
MAY 26,  19 98 

Ma rk Wilf Ph . D.

FI EL D EXPERI ENCE WIT H T REATI NG MUNICIPAL EFF LUENTS USING RO

MEMBRANES. 

Th e mun icipa l efflue nt aft er  be ing  trea ted  with  me ch anical trea tme nt   (sep ar ation)  and

biological trea tme nt  (a ctiva ted  slud ge pro ce ss)  is trea ted  again and  be com es a ter tiary

(t re ate d thr ee tim es) efflue nt.  Th e third tr eat men t ste p cou ld con sist of convent io nal

tr ea tme nt on ly,  or  it can be  su pplem ent  by a  me mbr an e t rea tm ent  pr ocess.

Co nvent ion al pr etr ea tme nt. 

Th e con ven tiona l p re tre atm en t p rocess a pplie d t o t re at secon dar y e ff lue nt co uld  be  similar 

to  one use d in Wat er  Fa cto ry 21 , Ora nge  Co un ty,  Ca lifor nia , which is sh own  in Fig 1.  It 

co nsist s of lim e cla rif ica tion,  re ca rbo nat io n (pH ad justme nt  with CO 2),  ch lo rin ation  an d

me dia filt ra tio n. Su ch a tre atm ent  process prod uce s fee d wat er which  st ill has a ver y high 

fo uling  po te ntial.  The 15- min SDI of  th e tre ate d fee d wate r is too  high  to  measure . The 

TO C values are in th e rang e of  10  — 20  pp m.  Th e exp erienced  me mbr an e foulin g is

ma in ly a r esult  of  a dso rpt io n o f d issolved  o rga nics and  de po sit ion  o f colloidal ma tt er on th e

me mb ran e sur face. In  a pro pe rly op er ate d t reatm ent  system th ere  is a  co ntinu os pre se nce 

of  chlo ram in e a t t he  le vel o f 4  — 8 ppm . Due  to  pr esence o f cho ram in es,  ba ct erial activity is

minimal an d usu ally no bacte ria l g ro wth  asso cia ted  with  slim e f orm at ion  is o bse rve d in the 

me mb ran e system . T he  pr essur e d rop  incr ease acr oss t he RO eleme nts is small. 

Me mb ran e t yp e most  suit able to be op era ted  with  a co nve ntion al pre tr eat men t is cellu lose

acet ate  me mb ran e. Th e exam ples of pe rfo rma nce of cellulose  acet ate  memb ran es at 



Wa te r Fact or y 21 are  de mon st rat ed in  figur e 2, 3 and  4.  Th e WF 21 RO  syste m ope rat es

at  8 5% recovery. Per mea te flux is se t a t 1 0 gfd (1 6. 5 l/m2 -h r).   F ig ure  2 sh ows that  th e salt

re je ction wa s very stab le,  at the le vel of  96 — 94 % for  th e ope rat in g period  of  over  two

ye ar s. Fig ur e 3 sh ows the fe ed pre ssure  re qu ire d to mainta in  a con st ant  pe rm eat e flo w.

Im me dia tely aft er th e star tu p, wit hin few da ys,  th e fee d pre ssu re in cre ase d fro m the  in itial

le ve l of 200  psi (13 .8 bar ) to a level of ab out  26 0 psi (1 7. 9 bar) . Aft er th is initial incre ase ,

th e fee d pre ssu re co ntinue d to incre ase  at  a lo wer  rate , mod ula ted  by the fe ed

te mp era tur e flu ctu at ion . M em bra ne eleme nts were  clea ned  fr eq uen tly, in two  to f our  week

in te rva ls.  Afte r abo ut two  year s of ope rat io n the fe ed pre ssure  ha s rea che d the  ma ximum 

pr essur e, th e feed  pump  ca n develo p — 330 psi (22. 8 bar ). Af ter war ds, the pe rme ate  flow

st ar ted  to  d ecr ease,  du e t o lack o f suf ficie nt fee d pre ssu re  (F ig.  4 ).

Th er e were  cont inu os at tem pt s t o o pe rat e com posite  m emb ran e on ter tiary ef fluen t, wh ich 

wa s tre ate d wit h a convent io nal pr et rea tme nt . Both  low pre ssure  (CPA2) and  ultr a low

pr essur e (ESPA)  me mb ran es we re teste d a t Wat er Facto ry 21.  The results of op era tio n of

CPA2  an d ESPA m emb ra nes fo r the  pe riod of about  2. 5 yea rs ar e shown in Fig ur e 5 , 6 , 7,

8,  9 an d 10.  Th e result s ind ica te th at in sp ite  of  the pre se nce  of  chlo ram in e in the  fe ed

wa te r, salt reject io n of com posite  polyamide  me mbr an es rem ained  st ab le (Fig 5 and 8) .

Th e fee d pre ssu re,  howe ver , had  to  be incr ea sed  at  a ra pid  rate  to  main tain con sta nt 

pe rm eat e flo w (Fig  6 an d 9).  Fr equ en t clea ning did  not result in restor ation  of  pe rm eat e

flux. Fig 7 and  10  shows result s of pre ssu re  dr op of  CPA2 an d ESPA memb ran es du rin g

th e ope rat in g period . It is eviden t tha t fou lin g which wou ld  re sult in blo ckage  of  feed 

ch an nels is neg lig ib le in th is typ e of app licat ion . This is a resu lt  of  ma in tainin g bio sta tic

co nd itions d ue to pr ese nce  o f chlo ra min e in the  fe ed  wa ter .

Me mb ran e p re tre atm en t.

Me mb ran e pre tre atm en t of mun icipal effluen t usu ally con sists of  tr ea tin g second ary

ef fluen t wit h floccu lat ion , chlorina tio n, se ttling , med ia filtr ation  an d ult raf ilt ra tio n or

micr ofiltr at ion , using the  b ackwasha ble  ca pilla ry te chn olo gy. T he fe ed wat er  ob taine d a fte r

me mb ran e pre tre atm en t has similar co nce ntr at ion  of  TOC as fe ed wat er  ob taine d afte r a

co nvent ion al pr etr ea tme nt.  Howe ver , con cen tr ation of  co llo id al and  susp end ed  pa rticles is



sign ifican tly lowe r.  Af ter  convent io nal pr et rea tme nt  th e SDI  of  fe ed  wa ter  is still too  high  to 

me asure . Aft er cap illar y p re tre atm en t t he ‘1 5 m in SDI o f f ee d wate r is in th e r ang e of 1.5  — 

3. 5. 

Exam ple s of such ope rat ion  are the  pilo t tests con du cte d at the  Wa te r Fact or y 21 and  at 

Sa n Pasqua l Wat er Tr eat men t Pla nt,  Califor nia.

Th e result s of ope ra tio n of ESPA mem bra nes at San Pa squ al,  CA, on a cap illar y

me mb ran e p re tre ate d wat er,  f or a p er iod  of  a bou t 1 8 mon ths a re sho wn  on  Fig.  11  an d 12

Th e result s of per me ate  co nd uct ivity sh own  on Fig.  11 indica te sta ble salt  reje ction  of 

ab ou t 99%.  The fee d pre ssu re  da ta sh own  on  Fig.  12  indicat e rap id pr essure  incr ease

fr om  80  psi (5. 5 bar ) to 105  psi (7. 2 bar)  with in fe w days of init ia l oper at ion . Aft erward s, 

th er e was a mor e mod era te pr essure  incr ease to abo ut  14 5 psi (1 0 bar ) followed by slow

pr essur e increa se mo dulate d by the  f eed  wa te r t emp er atu re fluct uat io n.

A ne w memb ra ne techn olo gy  intr odu ce d rece nt ly by Hydra nau tics is th e low fo uling

co mp osite me mbr ane , design at ed as LF C1.  Th e LFC1 mem bra ne is ma de of  a fully

ar om atic polyam ide  polymer . The  me mb ran e sur face has be en mo dif ied  to make  it

hydr oph ilic and  re du ce its affinit y to disso lve d org anics.  The LFC1 mem bra ne  eleme nt s

ha ve  be en in  te st op era tio n at San  Pasq ual, on a fee d wate r pre tre at ed wit h cap illar y

me mb ran es fo r a pe riod of ab out  two mon ths, sin ce th e beginn ing  of  April 199 8. The 

re su lts ar e includ ed  in  Fig.  13  an d 14.  Th e result s of Fig . 13 ind icate  st ab le salt reject io n o f

over  99 %. Th e f eed  p ressur e flu ctu at es wit h fee d tem per atu re  in  th e ran ge of  80  — 10 0 p si

(5 .5  — 6.9  b ar) .

Su mm ary

We ll de sig ne d and op era ted  convent io nal te rt iar y tre atm ent  of municipal ef fluen t still

pr od uce s RO fee d wat er havin g a  st ro ng fou ling pot en tia l.

Ce llulo se aceta te me mbr ane , ope rat in g on a feed  wa te r afte r con ven tiona l pre tre atm en t

will exper ie nce d a rapid rat e of fou lin g dur ing  th e initia l ope rat in g period . Afte rward s, flux

ra te  will de cline at  slowe r rat e. Me mbr ane  life  of  2  — 3 yea rs can  b e e xpe ct ed. 



Co mp osite po lya mid e mem bra ne s will expe rie nce very high  fo uling  ra te  wh en op era tin g

on  a co nve nt ion ally tre ate d ter tia ry ef flu en t. Fou ling rat e will be much faster  th an 

expe rie nce d wit h cellulose  acet ate . Aft er a per iod  of abou t one  ye ar  of  op er ation,  the fee d

pr essur e cou ld be similar to  re quire d f or th e cellulose  acet ate  me mb ran es. 

Th e com posit e memb ra nes ca n ope rat e on mun icipa l wastewate r in pre se nce  of 

ch lo ram ine s.  Th e salt reje ct ion  re ma ins st ab le.  Pr essur e dro p does not incre ase ,

re ga rdless o f t hickn ess of  t he fee d spa cer .

Th e cap illar y pret re atm ent  prod uce s fee d wat er of significan tly be tt er qua lity tha n the 

co nvent ion al pr etrea tme nt.  T he 15- min SDI va lue s in the  ra ng e o f 1 .5  — 4 can  be  ob ta ine d.

Th e com posit e memb ra nes op er ating on  fe ed wa ter  tr ea ted  with  ca pilla ry pre tr eat men t, 

de mo nst rat e lower de gre e o f fou lin g tha n in ope rat io n  wit h the  co nvent ion al pr etr ea tme nt. 

LF C1 - low fo uling me mbr ane  provide s the  mo st  st able per for ma nce  an d the  lo we st fee d

pr essur e req uir eme nt  fo r the  mu nicip al waste wat er tr eat men t app licat ion s . Hydr oph ilic

na tu re of me mbr ane  surf ace  r esu lts in low fo uling ra te,  pr ob ably due  to  lo w adsorp tion rat e

of  d issolved  or gan ics.

It  can be expected  t hat  in  RO syst em s, whe re  biolo gical activit y r esult s in slime fo rma tio ns,

me mb ran e f ou lin g con dit ion s will d evelo p r eg ard less of mem br ane  ma te ria l typ e o r spa cer 

th ickne ss used.  Th is type of  fo uling  pr oce ss will re sult in a decr ea se of pe rme ate  flux an d

in cr ease of pre ssu re  dr op.  Exce ssive  pr essur e drop  may result in mechan ica l dam age  of

th e mem bra ne  eleme nt s.



Co nstit uen t In fluen t
OCSD

Tr ea ted  RO 
Fe ed 

RO  Prod uct 
Wa te r

WF -2 1
Blen ded 
Pr od uct 

Re gu lat ory
Limits

To t.  Nitro ge n, ppm 31 21 2. 7 3 10 

Bo ro n, pp, 0. 85 0. 6 0. 52 0. 4 0. 5

Ch lo rid e, pp m 25 6 25 6 29 57 12 0

Co nd uct ivity, u S/cm 1, 84 8 1, 80 0 15 0 41 9 No ne 

Fluo rid e, pp m 1. 4 0. 8 0. 16 0. 4 1. 0

pH 7. 5 5. 5 6. 9 7. 2 6. 5 — 8 .5

So dium,  pp m 23 1 23 1 21 65 11 5

Su lf ate , p pm 30 0 30 0 1. 4 37 12 5

To t.  ha rdn ess.,  pp m 29 8 20 5 4. 7 34 18 0

Cyan ide , p pb 33 .4 2. 3 6. 3

TDS,  pp m 10 67 93 4 82 23 2 50 0

Co lo r, color  un its 34 .6 <5 11 No ne 

Tu rb idity,  JTU 6. 2 0. 9 <0 .0 1 0. 27 No ne 

Co lifor m, MPN 7. 2E5 0. 9 2. 5 0. 00 No ne 

Ar se nic, p pb <5 .0 <0 .5 <5 .0 <5 .0 50 

Ba rium,  pp b 93 .5 36 .4 1. 1 6. 6 10 00 

Ca dm ium , p pb 9. 3 2. 4 0. 07 0. 2 10 0

Ch ro miu m, pp b 33 9. 6 0. 82 0. 5 50 

Co pp er,  pp b 49 .3 7. 8 3. 9 4. 9 10 00 

Ir on , p pb 11 3. 8 19 .3 2. 8 22 .2 30 0

Le ad , p pb 4. 7 0. 1 0. 6 0. 1 50 

Ma ng ane se,  p pb 56 1. 7 0. 1 2. 1 50 

Me rcury, p pb 0. 3 0. 1 0. 3 0. 4 2

Se le niu m,,  p pb <0 .5 <0 .5 <0 .5 <0 .5 10 

Silver,  pp b 1. 6 0. 2 0. 1 0. 2 50 

CO D,  pp m 53 .4 20 .3 0. 8 3. 5 30 

TO C,  pp m 14 .7 11 0. 7 1. 4 No ne 

THM s, ppb 6. 0 6. 0 2. 7 10 0


