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PREFACE 

This is the completion report on the first year's work in the Water 
Pollution Control Research Series. Although it was originally prepared 
for the Water Quality Office of the Environmental Protection Agency, it 
was not issued by this agency because the contract for the work was ex- 
tended for an additional year and, in turn, the information documented 
was considered only an interim report. 
available locally, we have adapted the format of the report to that of 
an ORNL-TM Report. 

In order to make the details 
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ABSTRACT 

Two anion exchange chroma,tographs, one f o r  u l t rav io le t -a ,bsorb ing  com- 
pounds (UV-Analyzer) and t h e  o the r  f o r  ca,rbohydra,tes (caxbohydrate 
ana,lyzer) , were a,dapted t o  t h e  problem of a,na,lyzing t h e  r e s i d u a l  orga,nic 
compounds present  i n  municipal and i n d u s t r i a , l  sewage e f f l u e n t s  a.t  pg/ 
l i t e r  l e v e l s .  

It w a s  necessary t o  concentrate  t h e  samples of e f f l u e n t  50- t o  1000- 
f o l d  p r i o r  t o  t h e i r  a n a l y s i s  on t h e  chromatogra,phs. A two-step pro- 
cedure, cons i s t ing  of 10- t o  30-fold concentratt ion by vacuum d i s -  
t i l l a r t i o n ,  followed by freeze-drying t o  a k t a i n  t h e  des i r ed  f i n a l  volume, 
wa,s developed. Loss of  noncarbonate carbon with t h i s  procedure was less  
than  15%. 

Both analy-tica,l procedures were demonstra,ted t o  be r e l i a b l e  and repro-  
ducible .  S ign i f i ca ,n t ly  d i f f e r e n t  chroma,tograms were obtained of samples 
from d i f f e r e n t  sources a s  w e l l  as samples from t h e  same sources a,t dif- 
f e r e n t  times. Norma,lly, 70 t o  100 u l t r a x i o l e t  (W)-absorbing chromato- 
gra,phic pea,ks were reso lved  from samples of primary sewa,ge trea,tment 
e f f l u e n t s ;  30 t o  50 were found f o r  seconda,ry e f f l u e n t s .  
13 of t h e  peaks occurr ing i n  primary e f f l u e n t  have been e s t ab l i shed .  
The ca,rbohydrate analyzer  chromatograms of primazy eff luent  contained 
up t o  38 peaks, while those  of seconda,ry e f f l u e n t  contained up t o  19 
pea,ks. 

I d e n t i t i e s  of 

A W-AnaLyzer f o r  t h e  Advanced Waste Treahment Resea,rch Laboratory of 
t h e  Off ice  of Resea,rch and Monitoring was constructed at OWL a,t a, c o s t  
of $13,200 and de l ivered  i n  November 1970 t o  t h e  Robert A.  Ta,ft Sa,nita,ry 
Engineering Center i n  Cincinna,ti,  Ohio. I t s  use i n  t h e  a n a l y s i s  of 
samples of bo th  t r e a t e d  and untrea, ted sewa,ge has  been s a t i s f a c t o r y .  
operatt ing ma,nua,l wa,s suppl ied w i t h  t he  a,na,lyzer . 
A modif icat ion o f  t h e  W-Analyzer has reduced t h e  ana lys i s  t ime from 40 
h r  t o  ahout 6 hr .  

An 

This r e p o r t  was submitted i n  f u l f i l l m e n t  of Contramet No. 14-12-833 be- 
tween t h e  Off ice  of Research and Monitoring, EPA, and t h e  Atomic Energy 
Commission. 

I . 
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SECTION I 

CONCLUSIONS 

1. At least 50 to 100 refractory organic compounds are present in ef- 
fluents from municipal sewage treatment plants at bg/liter levels; many 
more refractory compounds are present at higher concentrations in ef- 
fluents from industrial sewage treatment plants. 

2. High-resolution anion exchange chromatography provides a reliable and 
useful tool for determining refractory organic compounds present at low 
pg/liter levels in sewage effluents and various other polluted waters. 

3. The detection of sources of pollutim, the testing of the effectiveness 
of sewage treatment steps including possible tertiary steps, and the 
determination of the ultimate disposition of pollutants are obvious end 
uses of the high-resolution anion-exchange chromatographic systems. 
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SECTION I1 

RECOMMENDATIONS 

This program has been limited to the adaptation of existing analytical 
systems for use in the determination of refractory organic compounds in 
polluted waters with a minimum of instrumental development. 
the program did not include exploiting the capabilities of the analyzer 
for detecting sources of pollution, testing effectiveness of sewage treat- 
ment plants, or  determining the ultimate fate of pollutants; nor did it 
include positive identification of all the separated organic constituents. 
It is recommended that the program to adapt existing analyzers be continued 
and be expanded to include a more complete study of the carbohydrate analyzer 
and another analytical system for analysis of ninhydrin-positive compounds. 
Further, it is recommended that the range of usefulness of the W-analyzer 
be extended and its operability improved. 

The scope of 

To fit the special needs of this program, a llsecond-generationll W-analyzer 
should be designed to meet the requirements as defined in field testing 
of the existing analyzer. 

It is recommended that the identities of as many as possible of the residual 
stable organic compounds being discharged to surface wa.ters be determined 
and their potential hazards be evaluated. 

A very active program of analyzer application evaluation should be under- 
taken in the field to determine sources of pollution, the effectiveness 
of sewage treatments, and the fate of organic pollutants. 
should be closely coordinated with the analytical development program to 
take advantage of improvements as they are made and to "feed back" information 
about problem areas that would lead to necessary modifications of the 
instruments. 

This effort 
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SECTION I11 

I NTRODU CT I ON 

The discharge of stable organic compounds in sewage effluents to surface 
waters and the buildup of organic constituents by recycle can seriously 
affect water quality.’ a Studies aimed at developing methods to improve 
sewage treatment have been hampered by the lack of suitable analytical 
t o o l s ,  and reliance on nonspecific and indirect determination has fre- 
quently been necessary. These determinations include measurements of 
total carbon, oxygen demand, total W absorption, and selective fractional 
e~traction.~ As a result, potentially useful information regarding the 
chemical forms of the stable organic compounds, their concentration levels 
in discharged effluents, and the effectiveness of the various treatment 
methods for their degradation or removal has not been obtained.294 

Because of their sensitivity and capability for detecting and quantiwing 
many of the constituents in body fluid samples, two high-resolution anion 
exchange chromatographs recently developed at O a k  Ridge National Laboratorf-9 
appeared to be adaptable for use in analyzing for the molecular components 
of residual organic compounds present in water at low concentrations. One 
of these chromatographic systems developed for the analysis of W-absorbing 
constituents (W-analyzer) is shown schematically in Fig. 1; it utilizes 
an acetate buffer as the eluent and ultraviolet photometry for detection 
to determine more than 200 compounds of biological origin in the concentra- 
tion range of 100 pg/liter to 100 mg/liter. The second chromatograph, a 
carbohydrate analyzer, is shown schematically in Fig. 2; it uses a borate 
eluent and a phenol--sulfuric acid color development system to determine 
more than 50 carbohydrate compounds of biological origin in the concentration 
range of 1 to 100 mg/liter. 
products are probably present in sewage effluents. 
pounds of concern from industrial and agricultural sourcesas4 could also 
be determined by these instruments.” 

Many of these compounds and their degradation 
Additional organic com- 

In this report, the following topics are discussed: 
aration of sewage effluent samples for analysis by high-resolution anion 
exchange chromatography; evaluation of the method for reproducibility and 
sensitivity to sample differences; identification of specific organic com- 
pounds in effluent samples; initial observations on the relationship of 
the analyses to operating parameters of the sewage treatment plant; the 
construction of a UV-analyzer for use at the Advanced Waste Treatment 
Research (AWTR) Laboratory, and cooperative studies with the AWTR Laboratory; 
and possible applications of new separation systems to the pollution problem. 

progress in the prep- 
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SECTION IV 

INITIAL ADAPTATION AND TESTING OF ANALYZER 

The beginning period of this study, from May through August of 1970, was 
primarily concerned with the development of a sample concentration technique. 
Work during the period from September 1970 through April 1971 was primarily 
aimed at demonstrating the quality and usefulness of the combined concentra- 
tion and analysis method. Concurrent with the development of the concentra- 
tion technique, the resulting concentrates were analyzed; however, since 
these analyses served mostly as a means for judging the effectiveness of 
the concentration method and were variable because of djfferences in tech- 
niques, actual data and details have been omitted. The contents of this 
section have been arranged to correspond largely with the order in which 
the work was done, as follows: (1) a listing of sample sources, and the 
development of a sample concentration technique; (2) the demonstration of 
reproducibility and sensitivity of the technique; (3) the identification 
and measurement of specific stable organic compounds in effluents; and (4) 
the results of various studies of actual sewage plant operating parameters. 

Sources of Sewage Treatment Plant Effluent 

Samples of sewage plant effluent after primary and secondary treatment were 
collected from the East Sewage Treatment Plant, O a k  Ridge, Tennessee 
(essentially a municipal source with little industrial waste) and from 
the Third Creek Treatment Plant, Knoxville, Tennessee (8% industrial 
sources). 

Concentration of‘ Sewage S3mples Prior to Analysis 

Since the lower limit of detection for the W-analyzes is 100 pg/liter to 
100 mg/liter, depending upon the ultraviolet absorptivity of the individual 
compound, and the concentrations of specific contaminants in effluent 
samples may be 10 pg/liter or less, concentration of sewage effluents by 
factors up to 1000 may be necessary prior to analysis. As shown In later 
sections, the concentration factor depends upon the history of the effluent. 
Concentration methods”* *’ such as freezing, extraction, adsorption, and 
low-temperature distillation were considered. 
understood for the large number of compounds of interest and would require 
multiple stages to achieve the concentration required in most cases. 
traction and adsorption may not quantitatively concentrate all compounds 
of interest. Therefore, the method of low-temperature distillation appears 
to be the most convenient and should provide adequate recovery of stable, 
nonvolatile organic compounds. 

Freezing is inadequately 

Ex- 

F 

Low-temperature distillation may be carried out by freeze-drying, rotary 
evaporation, or vacuum distillation. Considerations relative to the choice 
of equipment are: 
temperature to avoid decomposition, the necessity of collecting the solids 
that separate during the concentration step in order to redissolve coprecip- 
itated organic compounds, and the need to reduce the volume of sample from 

the desirability of maintaining the sample at a low 
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s e v e r a l  l i t e r s  t o  a few m i l l i l i t e r s  i n  a reasonable  t ime. Although f reeze-  
drying provides  maximum sample i n t e g r i t y  and s impl i f i ed  c o l l e c t i o n  of sep- 
a ra t ed  so l id s ,  it i s  not  wel l  s u i t e d  t o  t h e  reduct ion  of volumes i n  excess 
of 200 m l .  Rotary evaporat ion i s  a l s o  unwieldy f o r  l a r g e  volumes; i n  
addi t ion ,  it exposes the  sample t o  temperatures h igher  than ambient and 
leaves  t h e  p r e c i p i t a t e  d i s t r i b u t e d  over a l a r g e  sur face .  Vacuum d i s t i l l a t i o n  
appears t o  be the  bes t  method i n  t h a t  it i s  more r ap id  than e i t h e r  of  the  
o the r  d i s t i l l a t i o n  methods, t h e  temperature of t h e  sample i s  maintained a t  
or below ambient, and the  p r e c i p i t a t e d  s o l i d s  a re  wel l  concentrated;  how- 
ever ,  reduct ion  t o  a f i n a l  volume less than  50 ml i s  d i f f i c u l t  i n  e x i s t i n g  
equipment. Based on these  cons idera t ions  and t h e  a v a i l a b i l i t y  of a vacuum 
s t i l l ' "  (Fig.  3) ,  a two-step concent ra t ion  procedure was adopted. F i r s t ,  
a concentrat ion of 10- t o  30-fold i s  e f f e c t e d  i n  the  vacuum s t i l l ;  then  the  
r e s u l t i n g  volume (150 m l )  o f  concentrate  i s  f u r t h e r  reduced by freeze-drying.  

Normally, a volume of seve ra l  l i t e r s  of waste e f f l u e n t  i s  reduced t o  a few 
m i l l i l i t e r s  t o  provide for a working sample and a spare  sample, and t o  a l low 
f o r  minor lo s ses .  I n  the  f i r s t  s tep ,  t he  e f f l u e n t  i s  f i l t e r e d  through a 
10-p f r i t  t o  remove suspended mat te r ;  only n e g l i g i b l e  UV-absorbing ma te r i a l  
i s  l o s t  i n  t h i s  separat ion.  The volume of t h e  f i l t r a t e  i s  then  reduced i n  
t h e  vacuum s t i l l  t o  about 150 ml of l i qu id ,  p lus  some separa ted  s o l i d s .  The 
concentrated l i qu id ,  t h e  so l id s ,  and a r i n s e  so lu t ion  a r e  t r a n s f e r r e d  to t h e  
f reeze-dryer ,  where t h e  f i n a l  reduct ion i n  volume i s  made. Water and a c e t i c  
ac id  ( f o r  t he  W-analyzer)  or bora te  bu f fe r  s o l u t i o n  ( f o r  t h e  carbohydrate 
ana lyzer )  i s  added to a t t a i n  the  des i r ed  l i q u i d  volume and t o  a d j u s t  t h e  pH 
t o  -4-5 f o r  t h e  W-analyzer  or t o  8.5 f o r  t h e  carbohydrate analyzer .  
t h e  r e s u l t i n g  sample i s  wel l  mixed, and t h e  s o l i d s  a r e  separa ted  by c e n t r i -  
fuga t ion. 

F ina l ly ,  

The recovery of t h e  noncarbonate organic compounds i n  the  f i n a l  concentrate  
appears t o  be s a t i s f a c t o r y  ( g r e a t e r  t han  85%), as  determined by carbon 
analyses  of t h e  secondary e f f l u e n t  and t h e  separa ted  phases of t h e  f i n a l  
concentrates .  The method used f o r  carbon ana lys i s  involves  oxida t ion  with 
p e r s u l f a t e  i n  ac id  so lu t ion ,  c o l l e c t i o n  of  t h e  carbon dioxide i n  a c a u s t i c  
solut ion,  and t i t r a t i o n  of t h e  r e s u l t i n g  carbonate.  Unfortunately,  t h i s  
method i s  not s u f f i c i e n t l y  s e n s i t i v e  t o  permit accurate  determinat ion of t h e  
carbon concentrat ion ( 2 2  ng/ml *loo%) i n  t h e  s t a r t i n g  secondary e f f l u e n t .  
However, t h e  method i s  s a t i s f a c t o r y f o r  analyzing t h e  l i q u i d  concent ra te  and 
the  separated s o l i d s .  The carbon conten ts  of t h e  l i q u i d  and s o l i d  po r t ions  
of two samples of concentrate  ( 3  l i t e r s  of secondary e f f l u e n t  concentrated 
t o  6 ml) were a s  fol lows:  

Carbon Content (mg ? 1%) Frac t ion  of Carbon 
Sample Liquid Port ion S o l i d  Por t ion  i n  Sol id  Portion, % 
1 120 6.0 5.0 
2 150 8.4 5.3 

The carbon found i n  t h e  s o l i d  po r t ion  (and the re fo re  not  recovered f o r  
ana lys i s )  may be b iased  high s ince  the  s o l i d  could not  be washed and thus  
undoubtedly r e t a ined  some l i q u i d  concentrate .  
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Analy t i ca l  Reproducib i l i ty  and Capabi l i ty  of t he  UV-Analyzer 

Several  se ts  of dup l i ca t e  analyses  were made t o  demonstrate t h e  r e l i a b i l i t y  
and r e p r o d u c i b i l i t y  of the sample p repa ra t ion  and a n a l y t i c a l  procedures 
(Fig.  4 ) .  For each chromatogram shown, a s epa ra t e  + l i t e r  sample was 
ind iv idua l ly  prepared and t h e  concentrate  was chromatographed on a Mark I1 
UV-analyzer, using t h e  procedure descr ibed i n  t h e  Appendix A. The r e p l i c a t e  
chromatograms f o r  a primary municipal e f f l u e n t  c o l l e c t e d  on August 14, 1970, 
show good agreement. The two chromatograms f o r  a primary municipal e f f l u e n t  
c o l l e c t e d  on September 14, 1970, a r e  i n  good agreement except t h a t ,  i n  t h e  
second, t he  r e s o l u t i o n  of peaks a t  an e l u t i o n  volume of 1.30 m l  was s l i g h t l y  
b e t t e r .  While chromatograms f o r  dup l i ca t e  samples of primary municipal 
e f f l u e n t s  a r e  s imi l a r ,  l a r g e  d i f f e rences  a r e  noted i n  e f f l u e n t s  co l l ec t ed  
on d i f f e r e n t  days. The two chromatograms f o r  secondary e f f l u e n t  co l l ec t ed  
on September 14 are  s i m i l a r  except f o r  the r e s o l u t i o n  of t h e  peaks a t  an 
e l u t i o n  volume of approximately 320 m l .  

Analysis of  Municipal Sewage Eff luents  with the  UV-Analyzer 

Many of t h e  peaks i n  UV chromatograms obtained from samples of  primary 
municipal e f f l u e n t  a r e  s i m i l a r  t o  those obtained from u r i n e  and o the r  
physiologic  f l u i d  samples (see t h e  comparison i n  Fig.  5). Seventy-seven 
peaks were found i n  the  chromatogram shown f o r  a sample o f  primary e f f l u e n t  
co l l ec t ed  on August 19, 1970; about t h e  same number of peaks appeared i n  
o t h e r  chromatograms of primary e f f l u e n t .  The compounds represented  by 
these  peaks a r e  es t imated t o  be present  i n  t h e  o r i g i n a l  samples a t  con- 
cen t r a t ions  below 100 p g / l i t e r  . The UV chromatograms from secondary munic- 
i p a l  e f f l u e n t  contain considerably fewer peaks than the  normal u r ine  
chromatogram, although mos t  of t h e  38 peaks present  a r e  commonly found i n  
chromatograms f o r  primary e f f l u e n t .  However, two of t h e  peaks i n  the  
secondary e f f l u e n t  chromatogram a r e  s i g n i f i c a n t l y  l a r g e r  than the  cor- 
responding peaks i n  the  primary e f f l u e n t  chromatogram, ind ica t ing  t h e  
production of some compounds during the  secondary t reatment .  The con- 
cen t r a t ions  of i nd iv idua l  compounds noted i n  the  secondary e f f l u e n t  a re  
estimated t o  be l ess  than 20 p g / l i t e r .  

Tentat ive i d e n t i f i c a t i o n  of compounds ind ica t ed  by the  chromatographic 
peaks may be made from chromatographic p r o p e r t i e s  ( e l u t i o n  p o s i t i o n s )  and 
from r e l a t i v e  UV-absorption a t  t he  seve ra l  wavelengths measured. However, 
p o s i t i v e  i d e n t i f i c a t i o n  r equ i r e s  the  c o l l e c t i o n  of separated f r a c t i o n s  
from a p repa ra t ive - s i ze  anion exchange system and subsequent examinat im 
of the  f r a c t i o n s  by such techniques a s  ca t ion  exchange chromatography, UV 
absorption, gas chromatography, and mass spectroscopy. Such t rea tments  
a r e  ted ious  and become inc reas ing ly  d i f f i c u l t  as  one progresses  from more 
t o  less abundant cons t i t uen t s .  
showing the  e l u t i o n  p o s i t i o n s  of the 13 compounds which have been i d e n t i f i e d  
i s  shown i n  Fig.  6. 
and i n  cases  where the  separa t ion  from o t h e r  peaks permitted,  q u a n t i t a t i v e  
r e s u l t s  a r e  given. 

The chromatogram from a p repa ra t ive  system 

The i d e n t i f i e d  compounds a r e  a l s o  l i s t e d  i n  Table 1 

. 
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F i g .  6 .  Chromatogra,m of  primary sewa,ge e f f l u e n t  a,na.lyzed on 
the prepara. t ive UV-Analyzer. 



- 14- 

Table 1. Compounds Identified in Sewage Effluents 

Identification ConcentrationD 
Compound Methodsa ( 11 g /li t er ) 

Uracil AC, CC 13 

5-Acetylamino-6-amino-3-methyluracil AC, CC 30 
1 N -Methyl-Z-pyridone-5-carboxamide 

Caffeine 

Theobromine 

7-Methylxanthine 

1,7-Dimethylxanthine 

3-Methylxanthine 

1-Methylxanthine 

Urocanic acid 

Uric acid 

4-Hydroxyphenylacetic acid 

Benzoic acid 

AC, CC 10 

AC, GC, MS 

AC, CC 

AC, CC 

AC, CC 

AC, CC 

AC, CC 

AC 

AC, GC, MS 

AC, GC, MS 

AC, GC, MS 

17 

a AC - anion exchange cochromatography; CC - cation exchange co- 
chromatography; MS - mass spectroscopy; GC - gas chromatography. 

bFor peaks sufficiently resolved to allow quantification. 
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Analysis o f  Municipal Sewage Eff luents  with t h e  Carbohydrate Analyzer 

A new, more s e n s i t i v e  Mark 111 Carbohydrate Analyzer' o r i g i n a l l y  developed 
for physiologic  f l u i d s  has  been appl ied t o  municipal primary and secondary 
e f f l u e n t s  concentrated 500-fold by the  technique descr ibed e a r l i e r .  The 
r e s u l t i n g  chromatograms contained 38 and 19 peaks, respec t ive ly ,  and a re  
compared t o  those f o r  ur ine  and re ference  sugar s tandard samples i n  Fig.  
7 .  I n  the  f i r s t  one and one-half  hours of e lu t ion ,  t he  primary and 
secondary e f f l u e n t  chromatograms conta in  seve ra l  l a r g e  peaks, s i m i l a r  t o  
those  i n  t h e  u r ine  chromatogram, t h a t  a r e  probably due t o  complex sugars.  
Among the  simple sugars appearing i n  the  primary and secondary e f f l u e n t  
samples a r e  sucrose,  r a f f inose ,  a l lu lose ,  mannose, f ruc tose ,  xylose or 
sorbose, and glucose; t hese  a re  t e n t a t i v e  i d e n t i f i c a t i o n s  based upon e l u t i o n  
p o s i t i o n s .  Several  of t he  simple sugars a l s o  appear i n  the  u r ine  sample; 
t he  others, i f  a c t u a l l y  present ,  may be products of chemical or b i o l o g i c a l  
r eac t ions  during the  t reatment .  The peaks appearing a t  1 4  h r  i n  the  
chromatogram of primary e f f l u e n t  (and t o  a l e s s e r  ex ten t  i n  t h e  chromatogram 
of secondary e f f l u e n t )  and the very  l a r g e  peak appearing only i n  the second- 
a r y  chromatogram a t  17 h r  (F ig .  7) a re  not due t o  simple sugars .  

Analysis of I n d u s t r i a l  Sewage Eff luents  with t h e  UV-Analyzer 

Chromatograms f o r  ei"f1uents from a p l a n t  t r e a t i n g  i n d u s t r i a l  wastes ( s e e  
Fig.  8)  a re  s i g n i f i c a n t l y  d i f f e r e n t  from those f o r  e f f l u e n t s  from a munic- 
i p a l  t reatment  p l a n t  ( s e e  Figs .  4 and 5 ) .  Furthermore, t he  sample used t o  
ob ta in  t h e  chromatograms shown i n  Fig.  8 was concentrated only 40-fold be- 
cause of i t s  higher  content of organic compounds (es t imated  t o  be up t o  l 
mg/ l i t e r )  and o t h e r  dissolved s a l t s ;  i n  con t r a s t ,  municipal-type e f f l u e n t s  
a re  usua l ly  concentrated. 500-fold. 

I n  the  case of t he  i n d u s t r i a l  sewage, t he  secondary t reatment  was l a r g e l y  
i n e f f e c t i v e  f o r  a l a r g e  number of organic compounds, and the  chromatogram 
f o r  t h e  secondary e f f l u e n t  c l o s e l y  resembled the  chromatogram f o r  t he  
primary e f f l u e n t ,  as  shown i n  Fig.  8. 

Z f fec t s  of Operating Conditions a t  t h e  Treatment P lan t  on Analyses 

A q u a l i t a t i v e  r e l a t i o n s h i p  appeared t o  r e f l e c t  seasonal  and weather condi- 
t i o n s .  During hot  and dry periods,  t he  s i z e  and t h e  number o f  peaks found 
i n  U T T  chromatograms f rom municipal sewage t reatment  e f f l u e n t s  were diminished 
a s  compared with those found during co ld  or wet per iods .  
due t o  more e f f i c i e n t  t reatment  a t  h igher  temperature and with the  longer 
res idence time i n  t h e  t reatment  p l a n t .  

This e f f e c t  may be 



- 16- 

0.045 

Y 

z 

0.035 

2 0.025 

I ,  I I I I I  1 1 1 1 1 , , ,  I 

o I 2 3 4 s 6 I a 9 IO II 12 13 14 I5  16 11 18 
HOURS 

S A M P L E :  I c C  OF MUNICIPAL PRIMARY EFFLUENT CONCENTRATED 500-  FOLD 

, 1 , , , , / , / 1 , 1 , , / ,  
Y 

0 

I 

SECONDARY EFFLUENT - - - 490 nm - 480 nn z ...___ 
- 

* 
- 

c 0 Y I 

, 0 30 o o a  r -~ ~- 
0 25 - 
0 20 0 

SUGAR STANDAROS 

(D t 

01s : 
010 a 
0 05 : 

" 

0 
*ti - 
A ; :  

0 I 2  3 4 5 6 I 8  9 I O  1 1  12 13 14 15 
HOURS 

SAMPLE:  I c c  CONTAINING 0 0 5  MICROMOLES OF EACH SUGAR 

Fig.  7. Chroma,tograms of prima,ry and secondary sewage e f f l u e n t s ,  
huma,n ur ine ,  a,nd sugar sta.nda,rds obtained on t h e  ca,rbohydrate a,na,lyzer . 
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SECTION V 

ADVANCED ANALYZER DEVELOPMENT 

A l a r g e  p a r t  of the  developmental e f f o r t  involving h igh- reso lu t ion  sepa- 
r a t i o n s  a t  ORID,, exc lus ive  of t h a t  devoted t o  t h e  Automated Analysis  of 
Pol lu ted  Water, is  aimed a t  decreasing t h e  t ime requi red  f o r  ana lys i s  and 
a t  providing means f o r  analyzing mul t ip l e  samples i n  p a r a l l e l  a t  a s i g -  
n i f i c a n t l y  lower c o s t  but  with no lo s s  i n  r e so lu t ion .  S imi la r  requi re -  
ments appear t o  e x i s t  i n  t he  water p o l l u t i o n  area,  and work has  begun along 
these  l i n e s .  To provide perspec t ive ,  it should be noted t h a t  t h e  Mark I1 
W-analyzer  ( t h e  model a t  t he  AWTR Laboratory) was developed i n  i t s  present  
form i n  1968; however, a more compact Mark 111 model, using a 0.22-em-diam 
ins t ead  of a 0.62 em-dim column bu t  with e s s e n t i a l l y  the  same opera t ing  
time requirement and output,  was developed i n  1969-1970. 
ing  parameters t h a t  have been under cont inuing i n v e s t i g a t i o n  a re  l eng th  
and/or diameter of t h e  column, the  s teepness  of t h e  concent ra t ion  gradien t ,  
t he  operat ing pressure,  t he  coupling of anion t o  c a t i o n  columns, and t h e  
assembly of  mul t ip l e  columns i n t o  a s i n g l e  analyzer .  Based on t h e  information 
obtained t o  d a t e  on t h e  i n t e r a c t i o n s  of  t hese  parameters, we be l i eve  t h a t  
we could b u i l d  an analyzer  t h a t  would accept  mul t ip l e  samples and r e so lve  
90% of t h e  peaks found i n  each sample i n  a normal 40-hr run wi th in  a 5-hr 
per iod .  

Design and operat-  

Colmn Gconetry and 0peraT;lng l s rameter  Studies  

An experimental  s tudy  of t h e  e f f e c t s  of  column geometry and opera t ing  
parameters on chromatographic r e s o l u t i o n  has been made i n  cooperat ion with 
t h e  Body Flu ids  Analyses Program with t h e  goa l  of determining t h e  b e s t  
combination of column dimensions and opera t ing  parameters.  According to 
t h e o r e t i c a l  considerat ions,  f a s t e r  analyses  and h igher  r e s o l u t i o n  a r e  
c o n f l i c t i n g  requirements f o r  a given chromatographic system. One can de- 
f i n e  the  r e so lu t ion ,  R,, o f  peaks l and 2 by: 

where Ll and = e l u t i o n  volumes of peaks 1 and 2, 2 

0 = average s tandard devia t ion  of t h e  peaks i n  volume u n i t s .  

Van Deemter 's13 d i f f e r e n t i a l  model f o r  chromatography r e s u l t s  i n :  

w i l l  have the  fol lowing a7 
but,  on t h e  o ther  hand, ana lys i s  time,, 
p ropor t iona l i t y :  
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‘aaCi0 7 

where L = column length,  

U = l i n e a r  v e l o c i t y  of e luent .  
0 

The experimentalresultsobtainedthus f a r  have confirmed t h e  f i r s t  
p r o p o r t i o n a l i t y  (F ig .  9 ) .  One f a c t  should be borne i n  mind here;  t h a t  
is, although higher  va lues  f o r  r e s o l u t i o n  ( a s  def ined above) a r e  gene ra l ly  
desired,  each system has  an upper l i m i t  above which any increase  would be 
superf luous and, i n  f a c t ,  would only increase  separa t ion  t ime. For example, 
two adjacent  peaks a re  almost completely separated i f  t h e i r  Rs i s  g r e a t e r  
than about 1.0.  O f  course, i n  t he  separa t ion  of a very complex mixture 
such a s  sewage p l a n t  e f f luen t ,  it i s  always poss ib l e  t h a t  add i t iona l  com- 
pounds might be e lu t ed  between any two peaks. (Indeed, it i s  known t h a t  
o the r  compounds e l u t e  between the  two p a i r s  shown i n  Fig.  9 . )  
one can reach a po in t  o f  diminishing r e t u r n s  when t r y i n g  t o  improve r e s -  
o lu t ion .  
t h a t  po in t  i s .  From p l o t s  such as t h e  one i n  Fig. 9, it i s  poss ib l e  t o  
e s t a b l i s h  the  minimum time requi red  t o  separa te  two given compounds. This 
i s  done by mult iplying t h e  square of the  absc issa  a t  Rs = 1.0 by the  r a t i o  
of  t he  e l u t i o n  volume t o  the  column geometric volume; t h a t  is ,  

However, 

It was t h e  purpose of  t h i s  i nves t iga t ion  t o  determine where 

- 
u2 x -  tmin A L ’  

R = 1.0 
S 

where A = c ross - sec t iona l  a rea  of‘ t he  column. Thus, the  separa t ion  of 
pseudouridine and u r a c i l  (F ig .  9) would r equ i r e  a minimum time of 

Considering t h e  above da ta  and t y p i c a l  sewage e f f l u e n t  chromatograms, i t  
became apparent t h a t  a s h o r t e r  column operated a t  a h igher  l i n e a r  velocity 
could be used e f f e c t i v e l y .  Hence, a 0.45-em-diam by 50-em-long column was 
f a b r i c a t e d  and t e s t e d  a t  a l i n e a r  v e l o c i t y  of  0 . 1  cm/sec. 
showed t h a t  sewage e f f l u e n t  samples would be analyzed i n  6 t o  8 h r  with 
l i t t l e ,  i f  any, l o s s  of r e so lu t ion .  This column was then  s e n t  t o  the  AWTR 
Laboratory for incorporat inn i n  t h e i r  UV-analyzer. 

The resul ts  

Development o f  P a r a l l e l  Multicolumn Systems 

Another means of increas ing  the  sample handling capac i ty  of a chromatographic 
system i s  by the  use of mu l t ip l e  columns i n  p a r a l l e l .  A conceptual design 
f o r  opera t ing  e igh t  columns i n  p a r a l l e l  on the  Mark I1 W-analyzer  was made 
(F ig .  10). To t e s t  t he  concept, a chromatographic system with two columns 
i n  p a r a l l e l  was cons t ruc ted  (Fig.  ll), and var ious  p a i r s  of samples (both  
dupl ica te  and d i f f e r e n t )  were analyzed. The r e s u l t i n g  chromatograms (two 
p a i r s  of‘ which a r e  shown i n  Figs.  1 2  and 13) i n d i c a t e  t h a t  t h i s  method of  
opera t ion  i s  not only f e a s i b l e  but  des i r ab le .  
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Fig. 10. Schema,tic d i a , g r m  of  pa,ra,llel-multicolumn W-Analyzer 
u t i l i z i n g  Ma,rk I1 proto type  components. 
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Before routine parallel-column analyzers can be built, however, two 
auxiliary components -- a multiple sample injection valve and a multiple 
column detector -- need to be developed. A two-column sample injection 
valve with 12 ports has been designed, built, and tested on the parallel- 
column system. This valve can simultaneously inject two different samples 
into two fluid streams at pressures up to 5000 psi. The design principle 
can be utilized to construct valves for the simultaneous injection of more 
than two samples. A conceptual design of a rnulticolumn, ultraviolet 
photometer was also made (Fig. 14). 
several flowing streams at two wavelengths, referenced to another flowing 
stream. 

This design provides for monitoring 

, 
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SECTIOIV V I  

COOPERATIVE EFFORTS WITH THE ADVANCED WASTE TREATMENT 
RESEARCH LABORATORY 

I n  accordance with t h e  s p e c i f i c  aims s t a t e d  i n  t h e  program proposal, a 
h igh- reso lu t ion  chromatograph f o r  t he  ana lys i s  of s t a b l e  organic com- 
pounds was designed, constructed,  t e s t ed ,  and then  de l ivered  t o  t h e  
Advanced Waste Treatment Laboratory. Supporting e f f o r t s  i n  applying 
t h e  instrument t o  f i e l d  problems have included a s s i s t ance  i n  t h e  areas  of 
operat ion,  maintenance, and minor modif icat ions bu t  have p r i n c i p a l l y  
cons is ted  of s tud ie s  t o  i d e n t i f y  compounds. 

Construction of a UV-Analyzer f o r  the  Advanced Waste Treatment Research 
Labor a t  o ry  

A s i g n i f i c a n t  p a r t  of t h i s  program has been concerned with t h e  construc- 
t i o n  of a W-analyzer  f o r  use a t  the  AWTR Laboratory. The design of t he  
Mark I1 W-analyzer  (from the  Body Flu ids  Analyses Program) was se l ec t ed .  
However, a nine-chamber Varigrad was s u b s t i t u t e d  f o r  t h e  o r i g i n a l  two- 
chamber grad ien t  genera tor  t o  provide f l e x i b i l i t y  i n  choosing a grad ien t .  
The use of t h i s  analyzer  design w i l l  s imp l i fy  t h e  problem o f  peak iden- 
t i f i c a t i o n  s ince  t h e  i d e n t i f i c a t i o n s  t h a t  a r e  made and the  techniques t h a t  
a r e  used i n  t h e  p a r a l l e l  work of t he  Body F lu ids  Analyses Program w i l l  be 
d i r e c t l y  appl icable .  

Fabr ica t ion  of the  analyzer  was completed i n  November 1970 a t  a c o s t  of 
$13,200. S ix  t e s t  samples were run a t  ORNL t o  ensure s a t i s f a c t o r y  oper- 
a t i o n .  Excel lent  r e s u l t s  were obtained, and the  r e s o l u t i o n  of peaks was 
equal t o  t h a t  obtained with o ther  Mark I1 UV-analyzers. During the  t e s t  
period, M r .  Charles Mashni of  the  ORM Laboratory was given t h r e e  days of 
t r a i n i n g  with t h e  instrument.  F ina l ly ,  t h e  analyzer was disassembled, 
shipped, reassembled ( a t  the  Robert A. Ta f t  Sani ta ry  Engineering Center) ,  
and, with t h e  a s s i s t ance  of personnel from ORNL, placed i n  opera t ion .  The 
opera t ion  of the  analyzer  has  been very s a t i s f a c t o r y ;  only minor maintenance 
has  been required.  I n  the  i n i t i a l  t e s t s ,  samples of un t rea ted  and t r e a t e d  
sewage ava i l ab le  a t  t h e  Cincinnat i  f a c i l i t y  were used. A cooperat ive effort 
t o  i d e n t i f y  s t a b l e  organic cons t i t uen t s  of e f f l u e n t s  co l l ec t ed  and separa ted  
on the  ORM analyzer i s  discussed i n  the  sec t ion  t h a t  follows. 

An opera t ing  manual f o r  t he  Mark I1 W-analyzer  ( see  Appendix A )  was pre-  
pared and sen t  t o  t h e  ORM Laboratory. 
and 0.45 ern i n  i n s i d e  diameter ( a s  descr ibed i n  t h e  preceding sec t ion  of 
t h i s  r e p o r t )  was suppl ied i n  order  t o  permit s h o r t e r  opera t ing  per iods  
with only a small  l o s s  i n  r e so lu t ion .  

An add i t iona l  column, 50 em long 

I d e n t i f i c a t i o n  of Organic Const i tuents  i n  AWTR Laboratory Samples 

A 2 0 - l i t e r  sample of raw sewage was taken on January 5, 1971, a t  t h e  M i l l  
Creek Plan t  i n  Cincinnat i  by Mr. Charles Mashni of t he  ORM. H e  concentrated 
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t h e  sample by vacuum d i s t i l l a t i o n  and freeze-drying to 30 m l .  A 2-ml 
por t ion  of t he  concentrate  sample was introduced i n t o  t h e  UV-analyzer 
a t  t he  ORM, and the  separa ted  f r a c t i o n s  were co l l ec t ed .  Frac t ions  
corresponding to f ive major peaks were s e n t  to OFXI, f o r  i d e n t i f i c a t i o n  
s tud ie s .  
separa ted  t o  give good gas  chromatographic t r a c e s ;  however, t he  e l u t i o n  
p o s i t i o n s  of t h e  peaks ind ica t ed  t h a t  t h e  compounds were d i f f e r e n t  from 
those. i n  our l i b r a r y  of compounds, i n  physiologic  f l u i d s , o r  i n  sewage 
e f f l u e n t  samples examined to date .  The mass spectrographic  da t a  ind ica t ed  
t h a t  a more c l e a r l y  def ined sepa ra t ion  was needed. 

Two of the  f r a c t i o n s  contained compounds t h a t  were s u f f i c i e n t l y  

I n  order  t o  provide a l a r g e r  quan t i ty  of unknown compound f o r  examination, 
a 5 - m l  po r t ion  of concentrate  was i n j e c t e d  i n t o  our prepa ra t ive  system. 
The f r a c t i o n s  corresponding t o  the  l a r g e r  peaks shown i n  the r e s u l t i n g  
chromatogram (Fig.  15 )  a re  being s tudied .  

. 
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SECTION VI1 

DISCUSSION AND AIMS OF FUTURE WORK 

In its present state of development the W-analyzer, with the alternate 
design and operating features that have been evaluated, appears to have 
significant potential in the field of water pollution. As an analytical 
tool, it can be used to identify sources of pollution, to help evaluate 
new processing steps and operational methods, and to routinely monitor 
treatment plant operational effectiveness. In each of these analytical 
applications, the need for resolution, the time requirement, and the 
sample load would determine what combination of column( s), column dimen- 
sions, operating parameters, and methods for handling data would be most 
desirable. As a research tool, the W-analyzer can be used to study the 
conditions that would be favorable to degeneration of stable organic 
compounds during and after sewage treatment, to follow the chemical changes 
in stable organic compounds as a result of test treatments, to gain a better 
understanding of the chemical and biological processes during the various 
treatment steps, and to develop an understanding of chemical structural 
units and arrangements which favor stability of organic compounds during 
treatment. 

At present, the carbohydrate analyzer can separate and quantify about 
one-third as many compounds as the W-analyzer. Because of the more re- 
cent development of the carbohydrate analyzer in i t s  more sensitive form, 
the application, testing, and identification of compounds have not prog- 
ressed to the same extent as has been possible with the UV-analyzer. 

Some of the more important contributions that this project could make to 
an understanding of the problem of water pollution are: 
of the individual stable organic compounds that are being discharged to 
surface waters, (2) determination of the fate of such compounds during 
chlorination and upon dispersal, and (3) establishment of a background for 
studies of the possible harmful effects upon the ecology. Thus, a contin- 
uing effort is being directed toward the identification of stable organic 
compounds that are separated on the UV- and the carbohydrate analyzers. 
Application testing of the UV-analyzer is expected to continue in cooperation 
with the Advanced Waste Treatment Research Laboratory. 
of the carbohydrate analyzer will also be conducted to make the status of 
t h i s  instrument equal to that of the W-analyzer. 
developmental work to accelerate the analyses and make the instruments more 
reliable and more sensitive will be carried out. 

(1) identification 

Application testing 

In addition, concurrent 
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OPERATION MANUAL FOR THE FWQA W ANALYZER, PROTOTYPE MARK I1 

W .  Wilson P i t t ,  W .  F. Johnson, C .  D .  S c o t t  

1. INTRODUCTION 

A major goa l  of t h e  Body F l u i d  Analyses Program i s  t o  develop automated, 

high r e s o l u t i o n  a n a l y t i c a l  systems f o r  t h e  c l i n i c a l  l abo ra to ry .  Two such 

machines are under development-- an analyzer  f o r  t h e  W-absorbing c o n s t i t -  

uen t s  of body f l u i d s  (UV-analyzer) and a carbohydrate analyzer .  ly2 Devel- 

opment has progressed t o  t h e  po in t  where prototype instruments have been 

b u i l t  and a r e  being t e s t e d .  This memorandum desc r ibes  t h e  design and 

operat ions of t h e  W-Analyzer Prototype Mark I1 as modified f o r  appl ica-  

t i o n  t o  sewage e f f l u e n t  concentrates .  

The instrument uses a heated high-pressure anion exchange column 

f o r  s e p a r a t i o n ,  e l u t i o n  with an a c e t a t e  b u f f e r  whose concentrat ion in- 

c r eases  with t ime f o r  s epa ra t ing  and t r a n s p o r t i n g  t h e  c o n s t i t u e n t s  of  

t h e  sample, and a recording spectrophotometer f o r  d e t e c t i o n .  A sample 

i s  introduced i n t o  t h e  column via a s ix-port  i n j e c t i o n  valve i n  t h e  high 

p res su re  e luen t  stream j u s t  ahead of t h e  sepa ra t ion  column. The chroma- 

togram, which shows t h e  absorbance of t h e  column e f f l u e n t  as a func t ion  

of t i m e ,  i s  developed Cy g rad ien t  e l u t i o n  with an a c e t a t e  b u f f e r ,  in- 

creasing t h e  a c e t a t e  concentrat ion from 0.015 E t o  6 .0  - M during t h e  

e l u t i o n ,  and consecut ively measuring t h e  absorbance of t h e  e f f l u e n t  a t  

260, 270, 280 and 290 mp (Fig.  1). 
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2. GENERAL DESCRIPTION OF THE UV ANALYZER 

A schematic diagram of  t h e  UV analyzer  i s  shown i n  F ig .  2.  The e luen t  

b u f f e r  concentrat ion g rad ien t  i s  produced from two coupled r e s e r v o i r s - o n e  

containing d i l u t e  b u f f e r  (0.0047 NH 4 2 3 2  C H 0 - 0.0103 CH3COOH) and t h e  

o t h e r  containing concentrated b u f f e r  (1.86 

These r e s e r v o i r s  are shaped t o  d e l i v e r  a f i x e d  program of a 1300 cc nea r ly  

l inear  g r a d i e n t ,  preceded by 150 cc of d i l u t e  bu f fe r ,  and followed by 100 cc 

of  concentrated b u f f e r .  This g r a d i e n t  i s  then  followed by 250 cc o r  more of  

t h e  d i l u t e  b u f f e r  t o  e q u i l i b r a t e  t h e  column p r i o r  t o  t h e  next run.  The 

e luen t  i s  pumped t o  t h e  r e s i n  column through a 6-way valve t h a t  con ta ins  

a 2-ml sample loop ( r e p l a c e a b l e )  and a Luer-type loading f i t t i n g  f o r  sample 

i n s e r t i o n .  Rotat ion of t h e  valve s t e m  through 60° causes t h e  sample loop 

t o  be i n s e r t e d  i n t o  t h e  e luen t  system and, t h u s ,  d e l i v e r s  t h e  sample onto 

t h e  r e s i n  bed. The r e s i n  column c o n s i s t s  of t h e  a c e t a t e  form of a s t rong ly  

bas i c  anion exchange r e s i n ,  e q u i l i b r a t e d  p r i o r  t o  sample i n j e c t i o n  with 

d i l u t e  a c e t a t e  b u f f e r .  The column i s  j acke ted  and a c o n t r o l l e d  tempera- 

t u r e  f l u i d  ( e thy lene  glycol-water) i s  c i r c u l a t e d  through t h e  j a c k e t .  

NH4C2H302 - 4 .14  - M CH3COOH). 

A t  t h e  t ime of sample i n j e c t i o n ,  t h e  b u f f e r  r e s e r v o i r s  of t h e  g rad ien t  

generator  a r e  coupled v ia  an e l e c t r i c  solenoid valve and t h e  g r a d i e n t  i s  

s t a r t e d .  The r e s i n  column e l u a t e  containing t h e  p rogres s ive ly  e l u t e d  sample 

c o n s t i t u e n t s  flows through t h e  sample c e l l  of a dual beam spectrophotometer 

which i s  cycl ing between t h e  fou r  wavelengths 260, 270, 280, 290 ny a t  %6 

cycles/min, t h e  e l u a t e  then flows t o  a 50 cc volumetric siphon which a c t i -  

va t e s  t h e  r eco rde r  event marker each t i m e  it siphons.  The b u f f e r  s o l u t i o n  

from t h e  g rad ien t  generator  passes through t h e  r e fe rence  c e l l  of t h e  
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spectrophotometer be fo re  going t o  t h e  pump, t h u s  providing a balancing 

s i g n a l  f o r  t h e  a c e t a t e  absorbance. 

3. DETAILED OPEMTION OF COMPONENTS 

A doors open view o f  t h e  instrument cabinet  showing t h e  major components 

(except  f o r  t h e  g rad ien t  box) of  t h e  UV analyzer  i s  shown i n  F ig .  3. 

d e t a i l e d  set  of cons t ruc t ion  p r i n t s  a r e  a l s o  a v a i l a b l e ;  t h e s e  are ORNL 

p r i n t s  0-2862-10 through Q-2862-27. >* 

(A 

3 .1  E l e c t r i c a l  Controls 

The wir ing diagram f o r  t h e  instrument i s  shown i n  Figure 4. Elec- 

t r i c a l  power t o  t h e  e n t i r e  analyzer  i s  c o n t r o l l e d  by t h e  CABINET POWER 

switch (S5) ,and t h e  p i l o t  l i g h t  immediately above t h i s  switch i s  il- 

luminated when power i s  being suppl ied t o  t h e  cab ine t .  Normally, t h i s  

switch i s  l e f t  i n  t h e  ON p o s i t i o n .  

The ELUENT PUT@ switch (S2) c o n t r o l s  power t o  t h e  e luen t  pump, and 

t h e  GRAD. SYSTFX STIRRER switch (S4) supp l i e s  power t o  t h e  g rad ien t  box 

stirrer motor. During normal ope ra t ion ,  both of t h e s e  switches a r e  l e f t  

i n  t h e  ON p o s i t i o n .  

The CHART DRIVE switch (S1) c o n t r o l s  power t o  t h e  r eco rde r  c h a r t  

d r i v e  and p r i n t i n g  mechanism and t h e  volumetric marking pen. These 

items can be operated continuously (switch a t  O N ) ,  completely tu rned  o f f  

(switch at OFF), or c o n t r o l l e d  by t i m e r  No. 2 (switch a t  PROGRAM). Nor- 

mally t h i s  switch i s  a t  t h e  PROGRAM p o s i t i o n  which saves c h a r t  paper 

"Available as CAPE-1753 from t h e  Clearing House f o r  Federal  S c i e n t i f i c  and 
Technical Information, U .  S .  Department of Commerce, 5285 P o r t  Royal Road, 
S p r i n g f i e l d ,  V i r g i n i a  22151. 
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s i n c e  t h e  c h a r t  d r i v e  i s  stopped a t  t h e  end of t h e  run.  It may be d e s i r a b l e  

t o  switch it t o  O N  f o r  a s h o r t  pe r iod  of t ime p r i o r  t o  s t a r t i n g  a new run 

t o  be sure t h a t  t h e  system has properly e q u i l i b r a t e d  ( p r i n t i n g  a smooth 

continuous b a s e l i n e ) .  

The FILL-RUN switch ( S 3 )  resets and a c t i v a t e s  t h e  two timers. It 

should be i n  t h e  FILL p o s i t i o n  while t h e  g rad ien t  generat ion system res-  

e r v o i r s  are being f i l l e d  and while t h e  sample i s  being loaded i n t o  t h e  

sample loop and i n j e c t e d  i n t o  t h e  column. The switch should then  be 

placed i n  t h e  RUN p o s i t i o n  and l e f t  t h e r e  f o r  t h e  durat ion of t h e  run. 

Switch S3 should b e  i n  t h e  FILL p o s i t i o n  when t h e  s e t t i n g s  on t h e  t imers  

are being a d j u s t e d  because they w i l l  be  damaged i f  adjustments are at- 

tempted while they are energized (switch a t  R U N ) .  

T i m e r  No. 1 t u r n s  on t h e  constant  temperature c i r c u l a t o r  (column 

h e a t e r )  when t h e  p r e s e t  t i m e  i n t e r v a l  has e lapsed af ter  t h e  beginning 

of a run. This s e t t i n g  i s  usua l ly  1 1 . 5  hours.  

T i m e r  No. 2 c o n t r o l s  power t o  t h e  constant  temperature c i r c u l a t o r  

(through t imer  No. l), t h e  g rad ien t  generat ion system solenoid,  t h e  

r eco rde r  c h a r t  d r i v e  and p r i n t i n g  mechanism, and t h e  volumetric marking 

pen. This t i m e r  determines t h e  du ra t ion  of a run ,  and a t  t h e  end of t h i s  

time pe r iod ,  deac t iva t e s  t hose  components it c o n t r o l s  t o  allow t h e  system 

t o  b e  e q u i l i b r a t e d  i n  p repa ra t ion  f o r  t h e  next run.  

i s  usua l ly  about 40 hours.  A t  t h e  end of t h e  run t h e  column cools  to 

ambient temperature,  concentrated b u f f e r  i s  shut o f f  from t h e  g rad ien t  

generat ion system mixing chamber, and t h e  recorder  i s  stopped. 

The l eng th  of a run 



3.2 Gradient Generation System 

The g rad ien t  genera t ion  system provides  a means of producing an e l u t i o n  

b u f f e r  s o l u t i o n  w i t h  a concent ra t ion  that g radua l ly  inc reases  w i t h  volume 

pumped through t h e  r e s i n  column. It c o n s i s t s  of a 9 chamber, va r ig rad  box 

which feeds  the high-pressure e luen t  pump (Figure 2 ) .  During a run (FILL- 

RUN swi tch  at RUN) the so leno id  va lve  connecting the concent ra ted  b u f f e r  

s o l u t i o n  (chamber wi th  narrow t o p )  t o  t h e  mixing v e s s e l  i s  open, and it 

remains open f o r  the dura t ion  of the run. A t  the end of t h e  run ( t i m e r  

2 has timed o u t ) ,  the valve c loses  and only  d i l u t e  b u f f e r  i s  pumped through 

the column t o  e q u i l i b r a t e  t h e  system. This cont inues u n t i l  the t imers  a r e  

r e a c t i v a t e d  by  switching the FILL-RUN swi tch  t o  FILL and then  t o  RUN at the 

beginning of  t h e  next run. 

One hand valve i s  provllded i n  the g rad ien t  genera t ion  system t o  

c l e a r  the “dip“  tube  l i n e  of concentrated b u f f e r  a f t e r  a run. 

3.3 Eluent Pumping System 

The e luen t  pmp i s  c o n t r o l l e d  by swi tch  52 (ELUENT PUMP) on the f r o n t  

pane l .  The pumping p res su re  and thus  flow rate i s  ad jus t ed  by means of a 

10-turn d ia l  l o c a t e d  on the. pump. T h i s  can be  ad jus t ed  through t h e  f r o n t  

door of the cabine t  wwle watching the p res su re  gauge. 

opera tes  at a p res su re  o f  2000-3000 p s i  with a corresponding f low rate of 

38 cc /hr  and a p m p  d i a l  s e t t i n g  of 2.1. Because of v a r i a t i o n s  i n  column 

p res su re  drop and pump c h a r a c t e r i s t i c s  the d i a l  s e t t i n g  is ad jus t ed  t o  the 

des i r ed  flow rate. 

sample i n j e c t i o n  va lve  seals t o  about 4000 p s i  a l so .  

be s a f e  t o  opera te  t h e  pump up t o  about 3750 p s i  pumping p r e s s u r e ,  a l though 

T h e  system normally 

The p res su re  r e l i e f  va lve  opens at  4000 p s i ,  and the 

‘Ikerefore, it should 
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I .  

t h e  Lapp pump used i n  t h i s  prototype analyzer  i s  r a t e d  a t  3500 p s i .  

pumping problems, e . g . ,  a i r  locking,  r e f e r  t o  t h e  pump manual ( B u l l e t i n  

457, Lapp I n s u l a t o r  Co. , Inc.  , L e  Roy, New York) . 

For 

3.4 Sample I n j e c t i o n  Valve 

The sample i n j e c t i o n  valve l o c a t e d  immediately above t h e  CHART DRIVE 

switch provides for t h e  loading of t h e  sample i n t o  t h e  column e l u e n t ,  

while  t h e  e luen t  i s  being pumped through t h e  column and t h e  system i s  

under p re s su re .  The valve should be  r o t a t e d  clockwise t o  t h e  s t o p  i n  

t h e  FILL LOOP pos i t i on , and  t h e  sample can then b e  i n j e c t e d  i n t o  t h e  

sample loop  through t h e  SAMPLE LOADING PORT. 

When t h e  chromatographic run i s  s t a r t e d ,  t h e  valve should be  r o t a t e d  

counterclockwise t o  t h e  s t o p  i n  t h e  LOAD COLUMN p o s i t i o n .  I n  t h i s  p o s i t i o n ,  

t h e  sample i s  introduced t o  t h e  t o p  of t h e  r e s i n  column. The valve i s  l e f t  

i n  t h i s  p o s i t i o n  f o r  t h e  durat ion of t h e  run. 

Model 30213-1 valve which has been modified by a d d i t i o n a l  machining t o  

provide po l i shed  mating su r faces  f o r  i t s  moving p a r t s .  If it i s  necessary 

This valve i s  a Hoke 6-way 

t o  disassemble t h e  va lve ,  ca re  should be taken t h a t  t h e  i n t e r n a l  surfaces  

a r e  not scratched.  During reassembly, t h e  nut a t  t h e  rear of t h e  valve 

stem should be torqued t o  130 i n . - l b s  torque.  

3.5 Resin and Resin Column 

Strongly b a s i c  anion exchange r e s i n ,  e . g . ,  Dowex 1-x8 or Biorad 

3 Aminex A-15,  w a s  f r a c t i o n a t e d  and t h e  5-lO-p-diam f r a c t i o n  r e t a i n e d  f o r  

analyzer use.  The r e s i n  w a s  converted t o  t h e  a c e t a t e  form by mixing w i t h  



t h e  appropr i a t e  reagent  and then  f i l t e r i n g  and washing t h e  f i l t e r  cake 

using t h e  following procedure: 

washing wi th  d i s t i l l e d  H20; 1 h r  each with 1 

a t  ambient temperature followed by washing wi th  d i s t i l l e d  H 0;  and f i n a l l y ,  

1 h r  with 6 - M a c e t a t e  b u f f e r  and s t o r e d  i n  t h a t  b u f f e r .  

dynamically packed i n t o  t h e  column us ing  concentrated a c e t a t e  b u f f e r .  

After packing t h e  column, 6 g b u f f e r  a t  6ooc i s  pumped through t h e  column 

f o r  12 t o  24 hours.  The r e s i n  i s  t h e n  e q u i l i b r a t e d  wi th  d i l u t e  b u f f e r  i n  

p repa ra t ion  f o r  a chromatographic run.  

1 h r  each 1 - N H C 1  two times followed by 

NaOH first a t  4 O o C  and then 

2 

The r e s i n  i s  then  

4 

The high-pressure anion exchange column w a s  f a b r i c a t e d  from s t anda rd ,  

type 316 s t a i n l e s s  s t ee l  tubing and has  a s t a i n l e s s  s t ee l  j a c k e t  f o r  t h e  

c i r c u l a t i n g  hea t ing  f l u i d .  A porous metal f i l t e r  supports  t h e  ion  exchange 

r e s i n  (See Fig.  5 ) .  The column provided wi th  t h e  analyzer  i s  150 ern long x 

0.62 em I.D. 

columns i f  des i r ed .  

The instrument cabinet  i s  designed t o  accommodate longer  

3.6 Constant Temperature C i r c u l a t o r  

The constant  temperature c i r c u l a t o r  i s  c o n t r o l l e d  by t h e  t i m e r s .  

When T i m e r  No. 1 t imes o u t ,  t h e  r e s i n  column i s  heated t o  6ooc ( o r  any 

o t h e r  d e s i r e d  temperature)  and maintained a t  t h a t  temperature f o r  t h e  re-  

mainder of t h e  run by t h e  use of a constant  temperature c i r c u l a t o r .  The 

u n i t  suppl ied with t h e  analyzer  i s  a HAAKE Model FE C i r c u l a t o r .  This 

c i r c u l a t o r  has been s e t  t o  maintain t h e  temperature of t h e  ethylene g lyco l  

being c i r c u l a t e d  through t h e  column hea t ing  j a c k e t  a t  60°C. 

power switch on t h e  c i r c u l a t o r  should be l e f t  ON and t h e  h e a t e r  switch 

should be ad jus t ed  t o  provide about equal  on and o f f  t i m e s  f o r  t h e  h e a t e r .  

The main 
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O R N L  DWG 67-11660 

4 

1/8 in.O.0. DELIVERY LINE 

REDUCING COUPLING 
COMPRESSION FITTING 

CHROMATOGRAPHIC COLUMN 
TYPICALLY 3/8 in. O.D. TUBING 

HEATING - 
WATER OUT 

1/41n. TUBE 

HEATING JACKET 
TYPICALLY I in. O.D. TUBING 

MATERIAL: TYPE 316 STAINLESS 
STEEL 

- ION EXCHANGE RESIN 
-WELDED PLATE 

HEATING --c 
WATER IN 

POROUS METAL SUPPORT PLATE 

REDUCING COUPLING 
COMPRESSION FITTING 

1/8in. O.D. LINE TO DETECTION 
SYSTEM 

Fig. 5. High-pressure Chromatographic Column Fabricated 
From Stainless Steel Tubing. 
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3.7 Spectrophotometer and Wave Length S h i f t e r  

The spectrophotometer (Beckman Model DB-G) and i t s  wave l e n g t h  s h i f t i n g  

c o n t r o l  are l o c a t e d  behind t h e  hinged door at t h e  f r o n t  of  t h e  cab ine t .  All 

of t h e s e  i t e m s  should normally be l e f t  ON continuously.  The wave l e n g t h  

s h i f t i n g  c o n t r o l  allows t h e  recording o f  t h e  absorbance of t h e  column ef- 

f l u e n t  at up t o  f o u r  d i f f e r e n t  wave l eng ths  e i t h e r  s e q u e n t i a l l y  or con- 

t i nuous ly  a t  any one of t h e  four .  The four wave l e n g t h s  a r e  designated 

p o i n t s  1 through 4 and i n d i v i d u a l  potent iometers  ( l a b e l e d  WAVE LENGTH 

ADJUST) allow t h e  adjustment of  t h e  s p e c i f i c  wave l eng ths  a t  each po in t .  

These potent iometers  should be ad jus t ed  by switching t h e  CHART D R I V E  switch 

t o  O N ,  and t h e  s e l e c t o r  switch t o  t h e  p a r t i c u l a r  po in t  being ad jus t ed  and 

watching t h e  spectrophotometer wave l e n g t h  c o n t r o l  wheel indexing p o i n t e r  

f o r  an i n d i c a t i o n  o f  t h e  des i r ed  wave l e n g t h .  A f t e r  a l l  fou r  p o i n t s  have 

been ad jus t ed ,  t h e  s e l e c t o r  switch should be  moved t o  t h e  RECORD p o s i t i o n ,  

and any f i n a l  adjustments of t h e  WAVE LENGTH ADJUST potent iometers  should 

be  made i n  t h a t  mode. The f o u r  wave l e n g t h s  normally used a r e  260, 270, 

280 and 290 mu. 

The potent iometers  designated ZERO ADJUST allow t h e  p o s i t i o n i n g  of 

t h e  r eco rde r  b a s e l i n e  f o r  each of t h e  four p o i n t s .  These are usua l ly  set  

a f t e r  e q u i l i b r a t i o n  t o  a near  zero absorbance but  providing for some sep- 

a r a t i o n  between t h e  f o u r  p r i n t e d  b a s e l i n e s .  

The i n s t r u c t i o n  manual for t h e  Eeckman DB-G should be consul ted f o r  

ope ra t ion  o f  t h e  spectrophotometer. 

l e f t  i n  t h e  MAN p o s i t i o n  and t h e  manual micrometer s l i t  a d j u s t  should be 

s e t  a t  1 . 0 0 .  

The s l i t  program s e l e c t o r  i s  normally 
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4. MATERIALS 

4 . 1  Concentrated Acetate  Buffer 

" 

To make 24 l i t e r s  of 6 b u f f e r ,  add 2,962 cc of 28.5% NH OH t o  8 l i t e r s  3 
of double d i s t i l l e d  water. 

Make up t o  24 l i t e r s  with s t i r r i n g .  

of 1.059. 

Slowly add 8,275 cc of a c e t i c  ac id  (99.8%). 

It should have a pH of 4.4 and a SG 

4.2 Di lu ted  Acetate Buffer ,  4 E, 1 E, and 0.015 

Di lu te  appropr ia te  volumes of t h e  6 a c e t a t e  buffer with doubly 

d i s t i l l e d  water t o  make 4 E, 1 

6,  and 400, r e spec t ive ly .  ) 

and 0.015 E. (Di lu t ion  f a c t o r s  of 1 . 5 ,  

The pH should be approximately 4 .4 .  

5 .  INITIAL AND PERIODIC MAINTENANCE 

1. F i l l  and maintain t h e  ethylene g lyco l  l e v e l  i n  t h e  constant  

temperature c i r c u l a t o r  at about 1 / 2  in  below t h e  edge of t h e  f i l l i n g  hole .  

2. R e f i l l  d i l u t e  bu f fe r  r e se rvo i r  as needed. 

3. Empty waste r ece ive r  as needed. 

6. INITIAL STARTUP OF THE ANALYZER 

1. Move f i l l - r u n  switch t o  f i l l .  

2. Turn Cabinet Power Switch on. 

3. Turn on t h e  spectrophotometer and i t s  lamp power supply and 

s tar t  t h e  deuterium lamp. 
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4. S t a r t  t h e  e luent  pump and a d j u s t  t h e  system f lowra te  t o  about 

38 cc /hr .  

5. Turn t h e  Chart Drive switch on. Adjust base l ines  t o  be wi th in  

2 t o  5 cha r t  d iv i s ions  without overlapping. 

6. Proceed wi th  PREPARATIONS FOR RUN s t a r t i n g  with s t e p  2 .  

7. PREPARATIONS FOR RUN 

1. Move t h e  f i l l - r u n  switch t o  fill p o s i t i o n  t o  deac t iva t e  t h e  t imers .  

2. Flush sample va lve  and fill sample loop as fol lows:  

(a)  

( b )  

( c )  Load sample i n t o  loop. 

Flush valve i n  load  p o s i t i o n  wi th  d i l u t e  b u f f e r .  

Turn valve t o  f i l l  loop p o s i t i o n  and f l u s h  loop.  

3. Make up gradien t  box and f l u s h  l i n e  as fol lows:  

( a )  Turn o f f  stirrer. 

(b) 

( c )  

Transfer  d ip  tube from g rad ien t  box t o  d i l u t e  r e s e r v o i r .  

Flush out  d i p  tube  l i n e  by f l i pp ing  solenoid valve switch 

f o r  1/2 minute. 

Flush out  connecting l i n e  by moving f i l l - r u n  valve t o  run 

p o s i t i o n  for at least 1 minute. 

R e f i l l  g rad ien t  box a f t e r  thorough r i n s i n g  with d i s t i l l e d  

water as fol lows:  

Chambers 1 & 2 

( d )  

( e )  

(Leave va lves  2-3, 4-5, and 6-7 c losed . )  

380 gr of 0.015 M a c e t a t e  b u f f e r  

380 gr of 1.0 M a c e t a t e  buffer 

380 g r  of 4.0 - M a c e t a t e  b u f f e r  

570 gr of 6 .0  g a c e t a t e  b u f f e r  

- 
3 & 4  - 
5 & 6  

7, 8,  8? 9 
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4. 

p o s i t i o n  

timer 2.  

( f )  With f i l l  run switch i n  f i l l  p o s i t i o n  r ep lace  t h e  d i p  tube  

i n t o  t h e  g r a d i e n t  box. 

( g )  Turn on stirrer. 

Adjust timers i f  necessary.  F i l l - r u n  switch must be  i n  f i l l  

The normal p o s i t i o n s  are 1 1 . 5  h r s  f o r  timer 1 and 40 h r s  f o r  

8. START OF RUN 

1. If d e s i r e d  t h a t  r eco rde r  s t o p  at  end of  run,  move Chart d r ive  

switch t o  program p o s i t i o n ;  i f  d e s i r e d  t h a t  recorder  not s t o p ,  switch t o  

on p o s i t i o n .  

2. 

Adjust recorder  cha r t  t o  start  at major l i n e .  

Turn sample valve t o  load  p o s i t i o n .  

3. Open valves  on g rad ien t  box. 

4.  Move f i l l - r u n  switch t o  run p o s i t i o n .  

5. Overflow t h e  waste syphon. 
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