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ABSTRACT

Total mercury in eÖnvironmenta:i sampies 18 determined by 'a ~ontinuous

flow automated system capable of analysing 20 sampies per h~ur.: A~y'or~i~':

mercU'ry 'present is first oxidised to iiIorganjc Hg++. A solution of H'g++ is
I . . . '. ',. , ~'.: ,. . I'.' '. 'j' ~ ! ,

presented to an automated system where it is reduced 10 eiemeßtal1mercury by
++Sn ,arn;i sp;irged {rom the- solution into an AAS by continuous fldw 'of;air~ to

give ~quilibrium absorbahce siin:ils.'The: syste~ fs s~t ~p 1:0 give 'a.'1i~e~r
• • ~ • • • .: ~. , • ' • I C. \

. '." -1 -1
working range up to 0.06 mg I .. and a detection li it ,of 0.002 ,mg 1 ,'.'

. 1. • I. 1._

INTRODpCTION .~t .
,

, !

"I' • \

The ubiquity of ~ercury in the ,environment cpupled with it8 ndverse toxi-

• cological effects has made the determination of this me~al of great importance.

This labQr.ato.ry in its ;work of. onitor~g and' surveillance of the ,aquatic

environment analyses 3000-4000 samples each year for mercury. Sampies'
, • ," ,..', I ~ : '

arise from various sources and include industrial wastes, sedi ents and biota.

It was therefore necessary to devise a method which would cope with a larKe

number and diversity of sampies and a broad range of ,ercury concentrations.
. ,,' .,".:

Most methods currently in use are, b,ased on the col~ v~pour/ AAS ~echni-

que proposed by Hatch and Ott (1968). Th~s involves the chemical ~eduction

of Hg++ with Sn++, the elemental merc~r~ ,being removed from .the solutiqn by

a stream of air which gives rise to 'a transient Hg
O

copcentration. Impxoved
" ,

accuracy has been obtained by establishing a partitio~ equ~.ibr~um fpr ~igO

between the reduced test solution and a fixed volume of air, followed by
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MATERIALS

flow system.

measurement of the mercury content of an aliquot of this' air;-, under 'static eon;]

ditions' ,(Shlinton, ~97i; Clinton, 1974; Kirkwood, 1976; c~apma~:~ci'b~ie,

1978). While these stat~c rnea~1frem,f;!ntsyst~ms h8;ve ,m~~h to ,qq.mmend them,
~ :. .' '. \.: '. . . ....' . ... . ~ . -

they do not lend themselves readHy to ,automation. Gontinuöus flow syste ,s -,I

have been described by El-Awady, Miller and Carter (1978) and Uthe (1'972)

wherein equilibrium partition conditions ar~' achi~ved, 'th~'s; ~~taini~g't.he ben,e~ ,
t." ' .,., . I .• , .;. .;.

fits of the statie systems while at the same time improvfng,sample'throughplit.!
. . \ . ~

This paper presents an account of an easily construct~d~~rsio~'~f a contlntI:ous
, '. t '

Apparatus , '" ' ;: r ;,

The general layout of the equipment is shown in l",igure J. alJ.G ÜlGl~des the
':~. ~, ••• .;. j I I • • .' I . ,'. . , , :'.. : 1. .' . ~ f j ,.' . . .' . \ I •

following apparatus: : ','"".;; ,! :,: ' "j

A Baird Atomic, model A3600, ato ic absorption spectrometer (AAS).
(A much older'Southern Analytic~, model A3000~ has been u~'ed '
succ~s~fully.), , ,', ' " , " '

'e

'I "," ,

A Hook ami 'l'ucker, model A4Qj Sampler,rr auto-sampler withvariable
ti~e c~ntrols for alternate s~IIlple/wash~ptake, with tur~tqR~e.,G?-l?a~le
of ac'corDln'odat'ing 40 san: pIe 'cups of nominal 8 inl capacity . ,'. '"

!.. , ' " '
A Carlo':E:rba'proporUonii:1g pJ.tnp';·inod~l'1512/20. ' ,

An absorption cell constructed from borosilicate glass tubing 17 mrn ID
and 195 mrn long, the single quartz window secured with epoxj'res-iri:·':';':

,,,,,ß..re.a,y.tqr!gasj!-iquid separator,;as' hown in Figure2;:' ',"; r:',1.

,4J?'lair,PUWP ofthe type u'sed'by'hö'me aquaria. •
.. ••.. ;. I'L .

A flow meter, consisting of a,graduated glass tube of 1. 5'rntn ID rn 'which' "~I

a meta! ball is allowed to ove freely.
. i...!' " ... (- \ tt :.

A manifold arrangement as shown in Figure ,1,
• ~ . . -~ . • • • ~ , • ~ . ~ ," . • : r ; •

Nitric acid, redisÜlled'techriic~fgrade.

Hydr~chi'OriC aEid, techn1cal gr~de.

St~hrious chloride', t~~bnicar giade~

Reagents '."

i. ,. .; .::

"

L

':PoÜls~lum dicliro~ate, analytical grad~. 'JJ"

... • •• •• ~ j • I' . •

:Hydrogen peroxide '(120 vols) , aml1ytical grade. ' ,

Doutile distlli~d'ir~t'er. If' '\. ; :i, :' "" ','
• ;( ~ \ • ": .•• 1

:1 ; "·'l " r·

I 'J:
" .; I fo

" I ".
",....
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Stock and working solutions ..

Stock Stannous Chloride - 200 g SnCI 'dissolved in "500' ml HCI, final
solution diluted to 1 I with double disfilled water.: -.:.,

. • \.' r • • ' '.' • ~."

Working Stannous Chloride solution 5% WIv ·-:.Stock solutionJdiluted' byafador of 4 with dlstiU~d'water. ,.' , . ""
.1 . ' • \ • ~, ! '

Solution 1 - 5% VIv H'N03 ami '0.05% WIv K.2Cr~Ö7 used mai~y for ".
maiptaining Hg* in solution tCarron and Altnian, 1917): Thi~ fs alsü"' I

used as the wash s~l~ti~n. ",',:,'. ' i:, \ ":,

Working standards - ser,ial dilution15 ofcommer.cial,ly ayaija,ble"standard
: mercury s'olution (1000' ppm) (Hopki'rl aiid Williarns 'Ltd) usi~g Solution 1
as dilutant. " .::'" .. :', . r

Glassware

. f\11 glassware. '.;js oinitially soaked ifo:r'12 hours in a detergent oath maintained

at 4~'pP, .:then wasned·in water and sciaked for'a further 12hour'S iIi' 10% HN03

V /V,and,f:.i,nally r.insed three times in double distilled water and dried in'a warm

air cabinet at 60°C. . •.-,j' ',' :'

.1' '. .. I"

METHQDS ...... : ...

" ·.:'!rhe. organon ercury compounds present in the sarnple are first oxidised',
++ ..' .'

to in<?rg~nitc.Hg . ·'.Thj.sl,is acbievedby dige'Stion with a'rniXtufe of :I:'l-'H:N'03

and H202'\' Ideally, ~pml of HN03IH202··is added t{) a 5 g sampie in ·a:50'ml .

tall form beaker with a glass cover. The mixture is boiled very .gently until

the volume .Js :r;educed to approximately 2· rnl.; The coo1OO :residue 'is'ithe'n' dilu

ted to,50 m~ with Solution.! an-d.presented to the autosamplet'lJ This.oxidatIve

proceduI'e h~sb~en proved.. capable of yielding eomplete reooveTY of Hg aso . "
++ . , ..

Hg .. f:rom CH'3Hg(;a, ,(CH3)2Hg and various phenyl mercuric com"'pöOl'iffS. "The '

total inO;l'gfiIlic ~ereury is1then -redu.ced with i stannous chloride tö elemental :

:","/

. i: .....
~.. I

.·t·

...~.. nn;.~~·tl

mel;y'urywh~~h.is. subsequently removed from .the solution'by' a Gontinuous·· . ,

stream".ora4r. T,he .absor,ption of.tbe mercury containing air' iS':quantified :on; ',j;

its: pas~~e.t~ough .the, qu,ar~z-w-~ndowedi absorption ,0011 which is möurited on

the AAS. in place.·9f the burner. :,; " ,: 'J .i. '.
~ J J '" . .... , t: ' . .

,j' 'J;'he .~I;l.~t:r.~ent is.rirst.;s~t up as fQllows: i.:. , :1.

;"t'r, Wa,v~l~ngth:· ., ,2:53. J·nm r., t;

SUt width 0.25 mrn

Souree Hollow cathode lamp
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Chart speed

1 amp.current

2m

2

-1
min .{

After optirrising the alignment of the measuring cell in the light path of the AAS,
-1 . ". -1" i : .. ,'" : !

a O. 04·mg I standard (equal to 0.4 m kg "in,'saIl?-ple) is presented to the
. . . . ~ '~,;, • . I' I

instrument. This is used to calibrate the instrument by a,dj~sting the variable
;,.' •• i ~ i .' . . .' i": . ..: .

voltage on the potenti0!fi~tric:recorder so that a· peak height of 40% tull scale

deflection (fsd) is achieved. The linearity of the instrument' may be' checked

using standa'rds at other concentrations. The sämplesare'~hen'placed ~n' the
, 'l 1 t ": f :'."' .' \ : ,"f \ • . .:-. '.

autosampier with a standard as every fifth sampie. ..

DISCUSSIO .~ ... . . ! .

• . ' , ..';J ":f\ .typicaL;recorder. t~~cß is shown 'in Figure 3 and,a typical' calibration

cu~ye il? s~qwn. in. F.igur~ .~,,(~:By considerat:i,QnlofBeer1,s Law the sens:itivity,

an~tc.opsequ(:mtlytbe lineq..r working range of the system •. may be chan'ged'by
, ,.", "'"

adjusting the air flow rate.

As the s stern relies on equilibrium signals produced fra a continuous

flow system, and the same reagents are used both in the wash solution and iIi.·

sa.In1?lesolution,od~rat~contamination fra reagents can be accommodated

becay.se it will only result iI} an elevation of the base line," "The signal due to'

mercury in the sampIes a,nd standards will ,s.imply be superi: posed on·the ele-

vate~ pflse line. ,.: i',., ".' " ·.~i· . . .....: .

.. ... The· need for a mor~ sophistiqated AAS with double beam' and background

corrept~o~ syste;rr, ~as! be€,lI! found to be unnecessary. Baseline drifts during

lamp warm-up tim~ are obv~ated by leaving the'AAS on continuously. Non

spe.o:ific absorption due to-molecular species has been studied.. Sampies were

passed Jthrough the system wJthout the reductant and under-these conditions no '

absorbance s.ignals were p,rqduced;. The presence of water vapour in the system

did not enhance the absorbance ,signals; tbis has been confir ed by'Stua'I't

(1978). The effect of the 'matri}{;on partition coe'fficient betWeen gas 'and liqüid

was investigated using the ethod of standard additions 'and '~nthetic atrfx' ".,

but no effect on absorbance signals due tO the' atriXC'ould be detected. Results

by standard additions were the same as those' obtained using s pIes' analysed

in the usual manner.

• ~ : l
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..
CONCLUSIONS

This system has been used successfully by the laboratory over the last

three years. It is relatively trouble-free und doos not require the use of skilled

tcchnicians. Its high smnple throughput aod immunity against simple matrix

interforence makes it invaluable in a laboratory analysing large numbers of

environmental sampIes.
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Figure 4 Recorder plot with standard mercury solutions.


