR system under construction in the Village of Cloudcroft. The expert 
panel (Jim Crook, Joe Cotruvo, Andrew Salveson, Bruce Thompson, and John Stomp) has 
concluded the initial review of the Cloudcroft facility (based upon a 3-day site visit in May of 
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2014), met (Figure 3) and reviewed the public health risk from that facility, and made some 
initial conclusions regarding the particular facility. These preliminary findings include: 

x Treatment process is robust and sufficient to protect public health and meet risk 
standards (NWRI, 2013). 

x Additional process monitoring is recommended to improve confidence in the final 
product water: 
– Online TOC to monitor RO performance. 
– Online chloramines to monitor UV AOP performance. 
– Online CT to measure chlorination performance. 
– Offline microbial testing. 

x Operations and maintenance is key to success: 
– Training. 
– Retraining. 
– Staff Redundancy (small community). 
– Budgeting, this will be a large increase in O&M costs, and a budget is required 

to keep the system successfully operating. 

x Outreach and education are critical for project success. 

 

 

 

 

 

 

 

 

Figure 3 Photos from NWRI Expert Panel Site Visit to Cloudcroft, NM, including the 
expert panel meeting (left) and an RO train (right). 

1.4.5 Direct Potable Water Reuse Guidelines – National Panels  

Two national panels, again led by NWRI, have been assembled to evaluate DPR. The first 
panel’s work is complete and their findings have been published (NWRI, 2013). These 
findings include specific targets for pathogen reduction and trace pollutants: 

x From raw sewage to potable water, the treatment processes must provide 12-log 
virus reduction, 10-log Cryptosporidium reduction, and 9-log total coliform reduction. 
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These reductions account for extreme cases of pathogen outbreak in a community, 
and thus represent very conservative standards. 

x Chemical constituents based on criteria including (in order of decreasing preference, 
with EPA MCL the most preferred) the EPA MCL, World Health Organization Drinking 
Water Advisory Level, State MCL, State provisional level (e.g., California NL), de 
minimus concentration, de minimus dose, medical benchmark, and de minimus 
benchmark from secondary source (NWRI, 2013). Suggested chemicals were 
included because of health based concerns and for surrogate reasons. 

The second panel, tasked with Developing Potable Reuse Guidelines, is co-funded by the 
WateReuse Association. The work, in very early draft form, is being done by a group of 
seven experts, including George Tchnobanoglous, Joe Cotruvo, Jim Crook, Ellen 
McDonald, Shane Trussell, Adam Olivieri, and Andrew Salveson. 

1.4.6 Direct Potable Water Reuse Guidelines – Texas  
The State of Texas regulates water reuse through several methods, including the 
requirements for direct reuse (non-potable) described in Division 30 of the Texas 
Administrative Code Chapter 210 (30 TAC 210) and 30 TAC 321 Subchapter P (satellite 
facilities), and indirect reuse through the Texas Water Code Paragraph (TWC) 11.042 
governing bed and banks permits and TWC 11.046 governing return flows. The regulations 
for direct reuse include water quality requirement for Type I and Type II reclaimed water, 
which are both limited to non-potable uses, whereas the regulations governing indirect 
reuse do not include water quality requirements.  

Faced with an extreme need for additional water supplies in parts of the state, the Texas 
Commission on Environmental Quality (TCEQ) has been approving direct potable reuse 
projects, on a case-by-case basis in accordance with the innovative / alternative treatment 
clause in 30 TAC 290 that allows “any treatment process that does not have specific design 
requirements” listed in that chapter to still be permitted. Project approval by TCEQ is based 
on validation data from operation of a pilot or “full scale verification.” This second approval 
mode allows treatment facilities to be approved for construction without pilot data. The full-
scale facilities are then operated in pilot mode to collect the data necessary for final 
approval while finished water is sent to waste pending final approval by TCEQ to deliver 
water.   

Treatment requirements for direct potable reuse (DPR) are based on the achievement of 
pathogen log removal credits, which are awarded to treatment processes following 
conventional wastewater treatment, i.e. the advanced treatment that occurs at a facility like 
the RWPF and the treatment that follows, if any, at downstream water treatment plants. The 
current baseline log removal goals required by TCEQ are 8-log virus (9-log if achieved with 
chloramines), 6-log Giardia, and 5.5 log Cryptosporidium (Berg, 2014). However, these 
targets are evaluated on a case-by-case basis and may be adjusted by TCEQ depending 
on the water quality in the source water. 
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1.4.7 Proposed Treatment Performance Criteria for  for CWS pilot project to 
provide high purity water to use in the production of specialty beer  

The CWS treatment process and performance criteria are derived from the compilation of 
information from regulatory and performance criteria protective of human use. The process 
of producing beer will include boiling the water that will provide an additional level of 
protection. That additional disinfection credit is not included in this treatment and 
performance analysis. 

As reviewed above (NWRI, 2013), an independent advisory panel recommended regulatory 
criteria for potable reuse, as part of WateReuse Research Foundation project 11-02. Any 
treatment train capable of achieving these specific treatment goals is protective of human 
health (Trussell et al., 2013). The information in Tables 2 and 3 are adapted from Trussell 
et al. (2013), with the proposed regulatory criteria for microbial removal summarized in 
Table 2, and the proposed regulatory criteria for chemicals summarized in Table 3. The 
pilot treatment train, detailed in the next section, is designed to meet or exceed these 
recommended regulatory criteria.  
 
Table 2 Recommended Regulatory Criteria for Microbial Removal 

Requirements (reproduced from Trussell et al, 2013 Table 2.7). 
Microbial Group Criterion Sources Used for Criteria(3) 

Enteric Virus 12 log10 removal 
Surface Water Treatment Rule (USEPA 1989a), 
CDPH (2013), NRC (2012), NRMMA/EPHC/NHMRC 
(2008) 

Cryptosporidium spp.(1) 10 log10 removal USEPA (1998, 2006b), CDPH (2013), NRC (2012), 
NRMMA/EPHC/NHMRC (2008) 

Total Coliform Bacteria(2) 9 log10 removal US EPA Drinking Water Rule (USEPA 1989b), NRC 
(2012) 

Notes: 
(1) Addresses Giardia and other protozoa as well. 
(2) Addresses enteric pathogenic bacteria such as Salmonella spp. 
(3) See Appendix A from Trussell et. al (2013), pages 162-178, for complete reference list. 
 
Table 3 Recommended Regulatory Criteria for Maximum Concentration Levels of 

Chemicals in Effluent from Potable Reuse Treatment Trains (reproduced 
from Trussell et al 2013 Table 2.8). 

Chemical Group Criterion Rationale Sources Used for Criteria 
Disinfection byproducts that should be measured to evaluate treatment trains 

Trihalomethanes (THMs) 80 ug/L Prominent chlorination 
byproducts MCL 

Halogenated acetic acids 
(HAA5) 60 ug/L Polar group of chlorination 

byproducts MCL 

N-nitrosodimethylamine 
(NDMA) 10 ng/L Byproduct of chloramination CDPH notification level 

Bromate 10 ug/L Byproduct of ozonation MCL / WHO guideline 
Chlorate 800 ug/L Reflective of hypochlorite use CDPH notification level 
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Table 3 Recommended Regulatory Criteria for Maximum Concentration Levels of 
Chemicals in Effluent from Potable Reuse Treatment Trains (reproduced 
from Trussell et al 2013 Table 2.8). 

Chemical Group Criterion Rationale Sources Used for Criteria 
Non-regulated chemicals of interest from a public health stand point (if present in wastewater 
source) 
Perfluoro-octanoic acid 
(PFOA) 0.4 ug/L Known to occur, frequency 

unknown 
Provisional short-term US 

EPA Health Advisory 
Perfluoro-octane 
sulfonate (PFOS) 0.2 ug/L Known to occur, frequency 

unknown 
Provisional short-term US 

EPA Health Advisory 

Perchlorate 
15 ug/L 
6 ug/L 

Of interest, same analysis as 
chlorate and bromate 

US EPA Health Advisory 
California MCL 

1,4-Dioxane 1 ug/L 
Occurs at low frequency in 

wastewater, but likely to 
penetrate RO membranes 

CDPH notification level 

Ethinyl Estradiol 

None, close 
to detection 

limit if 
established 

Steroid hormone, should 
evaluate presence in source 

water. 
Bull et al. (2011) 

17-ß-estradiol 

None, close 
to detection 

limit if 
established 

Steroid hormone, should 
evaluate presence in source 

water 
Bull et al. (2011) 

Pharmaceuticals of potential health concern that should be useful to evaluate the effectiveness 
of organic chemical removal by treatment trains. 

Cotinine/Primidone/ 
Dilantin 

1/10/2 ug/L 
Surrogate for low molecular 

weight, partially charged 
cyclics 

Bruce et al. (2010); Bull et al. 
(2011) 

Meprobamate/ Atenolol 200/4 ug/L Occur frequently at the ng/L 
level Bull et al. (2011) 

Carbamazepine 10 ug/L Unique structure Bruce et al. (2010) 

Estrone 320 ng/L Surrogate for steroids 

Based on an increased risk 
of stroke in women taking the 

lowest dose of conjugated 
estrogens 

Other chemicals of potential health concern that should be useful to evaluate the effectiveness 
of organic chemical removal by treatment trains. 

Sucralose 150 mg/L 
Surrogate for water soluble, 

uncharged chemicals of 
moderate molecular weight 

CFR Title 12, revised 4/1/12

Tris[2-
chloroethyl]phosphate 
(TCEP) 

5 ug/L Chemical of interest Minnesota Department of 
Health (2011) guidance value

N,N-diethyl-meta-
toluamide (DEET) 200 ug/L Chemical of interest Minnesota Department of 

Health (2011) guidance value

Triclosan 2,100 ug/L Chemical of interest Risk-based action level 
(NRC, 2012) 
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2.0 TREATMENT SYSTEM 
The treatment train defined by NRC as providing the standard for potable reuse 
applications consists of secondary effluent from conventional wastewater treatment treated 
by MF or UF, RO and UV AOP (Trussell et al, 2013). These processes have been referred 
to as “Full Advanced Treatment”, or “FAT”. This treatment train is the only treatment 
approved by the California Department of Public Health for groundwater injection 
applications in the State of California (CDPH, 2013). Advanced treatment facilities using 
these technologies, such as the Orange County Water District’s (OCWD’s) Groundwater 
Replenishment System (GWRS), have been producing high quality potable water meeting 
all drinking water standards for many years.  The OCWD has been using variations of 
advanced treatment for potable reuse (groundwater recharge) since the 1960s, and 
currently uses the “FAT” technologies to inject 100 MGD of purified water, without dilution, 
into the groundwater basin for subsequent extraction for potable consumption. Figure 4 
illustrates the advanced treatment processes described as FAT. 

 
Figure 4 Conventional FAT (MF/RO/AOP) Potable Reuse Treatment Train 

The Australian Guidelines for Water Recycling (NRMMC/EPHC/NHMRC, 2008) summarize 
the performance of various unit processes for removal of enteric pathogens and microbial 
indicator organisms, as referenced in Table 4. As shown, the results in Table 4 demonstrate 
that the MF/UF, RO, and UV AOP processes will achieve the recommended microbial 
removal guidelines (reproduced from Trussell et al., 2013, Table 1.28 
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Table 4 Log Reductions for Enteric Pathogens and Indicator Organisms 

(NRMMC/EPHC/NHMRC, 2008, Linden et al., 2012, Reardon et al., 2005) 
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Secondary Wastewater Treatment 1.0 - 3.0 1.0 - 3.0 0.5 - 2.0 0.5 - 2.5 0.5 - 1.5 0.5 - 1.0

Microfiltration, Ultrafiltration 3.5 - >6.0 3.5 - >6.0 0.5 - >6.0 0.5 - >6.0 >6.0 >6.0 

Reverse Osmosis >6.0 >6.0 3-6.7 3-6.7 >6.0 >6.0 

Advanced Oxidation >6.0 >6.0 >6.0 >6.0 >6.0 >6.0 

Snyder et al. (2012) examined the concentrations of a wide range of trace organic 
compounds in secondary effluent and in effluent from the FAT process. Table 5 
(reproduced from Trussell et al., 2013, Tables 1.14 and 1.15) summarizes the results. 
Trussell et al. (2013) also compiled maximum concentration values from eight sources 
including the US EPA maximum contaminant levels, the Australian regulatory guidance 
values, the World Health Organization guidance values, the California Department of Public 
Health notification levels for potable reuse, other state notification levels, and peer-reviewed 
research publications. The minimum guideline value shown in Table 5 represents the most 
stringent limit of the eight sources examined.  

The chemical compounds in Table 5 cover a wide range of biological and physiochemical 
treatability, use classes and toxicological relevance. Despite this wide range of variables, 
there were no compounds in the final effluent of the systems examined that exceeded their 
respective maximum recommend values. Additionally, the concentrations are one to five 
orders of magnitude lower than the maximum recommended values. CWS has done some 
similar, though not as extensive, historical analysis of trace organic compounds in the FGF 
effluent. As part of SB737, the FGF tested for atrazine (<39 ng/L), carbamazapine (147 
ng/L), DEET (103 ng/L), ibuprofen (<2470 ng/L), musk ketone (<1000 ng/L), and Triclosan 
(<4940 ng/L). For the two detected chemicals (carbamazapine and DEET), the 
concentrations were similar to the values in Table 5. For all analyzed compounds, the 
concentrations were well below health standards. 

Trussell et al (2013) also provides a summary of Typical NEWater Quality (Singapore) 
compared against US EPA and World Health Organization Guidelines (WHO). For 
perspective, the NEWater facility, which utilizes MF, RO, and UV (but no H2O2), provides 
less treatment than the CWS demonstration treatment system, as the CWS provides UF in 
place of MF and does a very high dose UV system with H2O2 for advanced oxidation. The 
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NEWater process utilizes UV for disinfection only. Table 6 is reproduced from Trussell et al 
(2013) and summarizes the NEWater quality from March 2003 through May 2007, showing 
that Singapore’s NEWater system consistently exceeds US EPA and WHO guidelines. 

2.1 Demonstration Scale Ultrafiltration 

MF and UF remove particulates using polymeric, pressure-driven membranes with nominal 
pore sizes of 0.1 um for MF and 0.01 um for UF. The CWS process uses 0.04 um 
ultrafiltration membranes from Evoqua. The turbidity of the filtered water will be reduced to 
approximately 0.1 NTU with this membrane. Through size exclusion, the UF membranes 
remove bacteria, protozoan, and viral pathogens (Cheryan, 1998, USEPA, 2005, WERF, 
2005). The membranes also pretreat the water prior to RO. CDPH grants virus removal 
credit for UF on the basis of smaller pore size than MF. UF is noted for constant product 
quality regardless of the source water, providing a significant advantage over traditional 
water treatment methods. 
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Table 5 Effluent Concentration of Indicator Trace Organic Compounds in Secondary Wastewater Effluent and in the 
Effluent from the FAT Process 

   

Target Compound Use of Target Compound 

Secondary 
Wastewater 
Treatment(1) 

(ng/L) 

MF-RO-
UV/H2O2

(2) 
(ng/L) 

Maximum 
Recommended 

Value(3) 
(ng/L) 

Atenolol pharmaceutical, beta blocker 710 <25 70,000 
Atrazine Herbicide 28 <10 1,000 
Bisphenol A plastics additive <50 <50 200,000 
Carbamazepine pharmaceutical, anti-convulsant 140 <10 1,000 
DEET insect repellant 54 <25 2,500,000 
Diclofenac pharmaceutical, nonsteroidal anti-inflammatory drug 62 <25 1,800 
Gemfibrozil pharmaceutical, lipid regulating agent 31 <10 45,000 
Ibuprofen pharmaceutical, pain reliever <25 <25 400,000 
Meprobamate pharmaceutical, anti-anxiety medication 41 <10 260,000 
Musk Ketone fragrance additive <100 <100 350,000 
Naproxen pharmaceutical, pain reliever <25 <25 220,000 
Phenytoin pharmaceutical, anti-convulsant 110 <10 6,800 
Primidone pharmaceutical, anti-convulsant 67 <10 10,000 
Sulfamethoxazole pharmaceutical, antibiotic 570 <25 35,000 
Triclosan biocide 26 <25 350 
Trimethoprim pharmaceutical, antibiotic 280 <10 70,000 
TCEP fire retardant 540 <200 1,000 
Notes: 
(1) Data reproduced from Trussell et al (2013) Table 1.14 (page 41). 
(2) Data reproduced from Trussel et al (2013) Table 1.15 (page 42). 
(3) Recommended regulatory contaminant level by Trussell et al (2013). 
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Table 6 Typical NEWater Characteristics 
   

Compound Unit NEWater 
EPA/WHO Guideline 

Value(2) 
Color Hazen Units < 5 15 
pH pH units 7.3 – 7.6 6.5 – 8.5 
Conductivity S/cm 59 – 75 - 
Alkalinity mg/L as CaCO3 9 – 30 - 
Total Dissolved Solids mg/L 36 – 49 500 
Hardness mg/L as CaCO3 0.33 – 0.45 - 
Fluoride mg/L 0.13 – 0.20 1.5 
Nitrite mg/L as N 0.02 – 0.07 0.06 – 0.91 
Nitrate mg/L as N 1.1 – 1.6 10 
Ammonia mg/L as N 0.14 – 0.35 1.2 (aesthetic) 

Chloride mg/L 1.5 – 7.6 250 
Turbidity NTU < 0.1 < 0.3 for 95% of samples 
Aluminum mg/L < 0.02 0.05 – 0.2 
Iron mg/L < 0.003 0.3 
Manganese mg/L < 0.003 0.05 
Sulfate mg/L as SO4 0.14 – 0.19 250 
Zinc mg/L < 0.004 3 
Silica mg/L 0.68 – 1.6 - 
Phosphate mg/L as P 0.05 – 0.07 - 
Sodium mg/L 11.5 – 17 200 
Total organic carbon mg/L 0.05 – 0.07 - 
Total coliforms number/100 mL ND - 
Fecal coliforms number/100 mL ND - 
C. perfringens CFU/100 mL ND - 
Male-specific coliphage PFU/100 mL ND - 
Enterovirus present/absent ND - 

Notes: 
(1) Data reproduced from Trussell et al (2013) Table 1.35 (page 86). 
(2) Lowest published limit of either US EPS or WHO. 
(3) CFU = colony forming unit; PFU = plaque forming unit; ND = non-detect. 

2.2 Demonstration Scale Reverse Osmosis  

RO uses a semi-permeable polymeric membrane to remove dissolved substances from 
water that passes through the RO membrane by diffusion facilitated by high pressure. 
Dissolved substances are separated from the water because they diffuse through the 
membrane material much – in many cases several orders of magnitude – more slowly than 
the water. RO is commonly used to remove salt from ocean water to create drinking water 
and also will remove salts from the wastewater. RO removes common chemical 
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constituents as well as the majority of trace pollutants found at the ng/L level (Brown, 2010), 
a significant portion of the dissolved organic matter and trace chemical substances of 
human health concern (Trussell et al., 2013), and pathogens remaining after UF. CDPH 
grants pathogen log removal credits based upon the accuracy of RO online performance 
monitoring. Conventional RO online monitoring is for either total organic carbon (TOC) or 
electrical conductivity (EC), both of which can demonstrate about 1.5 to 2-log reduction of 
TOC/EC. RO has been shown to provide 4+ log removal of pathogens (up to 6-log).   

2.3 Demonstration Scale UV Advanced Oxidation  

Advanced oxidation can be performed with various treatment processes. This 
demonstration project uses the standard high dose UV system (approximately 800 mJ/cm2, 
provided by Trojan) and a hydrogen peroxide (H2O2) dose of 10 mg/L (dosed ahead of the 
UV). The UV AOP provides destruction of small, non-charged dissolved substances that 
may pass through the RO membrane, particularly nitrosamines including NDMA (N-
nitrosodimethylamine) and 1,4-dioxane. Because NDMA and 1,4-dioxane are prevalent in 
wastewater at trace but measureable concentrations, the NWRI (2013) suggests using 
them as tracers to demonstrate removal of a wider range of pollutants that may pass 
through RO at trace concentrations. NDMA and other nitrosamines are removed effectively 
through photolysis with ultraviolet (UV) light, whereas 1,4-dioxane and other organic 
compounds are removed effectively through hydroxyl radical chemistry by adding H2O2 
ahead of the UV system. The UV AOP also provides substantial disinfection due to the high 
UV dose. 

3.0 TREATMENT RESULTS 
The results of testing are examined first in a process-by-process fashion, detailing the 
performance of each treatment system in isolation. Following that discussion is a summary 
of final product water quality, which is a demonstration of the combined treatment 
performance. 

3.1 Primary and Secondary Treatment (Full-Scale) 

No new data have been collected for the removal of virus or protozoa through the Clean 
Water Services FGF primary and secondary processes. The literature provides guidance on 
conservative removal estimates for pathogens, as reviewed here. 

Table 2-3 of USEPA (1986) lists 10 to 35 percent removal of bacteria and less than 10 
percent removal of virus through primary treatment. Protozoa removal through primary 
treatment is not listed. The same table (2-3) includes bacteria and virus removal 
percentages for secondary treatment, showing 90 to 99 percent removal of bacteria and 76 
to 99 percent removal of virus.  
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Table 2 of Francy et al. (2012) demonstrated 99 percent to 99.98 percent removal of 
bacteria and 88 percent to 99.9995 percent removal of various virus and coliphage through 
primary and secondary treatment. The single data set with any data below 90 percent 
removal, which was for adenovirus, showed removal ranging from 88 percent to 99.93 
percent with a median removal of 99.8 percent. 

The most recent CDPH approval of pathogen removal credits for combined primary and 
secondary treatment was obtained by the Water Replenishment District of Southern 
California (WRD, 2013). That document relied upon risk analysis data presented by Olivieri 
et al. (2007) which was developed based upon research by Rose et al. (2004). Rose et al. 
(2004) defined the range of bacteria, enterovirus, Cryptosporidium, and Giardia removal 
through six different full scale wastewater treatment plants. The raw data from that work is 
reported by Olivieri et al. (2007). At WRD (2013), the secondary process pathogen removal 
credits were based upon the data from two of the six tested secondary process 
configurations. Specifically, two of the secondary process trains (Facilities C and D, with 
solids retention times (SRTs) of 1.6 to 2.7 days and 3 to 5 days, respectively) had SRT 
values less than the secondary process feeding the WRD advanced treatment system (>9 
days), and thus are presumed to be conservative estimates of performance. Per CDPH 
request, WRD (2013) used the lower 10th percentile values calculated for each pathogen, 
resulting in 1.9 log reduction of enterovirus, 1.2 log reduction of Cryptosporidium, and 0.8 
log reduction of Giardia. Note that our analysis of the same data set found one data 
translation error, but the overall impact on the log reduction credits is minimal.  

Thus, through full-scale primary treatment and secondary treatment, the combined 
pathogen reduction is shown below. As we add on multiple treatment barriers, this same 
graphic will be expanded to show the total combined treatment. 

 Virus Giardia Crypto 

Primary/Secondary 1.9 0.8 1.2 

Total 1.9 0.8 1.2 
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Table 7 Pathogen Reduction Values Through Primary and Secondary 
Treatment (from Rose et. al., 2004) 

  
Lower 10th percentile values Log Reduction 

SRT Facility Enterovirus Giardia Crypto 
1.6-2.7 C 1.8 2.6 1.25 

3-5 D 2.05 1.35 1.4 

3.5-6 B 1.95 2.45 1.6 

6-8 A 1.65 0.8 0.7 

8.7-13.3 E 1.75 2.6 1.9 

8-16 F 2.6 0.9 0.25 

1.6-16 ALL 1.85 0.8 1.2 
50th percentile values Log Reduction 

SRT Facility Enterovirus Giardia Crypto 
1.6-2.7 C 2.05 3.05 1.65 

3-5 D 2.5 1.9 2.6 

3.5-6 B 2.25 2.6 1.9 

6-8 A 2.1 1.6 1.1 

8.7-13.3 E 2.2 2.8 2.1 

8-16 F 2.75 1.1 0.95 

1.6-16 ALL 2.3 2.6 1.6 

3.2 UV Disinfection (Full-Scale) 

The advanced treatment demonstration system is downstream of the existing full-scale UV 
disinfection system (Figure 5), which is a Trojan UV4000, designed to keep fecal coliform 
counts below the permit level of 126 E. coli MPN/100mL. The FGF has a long track record 
of meeting this permit goal, with effluent E. coli counts typically at or below 20 MPN/100mL. 
As shown in Figure 6, undisinfected concentrations of E. coli range from 4,000 to 40,000 
MPN/100mL. To routinely achieve  20 MPN/100mL requires 2.3 to 3.3 log reduction. On 
5/5/14, a series of samples were collected from the UV influent and UV effluent for total 
coliform. The set of 10 paired samples indicated 3.6 to 4.7 log reduction of total coliform by 
UV. 

This performance data can be readily translated to UV dose, which can then be used to 
estimate virus and protozoa disinfection. Figure 6 includes three bench-top collimated beam 
UV studies performed on FGF undisinfected secondary effluent. As shown in Figure 5, 
attaining an E. coli count of 20 MPN/100mL correlates to a UV dose of at least 15 mJ/cm2.  
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Figure 5 Full-Scale UV4000 at the FGF 

 

 
Figure 6 Bench-top Collimated Beam UV Test Results for the FGF 

The final step in the data analysis is the correlation of dose to virus and protozoa reduction. 
Table 8 shows the UV dose targets for Giardia, Cryptosporidium (Crypto), and virus 
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inactivation credits as defined by the LT2ESWTR (USEPA 2006a). For a UV system 
providing a dose of 15 mJ/cm2, it is reasonable to expect 3.5-log reduction of 
Cryptosporidium and Giardia. The dose is insufficient to provide a similar level of 
inactivation of adenovirus. Note that adenovirus is the most resistant virus to UV 
disinfection; hence it’s inclusion in USEPA (2006a).  Subsequent processes, including UF, 
RO, and the very high UV dose processes all provide for robust virus (including adenovirus) 
kill/reduction.  

 

Table 8 UV Dose Targets for Log Inactivation Credit, mJ/cm2 (USEPA, 2006a)
   

Target 
0.5-
log 

1.0-
log 

1.5-
log 

2.0-
log 

2.5-
log 

3.0-
log 

3.5-
log 

4.0-
log 

Crypto 1.6 2.5 3.9 5.8 8.5 12 15 22 

Giardia  1.5 2.1 3 5.2 7.7 11 15 22 

Adenovirus  39 58 79 100 121 143 163 186 

Thus, through full-scale primary treatment, secondary treatment, and UV disinfection, the 
combined pathogen reduction is: 

 Virus Giardia Crypto 

Primary/Secondary 1.9 0.8 1.2 

Full-Scale UV 0 3.5 3.5 

Total 1.9 4.3 4.7 

3.3 Ultrafiltration (Demonstration Scale) 

For this demonstration project, UF was chosen instead of MF, as UF has a smaller pore 
size compared to MF, resulting in greater rejection of all pathogens of concern. UF provides 
substantially more removal of virus compared to MF based upon this pore size differential 
(Table 9). The UF pilot unit, capable of producing up to 4 gpm, was supplied by Evoqua 
(Figure 7). 
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Table 9 Pathogen Sizes (Brock et al., 1997, Strauss and Sinsheimer, 1963, 
McCuin and Clancy, 2006, Meyer and Jarroll, 1980, Singleton, 1999) 
High Purity Water Project 
Clean Water Services 

Size Range, um 
Protozoa 2 to 200 (Giardia - 6 to 14 um) (Cryptosporidium – 3 to 8 um) 

Bacteria 
0.1 to 15 (E. coli 0.25 um dia X 2 um long)  
(Salmonella 0.7-1.5 um dia X 2-5 um long)  

Enteric Virus 0.01 um to 0.1 um 
MS-2 0.027 um 
UF 0.01 um nominal pore size for FGF UF Demo 

 
Figure 7 Demonstration Scale Evoqua UF at the FGF 

3.3.1 Pressure Decay Tests 

Pressure decay testing, also called membrane integrity testing (MIT), was repeated multiple 
times prior to the start of treatment system analysis. The goal of the initial MIT was to 
ensure system performance and provide a baseline membrane integrity with the new 
membranes. During all subsequent test events, the MIT was measured both at the start and 
at the end of the day of testing. For future batch production, MITs will again be run before 
and after batching of purified water as a measure of quality control (further detailed at the 
end of this document). 

Some explanation of the MIT test is needed. The integrity of the membrane is determined 
based upon an air pressure test in which the membranes are pressurized with air, then put 
in a “hold” mode in which the air slowly leaks from the membranes. Too fast a leak means 
that the membrane has been compromised. For this Evoqua UF membrane, as is the case 
with many MF and UF systems, the manufacturer recommended that MIT values remain at 
or below 0.3 psi/min. 
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During equipment startup, the MIT was repeatedly run, and initial results were outside of 
the recommended 0.3 psi/min (or less) tolerance. Coinciding with the higher MIT results 
were measurements of increased turbidity in the UF effluent (Figures 8 and 9). Working 
with the manufacturer, CWS staff adjusted the fittings on the membrane cartridge, resulting 
in MITs meeting the optimum performance criteria, well below 0.3 psi/min, as shown in 
Figures 10 and 11. These results confirm system performance and demonstrate how the 
MIT and turbidity readings can be used to track and ensure continued UF performance. 

 
Figure 8 MIT Failure During UF Startup 

 
Figure 9 UF Effluent Turbidity Values During MIT Failure Event 
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Figure 10 UF MIT Results at Startup  

 
Figure 11 UF Influent and Effluent Turbidity During Startup 

For the two days of intensive demonstration testing, 4/28/14 and 4/29/14, MIT was done 
twice per day (morning and evening). Those results were, in chronological order, 0.103, 
0.044, 0.042, and 0.146 psi/min. 

3.3.2 Turbidity 

The turbidity data during startup are shown in the prior section. The UF effluent turbidity 
values, prior to the two-day demonstration testing, ranged from 0.07 to 0.15, with an 
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average value of 0.10 NTU. For the two days of intensive demonstration testing, 4/28/14 
and 4/29/14, UF filtrate (effluent) turbidity was sampled 5 times per day. For 4/28/14, the 
filtrate turbidity average values (based upon triplicate analysis) were 0.11, 0.08, 0.08, 0.07, 
and 0.07 NTU. For 4/29/14, the filtrate turbidity average values (based upon triplicate 
analysis) were 0.07, 0.08, 0.08, 0.09, and 0.08 NTU. 

3.3.3 Particle Removal 

On the days of demonstration testing (4/28/14 and 4/29/14), UF influent and effluent 
samples were taken for particle size distribution (PSD) analysis. The analysis was done 
with Carollo’s optical particle sizer/counter (PSS AccuSizer 780/SIS), with a sensitivity 
down to approximately 1 micron. UF influent and UF effluent samples were taken (10 data 
sets), and the log reduction results for particles in the size range of bacteria and protozoa 
are presented in Figure 12. The data suggest a greater than 2 log reduction of protozoa 
and a greater than 1.5 log reduction of bacteria. As subsequent testing of virus removal 
indicates, performance of the UF exceeded these estimations made by particle reduction, 
suggesting that the PSD analysis method is insufficiently sensitive and conservative to 
estimate removal of protozoa and bacteria. The PSD analysis is not able to detect particle 
removal in the size range of virus.  

 
Figure 12 Log Reduction of Particles in the Size Range of Protozoa and Bacteria 

3.3.4 Total Coliform Removal 

Total coliform removal across the UF membrane was done as part of the demonstration 
testing. Figure 13 illustrates the results, with between 0.5 and 1.4 log reduction.  
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Figure 13 Log Reduction of Total Coliform Across UF 

3.3.5 Virus Removal 

The bacteriophage MS2 was used as a surrogate for enteric virus that may be present in 
the secondary effluent. MS2 is similar in size to virus, and smaller than protozoa and 
bacteria. Hence, it represents a conservative surrogate for removal by filtration. 

The log removal of virus across the UF system was demonstrated by continuously seeding 
(as opposed to a pulsed spike) the UF influent with a high concentration of MS2 and 
measuring the removal of MS2 virus in the UF effluent. The MS2 injection location is 
located upstream of the UF process. The influent sampling port is downstream of the 
injection location after a few pipe bends, and the effluent sampling port is downstream of 
the UF. 

Prior to MS2 testing, a tracer test was run to document the time for a seeded compound (or 
MS2) to move from the dosing location through the reactor to the effluent sampling location. 
The tracer that was used for the UF testing was a UV transmittance modifier, which allows 
the project team to sample for and measure UVT at the influent and effluent sampling ports. 
Following the tracer study, the MS2 was injected ahead of the UF and the appropriate time 
interval was allowed to pass between the start of seeding and sampling of UF influent and 
UF effluent. The virus rejection is shown in Figure 14, consistently 4.7 log reduction 
(99.998%) for all tests. These values are within the reported values in the literature 
referenced previously. 
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Figure 14 Reduction of Seeded MS2 (Virus) Through UF 

3.3.6 Summary of UF Performance for Pathogen Reduction 

The overall performance of the UF is best illustrated by the rejection of seeded MS2, with 
~4.7 log reduction. Because protozoa are larger than MS2, 4.7 log reduction of protozoa 
can also be assumed based upon these results. The MIT results indicate that the UF 
integrity was and is not compromised. Turbidity results provide a quality check on the MIT 
results. Particle counts are helpful, but not sensitive enough to measure the true log 
reduction of pathogens. 

To this point, the multiple barriers of treatment are providing a robust level of pathogen 
removal, as shown below. 

 Virus Giardia Crypto 

Primary/Secondary 1.9 0.8 1.2 

Full-Scale UV 0 3.5 3.5 

Pilot-Scale UF 4.7 4.7 4.7 

Total 6.6 9.0 9.4 

3.4 Reverse Osmosis (Demonstration Scale) 

While RO is technically a “semi-permeable membrane”, constituents smaller 0.1 to 1 nm 
can pass through RO (Khulbe et. al., 2008, Kogutid and Kunst, 2002). A visual presentation 
of membrane pore size, and the constituents that can be removed by different membranes, 
can be found at 



 

June 2014 - DRAFT 30 
pw://Carollo/Documents/Client/OR/Clean Water Services/9158E00/Deliverables/HighPurityDemoRpt.docx 

http://www.sswm.info/sites/default/files/toolbox/RADCLIFF%202004%20Filtration%20Spect
rum.png. 

The RO process provides four critical roles in the purification of reclaimed water, all driven 
by the ability to remove extremely small compounds, chemicals, and pathogens. First, RO 
removes salts. Second, RO removes bulk organic matter (measured as Total Organic 
Carbon, TOC). Third, it removes pathogens. Fourth, RO removes trace pollutants. Each of 
these is reviewed below. The pilot unit, capable of producing ~1.1 gpm of RO permeate, 
was supplied by Evoqua (Figure 15). 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 Demonstration Scale RO (with CWS Staff) 

3.4.1  Electrical Conductivity 

The demonstration scale RO system was equipped with online electrical conductivity (EC) 
meters on the influent and the effluent of the RO system. EC has a linear relationship with 
the total dissolved solids (TDS) in water, but that ratio is site specific. For one utility, the 
Santa Clara Valley Water District (SCVWD, California), TDS in mg/L is 57 percent of the EC 
value. For this demonstration project, the influent and effluent EC is plotted in Figure 16. EC 
removal is best examined from the standpoint of log reduction, and for CWS the log 
reduction ranged from 1.59 to 1.66. Typical EC log reduction witnessed as part of IPR 
projects in California have shown a range from 1.5 to 2.0 log reduction. Specific examples 
include the SCVWD (1.65 log) and the City of Los Angeles (1.5 log), both from unpublished 
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data sets. From a long-term monitoring standpoint, the CWS team will be watching the log 
reduction of EC for a downward trend, which would suggest a compromised RO membrane. 

Within California, the CDPH has determined that because of the small size of salts, that the 
log reduction of EC provides a conservative measure of pathogen reduction performance 
from RO. Said another way, for the CWS RO system, at least 1.6 log reduction of all 
pathogens can be assumed through RO. 

 
Figure 16 Log Reduction of EC by RO 

3.4.2  Total Organic Carbon 

The RO process will reject the majority of total organic carbon present in the UF filtration. 
Similar to EC, the CDPH allows for TOC log reduction to be used as a surrogate for 
pathogen reduction by RO. As shown in Figure 17, the reduction in TOC shows a  similar 
pattern to the reduction of EC, with 1.74 to 1.61 log reduction. The TOC reduction from this 
demonstration is consistent with other research. For example, WateReuse Research 
Foundation Project 11-02 (Gerringer et. al., 2014) showed TOC reduced from 5 mg/L to 0.1 
mg/L, a log reduction of 1.7. 
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Figure 17 Log Reduction of TOC by RO 

3.4.3 Virus Reduction 

Similar to the UF analysis, MS2 was seeded ahead of the RO system, subjected to mixing, 
then sampled at the RO influent and RO effluent. The necessary time between the start of 
seeding (again, a continuous seed instead of a pulsed spike) was also determined, but this 
time using a salt tracer and monitoring the time for RO influent and effluent EC to change. 
The RO system provided robust removal of MS2, with 4.3 log reduction as shown in Figure 
18. These values are within the reported values in the literature referenced previously. .  

 
Figure 18 Log Reduction of Virus by RO 
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3.4.4 Summary of RO Performance for Pathogen Reduction 

Both the TOC and EC data support a well-functioning RO membrane. The log removal of 
seeded MS2 was consistently 4.3 log (99.995). Because protozoa are larger than the MS2, 
a minimum of 4.3 log reduction of protozoa through RO can also be assumed. 

The addition of RO to the already robust upstream treatment provides for even further 
reduction of pathogens.. 

 Virus Giardia Crypto 

Primary/Secondary 1.9 0.8 1.2 

Full-Scale UV 0 3.5 3.5 

Pilot-Scale UF 4.7 4.7 4.7 

Pilot-Scale RO 4.3 4.3 4.3 

Total 10.9 13.3 13.7 

3.5 UV Advanced Oxidation (Demonstration Scale) 

The UV AOP has three main purposes in polishing the purified water. First, a few very small 
non-polar chemicals can pass through RO membranes. Some of these small pollutants are 
best destroyed by UV photolysis, NDMA being one example. High dose UV is very effective 
at NDMA destruction, with a dose of 1000 mJ/cm2 resulting in 1-log reduction (Sharpless 
and Linden, 20031). The second value of UV AOP is the advanced oxidation process, as 
some of the small trace level pollutants are resistant to UV photolysis, but can be destroyed 
through advanced oxidation. The addition of an oxidant, such as H2O2, turns the high dose 
UV reactor into such an advanced oxidation process (AOP), with the UV light cleaving the 
H2O2 molecule resulting in the formation of hydroxyl radicals. The hydroxyl radical is very 
effective for the oxidation of trace pollutants, and the reactivity of the hydroxyl radical for a 
range of pollutants is well documented (Figure 19, Hokanson et. al., 2011). Third and 
finally, UV is a robust disinfectant, as defined by USEPA (2006a). The high dose UV 
demonstration unit, provided by Trojan Technologies, is shown in Figure 20. The H2O2 
dosing (tank and pump) are not shown in this photo. 

3.5.1 NDMA Destruction 

NDMA is one of a few constituents that can pass through RO. Over the two days of 
intensive testing, RO permeate concentrations of NDMA ranged from 41-57 ng/L (Day 1, 
4/28/14) to 540-640 ng/L (Day 2, 4/29/14). For both of these days, the high dose UV 
                                                 
1 Work by Sharpless and Linden (2003) is widely used incorrectly in the industry. The incorrect 
interpretation is that a UV dose of ~400 mJ/cm2 provides 1-log reduction of NDMA. As a point of fact, 
that work demonstrated that ln(NDMA/NDMA0) = -1 for a UV dose of ~400 mJ/cm2, which is very 
different than 1-log removal [(log NDMA0)-log (NDMA)] of NDMA at that same dose. 
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system, running with two reactors in series, reduced the NDMA concentration to below 
detection (<2 ng/L), as shown in Table 10. The log reduction of NDMA ranged from >1.31 to 
>2.51, noting that the performance is greater than the listed values due to the non-detect of 
NDMA in all High Dose UV effluent samples. The delivered dose for the High Dose UV 
system can be estimated based upon the NDMA destruction, as the correlation between 
NDMA destruction and UV dose is well defined (Sharpless and Linden (2003)). The 
demonstration unit UV dose is > 2500 mJ/cm2, well in excess of the dose employed for IPR 
projects in California, which range from 500 to 1000 mJ/cm2. 
 
 

 
 
 
 

 

 

 

 

 
Figure 19 Hydroxyl Radical Reaction Rates for Various Trace Pollutants (Hokanson et. 

al., 2011, figure courtesy of Trussell Technologies) 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 20 High Dose UV Reactors (two in series) from Trojan Technologies 
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Table 10 NDMA Destruction by High Dose UV 

 
RO Permeate Concentration, ng/L High Dose UV Effluent Concentration, ng/L 

57 (Day 1) <2 
40 (Day 1) <2 
41 (Day 1) <2 
48 (Day 1) <2 
43 (Day 1) <2 

Not sampled (Day 2) <2 
540 (Day 2) <2 
640 (Day 2) <2 
600 (Day 2) <2 
540 (Day 2) <2 

3.5.2 Trace Pollutant Destruction with UV AOP 

For this demonstration system, the H2O2 dose was set to 10 mg/L, far in excess of the 
industry standard of 3 mg/L (as used by the Orange County Water District). This high dose 
of H2O2 coupled with the high dose of UV >2500 mJ/cm2, will result in substantial hydroxyl 
radical formation and would be expected to destroy the oxidizable constituents in the RO 
permeate to below detection at the ng/L level. For this demonstration project, the removal of 
trace pollutants was not specifically measured across the High Dose UV system, but it was 
measured in the finished water, as reviewed in a subsequent section. As expected, the high 
H2O2 and high UV dose resulted in a finished water with no detectable trace pollutants. 

3.5.3 UV for Pathogen Reduction 

The finished water was consistently non-detect for total coliform, as would be expected for 
a UF/RO/UV AOP treatment train. Measurement of a lack of total coliform does 
demonstrate effective disinfection.  Because the results are not detectable it is not possible 
to calculate  the log removal rate. However, the very high log removal of NDMA >2.51 
correlates to a UV dose of >2500 mJ/cm2 (Sharpless and Linden (2003)). Such a high dose 
results in a large amount of pathogen kill, as shown previously in Table 9. The USEPA 
table, created for drinking water UV disinfection, only extends to 4-log removal, with a UV 
dose of 22 mJ/cm2 required for 4-log of Cryptosporidium and Giardia, and a UV dose of 186 
mJ/cm2 required for 4-log of adenovirus. For a dose of 2500 mJ/cm2, the log reduction of all 
pathogens would be an order or magnitude higher. However, CDPH (2013) has determined 
that no single process should receive more than 6-log credit, directing utilities and projects 
to employ multiple barriers for pathogen control. Following that conservative logic, we 
conservatively identified  that the High Dose UV system part of this demonstration project 
as 6-log removal credit for all pathogens. 
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The addition of the final disinfection step, high dose UV, results in a dramatically high level 
of disinfection.  

 Virus Giardia Crypto 

Primary/Secondary 1.9 0.8 1.2 

Full-Scale UV 0.0 3.5 3.5 

Pilot-Scale UF 4.7 4.7 4.7 

Pilot-Scale RO 4.3 4.3 4.3 

Pilot-Scale UV 6.0 6.0 6.0 

Total 16.9 19.3 19.7 

3.6 Summary of Total Pathogen Removal 

The total reduction of pathogens through the full-scale FGF and the demonstration-scale 
advanced treatment systems is summarized in Table 11. The target log reduction of virus, 
Giardia, and Cryptosporidium of 12, 10, and 10, respectively has been met and exceeded 
as part of this demonstration testing. A comparison of performance can be made based 
upon Texas standards for DPR, as also shown in Table 11. As with the comparison with 
California standards, the results of this project demonstrate protection of public health. 
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Table 11 Log Disinfection Performance for the FGF and Advanced Treatment 

System Compared to CA IPR and Texas DPR Standards 
 

Standard 

Primary and 
Secondary 
Treatment 

Full-
Scale 

UV 
Demo 

UF 
Demo 

RO 
Demo 

UV/H2O2

Total 
Credits

California IPR Standards (CDPH, 2013) 
log viruses - 

California 12 1.9 0 4.7 4.3 6 16.9 

log Giardia cysts - 
California 10 1.2 3.5 4.7 4.3 6 19.7 

log Cryptosporidium 
oocysts - California 10 0.8 3.5 4.7 4.3 6 19.3 

Texas DPR Standards (Berg, 2014) 

log viruses - Texas 8 No credit No 
credit 4.7 4.3 6 15.0 

log Giardia cysts - 
Texas 6 No credit No 

credit 4.7 4.3 6 15.0 

log Cryptosporidium 
oocysts - Texas 5.5 No credit No 

credit 4.7 4.3 6 15.0 

3.7 Finished Water Quality 

3.7.1  Trace Chemicals 

The finished water quality was sampled for an extensive list of chemicals, as shown in 
Tables 12 through 18. Note the specific units used in the table, as some are measured in 
mg/L, others in ug/L, and still others in ng/L. These results, when compared back to Table 3 
(effective treatment) and the drinking water requirements defined in OAR 333-061 (OAR, 
2008), demonstrate that the finished water quality meets the treatment goals and public 
health standards. 

3.7.2  Microbiology 

Similar to the trace chemicals, all finished water microbiological analysis resulted in non-
detect (Table 19), including tests for total coliform, heterotrophic plate counts, Legionella, 
Giardia, and Cryptosporidium. 
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Table 12 Inorganic Chemicals (as listed in Table 1 of OAR 333-061-0030) 
 

Constituent Unit FW#1 (April 28) FW #2 (April 28) FW#3 (April 29) FW#4 (April 29) MCL/Action Level, mg/l MRL, mg/L 
Antimony mg/L� ND� ND� ND� ND� 0.006� 0.001�
Arsenic mg/L� ND� ND� ND� ND� 0.01� 0.001�

Asbestos MFL� ND� ND� ND� ND� 7�MFL� 0.2�

Barium mg/L� ND� ND� ND� ND� 2� 0.002�
Beryllium mg/L� ND� ND� ND� ND� 0.004� 0.001�
Cadmium mg/L� ND� ND� ND� ND� 0.005� 0.0005�
Chromium mg/L� <0.0004� <0.0004� <0.0004� <0.0004� 0.1� 0.0004�
Copper mg/L� ND� ND� ND� ND� 1.3��(Action�Level)� 0.002�
Cyanide mg/L� ND� ND� ND� ND� 0.2� 0.025�
Fluoride mg/L� ND� ND� ND� ND� 4� 0.05�
Lead mg/L� ND� ND� ND� ND� 0.015��(Action�Level)� 0.0005�
Mercury mg/L� ND� ND� ND� ND� 0.002� 0.0002�

Nickel mg/L� ND� ND� ND� ND� MCL�being�reͲevaluated�by�
EPA� 0.005�

Nitrate (as N) mg/L� 0.227� 0.222� 0.139� 0.123� 10� 0.005�

Nitrite (as N) mg/L� <0.005� <0.005� <0.005� <0.005� 1� 0.005�
Total Nitrate + Nitrite (as N) mg/L� 0.227� 0.223� 0.139� 0.123� 10� 0.01�
Selenium mg/L� ND� ND� ND� ND� 0.05� 0.005�
Thallium mg/L� ND� ND� ND� ND� 0.002� 0.001�

Note: 
1. MFL = million fibers per liter longer than 10 um. 
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Table 13 Synthetic Organic Chemicals (as listed in Table 2 of OAR 333-061-0030) 

 
Constituent Unit FW#1 (April 28) FW #2 (April 28) FW#3 (April 29) FW#4 (April 29) MCL/Action Level, mg/l MRL, mg/L 

Alachlor mg/L� ND� ND� ND� ND� 0.002� 0.00005�
Atrazine mg/L� ND� ND� ND� ND� 0.003� 0.00005�
Benzo(a)pyrene mg/L� ND� ND� ND� ND� 0.0002� 0.00002�
Carbofuran mg/L� Not�Sampled� ND� ND� ND� 0.04� 0.0005�
Chlordane mg/L� ND� ND� ND� ND� 0.002� 0.0001�
Dalapon mg/L� ND� ND� ND� ND� 0.2� 0.001�
Dibromochloropropane mg/L� ND� ND� ND� ND� 0.0002� 0.00001�
Dinoseb mg/L� �� ND� ND� ND� 0.007� 0.0002�
Dioxin(2,3,7,8-TCDD) mg/L� ND� ND� ND� ND� 3.00EͲ08� 5.00EͲ09�
Diquat mg/L� ND� ND� ND� Not�Sampled� 0.02� 0.0004�
Di(2-ethylhexyl) adipate mg/L� ND� ND� ND� ND� 0.4� 0.0006�
Di(2-ethylhexyl) phthalate mg/L� ND� ND� ND� ND� 0.006� 0.0006�
Endothall mg/L� ND� ND� ND� ND� 0.1� 0.005�
Endrin mg/L� ND� ND� ND� ND� 0.002� 0.00001�
Ethylene Dibromide mg/L� ND� ND� ND� ND� 0.00005� 0.00001�
Glyphosate mg/L� ND� ND� ND� ND� 0.7� 0.006�
Heptachlor mg/L� ND� ND� ND� ND� 0.0004� 0.00001�
Heptachlor epoxide mg/L� ND� ND� ND� ND� 0.0002� 0.00001�
Hexachlorobenzene mg/L� ND� ND� ND� ND� 0.001� 0.00005�
Hexachlorocyclopentadiene mg/L� ND� ND� ND� ND� 0.05� 0.00005�
Lindane mg/L� ND� ND� ND� ND� 0.0002� 0.00001�
Methoxychlor mg/L� ND� ND� ND� ND� 0.04� 0.00005�
Oxamyl(Vydate) mg/L� Not�Sampled� ND� ND� ND� 0.2� 0.0005�
Picloram mg/L� ND� ND� ND� ND� 0.5� 0.0001�
Polychlorinated Biphenyls (TOTAL) mg/L� ND� ND� ND� ND� 0.0005� 0.0001�
Pentachlorophenol mg/L� ND� ND� ND� ND� 0.001� 0.00004�
Simazine mg/L� ND� ND� ND� ND� 0.004� 0.00005�
Toxaphene mg/L� ND� ND� ND� ND� 0.003� 0.0005�
2,4-D mg/L� ND� ND� ND� ND� 0.07� 0.0001�
2,4,5-TP Silvex mg/L� ND� ND� ND� ND� 0.05� 0.0002�

 
  



 

June 2014 - DRAFT 40 
pw://Carollo/Documents/Client/OR/Clean Water Services/9158E00/Deliverables/HighPurityDemoRpt.docx 

 
Table 14 Disinfection Byproducts (as listed in Table 3 of OAR 333-061-0030) 

 
Disinfection Byproduct Unit FW#1 (April 28) FW #2 (April 28) FW#3 (April 29) FW#4 (April 29) MCL/Action Level, mg/L MRL, mg/L 

Total Trihalomethanes (TTHM) mg/L� ND� ND� ND� ND� 0.08� 0.0005�

Haloacetic acids (five)(HAA5) mg/L� ND� ND� ND� ND� 0.06� 0.002�

Bromate mg/L� ND� ND� ND� Not�Sampled� 0.01� 0.001�

Chlorite mg/L� ND� ND� ND� Not�Sampled� 1.0� 0.01�

Chlorate1 mg/L� ND� ND� ND� Not�Sampled� 0.8*� 0.01�
Note: 
1. Chlorate not listed in Table 3 of OAR 3330-61-0030. 
 
Table 15 VOCs (as listed in Table 5 of OAR 333-061-0030) 

 
Constituent Unit FW#1 (April 28) FW #2 (April 28) FW#3 (April 29) FW#4 (April 29) MCL/Action Level, mg/L MRL, mg/L 

Benzene mg/L� ND� ND� ND� ND� 0.005� 0.0005�

Carbon tetrachloride mg/L� ND� ND� ND� ND� 0.005� 0.0005�

cis-1,2-Dichloroethylene mg/L� ND� ND� ND� ND� 0.07� 0.0005�

Dichloromethane mg/L� ND� ND� ND� ND� 0.005� 0.0005�

Ethylbenzene mg/L� ND� ND� ND� ND� 0.7� 0.0005�

Monochlorobenzene (Chlorobenzene) mg/L� ND� ND� ND� ND� 0.1� 0.0005�

o-Dichlorobenzene mg/L� ND� ND� ND� ND� 0.6� 0.0005�

p-Dichlorobenzene mg/L� ND� ND� ND� ND� 0.075� 0.0005�

Styrene mg/L� ND� ND� ND� ND� 0.1� 0.0005�

Tetrachloroethylene(PCE) mg/L� ND� ND� ND� ND� 0.005� 0.0005�

Toluene mg/L� ND� ND� ND� ND� 1� 0.0005�

trans-1,2-Dichloroethylene mg/L� ND� ND� ND� ND� 0.1� 0.0005�

Trichloroethylene (TCE) mg/L� ND� ND� ND� ND� 0.005� 0.0005�

Vinyl chloride mg/L� ND� ND� ND� ND� 0.002� 0.0003�

Xylenes(total) mg/L� ND� ND� ND� ND� 10� 0.0005�

1,1-Dichloroethylene mg/L� ND� ND� ND� ND� 0.007� 0.0005�

1,1,1-Trichloroethane mg/L� ND� ND� ND� ND� 0.2� 0.0005�

1,1,2-Trichloroethane mg/L� ND� ND� ND� ND� 0.005� 0.0005�

1,2-Dichloroethane mg/L� ND� ND� ND� ND� 0.005� 0.0005�

1,2-Dichloropropane mg/L� ND� ND� ND� ND� 0.005� 0.0005�

1,2,4-Trichlorobenzene mg/L� ND� ND� ND� ND� 0.07� 0.0005�
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Table 16 Radionuclides (as listed in Table 6 of OAR 333-061-0030) 

 

Constituent Unit FW#1 (April 28) FW #2 (April 28) FW#3 (April 29) FW#4 (April 29) MCL 
MRL 

 (units shown at far left) 
Gross Alpha (including Radium-226 

but not Radon and Uranium) pCi/L <2 <2.5 <2.3 Not Sampled 15 pCi/L 2.0 - 2.5 

Radium-226 pCi/L <0.38 < 0.5 <0.31 <0.65 - 0.31 - 0.65 
Radium-228 pCi/L <0.69 < 0.56 <0.78 <0.59 - 0.56 - 0.78 

Combined Radium-226 and Radium-
228       (226 + 228) pCi/L <1.07 <1.06 <1.09 <1.24 5 pCi/L - 

Uranium ug/L ND ND ND ND 30ug/L 1 
Beta/Photon emitters (gross beta 

tested) pCi/L <1.6 <1.7 <1.71 Not Sampled 4 mrem/yr* 1.6, 1.7 

*Note: Since no emitters were detected, the samples comply with the MCL.  Compliance with the 4 mrem/yr MCL is determined by calculating the sum of fractions in pCi/L for each emitter detected, then converting to 
mrem/yr .   
 
Table 17 Secondary Constituents (as listed in Table 7 of OAR 333-061-0030) 

 

Secondary Constituent: Unit FW#1 (April 28) FW #2 (April 28) FW#3 (April 29) FW#4 (April 29) 
MCL/Action Level  

(units shown at far left) 
MRL 

 (units shown at far left) 
Color�� ACU� ND� ND� ND�(H3)� ND� 15�color�units�� 3�
Corrosivity�(below)*� �� �� �� �� �� NonͲcorrosive�� ��

Langelier�Index�Ͳ�25�degrees�C� �Ͳ� Ͳ5.7� Ͳ5.6� Ͳ5.5� Ͳ5.6� NonͲcorrosive�� �Ͳ�
Langelier�Index�at�60�degrees�C� �Ͳ� Ͳ5.2� Ͳ5.1� Ͳ5.1� Ͳ5.1� NonͲcorrosive�� �Ͳ�
Agressiveness�IndexͲCalculated� �Ͳ� 6.2� 6.4� 6.4� 6.4� NonͲcorrosive�� 0.1�
pH�of�CaCO3�saturation(25C)� units� 11� 11� 11� 11� NonͲcorrosive�� 0.1�
pH�of�CaCO3�saturation(60C)� units� 11� 11� 11� 11� NonͲcorrosive�� 0.1�
Bicarb.�Alkalinity�as�HCO3,calc� mg/L� 2.6� 3.1� 2.5� 2.5� NonͲcorrosive�� 2�

Foaming�agents�(Surfactants)� mg/L� ND� ND� ND� ND� 0.5� 0.05�
pH�� SU� 4.86� 4.72� not�measured� not�measured� 6.5Ͳ8.5�� ��
Hardness�(as�CaCO3)�� mg/L� ~0.556� ~0.556� ~0.556� ~0.556� 250� 0.05�
Odor��(SM�2150B�Ͳ�Odor�at�60�C�(TON))� TON� ND� ND� ND�(H3)� ND� 3�(Threshold�Odor�Number)� 1�
Total�dissolved�solids(TDS)�� mg/L� <5� <5� <5� <5� 500� 5�
Aluminum�� mg/L� ND� ND� ND� ND� 0.05Ͳ0.2�� 0.02�
Chloride�� mg/L� 0.14� 0.14� 0.14� 0.14� 250� 0.02�
Copper�� mg/L� ND� ND� ND� ND� 1� 0.002�
Fluoride�� mg/L� ND� ND� ND� ND� 2� 0.05�
Iron�� mg/L� ND� ND� ND� ND� 0.3� 0.02�
Manganese�� mg/L� ND� ND� ND� ND� 0.05� 0.002�
Silver�� mg/L� ND� ND� ND� ND� 0.1� 0.001�
Sulfate�� mg/L� ND� ND� ND� ND� 250� 0.5�
Zinc�� mg/L� ND� ND� ND� ND� 5� 0.02�
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Table 18 Trace Compounds Specified by NWRI (2013) 

 

Contaminant Unit FW#1 (April 28) FW #2 (April 28) FW#3 (April 29) FW#4 (April 29) Criteria  
(units shown at far left) 

MRL  
(units shown at far left) 

N-Nitrosodimethylamine (NDMA) ng/L� ND� Not�Sampled� ND� ND� 1�ng/L*� 2�
1,4- dioxane ug/L� ND� ND� ND� ND� 0.1�ug/L� 0.07�
Perfluoro-octanoic acid (PFOA) ug/L� ND� ND� ND� Not�Sampled� 0.4�ug/L� 0.0025�
Perfluoro-octane sulfonate (PFOS) ug/L� ND� ND� ND� Not�Sampled� 0.2�ug/L� 0.0025�
Perchlorate ug/L� ND� ND� ND� ND� 6�ug/L� 4�
Ethinyl Estradiol ug/L� ND� ND� ND� ND� �Ͳ� 0.005�
17-b-estradiol (reported as Estradiol) ug/L� ND� ND� ND� ND� �Ͳ� 0.005�
Cotinine ug/L� ND� ND� ND� ND� 1�ug/L� 0.001�
Dilantin ug/L� ND� ND� ND� ND� 1�ug/L� 0.02�
Primidone ug/L� ND� ND� ND� ND� 1�ug/L� 0.005�
Atenolol ug/L� ND� ND� ND� ND� 4�ug/L� 0.005�
Meprobamate ug/L� ND� ND� ND� ND� 4�ug/L� 0.005�
Carbamazepine ug/L� ND� ND� ND� ND� 10�ug/L� 0.005�
Estrone ug/L� ND� ND� ND� ND� 0.32�ug/L� 0.005�
Sucralose ug/L� ND� ND� ND� ND� 150,000�ug/L� 0.1�
Tris[2-chloroethyl]phosphate (TCEP) ug/L� ND� ND� ND� ND� 5�ug/L� 0.01�
N,N-diethyl-meta-toluamide (DEET) ug/L� ND� ND� ND� ND� 200�ug/L� 0.01�
Triclosan ug/L� ND� ND� ND� ND� 21,000�ug/L� 0.01�

*Note:  There is no EPA criteria for NDMA.  California Dept. of Public Health lists a 10-6 Risk Level of 3 ng/L, a notification level of 10 ng/L, and a response level of 300 ng/L. 
 
Table 19 Microbiological Constituents 

 
Constituent Unit FW#1 (April 28) FW #2 (April 28) FW#3 (April 29) FW#4 (April 29) 

Heterotrophic plate count (HPC) MPN/100 mL not measured <1 <1 <1 

Total Coliform MPN/100 mL not measured <1 <1 <1 

Legionella4 organisms/m
L <3 Not Sampled Not Sampled <3 

Cryptosporidium oocysts/L <0.09 Not Sampled Not Sampled <0.1 
Giardia lamblia cysts/L <0.09 Not Sampled Not Sampled <0.1 
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4.0 BATCH PRODUCTION QUALITY CONTROL 
Once this demonstration project is approved, CWS will use the demonstration facility to 
produce batches of purified water. This water will be used by local breweries for limited 
production of beer. The current plan is to produce a total of 500 gallons of purified water, 
which will later become 5 to 10 barrels of beer (130-260 gallons). The purified water will be 
produced in two days and placed into four individual totes. The brewers will be given the 
water the day after production for them to begin the brewing process. If any of the individual 
treatment processes do not meet the standards documented here, or if the finished water 
quality does not meet the standards documented here, the batch of water will be rejected 
and discarded. 

As listed in Section 3, the treatment processes provided robust removal of all 
microbiological and chemical constituents. While the system is expected to continue to 
provide the same level of treatment during batch production, confidence in the continued 
performance of each process is established by performance testing.  

4.1.1 Trace Chemicals 

At the beginning of the first production day and the end of the second production day, the 
finished water quality will be sampled for all the constituents listed in Tables 12 through 19. 
The finished water quality will be compared with the regulated levels and the data within 
this report.  

In addition to the chemical testing above, NDMA will be measured before and after the 
demonstration scale UV reactors. This allows for a determination of safe NDMA levels in 
the water and also allows for demonstration of a high UV dose from the UV system. 

4.1.2 Pathogens 

As discussed in this report, the online monitoring methods for the demonstration system are 
not sufficiently sensitive to justify the full pathogen reduction credit for each process. As an 
example, RO was shown to remove 4.3-log of virus, but the online measurement of EC only 
shows ~1.6 log removal. Table 20 reviews the pathogen credits that can be continuously 
verified online compared to the pathogen credits that can be verified through online 
monitoring coupled with grab sampling. As the table indicates, grab sampling (and analysis) 
is critical to demonstrating performance of the treatment system during batch production.  
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Table 20 Monitoring Confidence and Pathogen Credits 
High Purity Water Project 
Clean Water Services 

Credits shown for Virus/Giardia/Cryptosporidium 

Process 

Potential Credits 
Based Upon 

Demonstration 
Testing and 
Literature 

Online 
Monitoring 

Online 
Credits Grab Sampling 

Combined Online 
and Grab Sample 

Credits 
Notes 

Primary and Secondary 
Process 1.9/1.2/0.8 None 0/0/0 Enteric virus and 

protozoa analysis 

No sampling 
proposed for Batch 

Production 
 

Full-Scale UV 0/3.5/3.5 None 0/0/0 E. coli 0/3.5/3.5  

Demo UF 4.7/4.7/4.7 Effluent 
Turbidity 0/0/0 

MIT, Influent and 
Effluent Total 
Coliform, PSD 

4.7/4.7/4.7 Demonstration testing suggests a correlation of Turbidity with MIT results, but is not sufficiently 
quantified to demonstrate pathogen removal credit. 

Demo RO 4.3/4.3/4.3 EC 1.6/1.6/1.6 
TOC, MS2 

Seeding and 
Sampling 

1.6/1.6/1.6 Seeding of MS2 for batch production will not be done. TOC monitoring provides same level of 
credits as EC monitoring. 

Demo UV 6/6/6 None 0/0/0 Influent and 
Effluent NDMA 6/6/6 NDMA destruction demonstrates UV dose delivery 

Totals 17.9/19.7/19.3  1.6/1.6/1.6  12.3/15.8/15.8  
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Table 21 summarizes the recommended testing standards for each day of batch production 
of purified water. 

 

Table 21 Batch Production Testing 
High Purity Water Project 
Clean Water Services 

Process Test Target Concentration 
Tested Before 

or After the 
Batching 
Process 

Full-Scale UV E. coli in the UV 
effluent <20 MPN/100mL Both 

Demo UF PSD >2 LRV (protozoa range) 
>1.5 LRV (bacteria range) Both 

 
Total Coliform in UF 

effluent <40 MPN/100mL Both 

Turbidity in UF effluent <0.1 Both 
MIT <0.2 Both 

Demo RO EC LRV >1.5 Both 
TOC LRV >1.5 Both 

Demo UV NDMA ND Both 
Finished 

Water 
All constituents listed in 
Tables 12 through 19 

Similar results to those 
demonstrated here Both 

5.0 SUMMARY 
In summary, this report demonstrates: 

x The FGF effluent, when treated with UF, RO, and UV AOP, provides a very high 
quality water that is absent of trace pollutants and pathogens.  

x The combined treatment processes provide for a higher level of public health 
protection than required in California for IPR projects and in Texas for DPR 
projects. 

x The coupling of online monitoring and grab sampling for future batch production of 
purified water provides confidence in water quality and public health protection. 
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Clean Water Services 

APPENDIX A - RESPONSE TO DEQ LETTER DATED 5/2/14 
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Clean Water Services 

APPENDIX A - RESPONSE TO DEQ LETTER DATED 5/2/14 
Text from DEQ and within Section 2.2.2 of DEQs recycled Water IMD 
(http://www.deq.state.or.us/wq/pubs/imds/RecycledWater.pdf) is shown here in bold and 
red. 

If CWS would like to pursue a project involving human consumption of high-purity 
recycled water from a permitted wastewater treatment facility, OHA and DEQ request 
that CWS submit a written proposal for review and comment. In the proposal, please 
include the following: 

1.  Information contained in section 2.2.2 Authorizing Other Beneficial 
Purpose 

The District has constructed and tested a pilot project that will help raise awareness and 
gather information on the re-use of high purity water, which will include making potable 
water for use in making a craft beer. DEQ may approve other beneficial purposes currently 
not identified in rule [OAR 340-055- 0016(6)].  

If a request is made to use recycled water for a beneficial purpose not identified in 
rule, DEQ requests the permittee or applicant to provide the information necessary to 
evaluate the proposal.  

The types of information requested may include, but is not limited to: 

• Recycled water quality data;     

The quality of the purified water is described in Section 3 of this report. The combination of 
treatment processes met and exceeded all pathogen reduction targets set for Indirect 
Potable Reuse (IPR) and Direct Potable Reuse (DPR) in California, Texas, New Mexico, 
and nationally. The finished water quality met all drinking water quality standards, with the 
far majority of measurements resulting in non-detect. 

• Recycled water quantity data;  

The pilot process is capable of producing 1 gallon per minute, in practice operations will 
provide less than 1000 gallons per day. 

• Data on the quantity and quality of water necessary for the proposed beneficial 
purpose;  

x A�memo�from�Brian�King,�which�immediately�follows�this�question�and�answer�discussion�within�
this�Appendix,�describes�the�Districts�understanding�of�the�current�regulatory requirements 
consistent with the proposed pilot demonstration project.  In general the water used to 
produce and transport specialty craft beer must meet the currently identified potable 
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drinking water standards. For a batch of beer to be produced will need approximately 
500-1000 gallons of water. Approximately half the influent water is lost as RO brine 
which is returned to the FGF, while the  other half of the water is passed through the 
RO membrane and through the UV AOP process, resulting in a purified finished water.  
Water will provided in individual totes of up to 250 gallons. Totes will be labeled 
describing the source of the water and noting that any water not used will be disposed 
of in an sanitary sewer system.   The ratio of beer produced to the volume of water 
provided is about 1:3.   Description of the recycled water’s resource value for the 
use;     

Drought throughout the Southwestern United States, from California, Nevada, Arizona, New 
Mexico, and Texas have forced these states to quickly set regulations for Direct Potable 
Reuse (DPR) as a near term water supply. Utilities in Texas, as one example, have moved 
from small non-potable water reuse projects to DPR in a matter of several years. California 
is mandated by state law to examine how to safely implement DPR. As documented in 
Section 2 (literature review) and Section 3 (demonstration testing results), the treatment 
barriers employed for DPR are robust and effective. The key items limiting potable water 
reuse in general, and DPR in particular, is public and regulatory perception.  

This project by CWS is intended to proactively engage the public and the regulatory 
community on the high quality water and value of DPR. While Oregon in general does not 
face the dramatic drought conditions of the Southwestern US, this project and this 
discussion will allow for CWS and other communities to better plan for a long term 
sustainable water supply. 

x Technical and scientific facts that support the proposed use 

This report includes detailed information supporting potable water reuse, as follows: 

Section 1 

– Summarizes IPR and DPR applications nationally; 

– Reviews the literature related to public health and IPR and DPR; 

– Regulations for IPR and DPR in Oregon, California, New Mexico, Texas, and 
Nationally. 

Section 2 

– Review of potable reuse treatment technologies, with literature references for 
performance; 

– Details on the CWS potable reuse demonstration treatment system. 

Section 3 
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– Treatment performance results, including full-scale and demonstration scale 
facilities, with references and comparisons to industry data. 

x Pilot studies   

This report summarizes the detailed CWS demonstration project (pilot study). 

x Epidemiological data.     

Epidemiological studies are summarized in Section 1 of this report, with information taken 
directly from NRC (2012). 

x Possible adverse effects to public health or the environment;   

Regarding the environment, the only concern related to potable reuse is the discharge of 
brine to the environment. That topic, while important, is not part of this demonstration 
project. Regarding human health, the literature referenced within this report and the 
regulatory framework set forth by the State of California (and others), demonstrates that 
potable reuse (IPR or DPR) is protective of public health. The California Medical 
Association has met and resolved that potable reuse is protective of public health (CMA, 
2012). 

x Exposure pathways; 

The high purity water will be produced from the pilot scale treatment system on site by 
professional staff.   Once a batch is produced and tested to demonstrate quality the water 
will be stored in individual totes.   Each tote will then be transported to select craft beer 
manufactures who use the water to make a craft beer.  A spill response plan will be 
provided for each batch of beer transported.  Each tote will be labeled specifying origin of 
the water and requirement to dispose of excess water not used in the beer process to a 
sanitary system.   Processed beer will be made available as “tasting” for non—profit non-
commercial use at specific events such as professional conferences or internal events. 

x Potential for offsite migration; 

See above, during the processing any water released will be drained into the sanitary sewer 
system. Spill response plans and requirements for returning any excess water not used in 
the beer making process will limit offsite migration. 

x Adjacent land uses;   

Not applicable for potable water reuse. 

x And examples of other jurisdictions (e.g., states, countries, etc.) or facilities 
using recycled water in the proposed manner.     
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Section 1 of this report provides examples of other potable reuse projects, and provides 
references to larger databases of information. To our knowledge, there are no other 
projects intending on using potable reuse technology as a pilot to produce purified water for 
specialty brewing applications. 

2.  A detailed description of the proposed treatment system 

The demonstration treatment system is reviewed in Section 2 of this report. 

3. Data demonstrating that all current requirements under the Safe Drinking 
Water Act will be met or exceeded at the point of reuse. 

The high quality water produced from the demonstration facility is described in Section 3 of 
this report. 

4. Data on the treatment, removal, and final concentrations of unregulated 
contaminates (e.g., personal care products, pharmaceuticals, etc) likely 
present in wastewater effluent prior to advance treatment 

The high quality water produced from the demonstration facility is described in Section 3 of 
this report. 

5.Information on any additional requirements from the Oregon Department 
of Agriculture or the US Food and Drug Administration or Both 

 
This Appendix (A) and this report explains why compliance with the Oregon Drinking Water 
Quality Act and the accompany criteria would meet the water quality requirements fo the 
federal Alcohol and Tobacco Tax and Trade Bureau and the Food and Drug Administration. 
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Memorandum 

ATTORNEY-CLIENT PRIVILEGED AND ATTORNEY WORK PRODUCT 
 

To: Bob Baumgartner, Clean Water Services 

From: Jeffrey D. Hern 

Date: June 19, 2014 

Subject: Pure Water Project:  Additional Requirements from U.S. Food & Drug 
Administration and Oregon Department of Agriculture 

File No.: 091418-194292 
 
I. INTRODUCTION 

 
With the Pure Water Project (the “Project”), Clean Water Services (“CWS”) will 

demonstrate how municipal wastewater may be treated with advanced water purification and 
disinfection technology to the point where it meets safe drinking water standards and is suitable 
for human consumption.  In particular, CWS hopes to supply such water to a local Oregon craft 
brewer which could make beer using the high-purity water.   

 
CWS contacted the Oregon Department of Environmental Quality (“ODEQ”) and Oregon 

Health Authority (“OHA”) about the Project because those agencies must approve any use of 
recycled water for direct human consumption under Oregon law.1  In response, by a joint letter 
dated May 2, 2014, ODEQ and OHA asked for more information about the Project including any 
“additional requirements” of the federal Food & Drug Administration (“FDA”) and the Oregon 
Department of Agriculture (“ODOA”).  This memorandum responds to that particular request. 

 
II. THE FEDERAL FOOD & DRUG ADMINISTRATION AND THE OREGON 

DEPARTMENT OF AGRICULTURE 
 
The FDA and ODOA fix and establish standards for the manufacture and processing of 

food and beverages, including beer.2  The FDA and ODOA rules set forth similar requirements 
because ODOA largely adopts the federal agency’s rules and standards on matters pertinent to 
the Project.3  Broadly, the FDA and ODOA both require food and beverages, including their 
                                                 
1 See OAR 340-055-0017(5) (“The use of recycled water for direct human consumption … is prohibited unless 
approved in writing by [OHA], and after public hearing, and it is so authorized by the Environment Quality 
Commission.”) 
2 See 21 U.S.C. 301 et seq.; see also 21 U.S.C. 321(f) (defining “food” to include beverages and thus beer); 21 
U.S.C. 341 (authorizing the FDA to set “a reasonable standard of quality” for any food or beverage product).   
3 See ORS 616.230; OAR 603-025-0190. 
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ingredients (such as water), to be “suitable for human consumption.”4    
 

Further, the FDA and ODOA rules similarly require water to be used in the food 
manufacturing process to come from an “adequate source.”5  This generally means that the water 
to be used, which may be treated or processed prior to such use, should meet state and local 
drinking water standards and otherwise be suitable for human consumption.   

 
In the context of bottled drinking water,6 the FDA sets forth some rules that may be 

instructive here.  Those rules define an “approved source” of water as: 
 
… [A] source of water and the water therefrom, whether it be from a spring, 
artesian well, drilled well, municipal water supply, or any other source, that has 
been inspected and the water sampled, analyzed, and found to be of a safe and 
sanitary quality according to applicable laws and regulations of State and local 
government agencies having jurisdiction.7   

Those rules on bottled drinking water also set forth standards for the treatment of such “product 
water,” as follows:   

All treatment of product water by distillation, ion-exchanging, filtration, ultra-
violet treatment, reverse osmosis, carbonation, mineral addition, or any other 
process shall be done in a manner so as to be effective in accomplishing its 
intended purpose and in accordance with [21 U.S.C. 348]. … Product water 
samples shall be taken after processing and prior to bottling by the plant and 
analyzed as often as necessary to assure uniformity and effectiveness of the 
processes performed by the plant.  The methods of analysis shall be those 
approved by the government agency or agencies having jurisdiction.8 

While addressing a slightly different context, these regulations show that water to be used as an 
ingredient in food (including beer) should meet the state and local drinking water standards, such 
as those in the Oregon Drinking Water Quality Act.    

Moreover, the FDA generally must conform the water quality standards (or explain why 
conforming is not necessary) to those set forth in the federal Safe Drinking Water Act 
(“SDWA”) and the related Environmental Protection Agency (“EPA”) rules, including the 
National Primary Drinking Water Regulations (“NPDWRs”).9  Oregon adopts similar water 
                                                 
4 See, e.g., 21 C.F.R. 110.80 (providing food, including ingredients, shall be “suitable for human consumption”); 
OAR 603-025-0150(2)(e)(A) (same).  The federal rules also recognize that food may be treated or processed to 
eliminate possible contamination.  See 21 C.F.R. 110.80. 
5 21 C.F.R. 110.37; OAR 603-025-0020(8); see also 21 C.F.R. 110.38. 
6 Under the FDA rules on bottled drinking water, there are distinctions among the terms “operations water” (water 
used for clean-up or sanitary purposes), “product water” (processed water used by plant), and “bottled drinking 
water” (final product for human consumption).  21 C.F.R. 129.3(a).   
7 21 C.F.R. 129.3(a) (emphasis added). 
8 21 C.F.R. 129.80(a) (emphasis added). 
9 21 U.S.C. 349(a)-(b). 
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quality standards in its Drinking Water Quality Act in that the standards generally must conform 
to or be “no less stringent” than the NPDWRs of the EPA.10  Accordingly, if water complies with 
the Oregon Drinking Water Quality Act, it should meet the requirements of NPDWRs and 
thereby water quality requirements adopted by the FDA and ODOA.   

 
III. THE FEDERAL ALCOHOL & TOBACCO TAX & TRADE BUREAU AND THE 

OREGON LIQUOR CONTROL COMMISSION 
 
The federal Alcohol & Tobacco Tax & Trade Bureau (“TTB”) is worth mentioning 

because it regulates the manufacturing of beer.11  TTB rules lack specific requirements as to the 
quality of water to be used in the brewing process.  The regulations, however, set forth some 
general standards for water quality.  In particular, the term “malt beverage” as defined references 
such standards. 

Malt beverage.  A beverage made by the alcoholic fermentation of an infusion or 
decoction, or combination of both, in potable brewing water, of malted barley 
with hops, or their parts, or their products, and with or without malted cereals, and 
with or without the addition of unmalted or prepared cereal, other carbohydrates 
or products prepared therefrom, and with or without the addition of carbon 
dioxide, and with or without other wholesome products suitable for human 
consumption.12 

Based on this definition, the water used to make beer must be “potable” and “suitable for human 
consumption.”  This is consistent with the standards set forth by the FDA and ODOA.   

 Finally, the Oregon Liquor Control Commission (“OLCC”) largely does not regulate the 
manufacturing of beer, or at least not the ingredients to be used in beer.  The OLCC focuses on 
the licensing, control and service of alcohol within the state and leaves regulation of the 
manufacturing to the TTB as well as the FDA and ODOA. 

IV. CONCLUSION 
 

In sum, the FDA, ODOA and TTB similarly require that water to be used as an ingredient 
in food (including beer) should meet safe drinking water standards and otherwise be “suitable for 
human consumption.”  With the Project, the water will be treated with advanced water 
purification and disinfection technology to the point where it meets these standards. 

 
 

cc: Gerald P. Linder, Esq. 
Brian J. King 

�  

                                                 
10 ORS 448.273(4).   
11 See generally 27 C.F.R. Parts 1, 7, 25.   
12 27 C.F.R. 7.10 (emphasis added.)   
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APPENDIX B - CDPH REGULATED CHEMICALS 
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Appendix % 

Regulated Chemicals 

Contaminant 

USEPA  
(shown for reference only) CDPH 

MCL (mg/L) Date(1) MCL (mg/L) Effective Date 

Inorganics (Table 64431-A) 
Aluminum 0.05 to 2(2) 1/91 1 

0.2(2) 
2/25/89 
9/8/94 

Antimony 0.006 7/92 0.006 9/8/94

Arsenic 0.05 
0.01 

eff: 6/24/77 
2001 0.05 77

Asbestos 7 MFL(3) 1/91 7 MFL(3) 9/8/94

Barium  1 
2 

eff: 6/24/77 
1/91 1 77

Beryllium  0.004 7/92 0.004 9/8/94

Cadmium  0.010 
0.005 

eff: 6/24/77 
1/91 

0.010 
0.005 

77 
9/8/94 

Chromium  0.05 
0.1 

eff: 6/24/77 
1/91 0.05 77

Copper  1.3(4) 6/91 1(2) 
1.3(4) 

77 
12/11/95 

Cyanide  0.2 7/92 0.2 
0.15 

9/8/94 
6/12/03 

Fluoride  4 
2(2) 

4/86 
4/86 2 4/98

Lead  0.05(5) 
0.015(4) 

eff: 6/24/77 
6/91 

0.05(5) 
0.015d 

77 
12/11/95 

Mercury  0.002 eff: 6/24/77 0.002 77

Nickel  Remanded 0.1 9/8/94

Nitrate   (as N) 10 eff: 6/24/77 (as NO3) 45 77 

Nitrite (as N)  1 1/91 1 9/8/94

Total Nitrate/Nitrite (as N) 10 1/91 10 9/8/94

Selenium  0.01 
0.05 

eff: 6/24/77 
1/91 

0.01 
0.05 

77 
9/8/94 

Thallium  0.002 7/92 0.002 9/8/94
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Contaminant 

USEPA  
(shown for reference only) CDPH 

MCL (mg/L) Date(1) MCL (mg/L) Effective Date 

Radionuclides  
(Tables 64442 and 64443) 
Uranium  30 ȝg/L 12/7/00 20 pCi/L 1/1/89

Combined radium-226 & 228  5 pCi/L eff: 6/24/77 5 pCi/L 77

Gross Alpha particle activity 15 pCi/L eff: 6/24/77 15 pCi/L 77 

Gross Beta particle activity  dose of 4 
millirem/yr eff: 6/24/77 50 pCi/L(6) 77

Strontium-90 
8 pCi/L 

eff: 6/24/77 
8 pCi/L(6) 77now covered by 

Gross Beta 

Tritium 
20,000 pCi/L 

eff: 6/24/77 
20,000 pCi/L(6) 77now covered by 

Gross Beta 

Organic Chemicals 
(Table 64444-A) 

VOCs  
Benzene  0.005 6/87 0.001 2/25/89 

Carbon Tetrachloride 0.005 6/87 0.0005 4/4/89 

1,2-Dichlorobenzene 0.6 1/91 0.6 9/8/94

1,4-Dichlorobenzene  0.075 6/87 0.005 4/4/89 

1,1-Dichloroethane  - - 0.005 6/24/90 

1,2-Dichloroethane  0.005 6/87 0.0005 4/4/89 

1,1-Dichloroethylene  0.007 6/87 0.006 2/25/89 

cis-1,2-Dichloroethylene  0.07 1/91 0.006 9/8/94

trans-1,2-Dichloroethylene  0.1 1/91 0.01 9/8/94 

Dichloromethane  0.005 7/92 0.005 9/8/94 

1,3-Dichloropropene  - - 0.0005 2/25/89 

1,2-Dichloropropane  0.005 1/91 0.005 6/24/90 

Ethylbenzene  
0.7 1/91

0.68 
0.7 
0.3 

2/25/89 
9/8/94 
6/12/03 

Methyl-tert-butyl ether (MTBE)  - - 0.005(2) 
0.013 

1/7/99 
5/17/00 

Monochlorobenzene  0.1 1/91 0.03 
0.07 

2/25/89 
9/8/94 

Styrene 0.1 1/91 0.1 9/8/94

1,1,2,2-Tetrachloroethane  - - 0.001 2/25/89 
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Contaminant 

USEPA  
(shown for reference only) CDPH 

MCL (mg/L) Date(1) MCL (mg/L) Effective Date 

Tetrachloroethylene  0.005 1/91 0.005 5/89 

Toluene  1 1/91 0.15 9/8/94 

1,2,4 Trichlorobenzene 0.07 7/92 0.07 
0.005 

9/8/94 
6/12/03 

1,1,1-Trichloroethane 0.200 6/87 0.200 2/25/89

1,1,2-Trichloroethane 0.005 7/92 0.032 
0.005 

4/4/89 
9/8/94 

Trichloroethylene 0.005 6/87 0.005 2/25/89

Trichlorofluoromethane - - 0.15 6/24/90

1,1,2-Trichloro-1,2,2-
Trifluoroethane - - 1.2 6/24/90

Vinyl chloride 0.002 6/87 0.0005 4/4/89 

Xylenes 10 1/91 1.750 2/25/89

SVOCs 
Alachlor 0.002 1/91 0.002 9/8/94

Atrazine 0.003 1/91 0.003 
0.001 

4/5/89 
6/12/03 

Bentazon - - 0.018 4/4/89

Benzo(a) Pyrene 0.0002 7/92 0.0002 9/8/94

Carbofuran 0.04 1/91 0.018 6/24/90

Chlordane 0.002 1/91 0.0001 6/24/90

Dalapon 0.2 7/92 0.2 9/8/94

Dibromochloropropane 0.0002 1/91 0.0001 
0.0002 

7/26/89 
5/3/91 

Di(2-ethylhexyl)adipate 0.4 7/92 0.4 9/8/94

Di(2-ethylhexyl)phthalate 0.006 7/92 0.004 6/24/90

2,4-D 0.1 
0.07 

eff: 6/24/77 
1/91 

0.1 
0.07 

77 
9/8/94 

Dinoseb 0.007 7/92 0.007 9/8/94

Diquat 0.02 7/92 0.02 9/8/94

Endothall 0.1 7/92 0.1 9/8/94

Endrin 0.0002 
0.002 

eff: 6/24/77 
7/92 

0.0002 
0.002 

77 
9/8/94 

Ethylene Dibromide 0.00005 1/91 0.00002 
0.00005 

2/25/89 
9/8/94 

Glyphosate 0.7 7/92 0.7 6/24/90
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Contaminant 

USEPA  
(shown for reference only) CDPH 

MCL (mg/L) Date(1) MCL (mg/L) Effective Date 

Heptachlor 0.0004 1/91 0.00001 6/24/90

Heptachlor Epoxide 0.0002 1/91 0.00001 6/24/90 

Hexachlorobenzene 0.001 7/92 0.001 9/8/94

Hexachlorocyclopentadiene 0.05 7/92 0.05 9/8/94

Lindane 0.004 
0.0002 

eff: 6/24/77 
1/91 

0.004 
0.0002 

77 
9/8/94 

Methoxychlor 0.1 
0.04 

eff: 6/24/77 
1/91 

0.1 
0.04 
0.03 

77 
9/8/94 
6/12/03 

Molinate - - 0.02 4/4/89

Oxamyl 0.2 7/92 0.2 
0.05 

9/8/94 
6/12/03 

Pentachlorophenol 0.001 1/91 0.001 9/8/94

Picloram 0.5 7/92 0.5 9/8/94

Polychlorinated Biphenyls 0.0005 1/91 0.0005 9/8/94

Simazine 0.004 7/92 0.010 
0.004 

4/4/89 
9/8/94 

Thiobencarb - - 0.07 
0.001(2) 

4/4/89 
4/4/89 

Toxaphene 0.005 
0.003 

eff: 6/24/77 
1/91 

0.005 
0.003 

77 
9/8/94 

2,3,7,8-TCDD (Dioxin) 3x10-8 7/92 3x10-8 9/8/94

2,4,5-TP (Silvex) 0.01 
0.05 

eff: 6/24/77 
1/91 

0.01 
0.05 

77 
9/8/94 

Disinfection Byproducts 
(Table 64533-A) 
Total trihalomethanes 0.100 

0.080 

11/29/79 
eff: 11/29/83 
eff: 1/1/02(7) 

0.100 3/14/83

Total haloacetic acids 0.060 eff: 1/1/02(7)

Bromate 0.010 eff: 1/1/02(7)

Chlorite 1.0 eff: 1/1/02(7)
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Contaminant 

USEPA  
(shown for reference only) CDPH 

MCL (mg/L) Date(1) MCL (mg/L) Effective Date 

Notes: 
(1) “eff.” indicates the date the MCL took effect; any other date provided indicates when USEPA 

established (i.e., published) the MCL. 
(2) Secondary MCL. 
(3) MFL = million fibers per liter, with fiber length > 10 microns. 
(4) Regulatory Action Level; if system exceeds, it must take certain actions such as additional 

monitoring, corrosion control studies and treatment, and for lead, a public education program; 
replaces MCL. 

(5) The MCL for lead was rescinded with the adoption of the regulatory action level described in 
footnote d. 

(6) MCLs are intended to ensure that exposure above 4 millirem/yr does not occur. 
(7) Effective for surface water systems serving more than 10,000 people; effective for all others 

1/1/04. 
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Clean Water Services 

APPENDIX C - CDPH DRINKING WATER  
NOTIFICATION LEVELS



Drinking Water Notification Levels and Response Levels:  An Overview 
 

California Department of Public Health 
Drinking Water Program 

�

 
Last Update: December 14, 2010  Page 1 of 14 
 
 

California Department of Public Health—Drinking Water Program  
Visit our website at KWWS���ZZZ�FGSK�FD�JRY�FHUWOLF�GULQNLQJZDWHU�3DJHV�GHIDXOW�DVS[��

�

Table 1. CDPH Drinking Water Notification Levels 

Notes* Chemical    Notification Level 
(milligrams per liter) 

1 Boron 1 
2 n-Butylbenzene 0.26 
3 sec-Butylbenzene 0.26 
4 tert-Butylbenzene 0.26 
5 Carbon disulfide 0.16 
6 Chlorate 0.8 
7 2-Chlorotoluene 0.14 
8 4-Chlorotoluene 0.14 
9 Diazinon 0.0012 

10 Dichlorodifluoromethane (Freon 12) 1 
11 1,4-Dioxane 0.001 
12 Ethylene glycol 14 
13 Formaldehyde 0.1 
14 HMX 0.35 
15 Isopropylbenzene 0.77 
16 Manganese 0.5 
17 Methyl isobutyl ketone (MIBK) 0.12 
18 Naphthalene 0.017 
19 N-Nitrosodiethylamine (NDEA) 0.00001 
20 N-Nitrosodimethylamine (NDMA) 0.00001 
21 N-Nitrosodi-n-propylamine (NDPA) 0.00001 
22 Propachlor** 0.09 
23 n-Propylbenzene 0.26 
24 RDX 0.0003 
25 Tertiary butyl alcohol (TBA) 0.012  
26 1,2,3-Trichloropropane (1,2,3-TCP) 0.000005 
27 1,2,4-Trimethylbenzene 0.33 
28 1,3,5-Trimethylbenzene 0.33 
29 2,4,6-Trinitrotoluene (TNT) 0.001 
30 Vanadium 0.05 

* Notes include toxicological endpoint, references, history, and other information (see 
page 6) 
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Clean Water Services 

APPENDIX D - CALIFORNIA CODE OF REGULATIONS 
SECONDARY WATER STANDARDS 

 



R-21-03 
  May 2, 2006 

California Code of Regulation 
Title 22.  Division 4.  Environmental Health 

Chapter 15.  Domestic Water Quality and Monitoring Regulations 
 

Article 16.  Secondary Water Standards 
 
 

(1)  Amend Section 64449 as follows: 
 
64449.  Secondary Maximum Contaminant Levels and Compliance. 
 

(a)     The secondary MCLs shown in Tables 64449-A and 64449-B shall not  
 
be exceeded in the water supplied to the public by community water  
 
systems.  , because these constituents may adversely affect the taste, odor  
 
or appearance of drinking water.

 
Table 64449-A 

 
Secondary Maximum Contaminant Levels 

 
“Consumer Acceptance Limits Contaminant Levels” 

 
 

Constituents Maximum Contaminant Levels/Units   
  
Aluminum 0.2  mg/L  
Color 15   Units   
Copper 1.0   mg/L  
Corrosivity Non-corrosive 
Foaming Agents (MBAS) 0.5   mg/L  
Iron 0.3   mg/L  
Manganese 0.05  mg/L  
Methyl-tert-butyl ether (MTBE) 0.005 mg/L 
Odor—Threshold 3      Units  
Silver  0.1   mg/L  
Thiobencarb 0.001 mg/L  
Turbidity 5     Units   
Zinc 5.0   mg/L  
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R-21-03 
  May 2, 2006 

Table 64449-B 
 

Secondary Maximum Contaminant Levels –  
 

“Consumer Acceptance Contaminant Level Ranges” 
 

 
                                                                           Maximum Contaminant Level Ranges  
 
Constituent, Units Recommended Upper Short Term 
    
Total Dissolved Solids, mg/L    500 1,000 1,500 
   or     
Specific Conductance, micromhos   µS/cm 900 1,600 2,200 
Chloride, mg/L  250 500 600 
Sulfate, mg/L 250 500 600 
 

 
(b)     The secondary MCLs listed in Table 64449-A shall not be exceeded in: 
 
(1)     New community water systems. 
 
(2)     New sources developed for existing community water systems. 
 
(3)     Existing community water systems. 

 
(c)      Community groundwater systems 
 
(b)     Each community water system shall monitor its groundwater sources or 
 
distribution system entry points representative of the effluent of source  
 
treatment every three years and its approved surface water systems shall  
 
monitor sources or distribution system entry points representative of the  
 
effluent of source treatment annually for the following: 
 
(1)     Secondary MCLs listed in Tables 64449-A and 64449-B; and 
 
(2)     Bicarbonate, carbonate, and hydroxide alkalinity, calcium, magnesium,  
 
sodium, pH, and total hardness. 
 
(c)     If the level of any constituent in Table 64449-A exceeds an MCL, the  
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