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1. INTRODUCTION

M ercury com pounds are  common in natu re , bu t they  are  h ighly  d isper' 
sed, how ever [3, 6 , 16], The problem  of pollution of the  n a tu ra l envi
ronm ent w ith  m ercu ry  em erged d ram atically  (acute poisonings w ith  
m ercu ry  compounds) in  various regions of the  w orld in  recen t years. 
R apidly  grow ing pollu tion of the  aquatic environm ent w ith  m ercury , as 
side effects of the  economic activ ity  of man, constitu tes an increasing 
th re a t to life on th e  E a rth  [2, 5, 15], In  view  of the  h ighly  effective 
bioconcentration of m ercu ry  in aquatic food chains, assaying low le 
vels of the  e lem ent in w ater is becom ing increasingly  im portan t [13, 
17, 22, 26],

The problem  of assaying low m ercury  levels in the  aquatic envi
ronm ent has been dealt w ith  in m any articles. Those of Stock and Zi- 
rnerm ann, who developed the  m icrom etric m ethod of assaying m er
cury, and th a t of H atch and O tt, who em ployed flam eless atom ic ab
sorption spectrom etry  to assay m ercu ry  in w ater [7, 8 ], provide m ile- 
stones. How ever, w ork is still continued in the  search for new  and 
effective m ethods [4, 18, 20, 27, 28],

In th is paper an a ttem p t was m ade to use g raph ite-spark  atomic 
em ission spectroscopy (AES) to assay trace  am ounts of m ercu ry  in 
w ater. P re lim in a ry  studies and experim ents w ith  isolation and partia l 
electro ly tic  separation of m ercu ry  on the  g raph ite  electrode suggested 
th a t the  com bination of th is m ethod w ith  th a t of AES should con
siderab ly  im prove the  low er detection lim it of m ercu ry  as com pared 
w ith  the  electrograv im etric  m ethod [12, 14, 19, 24]. This paper inclu-
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des the  determ ination  of the  conditions of electrolysis, a study  of the  
shape of electrodes on the  stab ility  of the  plasm oid, the  construction 
of a calibration curve and provides respective analy tical relationship. 
The m easurem ents w ere carried  out w ith  sam ples of po llu ted  distilled 
w ater and artificia l B altic Sea w ater.

2. EXPERIM ENTAL

In the  m ethod of m ercu ry  assay in w ater, the  in tensity  of the  
253.65-nm m ercu ry  line was m easured, w hich was w ell excitable in 
the  spark  plasm oid [20, 29], M ercury  from  a w ater sam ple to be ana
lysed was deposited electro ly tically  onto the  specially  profiled  conical 
p a rt  of a spectral g raph ite  electrode. The electrode was th en  placed 
in the  spark  gap of the  spark  generator. The im age of the  spark  p las
moid was pro jec ted  by  m eans of a quartz  lens into th e  in le t slit of the  
spectrograph  and th e  m ercu ry  con ten t of the  sam ple w as determ ined  
on the  basis of the  b lackening of the  spectrographic plate.

The following devices w ere used in  the  m easurem ents:
(i) an electro lyzer, schem atic diagram  of w hich is shown in Fig. 1. 

II consisted of a cy lindrical glass vessel (60 m m  i.d. X 95 m m  in 
height). The upper lid of the  electro lyzer was m ade from  a 20-mm

Fig. 1. Construction of the electrolyzer: 1 
cylindrical vessel; 2 — bakelilte lid; 3 — a set 
of electrodes providing anode; 4 — cathode; 5
— ring supplying voltage to  anodes; 6 — ca
thode stiffening ring; 7 — connecting leads

Rys. 1. Budowa eletotrolizera: 1 — naczy
n ie cylindryczne, 2 — bakelitowa pokrywa, 3
— zespół elektrod stanowiący anodę, 6 — pier
ścień zaciskowy katody, 7 — przewody dopro-

_  wadzaijące

bakelite  p late. G raph ite  electrodes connected to each o ther w ith 
a m etallic ring  supplying voltage, w ere m ounted in th e  lid on the  pe
r ip h ery  of the  vessel 3 m m  from  the  wall. The g raph ite  cathode was 
fixed on the  sym m etry  axis of the  electro lyzer. The whole system  
was connected to a stabilized d.c. feeder (stabilization accuracy of 0.1



per cent) w ith  continuous contro l of the  ou tpu t voltage;
(ii) spectrographic system  (Fig. 2) including a Q-24 (Carl Zeiss, 

Jena) spectrograph, h igh-voltage spark  genera to r HFO-1 (Carl Zeiss, 
Jena) and a FS 11 spark  gap (Carl Zeiss, Jena);

Fig. 2. Block scheme of the spectrographic system: 1 — spark generator; 2 — 
spark gap; 3 — electrodes; 4 — spherical mirror; 5 — quartz convergent lens; 6
— shutter; 7 — inlet slit; 8 — spectrograph

Rys. 2. Schemat blokowy układu spektrograf Łczn ego: 1 — generator iskry, 2
— iskier.nik, 3 — elektrody, 4 — zwierciadło sferyczne, 5 — kwarcowa soczewka 
skupiająca, 6 — migawka, 7 — szczelina wejściowa spektrografu, S — spektrograf

(iii) a se t-up  for read ing  and in te rp re ta tio n  of spectra  including 
an SP-2 spectrum  pro jec to r (Carl Zeiss in Jena), a G il m icrophoto- 
m eter (Carl Zeiss, Jena) and an Abbe com parator (Carl Zeiss);

(iv) WU-1 spectrographic p lates (GRWO, W olfen) developed in an 
A-71 (ORWO) developer a t 293 K up to a con trast coefficient of y=0.93.

The conditions of electro lysis w ere determ ined  based on [12, 19, 
24]. On the  assum ption th a t the  .deposition tim e of m ercu ry  from  the  
solution should not exceed 1  hour and th a t th e  efficiency of the  ele
ctro lyzer a t a m ercu ry  concentration  of 1 0 ' 8 g dm - 3  should not be low er 
th an  25 pe r cent, th e  following conditions of the  electro lysis w ere es
tablished: duration, 0 .5 < t^ l  h; tem p era tu re  of the  solution 293 K; cu
r re n t in tensity  in the  e lectro ly te  1 = 0.6 A; electrode voltage, 3 ^ U ^ 9  V. 
U nder these conditions, from  a 0.2-dm 3 sam ple of m ercu ry  concentra
tion of 10' 8 g d m '3, a m inim um  am ount of 0.5 ng of m ercu ry  deposi
ted  on the  electrode, the  am ount being sufficient to  obtain a signal 
strong enough to assess th e  detection lim it of the  m ethod [20, 27].

S patia i d istribu tion  of the  plasm oid of the  spark  discharge depends 
largely  on the  d istribu tion  of spark  brealcdow n channels [10, 11]. E le
ctrodes w ith  specially  profiled  tips proved pa rticu la rly  usefu l in the  sta
bilization of the  spatial configuration of the  plasm oid. W ith a com bi
nation of electrodes in w hich the  tip of the  low er one was profiled  
in the  shape of a cylindrical ridge (concentric w ith  the  electrode), 2  m m  
high, and the  upper one conical w ith  an apex angle of 120° (Fig. 3),



o plasm oid w ith  h ighly  stable spatial d istribu tion  was obtained, em bra
cing the m axim um  area of the upper electrode.

The m ercu ry  conten t in w ater sam ple was estim ated  from  re la tive  
transm ittance, T, corresponding to the  blackening of the  spectrographic 
p late  w ith  the  256.65-nm line of m ercury . The CII 229.69-nm carbon line

Fig. 4. Calibration curve ox the system: B — for artificial Baltic Sea water; 
D — for distilled water

Rys. 4. Krzywa cechowania układu: B — dla zastępczej wody bałtyckiej, D 
— dla wody destylowanej

Fig. 3. The optimum position of electrodes in  the spark gap:
1 — upper electrode with conically-profiled tip; 2 — lower ele
ctrode w ith cylinder-shaped tip

Rys. 3. Optymalny układ elektrod w isfciernikiu: 1 — ele 
ktroda (g6rna) z końcówką wyprofilowaną w  kształcie stożka,
2 — elektroda (dolna) z  końcówką wyprofilowaną w form ie w al
ca



was used as an ex te rn a l reference. The re la tive  transm ission was cal
cu lated  from  the  follow ing expression:

^253
T = ---------  (1)

'I '229

w here T - 53 is the  transm ission of the  253.65-nm analy tical line of m er
cu ry  and X2 2 9  the  transm ission of the  CII 229.69-nm line. The calibration 
curve, T =T(C) (Fig. 4), was constructed  for distilled  w ater (D) and for 
artificia l Baltic Sea w ater (B). The la tte r  w as p repared  according to  [25], 
The calibration curve was described by the  Scheibe-Lom akin equation 
[10, 28, 30] w ritten  in the  form:

T =  a (10-3) b (2)

w here a and b are  param eters, and Cj =  1 0 g din"3 th e  m ercu ry  con
cen tration  in solution. For the  tw o kinds of w ater, aD —  0.3656, b D =  
=  — 0.058 and a B — 0.3657, b n = — 0.107 w ere obtained. L im iting con
cen tration  corresponding to  the  detection lim it c w , and the  de te rm ina
tion lim it, c a , was calculated  from  the  follow ing relationships [9, 21]:

T  =  1 /  — tiv \ /  n  w

and

To =  0.92 s, (4)

w here s is the  standard  deviation and t w is the  critical variab le  of the 
S tuden t d istribu tion . The lim iting values calculated  from  eqns. (2) — (4) 
for both konds of w ater are listed  in Table.

Detection lim its of mercury itj water (D 
tificial Baltic Sea water)
Graniczne wartości wykrywalności rtęci w  wodzie (D 
stylowana, B — zastępcza bałtycka woda morska)

distilled water; B — ar-

woda de-

D

B

0.986 0.945 8X10-8 

0.984 0.943 1X10-4

0.908 2X10-7

0.905 3X10-*

o S a n a Wwody| s | Tw | Cw' g/dm‘ T° [ C"  ^



3. DISCUSSION OF RESULTS

Both the  detection and determ ination  lim its obtained in th is w ork are 
lik ley  to be considerably  elevated. O ptim ization of the  analy tical p ro 
cedure would m ost p robably  sh ift these lim its by 1— 2 orders of m agni
tude.

A t the  p resen t sta te  of investigations the  sensitiv ity  of the  m ethod, 
described by th e  pa ram ete r b in eq. (2) is a m a tte r  for discussion. The 
pa ram ete r depends largely  on the  kinetics of desorption of m ercu ry  
from  the  surface of the  electrode and on the  k inetics of its  volatility  
outside the  region of the  plasm oid. V ariations of the  m ercu ry  concen
tra tio n  w ith in  the  plasm oid, dC’, caused by its liberation  from  the  ele
ctrode (w ith consideration of chem ical reactions occurring in the e le
ctrode) and those due to the  rem oval of m ercu ry  outside th e  p las
moid region are  described by the  equation [1, 23]:

rJfyr----=  C" [/^exp [-h- t̂n] — Avexp [-k2tn)] (5)

w here k l and k 2 are  th e  coefficients of desorption and elim ination, re 
spectively, and n  is the pa ram ete r describing the  k inetics of chem ical 
reactions occurring on the  electrode. A solution of eq. (5) can be w ritten  
in the  form :

C' =  C ~  BC" =  A C b’ (6)

Eqn. (6) shows th a t n 1 —> b' 1 and vice versa, n <  1 —> b' 1 
A ccordingly, the  kinetics of reactions accom panying the  desorption of 
m ercu ry  from  the  electrode and its volatilization outside th e  region of 
the  plasm oid has a decisive effect on the  course of the  calibration graph.

4. CONCLUSIONS

The resu lts  of these investigations show th a t the  m ethod em ployed ena
bles the  detrm ination  lim it to be sh ifted  by  approx. 4. o rders of m agni
tude  in rela tion  to the  electrogravim etric  m ethod. In  re la tion  to the  con
ventional AES (w ith th erm al excitation sources) th e  determ ination  lim it 
is at least one order of m agnitude be tte r. T here are  also some potential 
possibilities enabling the  im provem ent of the  determ ination  and detec
tion lim its by  at least one order of m agnitude. The re la tive ly  low tim e 
consum ption, the  possibility of using sim ple analy tical in strum en ts and 
the  carry ing  out of the  analyses by technicians afford fu rth e r  advan ta
ges of the  m ethod.
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Streszczenie

W pracy przedstawiono w yniki wstępnych badań nad możliwością oznaczania śla
dów rtęci metodą em isyjnej spektroskopii atomowej z użyciem iskry grafitowej 
i elektrolitycznego, wstępnego wydzielania rtęci z roztworu na elektrodzie. Bada
niami C'bjęto próbki wody destylowanej i zastępczej wody morskiej skażone rtęcią. 
Osiągnięta granica oznaczalności rtęci w  tych odmianach wody świadczy o m ożli
wości użycia tej metody do oznaczania mikrośladowych zawartości rtęci w  wodzie. 
W porównaniu z metodą elektrograwimetryczną uzyskano przesunięcie granicy  
oznaczalności rtęci w wodzie o ok. 4 rzędy wielkości, natomiast w porównaniu z kla
syczną analizą emisyjną (przy zastosowaniu termicznych źródeł wzbudzenia) osiąg
nięto poprawę granicy oznaczalności o jeden rząd wielkości.

Stosunkowo mała czasocnionność analizy wykonywanej w  tej metodzie, m ożli
wość użycia dość prostej aparatury analitycznej, jak również możliwość w ykonywa
nia analiz przez średni personel techniczny — stanowią dodatkowe zalety opra
cowanej metody.
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