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ABSTRACT 

The inc reased  concerns o f  t h e  u l t i m a t e  f a t e  o f  hazardous waste l eacha te  

con tamina t ion  o f  t h e  groundwater system has c a l l e d  f o r  t h e  p roper  e v a l u a t i o n  of  

o r g a n i c  and i n o r g a n i c  compounds e x i s t i n g  i n  t h e  groundwater system. 

r e q u i r e s :  

v a r i o u s  o r g a n i c  and i n o r g a n i c  compounds, and 3)  recommendation o f  key  parameters f o r  

o p e r a t i o n a l  groundwater m o n i t o r i n g  programs. 

The e v a l u a t i o n  

1 )  s i t e - s p e c i f i c  groundwater c h a r a c t e r i z a t i o n ,  2 )  l a b o r a t o r y  a n a l y s i s  o f  

INTRODUCTION 

The Resource Conserva t ion  and Recovery A c t  o f  1976, as amended (RCRA), d i r e c t s  t h e  

U n i t e d  S t a t e s  Env i ronmenta l  P r o t e c t i o n  Agency (USEPA) t o  p romulga te  r e g u l a t i o n s  t o  

p r o t e c t  human h e a l t h  and t h e  environment f rom t h e  improper management o f  hazardous 

waste. The goa l  i s  t o  e s t a b l i s h  a n a t i o n a l  program t o  improve s o l i d  waste management, 

i n c l u d i n g  c o n t r o l  o f  hazardous waste, t h e  promot ion  o f  resource  conserva t i on  and 

recove ry  and t h e  es tab l i shmen t  o f  env i ronmen ta l l y  sound s o l i d  waste d i s p o s a l  p r a c t i c e s .  

The f i n a l  r u l e  as adopted on May 19, 1980 has c a l l e d  f o r  d e t a i l  e v a l u a t i o n  o f  t h e  

groundwater system l o c a t e d  i n  t h e  genera l  v i c i n i t y  o f  t h e  hazardous waste management 

s i t e  and requ i rement  o f  l ong - te rm m o n i t o r i n g  programs. 

groundwater e v a l u a t i o n  and m o n i t o r i n g  s tandards  t o  p r o t e c t  groundwater resources  from 

p r a c t i c e s  t h a t  may t h r e a t e n  t o  contaminate  them. 

es tab l i shmen t  of  groundwater b a s e l i n e  parameters (phys io -chemica l  , organ ic  and 

i n o r g a n i c  parameters) and t h e  recommendation o f  o p e r a t i o n a l  m o n i t o r i n g  programs a re  

d iscussed.  

The purpose o f  t h i s  paper i s  t o  d i scuss  t h e  g e n e r a l l y  accep tab le  methods o f  

The method o f  e v a l u a t i o n ,  

SITE SPECIFIC GROUNDWATER CHARACTERIZATION 

The c h a r a c t e r i z a t i o n  o f  t h e  groundwater system u n d e r l y i n g  a hazardous waste 

management s i t e  o f t e n  c a l l s  f o r  a w e l l  d r i l l i n g  and t e s t i n g  program f o r  t h e  
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i d e n t i f i c a t i o n  o f  aqu i fe r ,  aqui tard,  aquiclude and the  unsaturated zone beneath the 

land surface. I n  general., the eva lua t i on  inc ludes w e l l  i nven to ry  o f  e x i s t i n g  w e l l s  

and abandoned w e l l s  f o r  usage and general completion records. The area o f  coverage 

ranges from a 1 t o  5 m i l e  rad ius  o f  the s i t e  and t o  a maximum depth o f  about 1000 feet 

o r  t o  the base o f  any a q u i f e r  con ta in ing  decent q u a l i t y  water. 

The second step o f  the eva lua t i on  i s  t o  design and conduct a basel ine groundwater 

moni tor ing program. 

zone, aquifers and sometimes aqui tards i n d i v i d u a l l y .  

w e l l s  should s t ress  the  downgradient d i r e c t i o n .  

downgradient w e l l s  t o  one upgradient w e l l  should s u f f i c e  f o r  each aqu i fe r .  

s p a t i a l  d i s t r i b u t i o n  depends on the  s i t e  geohydrologic cond i t i ons  and the s i z e  o f  the 

hazardous waste management f a c i l i t i e s .  

cover seasonal f l u c t u a t i o n  over a pe r iod  o f  a year o r  more. 

moni tor ing i s  acceptable., 

parameters are genera l l y  acceptable t o  most agencies. 

Laboratory Analysis Parameters f o r  Groundwater Samples: 

Mon i to r i ng  w e l l s  should be const ructed t o  moni tor  the unsaturated 

The l o c a t i o n  o f  placement o f  the 

Usually, a r a t i o  o f  two t o  th ree  

The 

Frequency o f  mon i to r i ng  groundwater should 

I n  general, q u a r t e r l y  

For the  basel ine mon i to r i ng  program, the  f o l l o w i n g  l i s t  of 

Class ica l  Const i tuents  

PH 
Temperature 
Color 
T u r b i d i t y  
S p e c i f i c  conductance 
To ta l  d isso lved s o l i d s  
Se t t l eab le  s o l i d s  
To ta l  suspended s o l i d s  
To ta l  v o l a t i l e  s o l i d s  
Kje ldahl  n i t rogen  
Ammonia n i t rogen  
N i t r a t e s  and n i t r i t e s  
Tot a1 phosphorous 

Major Cations/Anions 

Potassium 
Sodi um 
Magnesi um 
Calcium 

Orthophosphates 
F1 u o r i  de 
Cyanide 
D i  ssol ved organic  carbon 
To ta l  ch lo r i na ted  hydrocarbons 
Phenolic compounds 
O i l  and grease 
BOD (by d e l t a  COD o r  l ong  term BOD) 
COD 
Hardness 
A1 k a l  i n i  t y  
Dissolved s i l i c a  
Cation/anion balance 

Su l fa tes  
Bicarbonates, carbonates 
Chlor ide 

Se lec t i ve  Trace Metals 
Bac te r io log i ca l  Parameters 
Radio log ica l  Parameters 
Trace Organics 
GC/HS scanning o f  v o l a t i l e s ,  a c i d  ext ractable,  base/neutral ex t rac tab le  
and pesticides/PCB's 

The t h i r d  step o f  the eva lua t i on  genera l l y  i nvo l ves  the s e l e c t i o n  o f  a competent 

a n a l y t i c a l  laboratory .  

c r i t e r i a :  

The labo ra to ry  t o  be se lected should meet the  f o l l o w i n g  

o a c e r t i f i e d  l abo ra to ry  
o q u a l i t y  con t ro l  and assurance program 
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o 
o tu rn-around t i m e  o f  q u a l i t y  a n a l y t i c a l  r e s u l t s  
o c o m p e t i t i v e  p r i c i n g  
o completeness o f  a n a l y t i c a l  c a p a b i l i t y  
o 

l a b o r a t o r y  c a p a c i t y  f o r  h a n d l i n g  l a r g e  number o f  samples 

r e l a t i v e  d i s t a n c e  o f  l a b o r a t o r y  t o  t h e  p r o j e c t  s i t e  

The f o u r t h  s tep  o f  t h e  e v a l u a t i o n  i s  t o  conduct t h e  mon i to r i ng ,  sampl ing  and 

a n a l y t i c a l  program i n  accordance w i t h  v a r i o u s  s tandards  and procedures on sampl ing 

techn iques ,  sample p r e s e r v a t i o n  and shipment,  l a b o r a t o r y  procedures,  c h a i n  o f  cus tody  

c o n t r o l ,  and r e p o r t i n g  procedures.  

i n  d e t a i l  i n  re fe rences  1 th rough 8. 

Most o f  t h e  s tandards  and procedures a r e  descr ibed 

LABORATORY ANALYSIS OF ORGANIC/INORGANIC CONSTITUENTS 

The l a b o r a t o r y  a n a l y s i s  o f  groundwater samples can be c l a s s i f i e d  under the  

f o l l o w i n g  c a t e g o r i e s :  

o C l a s s i c a l  C o n s t i t u e n t s  
o Ma jo r  Cat ions /An ions  
o Trace Me ta l s  
o B a c t e r i o l o g i c a l  Parameters 
o R a d i o l o g i c a l  Parameters 
o Trace Organ ics  

Most o f  t h e  above c a t e g o r i e s  can be analyzed by methods e s t a b l i s h e d  i n  references 2 

th rough 8. The a n a l y s i s  o f  t r a c e  o rgan ics  has been a ma jo r  cha l l enge  t o  

geohydro log i s t s  because s t a t e - o f - t h e - a r t  knowledge has been e s t a b l i s h e d  o n l y  i n  

recen t  years .  For  t h e  a n a l y s i s  o f  t r a c e  o rgan ics  c o n s t i t u e n t s  i n  groundwater samples, 

t h e  a n a l y t i c a l  t echn ique  shou ld  meet t h e  f o l l o w i n g  c r i t e r i a :  

o 
o I d e n t i f i c a t i o n s  w i t h  l i t t l e  p o s s i b i l i t y  o f  f a l s e  p o s i t i v e s  
o P r e c i s e  q u a n t i t a t i o n  (A 10%) 
o Computer a s s i s t e d  da ta  h a n d l i n g  
o Use g e n e r a l l y  a v a i l a b l e  i n s t r u m e n t a t i o n  

Fas t  a n a l y s i s  o f  a mult i -component m i x t u r e  

The techn iques  employed i n  t h e  mid-1960's used r e l a t i v e l y  i nexpens ive  equipment 

(GC, I R ,  UV, e t c . )  and f o l l o w e d  d e t a i l e d ,  l a b o r - i n t e n s i v e  chemical  procedures.  These 

approaches had seve ra l  drawbacks. Unless t h e  a n a l y s t  had p r i o r  knowledge o f  t h e  

compounds t h a t  were l i k e l y  t o  be p resen t  i n  a sample, t hey  p robab ly  c o u l d  no t  be 

i d e n t i f i e d  i n  t h e  ana lyzed sample. 

compounds o f  i n t e r e s t ,  hundreds o f  procedures wou ld  have t o  be developed and tes ted .  

S c i e n t i s t s  r e a l i z e d  t h a t  more genera l  methods o f  a n a l y s i s  w i t h  h i g h  i n f o r m a t i o n  

con ten t  were r e q u i r e d  i f  l a r g e - s c a l e  env i ronmenta l  assessment and m o n i t o r i n g  programs 

were t o  be conducted. The combina t ion  o f  gas chromatography and mass spec t romet ry  

(GC/MS) developed i n  t h e  m id - l960 ' s ,  combined w i t h  t h e  i n t r o d u c t i o n  o f  t h e  m i n i -  

computer-based da ta  systems w i t h  t h e  a b i l i t y  t o  u t i l i z e  t h e  h i g h  volume ou tpu t  of 

da ta  f rom a GC/MS system, q u i c k l y  r e v o l u t i o n i z e d  t h e  f i e l d  o f  t r a c e  o rgan ic  ana lys is .  

The u t i l i z a t i o n  o f  GC/MS f o r  env i ronmenta l  a n a l y s i s  s u b s t a n t i a l l y  inc reased the  

c a p a c i t y  o f  a l a b o r a t o r y  t o  hand le  l a r g e  numbers o f  samples, and t o  i d e n t i f y  o rgan ic  

compounds r e l i a b l y .  

Also,  i n  o r d e r  t o  i n c l u d e  a l l  s i g n i f i c a n t  
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The a n a l y s i s  o f  t h e  o r g a n i c  c o n s t i t u e n t s  i n  a wa te r  sample i n v o l v e s  4 s teps :  

1 )  E x t r a c t i o n  and c o n c e n t r a t i o n  
2 )  Chromatography t b  separa te  i n d i v i d u a l  compounds 
3) Mass s p e c t r a l  a n a l y s i s  
4) Data i n t e r p r e t a t i o n  

One o f  two e x t r a c t i o n  techn iques  a r e  used depending on t h e  sample c o n s t i t u e n t s  

be ing  analyzed. 

an i n e r t  gas and concen t ra ted  on a polymer t r a p .  

a r e  e x t r a c t e d  by methylene c h l o r i d e  and concen t ra ted  by s o l v e n t  d i s t i l l a t i o n .  

f o r  t h e  separa t i on  o f  s o l v e n t  e x t r a c t a b l e  compounds. 

p r i o r i t y  p o l l u t a n t  ( r e f .  7 )  l i s t  can be separa ted  i n  l e s s  than  45 minu tes .  Due t o  the 

i n e r t n e s s  o f  f used  s i l i c a  and t h e  h i g h  r e s o l u t i o n  columns a v a i l a b l e ,  a c i d i c ,  b a s i c  and 

n e u t r a l  compounds can be ana lyzed i n  a s i n g l e  i n j e c t i o n .  

SPlOOO o r  Carbowax 1500 on Carbopak C column i s  used t o  separa te  t h e  v o l a t i l e  

compounds. V o l a t i l e  compounds r o u t i n e l y  ana lyzed range f rom chloromethane t o  

d ich lo robenzene i n  v o l a t i l i t y  and a r e  u s u a l l y  c h l o r i n a t e d  hydrocarbons. 

E l e c t r o n  impact  mass spec t romet ry  i s  used f o r  ove r  90% o f  a l l  GC/MS a n a l y s i s  i n  

env i ronmenta l  mon i to r i ng .  I n  a d d i t i o n ,  t h e  v a s t  m a j o r i t y  o f  MS systems a r e  low 

r e s o l u t i o n  quadrupo le  i ns t rumen ts  w i t h  a mass range o f  4-1000. H igh  r e s o l u t i o n  

c a p i l l a r y  columns produce GC peak w i d t h s  o f  l e s s  than  4 seconds and MS scan speeds of 

up t o  1500 amu/second a r e  r e q u i r e d  t o  o b t a i n  a t  l e a s t  8-10 scans across  t h e  peak. 

p r e c i s e  q u a n t i t a t i o n ,  a t  l e a s t  10 scans across  a peak i s  u s u a l l y  requ i red .  

T y p i c a l  d e t e c t i o n  l i m i t s  f o r  v o l a t i l e  o rgan ics  a r e  200 p a r t s - p e r - t r i l l i o n  t o  1 

p a r t - p e r - b i l l i o n  (ppb) depending on t h e  compound. D e t e c t i o n  l i m i t s  f o r  s o l v e n t  

e x t r a c t a b l e  compounds a r e  1-5  ppb. 

l i m i t  and can r a i s e  l i m i t s  by seve ra l  o r d e r s  o f  magnitude. 

The F inn igan  OW/@ (Sunnyvale, C a l i f o r n i a ,  USA) i s  an example o f  a computer ized 

GC/MS designed w i t h  hardware and so f tware  f e a t u r e s  o p t i m i z e d  f o r  o rgan ics - in -wa te r  

a n a l y s i s .  T h i s  system i s  equipped w i t h  a Be l l a r -Lech tenberg  ( r e f .  8) l i q u i d  sample 

concen t ra to r  (LSC) developed f o r  t h e  Environmental  M o n i t o r i n g  and Support  Labora to ry  

o f  t h e  U.S. Environmental  P r o t e c t i o n  Agency (EPA). T h i s  LSC dev ice  automates purg ing  

and a n a l y s i s  o f  v o l a t i l e  o rgan ics  i n  water .  

compound i d e n t i f i c a t i o n  and q u a n t i t a t i o n  u s i n g  a m u l t i - p o i n t  response cu rve  makes t h i s  

t h e  p r e f e r r e d  system f o r  GC/MS env i ronmenta l  mon i to r i ng .  

The a n a l y s i s  o f  a s i n g l e  wa te r  sample may r e q u i r e  o n l y  45 minu tes  t o  c o l l e c t  t h e  

da ta ,  b u t  many hours w i l l  be spent  pe r fo rm ing  t h e  d a t a  r e d u c t i o n .  The r e d u c t i o n  o f  

mass s p e c t r a l  da ta  g e n e r a l l y  t akes  two forms: 

compounds and su rvey ing  t h e  sample t o  i d e n t i f y  a l l  o r  p a r t  o f  t h e  compounds present .  

Search ing  f o r  s e l e c t e d  compounds i s  r e f e r r e d  t o  as t a r g e t  compound a n a l y s i s  w i t h  t h e  

s e l e c t e d  compounds t h e  t a r g e t s .  

V o l a t i l e  non-water s o l u b l e  compounds a r e  purged f rom t h e  sample w i t h  

H igher  b o i l i n g  (>200°C) compounds 

The s t a t e - o f - t h e - a r t  i n  GC a n a l y s i s  employs a 30 mete r  SE-54 fused  s i l i c a  column 

Over 80 compounds on t h e  USEPA 

A 2 meter  x 2 mm i . d .  0.2% 

For 

Sample m a t r i x  has a g r e a t  e f f e c t  on t h e  d e t e c t i o n  

Sof tware  t h a t  automates t h e  process of  

sea rch ing  f o r  a p r e s e l e c t e d  l i s t  of  
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A t a r g e t  compound ana lys i s  report  produced by the Finnigan OWA GC/MS has three 
par t s  (Figures l a ,  l b ,  and l c ) .  Par t  A (Figure l a )  i s  a reconstructed ion 
chromatogram. T h i s  gives the ana lys t  d p i c t u r e  of  the t o t a l  data  f i l e  and i s  
normally included i n  the labora tory’s  s torage  f i l e s .  

l i b r a r y  w i t h  their en t ry  numbers and the quant i f ica t ion  repor t .  
i s  not de tec ted ,  a NOT FOUND i s  p r in ted  i n  the  repor t .  

a l l  of the data  needed t o  evaluate  t h e  chromatography (expected scan) spec t ra l  match 
q u a l i t y  ( f i t  and pur i ty)  and t h e  q u a n t i t a t i v e  ana lys i s  (number of  peaks sa tura ted) .  
Based on the information contained i n  t h i s  r e p o r t ,  the  ana lys t  can determine i f  any 
manual confirmation i s  needed. 

automatical ly  i d e n t i f i e s  the t a r g e t  compounds ( l i s t e d  i n  f i g .  l b )  and performs the 
quant i ta t ion  without operator  i n t e r a c t i o n .  A laboratory operat ing on an 8 hour s h i f t  
and using the Finnigan developed software could analyze 8-10 samples f o r  80 compounds. 

Par t  B contains  the  names o f  a l l  the t a r g e t  compounds i n  the quant i f ica t ion  
I f  a t a r g e t  compound 

T h i s  repor t  provides the ana lys t  with Par t  C i s  the reverse search s t a t u s  repor t .  

A repor t  of  t h i s  type requi res  l e s s  than 15 minutes t o  generate. The data  system 

RECOMMENDATION OF OPERATIONAL MONITORING PROGRAM 
The f i n a l  compilation of chemical parameters f o r  the  basel ine groundwater 

monitoring program wi l l  show s p a t i a l  d i s t r i b u t i o n  with time and v a r i a t i o n s  of 
concentrat ions.  With the  knowledge of  the an t ic ipa ted  leachate  chemical composition 
(derived from waste composition and t ranspor t  media), a key l i s t  of organic and 
inorganic compounds and sampling frequency can then be recommended f o r  the  
operat ional  groundwater monitoring program f o r  maximum protect ion of the groundwater 
system involved. 
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