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ABSTRACT 

A method &. .presented f o r  t h e  determination of mercury i n  a v a r i e t y  
of inorganic and organic samples. After  se lec ted  pretreatments,  t h e  
mercury d i th izona te  complex i s  ext rac ted  from an EDTA-citrate medium 
i n t o  chloroform, t h e  absorbance o f .  which i s  measured a t  495 mp. 

The e f f e c t s  of 35 metal ions and 8 nonmetal anions have been studied.  
Only s i l v e r ( 1 )  i n t e r f e r e s  a t  l e s s  than a 50 t o  1 molar r a t i o .  



SUMMARY 

Three d i f f e r e n t  pretreatments followed by a spectrophotometric 
method have been developed t o  determine mercury a t  microgram l e v e l s  i n  
a v a r i e t y  of inorganic a.nEl, organic solut ions  and s o l i d s .  Inorgarlic 
solut ions  a r e  reacted  with hot  n i t r i c  ac id  t o  oxidize  mercury t o  t h e  
(11 ) '  oxidation s t a t e .  Inorganic s o l i d s  a r e  dissolved i n  ac ids  o r  fused 
with potassium pyrosulfa te .  Organic mate r i a l s  or  inorganic mater ia ls  
t h a t  conta in  organic matter  a r e  d iges ted  with a n i t r i c - s u l f u r i c  ac id  
mixture. 

I n  t h e  spectrophotometric method,.the mercury( l l )  d i th izone complex 
is  ext rac ted  i n t o  chloroform and measured a t  495 mp. A s i n g l e  ex t rac t ion  
of t h e  complex from an EDTA-citrate masking medium is  s u f f i c i e n t  when t h e  
concentrat ions of copper and s i l v e r  a r e  below es tabl ished l i m i t s .  A 
double ex t rac t ion  increases  t h e  to lerance  f o r  copper.. I n  t h i s  double 
ex t rac t ion  procedure, t h e  complex i s  ext rac ted  i n t o  chloroform from 
e i t h e r  an ac id ic  (10.75 N), medium or t h e  EDTA-citrate masking. medium a t  
pH 2.8520.35. Mercury s t r ipped  from t h e  chloroform phase wi th  an 
. a c i d i c  n i t r i t e  so lu t ion ,  t h e  n i t r i t e  is  destroyed with hydroxylamine and 
a n i l i n e ,  and mercury( l l )  dith.izonate i s  ext rac ted  a second time i n t o  
chloroform. 

The m e t h 0 d . i ~  highly s e l e c t i v e .  Of 35 metal ions and 8 nonmetal 
anions s tudied i n  t h e  double ex t rac t  ion procedure, only s i l v e r  ( I  ) 
i n t e r f e r e s  a t  a m o l a r . r a t i o  t o  mercury below 50 t o  1. 
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INTRODUCTION 

In  a processing plant  f o r  t he  recovery of uranium from i r r ad i a t ed  
nuclear f ue l s ,  a va r i e ty  of samples which contain mercury is  analyzed. ' 

The mercury usually i s  introduced as  mercury(11) n i t r a t e  t o  catalyze t he  
n i t r i c  acid  dissolut ion of aluminum clad fuels.. Samples include t h e  
dissolut ion reagent, t h e  dissolved f u e l  a t  various stages i n  t h e  l a n t  
process, waste streams, and streams from the  calc inat ion process .71) I n  
the  calc inat ion process, t h e  l i qu id  waste i s  converted t o  micron-size 
so l i d  pa r t i c l e s  by f lu idized bed evaporation. .During t h i s  process, 
mercury tends t o  v o l a t i l i z e  t o  t he  environs. Vegetation samples of ten 
a r e  analyzed f o r  mercury t o  monitor f o r  t h e . r e l e a s e  of mercury. I n  
addi t ion,  miscellaneous samples of pa in t s ,  inks ,  cardboards, and p l a s t i c s  
a r e  analyzed. 

EXPERIMENTAL AND DISCUSSION 

In  general ,  t h e  extraction-spectrophotometric method i s  patterned 
a f t e r  a B r i t i sh  method. ( 2 )  Some of t he  apparatus and several  d e t a i l s  of 
t h e  method have been changed. The major .e f fo r t  w a s  t h e  development of 
pretreatment procedures fo r  various inorganic and organic samples t o  
increase ve r sa t i l i t y . .  The pretreatments and t he  extraction-spectrophoto- 
metric method a r e  schematically diagrammed i n  Figure I and t he  de ta i l ed  
procedure i s  given i n  t h e  Appendix. 

Inorganic solut ions  a re  heated with n i t r i c  acid  t o  make ce r t a in  a l l  
t he  mercury i s  i n  t he  (11) oxidation s t a t e .  The oxidation s t e p  i s  done 
i n  a t e s t  tube heated i n  a hot water bath. 

Inorganic so l ids  a r e  fused with potassium pyrosulfate i n  a quartz 
tube with a water-condenser r e f l ux  sec' l io~i.  During t h e  fus ion,  much of 
the  mercury v o l a t i l i z e s  as  f r e e  mercury or as mercury compounds i n to  t he  
condenser and must be returned t o  t h e  tube. To accomplish t h i s ,  t h e  
condenser water i s  turned off  u n t i l  t h e . l e v e 1  of ref luxing n i t r i c  ac id  
nearly.reaches t h e  top  of t h e  condenser a t  which time it i s  turned on and 
t h e  heating i s  continued u n t i l  t h e  melt d issolves .  

Organic materials  and.aqueous solut ions  which contain organic 
materials  a r e  digested with a mixture of n i t r i c .  ac id  and s u l w i c  ac id  
i n  t he  apparatus pictured i n  Figure A-1 i n  t he  Appendix. With t h i s  
apparatus, t h e  n i t r i c  a,cid. which . d i s t i l l s  from t h e  digestion f l a s k  may 
be returned t o  t he  f l a s k ' a s  required. 

I n  a l l  th ree  pretreatment procedures, precautions must be taken t o  
prevent t he  l o s s  of mercury compounds, many of which v o l a t i l i z e  from 
heated solutions.  Using a Hg-203 t r a c e r ,  losses  of about 8% were obtained 
when organic materials  were digested i n  t h e  apparatus described by t h e  
Br i t i sh  workers.(2) The addit ion of a vapor t r a p ,  shown i n  FigureA-1 
of t he  Appendix, gives quant i ta t ive  recovery of mercury. 
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The resu l t ing  solut ions  from a l l  the. pretreatment procedures a r e  
analyzed by an extraction-spectrophotometric method based on t h e  extrac- 
t i o n  of mercury(11) di th izonate  i n to  chloroform. A s ing le  extract ion 
s a t i s f a c t o r i l y  separates mercury from a l l  t h e  cat ions  studied 'except 
copper and s i l v e r  a t  molar r a t i o s  t o  mercury of 150 t o  1 and 0 . 1 t o  1, 
respect ively  . 

I n  t h e  s ingle  extract ion procedure, hydroxylamine is  added t o  t h e  
solut ion from t h e  sample pretreatment t o  destroy n i t r i t e .  Aniline then 
i s  added t o  destroy t he  l a s t  t r a ce s  ,of n i t r i t e  including any n i t r i t e  
t h a t  forms from n i t r i c  oxide. An EDTA-citrate buffer-complexer solut ion 
i s  added, and t h e  pH i s  adjusted t o  2.8520.35 with concentrated a~nmonium 
hydroxide and a  chloroform solut ion of dithizone is  added. After  extrac- 
t i o n ,  t h e  absorbance of t he  complex i n  t he  separated chloroform phase i s  
measured a t  495 mp. 

I n  t he  double extract ion procedure, t h e  mercury f i r s t  i s  separated 
from most other cat ions  by extract ion i n to  chloroform a s  t h e  dithizone 
complex from an acidic  solut ion ( 1 0 . 7 5 ~ ) .  The mercury i s  s t r ipped  from 
the  chloroform phase 'with sodium n i t r iFe  and hydrochloric acid.  Most 
of t h e  excess n i t r i t e  then i s  destroyed with hydroxylamine. Aniline i s  
added ' to destroy t h e  l a s t  t r a ce s  of n i t r i t e  and EDTA-citrate solut ion 
i s  added. The pH i s  adjusted t o  2.8520.35 'with sodium hydroxide, t he  
dithizone-chloroform solut ion i s  added, and t h e  mercury(11) dithizone 
complex i s  extracted i n to  'chloroform f o r  measurement a t  495 mp . 

Variables i n  t h e  Spectrophotometric Method 

Extraction Aciditx. , To- ex t rac t  mercury quan t i t a t ive ly  from ac id ic  
solut ions ,  t he  maximum ac id i ty  i s  0.75g. When'an EDTA solut ion i s  used, 
t h e  p r ac t i c a l  pH range i s  2.5 t o  3.2. Below pH 2.5, EDTA p r ec ip i t a t e s .  
Above pH 3.2, t he  extract ion of mercury i s  incomplete. 

EDTA-Citrate. Level. Neither t h e  extract ion n o r ' t h e  color in tens i ty  
of t he  m e r , c ~ y ( ~ ~ )  dithizone comp1ex. i~  adversely a f fec ted  when up t o  
15  m l  of t he  ~ T A - c i t r a t e  masking solut ion i s  used i n  t h e  aqueous phase. 

Stripping Conditions. Mercury i s  s t r ipped quan t i t a t ive ly  from the  
chloroform phase with 0.5 t o  1 .5  mmole of sodium n i t r a t e  at 1 N  ac id i ty .  
I n  t he  procedure,' sodium n i t r i t e  . is  held a t  0.75 mmole and, to f a c i l i t a t e  
pH adjustment fo r  t h e  second ex t rac t ion ,  10 m l  of 1 N  - H C 1  i s  used. 

Destruction of N i t r i t e  and Nitrogen oxides. N i t r i t e  and gaseous 
N-oxides a r e  present i n  sample solutions a f t e r  pretreatment s teps .  I n  
the  double extract ion procedure, n i t r i t e  and N-oxides a r e  introduced i n  
t h e  s t r ipp ing  s tep.  These must be destroyed to '  avoid oxidizing t h e  
dithizone i n  t h e  subsequent extract ion.  Hydroxylamine and an i l i ne  a r e  
used fo r  t h i s  destruction.  Hydroxylamine i s  t h e  p r inc ipa l  reductant ,  
while an i l i ne  destroys the  l a s t  t r a ce s .  Aniline has been found t o  be 
a more e f f i c i en t  scavenger than urea. It a l s o  effect5vely '.destroys 
n i t r i t e  generated. i n  .solution from n i t r i c  -acid.  



Twenty-five mmole :of hydroxylamine and 1 mmole of a n i l i n e  adequately 
des t roy n i t r i t e  before  h igh ac ' idi ty extract ions. .  Five m o l e  6j .hydroxyl- 
'mine  and 0 . 5  mmble of a n i l i n e  ar.e sufFic.gent t o  des t roy t h e  excess.. 
n i t r i t e  l e f t  a f t e r  the -  s t r ipp ing  step'. In  both cases ,  5 minutes is  

. s u f f i c i e n t  f o r  t h e  , hydroxylamine t o  r e a c t .  The a n i l i n e  r e a c t s  ins tanta-  
neously. Neither t h e  ex t rac t ion  nor t h e  color  i n t e n s i t y  of-  t h e  mercury 
d i th izona te  i s  a f fec ted  .at .  t h e s e  l e v e l s  of hydroxylamine and a n i l i n e .  

. . . . 

Diverse Ion Ef fec t s  

The e f f e c t s  ?f.  35 m c t . a l  ions. and 8 gnipng on t h e  s i n g l e  ex t rac t ion  
procedure a r e  summarized i n    able .I. Only s i l v e r  (1') i n t e r f e r e s  a t -  l e s s  
than a 5O:l molar r a t i o  t o  mercury. 

S e n s i t i v i t y  

With t h e  sample s i z e s  spec i f i ed  i n  the .procedure ,  t h e  s e n s i t i v i t y  
of t h e  method is ' 0.5 pg/g f o r  s o l i d ,  organ'ic . samples', .LO pg/g. fo r '  s o l i d  
'inorganic samples, and 0.2 pg/ml. f o r .  aqueous i nox,gknic solut ionq . The 
rang& of t h e  spectrophotometric method i s  1 ' t o  35 pg d f  &-cury .  

Precis ion 

Sixty aqueous standards, '  equal ly  spl i t  .between t h e  q ingle  e x t r a c t i o n .  
and double ex t rac t ion  procedures ,. were .analyzed by s i x  analys ts .  The pre- 
t reatment used w a s  n i t r i c  ac ih  oxidation .'. . The percent s tandard deviat io* 
ranged approximately l i n e a r l y  from 17% a t  1 pg of mercury t o  5% a t  25 to.  
3.5 I.'er? 



Table I. DIVERSE ION EFFECTS ON THE SINGLE.EXTRACTION PROCEDURE 

Ion or Mixture Investigated 
~oierance. Level, 

Iori to Hg Molar ~ a t i o ~ ' ~  

Be(11), Bi(111) , C~(II) , cd(11) ce(111) Y Each ion individually at 
CO(II), C~(III), Cs(11, ~e(111) , G~(IV) 1000 
HO(III), I~(III) , ~a(111) Mg(11) 9 ~ ( 1 1 )  9 

MO(VI) , ~i(11) Pb(11) , S~(II,IV) sr(11) Y 

T~(Iv), ~i(Ip), U(VI), v(V), ~(111) Y zn(11) Y 

~r (IV) 

C .o. 1 

Each ion individually at 50 

150C, 750d 

.Borate 2000 
, . 
'i.: , ,'.. , 

Bromide 1000 . _.  .., 

Chloride 7.5x105 
. . 

. ~. 

Iodide, thiosulfat e 50' 

Phosphate 3.0x104 

Sulfate 1. 3x10~ 

Synthetic aluminum-zirconium matrix 

Al(111), Z~(IV) Each at 2000 

Cr(VI), U(VI) Each at 50 

.cl'l plus  NO;^ 1x104 

Simulated aluminum fuel dissolver product 

Al(111) 4x10~ 

1.50' 

Each at 50 , 

200 

Each at 100 

12~104 



Ion or Mixture Investigated 
Tolerance Level, 

Ion t o  Hg Molar ~ a t i o ~ ' ~  

Simulated . . .  calciner,  product fused with 
potassium pyrosulfate: '  . . 

A ~ ( I I I ) ,  Z ~ ( I V )  Each at 2000 

( a  
Mercury l e v e l  maintained a t  20 (~xl~-~'mmobe). 

(b)Except where noted otherwise, t he  to lerance l e v e l  l i s t e d  i s  t he  
highest  l e v e l  s tudied and does not represent t h e  maximum permis s i d l e  
l eve l .  

- ( C  'Maximum tolerance l eve l .  

' ( d ) ~ u u ~ l a  extract ion procedure. 
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APPENDIX 

DETAILS OF PROCEDURE 



APPARATUS AND REAGENTS 

A. Apparatus 

NOTE: A l l  glassware should be bo i l ed  i n  ~ K H N O ~  and r i n s e d  with 
d i s t i l l e d  water before use.  

1. Absorbance c e l l s ,  Pyrex, matched p a i r s ,  1-cm and 5-cm, with 
covers. 

2. Beakers, a s so r t ed  s i z e s .  

3.. Centr'ifuge tube ,  50-ml. 

4. Culture tube ,  wi th  Terlum-lined screw cap. 

5 .  Digestion apparatus f o r  organic samples ( ~ i ~ .  A-1). 

6. F i l t e r  paper, Whatman 41. 

7. Fi sh t?~  F i l t r a t o r  . 
.8; Funnels, a s s o r t e d  sizes.  

9. ~ r a d u a t e d  cy l inder ,  10-ml . 

iO. Hot p l a t e .  

11. Magnetic. s t i r r e r , ,  with Teflon-coated s t i r r i n g  bars .  

3 .  Membrane f i l t e r ,  0.45-11 pore s i z e ,  wieh Mil l iporc  If<.ltei-ing 
ag~aratus . 

14 .  Mick'o burner. 

15.  pH ,meter,  Leeds and N o r t h r u ~  or B e c h a n ,  wi t,h r a p i l h r y  glass- 
.calomel e l ec t rodes  .or a slngle-probe .glass-calomel 'e lectrode.  

16. P i p e t s ,  macro, v o l u e t r i c  , assor t ed  s i z e s , ,  wi th  suct ion  bulb. 

17. P i p e t s ,  micro, a s so r t ed  s i z e s ,  with con t ro l  syr inge .  

8 .  Pipeks , Mohr , 5- .and 10-ml. 

19. Quartz fus ion apparatus f o r  inorganic s o l i d s .  Use a 100-ml 
round bottom quartz f l a s k  o r  a 3-5-mm d i m  x 6-in. quartz t e s t  
tube with a 2)+/)10 outcr  j o i n t  i n  conjm~ct ion with t h e  condenser 
i l l u s t r a t e d  i n  Fig .  A-1. 

20. separa tory  funnels ,  60-ml, wi th  Teflon stopcocks. 



21. Separatory funnels ,  500-ml, with ground g lass  stoppers and 
'Teflon stopcocks.. 

22. S,pectrophotometer, Beclanan ~ o ' d e l  DU, DK, or  B, o r  Cary Model 14 .  

23. Variac. 

B. REAGENTS 

NOTE: Use Analyt ica l  Reagent Grade chemicals and d i s t i l l e d  water 
f o r  t h e  preparat ion of a l l  reagents and throughout t h e  
procedure . 

1.. .Ammoni.um hydroxide, conc . 
2. Anil ine hydrochloride, so lu t ion , ' 0 .5g .  Add 45 m l  of conc H C 1  t o  

500 m l  of water. Add 46 ml of f r e s h l y  d i s t i l l e d  a n i l i n e  SLOWLY 
with e f ' f i c i en t  s t i r r i n g .  Transfer t o  a 1 - l i t e r  volumetric f l a s k  
and d i l u t e  t o  volume with water. The f i n a l  so lu t ion  should be 
co lo r less  o r  have only a f a i n t  pink or  yellow t inge .  Store i n  
t h e  'dark and prepare a f r e s h  soLution every month. 

NOTE: The a n i l i n e  must be added slowly t o  d i l u t e  K C 1  so lu t ion  
t o  avoid excessive co lo ra t ion  of t h e  solut ion.  

3 .  Buffer-complexer reagent .  Dissolve'37.22 g ' o f  Na2EDTA*2H20, 
gk.50 .g of monochloroacetic ac id ;  and 90.48 g of ammonium 
c i t r a t e  i n  a % l i t e r  beaker with 1500 ml .of  d i s t i l l e d  water. 
Use s u f f i c i e n t  conc NH40H t o  insure  complete d i s so lu t ion  
( p ~  ~ 3 . 5 ) .  Di lu te  t o  2 l i t e r s  with water. , 

4 .  Chloroform. 

5: . Dithizone stock so lu t ion ,  0.0105 (w/v)% ( ~ x ~ o - ~ M ) .  Dissolve 
0.0525 g of d i th izone i n  chloroform and d i l u t e  70 500 m l  with 
chloroform. Store  i n  a r e f r i g e r a t o r  when not Cn use.. 

6. QithCzone s ~ l u t i o n ,  0.00105 (w/v)% ( 4 x 1 0 - ' ~ ~ ) .  P ipet  50 ;00 m l  
of t h e  0.0107% stock so lu t ion  i,nto s 500-ml >volumetric f l a s k  
and d i l u t e ' k o  5 0 0 . d  with chloroform. Store  i n  a r e f r i g e r a t o r  
vhen not i n  use.  

7. Hydrochloric ac id ,  1.0%. 

8. Hydroxylamine hydrochloride, 2 . z .  Dissolve 174 g of NH20H-HC1 
i n  ,800 ml of d i s t i l l e d  water. F i l t e r  t h e  so lu t ion  through a 
0. 45-11 membrane f i l t e r  and d i l u t e  t o  1 l i t e r  with water. 

9. Mercuric n i t r a t e  stock so lu t ion ,  500 pg /ml .  Dissolve 0.5000 g 
of r e d i s t i l l e d  mercury metal i n  20 m l  of 7.5M HN03 wi th  heating.  
Boil  gent ly  fo'r 10 min, cool ,  then d i l u t e  t o 1  l i t e r  with water. 
S tore  a s  40-ml u n i t s  i n  sea led  g lass  ampoules. 
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10.  Mercury c a l i b r a t i o n  standard solu t ions .  

a .  'S tandard  I, 30.00 pg Hg/ml. Di lu te  15.00 ml of t h e  mercury 
s tock so lu t ion  t o  250 m l  with 0.25M - HN03. 

b .  Standard 11, 20.00 pg Hg/ml. Di lu te  10.00 m l  of  t h e  mercury 
stock so lu t ion  t o  250 ml wi th  0.25g HN03. 

c . standard 111, 8.00 pg Hg/ml. Di lu te  4.00 m l  of t h e  mercury 
s tock so lu t ion  t o  250 m l  with 0.25M - HN03. 

d. Standard IVY 6.00 pg Hgjml. Di lu te  3.00 ml of t h e  mercury 
s t o c k ' s o l u t i o n  t o  250,ml with 0.25M - HN03. 

11. N i t r i c  a c i d ,  conc and 1M_. 

12. N i t r i c  acid-su1,furic ac id '  d iges t ion  mixture. Mix, Bs needed; .-z ,*.r "" -'" - +' 

.conc H2S04 and conc HN03 i n  t h e  r a t i o  of 1:5. 

13. Potassium pyrosu l fa te ,  K2S207. 

14 .  Sodium hydroxide, 0.80M. Dissolve 32.0 g of NaOH i n  water and 
d i l u t e  t o  1 l i t e r  with-water. 

15. Sodium n i t r i t e  so lu t ion ,  0.75M. .Dissolve 51.76 g of NaN02 i n  
500 ml of water and d i l u t e  t o 1  l i t e r  with water.  Prepare a 
f r e s h  so lu t ion  every month. S to re  i n ' t h e  dark. 

PROCEDURE 

NOTE: Use d i s t i l l e d  water throughout t h e  procedure. 

~ e r c u r ~ ( 1 1 )  reduces t o  mercury(l)  o r  ( 0 )  by r e a c t i o n  wi th  
hydroxylamine, e spec ia l ly  i n  weakly a c i d i c  o r  bas ic  so lu t ion .  
Also, it may p r e c i p i t a t e  a s  t h e  hydroxide from weakly a c i d i c  o r  
n e u t r a l  s o l u t i o n s .  For t h e s e  reasons,  t h e  procedure, once 
begun, may be in te r rup ted  only a t  those  po in t s  where t h e  a c i d i t y  
i s  high and hydroxylamine i s  absent .  These po in t s  a r e  a t  t h e  
end of each pretreatment procedure before  any d i l u t i o n  o r  pH 
adjustment ( s t eps  C-2, D-9,  -3 E-2 - F-9, and G-2) a n d . a t  t h e  end of  - 
t h e  s t r i p p i n g  s t e p  (C-12) when t h e  hydrochloric a c i d  concentra- 
t i o n  i s  about O.gM - 

A. Blank 

Process a reagent  blank wi th  each s e t  of  samples per t h e  procedure 
se lec ted  f o r  t h e  analys is  of samples. For aqueous samples, use 3 
m l  of d i s t i l l e d  water i n  p lace  of t h e  sample. With inorganic s o l i d s  
and organic samples, omit t h e  add i t ion  of  a sample s u b s t i t u t e ,  but  
introduce a l l  reagents  used f o r  t h e  samples i n  amounts equal t o  those  
used f o r  t h e  samples. 



B. Cal ibra t ion a i ~ d  Bench Standard 

Four standards. a r e  recommended f o r  t h i s  method - two f o r  t he  high 
range ( t o  be measured i n  1-cm c e l l s )  and two f o r  t he  low range ( t o  
be measured i n  5-cm c e l l s ) .  If only one type of sample i s , t o  be 
analyzed, two appropriate standards w i l l  su f f i ce .  However, i f  t he  
mercury concentrat ions of the  samples vary over a wide range, t h e  
us,e of a l l  four  c a l i b r a t i on  standards w i l l  minimize repeat  analyses. 

Process c a l i b r a t i on  standards with each run by t h e  same procedure a s  
t ha t  used t o  analyze t he  samples. Use 1.00-ml a l iquo ts  of t he  appro- 
p r i a t e  standards. Divide the  micrograms of mercury i n  t h e  standard 
by t he  absorbance t o  obtain t he  conversion f ac to r .  For each of t he  
two groups of standards,  t h e  di f ference between t he  two f ac to r s  
should not exceed es tabl ished limits and t he  average of t he  two fac- 
t o r s  should agree with t he  es tabl ished conversion f ac to r  within 
speci f ied  l i m i t s .  If e i t h e r  of these  requirements i s  not met, 
reprocess t h e  p a i r  o r  p a i r s  of c a l i b r a t i on  standards. Contact your 
supervisor i f  d i f f i c u l t i e s  a r e  s t i l l  experienced. 

C . Analysis of Aqueous Inorgaqic Samples of Unknown Composition 

NOTE: If t h e ' l e v e l s  of d iverse  ions are known not t o  exceed t h e  
to lerance l i m i t s ,  t h e  shor te r  s i ng l e  ex t rac t ion  procedure 
(procedure - G )  may be used. 

1. Pipet  an a l i quo t ,  5 m l  o r  The use of a wide-mouth t e s t  tube 
less,  containing 1 t o  35 pg 

' 

such as a 50-ml centr i fuge tube 
of mercury i n t o  a. 50-ml f a c i l i t a t e s  pH ad'justment i n  s tep 
ce~ r t r i f uge  tube. - 6. Refer t o  Table I f o r  infor-  

mation on to lerance - l eve l s  f o r  
d iverse  ions. 

2. Add 1 m l  of conc HNU3 and Ni t r i c  ac id  oxidizes Hg(0,1) t o  
immerse t h e  centr i fuge tube ~ g ( 1 1 ) .  Prolonged diges t ion w i l l  
i n  a bo i l ing  water bath f o r  lead t o  l o s s  of mercury by vola- 
5 min. t i l i z a t i o n .  I f  brown NO2 fumes 

a r e  observed, a sp i r a t e  the  fumes 
with mild suct ion before adding 
t h e  hydroxylamine hydrochloride. 

3. Cool, d i l u t e  t o  about 15 m l  Mercury(11) reduces with standing 
with water ,  add a s m a l l  times longer than 10 min. 
. s t i r r i n g  bar and 2 m l  of 
2.m NH20H*HCl, then l e t  
staFd fo r  5 min with i n t e r -  
mi t tent  s t i r r i n g .  

4. Add ,1 m l  of 0.5M an i l i ne  
hydrochloride. 



5. Add 5 ml of the '  buffer- 
complexer solut ion.  

6. With t h e  a id  of  a pH meter, 
adjus t  t he  pH t o  2.8520,. 35 
with conc NH40H.. 

7. Transfer t he  sample quanti- 
t a t i v e l y  t o  a 60-II~L separa- 
t o ry  funnel with water r inses .  

8. Add approximately 15 ml of 
' .0.00105% dithizone-chloro- 

form solut ion and shake 
vigorously f o r  30 sec. ,Let 
t he  two layers  separate,  
then swi r l  t h e  separatory 
funnel t o  s e t t l e  the  f loa t -  
ing droplet  s ' of chlorof om.  

9.  Drain t he  lower chloroform 
layer  i n to  a . .c lean 60-ml 
separatory funnel. . . 

10. Extract t h e  res idua l  aqueous 
. phase i n  t h e  o r ig ina l  

sepwatory funne l . fo r  15 sec 
with 5 m l  of chloroform and 
dra in  t he  chloroform i n t o  
t h e  clean separatory funnel. 

11. To t h e  dithizone-chlorofox%, 
ex t r ac t ,  pipet  10  m l  of 
1.Og H C l  with a volumetric 
p ipet  and 1.- m l  of .0.75g 
~ a N 0 ~  solution.  stopper and 
shake fo r  30 sec. 

Use polyethylene stoppers. 

Do not t r ans f e r  any of t h e  aqueous 
phase. A small amount of t h e  
chloroforni l ayer  l e f t  i n  t h e  
se,paratory funnel w i l l  be recovered 
i n  s t ep  10. Observe the  color of 

, the  chloEform solution.  I f  i;t 
is golden-yellow' o r  nearly so  with 
very l i t t l e  blue-green color o f .  
f r e e  di th izone,  ex t rac t  t h e  res idua l  
aqueous phase i n  t h e  o r ig ina l  
separatory funnel with 10 ml of t h e  
0.00105% chloroform-dithizone solu- 
t i o n  and drain  t h e  chloroform 
ex t rac t  i n t o  t h e  clean separatory 
f'ufmel. If the 'second ex t rac t  s t i l l  
l a cks  t he  blue-green color of f r e e  
dithizone,  discard t h e  sample and 
$recess a new, smaller a l iquo t .  

Do not t r ans f e r  any of t h e  aqueous 
phase. Discard t h e  aqueous' phase. 
The two organic phases ( s t eps  2 
and 10) are combined. 

The n i t r i t e  destroys t he  dithizone 
and re turns  t h e  mercury t o  t h e  
aqueous phase. 



12. 'Let. t h e  two phases separate ,  
then d ra in  and d i s ca rd ' t he  
lower chloroform layer .  

13. To t he  r e s idua l  aqueous 
phase, add 2 m l  of 2.W 
NH20H0HC1. ' React f o r  5 min 
with i n t e rmi t t en t .  swirl ing.  

14 .  Rinse t he  separatory funnel 
with a l i t t l e  water, then 
add 1 m l  of 0.W an i l i ne  
hydrochloride solut ion.  
Swirl  t o  mix. 

15. Add 5 m l  of t h e  buffer-  
complexer so lu t ion ,  s w i r l  t o  
mix, then p ipe t  10 m l ,  of  
0 . 8 0 ~  NaOH with a volumetrj ,~,  
p i p e t  t o  ad jus t  t he  pH t o  

'"the range 2.85'0.35, 

16. Pipet  p rec i se ly  15.00 d of 
0.00105% dithizone-chloro- 
form so lu t ion ,  s topper,  and 
ex t rac t  for  15  sec. 

17. Let the  phases separate ,  
then d ra in  t he  lower chloro- 
form phase i n t o  a 25-niL 
screw-cap cu l t u r e  tube. 
Measure t h e  absorbance of 
t he  chloroform phase a t  495 
mp agains t  t he  reagent blank 
i n  1-cm (5  t o  35 pg of 
mercury) o r  5-cm (1 t o  10 
pg of mercury) c e l l s .  

Take ca re  t h a t  none of t h e  aqueous 
l ayer  i s  l o s t  i n  t h e  separation.  

Mercury( I1 ) reduces with st anding.. 
times longer than 10 min. 

Rinse the  stopper and t h e  neck of 
t h e  f l a s k  ca re fu l ly  t o  remove any 
t r a ce s  of NaN02 'present .  

The pH a t  t h i s  s t e p  i s  c r i t i c a l .  
Measure t he  pH of t he  blank with 
a pH meter t o  see . i f  it i s  within 
. t he  required range. I f  it is  not ,  
.measure t he  pH of a l l  samples. 
Adjust t h e  pH, a s  necessary, t o  
2.85*0'.35 with 1 M  - K C 1  o r  0 . 8 0 ~  - 
NaOH . 
The ex t rac t ion  time must be kept 
shor t  t o  minimize t he  extract ion 
of copper. 

When i n  doubt, measure t h e  absorb- 
ance with 5-cm c e l l s  f i r s t .  This 
w i l l  permit subsequent measurements 
with 1-cm c e l l s .  

The color of t h e  chloroform-dithi- 
zone ex t rac t  should show t h e  
presence of excess unreacted dit 'hi-  
zone, i.. e . , a bluish-green ca s t  . 
I f  no t ,  d iscard  ' the'  sample and 

. p r o c e s s  a new smaller a l iquo t .  

The w a l l s  of t he  tube adsorb water 
d rop le t s  which otherwise ' in te r fe re .  
I f  ne6essqry, centr i fuge t he  tube.  

Under proper condit ions,  . t h e  color 
of t h e  chloroform ex t rac t  i s  s t ab l e  
f o r  at l e a s t  2 hr . I f  slow but 
not iceable  "bleaching" i s  observed,, 
t h e  p i t r i t e  probably was not 
destroyed adequately i n  s t eps  2 
and &.  isc card t he  ' sample and 
process a new one. 



D. Analysis of Inorganic Solids With Greater Than 100 pg/g Levels of 
Mercury 

Transfer a 0.1-g sample This procedure i s . in tended  pr i -  
containing. greater  than 10 marily fo r  inorganic so l ids  such 
pg of mercury t o . t h e  quartz a s  alumina and alumina-zirconia 
fusion apparatus. calcined mater ia ls  t h a t  a r e  d i f f i -  

. c u l t  t o  dissolve.  Dissolve metals 
and a l loys  under re f lux  i n  appro- 
p r i a t e  mineral acids and analyze 
per Procedure C. 

2. Add 3,.O g of K2S207. 

3. Assemble t h e  fusiori appara- 
t u s .  Turn on the 'cool ing 
water ar~d . t i l t  the appara- 
t u s  t o  about a 45' angle. 

4. With a Meker burner, fuse 
t h e  sample repeatedly u n t i l  
t h e  melt c lea rs .  

5. . Turn off  the  cooling water 
and re tu rn  t h e  apparatus 
t o  t he  upright  posit ion.  

6 .  Add 6 ml of conc ~N03 
through t h e  condenser and 
heat t h e  mixture with a 
micro burner u n t i l  t h e  
point of condensation jus t  
reaches t h e  top  of t he  
condcnacr or u n t i l  t he  
s t a r t  of bumping. 

7. Cool s l i gh t l y ,  t u rn  on t h e  
cool-ing water, and r i n s e  
t h e  condenser with 20 to 25 
m l  of 1M_H?I03. 

8. '~emove  t he  fusion f l a s k  or  
tube. .:and place ' it i n  a 
bo i l ing  water bath u n t i l  
t h e  l i qu id  c lea rs  and most 
of the  so l ids  dissolve.  

9 .  Cool t h e  solut ion and f i l t e r  
it thro,ugh a 0.4.5-p membrane 
f i l t e r  d i r ec t l y  i n to  a 250- 
ml volumetric f lask.  Use a t  
l e a s t  th ree  10-ml port ions 
of lM HNO3 f o r  the' t r ans fe r  
and washing and a Fisher 

During fusion,.mercury i s  vola- 
t i l i z e d  i n to  t h e  condenser 
possibly a s  metal l ic  mercury. 
The purpose of t h e  HN03 re f lux  i s  
t o  recover t he  vo l a t i l i z ed  
mercury. 

It i s  not necessary t o  dissolve 
t he  so l ids  completely. 



Fil t ra tor-Mil l ipore  setup 
f o r  t h e  f i l t r a t i o n .  

10. Di lute  t o  volume with water 
and 'mix wel l .  

11. Pipet  an a l iquo t ,  25 ml or 
l e s s ,  containing 1 t o  35 pg 
of mercury i n t o .  a 50-ml 
beaker. 

12. ~ o n t  inue' pe r .  Procedure I f  t he  observed net  absorbance 
beginning a t  s t ep  - 3.  of t h e  sample corresponds t o  l e s s  

than 1 pg of mercury, s e l ec t  a 
kizger a l iquot  ('if t h i s  i s  per- 
miss ible)  i n  s t ep  11. With a 
'25-ml aliquo.t of the di luted 
'sample, t h e  lower l.hit of deter- 
minabil i ty i s  100 ppm of mercury 
i n  t he  o r ig ina l  s o l i d  sample. I f  
greater  s e n s i t i v i t y  i s  .required, 
reanalyze. the  o r ig ina l  so l i d  
sample per Procedure g. 

E. Analysis of Inorganic Solids With Less Than 100 ug/g.Levels of 
Mercury 

1. Dissolve a 0.1-g.sample per 
s teps  1 through of Proce- 
dure - D- 

2. Cool t h e  solut ion,  then 
f i l t e r  t h e  solut ion through 

. . 
a Whatman 4 1  f i l t e r  paper 
i n t o  a 500-ml separatory . 
funnel. Use t h r ee  10-ml 
port ions of lM HN03 t o  r i n s e  . . 

t he  fusion f l g sk  and t h e  
f i l t e r  paper. 

3.  Dilute t o  250 ml with The ac id i t y  must be reduced t o  
d i s t i l l e d  water . 0.752 o r  l e s s .  

4. Add 5 ml of 2.5M NH20H*HC1 ~ e r c u r ~ ( 1 1 )  reduces with standing 
and l e t  s t a ~ d  fzr 5 m i h  with . times longer 'than. 10 min. 
i n t  ermit tent  swirl ing.  

5 .  Rinse t h e  separatory .funnel 
with water, t hen ,  add 2 m l  of  
0.5M an i l i ne  hydrochloride 
solut ion.  



6. Esctract f o r  30 sec with , l0  ' .  Considerable is  of ten  
ml. of 0.00105% dithizone- b u i l t  up within . t he  separatory 
chloroform solut ion.  Drain funnel. Cover t h e  stopper with 
. the  lower chloroform phase a t i s s u e  paper and remove t he  
i n t o  a 60-d .  separatory stopper ca re fu l ly .  
funnel. 

7. . Repeat s t ep  - 6. 

8. Repeat s t ep  6 using 10  ml 
of chloroform i n  place of t he  
dithizone-chloroform solu- 
t i on .  Discard t h e  aqueous 
phase. 

9.  Continue per Procedure C 
beginning a t  s t ep  &. 

F. Analysis of Organic Sam~le s  and Inorganic Samples Containing Organic 
Matter 

1. Weigh o r  p ipe t  a sample This procedure has been found t o  
containing 1 t o  35 pg of be s a t i s f ac to ry  f o r  2-g samples 
mercury i.nto. t h e  f l a s k  of of organic matter such as  vegeta- 
t h e  diges t ion apparatus t i on .  If l a rge r  samples must be 
( ~ i g .  A-1) . processed t o  reach t h e  des i red 

s e n s i t i v i t y ,  process separate 
2-g samples per s t eps  F-l through 
F-15 combine t h e  dithizone- -9. 

chloroform and chloroform- ex t r ac t s  
of s t eps  F-13 through F-15, then - 
complete t he  determination per 
s t ep  - 16. . . 

2. Add 1 5  m l  of fl-eshly pre- 
pared HN03-H2S04 d iges t ion  
mixture. 

3. Assemble t he  diges t ion appa- A Variac s e t t i n g  of 105 t o  110 
r a tu s  per Fig. A-1, t u rn  on i s  recommended. 
t he  cooling water ,  and heat 
t h e  sample with a heating 
mantle control led  'by a Variac . 
Boil  vigorously and co l l e c t  
the  d i s t i l l a t e  i n  t h e  con- 
densate t r ap .  Continue . t h e  
d i g e s l i u r l  ur11;il only 2 t o  3 
m l  of ac id  remains and H2S04 
fumes and charring i s  
observed . 



Return t h e  condensate t o  
t h e  d iges t ion  f l a s k ,  cool 
s l i g h t l y ,  then admit about 
50 m l  of  water through t h e  
t o p  of t h e  d iges t ion  
apparatus. 

Reflux f o r  5 min, o r  longer 
i f  necessary, . t o  .d.issolve 
prec , ip i ta ted  ' s u l f a t e  s a l t s .  

Disassemble t h e  d iges t ion  
a p p a r a t u . ~  . Rinse each com- 
ponent wi th .water  and 
c o l l e c t  t h e  r i n s e s  i n  t h e  
f l a s k .  

Transfer  t h e .  contents  of t h e  
f l a s k  q u a n t i t a t i v e l y  t o  a 
500-ml separa t  ory runnel 
with water r i n s e s  and d i l u t e  
t o  about 400 m l  with water. 

Add 1 0  m l  of 2.5M NH20H*HC1, 
mix we l l ,  then l2t s tand f o r  
5 min. Swirl i n t e r m i t t e n t l y  
during t h e  5-min period.. 

Add 2 m l  of  O.5g a n i l i n e  
hydroenloride s o l i i Z l o r i  and 
lnix well .  

Extrac t  the.mercury with a 
10-ml por t ion  of 0.00105% 
dithi'zone-chlorof orm solu- 
t i o n  f o r  30 see .  Drain t h e  
lower chloroform l a y e r  i n t o  
a 6 0 4  separa tory  funnel.  

Repeat s t e p  13. 

Repeat s t e p  1 3  using 1 0  ml 
of c h l o r o f o r F i n  p lace  of 
t h e  dithizone-chloroform 
so lu t ion .  Discard t h e  
aqueous phase. 

Continue per Procedure 
beginning a t  s t e p  11. 

Admit t h e  water slowly. 

Rinse t h e  si'de arm of t h e  conden- 
s a t e  t r a p  a l so .  

For quan t i t a t ive  ex t rac t  ion  of t h e  
mercury, t h e  a c i d i t y  must be 0.75g 
o r  l e s s .  

~ e r c u r ~ ( 1 1 )  reduces with s t a n d i ~ g  
times longer than 10 min. 

Considerable pressure i s  o f ten  
b u i l t  up during t h e  ext rac t ion.  
Cover t h e  stopper .with a t i s s u e  
paper and remove t h e  stopper care- 
f u l l y  . 

Combine t h e  organic phases. 

Combine t h i s  organic phase with 
t h e  two previous organic phases 
i n  t h e  60-ml separatory funnel.  



G.  Analysis of Aqueous Inorganic 'Samples of Known Composition ( s ing le  
Extraction Procedure) 

NOTE: I f  t h e  composition of t h e  sample is  unknown o r  i s  known t o  
contain copper a t  concentrations t h a t  exceed t h e  to lerance 
limits, Procedure must be used. 

Pipet  an a l iquo t ,  5  m i  or  
l e s s ,  t ha t  contains 1 t o  35 
pg of mercury i n to  a  50-ml 
centr i fuge tube. 

Add 1 ml of conc HN03 and 
immerse t h e  centr i fuge tube 
i n  a  boi l ing water bath fo r  
5 min. 

Cool, d i l u t e  t o  about 25 m l  
with water, add 2 m l  of 
2.5M NH20H*HC1, then l e t  
staKd 5 min with in te r -  
mi t tent  swirl ing.  

Add 1 ml of 0..:5g an i l i ne  
hydrochloride. 

Add 10 m l  of t he  complexer- 
buffer  solut ion and adjust  
t he  pH t o  2.85'0.35 with 
conc NH40H. 

Transfer t he  sample quanti- 
t a t i v e l y  t o  a  60-ml 
separatory funnel with 
water r inses .  

The sample must not contain more 
than 4 m&le of aluminum nor. 'more 
than 0.03 mmole of copper (I1 ) . 
See Table I f o r  t h e  tolerance 
leve l s  of other ions. 

Ni t r i c  acid  oxidizes H ~ ( O , I . )  t o .  
~ ~ ( 1 1 ) .  Prolonged digest ion w i l l  
lead t o  l o s s  of mercury by 
vo l a t i l i z a t i on .  

I f  much brown NO2 fumes a r e  
observed, a sp i r a t e  the  fumes with 
mild suction before adding t h e  
NH20H*HC1. 

~e rcu ry (11 )  reduces with standing 
times longer than 10 min. 

The .extraction timc must be kept 
shor t  t o  minimize t h e  extract ion 

form solut ion and ex t rac t  of copper. 
for  exactly 15 sec. 

.8 .  Drain the  lower chloroform The walls  :of t h e  cu l tu re  tube 
layer  i n t o  a 50-ml c u l t u r e .  adsorb water drople ts  which other- 
tube. wise i n t e r f e r e .  I f  necessary, 

centr i fuge t h e  tube. 



9. Measure t h e  absorbance of When i n  doubt, measure -the absorb- 
chloroform ex t rac t  against  ance with 5-cm c e l l s  f i r s t .  This 
the  reagent blank a t  495 ' m i  w i l l  permit subsequent measurements 
i n  l-cm ( 5  t o  35 pg of with l-cm c e l l s .  
mercury) o r  5-cm (1 t o  10 
pg of mercury) c e l l s .  The. color of '  t h e  chloroform- 

dithizone ex t rac t  should show t h e  
presence of excess unreacted 
dithizone,  i . e . ,  a bluish-green 
cas t .  I f  not ,  discard t he  sample. 
and process a new. smaller a l iquot .  

Under proper condit ions,  t h e  color 
of t he  chloroform ex t rac t  i s  
s t ab l e  . for  a t  l e a s t  2 h r  . I f  
slow but noticeable "bleaching" 
i s  observed, t h e  n i t r i t e  .probably 
was not destroyed adequately i n  / 
s teps  - 3 and - 4. 




