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CHAPTER 1 

INTRODUCTION 

The U . S .  Environmental Protect ion Agency may propose new source per- 
foraance standards f o r  t h e  secondary aluminum industry. Compliance with 
appropriate emission l imit ing standards can only be evaluated using re fer -  
ence a i r  sampling techniques. I n  associat ion w i t h  Contract 68-02-2815,  
Work Assignments 44 and 46 di rec ted  Engineering-Science (ES) t o  develop 
r e l i a b l e  s tack sampling trains necessary t o  co l l ec t  accurate samples from 
cer ta in  secondary aluminum process operations. 

EPA work assignment  requesters i den t i f i ed  chlorine compounds and con- 
densable hydrocarbons as  the contaminants of pa r t i cu la r  i n t e r e s t  needing 
investigation. ES and one of i t s  r e l a t ed  companies, Harmon Engineering 
and Testing, reviewed establ ished sample col lect ion and ana ly t i ca l  techni- 
ques f o r  these contaminants. Spec i f ic  sample t r a i n s  and methods of analysis 
w e r e  se lec ted  f o r  f i e l d  evaluation. 

During the period December 15 t o  December 19, ES secured s tack emission 
samples from processes a t  North American Smelting Company i n  Wilmington, 
Delaware. The reverberatory furnace chlor inat ion scrubber w a s  sampled f o r  
t o t a l  par t icu la tes ,  par t icu la te  chlorides,  chlor ine gas, and gas phase 
hydrochloric acid,  with a l l  samples co l lec ted  a t  the scrubber ou t l e t .  The 
o u t l e t  of the l i m e  coated baghouse cont ro l l ing  emissions from t h e  furnace 
scrap charging wells was sampled f o r  pa r t i cu la t e s  and condensable and non- 
condensable hydrocarbons. Some of t h e  sample analyses were completed i n  
the  f i e l d ,  whereas the remainder were completed i n  the McLean and Arcadia 
laboratories.  

This report  includes a summary of the col lected data and a n  evaluation 
of the two sample t r a i n s .  Operating problems with the  sample t r a i n s  and 
the associated ana ly t ica l  techniques a r e  discussed. Final  recommendations 
f o r  t r a i n  assembly and sample analysis  are provided. 
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CHAPTER 2 

DESCRIPTION OF TEST LOCATIONS 

The methods development t e s t  program was centered around operation 
of the reverberatory furnaces. A hydrocarbons t r a i n  col lected samples 
from the o u t l e t  of equipment used t o  abate par t icu la tes  and hydrocarbons 
i n  off gases from t h e  furnace charging wells. Par t icu la te  and gaseous 
chlorine compounds contained i n  furnace chlorination e f f luent  gases were 
characterized by col lect ing samples a t  the o u t l e t  of t h e  process scrubber. 
Each s i t e  is discussed i n  more d e t a i l  i n  t h e  remainder of t h i s  chapter. 

CHLORINE SCRUBBER 

A t  the  end of each batch aluminum a l loy  formulation, excess magnesium 
i s  removed by sparging chlorine gas through the  m e l t .  The e f f luent  gas 
proceeds t o  emissions control equipment f o r  abatement of aluminum chloride 
par t icu la tes ,  its p a r t i a l  hydrolysis product, hydrochloric acid,  and unre- 
acted chlorine. 

North American Smelting Company (NASCO) operates a two-stage scrubber 
fo r  control of atmospheric emissions from chlorine lancing. A high pressure 
drop venturi  scrubber (35" W.C. ) co l l ec t s  some par t icu la tes  and gaseous 
c m d s . y a n d - t h e  second s tage  packed bed scrubber removes more of the 

e l a t ive ly  d i f f i c h k t o  absorb chlorine 
qs-located-at-the-top of t h e  packed bed. 

1e-typ.e-mist eliminator 
scrubbing liquor > 

-7---- is used on a once-through basis  f o r  each scru5bing 
operation is provided i n  Figure 2-1. 

Test  ports  located between t h e  scrubber and t h e  fan w e r e  used t o  co l l ec t  
a l l  samples. This location was characterized by a high negative s t a t i c  pres- 
sure  and a very high loading of scrubbing l iquor  droplets  which penetrated 
t h e  m i s t  eliminator. In f a c t ,  the  droplet  concentration w a s  so high t h a t  
sample t r a i n  cyclones were used t o  prevent blinding t h e  f i l t e r .  The high 
negative pressure required turning t h e  sample pump on pr io r  t o  inser t ion of 
the probe i n  the stack t o  prevent p u l l i n g  the  sample f i l t e r  from i t s  holder. 

Simultaneous col lect ion of two samples w a s  accomplished by placing a 
sample t r a i n  i n  each of the two ports .  The nozzles were located a s  close 
together as possible a t  the  approximate center of the  stack. 

2- 1 
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Chlorination periods varied, depending upon furnace s i z e  and magnesium 
concentration. Emissions tended t o  increase towards the end of chlorination, 
and where possible,  stack gas samples were col lected during the  expected 
maximum emission period. 

CHARGING WELL COATED BAGHWSE 

Various types of aluminum a l loy  scrap, pure a l loy  components such as 
s i l i con ,  and f lux  compounds a r e  fed  t o  an open wel l  a t  one end of each 
reverberatory furnace. The exact mixture charged f o r  each furnace run 
depends upon t h e  spec i f ic  desired a l loy  fornulation and charac te r i s t ics  
of avai lable  scrap. Exhaust hoods capture vo la t i l i zed  organics and ac id  
compounds, and t h e  resul t ing mixture of contaminants and room a i r  pro- 
ceeds t o  a pre-coat type f ab r i c  f i l t e r  col lector .  

While operating, the baghouse is not cleaned by regular mechanical 
shaking or a i r  pulsations. Instead, the bags are i n i t i a l l y  coated with 
l i m e ,  and when t h e  pressure drop reaches a pre-determined s e t  point value, 
the bags a re  cleaned and re-coated. Thus, although charging i s  essent ia l ly  
continuous from ea r ly  Monday morning through Friday morning, the bags may 
be cleaned and re-coated a maximum of twice and possibly not a t  a l l  during 
t h i s  t i m e  span. 

A schematic of the baghouse is shown i n  Figure 2-2. Exhaust gas is 
s p l i t  by the two fans and discharged through two separate  stacks. 
samples were col lected from the north stack fo r  the  f i r s t  phase tes t  pro- 
gram. 

A l l  

Pressure drop across the baghouse w a s  approximately 10" W.C. during 
the sample co l lec t ion  period. This w a s  somewhat above t h e  desired set 
point and indicated "dir ty"  bags. NASCO was w i l l i n g  t o  permit sample 
col lect ion i n  t h i s  operating mode whereas ord inar i ly  the  bags would have 
been cleaned and re-coated. A sample of t h e  l i m e  recovered a f t e r  bag 
cleaning confirmed t h a t  the  lime c o l l e c t s  organic material ,  as it w a s  
colored black and had a de f in i t e  "oily" odor. 
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Schematic (end, view) of Coated Baghouse 
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CHAPTER 3 

DESCRIPTION OF SAMPLE COLLECTION 
AND ANALYSIS PROCEDURES 

lh 4i.i sd.-c 

-3 /--- 'r. 
The spec i f ic  air contaminants of i n t e re s t c fo r  t h e  secondary aluminum 

After a review of expected source emission charac te r i s t ics  
,industry --7 a r e  gaseous and pa r t i cu la t e  chlorine compounds and con-able 

/ 
hydrocarbons. 
and the avai lable  characterization methods, spec i f ic  sample t r a ins ,  and 
ana ly t ica l  methods w e r e  selected.  Detai ls  f o r  each of the t w o  types of 
sample t r a i n s  a re  discussed separately below. Copies of a l l  reference 
procedures a re  contained i n  the appendices. 

CHLORINE COMPOUNDS 

Sample Collection 

Exhaust gases from the chlorine lancing operation were expected t o  con- 
t a i n  pa r t i cu l t e  chlorides, chlor ine gas, and possibly gas phase hydrochloric 
acid. Separate characterization f o r  each type of compound was desired. 

A standard Method 5 sample t r a i n  w a s  assembled f o r  t h i s  purpose, t h e  
only modification involving use of 0.1 normal sodium hydroxide solution in -  
s tead  of water i n  the  impinger. Because of t h e  uncertain absorption and re- 
action charac te r i s t ics  of low concentration of chlorine gas, three impingers 
i n  s e r i e s  were charged with the caus t i c  solution. Tissue quartz f i l t e r s  were 
used because of t he i r  superior chemical compatibility with acidic gases as  
compared t o  standard glass  f i b e r  media. A schematic of the assembled t r a i n  
is shown i n  Figure 3-1. 

During each chlorination period, simultaneous s ingle  point i sokine t ic  
samples were collected. Sample t r a i n  operation, including f i l t e r  tempera- 
t u re  control,  w a s  i d e n t i c a l  t o  t h a t  specif ied i n  EPA Method 5:-Inclusion-, 

------. 
of cyclones-upstream,of t h e  f i l t e r s  was necessary t o  remove 1 entrained scrub- -) -- --bin9 l iqu id  droplets. 

<-,.-. 

Normal sample t r a i n  operation according t o  EPA Method 5 r e s u l t s  i n  a 
sample col lect ion r a t e  of approximately 0.75 cfm, meter conditions. The 
eff luent  pa r t i c l e s  from the chlorine scrubber were present a t  a moderate 
grain loading, but because of t h e i r  apparent very f i n e  s i ze ,  the col lected 
f i l t e r  cake rapidly produced a high pressure drop. Smal le r  sample nozzles 
were used t o  e f fec t  a lower sample col lect ion r a t e  t o  solve t h i s  problem. 

3- 1 
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A t ,  the  conclusion of each t e s t  run, the following separate t r a i n  f rac t ions  
were recovered: probe w a s h ,  f i l t e r ,  cyclone, f i r s t  impinger, second impinger, 
and t h i r d  impinger. Chlorine analyses were performed immediately a f t e r  sample 
col lect ion,  whereas the other components were characterized after samples were 
returned t o  t h e  laboratory. 

Analvtical Methods 

Specif ic  characterization methods f o r  par t icu la tes  and gaseous compounds 
a r e  discussed i n  separate sections i n  the remainder of t h i s  section. With 
respect t o  chlorine compounds, f r e e  chlorine was determined f i r s t ,  followed 
by analysis  of t o t a l  chlorides. 

Par t icu la te  Chlorides 

A standard gravimetric analysis  was completed f o r  a l l  f i l t e r s .  After 
recording t h e  f i n a l  f i l t e r  weight, pa r t i cu l t e  chlorides were determined by 
extraction of the f i l t e r  catch with d i s t i l l e d  water followed by the  mer- 
cur ic  t i t r a t i o n  procedure. (This procedure is discussed i n  d e t a i l  i n  the 
subsection f o r  chlorides.)  

Additional character izat ion f o r  aluminum chloride pa r t i cu la t e  was con- 
s idered appropriate. It sublimes completely a t  29.92" Hg a t  35Z°F, and was, 
therefore,  expected t o  have a subs tan t ia l  vapor pressure a t  the  Method 5 
f i l t r a t i o n  temperature of 250OF. 

I n  the  spec i f ic  case of NASCO, extract ing par t icu la tes  from a stack 
environment of approximately 70°F and 27.4" Hg absolute pressure and heat- 
i n g t h e n  t o  25OoF and reducing the absolute pressure even fu r the r  was ex- 
pected t o  r e s u l t  i n  a phase change of a portion of the  aluminum chloride. 
Thus, each impinger w a s  analyzed for the  pressure of aluminum. 

Chlorine Gas 

I n  sodium hydroxide solut ion,  chlorine gas reac ts  as follows: 

C12  (gas)  -C12 (aqueous) 

C12 (aqueous) + H 2 0 z H C 1  + HOCl 

H C 1  -A+ + C1- 

H O C l  -ti+ + OC1- 

Thus, analysis of the caust ic  impinger catch f o r  chlorine ac tua l ly  amounts 
t o  analysis  fo r  hypochlorous acid or hypochlorite ion, depending upon 
actual  solut ion pn. 

A colorimetric procedure was se lec ted  f o r  analysis of f r e e  avai lable  
chlorine, defined as the  sum of aqueous chlorine,  hypochlorous acid,  and 
hypochlorite ion. The actual  method used was 409-D, s t ab i l i zed  neut ra l  
orthotolidene, a s  described i n  "Standard Methods f o r  Examination of Water and 
Wastewater." The chlorine-induced color (turquoise) was quant i f ied with a 
Bausch and Lomb Spectronic 20 s ingle  beam spectrophotometer a t  625 nanometers. 

3-3 



I 
I 
I 
I 
I 
t 

I 
B 
I 

It 
I 
J 
1 
I 
I 
I 
I 
I 

Pr ior  t o  f i e l d  data col lect ion,  several  preliminary laboratory pro- 
cedures were necessary. Chlorine demand-free water was prepared f o r  use i n  
a l l  di lut ions.  Sodium th iosu l fa te  reagent was standardized a f t e r  the 
recommended two-week waiting period. 

Fundamental t o  t h i s  procedure is the standardization of the stock so- 
dium th iosu l fa te  reagent fo r  i t s  subsequent use i n  preparing a stock solu- 
t i on  of f r e e  avai lable  chlorine. Standard Methods, Section 409-A describes 
the t i t r a t i o n  employed t o  determine the above mentioned normality. The al-  
ternat ive Dichromate method w a s  used over the  primary Biniodate method be- 
cause of the  s t a b i l i t y  of the  stock potassium dichromate reagent used i n  the 
former. A sharp, c lear  end point w a s  reached with d i lu ted  sodium th iosu l fa te  
( O - O Z S N ) .  A diluted comnercial solut ion of sodium hypochlorite w a s  used t o  
prepare the  stock chlorine solut ion (approximately 5 0  mg/l). Sodium thio- 
su l f a t e  w a s  then used t o  determine the  t rue  chlorine concentration of t h i s  
stock solution. A range of concentrations was then made per appropriate 
dilutions.  

The various d i lu t ions ,  prepared.asynchronously, provided the means t o  
develop a standard curve. Each d i lu t ion  w a s  t r ea t ed  and colorimetrically 
analyzed a s  described i n  the SNORT method. The method requires d i lu t ions  
t o  be i n  the range of 0.01 mg/l and 6.0 mq/l chlorine as defined by detect- 
a b i l i t y  and or thotol idine ava i l ab i l i t y ,  respectively. The same l i m i t  applies 
t o  sample analysis. 

Upon the addition of the or thotol idine and the  buffer s t a b i l i z e r ,  the di- 
luted standard samples developed a turquoise color and were read on t h e  spec- 
trophotometer a t  625 nm. Optical dens i t ies  (as absorbance o r  transmittance) 
were recorded and p lo t ted  on a graph. 
crease i n  concentration r e su l t s  i n  an increased absorbance. Standard curves 
were prepared da i ly  i n  concurrence with sample col lect ion (o r  audi t  sample 
evaluation).  Linear regression w a s  used t o  calculate  concentration as  a 
function of absorbance. 

The graph described a l i n e  where an i n -  

Impinger samples were analyzed with the SNORT method immediately follow- 
ing t h e i r  co l lec t ion  i n  t h e  f ie ld .  Dilutions were made t o  a concentration 
t h a t  indicated 20 t o  80% of scale on the  spectrophotometer. Where t h i s  was 
not achieved, the  extension of t h e  standard curve w a s  necessary t o  locate 
the corresponding concentration point. As recommended, t h e  photometer w a s  
read within 2 minutes of reagent and sample mixing because of rapid chlorine 
degradation t o  chloride. Interferences were compensated f o r  by making a blank 
with sodium arseni te  (reduces avai lable  chlor ine)  and using it as a zero ab- 
sorbance reference. Due t o  some observed cloudiness, it w a s  evident t h a t  t h i s  
w a s  necessary. Generally, two d i lu t ion  al iquots  from each sample were analyzed 
and t h e  average absorbance was used t o  ident i fy  t h e  chlorine concentration. 

Total Chlorides 

Two t i t r a t i o n  procedures were se lec ted  f o r  analysis  of t o t a l  chloride ion. 
One method followed the  EPA procedure fo r  analysis  of hydrochloric ac id  emis- 
sions (mercuric n i t r a t e  t i t r a t i o n )  and t h e  other one was selected from "Stan- 
dard Methods," Method 4 0 8 ,  argentometric analysis  ( s i l v e r  n i t r a t e  t i t r a t i o n ) .  
Bo th  methods were evaluated because of reported d i f f i c u l t i e s  w i t h  pH control f o r  
the  mercury t i t r a t i o n  and w i t h  end po in t  detection f o r  t h e  s i l v e r  t i t r a t i o n .  
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A s  discussed i n  t h e  reference mercury t i t r a t i o n  procedure, some sam-  
p le  a l iquots  were passed through a cation exchanger t o  invest igate  t h e  
presence of metal ion interferences.  

Total  chlorides analysis included contribution by chlorine gas, hydro- 
chlor ic  acid,  and par t icu la te  chlorides. Chlorine poses a problem for  chlo- 
r ide  analysis  because upon i n i t i a l  absorption it forms an equi-molar mixture 
of chloride and hypochlorite ions. Hypochlorite gradually decomposes t o  
chloride,  so i n  order t o  eliminate questions concerning the  percentage con- 
version, a l l  f i e l d  samples were t r ea t ed  t o  convert hypochlorite to chloride. 
This was accomplished through the use of a 3% hydrogen solut ion added i n  ex- 
cess of t h e  molar concentration required to  destroy the chlorine, as measured 
shor t ly  a f t e r  sample col lect ion and recovery. 

The hydrogen peroxide reac ts  with hypochlorite i n  a basic  solut ion ac- 
cording t o  the equation: 

OH- 
0 C1- + H 2 0 2  - O2 + C1- + H20 

The use of excess hydrogen peroxide has the  added advantage of destroy- 
ing any reducing ions which may be present i n  t h e  sample and which in t e r f e re  
in  the  mercuric n i t r a t e  t i t r a t i o n  procedure. 

Thus, the  t o t a l  chloride concentration represents t h e  following frac- 
t ions :  

C1- t o t a l  = H C 1  + 2 C12  + 3 A 1  C13,  expressed as mass equivalents 

HYDROCARBON COMPOUNDS 

Sample Collection 

Secondary aluminum smelting operations involve recycling of numerous 
types of aluminum scrap. Any cu t t ing  or lubr ica t ing  o i l s ,  p l a s t i c  coatings, 
or p l a s t i c  components are evolved from furnace charging wells, chip dryers, 
and Sweat furnaces. As a f i r s t  cut type of analysis ,  separation of these 
hydrocarbons i n t o  par t icu la te  ( a t  25O0F) and condensable ( l i qu id  phase be- 
tween 250OF and 7OoF) f ract ions are desired. Condensable hydrocarbons are 
of i n t e r e s t  because of t h e i r  formation of-droplets-when-stack-gas-cools while 
mix inga i th  a m b i e n t d h e - n - a b l e  sample t r a i n  f rac t ion  is u- 

i n  t h i s  case. 

A standard Method 5 sample t r a i n  was selected f o r  hydrocarbons char- 
ac te r iza t ion . .  As indicated i n  F igure  3-2, a portion of t h e  gas stream w a s  
removed from the U tube connecting t h e  empty t h i r d  impinger and t h e  s i l ica  
ge l  impinger, and it w a s  pumped t o  a flame ionization detector ( F I D )  based 
t o t a l  hydrocarbon analyzer (THCA). This f rac t ion  of hydrocarbons, defined 
as "noncondensable," includes any water insoluble organics with a vapor pres- 
sure greater  than a few ppm by volume a t  the  ac tua l  impinger temperature. 

The l i m e  coated baghouse a t  NASCO which abates furnace charging well  
emissions w a s  se lected as the source for evaluation of the hydrocarbons 

3-5 
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t ra in .  A t  l e a s t  one and sometimes two furnaces were being charged during 
sample co l lec t ion  periods. 

Removal of the s l ipstream t o  the  FID caused a difference between gas 
volume enter ing t h e  sample nozzle and volume reg is te red  by the d r y  gas meter, 
so a correction fac tor  t o  the  desired metering system o r i f i c e  pressure drop 
was required t o  maintain i sok ine t i c  sampling a t  the nozzle. The par t icu lar  
hydrocarbon analyzer used had a n  i n t e rna l  pump which removed approximately 
6 scfh from t h e  Method 5 gas sample. The A H  correct ion factor  w a s  estimated 
by noting t h e  ac tua l  meter box A H  when t h e  sampling r a t e  was approximately 
0.75 cfm and when it w a s  approximatley 0.65 cfm. 
w.c., such t h a t  nomograph values were decreased by t h i s  amount when s e t t i n g  
individual  t raverse  point sampling rates .  

The difference was 0.5" 

The magnitude of the AH correct ion fac tor  was high enough f o r  some sam- 
p l e  points  t h a t  it represented 1/2 of the  desired AH. For example, a cer ta in  
sample point  veloci ty  head w a s  such t h a t  the o r i f i c e  pressure dr ip  was 1" 
w.c., o r  0.5" W.C. with the correct ion fac tor  deducted. A sample nozzle 
la rger  than normal was used t o  lower the % deduction due t o  the F I D  s l i p -  
stream. 

P r io r  t o  charging the  t r a i n ,  a l l  glassware was cleaned with chromic ac id  
solut ion,  as specif ied i n  Method SA. Sample t r a i n  operation for sample col- 
l ec t ion  was ident ica l  t o  t h a t  described i n  t he  reference procedure. 

A t  the conclusion of each run, t h e  following separate  f r ac t ions  were 
recovered: probe wash, f i l t e r ,  back h a l f  r i n se  including f i l ter  holder, 
and combined impingers. The probe wash and i n i t i a l  back half  r i n se  were 
completed with acetone, and a second back half  r i n se  was performed with 
tr ichloroethylene.  U tube connections were wiped with tr ichloroethylene 
p r i o r  t o  back half  recovery t o  control  col lect ion of s i l i cone  grease. 

Analytical Methods 

Total  Par t icu la tes  

A standard gravimetric a n a l y s i s  was completed f o r  t h e  sample t r a i n  
quartz  f i l t e r s  and acetone probe wash. 

Condensable Organics 

Dual back half  r inses  were performed because of the unknown recovery 
cha rac t e r i s t i c s  of acetone. A standard gravimetric ana lys i s  was completed 
f o r  the acetone and 1.1.1 tr ichloroethane back half  r inses .  

The chloroform-ether ex t rac t ion  procedure described i n  Method SA was 
followed f o r  the combined impinger catch. For each run, the i n i t i a l  solu- 
t i o n  pH w a s  approximately 2 ,  such t h a t  neutral izat ion with caust ic  w a s  
necessary p r io r  t o  the i n i t i a l  extraction. Because some organics a re  more 
completely extracted a t  l o w  pH t h a t  a t  neutral  pH, a second stage extrac- 
t ion was completed a f t e r  readjust ing t o  a p H  of 1 with hydrochloric acid. 
A standard gravimetric ana lys i s  w a s  completed for  a l l  chloroform/ether ex- 
t r a c t s .  
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Noncondensable Organics 

Hydrocarbons t h a t  w e r e  not successfully col lected i n  t h e  impinger t r a i n  
were determined by diver t ing part of the  "back h a l f "  Method 5 gas stream t o  
a flame ionization detector  (F ID)  i n  a t o t a l  hydrocarbon analyzer (THCA). 

A Scot t  Model 215 THCA w a s  u t i l i z e d  i n  t h e  f i e ld .  I t  was located and 
operated on the ground beneath the sampling ports.  Data were recorded on a 
Linear Model 555 f l a t  bed recorder. 

The THCA was zeroed w i t h  zero a i r  (THC <0.1 ppm) and cal ibrated w i t h  
methane span gases. Span gas cal ibrat ions should be made i n  a concentra- 
t i o n  range t h a t  w i l l  approximate t e s t  emissions. Therefore, methane span 
gases of 31.6 ppm and 81.7 ppm were used i n  t h i s  test an t ic ipa t ing  low 
hydrocarbon loadings. 

Unfortunately, span gas ca l ibra t ion  gases, even a t  f u l l  range adjust- 
ments,  f a i l e d  t o  respond to  t h e i r  t r u e  value. Methane span gases of 31.6 
ppm and 81.7 ppm corresponded t o  27.1 and 70.3% chart  responses on a 0-100 
range. The most probable cause of t h i s  anomaly w a s  operating below the re- 
commended ambient temperature l i m i t  of the instrument. Scot t  THCA Model 
215 operating manual specif icat ions ind ica te  an operation range between 
32OF and 1300F. Field t e s t  conditions remained around 25OF. L a t e r ,  a t  the  
ES McLean of f ice ,  under room conditions, THCA span gas ca l ibra t ions  yielded 
accurate l i nea r  responses. 

The low span gas values i n  the f i e l d  did not discount THC concentration 
responses, however, even though the ac tua l  concentration was not indicated,  
the span gases retained l inear i ty .  Thus, a simple correction w a s  made f o r  
t rue  hydrocarbon emissions by multiplying observed responses by the r a t i o  
of the t r u e  span value and the  observed span resporise (e.9.. 31.6 ppm CHA = 
1.17). 27.1 ppm CE4 

P r i o r  t o  sample col lect ion,  a leak check w a s  conducted through the  te f -  

assembly. With t h e  pump on, the bypass flow meter dropped down t o  zero, in -  
d icat ing a leak t i g h t  sample l i n e  and instrument. 

lon l i n e  and analyzer by capping off the sample i n l e t  adjacent t o  the  U-tube 7 

To insure simultaneous sampling w i t h  the  Method 5 run, it was necessary 
t o  turn  off the pump while connecting t h e  sample l i n e  t o  the U-tube assembly. 
Consequently, e a r l i e r  leak test procedures excluded t h e  sample line/U-tube 
assembly connection. Problems with simultaneous leak checks ( i .e .  meter box 
pump override of t h e  THCA pump) j u s t i f i e d  t h i s  pa r t i cu la r  procedure. 

The THCA and Method 5 t r a i n  s t a r t e d  sampling simultaneously. The flow 
r a t e  of t h e  gas stream diver ted t o  t h e  THCA w a s  control-led by an in te rna l  
sample pressure regulator (i.e. only accessible by remving  the  top panel) 
and monitored by a bypass flow meter. The bypass flow typica l ly  regis tered 
5 t o  7 scfh, rotameter scale .  From t h i s  gas stream, approximately 6 m l / m i n  
was directed t o  t h e  FID.  

Sample pressures of 1.0 p s i  and bypass flow ra t e s  of 6 scfh approximated 
s t a r t i n g  conditions. However, par t icu la te  loading on t h e  f i l t e r  i n  the  Method 
5 sample box produced a proportional vacuum. Hence, without a compensating 
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adjustment t o  the THCA sample pressure, the actual  sample diversion slowly 
dropped to about 4 sc fh  by the termination of the tests. 

A t  the conclusion of each test  run, the p iece  of unheated t e f l o n  con- 
nect ing the  THCA t o  the  Method 5 sample box w a s  purged with ambient a i r  to 
insure constant background sampling condit ions.  
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CHAPTER 4 

TABULAR SUMMARY OF RESULTS 

During t h e  period of December 15 through December 19, a t o t a l  of s i x  
chlorine compound and two hydrocarbon compound samples were col lected using 
minor modifications of the EPA Method 5 manual stack sampling t r a in .  The 
two complete hydrocarbon samples were supplemented with a brief experiment 
involving impinger col lect ion efficiency. Resu l t s  of a l l  f i e l d  samples a re  
summarized i n  tabular  form i n  t h i s  chapter. 

On December 16, EPA representat ives  delivered qua l i ty  assurance samples 
fo r  chlorine and chlorides. I n i t i a l  chlorine analyses were completed on 
s i te ,  and chloride samples were t i t r a t e d  a t  a l a t e r  date. Results of these 
analyses a r e  a l so  included i n  t h i s  chapter. 

Separate tab les  are presented where possible,  but because of the relat ion-  
sh ip  between chlorine and chloride analyses,  some combined tab les  are noted. 

CHLORINE AND CHLORIDES (SCRUBBER TESTS) 

Results f o r  EPA audi t  samples a r e  l i s t e d  i n  Tables 4-1 and 4-2. The 
EPA reference values fo r  chlorine are not included pending re-analysis of 
some of the  samples. 

For the t o t a l  of s i x  chlorine compound runs, three repe t i t ions  each 
with the  two simultaneously operating t r a ins ,  overa l l  r e su l t s  a r e  pro- 
vided i n  T a b l e  4-3. This tab le  includes t o t a l  f i l t e r  weight and extract-  
able chlorides from t h e  f i l t e r  a s  w e l l  as separate chlorine and chloride 
analyses fo r  t h e  probe wash, cyclone, and f i r s t ,  second, and t h i r d  i m -  
pingers. A comparison of impinger catches only is provided i n  T a b l e  4-4. 

Evaluations of individual impinger chlorine col lect ion eff ic iency 
and of pa r t i cu la t e  VS. gaseous chlor ide fract ionat ion a r e  provided i n  
Tables 4-5 and 4-6. 

Calculated values fo r  pa r t i cu la t e  and gaseous loadings i n  terms of 
concentration and m a a s  emission r a t e  a re  contained i n  Table 4-7. Values 
fo r  hydrochloric ac id  emissions were not calculated because of uncertainty 
i n  the analysis  f o r  aluminum i n  the  impinger catch, as discussed more COP 

p l e t e ly  i n  Chapter 5. 
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TABLE 4-1 

AUDIT SAMPLE CHLORINE CONCENTRATIONS ( m g / l )  

Date Analyzed Total' 
Sample # 12/16 12/18 12/19 1/7 1 /9 c1- 

136 -8 124.6 -- 617 2256 98.5 -- 
2285 88.4 -- -- 116.7 127.0 -- 

287 -2  224.4 -- 824 3071 188.2 -- 
3087 170.4 -- -- 263.8 218.4 -- 
4050 -- 292.6 -- 366.5 292.1 -- 

Determined by mercury t i t r a t i o n  procedure. For chlorine samples 
only,  chloride concentration should be exactly twice the chlorine 
concentration. 
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TABLE 4-4 

TABULAR SUMMARY OF CHLORINE AND CHLORIDE ANALYSES 
IMPINGER TOTALS ONLY 

T o t a l  T o t a l  
T e s t  Milligrams Milligrams 
Run C h l o r i n e  C h l o r i d e  

2A 
2B 

3A 
3B 

4A 
4B 

314.7 
491.2 

23.0 
15.5 

105.4 
108.2 

361.5 
573.8 

53.4 
31.7 

244.9 
224.7 

N o t e :  C h l o r i n e  reported i n  atomic form, equivalent 
w e i g h t  35.45. 
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TABLE 4-5 

STAGED COLLECTION EFFICIENCY OF IMFTNGERS 

T o t a l  % C o l l e c t e d  of T o t a l  
C h l o r i n e  F i r s t  Second T h i r d  

Run (ms) I m p i n g e r  I m p i n g e r  I m p i n g e r  

2A 314.7 84.8 14.3 0.9 

2B 491.2 62.2 34.6 3.2 

3A 23 .O 92.6 

38 15.5 94.2 

4A 105.4 

4B 108.2 

94.7 

93.5 

7.4 

5.8 

5.3 

6.5 

0 

0 

0 

0 
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TABLE 4-6 

CHLORIDE TRAIN FRACTIONS AS % OF TOTAL 

Total  % Contribution 
Chloride F i r s t  Second Third 

Run (mg) F i l t e r  Impinger Impinger Impinger 

2A 423.5 14.6 73.7 11.1 0.6 

2B 589.6 2.7 75.6 20.3 1.4 

3A 64.9 17.7 70.6 6.2 5.5 

38 42.9 26.1 69.5 3.5 0.9 

4A 294.5 16 -8  79.8 3.2 0.2 

4B 280.5 19.9 77.1 2.8 0.2 
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TABLE 4-7 

CHLORINE COMPOUND EMISSION DATA 

Chlorine 
Total Particulates  Chloride Part iculates  G a s  

Emission Grain Emission Grain Emission 
Run Rate Loading Rate Loading Rate Conc. 

Number ( lb /hr )  (gr /dscf )  ( lb /hr  1 ( gr/dscf ) ( lb/hr ) ( PPm) 

2A 18.0 0 -238 2 -4 0.031 12.1 247 

2B 7.3 0.097 0.6 0.008 18.7 38 3 

3A 8.6 0.103 0.6 0.007 1.2 22 

3B 7.7 0.092 0.5 0.006 0.7 14 

4A 27.4 0.315 2.6 0.030 5.7 101 

4B 25.6 0.305 2.9 0.034 5.6 103 
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HYDKCARBONS AND PARTICULATES (BAGHOUSE TESTS) 

Back half  extract ion and r in se  data a r e  summarized i n  Table 4-8. 
Sample f i l t e r  weight gains were less than 0.1 milligram and a r e  not re- 
ported. Acetone probe r inse catches f o r  the two r u n s  were 3.7 and 22.6 
milligrams, respectively. 

Hydrocarbon analyzer data indicated widely varying concentrations. 
Typically, there  w a s  a cer ta in  background concentration, and spikes above 
ground were observed soon a f t e r  a batch of scrap was charged. 
of a s t r i p  char t  containing one peak is reproduced as.Figure 4-1. 

A portion 

S t r i p  char t  data reduction was based on a manual calculat ion of ten- 
minute averages. Overall t e s t  period concentrations were then  calculated 
from the  ten-minute averages. Results of these calculat ions a re  provided 
i n  Tables 4-9 and 4-10. I n  order t o  compare average concentrations t o  cal-  
culated versus ac tua l  observed values, some typica l  concentration ranges 
and peak values are  l i s t e d  i n  Table 4-11. Copies of t he  s t r i p  char ts  a r e  
provided i n  the appendices. 

Completion of the two normal test  runs confirmed t h a t  some hydro- 
carbons w e r e  not col lected by t h e  impingers. 
vised t o  evaluate impinger  co l lec t ion  eff ic iency a t  t h i s  r e l a t ive ly  low 
hydrocarbon concentration. The r e s u l t s  a r e  provided i n  Table 4-12 and 
Figure 4-2. 

A br ief  experiment was de- 

Calculated r e s u l t s  f o r  the f ron t  half and back half  emissions are 
l i s t e d  i n  T a b l e  4-13. 
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TABLE 4-8 

CONDENSABLE ORGANICS BACK HALF DATA 
IW WEIGHTS I N  MILLIGRAMS) 

Run 1 R u n  2 

Acetone Rinse 14.3 7 . 3  

Trichloroethylene Rinse 4.3 10.4 

-- Neutral Extraction 2.7 

-- 1 . 1  Acid Extraction - - 
TOTAL 21.3 18.8 
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TABLE 4-9 

BAGHOUSE TOTAL HYDROCARBON EMISSIONS SUMMARY: 
CORRECTED OVERACL AND PERIODIC AVERAGES 

OF TEST 1 THCA DATA 

T e s t  # 1  (12/17/80) 

P e r i o d  A v e r a g e  
( T e s t  M i n u t e s )  ( P P d  

P o r t  A 0-10 
10-20 
20-30 
3 0- 39 

41.6 
19.9 
13.5 
22.8 

Overall Port A 0-39 24.5 

Port B 0- 10 
10-20 
20-30 
30-35 

33.3 
16.5 
11.7 
12.3 

O v e r a l l  Port B 0-35 16.7 

Overall T e s t  A v e r a g e  0-74 22.0 
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TABLE 4- 10 

BAGHOUSE TOT= HYDROCARBON EMISSIONS SUMMARY: 
CORRECTED OVERALL AND P E X O D I C  AVERAGES 

FOR TEST 2 THCA DATA 

T e s t  #2  

P e r i o d  A v e r a g e  
( T e s t  M i n u t e s )  (pprn) 

P o r t  B 0- 1 2 
12-22 
22-32 
32-36 

84.9 
127.0 
106.9 
69.2 

Overall P o r t  B 0-36 101.0 

P o r t  A 0-10 
10-20 
20-30 
30-36 

49 .5 
57.2 
72.5 
46.5 

port A A v e r a g e  0-36 57.5 

O v e r a l l  T e s t  A v e r a g e  0-72 79.2 



TABLE 4- 11 

TOTAL HYDROCARBON CONCENTRATION RANGES 
AND PEAKS FOR FIELD TESTS ON 12/17/80 

Range Peaks 
T i m e  RUn Port ( ppm ) (ppm) 

1005 1 A 11.2 to  >104.4* 31.2, 47.7,  >104.4' 

1100 1 B 10.2 to  52.9 52.8, 46.0, 15.3 

1501 2 B 66.2 to 157.3 >104.4*, 82.0,  129.5 

1613 2 A 5.8 to  103.0 99.6, 73.8, 75.6,  
81.5, 147.0 

Peak went off scale, 104.4 represents the minimum corrected concentra- 
tion. 
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TABLE 4-12 , 

HYDROCARBON PENETRATION THROUGH IMPINGERS 

Range Average 
Time Modea (ppm)b (ppm) 

1047 B 12.8 t o  16.2 15.1 

1050 I 19.2 t o  20.2 19.9 

1053 B 31.0 to 57.2 52.5 

1056 I 14.0 t o  27.4 23.4 

1059 B 14.5 t o  23.6 20.1 

1102 I 14.5 t o  24.1 18.4 

1105 B 12.3 t o  13.6 12.7 

1108 I 10.9 t o  16.8 13.3 

a B denotes bypass of impingers or stack gas concentration 
whereas I denotes hydrocarbon concentration a f t e r  sample 
w a s  pul led  through two impingers. 

Total  hydrocarbon concentration as methane. 

Overall average concentration with impingers: 18.8 
Overall average concentration without impingers: 25.1 
Impinger col lect ion efficiency: 25% 
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TABLE 4- 1 3  

HYDROCARBON COMPOUND EMISSION DATA 

~______  

Run Number 1 Run N u m b e r  2 

F r o n t  H a l f  
E m i s s i o n  R a t e  
( l b h r )  

F r o n t  Half 
L o a d i n g  
(gr/dscf 1 

B a c k  Half 
E m i s s i o n  R a t e  
( lb/hr) 

B a c k  Half 
L o a d i n g  
(gr/dscf 1 

0.06 

0.0006 

0.35 

0.003 

0.45 

0.004 
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CHAPTER 5 

CRITICAL DISCUSSION OF EXPERIMENTAL RESULTS 

some problems were experienced with both sample col lect ion and ana l -  
y t i c a l  procedures used f o r  the Wilminqton tests. There is every indication, 
however, t ha t  conventional s tack sampling t r a i n s  and routine laboratory pro- 
cedures can be used f o r  sa t i s fac tory  characterization of chlorine and hydro- 
carbon compound emissions. Pr ior  t o  recommending t h e  f i n a l  procedures, pro- 
blems with the  developmental procedures a r e  discussed using NASCO t e s t  data. 

ANALYSIS O F  FREE CHLORINE 

AS indicated i n  T a b l e  4-1, repeated analyses f o r  the  same qua l i ty  assur- 
ance samples contained an unacceptable degree of imprecision. Also, some of 
t h e  individual impinqer  analyses r e p o k e d  i n  Table 4-2 do not indicate  the 
mininun expected chloride to chlorine r a t i o  of 2 : l .  Specif ic  reasons f o r  the  
ana ly t ica l  e r ro r s  a re  currently unknown. 

The f a c t  t h a t  chlorine analyses by 409-D r e l i e s  on the  intermediate spec- 
trophotometer cal ibrat ion curve places c ruc ia l  importance on t h a t  curve. As 
shown i n  Figure 5-1 and Table 5-1, the  cal ibrat ion curve was not constant from 
day t o  day. It is t rue  t h a t  some inherent s c a t t e r  is present for  a l l  chlorine 
analyses (published r e s u l t s  by American Public Heal th  Association a t t r i b u t e  a 
r e l a t i v e  accuracy of 12.8% and r e l a t i v e  standard deviation of 34.7% for resu l t s  
of 15 d i f f e ren t  laboratory analyses f o r  0.8 mg/l C12 by 409-D), but a standard, 
repeatable cal ibrat ion curve as  developed by the  same individual is essent ia l .  
Our observed scatter i n  the ca l ibra t ion  curve no doubt was responsible f o r  the 
la rges t  portion of t h e  differences i n  the  three reported concentrations for 
each audi t  sample. 

Substant ia l  d i lu t ion  of commercial sodium hypochlorite solut ion was re- 
quired t o  produce a low enough concentration for  cal ibrat ion curve develop- 
ment, and usually, di lut ions of 2O:l t o  1OOO:l were necessary fo sample ad- 
justment. Errors introduced during d i lu t ion ,  including use  of d i r t y  glass- 
w a r e ,  may w e l l  have contributed t o  var ia t ions i n  t h e  analyses. Chlorine de- 
mand f r e e  water, prepared as  d i rec ted  i n  409-D, was used fo r  a l l  dilutions.  

The i n s t a b i l i t y  of the turquoise color a l so  introduces variations due t o  
individual f i e l d  technician analysis.  A s l i g h t  difference i n  analysis  speed 
could introduce s igni f icant  e r ror  considering the deter iorat ion of chlorine. 

The standardizations and standard curve preparation require a signi- 
f i can t  allotment of time. The de ter iora t ion  of chlorine i n  t h e  standard 
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Number of 
Points on 1 1 2 

Date Line a1 a0 r 2  

12/12 5 2.379 0 -0 160 0.999 

12/16 5 2.098 0.0154 0.999 

12/10 4 2.667 0.0988 0.996 

12/19 3 2.8483 0 -0447 1 .DO0 

1 /7 5 2.625 0.211 0.999 

1/9 4 2.467 -0.003 0.996 
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TABLE 5-1 

REGRESSION CONSTANTS FOR CHLORINE CALIBRATION CURVES 

I 
I 

~ 

I 

I 
I 

I 

1, 

These are constants for  the l inear  correlat ion.  
C = a, + a 1  A 
C = chlorine concentration, m g  per l iter,  expressed a s  C 1  
A = absorbance (opt i ca l  density)  of sample as determined by 

spectrophotometer 

r2 is the c o e f f i c i e n t  of determination. 
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dilut ions requires t h a t  new di lu t ions  be prepared e i t h e r  during or between 
sample runs ra ther  than relying on t h e  or iginal .  Also, as mentioned e a r l i e r ,  
d i lut ions have t o  be made and analyzed one a t  a t i m e  and, therefore,  delegate 
the  method t o  a tedious slow pace. Overall,  t h e  time requirement of t h i s  
method seems t o  l i m i t  i ts  f i e l d  application. 

I n i t i a l l y ,  it was supposed t h a t  var ia t ions i n  spectrophotometer opera- 
t ions  caused a t  l e a s t  some of the ana ly t i ca l  problems. Subsequently, da i ly  
checks w i t h  stock cobalt  chloride solut ions indicated steady ins t rumen t  
operation. 

DISCUSSION OF RELATIONSHIP BETWEEN CHLaORINE AND CHLORIDE 

Inspection of r e su l t s  i n  Table 4-2 from t h e  standpoint of chlorine VS. 

chloride indicates  some expected t rends and some unexpected. Based on our 
accurate, precise  analysis  of EPA q u a l i t y  assurance samples fo r  chlorides, 
a re la t ive ly  high degree of confidence is placed on the  chloride numbers. 
The expected minimum r a t i o  C1-:C12 of 2:l was observed only f o r  t h e  f i r s t  
impinqers of Runs 3A. 3B, 4A, and 4B, and f o r  the second impinger of Run 
3A. Discrepancies a re  a t t r i bu ted  t o  e r ro r s  i n  the chlorine analysis.  

Operating problems were experienced during Runs 2 and 3. During Run 2 ,  
a t  a normal sampling flow rate, a high pressure drop across t h e  f i l t e r  caused 
the screen type f i l t e r  supports t o  detach from the f i l t e r  holder, permitting 
some par t icu la te  t o  proceed d i r e c t l y  t o  the impingers. The post- tes t  leak 
check fo r  Run 3B was very poor. These problems would cer ta in ly  negate use 
of the  samples fo r  compliance purposes, but A VS. B r e su l t s  should compare 
be t t e r  f o r  Runs 2 and 3. (Pa r t i cu la t e s ,  both t o t a l  and chloride f rac t ions ,  
compared very w e l l  fo r  3A and 3B i n  s p i t e  of the leak, but the  gaseous cox- 
ponents do not  compare.) Only f o r  T e s t  Runs 4 A  and 4B were both par t icu la te  
and gaseous r e s u l t s  comparable. 

Probe wash and cyclone f rac t ions  were not included i n  the reported 
r e s u l t s  because they represented mainly entrained scrubbing l iqu id  drop- 
lets. The high r a t i o  of C1-:C12 f o r  the  cyclone f rac t ion  could possibly 
be due t o  thermal decomposition of hypochlorite ion i n  the cyclone f lask  
contained i n  the  heated front  half  compartment. 

Although problems were apparent with the chlorine analyses, a de f in i t e  
statement can be made concerning the  number of impingers, based on r e su l t s  
contained i n  Table 4-5. I f  a nozzle s ize  is selected t o  sample a t  about 
0.75 cfm, three impingers must be charged w i t h  absorbing solution. I f  the 
next  smaller standard nozzle s ize  is used, two impingers w i l l  suff ice .  The 
latter case would, of course, extend t h e  sampling period required t o  co l l ec t  
a minimum gas'volume, so f o r  routine sampling three  impingers should be used. 
Each impinger should be analyzed separately t o  prevent excessive d i lu t ion  of 
t h e  f i r s t  impinger, which should always capture a t  l e a s t  60% of the t o t a l  
chlorine. 
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CHLORIDE TITRATIONS 

Both the mercuric n i t r a t e  and s i l v e r  n i t r a t e  t i t r a t i o n  procedures were 
evaluated. 
audi t  samples (Table 4-2) .  The mercuric n i t r a t e  procedure w a s  consist-  
en t ly  more accurate, but no problems were experienced with e i the r  method. 
The mercury method was used f o r  analysis  of a l l  f i e l d  samples. 

These procedures were i n i t i a l l y  investigaged by ES using EPA 

As a general rule ,  no d i f f i cu l ty  w a s  experienced i n  use of the  mercuric 
n i t r a t e  t i t r a t i o n  procedure. Concerns were expressed i n  the Work Plan re- 
grading t h e  f i n a l  pH of t h e  sample p r i o r  t o  t i t r a t i o n .  Several samples were 
checked fo r  pH p r io r  t o  analysis using narrow range pH paper, and a l l  were 
found t o  f a l l  within the required range. 
plished a s  described i n  t h e  method. 

Sample pH adjustments were accom- 

Several sample al iquots  were passed through an ion exchange column of 
Rexyn lOlH as a check fo r  metal ion interference.  For t h e  spec i f ic  case of 
secondary aluminum reverberatory furnace exhaust gas sampling, the use of 
t h i s  ion exchange column was not required,  s ince passage of a sample appeared 
t o  have no e f fec t  on the  resu l t s .  

Note t h a t  the  c r i t e r ion  f o r  es tab l i sh ing  the presence of metal ion in t e r -  
ference, as explained i n  t h e  modified method presented i n  the appendix, w a s  t o  
pass a sample al iquot  through the i o n  exchange column, and compare the  t i t r a -  
t i on  r e s u l t s  with an untreated sample's resu l t s .  
more than 1%, the sample is s a i d  t o  contain in t e r f e r r ing  ions.  T h i s  is too 
s t r ingent  a c r i t e r ion ,  s i n c e  it is d i f f i c u l t  t o  obtain t h a t  degree of re- 
producibi l i ty  with a standard sodium chloride solution. Perhaps a more real-  
i s t i c  value f o r  t i t r a t i o n  differences would be 3%. Differences of t h i s  maqni- 
tude would def in i te ly  indicate  possible interferences and not j u s t  var ia t ions 
inherent t o  t h e  ana ly t ica l  procedure. 

I f  these results d i f f e r  by 

I n  summary, both  the s i l v e r  and mercury t i t r a t i o n  procedures produced 
accurate analyses. The s i l v e r  procedure w a s  actual ly  l e s s  complicated be- 
cause it involved fewer s teps ,  but the mercury method was more accurate. 
It should be noted, however, t h a t  the  end point for the  Ag NO3 t i t r a t i o n  
was not  d i f f i c u l t  t o  detect, contrary t o  comments received by ES regarding 
t h i s  procedure. 

PARTICULATE CHLORIDES 

The most surpr i s ing  r e s u l t  of t h e  scrubber sample f i l t e r  analyses was 
t h a t  chlorine, reported a s  chloride, contributed only about 1 5 2 0 %  of t h e  
t o t a l  f i l t e r  weight. 
culate  compound (one method f o r  production of aluminum.chloride f o r  use as a 
ca ta lys t  i s  s imilar  t o  t h a t  by which. i t  is formed during demagging), but it 
h a s  a chloride weight f rac t ion  of 80% i n  anhydrous form. Handbook data in- 
dicates A 1  C 1 3  t o  be very soluble i n  water, however, the f i l t e r  extract ions 
produced a co l lo ida l  material  t h a t  required f i l t e r i n g  p r io r  t o  t i t r a t i o n .  
is unknown whether t h i s  contributed t o  the low chloride fraction. 

Aluminum chloride must have been the  predominant pa r t i -  

I t  

The col lected pa r t i c l e s  were white and appeared t o  have a very f i n e  size.  
Some a l loy  compound chlorides l ike  copper and manganese are non-volatile a t  
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t h e  temperature of m l t e n  a l d n u m  (grea te r  than about 1 , 2 2 0 ° F ) .  Only z i n c  and 
s i l i con  chlorides among common al loy const i tuents  are  v o l a t i l e  under these 
conditions, and t h e y  should be present i n  f a r  lower concentrations than alumi- 
num chlorides. A l l  of these metal chlorides a re  white sol ids .  A t  t h i s  t i m e ,  
it is impossible t o  s t a t e  t h e  exact chemical composition of the pa r t i cu la t e  
eff luent .  The only firm character izat ion is tha t  approximately 15 t o  20% are  
water soluble chlorides. 

Chlorine compound impinger catches were analyzed f o r  the  presence of 
aluminum because of the ant ic ipated decomposition of A 1  C13. 
sorption w a s  t h e  selected ana ly t i ca l  techniques f o r  undiluted a l iquot  
samples from each impinger. Aluminum has a r e l a t ive ly  high concentration 
threshold f o r  AA analysis,  and our r e s u l t s  were typ ica l ly  very close t o  our 
de tec t ab i l i t y  l i m i t  of 15 milligrams per l i t e r .  Qual i ta t ively,  it can be 
s t a t e d  t h a t  aluminum w a s  present i n  a t  l e a s t  some of the  i ip ingers  fo r  a l l  
t e s t  runs. Quantitatively,  it can only be s t a t ed  t h a t  as much as a few 
milligrams were present i n  some of t h e  impingers. 

Atomic ab- 

Some of the impingers appeared s l i g h t l y  cloudy immediately a f t e r  sample 
col lect ion,  but many l a t e r  developed a de f in i t e  white prec ip i ta te .  This w a s  
probably due t o  i n i t i a l  formation of aluminate ion i n  the caust ic  solut ion 
followed by gradual conversion t o  insoluble  aluminum hydroxide. Certainly 
these prec ip i ta tes  contributed t o  the  l o w  aluminum concentration i n  solution. 

Aliquots of t h e  f i l t e r  ex t r ac t  w e r e  a l so  analyzed by AA. Again, t h e  
r e s u l t s  were inconclusive. 
of the  t o t a l  f i l t e r  weight. 

The highest  reported value was only about 6% 

Although the impinger catch aluminum analyses were semi-quantitative, 
they did confirm t h e  presence of aluminum. The quartz f i l t e r s  used ( P a l l  
Corporation Type QAST) met the Method 5 f i l t r a t i o n  eff ic iency specif icat ion,  
and it would not have been possible  f o r  any p a r t i c l e  s ize  t o  penetrate the 
f i l t e r  i n  milligram quant i t ies  during t h e  course of a typ ica l  sample run. 
The aluminum must have reached the impingers i n  vapor form, meaning t h a t  
p a r t i a l  decomposition of col lected mater ia l  occurred on the  heated f i l t e r .  

Operation of the  sample t r a i n  f i l t e r  a t  the standard Method 5 temperature 
of about 250°F thus biases t h e  reported mass loading towards lower values. 
Careful temperature control high enough only t o  prevent water condensation 
should be used f o r  more accurate pa r t i cu la t e  matter characterization. 

HYDROCARBONS TRAIN FRONT HALF 

Quartz f i l t e r s  fo r  the two baghouse runs had a negative weight 
N o  doubt t h i s  was due t o  t h e  poor mechanical groper t ies  of change. 

the selected media. The f i l t e r s  were very d i f f i c u l t  t o  handle a t  the  
end of a t e s t ,  and some pieces were separated from the  main f i l t e r s .  
They had developed an e l ec t ros t a t i c  charge, and some small pieces were 
impossible t o  recover. 

T h e r e  w a s  no apparent p a r t i c l e  loading on the f i l t e r s .  During t h e  
course of both sample runs, the  baghouse s tacks  w e r e  op t ica l ly  c l ea r ,  so 
it is speculated t h a t  the f i l t e r  loading would have been very low i n  any 
case. 
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Substant ia l  acetone probe wash weights were recorded fo r  the two 
The pa r t i cu la t e  matter appeared t o  have included complete t e s t  runs. 

re la t ive ly  large l i m e  dust  pa r t i c l e s  which must have seeped t h N  the  
bags. Some o i ly  material  w a s  also present. 

CONDENSABLE HYDIIOCARBONS 

When inspecting t h e  back half data l i s t e d  i n  T a b l e  4-8, it is noted 
t h a t  the  glassware r inses  produced a higher m a s s  loading than the impinger 
extractions. This was probably due t o  the  f a c t  t h a t  the condensed organics 
were very insoluble i n  water and p re fe ren t i a l ly  adhered t o  the g lass  walls. 
Collection of s i l i cone  grease is a poss ib i l i t y ,  but a l l  connecting jo in t s  
were wiped off with tr ichloroethylene p r i o r  t o  back half  recovery. 

I t  is not surpr is ing t h a t  TCE recovery was more complete than acetone. 
A chlorinated hydrocarbon would be expected t o  have a higher so lub i l i t y  fo r  
mny hydrocarbons than would t h e  r e l a t ive ly  polar acetone. Of course, the 
chlorinated hydrocarbons have undesirable properties,  and probably should 
not be recommended fo r  routine f i e l d  use. U s e  of acetone only w i l l  cause 
incomplete recovery of some hydrocarbons. 

With respect t o  the  extraction procedure, f irm conclusions a re  d i f f i c u l t  
because there  was only a very small m a s s  loading t o  work w i t h .  I t  does seem 
t h a t  both neutral  and ac id  extract ions are necessary. This comment is speci- 
f i c  t o  t h e  NASCO charging w e l l  hydrocarbons, the exact composition of which 
a re  unknown, and other hydrocarbon c lass i f ica t ions  could w e l l  respond d i f fe r -  
ently.  

NONCONDENSABLE HYDIMCARBONS 

When in te rpe t ing  THCA data,  i t ' i s  important t o  remember t h a t  the  F I D  
reports  responses equivalent t o  methane. Thus, 10 ppm of n-octane would 
have a response roughly equivalent t o  EO ppm methane. The following dis- 
cussion contains references t o  concentrations greater  than 100 ppm, but with- 
out knowing exact chemical composition and individual response fac tors ,  the 
t rue  hydrocarbon concentration cannot be determined. 

. D u r i n g t e s t  runs, insigit if icant zero and span gas d r i f t s  occurred from 
post- tes t  checks. Concentration values were corrected f o r  a temperature re- 
l a t ed  reduction i n  instrument response, as discussed i n  the  previous chapter. 
Ambient background concentrations ranged from 2.3 t o  5.5 ppm, and were typi- 
ca l ly  low compared t o  the  F I D  r e su l t s .  

The second run maintained a running higher concentration leve l  through- 
out t h e  duration of t h e  test. NASCO had indicated t h a t  t h e i r  " d i r t i e s t "  scrap 
was processed during t h a t  general per iod of time. 

As indicated i n  Chapter 4, there  were periods during both test runs where 
the F I D  peaks were greater  than 100 ppm. Overall,  both tests indicated an aver- 
age hydrocarbon concentration less than 100 ppm. Whether o r  not t h i s  is s i g n i -  
f i can t  depends on the  source c l a s s i f i ca t ion  and t h e  leve ls  of i n t e re s t .  These 
low concentrations a re  i r re levant  i n  terms of formation of detached par t icu la te  
matter plumes. 
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A brief experiment w a s  completed using a modified impinger and a rem-  
l a r  Greenburg-Smith impinger. Absorption and condensation conditions were 
much b e t t e r  than during a regular Method 5 run because of the  lower sample 
flow rate ( 0.1  cfm using the  i n t e r n a l  THCA pump only) .  Even so, the  i m -  
pinger co l lec t ion  eff ic iency w a s  only about 25%. Ordinarily, though, these 
concentrations would not  be of in t e re s t .  

I t  was discovered la ter  t h a t  t h e  impinger water from the  method SA samples 
had experienced a reduction of t h e i r  pH's t o  2 .  Therefore, the  ac id i ty  may 
have retarded t h e  a b i l i t y  of the water t o  remove condensable hydrocarbons. I n  
l i g h t  of t h i s ,  representat ive co l lec t ion  of condensable hydrocarbons may be 
more successfully re ta ined by a c a u s t i c  or s t rong  buffer  solution. 

The m a s s  of noncondensable hydrocarbons as methane w a s  highest  f o r  Run 2 ,  
and was approximately 130 mi l l i g rams .  This w a s  much higher than the  conden- 
sable hydrocarbons weight of about 20 milligrams. S t r i c t  comparison of t h e  
t w o  mass f rac t ions  is impossible because of the unknown composition of the  
hydrocarbons. 
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CHAPTER 6 

RECOMMENDATIONS FOR EVALUATION PROCEDURES 

Our experience t o  date with chlor ine and hydrocarbon compound evaluation 
techniques does not  ye t  provide a f i rm data base f o r  po ten t ia l  reference pro- 
cedures. Analysis of the NASCO t e s t  data does, i n  f a c t ,  answer some important 
questions concerning sample t r a i n  configuration and collected sample analy- 
t i c a l  procedures; however, some aspects m u s t  be viewed a s  developmental. The 
par t icu lar  area of concern a t  t h i s  point  is the analysis  of chlorine. A re- 
commendation f o r  fu ture  s tudies  f o r  t h i s  analysis and a l l  others of i n t e r e s t  
fo r  t h e  secondary aluminum industry a r e  discussed i n  t h i s  chapter. 

CHLORINE COMPOUNDS - SAMPLE COLLECTION 

Complete recovery of chlorine concentrations as low as approximately 20 
ppm can be achieved by using three impingers i n  s e r i e s  charged with 100 m l  
of 0.1N sodium hydroxide solution. A t  r e la t ive ly  low sample flow ra t e s ,  a l l  
chlorine is recovered by t h e  f i r s t  two impingers. 
provides a safety fac tor  when low flow rate sampling b 0 . 3  cfm) i s  impractical. 
Although hydrochloric acid was not absolutely iden t i f i ed  a t  NASCO, complete re- 
covery with two impingers should be expected, regardless of flow r a t e  up t o  
about 1 cfm. 

A t h i r d  impinger i n  series 

Par t icu la te  chlorides are  re ta ined on the  sample f i l t e r  only as  long 
as high temperature does not cause sublimation o r  decomposition. The 
standard Method 5 temperature of 25OOF is too high fo r  accurate character- 
izat ion of aluminum chloride. Based upon a preliminary pre- tes t  stack 
temperature measurement, the sample f i l t e r  should be heated only about 2OoF 
above s tack ,temperature. 
condensation and s igni f icant  sample deterioration. 

This should be high enough t o  prevent both moisture 

Quartz f i l t e r s  have superior chemical properties,  but t h e i r  mechanical 
properties leave much t o  be desired. Standard Reeve-Angel glass  f i b e r  f i l t e r s  
should be used fo r  a l l  future  samples. 

Anticipating some instances of l o w  gaseous chlorine compounds a t  the 
scrubber ou t l e t ,  glass f r i t  f i l t e r  supports should not  be used. U s e  of 
s t a in l e s s  s t e e l  screen f i l t e r  supports is recommended. 

The recommended sample t r a i n  is diagrammed i n  Figure 6-1. Operation 
is ident ica l  t o  EPA Method 5 ,  except t h a t  
based on ac tua l  stack temperature instead 
250°F. 
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CHLORINE COMPOUND ANALYSES 

Chlorine Method 409-D, and a l l  o ther  methods designed f o r  evaluation of 
potable or wastewater, should be re jec ted  f o r  s tack sampling application be- 
cause they were designed f o r  very low chlorine concentration and are t i m e  
consuming. Extensive d i lu t ion  is normally required t o  lower impinger Sample 
concentration t o  the  range of 1 mg/l. Much higher d i lu t ions  would be neces- 
sary f o r  samples co l lec ted  a t  control  device i n l e t s .  Errors a r e  possible i n  
d i lu t ion ,  and once t h e  chlorine concentration h a s  been reduced, sample sta- 
b i l i t y  is a problem. A more rugged technique suitable f o r  rout ine  f i e l d  use 
is desired. 

The a lka l ine  a rsen i te  procedure (included i n  the  appendices) w a s  i n i -  
t i a l l y  considered and r e j ec t ed  a s  being too insensi t ive.  
be used f o r  simultaneous evaluation of chlorine,  hydrochloric acid,  and pa r t i -  
culate chlorides. The reported lower l i m i t  f o r  appl icat ion w a s  10 ppm by 
volume of C 1 2  or HC1, which is equivalent t o  a chlor ine or chloride concen- 
t r a t ion  of about 40 mg/l. 

This technique can 

Brief ly ,  the a rsen i te  technique i s  used t o  convert chlor ine t o  chloride. 
Chlorine gas is absorbed i n  the impinger solut ion of sodium hydroxide and 
sodium a r sen i t e  and is immediately reduced. A back t i t r a t i o n  of spent ab- 
sorbing solut ion determines the  amount of arsenic consumed which indicates  
how much chlor ine reacted. The difference i n  t o t a l  chlorides ( t i t r a t e d  using 
t h e  mercury procedure) from the  amount a t t r i bu tab le  to  chlorine conversion 
provides the  analysis  f o r  hydrochloric ac id  or other  chloride compounds. Only 
t i t r a t i o n  procedures are required, and sample d i lu t ion  is unnecessary. I n  
f a c t ,  the  techniques should be more accurate a t  higher concentrations. 

One method of extending t h e  useful  lower range of t h e  a r sen i t e  procedure 
below 4 0  mg/l i s  t o  use lower normality t i t r a t i n g  solutions.  This and other  
improvements w i l l  be considered p r i o r  t o  the  next f i e l d  t e s t  program. 

Analysis of chlorine samples should be completed i n  t h e  f i e l d  within t w o  
hours a f t e r  sample col lect ion.  Samples should be kept on ice u n t i l  analysis.  
Impingers should be recovered and analyzed separately,  as mixing t h e  contents 
would r e s u l t  i n  d i lu t ion  of t h e  f i r s t  impinger catch. 

Based upon t h e  NASCO samples, the  predominant gaseous chlor ine compound 
is molecular chlorine and not hydrogen chloride. 

TOTAL CHLORIDES I N  SOLUTION 

The mercuric n i t r a t e  t i t r a t i o n  procedure is recommended. Our experi- 
ence confirmed it t o  have been reliable and accurate. N a r r o w  range pH 
paper is a sa t i s f ac to ry  ind ica tor  f o r  t h e  pH dependent t i t r a t i o n  end point 
detection. 

Sample a l iquot  volumes should be se lec ted  so as t o  r e s u l t  i n  a min- 
i m u m  t i t r a t i o n  volume on the  order of one mill i l i ter .  

Accurate determination of t o t a l  chlor ides  is dependent upon conversion 
of chlorine i n  hypochlorous form t o  chlor ide ion. A d i r ec t ,  simple approach 
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is t o  add a stoichiometric excess of hydrogen peroxide. Solution pH must be 
a t  a pH grea t r  than 7 .  After the chlorine concentrations have been deter- 
mined, the amount of peroxide necessary fo r  a 10 t o  20% excess may be cal- 
culated. 

Chlorination Scrubber Effluent Par t icu la tes  

A cer ta in  percentage of t h e  f i l t e r  catch i s  water soluble chlorides, but 
the la rges t  portion is not. Both t o t a l  f i l t e r  weight and chloride f rac t ion  
should be reported. 

HYDFOCRRBON COMPOUNDS - SAMPLE COLLECTION 

The recommended layout f o r  t h e  hydrocarbons sample t r a i n  is p ic tured  
i n  Figure 6-2 .  Operat ion ' is  i den t i ca l  t o  t h e  standard Method 5 t ra in .  

Similar t o  t h e  scrubber t r a i n ,  Reeve-Angel f i l t e r s  should be used. 
Quartz f i l t e r s  would be su i tab le  i f  only par t icu la te  chloride analysis  
instead of t o t a l  weight were desired. 

Impingers should be charged with 0 . 1 N  potassium or sodium hydroxide 
instead of d i s t i l l e d  water. Some organics are more soluble a t  high pH, and 
use of a caust ic  impinger solut ion would promote sample recovery and would 
prevent a large portion of organics adhering t o  the  impinger walls. U s e  of 
a caus t ic  solut ion would a l s o  help prevent formation of an acidic  m e d i u m  
due t o  absorption of acid gases and would, therefore,  again r e s u l t  i n  more 
complete recovery. 

Use of a hydrocarbon analyzer should not be necessary. The amount of 
material  recoverable by physical condensation is proportional t o  the  d i f fe r -  
ence i n  hydrocarbon compound p a r t i a l  pressure a t  about 250°F and about 70°F. 
I f  the  material  does not condense out a t  the  impinger temperature, it may 
cause some type of hydrocarbon emission problem, but it should not r e s u l t  i n  
formation of a par t icu la te  matter plume a t  t h e  stack ex i t .  

CLEAN U P  AND RECOVERY OF BACK HALF HYDKICRRBONS 

U s e  of a l l  conventional hydrocarbon solvents i n  the  f i e l d  involves 
poten t ia l  exposure t o  hazardous conditions. 
glassware i n  a laboratory hood would be much sa fe r ,  but would be t o t a l l y  
impractical. Thus, desirable solvents'  such as chloroform (or  any of the 
chlorinated or f luorinated hydrocarbons), e thy l  ether,  and benzene a re  
eliminated from consideration. Presently,  acetone seems t o  be an accept- 
able compromise. 
surfaces w i l l  not be completely recovered by acetone, but acetone is cur- 
rent ly  believed t o  have fewer hazardous propert ies  than other  su i tab le  sol- 
vents. 

Rinsing the probe and impinger 

Some organics adhering t o  t h e  probe l i n e r  or other glass 

Some hydrocarbon compounds a r e  not completely recoverable from a neutral  
solution. Impinger contents should be ac id i f i ed  t o  a pH l e s s  than 2 with 
hydrochloric ac id  p r io r  t o  extraction. 
t i o n  VS. a neut ra l  extraction could be determined on a case-by-case basis  fo r  

The necessity of using an ac id  extrac- 
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FIGURE 6.2 
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each source/control equipment c l a s s i f i ca t ion ,  but it i s  more straightforward 
t o  re ly  upon the  ac id  extract ion f o r  general  application. Impinger contents 
should be ac id i f i ed  t o  a pH less than 2 with hydrochloric ac id  p r io r  t o  ex- 
t ract ion.  
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CIILORINE PIIOCEDURES 
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409 CHLORINE (RESIDUAL) 

The chlorinarion of warm supplies 
and polluted w a r m  serves primarily to 
destroy or deactivate disease-producing 
microorganisms. A secondary benefit is 
the overall improvement in water qual- 
ity resulting from the reaction of chlo- 
rine with ammonia. iron, manganese. 
sulfide. and some organic substance. 

Chlorination may produce advme 6- 
fccrr by intensifying the raste and odor 
characterinin of phenols and other or- 
ganic compounds present in a water 
supply. Combined chlorine formed on 
chlorination of ammonia- or aminc- 
bearing waters affects some forms of 
aquatic life adversely. To promote the 
primary purpose of chlorination and to 
minimize m y  adverse effms. it is esxn- 
tial thar proper taring procedurn be 
used with a fore-knowledge of the limi- 
utions of the analytical determination. 

Chlorine applied to water in its ele- 
mrnnl or hypochlorite form initiallv 
undergoes hydrolysis to form free.avd- 
able chlorine consisting of aqueous mo- 
lecular chlorine. hvpochlorous acid. and 
hypochlorite ion. The rdative propor- 
tion of these free chlorine forms is pH- 
dependent. and at the p H  of most wa- 
rm h e  hypochlorous acid and hy- 
pochlorite ion will predominate. 

Fret chlorine ream readily with am- 
monia and c a n i n  nitrogenous com- 
pounds to form combined available 
chlorine. With ammonia. chlorine r e  
am to form the chloramines: mono- 
chloramine. dichloramine. and nitrogen 
mchloride. The presence and concentra- 
tions of t h e e  combined forms depend on 
many conditions. chiefly pH. temper- 
ature. and the initial chlorine-to-nitro- 
urn ratio. Both free and combined chlrr 
rine may be present simultanmusly. 

-. . 

0. 

Combined chlorine in water supplies 
may be formed in the treatment of raw 
warm containing ammonia. by the ad- 
dition of ammonium saln in pre-chlori- 
nation. or by producing a combined 
chlorine residual in the distribution rys- 
rem. Chlorinated wastewater ekluents. 
Y well as cmain chlorinated industrial 
effluents. normallv conrsmunlv com- 
bined chlorine forms. Historically. the 
principal analytical problem has been to 
distinguish between fret and combined 
forms. 

In rwo separate but related studies, 
designated Study No. 1 and 2. respec- 
tively. samples were prepared and dis- 
tributed to participating laboratories for 
the purpose of evaluating the residual 
chlorine methods. 

In Study No. I .  three solid synthetic 
unknowns were prepared: One pow- 
d a d  unknown was compounded of 
70% calcium hypochlorite. and NaQ 
filler to yield a free available chlorine 
concentration of 800 pg/l upon dis- 
solution in chlorine-demand-free dis- 
tilled water; the second was com- 
pounded of 70% calcium hypochlorite. 
and NaCl filler to yield a total available 
chlorine concentration of 640 pg/l 
upon dissolution and mixing with an 
aqucour ammonium buffer solution in 
chlorincdanand-fret distilled water; 
and the third was prepared from Hak- 
mne,t p-(N.Ndichlorosulfamyl) brn- 
zoic acid. to yield a total available chlo- 
rine concentration of 1,830 pg/l upon 
dissolution in chlorine-demand-free dis- 
tilled water. The results obtained by the 
participating laboratories are summa- 
rized in Table 409:I. 
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In Smdy No. 2. each participating 
laborarory.reccived four ruled glass am- 
poules of concentrated solution (three 
hypochlorite solutions of different con- 
centrations and one ammonium chloride 
borate buffer solution) which. when 
diluted accordins IO insmctions. pro- 
vided two samples containing free &lo- 
rine and one containing combined chlo- 
rine. Sample No. I contained 440 %/I 
free chlorine. a concmmrion likely 
to be encountered in analysis of mated 
ponble water. Sample No. 2 contained 
980 %/I free chlorine, the maximum 
concentration likely to be encountered in 
analysis of uared potable water. 
Sample No. f contained only combined 
chlorine at a concentration of 660 pg/l 
to simulate an insufficiently chlorinated 
water having no free chlorine residual. 
To facilirate s ta t inid compuarions. a 
value of IO %/I free chlorine was IC 
lmed as ;he “true” value rather than 
the thcDreOd 0.0 pg/l. In Study No. 
2. the data were trured statistically ac- 
cording to a f o a l  error tam ddined as 

Taderror = 100 
Absduanlueo(mernnm+Z(Srd.Dn.) 

T.W& X 

The results obtained by the participating 
laboratories are summarized in .Tabls  
409:11 through IV. In the lasr column of 
these n b l a  all data on Sample No. 1 
are omincd because of sample innabil- 
icy. and therefore the results can be uKd 
only for cornpararive purposes and not 
as a m e r e  of the overall precision or 
accuracy. Free chlorine d m  also were 
omined in Column 3 because the stated 
free chlorine content is an anifact and 
aaually was zero. - . Because of poor armracy and p r c  

‘cision and a high overdl (average) r o d  
error in comparison with other available 
methods. the orthotolidine procedures 
that have been so widely used have bcm 
deleted as standard methods. The 
methyl orange tm&also has b m  d c  
k e d  k u v  of the poor prerision (lack 

of reproducibility) inherent in a bleach- 
ing technic in which operator skill and 
environmental factors such as temper- 
amre are critical. 

The rau ln  presented in Tables M9:I 
through IV are valuable only for com- 
parison of the methods tsred. Many fac- 
tor~. such as analvriul skill. recognition 
of known inrerfkences. and inherent 
limitations. determine the reliability of 
any givm method. 

Some oxidizing agenu. including free 
halogens other than chlorine. will ap- 
pear quantitatively as free chlorine; this 
is also true of chlorine dioxide. Some ni- 
uogm mchloride may be mcasurcd as 
free chlorine. The anions of interfering 
subsrances should be familiar to the ana- 
Iyx because they affm 3 particular 
method. 
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Tmal 
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19 
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21 

17 
17 

. I 8  

26 
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Relarive 
Standard 
Deviarion 

R 

27.0 
32.4 
23.6 

42. 3 
’ 24.8 

12.1 

64.6 
37.3 
31.9 

12.4 
28.0 
3f .O 

34.7 
8.0 

26. I 

39.8 
19.2 
9.4 

20.7 
27.6 

32.7 
34.+ 
32.4 

43.0 
30. I 
19.9 

VOY No. I 

Rdarive 
EnW 

R 

23.6 
18.1 
16.7 

2s.o 
8.1 
8.8 

42.1 
20.2 
41.4 

41.3 
14.2 
49.6 

t2.8 
2.0 

12.4 

19.8 
8. I 
4.3 

11.6 
l f .6  

7. I 
0.9 

18.6 

22.0 
14.2 
7.2 
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DPD-rimmcuic 
DPD-colorimmic 
A m p s o m e i c  
OTA 

SNORT 

. .. 

I Free 1 Tml I Free 1 Topl I Free I Topl I age I Sample 3. 

Mcrhvl onnee 1 -0.219 1-0.171 ~-0.Oe,~-0.0061-0.006l+O.O29~ 0.079 I 0.026 
-0.250 -0.209 -0.085 -0.070 -0.050' -0.007 0. I I2 O.Oi4 

-0.219 -0.198 -0.192 -0.059 -0.018 -0,031 0.130 0.094 
-0.263 -0.213 -0.113 -0.097 -0.014+0.103 0.140 0.117 
-0.241 -0.189 -0 .2JO -0.119 -0.OIZ -0.108 0.150 0.152 
-0.282 -0.213 -0.198 4.102 +O.llS -0.092 0.174 0.130 

-0.241 -0.198 - 0 . 1 1 3  -0.107 -0.w -0.012 0.121 o.ow 

Mnhod 

L - J - 4  
Woln 

SNORT 
DPD-dmmmic 
A m p s o m e i c  
DPD-colorimcuic 
Mmhvl orange 
OTA 

Mnhod 

Sample I Sample 2 Snmplc 3 
Orniniq all 

all Sample I and 
0"s- D m o n  

Aver- F m o n  
F m  Taal Free T d  Fm Tool a~ . Sample3 

91.31 72.19 17.24 10.20 100.00 28.00 13.90 18.52 
97.04 87.00 31.91 39.97 112.40 38.11 68.42 18.02 
108.86 91.77 80.51 47.89 I53.+0 41.33 87.29 16.6+ 
102.91 75.63 61.M 40.14 182.80 68.21 89.20 57.94 
106.18 94.00 10.17 40.83 216.40 79.33 1w.51 16.90 
114.86 112.19 68.83 62.12 232.00 47.75 106.36 19.16 

81.77 104.91 101.90 88.17 76.81 1007.80 79.93 2 0 3 . j j  

b a y a i  
d a  

SNORT 
AmpsMnclric 
DPD-colanmcmc 
DPD-rimmemc 
Mcrhyl orange 
U T A  

0.106 0072 0206 
0.102 1 0:100 /0:171 
0.110 0103 0298 
0.143 I O:I62 10:3l5 ~ ~~ 

0.090 I 0.098 I 0.335 

Tom1 

0.01 5 
0.142 
0.137 
0. I52 
0.205 
0.301 
0.321 

- 

an IN MdL) 

Omirtingdl 
D m  M 

Sample I a d  
Fm on 

Sample 3 

0.049 
0.124 
0.171 
0.177 
0.208 

0.293 
0.213 , 
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1. Selection of Method 
a. Ndrural m d  nrarrd carers: The 

idomctric merhds (A and B) are suir- 
a l h  for measuring chlorine mncentra- 
tions grater  than I mg/l. but are nor 
accurate ar lower concentrations or in 
the presence of interferences. 

The amperometric titration mtxhd 
(C) is a standard of comparison for the 
determination of free or combined chlo- 
rine. It is affected little by common oxi- 
dizing agents. temperature variations. 
rurbiditv, and color. The method is not 
as simple as the colorimetric methods 
and requires greater operator skill to ob- 
tain the b a t  reliability. 

The ferrous DPD merhd (E) pro- 
vides a titrimetric procedure for deter- 
mining free available chlorine ind for 
estimating free and combined chlorine 
fractions present together. 
The stabilized neutral onhorolidine 

(SNORT) and the DPD colorimmic 
m& (iMcrh0d.s D and F. respec- 
tively) YC applicable to the dcrermina- 
tion of free available chlorine. Procc- 
d u r a  are given for &mating the 
combined fractions. Increasing concen- 
trations of monochloraminc arc likely to 
produce an i n c r d  interference with 
the free chlorine determinarion. In addi- 
tion. the SNORT and DPD methods 
arc subject to inrqference by oxidized 
forms of manganese. 

The leuco violet (LCV) 
method (G) makes possible the determi- 
nation of free available chlorine, rod 
chlorine. and combined chlorine by 
difference:The LCV mcrhod exhibits a 
relativelv minimal interference as mono- 
chlorarn'ine concenrrations are increased 
in the determination of free available 
chlorine: however. nitrite and mono- 
cfiloramine in combination. s well as 
oxidized forms of manqmcx. will pro- 
duce interference in determining free 
availahle chlorine. 

The amperomtxric. L O .  DPD. and 
SNORT m c x h d  are unaffected by 
dichloramine concentrations in the 
range of o to 9 mg/l (as c1z) in the de- 
t-ination of free chlorine. Nitrogen 
nichloride, if present. rams  partially as 

available chlorine in the amp-- 
mrnic, DPD. and SNORT methods. 
Nitrogen trichloride docs not interfere 
with the LCV procedure for free chlo- 
rine. 

The free available chlorine test. syr- 
ingldazine (klethod H. Tentative) 
W* drvd~prci as a procedure spe- 
cific for free available chlorine. l t  is 
.unaffm.d by sieniticant concennacions 
of m o n a h l o r a n h ,  dichloramine. ni- 
m e .  nimte. and oxidized forms of 
manganm. 

Sample color and turbidity may in- 
terfere in AI colorimetric procedures un- 
Im they are compensated for. 

Organic conurninants may produce 3 
falv free chlorine reading in most color- 
imcnic.methods (see 7 I b  bdow). 

6. Polluted tcatm: The dcrermina- 
tion of residual chlorine in u m p l a  con- 
taining organic matter presents special 
problems. Beuuse of the presence of or- 
ganic compounds, particularly organic 
nitrogen. the residual chlorine exists in a 
combined state. A considerable residvl 
may exin in this form, bur at the u m e  
rime there may be appreciable unsatis- 
fied chlorine demand. The addition of 
the reagents in the determination may 
change thex relationships so that resid- 
ual chlorine is lost during the analysis. 
In wastewater. the differentiation be- 
ween free available chlorine and com- 

., bined available chlorine is not ordinarilv 
made b e u u x  wastewater chlorination is 
wldom carried far enough to prduce 
free available chlorine. 
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The determination of residual chlo- 
rine in industrial wastes is similar to that 
in sewage when the waste contains or- 
ganic maner. but may be similar IO the 
drrermination in warer when the waste 
is low in organic mancr. 

Although the methods given below 
are useful for the drterminacwn of resid- 
ual chlorine in waxewatm and traced 
effluents, selection in accordance with 
the composition of che sample being 
tested is necessary. Some industrial 
wastes. or mixtures of wastcs with do- 
matic wastewater. may require spcrial 
precautions and modifications to obuin 
satisfactory results. 

Free chlorine in a wastewater can be 
determined by any of the methods 
prsenred in Smions 409 A through 
409 H. provided chat known interfering 
subsrances arc absent or compenuced 
for. The amperomcuic method (C) is 
the method of choice because ic is nor 
subjm to interference from color. mr- 
bidicy. iron, m a n p e s e ,  or nimte nitro- 
gen. The DPD and SNORT me&& 
are subjm to interference from high 
concentrations of monochloramine un- 
Im these are compmuted for by addi- 
tion of anmite immediately &a re- 
agent addition. The LCV mnhod (GI is 
significandy l a  affected by high mono- 
chlonmine concentrations and an me- 
nice addition will produce a minimum 
interference. The presence of oxidized 
forms of manganese will interfere in 
mon colorimetric procedures and. in ad- 
dition, the combination of mono- 
chloramine and niuite will seriously in- 
terfere with the LCV promlure. 

The tenutive syringaldaine method 
(H) is unaffected by concmnations of 
monochlonmine. dichloramine, nirrire. 
nitrogen. iron. manganese. and o r h a  in- . terfering compounds normally found in 

. domatic w ~ e w a t m .  

For coral available chlorine in mm- 
pies containing significant mounts  of 
organic maner. the iodomcuic back ti- 
tration method (B) should be used to 
prevent contact between the full concen- 
nation of liberated iodine and the 
sample. Either the amperometric or the 
starch-iodide end point may be used. In 
the absence of the interfwence. the two 
modifications give concordant results. 
The ampaommic end point is inha-  
mrly more accurate and is free of inter- 
ference from color and nrrbidiry. which 
can cause difficulty with che hrch-io- 
didc md point. On the other hand. cer- 
tain metals and complex anions in some 
indunrial wasres interfere in the am- 
paomctric titration and indicate the use 
of another method for such wastewaters. 
Silva in the form of soluble silver cy- 
anide complex, in conccnuations Y low 
as 1.0 mg/l silva. poisons the cell ac p H  
4.0 but not at 7.0. The silver ion. in the 
a b m c e  of the cyanide complex. gives 
a m i v e  response in chc current at p H  
4.0 and gradually poisons the cell ar all 
p H  Icvds. Cuprous copper in the sol- 
uble copper cyanide ion, in concenna- 
nons Y low as J mgA copper or less. 
poisons the cdl at p H  4.0 and 7.0. Al- 
chough manganese. iron, and nitrite 
may inrerfere with this m'crhod. the in- 
terfermce is minimized by buffering to 
p H  4.0 before addition of KI. An un- 
usually high content of organic maner 
may cause some uncminry in the end 
point. Whenever manpnae .  iron. and 
nitrites are definitely absent. this unccr- 
" i n ~ y  can be reduced and precision im- 
proved by buffering below p H  4.0- 
.even Y low as p H  3.0. 

Regardless of the method of endpoint 
.delmion. either phenylanine oxide or 
'thiosulfate may be .used as the srandird 
reducing rmgent. The forma is more 
stable and is preferred. 
The SNORT colorimetric. DPD ri- 

m m 4 c  and colorimetric. and the LCV 
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methods (D. E, F. and G. respectively) 
are applicable ro the dnerminarion of 
rod available chlorine in polluted wa- 
rm. In addition. both DPD procedures 
and the amperometric rination and 
WORT methods allow for the arima- 
tion of the rnonochloramine and di- 
chloramine fracrions. Since rhese mnh- 
ods depend on the stoichiometric 
prducrion of iodine. polluted waters 
containing iodine-reducing substances 
may not be an?lyzed accurately by rhese 
methods. 

In all of the colorimetric procedures, 
compensate for color and turbidity by 
use of color and turbidity "blanki" in vi- 
sual or spcrrrophotorncrric determina- 
tions. 

2. Sampling and Storage 

Chlorine in aqueous solution is nor 
stable. and the chlorine content ol Ym- 
pies or solutions. particularly weak s o b  
rims. will decrmse rapidly. Exposure to 
sunlizht or orher snong light or agita- 
tion will accelerate the reduction of chlo- 
rine. Therefore. sran chlorine d e a m i -  
nations immediately after sampling. 
avoiding excasive light and agirarinn. 
Do not srore v m p l a  to be analyzed for 
chlorine. 

409 0. Stabilized Neutral Orthotolidine (SNORT) 
Method 

1. General Discussion 

a. f'rinciplr; Onhorolidine is quite 
stable in the reduced form when stored 
in brown bonlrs in the presence of hy- 
drochloric aad. However. the snbiliry 
of oxidized orthotolidine decreases as the 
pH increases. For this reason. ortho- 
tolidine usuallv has been used at a pH of 
1. f or less. As'the pfI increases. the rate 
of reaction of orthotolidine with com- 
bined chlorine. iron. and nitrite becomes 

slower and their interference essentially 
dinppcars at pH 7. Anionic surface-ac- 
dve agents stabilize the color developed 
by free chlorine and orthotolidine at pH 
7.0. "Aerosol OT."* sodium di(2- 
ethyl-hexyl) sulfosuccinate. is rhe b a t  
stabilizing reagent. The opdmum con- 
centration of stabilizer is 40 rng for each 
100 ml of sample plus reagents. 

* A d n m r k  drhe Amman Cvanimnl CU 
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T h e  ratio by weight of onhotolidine 
dihydrochloride to chlorine must be at 
lean 8 to 1. With the concenuation of 
onhotolidine recommended in the pro- 
cedure. the chlorine concentration m u  
not exceed 6 mg/L 

T h e  p H  of the final solution must be 
between 6 5  and 7.5 to minimize low- 
pH interference and high-pH fading. If 
the pH of the sample is less than 5 or 
greater than 9. and the alkalinity is 
greater than I 50 or the acidity greater 
than 200 mg/l. check the final p H  of 
the solution. If the alkalinity is high and 
the final p H  does not lie within the 
range of 6.5 to 7.5. adjust the sample 
pH to chis range before analysis. 
To insure corrm color development, 

minimum interference. a pH of 6.5 to 
7.5. and a ratio of onhorolidine to free 
chlorine of at least 8 to 1. the &ample 
must be added to the rugenrs. 

The r d o n  time and temperature 
are much less imporunt in this merhod 
than in other colorimetric methods for 
chlorine determination. Nevmhdca, 
for a u e m d y  large combined chlorine to 
free chlorine ratios, high temperature 
and long waiting t ima are undesirable. 
At JF C a I-mg/l monochloramine solu- 
tion produca a false free chlorine resid- 
ual of 0.01 mg/l per min. At high tem- 
perature and for long waiting times, 
color fading may become imporunt. n- 
pccially at levels below 0. I mg/l of free 
chlorine. A I-mg/l solution of free chlo- 
rine fades ar the rate of 0.OOF mg/I per 
min at J5 C. 

Iodide can be added in ncuenl solu- 
tion to m w r e  monochloramine and in 
acidic solution to measure dichloramine. 
The rucrion of iodide and chloramine 
yields a concentration of iodine quiva- 
lent to the chloramine. In the color- 

. 

. 

imcrric procedure, orthotolidine is 
present with the chloramine when io- 
dide is added and the iodine produced by 
the chloramine is immediately reduced 
back to iodide and a m  as a catalyst in 
generating an amount of blue ortho- 
tolidine quivalent to the original 
chloramine present. Because of this cat- 
alytic dfm. lesser amounts of iodide are 
required than in amperomeuic tina- 
tion; chis improves the separation of the 
monochloramine and dichloramine : 

Fractions. 
b. Intc+fcrencc: When onhotolidine 

or any. other chromogenic reagent is 
uxd to measure raidual chlorine, 
mong oxidizing agents of any kind in- 
terfere. Such interferences include bro- 
mine. chlorine dioxide, iodine. man- 
ganic compounds, and ozone. However. 
the reduced forms of t h e  compounds- 
bromide, chloride. iodide. manganous 
ion. and oxygen-do not interfere. Re- 
ducing agents such & ferrous com- 
pounds. hydrogen sulfide, and oxidiz- 
able organic matter do not interfere in 
the analytical method but may interfere 
in mainraining chlorine residuals by re- 
ducing the chlorine residual by reaction 
wich the chlorine to produce chloride 
ion, that is. acting simply Y chlorine de- 
mand. 

Turbidity and color also interfere un- 
less the background turbidity or color is 
compensated for by using a blank. Con- 
centrations of 55  mg/I iron. 92 mg/l 
nitrite. and 6.000 mg/I chloride do not 
interfere. The interference of combined 
chlorine is insignificant in the dctermi- 
nation of free chlorine except (as noted 
before) at high temperature and long 
waiting tima. Manganic compounds 

:produce up to stoichiometric inter- 
ference but a n  be.compensad.for by 



I 
I. 
1 
I 
1 
I 
1 
E 
1, 
B 
I 
1 
I 
1 
I 
1 
I 
I 
I 

using a blank. In the presence of more 
than 10 g / l  manganic manganese. a 
blank is prepared by adding I ml so- 
dium arsenite to a 100-ml wmple. This 
sample is added to the reagents. as 
usual, and this blank is used as a refer- 
ence in musuring the free chlorine 
present. either by zeroing the photome- 
ter with this blank or by using the blank 
as a reference when making color com- 
parison. 

If nitrogen trichloride is present. half 
ream as free available chlorine bur the 
remainder does not interfere in the 
monochloramine and dichloramine 
measurements. Many difFerent organic 
chloramines are possible. The exrent to 
which thex organic chloramines inter- 
f a e  in the monochloramine or dichlora- 
mine neps depends on the nature of the 
organic compound; they may appear in 
atha or both fractions. 

c. Minimum detectable mcenua- 
rim: Approximately IO */I free chlo- 
rine. 

2. Apparatus 
Colorimemc equipment: One of the 

following is rquired: 
a. filter pbotumemer, providing a 

light path of I cm or longer for 5 I mg/ 
I free chlorine residual. or a light path 
from 1 to 10 mm for free chlorine redd- 
ual > 1 5 :  also quipped with a red filter 
having maximum nansmission in the 
range of 600 to 670 nm. 

b. Sprmpbotumeter, for use at 6 2 1  
nm, providing a light path noted in the 
paragraph above. 

3. Reagents 
a. Cblon'ne-demand-pee Jisrillrd wa- 

ter: Add sufficient chlorine to disrilled 

water to destroy the ammonia and ni- 
mte. The amount of chlorine rquired 
will be about IO ames the amount of 
ammonia nitrogen present; produce an 
initial. residual of more than 1.0 mgil  
free chlorine. L a  the chlorinated dis- 
ailed water stand overnight or longer: 
then crpox to d i r m  sunlight unci1 d l  
residual chlorine is discharged. 

6. Neutral mhotolidine reagent: Add 
I ml conc Ha to 100 ml chlorinc-dc 
mand-free disalled water. Add IO ml of 
this acid solution. 2 0  mg mercuric chlo- 
ride, HgClz. 30 mg disodium ethyl- 
enediamine trnaacmte dihydrate. also 
called (crhylenedinimlo)-trnraaccdc acid 
sodium salt, and 1.5 g onhotolidine 
dihydrochloride to chlorinedemand- 
free distilled water and dilute to I 1. 
Store in a brown bode  or in the dark at 
room temperature. Protm at all t ima 
from d i r m  sunlight. Use no longer than 
6 months. Avoid contact with rubber. 
Do not In the temperature fall below 0 
C because the resulting crystallization of 
onhotolidine can lead to deficient sub- 
squmt color development. 

Gunon: Handle t h s  cbemical xith 
exuemc m e .  Never use a mouth piprt 
for dispensing ibis reagent. but rely on 
an automatic dropping or safrty pipet to 
measure tbe necessary vohmcs. Azoid 
inbolation or exposure to tbr skin. 

c. Buffer-stabilizer reagent: Dissolve 
34.4 g dipotassium hydrogen phos- 
phate. KzHPOI. 12.6 g potassium di- 
hvdrogen phosphate. K H ~ P O I .  and 8.0 
g"Aerosol OT." 100% solid di(2ithyl- 
hay1)sulfosuccinate. in a solution of JOO 
ml chlorine-demand-free water and 200  
ml diethylene glycol monobury1 a h a .  
Dilute to I I with chlorine-demand-free 
water. 

d. Potassium ioddr solution: Dissolve 
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in the photometer tube or a 250-ml 
b d e r  on a magnetic stirrer. Mix the 
reagent slightly and add the sample to 
the reagents with gentle stirring. M e a s -  
ure the percent transminance and con- 
v m  IO absorbance at 625 nm. The 
value obtained ( A )  from the calibration 
curve represents the free chlorine resid- 
ual. To minimize possible interference 
from high concentrations of combined 
chlorine and high-temperature fading. 
complete mixing of the sample wirh the 
ragenu and reading on the photometer 
within approximately 2 min. 

c. Monocblmamane: Return any por- 
tion used for measuring free chlorine in 
846 to the sample. Add. with stirring. 
0.5 ml KI solution to each 100-ml 
sample. or a similar ratio for ocher 
sample volumes. Again measure the 
mnsmimncc of the residual free chlo- 
rine plus the monochloramine and ob- 
cain the value ( E )  from the calibration 

d. Dicblormine: Return any porrion 
wd for mrvuring the monochlonminc 
in 1% to the sample. Add. with nirring. 
1 ml H:SOI solution to u c h  100-ml 
sample, or a 'similar ratio for other 
sample volumes. Aker 30 KC for color 
development add I ml sodium carbo- 
natc solution slowly with stirring or un- 
til a pure blue solution returns. Measure 
the transmimnce of the total residual 
chlorine-free chlorine. monochlora- 
mine. and dichlommincand obtain 
the value (0 from the calibration curve 
with a slight dilution corrmion. 

Cmnpenute for the presence of I U N ~  
color or rurbidicy as well as manganic 
compdunds by adding I ml arsenite to 
100 ml sample. Add this blank sample 
to the rmgena as above. Ux the color of 

CUUNC. 

e. Cmpcnrcltia for intnji.rcncn: 

1 

0.4 g KI in chlorine-demand-free dis- 
tilled water and dilute to 100 ml. Store 
in a brown glass-stoppered bode. pref- 
erablv in a refrigerator. Discard when 3 
yellow color develops. 

e. Sulfuric ucid ~olution: Cautiously 
.add 4 ml conc HzSOa IO chlorine-dc- 
mand-free distilled water and dilute to 
100 ml. 

/r Sodium carbonate solution: Dis- 
solve I g N a K O i  in chlorinedemand- 
free distilled water and dilute to 100 ml. 

g. SouSam arsenite sohrtia: Dissolve 
5.0 g NaAsOz in distilled water and di- 
lute to 1 1. (CAUTION: Tm-ic-rakc care 
to mod ingestion.) 

4. Procedure 

. . 
. 

a. Calibration of pbotmctm: Con- 
ma a calibration curve by making di- 
lutions of standardized hypochlorite SO- 
lution prepared as dirmed under 
Chlorine Demand. Smion 410A. I~ .  
Take special precautions when diluting 
to low concentrations because of possible 
consumption of small amounts of chlo- 
rine by trace impurities. Use chlorine- 
demand-free water in making the Jilu- 
dons. Exposc all g l a k a r e  to be used in 
the dilutions IO water containing at last 
10 mg/l of chlorine and leave it in con- 
tact for a few hours. Rinse with chlo- 
rine-dernand-free water. Develop and 
musure the colors as dexribed below 
for the sample. 

b. Color development of ,frcr cblo- 
rim: Ux 0.5 ml neutral onhotolidine 
and 0.5 ml stabilizer-buffer reagent 
wih 10-ml samples; 5 ml neutral or- 
thorolidine and 5 ml stabilizer-buffer 
ragenc with 100 m!: and the same ratio 
for other volumes. Place the neuna1 or- 
rhotolidine and stahilim-buffer mixture 



I 

the blank to set 100% transrnirnnce or 
zero absorbance on the phorornerer. 
.Ucarure all samples in relation to this 
blank. R a d  from the calibration curve 
the concenuations of chlorine present in 
the sample. 

5. Calculation 
m d l  frccrnidunl chlorine 

PA. iduding H mchlonrnine if present 

6. Precision and Accuracy 

See Tablrs 409: I through IV pre- 
ceding and the general inuodu&on IO 
Section 409.  

I 
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316 INORGANIC NON-METALS (400) . . 
409 A. lodometric Method I 

1. General Discussion 

. a. Principle: Chlorine will liberate 
free iodine from potassium iodide soh- 
[ions at p H  8 or lm. The liberated io- 
dine is titrated with a nandard sol tion 
of sodium thiosulfate. with starch as the 
indicator. The reaction is preferably car- 
ried out at pH 1 to 4. 

b. I~trrferenre: Although the neutral 
titration minimira the interfering effect 
of ferric. manganic, and nitrite ions, the 
acid titration is preferred; it is most ac- 
 rate for determination of total avail- 
able residual chlorine. Use acetic acid for 
the acid tiuation; use sulfuric acid only 
when interfering substances are absent; 
never we bydrocbloric acid. 

c. Minimum detectable mccnua- 
lion: The minimum dctecrable concen- 
tration approximata 40 %/I CI if 
0.01N sodium thiosulfate is used with a 
500-ml sample. 

2 Reagents 

a. Acetic acid, conc (g lad ) .  
b. Potassium iodide. KI, o p a l s .  
c. Smakrd sodium rbiosuqate. 0.1 N: 

Dissolve 25 g N a S z 0 3 - 5 H a  in I I 
freshly boiled distilled water and stand- 
ardize the solution againn potassium 
bini&te or potassium dichromate aft- 

. at 1- 2 wk storage. Ux boiled didled 
mer and add a few millilitas CHCl, 
to minim& bacraial dccompodtion of 
the thiosulfate solution. 

Srandardiie theO.INsodium thiosul- 
face ty one of the following procedures: 

1) Biniodate method-Diszolve 
3.249 g anhydrous potassium biniodate. 
KH(10h. of primary standard qual- 

ity,' in distilled water and dilute 10 

1 $00 ml to yield a 0.1 OOON solution. 
Store in a glass-stoppered bottle. 

T o  80 ml distilled water. add. with 
consrant stirring. I rnl conc HISO.. 
10.00 ml 0.1000N KH(101)z and I g 
KI. Titrate immediately with 0.1N 
NazSzOi titrant until the yellow color of 
the liberated iodine is almost discharged. 
Add 1 rnl starch indicator solution and 
continue titrating until the blue color 

-. 
4.904 g anhydrous porassium dichro- 
mate. KzOZOO,. of primary standard 
quality.. in distilled water and dilute IO 
1,000 ml to yield a 0.IOOON solution. 
Store in a glass-stoppered bottle. 

Proceed as in the biniodate method. 
with the following exceptions: Sub- 
m a t e  10.130 ml 0.IOOON KzCrrO, for 
the KH(101)z and la the reacdon mix- 
w e  nand 6 min in the dark bdore ti- 
mating with the 0.1 N NazSz00, titrant. 

. .. 

f. d, Standard sodium tbionrl/ate ti- 
uant. 0.01N or 0.OZSN: Improve the 
stability of 0.01N or O.025N NazSzO3 
b j  diluting an aged 0.1 N solution, made 
as dirmed above, with freshly boiled 
distilled water. Add a few millilitm 
CHUI or 0.4 g sodium borate and 10 
mg mcrc~~ric  iodide/l solution. For ac- 
curate work, standardize this solution 
daily in accordance with the dirmions 
given above, using I).OlN or O.025N 
m ( I o 3 ) z  or KZOZO7. To speed up 

i 
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CHLORINE (RESI0UAL)llodometric Method I 

operations where many a m p l a  must be 
rimred use an automatic buret of a type 
in which rubber d o a  not come in con- 
UIX with the solution. Standard sodium 
thionrlhte timna. 0.01OON and 
0.02SON. are equivalent. rpccdvely. 
to ?H.S and 886.3 %available Q/ 
I .OO ml. 

e. Srorcb indicator solution: To S g 
starch (potato. arrowroot. or soluble). 
add a linle cold water and grind in a 
morrar to a chin paste. Pour into I i bf 
boiling disrilled water. srir, and Is mle 
overnight. Use the dear supernate. Pre- 
w e  with 1.25 g salicylic acid, 4 g zinc 
chloride, or a combination of 4 g sodium 
propionate and 2 g sodium a i d d l  
rptch solution. Some commercial starch 
subsatuta are satisfacrory. 

/r S m W  i d n e .  0 .IN: Refer to 

g. Dilute r a n W  iodine, 0.0282N: 
Merhod C, 73~2) .  

Refer to Method C. 7303). 

3. Procedure 
a. Volume of sump&: Selma sample 

volume th3t will require no more than 
20 mlO.01 N NazSzOo,. Thus, for raid- 
ual chlorine concentraaons of I mg/l or 
len. take a I ,000-ml sample: for a chlo- 
rine range of I to 10 mg/l. a 100-ml 
sample: and above 10 mg/I. propor- 
tionately l a  sample. 

b. Reparation for titrution: Phce S 
ml. acmc acid, or enough to reduce the 
pH to bmvem 1.0 and 4.0. in a flask or 
white porcelain caserole. Add about I g 
KI atimated on a spatula. Pour in the 
sample and mix with a stirring rod. Add 
chlorine-demand-lrc+ disalled water if a 

. larger volume is preferred for tination. 
I c. 7imtion: Ticrate away from d i r m  
: sunlight. Add O.OZSNor 0.01Nthiosul- 

.I 
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fate from a buret until the yellow color 
of the liberated iodine is almost dis- 
charged. Add I ml starch solution and 
anate until the blue color is discharged. 

If the titration is made with O . 0 2 S N  
thiosulfate instead of 0.01. then. with a 
1-1 sample. 1 drop is equivalent to about 
SO &I. It is not possible to discern the 
end point with grater accuracy. 1f.a 
100-ml sample is titrated. I drop will 
correspond to about 100 %/I. which is 
within the limit of xnsiavicy. Hence. 
UK of 0.02SN solution is acceptable. 
Many laboratories have this on hand. 

d B h k  timtion: Corrm the result 
of the sample dtradon by determining 
the blank contributed by such reagent 
impuriaa as: (a) the free iodine or io- 
dau in the potassium iodide that liber- 
ata ana iodine: or (b)  the uaca of re- 
ducing agcnrs that might reduce some of 
the iodine liberated. 

Take a volume of distilled water wr- 
responding to the ample  used for titra- 
don in qs 30-c. add S ml aceac acid. 1 g 
KI. and 1 ml wch solution. Perform 
eirher Blank Titradon A or B, which- 
ever applia. 

I )  Blank titration A-If a blue color 
develops, arrate with 0.01N or O.02SN 
sodium thiosulfate to the disappearance 
of the blue and record the raulr. 

2) Blank Timadon B-If no blue 
color occurs. titrate with 0.0282N io- 
dine solution undl a blue color appears. 
Back-titrate with 0.01N or 0.02SN so- 
dium thiosulfare and record the differ- 
ence as Tinadon 8. 

Before calculating the chlorine, sub- 
t r a ~  Blank Titration A from the sample 
tination: or, if necessary. add the net 
equivalent value of Blank Titration 8. 

\. 
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APPENDIX A. SAMPLING AND ANALYTICAL 
TECHNIQUES 

DETERMINATION OF HYDROGEN CHLORIDE AND 
CHLOP [NE IN STACK GAS. 

The method dixuscd herein is used to determine the presence of hydrogen 
chloride in the stadc gases from hydrochloric acid manufacturing processes. 
Samples are collected fmm the gas stream in either midget impingets or a 
gabsampling bottle containing sodium hydroxide, and hydrogen chloride n 
dctcrmined by the Volhard titration? If chlorine is suspccted to be prescnt in 
the Ita& emission, another sample is c o l ~ c c t e ~  in a w a r  manner. exccpt that 
a known quantity of alkaline asenite absorbing reagent is substituted for 
sodium hydroxide. Chlorine is rcduccd to chloride by arscnite, and is mcvured 
by titration of the unconsumed arsenite with standard iodine solution. Total 
chloride content of the sample is detcrmined by the Volhard titration. 
Hydrogen chloride concentration is calculated by subtraction of the chlorine 
concentration from total chloride concentration. This method is applicahle in 
determining hydrogen chloride and chlorine conccntrations ranging from IO 
ppm to percentage quantities 
Reagents 

AI1 chcmids must be ACS analytical reagent-grade. 

Water 
Deionized or d ~ i U c d  water. 

Absorbing Reagentc 
1. Sodium hydroxide ( 1 N ) - Disulve 40 gof sodium hydroxide in water 

and diIute to 1 liter. Thh reagent is used when the stack gas 
concentration of hydrogen chloride is suspected to be les than 1.ooO 
ppm 

2 Sodium hydroxide ( 2 5  N) - Dissolve 100 g of sodium hydroxide in 
water and dilute to 1 litcr. This reagent.is used when the stack gas 
concentration of hydrogen chloride is suspected to be greater than 1.000 
PPm 

Dissolve 40 g of 
NaOH and 6 5  g of sodium arsenite ( N d Z  ) in water and dilute to 1 
liter in a volumetric flask. This rcagent is used when the stack p s  
concentration of hydrogen chloride and Ciz is suspccted to be I c n  than 

Dissolve 100 g of 
NaOH and 325 g of N W Z  in water and dilute to 1 liter in a 
volumetric flask. This reagent is used when the stack gas concentration 
of hydrogen chloride and Q1 is suspected to be greater than 1,000 ppm 

3. Alkaline arsenite ( 1 N NaOH and 0.1 N NaAsOz ) 

1.OOO ma 
4. Alkaline anenite ( 2S N NaOH and 0.5 N N d l )  

34 HYDROCHLORIC ACID EMISSIONS 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 

. 

Ferric Alum Indieator 
Dissolve 28.0 g of fcnic animonium sulfate F e N b  ( SO. )z * I2 HzO in 70 

ml of hot water. Cool, liltcr. add IO rill o f  conccntralcd nitric acid( HNO, ), 
and dilute to 100 ml in a volumetric fluk 

Nitric' Acid ( 8N ) 
Prepare NOx-frec'nitric acid by adding 100 ml of HNOI to I 00 ml of water 

and boiling in a tlask until the solution is colorlcs. Store in a glass rcagent 
bottle. 

Nitro henzene 
Reagent grade. 

. Sodium Chloride (Primary Standards) 
1. NaCl (0.1 E) - Diswlve 5.846 g or dried sodium diloride (NaCI) in 

water and dilutc lo 1 Litcr in a volumetric flask. 
2. NaW ( 0.01 N )  - Dissolve 0.5846 g of dried NaQ in &tcr and dilute to 

1 litcr in a volumetric flask. or dilute I 0 0  ml of 0.1 N NaCl to 1 litcr. 

. . 

Ammonium Ihiocyanate 
1. N b C N S  (0.1 P4) - Dissolve 8 g of NH,CNS in water and dilute to I 

liter in a volumetric flask. 
2 N h C N S  (0.01 P4) - Dilute 100 ml of 0.1 N N b C N S  to 1 litcr in a 

volumetric flask. or disolve 0.8 g N b C N S  in 1 litcr of distilled water. 

Silver Nitrau 
1. AgNOJ ( 0.1 N) - Dissolve 17.0 g of silver nitrate ( AgNO, ) in water 

and dilute to 1 liter in a volumetric flask. Transfer to an amber reagent 
bottle. Standarrli thia solution against 0.1 N NaCl solution. according 
to the Volhard titration? 

2 AgNO, rO.01 E) - Dissolve 1.7 g of AgNO, in water and dilute to 1 
liter in a volumetric flask. Transfer to an amber reagent bottle. 
Standardize this solution against standard 0.01 N N a a  solution, 
acwrding to the Volhard titration. 

Starch Solution (Iodine Indicator). 1.W 
Make a thig pane OF I g of soluble starch in cold water and pour into 100 

mi of boiling water while during. Boil for a fw minutes. Store in a 
giasstoppered bottle. 

Standard Iodine Solution ( 0.1 N ) 
Diuolve 1269 g of rmbtimed iodine ( 1% ) in 25 mi of a solution 

containing IS g of iodate-free potassium iodine (KI); dilute to 1 Iitcr in a 
volumetric flask. Standardize this soolution against a standard thiosuulfate 
solution using starch-as an indicator. This solution should be stored in an 
amber reagent bottle and refrigemtcd when not in us. 

Apparatus 
(See Figures A-1 and A-2) 

f 

~. 
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Sampling Probc 
IO-mm Pyrex@ $ass tubing of any convcnicnt lcngth. 

Filter 

milttcr is present i n  lhc p s  stream being sampled. 

Heating Tape 

A small tiberglass mter may be fitted to the probe inlet when particulate 

Used to hcat probe. 

Variable Voltage Regulator 
Used to regulatc probe heating 

Dry Cat Meter 
Readable Lo thc nearcfi 0.01 cubic foot. 

Vacuum Pump 
A diaphagm-type pump nted at 15 liters pcr minute. 

Absorbers 
I. Midget impinger -. Ai1 all-glass midgct impinget sampling tnin capable or 

rcmoving hydrogen chloride and chlorinc from a gas sample may be used 
when sampling stack gas suspected of containing leu than 0.1 percent 
Iiydrogcn chloride or chlorine. 
Thc sampling tnin should con& or a probe. four midget impingrs. a 
&u drying tube, a vacuum pump, and a flow mctcr, as Sustntcd in 
Figtm A-I. 

‘I 
Figure A-1. Impinger gas sampling train. 

A P y d  $an tube serva as the probe. It should have a ball joint q the 
outlet to which other glasswarc can be easily conncctcd. The pmbe 
should be wrapped with nickcl-chrorrdum heating wire, insulated with 
glas wool and installed into a protective 1-inchdiameter stainlcs stcel 
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tuk. During sampling, me hcating wire b cunnccted to a c d i h t c d .  
variablc tnmfomrr to maintain a tcmpcnturc of up to 20' F on the 
probe wall. A heating tspc may also be used to heat the probe. 
Four midget @as impingcn are connected in ~ r i c s  to thc probe outlet 
with glass ball joints. The fist th& impinges each, contain IS ml of 
absorbing rca&t.'The rourth impinge; is Icft dry 10 catch any material 
that is carricd river k m  the othcr tnpingcrs. All lour impinscm arc 
cooled in an iccwatcr bath 
Gases lcaving the impingcn are dricd as they pass tliruiigh a tubc o f  silica 
gcL nlcy then arc pumpcd to the airtight vacuum pump and melcr. 
Sampling rates are regulated by using 3 valve tu adjust the flow throush 
the pump. 

An accurately cilibnled ,2-liter glass hob !c 
cquipped with Tefloii@ stopcocks (Figure A-2) rliould bc uscd whcn 
sampling perccntage quantities oT hydrogcn chloride or chlorinc. 
Absorbing reagent is added tu the grabsample bottle after the sim.ple has 
becn collected. 

2 Crdbsampling bottle 

Figure A-2. Grab sampte bottle. 

Dispenser (Absorbing Reagent) 
A lOOmiUiliter round-bottom flask, modified with a Teflon@ stopcock and 

ball joint extension (we Figure A-3) is used as a dispenser for absorbing 
reagen+ It is uscd to add rcagent to the pb-umpling bottle after the simple 
has been collected. 

Analytical Procedure 
Collection of Samples 

1. Midget impingcr train: 
Pipet I5 mi of abwrhing rcagent into cach of the thrcc midget impingcr~ 
Heat p r o k  to prevent moisture condensation. Start pump and sample at 
a rate of I to  3 liters per minute forat least 60 minutes. 

Rush probe and draw about 20 litcn of  gas thruugh thc amplc hurilc. 

grab-srnplc bottle following collection of the sample. Shake bottlc 
thoniughly for about 2 minutcr to insure complete absorption. 

3. Transfcr thc contents of the impingcn or ph-umpling h t t l c  tu a 
sample container. such as a plycthylcne hottlc, containing deionked or 
distilled watcr. 

2 Grabsampling 

. Pipet 25 ml of ahsurbing reagcnt into the dispcnrr and add LO [lie 

. 
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Figure A-3. Burette Cor adding absorbing reagent. 

Sample Reparation 

wing a graduated cylinder or volumetric hik 

Procedure A 

Analysis of Hydrogen Chloride 
Pipet an aliquot of the samplc into a 25O.mi Erlenmeyer flask. Add 25 ml of 

water, 5 ml of nitric add and wid to mir Depending on chloride content, add 
0.1 N or 0.01 N dver  nitrate from a buret until the silva chloride formcd 
brginr to coagulate When coagulation occurs. add an additional 5 mi of s i r  
nittate. Add 3 ml of nitrobenzene and 2 mi of ferric indicator. then 
back-tihate with 0.1 N or 0.01 N ammonium thiocyanate until the lint 
a p p c a m a  of thc reddish-brown Fe(CNS);’ complex. A blank determination 
for chloride in the absorbing teagent should be run simultaneously and 
subtracted from the ample mlts.  From the titcr of NH,CNS solution, u 
determined prcvioudy hy titration against standard AgNO, solution ushg 
fcrric alum as an indicator, calculate the net volume of AgNO, required Tor 
precipitation of the chloride. 

Calculations 

ample by the fnllowing equation: 

Mevure the actual volume of the liquid sample or adjust to a known volume 

Compute thc number of milligrams of hydrogen chloridc present in the 
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C HQ.mg = netmlAgN0, X T X F 

T = hydrogen cldoridc equivalent of standard AgNOa 

( T = 3.65 mg HCl/ml for 0.1 N AgNO, ) 

( T = 0.365 mg HCI/ml for 0.01 N AgNO, ) 

sample volume, ml 
aliquot volume, ml 

F =  

Convert the volume of ga sampled to the volume at standard conditions of 
70° F and 29.32 in. Hg. 

530° R v , =  v x- p x  
29.92 ( t  + 460' R) 

V = volume of gas sampled, as measured on dry gas meter or equal to 
volume of g a b  sample b o t t l e - w  

P = harometric pressure (in. Hg) or a b s o l p  prnsure at gas meter 
t = aver~gc tempcraturc of sampled, R 

Determine the concentration of hydrogen chloridc in the gas samplc by the 
following formula: 

(662) (0 ppm HQ = 
v *  

662 = pl/mg of IICI at 70° F and 29.92 in. Hg 
C 
V I  = volumc of gas sampled in liten at 70' F and 29.92 in. Hg 

= amcentration of HCI. mg 

Procedure R 

Analysis o f  Hydrogen Chloride in the Presence of Chlorine 
Pipet an aliquot of the sample into a 250-ml Erlenmeyer flask and prwccd 

with thc Volliard titration for total chlorides as dcscribcd under Proccdtirc A. 
A blank detnmiiiation for chloride in the absorbing rcagcnt (alkaline-arsciiitc 
rugent) should hc run sunultaneoudy and subtracted from the sample m u l t s  

Pipet another aliquot of the sample into a ZSC-ml Erlenmeyer flask. Add a 
few d r o p  of phenolphthalein indicator. neutralize carefully with cuncentratcd 
hydrochloric acid, and cwL Add sufficient solid JoJium bicarbonate 
( NaHCO, ) to neutralize any excess hydrochloric acid, then add 2 to 3 g more. 
Add 2 ml of starch indicator and titrate with 0.1 N ioclinc solution to the blue 
endpint. For the rcagcnt hlmk. detcrmine the number of ml of 0.1 N l2 
mquired to titratc 25 ml o f  alkaline-arynitc abwrhing rcagcnt, as dcscribcd 
above. 

. 

. 
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C;llculaliow 

wniple hy tlic following formulz 
Dctcninc the iiuinhcr or inillilitcrs of 0.1 N Iz rcquircd to litralc the crltirc 

' Sample ( ml 0.1 N Ia ) = ( ml of 0.1 N la for aliquot) X F 
volume of sample, ml F =  
volumc of aliquot. ml 

Cia, mg = Blank ( ml 0.1 N lt ) - Samplc ( ml 0.1 N la ) X 3.546 

3.546 f chlorinc equivalent of 0.1 N la, mg 

Convcrt the volume of gas sampled at standard conditions ol 70° F ,  20.92 
in. Hg, using thc formula in Proccdun: A. Calculate thc concentration of CIz in 
thc sample using the following formula: 

ppm CIz by volume = (340) (0 
"s 

340 = l/mg of CIz at 70" F and 29.92 in. Hg 

C - concentration of Cia, mg 
V, = volumc of gas sampkd at standard conditions, liters 

Determine thc numbcr of milligrams of hydrogen chloride present in thc 
sample by subtracting the number of milligrams of chlorine present, as 
determined by the iodinc titration, from the total numbcr of milligmns of 
chloride prcscnt as determined by thc Vohard titration. Calculate the 
concentration of hydrogen chloride in parts per million using the formula in 
-dun A. 

Total stack gas volume must also be measured in order to determine the 
emissions on a weight basis. 'This may be done by m-ng the gas vclocity 
with a pitot tube. 

The following equations arc used to detmninc velocity and gas volume: 

Vs 
F 
MS 
Ts = average stack gas temperature R 
Ps 
pP = pitot tube manometer reading, in. water 

= velocity in feet per minute at stack conditions 
= pitot tube-cometion factor (0.85 for type S) 
= molecular weight of stack gas 

= average stack gar pressure, in. Hg . 
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The total stadc gas volumsis then: 

A 
Q, 

= stack area. sq ft 
= ga?i volume, dlmin at 70" F and 29.92 in. Hg 

The cmissions on a weight per hour basis may then be detcrmincd by the 
following equation: 

mol wt w ppm X X Q, X 60 X - 
387 

W = emissions,Ib/hr 
ppm 
Qs 
mol wt 
a, = 70.92 HCI = 36.4.6 
387 

= parts per million by volume of contaminant 
= stack gas flow rate, r f m  

molecular weight of contaminant 

= volume (ft3) occupicd by 1 Ib mol 3t 70' F and 29.92 in. Hg 

Discussion of Procedure: 
The estimated error for the combined sampling and analytical procedure is 

i10 percent. The precision of the ai~aiytical methods is i2 percent on standard 
samples containing NaQ and NaAsOz. 

The usual volumetric errors are encountered with the Volhd  titmtion 
Prematurc endpoints may occur if the NH, CNS is not 3ddcd by drops near the 
quivalcncc point and the rolutiun shaken hcfore the next addition. 
Ni&henzene is used to effectively remove A f l  by forming an oily coating on 
the precipitate and preventing reaction with the thiocyanate." Bivalent 
mcrctuy, which forms a stable complexion with the thiocyanate, and 
substances that form insoluble silver salts interfere in the analysis and must be 
absent from the ample. Titration should be mde at temperaham below 
25' C, as is customary in other titrations with thiocyanate.' 

The chief source of error in the iodine titration of arsenite is the failure to 
us suffiient bicarbonate to neutralize all the a c e s  acid. If i n m c i e n t  
bicarbonate is added, serious ermn may be incurred because of a fading 
endpoinr A reducing agent such as sulfur dioxide and oxidizing agents such as 
iodine. nitrogen dioxide, and ozone interfere with the iodine titration and yield 
high results when pment in the stack gas sample. 

ACID MIST SAMPLING. 

impinges a dry gas meter, a vacuum pump. and a flow meter, as shown in 
Figure A4.' 'J 

. 

. The ampling apparatus is made up of a probe. a cydtme, a filter, four 
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APPELQDIX B 

CBtORIDE PIIDCEOIJRES 



. -  1. ?rincjg:a a ~ :  ~;,-~ii;-b::;t%., 

1. I Princi j l? .  A Gas sarip;e is a x z r a c t d  fxic the s t t c i  and the 

tytm51;orfc a i f t  contant is zeas~ret  usins the zarcliric ni tyate  e t r a -  

t f sn  xatnod. 

1.2 A?piicabi?ity. Yn'nfs zet;qod i s  app:itabia for the datermination 

of hydrochloric acid em:ssions From stationary sources. 

of the method has not Seen established though sanples containing 4000 par ts  

per .;lfi;ion hydrochloric acid kava been e i f i c i a c t l y  coilectaa and determined 

usins two nidget iizpingers eat:? csn3lnir ,g i 5  mf;?i l i ters  of O.iN sodium 

hydroxide. 

The upper limit 

Possij la interfarences are  iiietai tons (usua7:y Cu, Fe, N i ,  Mg, and V )  

and tha s u l f i t e  ion. Tinese ;end t o  msk  the analysis endpoint. A strong 

1 a c i t  Plj2 cationic exchange resfn has Zeen deiiu;r,strared t o  remove inter- 

,-crfng mezal ions  sa t i s fac tor i ly .  Niien gas strams ccntainir,s SO2 i n  excess 

of 300 ?a r t s  per million a re  sampled, the SO2 can be effectively removed by 

treating the sample wi th  3 percent hydrogen peroxide-: 

2. Aooaratus 

P 
I 
'I 2.1 Sampling. Tne sampling t ra in  i s  shown i n  Figure 1 and the compon- 

ent parts a r e  discussed below. 

2.1.1 Probe. A five-foot, oorosi i icate  glass o r  Teflon-lined probe is 
I 
1 us&. The i n l e t  i s  packed w i t h  glass wool t o  remove par t iculate  matter. 

Tne probe sust have a heating system t o  prevent water condensation while 

Io sainp? ing; 

2.1.2 Nidget Smpingers. Four  midget impingers are  connected I' 
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jn ssries w i t h  laak-free g:ass connectsrs. Silicone grease may be used 

t o  ifiswe a tignt seal. . .  

2.1.3 Glass h'oiocl. i3orasi?icafe or qiartz. 

2.1.4 Teiiperature Sai;ge. Jial tke.monieter, o r  equivalent, t o  

n s a s u ~  tanperatiire of gas l a v i n g  impingar train t o  w i t h i n  I O C  ( ~ O E ) . '  . 

2.1.5 Drying Tuba. Tube packed w f t h  6-to 15-zesh indicating type 

s i l ica  gel or equivalent t o  dry the gas sample and t o  protect the.dry 

qas metsr and punp. 

2.1.5 Valve. Pieed!a valve, t o  regulate s&vple gas flow rate. 

2.1.7 ?wnp. Leak-free dfaphragm punp, o r  equivalent, t o  p u l l  gas 

through the train. Install a sinal1 surge tank between the p u p  and the 

rate metm t o  elimf:.ata the pulsation effect of the diaphragn pw,? on 

:ita rotammater. 

2.1 .a Rate Neter. Rotameter, o r  equivaient, capable of measuring 

f low rate to  within 4 percent of tha selected flow rate of 2 l/min. 

2.1.9 Volume Meter. Dry gas meter, sufficiently accurate tamea- 

Sure :he sample volume t o  three decimal places i n  cubic feet ,  calibrated 

a t  the selected flow rate and condi t ions actually encountared during 

smpling, and equipped w i t h  a tmperature gauge (dial thermometer, o r  

equivalent) capabie of measuring temperature t o  w i t h i n  3'C (5.4OF). 

2.1.10 Barometer. Mercury, aneroid, o r  other barometer capable 

of measuring atmospheric pressure to within 2.5 mm Hg (0.1. i n  Hg). 

.2.1.11 Vacuum Gauge. A t  least  760 nm Hg (30 f n .  Hg) gauge, t o  be 

used for leak check o f  the sampling train. 

2.2 Sample Recovery. The following equipment is needed for sample 

racovery . 
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2.2. i Storaga Coiitai ners. Leak-free 20 in1 ?o?yet.*,yl ene o r  

s? 5SS h o t t i  as. 

2.2.2 izsh SO"' b b l s .  ?oiyethylsne o'r ¶;ass. 

2.3 Afialysis. Vciiur~etrfc g?asswGre should be c:ass A only. 

2.3.1 Z'rlerzeyer :!ask. 123 rn: . 
2.3.2 Graduated &4rette. 25 in1 . 
2.3.3 Volurxetric Pipat. 1 n l .  

2.3.4 Voluiietiic Zasks.  1CC XI, one for each sam?:e. 

2.3.5 Snaii Funnei. For transferring smp:a. 

2.3.5 Magnetic S t i r r e r .  

2.3.7 ilagnstic S t i r r f n g  gar. 

2.3.8 Dropping Pi j je t  or Dropper. 

2.3.9 Filter ?aper. Viatanan No. 40. 

3. Reagents 

Unless otnenvise indfcated. a l l  reagents must conform t o  the 

specifications established by'the Comi ttee on Analytfcal Reagents 

of the Aixerican Chemical Society. Where such specificatfons are no t  

available, use t h e  best available grade. 

3.1 Sampling. 

3.1.1 Water. Triple deionized, distil!ed t o  conform' t o  ASTN 

Speciffcation D 1193-74, Type 3. 

3.1.2 Sodfum iiydroxide, 0.1 N. Dissolve 49 NaOH in-deionized, 

d i s s ' i l e d  water and d i lu t e  t c  1 1,i ter.  

3.1.3 ifydrogen Peroxide, 3 Percent. Dilute 30 percent hydro- 

Sen peroxide 1:s ( V / V )  w i t h  deionized, c i s t i l l e d  water (15 rnl is 

needed per s a q l e ) .  Prepare fresh daiiy. 
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3.2 S a p : a  Recove;-y. 

3.2.7 Sodim iiydroxitie, 0. 7N. As i n  3.1.2. 

3.2.2 Sodium Sydroxide, 0.05 N. Dissoive 2g NaOH i n  deiorized, 

Cis"" C I  I ied wzte;~ and d t l a s  t o  7 i i t e r .  

3.3 Analysis. 

3.3.1 Xercuric. Nirrate So:ztiCn, 3.51 J. Disssive i .63 g 

mercuric n i t r a t e  i n  deionized, dist i l led water and d i lu t e  t o  1 l i t e r .  

Shake well. Transfer t o  an amber colored reagent bott le.  Standardize 

this solution according t o  the procedure i n  Section 5.5.  

3.3.2 Bromophenol-Diphenylcarbarone Indicator. Dissolve 0.005 g 

bromophenol blue and 0.5 g diphenyl carbarone i n  75 m l  pure 

ethanol, then d i lu t e  t o  100 ml  therewith. 

3.3.3 0.05 N HN03. Dilute 1.6 ml concentrated HN03 (69 percent) 

t o  500 m l  w i t h  d j s t i l l e d ,  deionized water. 

3.3.4 0.0100 N NaCl Solution. Dissolve 0.584 g NaCl i n  

deionized, d i s t i l l e d  water and dilute t o  1 litsr. 

3.3.5 Ca t ion  Exchange Resin. Rexyn 101 H (Fisher Scientific) '  

is one type tha t  has been used successiully. Tine resin column is 

prepared as  follows: 

A small amount of the fresh resin is pourad into a 250 ml 

beaker containing 100 m l  d i s t i l l ed  water and allowed i o  soak for  

30 minutzs. A 25 m l  buret is packed a t  the bottom end w i t h  a smali 

portion o f  glass  wool t o  prevent plugging the t i p  w i t h  res in  par- 

ticks. Tie buret is then f i l l e d  approximately haii-full  w i t h  

distil:& water, and the wettad resin is ?cured i n  unt i !  i t  reaches 

the 11 m l  graduation mark. 

. 

Care must 5e taken t o  maintain 

. _ _  - - ., . .  
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t>e  ra-1sr ieve: a t  :*as: 2z.a tzck aZsve the ;-es?:: ;eve1 a t  a;: tiizas t o  

pravent T2Sf i l  chazne;;ing. -. 
ir.3 jLirEt is iiilsd ts the 0 n11 Sradcation ma;k 

,4is""- 

I 
* ,  ; ,zG watar, ;i:i the stopccik is oj)2zec ts al'ow the co7l;xn t o  drafn 

Lintii tha f inal  r a t e r  ievei is a t  tha 10 nl grziuation mark. 

przc;ss i s  repaated several t i za s  a z i  the rinses discarded. 

i s  detarminec by passing a 10 ml a:iquot o f  d i s t i i l e d  water through the column 

Th i s  r i n s ing  

A colmn blank ' ioliowed by a 10 m l  rinse. Tine blank voluma i s  then adjusted t o  100 ml  w i t h  

(1, d i s t t l l e d  water ana t i t r a t e d  w i t h  standard r.ercwfc nf t ra te .  One drop of; 

- 
" 2  2. 
1.8 brant shou!d be suf3c iar . t  t o  reach the end2o:nt. 

I 4.. ?rocedure 

4.1 Smpling 

E 4.1.1 Preparaticn o f  Coi;ecticn Train. Xeasure 15 m l  o f  0.1 X sodium 
I 
is 
I 
I 
I 
I 
I 
I 

I 
I 

i 

hydroxide in to  each of the ffrst two midset impinsers arid 15 m l  of 3 percent 

hydrogen 7eroxide into the t h i r d  one. 

L.e t r a in  as  i n  Figure 1. Adjust probe heater t o  a temperature sufficient t o  

prevent water condensation. Place crushed ice and water around the impingers. 

Leave the final: impinger dry. Assmble 

4'1.2 Leak-Check Procedure. A leak-check pr ior  t o  the sampling run is  

optional; howevar, a leak-check a f t e r  the sampling run  is mandatory. 

teak check procedure is a s  follows: 

The 

Temporarily attach a su i tab le  (e.g., 0-40 cc/min) rotameter t o  the out- 

let of the dry gas meter and place a vacuum gauge a t  o r  near the probe in le t .  

P?ug :he ?robe in l e t ,  pu l l  a vacuum o i  a t  l e a s t  250 m Hg ( I O - i n .  Hg), and 

nota the' flow r a t e  as indicared by the rotameter. 

excess of 2 percent of the average sampling r a t e  i s  acceptable. 

A leakage race not i n  



6 

~ o t a :  CarefuTYy rs:aase t& probe in le t  p1ag b2fo;e t u r n f n g  1 
a?? L;?s pu..;). 

I I: i s  suggasted (zoz xanaacory) thar: tix pmp Se leak-checked 

I 
I 
a 
e 
I 
t 
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s w z r a t s ; y ,  either prior t o  or af te r  the sa,,pling run. 

jrfo;. t o  the smpling r i in.  ths p u p  leak-check snaii precede the 

i?ak-ckeck of the sampling train described imedfately above; if 

done af ter  the sampling run, the pmp ieak-check shall follow the 

train lsak-check. To leak-check the pmg. proceed as follows: 

Disconnect tke dryins tube fmm tiie probe-ispicger assmbly. 

a vacuum gauge a t  the in ie t  t o  either the drying tube o r  the pump, 

pull a vacuum of 250 m ( ? O  in.) . : G ,  plug  o r  p i n c h  off  the outlet  

of the flow meter and then t u r n  off  the pump. Tne vacuum should 

rercain stable for a t  least  30 ssconds. 

If done 

Place 

Other leak-check procedures may be used, s u b j e c t  t o  tiie 

approval o f  the Administrator, U. S. Envirormental Protection Agency. 

F 4.1.3 Sample Collection. Record the init ial  dry gas meter 

reading and barometric pressure. To begin sampling, posi t ion the 

t f p  of the probe a t  the sampling point, connect the probe t o  the 

bubbler, and s t a r t  the pump. Adjust  the sample flow t o  a constant 

rate o f  approximately 2.0 liters/min a s  indicated by the rotameter. 

Naintain this constant rate (+ - 10 percent) d u r i n g  : the entire sample 

run. 'Take readtngs (dry gas meter, temperatures a t  dry gas meter 

acd a t  impingar outlet arid rate meter) a t  least  every 5 minutes. 

Add more ice dur ing  the run  t o  keep tiie temperature o f  the gases 

?saving the l a s t  impinger a t  20°C ( 6 8 O F )  o r  less. A t  the conclusion 

of eacn r d n ,  t u n  off the gum?, remove probe from the stack, and 

- 
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recwd the ffcal raaci.:ss. Cc;ll;;ct a :ed<-c?,eck as f n  S x t : x  4.1.2. 

(Tfifs lea;c-checi< i s  zxda:cry). 

x e  ?r;cadur*s atce9tzb:a t o  tke Achi;.-;stratsr t o  td.j?';is': the sacFle volzca 

7sr <he irakaSe. 

t r a i n  by crawins c:ear, aihient a:? t h r w G h  the systen for  i 5  rcfnutes a t  

t i e  smglfng rata. 

if a Tsak fs fcvvr; ,v,  vo:t tka 2s: ;-w C r  

Grain th ice bath, and p r ~ e  the rezainfng pa;% of the 

G 4.2 Sample Recovery. Cisconnect the impingars a f te r  p u r ~ f n g .  Dis- 

card the contents of tke hydrosen peroxfce SO2 scxbber in$nGer. P o w  

the contents o f  ths other impingws containiiq sodfm hydroxias i n t o  a 

leak-free polyethylene o r  giass bottle f o r  shipment. 

and the connect:ng tubes w i t h  Geionfzsl, d'stilled water, and add the 

washings to  the sania storase csr.ta:ner. The glass wool probe p l u g  is 

recovered and placed in a second storage contziner. The probe is  rinse 

Znse the inpingers 

w i t h  25 in1 d is t i l l ed  water into a second storage contafner. The probe 

rinsed 25 m l  d is t i l led water I n to  a t h i r d  storacja container and marked 

accordingly. Seal, mark the f t u t d  level, and identify a l l  containers. 

4.3 Sample Analysis. Note level of liquid i n  each container, and 

5 

confim whether any sample was losz d u r i n g  shipment; note this  on analytic61 

data sheet. If  a noticeable amount o f  leakage has occurred, either void 

the sample or  use methods, subject t o  the approval of the Administrator, 

to  correct the final results. 

Using a small funnel, the contents of each sample container ar2 

quantY tatively transferred t o  separate 100 m l  volumetric flasks. 

probe wash is  f i l tered through Whatnan Number 40 paper into a flask. 

probe ?lug i s  rinsed three times w i t h  water and likewise f i l tered i n t o  

ansther flask. Each flask is diluted t o  the mark w i t h  deionized, d is -  

t i l l ed  water. 

The 

The 

.. 
. . . . ... . . .- . 
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Ai; a ; i j x t  of on2 ixt ;i every .Five sac;las is passad through a 

cationic exchange resi7i (ji-epared as in Sectfcr. 3.3.5) ar,C coapar2d t o  

bi ;~ I .  sf Gatrzated szii~r;;:is ts i f  iztar?ar:z9 mzta; icn5 are  present. 

.T va:ies d i f f e r  by Ears thr, L 9s:-cent, ar, - 0  =l+-d;t ..+ of a l l  saiaples should 

is iiassed tkrotis,? t i 2  rss?ii 2r:sr t o  the analysis. To ox!C;ize any SO2 

?rasent, add and ixix 2 in: 3 percznt hydrogen peroxide so;;itfon per 100 rnl 

sanpla. 

i: - L 

- -  

'. 

BePore ana;ysis, Zie 23 of the sa;i;e iixt be ad:;sted t o  3.2 - 3.4. 
Pour 25 nl of  the 100 ml sample i n t o  a 125 ?11 Erlenmeyer flask and add 5 

drops of bromophenol/diphenyl carbazone while s t i r r i n g  the sample contin- 

uously using a magnetic stirring bar. I f  the sample is i n i t i a l l y  alkaline,  

i t  will t u r n  blue o r  red i n  color a f t e r  addition of the indicator. In this 

case, add 0.1 N nitric acid dropwise u n t i l  t h e  sample just turns yellow i n .  

color. 

pH to  3.2 - 3.4. 
yellow a f t e r  addition of the indicator. 

hydroxide dropwise u n t i l  the sample turns blue i n  color. Then add 0.05 N 

n i t r i c  acid dropwise u n t i l  the sample just turns yellow. Add an additional 

1.0 ml of 0.05 N n i t r i c  acid to  b r i n g  the sample t o  the proper pH of 3.2 - 
3.4. After the pH is adjusted, t i t r a t e  the sample w i t h  standard 0.01 N 

mercuric n i t r a t e  u n t i l  the first appearance o f  a v i o l e t  color which 

persists for  several minutes w i t h  continuous 'stirring. 

t i t r a t ion  volumes. 

5. CaTibration 

Then add an additional 1.0 ml of 0.05 N n i t r i c  acid t o  b r i n g  the 

I f  the sample is i n i t i a l l y  acidic,  the solution will t u r n  

In t h i s  case, add 0.1 N sodium 

Repeat and. average the 

Run a blank w i t h  each series of samples. 

5.1 Metering System. Before its i n i t i a l  use and a f t e r  each f i e l d  

test ser ies ,  leak check the metering system as  described i n  Method 6, 
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Section 5.1. 

5.2 Thermometers. Calibrate against  mercury-in-glass thermometer. 

5.3 Rotameter. The rotameter need not b e  calibrated b u t  should be 

kept clean according t o  manufacturer's instruct ions.  
..--. '.. 3 . 4  2arszetzr. La , G -i ~ 2 3 1  ; i S t  xr:iy taronater . 

5.3 Xercuric ,Uft,-a:z Saiiitfon. Standardfre tke mercuric n i t r a t e  

Solutiofi by t i t r a t f n g  agafnst t r i p l i c a t e  aliquots of 0.0100 N standard NaCl 

sa1 dtfon. 

6. Calcuiaticns 

Carry or;t  calculations,  ratainifig a t  l e a s t  one extra decimal figure 
. .  

beyond tha t  o f  the acquired data. 

l a t ion .  Other foms of tha equations may be used a s  long a s  they give 

;qui vai ent resui 3. 

Round off iigures a f t e r  the final calcu- 

6.1 Nornencl atLlra 

= Concentration of hydrogen chloride, dry basis cor- 

rected to standard conditions, rng/dscm (I  b/dscf) . 
= Nomaiity cf mercuric n i t r a t e  t i t rant ,  milliequiva- 

'HCl 

N 

1 ents/ml . 
= 8arometc:c pressirre a t  the exit o r i f i c e  o f  the dry 'bar 

? S t d  

T* 

TSCCl 

'a 

gas meter, mn Hg (rn. Hg). 

= Standard absolute pressure, 760 m Hg (29.92 i n .  Hg). 

- = Average dry gas n e t s  absolute temperatwe, O K .  (OR). 

1 = Standard abso?ute temperature, 293°K (528"R). 

= Volume o f  samnple al iquot  t i t r a t e d ,  m l .  

= Dry gas vol;urs as  rreasured by the dry gas iiieter, n 'I 

dm, ( Icf ; .  



I 
1. 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
1 
1 

?C 

= Dry gas voiuix CSaSiii-Ei by tns dry gas metir, 

c w r e c t d  t a  sta:,lard c o c d i t i e ~ s ,  d s a  (I;:?). 

= 70%: vo:ime o f  sz:.;ticn i n  wkfch the  kycrcc.i:oric 

acid sazp;e is c~n t~ j . i iC ,  130 s7. 

= Vo?uma o f  ii12r:l;rfc nf t ra ta  t i ' i rant  usad f o r  the 

sari?;a, m l  (average o f  repifcafe t i t r a t ions ) .  

= Volms o f  niorci;rfc n i t r a t e  t i t r a n t  used f o r  the 

blank,  m l .  

= 3ry Gas s a t e r  caiibration f x t o r .  

= EqiiiVa;s;ii wcfS:;t S? kydrochlciric acfd. 

6.2 Ery sw37e gas vo7uiie. cormcted t o  szndard  csnditions. 

Equatfon 6-1 

Where: 

K, = 0.3858 "Urn ii5 far metric u n i t s .  

= 17.64 "Wfn.  Sg for i n 5 i f s h  units. 

6.3 Hydrocnloric acid concentratfon. 

Equation 6-2 

'Yhare: 

% = 70.90 mglmeg. f o r  metric u n i t s  

= 1.563 x loe4 ? S h a g .  for  E,:glish units. 
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1. Cnenay, J . ,  C .  FCr>Ji iZ, an: R. Xu'lfns. &port on the 

Saa;opmnt ami Evaluatfon of  Stationary Source Qd;*ochloric Acid 

X s s i o n s  I"iaasur2mer.t Mathodoisgy. 

A p ~ y ,  Statf3fiai-Y S s x c s  Emf ssions Rasiart.*r J;-anti;. 

iriafisia Park, N. i. 

- U. 5. inviror.r;antal Protaction 

Resaarcn 
- 

3 s i ~ i ; b w ,  :976. 

2. ?.cas 3. 3. ;4aintaa6iice, C&ib;*dtion, and Opcratisc bf 

lsokinetic Source-Samp7:ng Equigient. Office o f  Air Progras, 

E n v i r o n m n t a ?  Trotectioz Agency. 

am-057s. i4zrck, ? 972. 

Rassarch 7 r i a q ; e  Par!<, N. C. 

3 .  Annual Sook o f  ASTN Standards. ? a r t  3; 'ha:cr, Atnospherfc 

Analysis. Axrtcan Sociaty f o r  Tasting and Katerizls. Philade:ph!a, 

Pa. 1974. pp. 40-42. 

. 
&?tion o f  t r ade  names o r  specif ic  products does not const i tute  i 

endorsmant 5y the Envfrormental Protaczfon Asency. 
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408 CHLORIDE 
Chloride, in the form of c1 ion. is one 

of the major inorganic anions in water 
and wastewater. In potable water, the 
salty taste produced by chloride concen- 
trations is variable and dependent on the 
chemical composition of the water. 
Some waters containing 250 mg/l chlo- 
ride may have a detecrable salty taste if 
the cation is sodium. On the other hand, 
the typical salty a t e  may be absent in 
waters containing as much as 1.000 
mg/l when the predominant cations are 
calcium and magnesium. 

The chloride concentration is higher 
in wastewater than in raw water be- 
QUX sodium chloride is a common ar- 
ticle of d i a  and passes unchanged 
through the digestive system. Along the 
sea c-. chloride may be presenr in 
high concentrations h w  of leakage 
of salt water into the sewerage system. It 
may also be i n c r d  by industrial . 
processes. 

A high chloride content harms menl- 
lic pipes and structures, as well as agri- 
cultural plants. 

ScleCaon of mctbod: Four m a h o b  
are presented for the determination of 
chlorides. Since the tinr two are similar 
in most rapms.  selmion is largely a 
maner of preference. The argentomcuic 
method (A) is suitable for use in rela- 
tivdy clear waters when 0.15 to 10 mg 
CI are present in the portion of sample 
titrated. The mercuric nitrate merhod 
(B) has an easier end point. The PO- 
tentiomemc method (C) is suiuble for 
colored or turbid samples in which 
color-indicated end points might be dif- 
ficult to observe. T h e  potmtiomenic 
method can be used without a pre- 
treatment step for samples containing 
ferric ions (if not present in an amount 
greats than the chloride concentration). 
chromic phosphate. and ferrous and 
orher heavy metal ions. The ferricyanide 
method, givm in Pan 602, is an auto- 
mated modification which, although 
used routinely by many laboratories. is 
lisml for the first time as a tenntive 
method. 

1 . 
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408 A. Argentometric Method 
1. .General  Discussion 

a. Rinciplr: In a neutral or slightly 
alkaline solution. potassium chromate 
can indicate the end point of the silver 
niuare titrarion of chloride. Silver chio- 
ride is precipitated quantinrively before 
red silva chromate is formed. 

b. Intrrfcrence: Substanca in 
amounts normally found in potable wa- 
ters will not interfere. Bromide. iodide. 
and cyanide rc$ister as quivalmr chlo- 
ride concenrranons. Sulfide, thiosulfate. 
and sulfite ions interfere but can be re- 
moved by treatment with hydrogen per- 
oxide. Orthophosphate in excess of 25 
mg/l interferes by precipitation as silver 
phosphate. Iron in excess of 10 mg/l in- 
terferes by masking the end point. 

2. Reagents 
a. Cblode-jke warm I f  ncceuary. 

w redisrilled or deionized dixilled wa- 

b. Potassium cbrmate inriicamr soh- 
tion: Dissolve 50 g KiGO4 in a link 
distilled water. Add s i l v a  nitrate solu- 
tion una1 a definite red precipitate is 
formed. La srand I2 hr. filter. and di- 
lute to I I with distilled water. 

c. S t a n h d  silrrr ninarc tinant. 
0.0141N: dissolve 2.395 g AgNOt in 
distilled water and dilute to 1.000 ml. 
Standardize againsr 0.01SIN NaCl by 
the procedure described in B3b below. 
Store in a brown bode. Standard silver 
nirnre solution 0.01SIN=500 a CI/ 
1.00 m1. 

d. Standard sodium cbloridc. 
0.01Sl1V: Dissolve 824.1 mg NaCI 
(dried at 1-W Q in chloride-free water 

ter. 

and dilute to 1.OOO ml; 1.00 m1=500 

e. Special reagents for remmal of in- 
tojercncc : 

I ) Aluminum hydroxide suspension: 
Dissolve 125 g aluminum potassium 
sulfate or aluminum ammonium sulfare. 
AIK(S0dz. l2HzO or AINH4S04)x.r 
I2HzO. in I 1 distilled water. Warm to 
60C and add 5J ml conc NHIOH 
slowly with nirring. Lcr nand about I 
hr. rransfer the mixture to a large bottle. 
and wash the precipitate by successive 
additions. with thorough mixing and dc- 
cantations of distilled warer. until free 
from chloride. When frnhly prepared. 
rhe suspension m p i a  a volume of 
approximarely 1 1. 

2 )  Pbenolpbtbalcin inriicator solu- 
tim. 

1) Sodium iyiroxidc. NaOH. IN. 
4) SuIJimcaLid. HZsO4. IN. 
5 )  Hydrogmpooxide, HzOx. 30%. 

lLg c1. 

3. Procedure 
a. Sumplcpreparatim: U x a  100-ml 

sample or a suitable portion diluted to 
100  ml. 

If the wmple is highly colored. add 3 
ml AI(0H)i  suspension. mix. lcr scnle. 
filter. wash, and combine filtrate and 
washing. 

If sulfide, suifite. or thiosulfate is 
praenr. add I ml HrOz and sur for I 
min. 

b. Titration: Tia te  samples in the 
p H  range 7 to IO directly. Adjusr um- 
ples not in this range wirh, H i s 0 1  or 
NaOH solution. Add 1.0 ml K z G O I  
indicator solution. Tiaate with srandard 
silver nimre titrant to a pinkish yellow 



mg/l Nna=mg/l  Q X  1.61 

5. Precision and Accuracy 

end point. Be consistent in end-point 
recosnition. 

Standardize the silver nitrate titrant 
and establish the reagent blank value by 
the titration method outlined above. A 
blank of 0.2 to 0.3 mi is usual for the 
method. 

4. Calculation 

where A =ml titration for sample. B= 
mi titration for blank, and Nanormal- 
icy of AgN01. 

A synthetic unknown sample contain- 
ing 241 mgil chloride. 108 mg/l G. 
82 mg/l Mg. 3 . 1  mg/I K. 19.9 mg/l 
Na, 1.1 mg/I nitrate N, 0.25 mg/I ni- 
me N. 259 mg/l sulfate. and S2.5 
mg/l total alkalinity (contributed by 
NaHCOi) in disrilled water was ana- 
lyzed in 41 laboratories by the argenro- 
metric method. with a relarive standard 
deviation of 4.2% and a relative error of 
I .7%. 
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408 B. Mercuric Nitrate Method* 
1. General Discussion 

with mercuric nitrate b c a w  of the for- 
marion Of h b l e *  
m"curic chloride- In Ihe pH 2*3 
to 2.8, diphmylcarbuone indintcs the 
end point of this titration by formation 
of 3 PuTle complex with the a - s  
mercuric ions. The mor  in titration is 

p" change of 0.1 p H  unit in the PH 

jmmmt is not except by use O f a  

pH meter. it is felt that keeping within a 
range Of 1o.I PH unit is sufficient for 

mar water analyses. Therefore. in this 
method. a sp&iic mixture of nitric acid 

waer the p~ of moR 
potable w a t m  to p H  2.5fO. I .  A third 
s u b s a n e  in this alcoholic mixture. xy- 
lene ryanol FF. is & a a p H  indintor 
and a b+ound co[o,, to facilitate 
end-point detecrion. The introduction of 
10 mg sodium bicarbonate to both 

vides a p H  of 2.5fO.  I whm I .O ml in- 
2.1 to 2.8. exact PH ad- dicator-acidifier r u g n t  112,fI)l is 

added. Increasing the rtrengrh of the ti- 
trant and 
ture enable determination of the higher 
chloride concentrations common in 

sxd Mur.rrhoirr mdmrpir nun- 6. Inrqf..me: Bromide and iodide tim dchkde. ~ o m p i r r d  m rhb d Q m 
br & ~ y l ~ s  impiiianon are tikted with mercuric nitrate in the 
akarip. for mtamknm de. in mnmim same manner as chloride. Chromate. 
mr. n r h ~ m c m o d ~ m @ v n d b r p ; c - '  n o r ~ i m M q - a p l l r t l i a b i l ~ b i i n r n q e  ferric, and sulfite ions interfere when 
rmndp~am . p r m t  in excess of 10 mg/l.- 

0. AiUiplC: Chloride C3n be titraCCd and diphmylcarbamne is add& to a 

a h 1  1% Of the VOhme Of tlUant USCd blank and the smn&rd rimadon pro- 

the indicator 

ukrcd spta e.- N~ z,n4.w brm ir 

. 
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2. Reagents 

d. Standard sodiuiti c.bhridr 0.0 I .) I 

b. Nimkucid. HNOI.O.I~V. 
c. Sodium h~&midc, NaOH. 0. IN. 
d. Rta-zcntx fhr /oz'-dhd~ t h ? -  

N .  SceIllethod A.112dabovc. 

- tims: 

I ) Indicatm-&dijrr r ru tpr :  The 
nimc acid concentration of this reagent 
is an imporunt factor in the N C ~ S  of 
the determination and can be varied as 
indicated in a) or b) to suit the alkalinity 
range of the simple being tiated. Re- 
agent a) contains sufficient nitric acid to 
neutralize a total alkalinity of I f0  mg/l 
as CaCOi to the proper pH in a 100-ml 
sample. 

a) Dissolve. in the order named. 250 
mg s-diphrnylcarb;uone. 4.0 ml conc 
"01. and 30 mg xylene cyano1 FF in 
100 ml of 95% ahyl alcohol or isopro- 
pyl alcohol. Store in a dark bottle in a 
refrigerator. This reagent is not stable 
indefinitely. Deterioration causes a slow 
end point and high raulu.  

b) Because pH control is critical in 
chis method. adjust the pH of highly al- 
kaline or acid samples to 2.fkO.I with 
O.IN HNOi or NaOH. not with 
NazCOi. Use a pH meter with a non- 
chloride v p e  of reference elmrode for 
the p H  adjustment. If only the usual 
chloride-type reference elmrode is 
available for pH adjustment. determine 
the amount of acid or alkali required to 
achieve a p H  of 2 . 5 f O . l  and discard 
this wmple ponion. Treat a separate 
sample pomon with the- dacrmined 
amount of acid or alkali and continue 
the analvsis to its prescribed end. Under 
these circumstance. omit the nitric acid 
from the indicator reagenc to maintain 

thc proper sample pH. Altcrnariveiv. 
varv the nitric .acid concentration of the 
indicator-acidifier reagent to accommo- 
date conditions wherein water samples 
of verv high or very low allullinitv are 
being hnalyzed. 

2) S t m h d  mmuric nitrate tirrant. 
0.014iN: Dissolve 2.3 g Hg(N01)t or 
2.5 g Hg(N01)z-H-0 in 100 ml dis- 
tilled water containing 0.25 ml mnc 
"01. Dilute to just under 1 1. ,Make a 
preliminary standardization by follow- 
ing the procedure described in 73a. UK 
replicates containing f.00 ml standard 
NaCl solution and IO mg NaHCOi di- 
luted to 100 ml with distilled water. Ad- 
j u s  the mercuric nitrate titrant to cx- 
acdy 0.0141N and make a final 
standardization. Store away from the 
light in a dark bode. Standard mercuric 
n i a t e  titrant. utacrly 0.014IN. is 
equivalent to 700 

e. Rrawnts for b i v h c b l o ~  
fimrs: 

I )  Mired indicrrror reagent; Dissolve 
5 g diphcnylcarbatone powder and 0.5 
g bromphenol blue powder in 750 ml 
95% ahyl or isopropyl alcohol and di- 
lute to I I with ahyl or isopropyl alco- 
hol. 

2) Srrong i m h d  mrrnnic nirrate 
d m t .  O.I+IN: Dissolve ZS g 
H ~ ( N O I ) P H Z O  in 900 ml distilled wa- 
ter containing 5.0 ml conc "01. Di- 
lute to just under I 1. and perform a pre- 
liminary standardization by following 
the procedure described in 11 36. Use rcp- 
l ia ta .  containing 21.00 ml mndard 
NaCI solution and 25 ml distilled water. 
Adjust the t i a n t  to 0.141 Nand make a 
fiml nandkdization. The chloride 
quivalcj~cc of the titrant is 5.00 mg/ 
1 .@I ml. 

c1/ I .OO ml. 

- 
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3. Procedure 
a. Titration of low cbloridr conccn- 

nations: Use a 100-ml sample or 
smaller portion so that the chloride con- 
tent is less than I O  mg. 

Add 1.0 ml of indicator-acidiiier re- 
agent to rhe sample. (The color of the 
solution should be green-blue at this 
point. A light green indinres a p H  of 
less than 2.0: a pure blue indicates a p H  
of more than 3.8. For most pouble wa- 
rm.  the pH after this addition will be 
2 . 5 i O . I .  For highly alkaline or acid 
waters. adjust p H  to about 8 before add- 
ing the indicator-acidifier reagmt.) 

Tinare the created sample with 
0.0141N mercuric ninate tirrqnr to a 
definite purple end point. The solution 
will rum from green-blue to blue a few 
drops from the end point. 

Daermine the blank bv titrarine 100 
ml distilled water condining IO mg 
NaHCOi. 

b. Enation of bigb chloride concm- 
nmiuns: Place 50.0 ml sample in a 130- 
ml beaker (5.00 ml sample may be used 
when more than I ml titrant are 
needed). Add approximately 0.5 ml 
mixed indicator rugent and mix well. 
The color should bc purple. Add 0. IN 

H N O i  dropwise until the color just 
rums yellow. Titrate wirh 0.141N mer- 
curic nitrate tinant to the first per- 
manent dark purple. Tinare a distilled 
water blank using the same procedure. 

4. Calculation 
(A-B)XNX31.410 

mg/lCI - 
ml sample 

where A=ml titration for sample. B= 
ml tinarion for blank. and iV=normal- 
ity of HgtNOih. 

mg/lNaCI5mg/l CIX1.61 

5. Precis ion and Accuracy 
A synrheric unknown sample conrain- 

ing 241 mg/l chloride, 108 mg/l Ca, 
82 mg/l Mg. 3.1 mg/l K. 19.9 mg/l 
Na, 1.1 mg/l nirrate N. 0.25 mg/l ni- 
nice N. 219 mg/l sulfate. and 42.5 mg/ 
I tom1 alkalinity (contributed by 
NaHCOd in distilled water was ana- 
lyzed in IO labantorin by the mercuri- 
metric mcthd,  with a relative standard 
deviation of 3.3 % and a relative error of 
2.9%. 

.. 
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METHOD 5A. DETERMINATION OF PARTICULATE AND 
CONDENSIBLE ORGANIC MAlTER FROM STATIONARY SOURCES 

1. Applicability and Principle 

1.1 Applicability. This method applies to  the determination 

o f  particulate and condensible organic matter w i t h i n  the context of 

the following definition: "Particulate matter" means any finely 

divided solid or l i q u i d  material. other than uncombined water. tha t  

condenses a t  or above the f i l t ra t ion temperature. and is  collected by 

the front half of the sampling train.  

any material which remains a f te r  extraction, f i l t ra t ion.  and ambient 

eyaporation of  the ether-chloroform extract of the impinger portion 

of the train. 

"Condensible organic matter" means 

1.2 Principle. Particulate and condensible organic matter is withdrawn 

isokinetically from the source. Particulate matter i s  collected on a 

glass fiber filter maintained a t  temperatures of 120.+ - 14°C. o r  such 

other temperature as specified by an applicable subpart of the 

standards or by the Administrator for a particular application. 

The particulate mass is determined gravimetrically a f te r  removal of 

A uncombined water. Condensed organics are collected i n  the water-filled 

Greenburg-Smith impingers a t  temperatures less  than 20 - + 5°C. The 

condensed organics are analyzed gravimetrically a f te r  extraction from 

the water by ether and chlorofon. 
* 

6 
* 

Chloroform is a suspected carcinogen. The vapors o f  - ethy Y=-F e t  e r  are an explosion hazard. All work should be done under 
an explosion ,proof hood w i t h  the analyst protected from exposure to  these 
chemicals. Ether should not be retained beyond the container date; 
opened containers should not be stored for  more than six months. 
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2. ADparatus 

2.1 Samplfng Trafn. Same as Method 5, Sect ion 2.1, except the 

Greenburg-Smith system shall be used to  determine stack gas moisture 

content and condensible organic matter. In addition, before use, 

clean the impingers and f i l t e r  assembly w i t h  chromic acid cleaning 

solution followed by deionized dis t i l led water and 

acetone rinses. 

C 

2.2 Sample Recovery. Same as Method 5, Section 2.2. In addition, 

clean a l l  glassware used t o  handle the sample w i t h  chromic acid cleaning 

solut ion as described i n  Section 2.1. 

2.3 Analysis. Same a s  Method 5, Section 2.3, w i t h  the following 

additional items: 

D 2.3.1- Separatory Funnels. Two, lOOml capacity. 

2.3.2 Buchner Funnel. 47-m diameter. 

2.3.3 Erlenmeyer flask. 500-1111. 

3. Reagents 

3.1 Sampling and Sample Recovery. Same as Method 5, Sections 

3.1 and 3.2, respectively, w i t h  the following additions: 

3.1 .I Water. Deionized d ts t i l l ed  t o  conform t o  ASTM specification 

D1193-74, Type 3. Analyze blanks prior t o  f ie ld  use t o  eliminate a high 

b lank  on test samples. 

3.1.2 Chromlc Acfd Cleantng Solution. Prepare by slowly adding 

1 1f t e r  concentrated sulfuric acid, w i t h  s t i r r i n g ,  t o  35 m l  saturated 

.* sodium dichromate solutfon. HANDLE WITH CAUTION. 

3.2 Analysis. Same as Method 5. Section 3.3, except the following 

additfonal reagents are required for  the analysis. 
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3.2.1 Ethyl Ether. Reagent grade, - < 0.001 percent residue in 

suitable containers to retain low residue blank but still meet Safety 

requirements. 

3.2.2 Chloroform. Reagent grade, - < 0.001 percent residue, in glass 

botti es. 

3.2.3 Water. Deionized distilled as described in Section 3.1. 
3.2.4 Filters. 47-m diameter glass fiber filters as described 

in Method 5, Section 3.1 .l. 

3.2.5 Hydrochloric Acid, Concentrated. HANDLE WITH CAUTION. 

E 3.2.6 Sodium Hydroxide, 10 N. Dissolve 40 g NaOH in deionized 

distilled water and dilute to 100 ml. "OLE WITH CAUTION. 

4. Procedure 

4.1 Sampling. Same as Method 5, Section 4.1, except use deionized 

distilled water in the impingers. 

4.2 Sample Recovery. Same as Method 5, Section 4.2, with the 

addition of the following: 

4.2.1 Container No. 4 (Impinger Waterl. Treat the first three 

impingers as follows: 

liquid, cap off the inlet, and pour the liquid through the outlet into 

a graduated cylinder or directly into a tared sample contalner. Record 

the volume to within 5 1 .O ml or determine the liquid weight to within 

- + 0.5 g. 

Leaving each impinger intact to transfer the 

F 

After transferring the water and condensible organic matter to the 

sample container, tighten the lid on the sample container so that water 

will not leak out when it is shipped to the laboratory. Mark the 

height of the fluid level to determine later whether leakage occurred 

during transport. Label the container to clearly identify its contents. 
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4.2.2 Container Ne. 5 (Acetone WashL. After insurin(; biiat a l l  

joints of the impinger section glassware are wiped clean of silicone 

grease. rinse the insfde surfaces of the first three impingers and the glass 
G 

connecting j o i n t s  w i t h  acetone. Rinse a l l  surfaces three times or more 

i f  necessary to  remove visible particulate. A Nylon br is t le  brush may 

be used t o  fac i l i t a te  removal of any adhering material. 

After a11 acetone washlngs and particulate matter are collected i n  the 

sample container, tighten the l i d  on the sample container so that  acetone 

will not leak o u t  when i t  :s shipped to  the laboratory. Mark the heisht 

of the f l u i d  level t o  determine later whether leakage occurred during 

transport. Label container to  clearly identify its contents. 

4.2.3 Water Blank. Save a portion of the deionized d is t l l l ed  water 

used i n  the impfngers. Take 200 ml of  t h i s  water and place i t  i n  a glass 

sample container labeled "water blank." 

4.3 Analysis. Same as  Method 5, Section 4.3. In addition, 

handle Containers No. 4 and 5 as follows (an example data sheet is 

shown i n  Figure 5A-1): 

4.3.1 Container No. 4. Note level of l lquid i n  container and 

conffrm on analysls sheet whether leakage oacurred during transport. 

Measure the l i q u i d  i n  thls container either volumetrfcally t o  + 1 ml or 

graylmetrfca11y t o  2 0.5 9. Adjust the sample t o  a pH of  7 w i t h  hydrochloric 

actd o r  sodium hydroxide usfng short range 6 t o  8 pH paper. Transfer 

the contents t o  a separatory funnel. Extract the water w i t h  three 25-1111 

portions o f  ether, followed by three 25-1111 portions of chloroform. 

Gue t o  the flanrmabllity o f  ether and the health related effects o f  

chloroform, the use of these reagents should be carefully supervised.) 

Combtne the organlc phases i n  another separatory funnel and back extract 

- 
H 

(Note: 

:.. ., 



; ?lam 2 Dare 

ii*n xo. 4 AcatOM b h k  voIum*. mi 

6 Acatonm blank WMIIW~UM. mdma 
I 
I 
6 Acaione wadi vouma. mi 

ricstons wam mg a EC watw b h x  W I U ~ .  mi. 

Hater voluxe i n  i i i ipingers, ial 
E 4  wolh b&nk. ma 11 F i l t c r  no. 

-- 
WEIGHT O i  PAiiTICULATE COLLECTED, 

Illy . -  
L\UiVllIUL 'PINAL WEIOIIT 

t : t l N I A I N K I I  

I I I- I 

Less acaioila blank 

Weight of particulate matter 

I 
I1 
I 
I 
I 
I 

mn 0 

I 
I 
Iv 
I 
I 

LIQUID COLLECTED 

TOTAL VOLUME COLLECTED I 0'1 mi 

CONTAINER 

TOTAL 1 
Less E C  water blank 

' .Data corraaorl for uwtoiio blwk - .. 

VOLiJME OF LIQUID 
WA'I'I7ll COLLECTED 

IMI'INULill 1111 ICA I I C I .  
VOLUlVlEi WFIUIITr 

I'INAL 

-- . ~~~ 

CONvERT WEIGIiT OF WATER TO VOLLJME I1Y DIVIDING 
TOTAL WEIGI4T INCIiEASE IJY DCNSI'TY O F  W A T G I I  {ldntl). 

I Figure 5A-1. A n a l y t i c a l  data. 



I 
I 
1 
I 
'I 
1 
I I  

I 
I 
I 
I 
1 
I 
I\ 
I 
I 
I 
I 
I 

w i t h  100 ml o f  deionized dis t i l led wa'ter. The aqueous phase i s  not 

retained for analysfs. 

Fi l ter  the organic phase through a 47-m glass fiber f i l t e r  t o  

remove any particulates entrained i n  the solvent. Then. evaporate the 

fi l trate a t  ambient temperature and pressure u n t i l  the solvent appears  

evaporated. Desiccate the remaining residue for 24 hours, and weigh t o  a 

constant weight. Report the results t o  the nearest 0.1 mg. 

4.3.2 Container No. 5. Note level of l iqu id  I n  container and 

conffrm on ana7ysis sheet whether leakage occurred during transport. 

Measure the l iquid i n  t h i s  container either volumetrically t o  - + 7 ml 

or gravimetrkally to - + 0.5 g. Transfer the contents t o  a tared 250-1111 

beaker, and evaporate to  dryness a t  aribient temperature and pressure. 

Deslccate for 24 hours and weigh t o  a constant weight. Report the results 

t o  the nearest 0.1 mg. If more than 10 mg of residue I s  present, dissolve 

i n  25 ml  of ether followed by 25 ml chloroform. Combine the extracts 

and f i l t e r  Ulraugh a 47-m glass fiber f i l t e r  Into a tared 250-ml beaker. 

Evaporate t o  dryness a t  ambient temperature and pressure. Desiccate for 

24 hours and weigh to  a constant weight. Comblne w i t h  the weight 

obtained for Container No. 4 i n  Section 4.3.1. 

1 

4.3.3 Water-Ether-Chloroform Blank. Transfer 100 ml o f  water taken 

in the f ie ld  as a water blank in to  a separatory funnel. Extract the water 

wl th  three 25-7 portions of ether followed by t h r e e  25-ml portions of 

chloroform. Combine the organic extract in a tared container and evaporate 

the contents a t  ambient temperature and pressure. Desiccate for 24 hours 

and weigh to a constant weight. Report the results t o  the nearest 0.1 mg. 
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5. Calibratfsn 

Tie calfbrai:on procedures are the same as Nethod 5, Sxtion 5. 

6. C a ! c u ! t i i o n s  

All caicu:a;fans az i  niaezc:a:xe are tke szze as in Xatnod 5,  

Section 6, with the f~l7owing additions. 

6.1 Nomenclatwe. Add the following: 

'e = Ether-chloroform-water blank resfdue concentratfon, 

mg/ml . 
* Residue mass from acetone rinse o f  fmpingers after 

ether-chioroform extractton tcd evapcration, mg. 

Residue mass from EC extraction of  impinger water 

after evaporatfons, ag. 
= &tract restdue mass of water blank, mg. 

= Total amount of condensed organic matter collected, mg. 

= Volume of water blank USA i n  the EC extraction, ml. 

Volume of liquld collected in the impingers (see 
Figure 5A-1) , m l  . 
Total extracr residue mass o f  water blank, mg. 

"b 

"C 

me 

"0 

'e 

vww 

we 

6.2 Ether-Chloroform-Water Blank Concentration. 

me 
'e Eq. 5A-1 

. 
'e i. 'e 'Ww Eq. SA-2 

mo = mc + mb - Ne Eq. SA-3 



I 
I 
I 
I 
I 
I! 
I 
I 
I 
I 
I 
I 
I\ 
I 
I 
I 
I 
I 

6.5 Total Par t icu la te and Condensed Organic Matter Concentration. 

Eq. 5A-4 

7. Biblioqraphy 

7.1 Same as Method 5, Cftat ions 1 t o  9. 

7.2 NcGaughey, J . F . ,  and D.E. klagoner. Specfal Analyses o f  

Samples f r o m  Sinter  Plants i n  the I ron  and Steel Industry. Research 

Triangle Ins t i tu te .  Research Tr langle Park, N.C. July 1978. 

7.3 Evaluation o f  Sampling Techniques f o r  Sfnter ing i n  the 

I ron  and Steel Industry. A D ra f t  Report by PEDCo Environmental, Inc., 

11499 Chester Road, Cfnclnnati. Ohio 45246. 
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ANALYTICAL DATA 

FRONT H A L F  

ACETONE WASI OF N O ~ E  PROBE CYCLONE'I~YPAS, CONTAINER mz 

ALTERNUMBER CONTAINER me 

RASK, FRONT HALF OF FILTER HOLDER 

FRONT H A L F  SUBTOTAL m 

WPINGER CONTENTS AN0 WATER WASH OF 
IMPPINGERS, CONNECTORS, AND BAC 
HALF OF FILTER HOLDER d 

ACEIUNE WASn OF IMPINGERS, CONNECTDS 
AND BACX HALF OF ALTER HOLDER 

1 5 2  I M P I N Q E R -  bOq.7 
2nd I M P l d 6 e R  - 59B.O 
3 fd z).1etJ6BR - 61 0.0 

MOlSTU R E- 
I67PINGERS 
Artai VOLUME ml 
INITlAL VOLUME ml 
NET VOLUME ml 

tW.3 g 2%.1 e 
SILICA GEL 

ANAL WEIGHT 
e INITIAL WEIGHT & I .-: 

NET WEIGHT e e r TOTALhlOlSNRE 
. 

EPA a1 
4/72 



ANALYTICAL DATA 

PLANT ’ NECo comm 
DATE 17 /Ififf” 

SAMPLETYPE f.4-I O f I H C  

RUN NUMBER 24 

SAMPLING LOCATION aIO.vi;& SccLLLbW 

SAMPLEBOXNUMBER 

ACETONE W A S H  OF N O Z L E ,  PRO65 CYCLONE (BYPASS), CONTAINER 
FLASK. FRONT HALF OF f lLTER HOLOER 

FRONT HALF SUBTOTAL mg 

UdPlNGER CONTENTS AND WATER Y&OF COMAINER mg 

EXTRACnON mg 

CONTAINER mg 

BACK HALF SUBTOTAL mg 

TOTAL WEIGHT mg 

WINGERS, EIwRcHLOROFOI(IyI 

6 A\ 
ACETONE W A S H  

MOISTURE; 
\ 

WPlNCERs 
FiNAL VOLUME 
INITIAL VOLUME ml 
NET VOLUME ml 



ANALYTICAL DATA 

comm ASCQ 
PLANT 
DATE \ w g @  

SAMPLE TYPE ,wrJL 

CLEAN-UP MAN A C G  

SAMPLING LOCATION t c r u s  

RUN NUMBER 3 k  
SAMPLE BOX NUMBER 

Fi(k' $oKcQPs'4 C ' 3 k  *' 
FRONT HALF 4 \\ a~ 61%- reco& LABORATORY RESULTS 

ACETONE W S H  OF NOZZLE, PROBE CYCLONE (BYPASS). 
FLASK, FRONT HALF OF f lLTER HOLDER 

mm NUMBER 

BACK HALF 

WINGER CONTENTS AND WATER W A S H  OF 
IMPINGERS, CONNECTORS, AND BACK 
HALF OF mm HOUER 

ACEmNE WASH OF IMPINGERf CONNECTORS, 
AN0 BACX HALF OF FILTER HOLDER 

MOISTURE-, 

MPINGERS 
FINAL VOLUME 

NET VOUdE ml 
INITIAL VOLUME mi 

INfflAL Warn a L 
NET WEIGHT L 

CONTAINER rng 

CONTAINER rng 

FRONT HALF SUBTOTAL ml 

CONTAINER rm 
ETHERUILOROFORM 

MTRACnON mi 

CONTAINER rn 

BACK HALF SUBTOTAL m 
1 

TOTAL WEIGHT m 

- 6  
. 'LCZ.7 g g . 

L TOTAL MOlSNRE L 



ANALYTICAL DATA 

PLANT ' P(+SC3 CONWEFITS: 
D A T E  \ L ( i g @  
SAMPLING LOCATION F( r44- 

c h, (9 r,* 
RUN NUMBER 36 
SAMPLETYPE 

SAMPLEBOXNUMBER 

ACETONE W A S H  OF NOZZLE, PROBE CYCLONE (BYPASS). 
FLASK, FRONT H A L F  OF FILTER HOLDER 

FILTER NUMBER 

kJl 

s& 
F tyQ c dope 

BACK HALF 

WINGER COWTENTZ AND WATER WASH OF 
WINGERS, CONNECTORS, AND BACK 
HALF OF flLTER HOLDER 

ACEIUNE WASH OF IMPINGERS, CONNECTORS 
AND BACK H A L F  OF FILTER HOLDER 

LABORATORY RESULTS 

CONTAINER mg 

CONTAINER mg' 

FRONT HALF SUBTOTAL w 

CONTAINER mg 

MTRACnON mg 
ERiER-CHLOf2OFOm 

CONTAINER 

BACK HALF SUBTOTAL mg 

TOTAL WE1 GHT mg 



ANALYTICAL DATA 

COhUllW p~ AsCa 
PLANT 

SAMPUNG LOCATION 5 cq*4k 

DATE \z /\TKO 

SAMPLE l Y P E  CI? 
RUN NUMBER A 

ACaONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS). CONTAINER 
RASK. FRONT HALF OF FILTER HOLDER 

FRONT HALF SUBTOTAL me 

BACK HALF 

WINGER CONTENTS AND WATER WASH OF CONTAINER mg 

HALF OF FILTER HOLDER MTRACnOl w 
WINGERS, CONNECTORS, AN0 BACK ETHERCHLOROFORM 

ACEmNE WASH OF IMPINGERS, CONNECTORS, 
AND BACK HALF OF FILTER HOLDER 

CONTAINER me 

BACK HALF SUBTOTAL mz 
r 
I TOTAL WEIGHT mg 

MOISTURE 

FINAL VOLUME q i . 6  566-c1 r 7 g . L  
INITIAL VOLUME ml 
HET VOLUME ml 



ANALYTICAL DATA 

DATE \.?-r\qigo 

SAMPLE TYPE + 
RUN NUMBER L\ B 

CLEAN-UP MAN A c t  

. rCru4k SAMPLING LOCATION 

SAMPLE BOX NUMBER 

FRONT HALF 

ACETONE WASH OF N O W  PROBE, CYCLONE (BYPna); 
FLASK, FRONT HALF OF FILTER HOLDER 

RLTER NUMBER 7 d  

a 

BACK HALF 

WINGER C 0 " S  AND WATER WASH OF 
MPINGERS, CONNECTORS, AND BACK 
HALF O F  FILTER HOLDER 

A C m N E  W A S H  OF IWINGERS, CONNECTORS, 
AND BACK HALF OF FILTER HOLDER 

ULik 

CONTAINER me 

CONTAINER me 

i+  c j k - ~  me 
RONT HALF SUBTOTAL 

r 
1 

CONTAINER mi 

BACK HALF SUBTOTAL mi 
I I TOTAL WEIGHT mi 



I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
It 
I 
I 
I 
1.. 
I ... 



I 
I 
I 
I 
I 
I 
I 
I 
1. 
I 
I 
I 
I] 
I 
I 
I* 

I 2 Fr 5.d 0.0091 5 

... . . . .  

. . . . . . . . . . . . .  1 Si 
TL.. 
l-I 2s . . . .  

I 2 Fr 5.d 0.0091 5 

... . . . .  

. . . . . . . . . . . . .  1 Si 
TL.. 
l-I 2s . . . .  

. . . . . . .  . . . . . .  

3 A . F T  . . S d .  . .  o..o*q1 s... .. 

.. .- -s=-.- .. ~ .. 

. . . . . . .  . . . . . . . . .  .- . . . .  

. . .  . .  . . . . . . . .  . . . . . . . . . .  

. . .  . .  . . . . .  I _ .  . . . .  

S I  2s - 

T I  .. 5 
TI. 2s. - 

. .  . . _  ... - .  

3i3FS . . 5-22 . . . . . . . . .  0.03975 . . .  

. . .  

. . .  . . . . .  . .  

S i  L .  
5-L zs 
n - 5 . .  
TT 10 
T I  3 5. . .  

. . . . . . . .  . . . . .  

51 ....... aQo?lS - . . . . .  I " . '  

. .  

.. 

c.2 5 . . . . .  

.. ~ 

2% Y 3  

2. jc 
(2.20 

c. US 

u. rn 

I,6a 

Q. I 5  

~. 

2*,.-a 

Y.7 s 
c .  1 0  

-2.50 

$3.35 

11.60. 

.. 9 . 8 5  

e 1 

. . . . . .  

. . . . .  't..s.o 
0.- ~ 

. . .  2.. I 

0.w 

, . 1,80 

. . . . . .  2.90 

0.30 

c. 80 
. Q . O S  

.. 

0 3 5  

1 9 . 5 0  

+.-I 0 

0. I s 

......... i 

2. SS 

C.30 - 
3.13 

0.10 

- 



I 
I 
I 
I 
I 
1 
I 
I. 
I. 
I 
I 
I 
I 
I 
I 
I 

S d  2 0091 5 

2 5 .  :. . . . . . .  1 ..... 

S A  ~ 0 0 9 7  5.  . .  

. . . . .  1 .  
1 

10 

. .  IS ... . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

5dL . .  - .  c.aow 5 

1 '5  . . . . . . . . .  . . . . . . . . .  

... - 2 . 5  ......... ... . .  .- . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . .  . . . . . . . .  - 
.. 5. &L . ~ ~. .. o..pop7 5. .: . . . . . .  

5.3 :: 
c. 39 

5.3 0 

0.90 - 

.. 

..... 

. .  

2.m 
3 . 9 5  

1.00 . . .  

... _. . . . . . . . .  

I .SO 

. . .  3.Q 5 

0.2 0 . . . .  

1.7s 

3.so. 
.0.9 0 .... 

I . .SQ 

-3.- 
.. 0.w _. 

.. - . .  . 

. . .  

.3B +LL. 
. . . . .  

3.1 5 ............ 

0 .25  I . . . . . . .  

-5. l .Q 
I 3 w  2s.. . . . . . . . . . . .  c. ..... QTLS 

1 0  &.~. I 
..... ..O..QOS?.s. ............... %!s . . . .  9.15 . . . . . .  , 

-. L... ..... . . . . .  - .  . .  ' .  - ...... i 2s . . . . . . .  a 5s c 5 0  
I 
I 

...... 9%. . cpL .  ..... 
. -?w . 

... 
.... 0.5.5 2s. . . . . . . . .  .. ..... - .  . a y z  . .  ! 

. . . . . . . .  - . . . . . . . . . . . .  

S d L  0. c 3 q l z  7-33 . 7.30 

. . . . . . . . .  .- ....... 

. . . . . . . . . . .  . .  

...... . . . . . . . . . .  

. . . . .  ........... 

. .  

1-70 . . . . . . . . . . .  1.65 

2.30 L43 
9.10 . . . .  7.00 

?.to 

\.lo r,7s 
0. \3 a10 

. 0.1s 0. I 5 
0. 15 0. {a 
0.1s 0. 

. . . .  

. ~. . 8. IO 

. . . . . . . . . . . . . . . . .  

. .  

....... . .  

2 5  
5 
2s 
\o 

.- 



I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 

APPENDIX F 

ByDT(OcARB0NS FIELD DATA S " S  
AND STRIP mAms 

I 

I 

I 
I 

I 

I 
I 
1 
I 
I 

! 

I 

i 

I: 

I 

I. 

I 

I 
I 

, - 





.. 

I " .  

I 

. 

. 

h 

_... . . . . ... - 





, .. . .  . -  . 



ANALYTICAL DATA 

PLANT &+SO 
DATE -2 I \?/go 
SAblPUNG LOCATION &A34 

SAMPLE TYPE br c3 ce J & L A  
RUN NUMBER 'L 

CLEANUP MAN ,Q& 
SAMPLE BOX NUMBER 

FRONT HALF 

ACETONE WASH OF NOZZlE, PROBE, CYCLONE (BYPASS), 
RASK. FRONT H A L F  OF FILTER HOUER 

'FILTERNUMBER ,- "OL,L 

i z L  
G\kr & C G C d t 4  b 

r t c o d r  ~ 5 - 4 -  

BACK HALF 

WINGER C 0 " T S  AND WATER WASH OF 
WINGERS, CONNECTORS, AND BACK 
HALF OF FILTER HOLDER 

A C m N E  W A S H  OF IMPINGERS. CONNECTORS, 
AND BACK HALF O f  FILTER HOUER 

comm 

LABORATORY RESULTS 

CONTAINER 

CONTAINER mr 

FRONT HALF SUBTOTAL w 

CONTAINER mi 
€iHER~LOROFO~ 

EXTRACTION mg 

CONTAINER m i  

BACK HALF SUBTOTAL mi 
1 I TOTAL WEIGHT ml 
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ANALYTICAL DATA 

J 
RUNNUMBER 1 
SAMPLE BOX NUMBER 
CLEAN-UP MAN A C G  

FRONT HALF 

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPAS. 
FLASK, FRONT HALF OF ALTER HOLDER 

mm NUMBER 7 7 2  

MOISTURE 

WPINGERS 
ANAL VOLUME ml 
INlTlAL VOLUME mI 
NET VOLUME Ill 

comm 

LABORATORY RESULTS 

CONTAINER mg 

BACK HALF SUBTOTAL mg 
I I TOTAL WEIGHT mg 

-2 : .  

6 0  \.% 
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%-I. if roo .y 
4 ? 

E P A O Z I  
4/72 
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R u n  No./FLlter No. 
F i l t e r .  Gross Ut. ,  s I 
Initid Ut., 4 I I 
$et ut., 4 I ! 
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ENGIMERZNG-SCIENCE 

RESIDUE WEIGHT Acetone Back Half . 

RESIDUE WEIGXT Acetone Probe Wash 
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