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A developmental program was undertaken t o  partially investigat.e 
t h e  f lowsheet  being considered f o r  the t reatment  of n 0 ~ ~ ~ ~ i ~ l o ~ i c ~ l  
wastewater produced by t h e  Oak Ridge National Laboratory.  The proposed 
f lowsheet  con ta ins  t h e  fol lowing unit operations: equalfzation, carbon 
adso rp t ion ,  ozonation, b i o d e n i t r i f i c a t i o n ,  blooxfdat ion,  f l l t r a t i a n ,  
reverse osmosis, and ion exchange. This r e p o r t  d e t a i l s  an I n i t i a l  
s c o u t i n g  program i n  which g ranu la r  a c t i v a t e d  carbon (GAC) adso rp t i sn  
and r eve r se  osmosis (RO) were operated on two of t.he waste streams t h a t  
w h l l  be t r e a t e d  i n  the  nonrad io log ica l  waste t reatment  (hRMT3 facl  I i t y  
(190 pond i n f l u e n t  and Building 3544 e f f l u e n t ) ,  

The GAC system was operated on both t h e  990 pond i n f l u e n t  and the 
3544 e f f l u e n t ,  using Filtrassrb-300 actiaratxd carbona Mercury rer~oval 
was measured t o  be! g r e a t e r  than 94% a t  an inlet eoncen t r a t ion  of 0.02 
t o  0.04 mg/L of mercury. T o t a l  o rgan ic  carbon ~~~~) removal was 40 t o  
70%, with i n l e t  values of 4.6  t o  5.3 w/L o f  TW. 

The reinoval of TDS, nitrate,  s u l f a t e ,  and mercury from the 3544 
e f f l u e n t  was examined by RO with a cellil ose acetate naeml9rane 
(Osmonics) and a t h i n  film composfte membrane (FilmTee). The Osrnonf.c& 
membrane w a s  operated i n  t h e  feed recovery range SF 6 4  t o  "3%, 
corresponding r e j e c t i o n  v a l u e s  were: 66 t a  22.5% f o r  n i t r a t e ,  74 t o  
45% f o r  ms% and 92 to 85% f o r  sulfate.  Mercury W ~ R  t rejected at 
any recovery. The FilmTec membrane was operated a t  
recovery.  The corresponding r e j e c t i o n  values were: 95.5 t o  &8,4X 
f o r  n i t r a t e ,  9514 t o  84.5% f o r  TDS, and 54.9 t o  33% f o r  mreusy .  
S u l f a t e  r e j ec t ion .  w a s  g r e a t e r  than 98.5% i n  a11 eases. 

The 

weell 60 and %:: 

Both membranes r e j e c t e d  more mercury upon the add i t ton  of suPf.3de 
t~ t h e  feed stream, probably due t o  t h e  farnratiora. of coe>llofdal m?rcua-y 
s u l f i d e .  Both membranes w e r e  found t o  concen t r a t e  ra ioacttve species4 

1 



As a result of the. announeemmt by the Environmental Protection 
Agency (EFA) and the S t a t e  of Tennessee of t h e i r  intent to require 

permits on all process wastewater discharges from Oak Ridge National 

Laboratory (OWL), steps are mder way to establdzrh discharge limits 

and to assure compliance wtth these limFts,l 
sampling program to characterize the various process waste streams as 

well as initiation of %he engineering des ign  effort of a facility to 
treat the nonradiological wastewater ( ) streams, The feasibility 

study,  performed by Martin Marietta Energy Systems, Inc,, Engineering, 

has produced a treiatment scheme that includes the fallowing processes : 
equalization, carbon adsorption, ozonation, biodenitrification, 

biooxidation, filtration, reverse osmosPs, and ion exchange. In order 

to assist in this design effort, a developmental program is being 

initiated to evaluate these processes, Contained herein are the 

results from an initial scouting program during which carbon adsorption 

and reverse osmosis units were operated on two of the waste streams 

that will be treated in the Nonradiological Tareatment Facility (NRWTF). 

These steps include a 

2. WASTEWATER CKABACTEKIZATION 

Two process wastewater streams were examined in th i s  study: 

(1) Building 3544 effluent (process waste treatment plant) and (2) 190 

pond influent (process discharges from the 4500 area). Grab samples 

were taken from these streams at the beginning of the program for 

detailed characterization. In addition, total organic carbon (TQC), 

nitrate, sulfate, total suspended solids (TSS),  and total. dissolved 

solids (TDS) were followed daily while operating the carbon adssrptlon 

(CAI and reverse osmosis (RO) units. Results of the deta-lled analysis 

of the grab samples are presented in Table 1. For camparbson, the "'best 

available treatment economically achievable" (BATEA) required at other 
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Table 1. Characterization o f  BuLlding 3544 ef f luent  
and I90 Pond Influent 

(obtained by analysis of a grab sample; a l l  
concentratton in a / L  except as noted)  

Parameter 

Ag 
A 1  
B 
Ba 
Be 
Ca 
Cd 
co 
Cr 
cu 
Fe 
Ga 

Mn 
Mo 
Na 
Ni 
Pb 
Sb 
Se 
Si 
Sr 
Ti 
V 
2 I1 
P 
A s  
Li. 

Mg 

so4 
NQ3 
NO2 
F 
c1 
nr 
POI+ 
Hg 
CN 

O i l  & grease 
Phenol 

Alkalinity as CaCO3 
TSS 
TDS 
COD (unfiltered) 
TOG (unf i lte red) 

PB Ll 

3544 effluent 
~ 

0.0008 
0.126 

co.01a 
(0.02 

(0.002 
0.00243 

0.0004 
0,0128 
0.002 
0.003 
0.027 
0.163 

<0.01 
<Os (623 

0.022 
(0.01 

0.01 
0.025 

<0.001 
2.52 

<0.0021 
0.0106 
0.0127 

<6.01 
0.301 

(rl.001 
0.109 

28 
370 

5 
1 
14 
(1 
<5 

a, 0242 

0.O006 
0.007 
3 

<O.QOI 
7.54 

72 .2  
(5 

57 7 

12 
8.0 

1BC pond Influent 
. - - - - - - --- - 

0.00638 
0.191 

CO.OL8 
0.0308 
Q, 0097 

C.000S 
(1,0707 
0,006 
0,105 
1.47 
(3.186 
8,21 
0,176 
0.02 16 
4.9 
0,438 
0.114 
0.004, 

<O.OOP 
2 . 0 3  
0,1?812 
c1.6167 
0,0262 
0.649 1 

27.7 

(0.2fJ 
<0.001 

0,185 
23 
<5 
<1 
1 
1 

< I  
<5 

0*0025 
co. 0 0 7  

'1 
<0"001 

7.87 
95.5 
( 3  

160 

12 
R. IJ  

"Standard pB units. 



goverament i n s t a l l a t i o n s  (Y-I2 and c W . ~ p )  is precenzed In Table 2, and 
the proposed effliient qualiLy s tandards  are given i n  Table 3.' 
the discharge  l i m i t s  have not h e n  set, a combination of Tables 2 and 3 

served as the  design gu ide l ines  f o r  the h%PF.l  

Although 

As can be seen i n  Tables 1 and 2 ,  the 3544 e f f l u e n t  v i o l a t e s  the 

proposed U T E A  limits rlqily average. f o r  TDS, m r : u r y ,  reitrate, and 

phosphorous and also exceeds the  d a i l y  ximuin f o r  ' IDS, n i t r a t e ,  and 

phosphorous. The 190 influent violates the d a i l y  average €OK k r y l l i  
C ~ F Q I T L ~ U L I I ,  copper,  i r o n ,  l ead ,  mercury, n i cke l ,  and z inc  and exceeds the 

d a l l y  ~x~~~~ f o r  copper and Iron. 

TOC w a s  present  i n  both the 3544 and 190 streams at  a concent ra t ion  

of -12 %/Le A t  t he  beginning of t he  program samples from each source 

po in t  were subjec ted  t o  gas chromotography/uiass spectrometry (GC/MS) 

a n a l y s i s  t o  determine the  major c o n s t i t u e n t s  t h a t  comprised the  TOC. 

No major peaks were observed f o r  the 3544 stream, but two major peaks 

were observed f o r  t he  190 stream. Beeause of  t h e  low r e s o l u t t o n  of t h e  

mass spectra, t he  elemental  composition of these  ~ W Q  compounds could not 

be determined. The r e s u l t s  i n d i c a t e  t h a t  one compound had an apparent 

molecular weight of 236 and could be an unsa tura ted  ( o r  c y c l i c )  a lcohol  

o r  e t h e r ,  a simple 17-carbon alkene,  a cydoa lkane ,  The second 

comporiiid had an apparent molecular weight of 256 and could be an alco- 
h o l ,  e t h e r ,  or ester. 2 

A t  a later da te ,  another  sample of 190 wastewater was analyzed by 

GCjMS. One major peak w a s  observed whlch appeared to be a dimethyl 

e t h e r  of a g lyco l ,  such as tri- or te t ramethyl  g lycol .  Severa l  minor 

peaks were a l s o  observed. The major i ty  of these  compounds were alkanes 

and unsa tura ted  ( o r  c y c l i c )  hydrocarbons. Some oxygen-containing 

compounds were observed, inc luding  s e v e r a l  ph tha la t e s ,  acids, and a 

compound t h a t  appeared t o  be an isomer o€ ca f fe ine .  Naphthalene and 

methylnaphthalene w e r e  also observed. 



Table 2. Proposed AT effluent Ifmite" 

Parameters 

Alurni nun, t o t  a 1 
MeryPl%um, t o t a l  
Cadmium 
Chromium, t o t a l  
Copper, t o t a l  
Dissolved s o l i d s ,  t o t a l  
J.ron, t o  t a l  
Lead, t o t a l  
Mercury 
Nickel t o t a l  
t i i t r a t e  (as N) 
Phosphorous (as P) ,  t o t a l  
O i l  and grease  
Phenols,  t o t a l  
S i l v e r  
Suspended s o l i d s ,  t o t a l  
Temperature, O C  (OF) 

Zinc, total 

V o l a t i l e  organics  

Chloroform 
Chlorobenzene 
Benzene 
Chlorodlbromomethane 
Hethylene ch lo r ide  
Tr ich loroe thylene  
Toluene 

0.50 
0.0053 
IB*OQ025 
0.0029 
0.0056 

0.30 
0,0038 
0,00002 
0.096 

0.00IE1 

0 . Q O P  
O . O l 4  

258,O 

20.0 

10.0 

30.0 
30.5 (86.9) 

0,047 

0.81 
0, c I 
0.01 
0. OB 
0.03 
0.01 
0.81 

1,0 
0,8130 

0.02 I 
0,022 

0,60 

0,0041 
1.869 

0.9002 

0,002 
0.027 

300,0 

a. 17 

25.0 

15.0 

50.0 

0.32 

0.02 
0.02 
0.02 
0.02 
0,035 
0.02 
a. 82 

e The pH s h a l l  not be less than 6,s  standard u n i t s  nor greater khan 

e There shall. be no discharge  of f l o a t i n g  s o l i d s  or v l s l b l e  foam i n  

0 The effluent s h a l l  no t  leave a v-LsFble sheen on the recel.v%ng 

8.5 s tandard  u n i t s .  

o t h e r  than trace amounts. 

waters. 

a Source : Division sf Environmental nagement: GuLdelixaes Draft 
l_l_l-- 

Report ,  August 6 ,  1984, 



Table 3 .  Proposed e f f l u e n t  q u a l i t y  stdnd8rds 

----__I-- 

P arame t e ic Come :p. t rat ion  (mg / JA ) 

BOD5 
COD 
C r  
DO 
PI1 
To ta l  suspended s o l i d s  
Nitrates 
Total. d i sso lved  s o l i d s  

5 (max) 
10 (max) 

5 (min) 
6-9 ( range)  
5 (mar> 
25 
500 

3 .  ACTIVATED @ARBON 

The g ranu la r  ac t iva t ed  carbon (GAG) process  w a s  included i n  t h e  

NRWTF design €or  the  removal of organics ,  p a r t i c u l a r l y  ch lo r ina t ed  

hydrocarbons,  as w e l l  as poss ib ly  ac t ing  as a pretreatment  f o r  RO. 

The l i t e r a t u r e  also i n d i c a t e s  GAC, under t h e  r i g h t  condi t ions ,  can 

adsorb  bath organic  and inorganic  forms of mercury from water.4 

The flow diagram of the GAC process used fn t h i s  s tudy  is  presented 

i n  Fig. 1. The process  water (3544 e f f l u e n t  or 190 pond i n f l u e n t )  w a s  
fed  through a p r e f i l t e r  t o  remove suspended s o l i d s  l a r g e r  than 10 pm, 

doped with a c i d i f i e d  mercuric n i t r a t e  t o  give a mercury concent ra t ion  of 

-0.020 t o  0.040 %/L, and s t o r e d  i n  a surge tank. The water was pumped 

from the. tank at  a nominal flow ra te  of 3.79 L/min (gal/nin) (1 gpm) 

through a series of th ree  columna f i l l e d  wi th  Calgan F i l t r a s o r b  308 

granu la r  a c t i v a t e d  carbon. These columns were 1.52 rn ( 5  f t )  high,  each 

w i t h  an i n s i d e  diameter of 26.4 CIU (10.4 in . ) .  The i n f l u e n t  to  and the 

e f f l u e n t  from each column were sampled ( e i t h e r  d a i l y  or every o the r  day) 

and analyzed f o r  pH, TOC, TSS, n i t r a t e ,  s u l f a t e ,  and mercury. The GAC 

t rea tment  results (mercury and TOC) f o r  both the  3544 e f f l u e n t  and the  

190 pond i n f l u e n t  are given i n  Table 4 .  

During GAC processtng of the 3544 e f f l u e n t ,  feed t o  the  system had 

mean concent ra t ions  of 0.0195 mg/L mercury and 4.5 mg/L TOC. 

removal for mercury was 98.8%,  w i t h  96.6% being removed i n  the  f-hrst 

The mean 
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4,678 
( 1,236)  

21,166 
( 5 , 5 9 2 )  

26,548 
( 7 , 0 1 4 )  

32,112 
(8 ,484 )  

37 , 335 
(9 ,864 )  

42,899 
(11 ,334)  

48,281 
(12 ,756)  

e-1 f 

e-1 e 
c-2 e 
c-3 e 

e-1 f 

C-1 e 
c-2 e 
e-3 e 

e-1 f 

C-1 e 
C-2 e 
C-3 e 

c-1 f 

c-1 e 
c-2 e 
c-3 e 

c-1 f 

C-1 e 
C-2 e 
e-3 e 

c-1 f 

(2-1 e 
C-2 e 
C-3 e 

c-1 f 

C-1 e 
C-2 e 

c-3 e 

5.3 

2 , 8  
3 * 9  
2.7 

6.2 

5.6 
5 

7.6 

8.2 
6.6 -- 
8 * 3  

7.3 
7.7 
s, 4 

7.9 

7 .  P 
6.5 
6.7 

3.5 

0 
0 
0 

1.5 

0 . 3  
0 
0 

21 

0.5 
0.4 
0.4 

16 

0.2 
0.1 
0.1 

15 

0.4 
0.2 
0.2 

18 

0.6 
0.1 
0.1 

17 

0.5 
0.2 
0.5 

24 

b 
0.1 
0.1 

21 

1.0 
0.3 
0.2 

4 , 3 1 4  
(1,140) 

14 , 989 
(3 ,96Q)  

31 340 
(8,280) 

42,241 
(1 1 $ 1 6 0 )  

52,914 
( 13 980) 

74,716 
(19 ,740)  

85,617 
(22 ,620)  

c-1 € 

@-1 e 
e-2 e 
c-3 e 

G-I. f 

e-1 e 
c-2 e 
e-3 e 

C-1 E 

c--1 e 
c-2 e 
G-3 e 

c-1 f 

c-1 €2 

c-2 e 
C-3 e 

c-1 f 

e-1 e 
c-2 e 
c-3 e 

0 - 1  f 

(2-1 e 
c-2 e 
c-3 e 

c-1 f 

c-1 E! 
c-2 e 
C-3 e 

7.6 

3.1 
2.9 
3.5 

5.8 

3 . 3  
1.8 
3.5 

5.0 

2.5 
2.5 
3 

7.9 

3.2 
3.0 
3.4 

7.5 

4.9 
4.1 
5 

4" 3 

2.4 
2.5 
2.0 

4.8 

2" 2 
2.4 
2.6 

30 

a. 7 
0.2 
0.1 

18 

0.8 
0.4 
0,2 

36 

2.0 
1 . 4  
0.9 

b 

b 
b 
b 

42 

2 . 3  
1.3 
0.9 

36 

1.4 
0.9 
0.4 

32 

1.2 
0.9 
0*6  
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53,732 
(14 ,196)  

59,477 
(15 ,714)  

70,242 
( 18 558) 

8 1 , 1 4 3  
( 21 4 3 8 )  

97,494 
(25,7583 

c-1 f 

C-1 e 
C-2 e 
C-3 e 

c-l f 

C-1 e 
c-2 e 
6-3 e 

c-1 € 

C-1 e 
c-2 e 
c-3 e 

c-l f 

C-1 e 
C-2 e 
c-3 e 

c-1 € 

c-1 e 
c-2 e 
c-3 e 

1.2 

0 * 3  
0 
0 

2.1 

b 
h 

1.2  

2.7 

1.2 
0.3 
0 

b 

h 
h 
2) 

h 

b 
17 

z i  

23  

0.5 
19, 2 
0. os 

20 

1.2 
0.3 
0.2 

23 

0.8 
0.3  
0.3 

18 

0.7 
0.4 
0.3 

18 

0.8 
9.4 
a, 3 

112,86 
( 2 9  I 8201 

123,770 
( 3 2  B 700) 

134 J 670 
(35,580) 

151 ,022 
(39  8 ~ D O O )  

161,922 
getz,-aso> 

c-l F 

6-1 e 
e-2 e 
c-3 e 

c-1 5 

c-l e 
c-2 e 
c-3 e! 

c-1 E 

@-I e 
c-2 e 
c-3 e 

@-I f 

c-1 e 
c-2 e 
c-3 t? 

@-I f 

c- i  e 
c-2 
c-3 e 

c-l f 

6-1 e 
c-2 e 
c-3 e? 

3,7 

3,2 
2, 
a ,  7 

4,5 

2 * 6  
3 - 0  
2 * 9  

4 . 4  

2.8 
3,o 
2.1 

4 . 6  

3,3  
3.1 
3,1 

4 , 4  

% * 6  
2 
2 ,$  

3.9 

1.8 
2,5 
2 , 5  

64. 

1.6 
1.0 
0.7 

32 

2, 0 
1.5 
1.2 

31 

3 ,9  
3 * 2  
2.7 

31 

4,5 
2.8 
5 " d 

45 

1 
0 ,  '2 
19.q 

34 

1.8 
l e 1  
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columli. Mean removal of TOC W;A% 69.6X, wit.11 48.5% being removed Srm the 
PirsL column. while prucesaing  tlae 3544 stseam, the GAC system had 

average i n l e t  concent ra t ions  of 39.6 mg/C n i t r a t e -n i t rogen  (175 rig,% 

nitrate), 46.0 mg/L s u l f a t e ,  and (5 mg/L TSS. The GAC system removed 

none of t he  n i t r a t e  atid s u l f a t e .  

During GAC proc.e.;s of t h e  190 pond i n f l u e n t ,  t h e  feed contained 

mean concent ra t ions  DE 8.0357 rag/l, of mercury and 5 . 3  mg/L of T0CI 

mean removal of mercury was 97.12, wLth 94.4% being removed i n  t h e  f i r s t  

column. The mean removal f o r  TOC was - 4 3 % ,  w-bt-h e s s e n t i a l l y  a l l  of t h i s  

being removed by the f irst  columnc While processing the  190 stream, the  

GAC s y s t e m  had average i n l e t  concent ra t ions  nf 1.1 mg/L n i t r a t e -n i t rogen  

( 4 . 9  mg/L n i t r a t e ) ,  17.8 /L s u l f a t e ,  and <5 mg/L TSS. Again, the  GAC 

system removed no n i t r a t e  or  s u l f a t e .  

The 

The performance of  the  GAC column is depic ted  g raph ica l ly  i n  
Figs .  2 and 3 f o r  mercury and TOC respec t ive ly .  I n  each f i g u r e ,  f o r  

both the 190 and 3544 process  streams, t h e  p e r c e n t  of contaminant 

remaining i n  the  e f f l u e n t  of coLumn one is p l o t t e d  as a func t ion  of t he  

volume of waste processed. The i n l e t  concent ra t ions  of mercury and TOC 

as a func t ion  of the  volume of water processed is  presented i n  Figs.  4 

and 5 ,  respec t ive ly .  As shown i n  Fig. % s  the f l r s t  column c o n s i s t e n t l y  

removed >93X of the  mercury i n  both the  3544 and 190 process  water, 

except for a sp ike  i n  the 190 water which occurred between -,120,000 and 

-133,000 L. During t h i s  per iod,  none of the  ope ra t iona l  parameters 

followed showed any s i g n i f i c a n t  change, and the  reason f o r  this sp ike  

i s  not known. It  is  a l s o  ind ica t ed  i n  Fig.  2 t h a t  t h e  mercury wavefronit 

had not broken through the f i r s t  column at  run te rmina t ion  f o r  e i t h e r  

t h e  3544 o r  190 stream. Since t h e  190 water had higher  i n l e t  mercury 

concent ra t ions  and was processed f o r  a longer per iod of t i m e ,  t h i s  

stream w a s  used t o  determine t h a t  the  minimum mercury capac i ty  obtained 

i n  coliimn one w a s  0.16 mg Bg/g carbon. For comparison, i n  j a r  tests run 

by Logsdon and S y m ~ n s , ~  with m€!KCUry concent ra t ions  of -0.009 %/L,  the  

d a t a  show t h a t  i n  achieving a concent ra t ion  of 0.002 mg/L mercury, each 
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g/L of powdered actl ivated carbon removed 0,1 mg[L of nercary, a J.oadhng 

OE 0.1 mg H.g/g.5 ~n co~umn tests with average ~raf~axent  concent ra t ions  

from 0.020 t o  0.029 mg/L mercury and a 3 * h n l n  contact  time, mercury 

c a p a c i t i e s  of -0.21 ~ n g  Hg/g carbon and -0-4 mg iIg/g carbon were obtained 

f o r  inorganic mercury and organic mercury, sespeetively, at 80% removals5 

I n  column t e s t s  a t  Westvaco l abs ,  virtually ctmplete adr;arpt ion of 

0.025 to 0.050 mg/L Hg as CH3HgCl i n  t a p  water over a threc-math pe r iod  

was obtained.6 The l i t e r a t u r e  indicates mnercucy a d s o r p t i o n  by EAC i s  pBI 

dependent and t h a t  s u l f u r i z i n g  and/or chelating agents. c2ouLd. possibly be 

used t o  tmprove mercury reaavals.5 J 

ducted t o  deteriiiine the  e f f e c t s  of pN, sulfurizing agen"ls, che la t ing  

agen t s ,  and carban types on the  u l . t imte  carbon capacity for w r c u r g .  

Column s t u d i e s  should then be run fo r  the most paromisPng set of 

ope ra t ing  data. Note that  GAC adsorptfon i s  wastewakes speeLEic; 

t h e r e f o r e ,  these s t u d i e s  should be run on waters t h a t  are representa t ive  

of the ac tua l  wastewater t o  be t r e a t e d  i n  t he  NRWTF. 

 soth her^ s t u d i e s  s~ioa~.(~ be eon- 

As i nd ica t ed  in Pig. 3, the  removal af TOC from the 3544 and 190 
wastewaters var ied from 100% t o  (10%. T h i s  variation m a n s  that the CA 

u n i t  cannot be p r o p e r l y  evaluated because the degree of rcmovaE 1s 

s u b s t r a t e  dependent and cannot be p r e d i c t e d  e x e r p t  on a case-to-case 

basis. Studies  should be performed on waters that are r ep resen ta t ive  

of the actual  wastewater t h a t  w i l l  be treated by the 

reglalated organics Followed ind iv idua l ly ,  A P t m  by comparing Figs, 1 zril 

5 it can be seen that  the f a l l  t o  0% TBC in the effluent ~ . o r r e ~ p o n d ~  to 

a drop i n  the I n l e t  TOC concentrat ion.  

A r a d i o a c t l v i t y  ana lys i s  was performed on the i n l e t  and e f f h e r i t .  

water samples w h i l e  p r o c e s s i n g  both the '3544 snd 190 wastewaters. A 
m a p l e  crf the GAC was a l s o  taken from the middle of the f i r s t  column 

af ter  processing each waste stream and compared with an snalysfs of a 

s a m p l e  of the v i r g i n  carbon. The i n i t i a l  ana1ys.i.a sf the  GAG a t  the 

close of each run i n d i c a t e s  s i g n i f i c a n t  csricentsation o f  radioact1v.e 

s p e c i e s  by the carbon. A recheck of the same carbon sanpTes a. f e w  
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weeks l a t e r ,  however, i n d i c a t e d  v e r y  l i t t l e  r d i o a c t i u e  a c c u r m l a t i o n  

by the carbon. N o  r a d i o a c t i v e  s p e c i e s  which decayed ai thab, rate 

c o u l d  be found; t h e r e f o r e ,  an e r r o r  i n  the a n a l y s i s  was assumed. More 

work shou ld  be done t o  c l a r i f y  t h i s  c o n f l i c t i i i g  da ta .  

4 .  REVERSE OSMOSIS 

Reverse o s m ~ s i s  (RO)  w a s  i nc luded  i n  t h e  NRWTP d e s i g n  for t h e  removal 

o f  TDS, n i t r a t e ,  and p o s s i b l y  mercury. The flow diagram of t h e  KO u n i t  

used in t h f s  s t u d y  is  g iven  i n  Fig. 6 .  The p rocess  water (3544 e f f l u e n t )  

w a s  doped w i t h  mercu r i c  n i t r a t e ,  g i v i n g  an i n l e t  mercury c o n c e n t r a t i o n  

o f  -0.020 1ug/LB to a l l o w  measurement of mercury r e j e c t i o n .  The mercu r i c  

n i t r a t e  w a s  f e d  i n t o  a r e c y c l e  loop t o  ensure t h a t  i e  was cornplctel-y 

mixed with t h e  p rocess  water b e f o r e  e n t e r i n g  the  s u r g e  tank. In  the 

s u r g e  t ank  t h e  pH w a s  a d j u s t e d  t o  -6 t o  7 ,  and i n  some mns  sodium 

s u l f i d e  s o l u t i o n  w a s  added. From the s u r g e  tank the laastcwater was 

f i r s t  pumped through a f i l t e r  t o  remove suaperrrled s o l i d s  l a r g e r  than 

5 ~.lm and t h e n  through one of the two RO mcmbramcs examined i n  t h i s  

s tudy .  

The f i r s t  membrane t e s t e d  was a model SEPA-97-CA c e l l u l o s e  acetate 

membrane manufactured by Osmonics lmc. The d e s i g n  s p e c i f i c a t i o n s  f o r  

the membrane are 555 mL/mPn (0.15 g a l / m P n )  of permeate flow w-lth 90 t o  

95% r e j e c t i o n  of c o n d u c t i v i t y  when operated a t  s t a n d a r d  t c o t  conditions 

of 2.72 MYn (400 p s i g ) ,  1000 mg/L N a G 2 ,  25"C, and 1OX f e e d  I-ercvery. 

The second membrane WIH a model 8W30 t h i n - f i l m  composite ~ ~ ~ r n b r a n e  

manufactured by FilrnTec Corpora t ion ,  The d e s i g n  s p e c i f i c a t i o n s  t o r  

t h i s  membrane are 4730 d m i n  (1.25 g a l / n i n )  of permeate f low w i t h  a 

minimum C1- r e j e c t i o n  of 96% when o p e r a t e d  a t  standard test: c o n d i t i o n s  

of  1.6 MPa (225 p s i ) ,  2000 mg/L N a C l ,  25OC, and a maximim r ecove ry  of 

30%, Bolh of t h e s e  membranes m e t  the m a n u f a c t u r e r ' s  s p e c i f i c a t i o n s .  

The ave rage  o p e r a t i o n a l  pa rame te r s  f o r  the two membranes dvrtng the 

test p e r i o d  a ~ e  summarized i n  Table 5 ,  and a chranology of the o p e r a t i o n s  

i s  g iven  i n  Tab les  5 atad 7. 
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T a b l e  5. Summary of the average opesat  i.onal parameters 
for the Osmonics and PilrnTec membranes 

during the tes t  p e r i o d  

Parameter 
0 smclni c inemb ra ne 

value (a)" 
Film'Pec membrane 

v a l w  ( a l a  

Feed tempera ture ,  "C 26,60 (0.78) 

Feed pW 6 . 4 4  (0 .92 )  

Circulation flow rate 7.57 
( LPM) 

Membrane feed (MPa) 3.010 (0.175) 
pressures ( p s i g )  421.79 (10.73) 

Membrane (MPa) 0.042 (0.010) 
A P b  (psig) 6.08 ( 1 . 4 1 )  

25.70 (1.2.5)'C 

6.19 ( 0 . 1 2 )  

17.00 ( 1 . 4 0 )  

1.671 (0.148) 
277.75 (6 .80)  

0.159 ( 0 , 0 3 2 )  
2 3  ( 4 . 5 5 )  

n 

I '  a --- standard deviation. 
'AP = reed pressure - c o n c e n t r a t e  pressure.  



Table 6 -  Operattonal chronology with OsmoixBcs membrane 

-_ 
Time 

Date (0-2400 h) Even i: 

8 / 1 / 8 4  

8 / 2 / 8 4  

8 / 6 / 8 4  

8 / 7 / 8 4  

19/84. 

81  10/84 

8 /  1.0/84 

8/11/84 

8 / 1 4 / 8 4  

81  16 /84  

8 / 2 0 / 8 4  

8 / 2 0 / 8 4  

8 / 2 2 / 8 4  

at/22/a4 

8 /  23 /84  

a,/ 24 / $4 

81 27 184 

8 / 2 8 / 8 4  

8 / 2 9 / 8 4  

-1700 

- 1500 - 1500 

-1500 

-1500 

- 1300 
-1800 

N 1400 

-1600 

-1700 

-1100 

-1300 

-0900 

N 1000 

- 1000 

-0900 

-1100 

-1530 

-1600 

Unit  s t a r t u p  on t a p  water Tp%ked w i t h  NaCl f o r  
i n i t i a l  memhrane base 9 Lnc check a t  -50% 
recovery.  

Membrane baselfrw aorasplet~~d and unt t  H ~ S ,  down, 

Unit startup on 354k  e f f l u e n t  ~ h i c h  had been 
p r e t r e a t e d  by GAG a t  -502 recovery, 

Recovery increased to  -75%. 

S t a r t e d  m2rcuric nitrate a d d i t - i m  to  R.0 feed 
and dec reased  recovery t o  -65X,  

Unit shut  dorm t o  repair feed pump. 

Unit s t a r t u p  on 3544 effluent p r e t r e a t e d  by 
GAC and splked w b t h  wrcur.tc rxitratc! at: - 
recovery.  

Recovery tnereasrd t o  -*95X, 

UnF t s h u t  down, 

Unit s t a r t u p  on 3544 ef f luent  whlc'w. had bceni 
pretreated by GAC followed by uxcuric n i t r a t e  
and sodium s u l f i d e  additfan at. 95% recovery,  

Unit s h u t  down. 

Unit. s t a r t u p  on firse-pass permeate e t  -95X 
recovery,  

Uni t s h u t  drslara .) 

Unit stsartcap on r a w  3544 e f f l u e n t  spFked with 
mercuric n i t r a t e  and sfpdijum s u l f i d e  at ~ 8 5 2  
recovery, 

~ e c o v e r y  inereasca to  * - 9 5 ~ .  

Unit  shut down, 

Unit skartup om the water spiked wtth NaCl  t o  
compare w f t h  resiztts on  .bnbci.al uaafmbrane 
b a s e l i n e  cheek, 

Added sodium n i t r a t e  t o  t a p  water, NaC1 a o l u t l o n .  

Unit slut down, 
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T a b l e  7. Operational. chronology w i t h  F ~ h T e c  membrane 

.--.̂ -___I.____ ~ .... ~ ______ . . . . . . . . . . . . . . . . . . .I-s 

T i m e  
. o  Date (0-2400 h) PAVE? Kit 

9 / 1 1 / 8 4  

9 /  1 4 / 8 4  

9 / 1 7 / 8 4  

9/  1 8 / 8 4  

9 / 1 8 / 8 4  

9 / 1 8 / 8 4  

9 / 1 9 / 8 4  

9 / 2 0 / 8 4  

9120184 

9 / 2 1 / 8 4  

9 / 2 2 / 8 4  

9 / 2 3 / 8 4  

9 / 2 5 / 8 4  

9 / 2 6 / 8 4  

- 1300 

-1500 

-0830 

-1500 

-1530 
- 1400 

-1100 

- 1400 

- 1300 

- 1000 

-1100 

-1100 

-1600 

II___. ... . 

U n i t  s t a r t u p  en t a p  water sp iked  with N a C l  Lor 
i n i t i a l  b a s e l l h e  check a: -50% recovery.  

R e s u l t s  from b a s e l i n e  rheck i n d i c a t e  membrane 
is d e f e c t i v e .  Ordered new wmbrane .  

Unit  s t a r t u p  €or NaCl b a s e l t n e  check of  nerd 
inembrane a t  -50% recovery.  

Discovered a c o n t r o l l e r  had m l f u w t i o n e d  d u i i  ng 
t h e  n i g h t  caus ing  the v a l ~ e  on t h e  c o n c e n t r a t e  
stream t o  c l o s e  and the mcmbi- an^ t o  be fo i i led  
by m i n e r a l  p r e c i p i t a t i o n .  Shut down unit. 

U n i t .  s t a r t u p  on phosphoric  a c i d  s o l u t i o n  to  
c lean mineral- d e p o s l t s  f ruin membrane. 

U n i t  s h u t  down, 

Unit  s t a r t u p  on N a C l  solut io; ,  f o r  b a s e l i n e  
check a t  -50% recovery.  

Added N a N 0 3  t o  N a C 1  s o l u t i o n .  

Unit  s h u t  down. 

IJnit s t a r t u p  on raw 3544 effluenC sp iked  w i t h  
mercury a t  -60% recovery.  

Recovery increased t o  -8OX. 

Recovery i n c r e a s e d  t o  -95%. 

Na,S was addrd t o  t h e  Uc) feed  sLre.am, 

U i i i  t. s h u t  down. 
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A summary of the RO tes t  resu l t s  is present@ Ira T a b l e  8, As 

shown, t h e  R.0 data can be d iv ided  i n t o  s i x  operational groups,  Zn 

groups a through d,  the  RO unit was operated with $hi. O s ~ ~ o o i c s  wmbrane; 

i n  groups e and f ,  the  RQ unit  w a s  operated w l . t h  the PikmTee. membrane. 

I n  group a, the  Osrnonics membrane w a s  operated ustng the  3544 

e f f l u e n t  as feed,  The feed w a s  p r e t r e a t e d  w i t h  GAC and spiked with 

mercuric  n i t r a t e .  The percent  recovery [(permeate f l a w  rate/feed flow 

rate) x loo]  was r a i s e d  from -64% t o  -95% and the r e j e c t t o n  

[ 100- (permeate concent ra t ion / feed  concent ra t ton)  x 1001 af TIIS, 

n i t r a t e ,  mercury, and s u l f a t e  followed, AS shown i n  Table 8, as the  

recovery was r a i s e d  from -64% t o  -95% the  average rejection of n i t r a t e  

f e l l  from 66% t o  22.5%, the average re ject ton o f  TDS fell f r o m  74% to 

45.5%, and the average r e j e c t i o n  of s u l f a t e  S e l l  from 92% t o  85%. 
Mercury was not r e j e c t e d  a t  any recovery,  This  Enformation is presented 

g r a p h i c a l l y  i n  Fig. 7. 
In a n  a t t e m p t  t o  Improve mercury r e j e c t i o n ,  sodium saalfidei was 

added to the  wastewater to  o b t a i n  a concent ra t ion  o f  0. 7 5  mg/L (0.2 g 

Na~S/700 ga l ) .  It was pos tu l a t ed  t h a t  s u l f i d e  would yrzcLp9tate  the 

mercury, i n  co l lo ida l .  form, as MgS. The membrane would then reject the  

mercury. The r e s u l t s  can be seen in group b ~f T a b l e  8, Af te r  sulfide 

a d d i t i o n  the membrane r e j e c t e d  an average of  g ? a 4 x  of t he  mercury 

reaching  i t ,  Note that the 57.100 f i l t e r s  removed -84% of the mercury 

before  i t  reached t h e  membrane, i n d i c a t i n g  XgS had p r e c i p i t a t e d ,  'The 

membrane r e j e c t i o n  above is based on the <mount of merc:ury a c t u a l l y  

reaching  the  membrane and does not include the 34%; ranoved hy the 

f i l t e r s .  Also, material balances Fradicate- inuch of the raerotxry was 

n o t  a c t u a l l y  r e j e c t e d ,  but depos i ted ,  on the membrane. 

The permeate from group b was c o l l e c t e d  and retreated by BO to  

observe how the membrane would handle materlalls a t  B O W E ? ~  roi.ricentrations 

arid t o  determine the mercury  concent ra t lon  after two passes through the 

RO membrane. The results can be seen ern gr'otsp c of Table 8 ,  The 

average r e j e c t i o n s  were 29% TI)S, 38% n i t r a t e ,  76-42 merclliry, and >92% 
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Fig. 7. Rejecti~n measured w i t h  OsmonFcs mmbrarae while processing 
3544 eff luent .  pretreated with GAC (group a>. 
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su l f a t e .  AZter t h e  second pass  thrmigh t h e  XB mfibranc, the averagc  

mercury c o n c e n t r a t i o n  i n  t h e  permeate w a s  -0.000 L ag/L. 

Group d i n  Table 8 summarizes t h e  d a t a  f o r  o y h r a t i o n  v i t h  the 

Osmt>n ; i c s  membrane on r a w  3544 e f l i u e n t  sp iked  v t c h  nc:~ury am1 s u l f i d e .  

Comparing t h e s e  d a t a  w i t h  g roup  b d a t a  a t  -94% r e c o v r ~ y  i t  Can be sepn, 

a t  least i n  t h e  shorL term, that RO is not enhanced by p r ~ t r ~ a t r r r e n t  with 

GAC 

Groups e and f i n  Table 8 surmnarize t h e  da la  f u r  o p e r a t i n n  r d t h  t h e  

FilnmTcc, m~mhrane .  These data are presented  g r a p h i c a l l y  i n  F i g .  8. A s  

shown i n  Pig.  8, as t h e  recovery w a s  i n c r e a s e d  from --6C% LO -94?,  the 

average TDS r e j e c t i o n  decreased from 95.42 t o  82.57:, the aucragc nltrste 

r e j e c t i o n  decreased  from 95.5% t o  b8.4X, Che average m ~ r c * u r y  r e j e c t i o n  

decreased  from 54.92 t o  33.0%, and the  s u l f a t e  r c j e c t i o n  h e l d  essrn- 

t i a l l y  c o n s t a n t  a t  >98.5%. Note t h a t  in several  easeci TDS a n e l y s e s  

i n d i c a t e d  no 73)s i n  the perma te  stream. \Than t h i s  nccuried the 

r e j e c t i o n  of t h e  TDS was based on a inaterial b a l a r t w  betwe<?n t h e  f r c d  

and c o n c e n t r a t e  streams, thus  minimizing t h e  C I - ~ O ~  l n h e  

l e v e l  'IDS analyses .  A l s o ,  the TDS r e j e c t i o n  foc  group e a t  -94% recovery 

was not inc luded  on Fig.  8 because only one d a t a  p o i n t  m s  mrGsiired2 and 

t h e  d a t a  p o t n t s  a t  the same recovery in group f i n d i c a t e  a r e j e c t i o n  of 

-82%. 

By comparing Figs.  7 and 8, i r :  can be seen ?:liar in all cases t h e  

F i i m T e c  membrane performed b e t t e r  than the Osmonics meiihrdiie.  Also Fig. 

8 i n d i c a t e s  t h e r c  i s  a sharp d e c l i n e  i t a  t h e  r c j cc i - i on  of d t r a t e  above 

a feed recovery o f  12 t o  80% w i t h  the FilmLcc ~~e-rnbrane. Csummicat ions 

w i t h  the  FilinTec r e p r e s e n t a t i v e  i n d i c a t e d  t h i s  d c c l i n r  '.';is normal and 

sugges ted  o p e r a t i o n  of the membrane a t  a r e c o v e r y  with a high r e j e c t i o n  

o f  n i t r a t e  and t rea tment  of: t h e  concentraie stream w i t h  a seawatez 

liiernbrane ( r e q u i r i n g  about  twice t h i b  operating preeouLe)?. 4 f lowsheet  

showing t h i s  mode of operation a long  wi th  the. expected ~ P t r a t e  te jec-  

t i o n s  is presented  i n  Fig.  9. 
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I n  comparing the  mercury rejeetfoia  o f  the  O ~ m o n i ~ s  and FFPmTec 

membranes, the  Osmonlcs membrane r e j e c t e d  no mercury b e f o r e  s u l f f d e  

a d d l t i o n  and the  FilmTec membrane r e j e c t e d  between 333 and 54X, After 

s u l f i d e  a d d i t i o n  the Osmonics mmbraiae r e j ec t ed  -992 of the mercury a t  

-95% recovery,  atid the F i l m T e c  membrane r e j e c t e d  between -48 and 60% (an 
inc rease  of -46 t o  82%). Note that a f te r  the su l fEde  w a s  ad i n  the  

FiLmTec opera t ion ,  very l L t t l e  mercury w a s  removed by the prefI.1-ters. 

This  observa t ion  i n d i c a t e s  the probable absence of the HgS p r e c i p i t a t e  

which was pos tu la ted  earlier when opera t ing  with the Osmonlcs membrane. 

A summary of mass balance c losu res  f o r  the var ious operattonal 

groups i s  presented i n  Table 9. A negat ive  value i n d i c a t e s  the material 

was held by the  membrane. A s  can be seen, most o f  t:he mterial balances 

c losed  wi th in  -B2%, wjth the  except ion of: TDS and mercury. Befo re  

o p e r a t i o n a l  group c ,  the  balance used t o  p e r f o m  TDS assays was l oca t ed  

i n  an area where bui ld ing  v i b r a t i o n  made accura te  measurement d i f f i c u l t .  

Af te r  moving the balnnee t o  a loca t ion  where i t  was unaffec ted  by 

v i b r a t i o n ,  the material balances (groups e, d ,  e9 and f )  genera l ly  

c losed  wi th in  -15%. The s m a l l  amount of TDS present i n  the permeate 

s t ream made accurate T6)S determinat lon d i f f i c u l t  with the sample volume 

being used. In  f u t u r e  ana lyses ,  the ~ Q ~ I I U E  of Liquid  used i n  the TDS 

ana lyses  should be g r e a t e r  than the cu r ren t  value of 100 mLe 

By observing the  mercury mass balance c losure ,  i t  can be seen t h a t  

the a d d i t i o n  of sulfide t o  the  wastewater (groups b, c, d,  and if> 

caused most of the mercury t o  be depos i ted  on the membrane. Again, 

t h i s  phenomenon is pos tu la ted  t o  be due t u  the formation of a c o l l o i d a l  

HgS p r e c i p i t a t e  " 

Data on the  flow rates of the  feed,  permeats, and concent ra te  

streams vs opera t ing  t i m e  are presented i n  Figs.  EO an 

Osmonics and FilmTec membrane, r e spec t ive ly .  Pram Fig, 10 it ea91 he seen 

t h a t  the flow rate of the  permeate remains essentially constant  f o r  the 

Osmonic membrane, i n d i c a t i n g  no fou l ing  dur tng the opera t ton  period, The 

s lLght  i nc rease  i n  the  permeate flow from -280 t o  310 h can probably be 
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Tab le  9. Summary of the material balance 
closures Enr KO operation 

R e e  o ve P y 
(Xj Group 

a 62,9 
64"  1 
79.1 
79.1 
94.9 
94.9 

-119 
-.- 1 2 . 3 
-1.7 
-3.9 

-50.6 
-46.4 

6.9 
5.6 

-2.3 
-1.0 

1.6 
-11.9 

7.7 
1.6 
8 * 4  

5 I 0 
6.2 

18.6 

a 

12.3 
-27.1 

a 
-48-1  

~a 

33.8 
9 5  
95 
9 5  

b 12.5 
23.3 

-35-2  
-45.2 

a 
-14.5 

11.4 
3.8 

7.7 
-10.9 

-9.5 
-114.4 

-92.3 
-91.8 
-95.3 

93.7 
93" 7 

-13.6 
-1.3 

-8.6 
U 

a 
a 

-4 3 
-69.7 

8 5  
84 .5  
93 ,6  
92.9 

-14-2 
-15,4 
-27 e 8 

6.9 

-8.5 
-13.6 

2s. 3 
a 

-33.7 
-79.9 
-91.9 
-88.2 

(1 

a 

57.0 
60.9 
80 
77.8 
93.3 

-8.5 
13.7 
>1 

-21. I 2  
-3.5 

-1.5 
-4.1 
-1.1 

3.8 
6.5 

16.0 
a 

1.8 
-12*0 

-3.5 
-31.2 

e 

a 
-14-9  

9 3 * 4  11.6 
-6.5 

-3.2 
a 

10.0 
-12, l .  

-83.5 
-65.7 

"No data available. 
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a t t r i b u t e d  t o  a s l i g h t  i nc rease  i n  t h e  membrane p res su re  from 2.896 mPa 

(420 p s i )  t o  2.965 mPa (430 p s i ) .  A s  shown i n  F ig .  11, the PilmTec per -  

meate f l o w  rate decreased wi th  ope ra t ing  t i m e .  This  decrease  f s  as 

expected because of t h e  inc rease  I n  recovery from bO% t o  93X6 

Conduct ivi ty  r e j e c t i o n  by the  FilmTec membrane while processing raw 

3544 e f f l u e n t  a t  95% recovery vs opera t ing  t i m e  is shown i n  Fig.  12.  As 

can be seen,  no d e t e r i o r a t i o n  i n  performance w a s  measured, r a t h e r  a 

s l i g h t  i nc rease  i n  r e j e c t i o n  from -80% t o  86% occurred over the  -70 h of 

ope ra t ion  a t  -95% recovery.  

The r e s u l t s  of t he  r a d i o a c t i v i t y  analyses on t he  3544 e f f l u e n t  pro- 

cessed by RO are given i n  Table 10. A s  can he seen, i n  sXI cases the  RO 

membranes concentrated the  r ad ioac t ive  spec ie s  .I Enough d a t a  are not 

a v a i l a b l e ,  however, to  adequately eva lua te  the. membrane performance f o r  

t h e  removal O€ the  r ad ioac t ive  spec ies .  

5 .  SUMMARY 

Two process  streams t o  be t r e a t e d  in t h e  proposed NRWTP were 

cha rac t e r i zed  by grab samples  in which s e v e r a l  key parameters were 

moimitored da i ly .  This  c h a r a c t e r i z a t i o n  ind ica t ed  t h a t  s e v e r a l  

parameters may v i o l a t e  t h e  poss ib l e  d ischarge  l i m i t s .  

GAC was  used t o  treat these  two streams €os the removal of QP"&BI?.~CS, 

mercury, and as a poss ib l e  pretreatment  for  RO. The f i r s t  stream 

t r e a t e d  by GAC, the  3544 e f f l u e n t ,  had average feed concentrat tons of 

0.0195 mg/L Hg and 4.6 mg/L TOG. It was found that the  GAC system had a 

mean Hg removal of 98.82, with 96.6% being remomd i n  the f i rs t  co lwnn~ 

The mean removal fo r  TOC w a s  h9.6%, w i t h  48.54 removed i n  the Flrst 

column. The GAG removed no n i t r a t e  or  s u l f a t e .  

The GAC system, when fed with the  190 wastewater, had a m a n  mer- 

cury  i n l e t  concent ra t ion  of 0-0357 m g h  Hg and a mean TOd: c o ~ i c e n t ~ a t i ~ n  

of 5.3 mg/L. The GAC system had a mean removal of 97.1% Bgp wlth 94.4% 
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Fig .  12, Conductivity r e j e c t i o n  wi ttm the F i i m T e c  BW-30 membrane 
while processing raw 3544  cffluent at -95% recovery vs opera l l l i lg  time 
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removed by the first column. The man remva3. of 1OC was; - 4 3 X ,  wllth 

e s s e n t i a l l y  all of t h i s  being rtcnanoued by thc F i r s t  rolumn. A g ~ i r ~  the 

GAC had no e f f e c t  on the n i t r a i x  and s u l f a c e .  

R e s u l t s  indicat t .  that the a d s o r p t i o n  % r a ~  frorrr had n o t  broker, 

through i n  any of the runs f o r  ei ther TOC or  m c r c u ' ~ y ,  and the m-inimum 

mercury adsorpt-lve c a p a c i t y  w a s  0.15 rig Hg/g carh.cn, U d i o a c t i w  

species aceeimiilation on rlie GAG was wEsunred, 

The rermval of TDS, n i t r a t e ,  s u l f a t e ,  and ~ m r e t i r y  from the 3544 

e f f l u e n t  wa.5 examined by RO w i t h  a c e l l d o s e  acetate wmbrant  ( O s r m n t c s )  

and a thin-film composite nwmbrane (FilmSee). T n  opcr;itlng i he Osmonlies 

membrane, as the feed recovery was i n c r e a s e d  f rom -64% t o  - 3 5 % ,  t h e  average 

r e j e c t i o n  of n i t r a t e  decreased from 66% to 22 .5X ,  t h e  TDS r e j e c t i o n  from 

742  t o  4 5 % ,  and the  s u l € a t e  from 92% to 85%. M?rcury was not  rejected 

at any recovery. With t h e  FilmTec membrane, as the rrroveiy' das 

increased  frolid 68% to 94%, the  n i t r a t e  r e j e c t t o n  decreased  from 35.52 t o  

68.41:, the TDS r e j e c t i o n  from 95.4% t o  82.5%, Llie mercury from 54.9% to 

33%, and the s u l f a t e  he ld  c o n s t a n t  a t  >98.5%, In a11 cases, i-Ire PilmTec 

membrane performed becter  than  the Osnonics unembranc. t t  rms a l s o  found 

that the a d d i t i o n  of s u l f i d e  improved the re jee t io i i  of 

membranes. T h i s  phenomenon was p o s t u l a t e d  t o  be due t o  the fsriinatlon sf 

a c o l l o i d a l  HgS p rec ip i l a t e .  Both membranes concent ra ted  r a d i o a c t  Lwe 

species. 
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